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Operating Systems

The late Robert Noyce, co-inventor of the computer chip, waited not just
years but decades for people to appreciate the potential applications of
miniaturized circuitry. In some respects, he’d still be waiting for widespread
computerization aboard boats. Neveriheless, as contributing editor Nigel

Calder’s articles on networking ship’s systems make clear (“Networking—
Part 1,” in PBB No. 97, and Parl 2 on page 50), the newest generation of
boats and yachts is well on its way to fully integrating computer techinology
throughout the vessel.

Why the seemingly slow response in the marine sector? After all, other
major modes of transport—aircraft and automobiles—have, by comparison,
long been extensively computer-equipped. The explanation may be that,
first, the slow rate of computerization in boats is a measure of the severity
of the marine environment; second (and this is a function of the first), the
marine industry as a whole, through its designers and builders, tends t©
resist rapid changes in methods and materials; and third, in relative terms
both the commercial and recreational segments of the boat business
represent only a small market. (An order of magnitude smaller than, say,
the potato-chip marker.)

Correct me if 'm wrong, but the advent of digitally controlled systems o1
the water probably dates (o the U.S. Navy’s introduction of the Spruance-
class destroyer, in 1975, Still, only the destroyer’s weapons system was
digital. Thirty years later, in 2005-06, digital technology is now the next
new thing aboard sophisticated small craft (that includes large yachis),
controlling the propulsion and other mechanical systems, and the electrical
system and electronics gear. We are indeed on the verge of great change.

Unfortunately, all this significant technical development in the boat biz
comes at a cost, the price being a throwback, however remporary, (o the
type of competition that end users find confusing and frustrating. Nigel
describes, in great detail, competing protocols in today’s marine networking
market. Such protocols are fundamental to the modern machine age—
namely, the ability of one computer, or chip, or device to read the data, or
messages, of another and thus communicate. The warfare we’re witnessing
between vendors, large and small, of marine networking technology is
reminiscent of earlier battles in the computer age, some of which are not
yet resolved: the struggle. for example, between Microsoft and Apple over
operating systems and therefore platform preference; or the formerly fierce
competition among once-numerous tech companies promoting their wordl-
processing programs; or, similarly, the race between developers of different
types of hull-design software.

Nigel suggests one approach that may ultimately win out: not a single
networking standard, though that would be ideal; rather, a tiered solution in
which two different controller area networks, or CANs, control whole
blocks of ship’s systems while a third network—the more familiar
Ethernet—operates a separcate cluster, with each of these three variants
specializing in the territories (electronics, propulsion, navigation) whence
they come. An inleresting idea.

Even so, safety at sea further suggests that standards may need to be
written to ensure that nerworked craft—of whatever configuration—do not
suffer potentially dangerous system crashes due to software failures, or
inherent incompatibility.

Enjoy the issue. 7b { 9 :
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Keels and Rudders:
Engineering and Construction
To the Editor:

I enjoyed Eric Sponberg’s excellent
article on keel and rudcler engineering
and construction (PBB No. 96, page
72). Some additional information on
keelbolts might be of interest.

Drilling and tapping of lead for lag
boles is excellent. This was used on
tradjtional boats, where the aspect
ratio of the lead ballast itself was faurly
low. Such fastening is suited only for
ballast lead that has an aspect ratio
of 0.5 or less. The lead should be
alloyed with at least 3% antimony, for
a minimum tensile strength of 4,700
psi (32 MPa). Five percent antimony is
optimum, with a tensile strength of
6,300 psi (43 MPa) and an elongation
of 29%. Above 5% antimony, the
elongation begins to drop. Above 10%
antimony, the rensile strength also
begins to drop. For the depth of the
drilled-and-tapped bolt holes, eight
times bolt diameter is good up to
ballast aspect ratios of about 0.35.
From 0.35 to 0.3, use 10 times bolt
diameter.

For deeper-ballast fins (aspect ratio
over 0.5), J-bolts are required. The
rule of thumb for proportioning
J-bolts is:

The total vertical bury of the J-bolts
into the keel (L) should be berween
12 and 20 times bolt diameter, and the
radius (R) of the U should be five
times bolt diameter, but not less than
24" (6em)—see illustration.

For very high aspect keels (aspect
ratio over 1.2), then the bronze or
stainless weldments Sponberg
describes so well are required. This
distributes the large loads far better
than simple J-bolts. Of course—
though not usually required—it
doesn't hurt to have such bolt “irees”
or armatures on lower-aspect keels:
stronger is always better.

Dave Gerr
New York, New York

Wet Balsa Core

To the Editor:
I commend Rick Strand for sticking
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to the title of his article “Wet Balsa
Core” (PBB No. 96, page 16) and not
pursuing the global problem of a//
wet-core materials. His only reference
to wet foam core is to a study being
undertaken to quantify results from
testing similar to that conducted on
wet balsa core.

Most internationally accepted rules
for suuctural scantlings provide differ-
ent factors for allowable core shear
stress based on survivability criteria
and ultimate elongation at failure
(toughness). Regardiess of what you
use for a starting peint with the
mechanical properties of any core,
the basic safety factors are the same.
All sandwich panels are (or should
be) designed with the same factors of
safety. If a sandwich panel is
designed and built to minimum core
and skin thicknesses, which is nor-
mally the goal of any design optimiza-
rion, then any reduction in the
mechanical strength of either compo-
nent (core or skin) would naturally
reduce the original design safety fac-
tors. Design safety factors help define
long-term survivability of a given
structure. Historical data and labora-
rory test data (from the U.S. Navy,
Interplastic Corporation, and DJA/
Sigma Labs, to name three separate
sources) have demonstrated that 25%
stress Jevels provide long-term
strength and stiffness retention—and
that raising the allowed stress 1o a

35% level causes fatigue life values to
drop like a stone.

Calculations based on the property
of core shear strength are generally
used to determine the minimum core
thickness allowed. Since we are trying
to optimize the design and we don't
want to spend any more money than
is absolutely necessary, we would
choose the thinnest skins and core
that meer the shear and deflection cri-
teria for the design application. To
lose 20% of the core shear strength—
a figure cited by Mr. Sirand in connec-
tion with wet balsa core—could very
well lead to early failure of the
strucrure.

Many builders prefer thicker skins
on either side of a thin core. The core
will certainly add stiffness to the struc-
ture, but ai the same time thick skins
also impart higher core shear stresses
than will a thin-skinned, thick-cored
design. When the ratio of the sum of
the thickness of the two skins com-
pared to the thickness of the core
(2t/c) nears 0.5 or greater, much
higher stress is developed in the core
than necessary, which can be reduced
only through increased core thickness,
reduction of load, or additional inter-
nal stiffeners. In other words, it’s an
example of a design that has not been
optimized.

Core shear and core compressive
moduli also play a much larger role in
the design of a panel than is inferred
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by this article. Core shear and core
compressive moduli help determine
the limiring buckling stress on the
compressjon-sicde skin. Since both
sidles of a panel are subjecied to alter-
nating tension and compression
stresses during cyclic bending, the
critical stress area is generally where
the panel is being wrapped around a
bulkhead or frame in a high loading
condition. Tirst failure of sandwich
panels often comes with buckling fail-
ure: the skin bending on the core.
Losing 25% of the shear modulus and
nearly 30% of the compressive moclu-
lus due to balsa core with high mois-
ture content would adversely limit the
allowable buckling performance of the
structure. This significant loss of
mechanical properties occurs at the
fiber saturation point of the balsa
core.

If you were able to examine a balsa
core at the fiber saturation point, or
FSP, before decay has set in, it may
feel damp, but it could have the
appearance of normal (dry) balsa
core. In my opinion, if the core is wet
to the point of fiber saturation, that
means moisture has reached the
bondline on both sides. where your
chance of finding a bondline void is
much higher—especially when the
core las not been properly vacuum-
bagged or infused in place.

Mr.  Strand  states  that the
freeze/thaw samples his study group
made took only a few days to reach
280%-290% moisture content by
weight—good evidence that water
saturates a balsa core at a fairly rapid
rate, regardless of exposure to cross-
grain, kerfs, or end-grain. At a satura-
tion level of 290%, I would certainly
like to see the results of the mech-
anical testing, if they can even be
accomplished.

I like to think that we build boats to
last a lifetime. Many builders have long
understood the importance of proper
core returns, elimination of voids (par-
ticularly along the edges of a cored
section), and the elimination of all
through-penetrations into a cored
area. Vessels built wirth that under-
standing do not have the problems
described in Mr. Strand's article. I
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recently sold a 1965 471 [12.5m)]
Hacteras (HIN #53) that had balsa
decks, hull sides, and superstructure. I
had owned the boat for more than 27
years without any problems with wet
core. His article also implies that hard-
wiare penetrations into cored areas
will eventually leak in “a couple of
years of use and no maintenance.” Is
it a currently accepted practice to
remove and re-bed hardware every year
or six months to ensure that the core
remains sealed? Or is jt the builder's
responsibility to do the proper job in
the first place and build longevity
into the design?

Mr. Strand’s article basically takes
the stance that: in the event of water
rrusion into a balsa-cored structure,
only decayed core material need be
removed and the point of water
ingress sealed; the remaining wet core
still has a majority of its original
strength and stiffness; and, since the
moisture will eventually dissipate
through the rest of the core material,
all is well with this universe. I dis-
agree. If we take the case of a leaky
deck fitting, the decayed core gets
replaced and the area is sealed so thart
no more water or air can enter locally.
But what happens to other air vent
sites or electrical runs that have been
cut through the deck and are not
exposed to high moisture areas or
moisture ingress, but to air? 1 believe
that air will continue to circulate
through the kerf system, providing
spores and oxygen to the wet core
that are necessary for decay.

[ have a difficult rime understand-
ing how water—with air and micro-
scopic spores—can travel through the
kerf system of a hull side, through an
unsealed portlight cutout, and then,
when the visible decay is removed
and the area resealed, no more dam-
age will occur. There is still air in that
kerf system. High moisture will accu-
mulate at the lowest point—perhaps
along a line-bubble at the core edge
at the chine; an optimum Dbreeding
ground will therefore still exist within
the hull side shell. Maybe the decay
needs more air than what is in the
kerfs in order to exist, but 1 would
argue that there is more than enough

air to allow other pockets of decay to
form, which may not be readily acces-
sible when the site of ingress is
repaired.

So: How much moisture can be left
in a balsa-cored structure? Thart's the
big question! As reported in the art-
cle, balsa core is originally shipped
from the manufacturer with approxi-
mately 12% moisture by weight,
whereas sporcs nced a minimum of
20% moisture to flourish. The U.S.
Department of Agriculture’s Forest
Products Laboratory [Madison,
Wisconsin] says that the optimum
moisture content for decay is the FSP,
28%. The American Plywood Asso-
ciation [lacoma, Washington) puts the
threshold for the use of wet-wood
mechanical properties at 16%. Where,
then, is the cutoff point? Do we really
want to design boats with wet-wood
properties? Do we really want wet
wood of any type lefi in a stuctural
part of the vessel? We already know
that’s not a good thing with plywood
stringers.

I would be most interested in a
long-term stucly that analyzes the
effects wet balsa core has on the mech-
anical properties of the core in a
sealed environment (no new air or
moisture). I, oo, have had very litle
success in drying out wet balsa-cored
boats and have often found thar,
when an owner of one of these
affected boats is faced with a choice
between many months of attempted
drying processes, or the much shorter
time frame of rapid amputation cou-
pled with a rapid recovery period,
that owner will usually choose the
method that can purt him back on
the water more quickly.

David E. Jones, N.A.
D.E. Jones & Associates
St. Petersburg, Florida

To the Editor:

I consider Mr. Strand’s article a
“puft piece” for the marine industry—
something they can direct irate buyers
to and show them that wet balsa
cores are acceptable.

We have been involved with a
number of soaked balsa-cored ves-
sels. Over the long term, the balsa
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turns to “mush,” and strength is com-
promised. Additionally, Mr. Strand
makes no mention of the extra weight
of the saturated core. One soaked
boat we dealt with had developed a
noticeable list because only one side
of the bottom was saturated.

Hell, if soaked balsa core is so
wonderful, why nor pre-saturate it
at the factory? This would eliminate
two problems: listing, and degraced
performance as the boar grows
ever-heavier after delivery.

Tom Fexas
Tom Fexas Yacht Design Inc.
Stuart, Florida

Rick Strand responds:

Picking a generalized fatigue limit
for all marine construction is lazy but
cost effective. It negates the expense
of doing the required testing. A hand-
ful of fatigue tests on specific material
types does not extend to all types in a
blanket fashion. Doing this places the
industry in a position where the builder
cannot capitalize on the benefits
of improved materials and manufac-
turing technologies. T have not seen
any fatigue data produced exclusively
for core materials. I would not accept
sandwich cyclic loading as a method
to generate such information, due to
the large error introcluced by multiple
materials, system mechanics, and test
fixtures/setups.

Buckling of facings should always
be checked when we engineer sand-
wich composites. Our article dealt
specifically with 9-lb-density (144
kg/m3) balsa core. If we maintain
facing-safety-factor levels at 2.0 to 3.0,
our maximunt operational stresses are
well below their critical buckling
stress on 9-Ib balsa. Using lower
density cores or very high strength
facings will create buckling concerns.

Our freeze/thaw samples had the
direct end-grain of the balsa exposed
to the water source. That is why the
moisture uptake was so rapid. We
note that an exposure perpendicular
to the grain has and always will take
significantly longer by multiple orders
of magnitude.

With respect to drying, the kerf net-
works in the majority of wet balsa I
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have reviewed (more than 600 sam-
ples) close from swelling after they
are wet, thus shutting off airflow. This
is one reason why wet balsa is diffi-
cult to dry. Airflow through the kerfs
is greatly reduced. When wet core is
discovered, all local fittings should
be corrected and resealed, not just
the “leaker.” This assures that air does
not get to the damp core from other
locations.

We were clear in the article that the
20% reduction in shear srrength held
constant up to 100% moisture by
weight. We were clear that according
to information from both the U.S.
Department of Agriculture's Forest
Products Laboratory and the American
Plywood Association, almost no fur-
ther loss in properties beyond fiber
saturation point occurs, meaning that
fully saturated wood does not lose
more strength or stiffness beyond FSP.
All the same principles apply for
stringer plywood. Whether it is struc-
tural or acts as a form for composite
overlay makes a huge difference. Yes,
engine mounts require special
considerations. Not all wet plywood
needs to be removed.

Finally, the sarcasm of Mr. Fexas’
letter demonstrates the lack of objec-
tivity that has helped produce the
strong negative charge of the wet
core issue. I've seen both mush and
listing vessels. Most involve severe
cases. Again, not all wet core is
acceptable, The article provides many
of the tools necessary to distinguish
the good from the bad and the ugly.

Ground Faults Revisited
To the Editor:

As a regular reader of this maga-
zine, 1 cannot deny that Ed Sherman’s
article “Ground Faults Revisited” (PBB
No. 94, page 84), with his tragic siory
of the loss of a human life due to an
electric fault on board, hasn't affecrecl
me. Through my work as professor at
the European Design Institute (Rome,
Italy) and my work at the Cantalupi
Electric Systems Company (Viareggio),
1 am involved in managing the design
and installation of electrical systems
for yachts; the primary aim of my

activity is electrical safety on board.

Regarding residual current: Any
difference in curent (also called “non-
zero sum”) between the hor and
neutral conductors is always a big
problem in electrical systems installed
on boats, mainly caused by the pres-
ence of water (seawater or moisture)
and salt deposits (that are current con-
ductors). The resiclual current is easily
measured with a clamp-type ammeter,
by enclosing all the charged wires but
leaving out the ground conductor.
When the sum of the charged wires 0
a piece of electrical equipment or of
powered blocks of systems is not zero,
the remaining current returns through
a different path. Frequently this alter-
native return path is the grounding
connection; thus the green/yellow wire
becomes electrically charged, and
therefore could, in some circum-
stances, shock personnel who touch
grounded components, such as a
ground-connected equipment case.

That potentially dangerous fault situ-
ation can be solved by installing GFCI
protection devices (ground fault cur-
rent interrupters or differential break-
ers, as they are called in Europe).
Unfortunartely, electricians here remain
divided on their use. Some installers
still think that GFCIs are not fully com-
patible with the marine environment,
because moisture and water may pro-
duce current dispersion (low-level fault
currents), thereby uipping the supply
breaker and stopping operation of the
involved faulty device. So what is better:
protection, or continuous operation of
the devices? For that question the only
good answer is to consider the protec-
tion of personnel as the first priority,
by way of the devices. Both the distri-
bution and the protection systems
should be optimized for the possibil-
ity of having devices out of service. A
rule of thumb here is to fit all the end-
user devices (all the equipment that
can be directly accessible to personnel)
with GFCls, so that if, for example, an
installed washing machine is produc-
ing residual current, then its protection
breaker trips, disconnecting it from the
power supply line.

Other equipment not in direct
contact with personnel should be
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fitted with a GFP (ground fault
protector), a less sensitive differential
device. In this way, with a properly
planned grounding system, safety
will still be assured—along with
uninterrupted operation of the equip-
ment. Direct contacts hbetween one of

the supply hot wires and ground

(or any metallic part of the chassis or

adjacent part) will obviously trip the
GFP-driven supply breaker.
In addition, a permanent ground

fault controller has to be instalied,
which indicares the state of the
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ground potential. In certain cases,
such as isolated distribution systems
(no ground-connected neutral), the
installation of a ground fault or isola-
tion controller is manclatory (accord-
ing to 1IEC rules). This device should
provide an indication of the state of
the grounding system and of any
residual currents flowing. Fitted with
a settable alarm level, such a unit is
useful for monitoring the loss of iso-
lation of the installed devices. Thus,
the loss of isolation of a blower
(which may occur, say, by seawater
dripping on i) will be shown by the
isolation controller before the GFP
rips, disconnecting the blower.

A similar case occurred not long
ago on a motoryacht that called us
for an inspection: the captain of the
boat reported a surprising phenome-
non regarding the aft swim Jadder
attached to the gangway. It so hap-
pened that seawater around the two
vertical support holders of the ladder
released bubbles as though it were
steaming. My first thought was that it
must be corrosion, but we found a
permanent DC voltage charge on the
ladder; it acted like an electrode in
an elecuolysis cell. What was hap-
pening? The motoryacht was fitted
with a doorbell at the gangway. This
removable push button was con-
nected to the boat though a male/
female connector, placed on the
lower side of the gangway. Because
of ils incorrect positioning, the con-
nector became immersed in seawater
whenever the mobile ladder/gangway
was deployed. Therefore, due 1o sea
water and salt deposits, the 24VDC
supply powering the doorbell
charged the ladder and closed the
contact for the bell, keeping it
always on. As if all this wasn’t
enough, a second problem occurred:
The captain, hearing the bell always
on, instead of interrupting the circuit
and Jooking for the fault, cut the
wires to the bell, Everything then
worked fine—except for the doorbell
and the strange “boiling” of the water
around the Jadder. We simply
installed a new connector, moving it
to a safe position, and all equipment
again worked correctly.

Another important component, as



you know, is the isolation transformer
that should be connected between
the marina power system and the
onboard distribution net for the shore
power connection. In this way, the
onboard electrical system will
become fully isolated and indepen-
dent from the marina’s power.
Accordingly, alternative reclosure
paths for all the currents (including
dispersion, or fault, currents) will be
normally limited to the boat’s area.
Horia Marinescu
Technical Manager
Cantalupi Electric Systems
Viareggio, ltaly

Ed Sbherman responds:

I agree with all of Mr. Marinescu’s
comments regarding my article.
Personnel saferty should always be
the paramount concern. Generally,
onboard personnel safety has been
the primary focus, but in light of the
increasing number of in-the-water
deaths associated with Fault current
leakage through the bottoms of
boats, T feel that the European
whole-boat fault current protection
concept is the safest way to go.
Isolation transformers are a great
possible solution, but not appropri-
ate for smaller boats that still have
AC service on board. Until lighter,
smaller isolation transformers are
avuilable, it's just too difficult to find
a place to fir the transformers on
many boats.

As regards GFCls versus GFPs, or
RCDs, 1 agree with those who con-
tend that the 5-mA trip rate for
whole-boat protection is not feasible,
considering the inherent leakage of
some AC devices typically found on
boats. The best overall layout would
have a 30-mA whole-boat device
installed, adding 5-mA devices to ser-
vice AC receptacles in heads, galleys.
machinery spaces, and on weather
decks, as required by the present
ABYC E-11 Standard. In monitoring
existing installations all over North
America, [ have never seen a bhoar—
and this includes vessels up to the
100%730.5m class—that has inherent
leakages even beginning to approach
the 30-mA level, uniess there was a
bona fide AC electrical problem on

hoard thar needed repair or service.
A 30-mA RCD woyld have saved
young Lucas Ritz’s life, and others’.
This is the best, most cost-effective
method to enhance the safety of per-
sonnel on board and in the water
around docks at marinas. L PBRJ

Correction
In the Fairweather sidebar for
“Lyman-Morse,” PBB No. 97, page 90,
the location of Composite Solutions
(which supplied Fairweather’s carbon
rig) should be Hingham, Massa-

THE SECOND ANNUAL

< OMITT

Conference on Marine Industry Technical Training

Resources for Success

Discover the Education and Training Resources
You Need to Advance Your Organization

education and labor

development experts
« Industry leaders

second official meeting.

JANUARY 23-24, 2006
Safety Harbor Resort and Spa, Safety Harbor, FL
(Located just outside Tampa, FL)

What has your company or organization done
durmg the past year to facmtate tralnmg and

COMITT 06
Guest Speakers Include:

+ Leaders within the federal departments of

» State and local governments and workforce-

+ Others who can help locate needed resources

Plus: meet with, discuss ideas with, and ask
questions of the recently selected Marine Industry
Technical Education Council (MITEC) during their

Register online at
www.abycinc.org.

For more information, call 410-956-1050,
or email bbarsa@abycinc.org.

' COMITT is
co-produced by:

ABYC

ey e b s By

o

DECEMBER/JANUARY 2006 11



Compiled by
Dan Spurr

It’s Not About the Boat

“On a clear morning in March 2003 we carefully hoisted
the first Pacific 22 fiberglass hull from the mold. It hung
there suspended in the air before us like a little jewel. The
tapstrake hull lines were fair and smooth. The perfect
reflections were everything we had worked so hard to
attain. What 1 saw hanging in front of me were rwo stories
coming back together. One had started in the early 1960s,
when Chris-Craft was building this same hull design out of
Japstrake plywood, and offering it as their Cavalier
Division's Cutlass and Dory models. Overall, Chris-Craft’s
Cutlass production run lasted 13 years, into 1977, when the
company introduced this time-proven, dory-type hullform
as the fiberglass 22’ [6.7m] Tournament Fisherman model.

“The other story is a little more personal. Also suspended
before me was something my father and I had talked about
for many years: replicating our own 66 wooden Cutlass
into a modern fiberglass hull, and then topping it off
with a classic mahogany-and-teak deck and house, finished
bright.”

So begins Wayne Mooers' account of the origins of the
Pacific 22 Series he is building, based on the original Churis-
Craft lines, and of a special friendship between a father and
son. “It was not so much about building a boat,” he contin-
uved, ‘I came (o realize it was more about holding onto
something for us to dream about and always look forward

to—the boat we were going to build someday. But more -
importantly, as the years went by, it was another good
reason for my 85-year-old father and I to get together on
the water, or in the shop, work with our family tools and
keep that ‘someday’ sparkle in my father’s eye.”

Two years into their part-time boatbuilding project the
elder Mooers passed away, but not before calling his son
Wayne to his side and making him promise to complete
their boat. The first completed Pacific 22 Cruiser is appro-
priately named Some Day, and represents a fine example
of blending wood and composites into an attractive boat.

An old Chris-Craft sales brochure reads: “In 1964, Chris-
Craft’s Cavalier Division introduced the 22’ Cutlass and
open-decked Dory models as modernized versions of clas-
sic surfboat designs. The Dory and Cutlass share a fast
seaworthy hull, sweeping sheer, full lapstrake sides, and a
convex bottom of tough, marine-grade plywood.” The
brochure shows the original blue-gray hull and white deck
of a Cutlass—outfitted with riggers and fishing rods—and
two guys and a gal aboard, rounding Fort Lauderdale’s
Light House Point, heading into the Atlantic.

Chris-Craft’s R.C. Anderson drew the hull lines in 1964
at the company’s Pompano Beach, Florida, facility. Over
the next 13 years, 906 Cutlass, Dory, and Fisherman 22’
models were built in both wood and fiberglass. Also buile,
between 1966 and 1968, were 220 units of the 26%/7.9m

Top right— Walerline profile
drawing of the original
Chris-Craft 22' (6.7m)
lapstrake-plywood Cutlass.
The hullform is a dory
derivative.

Fayr right— Wayne Mooers
(in light-blue shirt), a
marine manufactirers’ rep,

collaborated with bis father

to create a new, composite
reridition of the Cutlass. Next
to him is Jason Neri, twho
worked on the fiberglass
tooling, taken off a wooden
plug Mooers built. In the mold
is Oscar Loera, who, Mooers
says, “made it all shine.”
Right—The first Pacific 22,
christenecd Some Day, marries
a composile bull with a woocd
deck, superstructiire, and
interior.
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version of the Cutlass, based on the same
lines. Mooers believes that the eye-pleasing
Cutlass hull—and the type of rough-water use
for which it was originally intended—is still in
demand today. Line drawings were obtained
from the Mariners’ Museum in Newport News,
Virginia, which owns the Chris-Craft archive
of boat plans (to 1980; see PBB No. 80 for
more on the museum’s Chris-Craft collection—
Ed.).

There are many things to admire about the
original design, Mooers says, starting with
the lapstrake construction, which generates

Rigbi— Ralph Mooers belped bis
son Wayne get their Pacific 22
project going, but didhn’t live 1o see
its completion. He died in 2001 at
age 88. three years before the
launch of bull #1, Some Day.
Below—Three bronze
“performance fins" were designed
7o the bull bottom, and the
propeller area was updated so that
the boat makes minimal wake
and can turn in its own length.

strength from the overlapping strakes. The
boat’s sheerline rises from 28”/71lcm of
freeboard aft to 43"/109cm at the bow. Run-
ning into or with the seas, the Cutlass’ “bow-
up” design offers a safe, controllable, dry ride,
while the low freeboard aft provides a com-
fortable deck height to fish or operate from.
Regarding the design and engineering of his
new Pacific 22 Series, Mooers says, “We left
the original hull lines and rounded transom
alone. Why mess with something that is per-
fect? The Cutass hull flares from the chine up,
and this, combined with the ‘relief’ of the indi-
vidual strakes, makes it an ideal shape to
release from a fiberglass mold. But we did
modify the bottom and running gear, to
improve tracking and steering. Three bronze
fins were designed into the bottom, and the
propeller area was updated to enhance perfor-

mance and minimize wake turbulence. Now,
like a modern tournament ski-boat, the Pacific
22 will turn inside her own length.”

A one-piece, full-length composite stringer grid forms
the backbone of the Pacific 22, and distributes the direct-
drive, centerline-engine torque and weight. Stringers are
bonded into the hand-laid hull while still in the mold.
Then, for additional stiffening and for sound insulation
and hull flotation, the area beneath the stringers and com-
posite sole is filled with foam.

Mooers: “We knew from the beginning we did not want
to build another white fiberglass boat. The plan was to
create a very carefully done fiberglass hull, and then
blend in the warmth and beauty of classic teak and
mahogany for topsides and interior components. Not a
boat for everybody, but a sémicustom little yacht. A boat
that, when you idle into the yacht club, you get a smile
and a litde respect!”

The original Cutlass design had a 20° wedge-shaped
house that ended at about amidships at the helmsman’s
chest height. This afforded excellent stand-up-driving visi-
bility, hold-on security, and operator mobility—but com-
promised accommodations below. In 1977, Chris-Craft’s
fiberglass Corsair Division intreduced a Cutlass Cuddy
model. That superstructure stretched farther into the

foredeck, and had a high aluminum-framed windscreen.
Mooers says he and his father thought the house too large
for the original ’64 hull lines; the company, they felt, was
succumbing to market demand for more interior space.

Nevertheless, Mooers says that Corsair Cuddy model influ-
enced his Pacific 22 Cruiser version; the difference, he says,
is that his 22 “lowers the house and windscreen profile” so
that it’s more in keeping with the original 1960s hull lines.
On Some Day, mahogany sheer clamps and deckbeams
were secured to the fiberglass hull. The construction process
from there up utilized traditional wooden boat construction
techniques. For function and beauty, reak decks were
installed in the forward and aft deck areas, with
varnished-mahogany margin and covering boards framing
the teak.

Some Day'’s heuse was cold-molded to a thickness of %
(16mm) with diagonally opposed mahogany veneers set in
epoxy and formed over a male mold. Lightweight and
strong, the varnished house sides feature a final outside skin
that starts with a book-matched joint on the house front’s
centerline. Then the mahogany grain pattern rolls around
the forward radius of the house sides into a sweeping hori-
zontal pattern aft. Similarly, the mahogany windscreen

"
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FRANZ BODSCH

Norwegian Einar Rasmussen has invented a hydrofoil
kayak that is breaking paddle-power speed records. To
get the boat up on its foils, a 4- lo 8-second burst of effort
is requiired, but Rasmussen bopes o reduce that time
with further design improvements.

incorporates some interesting joinery details to produce the
relaxed compound angles necessary to attain the desired
strength and visual design elements.

Mooers describes the power plant: “The original ‘60s-era
Cutlass came with an optional 327-cid engine that pushed
the boats to a catalog-listed speed of 38 miles per hour [61
kmh]. The 1977-era Corsair boats came with a smaller
302/307-cid engine; it compromised the boat’s get-up-and-
go performance. Our Pacific 22 Cruiser, at 3,200 Ibs (1,450
kgl total weight, is powered with a 350-cid Chevy-based
engine turning a 13” x 13” [33cm x 33cm] four-blade prop.
Speed exceeds 40 mph [64 kphl; it cruises very comfortably,
quietly, and smoothly at 25 mph [40 kmh]. The boat is
designed to accept either gasoline or diesel power.”

Thus the two stories do come together. Some Day was
launched in May 2004, three years to the day after Mooers’
father died. Wayne Mooers made good on his promise. In
August 2004, Some Day was fornially introduced at the
32nd Annual Concours d’Elegance at Lake Tahoe. Mooers
wrote, “We joined in the grand finale exir parade, following
an Italian Riva and a San Juan 38 out of the show. The
audience on the breakwater cheered, and the crews on
the boats lining the channel waved and blew their horns
as the varnished classic powerboats paraded out of the
harbor. The ‘someday’ my father and 1 dreamed about was
finally here.”

Pacific Marine Manufacturing, 3368 McGraw Lane,
Lafayette, CA 94549 USA, tel. 925-284-4855, on the Web at
www.pacificmarinemfg.com. Sales: Sierra Boat Co. Inc.
P.O. Box 69, Carnelian Bay, CA 96140 USA, tel.
530-546-2551, fax 530-546-7321.
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Hydrofoil Kayak

If foils can reduce drag and resistance, improve fuel effi-
ciency, and increase speed on multihulls, then why not on
other lightweight craft?> Even kayaks. In terms of the latter,
the trick is providing thé motive power to get the hull
up out of the water. According to Einar Rasmussen, inven-
tor of the Flyak, “a certain level of fitness” is required to
achieve the sprint necessary to get the boat up on its
foils—four to eight seconds’ worth of sprint effort, he says.
But he’s working to reduce that effort.

Rasmussen’s goal of making the Flyak the fastest human-
powered boat is lofty, and apparently achievable. “We
know that a top-level kayaker can reach a speed of 20
kmh [12.4 mph). A four-man kayak (K4) has a maximum
speed of about 25 kmh [15.5 mph]. A two-dimensional
optimal wing profile has a lift/drag coefficient up to 120. A
sailplane (glider) has a lift/drag coefficient up to 50; a
World War II fighter plane, the Spitfire, has a lift/drag
coefficient of about 16. If we—with the Flyak—reach a
lift/drag coefficient higher than 13, it should be possible to
beat the K4 on top speed.”

Rasmussen’s goal is to beat a rowing eight over 2,000m
(6,561"), and he’s pretty darn sure he can do it.

Elyak, on the Web at www.foilkayak.com.
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Visit our website to find your local authorized dealer.
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don’t knew how to spell anyway.

Now, down to business. The parent company
(Netherlands-based Akzo Nobel) claims Awlbrite Quik-Fil
was developed in response to requests from builders and
boatyards for a faster, more efficient wood sealer and build
coat. Awlgrip’s is said to be fast drying and possess excel-
lent adhesion. Spray application (conventional atomized
air) is recommended, though it is possible to brush on as
well (in which case, reduce 25%-50% with T0001 or
TO003). Quik-Fil is dry to the touch after 30 minutes and
can be sanded after three hours at 75°F (25°C). It is mixed
at a ratio of 1:1 base to converter, and has a pot life
of three hours. Quick-Fil can be overcoated with any of
Awlgrip’s paint and varnish systems: Awlbrite Clear Gloss,
Semi-gloss, Awlgrip, Awlcraft 2000 topcoat, Awlspar Classic
varnish, and Awlspar High Solids varnish. Recommended
wet-film thickness is 3 to 3% mils (80 to 90 microns) per
coat by either spray or brush; dry film thickness should be
1 to 1% mils (30 to 40 microns).

Note that Quik-Til Clear is made specifically for the trade
(as distinct from the consumer market); applicators should
exercise great care in its application—meaning, be sure to
suit up for this stff. The best personal protective gear is in
order, particularly if the product will be applied in the
close quarters of accommodation $paces down below.

Awlgrip, 2270 Morris Ave., Union, NJ 07083 USA,
tel. 908-686-1300, fax 908-686-8545, on the Web at
www.awlgrip.com.

German-Made Fuel Cell for Yachts

Slowly but surely, alternative energy sources ate finding
their way into the marine industry. The German firm Smart
Fuel Cell AG develops, builds, and markets direct
methano] fuel cells, or DMFC, as finished products.
Headed by Manfred Stefener, SFC started, appropriately
enough, at the turn of the 21st century. One year later,
pilot production of its first fuel-cell model, the A25, was
under way for use in various applications: transportation,
environmental technology, camping, and water sports. In
January 2002, the company exhibited the world’s first pro-
totype of a miniaturized DMFC at the Hydrogen Fair in
Hamburg. In 2003, the A25 was apptoved by the German
‘Technical Inspection Authority’s product service, which
meant this portable system was meeting the highest safety
requirements of the day. In 2004, the SFC A50 was exhib-
ited at the Caravan Show in Dusseldorf as a viable alterna-
tive power supply for RVs.

Specially tailored for the energy requirements on sail-
boats, the new marine fuel cell MFC 100 is marketed by
Max Power, a subsidiary of the Navimo Group, which spe-
cializes in bow thrusters. At Amsterdam’s Marine
Equipment Trade Show in November 2004, this fuel-cell
model was awarded one of the coveted DAME prizes for
innovative products. As a battery charger, it silently and
cleanly feeds up to 100 amp-hours of charge into onboard
batteries, every day. Average fuel consumption is around
1.3 liters (1.4 quarts) of methanol per kWh. The unit’s




L

Above—The German company Simart Fuel Cell AG
developed the A25, the world’s first prototype of a
miniaturized direct methanol fuel cell, or DMFC,
exhibiled al the 2001 Hydrogen Fair in Hamburg. Tuwo
years later the company introduced the commercially
viable SFC A50, shoun.

Below—The MFC 100, tailored for energy requirements
on sailbouts, will feed 100 amp-houss into a ballery
bank every 24 bours. Average fuel consumplion is
around 1.3 liters (1.4 quarts) of methanol per kWh. It's
marketed by Max Power in France, and won a DAME
prize jor mnovation at METS 2004, in Amsterdam.

housing is corrosion-resistant aluminum, and all fasteners
are stainless steel. Charging cwrent reaches 4 amps at 12
volts. At 50 watts of power, the MFC 100 is capable of
1,200 watt-hours per day, given optimum conditions; also,
the unit can operate at up to 30° of heel. Compact (15" x
6”x 107/38cm x 15cm x 25¢m) and light (15 1bs/6.8 kg), it
is suitable for even the smallest cruising boats. Noise
emission is about 47 dBA.

Basic fuel-cell technology was described in detail
in PBB No. 69 (page 38). In brief, a fuel cell conveits
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Professional BoatBuilderis published bimonthly in February,
April, June, August, Oclober, and December, and special issue(s)
in the winter at 86 Great Cove Dr., Brooklin, Maine 04616.

Number of issues published annually: six. Annual subscrip-
tion price: $33.95. The general business offices of the Publisher
are located at 86 Great Cove Dr., Brooklin, ME 04616.

The names and addresses of the Publisher and Editor are:
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Carl Cramer, Publisher
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On the anode side of a direct methanol fuel cell, a
methanol-water mixture is supplied to the cell by the
internal fluid-management system. The cathode side is
supplied with air, and connected to the anode through a
conwventional electrical circiiit. Melhanol, in contact with
the platiniwem catalyst, is converted into carbon dioxide
(waste), protons, and electrons. The electrons circulate
[from the anode side to the cathode via the electrical
connection. while protons pass through the membrane
that divides the cell. On the cathode side, protons,
electrons, and oxygen react to form pure water (for the
record: 2 CH;0H + 3 Oy =4 H,0 + 2 CO,). Due to
heating of the cell in operation, the water is emilted as
watter vapor, the other by-product being a small amount
of carbon dioxide; by way of comparison, the overall
amount of these by-prochicis is equivalent to the
respirarory exhalation of a small child while playing. |

chemical energy directly into electricity. The technology
has long been found in the aerospace industry; for more
down-to-earth applications, however, the high operating
temperatures, pressurized hydrogen, and cost of this
equipment presented difficult technical and economic chal-
lenges. SFC’s product line is based on DMFC technology
(see accompanying diagram), which offers reliability, secu-
rity, and efficiency.

Note that, ordinarily, hydrogen is stored in heavy, bulky
metal-hydride canisters that are expensive to manufacture
and refill. The contents last only a short time; also, due to
poténtial hazards, transporting hydrogen is subject to very
strict regulations. For those reasons, SFC engineers chose
methanol, because it can be distributed in safe and easy-
to-handle fuel cans. The fuel cartridges are shippable any-
where via air freight, and changed in seconds, allowing for
near-continuous operation. They are equipped with a
safety valve that prevents spillage and protects the end-
user from direct contact with the liquid. Since it is a natu-
rally occurring compound, methanol is an environmentally
friendly product: water soluble and biodegracdable, with no
unpleasant funies.

Price in France for an MFC 100 is about €5,500.

Smart Fuel Cell AG, Eugen Saenger Ring 4. 85649




Brunnthal Nord, Germany, tel. +49 89 607 454 60, on the
Web at www.smartfuelcell.de. Max Power, 10 Allee F.
Coli, Mandeliev Technology Center, 06210 Cannes-
Mandelieu, France, tel. +33 4 92 19 60 60, on the Web at
WWW.Max-poOwer.com.

—Jean-Yves Poirier

High-Performance Yacht Design
Conference

New Zeuland is establishing itself internationally not
only as a builder of yachts, but as a fountainhead of new
ideas and technologies. In addition to mounting its annual
Yacht Vision symposium, this small South Pacific country
will host, next February 14-16, the second annual High-
Performance Yacht Design conference. The first confer-
ence, held in December 2002 in Auckland, drew 140 dele-
gates from 14 countries.

The upcoming conference is timed so that attendees can
get a look at the arriving Volvo Ocean Race fleet. (The
new 70%/21.3m boats, fitted with canting keels, are very
fast.) As for the purpose of the conference, it's “to show-
case the latest developments in yacht research from
around the globe.” Papers are being solicited from naval
architects, engineers, designers, and researchers addressing
“the current state of high-performance yacht and power
craft technology.”

Areas of interest include;

e performance prediction and measurement
¢ wind-tunnel and towing-tank technology
o regulations 4and rating rules

s computational methods

» materials and construction

¢ hull and appendage design.

The conference's “international technical review
panel” boasts numerous PhDs from New Zealand and
elsewhere, as well as High Modulus (Auckland) manag-
ing director Richard Downs-Honey, sailing science
expert Jim Teeters of the United States, the Wolfson
Unit's Ian Campbell of England, and America’s Cup tech-
nical specialist Giovanni Belgrano, currently with
Emirates Team New Zealand.

This panel has already selected the first group of
abstracts. To get your creative and intellectual powers
flowing, here are the titles of a few papers they've
accepted: “High-Performance Large-Yacht Construction
Using Product Data Models,” by Rolf Oetters of Albacore
Research Lid, and Chris Barry of Davis & Company Lid;
“Practical Aspects of Design, Construction, and Analysis of
Canting Keels,” by Liz Tier, Merfyn Owen, and Tim Sadler
of Owen Clarke Design; and “A CFD Validation Test
Case—Wind Tunnel Tests of a Winglet Keel,” by Sofia
Werner and Lars Larsen of Chalmers University of
Technology, and Bjorn Regnstrtdm of Flowtech
International AB.

For information on the submission of late abstracts,
write technical@hpyd.org.nz. And for more information on
the conference itself, go to www.hpyd.org.nz. 'PBR
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TOOLS

OF THE TRADE

Mining the Archives

Absent the publication of a long-awaited technical text devoted to
small craft, the Society of Naval Architects and Marine Engineers
issues a compact disc of previously published papers.

by Dudley Dawson

hen I joined SNAME in 1968 as a

stuclent member, there was talk
of the Jersey City, New Jersey-based
Society publishing a small craft com-
panion volume to its design bible,
Principles of Naval Architecture, beter
known as the “PNA.”

When I was working for Jack
Hargrave in 1978, designing yachts
and small commercial craft, there was
tajk of the Society publishing a small
craft companion to the PNA.

When I joined Hatreras Yachts in
1988, there was talk of the Society
publishing a small craft companion to
the PNA.

And somewhere around 1998, in a
Society Section meeting in Miami,
where it was announced thar the
Society was planning to publish a
small craft companion to the PNA,
Lester Rosenblatt, a former Society
president, stood in the audience and
addressed the book project’s latest
editor: “Your enthusiasm is admirable.

SMALL CRAFT PAPERS

SNAME Papers 1985-2002

compiled by

Michaol F. Do Lorme

pubsishod by

The Sociely of Naval Architecls and Marine Enginears
601 Pavonla Avenye, Jersey Cily. Now Jersey 07306

Copynght D 2003 by Lne Society of Naval Archilacts and Masine Enginacrs

A b of gl avoral of e yapars on i
A X051 1 appoatanen ol saee o S poges b nat
valug cf i

Bur what makes you think you’ll suc-
ceed where everyone else has failed
for the last 30 yeays?”

Rosenblatt’s question was embar-
rassing, even if to the point. That par-
ticular iteration of the SNAME book
project foundered a little over a year
later, sunk as it was by a conundrum
peculiar to cthe small craft industry.
Forgive me for generalizing, but those
who have the practical knowledge
and experience to write such a
volume—practicing designers—
can't afford the time; and those
who do have the time and
resources—bureaucrats and academi-
cians—don’t have the practical knowl-
edge and experience. The problem
has ao easy solution, and thus the
result, time and again, is a book that
never materializes.

Only a few months later, the
SNAME book project’s most recent
demise happened to be the topic of
conversation among a clutch of naval
architects—Dean Schleicher, Lou
Codega, and me, to name three—as

we walked from the Fort

Lauderdale Convention Center to Joe's
Bel-Air Diner for lunch during that
year’'s IBEX show. (The annual
International BoatBuilders' Exhibition
& Conference is now held in Miami
Beach. And the landmark diner is
gone.) Dean's wife, Christine, a Webb
Institute—educated naval architect, had
been the book’s designated editor and
the target of Rosenblatt’s skewer. She'd
actually brought the project closer
to fruition than any of her similarly

Keywords

e factoc
ylrodynamic
[

o Byromics

wnssm

Top—When you order SNAME's compilation of small craft papers, the CD comes packaged in a jewel case. Left—The title page
for the collection, printed out. Middle—Keywords are provided, for searches by subject area. Right—The searchable index has
active links that quickly bring up a full copy of the selected paper, for viewing on-screen or for printing.
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designated predecessors; practical
obstacles, however, had once again
proven insurmountable.

As our group neared Joe's, some-
one remarked that if we couldn’t have
the hook, then the next best thing
would be a compilation of the refer-
ences that we all seem to use on a
regular basis. You know the ones:
many are out of print and all are diffi-
cult to find—the handful of useful
pages [rom books by Skene, Levi,
Fox, DuCane, Chapelle, and Lord,;
limited-distribution rescarch papers by
Blount, Koelbel, and others; and most
of all, arcane SNAME papers, little
jewels that were published as local
Section papers with a print run of 50
copies or so.

Well, Codega was apparently listen-
ing, because here’s the good news—
no, excellent news—and it comes from
SNAME, where Codega heads the
Power/Planing Craft Panel under Alan
Gilbert's chairmanship of the Small
Craft Committee. That committee’s
members selected more than 300 small
craft papers from the years 1985 to
2002 and, through the efforts of
Michael De Lorme of SNAME, com-
piled them onto a single CD, Small
Craft Papers, soried in such a way that
each fell into one or more “subject”
categories.

The papers were scanned and
stored in PDF format so they can be
read on a computer screen and
printed out as desired. The CD is
searchable, at least to a limited extent,
by various keywords. Papers were
selected not just from the Society’s
annuzl Transactions, but also from
research reports, regional symposia,
and local Section presentations, mak-
ing it likely that there are useful
papers you didn't know existed and
had no other way of finding.

Since the CD does not list hardware
or software requirements, I tied the
disc—as a test—on several personal
computers around my office, includ-
ing one long since retired from active
service. The CD functioned as well on
the oldest machine as on the newer,
more powerful ones. The only
requirement, it seemed, was a CD
drive. 1 searched for papers [ consid-
ered important or significant, and
found them to be there without
exception, provided they fell within
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Douuld L. Bloyus' and Roberi J. Bartee®

! profiles. The bi

and walerjets

engne choracrenistics.
INTRODUCTION

Thie speed-power relationship of a crall is of prime
inlerest o all parties involved in 1he development and
operation of a marine ¢raft. The jinilial cost of both tiie
cngines and propulsors must be considered nlong wilh

Design of Propulsion Systems for High-Speed Crafi

The demand for incrensed speed in medmnt and large craft challenges the desigaer 1o xelect
propulsion systems which meet performance requuements econonmeally throughout ever-widening
P ! hvdrodynantic characierisites of hull and propidsors rexult in

a speed-thrust relaironsiup for the ervirgnment in which the vexsel operates. This spevd-thrust
relationship requires wiique values of power ond RPA wput for each tvpe and munber of
propalsors. Pover nnd RPAL are niso seasttive 1o the mode of operativn of the vessel whether ar
constant speed, accelerating fo o greoter speed or lowing an object.

Most vessels wiilize fived-pirch submerged propellers. Surface propellers ore fitted 10 vessels
designed (o perforn ot very high speeds and waterje! propulsors are being nihized with inereasing
Jrequeney on larger vessels wnlr high-speed operational profite
horsepower (BHP) ond propulsor RPA relationships for vessel speed requirenienis bosed on the
hydrodynamic characierisiies of three Npes of propulsers: submerged propellers, surface propellers

An example of predicied vessel perforniance regording xpeed, power and propuisor RPM is
presented sihich includes engme characteristies and BHP versus RPM. This latter format depicts
the differences in power demand for three rvpes of propulsore on @ monvhull vessel swith regard to

This paper discusses brake

propetlers and/or flush-inlet waterjets for crall have evolved
over time. Current trends for propulsor applications are
indicated 1n Fig. I, which refates craft displacement and
design speed. This figure only indicales likely applications
of propulsors since the d212 used 1o develop the figure did
nol inchrde infarmation of specialized owner/operalor

reliability. and in
addinion, individual vessel requiremenis such as shaflow
navigation drafi and/or low on-board vibration and noise
mfluence bath engine and propulsor selection.
The design-decision matrix (or each crafi design may
inalions of requi (hat necessitate unique
solutjons. No single fype of propulsor is Jikely 1o be "the
best” solution for varied marine applications.
Trends for selechng submerged propellers. sorface

*Chuef Enginecr. Donald L Blouin and Asssciates Norfalk. Virgirus
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However. it should not be surprising 10 find
some examples of propulsor appheations ontside of the
gesneral (rends indicated.

Most vessels ndlize fixed-pich, submerged propellers.
Surface propeflers are filled (o vessels designed (o perfonu
at high speed or 10 1hose with an operational draft
Timitation. Al present, waterjel propuisors are being used
more frequently with (hir applications expected 10 increase
al the expense of subwnerged propellers. \Walerjels are

MARINE TECHNOLOGY

Here we have, as a sample selection, the first page of a paper by D. Blount and R.
Bartee. The format is standard for a technical monograph. Among other readily
identifiable features: an italicized abstract, or synopsis, summarizing the paper in
shortest form; footnotes identifying the authors, and indicating when and where

their paper was originally presented.

the specified years. 1 searched subject
categories of special interest, and
again found the milestone papers,
along with many that were new to
me. In short, my initial foray into this
product was a tremendously satisfy-
ing experience from a professional
standpoint.

he CD is a rterrific first step and a

very welcome addition to the
library of small craft literature, so [
don’t want to make too much of its
shortcomings. We can dream, though,
can’t we? In the best of worlds, the
body of each paper’s text would be
searchable; not just its title, author,
subject, and date. In addition, I'd love
to see active links on the references
cited at the end of many of the papers,
and on keywords within the text.

Moreover, it would be great to see
a second CD, this one going from
1985 hackward, to earlier years.
There are numerous older SNAME
small craft papers that have never
been supplanted by later editions;
the ocean hasn’t changed much in the
past few millennia, so most of the sci-
ence remains valid. Alan Gilbert and
Lou Codega indicated to me that just
such a complementary CD was
planned, and that their understanding
of SNAME’s original intent was for the
proceeds from the first CD to help
fund development of the second. That
seems a fajr and logical idea, but
unforiunately, SNAME’s management
remembers the deal a little differently.
I spoke directly to Phil Kimball,
SNAME’s executive director, about the
situation. He indicated that any net
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proceeds from sales of the Small Craft
Papers CD—i.e., any money left over
after paying the costs of developing,
manufacturing, and selling the first
CD—would be earmarked for “future
development.” Of what? Not a follow-
on CD, but of (you guessed it) a small
craft companjon volume to the PNA.
When ] served as a Section officer for
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SNAME, projects were funded based
on their technical merit and on their
potential benefit to the industry, not
on their ability to be self-funding or
profitable.

As I considered what a wonderful
reference tool this SNAME CD is, I
couldn't help but wish that there were
more such works, from outside the

Society. SNAME, after all, does not
have a monopoly on smaull craft refer-
ences. One of the best sources of
more recent vintage, n my opinion, is
the magazine you hold in your hands
at this moment and the dozens of
issues that preceded it. Indeed, a few
years ago, there was a short-lived CD
compilation of back issues of Pro-
fessional BoatBuilder, which was
withdrawn from market due to certain
copyright disputes at the time. In its
place is a search engine on Profes-
sional BoalBuilder's Web site,
www.proboat.com. But it's not the
same thing.

I for one hope the legal dispute can
be resolved, because in some ways,
Professional BoatBuilder is responsi-
ble for a decline in the number of
small craft papers published by
SNAME. Many authors, myself
included, prefer the looser format and
broader audience this magazine
brings them. In addition, the success
of the IBEX seminar program seems
to have conuibuted to lagging interest
in the heretofore excellent Power
Craft Symposia that were a long-
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Get More! o ccranr e s
Go to www.e-t-a.com/us_marine.html
and enter to win a HP Tablet PC

Contact us at www.E-T-A.com or 1-800-462-9979

Graphs from the Blount/Bartee paper.
Recent papers that were created
electronically have excellent graphics,
whereas older papers had their text and
illustrations scanned—not redrawn—for
the CD, and thus their image quality
varies from good to fair. Many of the
SNAME papers, including this one, have
extensive bibliographies. Although there
are no active links, a substantial
portion of those referenced papers is
also on this CD.

Battery swilch
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standing staple of SNAME's Southeast
Section.

To encourage candid and open
presentations and discussion, IBEX
sessions, unlike SNAME presentations,
are not recorded or published, and
thus there is no record of the
proceedings—other than speaker
handouts and occasional subsequent
articles based on selected sessions.
There are people in the industry who
would prefer 2 more formal ser of
published material upon completion
of the IBEX conferences, especially
those who are unable to attend in
person. Others value the open
exchanges that might not occur were
comments being recorded. It's
another of those questions for which I
don't have the answer.

Inasmuch as I've raised the matter
of SNAME papers versus Professsional
BoatBuilder articles, I must mention a
key difference between the two.
SNAME papers are peer-reviewed by
a “papers committee” before they
reach print or become oyal presenta-
tion; both written and oral discus-
sions of papers presented at the
Society’s annual meeting are
appended to the papers once theyre
published in the Society’s Trans-
actions. It is a difference of which
Professional BoatBuilder's editor,
Paul Lazarus, is well aware. To help
assure validity and fairness in the
magazine, he relies on his technical
and contributing editors and others
when he has any doubt about an arti-
cle. Nevertheless, the vitality of the
magazine's “Letters, Etc.” pages js
proof that no matter how careful you
are, there will always be honest dis-
agreements.

In summary, the SNAME Small Craft
Papers CD is a must-buy. At $100 (§75
for SNAME members, $35 for SNAME
student members) for a compilation of
more than 300 small-craft reference
papers, it's a no-brainer purchase.
Certainly every marine design office
and small craft builder should have a
copy. U'll go further than that: every

telling the Society you want more.
Getting both the PNA companion
book and a second CD would be nice,
but if a choice must be macde, history
indicates a second CD is 4 more realis-
tic goal. An e-mail with your thoughts
and suggesrions can he sent to SNAME
executive director Phil Kimball (pkim
ball@sname.org); a copy to Pro-

fessional BoalBuilder (paul.lazarus@
proboat.com) would be welcome.

About the Autbor: Naval architect
Dudley Dawson, PE, is president of
Dawson Marine Group Inc., technical
editor of Yachting magazine, and a
contributing editor of Professional
BoatBuilder.

Your partner
in core infusion technology

DIAB Technical Services
infusion fechnology.

DIAB has always been much more than just a materials supplier. We look to establish long-
term partnerships with our customers by providing not only high performance composite
materials but also a comprehensive range of technical support services. We are able to sup-
port a customer through every phase of the design and production process whether they
are using sandwich composites for the first time, improving an existing component or intro-
ducing a new manufacturing process such as infusion.

Our Technical Services team is able to accurately quantify the benefits that sandwich con-
struction will provide. They can assist in the engineering of a structure, put forward lami-
nate specifications, carry out a variety of laboratory tests, propose the most cost-efficient
manufacturing method and train your personnel fo correctly implement the process.

If you want to help 1o make your structures lighter, stronger and more economic, then con-
tact DIAB Technical Services - your pariner in sandwich composite technology.

cores | kits | processing | engineering

designer, surveyor, shop foreman, and
tepair yard supervisor should have a
personal copy for ready reference.
Buy the CD from SNAME (iel.
800-798-2188, fax 201-798-4975, or
on the Web at www.sname.org), and
if you find it useful, make a point of

Australasia & S.E. Asia
T: +61 (0)2 9620 9999
F: +61 (0)2 9620 9900
info@au.diabgroup.com

The Americas
T: +1 (972) 228-7600
F: +1 (972) 228-2667
info@us.diabgroup.com

Europe
T: +46 (0)430 16300

F: +46 (0)430 16395
info@se.diabgroup.com
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Jls foi- Johnstone

Having failed to persuade one American

conglomerate to manufacture the

performance keelboat they had in mind,
brothers Rod and Bob Johnstone

went into business for themselves—
as a company called | Boats.
It's become one of the great
international success stories in

modern production boatbuilding.

by Dan Spurr

28 ProressioNnAl BoaTBUILDER




J BOATS (BOTH)

ou can count them on
your fingers, the number
of large production sail-
boat builders still around
since the 1970s. Ler's see:
There’s Catalina Yachts (Woodland
Hills, California), Hunter Marine
(Alachua, Florida), and...mmm...how
about Newpor(, Rhode Island-based
J Boats? Okay, ] Boats isn’t that big,
but since the first J/24 one-design
keelhoat splashed in 1976, the com-
pany has sold 72,000 bhoats, ranging
in length from the J/22 (22.576.86m)
to the new carbon/epoxy ]/65
(64.5/19.66m) currently under con-
struction at Pearson Composites in
Warren, Rhode Island.

It's been a team effort, o be sure,
and here, “team” means family: broth-
ers Rod and Bob Johnstone. Rod’s
sons Jeff and Alan, and their cousin
Jim Johnstone. Bob’s sons Stuart and
Drake (who, wirth Jeff, also founded
J World Sailing School) have matric-
ulated through the office and are still
on the board. A rhird son, Peter,
founded Johnstone One-Design,
which in 1989 introduced the first
production bout with an asymmetric
spinnaker and rewactable sprit. More
recently, Peter founded the Gunboatl
line of performance cruising catama-
rans, being built in South Africa.
Sailing runs deep with this clan,

Luck? There's usually a litle in
every success story. But this is more a
story about identifying (and in some

cases, creating) a market, designing
a product for it, and then finding
creative ways to sell it. In brief, what
the Johnstones do is design and build
boats they themselves would like to
sail (forget the handicap rules; just
make it fun), and develop a dealer
nerwork that can sell them.

The ldea

Rod Johnstone always wanted to
design boats, and his roundabout
road to success began in 1961 when
he enrolled in the small-craft program
offered by what was then called the
Wesllawn Schoo! of Yacht Design. At
the time, Rod was a schoolteacher in
Millbrook, New York. To get closer to
boats, in 1962 he moved to Ston-
ington, Connecticut, to run the bro-
kerage at Dodson Boatyard, before
moving on to submarine builder
Electric Boat Co., in nearby Groton,
where he planned the enginerooms in
637-class nuclear subs. After five years
at Electric Boat, he quit and started a
sailing school on the Connecrticur
River.

In 1970 the boating newspaper
Soundings was seven years old, based
in Essex, on the river, in the same
general vicinity. Rod mer with
Soundings editor Keith Taylor and
owner Jack Turner, and joined the
paper as an ad salesman.

Rod says of Turner, who passed
away last spring, “He knew when I
went to work for him that I wanted o

design hoats. So every opportunity
that came up—Ilike starting a design-
review section—I got to do it. T basi-
cally justified my existence there by
selling advertising. T covered all the
sailboat racing events because | was
the only one on the staff who knew
anything about sailboat racing. 1
worked for him for six-and-a-half
years.”

During those years, Rod’s brother
Bob was working for Quaker Oats as
head of marker strategy and analysis.
One of Bob's responsibilities was 1o
evaluate proclucts the company might
want to acquire. Given his own long-
standing interest in sailing, Bob took
a close look at sailboats. He divided
that market into three groups: low
cost, middle ground, and high end.
The Jow-cost segment, he says, suc-
ceeds when you've got sufficient dis-
tribution through mass merchandisers,
and when there is a sufficient number
of potential customers who make pui-
chase decisions basec on price. The
problem is, with only 6% of the
United Stales populace involved in
the sport of sailing, there are no
affordable mass media with which to
reach the remaining 94%.

Then rthere’s the middle ground.
According o Bob, successfully selling
to thar segment depends on styling
and new models every year, which, in
turn. require volume sales to cover
tooling costs. The approach he even-
tually setiled on—Bob characterizes it
as a high-end/best-brand approach—
made sense to him because aficiona-
dos of any sport gravitate toward the
more expensive products, whether
those products be sailboats, skis, or
tennis rackets. And, he could reach
the aficionados through magazines
like SAJL and Ome-Design & Offshore

Left—The J/24 is a hugely successful
one-design keelboat class, numbering
more than 5,200 worldwide. Rod
Johnstone designed and built the
prototype in his Connecticut garage,
launching her in 1976.

Opposite page—Left to right, Jim, Bob,
Rod, Jeff, and Alan, all Johnstones.
Though other family members have
worked for the Newport, Rhode Island—
based company, and serve on the
board of directors, these five are the
current active management team.
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1 BOATS

last thing theyre going to
give up is their boat.
They'll give up the house
frst, or cut back on some-
thing else. It seemed to be
a betier long-term strategy
to be on that side of the
business. T put together a
recornmended recreational
products group for Quaker,
which included Hobije
Car, Ericson, North Sails,
Laser, and TFiberglas Ever-
coat. What 1 was thinking
of was a franchise/retail
operation with all these
major brands tied in to it. 1
was thinking about the
sport and how one might

24.0" (7.32m)
20.0’ (6.10m)
8.9"(2.71m)
4.0’ (1.22m)

100% SA

Engine Outboard 4 hp

Yachtsman (cow Sailing World).

‘It also seems,” he says, “that
if you've gor a top-of-the-line prod-
uct, you're less subject to swings in
the market; your customers are more
committed to a sailing lifestyle. The
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....3,100 lbs (1,406 kg)
261 sq ft (24.25m?2)

develop a strategy to
market it. But I couldn’t
persuade them to do it.”

So Bob left Quaker Oats
and became vice-president
of sales and marketing
at AMF, a recreational-
products conglomerate
then building a few brands
of small sailboats, most
notably the Sunfish. Market
research suggested 4 larger
boat for Sunfish sailors to
move up to, between 20’
and 30’ (6.1m and 9.1n,
“They had the Sunfish,”
Bob says, “bur most mar-
kets are cold water; even in Long
Island Sound you freeze 1o death after
an hour in a swimsuit. You've gor all
these people into sailing, but what are
they going to get into next—a slug
like an O’Day 25? There was nothing

out there. Maybe the Bill Lee-
designed Santa Cruz 27, but its sales
were limited because there was no
professional dealer network associ-
ated with it. So I went to AMF and
told them rthis marker was wide open
to sell into, with a performance sail-
boat between 20 and 30 feet.”

In making his pitch, Bob likened
sailing to skiing. Jean-Claude Killy
was then the world’s best ski racer,
and at every opportunity, he showed
off his skis with the Rossignol logo.
the company sponsoring him. No one
was doing this in sailing, Boh told
management. “Cal and Ericson would
do it for a while, and win races, but
then the dealers would get hold of
the designs and load them down with
a lot of cruising amenities. And the
next thing you know, the boarts
wouldn’t perform.”

Bob supported his argument with
market research showing that half the
people interested in buying a boat
between 20’ and 30’ would buy the
hypothetical AMF 7.2 or the Farr-
designed Quarter Ton champ 45
Degrees South, rather than the popular
Catalina 22, Paceship 23, or other
trailer-sailers of the day. The picture
he presented of the AMF 7.2 actually
was brother Rod's garage-built
24-footer (7.3m) called Ragtime.

In spite of the strong indicators of
success, AMF wouldn't bite. Ragiime,
like Canadian builder George
Hinterhoeller's similarly sized Shark,
was hot right ourt of the box. But AMF
declined on two counts: Rod wasn't
an established designer; and it would
be a conflict of interest. Bob and
management went back and
forth over other designers,
and he suggested a sail-off to
see which boat AMF should
back. Ted Hood and Gary
Mull designs were conten-
plated. But, in the end, Bob
concluded, “They just didn’t

Jeff Johnstone says that one
key to a model’s long-term
success is the creation of one-
design owners’ associations,
which manage race events and
foster camaraderie. He spends
about a third of his time working
with the various owner groups,
much of it involving rules. Large
numbers of J owners participate
in regattas such as Key West
and Block Island Race Weeks.



Interior Solutions

(Part 1)

Awlgripe has been considered the 'industry standard’ of yacht
finishing world-wide for over 30 years. From new builds to
re-fits to maintenance projects the unmistakable Awlgrip
look is sought by boat owners, captains, builders and
applicators alike.

There is now an opportunity for you as a builder to extend the
quslity, performance and value of a premium brand to wood
interiors. Awlbrite Wood Systems is a range of products that
give the builders and applicators the benefit of delivering
consistent quality backed by technical expertise and support.
Leadership in the yacht industry can be established through

Create a foundation here:

e Awlbrite Quik-Fil Clear - A fast drying wood sealer
used to prime wood and fill the grain, must be
over-coated with an Awlbrite or Awlspar product,

Awlbrite Amber Sealer - A tinted product applied
direct to bare wood to obtain a rich, uniform color
before application of Awlbrite Clear or Awlbrite
Semi-Gloss.

Select a finish from the following:

e Awlsspar Classic Spar Varnish - A phenalic tung oil
based product with state of the art UV inhibitors and
absorbers, allows multiple coats per day.

e  Awlspar HS Marine Varnish - A high solids phenolic
tung oil based product with high film build
characteristics including technologically advanced UV
inhibitors and absorbers, flexibility of either brush or
spray application.

e Awlbrite Clear Gloss - An acrylic urethane finish that
provides & high gless, long lasting finish.

e Awlbrite Semi-Gloss - An acrylic urethane finish that
provides a low sheen, long lasting finish.
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the delivery of products and services that are world-renowned,
and by adopting the consummate beauty of a premium yacht
finish on the interiors.

By using the Awlbrite Wood Systems on the interiors you

will obtain the confidence and trust of the boat owners and
captains looking for longevity and performance. After all, the
Awlbrite Wood Systems - provided by Awlgrip - offer the
premium performance of technologies especially developed for
the yacht environment. To create the ultimate finish, Awlgrip
laboratories have developed a range of products that are
available in a multitude of systems to suit individual needs.

YNOT has been beautifully restored
using the Awlbrite wood system.

FOR THE ULTIMATE IMPRESSION
IT'S GOTTA BE AWLGRIP

www.awlgrip.com

NORTH AMERICA 1 East Water Street Waukegan lllinois 60085 TEL: 847.599.6212 FAX: 847.599.6209

EUROPE Bannerlaan 54 2280 Grobbendonk

Belgium TEL: 32.14.25.7770 FAX: 32.14.23.0880

AUSTRALIA Unit E54 Gold Coast City Marina 76 Waterway Drive Coomera Queensland 4209 Australia TEL: 61.7.5573.9655 or 1800.007.866 FAX: 61.7.5573.9677

NEW ZEALAND 686 Rosebank Road Avondale Auckland New Zealand TEL: 64.9.828.3009 or 0800.150.527 FAX: 64.9.828.1129
ASIA 449 Tagore Industrial Avenue 01-03 Hong Joo Industrial Building Singapore 787820 TEL: 65.6453.1981 FAX: 65.6453.1778




want to do new products.” Frustrated,
Bob resigned and threw in with Rod
to form J Boats in February of 1977.
Rod contributed the design; Bob con-
tributed the sum of $20,000, along
with assumning the full-time presi-
dency uniil the business could be
considered established. Though Bob
was and still is the marketing ace,
Rod could claim crucial connections
for the brothers’ stastup—namely, to
Soundings owner Jack Turner and
to Everett Pearson, president of
Tillotson-Pearson Incorporated in
Warren, Rhode Island, whom Rod had
been calling on since 1971 to sell dis-
play advertising in Sowundings.
[Tillotson-Pearson Incorporated later
became TPI, which recently reorga-
nized to create Pearson Composites,
the principal mamfacturer of ] Boals
product line—Ed.}

Rod: “When I finally got around to
launching Ragtime, Jack Turner was
there at the launching. He supported
me when [ was building the boat,
giving me time off. And in the fall
of '76, when 1 decided to start the

46.0°(14.02m)
.. 40.5'(12.34m)
13.8' (4.21m)
6.2'(1.89m)
4,400 lbs (10,432 kg)
1,021 sq ft (95m2)
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company, he gave me three full
pages of advertising in consecutive
issues of Soundings.”

While Turner was the catalyst,
Everett Pearson’s enthusiasm for the
project and his well-honed composite
boatbuilding skills are what made it
happen. After inspecting Rod’s proto-
type, Pearson knew exactly how he
wanted to build the boat, and was
able to put it in production quickly.
Pearson determined that he could
produce a high-performance sailboat
at a reasonable price, using a modern
laminate schedule consisting of end-
grain balsa core in the hull and deck,
protected by a vinyl ester skincoat.

The combination of publicity in
Soundings, innovative boatbujlding at
Tillotson-Pearson, and the remarkable
racing record amassed by Ragtime
the previous summer served to jump-
start the fledgling company, and gen-
erated the first batch of orders for the
J/24—most of them sight unseen.

Thirty years and more than 3,200
units later, the /24 remains one of the
boating world’s all-time great success

stories.

You've Still Got to
Sell ’Em

What Bob brought 1o the
table, besides $20,000, was:
consumer-product manage-
ment expertise and produc-
tion experience from 17
years with the Quaker Oats
Company; familiarity with
the dynamics of boat-dealer
networks, courtesy of AMF;
and his contacts with the
Lop sdilors in the country as
an officer of the U.S.
Olympic Committee. He
knew which dealers around
the country were good, and
which wece not so good.
Plus, he knew who the best
sailors were, and he targeted
them, many of whom were
(and still are) sailmakers.
His first ad was a letter to
them, saying, in effect: Do
yourself and your customers
a favor and get one of these
boats. And by the way,
come to Key West this
January for the first one-
design race regatta for the
J/24.

Bob scheduled the J/24
racing to immediately follow

the Fort Lauderdale—Key West Race, a
major SORC event featuring large
yachts, and persuaded the sponsors
to “leave the tent up.” The boating
press gave the Johnstones' compara-
tively smaller affair good coverage,
and the /24 was on its way. That
happens also to have been the gene-
sis of Key West Race Week. What it
meant, in basic terms, was this: For 10
grand a guy could buy a boat, put a
crew together, and get a taste of
big-keelboat racing.

Meanwhile, across the Atlantic, the

Johnstones licensed a builder in

England. At the 1978 London Boat
Show. 32 J/24s were sold. Marine
journalist Jack Knights described the
boat, in print, 15 “a Laser with a lid"—
it was a catchy phrase thar signaled
acceptance, making the J/24 cool.

Other construction licenses went 1o
Japan, Argentina, Brazil, and Ttaly.

The next challenge for Bob and
Rod was figuring our a follow-up
model. J/24 customers began telling
the company that while they loved
their boats, a larger boat would be
ideal—one with standing headroom
they could cruise with the family, in
addition to the Wednesday-night beer-
can races. Thus was born the J/30
(29.83", 9.09m).

“My role,” says Bob, “has primarily
been identifying the market niche.
Whar is the boat we should come up
with next? Rod’'s job has been to
make sure it floats on its lines and
sails well. These days, all the aspects
of each boat go back and forth
among all of us Johnstones. One of
us might say, the sheer doesn't look
right, or, the cabin trunk doesn’t
look right. In which case, we rework
the plug and change it. Likewise, we
sit at the helm; if it seems 10 someone
that the cabin wrunk kind of sticks out,
we’ll shave it down. Or maybe the
sheeting angle doesn't feel right.” (In
truth, the Johnstone clan is doing less
tinkering now—thanks to 3D model-
ing. More on that later.)

Bob usually takes home hull #1 of
any model, and sails it. That way, he
can tweak what can still be tweaked
and make sure all the needed
changes occur on hull #2—which
enters the marketplace—rather than
get delayed to hull #10 (an all-
too-familiar scenario at many boat
companies).

When asked how much input deal-
ers have on future designs, Bob
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with contemporary science.

The SilverTip Marine Epoxy Series, available only from System Three, are the first to utilize modern epoxy technology to create products
that are exceptionally easy to use and offer spectacular performance.
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Never again will you have to mix fluffy, obnoxious powders and dusty fillers into
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Left—The design of most J Boats begins with Rod Johnstone; the J/32, though, was designed entirely by his son Alan. Its
varnished interior has 6'3" (1.9m) headroom. Right—The J/160 is one of several J Boat models intended more for cruising
than racing. It features a three-cabin layout, a 7' (2.1m) retractable carbon fiber sprit for setting asymmetrical spinnakers, and
can make upwind VMGs of 6.1 knots with a small jib.

answers, “We like to get dealer input,
but we also take it with a grain of
salt, since dealers tend to look bhack-
ward at what's worked in the past,
rather than look forward and try to
anticipate the next new, successful
prodcluct.”

By way of an example, Bob cites
the company’s introduction of the
retractable sprit for asymmetrical spin-
nakers. “The J/105 came out of son
Peter’s one-design 14’ {4.3m] dinghy,
which has a retractable sprit,” he says.
“I reasoned, hey, if it makes going
downwind easier on a 14-foot racer,
why wouldn’t it make an even greater
contribution to the ease of sailing
downwind on a bigger boat? No way
dealers would have come up with
that. In fact, most of them, as well as
some of our TPI/] Boat team, thought
the idea was nuts. So integrating that
detail was a bit of a batle.” /Modern
retractable sprits originated with the
French singlebanded entries in Open
Class monohulls at competitions such
as the BOC Challenge round-the-
world race—FEd.]

The J/105 is 34.5’ (10.5m) overall
and sells new for around $160,000 all
up; used, the price runs between
$100,000 and $150,000. And the boat
doesn’t even have standing head-
room. But that's not what J Boats is
selling. What the company is selling
is simplicicy and speed. As the late,
great English designer/racer Uffa Fox
once said, “If you want to stand up,
go on deck.”

Ask Rod how much attention he
pays to IMS and other rating rules,
and he answers, “Zero. When you're
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torquing the boat to a rule, I think
all you can do is make the boat less
than what it could have been, What’s
the sense of that? Those rules come
and go. But, unlike a car, the boat’s
not going to fall apart in 10 years.
Somebody is going to be stuck with
i.”

Today, the president of J Boats is
45-year-old Jeff Johnstone. Key o
selling Js, he says, are the following
points:

s Plenty of information. J Boat buyers
tend to do a lot of research, even
years’ worth, and the more they do,
the better a J Boat looks. Design and
construction details—explaining criti-
cal data such as displacement/length
and sail area/displacement ratios, or
explaining the SCRIMP infusion
process—find their way jnto J Boat
sales brochures and advertisements.

e An on-the-water experience. This
might occur on someone else’s boat,
or a dealer's boat, or a demo at a
boat show. “If you can get that per-
son off a crowded dock,” says Jeff,
“and onto a J for just 30 minutes, then
you've created an everlasting impres-
sion. Getling people on the water is
really important.”

o The thinking bebind the design. “A
lot of what we do, from a marketing
standpoint, is educational,” Jeff says.
“You need to get to the root of what a
particular design is all about.”

e Class associations. These serve
the same purpose as the popular

rendezvous concept—that is, they
generate camaraderie among owners
by bringing them together. When Jeff
spots a critical mass of J Boat owners
in a given geographical area, he sug-
gests they form a group, and he’s
there to help. With J Boat owners,
such gatherings are usually to race,
but sometimes the focus is on a
cruise, or other times just comparing
gadgets, or exchanging notes on
troubleshooting oy on upgrades the
owners have made. For racing, Jeff
says, “We'll provide a framework of
rules limiting modifications to the
boats. At the same time, we’ll encour-
age amenities for cruising and day-
sailing.” Jeff or a company staffer
serves on the local executive commit-
tee until the boat owners can run
the organization themselves. Then the
J Boat person backs out, though
someone from the company is always
standing by for support.

e Strong dealers. A good case study is
Maryland dealer Paul Mikulski, whose
business is called J Port Annapolis.
Here’s what Mikulski instituted not
long ago: He leased a dock with slips,
negotiated favorable rates for 20 of his
clients, offered training via a J World
school, and ongoing access through
the J Port Sailing Club. Ten club mem-
bers share access lime on each boat
for the season. A /80 (26.25', 8m), on
this basis, runs about $2,500 per per-
son a season—Iess than the cost of
owning your own boat.

“Wonder why a dealer would want
to focus on achHvities other than
selling boats?” Jeff Johnstone asks,

1 BOATS (BOTH)
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Grid molds readied for infusion by the
SCRIMP process at Pearson
Composites (Warren, Rhode Island),
principal (but not sole) builder of the

J Boat product line. In the center of
the room, two J/109 grid molds have
reinforcement fabric and the SCRIMP
resin distribution medium (black) in
place. Following infusion and cure, and
prior to installing the grid unit in the
hull, the glass around the edge of the
mold will be trimmed to the desired
flange width of 2"-3" (51mm-102mm).
Vertical members of the first two molds
are the keel floors. Three grid molds
are inverted, so that the underside
surface that interfaces with the hull
is visible.

rhetorically. “Well, ir’s easy. The cus-
tomer falls in Jove with the boat, and
pretty soon he or she says, Tt would
e nice to take this out whenever I
want.”

To which Mikulski would add,
“Energy breeds energy.” He’s shaken
up the traditional dealer model, what
with school, time-share, charters,
club, and Friday-night cookouts.
Johnstone: “You get | World studlents
just coming off the boats ralking to
prospective owners walking up and
cdown the dock, and you've got this
whole exciting environment. So the
dealer spends very little time selling
boats. The boats sell themselves.”
And, he might further add, ] Boat
owners sell the boats to others.

Jeff Johnstone says he spends 30%
of his time on class-associarion busi-
ness. That's because 40% of sales are
to current ] Boat owners and another
20%—-30% are to people who have
sailed on someone else’s J. Jeff: I
think if you brought in an MBA, he’'d
ask why we spend so much time on
activities that don't directly relate to
sales. Advertising and boat shows are
the sizzle, bur they represent a smaller
percentage of our sales.”

A major event in the marketing pro-
gram is the midwinter rendezvous at
the manufacturing operation in Rhode
Island, which attracts from 350 to 400
owners. Key suppliers and guest
speakets are brought in. Last year, a
weather specialist talked to the group
about cold fronts. Another speaker
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talked about sailing his J/46 (46,
14.02m) to the Arctic. Pearson person-
nel put on a SCRIMP demonstration
(that acronym has, by now, sup-
planted the original wording: See-
mann Composites Resin Infusion
Molding Process), and other Pearson
employees taught a class on engine
maintenance. So owners actually learn
something at this gathering, and when
it comes time to buy a new boat, hey,
those Johnstone boys seem like really
straight shooters.

As with most contemporary busi-
nesses, J Boats relies heavily on the
Web to reach customers and to stay in
touch with them. The class associa-
tions and owner forums are all run on
the Web. And for prospective buyers,
this medium affords J Boats, and its
customers, 4 great way ro conduct
research. As noted earlier, the
Johnstones believe that owners of Js
do several years' worth of research
before buying. Which is why, says
Jeff, more than 2,000 pages of infor-
mation are to be found on the J Boat
Web site. “It's so detailed,” he says,
“the factory uses it 4s a starting pojnt
for the bill of marterials.”

Jeff reiterates uncle Bob's emphasis
on the importance of dealers, of
which there are 45 in North America.
“Our job,” Jefl says, “is to supply the
sales network with as much informa-
tion as possible. We know it takes
time, a lor of time, to work with a
customer. We could never be both
dealer and builder.”

Most J Boat dealers are not multi-
line dealers. Eighty percent or more
carry only ] Boars, though some of
these might have a powerboat brand
as well. The Johnstones like dealers
who are themselves active in sailing
or in the local marine trades. Four or
five dealers, Jeff says, have been com-
modores of their yacht ctubs. What is
important here is thar they're living
their clients’ lifestyle. “When we're
looking for a dealer,” Jeff says,
“we're looking for someone who’s
made a personal investment in the
sport. We're much more likely to go
with a person who opens a small
office, who’s been involved in junior
sailing, run a race commmittee, or
would be considered a knowledge-
able resource in his home territory—
as opposed to going with the guy
who owns the chandlery.”

J Boats does not have a stocking
requirement for its dealers, but fully
expects a dealer in an important mar-
ket area to have product. “We like our
dealers to be focused,” Jeff says,
implying that they get more than a lit-
tle coaching from headquarters.

Overseas

Bob Johnstone recognized opportu-
nities in Europe early on, in 1979, and
though some of J Boats’ licensed
builders overseas have come and
gone, that overseas presence has nev-
ertheless proven to be a nice counter-
weight to swings in the North
American economy. In 1991-92, for

DAN SPURR
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Right—The grid for a
1/42 has been infused
along with the hull, the
mold removed, and the
hull sanded. Exposed
areas of the bilge have
been gelcoated, and the
limber and plumbing
penetrations installed.
Far right—A J/105 hull
and grid getting infused
under the green bag; feed
lines extend down from
the sheer. The uniform
reddish color, from Norax-
dyed catalyst, indicates
that infusion is complete.
Longitudinal black stripes
are sections of infusion
medium containing the
resin feed fines.

example, thanks to Stu Johnstone
moving abroad to set up J Europe.
25%—30% of TPI's procluction went to
Europe. Today, ] Europe builds as
many boats—the [/80, /92, ]/105,
J/109, J/120, and J/133—as TPI’s suc-
cessot, Pearson Composites, builds in
Rhode Island.

64.5'(19.66m)

57.0'(17.37m)

16.0'(4.88m)
Standard Draft 9.0'(2.74m)
Displ. ....... 50,000 Ibs {22,683 kg)

100% SA
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... 1,819 sq ft (169m?)

But it was up and down, those 14
years. Jeff Johnstone: “When the U.S.
dollar got strong, the margin evapo-
rated, and our dealers over there hadl
nothing to sell.” In 1994, ] Boats
licensed its first full-line builder in
Europe, ] Composite. That operation
has now moved, along with J Com-
posite general manager Didier
LeMoal, to King Cat, a Swiss-
owned yard in Les Sable
d’'Olonne, France. The firm’s
three owners are sailors and
build primarily J Boats. The
J/109 (35.25’, 10.74m) was
tooled at King Cat, and the
boat debuted there in 2001.

“As it turns ouc,” says Jeff,
“we’re now importing all of
the J/80s, even though it's
going somewhat against the
exchange rate. The factory
here was backed up, so we've
been importing two boats
every six weeks.”

The next, larger model, the
J/133 (43 13.12m), was tooled
in Rhode Island and then
shipped to France. “The ability
to tool up in North America or
Europe, or simultaneously,”
Jeff says, “has certainly put us
in a stronger position if one
side of the Atlantic is weak
versus the other.”

Ten years ago, the strategic
plan called for a third builder
in the Pacific Rim, but that mar-
ket couldn’t sustain a full-time

builder; there are inactive ]/24
Jicensees in Japan and Australia. The
company was counting on better
sales in Australia and New Zealand.
Instead, boats bound for that part of
the world are shipped from both the
U.S. and France through dealers in
the Pacific Rim.

Largest Build Yet and
Model Turnover

The company’s current major proj-
ect is the J/65—its 15th mocdlel in
active production, 36th overall, and
biggest build to date. Two of these
boats were under construction in
Rhode Island as of this writing, with
the first scheduled for sea trials in
September. The new design is the
result of several ] owners wanting
bigger boats, with aspirations toward
a possible circumnavigation. The proj-
ect huas made Jeff Johnstone both
excited and cautious. On one hand, the
two owners wanted virtually the same
interior in the middle of the boat,
thereby simplifying each project; and,
with two orders under way, the
company is halfway to the four or five
units needed to amortize the cost of
tooling. On the other hand, Jeff can
readily cite industry horror stories in
which big projects have put builders
out of business—“owing to poor
builder management, a difficult client,
or trying economic times. It's a whole
new level of risk.”

The ]/65 is a joint venture berween
J Boats and Pearson Composites, and
together the two companies decided
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The J/65 was developed at the behest of several J owners who wanted larger boats—for possible circumnavigations. Hull #1
launched last fall in San Diego, California, and hull #2 is expected to be completed in early 2006. For the 65—a joint project
between J Boats and Pearson Composites—independent project manager David Lake was brought in to oversee construction.
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DAN SPURR

Jeft is adamant that the two big
hoats not jeopardize the rest of the
product line, which is the company’s
bread and butter. As many veteran
boat manufacrurers know too well,
timing the introduction of a new
model and ceasing production of old
ones is a science unto itself. The

to bring in an independent project

manager: David Lake. The factory
SCRIMP’d the hull and deck, but other
jobs, including electrical design and
some interior modules, have been
subcontracted. Jeff says the goal is to
create a new standard of woodwork
and finish for J Boats.

1/65 hulls are SCRIMP’d with Baltek
Superlite S56 balsa core and viny!
ester resin, and later stiffened with
floors and longitudinal foam stringers.

average life span of a J Boat model is
7% years—twice the longevity of what
Jeff refers to as a “mass-produced”
boat. “When the price of an existing
modlel reaches nearly double of that
of an older (used) sistership, then
new-boat demand usually fizzles and
it's rime to consider retiring the
model, But we've never retired a boat
unless we haven't built it in a year,
and are rarely quick to reintroduce a
new model of the same size, in the
interests of preserving both the resale
value of the retiring model and the
goodwill of the owners.”

Sometimes a model can reulize a
second life. The J/44 (44.75% 13.64m),
new in 1989, was retired premzlturely
in 1993, because the ill-conceived
federal luxury tax of the period cut
demand by 80% in 1991. But then, in
1998, when the company saw that
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customers were willing to pay
nearly twice the orjginal price
on the used-boat market for a
J/44 outfitted for cruising
(genset, air-conditioning, shoal
keel), that model was retooled
as the J/46—with certain
(weaks: a 270.6m hull exten-
sion, a carbon rig, a low-VCG
keel, and a full suite of marine
systems, including genset. J/44s
were last selling in the low- o
mid-$200,000 range; the J/46,
when introduced in 1999, was
going out the door for prices
in the mid-$400,000 to low-
$500,000 range.

DAN SPURK {BOTH)

Left—Bulkheads are trimmed of excess material in way of tabbing to the hull. .
Right—In a J/133, carbon anchors for rigging tie-rods are robustly laminated to the hull. The Role of Design

Local reinforcement (darker area surrounding the buttress) can be clearly seen. There is Al Johnstone, 42, son of Rod,
a section of Penske Extreme 2000 aft of the buttress, ready to receive a through-hull is vice-president of design. His
fitting (efther a shower sump pump or electric bilge-pump discharge). The join of the training has included srudies at
buttress flange—secured with vinyl ester resin and biaxial E-glass tapes—is a secondary Westlawn, and apprenticeship
bond denoted by its light-green color, due to catalyst dye. (Since the resin/catalyst (o his father, "My responsibiliry,”
system is naturally clear, a dye indicates whether the resin has been catalyzed.) The he explains, *is to take what
horizontal red stripe is a 2"-wide (51mm) copper SSB ground plane extending around Rod comes up with for the hull
the entire inside of the hull. The whitish surface finish is from prep-sanding the hull prior and then add the derails. 1
to tabbing-in joinerwork and bulkheads, and for gelcoating. spec out what the dealers

need.” We should note that
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Al's done two complete designs him-
self, the J/32 and J/109.

Certain features serve as guiding
criteria for J Boats, and distinguish the
designs. First, the boats must sail well
and be reJatively easy to handle. As
noted earlier, little if any attention is
paid o rating rules, though rthe j/41
was an exception, designed as it was
to JOR III. And the J/109 ar least paid
respects to the once-popular IMS. Rod
says there's pressure to look ar the
rules if only to maintain J Boats' high-
performance image. But doing so
runs counter to his instincts. Given
the company’s success creating class
organizations, the johnstones are
more interested in one-design racing
and in performance cruising. Sail
plans tend to favor large mainsails
and smaller headsails, so tacking
doesn’t require inordinate amounts of
energy. grinding away on sheet
winches. Again, using themselves as
market guides, the Johnstones design
boats they’d like to sail themselves.
“The one thing we share in common,”
Al says of his cousins and uncles, “is
that we all have relatively large

families and we like to go sail-
ing with family. When it comes
to cloing grand prix racing, ours
may not be an ideal boar, but
we’ll go at it the best we can.
There are compromises in there
that reflect where we come
from.”

Rod adds: “Simplicity and
efficiency are critical to what we
by to do. We're (rying to design
a bhoat that regular sailors like
to sail, a boat they can aspire to
own and is not out of financial
reach. Except for the 22 and 24,
most of our boats have been in the
30’ to 40’ [9.1m to 12.2m] range.
That's the most popular range.”

The Johnstones also favor
boats that are fairly simple to
build, so the molds are not
unduly complicated. “Some of
the bigger boats have winch
moldings and similar details,”
Rod says, “but F've always been
a fanatic about weight—not
aboul keeping weight out of the
structure, but about nof putting
stuff on the boat that adds

LOA ......26.3'(8.0m)

LWL 22.0'(6.71m)

Beam 8.3'(2.51m)

Draft 4.9 (1.49m)

Displ. 2,900 Ibs (1,315 kg)
100% SA . . . 338 sq ft (31.4 m2)
Engine . Long-shaft outboard
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At the Pearson plant, J Boat hulls ride
on wheeled cradles from one area to
the next. The Pearson operation—
same building, new owners—split off
from the more familiar TPI, which
continues to build industrial parts.

weight unnecessarily. With a fiber-
glass molding, every time you go
around a corner, you add weight.
You look at our decks; they tend to
have fewer molded corners.”

For structure anc engineering, Al
collaborates with the builder. “Their
responsibility,” Al says, “is to engi-
neer the structure of the boat. As
designers, we're involved in that
process—deciding from a price/
value standpoint the materials we
want to use. And that depends on the
priorities of the project.”

Al works closely with engineer
Clive Dent at Pearson Composites,
systems engineer James Doe, and var-
ious laminate engineers—always with
the objective, Al says, of “optimizing

SCRIMP for weight and cost.”

Al also works with naval architect
Paul Fuchs, formerly with ‘Itipp Design
(East Norwalk, Connecticut), now sun-
ning his own design studio in Connect-
jcut. He takes Al's 3D-modeling files
and renders them in Rhino. This has
reduced the time it takes to develop

new models. The ]J/133 was tooled
and in production just 14 months after
the first napkin sketch. Much of the
savings, Jeff Johnstone says, is in
the interior. With 3D modeling, it is
no longer necessary to install a
prospective piece of furniture, rake it
out, make patterns, stick it back in,
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T BOATS

and so on. Everything is precise and
known, right down to the thickness of
the laminate. This process enables
Pearson Composites to subcontract
some of that woodwork to East Coast
Interiors in Dartmouth, Massachusetts
(see PBB No. 97, page 20), a talented
cabinet-shop that makes galley and fore-
peak modules for the J/133 and J/65,

and builds the entire interior for the

MJM 34z Downeast-style express
cruiser for Bob Johnstone’s other boat
company, in Boston, as well as steer-
ing wheels for Edson International
(New Bedford, Massachusetis) and
various parts for business aircraft.
Prior to 3D modeling, Al says,
“everything was done with mock-ups.

Bulkheads are installed prior to the hull
receiving the deck assembly. Here, a
J/160, with its deck suspended directly
above, is displayed for attendees

(J owners and prospects) at J Boats’
annual Midwinter Rendezvous.

Interiors and decks. You put the hard-
wdre on and moved it around until it
was right. Very labor intensive, and
there was much less forethought,
really, to derails. Now, all the ergo-
nomics are worked out in 3D.”

Jim Johnstone, 33, is first cousin to
Jeff and Al, and he handles sales. That
means he’s the principal liaison
between dealer and manufacrurer,
assigning hull numbers and perform-
ing his own production checks in the
plant. During a recent plant tour with
Jim, 1 watched as shop-floor person-
nel turned out one J/109 and two
J/100s in the course of one week.

Tooling for a new J Boat model
begins at DLBA Robotics in Chesa-
peake, Virginia, or at King Cat in
France. DLBA has tooled the last three
Js—on budget, on time. This shop

e,
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43.0' (13.11m)
37.8'(11.52m)
12.78'(3.90m)
Standard Draft ... 7.50'(2.29m)
Displ. 17,900 Ibs (8,119 kg)
100% SA 964 sq ft {89.6m?2)
Engine

delivers to Pearson
Composites plugs that are
fair to 150-grit. Next, a firm
called All Paint (Bristol,
Rhode Island) does the final
fairing before Pearson makes
the molds.

Materials for each line on
the shop floor are color-
coded. The purchase of a
robotic diamond-cutter has
reduced cutting time of rein-
forcements for a J/105 kit
from three days to 45 min-
utes. The Ferro gelcoat for
deck nonskid is sprayed
rather than brushed. Penske
fiherglass/foam board is now
the Johnstones' backing
material of choice for
winches, through-hulls,
cleats, and other hardware.
Vinyl ester resin is in the
hull skincoat and the only
resin in the J/100 deck and
for secondary bonding
throughout the product line.
Templates are used to locate
deck hardware. Decks are

prewired with B&G 15-conductor wire
between the sea hood and nav sta-
tion, which Jim Johnstone says
reduces electronics install-time by
four hours.

—_——

Though late in the day, the Pearson
plant is bustling. There are two J/46s
on the floor, one going to the United
Kingdom and therefore requiting CE
certification. Pedrick-designed Navy
44s (13.41m)—the newest generation
of waining sloops for the U.S. Naval
Academy in Annapolis, Maryland—
will be built here soon. But for now,
the focus is on the rwo J/65s, which
are mostly carbon, except for a small
amount of glass for better adhesion of
gelcoat and to improve secondary
bonding. Reinforcements were sup-
plied by Saertex Wagener (Saerbeck,
Germany). Stringers are foam. The
hulls are cored with Baltek SuperLite
S56 end-grain balsa, the decks with
Corecell A500 foam. The hulls are
infused (via SCRIMP) in one shot; the
stringers are done afterward. Lock-

Fort Lauderdale: T +1 954 760 4447 F +1 954 525 3261 www.underwaterlightsusa.com
Antibes: T +33(0)4 97 21 0296 F +33 (0) 4 97 21 1096 www.underwaterlightseurope.com
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TAN SPLURR

down flooring sits on an aluminum
grid and is all removable. Installation
of marine systems in the ficst boat is
well under way, and they're complex,
including as they do hydraulically
operated bow thruster, vang, backstay
adjuster, and mainsheet winches. In

the center of the dinette is a large
transformer. The Grunert refrigeration
has both AC and DC compressors.

[t is clear that David Lake is correct
when he says, “We're building a
J vyacht, not a J boat.” A semicustom
offering with a configuration limited

A 1/109 deck—fitted with winches,
steering pedestal, and other
hardware—awaits installation.
Pearson Composites turns out about
one per week of this model, and
more of smaller J Boats, such as

the tiller-steered J/100.

only by the hull, deck, and structural
bulkheads, the J/65 is a fairly radical
departure from the small stock boats
on which the company has made its
name and fortune—and no minor
reputation. Little wonder, then, that
the Johnstones are counting the days
until hull #1 splashes.

It's all abour market niches. Few in
the marine industry have been as
good, uncannily good, as the

Johnstones at identifying and supply-

ing those niches. And when you can
use yourself as the market test, what
could be simpler—and more fun?

About the Author: Dan Spurr is
Professional BoatBuilder's editor-at-
large.

PATENT PENDING

'§ Blast into the
1 future with the
advanced
technology of the
new X-Caliber DC
water pressure
| system. The
stealthy X-Caliber
§ delivers high

" 1 performance
water pressure that will
invigorate showers, and
dramatically improve overall
water pressure system
capability.

ADVANCED FEATURES I

Adjustable cut in pressure
Operates on 12 or 24VDC
Under voltage protection
Anti-flooding protection
Variable Speed

33B0O SW 1 17TH AVENUE

FORT LAUDERDALE, FLORIDA 33315

PHONE: 954-581-6996

Fax: 954-587-0403
800-662-8557

® Adjustable power setting
® Over voltage protection
® Over current protection
e Dry run protection

o Rotating bracket

12-24 VDD WATER PRESSURE SYSTEM

INTEGRATED CERAMIC PRESSURE TRANSDUCGER!
Monrtors system pressure and confrols Lhe speed of Lhe X Callber. High linearity, accuracy, and excsllent chemical
raslstance are halimarks of the caramic pressure sensor technaology found exdusively in the X Caliber.

BRUSHLESS WATER CaoOLeED MOTDR:
Brushless motor lechnology Is guleter and more reliable than slandard
DC motor technology. Silence and efficiency of the motor is further

enhanced by an advanced waler cooling syslem.

= WHISPER QUIET

MULTISTAGE IMPELLERS!?
Desftver amooth pulsation free water pressure in
virtual silence.

CORRDSION PRDOF ULS4HMB
GLASS REINFORCED

POLYPROPYLENE CONSTRUCTIDN:
This ally f d ite polymer is designed
lo withstand the harsh marine environmenL

SPECIFICATIONS
MAX PRESSURE
MAX FLOW
SUCTION/DISCHARGE

67 PSI (4.5 BAR)
10 GPM (38 LPM)
3/4" FPT (METRIC
ADAPTER INGCLUDED)

HEADHUNTER

—es

~NTERINMCTCS.. O
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Manufacturers of dlamond and
CBN cutting tools for the ﬁberglass,
and composite industries.

BLUE
Masklng Tapa

dows, Trint & Walls

Intertape Brand
Marine Line
of Tapes

@t‘?"e

ahead of the curve™

(800) 474-8273 e Fax (800) 462-1293
www.intertapepolymer.com
info@itape.com
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Respecting our customers since [841.

Dessau International

82 MIDLAND AVENUE + SADDLE BROOK, NJ 07663

1.973.478.7781

» FAX: 1.973.478.1175 - WWW.DESSAUDIAMOND.COM

SuperSwmy

- DESIGNED TO CHANGE
FIBERGLASS LAMINATION
180° & MORE

l lfemon. n’s Slundmd Equipment

» Wall Mounted Arm
Rotates 180°

= Front Arm Rotates 360°

= Can Spray Large Mold  §
In One Continuous
Movement

® Can Cut Lamination
Time By 50%

= Less Operator Fatigue

» No Pulling On
Messy Carts

» Less Clutter On Floor

= Less Wear & Tear
On Hoses

= Custom Lengths
25 - 50ft.

Ashley Weldmg&Macnme Co.- 104 Tower Drive * P.0. Box 383 * Edenton, N.C. 27932
Phone: 252.482.3321 - Fax: 252.482.5023 - £-mall info @ ashleywelding.com

FERRO Pads

Selection - Service - Savings

With over 400 standard and custom back up pads for
grinding, sanding, feathering, polishing, and buffing,
Ferro has the perfect pad for your application, now.
Most orders are shipped in less than one weekand you
can save up to 50% over some suppliers. Ferro has,
what you need, when you need it, and at a price that
won’t rub you the wrong way.

BUILDERS and REPAIR YARDS—Call us now at

1-800-343-3776
for your nearest distributor, and start saving.

“The Choice of Professionals”

ERRO 35200 union Lake Rd. * P:O. Box 86 » Mt Glemens, MI 48046
INDUSTRIES (810)792-6001 » Outside MI:(800)343-3776 » FAX (810)792-6006




Cor iy =
Tape Line
on Land or Sea

Masking tape for all of your exterior and fmenor Vinyl Repsir Tape
pointing applicalions. PT-14, PT-21, XG, PG, MG,
PG20. OrepeFast®, Pro-Mask® Grean

DucTape™, Blectrical Non-Slip ape

Weathersinpplog Tepe

Non-Slip, Reflective Tapa
Weatherstipping Tape

ntertape Polymer Group™! brings its long
history of industry-proven tape performance
to the marine market. From non-slip reflective,
plumbing and weatherstripping tapes to repair,
electrical and painting tapes, Intertape Brand
is the only way to go. Our Pro-Mask® Marine,
for instance, is a hard-working, 20-day clean-
removal masking tape ideal for refinishing.

Let Intertape be your single-source supplier
for high-quality American Tapes for every marine
use. You'll quickly see that Intertape’s marine
tapes are as fundamental to staying afloat
as a seaworthy hull. Contact your Intertape
representative today for more information.

@ /’_ﬁ
{. Intertape’
brand
ahead of the curve™
(800) 474-8273 Fax (800) 368-8293

www.intertapepolymer.com
info@itape.com




Networking
—Part 2

In theory, the concept of a “three-cable boat” should simplify
marine-systems installations and monitoring. In reality, builders
and boat owners now face a new complexity: different protocols at
variance with each other.

Part 1 of this three-part series looked at the emergence
of whole-boat networking systems for integrating engine
monitoring and control, navigational electronics, and
power distribution. These systems have the potential to
dramatically reduce the amount of wiring in boats, mov
ing toward what [ call a “three-cable boat.”

To get a better sense of how the available systems dif-
fer, and of their benefits and drawbacks, we’ll consider
them in more detail in Part 3. There, we'll look at how
thése networking systems are being applied to general-
purpose boat wiring—what's known as a “distributed-
power system.” But before doing this it will be useful to
have an understanding of how they work.

The two networking systems that presently have the
highest visibility—SmatrtCraft and NMEA 2000—are both
based on the Controller Area Network (CAN) protocol,
which has come out of the automotive industry but is
also now widely used in industrial controls. So, it makes
sense to start by discussing CAN.

Before we begin, I wish to state that I have at one time
or another been hired as a consultant by several of the
companies mentioned in this series; however, I have no
ongoing arrangement with any of them.

For a list of companies mentioned in the article, see the
source list on pages 74—75.

Text and
photographs
by Nigel Calder

(except where noted)
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Core CAN Concepts

CAN defines a message-sending
pipeline and the mechanisms to be
used to transport messages through it.
It does not say what those messages
will be. Every device, or node, con-
nected to a CAN-based system (com-
monly referved 1o as a CANDus) must
include a rransceiver for transmitling
and receiving the CAN-based mes-
sages, and a flink controller for trans-
lating those messages into and out of
an appropriate format for the device.
The two processes are often con-
flated, and the hardware—a small
mijcroprocessor—that performs them
is referred to as either a fransceiver or
chip (also known as an Applications
Specific Integrated Circutil, or ASIC).

The contents of the messages on
any CAN system are customized for
the specific purposes of that system,
which makes the CAN upproach
extremely flexible. Engine manufac-
turers can design a system in which
the messages relate to engine per-
formance, such as rpm, temperature

and pressure measurements, and
exhaust analysis; in industrial controls,
different messages will be used—a
grain-elevator system, for example,
would include information on how
full the hoppers are, the state of the
elevators, etc.

For the marine world, MotoTron
(among other companies). a sub-
sidiary of the Brunswick Corporation
tasked with developing and managing
SmiarCralt, has devised a set of mes-
sages that relate primarily to engine
operations; and the National Marine
Electronijcs Association, the creator of
NMEA 2000, has devised a set of
messages that relate primarily to
marine electronics (latitude and longi-
tude, heading, depth, etc.). [For back-
ground on SmartCraft and NMEA
2000, see Part 1 in PBB No. 97—Ed.]
Other companies—notably EmpirBus
and Moritz Aerospace—have devel-
oped messages relating to power
distribution on boats. All these systems
have the capability to be expanded,
and are being expanded, with new




messages as new types of equipment
and functions are supported or devel-
oped. Various engine manufacturers
also have proprietary, CAN-based sys-
tems for electronically controlled
engines, most of which now include
throttle conurol and transroission shift-
ing, with Volvo Penta’s approach
including an interface with some
autopilots. As far as 1 know, though,
there are no plans to extend any
of these into whole-boat applications.

Addresses

Unlike some other networking pro-
tocols, CAN-based messages need not
contain the address of the sending
node (although the NMEA version
does include an addressing system),
and need not be addressed (o a par-
ticular station or device. Instead, the
content of a message—wind speed,
water temperature, revolutions per
minute—is given an identifier that is
unique within the system. All devices
then send their information to all
nodes on the system. Each node
“decides” on the basis of the identifier
whether or not the information is rele-
vant to that particular node, and thus
whether or not to process the mes-
sage. This decision is programmed
into the transceiver chip; in the NMEA
version, if the message is addressed to
a specific device, all devices—other
than the device to which it is
addressed—will ignore it.

In a message-based system of this
kind, every node must have the chip
needed to send and receive signals.
No central controller, or master, is
needed (a masterless system), so the
failure of any node or device will not
crash the system. In fact, one of the
requirements of NMEA 2000 is that
any node can fail in just abour any
way without adversely affecting the
system. A corollary to this is that
equipment can be added ro and
removed from the system at any lime
without shutting down the system,
and without having to reconfigure it
every time it’s booted up. If there
have been any changes since the last
tme it was powered up, the address-
ing system is used (o assign a new
address to all nodes. This is known as
avtomatic dynamic addressing.

CAN Kingdom

The basic CAN approach described
above is sometimes modified to
include a master, resulting in what is

known as CAN Kingdom. Here, there
is a central controller, which acts as a
system “king” to allow or disallow
access to the systeny; there is no
automatic dynamic addressing. Smart-
Craft takes this approach, designating
the engine as the main controller
of the system. If some component in
the system causes trouble, it can be
shut down withour affecting the
engine, which is, in essence, treated
as the most important piece of equip-
ment on the boat. If the master
crashes, the engine crashes, although
it can still be configured o operate in
a fail-safe, “limp home” mode.

Phil Gaynor, business manager for
MotoTron, writes, “Safery-critical sys-
tems for thrortle/shift/steering roust
have 100% redunclancy and fail-safe
allowances. This is the primary reason
SmartCraft exists.” The Brunswick
Corporation/MotoTron uses the king
approach as a mechanism (o maitiin
control over all non-engine-related
devices that will be put on the
SmartCraft bus(es). With respect to
NMEA 2000, he comments, “There are
a lot of unanswered questions about
merging critical safety systems with an
‘all-purpose network.”” Advocates of
NMEA 2000 challenge the notion that

Left—In networking,

heavy or light cable and
connectors are necessary,
depending on the amperage
requirements of the devices
to be connected to a given
system. Below—~Note the
relative difference in the
heavy and light connectors
used with the two different
sizes of NMEA 2000 cable.

the king approach provides greater
security for engine controls, as well as
the implied assumption that the
broader-based NMEA 2000 provides
any less security for mission-critical
functions.

There is not yet enough real-world
data to see how these differences in
philosophy play out in practice, and
in fact whether there is anything art all
to be concerned about.

Collisions and Errors

What happens if two nodes trans-
mil information simultaneously, lead-
ing to a “collision”? CAN’s response is
an approach known as Carrier Sense,
Mulriple Access with Collision Detec-
tion (CSMA/CD) combined with ron-
destructive bitwise arbitration.

The way this works is as follows.
All messages within any given system
are assigned a priority. When two col-
lide, the higher-priority message gets
through with no delay (as opposed (o
Ethernet, for example, on which both
messages get delayed). The lower-
priority message does not get lost, as
can happen on other kinds of net-
works such as Ethernet. Instead, the
message gets put in a queue and
waits its urn. CAN's ability to guarantee
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Top left—A section of the heavy NMEA
2000 cable, which can carry up to

8 amps, is readied for the installation
of a connector. Top right—A closer
view of the connector shows where the
five distinct small cables attach that
together make up the larger package.
Below left—Four competing cable and
connector options currently available
are, from left: NavNet, SeaTalk2,
NMEA 2000, and SimNet.

Below right—A Maretron NMEA 2000
cable kit includes an array of Ts and
connectors for instalfation.

that the highest-priority messages
(throttle, gear-shifting, and steering
commands) get through in real time—
that is, immediately—is critical to the
safety of a vessel and its crew. 1t is
one of the main reasons NMEA,
Brunswick Corporation, and others
have settled on CAN.

CAN alJso has built into it a number
of error checks that enable faulty
messages to be rapidly recognized
and sidelined, and that also prevent a
node that may be outputting a stream
of junk—from fouling up the system.
It is, in short, an extremely reliable
and robust messaging protocol that
has proven itsell over many years in
the automotive and industrial fields.

The Physical Layer:
NMEA 2000

Of course, the CAN system is not
of much use if the cabling and
connectors—the physical layer
through which messages are transmit-
ted—fail to provide an adequate
framework to carry rhe messages.
One of the problems with NMEA 0183
(NMEA’s earlier messaging protocol)
has been that NMEA only recon-
mended a particular physical layer
instead of requiring it. Device manu-
facturers and installers can use less-
robust approaches than those recom-
mended and still claim NMEA 0183
compliance.

The NMEA 2000 standard requires
a very specific physical layer compris-
ing an extremely sturdy cable that is
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SIMNET

fully shielded against electrical inter-
ference, with cabling and connectors
that are waterproof—they can be sub-
nmerged in bilgewater and still work.
These components have been devel-
oped for industrial controls and come
out of a widely used CAN-based sys-
tem known as DeviceNet, Two cable
sizes are specified: NMEA 2000 heavy
cable and NMEA 2000 light cable.
Even the light cable is built to the
same rugged standards; essentially, all
that changes is the size of the wires
within the cables, and the size of the
CONNectors.

An NMEA 2000 cable contains a
negative and a positive power cable,
two data cables, and a ground
cable—fijve cables in all. The NMEA
2000 heavy cable has AWG 16 power
cables, which can carry up to 8 amps,
and AWG 18 signal cables; the light
cable has AWG 22 power cables,
which can carry up to 4 amps, and
AWG 24 signal cables. Power is sup-
plied 1o the power cables from the
boat’s batteries or from a dedicated
power supply, and connected into the
network cable via a Poweriap T. If
required for redundancy, power can
be taken from two or more different
sources, using blocking diodes to
keep the sources isclated from one
another.

Those devices that require less than
1 amp to operate, such as a depth-
sounder, can be powered directly
from the power cables wichin the
NMEA 2000 cable. The NMEA cable

would be the only cable connected to
the device. Those that require more
than 1 amp, such as radar, are pow-
ered from separate power cables. In
this case, there would be the usual
negative and positive power feeds to
the device, plus the NMEA 2000
cable. A basic NMEA 2000 chip draws
15 mA to 20 mA; display screens draw
more power. The 8-amp and 4-amp
limits of the heavy and light cables
result in a limic to the number of
physical connections that can be
made to a bus. This limit will vary
according to the power draw of the
various devices.

When installing an NMEA 2000 sys-
tem, a cable called the backbone or
trunk is run through the boat to all
locations at which devices will be
plugged into the system. At both ends
of this cable there is a terminating

NMEA 2000 heavy cable is really a
bundie of five smaller cables: two for
data, two for power, and one ground
wire.
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Top—A T fitting in light
cable, left, compared to
one in heavy cable, right.
Both examples shown
terminate with a resistor
on the right-hand side.
Below left—A heavy
connecting terminal being
made up along with a
heavy T.

Below right—Getting

progressively more
complicated, a heavy
cable steps down to light
cables at two Ts, and ends
with a terminating resistor
at right.

resistor—a piece of hardware needed
to stop signals “reflecting” back onto
the network. Wherever 2 device is to
be attached, a *I” is inserted into the
backbone and a cable known as a
drop cable is run to the device. The
drop cable and its device constitute a
node. The Ts and all other pieces of
hardware inserted into the backbone,
as well as the drop cable, must be
NMEA certified, although the means
of connecting the drop cable 1o
its device is left up to the device
manufacturer,

Every device is individually wired
to the backbone with no daisy-
chaining (connecting in series) of
devices, so they can be added or
removed without affecting any other
device on the network. Where a num-
ber of devices connect to the back-
bone in close proximity to one
another, a multiport box can be used
to consolidacte the connections into a
single drop cable onto the backbone.

NMEA 2000 requires that communi-
cation can still continue, albeit at a
degraded level, with no permanent
damage done, with either of the two
signal wires broken, and either signal
wire shorted to the power supply or
to ground. In other words, any device
can be miswired in any conceivable
way for any length of time without
causing permanent damage to the sys-
tem or any device on it, although this
may well render the network inopera-
tive until the fault is corrected.
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The NMEA 2000 physical layer is
expensive. The T required for every
drop onto the NMEA 2000 heavy
cable costs more than certain sensors
or pieces of equipment that someone
may want to add to the system! This
high cost is a bone of contention with
many device manufacturers, and 2
source of hot debate within NMEA. It
has led to several manufacturers
developing their own physical layer,
which is not NMEA certified, and then
providing access to the NMEA 2000
bus via a single NMEA 2000-certified
“gateway” of some kind. Discussion
persists within the NMEA over
whether or not to certify, and under
what circumstances, a less-expensive
physical layer.

The Physical Layer:
SmartCraft

As you would expect, the physical
layer for SmartCraft has many similari-
ties to that of NMEA 2000, including:
the linear layourt; the resistors at each
end; the limit on rthe number of
physical connections that results from
the size of the power cables and the
power demands of connected
devices; and others. The big differ-
ence lies in the fact that SmartCraft is
designed around three data buses,
“X,” “P and “V” (as opposed to the
single data bus in the NMEA 2000
cable), with a different core function
for each bus, sometimes resulting in
different information runaning on each.

CAN X is a bus reserved exclusively
for safery-critical systems, such as
throttle and transmission shifting, with
access tightly controlled by MotoTron
(it is essentially reserved for Mercury
Marine and Cummins MerCruiser
Diesel). It entered production in 2004
as the control system for Mercury's
fully electronic Verado and MerCruiser
DTS engine platforms. CAN P carries
propulsion and extensive system-
diagnostics data, and also acts as u
fully redundant bus to CAN X, provid-
ing a backup for mission-critical data
transfers. CAN V is reserved for all
other vessel devices, such as genera-
tors, switching systems, and bilge sys-
tems. It begaun to carry its first generator
and system diagnostic data in May
2005. It is the bus most suited for a
distributed power system, but is the
least developed at present and has yet
to be deployed for distributed power.

The triple-bus design of SmartCraft
is intended to separate the vessel into
its major functional areas and to pre-
serve bus integrity through division.
One defective bus will not bring
down the others. SmartCraft buses
can be combined at the helm and
elsewhere, so devices such as dis-
plays or switches can have access to
all the information and control on the
boat.

Typically, the physical layer may
contain only one of the three buses
(CAN X in engine applications, or
CANYV for distributed power) or perhaps
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Inside a section of NMEA 2000 cable, we find ample shielding to prevent radio
frequency interference. The blue and white data cables are wrapped together in an
individual Mylar shield. The same is true for the red and black power cables, while
the ground wire remains uninsulated. The entire package is enclosed in large
braided shield and finally a waterproof jacket.

two (CAN X and CAN P), but almost
never all three. The buses are likely to
be routed together from the engine-
room to the helm, but then separated
to suit specific installation criteria.
Each bus consists of a twisted pair of
cables. The physical layer also
includes a set of power cables (posi-
tive and negative) and a switched
power lead for powering devices
from the keyswitch. As with NMEA
2000, power for SmartCraft buses can
be supplied from multiple, isolated
sources via blocking diodes. with
those devices that draw less than
1 amp operating directly off the net-
work power supply. In some cases,
there also is an uninterrupted power
supply (hardwired 10 the batteries, to
maintain memory functions when a
system is shut down), and ignition
cables. The standard SmartCraft
engine connector ends up with 14
pins, including connections for redun-
dant power and data cables.

Shielding and Grounding
NMEA 2000 positive and negative
power cables are wrapped in a shield,
as are the two data (signal) cables.
The fifth (ground) cable is laid in
separately, and then another shield
(made of Mylar), and a braided
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shield, surround the cable as a whole.
That's a lot of shielding' There is con-
siderably less shielding with the
SmartCraft physical layer, and less
expensive, automotive-like connec-
tors. As such, the installation is less
costly than that for NMEA 2000, and
less robust.

NMEA’'s focus on shielding for
radio frequency interference (RFI) is a
reflection of the fact that NMEA 2000
has come out of the navigational side
of the marine industry, where RFIL is a
big issue, and the device manufac-
turer has limited control over the
installation. The backbone, for exam-
ple, may be run close to a “noisy”
fluorescent light or CRT display
screen. By contrast, SmartCraft has
come out of the engine side of the
industry, where the manufacturer has
a high degree of control over the bus
and its installation, and where RFI is
less of an issue.

As noted above, MotoTron/
Brunswick is maintaining a tight
control over CAN X and CAN P, but
will have a different level of control
over CAN V when it is extended to
distributed power systems, which will
require the bus to be run all over the
boat. It remains to be seen whether
this results in problems. If it does, the

triple-bus narure of SmartCraft will
keep problems on CAN V from dis-
rupting the CAN X and CAN P buses.

Shielding is another of those issues
on which strong opinions are
expressed by the advocates for the
differing network approaches. Once
again, there is not yet enough real-
world data 1o see how these differ-
ences play out in practice, and in
fact, whether there is anything to be
concerned about.

With all networked systems, single-
point grounding on the network side
is necessary (o prevent “ground
loops™ that could destroy the integrity
of the system, causing messages to
get lost. On those devices that require
more power to operate than can be
pulled from the nerwvork backbone—a
radlar, for example—and that therefore
require an additional power supply to
the device, for safety reasons it is
essential to isolate the grounded (neg-
ative) side of this power supply from
the network ground. If this is not
done and the main power ground Lo
the device gets broken externally, the
full operating current of the device
will run to ground down the dara
ground. The relatively high current
flow will likely melt the small ground-
ing cable in the network cable, dis-
abling the system and possibly start-
ing a fire. Ground isolation can be
achieved within devices either via an
optical isolator (with an OEM cost of
$1.50 to $9.00, depending on the
required level of robustness) or at a
lower cost through “current loop iso-
lation.” This added layer of complex-
ity and expense is another bone of
contention for some manufacturers.

Practical Limitations

The data-carrying capacity of any
network is a function of such things
as the length of the nerwork, the
speed of data transmission, the num-
ber of nodes on the bus, and the mes-
sage structure.

The longer a data cable, the Jonger
the time it takes for data to travel
from one end to the other, and there-
fore the longer another cevice must
wiit (o get its data transmitted down
the bus. The NMEA has determined
that a backbone cable length of 200m
(656" is adequate for marine pur-
poses. SmartCraft currently limits bus
length to 40m (1317), but is extending
this to 70m (230", and could, in all
probability, handle 200m, depending
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on the bus loads and/or whether the
information is saftety critical. (The 40m
comes from the J1939 srandard from
which SmartCraft and NMEA 2000 are
derived, which in turn has come from
the automotive industry where Jong
cable runs simply do not occur.)

CAN-based equipment is nominally
designed to operate at data rates
of 1 megabit (Mh) per second, but
on a 200m backbone this drops 1o
250 kilobits (Kb) per second—the
designed speed of NMEA 2000 and
SmartCraft. This is still 50 rimes faster
than NMEA 0183. Where NMEA 0183
can deliver 6 to 8 messages a second
at 4.8 Kb per second, NMEA 2000 can
deliver 300 to 400 messages at 250 Kb
per second. However, the greater the
number of nodes on a bus, the lower
the message rate will be. The
SmartCraft people use this fact to
argue in favor of breaking up the
messages and putting them on more
than one bus. The response from the
NMEA 2000 advocates is that it is irrel-
evant, because the NMEA 2000 bus
has plenty of capacity.

Data (messages) on CAN-based sys-
tems are transmitted using a 29-bit
identifier. The way this is configured
effecrively limits the number of func-
tional connections to a network to
252, meaning 252 devices can be
uniquely addressed on the network,
although the physical layer can sup-
port a maximum of only 50 electrical
connections to the bus (see above).
One physical connection, however,
can support multiple addresses to
multiple logical devices. For example,
an autopilot may integrate a GPS,
heading sensor, fluxgate compass, and
other devices, all of which can have
separate addresses but with one con-
nection to the network. In terms of
power distribution, 2 number of circuit
breakers may be clustered together,
each with its own address, bur with a
single connection to the network. If
more than 50 physical connections, or
252 nodes, are needed, a second net-
work can be added with a “bridge”
between the two.

The messages themselves are
short, being limited to 8 bytes (64 bits;
1 byte = 8 bits), with the actual data
content being less than 50% of the
message. The rest consists of the ident-
ifier and various error-checking mech-
anisms. With NMEA 2000, messages
larger than 8 bytes, but Jess than 256
bytes, are broken up and sent
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Open vs. Proprietary Standards

NMEA 2000 is an open standard
for marine electronics and engine
data in the sense that it has been
developed by a broad range of orga-
nizations over a period of nine years.
NMEA grants certification to any
manufacturer who purchases and
meets the requirements of the
NMEA 2000 standard. These require-
ments are a result of the efforts and
input of NMEA members, including
manufacturers, installers, and the
U.S. Coast Guard. NMEA has also
been working with international
standards—setting bodies such as the

sequentially, using something known
as a fast packet transmission. Longer
messages (the limit is 1,785 bytes) are
sent in blocks, when there is available
time on the bus, and reassembled in
an “envelope” that is “opened” once
the message is complete—what's
known as transport protocol. Cur-
rently, all NMEA 2000 messages
greater than 8 bytes have been
designed to use the fast packet wans-
mission. There are two types of mes-
sages: status messages, which are sent
at some periodic rate to update any
device that cares about that particular
information; and control messages,
which are sent only when needed—for
example, to turn a breaker on or off.

CAN-based systems are not
designed to carry large streams of data
such as video. For large-volume
data, some other approach is needed.
Ethernet is rapidly becoming the
dominant technology (see the sicdebar
on page 66). With Ethernet, our
three-cable boar actually becomes a
four-cable boat consisting of the
negative and positive power cables, a
relatively low-volume CAN-based
messaging system (or a rival system),
and a high-volume Etherner-basecd
data-iransfer system.

Benefits of CAN

A CAN-based network allows multi-
ple elecronic devices o be connected
together, via a single cable connection,
in order to share information. Its
message-sending and -recejving proto-
cols, and the physical Jayer, have been
well tested in literally millions of
vehicles and thousands of industrial
applications, and have proven to be

International Maritime Organization
(IMQ®), the International Electro-
technical Commission (IEC), and the
International Organization for Stan-
dardization (ISO), as a result of
which NMEA 2000 will likely be
adopted as a worldwide standard.
NMEA's automatic dynamic
addressing approach requires every
product to be capable of negotiating
its address and position in the
hierarchy, enabling devices to be
added and removed at any time,
and enabling the system to function
regardless of the state of any

reliable, rugged, and error-free. The
content-based nature of CAN allows
users to define messages appropriate
to their application, making it
extremely flexible.

The fact that CAN-based systems are
now so widespread means that there
are numerous chip manufacturers pro-
ducing the necessary transceiver
(transmitting and receiving) chips for
any device in a CAN-based system.
Once a set of messages has been
devised, it's easy for a chip manufac-
turer to program them into a chip,
allowing any device with this chip to
be added to a network and immedi-
ately begin sending and receiving
messages to and from all other devices
on the network. The existing mass
market for CAN chips means that the
cost is refatively low; the wholesale
price ranges from $2 to $3.

As for the physical layer, a2 number
of manufaciurers are already supplying
to industry the DeviceNet type of
hardware specified by NMEA.
(Maretron is the first to have had
NMEA 2000-certified products.) This,
too, helps keep the cost down,
although, as noted, the high quality of
the hardware in the backbone
required by NMEA 2000 does drive
the cost up over that of some compet-
ing hardware. Manufacturers getting
on the SmartCraft bus work with
MotoTron to establish a suitable phys-
ical layer.

From a device manufacturer’s
standpoint, the R&D that has already
been put into a CAN-based system
such as NMEA 2000 or SmartCraft,
and the availability of the necessary
chips, can significanily reduce design
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time for new proclucts. From a boat-
builder’s and installer’s perspective,
the single-cable installation and com-
patibility of all devices programmed
for a particular CAN-based system
greatly reduce installation complexity,
time, and cost, as well as the likeli-
hood of post-installation problems.
From a boat owner's perspective, the
considerable reduction in cabling
and connections is almost certain to
result in greater reliability. [f the
system permits any compatible device
to be plugged in and unplugged with-
out having to reconfigure the system
or the device (what is commonly
known as “plug and play™), the boat
owner can buy best-in-class devices
from any manufacturer, rather than
being locked into one manufacturer’s
proprietary system. NMEA 2000 is
configured this way; SmartCraft is not
(see the sidebar on page 58).

Non-CAN Approaches:
ED&D’s E-Plex

Although CAN-based systems have
received the lion’s share of publicity
to date, there are a couple of non-

CAN networking systems that have
entered the marine world from left
field, and chat have considerable
potential. These are ED&D’s E-Plex,
and Victron’s VE.Net. Both focus on
power distribution rather than
propulsion monitoring and control or
navigation, although both have inter-
faces with just about any other con-
ceivable system. (In May 2005, ED&D
was acquired by Airpax Corporation,
a manufacturer of circuit breakers and
engine sensors.)

E-Plex utilizes a relatively slow (20
Kb per second, Kbps) master/slave
messaging protocol. In essence, the
master (which ED&D calls a clock, or
E-Plex Control Module [ECM]) sam-
ples all the nodes sequentially. The
nodes use the position of the data in
the sequence to determine if it is
directed at them. This dramatically
reduces the amount of activity on the
bus as compared 1o a CAN-based sys-
tem. Tor example, a simple “on” or
“off” instruction with CAN requires
the 29-bit identifier in a 64-bit mes-
sage, as opposed to a single bit at a
particular point in the sequence with

E-Plex. At 250 Kbps, a 64-bit CAN
message will take 256 microseconds,
whereas a single E-Plex bit at 20
Kbps will take 50 microseconds.
Despite the slower bus speed, E-Plex
is five times faster in this instance!
Most E-Plex messages are, in fact,
only 1 bit in length, although some
may be 8, 10, or 16 (for example,
engine rpm is 16). A 16-bit E-Plex
message will take 800 microseconds,
as opposed o 256 microseconds for
the equivalent CAN message (E-Plex
is more than three times slower), but,
asks David Bateman, president and
lead designer at ED&D, “how many
engines outpulting rpm do you
have?”

The nature of the E-Plex protoco)
is such that there are no collisions;
the clock controls the messaging
sequence. But, there can be no prior-
itizing of messages. Some messages
are nol particularly time sensitive.
Depth information, for example, is not
needed in most situations more than
once every second, maybe much less.
Others are time sensitive—throttle,
transmission shifting, and steering
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individual device. If a manufacturer
has a device for which there are not
currently appropriate messages built
into the system, the manufacturer can

approach the regulatory committee

(NMEA’s standards committee) and
work with it to devise the necessary
messages, according them an appro-
priate priority level within the prior-
ity hierarchy.

In order to obtain NMEA 2000 cer-
tification, a device is tested by its
manufacturer to ensure that it will
communicate and behave properly
on the NMEA 2000 bus and that it
has the necessary self-configuring
capabilities to meet the plug-and-
play characteristics of NMEA 2000.
The device manufacturer purchases
both hardware and software from
NMEA to carry out all the required
tests. These generate an encrypted
test-data base file that is sent to
NMEA for validation.

To avoid unnecessary develop-
ment costs, the NMEA has two levels
of certification: “A” and “B.” Simple
devices, such as a speed sensor that

needs to output only 2 simple mes-

sage, do not require the ca'pabil'it'i-es.

of sophisticated devices such as an
autopilot, which will Be receiving
and processing information from sev-
eral sensors, and then outputting
messages to a chart plotter and other
devices. The speed sensor can be
certified to level-B compliance; the
autepilet will need to be certified to
level-A compliance.

A consumer should be able to buy
any NMEA 2000—certified product
and plug it into an existing NMEA
2000 system—true plug-and-play

versatility, allowing the consumer

access o an ever-widenirig range of
mutually compatible electronic
devices. And the more information
there is on the system, the more
powerful the uses to which this
information can be put. One of the
things an open standard tends to do
is release lhe creative juices of soft-
wate writers and engineers, resulting

in novel and unforeseen applications

of the available data. A list of
NMEA 2000 Certified Manufacrarers/

Suppliers/equipment can be found at

www.nmea.org/about/news.cgi?
article_id=177. !

SmartCraft, by contrast, is a propri-
étary system controlled by the
Brunswick Corporation, via Mote-
Tron. In developing the system,
MotoTron has worked with Kvaser AB,
a leading CAN Kingdom developer,
as well as the U.S. Navy.

MotoTron is primarily responsible

for developing the messages on the

SmartCraft system, determining
message priority, and so on. If a
manufacturer wants to get on the bus
(CAN X, P, or V) there is a process
by which the manufacturer and
MotoTren define the project, deyvelop
the messages and the necessary hard-
ware, and test and validate the appli-
cation, at which point the product
becomes certified. As with NMEA,
MotoTron sells hardware and soft-
ware to the manufacturer to help
with the -development and validation
process. Unlike NMEA, MotoTron is
much more actively involved at
every step, including bench-testing
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commands. When it comes to distrib-
uted power, signals such as switching
lights on and off are time sensitive: if
there is a delay, the operator is likely
to think the switch is not operating,
and will try switching again.

ED&D’s goal is to ensure that all
address points on the system are
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of models and validating the appli-
cation in real-life boat tests.
MoteTron charges for its time by
the hour, and then collects a royalty
fee for every validated device: that
is sold.

Given the CAN Kingdom nature
of SmartCraft and the lack. of auto-
matic dynamic addressing, an appli-
cations engineer is needed to add or
remove devices to an existing net-
work, The infrastructure for this is
provided by Brunswick Corporation
builders, distributors, and field tech-
nicians. As th¢ message base
becomes more fully developed, and
recognition of more certified nodes
is built into the King (the con-
troller), it will be pessible to add or
remove, in a plug-and-play fashion,
many devices for which messages
have already been developed.

MotoTron’'s approach is more
restrictive and more tightly con-
trolled than that of NMEA. Phil
Gaynor, business manager at
‘MotoTron, argues in favor. of it as

follows: “A free and open network
[such as NMEA 2000] is, by defini-
tion, not a field-supported or 100%
pretested network like SmartCraft.

“Without management, it's very diffi-

cult to create the ‘consumer benefits
that an ‘integrated’ network system
of products should deliver.... When
issues arise from connecting devices
together, members of the free nerwork
are only responsible for verifying
that their products are transmitting/
receiving ‘messages successfully.
Without management over how
each company displays and contrels
another company’s products;. quality
to the customer is at risk. A very
likely result is that product war-

_ranties, such as those for complex

digitally controlled engines, will
have limitations placed on them
because of the risk an unmanaged
network imposes.” NMEA 2000 advo-
cates challenge those Statements.
Gaynor notes that “management
costs money; and even though.
royalties are generally viewed with

skepticism, without them the data-
biis management and implementa-
tion responsibilities will fall mainly
on the customer.... Both Mercury
and Cummins MerCruiser customers
expect more from us than that, and
so we dre providing SmartCraft in
this way to them.”

There are clearly some deep-
seated philosophical differences
between NMEA and the Brunswick
Corporation in terms of how acces-
sible to make the bus, and how to
provide protection to mission-critical
functions (bus redundancy and
strictly controlled access: versus a
“bulletproof” physical layer). Given
the lack of real-world experience
with any of these systems, it
remains to be seen how serious
those differences may be.

“As with NMEA 2000, SmartCraft
has two levels of licensing. Certified
manufacturers can be found at
wwwsmartcraftnerworked.com.

—Nigel Calder
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Right—An E-Plex tank-leve!
sensor has a “core” or
circuit board inside it that
communicates the
information from the tank
to the “clock.”

Far right, top—A second
type of tank-level probe
with an embedded

E-Plex core.

Bottom—An E-Plex system
displayed on a computer
monitor. Most additions to
an E-Plex bus require
reprogramming through a
personal computer with

a simple software package
called E-Logic.
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A temperature gauge converted to
operate on an E-Plex system. The twisted
wires will be the only connection.

in length. Analog sensors, such as
voltage, current, or frequency, typically
require 10 Dbits, or “addresses”™; each
bit constitutes an address. A recent
installation on a 41’ (12.5m) power-
boat uses about 600 address spaces,
and, as a result, updates over 30 times
a second. That includes AC and DC

Wireless Technology

We have recently seen some
marine wireless entries into
the low-volume/data-transfer
field, including Bluetooth, using
short-range radio to communicate
between compatible devices (each
of which must include the neces-
sary chip). Bluetooth has become
popular enough to be incorporated
into an international standard. It
connects a wireless mouse and
keyboard Lo a computer, wireless
headphones to a stereo system, and
50 On.

A similar technology has been
developed by Tacktick for a
range of wireless, solar-powered
boat instruments—for example, a
masthead-mounted wind-speed

power monitoring, engine start and
Stop, an engine monitoring system,
bilge controls, trim tabs, lighting.
wipers, and other distributed-power
functions.

and -direction sending unit that
communicates wirelessly with a
display device in the cockpit. Tt
draws significanty less power than
Bluetooth, while operating 16 times
Faster than NMEA 0183.

There is also WiFi and similar
broadband (high-speed) wireless
technologies found ashore that
enable huge amounts of data to be
transterred wirelessly over relatively
short distances.

[t rentains to be seen whether or
not wireless technology will
become popular for ransmission of
critical data such as steering com-
mands. There is always the fear that
powerful outside interference, or
other problems, will drown out the
signals. —N.C.

[t would be an interesting exercise
to take the entire electrical system on
a Jarge yacht and see what the sample
rate would be if it were fully config-
ured to run on E-Plex. Bateman is
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confident that E-Plex can handle
just about any boat. Julian Potter,
manufacturing and engineering super-
visor at Sealine, a British boatbuilder
implementing E-Plex on the produc-
tion line (Sealine calls it ~“SeaPlex”),
noted that as boats gert larger the
number of devices does not go up
exponentially. The engine bay, for
example, has more or less the same
number of “modules” over a broad
range of boat sizes.

With NMEA 2000 and SmartCraft,
the number of addresses is limited by
the possible permurations of the
address portion of the 29-bit identifier.
With E-Plex there is no theoretical
limit—it's just a matter of adding
another address to the clock’s address
list. But, there is a practical Jimit inas-
much as each new address lengthens
the time it takes the clock to cycle
through all the addresses, and as such
slows down the sampling rate.

The ED&D approach is proprietary,
including the design of the clock, the
software that runs the system, and
the transceivers, which ED&D calls a
“core.” At the time of this writing,

Ethernet

When we get to really large data
requirements, such as video, we are
into the realm of Ethernet-based sys-
tems such as Furuno's NavNet,
Northstar’s N2, Garmin’s MarineNet,
and Raymarine's HSB2.

Ethernet, a protocol for high-
speed communication, was invented
by Robert Metcalfe at Xerox in 1976,
but subsequently has become so
popular that it is now an internation-
ally regulated network technology.
Data c¢an be transmitted and received
at a rate of 1,000 megabits per sec-
ond through a network of up to 300’
(91m) between nodes/switches.
NMEA 2000 can transmit and receive
250 Kb per second over 656/ (200m);
SmartCraft, over 130’ (40m). Ethernet
is 4,000 times faster. Ethernet does
not have a distance limitation—
provided there are hubs/switches
every 300/ which is an advantage
over CAN on large yachts and ships.

A major difference between CAN
and Ethernet is the size of data
packets. On CAN the data packets

are relatively small, primarily the
data from one sensor at a time,
whereas Ethernet packets can con-
tain hundreds or thousands of sensor
data all within one packet. The result
is greater efficiencies of transmission,
with only one interrupt per packet of
multiple data. In addition, the large
packet sizes allow Ethernet to
be less restrictive in terms of data
format.

Ethernet also wins over CAN in
the number of nodes it can support.
A large yacht can have thousands of
sensor points, while a large ship
might have up to 50,000 sensor
points. The large number of nodes
and data packets fit easily within an
Ethernet framework; however, the
cost of adding the Ethernet chip at
each device is higher.

As with NMEA 0183, Ethernet is
point to point (see Part 1 of this
series), which means a separate
cable must be run frem each sensor
or device to the control panels. This
reéturns us to the existing system of
multiple parallel cables in a boat and
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consequent large wiring harnesses.
These cables can be consolidated by
running them into an intermediate
hub, with one wire connecting the
hub back to the panels, but that adds
another devicé and more cost.
Standard Ethernet hubs start at $20.
As with CAN-based messages,
Ethernet protocol specifies: a-set of

rules for constructing and sending:

messages. Ethernet has two forms of
transmission: Universal Datagram

Protocol, or UDP; and Transmission.

Control Protocol, or TCP. UDP mes-
sages are sent in a broadcast mede to
all nodes, while TCP uses a specific
address - for transmission. With ‘CAN,
the microcontroller at each device
interrogates the message to deter-
mine if it has data for its processor.
With Ethernet, employing TCP com-
munications, two devices form a
direct peer-to-peer connection that
gudrantees data delivery.

In the event of a collision between
two Ethernet messages, the two send-
ing nodes back off and.then retrans-
mit the data after a randomly chosen

delay period. The messages may col-
lide again, or collide with another
message, in which case the process is
repeated. In theory; given the ran-
domly generated delay periods,
sooner or later (we are talking
nanoseconds here) the messages will
be timed such that no collisions
occur and all get through. In UDP
there is the potential for one or more
messages to get lost, but not in TCP.
However, Ethernet can sustain a max-
imum _continuing: utilization of only
30% before the performance of the
network will begin to degrade. CAN,
though, continues to operdte flaw-
lessly at 100% utilization.

Ethernet does not-have the same
capability as CAN to take offline a
defective node that is outputting

junk. In fact, a node can send a.
stream of junk that will block all-

other nodes ffom sending and receiv-
ing messages. As with CAN, the
physical layer is highly variable from
application to application. In a home
office, it is not very rugged. But,
cables and connectors can be

purchased to meet very demanding
physical needs, including waterproof
connections and waterproof hubs/
switches. Ethernet has been used
quite successfully in manufacturing
facilities that are wet, dirty, and elec-
trically noisy.

When it comes to high-volume
data flows, such as those generated
by many modern radars and chart
plotters, or. by high-resolution video
(such as from closed-circuit TV),
Ethernet provides an extremely cost-
effective network. On larger boats
and superyachts, which may have
full-scale office-style networks that
integrate several computers, printers,
scanners, and other devices with
shipboard electronics and: a mass of
data input sensors, Ethernet has
become the predominant: networking
technology, including for relatively
low-volume, monitoring, alarm, and
conftrol circuits. A good example is
provided by the SiMON (Ship's
Information Monitoring System) from
Palladium Technologies.

—N.C.
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the transceivers had not yet been
miniaturized into a chip [ASIC], but
instead are built on a printed circuit
board. Once a system is set up and
the clock programmed, if any module
fails and is replaced, the clock will
program a replacement module for
the specific application. In other
words, in terms of switching-out
parts, this is plug and play. At the
planning stage for a given systew, if
future needs can be identified, these
needs can be built into the software,
which will require no further adjust-
ment when the addirional equipment
is installed. Otherwise, additions 1o,
or deletions from, the bus require
reprogramming via a personal com-
puter. E-Plex includes a highly
intuitive software package called
“E-Logic” that greatly simplifies this
process and that adds considerable
value in rerms of the ability of an end
user to customize a system (more on
this in Part 3 of the series). Never-
theless, it is not a fully plug-and-play
system in the sense of NMEA 2000.

In terms of the physical layer.
E-Plex uses a single twisted-pair bus

with the cata signals running on the
power cables (in contrast (0 NMEA
2000, with its five cables, and
SmartCraft, with its up to three
twisted-pair buses plus power cables).
As opposed 1o a CAN-based system, in
which the backbone must be installec
in a linear fashion with 4 resistor at
each end, the E-Plex backbone can be
installed in any fashion—a linear
and/oc a “star” pattern (a central con-
nection point with cables branching
out)—wirth a single resistor some-
where in the system, and individual
“branches” up to 500’ (152m) in
lengrh. Sealine’s “clock” has connec-
tions for four branches; the company
uses three of these at the present time,
with one bus going forward, one aft,
and one 1o the bridge.

ED&D exercises no control over the
physical layer, its installation, or con-
nections to it. Connecrions can be
made by splicing in ar any point. That
makes the installation side much more
economical than NMEA 2000 (and also
more economical than SmartCraft) but
malkes it moye likely that poor installa-
tions will result in poor performance

that negatively impact the system. It's
up to the installer to see that the job is
done right.

The data bus on CAN-based sys-
tems is typically operating on plus or
minus 1.5V, resulting in a 3.0V swing
(from 1.5V to —1.5V); since ED&D is
sending the dara signals down the
power bus, it is operating at battery
voltage—that is, a 12.0V swing (from
0.0V to +12.0V) on a 12V system, and
a 24,0V swing on a 24V system. The
greater the swing, the easier it is for
devices on the bus to distinguish
between a wrue signal and “noise” or
interference of various kinds. Dave
Bateman claims that the high swing
on the E-Plex bus makes it possible to
achieve reliable communications with
less RF1 suppression, and therefore
lower cost.

Individual physical connections to
the bus will draw from a low of 15
mA to a high of 1 amp. The E-Plex
clock is current-limited to 3 amps,
which means the maximum number
of physical connections is 200
(3 amps/15 mA), and will likely be
considerably lower than this. But, as
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Networking Technology and the ABYC

Over the past 50 years, the
American Boat & Yacht Council
(Edgewater, Maryland) has carved
out a preeminent role for itself as the
principal standards-writing body for
the recreational boating industry. Its
standards-writing process is based
upon Project Technical Committees,
or PTCs—composed of dedicated
volunteers, and coordinated by
ABYC staff. It is these committees
that have dealt with evolving tech-
nology, and changing public con-
cerns regarding. safety, in a manner
that has served both the industry and
.the boating public well. Perhaps the
best testament to this is that when
the Europeans decided, not long
ago, to get into the recreational-
boating standards-writing business
themselves, the ABYC's standards
were selected as the model and start-
ing point.

Right now, the rapid introduction

of three new technologies is con-
fronting the Electrical PTC:

1. Cogeneration, meaning the
ability of inverters and other AC
power-supply and conditioning
devices to parallel themselves with
shore power or onboard generators.
(Parallel operation is presently not
allowed under ABYC standards.)

2. The introduction of high-voltage
DC electric motors and propulsion
systems. Some will operate on DC
voltages up to 800 volts. (The present
DC standard covers applications only
to 50 volts.)

3. The use of electronic devices
for DC and AC power distribution
and circuit overload protection. (The
existing standards presuppose tracli-
tional air-gap-type technology.)

The third item on the list above is
especially challenging. Why? Bécause

it is dow possible to combine tradi-
tional fuse and circuit-breaker tech-
nology with electronic circuait-control
devices in a way that passes all
present ABYC standards for branch-
circuit protection—and yet thé
equipment is vulnerable to failures
from sources never envisioned by
the ABYC. Consider that, in one
case, the electronic circuit breakers
on 4 boat were randomly turning on
and off at erratic intervals. It was
eventually determined that a defec-
tive battery installation kept intermit-
tently dropping the voltage on the
DC system below the minimum 5.0
volts required to keep. the electronic
circuits functional. In another case,
random operation of circuit control
devices was attributed to high radio-
frequency interference from a radar
and single-sideband installation.

The latrer Situation ties directly
into the intense debate over what
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kind of shielding is required for data
cables (control cables) in networked
electronics and power distribution
systems. Based on assumptions
derived from the automotive field,
and other assumptions about boat
usage, plus some testing, under the
NMEA 2000 protocol, of unshielded
cable (and bombarding it with electric
field strengths of 50 volts per meter),
Rich Gauer of Maretron—a proponent
of the NMEA’s conservative physical
layer—writes: “Once we have a hun-
dred thousand boats with these sys-
tems using unshielded cable, then
every seven minutes a boat some-
where will experience an undetected
error: inadvertent transmission shift, a
breaker turning ‘on’ or ‘off,’ a wind-
lass or winch turning ‘on’ or ‘off.’ an
inadvertent alarm, a throttle glitch, a
steering glitch, and the like. Is this
acceptable?”

Gauer’s comments raise a number
of complex issues for a standards-
writing organization such as the
ABYC. For instance, do electric fields

of this surength ocecur on boats? What
is an acceptable undetected error
rate? How is it calculated? Does the
acceptable error rate vary according
to how safety-critical an application
is? What, if any, language and/or test
requirements in the ABYC standards
are necessary to address these issues?
Gauer réports that the automotive
industry requires safety-critical sys-
tems (throttle controls, say) to be
tested to 60 volts per meter, while
some applications are routinely tested
to 100 volts per meter. Perhaps the
ABYC should adopt similar language.

This is just one example of several
emerging areas of concern, raised by
the new technelogies, that need to be
addressed. The challenge is to adapt
existing ABYC standards in a way that
will continue to protect and enhance
the safety of the boating public with-
out creating unnecessary obstacles to
the development and implementation
of those very technologies, and to
do so in a timely manner. It will take
the active participation of industry

professionals in the standards-writing
process—precisely when most of
them are working long hours to
refine their own products while
battling for market share.

The ABYC Electrical PTC recently
created several ad-hoe subcommittees
to look into these matters and bring
proposals back to the PTC. Those
companies in the forefront of product
development must get involved to
ensure that the necessary questions
get asked. In so doing, they will help
establish a level and consistent
standards-based playing field for the
introduction of these critical new
technologies, which can only benefit
manufacturers and consumers alike.

Having personally observed the
Electrical PTC for more than 15 years,
I know it can rise to the occasion.
And when it does, the recreational
marine industry as a whole should
give the committee the technical sup-
port and resources it needs to fulfill
its mission.

—N.C.
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with CAN, each connection can
include multiple addresses.

E-Plex has several layers of error
protection. Matt Bush, ED&D’s lead
programmer, reports, “Given the bus's
high degree of noise immunity [as a
result of the high voltage swing],
a typical system will run for hours
without generating a single data error.
Any time an error is generated, all
modules throw away the data just
received and prepare to retransmir.
Even if the bus was generating one
data error a second, if the update rate
was 30 times a second, this would just
drop to 29 times a second.”

Non-CAN Approaches:
Victron’s VE.Net

As with ED&D, Victron’s focus is
on power distribution rather than
engine control or navigarion.
Additionally, Reinout Vader, the
founder of Victron, is a sailboat
owner who is particularly interested
in boals with intermirtent generating
sources, and which therefore need to
minimize the load on the DC system.
Matthijs Vader, Victron's principal

systems designer, notes that although
“CAN is a beautiful network...that is very
suitable for navigatjonal integration,”
it requires more power to operate
than is necessary for a distribured-
power system. “Since CAN is a net-
work that has been designed for cars,
which have short cable runs and
power from an alternator always
available, this is not a real surprise.”
On 4 boat, the power-distribution
network will often be in use when
there is no generating source online,
including when the boat is anchored
or in harhor. So, the network must be
designed to minimize energy over-
head. As opposed to a navigational
system, which will have a limited
number of devices, the power distrib-
ution system will include a large num-
ber of sensors and devices—quite pos-
sibly hundreds on a larger boat. As the
number of devices on a network rises,
and thus the toral electrical load, the
network cabling must be increased in
size to handle the load, which drives
up the cost. A difference of a few
milliamps per connection can make
a significant difference in both

the overall energy consumption and
the cost of installation.

All of which raises some interesting
considerations that do not seem to
have caught the attention of other sys-
tems designers. Traditional circuit-
breaker and fuse technology imposes
no energy overhead on a boat, except
in cases where distribution panels
include LED annunciators. Distributed-
power systems, however, require
energy to power up the chips at each
node, and to operate the display
screen if this is the mechanism used to
control the system. (Some low-end
systems employ keypads with minimal
energy consumption.) The load occurs
whether or not a device is turned “on”
or “off”; it is a constant parasitic load
that comes with the technology. When
a traditional circuit breaker is in the
“on” state, there is stll no energy cost
in terms of operating the breaker
(assuming no voltage drop through
the breaker), whereas the switching
devices used in electronic circuit
breakers create some power loss
that is dissipated as heat. All in all,
a distributed-power system on a
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moderately complex boat could easily
draw 1 to 3 amps at 12V continu-
ously. For an energy-conscious boat
owner, those values represent a signif-
icant overhead.

Victron’s VE.Net starts from the fol-
lowing premises: power consumption
is related to data speed of transmis-
sion; and mission-crilical data need to
move in near real-time, but some,
such as voltage displays, do not.
Victron’s approach is to use the low-
est data speed possible, combined
with the ability to send data at differ-
ent speeds so that where high speed
is necessary it can be accommodated,
albeit with higher energy consump-
tion. To this end, Victron has devel-
oped a variable-speed system that
ranges from 9,600 bps to 115 Kbps.

This is a master/slave system. On
startup, if two or more nodes trans-
mit at the same time, resulting in
collisions, then each backs off and
retransmits at a random interval until
no collision occurs. (Ethernet trans-
mits in a similar fashion—see the
sidebar on page 66.) The node with
the highest processing power now

becomes the master. After the inirial
exchange, the master takes over,
sampling all the nodes in a sequence
thar varies according to priority
needs (some nodes get sampled
more often than others), and with
the speed varying according to the
speed of the node being sampled.
This avoids further collisions. Nodes
can communijcate directly with one
another, with the master controlling
their time on the bus, but to do so
an addressing system is needed
based on a 32-bit identifier. The
addressing system drives up the con-
tent of messages during the initial
contact phase and, as a result, slows
down the message rate. However,
messages are sent only on an
as-needed basis, which keeps down
the message volume—as opposed
to E-Plex’s cycling through all
addresses at each cycle. There is no
message prioritization.

As with CAN-based systems, the
backbone has two power cables and
two data cables. When the voltage
on one data cable is higher than the
other, it signifies a “1,” and when

the second is higher, a “0.” (This is
also how CAN operates.) The micro-
processors in the nodes synchronize
on the slopes—that is, when the volt-
ages cross. Any transient voltage
spikes tend to occur on both cables,
so the higher one remains higher,
making the system relatively immune
to interference.

Up to 256 nodes can be connected
to the net. The maximum length of
the net is 500m (1,600").

Aside from the chips at each
node, the single biggest load on a
distributed-power system is likely to
be the screen (or screens) used for
command and control. This load will
vary according to screen size and
display technology. Victron mini-
mizes it by the inclusion of a “sleep”
mode that kicks in if no activity takes
place for a given length of time.

Victron has concentrated on mini-
mizing the installation cost by utilizing
commonly available RJ 45 connec-
tors, and—as with NMEA 2000 and
E-Plex—ensuring that the installation
can be done by regular boatyard
workers rather than requiring
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expensive networking professionals.
VE.Net has interfaces to NMEA 2000,
Ethernet, and other systems in order
to be able to create a fully integrated
“tiered” networking approach on
boats of any size.

A phased rollout of components
necessary for a whole-boat VE.Net
began in 2005.

The Tiered Approach

It would seem that in a perfect
world the entire marine industry
would embrace a single networking
standard with a plug-and-play capa-
bility, such as NMEA 2000. Boat-
buijlders and boat owners would be
able 1o buy any networked electronic
equipment or digital-switching (power
distribution) device they wanted and
simply plug it into the system via a
drop cable and network T.

But, because of the different bene-
fits and drawbacks of one approach
over another—cost, bandwidth,
power consumption, reliability, ease
of installation, redundancy, protection
for mission-critical functions—a case
can be made for what is known as a

tiered approach. The most cost-
effective setup is applied to a given
subsystem—for example, a CAN-
based propulsion control system,
Ethernet for large-volume naviga-
rional data, and a non-CAN-based
distributed-power systern—and then
the various systems are interfaced
such that data can be shared, and
command and control can take place
from common display screens.

We are already seeing the develop-
ment of interface boxes (referred to
as “briclges” and “gateways”) that can
take the messages and data streams
created by one system and translate
them into the language of another
system, enabling a fair ajnount of
communication between systems. For
example, an engine and its controls
can be operating on the SmartCraft
system, with the boat’s navigational
electronics using both NMEA 2000
and Ethernet, and the remotely oper-
ated circuit switches controlled by
E-Plex (or perhaps the EmpirBus
variant of CAN that is now being
installed by a number of boatbuilders
in Europe, or the Carling/Moritz

variant that is starting to be deployed
in the U.S.). Among them, rhese
four systems will have literally
dozens of sensors providing data that
is initally inaccessible between sys-
tems. With appropriate bricdges and
gateways, most of the information
can be made accessible to all four
systems. With careful design, the
redundant cabling and redundant
systems can be minimized.

One way or another, the three- (or
four- or five-) cable boat is close to
being a reality, although it is not ar
all clear which particular networking
variants are likely to come out on top
in the shakcout that is just beginning

1O occur. @d

About the Author: Nigel Calder,
author of Boatowner's Mechanical
and Electrical Manual and other
marine titles, is a contributing edilor
of Professional BoatBuilder and an
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Electrical Project Technical Commitiee.
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Lake Forest, IL 60045-4811 USA

Tel. 847-735-4700
www.brunswick.com

Carling Technologies Inc.
60 Johnson Ave.

Plainville, CT 06062-1177 USA

Tel. 860-793-9281
www.carlingtech.com

Cummins MerCruiser Diesel
Cummins Inc.

Box 3005

Columbus, IN 47202-3005 USA

Tel. 812-377-5000

www.cmdmarine.com

DSS

(Digital Switching Systems)
DNA Group Inc.

PO. Box 31727

Raleigh, NC 27622 USA

Tel. 919-881-0889
www.dnagroup.com

ED&D Inc.

36 Graham Ave.

Oviedo, FL 32765 USA

Tel. 800-909-3354, 407-359-8171

www.edd-inc.com

EmpirBus AB

Norra Drottninggatan 26
451 31 Uddevalla
Sweden

Tel. +46 522 44 38 00

www.empirbus.com

Furuno U.S.A. Inc.

4400 N.W. Pacific Rim Blvd.
Camas, WA 98607-9408 USA
Tel. 360-834-9300
www.furuno.com

Garmin International Inc.
1200 East 151st St.

Olathe, KS 66062-3426 USA
Tel. 813-397-8200
WWW.garmin.com

Kvaser AB
Aminogatan 25 A
SE 431 53 Malndal
Sweden

Tel. +46 31 88 63 44

www.kvaser.com

Maretron

9034 N. 23rd Ave.

Suite 13

Phoenix, AZ 85021 USA

Tel. 866-550-9100, 602-861-1707

www.maretron.com

Mégatech Electro

90, 28& Rue, C.P. 861
Grand-Mére, Québec
Canada G9T 528

Tel. 819-533-3201

www.megatechelectro.com

Rhino

teaching Rhino to swim
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2 Types of material available:
6061-T6 Aircraft Aluminum
304 Stainless Steel

Available in 3 sizes: 6”,8°, 10*
Special Orders: 147, 21°
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Patent No, 5,481,790

- CLEAN OUT AND INSPECTION PORT
FOR DIESEL FUEL TANKS / WATER TANKS / HOLDING TANKS

Patentad folding backing ring.

Front plate and backing ring
"sandwich® the tank wall.
Strong, reliable and leak free.
Allows repeated access to tanks.
Dealer Inquiries Welcome

L Info@seabuilt.com ')\

{11011+ ph (360) 756-0495

/ Your One-Stop Shop for Marine Drive System Needs\

World’s Largest Stocking Aquamet Distributor

AQUAMET"

BOAT SHAFTING
Pre-Machined for Fast Service

complete 3D
design & modeling
software for the
marine industry

hull design & fairing
expand curved plates
complete 3D modeling
hydrostatics & stability
photorealistic rendering
speed/power calculations

MICHIGAN WHEEL PROPELLERS, STRUTS, MORSE STRUT BEARINGS,

)

information and free
evaluation software at:

www.rhinomarine3d.com

£ ﬁ\glf{’ui? Corporation

WPROTEUS ENGINEERING DIVISION

<&
O
Worldwide J,ANUFAC‘ Exporter

MARINE MACHINING & MFG.

Machinists and Straightening Specialists
33475 Giftos Or., Clinton Twp., MI 48035
Phone (586) 791-8800 « Fax (586) 791-8803 /

345 Pier One Road, Suite 200
Stevensville, MD 21666

tel (410) 643-7496

fax (410) 643-7535 \
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Merciry Marine
W6251' W. Pioneer Rd.
PO. Box 1939

Fond d Lac, WS 54936-1339 USA

Tel. 820-929-5040
WWW.IT ercurymarine.com

Molex

2222 Wellington Ct.
Lisle, IL 60532-1682 1'SA
Tel. 800-78MOLEX

www.molex.com

Moritz Aerospace Inc.
123 North Main St.
Dublin, PA 18917 USA
Tel. 215-249-1300

wWWww.morltzaerospace.com

MotoTron

2001 Commonwealth Blvd.
Suite 203

Ann Arbor, MI 48105 USA
Tel. 734-82. 7700

WWW.motc  dn.com

Northstar Technologies
30 Sudbury Rd.

Acton, MA 01720 USA
Tel. 800-628-4487
www.northstarcme.com

Palladium Technologies Inc.
3900 SW 30th Ave. #4

Fort Lauderdale, FL 33312 USA
Tel. 954-653-0630
www.palladiumtechs.com

Raymarine Inc.

21 Manchester St.

Merrimack, NH 03054 USA

Tel. 603-881-5200, 800-533-5539
WWw.raymarine.com

Sealine International Ltd
Whitehouse Rd.

Tacktick Lid

22 North St.
Emsworth
Hampshire, England
Tel. +44 1243 379331
www.tacktick.com

Teleflex Marine

Group Sales Headquarters
640 N. Lewis Rd.

Limerick, PA 19468 USA
Tel. 610-495-7011

www.teleflex.com

Victron Inc.

De Paal 35

1351 JG Almere-Haven
The Netherlands

tel. +31 36 535 9700
wWwWw.victron.com

Kidderminster, England DY 10 1HT

United Kingdom
Tel. +44 1562 749100
www.sedline.com

SmartCrait. See Mercury Marine

Volvo Penta AB
S-405 08 Goteborg
Sweden

Tel. +46 31 23 54 60

www.volvo.com

< 6, hargmg programs and

wij terlzmggto prolong battery life

M In rnatlonally reknowned boat-
buiders, such as Azimut, Beneteau

3

hmg are proud to have

i Battery Chargers on board *

12 & 24 Volts

8 16 different models at your disposal

: igfséahdg'k-‘com

'Electrical
capi net

12 Voits" .

B e

a800-535 6009
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Steering System
Fundamentals

Part 1: Design and installation
considerations for determining
rudder shape, area, aspect ratio,

Text, photos, and drawings
by Dave Gerr

(except where noted)
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and thickness.

Rudders, and the steering systems
that conuol them, literally enable
a boat to get where it's going. Crisp,
responsive steering in all conditions
and at all speeds makes a vessel a
pleasure to operate. Poor steering
response (or, worse, a broken steering
system) is not merely unpleasant; it's
potentially dangerous. Here, we'll clis-
cuss the basics of rudders and steer-
ing systems for inboard-powered
boats, both power and sail. We'll also
review some important considerations
that are often neglected. And, we'll
look at a few special, or unusual,
rudders.

Putting the Rudder to Work

Fundamentally, a rudder is no more
than a board hung aft on the center-
line of a boat and free to pivor on
hinges, called gudgeons and pintles,
along the leading edge; or around a
roughly vertical shaft, called the rud-
derpost or rudderstock. (On mod-
ern twin-screw craft, the rudders are
hung on rudderstocks just aft of each
propeller.)

If we deflect the rudder blade of a
boat to one side—to port, say—we
increase the force of the water hitting
the port, or left, side of the rudder,
which in turn swings the boat's entire
stern in the opposite direction, to the
right. or starboard. Since we've used
the force of water flowing past the
rudder to kick the stern around to
starboard, the bow has now been
swung to port, and off we'll go to
port—presumably what we had in
mind when we put the helm over in
the first place.

Describing the Rudder and
Aspect Ratio

Since rudders come in many shapes
and sizes, designers have adopted
some airplane terminology to help
describe them accurately (Figure 1).
The depth, or vertical height, of a
rudder is called its span. (Span is
always measured vertically, not along
the length of an angled, or swept-
back, rudder.) The fore-and-aft length
of the rudder is referred to as its
chord. Designers tend to visualize
airplane wings (or hydrofoils—like
rudders or keels)—as growing out of
the fuselage (or hull); this is, after all,
where they are attached. Accordingly,

|r_ Root ¢hord |
- |

uedg

Tip

Tip !

chord

Figure 1—Rudder plan geometry.




the top of the rudder, near the hul)
underbody. is known as the root; and
the fore-and-aft length here is the
root chord. Similarly, the bortom end
of the rudder—farthest from the
hull—is named the tip; and the fore-
and-aft length at this location is the
tip chord. The average rudder
length, fore and aft, is called the
mean chord, or the midchord, as
it’s usually at or near midspan (mid-
heigho). .

All hydrofoils (and rudders are
really hydrofoils, not simply boards)
are more efficient if they are long and
narrow rather than short and squat.
I’s important to be able to describe
this feature clearly; the measurement
is aspect ratio.

Aspect Ratio = Lpan)?

Area
Where:
Span = vertical height of rudder blade
in feet or meters
Area = area of rudder blade in square
feet or square meters

(Note: this is sometimes referred to as
the “geometric aspect ratio”; in many
cases, the “mirroring” effect of the
hull above the rudder roughly dou-
bles the “effective aspect ratio.”)

The higher the aspecrt ratio, the
deeper and narrower the rudder. To
quickly estimate the area of the rudl-
der, just measure its chord (fore-and-
aft length) at midspan (height), and
multiply by the span at midchord (the
average height).

If 2 boat's rudder has an area of 1.9
sq ft (0.176m?) and an average height,
or span, of 2.1/ (0.64m), its aspect
ratio would be 2.32 to 1, or simply
232(21'x 21"+ 1.9sq fi = 2.32:1, or
0.64m x 0.64m + 0.176m2 = 2.32:1).
This is a good, deep, narrow rudder
for a powerboar. An aspect ratio
higher than 2.4 or so gives a still more
efficient rudder blade. but adds exces-
sive bending strain on the rudder-
stock. Such very high aspect ratios
should generally be avoided on
powerboats.

Sailboat Rudder
Aspect Ratio

Aspecl ratios on sailboats are some-
what higher than those on power-
boats. An aspect ratio between 2.2
and 3.5 is normal, tending higher for
spade rudders on fin-keel boats. Very
high aspect rudders are becoming

J heels boat inward

common on performance sailboats
with high aspect fin keels. Such craft
often have rudders with aspect ratios
between 3.5 and 4.5. Higher aspect
rudders are found on certain all-out
raceboats. Generally, I don’t recom-
mend aspect ratios over 4.5 as good
practice, because the bending loads
on the deep rudder’s stock are so
much higher, with increasingly less
improvement in rudder response.

Rudder and Hull
Work Together

In turning, a boat essentially pivots
around its combined center of gravity
and the center of warter pressure on
the hull forward. The greater the dis-
rance the rudder is aft of this com-
bined center, the greater the lever arm
it has with which to rwist the boat
around. For the same steering effect, a
smaller rudder can be uvsed, provided
it is farther afti. Similarly, a boat with a
deep forefool or a steering fin for-
ward responds more quickly to the
helm than a boat withourt those fea-
tures. That isn’t of much importance
on average craft, which generally
have Fairly good proportions for the
purpose. However, long, shallow
hulls and/or very high-speed, shallow-
bodied planing hulls sometimes
benefit from the addition of a small,
fixed steering (or so-called skid) fin
forward, about amidships.

Sizing and Locating
the Skid Fin

The designer has 1o be very careful
not to overdo the size of a skid fin,
as too much area forward makes a
boat too quick on the helm. In rough
seas, such a fin could broach a hoat
or cause it to trip over the forward fin
and capsize. A rule of thumb is that
the skid fin—when one is required at

all—should be placed about 10% 1o
15% of the length of the wuterline
forward of the center of gravity, and
that the area of the skid fin should be
about 80% of the rudder area. (If you
have no exact information, you can
assume that the center of gravity of a
high-speed planing hull is about 60%
of the waterline length aft of the
bow at the waterline.)

Aspect Ratio, Rudder Area,
and Banking

A less well-known consideration of
rudder design is that rudder aspect
ratio affects how a boat banks in a
wrn. When you put the helm over for
a hard rurn ar high speed, centrifugal
force acts on the boat’s center of grav-
ity, pulling outward. Because the cen-
ter of gravity of almost all planing
hulls—in fact, of most boats of any
type—is well above the waterline, the
boat rends to heel ourward in a turn.
The outward bank is uncomlortable,
and decreasing it or getring an inward
bank is ideal. The force of water
pressure on the underside of a plan-
ing huil's outboard chine counteracts
outward heel considerably, but the
water force acting on the ruddey helps
as well (Figure 2). The deeper the
rudder, the greater its aspecrt ratio;
and the more area it has, the more
effective it is in generating a sure-
footed inward bank.

Types of Rudders

Rudders come in two basic types:
inboard rudders that are mounted
entirely under the hull, and outboard
rudders (Figure 3) that are hung on
the mansorn and thus project aft of the
hull proper. These may each be
divided again into balanced and
unbalanced rudders. A balanced rud-
der has some of its area forward of its

Stern swings
to starboard

Rudder to port By

Water force on rudder

Water force
on chine heels
boat inward

Bow swings
to port

Centrifugal
force through
CG heels
boat outward

Figure 2—Forces from a turn to port.
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Outboard Rudder on Large Skeg

5 sq ft (0.46m?), no balance, AR = 1.9

Kick-up Rudder
5 sg ft, no balance, AR = 2.4

Figure 3—Saitboat outboard rudders.

pivot, or turning axis, point, whereas
an unbalanced rudder pivots, or
hinges, entirely at its leading edge,
with no area projecting forward at
all. Finally, rudders may be spade
ruclders, with no bearing or support
below the bottom of the rudder
blade, or they may be rudders with
bearings above and below the rudder
blade.

Inboard vs. Outboard
Rudders

For the same rudder shape and
area, an inboard rudder is almost
always more efficient than an out-
board rudder. The hull traps the water
rushing over the top portion of the
blade, guiding the entire flow aft and
forcing that water to do useful steer-
ing work. This is the important end-
plate effect, and it reduces induced
drag, which is nothing more than the
wasted energy caused by water roil-
ing around the top or bottom edges
of a hydrofoil. Often, high-speed craft
fitted with outboard rudders will have
endplates (sometimes incorrectly
called cavitation plates) fastened to
them ar the waterline, or ar the rud-
der’s top. The proper term is either
endplate or ventilation plate. These
plates help noticeably, but such rud-
ders are still not quite as efficient as a
true inboard rudder.

The great advantage of outboard
rudders—at least for larger rudlders in
low- 10 medium-speed craft—is their
simplicity. It's comparatively inexpen-
sive 1o attach the gudgeons and pin-
tles outsicle the hull on the transom,
and to run the tiller to steering gear
far above the waterline, where water-
tightness isn't a big consideration. By
contrast, an inboard rudder usually
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requires a rudderport and stuffing box
through the bottom of the hull—a
potential source of leaks that should
be inspected at the beginning and
end of each season, and before and
after any major passage. Moreover,
the outboard rudder allows the pro-
peller to be installed farther aft, which
permits the shaft angle to be slightly
lower (closer to parallel with the
waterline) for slightly more efficient
thrust. Outboard rudders on smaller
planing hulls are available with pre-
manufactured housings containing the
tiller arm. The entire housing bolts to
the bottom of the transom, with the
tiller projecting through a hole for-
ward into the hull.

Balance and the Rudder
Balanced rudders move the center
of water pressure—the force of the
water striking the rudder blade
itself—closer to the rudder’s pivot axis
than it would be on an unbalanced
blade. Maximum water pressure
occurs at maximum belm, or rudder,
angle, which is about 35° to either
side of dead center—70° hard over to
hard over. (At greater angles, ordinary
rudders stall, lose effectiveness, and
are strained by excessive water pres-
sure. Internal stops should be fitted to
keep rudders from turning farther.)
Because the water is striking the
rudder blade from ahead, the leading
edge does more work than the trail-
ing edge. (This is true of all hydrofoils
and of airfoils as well) Accordingly,
the center of water pressure doesn’t
fall at the geometric center of the rud-
der blade as viewed from the side,
but at some point forward of this. In
fact, although the position of the cen-
ter of pressure moves around with

changes of rudder angle, it usually falls
somewhere between 30% to 40%
of the fore-and-aft length of the
rudder—the chord—aft of the leading
edge, at 2 maximum 35° of helm.

If you're working on a project
where you need to estimate the Joca-
tion of the center of pressure at
angles other than the maximum 35°,
you can use the following approxi-
mate formula:

Pressure Location in % of Mean Chord Aft
of Leading Edge = 0.18 + 0.305 sine
{rudder angle, degrees)

That will give you a passable
approximation for rudders of normal
airfoil section shape for angles up to
40%. For wedge-section and parabolic
rudders, add 14% to the resuit above.

If the boat’s rudder has a span—
vertical height—of, say, 2.1’ (0.64m)
and a mean chord of 0.9’ (274mm),
then the center of water pressure
would fall about 35% of the chord aft
of the leading ecdge, or 0.31' (96mm)
aft. The unbalanced rudder—art a
water pressure of 985 Jbs (447 kg)—
would thus generate a torque (a force
times a lever arm) of 305 ft Ibs—0.31’
x 985 Ibs = 305 ft lbs, or 0.096m x
447 kg = 42.9 kgm.

If we fit this boar with a rudder of
the same area and proportions, but
with a 17% balance (Figure 4), then
the pivot point will be farther aft and
closer to the center of pressure. In
this case, just about 0.07’ (21mm)
away. The balanced rudder will gen-
erate a torque of just 69 ft lbs (9.4
kgm)—440% less! That results in much

! Rudderstock
£ 1 |
=) 1 /
2 il
g (!
- |
{ |1 Bull bottom
X 17% of
( area
83% Rudderstock
of area pivot axis

Figure 4—Sailboat rudder with 17%
balance and 2.32:1 aspect ratio.



Multiplex Made
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Touch Panel Switch
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Screen Display
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easier steering and lighter loads on
the steering gear, autopilor, and—not
incidentally—on the helmsman.

Balance is determined by the per-
centage of rudder area forward and aft
of the rudderpost axis. The drawing
shows a rudder with 17% balance,
which years of tria] and error have
demonstrated to be about ideal.
Twenty-percent balance is usually the
absolute maximum. More balance than
this can move the center of water
pressure ahead of the pivor axis, mak-
ing the rudder shear wildly or lock up
at hard over, causing uncomfortable
(or even dangerous) steering.

Balanced rudders should not be
installed directly behind a skeg or
keel. Since the leading edge projects
out from the hull centerline when the
rudder is turned, such a balanced rud-
der would catch the water flow on the
leading-edge side. That creates
unwanted turbulence. For powerboats
and for racing sailboats with spade
rudders, the advantage of a lighter and
more responsive helm makes the bal-
anced rudder hard to beat. For cruis-
ing sailboats, though, an unbalanced
rudder with a skeg or keel immedli-
ately ahead of it offers less resistance
and smoother water flow to the
rudder.

Real-World Problem With
Too Much Balance

An interesting example of a real
problem created by too much balance
is depicted in Figure 5. This boat
came into the service yard for repairs
to the running gear after grounding;
the yard noted the sizable trim tab
you see bolted to the rudder. The
owner was asked: Was the tab bent,

Figure 5—After a grounding, the trim
tab on this rudder was set straight,
causing the boat to steer strongly to
port. The boat was hauled, and the
problem solved by bending the trim tab
10° to port.
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or straight? The owner thought it had
been straight. Once repaired and
relaunched, this boat steered so
strongly to port that it was unmanage-
able. Hauling the boat again (and
with a bit of experimentation), the
yard bent the trim tab 10° to port—
and then the steering was fine. The
boat’s builder, not the service yard,
had built in the steering problem, and
had “corrected” for it by adding the
tab and bending it over.

Looking at the photo, you can see
the reason: there’s too much balance
(abour 25%). A portion of the slip-
stream from the prop was catching
the leading edge of the rudder in
such a way that it swung the blade to
port, which would have made the
boat twrn to port. Bending the tab
to port counteracts the turning effect
on the rudder, forcing the blade to
, or neutral.
In theory, you could also correct this
effect through fairing away the lead-
ing edge by grinding down some of
the starboard side of the rudder at the
leacling edge, or bending the leading
edge of the rudder blade to starboard
slightly. In any case, you can see why
i's important not to have too much
balance, and how you might correct
the problem if faced with it.

(Incidentally, note also that there’s
too much shaft overhang between the
propeller and the stern bearing, and
thar the propellernut zinc is too big,
which can cause turbulence. There's
also no shaft-pulling hole in the rud-
der, so the entire rudder, and proba-
bly the skeg below it, would have to
be unshipped to remove the propeller
shaft)

Sizing Up the Rudder

The big question regarding rudders
is just how big they should be. The
smaller the rudder, the less drag it
creates and the faster the hoat can go.
Also, smaller rudders require less

= (66.34" WL)*5 =

steering force and are easier 1o man-
age. If the rudder is too small,
though, you’ll end up with insufficient
steering control. Somehow, a happy
medium has to be found.

Rule-of-Thumb Rudder Area

Basic rule-of-thumb rudder area
formulas are as follows:

Average Planing Boat Rudder Area =
0.018 x Waterline Length x Draft (hull
only)

Semidisplacement Boat Rudder Area =
0.04 x Waterline Length x Draft (hull only)

Displacement Boat Rudder Area = 0.08
x Waterline Length x Draft (hull and skeg
or keel)

Sailboats With Deep, Narrow Fin-Keels =
0.045 x Waterline Length x Draft (includ-
ing keel)

Sailboats With Moderate (Modern, Long)
Keels = 0.058 x Waterline Length x Draft
(including keel)

Sailboats With Traditional Full, Long
Keels = 0.068 x Waterline Length x Draft
(including keel)

Powerboat Rudder Area
Formula

or powerboars, rudder area is
more accurately found from a varia-
tion of Skene's formula:
Total Rudder Area:

= (WL, fty'5 = 50

Area = \/d WL, ft x Disp., tons

100 x kts x (0.01 WL, ft)3

= (WL, mt5 <

Area = Km \}WL, m x Disp., tons

55.2 x kis x (0.0328 WL, m)®

90.56

Where:
kts = maximum speed in knots

A twin-screw planing 75’ (22.8m)
motoryacht, 66.34' (20.22m) WL and
77.86 tons, would work out as shown
in the boxed formulas below:

=50 =10.81

Area = 10.81 |1/66.34’ WL x 77.85 tons, Disp.

=0.52 sq ft

100 x 28 kts x (0.01 x 66.34" WL)*

= (20.22m WL)L5 -

+90.56 = 1.004

Area = 1.00‘\1]J20.22m WL x 77.85 tons, Disp.

= 0.885m?

55.2 x 28 kts x (0.0328 x 20.22m WL)3
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Because this is a twin-screw boat,
it has two rudders (one behind each
prop), and each rudder would have
4.76 sq fr (44.25m2) area, or a bit
more.

The rule of thumb for planing
hulls is thar the toral rudder area (all
rudders) should be 2% of lateral
plane.

For displacement motor cruisers,
the rule of thumb is between 3% and
4% of lateral plane.

These rules of thumb should be
used only as a check against your
calcujations, so apply the formula.

Note that additional rudder area
doesn’t harm maneuvering, but it
does add extra appendage drag and
extra cost in bigger steering gear. It
doesn’t make sense to use rudders
much larger than required; however,
boats that will do a lot of low-speed
maneuvering would do well wirh
10% to 15% more area than indicated
in the formula. Sportfishing boats
and ferries fall jnto this category. For
such craft there’s some penalty in
extra drag, but the quicker helm
response at low speed will be worth it.

Sailboat Rudder Area

For sailboats, rudder area should be
berween 8% and 10% of total Jateral
plane, or LP. The higher the aspect
ratio and the farther aft the rudder,
the lower the required area. Thus,
if the rudderpost is at, say, station 10
(at the aft end of the waterline) and
the rudder is deep and high aspect,
you could even gert sufficient steering
response with 6% or 7% of lateral
plane area (on a fin-keel boat).

Sailboat Rudders as
Directional Stabilizing Fins

Though reducing the wetted surface
with such a high aspect rudder well aft
would seem to make sense, it’s seldom
a good idea. This is because ruddlers
on fin-keel sailboats perform a second
funcrion: they act as directional stabi-
lizer fins, similar 1o the feathers on the
mailing end of an arrow,

Common belief has it that sailboats
with deep, nagrow (high aspect) fin
keels don’t hold course well, and that
longer keels are needed for good
directional stability. In fact, a high-
aspect balanced spade rudder of

sufficient area damps out, or stabilizes,
direcrional oscillations well, and can
make a high-aspect fin-keel boat
quite steady on the helm (though not
as steady as a traditional long-keel
design would be). For this reason, I
usually use 9% of total lateral plane
on all sailboats.

Indeed, with very high-aspect fin
keels, the rudder plays an additional,
critical role in resisting leeway; a rud-
der area of 10% of LP can give better
upwind performance and better djrec-
tional stability. The result: a steadier
helm.

Skegs on Sailboat Rudders
Sailboats with separate fin keels
can have balanced spade rudders or
unbalanced rudders on skegs. If the
rudder is on a skeg, up to 12% of
the rudder area can be assumed to be
in the skeg. Thus, if you need 10 sq ft
(0.9m2) of rudder area (1o get 9% of
lateral plane), 12% of that 10 sq ft (1.2
sq fi or 0.1m2) could be counted as
being in the skeg. If the skeg is larger,
that's fine. The skeg will improve
directional stability and further protect
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and strengthen the rudder. But the
additional area (over 12% of the
desired rudder area) should not be
counted toward the effective rudder
area.

If the skeg gets very large—80% of
rudder area or more—then this is
closer to a rudder hung off the back
of a wraditional long keel, and none of
the skeg area should be counted as
rudder area.

The Rudder
in Cross-Section

There’s a tendency to think of the
rudder cross-section (rudder sections)
as being a classic airfoil shape—a
rounded entry, maximum width
about 30% of chord abaft the leading
edge, and a gently convex trailing
section terminating at a point. In fact,
for sailboats and for displacement
power cruisers, this is the ideal
standard section shape. As vessels
become faster, though, that section
becomes less effective. Above 25 or
30 knots, the blunt, rounded leading
edge of traditional airfoil sections
causes too much turbulence in front

of the rudder. ‘
At high speed, _’T‘ —L
when the rudder is i T T T
put over, the blunt ] "]
leading edge virtu- NACA 0010 Section
ally tears the water \ :
flow away from the ‘ :
blade, leaving a l— Rounded taper — Flat Elipse
swirl of eddies |
along the blade sur- e I~
face. Such rurbulent | —<={ —f—— -+ T T - >
flow generates very | T ! ]
little force or lift, l “Flat” Section With Tapered Ends
and is, in fact, a 6 s 8 7 5 5 4 3 2 1050

stall, just like the
stalling of an air-

Figure 6—Low-speed rudder sections.

plane wing in too

steep a climb.

Accordingly, as boat speed increases,
the leading edge of the rudder should
be made sharper and sharper, and the
point of maximum section width
moved aft.

Airfoil Rudder Sections—
Low to Medium Speed
Typical sections that perform well
for rudders on sailboats and on dis-
placement and medium-speed power-

boats (up to abour 18 knots) are
shown in Figure 6.

There is a variety of suitable airfoil
sections for rudders, but the NACA
0010 section, pictured, works well.
(The table “Foil-Thickness Form
Dimensions,” page 87, gives the pro-
portionate half-breadths at various
locations along the length—i.e., along
the section’s chord.) Such a section
has the theoretical minimum drag and
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NACA Foil Sections

Objects designed to optimize lift in fluid flow (a gas or a liquid) are termed
Joils. This is the same as for an airplane wing, and the standard source for
rudder- and keel-foil section shapes is the work of NACA—the National
Advisory Commitiee for Aeronautics. (NACA was subsequently replaced by
NASA.) The complete selection of NACA foils can be found in 7heory of
Wing Sections, by Ira H. Abbott and Albert E. von Doenhoff, published by
McGraw-Hill (1949, 1959) and later reissued by Dover Publications (1980).

highest lift in this type of application.
Because these rudders are used on
low-speed craft, the additional drag
of a fat rudderstock (wider than the
rudder-blade section) would be unac-
ceprable. Accordingly, if the rudder-
stock has to be thicker than you can
fit inside the 0010 section, make the
section proportjonally thicker by mul-
tiplying the widths at each station, by
the required factor. For instance, if the
0010 section was 30" (76cm) long
(chord), the maximum width (thick-
ness) at 17% chord would be about
2.76” (69mm). The rudderstock, to be
completely inside the blade, would
have 10 be no more than abour 2.25"
(55mm) diameter. You may, however,

—Dauve Gerr

need a larger diameter. For example,
say your calculations (see below)
indicate you need a 2%* (70mm)
stock; then the rudder blade should
be about 3%7 (81mm) thick at the
stock—at 17% chord.

3.25"+ 2.76" chord = 1.17
or

8imm = 69mm chord = 1.17
and

10% x1.17 = 11.7%

Thus, you need to muitiply all the
section half-breadths (and the tip
radius) by 1.17. The “10” in the “0010"
means the basic section is a 10%
width section. You'd end up, in this
case, with an 11.7% width section, or

a NACA 10-11.7 section. The fatter
section will have more form drag than
the 10% section; however, it will have
less drag than the 10% section with a
rudderstock projecting outside of it.

Flat Sections With Tapered
Ends

Much is made of the “optimum” ajr-
foil section. Such airfoil sections are
best when budget and construction
method permit. The fact is, a simple
flat section (wide or thick enough to
completely house the rudderstock)
with the forward end rounded in an
ellipse and the trailing edge tapered
(as shown in Figure 6) works quite
acceptably. The increased drag is
slight, and there’s little practical differ-
ence in steering response. Such rud-
ders are easier to fabricate of lami-
nated ply (or laminated ply and
foam), glassed on the outside. I've
specified this section on many
designs.

Intermediate-Speed Rudders

As speeds increase to more than 18
knots, at modest helm angles the aifoil
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Intermediate-Speed-Section Rudder

leading edge, with the
maximum thickness far-
ther aft, and the square
and wide nailing edge
make the rudder work
when cavitating at these
higher speeds. This rud-
der shape is hard to

ft Wedge-Section Rudder

find today, and would
probably have to be
custom fabricated.

Wedge-Section
Rudders for High

T [
Parabolic-Section Rudder

I I O I

10 9 8 7 6 5 4 3

2

Speed
Huckins Yacht Corp.
(builder of the famous
‘ Huckins PT boats)
found that a true

Figure 7—High-speed rudder sections.

wedge-section rudder
gave the most reliable

section or flat section with tapered
ends begins to stall too soon. The
effect is acceptable up to about 25
knots, but between 10 and 30 knots
the intermediate-speed rudder section
is optimum (Figure 7). The sharp

steering on most planing

vessels cruising at 25 to
30 knots and above. Such rudders
come nearly to a true point at the
leading edge (there’'s a very slight
width here for strength), with a2 wide,
squared-off trailing edge. A wedge
angle of about 4° generally works

best. Such wedge-section rudders do
have somewhat more drag trailing at
dead center (going straight aheac)
than do airfoil-section rudders, but
they are much less prone to stalling,
and offer more positive steering con-
trol at high speed. Also, assume the
c