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Properly-laminated skins always kept water away from
balsa cores. If ruptured, closed end-grain cells prevented
migration. Now, specially-treated, new BALTEK® Gold
delivers the ultimate security. So much so, it carries a life-
time limited warranty against decay. it's even transferable
to second owners within 10 years of original purchase.

Peace of mind has arrived.

For information about BALTEK Gold and our full line of
superlative balsa and foam cores, call 201 767 1400.
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A MILLION SQUARE FEET PACKED TO THE RAFTERS WITH MACHINES & TOOLS!

10" EXTREME SERIES THE ULTIMATE 12" EXTREME THE ULTIMATE 16" EXTREME SERIES
JOINTERS ' B SERIES JOINTERS JOINTERS w/ SPIRAL CUTTERHEAD
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single-phase » Bevel jointing: 90" - 45° SA;ELB\;}EQSH » Cutterhead speed: 5900 RPM « Cutterhead dia: 4"
4 Prec!5|on QTOUf}d ‘ + Cutterhead diameter: 4" » Cuts per minute: 34,400
cas‘t |ronltable sizer Gidss - Cutterhead speed: 5900 RPM m - Approx. shipping weight: 1733 Ibs.  FER
11" x 84" ey « ApproX. ’ B & ' ~ ! ’
+ Max. depth of cut: /4" J shipping i =
« Rabbeting capacity: /2" FREE PAIR OF weight: [ g
- Cutterhead diameter: 3's' SAFETY PUSH BLOCKS 1253 Ibs. .!G
« Cutterhead speed: 5000 RPM FREE PAIR OF [ MADE IN
 Center mounted fence hﬁ‘:‘}fﬂlmc‘fﬁ; Hgigzo gilc!huluii Fll)l:f‘ B MADEIN  SAFETY pUSH > 180 9001
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INTRODUCTORY PRICE!
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SPIRAL CUTTERHEAD 0 SPIRAL CUTTERHEAD S HP, 3-PHASE

G0480 ONLY $1995% PEEH Goseozx ONLY $3950% .2 699532XF ONLY $5295° L22

15" EXTREME SERIES PLANER 20" EXTREME SERIES PLANER 20" EXTREME-DUTY PLANERS
W/ SPIRAL CUTTERHEAD W/ SPIRAL CUTTERHEAD . Cutterhead motor: 74 HP, 220V/440V*, 3-phase

- Motor: 3 HP, 220V, single-phase ; £~ +Motor: 5 HP, 220V, single-phase _ - -Feed motor: 1 HP - Table elevation motor: 2 HP

- Precision ground cast iron table size: « Precision ground cast iron table size: =; + Precision ground cast iron table size: 204" x 35%"

15" 197" (15" x 47%+¢' w/ extension) 20" x 25" (20" x 557" w/ extension) -Max. cutting depth: - mape N

« Max. depth of cut: /" + Max. depth of cut: '/s" MADE IN IS0 9001 G9740 - */1', G9740Z . e E;J gontl

« Max. cutting width: 147/" + Max. cutting width: 20" FACTORY + Max cutting height: 9 “"W
o - Feed rate: 20 - 40 FPM .

+ Max cutting height: 6'4' + Max cutting height: 84" {us .}

+ Feed rate: 16 & 20 FPM - Feed rate: 16 & 20 FPM » Cutterhead speed:
» Cutterhead speed: - Cutterhead speed: 5000RPM .
5000 RPM 4800 RPM - Cutterhead dia.: 4%

+ Approx. shipping
weight: 1765 lbs.

POWER UP/DOWN TABLE
& VARIABLE SPEED!

» Cutterhead dia.: 34"
+ Approx. shipping
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More on the Fundamentals

of Steering Systems by Dave Gerr
In this second of three parts, we present formulas for calculating ruclder
pressure, and then for specifying rudderstocks and rudder bearings.

Build It and They Will Come by Dan Spurr
How a marketing legend and a master builder tearned up with a
talented dlesigner to produce a fast, lightweight, pocket motoryacht.

Smooth Operators by Bruce Pfund
Boston BoatWorks has moved from custom builds to series
production without changing its basic menu of materials:
vacuum-bagged epoxy wet-pregs.

Shakeout by Nigel Calder
Our final installment on marine networking looks closely

at who s vying for market share in the new technology

of distributed power systems.

Single Skin or Sandwich? by David E. Jones

A veteran structural designer discusses exactly what factors
to consicler to make an informed decision about the question ahove.

DEPARTMENTS

Letters, Etc.
Readers cormunent on our articles on networking, structural repairs,
advanced composite canoes, panel closeouts and penetrations, and
wet balsa core.

Rovings Compiled by Dan Spurr
Bob Stapp’s Seaway Boats, laser scanning at US Marine, long-lived

nav lights, and a self-propelled hydraulic lift trailer for use at

[aunch ramps.

Worthwhile Reading by Dan Spurr
A review of Marilyn Mower’s recently published biography of the late
1.B. Hargrave—highly regarded for his powerboat (and ship) designs.

Parting Shot by Kim Roberts
John Merrifield’s longtime business and boatbuilding partner tells how
Merrifield made his mark in the marine indusuy, and why he’ll be missed.

READER SERVICES

Classified Advertising

Index to Advertisers

On the cover: A wet-preg tailoring-and-placement crew at Boston BoatWorks
at work in the hull mold of a series-produced MM 34z pocket motoryacht. The
Mylar rape on their Tyvek suits protects against contact with uncured epoxy.
Story on page 66.

Photograph by Bruce Pfund.
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Extreme Textiles

Our cover story (page 66) by technical editor Bruce Pfund dertails how
Boston BoatWorks adapted its wet-preg custom-building process to the series
production of a pocket motoryacht. The related story (page 52) by editor-at-
large Dan Spurr describes how developer/marketer Bob Johnstone selected
Boston BoatWorks 1o series-build the Zurn-designed product Johnstone had
in mind.

BBW was one of two experienced wet-preg shops that Johnstone settled on;
the other was Goerz Custom Boats, in Bristol, Rhode Island, which happened o
be scheduled solid. I mention this because Goetz's work is featured in a hard-
cover book published as an accompanying catalog to a remarkable exhibit
recently mounted by Cooper-Hewitt, the United States’ National Design
Museum, in New York City, part of the Washington, D.C.—based Smithsonian
Institution. The exhibir, “Extreme Textiles: Designing for High Performance.”
just closed in mid-January. But the book lives on.

Both projects were conceived and assembled by Matilda McQuaid, head of
Cooper-Hewitt's textiles department, who has been researching advanced
composites—with emphasis on the fabric reinforcements that go inio them—for
more than a decade. McQuaid organized her material around five separare
atriburtes: “stronger, faster, lighter, safer, and smarter.” Her interview with
owner-operator Eric Goetz, illustated with shop and product photos, consti-
tutes the chapter on “faster”; she enlisted additional essayists 10 cover examples
of high-performance industrial textiles in service of the other atributes. '

Goetz is one of several boatbuilders who, a quarter-century ago, successfully
adapted aerospace composites to marine construction. Mark Lindsay of Boston
BoarWorks and John Merrifield of Merrifield-Roberts (see the Parting Shot on
page 120}, o name two, also pioneered this particular technology transfer. All
three were involved in America’s Cup campaigns, where every effort is made—
and almost no expense spared—to reduce weight and increase speed.

The beaury of McQuaid's book is manifest not only in the quality of its
overall graphic design (hey, it’s the nation’s design museum), but in showing
us—at close range—the intrinsic physical beauty of the industrial textiles them-
selves, and in putting a number of very different applications into a unified
context. Thus it is that we see, in a single volume, the unusual aerodynamic
outer helmet of a 140-mph (223.3-kmh) downhill skier; the body of a Formula
One racecar; super-strong ropes and cargo nets employed on the modern
waterfront; molded racing sails; lightweight skins for innovative architecture in
buildings, bridges, and furniture; unmanned spacecraft and life-supporting
spacesuits in the advancement of space exploration; sophisticated prosthetics
that enable amputee athletes to compete at extraordinary levels of performance;
and next-generation battle gear thar will assist the foot soldier of tomortow in
sensing the cnvironment to which he or she is exposed. Professional
BoatBuilder olten refers to the composites in these seemingly unconnected pur-
suits; McQuaid may well be the first to have truly pulled them together. What
they have in common, of course, is advanced textiles. And those never looked
better: the photographs of otherwise mundane materials, and the engineered
objects and structures made from them, are exquisite. Goetz's carbon/aramid
boats are in good company. Extreme Textiles: Desigiring for High Performance,
by Matilda McQuaid, Princeton Architectural Press, New York, 2003, ISBN
1-56898-507-X, 224 pages, $45.

Enjoy the issue.

il Bizarme—
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NMEA 2000 protocol with a low-cost

one longtime customer whom [

Networking:
The Three-Cable Boat
To the Editor:

I just finished reading Nigel Calder’s
excellent article “Networking: The
Three-Cable Boat” (Professional
BoatBuilder No. 97, page 148). 1 was
especially interested in distribuced
power, having understood the control
side but not the possibility of elimi-
nating the DC and AC bhreaker panels
and replacing them with local net-
work-controlled switches. I see from
the downloaded Octoplex brochure
from Moritz that they lay out their
system in just this way. That system is
far too big for most recreational boats
but a sign of things to come.

Do you know of any recreational
boatbuilders who are installing NMEA
2000 systems today? I have seen boats
such as Boston Whalers with Mercury
outboards and SmartCrafl engine
gauges, but have not so far encoun-
tered any electronics that have been
networked with “pure” NMEA 2000
(not counting branded versions such
as SeaTalk2). What's your feeling on
the timeline for manufacturers to
begin installing such systems? Or do
you see the demand starting as lim-
ited system retrofits on existing boats?

I see in the image on page 149 that
the author has a Xanctrex SCP on his
control panel, so T guess he has the
MS2000. Xanbus is, of course, NMEA
2000 in disguise; and Xantrex has
promised for some time an intelligent
battery shunt that would report into the
SCP and convert it into a battery moni-
tor, plus a Xanbus/NMEA 2000 gateway.

We'll be creating a new Web site
this winter dedicated just to NMEA
2000 products (www.nmea2k.com),
and 1 will follow the rest of this series
with great interest.

Peter James
Jack Rabbit Energy Systems
Stamford, Connecticut

Nigel Calder responds:

I am not aware of any relatively
low-cost, fully compliant NMEA 2000
distributed power systems thar will be
available in the near future (the rigor-
ous NMEA 2000 standard pushes up
the cosy), although Mégatech Electro
(now owned by Teleflex) uses the
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physical layer. Outside the NMEA 2000
framework, but still using CAN, the
DNA Group has a lower-cost system
that is currently being installed on the
production line; and Carling/ Moritz is
well advanced in developing such
a system. In Europe the Swedish
company EmpirBus is engaged in
a major marketing exercise for a
non—-NMEA 2000, CAN-based system
that began at the METS show in
Amsterdam (last November). And then
there’s ED&D (now owned by Airpax),
which has the most fully developed
distributed power system of any manu-
facturer, but it is not CAN-based. An
increasing number of manufacturers
are jumping into this market (e.g., ETA
and Weldon Technologies), so the situ-
ation is likely to be remarkably fluid
for some time.

You are correct that Xanbus is
NMEA 2000 protocol in disguise. In
fact, Xantrex has been a major player
in developing the message base for
NMEA 2000. The Xanbus network uses
a much lower-cost cabling system than
that required by the National Marine
Electronics Association, and as such is
not NMEA 2000 compliant in terms
of the physical layer. Unfortunately, the
Xantrex SCP unit you saw in the photo
of our distribution panel is no longer
there, because of delays in bringing
the other pieces of the system to the
market. However, [ really like the con-
cept, so have kept it in anticipation of
putting it back once the “DC node”
(the intelligent battery shunt) and other
componenis are available. The Xapbus
cabling is already in the boat.

As you know, the big advantage of
the NMEA 2000 protocol is the ability it
gives the end user, such as me, to add
hardware 1o and remove it from the bus
without having to reprogram the sys-
tem. This is especially true tor all navi-
gational electronics.

Structural Repairs
To the Editor:

Thank you for publishing Ken
Biddick's “Structural Repairs™ (PBB
No. 97, page 174). I had to laugh at
the “cause of the accident” section.
Insurance companies wish owners
would be forthcoming. The most
frequent explanation [ hear is, “My
wife/son/brother was driving.” I have

love because when he did wreck
one of his boats, he told me, “I was
drunk and shouldn’t have been out
there. I put her on autopilol, fell
asleep, and didn’t wake up for the
waypoint.”

On page 175, “Has the boar been
painted? is too simplistic. The solvent
incompualibility issue Ken mentions is
found on page 3 of the Awlgrip appli-
cation manual. The question should be
not only paint or gelcoat but what type
of pain; how many times has it been
refinished; is the current paint job
adhered 10 the substrate? If it is gelcoat,
is it too old and oxidized to be
matched and blended; has it been
rreated with Polyglow or some other
type of silicon-based polish that must
be removed for a decent bond and can
take (unestimatec) hours to remove?
Inceed, we present owners with that
information and sometimes suggest a
linear polyurethane coating for a finish,
always being open with ail parties such
as the owner, the insurance company,
the surveyor, or adjuster. Often the
insurance company will pay to paint
the damaged side, and the owner can
pay o paint the other side. The owner
gets a hewer boar than he had prior to
the incident, without any deceit or
frand. We have many instances like
this, particularly with hurricane boats.

Obviously., one pass with a
hydraulic planer can replace hours of
grinding. The first thing [ learned
about fiberglass repairs is that if
there is any alternative 10 removing
damaged laminate besides turning it
into dust, use it! Referring to the
photograph caption on page 184—
“the dark spot in the middle couldn’t
be peeled because the I-beam
interfered”—the cost of re-blocking
the boat is easily offset by the
savings in labor. We re-block even
simple blister repairs at least once,
and collision repairs perhaps three
or four times.

Page 177—Access, as your technical
editor, Bruce Pfund, is fond of saying,
is “a no-brainer.” We just repaired a
25’ [7.6m] Sea Hawk on which most
of the port side was destroyed, and
we considered it a walk in the park.
The hull is a single-skin laminate, and
there are no interior fittings to speak
of. For post-repair cleanup, we
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washed the whole cabin out with a
hose, drilled 2 hole in the bottom to
drain the walter, patched that, and our
cleanup was done. Compare this to a
53’ [16m] Carver with about half as
much damage, but its beautiful inte-
rior had to be disassembled for
access, and reassembled. The damage
to the Carver laminate was half that
of the Sea Hawk, but the bill was
twice as much because of access.

HIN and photographic documenta-
tion are a must. We are an Allstate-
certified marine repair center, a
BoatU.S.-preferred vendor, etc. This is
required by most insurance compa-
nies. As Jim Bronstien of the Rybovich
Spencer yard [West Palm Beach,
Florida) said, “He with the best docu-
mentation wins.”

Don't expect too much help trom
the HIN or the builder. T tried to start
a “Boatfax” service similar to Carfax,
but was dissuaded due to the incredi-
ble number of builders, models, etc.
Always look for prior repairs and pre-
existing damage. A lot of builders are
out of business. Even with a builder
that is still going strong, records and
even parts for vessels over five years
old are hard to come by. We ran into
a brick wall while repairing a 2004
model from a U.S. production power-
boat builder who gave us no support,
and some of the year-old parts were
no longer available. Contrast that with
Mike Thomas at Hunter Marine, who
pulled out a six-year-old mold for a
Hunter 42/ [12.8m] Passagemaker and
laicl up a 10’ [3m] bow section for us
to scarf onto the damaged vessel.
Tiara (S2 Yachts Inc.), Sabre, and KCS
International Inc. also stand out as
very helpful builders.

[ still think Ken wrote a very good
article. just a bit elementary. When I
read PBB, 1 expect to Jearn things
I didn’t know, not things that should
be considered second nawure by any
good repair shop.

Jim Jacobs

Service Manager

Osprey Marine Composites Inc.
Tracy’s Landing, Maryland

Advanced Composites
in the Adirondacks
To the Editor:
We wish to comment on several
errors and inaccuracies in the article
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“Advanced Composites in the Adiron-
dacks” by J.T. Hall (PBB No. 97, page 60).

The photo on page 61 identifies
Charlie Wilson. The pacddler is actually
Joe Moore, his much younger and
better-looking equal partner. The cap-
tion further claims both manufacturers
profiled in the article are building
canoes based on older hull forms.
That is not true either. Our pictured
RapidFire started life as a straight line
on a 15'[4.6m] piece of paper in April
2005; SpitFire had similar genesis 13
months earlicr. Both are very sophisti-
cated, very modern clesigns.

A later caption that claims gelcoat
“simply adds weight” seems disingen-
uous. Professional BoatBuilder has
published several articles on gelcoat
application and repair as recently as
issue No. 90. Gelcoat js both a cos-
metic and an easily repairable sacrifi-
cial layer that protects structural lami-
nates. Raceboats are skincoated to
minimize weight, with a significant
reduction in longevity—fine for com-
petition hulls buc not for recreational
craft with an expected life span of
decades. We always include a white
waterline patch to protect the carbon
outer laminate, hide scratches, and
give an easy, visual trim check.

The article cites vacuum-bagging as
offering minimal benefit in small hulls,
with Mr. Hall legitimizing that state-
ment through unnamed “industry
experts.” Strangely, builders Ted Bell,
Mike Cichanowski, Gary Dayton,
Sandy Martin, Steve Scarborough, and
John Winters all utilize vacuum-
forming for their canoes or kayaks.
Vacuum-formed hulls, particularly
infused hulls, are environmentally
cleaner, healthier for workers, elimi-
nate styrene voids, have higher
fiber/resin ratios, and are stwonger and
lighter than contact-laminated skittles.

When we started closed-cavity
vacuum infusion of our 12’ [3.7n]
SpitFire, cloth content went up 24 oz
[0.7 kgl, resin use down 40 oz [1.1 kgl,
and total part weight down 16 oz
[0.45 kgl, and 48 oz (1.4 kg] with skin-
coat above the bottom gel patch. Our
fiber-to-resin ratio improved from 1:1
to 2:1. CCVI parts are of higher and
more uniform quality, stiffer, stronger,
and lighter than contact laminates.
Few designers, builders, or consul-
tants would think that combination

only marginally beneficial. We would
enjoy Mr. Hall identifying those
“experts” who do.

The article then mentions Bell
Canoe’s Dave Yost. While David, or
“DY” but never Dave, has designed
more than 75 hulls produced by Bell
Canoe, Curtis Canoe, Loon Works,
Perception, Placid Boarworks, Sawyer
Canoe, Swift Canoe, and Tubbs, and
has «designs in production by
Hemlock Canoe, he is definitely an
independent designer, and not spe-
cific 1o northern Minnesora.

We cannot imagine how Mr. Hall
might think SpitFire, or Bell’s
BuckTail, has any relationship to the
Wee Lassie beyond two pointy ends
and an open, elliptical top. Wee Lassie
was a 106" [3.2m] Rushton-designed
hull made for Will Durant in 1893
over the original form for Nessmuk’s
1884 BuckTail. (Note that the 105-1b/
48-kg Mr. Sears ordered a 10.673.2m
hull in '84 after paddling the 97/2.7m
Sairy Gamp in '82.) Symmelrical with
scant rocker, all Rushton hulls feature
excessive hollow, or cheek, occa-
sioned by bending wood planks from
45° amidships to vertical at the stems.
Cheek shortens Wee Lassie's effective
waterline to 8.5’ [2.6m]. As forward
speed/efficiency is a function of the
square root of waterline length, that is
a critical shortcoming. Significant
cheek also reduces hull volume,
which adversely affects stability and
seaworthiness,

Biomechanically, the flare of lap-
strake hulls requires use of a 250cm
(8.2'] paddle, which, in combination
with low seating, causes most forward
strokes (0 become inefficient, hori-
zontal, turning sweeps. Those 125-
year-old designs are very compro-
mised by the characteristics of their
construction materials and methods.

Rell’s BuckTail is a synunetrical, more
highly rockered, flared pack canoe of
efficient, modern design, with slight V
aft to counter paddlers’ tenclency to
carry the paddleblade behind their
bodies into a turning sweep. Twelve
feet overall with an 11'6” [3.5m] water-
line, BuckTail is able to safely float a
heavier burden and is much more
stable and seakindly. It both outtracks
and outturns Wee Lassie and is much
faster.

SpitFire is another efficient, modern
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hull with fine-tuned handling charac-
teristics. Its hullform js asynunertrical,
with differential rocker; its bow and
stern radii are 11" and 6" [28¢cm
and 15.2cml, lengthening the stern to
counteract poor stroke technique
without resorting to stern V, which
decreases stability. The shouldered
tumblehome vyields 3.5” [89mm)] rai)
inset from maximum width, encourag-
ing more efficient, vertical paddle-
strokes and the use of shorter, lighter
225cm [7.38'] paddles. Maximum
beam occurs 3" [76mm] below sheer,
not at sheer, as the author states.
Solidly constructed and rigged with
molded seat, footpegs, and backband,
it is not a pack canoe at all but,
rather, an open-topped touring kayak.

Lastly, we have never had any plan
to develop dealership distribution, We
sell a few off-season hulls to a couple
of friends in the retail end of paddle-
sport. Mr. Hall has mistakenly offered
unavailable product to a nation of
fine, committed paddlesport retailers,
occasioning several disappointing
communications of late,

It was nice to be included in an
article on high-tech canoe building.
Strangely, our state-of-the-art design
and construction were disparagingly
compared to fine hand-lamination of
century-old designs using 50-year-old
lamination techniques. An article
including so much misinformation
and such bias calls to question the
intent of the author.

Joe Moore, Charlie Wilson
Placid Boatworks LLC
Lake Placid, New York

J.T. Hall responds:

Obviously Placid Boatworks is not
producing carbon copies of the Wee
Lassie, but the enduring core concepts
that defined Rushton’s solo canoes are
readily apparent in the SpitFire. The
gelcoat issue is clear; the major pro-
ducers of high-performance recre-
ational canoes typically offer their
composite hulls without gelcoat to
save weijght. The SpitFire’s white
bottom patch is an elective cosmetic
feature; any impact powerful enough
to damage the hull would not be
deterred by a thin layer of pigmented
resin. It is also clear thar it is possible,
in small hulls at least, to apply resin
and remove the excess manually to
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achieve a hull weight comparable
to that of a resin-infused and/or
vacuum-bagged boat. Hull weights
don't lie. The information about Placid
Boatworks’ desire and willingness to
distribute surplus inventory to retail
dealers (Mountain Man and others)
was generated by Mr. Moore during
conversations at Placid Boatworks on
May 11, 2005. Finally, my article was
written 1o feature two small specialty
builders successfully resisting the
current of corporatization, not as a
gunwale-to-gunwale comparison of
their products.

Penetrations and Closeouts
To the Editor:

I have been atempting to make a
point to the marine community about
generalizations and assertions that ace
mistakenly accepted as truths. In
“Penetrations and Closeouts” (PBB
No. 97, page 130), Bruce Pfund states
that temperature changes of 70°F
(from 70°F 1o 140°F/21°C to 60°C)
and/or volume increases of 10%
within a sandwich laminate create sig-
nificant positive and/or negative pres-
sures, and that these pressures are
large enough to draw water into a
core’s kerf steucture through fittings
and penertrations as well as through
wet laminate facings.

If we apply science to Mr. Pfund’s
scenario, we quickly see that the sce-
nario creates no significant positive or
negative pressures. By applying the
universal gas law (general chemistry
1, PV = nRT) to his scenario, we find
that a 70°F temperature change in a
fully constrained volume (no expan-
sion, restrained system) creates about
3.12-psj internal pressure. That is not
significant. If the volume does expand
10% vpon heating, only 1.82-psi pres-
sure is generated, because we have
now allowed the volume 10 increase
(unrestrained system), thus relieving
some of the pressure.

If we consider the opposite effects
creating a vacuum, we convert the
pressure from psi to inches of mer-
cury (the more conunonly used value
for measuring vacuum pressure) and
get 6.35" Hg and 2.64" Hg, respec-
tively. Neither represents a significant
pressure. These pressures are cer-
tainly well below the capacity of most
sealants and do not approach a

threshold that would cause an aver-
age, correctly produced through-hull
firting to leak. [t certainly is not
enough pressure to have even a
minor effect on drawing moisture
through a properly cured composite
facing. In the same statement, Mr.
Pfund infers that the vacuum pressure
might pull moisture from a wet lami-
nate facing. In more than 1,000 blister
core samples [ have measured for
moisture content, the highest value I
recorded wuas 4.7% by weight. The
average is around 2.4%. This does not
provide enough moisture to constitute
a water supply to wet a core, even
over a long term. Also, in a closed
system the drawing effects of night-
time cooling would be offset by the
reverse effects of daytime heating
(state of flux).

If fittings are poorly produced or a
breach exists in an unsealed “through
facing” penetration, these pressures
may introduce moisture o a4 core net-
work. This is true only if incosrect
penetrations exist. A properly pro-
duced composite will certainly not
suffer any ill effect from these condi-
tions, resulting in “gulping” water.
Before we draw conclusions, we need
to check the scientific accuracy of our
theories.

Additionally, the author seems to
state that decomposition of balsa core
via clecay is a chemical process that is
speeded by water stoshing when a
hull rocks. Decay decomposition is
a biological process, not a reaction,
and its rate depends on the condi-
tions present that support the prolifer-
ation of fungal decay—iemperature,
decay type, oxygen supply, and mois-
rure content.

The so-called “abundcant” supply of
oxygen in the kerf network is not
necessarily so abundant in a balsa
core. When balsa gets wet, it swells;
and unless the kerf network is spread
over a pronounced curve, it closes.
That is one reason why balsa is so
difficult 1o dry. If water is moving
through and accumulating in a kerf
network, those locations have their
oxygen supply displaced by water.
Decay cannot grow in waler. We are
not sure what exact moisture level
makes decay impossible, but we do
know that decay will not grow in a
saturated cove. In most instances, air
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within the keif escapes from the same
location of water ingress. In the case
of balsa, air does not necessarilty need
to be displaced for the core to get
wel, since water tavels through cellu-
lose fiber by diffusion (the result of its
kinetic energy and random motion of
its molecules).
Rick Strand
Impact Matrix Systems LLC
Hampstead, New Hampshire

Bruce Pfund responds:

I believe that Mr. Strand and T agree
that improper penetrations in other-
wise high-quality cored panels can
produce water intrusion problems,
and that water in cores of any type is
a bad idea.

I agree with Mr. Strand’s math on air
expansion and contraction with heat-
ing and cooling, and his comments
about potential pressure equalization—
but not his assessment that 2.64" Hg
is an jnsignjficant amount of vacuum.
A quick Internet search Jocared a
number of 2.5-hp shop vacuums chat
produce 54" of water column vacuum.
If my math is correct, that’s about 1.6”
Hg vacuum—a bir more than half of
the vacuum Mr. Strand calculated
miglt result from the large tempera-
ture changes I mentioned. I rate the
suction produced by a shop vacuum
as significant. Of course, I am not
suggesting that the pressure/vacuum
cycles I described within cored panels
will produce effects similar 1o a shop
vacuum's suction on a cored panel
with open kerfs, as illustrated in the
photo on page 132; but based upon
firsthand observations, I do believe
they contribute to water ingress. ]
maintain that the expansion and con-
traction of air within a cored panel’s
kerf system—in the presence of
breaches in the skins—can affect the
rate of water ingress, and [ illustrated
the air expansion phenomenon with a
photo of bulging caulking on a poorly
executed joint, on page 134.

I apologize for my lack of clarity in
the paragraph adjacent to the photo
that Mr, Strand refers to, where leak-
age 4t “any skin penetrations that
connect to the kerf system” is men-
tioned. I did not intend to suggest
there. or anywhere else in the article,
that normal-quality laminates could
pass water under slight vacuum or
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pressure, but rather that the dozens of
cutouts in, and fasteners through, the
open-kerfed core in the typical sail-
boat cabintop (mentioned in the pre-
vious paragraph), for handrails,
boathooks, dinghy cradles, haiches,
and portlights, were potenrial air and
water leak sites. The chances for leaks
at these locarions only increase as
their bedding and caulking deteriorate
with age.

Mr. Strand states that outside pres-
sures may introduce moisture to a
core nerwork but “only if incorrect
penetralions exist.” The italics in Mr.
Strand’s quote are mine, because that
was the major point of my article. I
agree that a properly produced pane)
will not experience pressures that
result in “gulping.” I did not describe
the phenontenon occuiring on a prop-
erly produced cored panel; cather, it
was a panel with very poor construc-
tion. There’s nothing particulasly sci-
entific about my observations of
bulging wet caulking, rapidly
debonded dried caulking, and a mar-
gin of wer core in way of this region.
Dismissing my observations as unsci-
entific js silly. These things happened,
and the photos are in the article.

More on Whisperprop
To the Editor:

In the October/November 2005
“Rovings” (PBB No. 97, page 16) Jean-
Yves Poirier expounded on the
Whisperprop electric/diesel hybrid
propulsion system offered by
[cemaster GbH (Fischer Panda). It is
always good to see articles recogniz-
ing the merits and possibilities of this
technology. 1 say thar, obviously, from
my position at Solomon Technologies,
manufacturer of marine electric
propulsion and power procluction
syslems.

Long before [ came to Solomon I
had a passion for electric propulsion
and hybrid and alternate power pro-
cuction systems, as well as for sailing.
It is important that publications such
as yours present viable alternatives—
not only because dwindling oil sup-
plies and increasing fuel costs are
becoming so “front page.” My concern
is thar several of Solomon’s fellow
electric propulsion companies ace
missing an umportant point. If one
wants a truly energy efficient and

“green” system, simply running an
electric motor by constantly running a
diesel generator is not the answer.
Heck, if I've got to start my diesel
generator every time | want L0 move
the boat, why not avoid all the added
complexity of an alleged green boat
and just use a diesel motor to power
it divectly?

Sure, there is some efficiency gain
with the Whisperprop system. A
diesel engine operates best under a
load and at constant velocity. This
describes a diesel generator, And an
electric motor, but nor a diesel, is
happy running at any velocity and
under varying loads. So it certainly
makes better sense to use an electric
motor for propulsion applications. But
an important element is missing in
such a simple system.

As a sailor T intend to do a lot of
sailing. While I'm sailing along,
wouldn’t it be grand to convert a bit
of that molion through the water into
energy, which could be stored for
later use? While sailing or sitting in a
tropical anchorage with all that sun
beating down on my boat, wouldn’t it
be nice to absorb some of that free
energy with solar panels and store it
for later use? With the gentle breezes
blowing my wind generator, where
am I to store that energy? And every
time T want to move my boat with my
quiet, odorless electric motors, 1 have
to start thar diesel generator. No,
that’s not my idea of an energy effi-
cient, green boal. An electric-powered
sailboat without batteries—where’s
the genius in that logic?

Yes, batteries are the real answer to
a wuly energy-efficient, green boat—
especially when electric propulsion
motors can function as generators of
free electricity while the vessel is
sailing. Perhaps this one point is the
reason other electric marine propul-
sion manufacturers thiok so little of
batteries; their motors can’t regener-
ate. 1 still don’t understand their logic
though, when solar panels or wind
generators can be installed. Then con-
sider the case where their generator
fails. All of a sudden the only source
of power on the vessel is gone. You
find yourself dead in the water with
no hope of going anywhere. Of
course you can put up your sails and
sail back into the harbor and into
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Solomon ST-74 motor in the engine
compartment of a Manta 41 (12.5m)
catamaran. The 12 batteries are split
up, with four in each of the two engine
compartments and four under the
saloon seats, to allow flexible weight
distribution.

your slip, if you're good enough at
sailing. Makes you think that maybe a
hank of batteries with a few hours of
motoring energy stored in them could
come in mighty handy at times.

As to questions of cost, weight, and
maintenance raised by Icemaster, let’s
consider these. Take maintenance
first. Battery technology has come a
long way in recent years. We use
absorbed glass mat batteries. They are
shock resistant, since the glass mat
prevents the lead plates from coming
in contact with each other. They are
sealed, so never need to be serviced,
and can be mouanted in nearly any
orientation. Basically, as long as you

keep them properly charged they
require no maintenance. AGM batter-
ies have the most forgiving charging
requirements, so they are the easiest
to maintain from that point of view as

well. And, as far as maintenance on

SOLOMON TECHNOLOGIES INC.

diesel engines compared to mainte-
nance on electric motors, simply put:
there is no maintenance on brushless
electric motors.

Weight. Well, let’s see. A Group-31
battery weighs 69 Ibs [31.3 kgl, and
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our system uses 12 bartceries; so thar’s
828 lbs [375.6 kgl. A generic catama-
ran has two 30-hp [22.4-kW1] diesel
engines that weigh about 550 Ibs
[249.5 kgl; so two make 1,100 Ibs 1499
kgl. A Solomon ST-37 motor weighs
83 pounds [37.6 kgl; so two make 166

bs [73.3 kgl. If we add the weight of

the batteries and the weight of two
electric motors, that’s 994 lbs [450.9
kgl. Looks like the Solomon system,
with batteries, weighs less than the
diesel system. Oh, I didn’t add in all
the andcillary bits required on
those diesels suclh as warer hoses,
strainers, exhaust, muffler, fuel pumps
and filters, and the oil and antifreeze,
because those weren’t included in the
dry weight of the engine. And for all
thar weight, ir still doesn’t give you
any place to store energy. That's what
batteries are for.

Now for cost. A set of 12 Group-31
battecies will cost about $3.000 (12 x
$250). Those batteries should easily
last four or five years—let’s say four

each of

years of storage for all the free
energy you will ger from the sun,
wind, and regenerative motors.
Amortize that $3,000 over the four
years, and you have a cost of abourt
$14 per week for those batteries. So,
it you spend $14 a week on diesel,
you're even. However, if you spend
more on fuel, you're money ahead.
And if you are a cruiser/voyager and
run 4 diesel generator constantly to
power your “other” electric motors
for, say, eight hours a day (which isn’t
really practical, since you'd most
likely be running them constantly for
several weeks during passages, but
what the heck). Let's be forgiving and
say you do this only a quarter of the
time, so that's 90 days a year. That
gives us 720 hours of operation per
year (90 x 8) and 2,880 hours for the
four years we say the batteries will
last (720 x 4). Take that times the cost
of diesel these days—whart, about
$2.75/gal—times a couple gallons per
hour for some gensets; that's $15,840,

which is more than five times what
the batteries cost.

Others make claims that batteries
are short-lived and that they pollute.
Four to five years for a set of hatteries
doesn’t seem short-lived to me.
Especially since in four to five years
there will certainly be newer, more
efficient barteries available. Thar will
be about the right time to upgrade (o
the newer technology. As to polluting,
well, maybe I'm missing something
here, but I don't believe batteries pol-
lute at all unless you dispose of them
improperly. It you cdo what's cight and
take them back to the shop where
you get your next set, they'll simply
recycle all the materials, as that's the
most economical thing 1o do.

Since 4 battery bank doesn’t weigh
more than the diesel engines being
removed, requires no maintenance,
costs far less, has a reasonable life
span, and doesn’t pollute—what’s the
big problem? Especially when you
consider that on a full charge a

2443 S.W. Pine Island Road
Cape Coral, FL 33991
(239) 283-0800

www.marineconcepts.com
infe@marineconcepts.com
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Solomon-equipped boat can motor for
several hours in nearly complete
silence with no offensive odor. Our
power-procuction system also pro-
vides for AC and DC house Joads in
complete silence. Not only can meals
be cooked, but on many of our ves-
sels, air-conditioning can be run all
night without starting the generator.
And if you take off the next morning
under sail and have favorable winds,
you'll have a fully charged battery
bank by the time you anchor for
the next night of generator-free dir-
conditioning.

At Solomon Technologies we aren’t
antigenerator. Quite the contrary. We
feel strongly that nearly every vessel
should be equipped with a properly
sized generator for those times when
sun and wind let you down. We cer-
tainly understand that battery power
can last only so long. If you will be
motoring for extended periods, the
generator should definitely be run (o
provide ample power and to maintain

a full charge on the battery pack, in
case the generator develops a prob-

lem. But to rely on the generator {or

your sole source of power simply
doesn’t make sense.

The trouble is, lcemaster
companies are crying sour grapes
because they don't have regenerative
motors and therefore feel they have
no need for an elecwrical storage
medclium; or, because they don’t under-
stand regeneration and don’t know
how to control it. If they really had a
green agenda, as Solomon clearly
does, they would at least be promot-
ing solar panels and batteries to store
that energy, but because their motors
use an aotiquated technology, not
only can’t the motorts regenerate, they
are quire inefficienr. Solomon perma-
nent magnet moctors are more than
93% efficient. Even after running the
motors for many hours under full

power, you can comfortably pur your

hand on the motor case. The large-
diameter Solomon motors produce

and other

huge amounts of torque. A 40’ [12.2m)]
catamaran, from dead stop, can reach
full cruising speed in less than two
boat Jengths and then can come (o a
full stop in less than one boat length.
Try doing that with a diesel, or with
one of those other electric motors.

No, it’s quite clear that an electric-
powered sailboat needs 2 set of bat-
teries to store all that free energy and
be truly green.

Andy Christian

Director of Engineering
Solomon Technologies Inc.
Tarpon Springs, Florida

More on Wet Balsa Core
To the Editor:

On bhehalf of the hoating industry
generally, T want ro thank you for
publishing Rick Strand’s article “Wet
Balsa Core” (PBB No. 96, page 16),
Bruce Pfund’s article “Penetrations
and Closeouts” (PBB No. 97, page
130), as well as his sidebar on Baltek

CNC MACHINED PATTERNS & MOLDS

¥here automated tooling began.

41 foot Apache deck

Since introducing the first practical method of large

part CNC machining for the marine industry in 1991,
we have machined hundreds of patterns, molds and
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N LLCAM ne
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321.453.9599 Merritt Island, FL www.mollicam.com
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For technical support and more
information, call 800-446-8133.
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Gold and Greg Group's letter to the
editor in that same issue. Professional
BoatBuilder has always been outspo-
ken in its advocacy of proper core
installation. Bruce's maxim regarding
core installation, “If you don’t do it
right, don’t do it all,” should always
be kept in mind.

Wet core can be and has been
avoided by many builders who use
proper installation techniques, as
Bruce illustrated in his recent article
and many previous ones. Cored con-
struction is not the issue. Proper
cored construction has provided a
lifetime of reliable service. as thou-
sandls of boats over the last 50 years
can attest. However, core installed
with an open kerf system and with
poor closeouts, as Bruce detailed, can
result in water accessing the core and
being distributed by the kerf network.
Our goal as a core supplier is not to
deny that water can enter an improp-
erly installed core, but to determine
what the true ramifications are, if and

when water does enter the core. Mr.
Group's letter clearly illustrates the
greal concern about this subject
among marine surveyors; and, as Rick
points out, the purpose of his and our
studies is to provide data to surveyors
so they can make decisions and rec-
ommendations based on knowledge,
not speculation. As Greg Group’s let-
ter clearly shows, there is a need to
answer the many questions that
plague marine surveyors.

The data clearly shows that:

Wet core in both balsa and foam
can be and has been avoided by fill-
ing all the kerfs and by isolating the
core from any cutours or through-
fittings. The increased popularity of
vacuum infusion will go a long way
toward achieving complete filling
of all kerfs and voids in a cored
laminate, making cored construction
literally foolproof.

Wet balsa core in itself does not
necessarily represent a structural
problem. With only a 20% reduction

in shear strength, the safety factor of
laminate can be recalculated and in
the vast majority of cases will still be
within design specifications. Most
laminate safety factors are in the 300%
to 400% range, so a 20% reduction in
shear properties falls well within
these bounds.

Decay of wert core will be a poten-
tial problem only if oxygen is allowed
to access the core. Inevitably, the oxy-
gen enters the core at the same point
as the water. Once the point of
ingress of the water is determined and
sealed, air (oxygen) will also be pre-
vented from accessing the core, and
future decay will be prevented.

Concerns about freeze/thaw cycles
causing delaminations of wet cored
laminates in either balsa or foam have
been shown to be false for both a filled
kerf system and filled “neverbonds.”

As Rick pointed out, all this data
has been presented to the annual
general meetings of both the Society
of Accredited Marine Surveyors and

W

985 W. 18th Street
Casta Mesa, CA 92627

-542-1500
Fax: 948-631-6770
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the National Association of Marine
Surveyors. Both groups expressed
their thanks for finally receiving accu-
rate data that their members can use to
guide their clients. They were pleasex!
1o replace speculation with facts.
Professional BoalBuilder is by far
the best forum to distribute this data
to the boating industry. As was

pointed out, there are thousands of
boats built with cored construction.
The vast majority of them are the
“good news” that coesn't get pub-
lished. However, by finding accurate,
definitive data on the properties of
wet core, we can now better evaluate
that 1% of the market that may pre-
sent a problem. Wet core is invariably
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like never before.
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a symptom of poor installation prac-

tices. By knowing the facts abour wer

core, these boats can bhe evaluated

and proper action taken. If caught

soon enougl, these boats, too, will
provide a lifetime of service.

Rob Mazza

Structural Core Procluct Manager

Alcan Baltek Corporation

Northvale, New Jersey

To the Eclitor:

Rick Strand’s article “Wert Balsa
Core” offends many of my sensibili-
ties, bur as a4 naval architecr and
structural engineer I'll address only
the author’s errors and omissions. The
impact of core defects—whether they
are delamination, poorer material
properties, decay, etc.—was noft
treated properly. In addition, some of
the basic tenets of cored marine struc-
tural design were misrepresented or
just plain neglected.

Composite marine structures are, in
general, deflection limited and not
strength limited. This is the main
motivation for using a cored structure
to begin with—to increase stiffness
without a significant weight penalty.
Fiberglass has good strength proper-
ties but is a relatively flexible (i.e., not
stiff) material,

Addressing the author’s assertion
that stiffness is a function of thickness
cubed: While the thickness-cubed
function is true for noncored material
like aluminum or steel or even the
fiberglass skin itself, it is not true for a
cored structure. In a cored suructure,
stiffness is a function of the square of
the distance between the neutral axes
of the skins—i.e., the square of the
sum of core thickness plus half of each
skin. The core nust function to keep
the skins separated relative to each
other and must keep the skins from
moving relative w each other. If these
conditions are not met, then you only
have two thin skins with a large
amount of inherent flexibility.

While jn a simple sense the state-
ment that shear strength drives the
design is true, the author has
neglected the deeper and more com-
plicated interactions of a cored struc-
ture. Compressive modulus (rthe
amount of squeeze under load) is
very important to the contribution
of the core to the stiffness of



the structure. Also neglected in the
simple explanation is the fact that
shear modulus too (the amount
of shear deflection per load) is
important to the stiffness of the
panel. Shear modulus is a measure of
how fixed the skins are relative to
each other. The shear deflection con-
tribution to deflection can be signifi-
cantly larger than the basic beam
deflection. In deflection-critical
marine structures, in agreement with
David Jones' letter Lo the editor (PBB
No. 98), I would argue that the “dis-
tant” second and third factors play a
larger part in meeting design require-
ments than alluded to in the article.

With regard to the nature of
the design process, I'll address the
author's statement that the factor of
safety can be relied upon to “save” a
sgructure. ("Now, a 20% loss in shear
strength may not have much of an
impact on the performance of a sand-
wich structure, depending on the
safety factors used in the design
process.”™) Factors of safety do not
currently include a 20% allowance for
loss of shear strength due to moisture
in the core. By the author’s own
statement, these structures are critical
in shear strength. Therefore, they are
typically designed so that they fail in
core shear first. Thus, it would
appear that the damaged structure
(with its 20% loss in shear strength)
no longer has the required factor of
safety. Consequently, from a design
standpoint, this structure has failed; it
no longer meets the requirements of
the original design, and must be
repaired,

As a final technical note, I do not
know the design requirements for
trees with 94% moisture content,
bur I do know the design require-
ments for boats. Based on the data
presented by the author, T doubt
that damaged, wet, frozen, or
decayed cores will meet the origi-
nal design requirements for boats.

[f we examine the customer’s
expectations (remember the individ-
ual who is paying hundreds of
thousands of dollars for this boar), I
am sure his expecration is that the
boat is designed and constructed to
some reasonable level of quality.
This Jevel of quality does not
include high levels of moisture in

the core. There is an expected level
of performance (be it speed for a
given weight and power or structural
integrity or level of safety) that will
be unobtainable if water is allowed
to collect and stay within the core.

Since the degraded core is
unlikely to meet the original design
requirements, 1 expect that once it

is discovered, the resale value of
the boat in question will be severely
affected in a negative way. At this
point, as Mr. Group correctly
observes in his letter to the editor in
PBB No. 97, we are no longer talking
about technical merits but public per-
ception. A structure that is left in a
flexible and degraded state, which

WHAT'S TORQUE
GOT TO DO WITH IT?
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Universal M-25XPB
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will only worsen with time, will not
reflect well on the builder, the broker,
the surveyor, or rhe industry as a
whole. The proper course of action is
proper installation of core and all
associated fittings from the outset, us
stated by Mr. Strand jn his *“Parting
Shot™ essay in PBB No. 82. Short of
this, a proper and effective repajr is

needed to protect the value of the

boat and to maintain a boat in a sea-

worthy, safe, and survivable struc-

tural state for the protection of the
people on board.

Dean Schleicher, PE

Technical Director

Donald L. Blount and Associates Inc.

Chesapeake, Virginia

The dust-free solution t

The Abranet sanding system is the
most revolutionary finishing product
introduced to the marine industry.

Abranet discs outlast traditional
abrasives for greater efficiency.

immediate dust removal allows for
better sanding.

Extended product life requires less
use of materials.

Abranet mesh discs use a hook and
logp attachment with high-efficiency
vacuum:backup pads.

Dust-free' sandingimproves working
conditions with less environmental
impact.

This portable sanding solution delivers superior
operator comfort and versatility with the most
powerful and effective self-generated vacuum
available. Due to the fantastic exiraction ability,
sanding is virtually dust-free.
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Rick Strand responds:

While I welcome Mr. Schleicher’s
comments, I would appreciate him
reading more carefully and resting
some of his academic nitpicks before
labeling them “errors and omissions,”
Yes, both the shear and compressive
properties of a core material do factor
into its strength and stiffness. But, by
how much? If Mr. Schleicher tested his
own espousals he would find the fol-
lowing. In a 9-Ib (144 kg/m3] balsa-
cored sandwich with average glass
skin/core thickness ratios, the rotal
panel deflection that could be attrib-
uted to core shear deformation
accounts for about Y% of the total
panel deflection. Any additional
deflection that might occur when that
core gets wet is miniscule. This is a
fact.

If we were discussing wet foam,
the shear deformation component
would become more imporiant,
because of foam’s significantly lower
shear modulus and its larger loss
when wet (in the same density
range). That's also true for foam’s
much lower compressive modulus.
The application of compressive mod-
ujus is most significant when calculac-
ing the critical buckling stress of rela-
tively thin facings. The flatwise tensile
properties of the facing-to-core bond
are perhaps more important, since
they will dictate when the facing (as
an unstable column) can free itself
from the core, and buckle. Again, if
you rup the numbers, then you would
see there is little threat of either situa-
tion contributing to panel failure
before a shear-strength-dominated
core failure occurs.

To clarify, the conclusions in the
article are specific to 9-Ib density
balsa and relevant to the laminate
configurations evaluated for Sea Ray
Boats. The company's designs use
both moderately thick facings and
cores. Sea Ray’s construction is con-
servative. Design factors of safety
there were high to begin with, so a
20% loss in shear strength did not
reduce the panels to the point where
there was any concern over their
longeviry.

One more time: All wet core situa-
tions need proper evaluation before
an intelligent judgment of the vessel's
state—and a sound repair plan—can



be rendered. This requires both com-
putational and laboratory evaluation.
Not all wet core needs gross invasive
reconstruction; and by the way,
design safety factors are not universal.
They depend on many variables,
inclucling vessel use as well as con-
struction material types, methods, and
quality Jevel. Most of all; the proper
selection of those safety factors
depends on an experienced engi-
neer’s knowledge and judgment,
along with a professionally executed
validation test program.

Rovings: Folkboats—in Glass
To the Edlitor:

Regarding the “Rovings” item about
FRP Folkboats (PBB No. 96, page 8),
I'd like to offer a few thoughts.

Erik Andreasen is regarded as the
father of the plastic Folkboat, and ir is
true that he has built most of them.
However, there is another aspect that
may interest your readers:

In 1975 Svend Svendsen, an avid
Folkboat racer in the San Francisco
Bay fleet and a boatyard owner,
built 2 mold from a proven fast
wooden hull (US 95 Folksong, a
Boerresen-built boat). That mold was
used to build the first-ever FRP
Folkboat, Pokkers Karl, featuring a
white deck and flaming red hull.
In 1976 Erik Andreasen in Denmark
followed suit and managed to get
fiberglass boats approved by the
Scandinavian Sailing Association,
which still governs the class. What
sounds like an anachronism—building
a clinker boat in fiberglass—may well
have saved the Folkboat’s life by
helping reverse the trend of dwin-
dling participation in events. An
important reason for newfound pros-
perity was that fiberglass did not sail
faster than wood; it just required less
elbow grease for maintenance.

Last September the SF Bay fleet
hosted the International Cup, the
largest Folkboat race outside Europe,
with a dozen fiberglass boats built by
Svendsen, half a dozen wooden
boats, and only four boats built by
Folkboat Centralen.

Dieter Loibner

Oakland, California
Author, The Folkboat Siory
(Sheridan House, 2002)

Corrections

In the Rovings item “Awlbrite Quik-
Fil Clear,” PBB No. 98, page 17, an
incorrect address was given. The correct
address is Awlgrip North America, 1 East
Water St., Waukegan, [L 60085 USA,
tel. 847-599-6212.

In the same issue, reader Nick
Parkyn points out that in “Steering
System Fundamentals,” on page 87

in the Foil-Thickness Form Dimensions
table, the half-breaddy at 5.00% chord
for the “Intermediate”-section rudder
should be 1.338 (not 0.133). Also, the
author, Dave Gerr, writes that at
the top of page 82, the melric rudder
dimension should read 0.442m? (not
44.25m?).
We apologize for the errors—Ed.
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Compiled by
Dan Spurr

Bob Stapp’s Seaway
Boats

“A boat is notliing more
than a platform to fish from,”
says Bob Stapp, a longtime
southern California boatbuilder
and fly fisherman.

As Seaway Boats' founder
and owner, Stapp has been
building those and other “plat-
forms” for almost 50 years.
Since starting Seaway in 1958,

Stapp has put into service
more than 160 glass-over-ply
custom and semicustom boats,
ranging in size from 16’ to 60’
(4.9m to 18.3m).

Stapp built his first boat at
the age of 14, in 1945, from a
set of plans published in
Popular Science magazine. It
was a 12’ (3.7m) runabout,
done entirely by hand (no
power tools). At 17 he built a
three-plank dory out of Port
Orford cedar, and installed a
3-hp (2.2-kW) gas inboard
with no gearbox. He kept that
for three or four years, and
then decided to build himself a
16’ plywood skiff. Before the
first one was finished, some-

DON ELMS (ALLY

Top and above lefi— A recent Seaway build was this 40 (12.2m) cruising boat, using
Stapp’s proven construction methods. It's powered by twin 330-bp (246-k\W) 5.9 BT
Cummins diesels, and tops oul at 28 knots. Above right— Bob Stapp founded Seaway
Boats in Long Beach, California, nearly 50 years ago. Now, after delivering more than
160 durable glass-over-ply vessels, many to municipal agencies along the Californica
coast, be'd like to sell the company and go fly-fishing.

one came along and bought it.
Stapp built four of those—each of them purchased before
he could finish one for himself.

Stapp did some commercial fishing early on, attended El
Camino College, and later worked for Jeffries Boat Co., in
Venice, for about six months. At the time, Ted Elliot—
himself a glass-over-ply expert—was foreman at Jeffries.
Then Stapp set up Seaway and commenced building 16/
lobster skiffs and 26'-30" (7.m-9.1m) gillnetters, along with
other workboats and runabouts up to about 30/,

More recently, Seaway Boats has come to be known for
its lifeguard, fire department, rescue, and harbor patrol
craft. The first of these was a 30’ lifeguard boat for the Los
Angeles City Lifeguards, in 1973, followed by more 30’ and
327 (9.8m) “Baywatch”-type boats for the Los Angeles
County Lifeguards, including one home-ported on Catalina
Island off the southern California coast. Thirty-two years
later, that boat is still in service.

Over the years, Seaway has built boats for coastal
California municipalities from San Diego north to Ventura,
Most are still in service. In Newport Beach, the Orange

County Sherifts have nine Seaway Boats in harbor patrol
and rescue service. The oldest is 35/(10.7m), built in 1982,
and the newest a single-I/O, 24’ (7.3m) patrol boat com-
pleted just last year. As this is written, Seaway is in the
process of building a 31-footer (9.4m) for that department.
According to the department's Bob Scott, “Seaway builds a
great workboat that is very seakindly. Ours have bheen
through the most extreme sea conditions we get here in
southern California. We’ve been out in 10/-15’ [4m—4.6m]
seas making rescues, and every single boat’s come back!”
Seaway also built a number of party boats: passengers-for-
hire fishing boats, ranging from 67’ to 80’ (20.4m to
24.4m). Those comtinue in commercial service as well.
Early on, Stapp devised a reusable jig for adjusting
lengths and beams of his own designs. With no formal
education in naval architecture, Stapp has used standard
conic projections to develop his designs. He would decide
on the size and shape of the hull based on the relationship
of the chines and keel. Initially he laminated his stems
and keels out of layers of fir and plywood, in a jig. But
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Stapp soon learned that the fir would
expand faster than the plywood, which
stressed the Weldwood plastic-resin
glue joints. So he converted o all-ply-
wood laminated keels and stems, and
switched to resorcinol glue. That
solved the problem, and has continued
with much success ever since.
Elsewhere in the boat, Stapp employs
WEST System epoxy as an adhesive,
and for coating all wood surfaces.
Sheathing is 7.5-0z (254 g/m?) fiber-
glass boat cloth: two Jayers laid simul-
taneously on bottoms, topsides, and
decks, with a single layer on cabins
and bridges.

A jig that Stapp devised to bore the
shaft hole, involving a length of piano
wire to center the hole, has given him
spot-on shaft and strut alignments. In
1970 he switched from bronze shaft
logs to fiberglass shaft tubes, which are
heavily glassed into the hull. He says
that was a significant improvement. He
also made his own patterns for struts
and rudders, which he had sand-cast
in bronze.

The need to fashion continuous
pieces of plywood for bottoms and
topsides necessitated a way to scarf

Right—In preparation for retirement,
Stapp recently bonght back one of the
West Couast lobsterboats he built for a
client vecrs ago.

Below—Stapp devised his own setip
Jorscarfing sheels of plywood. Panels
are held down on the aluminim plate
shown, by suction from c shop
vacunm. The bead from a joiner is
helt-driven by a 3-hp motor, and

is fully adjusiable. An attached leaf
blower clears away shavings.

individual pieces of panels together.
The crew used to stack up four sheets
of plywood. one on top of the other, staggered, so that at
the ends the stack looked like a set of stairs. Then they'd
carefully plane the proper angle with a portable power
plane, keeping the plane as close 1o that angle as possi-
ble. But it was time-consuming and less than precise. Boat
production was too easily halted, waiting on the planing
and gluing process. So, necessity being the mother of
invention, Stapp came up with a better, faster, more accu-
rate cutting system—based on a custom-built planer (see
photo). With a shop vacuum generating suction through
holes in the aluminum plating, the plywood panels are
sucked down onto the table and held there. The action
end of this rig is the head from a joiner, belt-driven by a
3-hp motor. It is adjustable for the given scatf. A leaf
blower has been cleverly clamped in position to blow
away shavings as the cut progresses. The whole operation
takes just two passes in about five minutes—less than
half the time of the freehand method. The angle is accurate,
the cut flat, and, it is infinitely repeatable.

Next, Stapp needed to speed up and increase the
accuracy of gluing the scarfed panels together. So he
welded a steel clamping device to hold the panel joint
together while the glue cured. Utilizing heater strips sand-
wiched in place by aluminum plates, and 20 psi (0.14
Nmm?) of air pressure as a clamping force, the fixwure will
reach 160°F (71°C) and complete a glue joint in 20-30
minutes. With that, Stapp can complete 12 1o 15 scarf

joints a day and make continuous sheets of plywood to any
length required. Through the grapevine, local plywood dis-
tributors learned about Stapp’s jig and clamping method for
making scarf joints. So when Stapp isn’t making scarfed ply-
wood panels for his own use, he makes them up for the dis-
uibutors and their customers.

For patrol and rescue boats, typically built with an open
transom or a transom door, Stapp developed a unique
reverse-cambered cockpit deck. Slightly concave, particu-
larly at the outboard edges, it evacuates water through the
door much more rapidly than traditional open-style sterns
when pulling a swiinmer out of the water in rough seas or
in a surf rescue.

“There has been a noticeable decline in the quality of
domestic marine plywood,” Stapp says. He prefers seven-ply
%" (16mm) and %" (19mm) material; %” (9.5mm) and %"
(12mm) stock is five-ply. And, it's ever harder to find. A typ-
ical Seaway will have a 1%4”(32mm) double-diagonal bottom
laminated from two layers of %” marine ply, while the top-
sides will be %% made from two layers of double-diagonal
%" panels. He also notes that it's getting harder to obtain
straight Douglas-fir in long lengths; on the positive side,
though, Stapp said he's still able to secure Philippine
mahogany in up to 18’ (5.5m) lengths. Because Stapp
believes in the critical importance of hull strength, he
concedes he may be guilty of overbuilding. But that's one
reason so many Seaway Boats are still in service.
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Although most of Seaway’s output has been powerboats,
the shop did build one 34’ (10.4m) racing sailboat, and a
24’ (7.3m) pollution-control barge. How does Stapp set
a price for a given boat? He favors his own time-tested
formula: one-third is the cost of materials, and two-thirds is
the cost of labor. That, he says, will be “pretty close.”

Despite so many years of boatbuilding, Stapp is still wiry
and agile at the age of 74. Even so, he says he'd like to sell
the business and go fly-fishing. A few more lifeguard boat
orders are being dangled in front of him; he may be hard-
pressed to put down his power plane just yet. But the fish
are calling and he'd like to retire. Stapp says that, while he’s
stepping aside, “there are no secrets”; he's willing to share
his extensive experience with a new owner.

Stapp recently bought back one of the 16’ (4.9m) lobster-
boats he’d delivered in 1984. That boat, like his other fish-
ing bhoats, was built to be expendable, but has stood the
test of time. A little cosmetic touch-up is all that's needed,
and Stapp will soon be out presenting flies from one of his
iconic Seaway “platforms.”

Seaway Boat Co., 1528 W. 14th St
90813 USA, tel. 562-436-3831.

., Long Beach, CA

—Don Elms

Eternal Nav
Lights

After several months
of strenuous testing on
board some racing anc
fishing boats, the
French firm Mantagua
has decided to market
a complete range of
replacement LED bulbs
for navigation lights.
For the same level of
efficiency, LED replace-
ment lamps draw one-
tenth the amperes of
conventional bulbs—
between 60 mA and
150 mA—with a life
expectancy of more
than 30,000 hours.
They are also highly resistant to vibrations.

Mantagua’s lamps are available in various configurations
for navigation, anchoring, and other applications. Depending
on the type of light—be it all-round, tricelor, bicolor, stern,
or side—the covering angle varies from 112.5° to 360°,
Manufacturing quality appears to be quite good, with
corrosion-resistant circuit boards and a high level of finish.

A 10-watt replacement lamp compatible with interior
halogen light fixtures is now in production. It draws just
150 mA, much less than the 1 amp gulped by a conven-
tional halogen bulb.

Prices range from €45 to €75, depending on the model.

Mantagua, BP 14, 56660 Saint Jean Brevelay, France, tel.
and fax 02 97 60 45 96, on the Web at www.mantagua.fr.

—Jean-Yves Poirier

JEAN-YVES POIRIER

Mantagua replacement LED
bulbs are compatible with
most navigation lights on the
international markel, such as
this red-green nav light.

/—




Above— A protolype 150-
mA LED bulb that replaces
1-amp halogen bulbs: the
unit is now in prodiction.

Above right— LED bulbs
have extremely low
current draw (beftween 60
and 150 mA), an expeclec
life span of more than
350,000 hours, and
excellent resistance 1o
vibrations.

Right— Mantagia's LED
bulbs are available in
various configurations,
such as this tricolor.

JEAN-YVES POTRTER (ALLY
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Laser Scanning at US Marine

Here's the problem: As a fiberglass part cures, it shrinks.
Steven Boze, concept designer at US Marine (Arlington,
Washington), builder of Bayliner, Maxum, and Trophy
brands, says shrinkage of 5mm—-10mm (4”-"%:") is not
uncommon. Boze should know; he’s been the company’s
master plug maker for 14 years.

Like a growing number of boatbuilders, US Marine, a
member of the Brunswick Boat Group, employs CAD
software—specifically, UG NX—to more accurately model
hulls and decks, from concept drawing on the computer to
CNC plug cutting. Builders rely on the absolute accuracy of
CAD files to assemble the various paits; for example, join-
ing hull and declk, outsourcing modular interior compo-
nents, and installing equipment such as an engine or
steering gear. But, if the hull or deck changes its shape
or dimensions between the mold shop and the assembly
floor, then of course parts will not fit as anticipated, caus-
ing problems and delays. If someone can accurately mea-
sure the amount of shrinkage, and modify the toling to
allow for it, then such problems should be eliminated or
certainly minimized.

Enter laser scanning, a technology developed to map 3D
objects, the data from which can be converted into CAD
files. A Massachuseits-based consulling firm called Spar
Point Research is documenting the benefits of laser scan-
ning in a number of industries, including marine.
According to Spar Point senior analyst Tom Greaves,
“Determining exactly how much shrinkage to allow is part

For over thirty years, HRO's reputation for high quaity,
refiable watermakers has remained unparalielad.
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www.hrosystems.com
Visit our website to locate an authorized dealer near you.

Horizon Reverse Osmosis
P.O. Box 5463 Carson, CA 90745-5463 U.S.A.
Tel: 1 (310) 631-6300 Fax: 1 (310) 631-6395
sales@hrosystems.com
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Save time
and money!
Recelve directly your
electronic access badge
to the show for free by
sending back this coupon or
by preregistering onfine at
www.jeccomposites.com

Marine forum |

March 28 at 1030 AM

The JEC Composites Show? is a must for all visicors interested in
the latest developments in composite technology. With more
than %00 exhibitors and 25,600 visitors¥, the JEC
Composites Show® is the unique exhibition dedicated to
end-users in the field of composites and new materials.
Solution suppliers, processors (semi-finished and finished
producis), raw material producers (fibres, resins) and machines
manufacturers can meet end-users from 95 countries and
from all application sectors (boat building, automotive,
aeronautics, construction, railway, energy, natural fibres and
industrial equipment).

% figures 2005

JEC - 19.Bd de Courcelles, F-75008 Paris, France ou Fax : +33 (5836 (5 I3
E-mail : info@jeccomposites.com - Web site : www.jeccomposites.com

T e T > e

O I would like to visit the Show and receive a “free invitation card”.  a
O I would like to receive the Marine forum program. >
2 I would like to receive information on exhibiting terms and condicions.

* Mandatory {ield to receive yaur {ree clectronic badge.
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of the art of mold design. Laser scanning is bringing engi-
neering discipline to this art. In addition, laser scanning
allows the concept design team to reverse-engineer modifi-
cations that may be made to early-stage physical proto-
types. When the team is satisfied with 4 layout, they can
scan the modified tooling and get the modifications back
into the master design model.”

Steve Boze: “We're striving (o use a digital master model
from concept design all the way to customer service.” The
benefits, he says, go beyond measuring and allowing for
shrinkage. If the geometry of subassemblies and equip-
ment is not known, then parts may not fit together or
install as required.

Greaves describes how Boze’s shop is collecting data:
“Boze’s crew operates a Trimble GS$200 laser scanner pur-
chased from Digital Technologies [Seattle, Washington] to
scan plugs, molds, and finished hulls as well as equipment
to be installed. Bob Francis, president of Digijtal Technologies,
was part of the group that evaluated reverse-engineering
technologies for US Marine.

“The point-cloud data,” says Greaves, “is captured with
PointScape—the operating software for GS200—then
processed with Trimble’s RealWorksSurvey application,
then exported to UGS's Imageware application, where it
is processed in order to be read into UG NX. Once the
processed point-cloud data is inside UG NX, then offset
analysis against the original design model can be per-
formed on a selective, as-required basis. Typically, data
sets range from hundreds of thousands of points to mil-
lions of peints, which Boze says give him the necessary
density.”

But, as with the adoption of any new technology, there's
a learning curve. Plus, Boze sees ways in which laser scan-
ning could be improved, at least for his operation. Greaves
elaborates: “He’d like to see scanners improve their ability
to capture surfaces that are both black and glossy. The cur-
rent workaround is to coat or spray the surfaces to be
scanned to conform reflectivity to the scanner capabilities.”

And Boze has another suggestion: “It would be useful to
be able to capture data at ranges shorter than 3m [9.8'] in
order to set up inside the molds.”

Greaves continues: “Registering scan data with the origi-
nal CAD model is more difficult and less straightforward
than Boze believes it should be. He expects this process to
get better as his crew becomes more experienced. Part of
the solution lies in enhancing UG NX's ability to manipu-
late point-cloud data directly. Boze says he’s a big fan of
UG NX—its intuitive user interface makes it his favorite
CAD tool; and he expects the point-cloud capabilities to
improve in time. He'd like to see Imageware functionality
embedded inside UG NX to eliminate one import/export
step.

“As part of the procurement process,” adds Greaves,
“the US Marine team evaluated Rhino from Robert McNeel
& Associates [Seattle], as well as Geomagic from Raindrop
Geomagic [Research Triangle Park, North Carolinal. The
tight integration of Imageware with UG NX gave the nod
to Imageware.”

Greaves cites another case history, involving a Marathon




Top— At one of US Marine’s production plants, longtime
tool builder Steve Boze, left. and Jobn Nagg begin
digitally scanning the hull and deck of a Bayliner 197
(18'7"/5.7m). By measuring shrinkage, the technology
gurides precise adjustments to the tooling to ensure
better-fitting parts. Above— Al right are construction
citrves for a Cutless-bearing strut. The ~“point cloud” was
thinned by a factor of 20 in Imageware software Lo
allow it to be imported into a UG NX program. At lefl,
the scanned (orange) model generated from the
construction curves bas been superimposed over the
original green, slightly smaller CAD model of the striit
for comparison. Viewed separately, Boze says they
would appear visually identical. Of imporiance. he says,
is the difference in centers of the two penis, not gpparert
in this drawing.

Petroleum multipurpose shuttle tanker. When the owners
decided to reconfigure the 827’ (352m) ship for service as
a floating production, storage, and offioading vessel, laser
scanning was employed to determine interferences
between the existing upper deck structure and piping,
and new topsides modules. Though only four years old,
the Alvbeim was not built with 3D CAD, so to collect the
necessary data for CAD manipulation, a two-man team
from Capnor AS (Stavenger, Norway; Krakow, Poland;
Houston, Texas) spent 11 days laser scanning the ship's
upper deck. According to Greaves, “The model information
helped determine what piping would be demolished and
where to put in reserve volumes for the new equipment. All

i

Drills 2x faster and lasts 25x longer than
HSS Drill. Carbide Tipped, Quick Change
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available in popular sizes: 7/16”, 1/2”, 9/
16", 1" with OAL §" and 1/2" & 9/16" with
OAL8".
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Shank, Outlining Spur. Sizes from
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Sea Tech is the leader in Quick Connect plumbing and now, after being
acquired by Watts Water Technology, Sea Tech is offering a full line of bronze
ball valves, sea cocks and through-hult fittings. For more information, please
contact a customer service represeniative at 888-500-0056.

kwww.seatechinc.com | 888.500.0056

Maximize Your Value
Minimize Your Effort

Braided Reinforcements
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Repeatable Performance

ASP Technology

4595 East Tech Drive Cincinnati, OH 45245
513-688-3200 513-688-3201 (fax)
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of this had to be completed before sending the ship to a
yard in Singapoere for the actual modifications. Applying
topsides clash-controls methodology to the scanning-
based 3D model revealed significant piping conflicts. Since
these were found early in the design process, they
were edsy to fix, saving major late field-modifications,
which are costly.”

To learn more about laser scanning, one can attend
SPAR 2006: Capturing and Documenting Existing-
Conditions Data for Design, Construction, and Operations,
scheduled for March 27-28 at the Sugar Land Marriott
Town Square, Sugar Land (Houston), Texas. Greaves says
it’s the only conference focused on the business and tech-
nology of advanced 3D laser scanning.

Finally, note that Professional BoatBuilder has covered
laser technology in the large-scale repair of a catastrophi-
cally damdged America’s Cup raceboat (PBB No. 65, page
66); in the measurement system at a tooling shop (PBB
No. 66, page 113); and in the digital capture of hulls and
small parts at bassboat manufacturer Ranger Boars (PBB
No. 78, page 94).

Digital Technologies Inc., 2305 Ashland St., Ashland, OR
97520 USA, tel. and fax 800-350-7810, on the Web at
www.dtinc.net. Spar Point Research, 85 Constitution Lane,
Suite 2E, Danvers, MA 01923-3630 USA, tel. 978-774—
1102, fax 978-774-4841, on the Web at www.sparllc.com.

Good News, Bad News

Last fall there was good news and bad news coming out
of Westport Shipyard, builder of 112/34m and 130/40m
motoryachts (a 1647/50m trideck is in the works). Some
background: J. Orin Edson became majority owner after
selling Bayliner to Brunswick Corporation in 1986;
Westport currently employs nearly 800 people at manufac-
turing facilities in Westport, Hoquiam, and Port Angeles,
Washington.

Touting its “good family wages and a healthy array of
benefits and performance bonuses,” Westport has part-
nered with two local colleges to develop courses in marine
and finish carpéntry, and electronics technology. Those
schools are Grays Harbor College, in Aberdeen, and
Centralia College, in Centralia. Also involved in that educa-
tional partnership is the Pacific Mountain Workforce
Development Council, which received funding from the
state to help businesses attract and educate the staff neces-
sary for Westport to grow and excel. In addition, PMWDC
is working with Westport to develop a composites-training
DVD for on-site instruction. Westport says the evening
classes “will provide students with the necessary skills to
land a job at Westport Shipyard.”

As many other builders are finding, there is a growing
need for people skilled in the various fields of marine
manufacturing. And the skill sets are now sufficiently com-
plex and sophisticated that on-the-job training by a shop
supervisor is not always realistic, or even desirable. That's
why a cross-section of the nation’s marine industry gath-
ered last winter in Fort Lauderdale, at the summit called
COMITT (for “conference on marine industry technical
training”), to count, review, and assess individual programs




such as Westport's. Last year Westport hired 278 employees
in production alone, plus more people for other departments.

On 2 less optimistic note, former vice-president and
minority stockholder Larry Nelson filed suit last July seek-
ing to dissolve the company. According to local news-
paper reports, Nelson says he was fired for health-related
reasons. The company’s attorney denies that; rather,
Nelson was let go "because he was unable or unwilling to
row in the same direction as the rest of the management
team.” A superior court judge later dismissed the portion
of Nelson’s lawsuit that sought to dissolve the company,
and let stand Nelson’s claim thar his rights as a shareholder
were violated. The newspaper stated further that Nelson’s
suit is directed primarily at Edson, who owns about 96% of
the company. Attorneys hesitated to guess when the case
might ultimately come to trial.

Westport Shipyard builds 10 boats a year, lists $33 mil-
lion in equity, $14 million in working capital, and minimal
debt. Small wonder it can pay “family wages.”

Short-Range Boat-Moving Rig

SUEA-LIFT

An alternative to operating a Travelift-type marine
hoist in dedicated wells, the Sea-Lift is a self-propelled,
bydraulic lift trailer that marinas and yards are
Sinding makes easy work of launchings and haulouls
at boat ramps. Jts 5-mph speed also facilitates efficient
ground transport between sites, such as virtually adja-
cent yards in Anacorles, Washington. The city of
Clinton, Iowa, recently purchased a 32-ton capacity
Sea-Lift for its 100-slip marina. John Skornia of JGE
Marine, the marina operator, says, “Instead of double-
bandling the boats with our older equipment, we can
baul, transport, and block the boat up in one opera-
tion with our Sea-Lift. Plus, we can store at least 30
percent more boats now.” The railers support boats
on low-pressure air bunks. A larger trailer can bancile
loads to 6O tons. Both the 32- and 60-ton lifts are
powered by Cummins diesels. Sea-Lift, 6059 Guide
Meridian Rd., Bellingham, WA 98226 USA, lel.
800-509-3302, on the Web at wunw.sea-lift.com.
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After 25 years of revolutionizing the industry,
Sea Recovery introduces the first truly
automatic watermaker with exclusive touch
screen technology. Fresh water on demand
is now easier than evet.
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+ One touch, fully automated
operation

+ Does not require operator
attention or pressure
adjustment
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- High pressure pump
requires No maintenance
for 8000 hours
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See us at the Miami International Boat Show at Booth # 862 |

Visit our website to find your local authorized dealer.
VWY, SEErecovery.com
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See how you can make
productive changes to your
boatbuilding business with

Professional BoatBuilder
magazine’s trade event and
conference for the
Pacific Northwest.

ProBoat Events is owned and produced
by Professional BoatBndder magazine.

Register online for free access to the exhibition, demonstrations, and workshops:




ProBoat Events 2006: Education & Exhibition

Washington State Convention & Trade Center » Seattle, WA

March 30-31, 2006

ProBoat Events: Education ProBoat Events: Demonstrations—Free!

Intensive seminar tracks: Closed Molding, Network and System See how new technologies will work for your business. Product-
Integration, Composite Structural Repairs, Designing High-Speed experts will be demonstrating the advantages of their tools and
Hulls, and Optimizing Coatings. materials in the middle of the exhibit hall.

ProBoat Events: Exhibition—Free! ProBoat Events: Workshops—Free!

Source tools and marterijals from premier manufacturers and Train your staff to use the new products and processes you'll see
suppliers.The ProBoat Events exhibit hall will feature thousands of  on display at ProBoat Events. Exhibitors host daily workshops in
technologies, many of which you have never before seen. which they’ll answer yout questions about their new technologies.

Boat builders, designers, repairers,
surveyors, and marina/boatyard
~operators in the Pacific Northwest:

| “Photos courtesy of Dashew Offshore

www.ProBoatEvents.com
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Hargrave

Gets His Due

by Dan Spurr

Unless you're very young or bave
zero interest in yacht design, Jack
Hargrave’s name should ring a bell.
His achievements include: 38 years as
one of America’s preeminent mofor-
yacht designers, 300 designs, more
than 7,000 boats and ships built by 65
yards in 21 countries, and design of
the Hatteras 41—the first large, series-
built fiberglass powerboat. (Are those
hall-of-fame numbers, or what?) The
first "Hat™ was introduced in 1960, and
in the years that followed, the shoot-
ing star over Hatteras also scribed the
arc of Jack Hargrave's caceer. Though
he went on to design many custom
yacls, for a lot of people his legacy is
most visible rthrough the lens of
Hatteras.

A newly published biography will
be a rewarding read for anyone inter-
ested in yacht design, especially
motoryacht design. American Classic:
The Yachts and Ships of Jack Hargrave
was written by Marilyn Mower, former
executive editor of ShowBoats
International magazine, and some-
thing of an expert on the design of
large yachts. She finished whart
Michael Joyce started. Joyce, a yacht
broker, was a great admirer of
Hargrave. He bought the J.B. Hargrave
design office in Palm Beach, Florida,
after Hargrave's death, in 1996. The
book Joyce was working on lan-
guished, and, feeling an urgency o
have it complered before Hargrave's
contemporaries too expired, he turned
the project over to Mower and graphic
designer Darcey McNiff Thompson,
both of whom have done Jack right.

Hargrave was born in 1922 in the
settlement of Lake Gogebic, in Michi-
gan’s Upper Peninsula. He was skilled
as an artist and a musician. As a kid,
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he sold his paintings for a
penny apiece, and as a een
he organized a local orches-
tra, adapting musical pieces
ros the instruments available.

Boats were part of the
Hargrave family life. While
still an adolescent, Jack
helped his father deliver
boats on Lake Superior and
Lake Michigan. When Jack
was 16 his father enrolled
him jn a 10-lesson naviga-
tion cowse offered by Motor Boating
magazine. Soon after, he obtained a
U.S. Coast Guard captain’s license, and
over the next several years found
employment as a professional skipper.

In 1941 he matriculated at St. Olaf
College in Northfjeld, Minnesota,
where he met his future wife, Janet
Hobbett. During World War II he
served in the merchant marine (the
U.S. Navy wouldn’t rake him because
he'd lost an eye in a childhood acci-
dent), after which, on return to the
Great Lakes, he bought his one and
only yacht, a 40’ (12.2m) Lawley
motor cruiser, which he ran as a char-
ter fishing boat out of Duluth. He also
crewed on a number of racing sail-
boats, one year logging 12,000 miles
on the 72/ (22m) staysail schooner Ben
Bow. Eventually, Jack and Janet’s uav-
els took them to Florida, working on a
yacht, Their ficst child, Susan, was
born there in 1949, And there, in West
Palm Beach, they settled.

Still in search of a career, or at least
one that wouldn’t require frequent
travel, Hargrave enrolled in what was
then called the Westlawn School of
Yacht Design, run by founder Gerald
Taylor White. The correspondence
program required a two- to three-year

AMERICAN CLA4gg
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JACK HARG RAVE

Mari ai}f. Mower

commitment, with one assign-

ment not being sent to the student
until the previous one was completed.
Anxious to get on with it, Hargrave
persuaded White to send him the
entire program (paperwork and texis),
which Hargrave completed in just

and perhaps evermore. For his final
xam, he submitted a boat he'd
designed before starting the course,
(That's not a knock on Westlawn;
rather, recognition of Hargrave's self-
determination and keen intelligence.)
For a few years he supported his fam-
ily by selling paintings ($150 each),
building a few boats, and organizing
charters 1o the Bahamas. But his life
still required focus, and that came to
him in 1956 when he went to work for
Rybovich and Sons in West Palm
Beach, an emerging design/build yard
and already an acknowledged pioneer
in the development of the modern
sportfishing boat.

He was assigned to the design
office, appreaticing under Tommy
Rybovich. Within a year, he'd been
noticed by Rybovich customer Charlie
Johnson, a wealthy car dealer and avid
yachtsman. Recognizing Hargrave’s
talent, and believing, as Mower points



out, that the young man was “under-
utilized,” Johnson commissioned
Hargrave to design a large steel
motoryacht. Mower writes, “Although
he had never designed a steel boat,
Hargrave operated on the philosophy
of take the job first and then find out
how to do it.” The result was the 89’
(27m) Seven Seas, very much a
megayacht at the rime, and ably built
by the Burger Boat Company in
Manitowoc, Wisconsin. Another com-
mission from a second Rybovich cus-
tomer for a 70-footer (21m) prompted
Hargrave to Jeave his job at Rybovich
and open his own office in Palm
Beach. The second frontispiece of
Mower's book is an impressive black-
and-white photograph of Seven Seas
running powerfully, her widely flared
bow looming over the camera lens.
The next photo spread shows her
awkward sideways launch, and
another photo shows builder Henry
Burger, owner Charles F. Johnson,
and young Hargrave—hands in pock-
ets, bow tie perfectly horizontal,
standing ramrod-siraight on the dock,
his flattop haircut making him look
like the no-nonsense guy he certainly
was.

Fame and a modest fortune, how-
ever, still awaited. Both arrived at his
studio door in the person of argyle-
sock maker Willis Slane, of High
Point, North Carolina. How Slane
came to build the first large fiberglass

Facing page—The dust jacket of
Marilyn Mower’s recent biography of the
late designer J.B. Hargrave.

Right, top—Seven Seas, a custom
steel motoryacht buiit by Burger Boat
Co. (Manitowoc, Wisconsin) in 1958. At
89' (27m) she was a very big boat for
the era and the design commission that
really launched Hargrave's career, since
he was then a relatively little-known in-
house designer at the Rybovich yard,

in Florida. Right—The 41' (12.5m)
Hatteras Knit Wits, built in 1960, was
the world’s first large production fiber-
glass powerboat. Her cruising interior
became the basis for calling this robust
sportfisherman a “convertible.” The
Hargrave office designed—and
defined—Hatteras Yachts' product line
for more than three decades.

powerboat is a widely told tale, and
probably considerably embellished,
but just in case you missed it: Slane
and some of his buddies—members
of the Hatteras Marlin Club—were sit-
ting around drinking one day when
bad weuther kept them from fishing.
Their skippers were alraid to take the
small wooden boats out. Boating jour-
nalist Pete Smyth told what happened
next. “Slane pounded on the table
and said, 'T'm damned tired of these
chickenshit captains who won’t go
out, telling me their boats won't make
it.” Slane threw a check for $3,000 on
the table and said, ‘Let’s build some
hoats that will go out!” This isn’t quite
the way Mower tells it, discrete as she
is (and no doubt more thorough), but
the truth is probably somewhere
between—or not.

In any event, Slane was inwoduced
to Tony Gibb and George Irvine at
Owens-Corning Fiberglas; early fiber-
glass boart builder Don Mucklow; and
eventually to Jack Hargrave. The
result (with a consultation from Gibbs
& Cox, the naval architecture firm that
wrote the first manual for fiberglass
construction, at the behest of OCF)
was the 41’ (12.5m) sportfisherman
Kizit Wits. Within three years, 93 more
of these boats rolled out of the High
Point plant, each marketed as a “con-
vertible,” a term coined by Slane to
emphasize the yacht's versarility (fish-
ing and cruising). In 1962, the same

hull was used to build the 41 Double
Cabin motoryacht. And the rest, as
they say, is history: 158 Harteras
designs by Hargrave’s office over 36
years, of which 110 models were
built, totaling 6,300 units.

Pesrbaps the longest and most
unusual chapter in the book is ritled
“The Business of Yacht Design.” As
any independent designer knows, it
isn't easy running a business, much
less a profitable one. Hargrave appar-
ently picked up some financial sense
from his industrious mother, who ran
an inn and studied hotel manage-
ment. Mower writes, “The office at
205 % Sixth Streer was a quiet place,
and Hargrave was a2 man of few
words, Hargrave had a private office
and then there was a large room with
several designers and draftsmen, an
area for files and one for making
prinis. From 1964 to 1967 Hargrave
also operated an office in Miami,
which was primarily concerned with
ships and commercial projects.” These
included the patented 14,000-hp
(1,044-kW) catamaran tug coupled to
a 587' (179m) barge, called a CATUG.
His office also did a variety of passen-
ger boats and ferries, including Fort
Lauderdale’s well-known Jungle
Queeen tour boat. In addition, between
1970 and 1983 Hargrave ran a yache
brokerage downstairs from the Palm
Beach office.

This chapter is sewn with snippets
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The forebody lines of three
seminal Hargrave hulls.
Top—The express-style sport-
fisherman TX-41, which set a
longstanding speed record for
her nonstop 1964 run from
Miami to New York. Hargrave's
early work with deep-Vs was
virtually contemporaneous with
Ray Hunt's.

Middle—The semi-planing
shape of a Hatteras 43
convertible, circa 1977.
Bottom—The full-displacement
hullform of a Hatteras 48 Long
Range Cruiser, circa 1977.
Hatteras' Long Range series
attracted a large and loyal
following.

of remembrances from the many peo-
ple who worked for Hargrave over
the years. Prominent among them was
his vice-president, Dudley Dawson,
who is quoted as saying: “Jack was a

Hargrave's 1965 sketch, based on a
50" (15.2m) Hatteras hull, for a pro-
posed coastal patro! boat for the U.S.
Navy in Vietnam. After Hargrave down-
sized the design to 28' (8.5m), Hatteras
built a successful jet-powered prototype
for riverine warfare—but lost the
contract when Hatteras' owner balked
at the government paperwork.
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good listener. At some point during
initial client meetings he'd pull out a
sheet of paper and a number-two
pencil and start sketching. By the end
of the meeting he'd have a profile,
and it was so good you could take a
one-quarter scale and pull a dimen-
sion oOff it. The first few times [ saw
him do this, it stunned me. And of
course it stunned the client! They
would say, ‘Can I have a copy? and
Jack would reach for the design
and say, ‘No, but we can draw you
up & contract.””

The picture of Jack Hargrave that
soon emerges from these pages is of
a rather stiff, scrupulously honest
man, devoted to family, and fair with
his staff. He wouldn't accept funny
money, and if he thought a builder
wasn't doing something right, he said
so directly. If not always loved, he
seems to have been universally
respected.

The back of the book contains pro-
files and arrangement plans of 75

yachts designed Dby
Hargrave, from the Prairie
29 (8.8m) production
cruiser to the 184’ (56m)
Katamarino, which repre-
sented a “design depar-
ture,” Mower says, in the
“half-deck separation of
the forward and aft por-
tions of the decks.” This
part of the book is pre-
ceded by designs that
were never built, includ-
ing several sailboats.
Mower says that one of
Hargrave’s regrets was
never having a sailboat
built. Indeed, many family
vacations were spent
charter-sailing in the West
Indies. The sketches of
unbuilt motoryachts sug-
gest where Hargrave's
thinking might have taken
him had he lived Jonger,
and they are anything but
stodgy. Mower writes,
“Hargrave modernized his
motoryacht designs in a
style that was the polar
opposite of lalian fash-
ion.” (You'll have to buy
the book to see for
yourself.)

Mower, Thompson, and Joyce have
done an excellent and tasteful job
telling the story of Hargrave’s life, in
a manner he would have approved—
respectfully and fairly. He might not
have welcomed a show of affection,
and Mower knows it, but she has
given us more than a hint of that, 10o.

American Classic: The Yachts and
Ships of Jack Hargrave, by Marilyn
Motwer. 224 pages, 334 photos and
illustrations, 735 yacht design profiles.
$79.95. Nautical Media Group, 1887
West State Road 84. Fort Lauderdale,
FI 33315 USA, tel. 954-463-0555, fax
954-463-8621, on the Web al
www jackhargrave.com.

For his own retrospective of Jack
Hargrave’s work, see Dudley Daw-
son’s article in Professional Bodat-
Builder No. 43, page 36.

About the Autbor: Dan Spuir is
Professional BoatBuilder’s editor-at-
large.
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More on the

Fundamentals
of Steering
Systems

In this second of three parts, we
present formulas for calculating
water pressure on the rudder, and
then for specifying appropriate
rudderstocks and rudder bearings.

Text, photos, and drawings
by Dave Gerr

(except where noted)

Note: In Part 1, which appeared in
Professional BoatBuilder No. 98, the
author covered balance, size, aspect
ratio, and shape of powerboat and
sailboat rudders—Ed.

Above—The rudder on this Sparkman &
Stephens—designed 1975 Tartan 44 is
hung on a full skeg. Its solid stainiess
steel rudderstock is secured by a
bearing and a bronze gudgeon located
near the base of the rudder.
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Rudderstock and Bearing
Calculations and
Construction

To calculate the required rudder-
stock diameter:;

1. Find the water pressure on the rud-
der blade at 35° (maximum rudder
angle).

Pressure, Ibs = C x [%p]\/? XA

Where:

Cy, = coefficient of lift for the rudder-
blade section shape at the angle being
investigated

p = mass density of water, 1.987 slugs
or 1,025 kg/m3

A = rudder area, sq [t or m2

V = speed, ft/sec or m/sec

Now, as we've seen in Part 1, the
coefficient of lift isn't accurately known
for most real-world rudders, and since
we're interested in the maximum pres-
sure—which occurs at maximum helm
angle (almost always 35°, or at a lower
angle, determined by when the rudder
stalls)—and since the mass density of
water is constant, then the formula
above can be simplified to:

Standard Rudder
Pressure Formula

Pressure, Ibs =

CL x (Pf x Speed, ft/sec)? x Area, sg ft

Knots x 1.69 = ft/sec
or
Pressure, kg =

CL x (Pf x Speed, ft/sec)? x Area, m2 x
52.55

Knots x 0.514 = m/sec

Where:

C|, = coefficient of lift, use 0.5

Pf = Propeller factor: 1.0 for sailboarts
or boats where the propeller is more
than 2.5 times propeller diameter for-
ward of the rudder: 1.2 for all other
boats.

[f we bhad a 28-knot twin-screw
planing boat with two 5.28-s5q-ft
(0.49m?) rudders, the force on each
rudder at 35° would be:

28 knots x 1.89 = 47.32 ft/sec

Pressure = 0.5 x (1.2 x 47.32 ft/seo)2 X
5.28sqft =8,512 Ibs

or
28 knots x 0.514 = 14.39m/sec



Pressure = 0.5 x (1.2 x 14.39m/sec)? x
0.49m2 x 52.55 = 3,839 kg

Note: Because pressure is a force, it
is more properly indicated by the
symbol “kgf” for kilograms of force;
however, the “f” is understood in this
application.

2. Locale the center of water pressure
on the rudder. Refer to the drawing
1o locate the geomeltric center of area
either by means of your CAD pro-
gram or by balancing a cardboard or
stiff paper cutout of the rudder
blade. You can see in Figure 1 how
this is worked out.

A horizontal line, parallel to the
datury waterline, is drawn across the
rudder through the geometric center
point. This line is the effective mean
chord. Measure 35% of mean chord
leugth aft of the rudder’s leading
edge, on this mean chord line, to
find the center of pressure. Use 40%
aft on wedge-section or parabolic-
secrion ruclders. (See Part 1 of this
series for help estimyating the location
of the center of pressure at rudder
angles other than 35°.)

3. Find the twisting arm. Draw a line
at right angles to the rudderstock
centerline through the center of pres-
sure on the rudder blade. Measure the
distance along this line, from the center
of pressure on the rudder blade to the
center of the rudderstock—thar is,
the rudderstock axis.

4. Find the bending arm. Refer 10
Figure 1. The distance from the cen-
ter of pressure up to the middle of
the lower rudder bearing in the hull,
measured along the length of the rud-
derstock, is the bending arm. (If the
rudder blade has a bearing at top and
bottom, the bending arm is zero; see
page 38.)

5. Find the twisting moment (TM) and
the bending moment (BM).

TM = rudder pressure x twisting arm
BM = rudder pressure x bending arm

If the twisting arm for our example
rudder is 3.64"(92mm) and the bend-
ing arm is 23.8"(605mm), then:

™™ = 8,512 lbs x 3.64" = 30,984 in-lbs
BM = 8,512 Ibs x 23.8" = 202,585 in-lbs

Figure 1. Powerboat Spade Rudder

L .
|
/\ Rudderstock
|
i R1=6,798 Ib
_ ! (3,063 kg, 30,037 N)~ = | [l
Rudderport with
lower bearing Upper rudder |
bearing [
o E
RE
Cutaway top to i e
o )
clear hull bottom Cutaway to
clear hull
bottom
[
Mean chord . R2=-153101b |y
length @ . (6,902 kg, 67,685 N) z o~
m £ 11 e} =
o o~ ~
Geometric 20.45 n & !II Ng
center (520mm) <38 W o8
5.285q ft ~ Rudder 1| I
pressure
(049m?) —~ | P=85121b— = !—L
Center (3,839 kg, 37,647 N) ifil
pressure 35% Mean chord gy
@ 35% helm 716" (182mm) !‘!
TA = 3.64" it
(92mm) :

or

TM = 3,839 kg x 0.092m = 353 kgm
BM = 3,839 kg x 0.605m = 2,322 kgm

6. Find the combined twisting and

bending momeni—combined moment
(CM).

CM = BM +J BM2 + TM?2

In our case:

CM = 202,585 in-lbs +

1 (202,585 inlos)? + (30,984 in-lbs)?
= 407,525 in-lbs

or

CM = 2,322 kgm +

{2,322 kgm)? + (353 kgm)?

= 4,671 kgm

Note: Though the calculation for CM
should be done as above, the result
will be consistently close o twice BM.
Use this as a check on your calcula-
tion. If the number is significantly dif-
ferent than 2 x BM, then reexamine
your work. In this case, 2 x 202,585
in-lhs = 405,170 in-lbs; or 2 x 2,322
kgm = 4,644 kgm, which is nearly
identical to our calculated CM.

7. Find the diameter of a solid rudder-
stock.

L 16 x Moment
Dia, inches = 3 [—5w———
| 7 (UTS/sp)

Where:

Moment = combined bending and
twisting moment, in-lbs, for spade
rudders

UTS = ultimate tensile strength of the
material, in psi or MPa (N/mm?).

SF = safety factor; use the boxed table
on the next page.

On metal spade rudders, there must
be no welds from 1 shaft diameter
below the top of the rudder blade up
to 1 shaft diameter above the top of
the lower rudder bearing. If welds are
closer than this, then use the “As
Welded” strength from the table on
the following page.

In spade-rudder configuration the
bending moment will be vastly greater
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Safety Factors
Powerboat spade rudders

Racing-powerboat and patrol-boat spade rudders
Power- and sailboat rudders, bearings above and below rudder blade 4.00

Sailboat spade rudders

SF
3.34
4,00

6.00

Strengths and Densities of Standard Rudderstock Materials

Ultimate As Welded
Tensile Strength Tensile Strength Density
Material psi MPa* psi MPa* lbs/cuft g/em?
Aluminum 5000 series 34,000 234 16,000 110 168 2.69
Aluminum 6082 46,000 327 20,000 138 168 2.69
Silicon bronze 60,000 413 27,000 188 500 8.00
Stainless steel (316L)* 85,000 586 36,000 248 505 8.09
Carbon composite? 120,000 827 NA NA 98 1.57
Aqualoy 22 HS3 130,000 986 60,000 414 508 8.14

*MPa = N/mm? (megapascals = newtons per millimeter squared)

Notes:

Luse only 316L (L for low carbon) stainless to avoid pitting corrosion and weld decay problems.

2 Carbon composite requires expensive custom fabrication. Confirm mechanical properties and

engineering details with the manufacturer.

3 Aqualoy 22 HS is a chrome-molly alioy stainless from Western Branch Metals (Portsmouth, Virginia).
Aquamet 22 from Marine Machining (Clinton Township, Michigan) is similar. Confirm alloy strength

in the diameter specified.

than the twisting moment; therefore,
we use the “Ultimate Tensile Strength”
of the material from the table.

That's a fairly large rudder for this
speed. We want to keep stock diame-
ter down, to reduce drag. Thus, we'll
go with a very high-strength, chrome-
molly stainless: Aqualoy 22 HS.

Dia, inches =

316 x 407,525 inibs
7I[130,000 psi]
3.34 SF

= 3.76", use 334" Agqualoy 22 HS

or

Metric structural calculations should
be done in newtons, not kilograms.
To convert kgm to Nm (kilogram
meters to newton meters), multiply

kgm by 9.8066.
So,
4,761 kgm x 9.8066 = 46,693 Nm

Dia, mm =

3\/16 X 46,699 Nm x 1,000mm/m

e

= 93.05mm, use 100mm Aqualoy 22 HS

Note that Nm has 1o be multiplied by
1,000 to get Nmm so all the units are
the same—in this case, “mm.”
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8. Find the weight per lineal foot of the
selected stock.

Dia, in/\?
Section Area, sq ft = %

or

n(Dia, mm/2)2

2 =
100

Section Area, cm

Thus:

2(37572)
144
=0.076 sq ft

Section Area =

0.076 sq ft x 508 Ibs/cu ft
= 38.6 Ib/lineal ft

If this stock were 627 (6.16") long, it
would weigh 238 Ibs—minus a birt for
any rapering.

or

Section Area, cm? =
100mm /,\?
{ /2)
100
78.54cm2 x 8.14 g/cm3 = 639.3 g/lineal cm

= 78.54cm?

If this stock were 1.87m long, it
would weigh:
1.87m x 100cm/m x 639.3 g/lineal cm +
1,000 g/kg = 119.5 kg

9. Optional: Find the section modulus

of the requiired solid stock.

n(Dia)?
=75

Where:

Z = section modulus, inches’ or cm3
Dia = rudderstock diameter, inches or
cm

So:

w(376")P® _
7="7 =5.22 nches

or

93.05mm dia = 2.305¢m dia

_ n(9.305cm)3

Z= 35 =79.1cm?

10. Optional: Select a bollow pipe or
tube section willh the equivalent sec-
tion moduiliis.

The pipe must be a minimum of
Schedule 80, or heavier wall.

Referring to a standard U.S. IPS pipe
and tube-stock table, a 4.5-0OD tube
with a %” wall has a section modulus
of 5.67 inches3. This weighs 22.16
Ibs/lineal ft.

or

Referring to a standard heavy-wall
DIN-2448 pipe table, a 114.3mm-OD
pipe with an 11mm wall has a section
modulus of 84.2cm3. This weighs 28
kg/lineal meter (see below).

The section modulus of a hollow,
round section can be found from the
following;:

2=( (%" )

For the metric DIN pipe, we get:
114.3mm OD - (2 x 11mm wall) =
92.3mm ID

2o{ ] [shsepgpgs et

= 84.2cm3

The Jarger diameter would create
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more drag. Further, the Aqualoy 22
HS alloy isn’t available for this size
tube, so we'd have to redo the calcu-
lation above for 316L stainless, and
find the pipe or tube size for appro-
priate sectjon modulus for that alloy.

Saving Weight in Sailboat
Rudderstocks

If the rudder is fitted to a strong
skeg or to the back of a traditional
long keel, with bearings above and
below the rudder blade, then sailboat
rudderstocks aren’t too large and
heavy. On many modern fin-keel
boats, however, balanced spade rud-
ders can be both large and high
aspect. A solid stainless, bronze, or
even Aqualoy stock might well weigh
more than 500 Ibs (225 kg) on a larger
boat. Such weight in the ends of the
vessel is detrimental to performance,
because it increases pitching.

In such instances, it makes good
sense to go to heavy-wall stainless or
bronze pipe or tube. Even though the
rudder blade must be thicker to
accommodate the greater diameter
stock, the weight savings is well worth
it. The more expensive alternative is a
custom-fabricated carbon/epoxy com-
posite stock. Another excellent option
is 2 solid aluminum rudderstock of
6082 alloy. Certain companies (such as
Jefa Marine of Greve, Denmark) spe-
cialize in custom fabricating and
machining solid aluminum rudder-
stocks of 6082. These can be
machined to any diameter desired,
and tapered as well. Weight can be
close to that of carbon composite.

It is also worth considering whether
such a high aspect rudder really pays.
The difference in performance
between a rudder with an aspect ratio
of 3 and 5 (of roughly equal area) isn't
all that great. Lower aspect ratio will
reduce the bending arm, thus the
bending moment, and also reduce
the required stock diameter as well
as stock length—and thus reduce
weight.

Checking Rudderstock
Strength Going Astern

Because forward speed is so much
higher than astern speed—for most
conventional boats—simply checking
the rudderstock strength in the ahead
condition is generally adequate. Some
craft, however, may have rudder con-
figurations that create greater loads
when going astern. The reason for
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that is, when making sternway, the
center of pressure is about 20% of
mean chord forward of the trailing
edge (which, going backward,
becomes the leading edge). This, in
turn, significantly increases the length
of the rwisting arm, and so the twist-
ing moment.

For displacement boats, use 70% of
maximum ahead speed as speed for
sternway calculations.

For planing hulls:
Sternway, kts =
(max fwd speed, kts +20) + 3

If you're in doubt about the rudder-
stock strength going astern, repeat all
the above rudderstock calculations,
using the sternway speed, and locate
the center of pressure 20% of the mean
chord forward of the trailing edge.

Rudderstocks With
Bearings Above and
Below the Rudder Blade

A rudder thac is supported with
bearings above and below the rudder
is in nearly pure torsion with minimal
bending. What bending exists is the
result of the side force of the water,
which is assumed to be distributed
roughly evenly along the height of
the rudder. This could be calculated
as a “combined rwisting and bending”
condition similar to the above, but
because the bending moment is such
a small portion of the total load, it can
be taken care of simply by employing
a slightly larger safety factor of 4,
rather than 3.34. You could then
apply the formula above for com-
bined twisting and bending, with a
zero entered for bending arm, though
it's more straightforward to define
torque alone as simply:

TM = rudder pressure x twisting arm
Along with a safety factor of 4 as in the
table on the previous page.

[n the combined twisting and bending
of the spade rudder, bending domi-
nated, so we used ultimate tensile
strength. In the current case, however,
torsion dominates. Accordingly, you
need to use ultimate shear strength
(USS), which can be taken as 60% of
uUTs.

If we assume for a moment that the
rudder above was supported by a

lower rudder bearing on a strong
skeg, then we would find the required
stock diameter as follows:

T™ = 8,512 Ibs x 3.64” = 30,984 in-ibs
or
T™ = 3,839 kg x 0.092m = 353 kgm

Since the resulting stock will be con-
siderably smaller in this configuration,
we'll go with the more standard 316L
SS, which has a UTS of 85,000 psi
(586 MPa). Shear strength would then
be:

85,000 psi UTS x 0.60 = 51,000 psi USS

or
586 MPa UTS x 0.60 = 352 MPa USS

Dia, inches = 3 16 x 30,984 in-lb;
n[ 51,000 psi]
4 SF

=2.31", use 2%" or 2'4" 3161 stainless steel

or

353 kgm x 9.8066 = 3,462 Nm

Dia, mm = §/ 16 x 3,462 Nm X 1,0200mm/m
352 N/mm?
”[ 4SF ]

= 58.5mm, use 60mm 316L stainless steel

(Nm has to be multiplied by 1,000 to
get Nmm.)

Silicon bronze would be superior for
any boat that isn’t aluminum or steel.
The silicon bronze would not have
stainless steel's susceptibility to pitting
corrosion. Applying 60,000 psi (413
MPa) UTS for bronze, the USS is
36,000 psi (248 MPa). Entering this in
the formula above would give a
required diameter of 2.59” (65.7mny);
use 2%”(70mm) silicon bronze.

Rudder-Bearing Loads for
Spade Rudders

All rudders must have at least two
bearings—an upper and a lower bear-
ing (Figure 2). We'll next take a look
at bearings for rudders that have bear-
ings below the bottom of the rudder
blade. Here, we'll examine the loads
on the upper and lower bearings of a
spade rudder. For such rudders, the
lower hearing is just inside the hull
bottom, while the upper bearing is
well above this, in the hull. Within
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practical limits, the higher the upper
bearing can be in the hull the berer,
as this reduces the loads.

Find loads (reaction forces) on rudder
becarings:

Upper rudder bearing: R1 =P—f

Lower rudder bearing:
R2 = - PE‘ (L+a)

Where:

P = water pressure on rudder blade,
in pounds or kilograms

L = distance from upper to lower
bearing, in inches or meters
a = distance from center
pressure to lower bearing,
meters

R1 = reaction force on upper rudder
bearing, Ibs or kg

R2 = reaction force on lower rudder
bearing, Ibs or kg

Note: R2 is negative because it oper-
ates in the opposite direction of R1.

of water
inches or
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R1 plus R2 must cancel out to equal —P.

For our example spade rudder
(Figure 1), we've already found that
rudder pressure is 8,512 lbs (3,839
kg). Referring to the drawing, we see
that a = 23.8” (604mm), and L = 29.8"
(757mm). Then:

Ry =.8.512 105 x 23.8"

So g~ =6.798Ibs

_85121bs

R2 =
29.8”

(22.8" + 23.8")=-15,310 lbs

Note: —15,310 Ibs + 6,789 bs = -8,521
Ibs. The net reaction in the bearings
equals the load (rudder pressure)
applied in the opposite direction.

or

R 3839 kg x 0.604m

= k
0.757Tm 3,063 ke

R1 = 3,063 kg x 9.8066 = 30,037 N
R2 =283 6 757m + 0.604m)

0.757m
=-6,902 kg

Find bearings that have enough area to fall below the allowable stress:

Material
Lignum vitae

Babbitt bearing metal (oil lubricated)

Plastic bearing (UHMWPE)

Roller bearings (alum. or stainless)

Roller bearings (plastic)

Allowable Bearing Stress
psi MPa*
360 2.48
650 4.48
800 5.51
800 5.51
350 2.41

*MPa = N/mm2 (megapascals = newtons per millimeter squared)

R2 =~ 6,902 kg x 9.8066 = 67,685 N

Note: -6,902 kg + 3,063 kg = 3,839
kg. The net reaction in the bearings
equals the load (the rudder pressure)
applied in the opposite direction.

Lignum vilae is a very hard, censce,
oily wood, traditionally used for bear-
ings in marine applications (incjuding
propeller-shaft bearings). Though
practical, lignum vitae is largely
obsolete tocday. Babbitt bearing meral
(or white bearing metal) should be oil

lubricated and has been largely
abandoned for rudder-bearing appli-
cations. Of the hard, tough. slippery
(low coefficient of friction) plastics,
ultrahigh-molecular-weight polyethyl-
ene, or UHMWPE, is probably best for
nonroller rudder bearings. Not only is
it very strong and resistant to atrack
by chemicals, it has virtually zero
water absorption, and so cdoesn’t
expand after immersion, which would
squeeze or bind the shaft.

Bearing area is shaft diameter times
bearing height.

For AlllRaritan Products: 24 Hour Technical Support Available On Our Website
1SO'9001:2000
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Maximum hearing height (Iength) is
1.75 times shaft cliameter.

Minimum bearing height (Jength) is
1.0 times shaft diameter.

For the lower bearing (of UHMWPE)
we find;
15,310 Ibs + 800 psi = 19.14 sq in
required.
19.14 sqin = 3.75" shaft dia = 5.1 " high
Max. bearing height is 1.75 x 3,75 dia=
6.562"
Min. bearing height is 1.0 x 3.75" dia =
3.75"

Accordingly, a 5.1" high bearing will
do. but a bit more will reduce bearing
stress; go with 6" high.

For the upper bearing (of UHMWPE)
we find:
8,789 Ibs + 800 psi = 8.50 sq in required.
8.50 sq in + 3.75" shaft dia = 2.27 " high
Max. bearing height is 1.75 x 3.75" dia =
6.562"
Min. bearing height is 1.0 x 3.75" dia =
3.75"

Accordingly, a 3.75”high bearing will clo.

or
For the lower beuring (of UHMWPE)
we find:
67,685 N + 5.51 N/mm?2 = 12,284mm?2
required.
12,284mm2 + 100mm shaft dia =
122.8mm high
Max. bearing height is 1.75 x 100mm dia
=175mm
Min. bearing height is 1.0 x 100mm dia =
100mm

Accordingly, a 122.8mm high bearing
will do. but a bit more wiltl reduce
hearing stress; specify 150mm high.

For the upper bearing (of UHMWPE)
we find:
30,037 N + N/mm?2 = 5,451mm?2
required.
5,451mm?2 + 100mm shaft dia =
54.5mm high
Max. bearing height is 1.75 x 100mm dia
=175mm
Min. bearing height is 1.0 x 200mm dia =
100rmm

Accordingly, a 100mm-high bearing

will do.

If the rudderstock has been tapered

down at the upper bearing, then the
upper rudder bearing will lnve to be
caleulated, using the smaller (tapered
down) diameter.

The structure supporting the upper
rudder bearing must be able to with-
stand the 6,798 lbs (3,063 kg) side
load, with a safety factor of 4. Simi-
larly, the lower rudder bearing struc-
ture must withstand 13,310 1bs (6,902
kg), with a safety factor of 4. Built
into the keel structure, for the lower
rudder bearing, this isn’'t usually diffi-
cult 10 achieve, but keep the large
loads in mind.

Rudder-Bearing Clearance

Because the rudderstock must be
free to turn in the bearings, the bore
(inside diameter, or ID) of the bearing
must be slightly larger than the OD of
the shaft. The stock is almost always
of standard, off-the-shelf diameter rod
or pipe. Normally, you can’t specify
its diameter tolerances beyond what's
commercially supplied. The bearing
ID is thus specified to give proper
clearance.

The difference between the shaft
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OD and the bearing ID is called
allowance. The amount that the
machinist can deviate from the speci-
fied ID with the allowance is the
tolerance.

For low-speed (low-RPM) heavy
equipment (such as rudder bearings):

Allowance = 0.0025 x {dia, inches)0-67
Tolerance = 0.0025 x (dia, inches)0-34

or
Allowance = 0.0073 x (dia, mm)0-67
Tolerance = 0.0211 x (dia, mm)0-34

Where:

dia = shaft diameter

Thus, for our 3.75” shaft, we'd call for
a bearing ID of:

Allowance = 0.0025 x (3.75" dia)087 =
0.006"
Tolerance = 0.0025 x (3.75" dia)0-34 =
0.003"

or
Allowance = 0.0073 x (100mm dia)°-67 =
0.159mm
Tolerance = 0.0211 x (100mm dia)0-34 =
0.102mm

So:
Bearing ID = 3.756", +0.003", -0.000"
(meaning the (D can’t be smaller than
3.756" or larger than 3.759")

or

Bearing ID = 100.159mm, +0.101mm,
-0.00mm (meaning the ID can't be
smaller than 100.159mm or larger than
100.26mm)

UHMWPE-Bearing
Wall Thickness

Minimum bearing wall thickness
(for UHMWPE) should be 0.15 times
nominal shaft diameter. Somewhat
greater thickness is fine, to fit prop-
erly inside the bearing housing wall.

For our 3.75"(100mm) shaft, the mini-
mum wall would thus be 0.5625”
(15mn). Or the minimum bearing OD
would be:

2x0.5625"+ 3.75"=4.875"0D

or
2 x 15mm + 100mm = 130mm OD

The inside wall of the lower portion

of the rudderport (which houses the
bearing) should be machined to
4.8757 (130mm) ID, or somewhat
larger inside diameter, as convenijent.

The UHMWPE Dbearing is slid down
into the rudderport. So it needs to be
a close sliding fit. Use:

Allowance = 0.0014 x (dia, inches)%-67

Tolerance = 0.0013 x (dia, inches)0-34
or

Allowance = 0.0041 x (dia, mm)°-67

Tolerance = 0.0101 x (dia, mm)0-34

Where:
dia = bearing outside diameter

If we'd selected 5”7 (130mm) ID for
the lower rudderport tube, then the
bearing ID would be:

Allowance = 0.0014 x (5.00" dia)?.67 =
0.004"
Toterance = 0.0013 x (5.00" dia)0-34 =
0.002"

or
Allowance = 0.0041 x (130mm dia)%-67 =
0.107mm
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Tolerance = 0.0101 x (130mm dia)0-34 =
0.053mm

So:

Bearing OD = 5.000", +0.000", -0.002"
Rudderport Tube 1D = 5.004 ", +0.002",
-0.000"

or
Bearing OD = 130.000mm, +0.000mm,
-0.053mm
Rudderport Tube 1D = 13C.207mm,
+0.053mm, —0.000mm

The opening at the bottom of the rud-
derport should never make contact
with the shafi, so this opening needs
to be larger than the bearing diameler.
Use twice the shaft allowance for the
bearing [D, or a bit more. Thus—
again, for our 3.75%7100mm shaft—the
ID of the opening in the rudderport
(below the bearing) should be:

0.006"x2=0.012" and 0.012“ +
3.75"=3.762"

or
0.159mm x 2 = 0.318mm, and 0.318mm
+ 100mm = 100.318mm

Rudderport Tube

Wall Thickness

Aluminum = 0.13 x shaft dia, min.

Nol less than %”(6.5mm)

Steel, Stainless, Bronze = 0.08 x shaft
chia, min.

Not less than ¥s” (4.7mm)

If we were building this rudderport
into an aluminum boar, the rudder-
port would be of aluminum pipe or
wbe. Minimum diameter would be:

Wall min. = 0.13" x 3.75" dia shaft =
0.4875"

or
Wall min. = 0.13 x 100mm dia shaft =
13mm

We selected a 5”7 (130mm) OD rudder
bearing, so the OD of the rudderport
tube would be:

0.4875"wall x 2 =0.975" + 5.00"
bearing = 5.975" OD; use 6.00" OD, or
slightly greater as convenient for the
lower rudderport tube

or
13mm wall X 2 = 26mm + 130mm

bearing = 156mm OD; use 160mm OD,
or slightly greater as convenient for the
lower rudderport tube

Rudderport Packing Gland

The lower rudderport tube is
fastened (o the hull and houses the
rudder bearing, the packing gland
that makes the rudderport watertight,
and the upper rudderport compres-
sion tube, which squeezes down on
the packing to make it watertight.

Traditional packing for the gland is
made of standard flax packing. A bet-
ter choice is Teflon-impregnated flax
packing, which has lower friction and
longer life. (Never use graphite-
impregnated packing; the graphite
will cause corrosion.)

The packing diameter should be
approximately equal to the bearing
wall thickness. The height of the
uncompressed packing should be
approximately 60% of shaft/stock
diameter.

The rudderport compression tube
should be machined to have the same
OD as the bearing below, and an ID
with 50% greater allowance than the

—>
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bearing. Our bearing allowance is
0.006” (0.159mm).

0.006"x 1.5 = 0.009", so:
Compression tube ID = 3.75" + 0.009" =
3.759"1D, +0.003", -0.000"

or
0.159mm x 1.5 = 0.318mm, so:
Compression tube ID = 100mm +
0.318mm = 100.318mm (D, +0.101mm,
-0.000mm

Compressing the Rudderport
Compression Tube

On off-the-shelf machined bronze
and stainless rudderports, the com-
pression to squeeze the compression
tube down on the packing is usually
generated by a screw-down nut,
threaded onto the top of the lower
rudderport tube.

On metal hulls, the entire rudder-
port is usually buill into the hull, and
the rudderport compression tube is
rightened down with four bolts
through flanges on the compression
tube and lower ruddes-bearing port
tube. The bolts should be of 316
stainless. Diameter should be 0.13

times rudderstock
diameter, or larger, but
never less than .
(4. 7mm).

The flange thickness is:
Aluminum: 0.18 x shaft
diameter, or more
Not less than %" (6.3mm)
Steel: 10.12 x shaft diam-
eter, or more
Not less than %s*
(4.7mm)

Roller Bearings
Not long ago, Delrin
and other hydroscopic
plastics thar expand
and degrade when
itnmersed in water

LFigure 3.

were routinely speci-

fied for rudder bearings. But, since its
advent, I've found UHMWPE has few
problems and gives good service if
installed as described above. The uli-
mate in rudder bearings, though,
would be stajnless or aluminum roller
bearings. Such ridder bearings have
closer clearances for less “chatter” in

the bearing and less “backlash.” They
also have the lowest friction for even
better helm feel (Figure 3).

Initial dimensions for the bearing
height can be estimated by applying
the allowable bearing loads for roller
bearings, above. Note, however, that
manufacturers provide tables giving
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Figure 4. Section Through Self-Aligning Rudder Bearing

JEFA RUDDER SYSTEMS

the design loads for their specific
bearings in different sizes and
consbructions.

Another advantage of manufactured
roller beuarings is that they are avail-
able in self-aligning configurations.
This means the bearing is free to
rotate slightly to align with any bend
in the rudderstock, and thereby pre-
vent binding, uneven weuar, and
excess friction. For performance sail-
boats with high-aspect spade rudders,
self-aligning roller bearings (Figure 4)
are strongly recommiended.

Premanufactured roller bearings are
available with or without builc-in
bearing seals, and in configurations
suitable for installations in wood,
fiberglass, aluminum, or steel hulls.

Rudder Bearing Loads—
Rudder Bearings Top and
Bottom of Rudder

All of the preceding applies to
spade rudders, with no bearing at the
bottom of the rudder blade. On many
single-screw boats (and some twin-
screw vessels), the rudder is sup-
ported with a bearing in the hull just
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above the rudder blade, and with a
lower bearing at the bottom of the
rudder fastened to the keel or rudder
skeg. In this case, the rudderstock
experiences only modest bending
loads; however, the stock and the
bearing must resist the total side pres-
sure of the water.

If we assume that our 3.28-sq-ft
(0.49m?2) rudder is on a single-screw
28-knot boat, then the force on the
one rudder would bhe the same as
we've already found: 8,512 Ibs (3,839
kg, 37,647 N). Each bearing takes half
this load, or 4,256 Ibs (18,823 N).

You'd find the required bearing size
(for allowable bearing stress) as
above. But, it makes sense to iurn
down the lower end of the rudder-
stock to fit into a smaller, more
streamlined bearing/skeg below, as
that portion of the stock is taking only
the shear resulting from the side load;
it’s not also transmitring rhe forque
from the steering gear.

You are then forming a pintle for
the lower rudder bearing. Generally,
this should be approximately 44% of
overall shaft diameter, though you

Ultimate Shear Strength (USS)

Material psi MPa*
Aluminum 5000 series 20,400 140
Aluminum 6082 27,600 190
Silicon bronze 36,000 248
Stainless steel (316L) 51,000 352

Carbon composite

Not recommended in this application

Aqualoy 22 HS

78,000 538

*MPa = N/mm? (megapascals = newtons per millimeter squared)

need to check that it has adequate
shear area to take the side load.
Employ a large safety factor of 5 to
allow for the stress concentrations of
abrupt changes in shape between
the main rudderstock and the lower
pintle.

Now, for this rudder, with bearings
top and bottom, the stock diamerer
will be consiclerably smaller, with no
bending load. Working through the
formulas above (and using 316L stain-
less instead of Aqualoy 22 HS), we
find the stock diameter required is 2%

or 2%" (60mm or 64mm) 316L SS.
We'll go with 2" since it's more
readily available and has a larger
safety factor. For the metric shaft, we
find 60mm.

25"diax0.44=1.1" tryl"dia

or

60mm dia x 0.44 = 26.4mm, try 25mm

Check shear stress (single shear):

Area =1 (1.0"+ 2)2=0.78 sq in
4,256 Ibs + 0.78 sq in = 5,456 psi
51,000 psi + 5,456 psi = SF 9.3, which
is well over 5 SF, and thus acceptable
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or
Area = m (25mm + 2)2 = 491mm?2
18,823 N + 491mm?2 = 38.3 N/mm?2
352 N/mm2 = 38.3 N/mm2 = SF 9.2,
which is well over 5 SF, and thus
acceptable

Gudgeon and Pintle
Proportions

If this were a traditional rudder
hung on gudgeons and pintles instead
of bound to a stock, then the load
would be divided by the number of
gudgeons and pintles. The pintle
diameter can be as small as practical—
so long as the safety facror, SF, in
shear is greater than 5. Divide the
side load by the number of pintles
and gudgeons to gert the load on
each.

Pintle length in the gudgeon or
bearing should be at least 1.2 times
pintde diamecer.

The pintle can Dbe tapered at a ratio
of approximately 1 to 6 from maxi-
mum diameter at the rop, to minimum
diameter at the botton.

The height of the gudgeon housing
the pintle must be at least 1.2 times

pintle diameter.

The gudgeon wall thickness is 1o
be 0.5 times the pintle diameter, or
more.

Fastening of the gudgeons into the
hull or transom must take the side
load from the pintles with a safety
factor of 5. Check:

* fasteners in shear

e fasteners in tension

o fasteners in bearing in the hull/
fransom

Axial Bearing Loads and
Shaft Collars

Rudders have weight that pulls
them down out of the boat. This axial
Joad must be resisted with a shaft col-
lar insice the boat at one of the bear-
ings, or by an axial bearing at the
lower rudder bearing (Figure 5).

Where the lower rudder bearing is
necked down to form a pintle, us
described above, the shoulder that is
formed works well as an axial-load
bearing. A UHMWPE disk bushing/bear-
ing can be placed under the main
rudderstock here to take the axial load.

A spade rudder can also be struck
from below and knocked upwards,
damaging the steering gear. To pre-
vent this, another shaft collar below
one of the bearings should be
installed.

On performance sailboats. roller-
bearing shaft collars can be built into
the upper or lower rudder bearing.
These are sometimes termed “thrust
bearings.” Such roller-bearing shaft
collars give the smoothest helm feel
and fingertip control.

Fore-and-Aft Rudderstock
Angle and Boat Trim

An often overlooked aspect of
rudder installation is the rudderstock
angle. The stock can be dead verti-
cal or angled either forward or aft,
as viewed from the side. Keep the
following in mind:

e A rudderstock raked aft depresses
the bow when the rudder is put
over.

¢ A rudderstock raked forward
depresses the stern when the rudder
is put over.
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On contemporary sailboats, it's not
unusual to have moderate aft rake to
make the spade rudder more nearly
perpendicular to the swept-up hull
bottom aft. A moderate amount of aft
rake is acceptable, but you should
avoid raking rudders aft more than 9°
to vertical, or forward more than 12°.
In fact, there's usually no reason for
forward rake, except for trunsom-
hung rudders. Traditional Jong-keeled
sailboats often have forward rake well
over 12°, but this is not best practice;
and there’s no reason for such rake
on a modern bout.

For powerboats, rudders should
always be vertcal or nearly so.

Transverse
Rudderstock Angle

On sailboats with twin rudders aft
(such as the Open 60 class), it's nor-
mal to have the stocks at roughly
right angles to the hull underbody.
This splays the rudders out at an
angle o the centerline (i.e., to verti-
cal). On a wide-sterned sailboat when
heeled, this is a good thing. The lee
rudder will be deeply immersed and

Figure 5.

Shaft Collars of
Assorted Sizes

closer to vertical when heeled, thus
more effective on the wide under-
body aft. Such hullforms roll a single
centerline rudder out of the water to a
large degree when well heeled.

On planing powerboats, twin
rudders must always be dead vertical

athwartships, though it can look right
on the drawing to have rhe two
rudders project out from the hull
underbody (behind the propellers) at
right angles to the hull shell. On a
deep-V boat this would mean an
athwartship rudder angle of 21° or so
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Figure 6.
Planing-Boat
Rudder and
Propeller
Configuration [ —
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to the vertical. Though it may look
right—it’s wrong. The angled rud-
ders, instead of acting like rudders,
will also act as diving planes or trim
1abs, an effect that is aggravated fur-
ther (ancl unpredictably) when the
boat rolls.

Rudder Configuration for
Planing Hulls

Figure 6 shows the best propor-
tions for rudders in relation to the
hull, propeller, and shaft on twin-
screw planing hulls. The Jeading
edge of the rudder should be about
15% of propeller diameter aft of the
propeller blades. Less is too close
and can cause vibration or difficulty
pulling the prop. A bit more is
acceptable, but much more than that
and the rudder becomes less effec-
tive, since it is farther aft in the slip-
stream. The aft edge of the rudder
should ideally be 10% of propeller
diameter forward of the transom’s
bottom edge. A bit farther forward is
okay, provided you meet all other
criteria. Having the prop farther aft
allows a shallower shaft angle, but as
the rudder blade nears the transom
edge there’s an increased chance of
ventilation at the rudder, now no
longer shielded from surface air by
the hull above. There are many suc-
cessful planing boats, however, that
do have their rudders much closer to
the transom. PBB

About the Autbor: In addition to
serving as dirvector of Westlawn
Institute of Marine Technology, Dave
Gerr maintains bis longstanding
design practice (Gerr Marine, based in
New York City), whose projects include
sail and powet, monobulls and multi-
bulis, yachts and commercial vessels.
He is the author of Propeller
Handbook, The Elements of Boat
Strength, and The Nature of Boats.
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Build It and They Will Come

How marketing legend Bob Johnstone (J Boats) and master builder
Mark Lindsay (Boston BoatWorks) teamed up to produce a Doug Zurn-
designed pocket motoryacht for these energy- and style-conscious times.

by Dan Spurr In this world there are idea guys,
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and there are get-it-done guys.
They need each other because each
has something the other one lacks. In
the case of the Doug Zurn—designed
MJM 34z, developer/marketer Bob
Johnstone needed a hands-on builder
who could meet design objectives by
delivering a strong, high-quality, light-
weight laminate. And, it so happens,
builder Mark Lindsay of Boston
BoatWorks, after a Jong career buijld-
ing custom one-off racing sailboats,
was eager for a steady gig. This is the

story of how they found one another,
and why.

Master Builder

Mark Lindsay, 61, grew up in
Lexingron, Massachusetts, with
summers spent on the Connecticut
coast of Long Island Sound. His early
fascination with working watercraft
inspired his father to buy a plywood
Sailfish kit, which they completed
together. Two years later, when
Lindsay was just 16, he won his first
championship in that same boat,



MIM YACHTS

thereby embarking, he says, on a life-
long quest to learn “what makes boats
go faster.” That quest was more inter-
rupted than aided by several stints in
college, first at the University of
Pennsylvania, and then at Massachu-
setts Institute of Technology. Upon
graduarion he spent two years build-
ing Olympic-class Star boats in
Winthrop, Massachusetts, with Joe
Duplin, a world champion. In 1971,
they built cheir first epoxy boat, of
which Lindsay says, “The exceptional
strength and weight characleristics
were immecliately obvious.”

During the early to mid-1970s, Dick

Carter ran a booming design business
north of Boston, in Nahant. His forte
was sailboats designed to the
International Offshore Rule, which
then dominated the racing scene.
Doug Petersen was on the staff; when
he lefc to start his own design office,
Lindsay applied for the job and got it.
There he joined Chuck Paine, Bob

Perry (see Professional BoatBuilder

No. 97, page 28), and Yves-Marie
Tanton. Carter’s designs were very
successful, but the brain wave that his
staff was generating pretty much flat-
lined during the winter of 1975. All
four staffers were laid off when the

Opposite page—The plywood frames for
MJM Yachts’ 34z plug, set up at the
Boston BoatWorks shop in East Boston,
Massachusetts, during the winter of
2002-03.

Clockwise from top left: Sheathing the
plug; finished plug showing its strakes
and chine flats; first hull, freshly popped
from the two-part mold in May 2003;
and Boston BoatWorks co-owner Scott
Smith test-driving a mock-up of the
hardtop structure for the Down East
model of a 34z.

Astride the transom, Scott Smith, left,
and BBW co-owner Mark Lindsay are all
smiles as 34z hull #1, bought by MJM
developer Bob Johnstone and his wife,
Mary, is readied to leave the yard. At
the time, the Johnstones spent winters
in Charleston, South Carolina, and were
interested in a boat that could be
reasonably trucked between there and
their summer home in Northeast
Harbor, Maine.
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bottom fell out of the domestic pro-
duction sailboat market (at the time,
Carter was building boats overseas, in
Greece, and ar cthe time of the clo-
sure, he had other facilities ready to
go on line in Poland, and Fort Worth,
Texas); each member of the crew
went his separate way. Lindsay started
an eponymous shop—Mark Lindsay
Boatbuijlder, Lid.—in an old barn on
Boston's North Shore. His first build,
which used aircraft-grade plywood,
was an International Fireball-class
sailboat that placed first in the double-
handed Worlds. Lindsay: “With its
unique structural design, the boat was
able to carry much higher rig tension,
giving better sail-shape control.”

Next, he turned his atlention to the
International 505 class, which he builc
with vacuum-bagged epoxy, Nomex
honeycomb core, and carbon fiber
and Kevlar reinforcements, resulting
in what Lindsay says were dramari-
cally lighter, stronger, and stiffer hulls.

By the early 1980s Lindsay was
applying his knowledge of advanced
materials and processes to larger keel-
boats. As his reputation grew, Lindsay
was called on to direct off-site proj-
ects, such as the America’'s Cup—class
Jaybawk, built at Hercules Aerospace,
in Utah. He also became expert at
fabricating carbon fiber masts, rud-
ders, and other components.

Lindsay met his business partner
and Boston BoatWorks cofounder
Scott Smith in 1990. Smith, 47, is
another get-it-done guy. He grew up
sajling in Old Greenwich, Connecti-
cut, on his family’s 1924 Fishers
Island One-Design sloop. “Keeping
that 40-year-old boat afloat was my
first introduction to boatbuilding,”
Smith says. “We refastened the entire
hull, steam-bending a number of
replacement ribs, and re-covered the
deck.” After studying biomedical
engineering at Boston University,
Smith had stints in a medical labora-
tory, financial services, and banking;
in the latter, he was a vice-president
managing more than 100 people in a
three-shift, six-day-a-week operation
that processed more than 60,000
investment purchase transactions
daily. Smijth describes himself as “a
lifelong sailor, sailing competitor,
technophile, and entrepreneurial
spirit.” It was those characteristics,
plus a racing campaign aboard one of
Lindsay’s boats, a Taylor 40, that
attracted Smith to Lindsay. “I felt there
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was an opportunity,” Smith explains,
“to create a company whose purpose
was to further the work Mark had
done in advanced-composite con-
struction, and make that expertise
available 1o a wider audience.” So he
asked the noted builder if he was
interested in doing some sort of joint
venwure on East Boston's warerfront—
the historic neighborhood where, in
the 1850s, Donald MacKay once built
clipper ships. If there's one thing
Lindsay responds to, it's enthusiasm,
and Scott Smith had it coming out his
ears.

In addition to Boston BoatWorks’
building, repair, and refit work, Smith
has involved himself in the commu-
nity, chairing various groups such as
the East Boston Economic Develop-
ment Council, serving as trustee of
the Boston Harbor Association, and as
director of the East Boston Chamber
of Commerce. Any visitor to this area
will attest that there’s a lot to be done
here; it could use a hundred more
Scott Smiths.

(For a closer look at an early, major
Boston BoatWorks project, see PBB
No. 57, page 110. It describes how
Lindsay directed the hull and deck
construction of Reindeer V, a custom
performance yacht built for Morris
Yachts of Southwest Harbor, Maine.)

The Marketing Whiz

Bob Johnstone, 71, is a longtime
sailor and marketing executive. His
introduction to boatbuilding was simi-
lar to Lindsay’s: in 1947, in the family
garage in Glen Ridge, New Jersey,
Johnstone and his father kir-built 2 19°
(5.6m) Lightning. After an interna-
tional corporate career with two large
conglomerates (Quaker Oats and
AMPF), he and brother Rod founded in
1977—and srill own—] Boats, based
in Newport, Rhode Island. Beginning
with the J/24 one-design keelboat,
their company has sold more than
12,000 boats, ranging up [o its latest,
the mostly carbon /65, built by
Pearson Composites in Warren, Rhode
Island. (For the full story of ] Boats,
see PBB No. 98, page 28.)

On a rainy spring morning in East
Boston, I'm down below in Bob
Johnstone’s current project, a pocket
motoryacht designated the MIM 34z.
As if to demonstrate the simplicity
and livability of the boat, Johnstone
serves freshly perc'd coffee and a high-
carb chocolate croissant. Life is good.

Bob Johnstone is a demanding
customer; just ask builder Mark Lindsay
and designer Doug Zurn. A marketing
director with two major conglomerates
(Quaker Oats and AMF) before founding
J Boats with brother Rod in 1977,
Johnstone has shown he can identify
an emerging market niche—and then

fill it.

For finding the next market niche
o exploit, the Johnstones, as a family,
have been reliably guided by their
own preferences in boats. And those
preferences run to family-oriented
activities: racing and cruising. Bob
Johnstone and his wife, Mary, have
always sailed together, even qualify-
ing for two world championships in
the 470 class, with Bob as skipper
and Mary on the trapeze. It’s as if to
say, “If I like it, others probably will,
too.” This assumes, of course, that
Bob and Mary Johnstone are repre-
sentative of some identifiable con-
sumer group. And experience shows
that to be true. Johnstone says he's
benefited from being a decade ahead
of the most influential consumer
group of our time: 77 million American
baby-boomers. “First,” he says, “it takes
a while to realize that a production-
boat idea is worth pursuing. Then a
while longer to persuade myself and
others to get it built. By then the tim-
ing o fill the needs of boomers is just
about perfect.” In this case, it's a now-
familiar tale of aging sailors and
powerboaters seeking comfort, sim-
plicity, and safety in a powerboat that
will allow them to extend their boat-
ing years.

Johnstone explains the train of
thought that led to the MJM 34z:

DAN SPURR
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(Part 1)
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finishing worid-wide for over 30 years. From new builds to
re-fits to maintenance projects the unmistakabie 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
quality, 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:

¢ Awl-brite 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:

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

¢ Awispar 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.

¢ Awlbrite Clear Gloss - An acrylic urethane finish that
provides a high gloss, 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 1o suit individual needs.

YNOT has been beautifully
resurrected using the Awlbrite
wood system.
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“Mary and I had done our big-boat
cruising on J/44s and ]/42s, and I'd
done my campaigns with J/105s and
J/120s. As we got older, sailing
became mostly me racing with the
guys. Understandably, Mary doesn’t
find much joy anymore in getting cold
and grinding winches; we were
spending more time on a powerboat,
our Dyer 29 [8.8m], taking short
cruises up and down the Intracoastal
Waterway or among the islands off
Maine. And we could do that anytime.
It could be a lousy day like this, rainy
and cold, or no wind, and we could
still go out.” (The Dyer 29, built by
The Anchorage in Warren, Rhode
Island, and delivered in a variety of
configurations, has been in continu-
ous production since 19535. See PBB
No. 28, page 72.)

So Johnstone began focusing his
practiced eye on the powerboal mar-
ket. He tried to envision a boat that,
as he says, “might do a better job
than the Dyer 29 in fulfilling our
needs. We didn’t want a large boat. |
wanted a boat that Mary would still
drive by herself if T wasn't in town.
Yet, it would have to be larger than
the Dyer, because we wanted socia-
bility and movre offshore seaworthi-
ness, a boat that could sit six people
down below. You certainly can’t do
that in the Pearson True North 38 or
Hinckley Picnic Boat or any other
boat this size that I know. It also had
to sit three couples who could con-
verse under way in any kind of
weather. That meant a pilothouse.
Seems you’d have to buy a 44-footer
{13.4m).”

Or would you?

Johnstone drew a rough layout of
what he wanted and then posed the
following question to himself and to
son Peter (now running Gunboat
Multihulls): “What's the prettiest
powerboat under 40 feet [12.2m] on
the market?”” He and Peter agreed it
was the Zurn-designed Shelter Island
38, commissioned by singer/song-
writer/boat aficionado Billy Joel.
“Doug Zurn has the eye,” Bob says,
“plus he has experience designing
higher-speed, offshore boats. The
problem with the conventional Down
East boats is that they aren’t especially
good over 20 knots in a seaway. As
keelboats, they bow-steer down
waves, and they roll around unless
designed with excessive beam. And
they're not shoal draft. [The MJM 34z
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draws 2'4"/0.7m.] I wanted more of
an offshore performance boat than an
inshore lobsterboat.”

In the design brief to Zurn,
Johnstone made clear his concerns
about Down East styling as well as
performance. He told Zurn that the
boat had to bowl him over with its
beauty, while still fulfilling perfor-
mance and functional objectives;
otherwise, it was no go. 1 didn't want
to own another boat company just to
introduce another motorboat to the
market,” Johnstone says. “Down East—
style cruisers have too much super-
structure. They have nice sheer, but
too much spring to the sheer empha-
sizes the cabin sides. So my thought
was to cut away the superstructure,
giving it more of a workboat-looking
configuration...and just have roll-up
Strataglass panels. It made a big dif-
ference in the look of our boat, even
though the hardriop is fairly high.
Designing a good-looking 34-footer
[10.4m] is a real challenge if you want
to stand on top of the engine. Once
you elevate the roof to get 6’6" [2m)]
piloting headroom with just a Jine of
windows, it can appear a bit ungainly.
We took that side window and
brought it down to a line that sort of
parallels the sheec.”

Johnstone and Zurn engaged in a
lengthy exchange of e-mails and
faxed drawings and sketches. John-
stone can be considered an exacting
client; the design adjustments went on
for a month—to the sheer, cornerpost,
pilothouse layout, the bow, and more.
Some changes, to Lindsay’s chagrin,
were made at the plug stage. where
it’s costly. “Despite all the experience
of this team,” Johnstone says, “when
you see the prototype live, it doesn’t
always come out the way you imag-
ine it should, even after looking ar 3D
CAD drawings. Painful as it may be,
you have to bite the bullet and make
things right.”

The net result of that process is a
34’ hull with a pleasing tumblehome
aft, reverse sheer, and a generously
flared bow for better visibility from
the helm, better seakeeping in waves,
a drier ride, and more space below.
Three superstructure variations are
offered: Express, Express Hardtop,
and Downeast (see PBB No. 84, page
18). The hullform is a modified deep-
V with 18° uansom deadrise. Dry-
weight displacement is 10,000 lbs
(4,545 kg) and beam is 117 (3.4m).

Having seen the agonies that
Hinckley went through with a raft of
look-alikes to its popular Picnic Boat,
and wanting to establish a signature
look for this and future MJM models
with some degree of legal leverage,
Johnstone and Zurn rook the unusual
step of applying for and securing a
U.S. Design Patent on the “ornamental
look” of the boat and its line varia-
tions and extensions.

A driving design principle for
Johnstone is combining functional
simplicity with beauty, on the premise
that a simple boat is likely to be a
more usable, fun boat. Johnstone:
“Part of this theory I've gor, what's
happened to Mary and me, is unload-
ing the baggage of boating. Make it
easy, make it really fun...coming full
circle to what got you involved in the
sport, whether it's motorboating or
sailing. The joy of jusL going out on a
nice day in a beautiful hoat and not
having a care in the world.”

And this is where, in a roundabout
sort of way, Boston BoatWorks comes in.

Mary Drives the Design
and Construction

Mary Johnstone liked their old Dyer
29, and the size seemed about right
for her to manage alone. The ques-
tion, back in the summer of 2002
when they were contemplating the
potential for a new boat, was how to
achieve that in a boat that is more liv-
able, sociable, and seaworthy. The
new design would probably have to
be in the 32 to 35’ (9.8m to 10.7m)
range. Bob Johnstone concluded,
“The only way is high-tech, strong,
narrow, and light, so one can still
push it off the fuel dock. Doug [Zurn]
and I went back and forth on that. It
couldn't weigh 15,000 pounds [6,795
kgl. Furthermore, if we could get the
weight down, then the performance
from a single engine could match
most twins, not to mention using half
the fuel.” (Escalating fuel prices in the
wake of Hurricane Katrina now make
development of a fuel-miserly cruiser
look like a stroke of genius. Okay,
sometimes it’s better to be lucky than
good, but as director of market strat-
egy for Quaker Oats, Johnstone was,
after all, the consummace “fururist.”)

Johnstone next consulted his sons
Stuart and Peter, both active in the
marine industry. Among other enter-
prises, Stuart had started the Internet
business www.boats.cony; and Peter,
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before launching his own Gunboat
Multihulls company, had contact with
former Boston Whaler engineer and
longtime fiberglass boat pro Bob
Dougherty (who had also set up and
sold Edgewater, then started Everglades
Boats). Peter suggested his dad con-
sult Dougherty, which he did.
According to Bob Johnstone, Dough-
erty said, “Bob, even the Carolina
guys can't build that boat. Nobody in
the powerboat market has experieace
building a boat like what you're look-
ing for.” Johnstone concluded that
he’d have 1o go back to his sailboat
buddies, ultimately narrowing his
decision to two hands-on builders
who'd turned out America’s Cup
boats: Eric Goetz (Goetz Custom
Boats. Bristol, Rhode Island) and
Mark Lindsay.

Johnstone: “I didn’t want to go with
an operation that said they can do
impregnated epoxy layup but hadn't
been doing it for 25 years, as these
two guys have. I know the SCRIMP
process gives a very high-quality lami-
nate, but the problem is you can’t
control it in the corners and in joints

between balsa panels, so you don’t
really lose weight when you build
with SCRIMP; you just improve the
quality of the laminate, often gaining
weight compared to hand layup. I
wanted (o match the laminate proper-
ties of the SCRIMP-type layup, so it
had to be a vacuum-bagged layup to
remove trapped air—every 1%
trapped means a loss of 10% of lami-
nate properties—without the weight
of high resin coutent. To control resin
content implied pre-impregnating it
somehow. Both Goetz and Lindsay
had been doing that.”

Goetz, though, was a year out
building TP 52s, the new transpacific
class, but Lindsay was available and
willing to make Johnstone and his
Zurn-designed project the number
one priority.

And that's how Boston BoatWorks
and Bob Johnstone gol together—
because Johnstone wanted a fast,
strong, lightweight boat his wife could
push off the fuel dock. While the
trademark MJM doesn't officially stand
for anything other than a decorative
trademark with a ©J” that a guy with a

name like Johnstone thinks looks
nice at the end of a covestripe, the
unofficial meaning of the letters is
Mary Johnstone’s Motorboat. And in
case you hadn't guessed, the “z” in 34z
stands for Zurn.

Construction

As a precautionary step, moving
into the powerboat market for the first
time, and concerned about product
liabilicy and meeting European stan-
dards for marketing purposes,

Johnstone wanted to engineer the

boat to the highest international stan-
dards. To accomplish this. he brought
in Steve Burke, a University of
Michigan—-trained naval architect and
marine engineer with CE Mark certifi-
cation experience. Prior to opening
his own office—Burke Design, in
Bristol, Rhode Island—Burke was the
marine engineer responsible for struc-
tural and composite engineering at
TPI Composites in nearby Warren;
among other boats he’d spec’d for
TPI were two technically advanced
models in the J Boat product line, the
1/125 and J/145.

Visit us at the Miami International Boat Show in the Convention Center, Stand # 1941, February 16-20, 2006
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The 34z's FRP pan is
outsourced to Meikle
Marine & Machine in
Tiverton, Rhode Island,
and trucked to Boston
BoatWorks.
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MJM’s interior modules, including the honeycomb-cored component here, are

fabricated by East Coast interiors in North Dartmouth, Massachusetts.

Surprisingly, Johnstone says, the
[SO and CE Mark standards existed
only in the 2003 draft form. But, 1o
err on the overbuilt side, he asked his
design-and-engineering team of
Burke, Zurn, and Lindsay to engineer
and build the 34z to exceed those ISO
draft structural requirements for a
Categery A 50-knot oceangoing boat.
(The initial plan was to ofter the 34z
with both single- and twin-screw

installations, but buyer preference for
single screw, and rising fuel prices,
made Johnstone rethink that strategy.)
Burke specified a Kevlat/E-glass lami-
nate with epoxy resin, noting the lat-
ter's superior mechanical properties,
improved fatigue characteristics, resis-
tance to water degradation, and good
adhesion. Burke says Boston Boat-
Works is achieving a 60%—62% glass-
to-resin ratio. The company uses a

Marketing the
MIJM 342z

Just as he did targeting markets
for the various sailboat models of J
Boats, Bob Johnstone is taking aim
at a specific segment of the Down
East—style cruiser market. Fast,
modern, stylish, economical. Those
might be the watchwords. Five
years ago, when he was planning
the MJM 34z, he and his wife lived
winters in Charleston, South
Catolina; summers were spent in
Northeast Harbor, Maine. Always
willing to use himself as a test
case, he wanted a boat that could
be trucked between the two
addresses. “It's hard,” he says, “to
justify putting $300,000 to $400,000
in a boat you leave half the year.”

Those logistics were altered
when the Johnstones themselves
relocated their winter home to
Boston, albeit partly to be closer
to Boston BoatWorks. But, like a

Quality Marine Hardware Since 1997

Buck Algonquin Co., Inc.

370 North Main Street
Smyrna, DE 19977-1011
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lot of smaller, good-quality
boats, the MJM 34z has a
certain appeal, says John-
stone, for people moving
down from larger, more
complicated yachts. “By
now,” he reasons, “they
probably have a nice piece
of shorefront property some-
where. They den’t need to
live on the boat as a second
home. And it doesn’t make
sense to park a big sailboat
or trawler in front of their
award-winning architectural
shoreside gem. It’s not easy
to go sailing or use that kind
of boat. Give them some-
thing they can jump on, on
a whim.”

But what about that mar-
ket in a slow economy?

“People with the money
are the market,” he avers. “If they find
something they like, they’ll buy it.”

Available in three models—they
differ primarily in superstructure—the

across the transom. The first nine
hulls sold for just under $400,000 all-
up, the later units more.

—Dan Spurr

MJM 34z features a cherry wood inte-
rior and some elegant options, such
as Stidd seats in the pilothouse and a
gloss-varnished teak Adirondack seat
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fabric impregnator designed and built
by Professional BoatBuilder technical
editor Bruce Pfund 15 years ago.
Pfund describes the machine and its
operation at Boston BoatWorks in the
companion article, “Smooth Opera-
tors,” on page 66 of this issue.

Fabric reinforcements are delivered
to BBW precut, with clean edges,
from Composites One (Arlington
Heights, 1llinois). Resin is supplied by
Pro-Set Inc. (Bay City, Michigan). For
post-curing, a tent of double-walled
plastic sheeting is erected over the
steucture, and heat from a 60,000-watt
electric oven in the basement gets
ducted through the floor of the shop.
Temperature inside the tent is ramped
up to 145°F (70°C) for 12-18 hours.
BBW’s Scott Smith says one of many
reasons they use epoxy instead of
vinyl ester is that the latter would
have shorter gel times due to the
thickness of the chines, which would
require doing the layup in two shots
instead of one.

Why not pre-pregs? you might ask.
Lindsay and Smith say there are several
good reasons, namely: lighter weight

MIM YACHTS

Johnstone and Zurn tried to minimize the mass of the Down East-style super-
structure by using roll-up Strataglass instead of solid panels. An important design
requirement was to be able to comfortably accommodate six in the pilothouse
area—easily done with the two Stidd seats, opposing settees, and an Adirondack-
type bench along the transom.

Contour-cut Core-Cell SAN foam of
varying densities, made by SP Systems
(Magog, Quebec), is employed in the

with wet-pregs; exclusion of air and
better control of adhesion; and the
inability of pre-pregs to fill core kerfs.

]
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Most, but not all, of the fiberglass pan is covered by a teak-and-holly sole overlay,

"%

wood ceiling, cherry cabinetry, and bolstered Ultraleather upholstery. Countertops
are Corian. The cooktop is electric, powered by an inverter off a 505-AH battery bank.

hull and bulkheads—higher density in
the hull bottom, lower density in the
topsides and bulkheads. Core panels
are pre-bent on shop-made jigs to
open up the kerfs, and then filled

with epoxy and fumed silica. For the
deck, the core material is SuperLite
end-grain balsa, shipped in precut kits
by the manufacturer (Alcan Baltek,
Northvale, New Jersey).

The fabrication of a CNC-machined
structural grid, using low-cost foam
from the Eiliot Company (India-
napolis, Indiana), is outsourced to
Meikle Marine & Machine Inc.
(Tiverton, Rhode Island). Boston
BoatWorks installs it with wet-preg
tapes and co-cures it with the hull
laminate. Meikle also fabricates the
300-1b (136-kg) liner that incorporates
the cabin sole, forward berths, and
backrests, as well as the lower lockers
in the head, galley, and entertainment
center. Keel and chines are solid
fiberglass. Engine beds have Penske
board for forms.

Cook Composites & Polymers
(Kansas City, Missouri) gelcoat and a
Generation 2 (non-water-soluble) tie
coat, plus 6-0z surfacing veil, make
up the skincoat. Contact Jayers are
deblushed bhefore beginning the struc-
tural laminate. Interior surfaces
receive gelcoat that is rolled on with-
out a tie coat, and finished with
Awlguard. Finished, gelcoated hulls
are trucked to Metan Marine in
Rockland, Massachusetts, whete they
are painted with Awlgrip linear
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A hydraulically operated FRP
cover provides access to a
single Yanmar diesel. The boat's
light weight—thanks to well
executed wet-preg construction—
enabled MM to dispense with
a second diesel and its
significant associated costs.

place at Boston BoarWorks’
waterfront facility on Boston
Harbor. It's a former Bethle-
hem Steel plant where Liberty
ships were built during World
War II. Interior components
are outsourced to East Coast
Interiors, 2 North Dartmouth,
Massachusetts, cabinet shop
serving yacht and business-jet
builders (see PBB No. 97,
page 20). Hull and deck are
prewired with harnesses from
American Marine (East Patch-

polyurethane and then returned to  ogue, New York). Several Yanmar
BBW. Decks are given a removable  diesel-engine packages are available.
protective coating of Alecseal (Mankie- On the day that Bruce Pfund and 1
wicz Coatings, Hamburg, Germany). visited BBW, Lindsay was buzzing
Hull layup and final assembly takes  around the assembly area wrestling

with a problem: Yanmar had substiuted
a 480 engine for the discontinued 440;
the new engine happened to be 2%”
(67mm) taller. The solution: lower the
shaftlog and strut. That was hull
#21...just when you think you’'ve got
everything down. Hull #1 ook 6,700
man-hours; #22 just 1,800 man-hours.
Lindsay says the target is 1,750 man-
hours, though he comments, only half
in jesr, “We’ll find some way to add
hours.” More than likely—as the
unexpected engine problem above
illustrates—cthrough no fault of his
own. Either way, Lindsay and Smith
will keep building a boat every three
weeks. Not bad for a wet-preg pocket
motoryacht.

Future plans at Boston BoatWorks
call for the construction of additional
MJM models (larger and smaller than
the 34z), and continuing the shop’s
repair-and-refit business. And, naru-
rally, taking on new projects that fit the
partners’ way of building boats. PBB

About the Author: Dan Spurr is
Professional BoatBuilder's editor-al-
large.
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Smooth Operators

Boston BoatWorks has deftly moved from custom one-offs to
series production without changing its basic menu of materials:
vacuum-bagged epoxy wet-pregs.

Text and photos
by Bruce Pfund

(except where noted)

66 PROFESSIONAL BOATBUILDER

rofessional BoatBuilder editor-at-

large Dan Spurr and I visited
Boston BoatWorks, on Boston
Harbor, last spring. His article, on
page 52, covers BBW’s origins and
products; mine will look at BBW's
advanced-composite construction
practices—specifically, its reliance on
a large fabric impregnator to produce
just-in-time wet-preg laminates that
are then vacuum-bagged, cured at
room temperature, and finally, post-
cured at elevated temperatures.

The impregnating machine at the
heart of the BBW production process
lives in a dimly lit alcove off the
main shop, out of the way of molds,
materials, and part movements, yet

close enough for easy transport of
wet-out reinforcements. The impreg-
nated fabric is rewound onto
cardboard- or PVC-tube carriers, and
walked to the tooling. Having
designed and built this particular
fabric impregnator, in 1991, 1 was
delighted to see it again in operation,
albeit with a few more miles of fab-
ric run between the rolls and more
resin stuck to its metal surfaces than
when it left my shop. Boston
BoatWorks cofounder Scott Smith
said, “When Mark Lindsay [Smith’s
partner in BBW] had that impregna-
tor at his boatshop in Gioucester
[Massachusetts], he used it to build a
number of sailboats and a couple of




MIM YACHTS

powercats, Here at our Boston facility
we're now [as of June 21, 2005] work-
ing on hull number 27 of the Zurn-
designed MJM 34z, so we’ve miade
quite a few large parts with that
machine, not to mention plenty of
smaller parts and some architecrural
projects, 100.”

A critical difference between wet-
preg production and in-situ wet layup
is that the impregnating machine can
refiably produce enough material to
keep up with the placement crew’s
demands. Once the impregnator is
fired up, the crew in the mold can
basically forget about wert-out con-
cerns, including how the impregnator
is running. Fabric wetout is now

someone else’s job. The placement
and tailoring personnel should be
able to rest assured that the reinforce-
ments they receive have the correct
resin content, and at BBW, are also
cut very close to their final lengths
because the impregnator operator is
carefully monitoring the machine's
footage counter.

Is there a downside to the impreg-
nator’s high-output capability? Maybe
one: the machine’s output must be
coordinated so the placement crew
does not get overwhelmed with more
wet-preg than can be applied within
the working-time window before
process materials and vacuum bag
have to be secured in place.

Opposite page—Boston BoatWorks
personnel add four plies of epoxy wet-
preg to the engine beds of one of MJM
Yachts' 34z hulls after all the other
laminating and process materials have
been applied. The waiting vacuum bag
rolled against the side of the mold is
ready to be deployed when it's time
for the wet-preg hull to cure under
moderate vacuum levels.

Top left—The BBW fabric impregnator is
bucket-batch fed, and operates with a
crew of two, plus a resin mixer, when
processing material of moderate width.
For wide material, the impregnator crew
increases to four: two to prepare resin
for feeding the machine, and two to
serve as machine operators and

to deliver wet-preg to the mold.

Below left—The new MJM 34z Grace
is a study in light-displacement
performance, thanks, in part, to the
care taken in BBW's wet-preg
construction of her hull.
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A crew member prepping a bucket
batch. He first combines the resin
and hardener using a low-shear
power mixer, and then thickens
the batch slightly with fumed silica.

Why Wet-preg?

I asked Lindsay and Smith why
they elected to bhuild a good-sized
procluction powerboat with vacuum-

Lindsay replied: “We were plenty
familiar with the impregnator from
previous one-off projects, and were
confident we could achieve better
economies when building multiples of
the same boat. We'd never done that
before. This is not a raceboat.

“Also, we’'re not aiming for an
extremely low resin content in our lam-
inates. The goal is a well-consolidated,
void-free laminate that can be pro-

duced in a reasonable amount of
time. We want the resin exactly where
we want it.”

Lindsay continued, “When I
worked at Hercules lan early pro-
ducer of carbon fiber reinforcements

bagged epoxy wet-preg reinforce-
ments rather than, say, frozen
B-staged pre-pregs, or some type of
infusion process. Since all of these
systems require vacuum-bagging and
an oven cure, why go with wet-pregs?

Above left—The machine operator, while manually rewinding wet-preg onto a
cardboard core, looks up frequently at the footage counter on the unwind roll.
Most rewound materials the author saw handed into the mold were precisely
cut to length, with no end-trim required by the in-mold placement crew. Note
that the wet-out material is being manually rewound onto the cardboard core,
and that the roll of dry fiberglass above the nip is sitting off-center on the
unwind arbor, with no side-stops or cone collars to align or center it. This
setup works for fow-to-moderate speeds—around 10-12 lineal feet
(3m-3.7m) per minute. At faster speeds, not only will the rewind operator be
unable to keep up, the unwound roll of dry fibergiass will start to wander from
side to side. At that point, it's time to engage the air-operated rewinder, and
fit the cone collars to align and center the unwound roll on its arbor.

Above right—The BBW impregnator has an arborless rewinder, where the
rewind core is driven directly by an air motor on one end and aligned by a free-
rotating cone collar on the other. This end's cone-collar axle can be slid in and out approximately 4" (10cm), and then locked in
position to accommodate different rewind-core lengths. The cone collar is also spring-loaded to accommodate rewind cores with
ends that are not cut off perfectly square. BBW co-owner Scott Smith said, "We only use it for running full-width materials while
laminating the hull sections and the deck.” Rewound rolls of wet-preg for those parts can weigh well over 100 Ibs (45 Kg).
Right—The drive side of the arborless rewinder, showing the air motor and, attached to the cone collar, the drive lugs; the latter
register in corresponding cutouts in the ends of the PVC rewind cores. The rewinder system is driven by an eight-vane, %-hp
Gast Manufacturing Company (Benton Harbor, Michigan) air motor. An eight-vane configuration stutters less than a fourvane
motor when stalled or at low rotation speeds. It also offers smoother start-up and more sensitive fension-control adjustments.
Far right—Three-inch (7.6cm) Schedule 40 PVC tubes serve as rewind cores for the impregnator’s rewinder. BBW uses the
rewinder only when working with 50"- and 60"wide (127c¢m and 152c¢cm) reinforcements. Note the fiberglass reinforcements on
the tube ends, meant to handle the high drive loads developed during the rewinding of long runs of heavy fabric.
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and finished parts] on Jayhawk lan
America's Cup boat], some areas in
the boat had 90 to 100 layers of pre-
preg laminate only six-thousandths of
an inch thick, with a debulk cycle
after every two plies.

“By contrast, with our wet-pregs we
can run much thicker reinforcements,
apply multiple layers in a single gel
cycle, and assemble hull and deck
skins in only cne bag cycle—Dbecause
the resin is still liquid, not B-staged
and ‘locked-up,” except for a brief
period when the resin liquefies during
the cure cycle. The bag works on our

laminates for quite a while before the
resin gels. With our resin’s low viscos-
ity, it’'s easier to move bubbles
around—out of the core kerfs and the
wet-preg laminate stack.”

Smith and Lindsay pointed out
that selecting the correct perforated
release film is critical to producing
well-consolidated laminates that have
not bled oo much resin and become
aerated. “Wet-pregs also have advan-
tages when working with cores,”
Lindsay added, “especially contour-cut
cores. We devote a fot of time and
efforr to filling all the core kerfs on a

IS

Jors

Top—Approximately 40 lineal feet (12m) of 18"-wide (46¢cm) wet-preg biaxial tape—
wet out and rewound in about three minutes’ elapsed time—is ready to go over the
sheer flange and into the tooling to the placement and tailoring crew.

Above—One layer of wet-preg has already been applied to the starboard stringer
and has darts cut at the corners of the cross-member intersections.
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special curved fixture, using epoxy
putty. The putty is completely com-
patible with the laminating resin.
Again, contrast that with pre-preg
construction, where a film adhesive
would typically be applied to bond
core-block faces; but then filling the
kerf system can be difficult, even if
you use a special kerf or butt-splice
filler adhesive that expands when
heated.”

The Impregnator

BBW has developed highly choreo-
graphed laminating procedures. The
impregnator operator matches the
machine’s output rate to the human
crew’s application rate. Two, and
sometimes three, placement crews
work inside the hull mold during
framing lamination. More people
would simply not fit, and the ones
who do have all the wet-out and
rewound fabric they can handle. The
application sequencing is methodical
and efficient, set up so the crews
work without ever having to walk
or stand on any of the wet-preg
materials.

On the day of our sjte visit to BBW,
the impregnator wis producing lami-
nate tapes ranging in width from 18”
to 30" (46cm to 76cm). The person
mixing resin at the machine—his
primary task was to feed the impreg-
nator's dip bath—also delivered
rewound rolls of wet-preg to the
placement crews. Fabric reinforce-
ments, made by Johnston Industries
(Phenix City, Alabama), had been slit
to width by BBW’s local fabric sup-
plier in Bristol, Rhode Island (Com-
posites One, Arlington Heights,
Tllinois). Lindsay agreed with me that
vendor-slit material, with its true
edges and uniform rewind tension,
tracks straighter and runs better
through the impregnator than does
shop-cut fabric. During an afternoon
of observing, I saw no significant fray-
ing of the cut edges, and no windup
snags on the impregnator rolls or
when materials were unwound in the
mold.

BBW's impregnator is fed by the
bucket-batch method, even when run-
ning full-width heavyweight reinforce-
ments. Any resin that leaks around
the dams containing the nip bath is
occasionally scraped off the rotating
rolls. This resin drops down onto
polyethylene film that lines the
impregnator’s inclined drip tray,
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which drains into a large waste
bucket. Escaped resin is mnever
returned to the wet-out bath, because
its remaining working time is
unknown.

Smith commented that adding
meter/mix/dispense equipment to the
impregnator is on the BBW wish list.
“Our guys spend a lot of time mixing
resin and hardener, and then adding
fumed silica to it,” he said. “An equip-
ment setup that would put out
prethickened and premixed resin to
the dip bath with the push of a button
would be really nice. A while ago we
looked at high-output equipment with
gear pumps and static mixers, but didn’t
buy it. Now that we're running the
impregnator so much, I wish we had.”

The build cycle at BBW—during
which the crew applies outer-skin
wet-pregs, followed by structural
core and inner-skin wet-pregs, and
then bags it all together—requires
rapid output and rewinding of wide
material. BBW’s impregnator has a
2-hp air-motor roll drive, and is
geared to generate up to about 24

Continues on page 77

Fine-tuning the

Fiber-to-Resin Ratio

Fabric impregnators offer two big
advantages over wetout by either
manual layup or sprayup methods.
The first is uniform fiber-to-resin
ratios, whether high or low, in the
impregnated material. Resin content
from a good machine that's been set
up correctly should not vary more
than plus or minus 1%, whereas
resin content in hand layup in 4 rep-
utable shop typically varies plus or
minus 5%. The second advantage is
a brisk production rate. An impreg-
nator can output up to 25 lineal feet
(7.6m) per minute of 24-o0z knit or
woven reinforcement with 1.5-0z
mat stitched to it. At 60”7 (1.5m)
wide, that figure translates to
roughly 32 lbs (14.5 kg) of rein-
forcement and approximately 3.6 gal
(13.6 D) of resin per minute, at S0%
resin content by weight.

During an IBEX 05 seminar in
Miami Beach last October, structural
engineers David Jones (D.E. Jones &
Associates, St. Petersburg, Florida)
and Richard Downs-Honey (High

The mechanical properties illustrated
in these graphs are for hand-laid
laminates with no vacuum
consolidation. Low-resin/high-fiber
laminates are commonly associated
with better mechanical properties
when well compacted, but show
weaknesses here because manual
layup also allows high air content in
the laminate. Note the better flexural
properties of the laminates with very
high resin content—another apparent
contradiction that occurs because
the laminates become thicker, and
therefore stiffer, with more resin.
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"Roscioli Yachting Center customers and staff are
extremely pleased with the Alexseal Yacht Coatings
finish achieved on numerous recent projects.”
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Yacht Coating

- Bob Roscioli, Roscioli Yachting Center

L It's about time for Alexsear Yacht
h“:@‘ Coatings' optimum gloss, long-term color
. retention, durability, and beneficial
application and matintenance characteristics.
Alexseal® Yacht Coatings is backed by 100
years of innovation in aerospace,
automotive and industrial coatings, plus
unrivaled global technical support. Visit
ALEXSEAL.com for more information on
the most significant innovation in yacht
coatings in nearly 30 years.

Australia: +61 07 3268 7511

]“AN’KIEMCZ, a@a Eurcpe: +49 (0) 40 75 10 30
Coating Cancepts of the Fulure

North America: +1 314 783 2110
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Left—The next step is to unwind and position the third layer in the starboard outboard stringer. The previously applied layer was
positioned with an offset, so the inboard leg is longer than the outboard. Note that the crew’s Tyvek overalls have been
resin-proofed by the application of Mylar shipping tape in areas likely to contact the wet-pregs. Everyone in contact with epoxy
wears a Tyvek suit, respirator, and gloves.

Center—Step 3. The wet-preg tape applied to this stringer has straight edges, and is thus easy to tailor in a neat and
methodical fashion. Darts and pleats stay organized because they are not bubblebusted, just gently squeegeed into contact
with adjacent wet-preg layers. While frame members are being laminated, the few buckets inside the tooling have no resin in
them; they're for collecting scraps from laminate tailoring. Cutouts are saved; these fill in the “windows” that develop at out-
side corner tailoring. Total time to apply three layers of laminate to approximately 20 lineal feet (6m) of stringer, including the
tailoring of each ply to the seven structural intersections? Less than 20 minutes. Concurrently, another taping crew—placing
and tailoring wet-pregs in forward sections of the hull—is not in the way of the three-man team laminating the stringer.
Right—This third ply is offset so the longest leg of the tabbing falls outboard of the stringer. Offsetting produces the correct
staggered ply-drop-off schedule at the tabbing’s inner and outer edges, and also a doubling of plies across the highly loaded
stringer<cap surface. The first ply goes down symmetrically.
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To determine whether iaminates to be
vacuum-bagged have sufficient resin, a
simple but effective test is to select
one or more sample areas and then
apply gloved thumb or hand pressure.
A slight resin puddfe should form there,
but then disappear back into the
laminate rather quickly. Note that

the palm print at the top aft end of the
engine-bed laminates is void free—

a sign there is sufficient resin content.
For moro on thic chop love! procedure,
see Professional BoatBuilder No. 95,
page 26.

Modulus, Auckland, New Zealand)
and I discussed the merits of
wet-preg construction. Jones pre-
sented graphs—four of which
appear here—that clearly illustrate
the improved mechanical proper-
ties of laminates made with an
impregnator. Such laminates contain
less resin than would normally be
in the reinforcements after sprayup
or manual layup. In addition, an
impregnator offers consistent resin
content, permitting accurate predic-
tions of a part’s final weight and its
mechanical properties.

The same fiber and resin vari-
ables that affect sprayup and hand
layup processes play a role in wet-
preg production. Resin viscosity
and temperature are significant fac-
tors, as are fabric type and weight.
Densely paclted unidirectionals or
heavyweight knitted materials will
take longer to wet out than lighter,
more open fabric. Accordingly,
their dwell time in the machine’s
nip. must be increased by slowing

down the impregnator speed.
Other strategies to increase fabric
wet-out rate include specifying a
lower-viscosity resin, or reducing
resin viscosity by heating. To deter-
mine correct settings, you’ll have to
test the device's output at various
speeds. Check fiber-to-resin ratios
in increments of 5 lineal feet (1.5m)
per minute output speed until you
hit the target proportions. Tip:
change only one variable at a time.
You can heat resin in several
ways. For small projecls where the
impregnator bath is hand fed,
the resin can be dispensed from
drums warmed with electric band
heaters. For larger projects and
higher speeds, you can use in-line
electric block heaters between the
resin pumping system and the dis-
pense head, but yon'll have to
make provisions for constant resin
recirculation when the impregnator
is not running, to prevent resin
from “cooking” in the heater.
Heated nip rolls are yet another
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The thick four-ply
faminate in the engine-
bed region is consoli-
dated by squeegeeing—
but no liquid resin runs
out ahead of the
squeegee, as it would in
conventional wet layup.
Squeegee pressure only
releases entrapped air
from between the wet-
preg plies. Small
amounts of epoxy resin,
thickened with fumed
silica and glass micro-
balloons, get applied as
fillets on inside corners,
and to taper out regions
having many ply drop-
offs, such as the engine-
bed area.

Introducing the

Kidde SBS Fire Protection System...

The SBS Fire Protection System will change how you
look at marine fire protection. It simplifies design and
installation without compromising performance:

* Locate the agent container inside or outside
the protected space

e Place the discharge nozzle and detector in
optimal locations

e Select manual and/or automatic system actuation

» Enjoy the benefits of easier system installation
and service

e Furnish the helmsman with useful system
status information

e Feel confident in Kidde’s near-century of
marine fire protection experience

You demand the best for your boat, why not demand
the best fire protection?

the most advanced fire protection available.

1-800-872-6527 ext. 2606 B . :
www.kiddefiresystems.com/sbs.shtml l Kidde Marine
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Continues from page 72

lineal feet (7.3m) per minute, full
speed, at a2 nominal 60” (1.5m) nip
width.

But, Smith then said that BBW had
difficulty getting the impregnator
and rewindler to run at high speeds.
Running both the impregnator and
the rewinder at full throttle requires
an air supply of approximately 22
cfm at 100 psi; I suspected that inad-
equate airflow was causing the prob-
lem. T noted that the impregnator
was fed air though a %"-ID (19mm)
flexible hose, and that the original %"
pipe-thread size filter/regulator and
lockout/tagout valve assembly had
been replaced with a 4" (13mm)
pipe-sized filter/regulator setup. Smith
told me, “The shop’s compressed-
air plumbing is inch-and-a-quarter
[32mm] black iron; the compressor
has plenty of output.” I replied that
increasing the bore of the machine’s
flexible supply hose to 1” (25.4mm),
and reverting to ¥” NPT air-handling
hardware, should allow the impreg-
nator to achieve full speed again.

option for some processes,
although youw’ll then have to avoid
cooking resin in the nip.
Downs-Honey pointed out
another factor when considering
fiber-to-resin ratios in reinforce-
ments: pressure on the wet-out
reinforcements caused by rewind-
ing. Rewind the fabric too tightly,
and resin will be squeezed out; too
loosely, and the rewound roll will
become a sloppy, disorganized
mess. Interleaving an impermeable
carrier film (peel ply is a possibil-
ity, too) on one or both sides of
the wet-preg usually solves the
problem, as does careful adjust-
ment of the drive tension on the
rewinder system. Generally speak-
ing, the best results are achieved
with just a little more than the min-
imum amount ol drive eflfort
required to rotate the rewind roll.
Although automatic tension-
control systems for rewinders are
not too complicated, they can add
at least $1,200 to the cost of the

equipment. A sharp impregnator
operator is usually more cost
effective—someone who knows
how to adjust the rewinder’s slip
clutch, or the rewinder drive’s air-
motor pressure regulator as the
rewind roll grows in weight and
diameter. Note that it’s also good
practice to check the wet-preg's
fiber-to-resin ratios twice: once
directly out of the nip and again
after rewinding.

Remember, producing low-resin-
content wet-pregs is a bad idea if
the overall construction process
will not create a void-free lami-
nate. If, however, you wish to
have skins with 45% resin content
and that will be vacuum-bagged at
medium pressure, then an impreg-
nator will certainly deliver. By con-
trast, a hand-layup skin with that
same resin content will be of poor
quality, at best. I've been in
impregnator-equipped shops that
produce very dry wet-pregs;
the workers place and squeegee

K JANICKI
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¢ Plugs, One-Off Tools and Molds
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Left—Preassembled, precut lengths of three-ply stacked-and-sequenced process materials are located on a bench near the
impregnator. Right—Moderate vacuum levels, combined with the controlled bleed of perforated release film, prevent
absorption of excess resin into the bleeder. The soaked-through section in this image is over the thick engine-bed laminate

region, and is normal.

I asked Smith about any modifica-
tions he might propose to BBW's (or
any) impregnator, and he had some
good suggestions. “We always have
one of our skilled guys set up and
run the machine. We'd love to have
vernier gauges or dizl-indicator read-
outs for setting the gap between the

rolls, or perhaps a dial with a needle
that would point o sellings for spe-
cific styles of reinforcements, such as
1208, 1808, or 2408.”

As a matter of fact, in the late
1980s I built two high-accuracy impreg-
nators fitted with dial-indicator nip
readouts. They looked and worked

great—except the dial indicators did
not swrvive more than a few weeks
on the shop floor of a laminating
operation.

Smith continued, “1 also wish that
all the resin on the impregnator
would just “peel-ply’ off. Or, that our
rig had an automated ‘rinse cycle.’
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We spend quite a bit of time on
cleanup.”

Cleanup has always been a chore
with impregnating machines. It's a
design problem I investigated thor-
oughly when building these devices.
Teflon-coating the complete machine
is possible but very expensive and,
according to the industrial coaters [
spoke to, not practical. They basi-
cally told me that once the machine’s
operator attacks the Teflon-coated
surfaces with a scraper, the coating
will start to fail. All exposed surfaces
and components on BBW's impreg-
nator were made from unpainted 304
stainless steel or anodized aluminum.
Operators can scrape away, use a
sander or grinder, or even get out
a propane torch or air-powered muf-
fler chisel, if necessary. A more prac-
tical solution, though, would entail a
liberal application of polymeric
release agent on all exposed sur-
faces. That'll make future cleanup
easier.

The net result of BBW’s impregna-
tor operators’ hard work is that the
personnel in the mold—which in

the wet-out reinforcements, and
then add more resin (by roller or
saturator gun) until they think it
“looks right.” Such procedures sim-
ply short-circuit the benefits of
wet-preg boatbuilding.

Finally, here are a few thoughts
on evaluating new or used impreg-
nating equipment. Machines with
thin-wall rolls that are spring-
loaded together will not be able to
produce low-resin-content wet-
pregs without extensive modifica-
tions to increase the squeeze in the
nip. Be sure to check carefully for
roll roundness, with an accurate
dial indicator. Similarly, machines
with thick-walled rolls and high-
pressure nip mechanisms may not

more traditional composite boat-
building shops would likely be called
the laminating crew—is actually the
placement and tailoring crew. That’s
because all the reinforcement wetout
now takes place oufside the tooling.
There are no buckets of resin, or

be able to produce high-resin-
content wet-pregs, because the nip
will have to be opened too much
to “bite” the reinforcement and
pull dry fabric off the supply roll.
Machines that effectively produce
high-resin-content wet-pregs (in
excess of about 55% resin by
weight)—perhaps for bedding
structural core, or to generate a
resin-rich surfacing layer—will
probably have rubber-faced brake
and unwind rolls synchronized to
the nip rolls’ speed. This feature
feeds fabric into a wider, “softer”
nip, and prevents the weight of the
“tail” of material hanging below a
soft nip from pulling additional
fabric through. —Bruce Pfund

disposable brushes, or wire-frame
tollers, or bubblebusters in the mold.
Only rolls of neatly cut wet-preg.

Tailoring the Tapes
Taping and tabbing is typically a
messy, time-consuming task during

Professional BoatBuilder is the
only magazine in the world edited
for professional boatbuilders,
designers, repairers, and surveyors.
If you are one of these professionals
you may qualify for a free subscrip-
tion to the magazine. Simply write
or fax us (on your company letter-
head) for more information.

If you have been receiving
Professional BoatButilder and need
to change your address, or if you
prefer to receive the magazine at
your home address, please photo-
copy the mailing label on the
magazine and send it to us with
your new address.
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the assembly of most open wet-layup
projects. It's also a hard-to-predict
source of weight gain, especially on
big jobs. The BBW mold crew’s skills
in placing, tailoring, and consolidating
the werl-preg tapes make taping-in the
34z hull’s structural gricdd of urethane
foam stiffeners and frames a remark-
ably ridy and efficient process. By
carefully sequencing the application
of wet-pregs and the follow-on

process materials, the BBW crew
avoids walking on any of the complex
arrangement of wet laminates. Also,
they avoid dripping resin on the
panels between tabbed sections.
The speed and accuracy of the
BBW crew were impressive as they
applied two laminates of biax-and-
mat tabbing to a stringer section
approximately 20’ (6m) in length,
along with seven cross-member

BBW'’s vacuum-bagged wet-preg is well
finished, with little if any grinding
required. Peel ply is left in place over
any areas scheduled for secondary
bonds, such as bulkhead and partition
locations, and the hull-to-deck joint.
BBW co-owner Mark Lindsay says,

“We do whatever we can to minimize
grinding, and we use suck-sanders.
When we do have to grind something,
we ask ourselves why, and try to
figure out a way to prevent it.”

intersections. You can see the neat
straight edges on the tabbing, cour-
tesy of the impregnator and pre-slic
tapes; the three photos on page 74
capture that production sequence.

Process Materials

Ply-by-ply application of wer-preg
laminates is but one pait of the opera-
tion of placing, tailoring, and consoli-
dating material; process materials must
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be added, too. Al BBW, that stack
consists of white peel-ply, a clear
nylon perforated release film, bleeder-
breather fabric, and the vacuum bag.
An important element of successful
vacuum-bagging is planning, which
involves pre-fitting as many of the
layers as possible prior to layup. Note
in the photos on pages 66 and 76 that
the vacuum bag is already sealed to
one side of the hull's inner skin,
about halfway up the port topside
panel. Tacky tape for the other hull
side and transom is also in place, pro-
tected from resin contamination by
brown-colored plastic-film tape.
Instead of laying down each
material ply by ply, BBW sprays a
mist of contact cement to bond the
peel-ply to the release film and
the release film to the bleeder cloth—
outside the tooling. In the mold, the
three preassembled layers are put
down and rtailored in one step. The
crew's current practice is to assemble
the materials stack by hand on a flac
layout table. Smith was interested
when I mentioned that the BBW
impregnator, with a few tweaks (such

as additional unwind srtarions), could
also be enlisted to laminate the three
layers of process materials together in
a full 60" width at a rate of 10 to 15
lineal feet (3 to 4.6m) or more per
minute.

As the amount of framing inside
the 34z hull increased, there was less
and less space for the placement
crew to worl, and so the number of
people within the mold gradually
reduced. But, there was always a
place to stand on laminate surfaces
that had already cured. The four
laminate layers for the engine bed—
applied with offset edges to produce
the correct ply dropoffs and ply dou-
bling at the cap—went down in less
than five minutes, but only after all
nearby laminates and process materials
were in place. Each length of fabric
for the bed section was cut to length
from a roll of wet-preg tape.

BBW's impregnator operator was
paying attention to the machine’s
footage counter when the roll of wet-
preg dedicated to the starboard
engine-ped region was wet out and
cut to length. At the end of the roll,

after four lengths were cut, less than
one foot of unused material remained
on the cardboard core.

ﬁ_ﬁ’i

After years of one-off and custom
boatbuilding, Lindsay and Smith are
enjoying Boston BoatWorks' new role
as a production shop. “We have the
chance to fine-tune every aspect of
building these boats,” Lindsay said,
“and to increase the efficiency of our
laminating and bagging techniques.
On one-off projects, those considera-
tions were much less critical.” To
which Smith added, “Most of our
good ideas come from the guys out in
the shop and in the tooling. We're
constantly innovating. I'm confident
that in six months’ time, we won't be
building the way we are now. That’s
what keeps it interesting.”

About the Author: As “Bruce Pfund/
Special Projects LLC,” Brice constills
on composite processes and inspects
marine composite structures. He is the
technical editor of Professional
BoatBuilder.
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Shakeout

Our third and final installment on network-
ing marine systems takes a closer look at
the various players vying for position in the
emerging—and important—technology of

Text and photos
by Nigel Calder

(except where noted)

Teleflex Megalink rubberized keypads.
The unit on the left has a single data
cable to devices on the network. On the
right is a combination keypad and power
distribution module, with six power
outputs coming directly from the
keypad, hence the substantial wiring
harness. The latter includes load cables
from the six-channel! power distribution
module, along with a data cable that
operates another 16 circuits remotely.
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distributed power.

In Parts 1 and 2 of this series—
see Professional BoatBuilder No. 97,
page 148; and PBB No. 98, page 50—
I discussed the potential of contempo-
rary networking systems to greatly
simplify wiring harnesses on boats
while also increasing the functionality
and reliability of marine electrical,
navigational, and propulsion systems.
I also reviewed some of the compet-
ing protocols presently available. Now
I'll examine in detail how this relates
to the remote switching of loads
(a.k.a. “distributed power system”),
which is critical to wiring-harness
reduction.

The principal players in the marine
marketplace that I have identified to
date can be grouped into those using
the Controller Area Nerwork, or CAN,
protocols (see Part 2 of this series),
and those using non-CAN protocols.

Within the CAN family the two sys-
tems having the highest visibility are
SmartCrafr, which has been devel-
oped by Mototron, a Brunswick
Corporation company; and NMEA
2000, developed by the National
Marine Electronics Association.
However, distributed power is not the
primary focus of either of those sys-
tems: SmartCraft has come out of the
engine control field and NMEA 2000

out of navigartional electronics.
SmartCraft is still in the beginning
stages of geuing a distributed power
system up and running. The principal
work is being done by Digital
Switching Systems, a subsidiary of the
DNA Group, and by BEP, a New
Zealand company. The NMEA is
much further along, with a so-called
message base for NMEA 2000 that is
being applied by Moritz Aerospace,
a subsidiary of Carling Tech-
nologies; and by Megatech Electro, a
subsidiary of Teleflex. (Megatech
Electro’s system—Megalink—is now
installed in Ranger bassboats.)

A Swedish company, EmpirBus, has
another CAN-based distributed power
system that is well developed and
has, in fact, been installed on a num-
ber of boats, including Swedish res-
cue craft—a particularly demanding
application. Aside from its work with
SmartCraft, Digital Switching Systems
also has its own proprietary, relatively
low-cost CAN-based system, which it
has been installing since 1999; it is the
most widely deployed distributed
power system in the marine industry.
Carling Technologies has a similar
system that has been put into Skeeter
bassboats for the past five years. And,
in 2006 ETA will release a proprietary,
CAN-based “Powerbus,” equipped
with a “gateway” to NMEA 2000.

Outside the CAN world, ED&D (a
subsidiary of Airpax) has what is
almost certainly the most fully devel-
oped distributed power system now
available for boats. It is installed on
the production line by British power-
boat builder Sealine (see the sidebar
on page 84), and in prototypes by




othey prominent builders; chief
among them is Sea Ray. In December
2005 Sea Ray Boats (a Brunswick com-
pany based in Knoxville, Tennesee)
launched a new 36’ (11m) “sport
vacht” model with a fully developed
ED&D distributed power system for
both DC and AC circuits.

Victron, a Dutch firm, is debuting
another non-CAN system, as is
Weldon Technologies, that has come
out of the automotive sector. And,
there is Cole Hersee, a company that
has had a low-cost, non-CAN digital
switching system for some time.

The Overcurrent Challenge

In the system envisaged here, a pri-
mary “two-wire bus” is run through a
boat, with direct connection of
devices at the closest point to that
bus. This arrangement is quite differ-
ent from conventional setups, in
which a technician would run the
load cables for the devices back 10 a
circuit breaker or switch in a panel
some distance away. At the point of
connection to the two-wire bus, there
will be a remotely operated switch,
with a data (control) cable running
back to the control panei. For a
derailed description, see Part 1 of the
series.

In such an installation, the remotely
operated switches are commonly
called upon to provide branch circuit
protection as defined by Underwriters
Laboratories, the American Boat &
Yacht Council, and other industry
standards organizations. (For the record,
the principal relevant standards are
UL 1077, UL 489, UL 1133, and

ABYC E-11; the 1ISO 10133 and 13297
standards also apply, but are less
rigorous, so meeting the UL and
ABYC standards is sufficient to ensure
compliance.)

Granted, it’s possible 1o take a con-
ventional circuit breaker or switch
that complies with UL and ABYC stan-
dards and add components and cir-
cuitry to make it remotely operable.
There’s a name for it: Remotely
Operated Circuit Breaker, or ROCB,
and remote operation i3 now done
in 2 number of applications, mainly in
battery switches with overcurrent pro-
tection. Moritz has recenty introduced
a line of AC breakers that operate this
way. However, there are concerns
related to response time and cycle
life; and in any case such devices
have less functionality than do elec-
tronic devices (see below). As a
result, the focus for remote switching
has been almost entirely on solid state
devices, notably whart are known as
Metal Oxide Field Effect Transistors
(MOSEFETSs), because these can be
economijcally configured to make and
break just about any current (amper-
age) level, while being relatively easy
to control via remotely operated cir-
cuits. It is not at all clear, though,
what standards-compliance means in
the context of such devices.

For DC systems, the ABYC requires
that branch circuit protection devices
have an Ampere Interrupting Capacity
of between 750 and 2,500 amps
(depending on the size of the boat's
battery hanks), which is to say that
given a short-circuit amperage equal
1o the AIC raring, the device will

New and “old” wiring technologies at
Sealine, a U.K.-based, Brunswick
Corporation—owned production
powerboat builder. (See the sidebar
on page 84.) The lower unit, a two-
cable block of switches, considerably
improves functionality over the upper
unit—conventional switches fitted with
a large wiring harness.

safely break the circuit without arcing
over, and without the points on a cir-
cuit breaker fusing together. On AC
circuits the AIC rating is 3,000 amps.
MOSFETs react so quickly to rising
amperages that they never allow
those types of short-circuit currents.
On a recent site visjt to ED&D, 1 got
lead designer Dave Bateman to
repeatedly put a dead short across an
ED&D device that was hard-wired via
short, heavy cables to a Group 31
battery (with a potential short-circuit
current of thousands of amps) so I
could photograph the resulting spark.
That’s like irying to photograph light-
ning; it took me many attempts to get
the picture. The unit successfully
broke the circuit every time; indeed, it
wasn't fazed one bit by the abuse.

There are additional requirements
for branch circuit breakers. First,
they must be “trip free”—meaning they
cannot be reset until a fault has been
cleared, no matter how hard you try
to hold them “on.” And second, once
tripped, they must be manually
reset—as opposed to automatically
resetting themselves. With solid state
devices, these characteristics almost
always become a function of the con-
trolling software rather than some-
thing physically inherent in the
device, which is clearly not what any-
one had in mind when the standards
were written.

The standards for circuits above 50
volts (typically, AC circuits) also con-
tain certain dielectric requirements; in
particular, a device must withstand
twice its rated voltage plus 1,000
volts, applied across the switching
elements without passing more than
S mA. So far as 1 know, none of the
current crop of MOSFET-based
devices can pass this test.

And there are things that are »not in
the present standards but probably
should be for solid-state circuit break-
ers. The most obvious are rigorous
Electromagnetic Interference or Radio

FEBRUARY/MARCH 2006 83



Frequency Interference tests for the
devices themselves and their control
circuits. Urban legends are already
starting to spread about boats whose
circuit breakers turn themselves on
and off every time the mike on the
Single Sideband Radio is keyed! A
couple of boatbuilders T've spoken
with that have been using low-end
distributed power systems for several
years repost numerous instances of
this type of problem, with one report-
ing that the relevant RFI signals can
even be generated by failing motors
on electric pumps.

Less obvious, but also probably
needed, are software standards: Once

you transfer to software such key
control features as the trip setling on
a circuit breaker, it becomes critical
from a safety perspective that the
software continues to operate under
the most adverse conditions.

It seems the presently available
MOSFET-based solid-state electronic
circuit breakers, or ECBs, probably
meet ABYC requirements for branch
circuit protection in circuits under
50 volts, but do not in circuits over 50
volts. They do not pass the dielectric
tests. Another concern (for circuits
both below and above 30 volis) is
that when MOSFETSs fail, they tend to
fail shorted, at which point there is

no overcurrent protection.

To ensure compliance with existing
branch circuit-breaker requirements,
some solid-state circuit breaker man-
ufacturers are presently moving down
a similar path, which is to cluster
ECBs in what I will call a Power
Distribution Module (PDM). It goes
by other names, depending on the
manufacturer. For instance, DSS calls
its module a Power Management
Enclosure, while Moritz terms its a
Power Distribution Unit. In these
modules, the power input is pro-
tected by a conventional circuit
breaker and/or a fuse that meets AIC,
dielectric, and other requirements;

The Sealine Experience

ealine is a United Kingdom-based,

Brunswick Corporation-owned
powerboat builder with 15 models of
sport boats, flybridge cruisers, and
“small” motoryachts, ranging in
length from 25’ to 60’ (7.6m to
18.3m). The company’s work force of
700 produces more than 400 boats a
year. Sealine runs an entirely in-
house operation, including all aspects
of design and construction. In 2002
Sealine began installing the E-Plex
power distribution system on its S38
model (11.5m), designating the sys-
tem “Seaplex.” To date, approxi-
mately 100 of those boats have been
built; and two other models in the
product line are now equipped with
the Seaplex system.

On the DC side, the Seaplex sys-
tem remotely operates all interior
lighting, bilge pumps, macerators,
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navigation lights, engine fans, and
windshield wipers. Sealine is just
beginning implementation on the AC
side.

The impetus to get into distributed
power systems came from the head
of the company. Julian Potter,
Sealine’s supervisor of manufacturing
and engineering, recently com-
mented, “There was a gut feeling that
there’s a better way to wire boats.
Both the automotive and housing
industries have moved beyond tradi-
tional wiring, and we felt it was time
to do the same.” Sealine shopped the
marketplace and selected E-Plex
on the basis of its advanced state
of development and broad range of
applications, and, according to Potter,
“because ED&D is very responsive,
and very nimble on its feet.” The
process from design initiation to
implementation on the first Sealine
model took just over two months.

Sealine runs three data buses from
the E-Plex clock—the name E-Plex
has given its central control unit. One

Julian Potter, manufacturing and
engineering supervisor at Sealine, is
outfitting selected models with an
E-Plex power distribution system made
by ER&D. Moving to networked marine
systems constitutes a transformation,
not just a chamgeover. At the helm
alone, says Potter, one twisted-pair
data/power cable (in his hand) has
replaced two banks of seven switches
and “an awful lot of wires.”

bus is forward, one aft, and one is in
the flybridge area. Sealine chose ot
to integrate the Volvo engine net-
working system with the Seaplex sys-
tem. “We feel this provides more
security for the propulsion system,”
remarked Potter, “and we believe our
customers share that feeling.”

By way of illustrating the benefits
of Seaplex, Potter noted that, at the
helm, the Seaplex twisted-pair
data/power cable has replaced two
banks of seven switches and “an
awful lot of wires.” Overall, installa-
tion of the Seaplex system has cut
40% of the cabling out of the boat,
with concomitant time savings in
wiring-harness creation and installa-
tion. In terms of hardware costs, he
said that “it’s very difficult to com-
pete against the cost of wire—
which is cheap, although rising
copper prices have recently driven
it up—but when you look at the
labor costs, it’s a wash, and Seaplex
may even be a little cheaper. And
then there are all the additional
benefits of Seaplex....”

At that point Potter described an
intricate: windshield-wiper system
Sealine developed, using E-Plex’s
“E-Logic” software, to synchronize
the blades—even with one at full
speed and the other intermittent. “It
just makes it look so much better.”
It took the Sealine crew only 30
minutes to do the programming.
Potter: “E-Logic is essentially a
blank sheet of paper that you can
do anything with. You can make
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the ECB, in effect, serves as a switch-
ing relay and overload protector. For
circuits below 50 volts, other manu-
facturers have chosen to omit the
fuse or circuit breaker. As of this writ-
ing, PDMs are manufactured with up
to 32 ECBs.

To protect against shorted
MOSFETs—with or without a fuse or
circuit breaker on the “front” end—
almost all manufacturers include a
fusible link designed ioto the circuit
board on which the MOSFETs are
mounted. In essence, a fusible link is
a narrowed-down section of the cir-
cuit on the printed board, which will
overheat and melt in an overcurrent
situation just the same as a fuse—
except now you have to replace the
entire circuit board.

Power Distribution Modules

Although PDMs us presently manu-
factured are similar to a conventional
subpanel on a boat, there are some
important differences. Because the
individual ECBs in such a box can be
remotely operated from any appropri-
ate device wired into the data circuir,

these boxes—unlike a subpanel—do
not need to be readily accessible;
they can be placed at any convenient
location close to the loads they are
controlling, with significant potential
savings in cabling and installation
time.

As for the electronic circuit break-
ers within the boxes, rypically 2 man-
ufacturer employs a single design of
ECB that has a maximum amperage
rating (determined by the ampacity of
the MOSFETs within i) high enough
to handle the highest load it is
intended to protect and/or switch. In
other words, it is designed for the
worst-case amp load. The MOSFET
includes a device that measures cur-
rent flow through it; and the breaker
control circuit is such that the MOS-
FET can be programmed to “trip” at
any amperage up to its maximum
amp rating. This enables the exact
same ECB to be used for multiple
amp ratings, with the rating derter-
mined through the software program,
not through the ECB’s physical con-
struction. (Weldon Technologies is
apparently the only manufacturer

right now with fixed amperage ratings
for its MOSFETs, as distinct from set-
ting the ratings via software).

Most of these ECBs can be repro-
grammed in situ to a different trip
value or to a different set of trip char-
acteristics (time delay, for example),
either by way of the data bus contro]
panel or by plugging the appro-
priate tool into the data circuit.
Manufacturers are purtting a lot of
effort into developing user-friendly,
intuitive software such as ED&D’s
“E-Logic” and EmpirBus’ “Config.” A
boatbuilder can build a boat with all
the same ECBs, and then program
them individually to appropriate trip
characteristics once the boar is fin-
ished, and change the trip character-
istics if equipment on the circuit gets
modified. The nature of the control
circuits is such that more-precise trip
characteristics arc possible than with
conventional magnetic or thermal
circuit breakers.

Typically, a PDM will have from
four to 32 ECBs, each rated for a max-
imum ranging from 7.5 amps (Weldon
Technologies) to 30 amps (Moritz).
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Some manufacturers allow paralleling
of outputs for higher Joads. Weldon
Technologies, for instance, allows up
to four to be paralleled for 2 30-amp
load. The total ampacity of the unit is
almost always less than the sum
of the maximum rated ampacities of
the ECBs. As an example, if there are
six ECBs rated at 30 amps each, for a

things as simple or complex as
you want.”

Sealine has programmed its
newest clocks with a comprehen-
sive test cycle that checks the oper-
ation of numerous pieces of equip-
ment on the boat, such as bilge
pumps and the freshwater pump, at
start-up. The E-Logic software is
supplied in a number of languages.
If a boat goes overseas, then, with
the click of a mouse a foreign tech-
nician can change the language to
troubleshoot the boat, and switch
back to the owner’s language when
he’s done.

The builder believes its boat buyers

maximum of 180 amps, the toral amp
rating of the PDM may be only 100
amps. The limiting factor is usually
the heat created by the MOSFETS in the
ECBs when they are conducting;
at 100 amps, that might be as high
as 30 waus, depencling on the quality
of the MOSFETs. The PDM must
be designed to dissipate this heat;

would like to retain traditional-
looking rocker switches, even
though the switches are sending a
very low-power digital signal down a
common data cable. As I've indicated
in the main text, using conventional
switch technology to make and
break the miniscule currents in a
digital circuit commonly results in
problems: the lack of an arc when
the switch is opened leads to
oxidation of the switch points, and
high resistance. ED&D came up
with an innovative design (a patent
is being applied for) in which an
arm on the back side of the switch
breaks a light signal when the

otherwise, if it builds up, the electron-
ics will be damaged. In general, the
more efficient MOSFETs, which gener-
ate less heat, cost more. That's why
low-cost PDMs tend to have more
heat-dissipation problems than higher-
cost units. For the PDM designer,
there is a trade-off: low MOSFET cost
versus greater heat-sinking costs.

switch is operated. That triggers the

electronic circuit without the inter-
vention of any switch points.

In summing up Sealine’s overall
experience with ED&D, Potter said:
“One of the things we know from
doing this for as long as we have
is that it's not just a question of
changing boxes on the boat and
substituting ED&D products for
conventional distribution products.
I's a matler of changing the entire
culture on electrical systems” design
and installation. In return, we see
major benefits in functionality,
diagnostics, and troubleshooting.”

—Nigel Calder
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The current (amperage) measuring
device and small microprocessor
found in ECBs provide the opportu-
nity for some really interesting and
creative uses for these devices. For
example, if the current sensor detects
no current when a light circuit is
turned on, it can signal that the lamp
is out or the wire is broken. Similarly,
if it “sees” a higber-than-normal cur-
rent draw on a motor, but not high
enough to trip the breaker, then it can
warn of the problem.

Or, consider a bilge pump. The ECB
might be programmed to turn the
pump on at set intervals. If the current
draw goes above a certain level, it sig-
nifies there is water in the bilge. (The
water creates resistance that drives up
the current draw of the pump.) The
pump can be kept running until the
current falls, indicating a dry bilge,
and the pump can then be kept run-
ning for a few seconds longer to
“sponge out” the bilge before being
shut down. This seemingly insignifi-
cant process eliminates the need for a
float switch—the most failure-prone
part of bilge pump circuits.

Similarly, if the bilge pump current
goes above normal pumping levels, it
indicates a fouled or locked rotor
(probably caused by a jammed
impeller), in which case the pump can
be turned off—to prevent it from
burning up—and an alarm triggered.
Again, that basic move eliminates one
of the more common causes of pump
failure. The microprocessor operating
the ECB (the “chip”) can keep a
record of how often, and for how
long, the bilge has been pumped, trig-
gering an alarm should the pump run
more than usual. It can even “learn”
how the operating characteristics of
the pump change over time (as, say, the
impeller wears) and adjust the control
parameters accordingly. At any time,
the boat operator can pull up the
operating history of the pump. All of
these functions are presently pro-
grammed into “active intelligence”
devices manufactured by Rule Indus-
tries (Gloucester, Massachusetts), and
can be programmed into systems such
as those from Moritz and ED&D.

Unlike traditional circuit breakers,
therefore, ECBs have the potential to

operate as “smart” devices, with pow-
erful circuit-control and diagnostic fea-
tures. The more sensing devices that
are wired into the data bus shared by
the circuit breaker, and the more
information there is on the bus, the
greater the potential is to engineer cre-
ative programming of remotely oper-
ated solid-state circuit breakers and
switches. There is a whole new wosld
opening up here, and its surface has
barely been scratched.

Sophisticated diagnostic software
can be developed, and tools built,
such that anyone can plug the tool
into the network and download infor-
mation (perhaps over the Internet) to
a technician anywhere in the world.
This is no different than what happens
when you take your car to the shop,
where it is plugged into a computer to
view its operating history and to diag-
nose its problems. ED&D cites a case
of a superyacht in Europe fitred with
its E-Plex system. The boat developed
a lighting fault in the dining room, just
prior to an important dinner aboard.
From Florida, the yacht’s chef was
talked through identifying the failed
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unit, swapping it out, and reprogram-
ming the software,

Such capabilities are likely to cost
more than traditional circuit switching
and protection; but once the full bene-
fits are realized—reduced wiring,
reduced installation time, and reduced
post-installation problems—there are
likely to be major savings for boat-
builders. And, the bigger the boat, the
greater the potential savings. Paul
Shore at bassboat manufacturer
Skeeter Boats (Kilgore, Texas), whose
largest model is 22’ (6.7m), reports
that there really is not enough cable
and installation savings in Skeeter's
boats to justify the cost of a digital
switching system. But the company is
doing it anyway for the “Oh, wow!”
factor. In any eveat, the buyer of a
boat so equipped will get a simpler
yet more powerful and reliable electri-
cal system with greatly enhanced
functionality, and powerful diagnostic
and error-warning capabiljties.

Lock Out and Limp Home
Concerns have been expressed
about the ability to safely trouble-

shoot and work on electronically
operated circuits tied to a two-wire
bus. With a conventional switch or
circuit breaker, you can very often
lock it out so no one can accidentally
turn it on while you’re working on
the circuit. You can always hang a tag
on it or put a piece of tape over the
switch.

But what does it mean to “lock out”
or “tag” an electronic circuit breaker?
This requires a modification to the
operating software that will thwart
any attempt to trigger the device; it
produces a4 warning message or
something similar. For example, a
password-protected disable feature
could have the password set when the
circuit is disabled. That way, only
the person who disabled it would
have the password to reset it. Moritz,
among others, takes this approach—
along with an override mechanism, in
case the technician forgets the pass-
word or gets run over by a truck!
EmpirBus has a mechanism for
manually locking out ECBs directly on
the units, which then disables the
data circuit to that particular ECB.

There is another concern. Given
that ECB ratings are set in the soft-
ware, what's to stop children from try-
ing to use the touchscreen as a com-
puter game and accidentally resetting
all the ECBs to levels that exceed the
ampacity of the cables attached to
them and creating a fire risk for the
boatr? Well, at the time the system is
commissioned, the boatbuilder will
need to program upper limits for all
ECBs—based on the ampacity of the
cables connected to each ECB—and
then lock those settings in the soft-
ware so they cannot be reset except
through a secure procedure controlled
by the builder.

Here's another one: What happens
if the boat gets hit by lightning and
the electronics fry? True, the same
thing could happen with a tradition-
ally wired boat, but the potential for a
whole-boat shutdown is greater when
everything is operating off the same
data bus. This concern is being
addressed in a combination of
ways: tougher “environmental” stan-
dards (meaning tougher require-
ments regarding the kinds of extreme
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conditions a system1 must be able to
withstand); “hardening” of equipment
against the massive voltage and cur-
rent spikes that occur in a lightning
strike; and devising mechanisms to
jury-rig failed ECBs. (For more on the
latter, see below.) Ultimately, though,
the only way to create security against
electronics failure on mission-critical
circuits is 1o wire in a parallel redun-
dant circuit with a mechanical protec-
tion device, or make it possible 1o
physically remove the electrenic cir-
cuit breaker and reptace it with a
mechanical one.

Still, ro system can be made com-
pletely invulnerable to failure. The
goal must be to achieve at Jeast as
high a level of operational safety as is
found with conventional systems, and
preferably higher.

Moving Toward Individual
ECBs

Because a power distribution mod-
ule clusters ECBs in one device, the
load circuits coming off it still mun in
parallel for some of their length. To
realize the full potential of remotely

controlled circuit switching, it will be
necessary to move beyond the PDM
approach 1o develop devices for indi-
vidual circuits that:

ecan be rapidly, easily, and economi-
cally tapped into large-gauge cables
(on many boats, the two-wire bus will
consist of 2/0 cables, and on some,
these may be as large as 4/0);
eprovide switching and overcurrent
protection for anything from a single
load 1o mulriple loads;

eare easily wired into the boat's data
cable via an appropriate drop cable;

econtain the appropriate chip and
software 10 be self-configuring on the
system, or easily configured by
the installer;
e provide a means for positive lock-out/
rag-out;
sconform to the requirements for
manual reset; and
smeet all other applicable interna-
tional standards for branch circuit
protection.

To the best of my knowledge, no
such device presently exists. (Note:
just before going 10 press, I was

A Capi2 device that is
new to the market, for
remotely controlied
circuit switching. The
Netherlands-based
manufacturer claims its
unit meets the author’s
demanding criteria for
individual circuits, as
itemmized by bullet points
in the text above.
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contacted by a European company,
Capi2, that is launching such a
product—go to www.capi2.com.) The
state of the art in this domain is best
demonstrated by looking at: ED&D's
non-CAN-based approach (E-Plex);
three CAN-based systems (Moritz’s
NMEA 2000 approach, Digital Switch-
ing Systems’ SmartCraft approach, and
Sweden’s EmpirBus system); and a
couple of the low-cost non-CAN
approaches (Cole Hersee and Weldon
Technologies).

E-Plex

As of this writing, in the finite uni-
verse of marine distributed-power sys-
tems, ED&D’s E-Plex is arguably the
furthest along in terms of product
development and the broad range of
its applications. ED&D has several
superyacht systems as well as a pro-
duction-line powerboat under its belt.
Vice-president Jim Habuda says,
“There are other companies entering
the multiplex [distributed power] field
with bits of the puzzle, whereas we
already have most of the pieces and
are now working on things the others

are not even thinking about!”

ED&D clusters anywheye from six to
16 ECBs on a PDM board, with a sin-
gle “core” (transceiver) providing the
interface to the E-Plex bus. Each ECB
becomes an address on the bus—or
multiple addresses, depending on the
complexity of its functions. The cir-
cuitry for each ECB includes: a manual
override of the remote-switching func-
tion; an innovative thermal disconnect
device (for which ED&D is seeking a
patent); a MOSFET (the device that
makes and breaks the circuit); and a
fusible link built into the circuit board.
There may or may not be another
MOSFET associated with pulse-width
modulated light dimming. The entire
assembly is potted in epoxy. There are
no user-serviceable parts; if one circuit
goes down, that circuit will have to be
taken permanently out of service, or
the whole PDM unit will need 0 be
swapped out.

E-Plex is a master/slave system (for
a detailed explanation, see Part 2).
ED&D calls its master a “clock.” The
various logic functions for all ECBs in
a given system are retained in the

clock’s memory, so if any module on
the bus is replaced with a new unjt, the
clock automatically reprograms it. This
limits the number of parts a boat-
builder has to keep in inventory, or
that a boatowner needs as spares,

A feature that, to my mind, sets
E-Plex apart at this time is its amaz-
ingly powerful E-Logic software package,
which can customize a power distribu-
tion system. To get a sense of its capa-
bilities, 1 challenged ED&D’s Dave
Bateman and Matt Bush, ED&D’s lead
programmer, to take a bench system in
which the company’s ECBs operate
simulated loads, and o configure it for
a bilge pump with the functions
described earlier—namely, to cycle the
bilge pump on ar timed intervals, keep
it running if the current draw is above
a certain level, shut it down and give
an alarm if the current draw goes
above a higher level, and shut it down
after a timed delay when the current
draw drops below a lower level. From
a cold start (Bateman and Bush had no
idea 1 would ask this), the rtwo men
delivered this functionality in 10
minutes; and they did it without
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Above left—An E-Plex circuit board for a six-“channel” power distribution module
that manufacturer ED&D calls a “HexaModule.” It is fully potted in epoxy; there
are no serviceable parts. The six white buttons on the left are overrides for each
electronic circuit breaker, or ECB, that permit the individual ECBs to be operated
manually in case the network circuit goes down. The LEDs to the left of the over-
ride buttons indicate whether a circuit is “on” or “off.” Above right—Cover
removed, the HexaModule is wired to a battery for short-circuit testing. The screw-
driver, shown, repeatedly caused a deliberate dead short across one of the output
circuits. Each time, the ECB shut down the circuit—virtually instantaneously—
without suffering any damage. Left—An E£-Plex power distribution module with
eight ECBs, or channels.
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adding any cost to the system other
than the programming time!

In common with a number of other
manufacturers, ED&D and Moritz (see
below) provide touchscreen display
and control monitors. Typically, the
boat’s functions are broken out into
logical groupings—Ilights, pumps, navi-
gation systems, DC systems monitor-
ing, AC systems monitoring, heating
and air conditioning, entertainment
systems, tanks, etc. Touching any “but-
ton” pulls up a display of the switches
and/or information associated with that
system, with additional sub-menus
where appropriate (stored data, diag-
nostics, and the like). Given a fault
condition on any breaker or system on
the boat, a clear warning is displayed.
Trust me, this stuff is all very intuitive.
I’s not necessary to read a manual to
work your way through the options.
I’s easy to operate, no matter how
complex the underlying hardware and
software may be.

Moritz
Moritz wet its feet with a Viking
powerboat, and is also outfitting a

fast-ferry and a 130 (40m) catamaran.

The company clusters up to 16
ECBs in a PDM, each with a maxi-
mum rating of 30 amps. But instead
of potting the ECBs in epoxy, Moritz
puts them in a metal box (for RFI
suppression), where they can be
individually removed and replaced in
the event of failure. Two ECBs can
be paralleled for outputs up to 60
amps. A chip provides the interface to
the NMEA 2000 backbone.

With its background in acrospace,
Moritz is especially concerned with
redundancy, and thus provides two
parallel, fully redundant chips (micro-
processors), plus two backbones, con-
nected to two parallel and fully
redundant display and control panels
(also interconnected, so both can
show the same information, or differ-
ent information). If both these net-
works go down, the PDM has two
(redundant) internal power supplies
that keep the internal microprocessors
running, maintaining the ECB trip set-
tings; all that would be lost is the
remote monitoring and control. So, even
if the NMEA 2000 bus is severed, the

ECBs will still function. Should the
backup power supplies go ourt,
or the microprocessors faif, then,
unlike the E-Plex system, Moritz’s
individual ECBs can be removed,
replaced with a mechanical circuit
breaker, and operated manually.

After installation, the various ECBs
are programmed (using NMEA 2000
protocols) via a PC (personal com-
puter) running Moritz software. Some
programming can also be done
through touchscreens. Once pro-
grammed, the various logic functions
for each ECB are retained in the two
processors’ memories. Replacement
ECBs do not need reprogramming;
that's done from the processors’ mem-
ories, which thereby enables a stock
ECB 1o replace any ECB on the boat.
This limits the number of spares a
boatbuilder or boatowner must carry.
However, if the PDM itself needs
replacing, then it must be repro-
grammed by a PC or the display
panel (as distinct from the E-Plex
system, where it’s done automatically
by the “clock™.

Moritz is presently focusing on
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Above left—Pulling an electronic circuit breaker from a Moritz power distribution
module installed on a Viking motoryacht, This PDM has 16 ECBs.

Above right—Touchpad control for a lower-cost networked system from Carling
Technologies, Moritz's parent company. The device includes the necessary chip to
put signals from the touchpad on the network bus via a single network cable with a
four-pin connector (two network power cables and two data cables).

Left—Carling Technologies rocker-type switches, and touchpad switching, with

built-in chip and a single-cable connection to the bus.

expanding the data acquisition sice of
its system. Why? In order to increase
the range of applications that Moritz
can put on the NMEA 2000 bus. In
addition to its ECBs and display

panels, Moritz now has a marine
systems monitor, which will accept
analog inputs from sensors
monitoring numerous onboard
systems: a battery monitoring unit, a
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fuel system monitoring unit, and vari-
ous engine transducers (oil and water
temperatuses, for example). According
to Rick Sorenson, chairman of par-
ent company Cayling Technologies,
Moritz is also “devoting a lot of
resources to software development”
in orcer to simplify the process of
programming ECBs, and to extend the
range of their functions.

The Moritz approach is expensive
because of PDM construction and
also the redundant display panels
and NMEA 2000 physical layer. Those
factors limit it to high-end boats. The
company is developing a more eco-
nomical version of its devices in
which the individual ECBs will not
be replaceable, and control wili be
via rubberized keypads rather than
touchscreens.

Finally, Moritz is exploring the
possibility of making its devices also
compatible with SmartCraft.

Digital Switching Systems
A subsidiary of the DNA Group,

DSS manufactures two types of circuit

breakers: remotely operated electro-

Right—Digital Switching
Systems’ touchpad with
built-in chip. The only
connection is the
network cable.
Below—DSS's power
distribution module has
four built-in manual
bypass circuits for

“mission critical” circuits.
At right is the four-pin
connector for the

network cable—

two network power cables
and two data cables.

mechanical breakers,
meaning a data signal
triggers a relay that
operates the breaker; and fully elec-
tronic circuit breakers, or ECBs. Either
type can be clustered in what DSS
calls a Power Managemenr Enclosure,
or PME. At present, the DSS system
runs on a proprietary version of CAN
(DSS has been selling versions of this
system for several years), but for the
future, DSS has chosen to work

toward SmartCraft certification for

two key reasons. The first is that
DSS’s two largest customers are Sea
Ray Boats and Mercury Marine, two of
the biggest companies within the
Brunswick Corporation. And the second
reason is that it would require some
hardware changes, and thus expense,
to make DSS’s devices compatible
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with the specific isolated ground
requirements of NMEA 2000. (For more
on that detail, see Part 2; note, how-
ever, that NMEA 2000 compatibility
will soon be offered at a small addi-
tional cost.)

To connect to the SmartCraft bus,
electromechanical PMEs will need an
adapter, whereas ECB-based PMEs
will have the necessary chip and data
cable connection built into them.
These devices will be operating on
SmartCraft’'s CAN V bus (see Part 2),
and will have a four-wire interface on
the data side, consisting of two net-
work power cables (positive and neg-
ative) and a set of twisted-pair data
cables. As with ED&D’s power distrib-
ution modules, these ECBs are potted
in epoxy; if one fails, the entire PDM
needs to be replaced. DSS uses a rub-
berized keypad rather than a touch-
screen, 0 send signals Lo the PMEs.
This arrangement keeps down the
cost and the power consumption;
there are plans to also introduce a
touchscreen. The keypad contains the
chip necessary to put data on the DSS
bus, resulting in the standard four-

wire interface with the rest of the sys-
tem, regardless of how many switches
are on the keypad. The net result is a
low-cost system that is competitive
with traditional installations at the vol-
ume end of the boatbuilding market
(entry-level systems can be acquired
for less than $100), but which delivers
the sophisticated functionality of a
microprocessor-based power distribu-
tion system together with reduced
wiring-harness and installation costs.
Individual ECBs are rated for a
maximum of 20 amps and, as wirth
competing approaches, are then pro-
grammed within the software for
whatever amp rating is needed for a
given circuit. The maximun amp
capacity of a PME, regardless of how
many ECBs are in it, is presently 75
amps. This is a function of the heat
that must be dissipated when the
MOSFETs in the ECBs are conducling.
At 75 amps, they generate around 20
to 25 watts of heat. The latest genera-
tion of PMEs provides a manual
bypass option for up to four ECBs so
that critical circuits can be kept
functioning if the PME is damaged.

Ken Wood, vice-president and gen-
eral manages of DSS, reports that the
company is at the beginning stages of
SmartCraft certification. Wood and his
colleagues at DSS had originally
intended to develop the necessary
messages (protocols) for the CAN V
bus themselves, but then MotoTron
discovered that BEP, a panel manufac-
turer based in New Zealand, is work-
ing on a protocol that could be
employed. So, DSS is weighing its
options. Wood reports, “We know the
language we will speak [SmartCraft’s
version of CAN], but have not yer
developed the precise messages.”

EmpirBus

EmpirBus is another proprietary
CAN-based system that employs a
master/stave approach (like Smart-
Craft) as opposed to the masterless
system ol NMEA 2000 (sce Parl 2).
EmpirBus’ PDMs contain up to four
removable circuit boards with eight
inputs (see below), or eight ECBs on
each board, for a total of up to 32
ECBs, set in a plastic housing. This is
an approach halfway between fully
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Above left—Rear view of an EmpirBus power distribution module. The top two rows are
point-to-point cables from traditional rocker switches to the input side of the PDM,
where signals are converted to the bus language and put on the bus. Consequently, we
see a similar number of cables at the switch panel, as in a tradijtional installation—but
these are signal cables and not load cables, and thus can be sized much smaller.
Newer installations contain a chip that converts switch signals into the bus language at
the switch, so there is only a single network cable from a bank of switches. The lower
two rows of cables coming out of the PDM are load cables to individual devices.

Above right—EmpirBus' PDM, showing removable circuit boards. Each converts eight
input signals to the bus language, or contains eight output electronic circuit breakers.
Right—Hooking a laptop into an EmpirBus network in order to move the boat’'s VHF
from the navigation ECB to its own ECB. This job took a mere 10 minutes of software
adjustments (as opposed to having to rewire the boat).
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potted units (ED&D and DSS) and
individually replaceable ECBs (Moritz).
It permits the boards containing eight
inputs or ECBs to be changed out.

Early EmpirBus installations had
individual switches wired on a point-
to-point basis (that is, each switch has
its own wiring) to an input board in a
PDM, where the signals were con-
verted to the bus language and put on
the single bus cable. The result? Same
number of wires coming out the back
of a distribution panel as in a tradi-
tional installation, but these wires are
much smaller, since they carry only a
signal and pot the load current for
the device. A PDM set up close 1o the
panel consolidates all the signals from
the switches onto the single bus cable.
In 2005 EmpirBus introduced water-
proof membrane switch units (rubberized
keypads) that include the necessary
chip 1o put the individual switch sig-
nals on the network bus (as with DSS
and others). Each bank of eight
switches has a single cable connection
containing positive and negative net-
work power cables and twisted-pair
data cables.

Individual ECBs are rated for 8
amps. Up to three can be paralleled
for 24-amp ourput, although the total
output from any one board is limited
to 40 amps, with a limit of 100 amps
per PDM. Each output is protected by
a fusible link built into the circuit
board. The fusible link is designed to
blow more slowly than the software-
fuse function of the ECBs, in order to
protect the boards from blowing. The
EmpirBus system is explicitly sold as a
replacement for traditional fuses and
circuit breakers. On each board,
two of the outputs have dimming
capabilities.

EmpirBus, in common with several
other manufacrurers, has put a lot of
effort into developing easy-to-use
software for designing and program-
ming a system. The designer selects
functions: an “on/off” swiich, say, or
“momentary on,” or “on/off/on”; the
rating for a fuse or ECB; the trip char-
acteristics for ECBs; and the like. The
designer selects these functions from
a menu-based Windows applicartion,
and then applies them to the load at
the end of the circuit. The software

generates a circuit ciagram to which
cable numbers and connections can
be added (but not cable sizes). Quite
complex functions are easily pro-
grammed (creative lighting combina-
tions, say, or dimming levels, for
different moods, each of which is
activated by a single “switch”). And,
ECB values are easily reassigned.
Circujts can be programmed to give
an undercurrent alarm (for example,
if a bulb blows or a circuit gets
broken).

Cole Hersee and
Weldon Technologies

As stated, both companies feature
low-cost distributed power systems
based on proprietary non-CAN proto-
cols. The Cole Hersee system has
been sold into the marine industry for
several years. Weldon Technologies
has come out of the automotive,
trucking, and related industries (fire
engines, ambulances, etc.) and as yet
has no marine installations. Its marine
products made their debut at IBEX
2005, in Miami Beach last October.

Cole Hersee relies on switches with
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Cole Hersee switches, left. These send point-to-point signals
to a switch interface module, above left, which converts the
signals to bus language and puts them on the network
cable. That, in turn, is connected to power distribution
modules, above right, where the negative and positive
power feeds for the loads are at top left and right of the
panel. Network cables, in and out, are center top left and
right; and the load cables to various devices are the rows of

cables beneath.
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point-to-point wiring to a Switch
Interface Module, which serves the
same function as an input board in an
EmpirBus PDM. From there, individ-
ual signals are converted to Cole
Hersee's proprietary language and
put on its four-wire bus (two network
power wires and two signal wires)
ancd connected to the PDMs.
Historically, there have been prob-
lems in relying on conventional
switches with the low voltages (5.0

volts) and currents (milliamps) used
for signaling in these systems. The
lack of an arc when the circuit is bro-
ken causes the switch points to oxi-
dize over time. Cole Hersee has
developed a patented “Digital Signal
Rocker Switch” that looks, and feels,
like a traditional rocker switch but is
rated for more than a million switch-
ing cycles.

Up to 16 PDMs with eight channels
each (for a total of 128 channels) can
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be built into the system. This is a
master/slave system wherein one
PDM is designated as the master;
should it go down, though, another
will take over. Individual ECB amp

A Four-Stage
View of Digital
Switching

The various options for digital
switching can be thought of in four
platforms. In ascending order of
technical sophistication and cost,
they are:

1. Electromechanical circuit
breakers wherein a low power sig-
nal triggers a relay that operates a
conventional circuit breaker. There
is a separate signal cable from
each switch to each circuit breaker.
The system has no more function-
ality than a traditional circuit-
breaker installation. It benefits the
boatbuilder because the signal
cables carry almost no current and
can therefore be very small. This,
in turn, reduces a distribution
panel’s wiring harness to one or
more multiconductor signal cables
that are easy to handle and install.
The disadvantage is the added
layer of complexity (the relays) at
the circuit breakers; there have
been reports of relay contdcts
burning out froim inductive spikes.

2. Electromechanical circuit
breakers wherein a proprietary dig-
ital signal triggers a relay that oper-
ates a conventional circuit breaker.
The signals use a communications
protocol that allows all the signals
to be sent down a single twisted-
pair data cable, which eliminates
the mass of signal cables found in
option #1 above. The communica-
tions protocol, in turn, will require
processing capability at all break-
ers, enabling the software to add
functionality to the system,
although this is limited by the
presence of conventional circuit
breakers. The chief benefit to the
boatbuilder is a further reduction
in cabling with an increase in func-
tionality. The disadvantage is, once
again, the added complexity at the



ratings are programmed by means of

Cole Hersee software. Each is given
a default setring in case the bus
goes down. Compared to other
approaches, the software functions

breakers over that of a conven-
tional installation.

3. Electronic (solid state) circuit
breakers, or ECBs, replace the con-
ventional circuit breakers and
relays in option #2 above. This
requires a4 current measuring capa-
bility at each ECB. Now the system
is opened up to the full benefits
available from the software pack-
age, limited only by the processing
power in the system, the power
of the software, and the ingenuity of
the programmer. Typically, low-
end systems employ rubberized
touch-pad switches to send signals,
and have limited processing power,
which together limit system func-
tionality. Older systems have pro-
prietary languages; several newer
ones use NMEA 2000 or plan to
adopt SmartCraft. The industry has
accumulated quite a bit of experi-
ence with these systems, with
mixed results: there are numerous
reports of unpredictable operation
that, in many cases, requires the
main battery switch to be turned
off in erder to reboot the system.

4. Electronic circuit breakers are
coupled to microprocessors with
greater power; control is exercised
via touchscreens sending signals
down a single data cable that can
be networked with other systems
on the boat. These are the latest
systems. As noted in the text, they
vary enormously in price and in
such factors as levels of redun-
daney, replaceability of individual
parts, the extent of EMI/RFI sup-
pression, and so on. There are sig-
nificant differences in functionality
and ease of use and programming
from one system to the next; but
since this is largely a software issue
it changes month to month as the
various companjes look at what
their competitors are doing, and
rapidly integrate the same capabili-
ties into their own software.

—N.C.

are quite lunited (there is no data
logging and little in the way of diag-
nostics), but the cost is low.

Weldon Technologies has a propri-
etary non-CAN system featuring rub-
berized keypads with an embedded
chip. These are connected to PDMs
that contain up to 16 input channels
(for switches with point-to-point
wiring, or signals from other sources)
and 24 output channels. Unlike all the
other systems looked at in this article,

these ECBs all have a fixed output
of 7.5 amps. If a higher output is
needed, then ECBs can be paralleled.

A Revolution in Boat
Systems

Granted, we are still in the pioneer
days of distributed power systems on
boats, but already the potential is
apparent. Firsi-generation systems
have shown that distributed power
technology can dramatically reduce

Bonding * Core-Bedding ® Fairing * Tooling

ATC has produced polyester-based compounds since the late
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ATC Formulated Polymers Inc.

T: 905.681-8112; F: 905-681-1535; &-mail: sales@atc.fp.coms www.alc fp.com
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We’ll close our series where we came in: with a view of conventional, if
jate-model, technology. It's the back of the control panel on the
author’s recently delivered semicustom cruiser. All the high-current load
circuits are fused/switched/breakered at the panel. With the remote
switching described in his three articles on networked marine systems,
none—repeat, none—of these cables need to be run to the panel.

the amouunt of cabling in a boat
and the size of wiring harnesses,
which greatly simplifies electrical and
electronics installations, and reduces
installation costs. Beyond this, distrib-
uted power technology substantially
increases the functionality of power
distribution systems, taking them from
the world of simple switching to
“smart” switching, with sophisticated
integration of different systems on
board, and considerable data collec-
tion, analysis, and troubleshooting
capabilities.

All of this strongly suggests that we
are in fact witnessing a revolution in
wiring boats that will force the entire
boatbuilding industry to rethink elec-
trical installations. There’s been little
change overall since the first cables
were run in boats.

1, for one, am impressed.
Enough so to have told
the owner of the company
that built my new cruiser—
a Malo 45, made in
Sweden—that if he can find
a buyer, he should sell it so
we can huild 2 replace-
ment. 7hat new boat will
become a platform for testing net-
worked navigarional electronics
(NMEA 2000 and Ethernet) along with
a fully developed distributed power
system (probably E-Plex or Moritz). If
this new-build opportunity comes to
pass, the boat will also be equipped
with diesel-electric propulsion (from
Glacier Bay, Fischer Panda, or
Siemens—but that's another story;
see Professional BoatBuilder No. 92,
page 12).

Finally, comprehensive source lists
for the manufacturers mentioned in
this series can be found art the end of

Parts 1 and 2. PBB
About the Author: Nigel Calder,
author of Boatowner’'s Mechanical
and Electrical Manual and other
marine titles, is a contributing editor
of Professional BoatBuilder and a
menber of the ABYC's Electrical
Project Technical Committee.
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Single Skin
or Sandwich?

Some boatbuilders still struggle with the
question above, because the decision
affects not just the price of the finished
product but shop-floor processes as well.
Here, a veteran structural designer discusses
the many factors to consider to make that

an informed decision.

any builders and designers

think of single-skin construction
as heavy, tough, and economical to
build. Also known as “solid-laminate
construction,” single skin is a time-
honored process in the marine indus-
ury. For the better part of five decades
now, builders have produced numerous
generations of single-skin hulls.

Sandwich construction, compared
to single skin, yields a thick but light
laminate, in which core material is
bonded between two thin, high-
strength, laminate skins. The core can
be foam; paper, plastic, or metal hon-
eycomb; plywood; or balsa. By itself,
each element in the sandwich is
rather weak and flexible. Combined
in sandwich form, though, these com-
ponents create a structure that is stiff,
strong, and fairly lightweight.

In selecting either solid laminate or
sandwich construction for your com-
posite parts, you will need to blend
your choice of materials with your
own shop’s production efficiencies.
You will also need to make many
decisions about weight vs. speed,
structure vs. cost, ride quality, and
even mold-cycle time.

What concerns me is that too
many designers and builders do not
consider all the necessary factors.
Instead, they choose their construction

method—whether sandwich or single
skin—solely in terms of production
economies. In short, they’re asking,
“What is the quickest and cheapest
way to build this part?”

That's certainly a good question, but
i's not the only one. In this article, I'li
address some additional concerns,
and talk about selecting a fabrication
method for your project that will
result in a structure having optimal
strength, stiffness, or weight reduc-
tion. In other words, I'm asking,
“What is the best way to build this
part?”

Transferring the Load

Before we discuss materials
options, we need to review some
basics of composite boatbuilding.

For any vessel, the designer must
provide an efficient structure, one that
meets the needs of the prime
mover—either one engine or two—
and distributes the hull-bottom and
side loading through a logical frame-
work. When this engineering has
been properly executed, the load will
transfer cleanly from one structural
element to the next; that is, from a
hull-bottom panel to the longitudinal
stringers, or from the stringers to a
frame or bulkhead.

The boat’s hull panels must be



strong enough to resist anticipated
design pressures, and stiff enough to
minjmize localized panel deflections.
When the design includes liners that
must fit to close tolerances, then this
minimization is essential to avoid any
conflict with local panels. If a liner is
set too close to the hull shell and
the hull shell is not stiff enough for the
design tolerances, then damage will
definitely occur to the liner and to
interior cabinetry, or even to the hull
shell itself. Any loss of structure from
any member will cause collateral
damage to the overall structure of the
vessel over time. This situation can be
catastrophic if left uncorrected.

Its important to keep in mind that
the load will not transfer properly
unless the hull panels are supported
by longitudinal girders or stringers,
which themselves must be supported
by deep webs or bulkheads. And the
connections don’t end there. To com-
plete the structure, the bulkheads must
also be bonded to the hull and deck.

The Importance
of Attachment

The means of attachment—whether
tabbed, encapsulated, or adhesively
bonded—must be strong enough to
carry the load of any one member
and pass that load along to its sup-
porting member. In this respect, it
doesn’t matter whether you are
working with single-skin or sandwich
construction.

You cannot simply set a bulkhead
in place and tab it at the-sole level or
screw it to a piece of joinery. That
won’t do the job. Again, you must
ensure that each and every member is
adequately attached to its adjacent
supporting member; otherwise, the
structure will not be able to shed
the loads and stresses of even typical
operation. The structure will develop
high-stress concentrations and will
eventually fail.

As we discuss the merits of single-
skin and sandwich constructions,
remember that the distance between
stiffeners, as well as the number
of stiffeners and connections required
to adequately absorb and shed the
load, will influence weight, cost, and
cycle time.

Strength and Stiffness
Stiffness is the ability of a panel to

resist bending, whereas strength is the

ability to carry load. If one panel is

stiffer than the next one, the stiffer
panel may ultimately fail at a Jower
load capacity, because it does not
have the same strength. For example,
a piece of 4" (13mm) drywall and a
piece of %” (9mm) plywood have
about the same initial stiffness over a
247 (60.9¢m) span; but 1 would rather
jump up and down on a plywood
deck than even dare step out on a deck
madle of drywall.

The Stiffness Factor

Stiffness is a primary concept to
consider when you are choosing
between single-skin and sandwich
construction. Either way, you'll be
dealing with fiber-reinforced plastic—
a “stiffness limited” material. FRP has a
tensile strength similar to that of alu-
minum (35,000 psi/2,461 kgem), but it
has only 12% to 13% of aluminum’s
stiffness.

In boatbuilding, the level of stiff-
ness needed in a structure is gov-
erned by deflection criteria. So, what
do we mean by deflection criteria?
The generally accepted rule-of-thumb
tells us that a hull panel should have
an allowable Length/Deflection ratio,
or constant, of between 75 and 100.

The length is the short span of the

panel, which equals the distance
between longitudinal stringers in a
hull bottom. Using the formula L/D =
constant, C, and some basic algebra,
the deflection is equal to L/C. The
higher the L/D constant, the stiffer
the design element will be.

Designers normally specify stiffeners—
such as girders, stringers, and
frames—to be somewhat stiffer than
the adjacent panels. If the panel’s L/D
is between 75 and 100, the stiffeners’
L/D should be 150 to 200, or even
greater.

Take engine stringers as an exam-
ple. Whether your construction choice
is single skin or sandwich, the entire
driveline from the engine to the pro-
peller must be stiff enough to main-
tain close alignment in ali operating
conditions, and the engine girders
and support framing for the driveline
must have an L/D constant of 200 or
more.

Stiffness Comparison

The stiffness of a hull panel is a
combination of the inherent stiffness of
the laminate itself and the stiffness
of the cross-section of the panel. The
stiffness of the cross-section of a
single-skin laminate is proportional to
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the thickness cubed. For example, a
%thick panel will be eight times
stiffer than a “4”thick (6mm) panel
made with the same laminate schedule.
If we compare a % "thick all-chopped-
strand laminate with a laminate that
has 2.5-0z (70.8-g) of chopped strand
(0.073"/1.9mm thick) on either side of
a %" foam core, the (wo samples have
the same stiffness.

But, where the solid laminate
weighs approximately 4 1bs/sq ft (19.3
kg/m?), the sandwich panel weighs
about 1.3 lbs (0.58 kg). Also, as in
the plywood/drywall example above, the
thin-skin sandwich panel would not
be able 1o carry the same load as the
single-skin laminate, and it would
certainly faijl long before the solid
laminate ever begins to develop
significant stress.

The Strength Factor

The next consideration is
strength—the ability of any material
to carty a load for a given thickness,
stated as pounds per square inch.
When a designer perforis engineer-
ing calculations of hull-bottom
strength and bending stiffness, it
doesn’t matter wherther he is dis-
cussing single-skin or sandwich con-
struction. Why? Because the maxi-
mum stress in the skin is always at
the extreme fiber of the laminate
stack, or the greatest distance from
the neutral axis. It is the strength of
that skin that resists the tensile and
compressive stresses developed dur-
ing bending. When you select a
stronger reinforcement, you can use
less of it for a given application, pro-
vided you meet the design require-
ments for stiffness, minimum skin
thickness, and shear strength.

Designing a Structure for
Single-Skin Construction

In establishing the structure for a
powerboat, most designers start with
the engine foundation, and then pro-
ceed from there to organize the gen-
eral arrangement and tankage.

If the laminate is to be single skin,
then the longitudinal engine beds or
girders will be set on appropriate
engine centers, and the frames and
bulkheads spaced at normal intervals
of 370.9m 1o 47/1.2m. (Or sometimes
more, depending on factors beyond
the scope of this article.) The resuli-
ing hull-bottom thickness for such an
arrangement can be quite thick for
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the swength and stiffness required. If
we take the example of a 40’ (12.2m)
sportfisherman—see the accompany-
ing sidebar on page 108—the engines
can be set on longitudinal stringers
31" (78.7cm) center to center, which
in turn would require a single-skin
E-glass laminate of more than 4"
(16mm) thickness to be just stiff
enough to meet deflection criteria.

and thus more labor to install the
framing.

The real engineering advantage
to single-skin construction comes
when you design the hull shell and
secondary structure to be just stiff
enough to meet the bending criteria
and, at the same time, to provide the
minimum safety factor required for

While that %" solid-laminate skin
might meet the L/D criteria, ir
would in fact be far stronger than
it really needs to be.

So, to reduce the thickness of
that skin, you can add intermedi-
ate stringers or frames to narrow
the panel span. Need to go even
thinner? Then you can opt for
some of the more “exotic”
fibers—say, S-glass, or Kevlar, or
carbon fiber—all of which are not
only stiffer but also stronger than
conventional E-glass laminates.

There’s the trade-off, though. If
you want a thin single skin, you
need more intermediate stiffeners.

Single-Skin
Construction

L
\

And every additional stiffener

means more time in the mold—

Top—Generalized structural
design sets the spacing of the
main stringers to match the
spacing of the engine mounts;
transverse frames are set at
intervals that coincide with
major bulikheads and interior
accommodations. The result: a
fairly thick laminate to meet
basic stiffness criteria, but one
stronger and heavier than
desired. Middle—The quickest
and easiest way to reduce skin
thickness and weight is to
reduce the span between

Lightened
Single-Skin
Construction

supporting members. Here we
see the same general structural
arrangement as above, with the
addition of a midspan stringer to
reduce the span. Bottom—
Since the stiffness of a sand-
wich laminate can be readily
increased with small increases
in core thickness and even
smaller changes in skin thick-
ness, larger spans can be
employed and the structural
design simplified (fewer
stringers, frames, bulkheads).
The result: lighter panel weight,
and lighter weight overall of

the secondary structure.

Sandwich
Construction




|

| Every custom equipment solution.

Imtra Gangways & Custom Equipment

Imtra’s selection of high quality Besenzoni gangways enhance the convenience and
safety of your boating experience. We offer hydraulic and manually operated Besenzoni
* gangways and davits in a variety of lengths and styles, including fully retractable models.
Besenzoni is the industry leader with a standard package that includes courtesy lighting, handrails and an

infrared control on most gangways. Hydraulic units include a DC power pack and all hoses and cables required

for installation. At Imtra, we work closely with CAD/CAM design teams to provide customized product solutions

for any size boat, including today’s complex mega-yacht systems. Our custom equipment includes Besenzoni
and Recaro pilot seats, table and seat pedestals, bathing ladders and

|
more. Imtra’s strong commitment to service means you'll enjoy expert
assistance, more product options and shorter lead times. To find out 'm ra@

more, visit imtragangways.com or contact Imtra at 508-995-7000. The leader in marine systems.

www.imtragangways.com | —

EE tHrUSTERS B ANCHORING SYSTEMS || ) MARINE LIGHTING P ] MARINE WIPERS CUSTOM EQUIPMENT




strength. The result is an optimized
structure that benefits from the mini-
mum overall weight tc meet its
expected service duty.

Designing a Structure for
Sandwich Construction

The basic theory behind sandwich
design is frequently described as
being similar to the structural concept
of an I-beam. In sandwich construc-
tion, the skins, or facings, which are
similar to I-beam flanges, carry the
tension and compression stresses
“developed during bending, while the
lightweight core marerial, which is
comparable to an I-beam web, carries
the shear loads. (In single-skin con-
struction under normal bending loads
the top ply on one side will carry the

maximum tensile stress while the outer-
most ply on the opposite face will
carry the maximum compressive
stress. The developed shear stress is
then carried through the interface
between adjacent plies—the resin.)

In the construction of any structural
element, the most effective way to
reduce the number of stiffeners is
to incorporate a sandwich panel into
the equation. For example, you might
specify a sandwich laminate for a
coach roof or foredeck since you
must cover a large span with little or
no framing, and you want it to be
lightweight. Do you need to minimjze
the number of required stiffeners? Do
you want to reduce weight in your
structure? That's when sandwich con-
struction makes the most sense.

You'll also want to consider other
design factors such as high compression
forces, static- and/or dynamic-loading
conditions, elevated-temperature
operating conditions, and interior or
exterior applications. High compres-
sion loads are easily absorbed with
thickened single-skin construction but
may require higher-density sandwich
core materials to carry equivalent
loads. Static loading might require
cores with less elongation at failure,
while a dynamic loading scenario
might require a tougher core with
higher elongation. In single-skin con-
struction, you simply adjust the thick-
ness of the laminate to suit the
loading conditions.

Operating temperature is another
factor. Foam cores have an operating

Comparing Single-Skin and Sandwich Construction

To give you an example of hull-
bottem panel weight vs. construction
style, I've optimized the laminate
schedule and stiffener spacing of a
40’ (12.2m) offshore sportfishing
boat. My figures comply with the
classification society Det Norske
Veritas’ published rules for “high-
speed light craft and naval surface
craft.”

I've performed five separate itera-
tions of the DNV rules with five sep-
arate laminate schedules. The design
options are: solid laminate construc-
tion with a maximum span of 317
(78.7cm); lightened single-skin con-
struction with panel spans of 15.5”
(39.4cm); and then three iterations of
core materials with a span length of 31"

In this notional example, note that
the resulting weight of the secondary
structure for the hull bottom would
be the same for all configurations
except the lightened single-skin con-
struction. In that case, the added

The data and values in the charts and
bar graphs on this and page 111 apply
to a notional 40’ (12.2m) offshore
sportfisherman. Five separate
scenarios for composite construction
are preséented, all based on
classification society (DNV) rules.
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intermediate stiffeners required to
reduce panel spans have actually
increased the weight of the structure
by nearly 25%.

Now, taking the same 40’ fishing
bodt as an example, and DNV’s high-
speed rules as a basis for the design,
I've explored five laminate schedules
with optimized panel spans for each
configuration. For each example, the
DNV rules dictate a minimum skin
thickness for a given design and for
laminate properties—regardless of

whether it is single skin or sandwich.
Taking the minimum thickness as a
starting point, I've maximized the
spans to a point where the devel-
oped stress and deflection are all
within the allowable design criteria.
The laminate schedules include:
hand-layup single-skin construction
using chopped-strand mat, woven
roving, and polyester resin; hand-
layup single-skin construction using
knitted E-glass reinforcement with
vinyl ester resin; hand layup and

Weight Comparison

Panel Weight Weight of Hull
Construction Ibs/sq ft (kg/m?) Shell and Structure
Ibs (kg)
Single Skin 4,944 (24.139) 1,946 (883) ]
Lightened single-skin 2.890 (14.110) 1,097 (498)
Sandwich 90 kg/m? 1.787 (8.725) 895 (408)
Sandwich 100 kg/m3 1.983 (9.682) 960 (435)
Sandwich 130 kg/m? 2.020 (9.863) 972 (441)
Weight Comparison: 61 2,000 -
Cored vs. Single Skin -~ % 1,646
E Z 1,500
M Single Skin fql- g
M Lightened Sirgle Skin E_ E 1,000+
Cored 90 kg/rm? £ 2
I Cored 100 kg/m* g 3 5004
[ Cored 130 kg/m?
0 -l
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Free access to boatbuilding
demonstrations where you
can see new technologies
in action.

Free entry to workshops
presented by exhibitors—train
your staff in new methods.

Discounts on seminars for all facets of the boatbuilding industry when you
register by September 15.

The International
BoatBuilders’
Exhibition & Conference

November 1-3, 2006

Free Pre-Conference: October 31

Miami Beach Convention Center,
Florida, USA

IBEX is owned and produced by Professional

iZJZZf' BoatBuilder magazine and National Marine
e i : -y

Manufacturers Association.
s

Preview the exhibition and conference online at www.ibexshow.com

& o # by p y




temperature, at which they will soften
or may outgas, so the color of the
exterior surface could be a problem.
Remember, a white surface can
develop a temperature of 120°F
(48.8°C) in the Florida sun, while a
dark color such as black, dark blue,
green, or red can readily reach 180°F
(82.2°C). Single-skin construction is
limited only by the heat distortion
temperature of the resin, and that is
often much higher than the softening
point of most foam core materials.
For interior applications, cores do
not need the weather-and-moisture
resistance or dynamic impact cesis-
tance or compressive strength that a
hull or deck core would require. For
example, paper or aluminum honey-
comb is a wonderful material for
lightweight interior applications such
as bulkheads and cabinetry, but I
would be hard pressed to recom-
mend it for an exterior or high-
moisture application, where dynamic
impacts and weathering might
quickly damage or erode the core.
By contrast, most single-skin
construction is just too heavy to

consider for most interior applica-
tions, with the possible exception of
headliners and hull liners.

Pros and Cons of
Single-Skin and Sandwich
Construction

Beyond their engineering differ-
ences, both of these methods of boat-
building have factors in their favor
and against them. Here is a brief
roundup of topics that you will want
to consider while making your deci-
sion about which process is best for
your shop.

Training

Since single-skin construction is an
open contact-mold process, whether
sprayup or hand applied, workers do
not need a high level of training
before they can produce a vessel suit-
able for the general market.

Compared to single-skin lamination
techniques, sandwich construction
requires more labor and more train-
ing. Laminators working in sandwich
construction must have the basic
skills for single skin to construct the

outer and inner skins, and they must
also have additional expertise for
core-bedding procedures and place-
ment, fillet suips and core returns,
core inserts, and closeouts. [For an
in-depth discussion of core-bonding
techniques and details, see Pro-
fessional BoatBuilder No. 94. page 48;
and for core penetrations and close-
ouls, see PBB No. 97, page 130—Ed.]

To install sandwich cores properly,
you will need to hire or train more
highly skilled technicians, whether
you are vacuum-bagging or doing
hand layup, and that labor expense is
going to drive up your overall cost.
Add to that the complication of
applying 4 vacuum bag with bleeders
and breathers and tacky tape, and
you will drive up the cost even more,
both for materials and the additional
expertise.

Production Cycle Time

Since solid-laminate construction is
usually faster to build, with fewer steps
in the lamination sequence, it offers
higher production rates and a shorter
amount of time in the mold. Solid

NON-SKID PATTERN
SOLUTIONS |

NEW TOOLING
APPLICATIONS

| e Aftractive and Functional designs /‘;l ;

« Easy application
| * Pre-applied adhesive ;
| ¢ Thin Flexible Sheets |

ONE OFF BUILDERS R & ]
Patented process to apply designs \ :
directly using Gel-coats, epoxies, or

" two-part paints (Awl-Grip®, Imron®).

REPAIR YARDS

Patterns & process to repair many

older boats.

MARS METAL COMPANY

Custom Bronze Struts

Call or write today for free literature.

Call (817) 236-5021 or Fax (817) 236-5020

gibco@swbell.net
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*All Bronze Alloys Available. ‘

Custom 750 Ib. BRONZE STRUT

*Struts up to 1,000 Ibs.

*Custom One-offs
& Production Runs.

<Pattern
Construction

i +Custom

Machining

*Delivery i
Worldwide |
MARSKEEL/ |

TECHNOLOQY

e

for 94 it Power Boat.

Z %

“Supplying Spccia]izedi\‘/_lle';;l Castings to
The Marine Industry For Over Two Decades”
Mars Metal Company 1-800-381-5335

www.marsmetal.com




DI PO Pa B Atl€ a & )= o 4 c 1) Dd ()
Description Cost * $% Weight Ibs (kg) #% | Stiffness (El) El%

) Single-skin E-glass WR polyester $2,629 0 1,893 (859) 0 2,514 0
Single-skin E-glass knitted VE $3,144 +19.5 1,685 (764) -11 2,726 +8.4
Cored E-glass knitted VE ** $4,819 +83.3‘_~ 1,522 (690) | -19.5 13,200 +425

gn_gle-skin Keviar/E-glass epoxy **;_$11.élé +353.3 1,506 (683) -20.5 3,174 +26.5
Cored Keviar/E-glass epoxy *** $12,003 | +356.5 | 1,363(618) | -28 | 18026 | +617 |
Material cost only, labor not inciuded
* Cost includes vacuum bag, if required ** Core vacuum bag (cost = $293) *** Two vacuum bags required (cost = $517.60)

Stiffness Comparison: Cored vs. Single Skin
40" (12.2m) Hull With Optimi2ed Structural Stringer Span

20,000
18,000 -
16,000 +
14,000
12,000
10,000
8,000
8,000

2,000 5
0-

Weight (ibs) Cost (USS)

W E/Poly/s5 Ml E/VE/SS M E/VE/C - K-E/sS B K-E/C

4,000 +———

Stiffness (El)

knitted E-glass skins with a vacuum-
bagged sandwich core; knitted
Kevlar/E-glass hybrid single-skin
construction with epoxy resin and
full vacuum-bagged construction;
and finally, knitted Kevlar/E-glass
hybrid skins on a sandwich core,
with epoxy resin and fully vacuum-
bagged. The results of the calculations
are provided in the accompanying
table and in graphical form for
clarity.

—Dawid Jones

LAUNCH YOUR CAREER
AT WESTLAW

Wy

WE

g

OR OVER 75 YEARS, Westlawn

has educated many of the
world's finest boat and yacht de-
signers. You'll learn at home, at
your own pace, to design new sail-
boats and powerboats ar modify
existing ones. When you graduate,
you'll have the top-level skills you
need to launch your career in a
yacht design firm, a production boat

—‘ WWW. WESTLAWN.EDU }7

g‘g. WESTLAWN Not-for-profit educational ailiate of ABvc‘

the American Boat & Yacht Council.

manufacturing company or even

to establish your own design office.
To learn more about Westlawn

and our unique home-study pro-

gram, download a free illustrated

catalog from our website today,

or contact us at: 800.836.2059,

24 hours.

) Yacht Design Lite Short Course
Also Available

Westlawn Institute of Marine Technology
c/o Mystic Seaport * PO Box 6000 « 75 Greenmanviile Ave.,
Suite P e Mystic, CT 06355 » PB: 860.572.7900
Founded In 1930, West is the only iy accredited ond state approved distance-

learning school of smali-craft design in the United States. Westlown is accredited member DETC,
In Washii DC, ond ks d by the Connecticut Deportment of Higher Education.

2P

IT’s A BREEZE

ABYC. offers a wide variety of

educational opportunities to make it easy for

you to increase your knowledge and skills:

¢ ABYC Standards
Accreditation

» ABYC Certifications

» Educational Seminars

e Training - both on-site
and at other locations

® Online courses

Visit www.abycinc.org for information.

ABYC.

3069 Solomons Island Road
Edgewater, MD 21037-1416

P -(410) 956-1050 « F - (410)956-2737
www.abycinc.org o www.westlawn.org

Sign up for a course TODAY!
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laminate typically has: a gelcoat layer;
a skincoat layer, possibly with some
pre-laid reinforcement in high-stress
areas; and then one or more bulk lay-
ers to build up the required thickness.

Sandwich construction in a stan-
dard female mold starts with the
gel- and skincoat layers, followed
by the outer skin. Next, the lamina-
tors must dry-fit and install the core.
You should also quality-control the
core for bond quality and then
repair as necessary, making sure to
properly fill any voids between
core-panel seams or fillet strips.
Only after all that can you safely
cover up the core material with the
inner laminate skin.

For most single-skin production
boat hulls with one or two bulk-
laminate layers, sandwich construction
will require more time in the mold
and a slower resultant production-
cycle time. Still, sandwich laminates
start to make cycle-time sense when
the number of bulk ply-sets required
exceeds three or four, and you can
reduce your cycle time with thin
sandwich skins.

The Cost of Reducing Weight

To fabricate a boat with single-skin
construction, all a builder needs is
basic wet-out equipment, a few bub-
ble rollers, and some cleanup materi-
als. Still, when weight reduction is a
factor, it comes with a price: the more
weight you want to save, the greater
the cost you will incur. It may not be
expensive to save 10% in weight, but
a savings of 20% or 25% will ipcrease
costs significantly.

For example, E-glass fabrics can be
$1.50 to $3 per pound, while a Kevlar
hybrid is on the order of $11 to $12
per pound. Epoxy resins dare more
expensive than polyesters and vinyl
esters. A %’thick (3mm) E-glass/
polyester laminate has a materials cost
of approximately $2 per sq ft, while a
Kevlar/epoxy laminate of the same
thickness might run approximately $8
per sq ft.

Sandwich construction, on the
other hand, is inherently lighter, bur
again there are costs to be considered
by builders that vacuum-bag. The
process requires more equipment, in
addition to specialized supplies such

as vacuum pumps, bag film and tape,
bieeder and breathers, and hoses and
fittings. This all results in higher over-
all material costs than you would pay
for single skin.

Damage Tolerance

One of the most significant benefits
to sandwich construction is damage
tolerance, especially compared to sin-
gle-skin construction. This is clue to
the resilient nature of most of the
cores available for boatbuilding today.

If a worker drops a2 hammer on a
solid laminate, the surface may show
only limited damage, but beneath the
surface, the damage often extends out
into a broader and deeper pyramid
pattern of matrix cracking. Drop the
same hammer on a sandwich panel,
though, and the core would absorb
the load from the hammer, limiting
damage to the one skin.

Now consider what happens under
the dynamic conditions of a planing-
hull bottom experiencing slamming
loads. Here, core dampens the
response of the panel by absorbing
the loads and dissipating them

i T
Accon Marzrne

The easiest flush-mounted
cleat available!

www.acconmarine.com

“I didn’t have to go far to further my career’

The Center [or Conﬁnuing Education ot The Lunding School com-
bines theoretical and practical clements into on-site training for the
marine prolessional. Courses are available in DC Electricity, AC
Electricity, Diesel Propulsion. Composites. Corrosion ond Refrigeration/
Air Condil:ioning. Additional courses are under c]cvelnpmcnt. Course
content and leng'lh can be tailored to meet the specific requirements
of yurcls. manulacturers or trade organizations. I‘anc]fng School trained

lechnicians arc xome ol the most highly shilled and sought after

cmp'oyccs in the business. Tl\cy ure the cure ﬁ)r the common emp]oyee.

Center for Continuing Education
The Landing School

P.O. Box 1430

Kennebunkport, ME 04046
207-985-7976
www.landingschool.edu

The Landing School

Center for Continuing Education

727-572-9202 « 727-572-7621

13665 Automobile Blvd. Clearwater, FL 33762
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throughout the structure.

Another advantage to sandwich
construction is that the core also
reduces structure-borne vibration and
noise. Most of the core materials in
the boatbuilding incustry today have
certain viscoelastic characteristics that
tend to absorb typical cyclic vibra-
tions from structure-borne noise, pro-
peller and machinery vibrations, and
other noise. With single-skin construc-
tion, vibration and noise are readily
transmitted throughout the vessel,
owing o the high density of the solid
laminate and its lack of viscoelastic
behavior.

Environmental Concerns

On the downside, single-skin con-
struction produces more volatile
organic compounds—emissions—than
does sandwich construction. With
more regulations taking effect,
directed toward clean air and worker
exposure limits, the prudent builder
has good reason to reduce VOC emis-
sions to acceptable limits. This is pri-
marily because the total acreage of
exposed laminate surface goes up

with the number of plies in the rein-
forcement and amount of resin
applied.

The number of plies and the
amount of resin have gone up
steadily in recent years as the “need-
for-speed” has increased to a point
where laminate schedules now rou-
tinely call for stronger, stiffer
materials.

While single-skin construction was
once a fairly simple matter of saturat-
ing reinforcement fabric with poly-
ester resin, the same term now also
describes combining engineered
fabric reinforcements such as knitted
directional materials—unis, triaxials,
biaxials, and quads—with higher-
performance resins such as vinyl
esters and epoxies. Single-skin con-
struction also extends to combination,
or hybrid, fabrics such as E-glass and
Kevlar, or carbon and Kevlar, plus
so-called lamination syntaclic pattern
blockers. Boatbujlders today are
blessed with a wealth of materials far
more extensive than the basic build-
ing blocks of mat and woven roving.
Still, with each significant reduction in

laminate weight, the level of wtraining
required increases, and the cost of
raw materials goes up.

Good, Better, Best?

Both solid laminate and sandwich
construction have theic places in
composite boatbuilding. The key is
to learn which method best suits your
own shop and your own project by
taking into account al/l the tactors I've
indicated here, including weight,
speed, structure, cost, ride quality,
mold-cycle time, and the skill level of
your crew. If you can balance these
sometimes conflicting concerns, then
you’re no longer looking for the
fastest and cheapest way to build a
boat. You're finding the best way to
build it.

About the Author: A frequent pre-
senler at IBEX and a lechnical
resource for this magazine, David
Jomnes is the principal of D.E. Jones &
Assoctates, a naval architecture and
structural engineering firm based in
St. Petersburg, Flovida, specializing
111 marine composite Struciires.
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 ARINE GLASS offers excepfional safety. s securliy.

in passenger vessels, work boats, and military applications.
Bonded with tough high performance interlayers, Marine Glass
laminates can be designed to provide effective ballistics, bomb
and blast protection, as well as security and storm protection.
This toughened, high performance glass is available in flat or
bent configurations and resists moisture, water vapor, chemical
attack, and UV. Clear or tinted glass is available.

ProCurve Glass Technology, LLC
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Hatboro, PA 19040 U.5.A. \
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215-441-9101 Fax 215-441-9190
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——CLASSIFIED=——

To place a Classified Ad in Professional BoatBuilder, visit our website <www.proboat.com>
or call our Classified Ad Manager at (207) 359-4651. Deadline for the April/May issue: February 6.

BUSINESS OPPORTUNITIES

EASTERNMOST BOATYARD IN U.S.A. 4% acres.
Indoor/outdoor storage to 50 tons. $450,000.
Store/shop/inventory at downtown location for
additional $375,000. Area growing fast. ME,
207-853-0873. Will hold some paper.

MARYLAND, CHESAPEAKE BAY, Eastern Shore,
seeking new yacht brokerage tenant. Haven
Harbour Marina, the Chesapeake's premier
resort marina and yacht repair facility, offers
full, new boat commissioning services by
ABYC /factory-trained technicians. Ground floor
office space 700 sqg-ft with state highway road
frontage. Great location to start up or expand
your yacht sales organization. For more informa-
tion contact Jonathan Jones at 800-506-6697
or <email@havenharbour.com>.

MIDWEST BOAT MANUFACTURING BUSINESS
for sale. Turn-key operation. Be in production
within weeksat a fraction of the cost. Complete
set of molds, templates, trademark, and
owner's manual in place. Equipment and inven-
tory ready to go. For additional information,
608-239-0545.

FINE WOODWORKING AND WOODEN BOAT-
BUILDING. Earn an associate degree from the
Northwest School of Wooden Boatbuilding, one
of the world’s leading schools of fine craftsman-
ship. Nine and twelve-month programs in tradi-
tional wooden boatbuilding. Classes in rigging,
sailmaking, and other maritime trades also
offered. For more information. call WA, 360-
385-4948; <www.nwboatschool.org> or
<infor@nwboatschool.org>.

WoodenBoat School

One- and Two-wecek courses in
Boatbuilding, Seamanship, and
Related Crafes
June—September
— Off-site winter courses also offered —
P.O. Box 78, Brooklin, ME 04616
207-359-4651 (Mon.—Fri.)
www.woodenboat.com

EDUCATION & TRAINING
\ \WHIDBEY ISLAND
Sl(agut Valley CAMPUS
whartarn; COllEQE Oak Harbor, WA
Compvo Life

www.skagit.edu

(360) 679-5319
toll free: (877) 385-5360

Marine Technology_

Out-of-state tuition has been waived!
1| «Hands-on
Learning

* Electrical ABYC
Certification

» Mechanics,
Marine Systems

» Fiberglass

4 HullWork

] - Infusion Training

Wmter Qtr. begins Tuesday, January 3.
Spring Qtr. begins Tuesday, March 28.

Skagn \/alley College is an equal opporlumty employel and peovides

We are c aworkplace
m whlch allindividuals can achieve success m 3 :Ilma(e of equality and
to enhancing the diversity of our faculty, staff, and students, AA/EOE.

BECOME AN ACCREDITED and certified marine
surveyor. Two decades of proven marine survey-
or education. Navtech-US Surveyors, 1-800-
245-4425, <www.navsurvey.com>,

MARINE REPAIR TECHNICIAN: Training and
apprenticeship. Correspondence study, prac-
tical assessment standards. Individual and
corporate programs. Quadrant Marine
Institute, 866-656-2824, <www.quadrant
marine.coms>.
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EQUIPMENT

FUEL TANK SELECTORS
for 2, 3, 4 and 5 tanks - clearly labeled o avoid errors
view our models at :

www.selectank.com

or Tel: (604)921-9530

quick & oasy instaliation with almost no ‘down timo*
used by professional boatbuilders for over 8 years

bh =
SHEET METAL. COQMPRAOY
ot o 1567

FULLY INSURED ~
BUILT T0 EXCEED USCG SPECIFICATIONS ~
SUPPLIES: ESU'S, HOSES, CLAMPS ™

SPEGIALIZING IN ALURINUM

MARINE FUEL TANKS

|, Use ourinteractive website to design your tank online.

| YEL: 732 929 8666 FAX: 732 506 9431
TOLL FREE: | 888 SPTANKS
EMAIL: info@sptanks.com

www.sptanks.com

Does Osmosis Treatment

make money for your business?

All too often, the problems
of hull preparation and
slow drying mean that
Osmosis treatments be-
come morg of a burden
. than a benefit. And with
yard space, turnaround
times and cash-flow be-
coming ever more critical,
| you know it's vital to in-
vest in the right equipment.
If you're serious about Osmasis Treatment, Gelplane
and HotVac can give your boatyard the competitive
edge, and will keep customers happy tool Now
there's something to think about.

Find out more by calling us on +44 (0)1656 773408,
or visit us at www.dryboats.co.uk to get the full story.

HotVac, ¢/o Gelplane International
53 Mary S, Porthcawl, GF36 3YN, WALES, UK
Tel: 011 44 1656 773 408 Fax: 001 44 1656 782 072
From the U.S.: 864-903-6350
Email: esther@hotvac.com Web: www.hotvac.com

U.S. Sales agents wanted

Gelplane and HotVac — the Dry Boat Pegple!

Remove gelcoat GelPlane

and paint with

@@, GelPlane is used
in boatyards
throughout the worid.

®§’ It can peel off a strip
five yards fong and
two yards wide in an four. €3

9@ Tt cuts concave
and convex around
spray rails and skin fittings and
between bilge keels. Also bulk removal
of laminate for scarfing in repairs.
@,& Fantastic savings in labour costs. Built to take
a vacuum unit for dust-free operation. Spares &
Training video, enough to peel your first 30-foot boat.
HOTVAC vo GelPloause NTERNATIONAL
53 Mary St, Porthcawl, CF36 3YN, WALES, UX
Tel: 011 44 1656 773 408 Fax: 011 44 1656 782 072
From The U.S.: 864-903-6350

or on:e-mail; sales@gelplane.co.uk

Or findus au: Www.gelplane.co.uk

FACTORY-REBUILT chopper, gelcoat, wetout,
resin-roller, and flo-coat systems. All systems
are Magnum slave systems, rebuilt and guar-
anteed. No mixing and matching of other
brands. GRAVES SPRAY SUPPLY. FL, 727-
573-2955.



Contur‘Props

e More Speed ' A
74
77

e Fuel Savings <4
e Cost Effective v
e Noise Reduction 4

e No Prop Vibration

® Greater Strength

® Changeable Blades

® /mpact Resistant

® Low Maintenance

® Increased Range

® Reduced Shaft Weight
& Certified 1SO 90017

Competitive Edge

Give your yacht a "Competitive Edge”
with carbon fiber props. With fantastic
features such as; replaceable blades,
vibration free operation, increased speed
and fuel efficiency, you will get props that
truly pay for themseltves.

800.470.8785

Propeller Of The Future

PMB 327 * 1133 Bal Harbor Blvd., Ste. 1139
Punta Gorda, Florida 33950-6574

www.conturprops.com

Qusrom FueL CELL
o< BLADDER TANKS

?°

« LIGHTWEIGHT
« COLLAPSIBLE ,
* FULLY BAFFLED  °
« NON-EXPLODING
« IMPACT RESISTANT

* VIBRATION PROOF

Built to fit Work Boats,
Pleasure Boats, Race

Boats, Military etc... _——

.

VT
AW, atlinc.com

Aero Tec Laboratories Inc.
Tel: 201.826.1400 Fox: 201.825.1962 (USA)
e-Mail asrotec@cybernex.net (USA)

Tet: (0)1908.351700 Fax: (0)1908.351 700 (UK) A
e-Mall ati@powernet.comn (UK)

Find ever ything you need
to place your classified ad
at our website

BOLSTER SEATS. One- and two-man models
available for shallow- or deep-cockpit boats.
Quick and easy to change positions. All stain-
less steel frame and hardware. SECURITY
STRUCTURES, 5188 Chesapeake Ave.,
Shadyside, MD 20764. 410-867-35186,
<www.bolsters.com>.

I
DONALD L. BLOUNT
AND ASSOCIATES, INC.

NAVAL ARCHITECTS/MARINE ENGINEERS

1316 Yachts Drive ¢ Suite 305
Chesapeake, VA 23320 USA
757-545-3700 ¢ FAX 757-545-8227
dlba@dliba-inc.com
htep://www.dlba-inc.com

MoOLDS & BOATS

SCARAB WORLD-CHAMPION 38', 43", 46’ race
and poker run molds. Does not include trade-
marks and logo. Located in CA. Team Scarab,
805-444-3322, fax 805-969-9226, <team
scarab@cox.net>, <www.teamscarab.com>.

PHOENIX 27', 29, 32’ Lobster/Trawler 40', 34’,
33'". Center-console 30', 27’, 26°. Marathon 55".
Flats 18', 20'; River 18', 17', 15" Also two
hulls: 42' with cap, 31 with cap. <www.boat
moldtrader. com>, or 772-460-8559.

CARRERA 290, light displacement planing hull.
Hull, deck, keel and rudder blades, rotating hull
mold. See <www.CaseyYacht.com>. $5,000.
ME, 207-865-4248.

ENTIRE LINE OF Thompson Boats, from 17—
34, including the classic fishing boats, trade
name, and intellectual property. Several boats
finished and unfinished. CNC router. Call Peter
Barclae, 248-588-8210 ext. 7.

SERVICES

John B. Seward
- Marine Architect
Stock & Custom Design

Commercial & Yachts
105 Edison Ave.

Corte Madera
Ca. 94925

Tel 415-924-0429
nims65@earthlink.net

ROBOTICS, LTD

Manufacturers of CNC machined
male and female patterns,
plugs, and prototyping molds.

Transportation via barge or truck.

Contact Doug Blount
1320 Yacht Drive, Suite 703
Chesupeake, VA 23320
Direct  (757) 545-2172 x.224
Main  (757) 533-1300
Fax (757) 543-09-43
Email  designfilk@dlbaroboucs.comn
Web www.dlbarobotics.com

oL SAMS®

Society of Accredited
Marine Surveyors®

An International Organization of
Professional Marine Surveyors

For SAMS® surveyors
in your area, CALL

1-800-344-9077

hitp:/iwww.marinesurvey.org
4605 Cardinal Blvd. » Jacksonville, Florida 32210

BRISTOL HARBOR DESIGN GROUP
Naval Architects/ Marine Engineers

a division of

BRISTOL HARBOR GROUP, INC.

103 POPPASQUASH RD

BRISTOL, RI 02809

TEL 401.253.4318

FAX 401.253.2329

BRISTOL HARBOR

DESIGN
GRrROUP

www, bristalharborgroup,com
deslgn@bristotharborgroup.com
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C&S BOATWORKS, LLC

DESIGN, TOOLING & LAY-UP

Composites
Manufacturing

CNC Cut Plugs & Molds
Production Lay-Up
Composite Part Kits

Lockers & Hatch Covers

Hulls & Decks

8 Washington Street
Warehouse-2 / Suite-C
Cambridge, Maryland 21613

email: info@csboatworks.com
www.csboatworks.com

SUPPLIES

Xelogen-

the halogen afternative m
Bright Ideas Lighting [

Yacht Lighting & Accessories

772.692.4415 - Fax: 772.692.1702
www.brightideaslighting.com G4

Solid Brass Safety Hasps
27 3, 34 4" & 5

" Tinishes: Bumished Brass, Polished Brass and
Chrome Plated

Phoenix Lock Company
1220 Amerlean Blvd., West Chester PA 193804268
‘Toll ¥ree 800-471-3087 Fox 610-334-7472
www,phoeniylock.com

DESMANCC--
/VA

THE GLASSBENDING COMPANY specializing in
marine glass. Custom bent or flat glass. Com-
plete windshields with aluminum or stainless-
steel frames. DESMAN CORPORATION, Anderson,
SC, 864-225-2580, fax 864-225- 2526.

SEALED FUSE HOLDERS. In-line, jow-voitage.

Information at <www.sealedfuseholder.com>.
WHITE PRODUCTS, 440-871-0800.
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Epiglass’ Epoxy

IT WORKS, &
WE BACKIT UP!

or go to
YACHTPAINT.COM
for much more information

% Interlux

yachtpaint.com

COWL VENTS: Stainless-steel, brass, and
bronze. Low-profile, mushroom, oval, clamshell,
round, half cowl. Handcrafted teak and fiber-
glass dorades. <www.marinershardware.com>
or call 1-877-765-0880 for brochure. Mariner's
Hardware, Petaluma, CA.

A PAINTS PLUS

A _s, WHOLESALE BOAT BUILDING
©° by & REFINISHING SUPPLIES
1-800-472-4551

¥ www.paintsplus.com

SERVING MANUFACTURERS, BOATYARDS, AND
SHIP'S STORES. Interlux, VC Systems, Inter-
Spray 800, Quad-Poxy high-strength epoxy resin,
Sunfire, House of Kolor, 3M, Fiberglass,
Gelcoat, Wooster Brush, Binks, DeVilbiss, SATA,
tools, and more. Great service. lowest prices.

SILICON BRONZE-Corrosion resistant. Excellent
for boat repair, keel frames, ribs, and chain
plate. Plate, rod, bar. ATLAS METAL, Denver, CO.
800-662-0143, <www.atlasmetal.com>.

Trionlc. Vent Filter
prébarha o

TRIONIC CORP.—manufacturer of rotationally
molded marine water & holding tanks (6 to 172
gallon), holding tank vent odor filters, dock
boxes, and buoys. 800-287-4614, <www.trionic
corp.com>.

No Blush!
Save 40% or
more in labor

ey “': e -\

gy"\\\\“"t/p////

(ST

WWW.masepoxies. com
1-888-627-3769

* SWIM PLATFORMS e PULPITS ® PREP CENTERS
* DOCK-DECK BOXES # FISH BOXES
» ELECTRONIC BOXES ® BOARDING STEPS
o FIBERGLASS FABRICATION
* COMPOSITE PANELS

BEACHCOMBER FIBERGLASS TECH
3355 SE LIONEL TERRACE (B) ® STUART, FL 34997
PHONE 772-283-0200 ¢ Fax 772-286-0049
Visit our website at www.beachfiber.com
or e-mail sales@beachfiber.com

POSITIONS

SMALL FLORIDA KEYS BOATYARD, (50-ton lift),
needs a “Jack-of-all-Trades and master-of-
some,” to replace our current, (22 year-old),
employee, who is nearing retirement. Wages
are dependent on starting skills. This is a per-
manent, fulltime position. M-F. For information
contact: Loretta at 305-451-3332.

MARINE CARPENTER wanted for canstruction of
high quality, custom yacht interiors. Good pay
and benefits. Send resume to: <walter@constel
lationyachts.com> or by mail to: 6811 Shrimp
Road, Key West, FL 33040.



_dZIMMERMAN MARINE

ZIMMERMAN MARINE has openings for the
following positions:

» Marine Eleclricians and systems installers for
service and refit work
» Lead Mechanical / tech for installing all systems
on high quality custom cruising yachts
+ Varnishers
+ Composites repairer
« Spray painters
Located in scenic rural area setting on the lower
Chesapeake Bay. Health insurance, 401K with
match, flex scheduling, incentive compensation.
Moving expenses and signing bonus negotiable.
Fax resume to 804-725-7904 or
E-mail fo jobs@zimmermanmarine.com

www.zimmermanmarine.com

LIVE AND WORK in sunny Sidney, B.C., Canda.
Philbrook’s Boatyard, <www.philbrooks.com>, is
currently hiring staff with marine experience in
the following departments: diesel mechanics,
plumbing, electricians, metal fabricators/
welders, canvas/upholstery, composites,
painters/finishers, joiner-woodworkers. Phil-
brook's offers a complete benefits package
including retirement savings and above-average
compensation. Send resumes to <yachts@
philbrooks.com>, fax 250-656-1155.

MARINE SERVICES CORPORATION, located in
southern California, seeks gualified marine
installer (electronics, watermakers, heating sys-
tems); electrical knowledge necessary, sailboat
rigging a plus. Well-established company, set-
vicing power and sailboats. Excellent pay, holi-
days paid, and health benefits. fax resume to
949-489-0704.

EMPLOYERS AND JOB SEEKERS contact LGA, a
prime recruitment agency for the marine indus-
try. Want to make a career move, and need dis-
cretion? Have an opening, and want only the
best candidates? Find out why LGA is tops in all
things marine. Contact Linda Gelinas for a per-
sonal review of your needs at 866-870-4003
or <linda@marinejobs.biz>.

Wanchese, NG

YACHT BUILDER SEEKS motivated profession-
als for following positions: mechanical sys-
tems. Experience with marine A/C systems,
watermakers, pumps, genset Installation
important. Live and work on the Outer Banks
of NC. We specialize in construction and main-
tenance of custom sportfishing yachts.
Neatness, attention to detail, work ethic
important. ldeal place for talented creative
people. Above average payscale, 401(k), med-
ical, vacation, holidays and more. <baylissboat
works.com>, 252-473-9797.

EXPERIENCED OUTBOARD MARINE TECHNI-
CIAN: A&P Marine is the Yamaha distributor on
the Island of Bermuda. We are looking for a full-
time, outboard marine technician that is quali-
fied and has had five years experience. Must be
able to work without supervision. Engine
repairs, installations, and rewiring will be a
major part of the job. We offer the newest facili-
ty on the island. Send resume to—A&P Marine,
P.0. Box HM 108, Hamilton HM AX, Bermuda,
tel: 441-505-3375 or e-mail: <ap@ibl.bm>.

ATLANTIC DRY DOCK CORP., located in Jackson-
ville, FL seeks qualified yacht carpenters and
painters for our growing yacht business. We
offer competitive pay and benefits. Mail/fax/
émail resume to: 8500 Heckscher Dr., Jax., Fl
32226, fax 904-251-1579, <jaxresume®@
atlanticmarine.com>.

POSITION WANTED: Boat builder/designer with
15 years professional experience in the power-
boat industry, FRP and aluminum. New product
development, 3D CADD, compliance, lean manu-
facturing, guality control, tooling, project manage
ment. Please contact: <jsireci@bellsouth.net>.

EXPERIENCED MARINE CRAFTSPEOPLE. Wayfarer
Marine Corporation is an internationally-recog-
nized leader in high-quality yacht repair, refit, and
storage of all sizes of watercraft from inflatables
to 100-ton luxury yachts. We are looking for
experienced marine craftspeople. Fulltime, year-
round positions. Competitive wage and benefit
package including: health, dental, life insurance,
401(k), paid vacations and holidays. Piease visit
our website at <www.wayfarermarine.com> io
see our yard and recent projects. Wayfarer
Marine Corporation, 59 Sea Street, Camden, ME
04843. 207-236-4378.

WORLD-RENOWNED CUSTOM BUILDER has
immediate openings in all phases of new boat
construction. Current projects include 76" and
77" cold-molded sportfishing yachts. Competitive
wages and benefits await qualified applicants.
Please contact: Whiticar Custom Boats, 3419 SE
Lionel Terrace, Stuart, FL 34997. Phone
772-781-1095 x215, fax 772-781-9896.
<wcbjobs@whiticar.com>, <www.whiticar.coms>.

YACHT DESIGNER/ DRAFTSMEN/NAVAL ARCHI-
TECT needed to work on the variety of world
wide power and sailing yacht and beat design
projects, ranging from 50'-250'. Applicant
should be highly motivated, versatile in design
capabilities, from naval architecture to joinery
design. Needs strong CAD skills, good knowl-
edge of construction, proficient in design and
sketching. Applicant should send resume and
work samples to: Ivan Erdevicki Naval Archi-
tecture and Yacht Design Inc., 305-850 West
Hastings St., Vancouver, B.C. V6C 1E1, Canada.
Tel: 604-879-0363, fax: 604-632-0363,
e-mail: <ivan@ivanerdevicki.com>.

ALUMINUM BOAT & PONTOON BUILDER seeks
production manager. Candidate must be very
organized and have extensive high volume produc-
tion/management experience. Hands-on experi-
ence with aluminum bending, cutting, and fabrica-
tion equipment. Fax resume to: 501-758-5109.

Morris Yachts'is seeking
career-minded individuals

té work in their Trenton

production facility and their

Bass Harbor service facility. mormis
YACHTS

Areng the e v

Morris Yachts are world-
renowned for their quality
and performance. Now is the time to
join this team of dedicated professionals.

We are currently accepting applications
for:

* FINISH CARPENTERS

* LAMINATORS

* RIGGERS

* SYSTEMS TECHNICIANS

In addition to excellent wages - we
offer a full line of benefits including
health, dental, disability and life.

If you would like the opportunity to join
this team oriented: company that is
enjoying dyndmic growth, please call
244-5509 ext. 200.or send a resume:to:

_Peter Victor
Mortris Yachts
27 Ramp Road
Trenten ME 04605 -
pvictor@morrisyachts:com

CABINET SHOP FOREMAN—East Coast Interiors,
Inc., a manufacturer of interior cabinetry servic-
ing the marine and aviation industries is currently
seeking an experienced marine joiner to assume
the role of shop foreman. Applicant must be
self-motivated, with good people and communi-
cations skills. Must be able to work to exacting
tolerances. Knowledge in the use of composite
materials a plus. Competitive wages, 70% paid
health insurance, retirement plan. Please send
resume to: East Coast Interiors, Inc., 4
Ledgewood Bivd., North Dartmouth, MA 02719
or contact Dave Boswell at 508-995-4200.

E.M. TODARO

PROFESSIONAL RECRUITING SERVICES

REAL OPPORTUNITIES
In All Areas of
Boat & Yacht Industry

We work hard 1o satisfy the needs of
both the employer and the candidate.

With over 35 years actual boatbuilding

experience, we will provide you with
quality, professional service.

TOTAL CONFIDENTIALITY

Arthur Pollan and Eva Todaro

(770) 9654414
fax (770) 9654415

4669 Quailwaod Drive
Flowery Branch, GA 30542

FEBRUARY/MARCH 2006 117



THE HINCKLEY COMPANY is
currently seeking experienced marine
radespeople for year round work. We
offer competitive pay and excellent ben-
efits including medical, dental, 401(k)
with company match, life insurance,
paid vacation and holidays. Relocation
assistance negotiable. Please forward
resumes to hr@hinckleyyachts.com
indicating location preference in subject
line or call us at (401) 683-7280.

www.hinckleyyachts.com

THE HINCKLEY COMPANY"

Downeast Maine * Portsmouth, RI
Oxford, MD « Savannah, GA « Stuart, FL

SERVICE MANAGER—previous experience in quot-
ing service repair work on power yachts 30-80".
Send or resume to: Cindy Purcell, Huckins Yacht
Corp, 3482 Lakeshore Bivd, Jax FL 32210, or fax
904-388-2281, or <info@huckinsyacht.com>.

WEST COAST YACHT MANUFACTURER seeks
national sales representative. Fax resume to
951-657-5204.

VAN DAM CUSTOM BOATS is looking for person
experienced in wood boat construction.
Successful applicant must have a minimum of
four years experience building wood boats,
preferably using laminated wood/epoxy tech-
niques. Competitive pay and benefits are
dependent on experience. Those interested in
building one-of-akind boats to the highest stan-
dards, please send your resume to: Van Dam
Custom Boats, 970 E. Division St., Boyne Gity,
Ml 49712, email: <vandam@nmo.net>, web:
<www.vandamwoodcraft.com>.

JOIN THE LEADER in the yacht building indus-
iry. With stable and secure employment excel-
lent wages, full benefits and continual expan-
sion, Westport Shipyard provides their employ-
ees with more than a just a paycheck. They
offer growth and advancement opportunities
to all employees at any of their three
Washington State locations. Positions are
available in marine deck and fiberglass car-
pentry, finish carpentry and joinery, cabinet
assembly and installation, plumbing, electri-
cal, and mechanical system installation, fiber-
glass lamination and painting, aluminum weld-
ing and fabrication and occasional design or
management opportunities. Find long term
success working for the best. Contact the
WESTPORT SHIPYARD Human Resources
Dept. Currently accepting applications for
Westport, Hoguiam, and Port Angeles. E-mail
<humanres@westportshipyard.com>. or send
resume to P.O. Box 308, Westport, WA
98585, fax 360-268-1189, phone 360-
268-1800, ext.2012.

BOATSHOP ON CAPE COD specializing in new
construction of the Huckins 36 and renovations
of older Huckins Yachts is looking for a yacht
finish carpenter who is comfortable with com-
posites for interior and exterior work. Please
contact Olsen Marine 508-385-2180, <olsen
marine@earthlink.net>.

MID-COAST MAINE YACHT BUILDER offering
sign-on bonus. Our growing business requires
quality-conscious and accurate craftsmen and
sytems technicians experienced in all phases of
yacht construction. We offer a well equipped,
clean, and safe shop environment with excel-
lent wages and benefits. Now hiring for full-time,
year-round employment. $16-22/hour+,
depending on experience. A sign-on bonus and
refocation assistance is offered to qualified
individuals. Contact: Black Horse Yachts, LLC,
P.0. Box 450, Harpswell, ME, 207-833-2400
or email: <info@blackhorseyachts.com>.

BUSY BOATYARD IN Annapolis MD, looking for
experienced paint and fiberglass technician to run
the department. Top pay and relocation assis-
tance available. Fax resume to 410- 268-0734
or e-mail to <tom@annapolisharbor.com>.

KT ESSIORy

AT BUILDER

Order Form for CLLASSIFIED ADS

HaGazINY

Issue Deadline LINE ADS (Line ads are unbordered paragraphs. Please call for
ApriMay .. ... Feb 6, 2006 _bro:dleredddisplay cla;s1ifi7e5d advertising information.)
: otalwords _____x $1.75=
dune/duly. ... .. Apr 5, 2006 (Minimum 20 words or $35)
: Aug/Sep . ... .. Jun 5, 2006 LINE ADS WITH PHOTO OR ILLUSTRATION:
Oct/Nov ..... Aug 7, 2006 Total words x $1.75 =
Dec/dan ... . .. Oct 5. 2006 (Minimum 20 words or $35)
Feb/Mar ... . Dec 5, 2006 Plus $80.00 per photo or illustration =

Please circle the issue(s) in which this ad is to appear
Ads received after the deadline will be placed in the following issue.

Times

Suggested ad category

minimum charge of $35.

Ad Text:

“POSITIONS” ads are available at a reduced rate of $.50/word, with a

seervoseissEseussneTstasaisrrsasue

[] Check

Card No:

-ALL ADS MUST BE PREPAID

Include @ SASE lor the return of your pholo or illustration.
number of issues =
(Example: Feb/March is one issue)

TOTAL PAYMENT ENCLOSED

METHOD OF PAYMENT
{OM.0. [ Mastercara [ Visa
Payment must be in U.S. funds payable on a U.S. bank.

Expires

Name

Address

% Rates expire October 5, 2006 * |

City/State/Zip

PBB Classifieds < 86 Great Cove Rd. - P.O. Box 78 + Brooklin, Maine 04616
Credit card orders may phone 207-359-4651 - Monday thru Friday, 8 to 4 « Fax 207-359-8920
Email: classified@proboat.com - Website: www.proboat.com

srersssaashssaisersasatsensansarsancarens

................................................................................................................................................. Seisessrisrascsasesronns
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UNSCREW-UMS BROKEN-SCREW EXTRACTORS.
Remove damaged fasteners. Minimal damage
to wood. Hollow tool uses stub as guide. Sizes
to remove screws from No. 2 to No. 24, fags,
nails, and drifts. T & L TOOLS, <www.tl
tools.com>, Gales Ferry, CT 06335. Phone
860-464-9485, fax 860-464-3709, e-mail
<unscrew-ums@tltools.com>,

You're just one click away
from the Fein Tools that
» You can’t do without:

http://Iwww.waltertool.com

MultiMaster Tools » Sanders - Routers -
Vacuums + Grinders « Caulking Cutters
Plus all Accessories & Parts

Toll Free: 800-356-6926

¢
JOUBERT

Imported by
WOLSTENHOLME INTERNATIONAL
A CONCANNON LUMBER COMPANY
importer of marine plywoods

JOUBERT OKOQUME MARINE BS1088-LLOYDS CERT.
HYDROTEK MARINE MERANTI PLYWOOD BS10838
AQUATEK MARINE MERANTI FLYWOOD BS6566

Available from these fine distributors:
ALLIED VENEER, CA 800-540-7040
ALMQUIST LUMBER, CA 707-668-5652
ATLANTIC PLYWOOD, MA, Ri, ME 800-937-6700
CHESAPEAKE PLYWOOD, MD 410-244-0055
CONNECTICUT PLYWOQOD, CT 860-953-0060
CROSSCUT HARDWOOD, OR 503-224-9663
HOUSTON HARDWOODS, TX 800-606-6176
LAKE ELMO HARDWOODS, MN 651-777-8118
MacBEATH HARDWOOD, CA 510-843-4390
MacBEATH HARDWOOD, UT 800-225-3743
McEWEN LUMBER, NC 800-662-7468
PLYTAC, WA 800-468-6848
RARE EARTH HARDWOODS, M! B00-968-0074
RIVERSIDE LUMBER, LA 800-669-6624
ROBERTS PLYWDOD, NY 631-586-7700
RUSSELL PLYWOOD, DE 800-787-7355
SEAFARER MARINE, FL 800-771-8325
WEST WIND HARDWOOD, BC 800-667-2275
WOODFORD PLYWOOD, GA 800-342-6400

To inquire about distribution availability
phone WOLSTENHOLME @ 800-553-3732

MARINE PLYWOOD DISTRIBUTOR IN LOS ANGE-
LES. From 3mm-18mm, 836566 and BS1088.
Aquatek, Hydrotek, and Joubert okoume.
Contact Allied Veneer, 800-540-7040 or
<www.alliedveneer.com>.

TEAK, MAHOGANY, ASH, purpleheart, lignum
vitae, white oak. Complete molding millwork
facilities. Marine plywood. Custom swim plat-
forms. SOUTH JERSEY LUMBERMAN'S, INC.,
6268 Holly St., Mays Landing, NJ 08330.
609-965-1411, <www.sjlumbermans.com>.

TEAK LUMBER. Best prices in the USA! $3/bf
and up. All sizes and thicknesses availabte. SC,
800-677-1614.

SLOW-GROWING, OLD-GROWTH white ocak
(Quercus alba), up to 50’ long and 42" wide.
Longleaf pine (Pinus pilustrus) out to 50' long.
Old-growth white pine 22'-28". Black locust,
American elm, and larch. NEW ENGLAND NAVAL
TIMBERS, CT, 860-693-8425.

TEAK DECKING, $.67/linear foot, and up. Best
decking prices in the USA. Call SC, 864-456-7433,
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PARTING

SHOT

John Merrifield, 1940-2005

by Kim Roberts

ohn Merrifield died August 10

at the age of 65 from a brain
mor. He was a sailor and boat-
builder, a professional, a crafts-
man, a leader of men. He fin-
ished what he started, and
exactly when he said he would.
Thats why projects came to him,
and why the rest of us had trou-
ble keeping up.

Early in his career he worked
alongside builder Bob Derecktor
in Mamaroneck, New York, on
the wooden 12-Meter Valiant.
John quoted Bob the rest of his
life, always reciting how Bob
would handle a situation. John
said that Bob worked his men
six days a week so that they
didn’t have time to find another
job. When John formed his own
company years later, he estab-
lished a four-day work week—so
he could have a life. [For a pro-

skilled in every phase of boat-

building. He was the first to
bring aerospace technology 1o
the marine field. He was the first
to employ resin transfer mold-
ing, for making windmill blades.
John was a welder and a painler,
and every once in a while he
went out to the shop to show
the boys how to do it, or just to
push.

The last boat he built was a
65’ (19.8m) high-speed catama-
ran ferry that now runs between
Providence and Newporst. He
built her in five months. On her
maiden voyage the vessel
smashed into a hurricane barrier
while entering Providence. At

Y KIM ROBERTS

John Merrifield, right, and partner Kim Roberts
together developed some unusual products,

including the Flarecrafi, a carbon-fiber flying
boat, one of the few successfiul ground-effect craft
in the world.

the time, it had been just two
weeks since John had had a kid-
ney removed, but he was up all
night grinding and welding
alongside the rest of us. He was
a hard-working sonuvabitch.

[file of Derecktor, see Professional
BoatBuilder No. 75, page 126—
Ed]

At Minneford Yacht Yard, City
Istand, New York, John worked with
Chuck Sadler building, among other
raceboats of note, the first aluminum
12-Meter, Courageous. John was
instrumental in figuring out how to
do it, especially to the satisfaction of
Lloyd's.

John had many Chuck Sadler
stories. In one, they had to pour the
ballast keel for a 12-Metey. The mol
broke open at the end of the pour,
covering the floor with 60,000 Ibs
(27,180 kg) of lead, 3” (76 mm) thick.
John built carbon fiber rudders—the
first time that material had ever been
used in offshore racing sailboats.

In 1979 John was Dbrought to
Newport Offshore, in Rhode Island,
to build the 12-Meter Clipper, and
tha’s where we first met. Again, John
built a number of well-known race-
boats, all with high-temperature-cure
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pre-preg decks. We were the first in
the industry to employ titanium. John
built the 12-Meter Defender, along
with her pre-preg carbon boom and
poles; those were the first composites
in America’s Cup yachts. For racer
Dennis Conner, John built Spirit of
America and Liberty, the boat that lost
the America’s Cup, but through no
fault of his.

All things come to an end, including
the IOR, SORC, America’s Cup racing
in Newport, and even Newport
Offshore. In 1985 John and I founded
Merrifield-Roberts in nearby Bristol.
Our first project was a raceboat
for Buddy Melges, the last aluminum
12-Meter. We also built the last JOR
aluminum maxi, as well as IMI ProSail
40 racing catamarans, and our largest
hoat ever, a 90'(27.4m) luxury yacht.

John was a master craftsman from
the old school, mulritalented and

With New Zealand’s cheaper
economy, custom boatbuilding of
the sort we specialized in all but

died in America. You could get a boat
built there for 40% oft. This forced us
to metamorphose into building large-
scale works of art. We presently serve
some of the most famous artists of our
day, among them Claes Oldenburg,
Coosje van Bruggen, Roy Lichtenstein,
Frank Stella, Philip Johnson, and
Martin Puryear.

John worked to his last day. Visit
www.merrifield-roberts.com to see the
great swiff he made. I spent 23 years
with him building the most beautiful
things. He was as honest as the day is
long, and knew how to meet dead-
lines. He'd pick up the pieces of a
mistake that would make most other
men cry. then correct it and move for-
ward without regret. {PBE

About the Author: Kim Roberts
continues to manage Merrifield-
Roberts Inc. in Bristol, Rhode Island.
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VISIT US ON THE INTERNET:
WWW.VENTILATIONSOLUTIONS.NET
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865-599-8547 - Cell 865-298-0194

104 Meco Lane Oak Ridge, TN 37830
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Why? Well, your typical antifouling may work when your boat is moving,
but what about the other 98% of the time when it sits at the dock?

As soon as your boat hits salt water the patented Self Polishing Gopolymer (SPC)
technology in Micron® 66 is active. So, whether you are going 5 knots or 50 knots
or just sitting at the dock, it's always working.

Unlike any other paint on the market, its superior performance is a result of a unique chemical
reaction, and does not rely on the movement of your boat to make it work. This means it stays
100% active for up to 2 years and beyond even when your boat is not.

Micron® 66 — the professional choice for those who demand extended dry docking intervals and
reduced fuel consumption from a clean, smooth antifouling paint.

. Interiux® Biolux® and Micron® are registered tradamarks of Akza Nobel.

s

Vislt our website for more information: yachpain.com
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