Goodwind, a 1984 Freedom 39 Pilothouse
Schooner, features the original Freedom Cat
Ketch rig as it evolved with full length battens
and conventional booms and vangs. Photo
courtesy Greg Cantori.

fullness, but the desired bend must
be induced with equipment and crew,
whereas it happens automatically on a
freestanding rig. And mast bend in stayed
rigs can be induced only fore and aft, not
transversely. Finally, inducing mast bend in
a stayed rig immediately takes the mast out
of column fore and aft, requiring the use of
running backstays to prevent buckling of
the column. Compared to a freestanding
rig, mast bend in stayed rigs is a complicated affair.
As well, a freestanding mast exerts an
entirely different set of forces on the hull it’s
attached to. While a stayed mast transfers a
tremendous compression load to the mast
step and a huge lifting force on the windward chainplate, a freestanding mast exerts
none of those forces. Being a cantilever, the
freestanding mast is supported in bending
by the mast collar (at deck level) and the
mast step. Because the mast is essentially a
lever (picture a crowbar), with the fulcrum
at the deck partners and the sail heeling
forces acting at a point well above deck, you
can see how great the “prying load” would
be on the mast step.
While these forces are intuitive, there
is a less intuitive and equally significant
force that can be exerted on the hull by a
freestanding mast: torsional loads. And
the hull of a boat with a freestanding mast
must be built to withstand them.
Thanks to its hull shape and low
center of gravity achieved with a ballast

keel, a sailboat resists heeling. This
resistance is called the righting
moment. When wind pushes on a
sail and that force is transferred to
the mast and to the hull, that force
is called the heeling moment. If the
wind is strong enough, the heeling
moment will exceed the righting
moment and the sailboat will heel.
(As the sailboat heels, the righting
moment increases; when the two
forces are in balance, the boat will
cease further heeling.)
A sailboat’s total righting
moment can be considered roughly
centered fore-aft, adjacent to the
center of gravity and center of
buoyancy, in the vicinity of the keel. On
a sailboat with a stayed mast, the mast
is usually located about the same place,
where the hull is beamy enough to attach
shrouds. This works well, because the mast
is exerting its heeling moment at roughly
the same place that the hull is countering
with its righting moment.
In the case of the Nonsuch, the mast is
stepped well forward of the hull’s righting
moment. All good, except that when the
forward-positioned mast exerts a heeling
moment, that torque is resisted where the
righting moment is, which might be, for
example, many feet aft of the mast. That
torsional or twisting load has to be absorbed
by the hull. Nonsuches have a full bulkhead
installed immediately aft of the mast to help
transfer these torsional loads as well as to
prevent hull distortion from the opposing
mast collar and mast step loadings.
From an engineering point of view,
a freestanding mast is a simpler design
problem than a stayed mast with one
exception: fatigue loading. Without
question, the Achilles heel of aluminum
freestanding masts has been metal fatigue,
caused by the constant repetition of
alternating loads. Compared to their
stayed counterparts, freestanding masts
are always in motion. With any structure
subject to oscillating loads, be it an aircraft
wing, bridge, or road sign, the ultimate life
of that structure is a function of the loading
experienced, the number of oscillating

cycles encountered, and the stress concentrations involved. The higher the loading,
the fewer cycles can be absorbed before
fatigue failure. This inter-relationship
between loading, stress concentrations,
and the number of cycles all has to be taken
into account in designing for fatigue. The
key is to keep the working load below what
is known as the “fatigue limit.” If that is
done, then a long life of well over a million
cycles is pretty well assured.
On a heeled Nonsuch, where the mast is
a cantilever beam in bending, the weather
side of the mast is in tension, while the
leeward side is in compression. When the
boat tacks, the forces reverse. As the mast
pumps in a seaway, the loads fluctuate.
Over time, the sides of the mast alternate
from tension to compression hundreds or
thousands of times depending on how and
how often the boat is used. This is classic
fatigue loading.
Fatigue loading becomes especially
problematic when there are holes drilled in
the lower section of the spar. These holes
introduce stress concentrations—or stress
risers—that can result in fatigue cracks that
then emanate from the holes, especially if
they have rough edges or sharp corners.
A number of early Nonsuch spars failed
due to this problem, with fatigue cracks
emanating from either the hole drilled for
the mast tiedown pin at the mast collar
or from the halyard exit. The fasteners at
the mast splice were another source of
problems, requiring a variety of remedies.
Designers eventually figured out that
the solution to fatigue failures involved
avoiding holes in the mast and ensuring
the mast wall thickness was sufficient to
extend the fatigue limit. It took a while and
involved the redesign and replacement
of a lot of mast lower sections, but now
aluminum freestanding rigs can be assured
of many years of service.
Ultimately, the Nonsuch adopted
carbon-fiber masts that had their own
stringent requirements for the fastening of
hardware and drilling of holes.
Almost 40 years after Mark Ellis
impressed me with a sail on Lotus, the
majority of sailboat masts are still held
upright with wires. Despite their benefits
as extolled by their devoted followers, we
still don’t see many sailboats with freestanding masts in our marinas. I’m not sure
this situation will change anytime soon.
bio can be found on page 15.
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