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Eagle

PARTICULARS

Loa:



45’ 0”




13.715 M


Lwl:



41’ 0-5/16”



12.505 M


B:



14’ 0”




  4.267 M


Bwl:



13’ 0”




  3.962 M


D:



  6’ 3-1/2”



  1.918 M


Displ. (max. @ Dwl):

32,266 Lbs.



14,636 Kgs.

Displ. (ave. cruise):

30,100 Lbs.



13,653 Kgs.


Ballast:


12,000 Lbs.



  5,445 Kgs.


Sail Area:


1,292.79 sq.Ft. (including masts)
120.09 sq. M


Design ratios based on average cruise displacement:


Lwl:



40’ 7-1/8”



12.372 M


Bwl:



12’ 10-3/4”



  3.932 M


D:



  6’ 2-1/2”



  1.892 M


Ballast/Displ.:


0.40


Displ/(.01Lwl)3

200.9

SA/Vol2/3


21.38

Eagle

MISSION STATEMENT

THE MISSION:  Design a sailing yacht to carry a crew of two to four persons on transoceanic voyages.  Safety and performance are to be consistent with an overall size of yacht that is capable, comfortable, easy to handle, and affordable.
FEATURES & GENERAL ARRANGEMENT
The inspiration for Eagle comes from my work on free-standing rigged designs, from William Garden’s Fast Passage 39 (one of my favorite yacht designs for its proportions and accommodations), and from my own personal offshore cruising experiences.  Eagle’s pilot house, however, must not lead one to characterize it as a “motorsailer”, a term which connotes running an engine to achieve respectable sailing performance.  Eagle is first and foremost a performance sailing yacht, and it happens to have a pilot house for comfort and safety.  The primary features of the design are:

· Pilot house with inside helm, large chart table, and a seat convertible to a full-length berth.  The back bulkhead of the pilot house is set well forward for protection of the forward end of the cockpit.
· Aft master cabin arrangement with aft T-cockpit.  The master cabin offers standing room and access to the side of the double berth, not contorted access over the head of the berth as is typical of many quarter-cabin designs.
· Large well-equipped U-shaped galley—with all the “mod-cons”.
· Single large head with separate shower and adjacent wet locker.
· Main saloon with fireplace, stowage, bookshelves, and settees convertible to sea berths.
· Forward cabin with V-berths, convertible to a double berth.
· Scoop stern with radar arch and dinghy hoist.
· External lead ballast casting with integral bulb securely bolted and locked onto a fin keel.
· Skeg-hung rudder.
· 54 hp 4-cylinder marine diesel with saildrive for simple installation and maintenance.
· Two anchors permanently rigged and stowed with 200’ of chain on each.  Electric vertical capstan anchor windlasses provided for each.
· Diesel generator for extra electrical power (which can be supplemented with solar cells, a wind generator, or both).
· Cat-ketch rig with free-standing carbon fiber rotating wingmasts.  This provides the most versatile, safe, functional and efficient sailing operation.
· Construction in composites.  E-glass fabrics with vinylester resin have been engineered to meet ABS and international construction requirements.  Whether one-off or in production, composite construction is the most universally accepted method worldwide, and therefore the least expensive.
THE FREE-STANDING WINGMAST CAT-KETCH RIG

Eagle’s rig is best explained by showing the faults of a conventional stayed rig:

· The headstay and backstay define and confine the shape of the sailplan to a triangle, the absolute worst possible planform shape for a lifting foil.  For best efficiency, the top of a triangular sail must necessarily twist to windward, which is impossible to achieve.  Large tip vortex and high induced drag create high side force pushing the boat over sideways at the expense of less lift driving it forward.

· The standing rigging is expensive to maintain and produces only parasitic drag.  Also, every single part in the standing rigging—literally hundreds of them—is a potential failure point.  Lose one small part through breakage, corrosion, or just plain falling out and the rig is almost guaranteed to go over the side.
· A stayed rig is naturally unstable downwind because the boom cannot swing farther forward than the lower shrouds.  Such a boat running downwind naturally wants to round up into the wind.  In a heavy seaway, this can cause an uncontrolled broach and gybe.
· A stayed rig requires one to round up into the wind in order to reef or douse sails.  This can put the yacht in a precarious position broadside to the waves which begs the possibility of a broach.
A cat-ketch rig totally eliminates these disadvantages.  Unencumbered by headstay or backstay, the sail planforms approximate an ellipse which is much more aerodynamically efficient.  This translates to less heel and more speed.
Without the rigging there is no parasitic drag, no associated wear and chafe, and nothing to fail.  If it is not there, it cannot break.  Safety takes a quantum leap upward.
A cat-ketch rig sailing downwind can be set with the booms forward of the beam, wing-and-wing, with the wingmasts turned aft facing into the wind.  Sail shape is superior, creating generous lift which is much more powerful than the drag-only flow around a conventional stayed rig.  There are no wires restricting the movement and positions of the booms.  Speed and control downwind are superior.
Most important, the rotating wingmasts keep the boat on course during reefing and dousing of the sails.  The wingmast, boom, and sail swing out and weathervane.  The boat stays on course—you don’t turn broadside to the waves, you don’t stop the boat in the waves.  You don’t come anywhere close to broaching.  The sail is unloaded and trailing downwind—you pull in the reef or you stow the sail while holding the boat on course.  Then you swing the mast and boom back into position and continue.  This whole maneuver is many times safer because of the reduced threat of a broach.
Another nice benefit of the cat-ketch rig is the ability to maneuver in an anchorage or other tight quarters.  Drop the main and sheet the mizzen in tight, reefed if need be.  The mizzen becomes an air rudder that makes control and maneuvering simple and well controlled.

Finally, what to do about all that sail area in the wingmasts when at an anchorage or at a dock—not a problem.  Simply set the main mast angle 45º one way and the mizzen mast 45º the other way.  The boat sits dead in the water and does not move—it’s remarkable how it works.  In fact, it will probably be more stable than other boats in the harbor.

The free-standing masts include a wingmast section mounted onto a stub mast which is fixed in the boat, rather like an upside-down rudder.  Two bearings on each stub mast hold the wingmast and allow it to rotate, the upper one a simple journal bearing at the top of the stub mast, and the lower one a combined journal/thrust bearing that can handle the wingmast weight and the halyard tension.  Internal halyards come through the wing and stub masts and out the mast pedestals at deck level.  The halyards run with tension back to the cockpit and do not impede rotation of the wingmasts.  The wingmasts rotate freely by themselves and can be further controlled by lines running back to the cockpit.  Bearings are off-the-shelf rudder bearings from France, or they can be custom-made.  Construction of the wingmasts is necessarily with carbon fiber, and a number of builders are available in the U.S. and around the world.
WEIGHTS, HYDROSTATICS AND STABILITY
A summary weight table is provided along with corresponding hydrostatics and stability calculations.  Increasingly, the marketplace demands compliance with international standards, and the one for stability, ISO 12217, calls for a calculation of the Stability Index, or STIX for short.  Results for weight and center of gravity from the weight estimate, plus complete hydrostatics and stability calculations through 180º of roll are necessary input data for STIX.  The result is a single number that describes the yachts’ suitability for its intended use.  While STIX may have its limitations and short-comings, it nonetheless is a current and valid international standard.  For Eagle, the complete calculations show that the heel angle of vanishing stability is 157.9º, and the STIX number is 68.228, which places Eagle  well into Design Category A, the top level, suitable for open ocean sailing.
SUMMARY--FUNCTION WITH FORM

Eagle and her crew will function well both at sea and in an isolated anchorage.  Most of these features are fairly traditional because they have been proven to work well.  The rig is innovative but relies on proven technology.  Eagle combines these elements into a very practical whole.  At the same time, the proportions and shape of the yacht are aesthetically attractive, which, like her namesake, give her dignity and grace.
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