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@ Sail support and control system.

@ This invention provides an imprbved system for causing
swinging of a boom of a sail support system as described in
the above identified application, in which the boom support,
which is rotatable about the mast or mast support is driven in
rotation by hydraulic or pneumatic cylinders suitably
arranged to rotate the boom about 80° to either side of the
fore and aft position. in one embodiment of the invention
two cylinders are symmetrically positioned in relation to the
boom support so as to enable rotation of the boom 90° to
port or starboard without interference of the cylinder rods
with the boom support, and so that the rotating force can be
applied to the boom support is never less than the force that
is available from one cylinder acting at the maximum radius.
Means is also provided to prevent the boom from swinging
at an excessive rate, such as when it is being swung out to
catch the wind, by controlling the flow of fluid out of the
cylinders. Means is also provided for holding the boom in a
desired position.

in a preferred embodiment of the invention, the boom
support and the cylinders are mounted on a support frame
on an upper deck of the ship, with means being provided for
measuring the force applied by the frame to the ship. Since
the cylinders act between the support frame and the boom
support, the forces applied by the cylinders are isolated from
the propuision force measuring device.
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BACKGROUND OF THE INVENTION .

.. In a co-pending application Serial 290,234 filed August 5, 1981,
there is disclosed and.claimed a sail support and contfol system designed
for use as sail assist propulsion Eor a cargo vessel. In said system an
unstayed mast carries a cantilever mounted boom which is horizontally
rotatable.on the mast. Rotation i¢ effetrted by providing a winch on the
boom which takes in and ééys out sheets which extend from the end of the
boom around suitably positioned fair%eads to dead ends on the deck, to

enable the boom to be swung to a desired orientation in relation to the

ship, and to provide sheet tension to hold the boom in said desired

orientatioﬁ.

Although a sail support and cogtrol syst;Q as described in sgid
application has been found satisiactory in commercial operation, it has
been found that in some installations, the boom swinging system can
cause difficulty, in that the sheet, which extends from the end of the

boom to dead ends on the deck, may interfere with cargo handling, and is

subject to wear, corrosion, and possible failure during use.
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BRIEF DESCRIPTION OF THE FIGURES 'OF THE DRAWING

Figure 1 is a view in si?e elevation of a boom, boom support, and
boom swinging mechanism embodying the features of the invention.

Figure 2 is a top plag view, partly in section, oé the assembly of
Figure 1.

Figure 3 is a rear view of the assembly of'Fignre 2, illustrating
the support frame mounting.

Figure 4 is an enlarged tdp plan view, partly broken away, of the
front portion of the supbort frame, illustrating the load measuring
cell. - . ‘

Fiéure 5 is a side elevation of.FiQure 4, partly ﬁroken away .

Figure 6 is an eﬁiarged view of a portion of the assembly of Figure
5, illustrating the load cell mounting.

Figqure 7 is a view of the assembly of ?igure 2, in which the boom
has been swung to starboard.

Figﬁ;e 8 is a schematic diaéram of the hydraulic system used to

control the motion of the boom.

Figure 9 is a graph of the forces available from the cylinders at

various boom angles.
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DESCRIPTION OF THE ILLUSTRATED EMBODIMENT

Referring ‘to the drawing, theré is illustratedfa sail support
assembly comprising a support frame 10 mounted on the deck 12 of a
vessel, a boom support 14 ;otatably mounted on the frame 10, and a mast
16 rotatably mounted within the boom support 14.

.The sail support assembly is similar in some respects to that shown
in co-pending application serial 290, 234 filed-August 5, 1981, in that
the boom is mounted in canfilever f4shiofi onto support 14 so that the boom
can resist the downward force of its own weight and the upward force of
the sail without supporting lines.

The support frame 10 comprises laterally extending portions 22 and
24 and a forwardly extending portion 26. The frame lo.is secured to the
main deck 12 by pylons 28 and 30 disposed at the outer ends of the
laterally extending portions, a trunnion 32 at the rear of the frame,
and a pin 34 extending forwardly from the portion 26 into an aperture 36
in an upwardly projecting retainipg member 38 fastened to the deck 12.

The frame mounting allows a slight amount of forxre and aft movement
to allow Zhe measurement of th; forward pfopulsion force applied to the
ship by the sail. For this purpose a load cell L is mounted between a
piate 40 fastened to the deck and a plate 42 faste;gd to the support
frame, so that any forward movement of the frame resulting from forces
applied thereto by the mast results in deformation of the load cell.
Load cells for this purpose are well known in the art, and provide a
changing electrical parameter with changing load, which information can

be transmitted to a remote location such as the ships bridge.
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‘To provide means for rotating the boom support to swing the boom to
a desired aﬁgle in relation ‘to the?ghip, and to hold the boom in the
desired position without the rgtating or maintaining force affecting the
measurement of the propulsion force applied to the ship, a pair of
hydraulic cylinders Cl and Ez are provided on the support frame, with
the rod ends R1 and R2 thereof being connected to radially extending
mounting ears 44 and 46 on the boom support, and the head ends of the
cylinders being connected to the laterally extending portions 22 and 24
at the outer ends thereof.

The cylinders are so oriented in.relation to the boom support that
they are capable of rotating the boom support through approximately 90°
in either direction from the centerline of tge ship without interference
between the rods Rl and R2 and the boom support.

The cylinders are also so oriented in relation to the boom support
that when the boom is on the centerline of the ship, each cylinder is
partially extended and the angle between the radius (the line between
the rod connection to the boom support and tﬁg center of rotation of the
" boom support) and the axis of ‘the rod is between the dead center position
of 180° and the maximum torgue position of 90°. The exact angle will
débend on the length and stroke of the cylinders, and in a typical case
will be between about 120° and 150°. The cylinders also must be so
oriented that when one cylinder rod is in the dead center (1800) position

the other cylinder rod is substantially at 90o to the radius to provide

the maximum torque.
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In the illustrated embodiment, the operation of the cylinders is
cont?olled by the hydraulic system‘illustiated in Figure 8. The cylinders
must not only be able to swinq the boom to any position up to about 90°
to port or starboard, they must also be able to hold the boom in a
desired position, and must.be able to limit the speed at which the boom
swings, such as when the boom is swung out to catch a favorable wind.

For these purposes the hydraulic control circuit comprises a source
of fluid pressure P, which .is fed-%o-a master cgntrol valve V1 which has
left, center, and right positions. The valve V1 is normally in the
center position and may be moved ;g'the left or right position manually
or by other means to cauée the boom.to swing to port or starboard respectively.g
Swinging of the boom occurs so long as the valve V1 is held in the left
or right position (within the limits of travel of the boom), and stops
when the valve V1 is released to return to the center position.

When valve V1 is shifted to the right, fluid flows through the
valve V1 to valves V2 and V3 which are cam actuated in a manner to
appear hereinafter. As illustrated in Figure 8, the valves V2 and V3 and

the cylinders Cl and C2 are in a position which corresponds to the fore

-
§.

and aft po#ition of the boom, and in such position when valve V1 is shifted
té the right valve V2 admits pressure through supply line L1 and check
valve K1 to the head end of cylinder Cl, and valve ;é admits pressure
through supply line L2 and check valve X2 to the rod end of cylinder c2.
Therefore shifting valve V1 to the right causes the boom to

swing to starboard, and as can be seen from the diagram of Figure 8,

shifting valve V1 to the left will cause the boom to swing to port.
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On the initial counterclockwise rotation of th? boom support, the
ex;ensioﬂ of the piston rod of cylinder Cl forces fluid out of the rod
end of the cylinder through a ﬁotion control valve.v4 and check valve K4
valve V2 and valve V1 to the fluid supply tank T, and the corresponding
retraction of the rod of cylinder C2 forces fluid out of the head end
thereof through motion control valve V5, check valve K5 wvalve V3 and
valve V1 to the fluid supply tank T..

The motion control valves limit the angular rate at which the boom
can swing in the following mannei. When the piétons Cl and C2 operate to swing
the boom to allow the sail to catch a  favorable wind, the wind pressure on
the sail may be great enough that the resulting totating force applied ,
by the sail to the boom support tends t; force the pistons of the cylinders
to move faster than the boom suéport.woﬁld be moved by the fiuid supply from
- the pump P. The rotating force applied by the sail theréfore tends to
cause a reduction in pressure in the head endvﬁf cylinder Cl1 and at the
rod end of cylinder C2.

The motion control valves are normally spring-biased to the closed
position and are opened by pressure on a pilot line connected between the
valve and 2 source of pressure,ﬁwith the amount of opening being a
function of the amount of pressure. The pilot line P4 of valve V4 is
connected to the fluid éupply line L1 feeding the héad end of cylinder C1,
and the pilot line P5 of valve V5 is connected to the fluid supply line L2
feeding the rod end of cylinder C2. The reductioh of pressure on the
supply lines Ll and L2 causes a corresponding reduction of pressure on
the pilot lines P4 and PS5 of valves V4 and V5 respectively, to allow said
valves to move toward the closed position to thereby reduce the rate of

flow of fluid cut of the cylinders and thereby limit the rate at which

the boom can swing.
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.When the boom has rotated to starboard through an angle such that
the rod of cylinder C2 has reached &kad center, cam 48 on the boom

| support 14 operates a microswitch S1, which actuates a solenoid 0l of
valve V3 to shift it to the.left so that the flow of fluid to cylinder
C2 is reversed, and pressure is applied to the head end thereof. At
this position of the boom support, the rotating force applied thereto
comes only from cylinder Cl, however the arrangement of the cylinders is
such that in this position cylinder’Cl isTacting substantially perpendicular
to the radius, so that it can apply maximum torgue to the  boom support.
On further counter-clockwise rotation of the boom support, the force
applied by cylinder C2 increases as‘thé force applied by cylinder Cl
decreases due to the decreasing radius. -

To thereafter swing the boom inwardly (counter-clockwise) valve V1
is shifted to the left, so that fluid pressure is supplied to the rod
end of cylinder Cl and to the rod end of cylinder C2 until the resulting
clockwise rotation of the boom support causes cylihder C2 to again reach
the dead center position, where the cam 48 actuates switch Sl to
.cause valve V3 to move back to its original position to theréby
reverse the fluid flow to cyliﬂéer c2.

h During such clockwise rotation, the fluid in the head end of cylinder

Cl discharges through motion control valve V6 and chéck valve X6 with
the rate of fluid discharge being éontrolled by the pressure on the rod
end of cylinder Cl through the line P6. If.the boom is being swung in
from an angle such that the cylinder C2 has been taken past dead center,
as illustrated in Figure 4, on the initial portion of subseguent counter-
clockwise motion, fluid from the head end of cylinder C2 will be discharged
through motion control valve V5, check valve K5, valve V3 and valve V1,

After the dead center position of cylinder C2 has been passed, the
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shifting of valve V3 applies fluid pressure to the head end of cylinder
€2, with the discharge from the rod end occuring through motion control

valve V7, check valve K7, valve V3 and valve V1.

The above description.relates to movement of the boom counter-
clockwise to the starboard positions Movement of the boom clockwise to
thé port position is accomplished by moving the valve V1 to the left
position, with the other va}ves operating in a manner analagous to that
described above. |

When valve V1 is in the center position, the head and rod ends of both
cylinders are connected to the return line to the supply tank T, so that
there is né pressure on pilot lineg'P4, P5, P6, P7 of the motion control
valves. The motion control valves are therefore closed, and, in
conjunction with the check valves in the supply lines, frevent fluid
from discharging from either end of the cylinders.

Therefore in any boom position, when the valve V1 is centered, the
cylinders Cl and C2 lock the boom from swinging.

However, in case of an excessive rotating force applied to the boom
support, stich as by a high velo::ity wind gust, the hydraulic system
allows the boom support to swing in a direction to reduce the force.

This is accomplished by lines R4,,R5, R6, and R7 which connect the cylinder
ends to a relief inlet of the associated motion control valve. An
excessive pressure at the relief inlet caused by an excessive pressure

in one end of the associated cylinder causes the vélve to open to reduce

the pressure, and thereby allowing movement of the cylindér rod and the

boom,
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Referring to Figufe 9, there is illustrated a graph showing the
torque applied to the boom at various boom angles. As shown in the
graph, the maximum torque of either cylinder occurs when the other
cylinder is on dead center with no available torgque. The graph also
shows that the cylinder arrangement prbvides maximum total torque when

the boom is on the centerline of the ship.

This arrangément is desirable for the following reason. Althsugh

a wind force ‘'may be applied to the sail in any boom éosition, including
the fore and aft position, the maximm tufhing force applied to the boom
from gravity and inertia forpes resulting from the rolling motion of the
ship occurs when the boom is on the centerline. Therefore the maximum
combined turning force applied to the boom support from combined wind
force and ship motion occurs Yhen the boom is on the'ce;ter line, and
the cylinder arrangement illustrated”in Figure 1 provides the maximum
amount of torque at this boom position.

Althouéh a greater torqug could be applied to the boom support in
the centerline position by héving both cylinders perpendicular to the
radius whef the boom isvon the génterline of éhe ship, sucﬁ an arrangement
would not aliow the full 9Q° rotation in each direction due to interference
between the cylinder rods and the boog support, and ‘the maximum torxque
of a cylinder would not occur when the other cylinder is in the dead
center position. . |

Although in the illustrated embodiment of the invention hydraulic
‘cylinders are utilized to rotate the boom support, it will be understood
that in some applications pneumatic cylinders or mechanical lineax

actuators may be used, provided that mechanical braking means is provided

for retaining the boom in the desired orientation.
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Since certain changes apparent to one skilled in the art may be
made in the herein described embodiments of the invention without
departing from the scope the'reof ; it is intended that all matter con-
tained herein be interpreted in an illustrative and not a limiting )

sense.
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1. A sail support assembly, comprising a mast mounted onto a support,
a boom support rotatably mounted on said mast, and at least two
fluid actuated cylinders conneéted between the boom support and the
mast support, said cylinders being so arranged that when the boom support
is so oriented that the boom is on the centerline of the ship, the rods
of the cylinders are partially extended, and when when the boom support has
been rotated so that one cy}inder %fﬁon qgad center, the other cylinder

is acting at its maximum radius from the center of rotation of the boom

support.

2. A sail support assembly as sei out in claim 1 'in which the axis
of each cylinder, when the boom is on the centerline of the ship, is
disposed at an angle.of between about 110o and 160o degrees to a line
extending between the connection of the cylinder to the boom support

and the center of rotation of the boom support.

& b
- 3. In a sail support assembly, comprising a mast mounted onto a
support and a b&om support rotataﬁly mounted abbut%;he mast, the
improvement comprising fluid pressure actuated cylinders connected between
the boom support and the mast support, said cylinders being so arranged

that the total torque applied to the boom support by the cylinders is

greatest when the boom is on the centerline of the ship.
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4. In a sail support assembly, comprising a mast mounted onto a
support and a boom support rotatably mounted in relation to the mast, the
improvement comprising fluid ﬁressure aétuated cylinders connected
between the boom support and the mast support, and control means for
actuating said cylinders by fluid pressure, said control means having
means for locking the fluid in said cylinders when they are not actuated

to rotate the boom support in relation to the mast for thereby locking

the boom into a stationary position.

5..A mounting structure for a shipg_mast, comprising a platform, a
mast mounted on said.platform; means mounting said platform on the ships
structure in a manner such that the platform is capablé of a limited
amount of forward movement when a force having a forward component is
applied to the mast, and means for measuring the amount of said forward
movement. . . e _

6. A struc?ure as set out in claim 5 in which a rotatable boom
support is mounted for rotation in relation to the mast, and means for
rotating the boom support in relation to the mast, said means acting
between thg;platform,and the boq% supp;rt whereby forces necessary to
cause rotation of the boom or to maintain the bocmAin a desired posi;ion

do not cause movement of the platform in relation to_the ship.

7. A structure as set out in claim 6 in which said means for rotating
the boom comprises hydraulic cylinders connected between the boom support

and the platform.

8. A structure as set out in claim 7 in which said cylinders are so
oriented that the total torque applied by the cylinders to the boom

support is greatest when the boom is in the fore and aft position.
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9. A mounting structure for a ships mast, comprising a platform
carrying.a mast, said platform having supbort portions extending laterally
on each side of the mast and another support portion extending in a fore
and aft direction in relation to the mast, said laterally extending
portions being secured to the ship by pylons which are sufficiently
flexible to allow a small amount of forward movement of said platform in
relation to the ship when a force having a forward component is applied
to the mast, said dthet sppport portion having a retaining pin disposed
in an aperture in a retaining plate attached to the ship so as to permit
only fore and aft movement of the support, and means measuring the

amount of forward movement of said platform in relation to the ship.
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