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VERTICAL TRIM SYSTEM FOR MARINE OUTDRIVES

BACKGROUND OF THE INVENTION

1.

FIELD OF THE INVENTION

The invention relates generally to marine inboard-outboard drive systems, and more

particularly, to a vertical trim system for adjusting the vertical height of a marine outdrive.
2. DESCRIPTION OF RELATED ART

Marine inboard-outboard drive systems are well known 1n the art. A typical inboard-
outboard system includes an engine mounted inside a boat that is coupled to an outdrive unit
through an opening in the boat transom. A transom plate is coupled to the boat’s transom and a
seal is provided to seal the opening. The transom plate further supports the outdrive system.
The outdrive unit is coupled to the transom plate via a gimbal ring that pivots about a vertical

pivot axis for steering purposes. The gimbal ring also allows the outdrive unit to pivot about a

horizontal pivot axis for kick-back movement of the outdrive unit.

A driveshaft extends through the opening in the transom, with one end of the driveshaft
coupled to the engine inside the boat, and the other end coupled to the outdrive unit so as to turn
a propeller shaft. In known inboard-outboard systems, the driveshaft is coupled to the outdnive
via a universal joint to allow the outdrive unit to pivot via the gimbal ring for steering or kick-
back.

Propeller location 1s very significant in any marine drive system. A key principle for
performance is that the propellers be located at their optimum depth in the water at all times,
providing optimum efficiency, speed and control of the boat. A problem arises when mounting
an outdrive of an inboard-outboard system to the transom of a boat. Outdrives are fixed at the
engine crankshaft height. Once the outdrive is secured to the transom, 1t is not vertically
adjustable. Therefore, the propeller depth also may not be adjusted once the outdrive unit is
secured to the transom. When installing an inboard-outboard drive system, an optimum
propeller depth relative to the boat is determined. Then, the system 1s installed such that the
propeller is located at this optimum depth. This propeller depth, however, is only “optimum” for

a given set of conditions, since the optimum propeller depth changes as conditions change.
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Several factors affect the propeller depth necessary for optimum boat performance. For
example, the total weight and center of gravity of the boat changes as fuel is consumed or the
number of passengers changes. Sea conditions also affect the desired propeller location -- a
propeller depth that is appropriate for calm seas likely will not provide optimum performance in
choppy seas. Thus, the “optimum” propeller depth calculated prior to installing the outdrive is a
compromise, at best. This problem is magnified in dual-drive system boats that have a V-hull
design. Since the engines are placed side-by side, they are located higher above the water line in
order to fit into the V-hull. The propellers, in turn, are also mounted higher, affecting the trim
capability of the boat.

Unfortunately, no satisfactory solution to the above described problem exists in the prior
art. In one attempted solution, spacer blocks are placed between the outdrive upper case and
lower foot, effectively extending the depth of the outdrive unit, thereby extending the propeller
further into the water. Spacers, however, cannot be used to raise the propeller height relative to
the boat. Moreover, adding or removing spacers is a complicated and time-consuming
undertaking, and if conditions change, the boat’s driver cannot change the propeller depth while
the boat is underway.

Another attempted solution uses a “set-back,” or spacer box. The outdrive is mounted on
the spacer box, which is located between the boat’s transom and the outdrive gimbal ring, rather
than mounting the outdrive directly to the transom. The position of the spacer box may be
manually adjusted to a small degree, which in turn, allows the propeller depth to be varied
slightly. However, as with the spacer blocks, the propeller depth may be varied only a small
amount, and the process is time consuming and expensive. Furthermore, the box assembly
cannot be adjusted for changing conditions while the boat 1s underway.

The present invention addresses these, and other, shortcomings of prior art marine

outdrive systems.
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SUMMARY OF THE INVENTION

In one aspect of the present invention, a vertical trim system for a marine inboard-
outboard outdrive includes a transom plate that has first and second sides, with the first side
adapted to be mounted to a boat transom. The vertical trim system further includes at least one
arm having first and second ends. The first end is pivotally coupled to the second side of the
transom plate, such that the arm pivots about a horizontal axis. The second end of the arm is
adapted to be pivotally coupled to a gimbal ring.

In another aspect of the invention, a marine outdrive system for an inboard-outboard
propulsion unit includes a transom plate defining an opening therethrough. The transom plate
has first and second sides, with the first side adapted to be mounted to a boat transom. The
outdrive system further includes an outdrive unit that has a gimbal ring, and a driveshaft that
includes first and second ends. The first end 1s adapted to extend through the transom plate
opening and be coupled to an engine, the second end is coupled to the outdrive unit via a
constant velocity joint. First and second arms each have first and second ends, with the first
ends being pivotally coupled to the second side of the transom plate in spaced relationship, such
that the first and second arms pivot about first and second horizontal axes, respectively. The first
axis is generally parallel to the second axis, and the second ends of the first and second arms
each are coupled to the gimbal ring.

In yet another aspect of the present invention, a method is provided for adjusting the
depth of an outdrive propeller for an inboard-outboard boat propulsion system. The propulsion
system includes a transom plate coupled to a boat transom, an engine mounted inside a boat, and
a gimbal ring pivotally coupled to the outdrive. The method includes the acts of coupling one
end of a driveshaft to the engine via a universal joint and the other end of the driveshaft to the
outdrive via a constant velocity joint, pivotally coupling one end of an arm to a location on the
transom plate and the other end to the gimbal ring, and pivoting the arm about the location on the
transom plate to adjust the height of the outdrive.

In still another aspect of the invention, the pivoting arm or arms of any of the previously

mentioned embodiments 1s replaced by a box-arm assembly that travels in linear motion along
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one or more guide rails mounted vertically on the transom plate. The gimbal ring of an outdrive
1s connected to the box-arm assembly, allowing the outdrive to be raised or lowered by moving

the box-arm assembly along the rails.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will become apparent upon reading the
following detailed description and upon reference to the drawings in which:

Figure 1 is a perspective view of a vertical trim system for a marine outdrive in
accordance with an embodiment of the present invention;

Figure 2 is a plan view of an exemplary transom plate in accordance with an embodiment
of the present invention;

Figure 3 is a perspective view of an exemplary embodiment of the first arm for a marine
outdrive vertical trim system in accordance with the present invention;

Figure 4 is a perspective view of an exemplary embodiment of the second arm for a
marine outdrive vertical trim system in accordance with the present invention;

Figure 5 is side elevation view, partially in section, of an embodiment of the vertical trim
system for a marine outdrive, particularly illustrating an exemplary rotary driveshaft in
accordance with the present invention; and

Figure 6 is a perspective view of a vertical trim system for a marine outdrive in
accordance with an embodiment of the present invention, shown coupled to the transom of a
boat.

Figure 7 is a side view of another embodiment of the present invention in which the
pivoting arms have been replaced by a sliding box-arm assembly.

Figure 8 is a side elevation view, partially in section, of the same embodiment depicted in
Figure 7, particularly illustrating a rotary driveshaft identical to that shown in Figure 5 and its
connections to the outdrive and engine. '

Figures 9a and 9b are a top perspective view and a side elevation view of the box-arm

assembly.
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Figures 10a and 10b depict top and rear views of an exemplary transom plate with guide

rails in accordance with the box-arm embodiment of the present invention.

While the invention is susceptible to various modifications and alternative forms, specific
embodiments thereof have been shown by way of example in the drawings and are herein
described in detail. It should be understood, however, that the description herein of specific
embodiments is not intended to limit the invention to the particular forms disclosed, but on the
contrary, the intention is to cover all modifications, equivalents, and alternatives falling within

the spirit and scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

[llustrative embodiments of the invention are described below. In the interest of clarity,
not all features of an actual implementation are described in this specification. It will of course
be appreciated that in the development of any such actual embodiment, numerous
implementation-specific decisions must be made to achieve the developers’ specific goals, such
as compliance with system-related and business-related constraints, which will vary from one
implementation to another. Moreover, it will be appreciated that such a development effort
might be complex and time-consuming, but would nevertheless be a routine undertaking for
those of ordinary skill in the art having the benefit of this disclosure.

Fig 1 illustrates an embodiment of a marine outdrive vertical trim system 10 in
accordance with the present invention. The vertical trim system 10 includes a transom plate 12
having one side 14 adapted to be coupled to a boat transom (not shown in Fig. 1). The transom
plate 12 provides support for first and second arms 18, 20, each of which has one end 22
pivotally coupled to a second side 16 of the transom plate 12 in a spaced relationship. The
opposite ends 24 of the first and second arms 18, 20 are adapted to be coupled to a gimbal ring
of a marine outdrive (not shown in Fig. 1). The gimbal ring rotates about a vertical axis for
steering purposes, and allows the outdrive to pivot about a horizontal axis for kick-back motion.
In one embodiment, the ends 24 of the first and second arms 18, 20 each include a pivoting joint

25 for coupling the first and second arms 18, 20 to a gimbal ring, such that the gimbal ring may
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move vertically (up and down) with the first and second arms 18, 20, and still rotate about a
vertical axis for steering. Other movement of the gimbal ring relative to the first and second
arms 18, 20 is thus inhibited, though the gimbal ring still allows an outdrive coupled thereto to
pivot about a horizontal axis for kick-back movement.

In the embodiment illustrated in Fig. 1, the first arm 18 is situated above the second arm
20. The first and second arms 18, 20 may be coupled to the transom plate 12 in any manner that
allows the first and second arms 18, 20 to pivot about first and second horizontal axes 30, 32,
respectively, such that the vertical position of the ends 24 may be varied. The first horizontal
axis 39 is generally parallel to the second horizontal axis 32, so that the ends 24 of the first and
second arms 18, 20 move along a generally common vertical axis when their vertical position is
varied. In other words, the ends 24 adapted to be coupled to the gimbal ring may be moved up
and down, but not side-to-side.

Fig. 2 illustrates a plan view of one embodiment of the transom plate 12, and Fig. 3 and
Fig. 4 illustrate perspective views of particular embodiments of the first arm 18 and the second
arm 20, respectively. The embodiment of the transom plate 12 illustrated in Fig. 2, which may
be fashioned out of aluminum, defines two channels 34 that are adapted to receive the ends 22 of
the first and second arms 18, 20. The transom plate 12 further defines a plurality of bores 40, 42
that are coaxial with corresponding bores 41, 43, respectively, defined by the first and second
arms 18, 20. The ends 22 of the first and second arms 18, 20 are seated within the channels 34,
and pivot pins 44 are inserted through the bores 40-43 to couple the first and second arms 18, 20
to the transom plate 12. Hence, the first arm 18 may pivot about the first horizontal axis 30, and
the second arm 20 may pivot about the second horizontal axis 32, allowing adjustment of the
height of the ends 24 of the first and second arms 18, 20 relative to the transom plate 12.

The marine outdrive vertical trim system 10 may further include a device for selectively
positioning the ends 24 of the first and second arms 18, 20, such that the height of an outdrive
coupled thereto may be set at a desired position relative to the transom plate 12. In Fig. 1, an
exemplary embodiment of such a device 1s illustrated, including two hydraulic cylinders 50, each
having a first end 52 pivotally coupled to the transom plate 12 and a second end 54 coupled to
the second arm 20. Thus, the hydraulic cylinders 50 may be extended or retracted through

1&
i
|
f
!
i
?
i
l
;



10

15

20

25

CA 02320968 2000-07-24

WO 99/37536 PCT/US99/01258

hydraulic fluid pressure to lower or raise, respectively, the ends 24 of the first and second arms
18, 20.

The embodiment of the device for selectively positioning the ends 24 of the first and
second arms shown in Fig. 1 is further disclosed with reference to Fig. 2 and Fig. 4. The first
ends 52 of the hydraulic cylinders 50 are seated within the channels 34 of the transom plate 12.
The transom plate 12 defines bores 56 that are coaxial with corresponding bores (not shown)
extending through the first ends 52 of the hydraulic cylinders 50. Pivot pins 58 extend through
the bores 56 and the corresponding bores in the first ends 52 to pivotally couple the hydraulic
cylinders 50 to the transom plate 12, such that the hydraulic cylinders 50 pivot about a third
horizontal axis 60 that is generally parallel to the first and second parallel axes 30, 32. The
second arm 20 defines bores 62 extending through the end 24, and the second ends 54 of the

hydraulic cylinders 50 define corresponding openings 64, through which pivot pins 66 extend to
couple the hydraulic cylinders 50 to the second arm 20.

The embodiment of the device for selectively positioning the ends 24 disclosed thus far is
exemplary only, as it would be a routine undertaking for one skilled in the art having the benefit
of this disclosure to configure alternate means for positioning the ends 24 of the first and second
arms 18, 20. For example, the second ends 54 of the hydraulic cylinders 50 could be coupled to
the first arm 18, rather than the second arm 20 as 1llustrated in Fig. 1, so that the ends 24 are
raised when the hydraulic cylinders 50 are extended, and lowered when the hydraulic cylinders
50 are retracted.

The transom plate 12 further defines a generally transverse opening 70 through which a
rotatable driveshaft 72 extends. Fig. 5 shows an embodiment of the vertical trim system 10,
partially in section, illustrating a driveshaft 72 in accordance with an embodiment of the present
invention. In the embodiment of Fig. S, the transom plate 12 is shown mounted to a transom of a
boat 74, and the ends 24 of the first and second arms 18, 20 are coupled to a gimbal ring 76 of an
outdrive unit 78 that includes a propeller drive 80. A flexible tube 81 may surround the
driveshaft 72 to provide a water tight seal between the outdrive unit 78 and the transom plate 12.

The driveshaft 72 includes a first end 82 that 1s adapted to be coupled to an engine 84
inside the boat 74. The driveshaft 72 further includes a second end 86 that is adapted to be
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coupled to the propeller drive 80 of the outdrive unit 78. In the embodiment illustrated in Fig. 5,
the first end 82 of the driveshaft 72 is coupled to the engine 84 via a universal joint 88. A
universal joint is used to couple misaligned rotatable shafts, such as the driveshaft 72. The
universal joint 88 is of standard construction, including two opposed yokes 90, 92 coupled to a

s  rotatable intermediate member 94. The yoke 90 may comprise a slip yoke, to allow the
driveshaft 72 to lengthen or shorten during deflection motions.

The second end 86 includes a constant velocity joint 96 for connecting the driveshaft 72
to the propeller shaft 80 via a yoke 98. A constant velocity joint is a type of universal joint that
provides constant angular velocity as the misalignment between connected shafts changes. The

10 constant velocity joint 96 allows the outdrive 78 to be moved up and down vertically, while
directing constant power transfer from the engine 84 to the propeller drive 80. Spicer 1310 or
1330 constant velocity joints, available from the Dana Corporation, Toledo, Ohio, are examples
of suitable constant velocity joints for coupling the driveshaft 72 to the outdrive unit 78 in one
embodiment of the invention. In an embodiment employing a Spicer 1310 constant velocity

15 joint, the original Spicer 1310 yoke 98 is replaced by a modified yoke that is sized to be coupled
to a Mercruiser Bravo or Blackhawk outdrive unit.

Fig. 6 is a perspective view of an embodiment of the marine outdrive vertical trim
system, 1llustrating the transom plate 12 coupled to a boat 74 and the ends 24 of the first and
second arms 18, 20 coupled to a gimbal ring 76 of an outdrive unit 78. The tube 81 surrounds

20  the driveshaft 72 (not shown in Fig. 6), and is sealed to the transom plate 12 at one end, and
sealed to the outdrive unit 78 at the other end, preventing water from entering the boat 74 or the
outdrive unit 78. Further, the tube 81 flexes as the gimbal ring 76 pivots about a vertical axis for
steering, or as the first and second arms 18, 20 change the height of the outdrive unit 78 relative
to the transom plate 12.

25 In operation, when hydraulic pressure 1s applied such that the hydraulic cylinders 50
extend, the rear end 24 of the second arm 20 is moved in a downward motion while the front end
22 of the second arm 20 pivots on the transom plate 12 about the horizontal axis 32. The ends
24 of both the first and second arms 18, 20 are coupled to the gimbal ring 76; thus, the end 24 of

the first arm 18 also moves downward, while the front end 22 of the first arm 18 pivots about the
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horizontal axis 30, which is generally parallel to the horizontal axis 32 about which the second
arm 20 pivots.

When the first and second arms 18, 20 are moved downward, the gimbal ring 76 also
moves in a downward motion, lowering the outdrive unit 78, and in turn, lowering the position
of a propeller 100 coupled thereto, relative to the boat 74. When hydraulic pressure is applied to
retract the hydraulic cylinders 50, the end 24 of the second arm 20 moves upwards, moving the
gimbal ring 76, and in turn, the outdrive unit 78 and propeller 100.. In one embodiment, the
hydraulic cylinders 50 are configured to be remotely controlled by the boat driver while the boat
74 is underway. Configuring the hydraulic cylinders 50 for remote operation would be a routine
undertaking for one skilled in the art having the benefit of this disclosure, and is not addressed in
detail herein.

Figures 7 and 8 depict another embodiment of the present invention in which the
mechanism for raising and lowering the gimbal ring applies linear motion rather than pivoting
arms. In this embodiment, a box-arm assembly 202 replaces the pivoting upper and lower arms.
As shown more clearly in Figures 9a, 9b, 10a, and 10b, the box-arm assembly is a single rigid
unit having linear bearings 205 that allow the unit to slide up and down along rails 203 mounted
vertically on the transom plate 12. The gimbal ring 76 of outdrive 78 is pivotally coupled at two
points to box-arm assembly 202; thus outdrive 78 may be raised or lowered by causing the box-
arm assembly to slide along transom plate rails 203. As 1n the previously described
embodiments, one or more hydraulic cylinders 50 may be attached between the transom plate 12
and the box-arm assembly 202 to raise and lower the box-arm assembiy and the gimbal ring with
it.

In operation, when hydraulic pressure 1s applied such that the hydraulic cylinders 50
extend, box-arm assembly 202 is moved downward along the rails 203. The aft end 204 of box-
arm assembly 202 is coupled to the top and bottom of gimbal ring 76; thus, when box-arm
assembly 202 moves downward, the gimbal ning 76 also moves in a downward motion, lowering
the outdrive unit 78, and in turn, lowering the position of a propeller 100 coupled thereto,
relative to the boat 74. When hydraulic pressure is applied to retract the hydraulic cylinders 50,
the aft end 204 of box-arm assembly 202 moves upwards, moving the gimbal ring 76, and in

—— ey
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turn, the outdrive unit 78 and propeller 100. In one embodiment, the hydraulic cylinders 50 are
configured to be remotely controlled by the boat driver while the boat 74 is underway. Again,
configuring the hydraulic cylinders 50 for remote operation would be a routine undertaking for
one skilled in the art having the benefit of this disclosure, and is not addressed in detail herein.

As in the previous embodiment, the transom plate 12 further defines a generally
transverse opening 70 through which a rotatable driveshaft 72 extends. Fig. 8 shows the box-
arm embodiment of the vertical trim system 10, partially in section, illustrating a driveshaft 72 in
accordance with an embodiment of the present invention. In the embodiment of Fig. 8, the
transom plate 12 is shown mounted to a transom of a boat 74, and the ends 204 of the box-arm
assembly 202 are coupled to a gimbal ring 76 of an outdrive unit 78 that includes a propeller
drive 80. A flexible tube 81 may surround the driveshaft 72 to provide a water tight seal
between the outdrive unit 78 and the transom plate 12.

The driveshaft 72 includes a first end 82 that is adapted to be coupled to an engine 84
inside the boat 74. The driveshaft 72 further includes a second end 86 that is adapted to be
coupled to the propeller drive 80 of the outdrive unit 78. In the embodiment illustrated in Fig. 8,
the first end 82 of the driveshaft 72 is coupled to the engine 84 via a universal joint 88. A
universal joint is used to couple misaligned rotatable shafts, such as the driveshaft 72. The
universal joint 88 is of standard construction, including two opposed yokes 90, 92 coupled to a
rotatable intermediate member 94. In the embodiment of figure 8 it 1s necessary that either yoke
90 or yoke 92 comprise a slip yoke to allow the driveshaft 72 to lengthen or shorten during
deflection motions.

The second end 86 includes a constant velocity joint 96 for connecting the driveshaft 72
to the propeller shaft 80 via a yoke 98. The constant velocity joint 96 allows the outdrive 78 to
be moved up and down vertically, while directing constant power transfer from the engine 84 to
the propeller drive 80. The constant velocity joints described in the embodiment of figure 5 are
suitable for use in this embodiment as well.

Thus, the marine vertical trim system of the present invention improves performance of
marine crafts, particularly planing-type boat hulls, by providing a system for changing the

vertical position of the boat’s propeller 100 relative to the boat 74, after the outdrive unit 78 has
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been mounted to the boat 74. A boat driver may raise or lower the propeller height from the
driver’s helm as conditions warrant, to keep the propeller 100 at an optimum depth, thereby
enhancing the boat’s handing and performance.

The particular embodiments disclosed above are illustrative only, as the invention may be
modified and practiced in different but equivalent manners apparent to those skilled in the art
having the benefit of the teachings herein. For example, in the embodiments illustrated herein,
two arms 18, 20 are provided, with the first arm 18 coupled to the transom plate 12 such that it is
positioned above the second arm 20. Other quantities of arms and arrangements thereof could be
employed to allow the gimbal ring to be moved in the up-and-down fashion disclosed herein.
Furthermore, no limitations are intended to the details of construction or design herein shown,
other than as described in the claims below. It is therefore evident that the particular
embodiments disclosed above may be altered or modified and all such variations are considered

within the scope and spirit of the invention. Accordingly, the protection sought herein is as set

forth in the claims below.
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CLAIMS:
1. A vertical trim system for a marine inboard-outboard outdrive, comprising:

a transom plate defining an opening therethrough and having first and second sides, the
first side adapted to be mounted to a boat transom;
at least one arm having first and second ends, the first end being pivotally coupled to the
second side of the transom plate, such that the at least one arm pivots about a
horizontal axis; and
the second end of the at least one arm being adapted to be pivotally coupled to a gimbal
ring of an outdrive; and
a rotatable driveshaft extending through the transom plate opening and having first and
second ends; the first end adapted to be coupled to an engine, the second end
adapted to be coupled to said outdrive.
2. The vertical trim system of claim 1 wherein the at least one arm comprises first and
second arms, the first ends of the first and second arms being pivotally coupled to the second
side of the transom plate in spaced relationship, such that the first and second arms pivot about
first and second horizontal axes, respectively; the first axis being generally parallel to the second
axis.
3. The vertical trim system of claim 2 further comprising a device for pivoting at least one

of the arms to selectively position the second end of the arms relative to the transom plate.

4. The vertical trim system of claim 2 wherein the first arm is positioned above the second
arm.
5. The vertical trim system of claim 3 wherein the device for pivoting comprises at least one

hydraulic cylinder having one end pivotally coupled to the transom plate, and another end
coupled to the arm, such that the arm moves in a first direction when the hydraulic cylinder is
extended and in a second direction when the hydraulic cylinder is retracted.

6. The vertical trim system of claim 5, wherein the hydraulic cylinder is pivotally coupled
to the transom such that the hydraulic cylinder pivots about a third horizontal axis that is

generally parallel to the first and second horizontal axes.
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7. The vertical trim system of claim 3 further comprising a flexible tube surrounding the
driveshaft.
8. The vertical trim system of claim 1 further comprising a universal joint coupled to the
driveshaft first end. .
9. The vertical trim system of claim 1 further comprising a constant velocity joint coupled
to the driveshaft second end.

-10.  The vertical trim system of claim 1 wherein the driveshaft includes a slip yoke.

11. A marine outdrive system for an inboard-outboard propulsion unit, the outdrive system
comprising:
- a transom plate defining an opening therethrough and having first and second sides, the
first side adapted to be mounted to a boat transom;

an outdrive unit having a gimbal ring;

a driveshaft having first and second ends, the first end adapted to extend through the
transom plate opening and be coupled to an engine, the second end coupled to the
outdrive unit via a constant velocity joint; and

first and second arms each having first and second ends, the first ends being pivotally
coupled to the second side of the transom plate in spaced relationship, such that
the first and second arms pivot about first and second horizontal axes,
respectively, the first axis being generally parallel to the second axis, the second
ends of the first and second arms each being pivotally coupled to the gimbal ring.

12.  The marine outdrive system of claim 11 further comprising a device coupled to at least
one of the arms for selectively adjusting the position of the gimbal ring relative to the transom
plate.

13.  The marine outdrive system of claim 12 wherein the device for selectively adjusting the
position of the gimbal ring comprises at least one hydraulic cylinder having one end pivotally
coupled to the transom plate, and another end coupled to the second arm, such that the second
arm moves 1n a first direction when the hydraulic cylinder is extended and in a second direction

when the hydraulic cylinder is retracted
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14. A method for adjusting the depth of an outdrive propeller for an inboard-outboard boat
propulsion system including a transom plate coupled to a boat transom, an engine mounted
inside the boat, and a gimbal ring pivotally coupled to the outdrive, the method comprising the
acts of:
S coupling one end of a driveshaft to the engine via a universal joint;
passing the other end of the driveshaft through an opening in the transom plate and
coupling said other end to the outdrive via a constant velocity joint;
pivotally coupling one end of an arm to a location on the transom plate and the other end
to the gimbal ring; and
10 pivoting the arm about the location on the transom plate to adjust the height of the
outdrive.
15.  The method of claim 14 wherein the pivoting act comprises pivoting the arm while the
boat is underway.
16. A marine outdrive system for an inboard-outboard propulsion unit, the outdrive system
15 comprising:
an outdrive unit having a gimbal ring;
a transom plate adapted to be coupled to a boat transom,
a driveshaft having first and second ends, said first end adapted to extend through an
opening in the transom plate and be coupled to an engine;
20 first means for coupling the driveshaft second end to the outdrive unit; and
second means for varying the height of the outdrive unit.
17. A marine system comprising:
a boat having a transom and an engine;
an inboard-outboard outdrive having a gimbal ring;
25 a transom plate defining an opening therethrough and having first and second sides, the
first side mounted to the boat transom;
at least one arm having first and second ends, the first end being pivotally coupled to the
second side of the transom plate, such that the at least one arm pivots about a

horizontal axis;
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the second end of the at least one arm being pivotally coupled to the gimbal ring of the
outdrive; and

a rotatable driveshaft extending through the transom plate opening and having first and
second ends; the first end being coupled to the engine, the second end being
coupled to said outdrive.

A drive system for a boat, comprising:_

a transom plate defining an opening therethrough and having first and second sides, the
first side adapted to be mounted to a boat transom;

at least one arm having first and second ends, the first end being pivotally coupled to the
second side of the transom plate, such that the at least one arm pivots about a
horizontal axis;

an outdrive unit having a gimbal ring, wherein the second end of said at least one arm is
pivotally coupled to said gimbal ring; and

a rotatable driveshaft extending through the transom plate opening and having first and
second ends; the first end adapted to be coupled to an engine, the second end
coupled to said outdrive.

A vertical trim system for a marine inboard-outboard outdrive, comprising:

a transom plate defining an opening therethrough and having first and second sides, said
first side adapted to be mounted on a boat transom, and having at least one rail
mounted vertically on said second side;

a rotatable driveshaft extending through the transom plate opening and having first and
second ends, said first end adapted to be coupled to an engine, and said second
end adapted to be coupled to an outdrive;

a box-arm assembly having an aft portion adapted to be pivotally coupled to a gimbal
ring of said outdrive and a forward portion slidably coupled to said at least one
rail;

a device adapted to raise and lower the box arm assembly relative to the transom plate by

causing the box arm assembly to move along said at least one rail.
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20.  The vertical trim system of claim 19, wherein said at least one rail comprises at least two
parallel rails mounted on the second side of said transom plate such that the transom plate
opening is between two of the rails.

21.  The vertical trim system of claim 19, wherein said raising and lowering device comprises
at least one hydraulic cylinder having two ends, one of said ends being pivotally connected to
said box-arm assembly and the other of said ends being pivotally coupled to said transom plate,
such that the box-arm assembly moves in one direction when the hydraulic cylinder is extended
and in a second direction when the hydraulic cylinder 1s retracted.

22. The vertical trim system of claim 19 further comprising a flexible tube surrounding the
driveshatft.

23.  The vertical trim system of claim 19 further comprising a universal joint coupled to the
driveshaft first end.

24.  The vertical trim system of claim 19 further comprising a constant velocity joint coupled
to the driveshaft second end.
25. A marine system comprising:

a boat having a transom and an engine;

an inboard-outboard outdrive having a gimbal ring;

a transom plate defining an opening therethrough and having first and second sides, the
first side mounted to the boat transom, and having at least one rail mounted
vertically on said second side;

a rotatable driveshaft extending through the transom plate opening and having first and
second ends, said first end being coupled to the boat engine, and said second end
coupled to said outdrive;

a box-arm assembly having an aft portion pivotally coupled to the outdrive gimbal ring
and a forward portion slidably coupled to said at least one rail; and

a device adapted to raise and lower said box arm assembly relative to said transom plate
by causing said box arm assembly to move along said at least one rail.

26. A drive system for a boat, comprising:
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a transom plate defining an opening therethrough and having first and second sides, the
first side adapted to be mounted to a boat transom, and having at least one rail
mounted vertically on said second side;

an outdrive unit having a gimbal riné;

a box-arm assembly having an aft portion pivotally coupled to the outdrive gimbal ring
and a forward portion slidably coupled to said at least one rail;

a device adapted to raise and lower said box-arm assembly relative to said transom plate
by causing said box arm assembly to move along said at least one rail; and

a rotatable driveshaft extending tbrough the transom plate opening and having first and

second ends; the first end adapted to be coupled to an engine, the second end
coupled to said outdrive.
27.  The drive system of claim 26, wherein the device adapted to raise and lower the box-arm
assembly comprises at least one hydraulic' cylinder having one end pivotally coupled to the
transom plate, and another end pivotally coupled to the box-arm assembly, such that the box-arm
assembly moves in a first direction when the hydraulic cylinder is extended and in a second
direction when the hydraulic cylinder is retracted.
28.  The drive system of claim 26 further comprising a flexible tube surrounding the

driveshaft.

29. The drive system of claim 26 further comprising a universal joint coupled to the
driveshaft first end.
30.  The drive system of claim 26 further comprising a constant velocity joint coupled to the
driveshaft second end.
31. A method for adjusting the depth of an outdrive propeller for an inboard-outboard boat
propulsion system including a transom plate coupled to a boat transom, an engine mounted
inside the boat, and a gimbal ring pivotally coupled to the outdrive, the method comprising the
acts of:

coupling one end of a driveshaft to the engine via a universal joint;

passing the other end of the driveshaft through an opening in the transom plate and

coupling said other end to the outdrive via a constant velocity joint;
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mounting at least one vertical rail on the transom plate;

slidably coupling one portion of a box-arm assembly to said at least one vertical rail and
pivotally coupling another portion of the box-arm assembly to the gimbal ring;
and

sliding the box-arm assembly along said at least one vertical rail on the transbm plate to
adjust the height of the outdrive.

The method of claim 31 wherein the act of sliding the box-arm assembly occurs while the

boat is underway.

33.

The method of claim 31, further comprising pivotally coupling one end of a hydraulic

cylinder to the box-arm assembly and the other end of said hydraulic cylinder to the transom

plate, such that the box-arm assembly slides in one direction along said at least one vertical rail

when the hydraulic cylinder i1s extended and in the opposite direction when the cylinder is

retracted.

34.

A vertical trim system for a marine inboard-outboard outdrive, comprising:

means for coupling a boat engine to a propeller drive of an outdrive such that the outdrive
may move at least vertically relative to the engine;

means for pivotally securing a gimbal ring of the outdrive;

means for mounting the securing means to the transom of a boat such that the securing
means can slide vertically with respect to the mounting means; and

means for raising and lowering said securing means with respect to said mounting means.
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