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(54) Partially submerged propeller drive system

(57) A partially submerged propeller drive system
(1), of the kind having a partially submerged propeller
placed at the transom (T) of a watercraft provided with
one or more propellers (2) mounted at the lower part of
the transom (T) of a watercraft (S), with the drive shaft
projecting astern, allows a more effective directing of the
wake wave, so as to achieve at the propellers a working

condition at lower speeds nearer to ideal one, partially
submerged and at a lower pressure, preventing them to
be affected at the rated cruise speed designed for the
watercraft and comprises, at each drive shaft, a flap (100)
between the transom (T) and the propeller (2), positioned
so as to intercept the wake wave (W), when the watercraft
(S) moves at a speed lower than the rated speed.
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Description

[0001] The present invention relates to a marine drive
system of the kind having a partially submerged propel-
ler, provided with one or more propellers positioned at
the lower part of the transom of a watercraft, with the
drive shaft projecting astern.
[0002] Many different types of the above specified sys-
tem are known, available e.g. in the Italian Patent No.
1,184,406 and in the international patent applications
Publ. No. WO 92/06000 and WO 96/40550.
[0003] In this drive system typology, the propeller is
intended to remain only partially submerged in the oper-
ation thereof, causing a driving flow localized at the water
surface. This system, being generally adoptable on every
watercraft, in the current state of the art finds its preferred
application in the field of high speed planning watercrafts,
for competition, sporting and yachting.
[0004] It is understood that the propeller efficiency, in-
tended as the ratio between the driving power actually
transferred to the water and actually exploited and the
power at the drive shaft, is optimized in the partially sub-
merged operation, wherein the water level, obviously
considering the wave generated by the wake, substan-
tially corresponds to the propeller centre line, i.e. about
to the drive shaft (50& disc area submerged).
[0005] However, this condition generally does not oc-
cur in all the motion conditions. As a matter of fact, when
the watercraft moves at the rated design speed, she as-
sumes a different configuration with respect to that as-
sumed when the watercraft is still, when it is fully dis-
placed, which is planing or in a partially displaced con-
figuration. In fact, increasing the speed until the rated
design speeds are reached, the watercraft continuously
varies the immersion and the longitudinal trim angle
thereof, passing from a hull hydrostatic displacement
phase to an intermediate or temporary phase and finally
to a phase wherein a considerable part of the watercraft
weight is supported by the hydrodynamic lift of the hull.
[0006] Moreover, at the rated speed, the wake wave
is located at a certain distance from the transom, so as
not to interfere with or to partially interfere with the pro-
peller.
[0007] In lower speed conditions than the rated speed,
wherein the cruise configuration is not assumed by the
watercraft yet, the propeller is in a completely submerged
configuration or in an intermediate configuration, wherein
it does not transfer drive power to the water with the rated
efficiency and even it forces the engine to provide a high
drive torque at low rpm.
[0008] This strain in the power transmission delays the
reaching of an optimal configuration, allowing the propel-
lers to work in a partially submerged condition. This draw-
back further limits the available speed range of the wa-
tercraft to those higher, making the partially submerged
propeller-driven watercraft of the known art less manoeu-
vrable and efficient at the intermediate speeds.
[0009] Further, it is understood that the above difficul-

ties may be only partially obviated, even in an unsatis-
factory way, modifying the watercraft hull at the transom.
As a matter of fact, such modification, being in addition
not adoptable on the existing watercrafts, varies in a sub-
stantial manner the wake, regardless the motion condi-
tion of the watercraft, in general negatively influencing
the performances thereof at the cruise speed and the
manoeuvrability thereof.
[0010] The technical problem at the root of the present
invention is to devise a marine drive system allowing to
obviate to the drawbacks mention with reference to the
prior art.
[0011] Such a problem is solved by a partially sub-
merged propeller marine drive systems above specified,
comprising, at each drive shaft, a flap between the tran-
som and the propeller, positioned so as to intercept the
wake wave when the watercraft travels at speed lower
than the rated speed, i.e. in the transition phase between
the still watercraft and the rated design condition, wherein
the watercraft travels at speed lower than the rated
speed.
[0012] The main advantage of the marine drive system
according to the present invention lies in the more affec-
tive directing of the wake wave, so as to allow the pro-
peller(s) to operate, at lower speeds, in a condition nearer
to the optimum, without affecting the propeller(s) opera-
tion at the rated cruise speed of the watercraft.
[0013] The present invention will be described herein-
after, according to a preferred embodiment thereof, pro-
vided for an exemplifying and not limiting purpose with
reference to the annexed drawings wherein:

* Figure 1 shows a perspective view in a partial cross-
section of a first embodiment of the marine drive sys-
tem according to the invention;

* Figure 2 shows a side view of the marine drive
system of figure 1;

* Figure 3 shows a bottom view, i.e. astern, of the
marine drive system of figure 1;

* Figure 4 shows an elevation view, toward the tran-
som, of the marine drive system of figure 1

* Figure 5 shows a perspective view of a second
embodiment of the marine drive system according
to the invention; and

* Figures 6A, 6B and 6C illustrate the behaviour of
a watercraft having the marine drive system of the
preceding figures.

[0014] In the figures, a drive system is only partially
depicted with reference to a sole propeller, but it will be
apparent how the system may use more propellers, e.g.
a pair, mirroring, for each propeller, the structure which
will be described hereinafter, so as to apply it on the tran-
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som of every watercraft, in particular a displacing pr semi-
displacing watercraft, possibly with one or more propel-
lers for one or more hulls.
[0015] In such configurations, the propellers are
placed so as be counter rotating, and consequently all
the details, which will be described hereinafter, will be
mirrored from one propeller to the other.
[0016] With reference to figure 1 to 4, a first embodi-
ment of a partially submerged propeller drive system is
indicated as 1. It comprises a propeller 2 and a supporting
structure 3 which in turn has a fastening plate 4, apt to
be secured to the transom of a watercraft.
[0017] At the fastening plate 4, the system has, in con-
nection with the transmission of the driving torque to the
propeller 2, a stern tube 7 housing the drive shaft between
said fastening plate 4 and the propeller 2. Said tube si-
multaneously works as hydraulic sealing, preventing the
water leaking inside the watercraft; as thrust bearing, for
transferring the thrust generated by the propeller to the
lower part of the fastening plate 4; and as possibly struc-
tural support for the propeller shaft.
[0018] The tube 7 housing the drive shaft is linked to
means for positioning the drive shaft, in the present em-
bodiment of the kind having an active-type hydraulic cyl-
inder 14, able to absorb the thrusts involving the shaft,
along any direction, and to actively modify the height of
the propeller, e.g. for adjusting the latter in connection
with different load or speed conditions of the watercraft.
[0019] In the present embodiment, the means for po-
sitioning the drive shaft are placed below a projecting
case 10 which will be detailed in the following.
[0020] At the present issue, the drive shaft can be ori-
ented on a vertical plane, achieving the adjustment of
the propeller immersion. This typology is suitable for car-
gos and recreational crafts, having a planing-type bottom
hull suitable for medium-high speeds.
[0021] The propeller 2 is mounted to the drive shaft,
the propeller being of the type with five blades appropri-
ately shaped for this kind of propeller.
[0022] At the drive shaft, i.e. at the stern tube 7 thereof,
the marine drive system 1 according to the present em-
bodiment comprises a flap 100, substantially positioned
between the transom, i.e. the fastening plate 4, and the
propeller 2.
[0023] As it will become apparent from the following
description, the flap 100 is positioned so as to intercept
and control the wake wave at every speed, and in par-
ticular when the wave tends to excessively submerge the
propeller disc.
[0024] In the present embodiment, the flap 100 has a
substantially convex shape, with the concavity facing the
top side, so as to direct bottomwise a V-shaped camber.
[0025] The flap is positioned just below the drive shaft
and it is linked to the latter, i.e. to the stern tube 7 thereof.
Due to the presence of the means for positioning the
drive shaft, it can suitably adjust the position of the flap
100 too, varying it according to the different cruise con-
ditions.

[0026] In the present embodiment, the flap 100 is delta-
shaped, with the apex directed toward the transom of the
watercraft, and it comprises a longitudinal centre portion
102, corresponding to the drive shaft section between
propeller 2 and fastening plate 4.
[0027] From the centre portion 102, two half-flaps 103
branch away, directed so as to result in said top-open
concavity. Further, the flap 100 comprises a rear edge
104 faced to the propeller 2, extending along a width of
about 50% of the propeller diameter, preferably equal or
greater than the 80% of the propeller diameter, to reach
or to slightly overcome the width of the propeller diameter.
Such width, and even the flap area, can be modified ad
adapted according to the features of the single applica-
tions and can vary from 20% to 100% of the propeller
diameter.
[0028] Due to the shape and to the position, only the
wake of part actually involving the propeller is influenced.
[0029] However, it is understood that the shape of the
flap 100 can be modified just to adapt itself to peculiar
design requirements concerning the watercraft manoeu-
vrability or the performances thereof.
[0030] In particular, it is understood that the area, the
planar shape, the cross-section and the longitudinal sec-
tion of the flap can be appropriately sized and optimized
for each single application.
[0031] Further, it could be possibly provided means
(not shown) for modifying the position and/or the config-
uration of the flap 100 with respect to the drive shaft.
[0032] According to a further alternative, the flap 100
can be positioned just above the drive shaft, i.e. above
the tube thereof.
[0033] In the present embodiment, a suitably shaped
projecting case 10 extends from the fastening plate 4,
overlapping the region of the propeller 2. Such case 10
is sealed on the plate 4, so as to prevent the water leaking
inside. It has, at the region of the propeller, a curved
surface 11 connecting to the transom, i.e. with the bottom
end 12 of the connection plate 4. The curved surface 11
is shaped so as to gradually direct the propulsive flow of
the propeller driven in a reverse motion, suitably orienting
it in order to maximize its effectiveness at such a speed.
Thus, the efficiency of the drive, reverse and in manoeu-
vring, is significantly improved.
[0034] However, it is understood that the projecting
case is not an essential feature of the present invention,
i.e. linked to the presence of the flap 100.
[0035] Even in the present embodiment, the system 1
comprises a shroud 20 positioned above the propeller 2
and connected, through a joint 21, to the projecting case
10.
[0036] Such a shroud 20 may be rotated about a sub-
stantially vertical axis 22. In the present embodiment the
shroud 20 is basically constituted by a curved plate,
shaped so as to envelop the region of the propeller 2
along a significant circular sector.
[0037] Therefore, the shroud 20 is positioned so as to
intercept the flow generated by the propeller and, thanks
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to the peculiar shape of the former, the flow is suitably
directed to maximize its effectiveness. Between the
shroud 20 and a horizontal plane surface corresponding
to the ideal immersion line 9 of the propeller 2 lies a chan-
nel 23, extending longitudinally and having a cross-sec-
tion whose area is decreasing, starting from the transom.
[0038] This shape effect is achieved by assuring that,
along said direction of flow, the bottom surface 25 of the
shroud 20 varies its position with respect to the axis of
the propeller 2.
[0039] Laterally, the shroud 20 extends vertically with
a rudder blade 24, positioned so as to remain well-im-
mersed.
[0040] Hence, by rotating the shroud 20 it is achieved
the dual effect of directing the propulsive flow, since also
the longitudinal axis of the channel 23 is rotated. Con-
comitantly, the rotation of the shroud 20 actuates the rud-
der 24.
[0041] Therefore, into the projecting case there will be
housed the actuators, e.g. wire-driven, hydraulic, etc., of
the shroud 20 and of the rudder 24. The case 10, by being
watertight, protects these actuators which accordingly do
not need specific details.
[0042] Again, it is understood that the shroud 20 is not
an essential feature of the present invention, i.e. linked
to the presence of the flap 100.
[0043] In this embodiment, said means for varying the
position of the propeller shaft is positioned below the pro-
jecting case, in a zone of the curved surface comprised
between the shroud 20 and the bottom end 12 of the
connection plate 4.
[0044] The functionality of the shroud 20 and of the
rudder 24 is identical to that described with reference to
the first embodiment.
[0045] However, it is understood that the projecting
case 10, apart from housing the actuators of the shroud
20, will contain, shielding them from water, the actuators
and the connections required to said means for position-
ing drive shaft.
[0046] The above-described flap 100 can be applied
to a drive shaft of partially submerged propellers regard-
less the presence of a projecting case 10 overlapping
the shaft itself, or with a projecting case having a shape
different from that previously disclosed.
[0047] In particular, the projecting case 10 and the
drive shaft can be even more elongated with respect to
as they are shown in the figures. This typology is suitable
for particularly fast crafts, e.g. race crafts.
[0048] Even according to this alternative, means for
positioning the drive shaft can be present, located in a
manner similar to that previously described.
[0049] In any case, the projecting case can be possibly
modelled so as the bottom curved surface 11 of the case
10, in an area located at the propeller, is shaped so as
to envelope the propeller, so as to operate as previously
described with reference to the shroud 20 but remaining
fixed, with the rudder released from it.
[0050] It is noted that, in the embodiment herein de-

scribed, the mutual position between the fastening plate
4, the drive shaft and the flap 100 as well has been al-
ready established and adjusted in the manufacture plant,
and hence further adjustments in the application of the
system 1 to a transom are not required.
[0051] It is understood that the marine drive system 1
disclosed in connection with the above reported embod-
iment can be applied, with some variants and adjust-
ments not depending upon the inventive core, to any wa-
tercraft, of either the displacing or semi-displacing type,
or anyhow using partially submerged propellers.
[0052] Similarly, a shorter projecting case 10 and drive
shaft may be provided with respect to those depicted in
the figures, and possibly without any means for position-
ing the shaft, as it will be suitable on slower or commercial
watercrafts.
[0053] Of course, it is understood that the principle at
the root of the present invention can be applied to sys-
tems having more elongated drive shafts, designed for
greater cruise speeds, e.g. of the kind employed in the
field of motorboat races.
[0054] With reference to figure 5, a further embodiment
of a marine drive system is indicated as 1, wherein the
same reference numerals indicates the same or analo-
gous parts. It comprises a propeller 2 and a supporting
structure 3 which in turn has a fastening plate 4, apt to
be secured to the transom of a watercraft. Moreover, a
stern tube 7 is provided to house the drive shaft between
the fastening plate 4 and the propeller 2, similar to that
of the preceding embodiment.
[0055] The tube 7 housing the drive shaft is linked to
means for positioning the drive shaft, in the present em-
bodiment of the kind having an active-type hydraulic cyl-
inder 14, positioned below the projecting case 10 so as
the drive shaft can be oriented on a vertical plane, achiev-
ing the adjustment of the propeller immersion.
[0056] At the drive shaft, i.e. at the stern tube 7 thereof,
the marine drive system 1 according to the present em-
bodiment comprises a flap 100, substantially positioned
between the transom, i.e. the fastening plate 4, and the
propeller 2, so as to intercept and control the wake wave
at every speed, and in particular when the wave tends
to excessively submerge the propeller disc.
[0057] Again, the flap 100 has a substantially convex
shape, with the concavity facing the top side, so as to
direct bottomwise a V-shaped camber. The flap 100 is
delta-shaped, with the apex directed toward the transom
of the watercraft, and it comprises a longitudinal centre
portion, corresponding to the drive shaft section between
propeller 2 and fastening plate 4 and two half-flaps, di-
rected so as to result in said top-open convexity.
[0058] It is understood that the shape of the flap 100
can be modified just to adapt itself to peculiar design
requirements concerning the watercraft manoeuvrability
or the performances thereof.
[0059] According to a further alternative, the flap 100
can be positioned just above the drive shaft, i.e. above
the tube thereof.
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[0060] In the present embodiment, the projecting case
10 comprises, at the distal end thereof, i.e. directed
astern, a rudder 24 controlled through tie rods 30 driven
through the case 10.
[0061] However, it is understood that the projecting
case 10, even housing actuators of the rudder 24, will
contain, shielding them from the water, the actuators and
the connections required to said means for positioning
the drive shaft.
[0062] With reference to figures 6A, 6B and 6C, the
operation of the above-described marine drive system
will be disclosed, e.g. on a planing-type watercraft.
[0063] With reference to figure 6A, a watercraft S is
depicted as still, in a condition preceding the start.
[0064] The transom T, and the corresponding portion
of hull H as well, are submerged. Accordingly, the pro-
peller 2 and the related drive shaft are also substantially
submerged.
[0065] With reference to figure 6B, the watercraft S is
depicted in an intermediated or temporary phase, after
the start, when the speed thereof has not reached the
rated cruise or design speed yet.
[0066] The transom T is still at least partially sub-
merged, while the propeller 2 has not reached the con-
dition of partially submerged operation yet, i.e. with the
immersion line corresponding to about the hub of the
propeller 2.
[0067] At the propeller region, a relative water flow is
present, resulting from the travelling of the watercraft.
The flap 100 acts on said flow causing a lowering of the
dynamic pressure of the flow at the propeller 2. In such
a way, the propeller itself operates at a lower pressure,
more similar to the normal working condition partially sub-
merged, with a higher efficiency.
[0068] Further, the flap 100, being totally or partially
submerged, generates a lift with respect to the rotation
centre C of the watercraft S, located substantially in the
middle between stern and stem. The distance between
the flap 100 and said rotation centre, with the lift of the
flap 100, results in a torque whose entity is relevant con-
sidering the width of the lever arm. Such torque opposes
the forces mainly acting at the stem and results in a ro-
tation of the watercraft, i.e. a lowering of the stem P with
respect to the buoyancy line.
[0069] Hence, this rotation has the effect of promoting
the planing, decreasing the longitudinal trim angle and
hence the resistance of the hull through the transition to
the planing.
[0070] Moreover, the wake wave generated by the wa-
tercraft and raising back near the propeller 2, at least
when the watercraft moves at a speed lower than the
rated one, is substantially deflected and lowered just at
the propeller itself, improving the operation efficiency
thereof.
[0071] Experimental tests permitted to note that the
total efficiency of the propeller, i.e. the ratio between the
driving power actually transmitted to the water and actu-
ally exploited, and the power at the drive shaft is sub-

stantially improved at low speeds.
[0072] Further, it is understood that, at speeds lower
than the rated speed, the position of the drive shaft and
therefore the position of the flap 100 can be varied for
exploiting its lift.
[0073] Therefore, to promote the planing it can be pos-
sible to lower the drive shaft and the flap 100. At high
speed, the flap 100 may be raised in order to not interfere
with the wake wave W.
[0074] In the same way, the position of the flap 100
may be modified according to the load conditions of the
watercraft, influencing the buoyancy line.
[0075] Similar variations may be adopted in the re-
verse motion or in a deceleration phase of the watercraft.
[0076] With reference to figure 6C, the watercraft is
depicted moving at a rated cruise speed. It is planing with
the propeller 2 operating partially submerged.
[0077] In this configuration, the wake wave W is locat-
ed at a certain distance from the transom T, so as to not
interfere with the propeller 2, and the flap 2 is in a position
substantially corresponding to the propeller immersion
line, without affecting the wake and even helping to main-
tain the transom and the propeller 2 in the correct con-
figuration.
[0078] To the above-described marine drive system a
person skilled in the art, in order to satisfy further and
contingent needs, could effect several further modifica-
tions and variants, all however encompassed in the pro-
tective scope of the present invention, as defined by the
appended claims.

Claims

1. Partially submerged propeller drive system (1), of
the kind having a partially submerged propeller
placed at the transom (T) of a watercraft provided
with one or more propellers (2) mounted at the lower
part of the transom (T) of a watercraft (S), with the
drive shaft projecting astern, comprising, at each
drive shaft, a flap (100) between the transom (T) and
the propeller (2), positioned so as to intercept the
wake wave (W), i.e. in the transitory phase between
the watercraft still and the optimal design condition
wherein the watercraft (S) moves at a speed lower
than the rated speed.

2. System (1) according to the claim 1, wherein the
flap (100) has a substantially convex shape.

3. System (1) according to the claim 2, wherein the
flap (100) has a top opened concavity, so as to direct
bottomwise a V-shaped camber.

4. System (1) (1) according to any of the preceding
claims, wherein the flap (100) is positioned just below
the drive shaft.
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5. System (1) according to any of the preceding
claims, wherein the flap (100) is connected to the
drive shaft, i.e. to the stern tube (7).

6. System (1) according to the claim 5, comprising
means for positioning the drive shaft, acting to con-
trol also the position of the flap (100), varying it ac-
cording to the different condition of motion. 7 System
(1) according to any of the preceding claims, wherein
the flap (100) is delta-shaped, with the apex (101)
directed toward the transom (T) of the watercraft (S).

8. System (1) according to any of the preceding
claims, wherein the flap (100) comprises a longitu-
dinal centre region (102), corresponding to the drive
shaft section between the propeller (2) and the tran-
som (T), and two half-flap (103), directed so as to
result in a top open concavity.

10. System (1) according to any of the preceding
claims, wherein the flap (100) has a rear edge (104)
directed toward the propeller (2), extending on a
width equal or greater 20% of the propeller diameter.

11. System (1) (1) according to the claim 10, wherein
the flap (100) has a rear edge (104) directed toward
the propeller (2), extending on a width equal or great-
er 80% of the propeller diameter.

12. System (1) according to any of the preceding
claims, comprising means for varying the position
and/or the configuration of the flap (100) with respect
to the drive shaft.

13. System (1) according to the claim 1, wherein the
flap (100) is positioned just above the drive shaft, i.e.
the stern tube thereof (7).

14. System (1) according to any of the preceding
claims, comprising a shroud (20) positioned above
the propeller (2), so as to limit, between it and the
horizontal plane surface corresponding to the ideal
immersion line (9) of the propeller (2), a channel (23)
longitudinally extending and having a cross-section
whose area decreases starting from the transom (T).

15. System (1) according to any of the preceding
claims, comprising a support structure (3) which in
turn has a fastening plate (4), apt to be secured to
the transom of a watercraft, wherein the mutual po-
sition between the fastening plate (4) and the drive
shaft of the propeller (2) has been already estab-
lished in the manufacture plant.

16. System (1) according to any of the preceding
claims, comprising a support structure having a fas-
tening plate (4) from which a projecting case (10)
extends, overlapping the propeller region, having, at

the region of the propeller, a curved surface (11)
shaped so as to gradually direct the propulsive flow
of the propeller reverse-driven, below the hull even
maintaining a significant horizontal thrust compo-
nent.

17. System (1) (1) according to the claim 14, wherein
the shroud (20) can be rotated around a substantially
vertical axis (22).

18. System (1) (1) according to the claim 17, wherein
the shroud (20) vertically and laterally extends with
a rudder blade (24).
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