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(54) Tractor pump jet

(57) A marine pump jet includes a rotor 132 located
upstream and in front of the rotor drive mechanism with-
in a stator hub 134. The lower unit 102 of the tractor
pump jet has a rotor housing 106 which substantially
surrounds the rotor 132 and a stator housing 108 locat-
ed downstream of the rotor 132 and rotor housing 106.
The drive shaft 34 extending from the powerhead of an
outboard motor enters the stator hub 134 where a pinion
gear 138 engages a crown gear 140 attached to the ro-
tor shaft 142. This places the rotor drive mechanism
downstream of the rotor 132 so that the rotor 132 is sub-
stantially the first mechanical element that water initially
comes into contact with. The inlet opening 114 ofthe
pump jet is larger than the outlet opening 116 at the out-
let of the stator housing 108. Because the rotor 132 op-
erates on essentially undisturbed, non-turbulent water,
it is more efficient than traditional pump jets where the
rotor is located aft ofthe drive mechanism. According to
an alternative embodiment, a reverse shifting mecha-
nism permits the tractor pump jet to operate in either the
forward or reverse direction.
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Description

Background of the Invention

1. Field of the Invention

The invention relates to a marine pump jet appara-
tus in which the rotor is located upstream of the rotor
drive mechanism.

2. Description of Related Art

Pump jets have been around for a number of years,
but have not been widely used. They are generally char-
acterized by a structure which includes a rotor and a sta-
tor section all surrounded by a housing. The upstream
inlet of the housing is typically larger than the down-
stream outlet.

Pump jets, in general, have several advantages
over traditional exposed propellers. First, because the
rotor mechanism is shielded by the housing, it prevents
swimmers, water skiers, skin divers, and the like, from
being hit and injured by the rotating blades. This can be
also important in areas where endangered wildlife, such
as manatees, are located. Second, because the rotor is
covered, it tends to be less likely to get caught in tow
ropes, kelp, seaweed, etc. Third, under certain circum-
stances, the pump jet is more efficient than traditional
exposed propellers. This makes the pump jet especially
suitable for sports and military applications. Convention-
al pump jets are normally mounted as a retro-fit item on-
to the lower unit of a conventional outboard. This is a
relatively simple and straightforward approach because
it requires the minimal amount of modification of the out-
board marine engine. A price is paid, however, for
mounting the pump jet downstream of the lower unit of
the outboard, namely, that the rotor intake operates on
water that has been significantly disturbed by the "bullet”
portion of the lower unit of the outboard.

A conventional prior art outboard is illustrated in Fig.
1. An antiventilation plate (sometimes referred to as an
"anticavitation" plate) is located between the mid-sec-
tion of the outboard motor and the lower unit. The antiv-
entilation plate prevents the naked rotating propeller
from sucking air down from the surface, i.e., aspirating,
thereby decreasing the thrust of the propeller. It would
be very difficult to place a traditional naked propeller up
front of the drive unit because the antiventilation plate
would be much less effective in such an arrangement.
Therefore, outboard propellers are generally located
downstream of the drive unit under the protection of the
antiventilation plate. One advantage of pump jets, how-
ever, is that they do not need antiventilation plates in
view of the fact that the rotor and stator mechanisms are
completely covered and protected by a housing.

There has been a moderate amount of effort to de-
velop marine pump jets, even though they have not
been widely accepted. Perhaps the best known of the
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inventors in this area is Dr. Kimball P. Hall whose name
appears as inventor or co-inventor on the following U.
S. Patents which are representative of the state-of-the-
art: 3,389,558; 3,849,982; 4,023,353; 5,273,467; and,
5,325,662. All of the foregoing patents describe marine
pump jets which are retrofitted onto the lower drive unit
of an outboard motor and, therefore, are located down-
stream of the rotor drive mechanism. Because the pump
jets are located aft of the drive unit, the water intake into
the rotor is substantially turbulent and disturbed This re-
duces the efficiency of the unit.

In view of the foregoing, there appears to be aclear
need for a marine pump jet which can take in undis-
turbed water at the inlet in order to improve efficiency.

Summary of the Invention

Briefly described, the invention comprises a tractor
marine pump jet in which the rotor is located upstream
of the rotor drive mechanism. In this manner, the rotor
operates on water that is relatively undisturbed. Accord-
ing to the preferred embodiment, the lower unit of the
tractor pump jet apparatus is attached to the mid-section
of a conventional outboard motor. A drive shaft from the
power head of the outboard motor extends through the
mid-section and down into a stationary stator housing.
A pinion gear attached to the drive shaft engages a
crown gear attached to the rotor. The rotor is located
upstream of the rotor drive mechanism. A circular hous-
ing completely surrounds the rotor. A rotor housing is
attached tothe stationary stator housing and located up-
stream thereof. A plurality of stator vanes structurally
connect the stator hub to the inside of the stator housing.
The rotor housing includes a circular inlet opening which
is larger than the outlet opening at the end of the stator
housing. A nose assembly protects the nut and cotter
pin that attach the rotor to the rotor drive shaft. The nose
assembly also extends slightly beyond and ahead of the
inlet opening. Because the drive mechanism is located
downstream of the rotor, the rotor acts upon inlet water
that is relatively non-turbulent. This improves the effi-
ciency of the overall mechanism.

According to an alternative embodiment of the in-
vention, a reversing mechanism is located downstream
of the rotor to selectively dnve the rotor in either a for-
ward or reverse direction.

These, and other features of the invention, will be
more fully understood by reference to the following
drawings.

Brief Description of the Drawings

Fig. 1 is an elevational, schematic view of a typical,
prior art outboard motor equipped with a naked, rotating
propeller.

Fig. 2 is an elevational view of the marine tractor
pump jet apparatus according to the preferred embodi-
ment of the invention as attached to the powerhead and
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mid-section of a conventional outboard motor.

Fig. 3A is a front, elevational view of the preferred
embodiment of the tractor pump jet invention.

Fig. 3B is a side, elevational view of the tractor
pump jet invention illustrated in Fig. 3A.

Fig. 4 is a side, elevational, cross-sectional view of
the marine tractor pump jet apparatus according to the
preferred embodiment ofthe invention and as illustrated
in Figs. 2, 3A and 3B.

Fig. BA is a detailed, cross-sectional view of the
nose cover and rotor retaining nut assembly.

Fig. 5B is a detailed, cross-sectional view of the ro-
tor spline and thrust washer assembly.

Fig. 5C is a detailed, cross-sectional view of the clo-
sure plate structure.

Fig. 5D is a detailed, cross-sectional view of the
drive shaft and exhaust gas duct system.

Fig. BA is a perspective rear view of the rotor.

Fig. 6B is a perspective front view of the rotor.

Fig. 6C is a side, elevational view of the rotor.

Fig. 6D is a front, elevational view of the rotor.

Fig. 7A is a cross-sectional view of an alternative
embodiment of the invention which includes a reverse
shifting mechanism.

Fig. 7B is a cross-sectional view of the drive shaft
and shift rod shown in Fig. 7A taken from perspective
7B-7B.

Fig. 7C is a detailed, cross-sectional view of the re-
verse shifting mechanism shown in Fig. 7A.

Detailed Description of the Invention

During the course of this description, like numbers
will be used to identify like elements according to the
different figures which illustrate the invention.

A prior art outboard motor 10 is illustrated in Fig. 1
for reference. The prior art outboard motor 10 is con-
nectedto the stern of a boat 12 by a conventional mount-
ing bracket 14. The boat 12 is typically employed in fresh
or salt water 16. The powerhead 18 of the outboard mo-
tor 10 is structurally attached to a mid-section 20 which
is, in turn, connected to a lower unit 22 through a bolt
plate 24. An antiventilation plate 26 is located just below
the water line and directly above the rotating propeller
28. Antiventilation plate 26 is necessary in all large size
outboard motors in order to prevent the propeller 28
from sucking air from the surface of the water 16 into
the water stream flowing through the propeller. Air in-
gested into the propeller 28 significantly decreases the
efficiency and thrust of the prior art outboard motor 10.
Therefore, antiventilation plates, such as illustrated by
26 in Fig. 1, are necessary when a naked propeller 28
is employed. They are generally not necessary, if a
pump jet such as illustrated, for example, in Figs 2 - 7C,
is employed. Lower unit 22 includes a "bullet" 30 which
houses the propeller drive gear mechanism and a skeg
32 which provides the propeller 28 with some protection
against being hit by submerged objects such as rocks,
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logs, etc. A drive shaft 34 connects the powerhead 18
to the propeller 28 through the gear mechanism in the
bullet 30. This causes the propeller 28 to rotate in the
direction of arrow 36 thereby propelling the boat 12 in a
forward direction indicated by arrow 40 against the flow
of water 16 indicated by arrow 38.

Prior art, naked propeller, outboard motors 10, such
as illustrated in Fig. 1, have several shortcomings. First,
and foremost, they are dangerous because the rotating
propeller can hit swimmers, water skiers, seals, mana-
tees, etc. Second, they require antiventilation plates,
such as plate 26, in order to prevent the aspiration of air
into the wash of propeller 28. If a propeller 28 is removed
and retrofitted with a pump jet, such as described, for
example, in the following previously cited prior art pat-
ents: 3,389,558; 3,849,982; 4,023,353; 5,273,467; and,
5,325,662, then some of the safety and efficiency prob-
lems have been addressed, but, because the retrofitted
pump jets are located aft of the drive gear bullet, the
water flowing into the pump is turbulent thereby de-
creasing the efficiency of the pump jet. In order to re-
solve this problem, a tractor pump jet was invented
which permitted the rotor to be located upstream of its
traditional place so that it can benefit from the intake of
relatively undisturbed, nonturbulent flow.

The invention, according to its preferred embodi-
ment, is illustrated in Figs. 2 - 6. The invention is referred
to as a manne "tractor pump jet" because the rotor pulls
the lower unit along rather than pushes it, as was the
case with prior art propellers such as illustrated in Fig.
1. As shown in Fig. 2, the marine tractor pump jet lower
unit 102 is attached to, and supported by, the mid-sec-
tion 20 of the modified outboard motor 100. A bolt plate
or plane 24 physically connects the mid-section 20 to
the lower unit 102. A support strut 104 extends from the
bolt plate 24 and attaches to the exterior of the pump jet
housing which includes a rotor housing 106 and a stator
housing 108. A skeg 110 is connected to the bottom side
of the pump jet stator housing 108 and protects the lower
unit 102 in the same manner that the prior art skeg 32
protects the prior art propeller 28 as illustrated in Fig. 1.

Anose coverassembly 112, illustrated in further de-
tail in Fig. 5A, protects the rotor attachment nut 156 and
extends upstream of the rotor inlet opening 114. Water
118, located directly ahead ofthe inlet 114 enters the
housing 106, 108 and is expelled through the stator out-
let opening 116 as a downstream jet 120. Inlet opening
114 is larger in cross-sectional area than outlet opening
116, thereby producing the jet effect.

Fig. 3A is a front, elevational view of the lower unit
102 illustrating the manner in which the easily remova-
ble rotor housing 106 is attached with bolts 122 to the
stator housing 108. Four inlet struts 124 extend from the
nose cover assembly 112 to the inside of the rotor hous-
ing 106. Struts 124 provide mechanical support to the
nose cover 112 and also help to prevent debris and the
like from entering into inlet opening 114.

Fig. 3B is a side, elevational view of the lower unit
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102 of the tractor pump jet apparatus illustrated in Fig.
3A. Exhaust gases 127 from the powerhead 18 pass
through chamber 128 and out of the exhaust gas exit
slots 1286, illustrated in further detail in Fig 5D. The drive
shaft 34 is shown passing through the lower bolt plate
24. The lower unit 102 is attached to the mid-section 20
of the modified outboard 100 by five bolts 130 which
pass through the lower bolt plate 24 and into an upper
bolt plate, also 24, which is at the base of the mid-section
20.

Fig. 4 is a cross-sectional, elevational view of the
lower unit 102 of the tractor pump jet invention. Rotor
132 is shown inside of rotor housing 106. Rotor 132 is
located adjacent the inlet opening 114 so that it drinks
in relatively undisturbed, non-turbulent flow, but is locat-
ed upstream of the rotor drive mechanism which is
housed within the stator hub 134 which includes the
gear case. Stator hub 134 is attached by eight stator
vanes 136 to the inside of the stator housing 108. Drive
shaft 34 extends through the lower strut 104 and through
the stator housing 108 into the interior of the stator hub
134. A pinion gear 138 is attached to the bottom of shaft
34 and engages a crown gear 140 attached to the rotor
shaft 142. A set of splines 144 at the upstream end of
rotor shaft 142 engage grooves 172, shown in Figs. 6A
- 6D, of the rotor 132. A pair of bearings and seals 146
and 150 support rotor shaft 142. Another bearing/seal
148 locates and protects the shaft 34 at the point that it
enters the stator hub 134. A closure plate 152 is at-
tached by bolts 154 to the stator hub 134 as also illus-
trated in cross-sectional detail in Fig. 5C. A rotor retain-
ing nut 156 is threadably received on the threads 162 at
the furthest upstream end ofthe rotor shaft 142. A cotter
pin 158 keeps the rotor retaining nut 156 from backing
off of the rotor retaining washer 160 and the rotor shaft
142 as illustrated in Fig. 5A. The nose cover 112, which
extends beyond the inlet opening 114, protects the rotor
attachment elements 156, 158, 160 and 162.

Fig. 5B is a cross-sectional detail ofthe rotor hub
164 illustrating how the splines 144 on the rotor shaft
142 engage with the grooves 172 in the rotor hub 164.
A thrust washer 143 surrounds shaft 142 downstream
ofthe rotor 132 and serves to transfer thrust forces from
the rotor 132 to the rotor shaft 142 at the downstream
conical step 145 in the rotor shaft and abuts closure
plate 152. Also, as previously discussed, note the
groove 172 elements in Figs. 6A - 6D.

The cross-sectional detail of Fig. 5C illustrates how
O-ring 166 prevents leakage of water past the closure
plate 152 into the stator hub 134.

Fig. 5D is a cross-sectional detail of the drive shaft
and exhaust gas duct system. As previously described,
exhaust gases 127 enter through chamber 128, as also
seen in Figs. 3B and 4, and are discharged through the
exhaust exit slots 126. Drive shaft 34 passes through a
teardrop-shaped sleeve 168 molded into the major low-
er strut structure 104. Sleeve 168 extends from the low-
er bolt plate 24 (at the top) to the upper surface of the
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stator housing 108 at the bottom. Shaft 34 finally passes
through a circular annulus 170 into the interior of the
stator hub 134, as also seen in Fig. 4.

Fig. 6A is a rear, perspective view of the rotor 132
including its vanes. The rear face 176 of the rotor hub
164 is visible. Grooves 172 engage with the spline 144
on the rotor shaft 142 as shown in Figs. 4 and 5B. When
the rotor 132 rotates, it travels in the direction of arrow
174.

Fig. 6B is a perspective front view of the rotor 132
and vanes showing the front face 178 of the rotor hub
164. When seen in this perspective, the rotor 132 travels
in the direction of arrow 174.

Fig. 6C is a side, elevational view of the rotor 132
and vanes showing the relationship of the elements to
the central axis 180.

Fig. 6D is a front, elevational view similar to that of
Fig. 6B.

In Figs 7A-7C the stator hub 134 is shown contain-
ing gearing and shifting elements which enable this part
to play the role for the tractor pump jet which is played
by the bullet 30 for the outboard motor 10 in Fig. 1 - to
provide both forward and reverse thrust

Fig. 7A is a cross-sectional, elevational view of the
lower unit 102 of the tractor pump jet invention according
to an alternative embodiment 200 of the invention which
permits the tractor pump jet to operate in reverse as well
as forward. The same element numbers are used to
identify the same elements in the alternative embodi-
ment 200 as are used to identify elements in the pre-
ferred embodiment 100.

As illustrated in Fig. 7A, rotor 132 is shown inside
of rotor housing 106. Rotor 132 is located adjacent the
inlet opening 114 so that it drinks in relatively undis-
turbed, non-turbulent flow, but is located upstream of the
rotor drive mechanism which is housed within the stator
hub 134 which includes the gear case. Stator hub 134
is attached by eight stator vanes 136 to the inside of the
stator housing 108. Drive shaft 34 extends through the
lower strut 104 and through the stator housing 108 into
the interior of the stator hub 134. A pinion gear 202 at-
tached to the bottom of shaft 34 engages two crown
gears attached to the rotor shaft 208, specifically, a "for-
ward" crown gear 204 and a "reverse" crown gear 206.
A set of splines 144 at the upstream end of rotor shaft
208 engage grooves 172, shown in Figs. 6A - 6D, of the
rotor 132. A combination bearing/seal 212 supports the
rotor shaft 208 at its upstream end, and a simple bearing
146 supports the shaft at its downstream end. Another
simple bearing 148 locates the drive shaft 34 as it enters
the stator hub 134. A closure plate 152 is attached by
bolts 154 to the stator hub 134. A rotor retaining nut 156
is threadably received on the threads 162 at the furthest
upstream end of the rotor shaft 208. A cotter pin 158
keeps the rotor retaining nut 156 from backing off of the
rotor retaining washer 160 and the rotor shaft 208 The
nose or bullet cover 112, which extends beyond the inlet
opening 114, protects the rotor attachment elements
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156, 158, 160 and 162. A thrust washer 143 surrounds
shaft 208 downstream of the rotor 132 and serves, dur-
ing reverse operation, to transfer thrust forces from the
rotor 132 to the rotor shaft 208 at the downstream con-
ical step 145 in the rotor shaft and abuts closure plate
152.

Fig. 7B is a cross-sectional detail view taken from
perspective 7B - 7B in Fig. 7A showing sleeve 168,
which has a teardrop-like shape, containing the drive
shaft 34 and the shift rod 214.

The stator hub 134 is shown in further cross-sec-
tional detail in Fig. 7C. A shifter dog 216 is located on a
spline on the rotor shaft 208, with the two crown gears
204, 206 flanking it. The crown gears 204, 206, which
are free to rotate independently on the rotor shaft 208,
are driven by the pinion gear 202, and rotate continu-
ously as long as motive power is supplied to the drive
shaft 34.

In Fig. 7C as drawn, the shifter dog 216 is in NEU-
TRAL position, so that rotor shaft 208 remains station-
ary, even though drive shaft 34 is rotating. To move the
boat 12 forward, the shift rod 214 is pulled upward, as
suggested by arrows 230, by suitable linkages similar
tothose used on prior art outboard motor 10. This inturn
lifts the shifter yoke 218, causing the shifting levers 220
(one on each side of the rotor shaft 208) to pivot around
the pivot rod 222 (which is affixed to the walls of the sta-
tor hub 134 by a press fit or equivalent method). The
dog shift pins 224 cause the shifter dog 216 to move to
the left on its shifter spline 210. Engagement pins 226
are thereby pushed into engagement sockets 228 in the
"forward" crown gear 204, and the rotor shaft 208 com-
mences to rotate the rotor 132 in a direction suitable to
cause rearward flow of water, and consequent develop-
ment of forward thrust.

Similarly, a downward push on the shift rod 214, as
also suggested by arrows 230, causes the shifter dog
216 to engage the "reverse" crown gear 206, rotating
the rotor 132 in the opposite direction, thereby produc-
ing reverse thrust.

The invention is typically used in the following man-
ner. The user would remove the lower unit 22 of a prior
art outboard 10, such as that illustrated in Fig. 1. The
lower unit 22 would be replaced with the tractor pump
jet lower unit 102 as shown in Figs. 2 - 6D or 7A - 7C.
Alternatively, the modified outboard motor 100 and trac-
tor pump jet lower unit 102 or 200 can be installed at the
factory.

When used, the invention 102 has the following ad-
vantages:

First, it operates more efficiently because the water
118 drawn intothe inlet 114 is relatively undisturbed and
non-turbulent. This results in more efficient and faster
exit flows 120 resulting in faster, forward motion 40 of
the boat 12.

Second, the traditional antiventilation plate, such as
illustrated as element 26 in Fig. 1, is removed, thereby
reducing drag.
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Third, the operation of the tractor pump jet invention
102 is safer than with prior art naked propellers, such
as that illustrated as element 28 on the prior art outboard
motor 10 shown in Fig. 1.

Fourth, because the rotor housing 106 protects the
rotor 132, the invention 102 is less likely to become
fouled and caught up in lines, seaweed, kelp and the
like.

While the invention has been described with refer-
ence to the preferred embodiment thereof, it would be
appreciated by those of ordinary skill in the art, that var-
ious modifications can be made to the structure and
function of the invention without departing from the spirit
and scope thereof.

Claims

1. A Tractor Pump Jet apparatus for use on a water
borne vehicle which supports a motor, which in turn
drives a drive shaft, said water borne vehicle also
including a support means for supporting said ap-
paratus, said apparatus comprising:

a rotor driveable by said drive shaft; and,

a housing substantially surrounding said rotor
and supported by said support means, said
housing including an upstream inlet opening
and a downstream outlet opening,

wherein said upstream inlet opening is larger in
cross-sectional area than said downstream
outlet opening and, wherein said rotor is locat-
ed between said upstream inlet opening and
said drive shaft.

2. The Tractor Pump Jet apparatus of claim 1 wherein
said housing comprises: an upstream rotor hous-
ing; and,

a downstream stator housing.

3. The Tractor Pump Jet apparatus of claim 2 further
comprising:
a plurality of stator vanes attached to said sta-
tor housing and located downstream of said rotor.

4. The Tractor Pump Jet apparatus of claim 3 further
comprising:

a stator hub attached to said stator vanes;

a pinion gear attached to said drive shaft and
located within said stator hub;

acrown gear engageable with said pinion gear;
a rotor shaft attached to said crown gear; and,
rotor attachment means for attaching said rotor
to said rotor shaft.

5. The Tractor Pump Jet apparatus of claim 4 further
including:
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a nose cover means for protecting the rotor
attachment means, wherein said nose cover means
extends upstream of said inlet opening.

The Tractor Pump Jet apparatus of claim 5 wherein
said motor comprises the powerhead of an out-
board motor.

The Tractor Pump Jet apparatus of claim 6 further
comprising:

reversingmeans attached to rotor shaft for se-
lectively driving said rotor in either the forward or
reverse direction.
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