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DESCRIPTION

Description

FIELD OF THE INVENTION

[0001] The present invention relates to a thruster and in particular to a submersible electric
thruster.

[0002] The invention is a unique design that has a low number of parts, no enclosed air or oil
cavities, and requires minimal maintenance.

BACKGROUND OF THE INVENTION

[0003] Unmanned and robotic marine vehicles, such as remotely operated underwater
vehicles (ROVs), autonomous underwater vehicles (AUVs), and autonomous surface vessels
(ASVs), have become invaluable tools for marine exploration. They are commonly used for
scientific, industrial, commercial, and recreational purposes. These vehicles generally use
thrusters for propulsion.

[0004] A thruster is a device which provides a thrust force for propulsion or control of a vehicle.
Generally, thrusters have an electric motor that is enclosed to seal it from water, a propeller
rotatably connected to the motor through a mechanical seal or magnetic coupling, and a
nozzle that protects the propeller and increases the thrust of the propeller. Thrusters often use
oil compensation to allow operation at greater depths. U.S. Patent #6,837,757 and U.S. Patent
#8,512,084 describe various embodiments of such devices. KR 2011 0051894 A describes
another example of submerged propulsion motor.

[0005] Electric thrusters are powered through an electrical wire that connects the motor to a
power source. In most cases, for variable thrust control, the power is supplied through an
electronic speed controller. Such controllers are available for different types of motors such as
brushed motors and brushless motors.

[0006] Synchronous electric motors are commonly used in a wide variety of applications. The
thruster described here uses such a motor in the form of an external rotor brushless
permanent magnet motor that is similar to those commonly used on model aircraft and
computer disk drives. This motor design provides high torque at low rotational speeds without
the need for a gearbox or reduction drive. It is simple and comprises a single moving part. The
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stator and motor windings are at the core of the motor and the permanent magnets are
arranged in a radial pattern around the stator. Such motors typically have three phase
magnetic windings that are commutated by an electronic speed controller. Sensorless
feedback is used by the controller for proper timing of the commutation.

[0007] Common thruster designs are generally very large compared to an electric motor of
equivalent power that is not sealed from the water. This is a driving factor in the design of
many applications such as ROVs. The thrusters of an ROV (remotely operated underwater
vehicle) often take up a significant portion of the total vehicle volume.

[0008] Electric thrusters are generally limited to depths of around 300-3,000 feet (91,44 -
914,4 m) because they have air- or oil-filled cavities that are affected by the very high
pressures experienced at depth. The vast majority of the ocean floor is at a much greater
depth than this.

[0009] Electric thrusters, and in particular those that use mechanical seals, require
maintenance as often as every 50 hours of operation to replace seals and add grease. Most
ROVs have between three to six thrusters, making maintenance a laborious task. Additionally,
for long endurance applications, such as long-endurance ASVs and AUVs, routine
maintenance is not an option as the vehicles could be operated for months at a time.

[0010] Last, currently available thrusters are prohibitively expensive and consequently
restricted from use in many applications such as hobby use, academic use, and small business
commercial use. Much of the cost is driven by the complexity and number of parts used in
typical designs.

SUMMARY OF THE INVENTION

[0011] An aspect of this disclosure relates to a thruster that is small to enable more compact
vehicle designs.

[0012] Another aspect relates to a thruster that operates at the full depth of the ocean.

[0013] Another aspect relates to a thruster that requires zero or minimal maintenance and is
able to operate for extended periods of time.

[0014] Another aspect relates to a thruster that is affordable for hobbyist, academic, and
commercial purposes.

[0015] Another aspect relates to a thruster design described here that is a unique approach
that addresses all of the above needs.

[0016] Another aspect relates to a submersible electric thruster that is compact, operable at



DK/EP 3483055 T3

high pressures, and operable continuously without maintenance.

[0017] Another aspect relates to a submersible electric thruster according to claim 1 which can
include one or more of the following and/or a combination of all of the following:

a stator assembly with a base that is an attachment point for other parts of the thruster, a
bearing tube that supports the stator and contains the bearings, a ferrous stator mounted on
the bearing tube, electromagnetic windings, and a protective coating that completely covers
the stator and windings preventing contact with the water;

a rotor assembly with a shaft, a ferrous ring, and a multiplicity of magnets mounted within the
ring so that the inner diameter of the magnets is slightly larger than the outer diameter of the
stator;

a propeller with a central hub that has an inner diameter slightly larger than the outer diameter
of the rotor assembly and is connected co-rotatably about the rotor assembly so that the
propeller blades extend radially from the rotational axis of the rotor;

a nose cone that is connected to the front of the thruster;

an electronics unit connected between the stator assembly and the nose cone that contains an
electronic speed controller sealed in a protective coating;

an annular nozzle with an inner diameter slightly larger than the diameter circumscribed by the
tip of the propeller providing an inlet and outlet for water flow;

a tail cone that is positioned at the rear of the thruster; and

a mounting bracket that is securable to the outside of the nozzle and is securable to other
surfaces, such as the hull of a vehicle.

[0018] These and further features of the present invention will be apparent with reference to
the following description and attached drawings. In the description and drawings, particular
embodiments of the invention have been disclosed in detail as being indicative of some of the
ways in which the principles of the invention may be employed, but it is understood that the
invention is not limited correspondingly in scope. Rather, the invention includes all changes,
modifications and equivalents coming within the terms of the appended claims.

[0019] Many aspects of the invention can be better understood with reference to the following
drawings. The components in the drawings are not necessarily to scale, emphasis instead
being placed upon clearly illustrating the principles of the present invention. To facilitate
illustrating and describing some parts of the invention, corresponding portions of the drawings
may be exaggerated in size, e.g., made larger in relation to other parts than in an exemplary
device actually made according to the invention. Elements and features depicted in one
drawing or embodiment of the invention may be combined with elements and features depicted



DK/EP 3483055 T3

in one or more additional drawings or embodiments.

[0020] Moreover, in the drawings, like reference numerals designate corresponding parts
throughout the several views and may be used to designate like or similar parts in more than
one embodiment. Also, primed reference numerals may be used to designate parts that are
similar to parts designated by the same unprimed reference numeral.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] For a more complete understanding of the invention, reference is made to the following
description and accompanying drawings that are not necessarily to scale, in which:

FIG. 1 is an assembled perspective view of an embodiment of a submersible electric thruster
according to the invention;

FIG. 2 is an exploded perspective view of the embodiment;
FIG. 3 is a sectional view of the embodiment; and

FIG. 4 is a sectional view showing only the base, nozzle arms, and bearing tube of the
embodiment.

FIG. 5 is an exploded perspective view of an embodiment including an electronics unit, an
electronic speed controller, and an electronic printed circuit board in the nose cone.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] The present embodiments generally relate to a submersible electric thruster that has a
number of unique benefits including a compact size, operability at the full depth of the ocean,
zero or minimal required maintenance, low number of parts, and low cost relative to currently
available alternatives. Unlike most thrusters, which generally consist of a motor disposed in an
air or oil filled cavity and connected to a propeller through a mechanical or magnetic
connection, the present invention uses a novel design that seals the individual components of
the motor without creating any cavities or requiring seals or magnetic couplings. In addition to
reducing the size and number of parts, this allows the thruster to operate at extreme pressures
at the bottom of the ocean without issue and to operate continuously for extended periods of
time without maintenance. These unique features combined with the low number of parts and
overall simplicity of the design produce a thruster that is more capable than available
alternatives at a significantly lower cost. An embodiment of the invention may be priced to allow
hobbyists and students to enter the field of marine robotics, which has traditionally been
prohibitively expensive.
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[0023] The present invention is suitable for a wide variety of applications for manned and/or
robotic marine vehicles. As an example, an embodiment of the invention may be used to
propel and control an ROV (remotely operated underwater vehicle). Such a vehicle could be
designed to operate at the deepest parts of the ocean to explore and study parts of the earth
that have never been explored. Such exploration has been limited by the prohibitively high
costs of appropriate equipment. The thrusters of the present invention would allow the
propulsion system of the vehicle to be capable of operation at such depths at a minimal cost
and level of complexity. Similarly, the thrusters of the present invention could provide an
affordable propulsion system to a hobbyist or student seeking to build an ROV with a small
budget, enabling a wide range of people to access such vehicles. Additionally, the compact
size of the present invention compared to available alternatives would allow more compact
vehicle designs. As a further example, an embodiment of the invention may be used to propel
and control an ASV (autonomous surface vessel). The ASV could be equipped with a source of
electrical power such as solar cells, wind generators, and/or fuel cells as well as sensors and
communication equipment to collect and transmit data. The unique design of the present
invention would allow the propulsion system of such a vehicle to operate continuously for
months or years at a time without maintenance. Such a vehicle may provide meteorological
data, oceanographic data, sonar data for sea floor mapping, or other data that benefits
knowledge of the world's oceans.

[0024] As shown in FIG. 1, FIG. 2 , and FIG. 3 , an embodiment of a submersible electric
thruster T according to the present invention includes a stator assembly 1, a rotor assembly
26, a propeller 2, a nose cone 3, an electronics unit 4, a nozzle 5, a tail cone 22, and a
mounting bracket 29.

[0025] The stator assembly 1 includes a base 25, a bearing tube 38, bearings 16, a stator 15,
electromagnetic windings 35, and a protective coating around the stator and windings. As
illustrated in FIG. 4 , the base 25 and bearing tube 38 are molded as a single part and the
base has four arms 6 that extend to support the nozzle 5. The arms 6 are shaped for low drag
using a hydrofoil shape. The end of each arm has a nozzle attachment point 18 that fits into a
matching recess 19 on the nozzle.

[0026] The bearing tube 38 has a primary inner diameter 39 that is slightly larger than the
rotor shaft 24 as well as a larger secondary inner diameter 41 at each end to house the
bearings 16. A tertiary inner diameter 40 is slightly larger than the outer diameter of the shaft
collar 17 and is positioned at one end of the bearing tube to shield the shaft collar from contact
with wires that may be present between the stator assembly 1 and the electronics unit 4 or the
nose cone 3. The bearings 16 are high-performance plastic sleeve bearings or bronze sleeve
bearings such as Oilite bearings. The bearings may be flanged bearings as shown in the
figures of the preferred embodiment or non-flanged bearings. The bearing tube 38 supports
the stator 15.

[0027] The stator 15 is made of thin laminations of low-carbon steel, as is common in the
construction of electric motors. The stator is coated with a protective coating to prevent



DK/EP 3483055 T3

electrical shorts between the windings and the stator. In this embodiment of the invention the
stator has nine arms but it may use a stator with fewer or more arms. The windings are made
of copper magnet wire, as commonly used in the construction of electric motors, and are
wound in three phases. A common "Wye" or "Y" termination style is used to provide high
torque output. The stator and windings are protected from abrasion and corrosion with a
protective coating. As an example, in this embodiment of the invention, the protective coating is
an epoxy compound and the stator and windings are dipped in the epoxy allowing the
protective coating to fill small air gaps between the windings. A vacuum degassing method is
used to ensure that there are no air bubbles trapped in the coating. If such air bubbles existed,
they would compress at high pressures and could compromise the strength of the protective
coating. Other protective coatings also or alternatively may be used. Alternatively, the stator
may be overmolded with a plastic coating for protection. This could be done though injection
molding or other plastic fabrication techniques.

[0028] The rotor assembly 26 includes a shaft 24, a ferrous ring 23, a rotor base 27, and a
multiplicity of permanent magnets 28. The rotor base 27 connects the shaft to the ferrous ring
23 and magnets 28. It is constructed of aluminum. The shaft 24 extends from the rotor base 27
so that when the rotor assembily is installed on the stator assembly 1 the shaft extends through
and beyond the length of the bearing tube. When the propeller produces thrust in the forward
direction, the rotor base 27 is pressed against the bearing 16. The rotor base 27 has a bearing
stand-off 34 to allow room for the electromagnetic windings to extended beyond the stator. A
shaft collar 17 is fixed to the end of the shaft that extends through the bearing tube 38. When
the propeller produces thrust in the reverse direction, the shaft collar is pressed against the
bearing 16. The ferrous ring 23 is connected to the rotor base 27 and extends in the same
direction as the shaft 24 so that when the rotor assembly is installed on the stator assembly 1
the ferrous ring 23 extends to overlap the stator assembly. The multiplicity of permanent
magnets 28 is arranged about the inner surface of the ferrous ring 23. In this exemplary
embodiment of the invention, twelve magnets are used, but a different number of magnets
may be used to change the performance characteristics of the thruster. The magnets 28 are
arranged so that center of the respective magnets is in line with the axial center of the stator
15. Adjacent magnets are installed with opposite magnetic polarity. The ferrous ring 23 acts to
contain and focus the magnetic flux of the permanent magnets and the magnetic flux of the
stator and windings.

[0029] The propeller 2 is connected to the rotor and converts rotational kinetic energy into
thrust. The propeller includes a hub 21 and a multiplicity of blades 7. The propeller hub 21 is
cylindrical and closed at one end. Its inner diameter is slightly larger than the outer diameter of
the rotor assembly 26 and its length is such that when the propeller 2 is installed on the rotor
assembly the propeller and ferrous ring 23 are flush. The inner wall of the hub has slots 20 that
reduce the amount of material needed to manufacture the propeller. The closed end of the
propeller hub has two holes so that screws can be used to fix the propeller to the rotor
assembly 26. The propeller may be designed to spin in the clockwise or counterclockwise
direction to provide opposite torque forces that may cancel in applications with multiple
thrusters. The propeller blades may be designed to be flexible so that they may bend to relieve
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foreign objects that are caught in the thruster.

[0030] The nose cone 3 is connected to the front of the thruster to minimize drag. The nose
cone has two nose cone mounting holes 12, allowing screws to be used to attach the nose
cone to the stator assembly 1. Additional pieces such as the electronics unit 4 can be attached
between the stator assembly 1 and the nose cone 3. A wire hole 13 is included in the nose
cone to allow the wires necessary to power and control the thruster T to extend outside of the
thruster body. In one embodiment of the invention, the nose cone is built of an optically
translucent or transparent material and a light emitting diode (LED) is contained in the nose
cone to provide a light for the submersible vehicle as shown in FIG. 5 . The LED may be
attached to a printed circuit board (PCB) 42 and other components such as LED controllers
may be included on said PCB. The LED may be of the red-green-blue (RGB) type so that with
an appropriate LED controller, the light may produce a wide range of colors. Alternatively, the
nose cone may house a camera or other electronic sensor. The nose cone 3 may also be
replaced with a mounting bracket so that the thruster can be mounted to a surface parallel to
the plane of propeller rotation. The nose cone includes several small holes or slots that act as
vents to allow water to enter and exit the nose cone.

[0031] The electronics unit 4 is cylindrical with a closed end 4e. The outer diameter of the
electronics unit is more or less equal to the outer diameter of the stator assembly base 25 so
that when the electronics unit is installed between the stator assembly and the nose cone 3 the
outer surfaces are flush. The electronics unit has two holes 14 that allow screws to secure the
nose cone and electronics unit to the stator assembly simultaneously. A brushless electronic
speed controller 33, which includes a PCB (printed circuit board) and electronic components, is
disposed within the electronics unit. The PCB and/or electronic components are protected from
electrical shorts, abrasion, and corrosion by a protective coating such as an epoxy or silicon
potting compound. The protective coating may be of a thermally conductive type so that heat
generated by the electronic speed controller is transferred to the electronics unit material.
Wires attach to the PCB and protrude from the protective coating to interface with the
electromagnetic windings 35 and to provide power and commands. The electronics unit is
constructed of a material that allows sufficient thermal conduction to cool the electronic speed
controller 33. The electronics unit may be much larger than pictured and may house additional
electronics for different purposes.

[0032] The electromagnetic windings 35 terminate to three wires, one per electromagnetic
phase. The wires pass through a hole in the stator assembly base 25 and the wire ends are
disposed in the space between the stator assembly and the electronics unit 4 or the nose cone
3 if the electronics unit is not included. If the electronics unit is used and includes an electronic
speed controller, the wires are connected to the electronic speed controller. The power and
signal wires for the electronic speed controller connect to a multiconductor cable that passes
through the wire hole 13 in the nose cone. If the electronic speed controller is not used, the
wires are directly connected to a multiconductor cable that passes through the wire hole 13 in
the nose cone. The wire connections are solder connections that are sealed from the water by
a plastic coating such as liquid electrical tape or epoxy.
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[0033] The nozzle 5 is an annular ring with an inner diameter slightly larger than the diameter
circumscribed by the propeller tip 2 providing an inlet and outlet for fluid flow. The cross
sectional profile of the nozzle 5 is a hydrofoil shape designed to accelerate water speed as it is
drawn past the propeller and to reduce propeller tip vortices. The hydrofoil shape may be of a
common type such as those of the Kort type. The nozzle is designed to operate well in both
forward and backward thruster conditions such as those expected in the normal operation of
an ROV. The front of the nozzle has several recesses 19 that mate with the nozzle arms 6 of
the stator assembly 1. A set of screw holes 8 allow screws to be used to fasten the nozzle to
the stator assembly. The top of the nozzle includes a mounting protrusion 9 that provides
threaded holes 10 and a flat surface to interface with the mounting bracket 29 or directly to a
surface. The threaded holes 10 contain metal threaded inserts 11 to provide strong threads to
interface with screws.

[0034] The tail cone 22 is a rounded cone positioned behind the propeller 2 and opposite of
the nose cone 3 to reduce drag of the thruster. The tail cone is connected to the nozzle 5 by
the tail cone arms 36. The tail cone arms are shaped to minimize hydrodynamic drag. In
another embodiment of the invention, the tail cone is fixed to the propeller and there are no tail
cone arms.

[0035] The mounting bracket 29 provides a mounting interface between the thruster assembly
and the mounting surface 37. The mounting bracket is longer than the length of the thruster
assembly and is more or less the same width as the nozzle mounting protrusion 9. Its
thickness is small compared to its length and width however a thicker version could be made to
provide greater distance between the thruster and the mounting surface. Mounting screw holes
30 are located at each end of the mounting bracket and can be used to secure the mounting
bracket to the mounting surface. The mounting screw holes are spaced a distance that is
greater than the length or width of the thruster assembly so that a screw driver may be used to
tighten the screws without interfering with the thruster assembly. A center set of screw holes 31
and a rear set of screw holes 32 provide holes for screws that fix the mounting bracket to the
thruster assembly. The center set of screw holes 31 is used when the bracket is mounted in
the orientation shown in FIG. 2 so that the mounting screw holes 30 are positioned on either
side of the nozzle and can be tightened with a screwdriver. The rear set of screw holes 32 is
used when the bracket is mounted in the orientation shown in FIG. 3 so that the mounting
screw holes 30 are positioned in front and behind the thruster assembly and can be tightened
with a screwdriver. Additionally, the mounting bracket may include a hole to allow the electrical
wires to pass through the bracket.

[0036] The thruster T has an electronic speed controller. The electronic speed controller 33
can be integrated into the thruster in the electronics unit 4 or may be separate from the
thruster. To operate the thruster, an appropriate electrical signal is supplied to the electronic
speed controller which in turn provides electricity to the electromagnetic windings 35, which are
sealed from the water by a protective coating. The magnetic field that is generated produces a
torque on the rotor assembly 26 which is co-rotatably connected to the propeller. As the rotor
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assembly turns, the electronic speed controller commutates the electrical current through the
three phases of the electromagnetic windings to continually produce a torque on the rotor
assembly. The back electromotive force is measured and used to sense the position of the
rotor for proper timing. Alternatively, a hall effect or other sensor can be used to sense the
position of the rotor assembly. The propeller blades 7 act to accelerate water through the
nozzle 5 to produce thrust. The structure of the thruster acts to support and contain the rotor
assembly and propeller while providing a physical shape that minimizes drag, is compact, and
is attachable to a variety of surfaces. When submersed, water floods all cavities within the
thruster so that there is no enclosed air and no pressurized cavities.

[0037] The embodiment of the invention described here is the preferred embodiment but there
are a number of different embodiments. In another embodiment of the invention, the nozzle
and its supporting arms are not present. This may be useful for high speed applications where
the nozzle loses its effectiveness. The thruster could be mounted from the nose cone or a
mounting structure extending from the nose cone. In such embodiment, the tail cone would be
connected to the propeller. In another embodiment of the invention, control fins are positioned
behind the nozzle to allow control of the vehicle through deflection of the control fins. The tail
cone may be excluded in this case. The control fins may be positioned along one or more axes
to provide control forces in one or more directions. The control fins may be controlled by
electric servos or other means.

[0038] The invention is intended for use as a thruster for underwater and surface vehicles but
can also be repurposed for other uses. Other uses may include but are not limited to water
pumps and liquid mixing. In a further embodiment of the invention a larger propeller is used
that is optimized for aerial propulsion. Such a device could be used for aircraft and share the
same water resistant characteristics as the thruster.

[0039] It is also to be understood that the present invention has been described in connection
with what is considered the most practical and preferred embodiment, but that this invention is
not limited to the disclosed embodiment but is intended to cover various arrangements
included within the scope of the broadest interpretation of the appended claims so as to
encompass all such modifications and equivalent arrangements.
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Patentkrav

1. Undervandstaet elektrisk trykmotor omfattende:
en statoranordning (1) med en stator (15) og elektriske vindinger (35);
en rotoranordning (26) med en flerhed af magneter (28) anbragt radialt
udadetil fra de elektriske vindinger (35) og konfigureret til at rotere omkring
de elektriske vindinger (35) nar drevet af elektromagnetiske kraefter
tilvejebragt af statoren (15) og vindinger (35);
en propel (2) med et nav (21) forbundet enslgbende med rotoranordningen
(26), idet propellen (2) har propelblade (7), der straekker sig fra navet
(21);
en dyse (5) der tilvejebringer et indlgb og udlgb til vandstrgmning;
et kammer der indeholder statoren (15) og elektriske vindinger (35), hvor
kammeret indeholdende statoren (15) og vindingerne (35) er konfigureret
til at blive oversvemmet med vand, ndr trykmotoren bringes under
vand; kendetegnet ved
en beskyttende coating, der taetner statoren (15) og elektriske vindinger
(35) uden omsluttende lufthulrum, idet den beskyttende coating forhindrer
vand i at komme i kontakt med de elektriske vindinger (35), nar
trykmotorens kammer oversvgmmes med vand, som skyldes at

trykmotoren bringes under vand.

2. Undervandsteet elektrisk trykmotor ifglge krav 1, hvor den beskyttende coating

er en epoxycoating.

3. Undervandstaet elektrisk trykmotor ifglge krav 1 eller krav 2, hvor den

beskyttende coating er en vakuumafgasset coating.

4. Undervandsteet elektrisk trykmotor ifglge krav 1, hvor den beskyttende coating

er en overformstgbt plastcoating.

5. Trykmotor ifglge et hvilket som helst af de foregaende krav, yderligere

omfattende en naesekegle (3).
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6. Trykmotor ifglge et hvilket som helst af de foregaende krav, yderligere

omfattende en haskkonus (22).

7. Undervandstaet elektrisk trykmotor ifglge et hvilket som helst af de foregdende
krav, hvor trykmotoren anvender en synkron elektrisk motor i form af en

bagrstelgs ekstern rotor-permanentmagnetmotor.
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DRAWINGS

Drawing

FIG. 1 ISOMETRIC VIEW
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FIG. 2 EXPLODED VIEW



DK/EP 3483055 T3

FIG. 3 CROSS SECTION VIEW
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FIG. 4 BASE, NOZZLE ARMS, AND BEARING TUBE CROSS SECTION VIEW
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FIG. 5 EXPLODED VIEW WITH ELECTRONICS UNIT AND NOSE CONE LED
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