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(67)  Technical solution to utilize electrical motor var-
iants in self-supporting steerable structure is presented.

Disclosure is presenting the technical solution of uti-
lizing flange mounted main components to form a
self-supporting structure, which allow utilization of wide
range of existing components in the market and their use
in the underwater steerable unit. When main elements
of disclosure are connected to together, these create a

dry-channel self-supporting L-shape or D-loop structure,
with possibility to use different variants of the electric mo-
tor type or size, cooling, feedback or manufacturer at
moist, wet or underwater conditions. Structure provides
apossibility to have steering surface and steering control
interfaces for utilization as ships propulsion or underwa-
ter power generation unit.
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Description
Field of the disclosure

[0001] The disclosure concerns a an equipment for uti-
lizing drive end flange mounted electrical motors, mainly
referring to international mounting (IM) codes IM B5
(large flange mounting, also known IM 3001 mounting)
and IM B14 (small flange mounting, also known IM 3601
mounting), but not limited to these, in a steerable appli-
cation without strict need to use special formed electrical
motor.

[0002] The disclosure may be used together with ship
design including pulling propeller design with fixed pitch
blades, in steerable underwater application.

[0003] The disclosure may be used together with un-
derwater energy generation application, with reactive
steering by water flow direction or by another steering
application.

[0004] The disclosure may be used together with any
other steerable electrical motor application in moist or
wet conditions.

[0005] The disclosure may be used together with var-
iable types of electric motors available on the market,
with minor requirement to modify the industrial standard
flange mounted motor design.

[0006] Thedisclosure maybe usedtogether with single
or two bearing electrical motor designs.

[0007] Thedisclosure maybe used in adaptive manner
together with varying length and diameter of electrical
motor, mainly considering drive end flange diameter up
to SAE B5 M 660mm for frame size 315 electrical motors,
but not limited to this, carried from the drive end flange.
In case motor weight is drastically higher than propeller
weight, the unit may be supported from non-drive end of
motor with modifiable element, providing self-supporting
installation against forces generated by ship movements
and steering actions in the water.

[0008] The disclosure concerns a shafting between
electrical motor and propeller.

[0009] Furthermore, the disclosure concerns utiliza-
tion of flange mounted water-cooled, oil-cooled, oil-im-
mersed or air-cooled electrical motor designs.

[0010] Furthermore, the disclosure concerns the motor
and shaft support structure and equipment, which allows
flange mounted electric motor dimension variants to be
used with the same structural mounting interfaces and
simultaneous control of the steering direction of the shaft
while electrical motor is operated. Such variants may be
in the motor length, diameter, weight, shaft end design,
additional sealing systems, pressurization, cooling type
orin-line reduction gear installation (also geared solution
with full or hollow shaft are applicable).

[0011] Furthermore, the disclosure concerns steering
elementthatis allowing variants to the motor dimensions
and weight.

[0012] Furthermore, the disclosure concerns a struc-
ture, that is externally steered by steering system or by
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water movement.
Background

[0013] The specific background information provided
in the description given below should not be construed
as limiting the scope and/or the applicability of the ap-
pended claims:

1. Placing electrical motor directly onto the propeller
shaft minimizes the number of moving parts, reduces
transfer losses due to gearless operation and allows
utilization of pulling propeller concept, which is con-
sidered one of the most efficient propeller utilization
concepts.

2. Building an extended electrical motor shaft con-
figuration, directly onto the propulsion electrical mo-
tor’s rotor shaft for propeller connection, will require
handling of the external forces by electrical motors
bearings and additional thrust bearing for axial loads.
From this point of view, the disclosure was designed
with short middle shaft taking the forces and protect-
ing the electrical motor outside the valuable active
part.

3. Combination of pulling propeller concept and di-
rect electrical motor on propeller shaft is considered
one of the most efficient combinations to transfer en-
ergy from rotation to water, or vice versa.

4. This kind of installations are invented and are on
the market. There are applications, where electrical
motor is in-build inside of submersible propulsion or
thruster unit (Publication US 3,791,331 FEB12
1974. Publication US 2008/0293312 A1, 10 Nov.27
2008. Publication US 9963212 B2, May8 2018. Pub-
lication US 6692319 B2, Feb.172004), formed to
the structure (Publication KR 20070 111 883 A,
Nov.22 2007.) or exposed to water, but made to fit
propulsor shape and desired propeller(s) perform-
ances by tailored motor design to match the partic-
ular power source and power control (Publication
DE 102009033554A1, Jan.20 2011. Patent
5923113, July 13, 1999.). Common to these solu-
tions is the need to utilize special shape and con-
nection for electrical motor dedicated for the purpose
(certain electrical motor shape only may be used in
each model).

5. There are invented azimuthal steering systems
that are on the market, for the electrical propulsion
units. These steerable units are having dedicated
steering unit at upper part the propulsion structures,
which carries the weight of the unit, including elec-
trical motor and delivers necessary cooling and pow-
er through the turning steering unit. (Publication
20020197918, Dec.26, 2002. Patent 5947779,
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Sept.7 1999. Publication EP0831026A, Mar.25,
1998). Common to these solutions is to build propul-
sor unit as one-unit hull housing the special electric
motor design matching the hull. In the disclosure the
standard suitable electrical motor is protected with
minimum size flange connected cover hood. Oppo-
site to these publications, electric motor is not de-
signed for certain propulsor hull, but the general hull
is designed to accommodate the electric motor.

6. Common to solutions in above publications (3 and
4)isincreased steering vertical shaftdiameterand/or
arrangement size in comparison to traditional rudder
shafts. When propulsive power distribution to water
and steering ability are combined, this increases
weight and volume of the propulsive unit and its dis-
placement reservation in ship. In case of faster ship
types, this principle requires extensive structural
strengthening for higher steering forces or in case
of smaller ships, outcomes total weight of the sys-
tem, which is high in correlation to the vessel dis-
placement.

7. Possibility to choose electrical motor type and
manufacturer according to operational reason or
commercial reason has been firstly limited by the
requirement to match the form required by the instal-
lation, and secondly by the complete electrical pro-
pulsion system design, which should to be compat-
ible to made electrical motor and it’s possible dedi-
cated sensors (Patent 15 6431928, May 3, 2001).
In the disclosure the electrical motor selection is not
limited to certain feedback sensor or manufacturer.

8. Standard electrical motor use for propulsion pur-
pose has been possible in the installation inside the
vessel (Publication US 8,556,668 B2, Oct.152013)
orequivalentdry arealimited out-side the water, from
where the energy is transferred to water by means
of variable methods. In the disclosure the electrical
motor shafting to propelleris made in the underwater
part by short middle shaft pointing forward. There it
has roller bearings for rotational forces and two-di-
rection thrust bearing protection against axial forced
between propeller and electrical motor shaft. This
installation allows utilization of the pulling propeller,
without corner gears and in very weight-wise efficient
manner.

9. When electrical motor is installed into the pulling
propeller thruster application, at least limited steer-
ing-ability is usually required from the installation ac-
cording to vessel type and operational requirements.
Reference may be done with outboard boat motors
which are widely used in the leisure boating. There
the limited steering angle of propulsor is widely ac-
cepted manner of navigation. Electrical outboard
propulsion version is available on the market (Pub-
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lication US 2008/0293312 A1, Nov.272008). Instal-
lation may also include fixed electrical motor and
steering by means of traditional rudder or electrical
motor installation inside the rudder (Publication
KR101256240B1, Apr.23 2013) In the disclosure the
basic features of it (pulling propeller by electrical mo-
tor with flange connection and short middle shaft)
differentiate it from the published solutions.

10. When electrical motor is installed into the under-
water power production application, at least limited
steering-ability is required from the installation ac-
cording to water flow current direction. Installation
direction and the height of the unit may require in-
stallation on the  seabed (Publication
KR20140034818A1, Mar.20, 2014.) or under the
floating element (Publication US20110101697A1,
May 5, 2011) or onto fixed surface, like ship, rig,
barge, pier or other constructed structure.

Summary

[0014] The following presents a simplified summary of
the invention embodiment.

[0015] The summary is not an extensive overview of
the invention. It is neither intended to identify all key or
critical elements of the invention nor to delineate the
scope of the invention. The following summary merely
presents the invention in a simplified form as a prelude
to a more detailed description of exemplifying embodi-
ments of the invention.

[0016] Disclosureis presenting main components con-
nected in one or two ends of electrical motor. When con-
nected to together in assembly order (figure 1), these
create a L- or D-shape, self-supporting structure, with
possibility to use different variants of the electric motor
type or size, within the limits defined by the design.
[0017] Figure 1. Electrical motor is selected (line A,
two types presented). Motor is flange mounted (line B)
to the DE channel piece, whichis providing standard SAE
flange interface. NDE channel piece is flange connected
(line C, long and short motor design presented). Depend-
ing the motor dimensions and forces defined by the ves-
sel operation, this may be connected either directly to
motor stator frame or to the DE channel piece as a cover
hood and routing for main cables. In more demanding
installations, rudder element (line D left) is separately
flange connected to NDE channel piece. This is made to
the correct dimensions and spring loaded downwards
(line E left) and locked to DE channel piece by welding.
Element forms a steering lever distributor for external
steering pistons or wire. In smaller units the steering lever
may be connected onto the DE Channel pipe. Propeller
shaft unit is applied on the forward side, utilizing flange
connection to DE channel piece and accommodates
shaft connection according to motor design.
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FIGURE 1

[0018] This self-supporting L-shape or D-loop is in-
stalled through the ship’s hull connector or directly
through ship’s hull structure. This penetration interface
requires to be designed against pending forces, weight
carrying and lifting forces. The said L-shape or D-loop is
steerable by external steering manners familiar from tra-
ditional rudder steering or from outboard motor steering
(figure 2 presenting available steering angles for D-shape
unit). Connection pieces (WHITE) are welded to strength-
en the Rudder element and to join DE channel piece to
Rudder element with sufficient welding contact for spring
force and sufficient vertical surface for steering both el-
ements by same steering movement. Length L defines
the steering lever and allows steering force minimization.
[0019] Electric motor flange connections and protec-
tion hood flange, motor stator frame ends or electric mo-
tors end shields of said D-loop are made watertight by
means of usual ship-building methods, such as sealed
bolted flange connections (fine machined surfaces, O-
rings and sealing material, tighten in design torque).
From propeller direction, unit is water-tight by shaft seal-
ing lip systems. For the additional safety against leakage,
unit may be monitored by level switches and suction
pipes or pressurized.

[0020] Said L-frame and D-loop may be utilized as a
single confined space when electrical motor end shields
are having openings, as presented in the figure 3A. This
could be the case when air forced cooling is required for
the electrical motor cooling. In case electrical motor end
shields are closed and additional shaft sealing is consid-
ered, the D-loop contains three main spaces, as present-
ed in the figure 3B. Cable connection, cooling piping/flex-
ible piping and sensor wiring to the ship and cooling me-
dia distribution to/from ship are made via the channels
provided by said "DE channel piece" and said "NDE chan-
nel piece".

FIGURE 3
Brief description of the figures

[0021] Exemplifying and non-limiting embodiments of
the invention and their advantages are explained in great-
er detail below in the sense of examples and with refer-
ence to the accompanying drawings, in which:

Figure 4A presents steering options and connection
pieces (1) and (2) for said D-frame.

*  Steering by wire or by steering pistons is made
connection steering force onto the tensioned
and strengthened Rudder element. This has le-
ver arm length (Ls) to steer the unit by turning
from the Rudder elements end. Required steer-
ing force is delivered to DE channel pipe (10) by
means of Connection piece (1).
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*  Ship design and selected electric motor defines
the required height of the DE channel pipe (10)
below and under the connection point to the
ship’s hull (A). Propeller position defining Shoul-
der (9) is welded to the correct level. Between
ship’s hull (A) and Shoulder (9), lower slide bear-
ing (8) is used to carry load hits upwards. Above
the ship’s hull (A), the upper slide bearing (7) is
carrying the unit weight against the hull and act-
ing as support bearing against pending forces.
Unitis locked on the height position by Propulsor
nut (5) and washer ring (6). Propulsor nut (5) is
tightened to the design torque and welded in
place. Then DE channel pipe (10) is cut from
excess height (3) and slot (4) for the connection
piece (1) is sawed. Final assembly stage is to
weld the connection piece (1) around, to slotand
on top of Rudder element.

* Installation for steering motors interface follows
the same pattern. Connection piece (2) is de-
signed to carry steering loads from steering mo-
tors to slot and to the Rudder element.

Figure 4B presents steering option and steering
piece (1) for said L-frame. As the DE channel piece
is sole route for main cabling, cooling and signal wir-
ing, the steering gear type of rudder control is not
feasible. Interface for cables, cooling and signal
wires (13) is the second flange connection for the
Cover hood. Form, shape and diameter may be al-
tered according to need.

Figure 5 presents installation for Electrical motor
type A, where air cooled type induction motor (1) is
selected. Motor is of length L1 and of diameter d1.
Motor is equipped with forced air-cooling blower (2)
that is in the NDE shaft end. As the forced cooling
is serving for zero speed operation also it is kept, but
fan cover (3) is removed for the installation. Forced
cooling dimensioning may be reduced, as the sur-
rounding water acts efficiently as general cooling
media.

[0022] Motor (1) is connected to DE channel pipe
flange connection (6) with bolted connection. Flange wa-
ter tightness is secured by O-ring and sealing silicone.
Propeller side of the DE channel pipe flange (5) is pre-
pared for the shaft lip sealing system and shaft protect
elements. Air space inside DE channel pipe may be pres-
surized against leakage, through Connection piece (10).
[0023] Non-drive end (NDE) of the motor is connected
to the NDE Channel piece (7) utilizing the connection
location of the fan cover (3) and additional bolting. Motor
cables, that are coming from NDE, above Cooling air
blower (2) are guided to the channel pipe (11) from where
they are led to the ships side via watertight flexible duct-
ing. Cooling air is either delivered through this pipe (11)
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or through the DE channel unit pipe (4), from where this
is ducted to the vessel side through the connection piece
(10). Forced air fan may be located also on the ship side.
[0024] NDE-support element with rudder surface is
bolt connected onto the rudder side flange (9) interface
of the NDE channel piece. Form and rudder steering sur-
face may be modifiable according to the application and
strength dimensioning of the installation.

[0025] Figure 6 presents installation for Electrical mo-
tor type B, where water-jacket cooled type permanent
magnet synchronous motor (12) is selected.

[0026] Motor is of length L2 and of diameter d2. Motor
is equipped with cooling water plugs (13) that are in the
stator frame. Additional thrust 5 bearing element (14) is
added.

[0027] As the water-jacket cooling is serving for zero
speed operation also, it is kept, but heat transfer dimen-
sioning may be reduced, as the surrounding water acts
efficiently as general cooling media. Motor (12) is con-
nected to DE channel pipe (15) flange connection with
bolted connection. Direction of bolting is from the propel-
ler side, as the electrical motor diameter d2 is very close
to counter flange side. Flange water tightness is secured
by O-ring and sealing silicone.

[0028] Propeller side of the DE channel pipe (15)
flange is prepared for the shaft lip sealing system and
shaft protect elements. Air space inside DE channel pipe
may be pressurized against leakage, through Connec-
tion piece (17).

[0029] DE channel pipe (15) has two additional bush-
ings (16) for cooling water circulation that is done from
the vessel side. Motor cooling circuit is connected to
these and protected with hydrodynamically shaped cov-
er.

[0030] Non-drive end (NDE) of the motor is connected
to the NDE Channel piece (19) utilizing the connections
in the thrust bearing element (14). Motor cabling, that is
coming from NDE, above thrust bearing is guided to the
channel pipe (19) from where they are led to the ships
side via watertight flexible ducting.

[0031] NDE-support element with rudder surface is
bolt connected onto the rudder side flange interface of
the NDE channel piece. Form and rudder steering sur-
face may be modifiable according to the application and
strength dimensioning of the installation. On the top of
the unit, Connection piece (17)is welded onto the position
20 slot of the DE Channel pipe (15). Welding seam is
made around the piece and onto the full distance, both
sides and end, across NDE sup-port element (20).
Strengthening bars (18) are added onto NDE support
element (20). Welding seam is made full distance, both
sides and end, across the NDE support element (20).
[0032] Figure 7 presents the connection of the Propel-
ler cone (1), including the propeller shaft(2) and propeller
connection interface (3). Shaft end (motor end) is de-
signed according to electrical motor shaft, either cylindri-
cal with key(s) or DIN Spline, which are providing prac-
tical installation possibilities. There is sufficient axial
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clearance in the joint, which prevents propeller axial forc-
es to be delivered from Propeller Cone to electric motor
rotor. Shaft is supported by roller bearings (4) and axial
movements are transferred to structure by two-direction-
al thrust bearings (5), which also holds the shaft and pro-
peller from moving in either axial direction. Propeller end
is designed according to standard propeller connection
(6) options.

[0033] Watertightness is secured by shaft mechanical
sealing (7), which may include emergency inflatable el-
ement. Leakage to the structure may be measured from
unit bilge (8) by level sensors and by suction pipes. Pro-
peller cone connected to DE Channel piece by bolting
on the flange connection, which has O-rings (9).

[0034] Figure 8 presents underwater power genera-
tion installations options, which are demonstrating the
possibility to install steerable unit standing up or hanging
down, keeping the steering ability according to self-guid-
ed orientation to the water flow.

Description of the exemplifying embodiments

[0035] The specific examples provided in the descrip-
tion given below should not be construed as limiting the
scope and/or the applicability of the appended claims.
Lists and groups of examples provided in the description
given below are not exhaustive unless otherwise explic-
itly stated.

Example 1: Ship’s, barge, rig or boats propulsion unit
application

Example 2: Part of ship’s, barge, rig or boats propul-
sion system

Example 3: Power generation, subsea current power
station

Example 4: Power generation, river current energy
power station

Example 5: Power generation, tide or wave energy
power station

Example 6: Power generation, bridge integrated un-
derwater element including power generation

Example 7: Autonomous unit or Remotely operated
vehicle (ROV) propulsion

Example 8: Part of turn-able or retractable thruster
arrangement, such as in tender boats, where pro-
pulsion is lifted when tender boat is put in storage
inside the main vessel or in river boats when shallow
water operation is required
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Abstract of the disclosure:

[0036] Technical solution to utilize electrical motor var-
iants in self-supporting steerable structure is presented.
[0037] Disclosure is presenting the technical solution
of utilizing flange mounted main components to form a
self-supporting structure, which allow utilization of wide
range of existing components in the market and their use
in the underwater steerable unit. When main elements
of disclosure are connected to together, these create a
dry-channel self-supporting L-shape or D-loop structure,
with possibility to use different variants of the electric mo-
tor type or size, cooling, feedback or manufacturer at
moist, wet or underwater conditions. Structure provides
a possibility to have steering surface and steering control
interfaces for utilization as ships propulsion or underwa-
ter power generation unit.

[0038] The figure proposed to be presented with the
abstract: Figure 3.

List of reference publications, in the order of appear-
ance:

[0039]

. Publication US 3791331 FEB12 1974.

. Publication US 2008/0293312 A1, Nov.27 2008
. Publication KR101256240B1, April 23 2013

. Publication US 9963212 B2, May8 2018

. Publication US 6692319 B2, Feb.17 2004

. Publication KR 20070 111 883 A, Nov.22 2007
. Publication DE102009033554A1, Jan.20 2011
. Patent 5923113, July 13, 1999.

9. Publication 20020197918, Dec.26, 2002

10. Patent 5947779, Sept.7, 1999

11. Publication EP0831026A2, Mar. 25 1998

12. Patent 6431928, May 3, 2001

13. Publication US 8556668 B2, Oct.15 2013

14. Publication KR20140034818A1, Mar.20, 2014
15. Publication US20110101697A1, May 5, 2011

0O ~NOO O WN =

Claims

1. Technical solution providing a possibility to utilize
variants of flange mounted electric motors in under-
water steerable application.

2. Technical solution of utilizing self-supporting flange
installation to provide dry channel individually to both
ends of underwater steerable electric motor.

3. Technical solution to utilize short axial force distri-
bution preventing middle shafting arrangement be-
tween pulling propeller and electrical propulsion mo-
tor.

4. Utilization of electrical motors stator frame as a part
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of self-supporting and tensioned structure in steer-
able underwater applications.

Technical solution to join flange connected parts to
form a propulsion unit with steering ability.

Technical solution of utilizing self-supporting flange
installation of electric motor to provide vertical shaft
installation for collecting wave or tide energy.



EP 3 992 074 A1

A)

B)

C)

D)

E)

FIGURE 1
Equipment for utilize various types of flange mounted electrical motor
variants in self-supporting steerable structure.
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(BLUE) Connection to ships hull

(BLACK) Propeller arrangement

(GREY) DE channel piece

(BEIGE) NDE channel piece and Rudder element
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FIGURE 4A

STEERING BY WIRE OR BY STEERING PISTONS | STEERING BY STEERING MOTORS

10



EP 3 992 074 A1

STEERING BY WIRE OR BY STEERING PISTONS

FIGURE 4B
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FIGURES INSTALLATION MOTOR TYPE A:

-maximum rudder correction
STBD angle

- maximum rudder correction
PORT angle

DE-weight carrying pipe elemer
«DE channel piece»

NDE-support element with
rudder surface. Minor spring
tension after installation

Propelling shaft for pulling

propeller
2)

@

M (3}

Electrical motor with ribbed frame cooling
with additional forced ventilation.
Before installation. Additional forced air is

supplied from ship side.
)

Flange interface for sealing  Flange interface for electrical Non-drive end fitting ring &
system and shaft cover motor installation cabling/air channel
«NDE channel piece»
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FIGURE 6 INSTALLATION MOTORTYPE B:

{12) (13)

LN S
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o

Electrical motor with water jacket cooling
and additional thrust bearing.

Before installation. Required minimum coo-
ling water flow is prodived from ship side.
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Figure 7
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