Office de la Proprieté Canadian CA 2396548 C 2009/01/20

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 396 548
e mads ey G 12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2000/11/29 (51) Cl.Int./Int.Cl. HOZ2K 5/724 (2006.01),
S e . FO4EB 47/06 (2006.01), FO4D 13/08 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2001/08/02 FO4D 25/08 (2006.01). FO4D 29/26 (2006.01)
(45) Date de délivrance/lssue Date: 2009/01/20 HO2K 5/132(2006.01), HO2K 9/06 (2006.01),
(85) Entree phase nationale/National Entry: 2002/07/05 HOZK 9774 (2006.01)

86) N° demande PCT/PCT Application No.: US 2000/032561 | (72) Inventeurs/Inventors:
QANDIL, MARK M., US;

(87) N° publication PCT/PCT Publication No.: 2001/055593 RAY ROBERTRB US

(30) Priorité/Priority: 2000/01/28 (US09/493,822) (73) Propriétaire/Owner:
ROPER HOLDINGS, INC., US

(74) Agent: FETHERSTONHAUGH & CO.

(54) Titre : SYSTEME DE MOTEUR IMMERSIBLE
54) Title: IMMERSIBLE MOTOR SYSTEM

124
108
111
N
127 R
X 110
S ii]
b
100
105 d
“zaﬁﬁgﬁ 102
?J
104 j é
’ ’ 110
111
134 . 134
130 130
112
110a 198
7A

(57) Abrégée/Abstract:
A motor system using a totally enclosed fancooled (TEFC) electric motor (20) to provide power. The motor enclosure may be

sealed with a variety of sealing devices (149) including a double mechanical seal, and/or a repeller positioned adjacent the motor
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enclosure. A release mechanism prevents the fan (108) from creating excessive drag when the system Is iImmersed In water. The

fan cools the motor when the water level is below the motor, and the surrounding water combines with the fan to cool the motor
when the water level rises to at least partially surround the motor. The release mechanism can take the form of a shear key, a

torqgue-release clutch or flexible fan blades.
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(§7) Abstract: A motor system using a totally enclosed fan-
cooled (TEFC) electric motor (20) to provide power. The mo-
tor enclosure may be sealed with a variety of sealing devices
(149) including a double mechanical seal, and/or a repeller po-
sitioned adjacent the motor enclosure. A release mechanism
prevents the fan (108) from creating excessive drag when the
system is immersed in water. The fan cools the motor when
the water level is below the motor, and the surrounding water
combines with the fan to cool the motor when the water level
rises to at least partially surround the motor. The release mech-
anism can take the form of a shear key, a torque-release clutch
or flexible fan blades.
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IMMERSIBLE MOTOR SYSTEM

Background of the Invention

This 1invention 1s related to the field of motors. More particularly, this
invention is related to the field of immersible motor systems that may be operated both
1in an immersed and 1n a non-immersed condition.

Broadly speaking, motor systems can be classified into two types: non-
immersible and immersible. Immersible motors systems are used 1n applications where
both the motor and the device being driven by the motor must be placed in water or
some other liquid. For example, in pumping applications involving deep wells, it is
usually necessary to locate the pump and motor at the bottom of the well and “push”
water up because it 1s not possible to pull water up from a depth greater than
approximately 30 feet. While motors for applications involving immersion can be made
rather compact because of the efficient cooling provided by the surrounding water, they
are relatively expensive to manufacture and therefore only used where absolutely
necessary.

Non-immersible motor systems, 1n contrast to immersible systems, have
motors designed to operate in air, and are used wherever the motor is not subject to
being immersed in water. Because air 1s a much less effective cooling medium than
water, non-immersible systems are typically equipped with a fan for generating a stream
of cooling air over the outside of the motor.

A particularly common type of motor used to provide power in non-
immersible or dry motor systems is known as a totally-enclosed, fan-cooled, or TEFC,
motor. In a TEFC motor, the casing forms a sealed contamner around the motor armature

to seal against contamination. As a result of this sealing, TEFC
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motors are substantially waterproof, and may even be partially immersed for short
periods of time while idle. However, 1f a TEFC motor 1s operated under water,
water would leak into the housing and the cooling fan would generate so much
mcreased drag relative to operation in air that the motor would become
overloaded and burn out. Thus, existing TEFC motors have not been suitable for
operation, even temporarily, under water.

In some applications, the motor system 1s normally expected to
operate 1n air, but may under some circumstances become 1mmersed for periods
of time. For example, a pumping station may become inundated during a flood, or
a sump pump may fail to keep up with influx to a sump pit. In these and various
other settings, 1t 1s 1important that the pump or other device driven by the motor
continues to operate in the event of immersion. In such cases, an immersible
motor system has been used and simply operated in air under normal
circumstances. However, because the air cannot cool the motor as effectively as
water, some additional provision must be made to cool the motor. For instance,
the motor may be oversized and run at less than rated capacity to thereby provide
additional surface area to enhance cooling. In some cases a cooling jacket 1s used
to circulate pumpage or oil around the motor. Unfortunately, these systems for
cooling add significantly to the expense of a motor that is already more expensive
than a comparable non-immersible motor. By way of example, an immersible
motor system designed to operate 1 air may be more than three times as
expensive as a comparable non-immersible system.

In addition to these problems associated with cooling of the motor,
existing TEFC motor systems often do not provide adequate protection against
moisture entering the motor enclosure. First, the conventional seals employed in
TEFC motors do not provide adequate sealing for the wide range of operating
conditions under which mmmersible systems operate. Typically, TEFC motor
systems do not employ any backup seal to provide additional protection in the

event that the primary seal fails. In addition, in conventional TEFC systems, the
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operator 1s not informed when leakage does occur, and the motor will continue to
operate even In the presence of potentially damaging moisture within the motor
enclosure. Also, the junction box in a conventional TEFC system is not sealed, nor are
the fits in the motor casing.

Summary of the Invention

To address the foregoing issues, the present invention provides an
immersible motor system comprising: a main motor including an armature enclosed
within an armature housing and a rotatable shaft that extends out of the armature
housing through an opening in the armature housing; a seal for sealing between the
armature housing and the rotatable shaft at the opening so that the immersible motor
system 1s operable in an immersed condition and a non-immersed condition, the seal
being selected from the group consisting of: a double mechanical seal, a single
mechanical seal, a double lip seal injected with grease, and a labyrinth seal; and a
cooling fan rotationally mounted outside the armature housing and adapted so that,
when rotated, the cooling fan creates an airflow for cooling the main motor.

The present mvention also provides a motor system, comprising: a main
motor including an armature enclosed within an armature housing and a rotatable shaft
that extends out of the armature housing through an opening in the armature housing;
and a repeller mounted to the rotatable shaft outside the armature housing and near the
opening, the repeller being adapted so that, when rotated, the repeller repels fluid and
other contaminants to prevent contamination from entering into the armature housing
through the opening.

In a further aspect, the present invention provides an immersible pump
system, comprising: a main motor operable in an immersed condition and a non-
immersed condition, including an armature enclosed within a housing and a rotatable
shaft that extends out of the armature housing through an opening in the armature
housing; an impeller connected to the rotatable shaft, the impeller being driven by the
main motor; a repeller mounted to the rotatable shaft outside the armature housing and
near the opening, the repeller being adapted so that, when rotated, the repeller repels
fluid and other contaminants to prevent contamination from entering into the armature
housing through the opening; a cooling fan rotationally mounted outside the armature

housing and adapted so that, when rotated, the cooling fan creates an airflow for cooling
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the main motor; and a torque-limiting device to reduce drag created by the cooling fan
when the immersible pump system is operated in an at least partially immersed

condition.

Brief Description of the Drawings

Fig. 1 is a side view of a fan-cooled dry-pit immersible pump according
to the present invention.
Fig. 2 1s a sectional view of one embodiment of the immersible motor

system of the present invention.

Fig. 3 1s a sectional view of the motor-fan connection according to one
embodiment of the present invention.

Fig. 4 1s a sectional view of the motor-fan connection according to
another embodiment of the present invention.

Fig. 5 1s a top view of a fan according to yet another embodiment of the
present invention.

Fig. 6 is an end view of a fan blade according to yet another embodiment
of the present invention.

Fig. 7 i1s a sectional view of another embodiment of an immersible motor
system according to the present invention.

Fig. 7A 1s a partial expanded view of the immersible motor system of
Fig. 7, showing one embodiment of a seal between the motor shaft and housing.

Fig. 7B 1s a partial expanded view of an immersible motor system,
showing another embodiment of a seal between the motor shaft and housing.

Fig. 7C 1s a partial expanded view of an immersible motor system
showing yet another embodiment of a seal between the motor shait and housing.

Fig. 8 1s a top view of one embodiment of a rotating/centrifugal sealing

device according to the present invention.
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Fig. 9 1s a top view of another embodiment of a rotating/centrifugal
sealing device according to the present invention.

Fig. 10 1s a partial sectional view of yet another embodiment of an
immersible motor system according to the present invention.

Detailed Description of the Preferred Embodiment

The present invention relates generally to motor systems, and
particularly to motor systems that may be operated in both an 1mmersed and a
non-immersed condition. The disclosed motor system may be used 1n any
number of applications to power a wide variety of devices, and 1s described 1n the
context of an immersible pump system for purposes of 1llustration only.

A fan-cooled dry-pit immersible pump employing an immersible
motor system according to the present immvention 1s shown generally at 10 in
Figure 1. Pump 10 includes an impeller 12 which moves water or other liquid
from an inlet 14 through an outlet 16. Impeller 12 1s driven by electric motor 20,
which 1s preferably a substantially standard TEFC motor with modifications as
described below. Other types of motors could be used as well provided they are
capable of operation in an immersed condition.

Motor 20 1s enclosed in a substantially waterproof casing 22 which
allows motor 20 to continue to operate when surrounded by water. In addition to
the standard TEFC motor seals, motor 20 is further protected by O-rings 21 and
23, lip seals 24, 25, 26, and mechanical seal 27. A watertight, immersible
junction or conduit box 28 1s attached to casing 22. Immersible cable 29 is
connected to conduit box 28 and enables motor 22 to be safely powered in an
immersed state. Alternatively, an immersible power cable may be provided to
extend directly ito the housing through a sealed opening, eliminating the need
for a watertight conduit box. Power from motor 22 1s output through a drive
shaft 30, which 1s rotatable with respect to casing 22 via bearings 31. First end 32
of shaft 30 is operationally connected to impeller 12. A second end 34 of shaft
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30 extends outside of casing 22 and contains a shaft bore 36 which 1s orthogonal
to the normal axis of rotation of shaft 30.

Typically, a cooling fan 40 1s disposed above casing 22. In one
embodiment, fan 40 has a plurality of blades 46 designed to direct air to cool
motor 20. Alternatively, fan 40 could have as few as one blade. As shown 1n
detail 1n Figure 3, base 42 of fan 40 has a central bore 43 which 1s of sufficient
diameter to be loosely mounted on second end 34 of shaft 30. A fan bore 44 is
provided at least partially through base 42. Fan bore 44 has a diameter similar to
the diameter of shaft bore 36. Fan 40 1s placed on shaft 30 so that shaft bore 36
and fan bore 44 are coaxially aligned with respect to each other. A shear key or
shear pin 48 is imserted through shaft bore 36 and fan bore 44. Shear key 48
comprises a torque-transferring connection between shaft 30 and fan 40. Shear
key 48 can be made of any suitable material, such as plastic or metal. A fan
housing 50 1s situated on one end of casing 22 and surrounds fan 40. Vent holes
52 are disposed at the top of fan housing 50. An annular passage 54 is created
between fan housing 50 and casing 22. A shroud 56 1s attached to fan housing 50
by bolts or posts 38. Shrpud 56 helps direct air to fan 40. Shroud 56 protects fan

40 from damage due to solid objects falling mto the fan during operation.

When motor 20 is operated in a non-immersed condition, shaft 30
drives fan 40. Fan 40 draws air mto shroud 56 and through vent holes 52 as
shown by arrows 60 1n Figure 1. The air 1s directed by blades 46 through annular
passage 54 and along the outside of casing 22 as shown by arrows 62 in Figure 1
to cool the motor.

Because motor 20 1s substantially completely sealed imnside casing
22 and electrically sealed due to immersible conduit box 28, motor 20 will
continue to operate without electrical shorting when the level of the surrounding
water rises to partially immerse motor 20. In a partially immersed state, fan 40
continues to be driven by motor 20. Motor 20 1s thereby cooled both by the air
directed by fan 40 and by the surrounding water.
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When the water level reaches tan 40, the drag created by blades 46
as they rotate in the water causes shear key 48 to break. When shear key 48
breaks, there 1s no torque-transferring connection between motor 20 and fan 40,
and fan 40 ceases to be powered by motor 20. As the water level recedes, an
operator can temporarily shut off motor 20 and quickly replace shear key 48.

It is within the scope of the present mvention to include any
immersible fan-cooled electric motor having a connection or arrangement
whereby a load due to the fan rotating in water is reduced or eliminated. By way
ot example, Figure 4 shows an alternate embodiment of the present invention
whereim a torque-release clutch 70, shown schematically, 1s disposed between
shait 34 and central bore 43 of fan 40. Clutch 70 provides a torque-transferring
connection between motor 20 and fan 40 when fan 40 1s operating in air. Clutch
70 1s designed to release the connection when a predetermined torque load is
placed upon motor 20 due to fan 40 resisting rotation. Alternatively, clutch 70
can be designed to limit the torque to a predetermined maximum to thereby
prevent overloading.

In a further embodiment of the present invention shown in Figure
5, the torque-reducing arrangement may also take the form of a fan 80 having a
base 82 and a central bore 84 which 1s non-rotatably fastened to second end 34 of
shaft 30. Flexible blades 86 are attached to base 82 and are formed of a bendable,
resilient material. When flexible blades 86 are rotated in water, flexible blades 86
bend as shown at 88. Flexible blades 86 thus reduce the load on motor 20 when
flexible blades 86 rotate in water. Alternatively, the fan blades may be designed
so that the pitch of the blades may change when rotated in water. Figure 6 1s an
end view of a fan blade 90, which when subjected to a predetermined load will
bend as shown at 92 so that the pitch of blade 90 is changed. This change in pitch
of blade 90 reduces the load on motor 20 due to blade 90 rotating in water.

Instead of a torque-relieving mechanism operationally connected

between the fan and motor to prevent the pump motor from overloading, a
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separate motor may be used to drive the fan, as shown in Fig. 7. As in the
previous embodiments, a main motor 100 1s disposed within a sealed housing
102. Motor 100 1s typically an electric motor, with electricity being supplied to
the motor through an immersible power cable 104 connected to an immersible
conduit box 103 attached to the exterior of sealed housing 102.

Similar to the previous embodiments, a cooling fan 108 may be

- positioned adjacent the exterior of sealed housimng 102, the fan bemng adapted to

generate a stream of cooling air for cooling motor 100. However, the depicted
tan ditfers from those shown 1 the earlier embodiments 1 that 1t 1s not powered
by the main motor. Accordingly, motor shaft 110 does not extend out the top of
sealed housing 102 for attachment to the cooling fan, as in the previous
embodiments. As a result, only one shaft opening 112 need be formed through
sealed housing 102. The opening 1s formed 1n a bottom portion of the sealed
housing, and motor shaft 110 extends through this opening for attachment to an
mmpeller or other device to be driven by motor 100. Bearings 111 are provided at
opposite ends of sealed housing 102 to rotatably support motor shait 110.
Because there 1s only one shaft opening in sealed housing 102, the
depicted design will, in some settings, provide increased protection against
moisture entering the sealed housing. As shown in Fig. 7A, the motor shaft and
housing are sealed at shait opening 112 with a double lip seal 114 injected with
grease, which may or may not be maintained under pressure. Lip seals 116 are
typically annular and formed of an elastomeric material. Lip seals 116 are
mounted or otherwise fixed to the portion of sealed housing 102 immediately
adjacent motor shaft 110 and shait opening 112. The seals are positioned around
the shaft opening to bear snugly against motor shaft 110 and define a cavity 118
therebetween that extends around motor shaft 110. A grease mjection channel
120 1s defined through the sealed housing 102 to communicate with cavity 118.
Grease (not shown) is injected through grease injection channel 120 to fill cavity

118. The grease provides lubrication and 1s preferably maintained under pressure
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to urge lip seals 116 against shaft 110 in order to increase the effectiveness of the
seal. The pressure may be maintained by a spring-loaded grease cup or other type
of constant lubrication device.

As shown in Figs. 7B and 7C, sealing between the shaft and
housing may be effected using either a single or double mechanical seal.
Typically, the depicted mechanical seals are used in place of the lip seal
arrangement shown 1 Figs. 7 and 7A, however mechanical seals may be used in
combination with the described double lip seal, or in combination with any other

type of seal.

Fig. 7B depicts a double mechanical seal for sealing between the
motor shaft and housing, the seal including a pair of rotating faces 150 and a
spring 152. Rotating faces 150 are annular and fixed to shaft portion 110a so that
the faces rotate with the shaft but are able to shide vertically along the length of
the shaft. Spring 152 1s disposed between rotating faces 150, urging them away

- from each other and into engagement with face portions 102a defined on housing

102. This creates a sealed interface between rotating faces 150 and face portions
102a that prevents moisture and other contamination from entering the mnterior of
housing 102 along the shaft through the shaft opening. Typically, a circulating
o1l or other lubrication system 1s provided to lubricate double mechanical seal
149, and particularly to lubricate the rotating intertace between rotating faces 150
and face portions 102a. Where a circulating o1l system i1s employed, an oil
reservoir (not shown) is fluidly coupled with the double mechanical seal via oil
inlet and outlet ports (not shown) defined 1n housing 102.

Fig. 7C depicts a single mechanical seal 153 for sealing between
the shaft and motor housing, the seal including only one rotating face 150. As
with the double mechanical seal, a spring 152 1s provided to urge the rotating face
into engagement with a face portion 102a included on housing 102 1 order to
effect a rotating sealing interface. The upper end of the spring engages a spring

retamer 155 that 1s fixed to shaft portion 110a. In the depicted embodiment, a
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single lip seal 154 1s provided adjacent the upper portion of spring 152 to provide
additional sealing. As with the double mechanical seal, a lubrication system may
be provided to lubricate single mechanical seal 153.

Referring again to Fig. 7, cooling fan 108 1s positioned atop the
sealed motor housing, and typically includes a plurality ot blades that are adapted
and positioned to generate a cooling stream of air when the fan rotates. Though
the depicted fan is positioned atop the motor housing, the fan may be positioned
at any other desired location adjacent the exterior of the housing. A separate
motor, such as electric fan motor 122, may be provided to drive cooling fan 108.
Typically, cooling fan 108 is situated within a shroud 124 secured to the top of
sealed housing 102, with fan motor 122 being secured to the top of the shroud.
Alternatively, the shroud may be formed to cover both the cooling fan and the fan

- motor. Shroud 124 1s provided with vents 126 on the top of the shroud and

additional vents (not shown) below the level of fan 108 to allow air to circulate
within the cavity defined by the shroud and sealed housing 1n order to cool motor
100.

As with the previous embodiments, it 1s generally not desirable for
the fan and fan motor to continue operating when the system is immersed. When
the system is immersed, the liquid surrounding the sealed housing generally
provides adequate cooling, and the increased drag on the fan motor as a result of
the fan running in water may overload and damage the fan motor. Accordingly, a
switching device such as float switch 127 may be provided to shut off the fan
motor when the system is operated in an immersed state. Alternatively, a fuse or
breaker may be provided in the fan motor’s electrical circuit. When the fan is
immersed, the increased drag causes the motor to draw more current, and the fuse
or breaker shuts off the motor when the current exceeds a predetermined
threshold. As a further alternative, a moisture-sensing switch or any other
suitable means may be used to cause the fan motor to shut off when the system is

mmmersed. Similar to the torque-reducing arrangement ot the previous



CA 02396548 2002-07-05
WO 01/55593 PCT/US00/32561

10

embodiments, the shut-off capability eliminates unnecessary and potentially
dangerous fan drag while allowing the pump or other device driven by the motor
to continue to operate in an immersed condition. Because it is normally not
desirable for the fan to continue operating while immersed, fan motor 122 does

5 not need to be provided with seals which allow immersed operation. This saves
on manufacturing costs. However, a waterproof motor may be used, i.e., a motor
that 1s not damaged by total immersion and that can resume operating after
withdrawn from a immersed state.

As a further alternative to avoid problems resulting from excessive

10  drag created by the cooling fan, the fan may have a preselected size specifically
chosen to create minimal drag when the fan is operated 1n an immersed state.
Typically, the smaller the fan blades, the lower the drag created by the fan when
operated underwater. Yet another alternative is to drive the fan with a motor able
to handle increased torque drag without drawing an excessively increased,

15  potentially damaging level of current.

Instead of a fan mounted adjacent the motor housing, the invented
immersible motor system may be cooled with a remotely-mounted fan. For
example, a cooling stream of air may be supplied by a fan through an air duct. As
a further alternate cooling means, the motor may be supplied with a cooling

20  jacket to circulate o1l or some other cooling fluid around the motor. Yet another
alternative 1s to provide an oversized motor, 1.e. a motor with excess surface area,
and run the motor at less than maximum capacity. At these lower power levels,
the relatively large amount of motor casing surface area provides effective
cooling without the need for a fan.

25 To further seal housing 102, a rotating or centrifugal sealing
device, such as a repeller, may be provided. This type of sealing device may used
both with 1immersible and non-immersible motor systems. In the embodiment
depicted 1n Fig. 7, the rotating/centrifugal sealing device takes the form of a
hydrodynamic seal 128. Typically, hydrodynamic seal 128 is disc-shaped and i1s
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press-fitted or otherwise fixed to outer shaft portion 110a so that the
hydrodynamic seal 1s positioned at a close clearance to the exterior of sealed
housing 102 adjacent shaft opening 112. A cavity or depression may be formed
on the outer surface of sealed housng 102 around opening 112 in order to
accommodate the hydrodynamic seal. The depicted sealed housing 1s provided
with such a cavity, the cavity being defined by a protrusion 130 that extends from
the outer surface of the sealed housing and is perimetrically disposed around shaft

opening 112. Alternatively, the cavity may be formed by cutting a depression

- 1nto, or forming an indentation 1n the surface of the sealed housing, or the sealed

housing may be formed to not have any cavity or depression.

Hydrodynamic seal 128 1s preferably positioned near, and in
operative proximity with the opening of the sealed housing so that there 1s a close
clearance between the hydrodynamic seal and the exterior surface of the housing.
As motor shaft 110 rotates, hydrodynamic seal 128 also rotates, and thereby
repels fluid away from the center of hydrodynamic seal 128, and away from shaft
opening 112. The rotation of hydrodynamic seal 128 also creates a region of low
pressure relative to the mterior of housing 102. The repelling action and pressure
differential resulting from the rotation of hydrodynamic seal 128 prevents fluid
and other matter from entering housing 102 through opening 112 along the shaft.

Hydrodynamic seal 128 typically includes at least one, and
preferably several, vane(s) or similar structure(s) located on the side of the seal
that faces the exterior of sealed housing 102, though these structures are not
essential. For example, the hydrodynamic seal may be formed as a smooth disc
positioned at a close clearance to the exterior of the motor housing. Figs. 8 and 9
depict embodiments of a hydrodynamic seal having vanes 132, and reveal that the
vanes may be curved or radial and straight. Alternatively, the vanes may be
formed 1n any shape, size and orientation i order to provide a desired pressure
differential and level of repelling action when shaft 110 and hydrodynamic seal

128 rotate. Hydrodynamic seal 128 is mexpensive and easy to manutacture, and
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provides added protection against contamination while imposing a negligible
additional torque load on motor 100.

Typically, the rotating/centrifugal sealing device 1s used to
hydrodynamically seal an immersible motor system, such as the motor system
used with the immersible pump described above. When such an immersible
system 1s operated in an at least partially immersed state, the hydrodynamic seal
prevents fluid from leaking into the motor housing and damaging the motor.
However, the invented rotating/centrifugal sealing device also affords protection
to a motor system operating in a non-immersed state, and may be incorporated
into motor systems that are never immersed. For example, such a seal may be
used with wash-down duty motors or TEFC motors that may be sprayed with
water while operating. More generally, the rotating/centrifugal sealing device
may be advantageously used to effect a seal between a rotating shaft and an
opening in a housing on any system that operates in a wet environment.

To further protect the motor against damage from moisture, the
interior of sealed housing 102 may be provided with moisture detectors 134. The
moisture detectors are operable to detect when moisture within the sealed housing
exceeds a predetermined threshold. When the threshold is exceeded, a warning
indicator may be activated to inform the operator that the motor system should be
de-activated and repaired. Additionally, the moisture detectors may be connected
to an automatic switch which shuts off the motor when moisture within the
housing reaches potentially dangerous levels.

Fig. 10 depicts a further embodiment of an immersible motor
system. As in the embodiment described with reference to Fig. 7, a motor shaft
136 extends out an opening 138 1n sealed housing 140. However, in this
embodiment, opening 138 1s sealed with a labyrinth seal 142 and a
rotating/centrifugal sealing device 146 of the type described with reference to
Figs. 7-9. As revealed by the depicted embodiment, the exterior surface of the

sealed housing need not be formed to have a cavity or depression for
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accommodating the sealing device. Rather, the exterior surface of the housing
adjacent the shaft opening may be formed to be generally planar and without any
protruding structures, 1 order to simplify the design and manufacture of the
sealed motor housing.

The sealing devices depicted mn Figs. 7-10, namely a mechanical
seal (single or double) with an oil bath, a double lip seal injected with grease, a
labyrinth seal, and a rotating/centrifugal sealing device positioned adjacent the
shatt opening, may be employed i a variety of configurations beyond those
shown 1n the depicted embodiments. For example, a double lip seal, mechanical
seal, and rotating/centrifugal sealing device could be used, with the mechanical
seal being positioned between the rotating/centrifugal sealing device and the
double lip seal, or with the double lip seal being positioned between the
mechanical seal and the rotating/centrifugal sealing device. Regardless of the
configuration used, the sealing devices described with reference to Figs. 7-10
ofter improved protection beyond the seals employed in conventional TEFC and
immersible motor systems.

As discussed above, the invented motor system has proven
particularly useful i systems that are subject to immersion. However, the
cooling, torque-limiting, sealing and other design considerations discussed above
are often factors in the design of non-immersible systems, and the principles of
the mvention are therefore equally applicable to those systems. For example, the
various sealing mechanisms described above may be used on non-immersible
systems that operate 1n a wet environment or that are periodically exposed to
splashing water. The rotating/centrifugal sealing device may be used to protect
wash-down duty motors and TEFC motors subject to splashing, and may be used
more generally to prevent contaminants from entering a motor housing. In
addition, the torque-limiting arrangements may be employed in non-immersible
motor systems to protect the main motor, or auxiliary motors such as a cooling

fan motor, from overloading.
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The foregoing description of the preferred embodiments of the
invention has been presented for purposes of illustration and description. It 1s not
mtended to be exhaustive or to limit the invention to the precise form disclosed,
and many modifications and variations are possible 1 light of the above teaching.
The embodiments were chosen and described in order to best explain the
principles of the invention and its practical application to thereby enable others
skilled 1n the art to best utilize the mvention in various embodiments and with
various modifications as are suited to the particular use contemplated. It is
intended that the scope of the invention be defined by the claims appended

hereto.



CA 02396548 2008-01-04

15

WE CLAIM:

1. An immersible motor system comprising:

a main motor including an armature enclosed within an armature housing and
a rotatable shaft that extends out of the armature housing through an opening in the armature
housing;

a seal for sealing between the armature housing and the rotatable shatt at the
opening so that the immersible motor system 1s operable 1n an immersed condition and a non-
immersed condition, the seal being selected from the group consisting of: a double
mechanical seal, a single mechanical seal, a double lip seal injected with grease, and a
labyrinth seal; and

a cooling fan rotationally mounted outside the armature housing and adapted

so that, when rotated, the cooling fan creates an airflow for cooling the main motor.

2. The immersible motor system of claim 1, further comprising a torque-
limiting device to avoid excessive drag created by the cooling fan when the immersible motor

system 1s operated in an at least partially immersed condition.

3. The immersible motor system of claim 2, further compnsing a fan

motor operationally connected to the cooling fan for driving the cooling fan.

4. The immersible motor system of claim 3, wherein the torque-limiting
device includes a switching device adapted to shut off the fan motor when the motor system

is operated in an at least partially immersed condition.

5. The immersible motor system of claim 4, wherein the switching device
1s further adapted to cause the fan motor to turn on when the immersible motor system 1s

operated in a non-immersed condition.
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6. The immersible motor system of claim 2, wherein the cooling fan is
operationally connected to the main motor, and wherein the torque-limiting device includes a

shear key operationally connected between the cooling fan and the main motor.

7. The immersible motor system of claim 2, wherein the cooling fan is
operationally connected to the main motor, and wherein the torque-limiting device includes a

clutch operationally connected between the cooling fan and the main motor.

8. The immersible motor system of claim 2, wherein the cooling fan
includes a fan blade made of a resilient material, the fan blade comprising the torque-limiting

device.

9. The immersible motor system of any one of claims 1 to 8, further

comprising a pump 1mpeller operationally connected to the rotatable shaft.

10.  The immersible motor system of any one of claims 1 to 9, further
comprising a repeller mounted to the rotatable shaft outside the armature housing and near
the opening, the repeller being adapted so that, when rotated, the repeller repels fluid and
other contaminants to prevent contamination from entering into the armature housing through

the opening.

11. The immersible motor system of any one of claims 1 to 10, further
comprising at least one moisture detector disposed within the armature housing, the moisture
detector adapted to detect when moisture within the armature housing exceeds a

predetermined threshold.

12.  The immersible motor system of any one of claims 1 to 11, further

comprising a watertight junction box for supplying power to the main motor.
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13.  The immersible motor system of any one of claims 1 to 12, wherein
the motor is substantially a totally-enclosed, fan-cooled motor, and wherein the armature

housing includes at least one watertight compartment.

14. The immersible motor system of claim 1, wherein the fan has a
preselected size, the preselected size being small enough so that the fan does not create

excessive drag when the immersible motor system is operated in an immersed condition.

15. A motor system, comprising:

a main motor including an armature enclosed within an armature housing and
a rotatable shaft that extends out of the armature housing through an opening in the armature
housing; and

a repeller mounted to the rotatable shaft outside the armature housing and near
the opening, the repeller being adapted so that, when rotated, the repeller repels fluid and

other contaminants to prevent contamination from entering into the armature housing through

the opening.

16.  The motor system of claim 15, wherein the repeller includes a plurality

of vanes adjacent the opening in the armature housing.

17.  The motor system of claim 16, wherein the vanes are straight and

radially oriented with respect to the rotatable shaft.

18. The motor system of claim 16, wherein the vanes are curved.

19. The motor system of any one of claims 15 to 18, wherein the armature
housing includes an exterior surface having a depression formed adjacent the opening in the

armature housing to accommodate the repeller.
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20.  The motor system of any one of claims 15 to 18, wherein the armature
housing includes an exterior surface having a protrusion that 1s pernnmetrically disposed about
the opening, and wherein the protrusion and exterior surface define a depression adjacent the

opening 1n the armature housing for accommodating the repeller.

21.  The motor system of any one of claims 15 to 20, further comprising at
least one moisture detector disposed within the armature housing, the moisture detector

adapted to detect when moisture within the armature housing exceeds a predetermined

threshold.

22.  The motor system of any one of claims 15 to 21, further comprising a

pump impeller operationally connected to the rotatable shafft.

23.  The motor system of any one of claims 15 to 22, further comprising a

cooling device adapted to cool the main motor.

24.  The motor system of claim 23, wherein the cooling device includes a

cooling jacket for circulating fluid around the main motor.

25.  The motor system of claim 23, wherein the cooling device includes a

cooling fan rotationally mounted outside the armature housing and adapted so that, when
rotated, the cooling fan creates an airflow for cooling the main motor, the motor system
further comprising a torque-limiting device to reduce drag created by the cooling fan when

the motor system 1s operated in an at least partially immersed condition.

26. The motor system of claim 25, further comprising a fan motor

operationally connected to the cooling fan for driving the cooling fan.
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27.  The motor system of claiam 26, wherein the torque-limiting device
includes a switching device adapted to shut the fan motor off when the motor system 1s

operated 1n an at least partially immersed condition.

28.  The motor system of claim 25, wherein the cooling fan i1s operationally
connected to the main motor, and wherein the torque-limiting device includes a shear key

operationally connected between the cooling fan and the main motor.

29.  The motor system of claim 25, wherein the cooling fan 1s operationally
connected to the main motor, and wherein the torque-limuting device includes a clutch

operationally connected between the cooling fan and the main motor.

30.  The motor system of claim 25, wherein the cooling fan includes a fan

blade made of a resilient matenal, the fan blade comprising the torque-limiting device.

31.  An immersible pump system, comprising:

a main motor operable in an immersed condition and a non-immersed
condition, including an armature enclosed within a housing and a rotatable shaft that extends
out of the armature housing through an opening in the armature housing;

an 1mpeller connected to the rotatable shaft, the impeller being driven by the
main motor;

a repeller mounted to the rotatable shaft outside the armature housing and near
the opening, the repeller being adapted so that, when rotated, the repeller repels fluid and
other contaminants to prevent contamination from entering nto the armature housing through
the opening;

a cooling fan rotationally mounted outside the armature housing and adapted
so that, when rotated, the cooling fan creates an airflow for cooling the main motor; and

a torque-limiting device to reduce drag created by the cooling fan when the

immersible pump system 1s operated in an at least partially immersed condition.
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