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Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue,

ABSTRACT OF THE DISCLOSURE

An elongated electric motor having a stator compris-
ing a plurality of magnetic laminations. A rotor includ-
ing a plurality of segments and a supporting shaft dis-
posed within the stator. The rotor is supported by a
plurality of spaced apart bearing assemblies which in-
clude a stationary journal supporied by the stator and a
sleeve which rotates with the shaft. The journal is made
of a non-magnetic material having a resistivity of at
least 100 microhms/cm.? when measured at 20 degrees
centigrade.

This invention relates to shaft bearing arrangements
in electric motors. More particularly, it relates to shaft
bearing arrangements associated with motors which are
extremely long relative to their diameter, such as sub-
mersible electric motors as used in deep well pumps.

In a typical submersible deep well pump, drive shaft
rotation is provided by an alternating current motor op-
eratively associated with the pump and disposed near
the bottom of the well. Due to the operational environ-
ment and the horsepower requirements of the pump, the
motor must be constructed with a very large length to
diameter ratio. For this reason, it has been found neces-
sary to support the rotor shaft of the motor at regular
intervals upon bearing assemblies. These bearings sta-
bilize the rotor during motor operation, thus maintain-
ing the proper spacing between the rotor and stator, and
minimizing the necessary air gap between these elements
to assure efficient motor operation.

The bearing assemblies normally used to support the
rotor include sleeve portions secured to the shaft for
rotation with the shaft, and stationary bearings or jour-
nals which surround the sleeve and retain the sleeve and
rotor shaft in proper radial alignment. The stationary
bearings are usually placed in the internal bore of the
motor stator when the rotor is assembled into the stator.
This retains the bearings in their proper position and
prevents movement during motor operation.

An immediate problem which arises with the use of
such a bearing assembly is the possibility of rotation of
the stationary bearing element due to the effects of the
rotating magnetic field produced by the motor stator.
Such rotation causes over-heating of the bearing which
in turn adds substantial heat to the entire motor assembly
and results in significant loss of operating efficiency. Ad-
ditionally, such rotation damages the motor stator and
the stationary bearing element, requiring premature
maintenance or replacement of these components.
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This problem was recognized early in the construction
of submersible pump motors and many attempts have
been made to provide an effective solution. The most
direct method has been to provide a stator core which
is discontinuous in the areas which contact the stationary
bearing elements. This was accomplished by including
groups of non-magnetic laminations in the stator core
assembly. In this manner, the magnetic field was inter-
rupted at the bearing locations, and rotation of the sta-
tionary bearing element was prevented.

As can be readily appreciated, such an arrangement
is expensive, and the assembly procedures required to
construct the stator core are extremely time-consuming.
1t is obvious that the most efficient arrangement for the
construction of the stator core would be to utilize a ho-
mogeneous arrangement of magnetic core laminations.

In order to provide this desirable arrangement, at-
tempts have been made to prevent stationary bearing
element rotation by the use of non-magnetic bearing
material. In theory, a non-magnetic bearing would not
be affected by the magnetic field of the stator and would,
therefore, remain stationary during motor operation. In
practice, however, it has been found that even with the
use of non-magnetic bearing material, serious problems
of stationary bearing element rotation have occurred.
Thus, to date, the only effective way to eliminate such
rotation has been the use of non-magnetic stator lamina-
tions in the bearing areas, and all commercial embodi-
ments of submersible pumps have necessarily utilized this
approach.

The reason that the use of non-magnetic stationary
bearings has not effectively eliminated the problem is
that factors in addition to the magnetic property of the
stationary bearing element cause bearing rotation. In
many metals, the presence of a strong magnetic field in-
duces intermolecular currents commonly referred to as
eddy currents. These eddy currents create heat in the
material subjected to the magnetic field. Additionally,
when the magnetic field to which the material is sub-
jected is rotating, as in a motor, the eddy currents tend
to cause the element disposed in the magnetic field to
rotate also. Therefore, to provide a stationary bearing
element which operates effectively in the magnetic field
of the motor, it is necessary that it be formed not only
of non-magnetic material, but also of a material which
resists the inducement of internal eddy currents,

Accordingly, it is the principal object of the present
invention to provide an improved bearing arrangement
for use in elongated electric motors to provide support
for the motor rotor at intervals along the length of the
rotor shaft.

It is another object of the present invention to provide
an improved bearing arrangement for rotor support at
intervals along the length of the rotor shaft, wherein
the motor stator may be made of a homogeneous group-
ing of magnetic laminations.

It is another object of the present invention to provide
an improved bearing arrangement of the type described
which eliminates the tendency of the sationary bearing
element to rotate in the presence of the magnetic field
established by the motor stator.

It is still a further object of the present invention to
provide an improved bearing arrangement of the type de-
scribed which includes a stationary bearing element which
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is constructed of non-magnetic material and which resists
the establishment of eddy currents when subjected to the
stator magnetic field.

These and other objects and advantages of the present
invention will become apparent with reference to the fol-
lowing description and accompanying drawing.

In the drawing:

FIGURE 1 is a fragmentary view of an elongated elec-
tric motor partly in section illustrating various of the fea-
tures of the present invention; and

FIGURE 2 is an enlarged view of a portion of the
apparatus of FIGURE 1.

Very generally, the present invention relates to a non-
magnetic bearing arrangement in an elongated electric
motor which provides support for the motor rotor at
intervals along its length and which operates satisfactorily
in a magnetic field established by a motor stator con-
structed of a homogeneous grouping of magnetic lamina-
tions.

More particularly, and with reference to the drawings,
there is shown an elongated electric motor generally des-
ignated 11 and illustrating the principles of the present
invention. In the illustrated embodiment, the motor 11 in-
ctudes a housing 13, a stator 15 and a rotor 17. The stator
is composed of a plurality of laminations 19 formed of
magnetic material. The stator is fixed to housing 13,

A rotatable shaft 21 extends beyond the ends (not
shown) of the stator and may be provided with conven-
tional radial and thrust bearings (also not shown). The
shaft is concentric with the housing 13 and the stator 15,
and provides a mounting for rotor 17.

A series of rotor sections 23 surround the shaft at
axial intervals and are separated to allow sufficient space
for an alternate series of bearing assemblies 25. The rotor
sections-additionally have an outer diameter smaller than
the inner dimension of stator 15 establishing an air gap
26 to allow axial flow of coolant from a source (not
shown). The length of the shaft 21 is determined by the
number of rotor sections required to provide a motor of
adequate horsepower for the application in which it is to
be used. The number of bearing assemblies 25 and their
spacing is a function of the mechanical strength of the
shaft, the air gap tolerance and other particular design
parameters. The alternating rotor-bearing combination ex-
tends the length of stator 15.

As best seen in FIGURE 2, each of the bearing assem-
blies include a non-magnetic bushing or sleeve 27 appro-
priately fixed to shaft 21. The sleeve cooperates with a
non-magnetic stationary bearing or journal 29 to support
the rotor in proper radial alignment. The stationary bear-
ing includes an internal ring portion 31 which slidably
engages the sleeve allowing relative rotation between the
sleeve and ring portion 31 as the sleeve rotates with the
shaft 21.

An external ring portion 33 of the bearing 29 is secured
to stator 15 and remains stationary relative to the stator.
Connection between the bearing external ring 33 and
stator 15 is effected by pressing the bearing into the in-
ternal diameter of the stator when the rotor is positioned
in the stator during motor assembly.

A plurality of axial passageways 35 are also included
in the bearing 29 to allow the continued axial flow of
coolant.

In accordance with the present invention, the bearing
29 is constructed of a material which is not only non-
magnetic, but is also resistant to the inducement of eddy
currents when subjected to a magnetic field. To accom-
plish the latter, it is necessary that the material have a
relatively high resistance to the flow of electrical current.
This property, known as high resistivity, is essential to the
use of stationary bearings of the type described in a motor
having a homogeneous magnetic stator.

It has been found that the resistivity of the material
used must be at least 100 microhms/cm.? (when meas-
ured at 20° C.). Above this level, resistance to the in-
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ducement of electrical current in the bearing is adequate
to prevent excessive heat peneration and bearing rota-
tion.

One material that has been found to possess the essen-
tial qualities of insensitivity to magnetism (i.e. low per-
meability) and resistance to the establishment of eddy
currents (i.e, high resistivity) is a material produced by
the International Nickel Company under the trade name
“Ni Resist” iron. This material is an alloy of iron con-
taining nickel, copper and, chromium.

One form of “Ni Resist” iron found particularly suit-
able for use in the bearing journal 29 is “Ni Resist” Type
II. It is a cast iron alloy containing about 18.0 to 22.0
percent nickel, about .50 percent copper, and about 1.75
to 2.50 percent chromium. This material has a permea-
bility of 1.03 (compared to 125 for gray cast iron) and
a resistivity of 130-170 microhms/cm.3 at 20° C. (com-
pared to 75-100 for gray cast iron).

Another cast iron alloy found to operate satisfactorily
includes about 3 percent carbon, about 13.5 to 17.5 per-
cent nickel, about 5.5 to 7.5 percent copper, and about
1.75 to 2.50 percent chromium.

In tests on a variety of bearing materials, it was found
that certain materials, even though non-magnetic, did not
operate satisfactorily if their resistivity fell below the
above-mentioned value. Among the materials tried were
aluminum (resistivity 2.8 microhms/cm.? at 20° C.) and
brass (resistivity 6.21 microhoms/cm.? at 20° C.).

Therefore, it is believed that to eliminate effectively
the sensitivity of the bearing journal 29 to the presence of
the magnetic field of the stator 15, the bearing must be
constructed of a material that is non-magnetic and addi-
tionally possesses a high resistivity to electrical current,
specifically a resistivity in excess of 100 microhms/cm.3
measured at 20° C.

[While certain specific iron alloys have been de-
scribed, any suitable material such as carbon, plastic, or
non-ferrous metals possessing the necessary properties de-
scribed may be used.}

Various of the features of the invention have been par-
ticularly shown and described. However, it should be
obvious to one skilled in the art that numerous modifica-
tions may be made without departing from the spirit and
scope of the invention,

What is claimed is:

1. An elongated electric motor comprising a housing,
a homogeneous stator composed of a plurality of mag-
netic laminations and mounted in said housing, a shaft, a
rotor which includes a plurality of spaced apart rotor sec-
tions mounted on said shaft, said shaft rotatably mounted
within said stator, a plurality of spaced apart bearing
assemblies between adjacent rotor sections and support-
ing said shaft; each of said bearing assemblies including
a stationary journal which engages said stator, said jour-
nal being composed of a non-magnetic metallic material
having a resistivity of at least 100 microhms/cm.? meas-
ured at 20° centigrade.

2. An elongated electric motor as claimed in claim
1 wherein each of said bearing assemblies includes a
sleeve secured to said shaft, each of said journals includ-
ing an internal ring portion which slidably engages said
sleeve and an external ring portion which engages said
stator, each of said stationary journals further including
means defining at least one axial passageway between said
internal portion and said external portion.

3. An elongated electric motor as claimed in claim 1
wherein each of said stationary journals is composed of
a cast iron alloy.

4. An clongated electric motor as claimed in claim 1
wherein each of said stationary journals is composed of
a cast iron alloy containing about 18 to 22 percent nickel,
about .50 percent of copper, and about 1.75 to 2.50 per-
cent chromium.

5. An elongated electric motor as claimed in claim 1
wherein each of said stationary journals is composed of
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a cast iron alloy containing about 3 percent carbon,
about 13.5 to 17.5 percent nickel, about 5.5 to 7.5 per-
cent copper, and about 1.75 to 2.50 percent chromium,
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