
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

59
7 

76
2

A
2

TEPZZ 59776 A T
(11) EP 2 597 762 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
29.05.2013 Bulletin 2013/22

(21) Application number: 12185570.4

(22) Date of filing: 22.09.2012

(51) Int Cl.:
H02K 17/20 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 23.11.2011 US 201113303370

(71) Applicant: Hamilton Sundstrand Space Systems 
International, Inc.
Windsor Locks CT 06096-1010 (US)

(72) Inventors:  
• Gieras, Jacek F.

Glastonbury, Connecticut 06033 (US)
• Martin, Christopher Curtis

Byron, Illinois 61010 (US)

(74) Representative: Tomlinson, Kerry John
Dehns 
St Bride’s House 
10 Salisbury Square
London
EC4Y 8JD (GB)

(54) Rotors of induction motors

(57) A rotor (100) for an induction motor includes a
rotor body (101), the rotor body defining a central cavity
(106) configured to receive a motor shaft and having a
plurality of radial slots (107) formed therethrough, each
radial slot of the plurality of radial slots extends outward
radially from the central cavity to an outer surface of the
rotor body, a plurality of conductive bars (102) arranged
within the plurality of radial slots of the rotor body, wherein

each conductive bar of the plurality of conductive bars
extend outward radially within each radial slot from the
central cavity to the outer surface of the rotor body, a first
end ring (104) arranged on the rotor body in electrical
communication with each conductive bar of the plurality
of conductive bars, and a second end ring (104) arranged
on the rotor body in electrical communication with each
conductive bar of the plurality of conductive bars.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention is directed to induction
motors, and more particularly, rotors of induction motors.
[0002] Generally, an induction motor includes a plural-
ity of design specifications which are affected by an op-
erating environment. One example of such a design
specification is the starting current required to initiate ro-
tation of an induction motor from rest. Depending upon
relative temperature of the operating environment of the
induction motor, the starting current required to start the
motor from rest may be increased above a feasible
amount of current (e.g., as available from a power source
such as a battery). Under cryogenic temperature ranges
(e.g., temperature ranges of a relatively low mean value,
such as below -150 °C, -238 °F or 123 K) the starting
current may be even further affected, thereby negating
the possibility of use of conventional rotor designs in cry-
ogenic environments with available current limitations.

BRIEF DESCRIPTION OF THE INVENTION

[0003] According to the present invention, a rotor of an
induction motor includes a rotor body, the rotor body de-
fining a central cavity configured to receive a motor shaft
and having a plurality of radial slots formed therethrough,
each radial slot of the plurality of radial slots extends out-
ward radially from the central cavity to an outer surface
of the rotor body, a plurality of current-conducting bars
arranged within the plurality of radial slots of the rotor
body, wherein each current-conducting bar of the plural-
ity of current-conducting bars extend outward radially
within each radial slot from the central cavity to the outer
surface of the rotor body, a first end ring arranged on the
rotor body in electrical communication with each current-
conducting bar of the plurality of current-conducting bars,
and a second end ring arranged on the rotor body in
electrical communication with each current-conducting
bar of the plurality of current-conducting bars.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The subject matter which is regarded as the in-
vention is particularly pointed out and distinctly claimed
in the claims at the conclusion of the specification. The
foregoing and other features, and advantages of the in-
vention are apparent from the following detailed descrip-
tion taken in conjunction with the accompanying draw-
ings in which:
[0005] FIG. 1 is an isometric view of a rotor of an in-
duction motor, according to an exemplary embodiment
of the present invention;
[0006] FIG. 2 is an isometric view of rotor laminations
of the rotor of FIG. 1;
[0007] FIG. 3 is an isometric view of the rotor lamina-
tions and end rings of the rotor of FIG. 1;

[0008] FIG. 4 is an expanded cross sectional view of
an arc segment of the rotor laminations of the rotor of
FIG. 1; and
[0009] FIG. 5 is a cross-sectional view of an induction
motor, according to an exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0010] As described above, an induction motor in-
cludes a plurality of design specifications, including a tar-
get starting current, which may be affected by an oper-
ating environment. In particular, in cryogenic tempera-
ture ranges the starting current required to start the motor
may exceed the specification and, thus, exclude conven-
tional rotor designs in cryogenic environments. However,
exemplary embodiments of the present invention provide
a rotor of an induction motor which overcomes the draw-
backs of conventional rotor designs in response to oper-
ation within cryogenic temperature ranges. The technical
effects and benefits of one or more embodiments of the
present invention include a rotor which includes a rela-
tively stable starting current which exploits the benefits
of deep bar and surface skin current effects to achieve
a low starting current in cryogenic temperature ranges.
[0011] Turning to FIG. 1, an isometric view of a rotor
of an induction motor rotor 100 is illustrated. As shown,
the rotor 100 includes rotor body 101. The rotor body 101
may include a plurality of rotor laminations. For example,
the rotor body 101 may be formed of silicon steel lami-
nations (e.g., M19 specification silicon steel) or other suit-
able laminations, or may be formed of sintered ferromag-
netic powder. The rotor 100 may include a central cavity
106 formed through the rotor body 101 such that a motor
shaft may be arranged therein. For example, the central
cavity 106 may be a generally cylindrical cavity config-
ured to engage a cylindrical motor shaft. The rotor body
101 may include a plurality of radial slots 107 formed
therethrough. The radial slots 107 may be formed prox-
imate the central cavity 106 and extend radially outward
therefrom. In one embodiment, each radial slot of the
plurality of radial slots 107 is an open slot, rather than a
semi-closed slot, formed through an outer cylindrical sur-
face of the rotor body 101. Further, each radial slot of the
plurality of radial slots 107 may be configured to receive
and support a deep current conductive bar 102. Each
deep bar 102 may be formed of a conductive material
configured to have a relatively high resistivity at room
temperature which decreases at a stable rate in response
to a decrease in temperature. Thus, as temperature de-
creases to cryogenic levels, the resistivity of the deep
bars 102 should be in a range typical of common con-
ductors at room temperature. In this manner, the opera-
tional characteristics of the rotor 100 at cryogenic tem-
peratures may be on par with those of conventional rotors
at room temperature.
[0012] A suitable material for the deep bars 102 may
include an alloy of aluminum bronze. According to at least
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one exemplary embodiment, the composition of alumi-
num bronze may include about 81% Cu, 4.0% Fe, 4.5%
Ni (or Co), 9 to 9.5% Al, and 1.0% Mn. Other alloys with
somewhat similar resistive properties are also applica-
ble. Therefore, the particular alloy composition depicted
here is merely explanatory in nature to aid in understand-
ing of the current-conducting effects of such a material
under cryogenic temperatures. For example, according
to one exemplary embodiment, the aluminum bronze al-
loy comprises more than 5% aluminum and at least 80%
copper. Furthermore, the aluminum bronze alloy may
comprise at least eighty-one percent (81%) copper and
nine percent (9%) aluminum. Furthermore, the aluminum
bronze alloy may further comprise at least four percent
(4%) nickel or cobalt. Even further, the aluminum bronze
alloy may further comprise at least four percent (4%) iron.
Accordingly, several different compositions may be
equivalently applicable to any desired implementation.
[0013] Turning back to FIG. 1, the rotor 100 further
includes end rings 104 arranged on the rotor body 101.
Each end ring 104 may include a plurality of radial slots
105 formed therethrough which are each complementary
to an associated radial slot 107 of the rotor body 101.
Therefore, some or all of the deep bars 102 may protrude
into associated radial slots 105 of each end ring 104. The
end rings 104 may be formed of a conductive material
with a relatively low resistivity at room temperature. For
example, an appropriate conductive material may in-
clude copper or aluminum. According to at least one ex-
emplary embodiment of the present invention, each end
ring 104 is formed of elemental copper. Furthermore, ac-
cording to at least one exemplary embodiment of the
present invention, each end ring 104 is electrically joined
to all deep bars 102 through a plurality of conductive for-
mations 103. The conductive formations 103 may be
welds or other suitable formations configured to promote
electrical conductivity between each end ring 104
through the deep bars 102. If the conductive formations
103 are welds, an appropriate welding technique which
exploits the material properties of the deep bars 102 and
end rings 104 may be used. For example, an inert gas
welding technique including tungsten inert gas (TIG)
welding may be used. Thus, oxidation may be reduced
and good electrical conductivity achieved. Furthermore,
a cross sectional area of each radial slot 105 may be
chosen based upon the desired welding technique to pro-
mote proper coalescence through the formation of a weld
pool filling each of the radial slots 105. According to at
least one exemplary embodiment of the present inven-
tion, each radial slot 105 has a triangular cross section
promoting the formation of a weld pool in maximal contact
with material from the end rings 104 relative to weld pool
contact with each deep bar 102.
[0014] Turning now to FIG. 2, an isometric view of rotor
laminations of the rotor of FIG. 1 is provided. As illustrat-
ed, each deep bar 102 may protrude from the rotor body
101 to promote engagement with the end rings 104 illus-
trated in FIG. 1. Furthermore, a notch or key slot 201 may

be formed along the cavity 106 to promote securing of a
motor shaft thereto.
[0015] Turning now to FIG. 3, an isometric view of the
rotor laminations and end rings of the rotor of FIG. 1 is
provided. As illustrated, each deep bar 102 protrudes
from the rotor body 101 to promote engagement with the
end rings 104. As further illustrated, the triangular cross
section of the plurality of slots 105 promote formation of
a weld pool for use in joining each end ring 104 to each
deep bar 102.
[0016] Turning now to FIG. 4, an expanded cross-sec-
tional view of an arc segment of the rotor laminations of
the rotor of FIG. 1 is provided. As shown, each radial slot
107 of the rotor body 101 extends outward radially. Fur-
thermore, each radial slot 107 has a rectangular cross
section disposed to support an associated deep bar 102.
Moreover, although each deep bar 102 protrudes axially
into end rings 104, there is virtually no radial protrusion.
Therefore, a relatively stable and minimal air gap be-
tween the rotor 100 and a stator is maintained during
rotation of the rotor 100 (illustrated in FIG. 5). For clarity,
radial slots 107A and 107B are illustrated without a deep
bar arranged therein.
[0017] FIG. 5 is a cross-sectional view of an induction
motor 500 including the rotor 100 of FIG. 1, according to
an exemplary embodiment of the present invention. It
should be noted that end rings 104 and deep bars 102
have been omitted from the illustration for clarity. A cen-
tral axis of the central cavity 106 of the rotor 100 is col-
linear with a central axis of the stator 501. Due to the
particular arrangement of the radial slots within the rotor
body 101, and due to the relatively high resistivity of as-
sociated deep bars, when the rotational frequency of the
rotor 100 is on par with the rotational frequency of the
stator 501 (e.g., stalled motor or a motor at rest), electrical
current and magnetic flux are concentrated near an air
gap 502 between the rotor 100 and stator 501 (e.g., skin
effect). As the rotational frequency of the rotor 100 in-
creases relative to the stator 501 (e.g., increasing speed
of rotation), a deep bar effect forms driving electrical cur-
rent into each radial slot 107 through the deep current
conductive bars 102. Due to the skin effect and deep bar
effect promoted by both the material of each deep cur-
rent-conducting bar 102 and end ring 104, even at cryo-
genic temperatures, the rotor 100 allows for a relatively
low starting current and stable steady-state operating
current. As such, the rotor 100 may be relatively stable
and appropriate for use in cryogenic environments such
as within liquid hydrogen tanks (e.g., for cryogenic recir-
culation / thermal conditioning applications) and space
or aerospace environments.
[0018] While the invention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the in-
vention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent ar-
rangements not heretofore described, but which are com-
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mensurate with the scope of the invention, which is de-
fined by the claims. Additionally, while various embodi-
ments of the invention have been described, it is to be
understood that aspects of the invention may include only
some of the described embodiments. Accordingly, the
invention is not to be seen as limited by the foregoing
description, but is only limited by the scope of the ap-
pended claims.

Claims

1. A rotor for an induction motor, comprising:

a rotor body, the rotor body defining a central
cavity configured to receive a motor shaft and
having a plurality of radial slots formed there-
through, wherein each radial slot of the plurality
of radial slots extends outward radially from the
central cavity to an outer surface of the rotor
body;
a plurality of current-conducting bars arranged
within the plurality of radial slots of the rotor
body, wherein each current-conducting bar of
the plurality of current-conducting bars extend
outward radially within each radial slot from the
central cavity to the outer surface of the rotor
body;
a first end ring arranged on the rotor body in
electrical communication with each current-con-
ducting bar of the plurality of current-conducting
bars; and
a second end ring arranged on the rotor body in
electrical communication with each current-con-
ducting bar of the plurality of current-conducting
bars.

2. The rotor of claim 1, wherein the rotor body is a lam-
inated rotor body formed of a plurality of laminations
or formed of sintered ferromagnetic powder; prefer-
ably
wherein the laminated rotor body is formed of a plu-
rality of silicon steel laminations.

3. The rotor of claim 1 or 2, wherein each current-con-
ducting bar of the plurality of current-conducting bars
is formed of a material with a resistivity higher than
elemental copper.

4. The rotor of claim 1, 2 or 3, wherein each current-
conducting bar of the plurality of current-conducting
bars is formed of a bronze alloy.

5. The rotor of claim 4, wherein each current-conduct-
ing bar of the plurality of current-conducting bars is
formed of an aluminum bronze alloy.

6. The rotor of claim 5, wherein the aluminum bronze

alloy comprises more than 5% aluminum.

7. The rotor of claim 5 or 6, wherein the aluminum
bronze alloy comprises at least eighty-one percent
(81 %) copper and nine percent (9%) aluminum.

8. The rotor of claim 6 or 7, wherein the aluminum
bronze alloy further comprises at least four percent
(4%) nickel or cobalt; preferably
wherein the aluminum bronze alloy further compris-
es at least four percent (4%) iron.

9. The rotor of any preceding claim, wherein the first
end ring comprises:

a central hole complementary to the central cav-
ity of the rotor body; and
a second plurality of radial slots formed there-
through arranged complementary to each radial
slot of the plurality of radial slots of the rotor
body.

10. The rotor of claim 9, wherein each current-conduct-
ing bar of the plurality of current-conducting bars pro-
trudes into an associated radial slot of the second
plurality of radial slots of the first end ring.

11. The rotor of claim 10, further comprising an electri-
cally conductive formation formed within each radial
slot of the second plurality of radial slots of the first
end ring, the electrically conductive formation being
configured to promote electrical conductivity be-
tween each current-conducting bar and the first end
ring; preferably
wherein the electrically conductive formation is a
weld; more preferably wherein each weld is a tung-
sten inert gas (TIG) formed weld.

12. The rotor of claim 11, wherein each radial slot of the
second plurality of radial slots has a triangular cross
section configured to support each electrically con-
ductive formation.

13. The rotor of claim 9, 10, 11 or 12, wherein the second
end ring comprises:

a central hole complementary to the central cav-
ity of the rotor body; and
a third plurality of radial slots formed there-
through arranged complementary to each radial
slot of the plurality of radial slots of the rotor
body.

14. The rotor of claim 13, wherein each current-conduct-
ing bar of the plurality of current-conducting bars pro-
trudes into an associated radial slot of the third plu-
rality of radial slots of the second end ring.
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15. The rotor of claim 14, further comprising an electri-
cally conductive formation formed within each radial
slot of the third plurality of radial slots of the second
end ring, the electrically conductive formation being
configured to promote electrical conductivity be-
tween each current-conducting bar and the second
end ring; preferably
wherein each radial slot of the third plurality of radial
slots has a triangular cross section configured to sup-
port each electrically conductive formation.
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