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PCT/US97/16571                        REDUCED NOISE RELUCTANCE MACHINE
FIELD OF THE INVENTION   5           This invention in general relates to
reluctance machines and machine systems and. in particular,       to
switched reluctance machines and machine systems. More specifically, the
present invention relates       to a method and apparatus for improving the
performance of a switched reluctance machine by reducing       noise.
BACKGROUND OF THE INVENTION  10           Reluctance machines are well
known in the art. In general a reluctance machine is an electric
machine in which torque is produced by the tendency of a movable part to
move to a position where the        inductance of an excited winding is
maximized (i.e. the reluctance is minimized).               In one type of
reluctance machine the phase windings are energized at a controlled
frequency.        This type of reluctance machine is generally referred to
as a synchronous reluctance machine. In another  15  type of reluctance
machine, circuitry is provided to determine the position of the machine's
rotor, and the        windings of a phase are energized as a function of
rotor position. This type of reluctance machine is        generally
referred to as a switched reluctance machine. Although the description of
the current invention        is in the context of a switched reluctance
machine, the present invention is applicable to all forms of
reluctance machines, including synchronous and switched reluctance motors
and to other machines that  20   have phase winding arrangements similar to
those of switched reluctance machines.                The general theory of
design and operation of switched reluctance machines is well known and
discussed, for example in The Characteristics, Design and Applications of
Switched Reluctance Motors        and Drives, by Stephenson and Blake and
presented at the PCIM '93 Conference and Exhibition at        Nuremberg,
Germany, June 21-24, 1993.  25            As a switched reluctance motor
(or generator) operates, magnetic flux is continuously increasing
and decreasing in different parts of the machine. The changing flux results
in fluctuating magnetic forces        being applied to the ferromagnetic
parts of the machine. These forces can produce unwanted noise and
vibration, One major mechanism by which these forces can create noise is
the ovalizing of the stator caused
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PCT/US97116571       by magnetic forces normal to the air-gap. Generally,
as the magnetic flux increases along a given diameter       of the stator,
the stator is pulled into an oval shape by the magnetic forces. As the
magnetic flux decreases,       the stator pulls or springs back to its
undistorted shape. This ovalizing and springing back of the statorwill
produce audible noise and can cause unwanted vibration.  5            In
addition to the stator distortions resulting from the phenomena described
above, the fluctuating        magnetic forces in the motor can distort the
stator in other ways, as well as distorting the rotor and other
parts of the machine system. For example, distortions of the rotor can
cause resonance of the rotor end-        shields. These additional
distortions are another potential source of unwanted vibration and noise.
Another source of undesirable noise in reluctance machines include the
"siren" effect often  10   associated with such machine. As explained
above, the rotors and stators used in most reluctance machines
include salient poles. The mechanical structure resulting from the
placement of such a salient pole rotor        within a core defined by a
salient pole stator is similar in some respects to a siren and can, in some
instances, produce unwanted audible noise according to the same
phenomenontaken advantage by a siren to        produce noise.  15
A still further source of unwanted noise associated with some reluctance
machines is the noise that        results as air is drawn into and passed
through the reluctance machine during operation. During operation of
many reluctance machines, the rotation of the rotor, especially at high
speeds, tends to draw air into and        through the cavity within which
the rotor is positioned resulting in undesirable "windage" noise.
Although the problem of unwanted acoustic noise and vibration has been
recognized, known  20 control systems for reluctance motors do not
adequately solve the problem. One proposed solution has been        to
implement complicated control techniques to carefully control the currents
applied to the phase windings        of the machines. Certain of such
approaches are generally discussed in C.Y. Wu and C. Pollock, "Analysis
and Reduction of Vibration and AcousticNoise in the Switched Reluctance
Drive," Proceedings of the IAS        '93 pp. 106-113 (1993). While these
current control approaches can reduce the noise produced by a  25
reluctance machine they are often difficult and costly to implement.
Moreover, these types of reduced-         noise current switching schemes
constitute only one possible form of noise reduction and do not necessarily
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noise.               It is an object of the present invention to provide
for a reduced noise reluctance machine that can be       easily
constructedand that can operate, in isolation or in combination with
reduced-noisecurrent switching       schemes to reduce the noise produced
by a reluctance machine.  5                                     SUMMARY OF
THE INVENTION                The present invention concerns a reduced noise
reluctance machine.                In accordance with one aspect of the
present invention a reduced noise reluctance machine is        provided
that includes a stator defining a plurality of inwardly projecting stator
poles, where the        projecting stator poles define inter-pole regions
between the stator poles and a central bore, and where  10   each stator
pole terminates in a region defining a concave surface, where the concave
surface has a given        radius of curvature at least one phase winding
having a winding coil that is wound about at least one of        the stator
poles, where portions of the winding coil are positioned in at least one
inter-polar region, and        where the portion of the winding coil
includes an outer surface facing the central bore; and a contoured
top-stick positioned within the at least one inter-polar region on the
outer surface of the portion of the  15   winding coil, wherein the
contoured top-stick has an outer concave surface where the radius of
curvature        of the top-stick's outer surface is substantially the same
as the given radius of curvature.                In accordance with another
embodiment of the present invention a reduced noise reluctance
machine is provided where the machine comprises a stator, the stator
defining an outer surface, the stator        having opposed first and
second ends; and a first endshield, the endshield defining a cavity having
a first  20   surface and a second surface where the first surface is
substantially perpendicular to the second surface;        wherein the
stator is positioned with respect to the first endshield such that the
outer surface of the first        end of the stator mates with both the
first and second surfaces. A second, similar endshield may also be
provided.                 A still further aspect of the present invention
relates to a terminal housing for coupling the  25   terminal ends of a
plurality of phase windings of an electric machine to a source of electric
power, where         the terminal housing comprises: a central portion
defining a plurality of hollow cavities, the hollow   
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PCT/US97/16571       cavities adapted to receive the terminal ends of the
phase windings; at least one projecting leg projecting       outward from
the central portion in a first direction; and first and second wing members
extending in       opposite directions from the central portion where the
first and second wing members extend in       directions substantially
perpendicular to the first direction. A related aspect of the present
invention  5   includes the use of the identified terminal housing in a
reluctance machine.                In accordion with yet another aspect of
the present invention a dust cover for a reluctance        machine
including a phase winding and a projecting terminal housing for connecting
electric power to        the phase winding is provided, wherein the dust
cover includes a passage adapted to receive the terminal        housing
where the passage is defined by a plurality of flexible projections,
separated by slits.  10            Other aspects of the present invention
relate to the use of the top-sticks, first and second        endshields and
dust cover described above to construct a reduced noise reluctance machine.
Other aspects and advantages of the present invention will become apparent
upon reading the        following detailed description and upon reference
to the drawings.                                    BRIEF DESCRIPTION OF
THE DRAWINGS  15            Figure 1A illustrates one embodiment of a fully
assembled machine in accordance with the        invention.
Figure 1B is an exploded view of a machine in accordance with the
invention.                Figure 2A-2C illustrates a topstick of a machine
in accordance with the invention.                Figure 3A is a cross
section of the stator of a machine in accordance with the invention.  20
Figures 3B and 3C illustrate a side cross sectional view of a machine in
accordance with the        invention.                 Figure 4A-4B
illustrates a winged-terminal housing of a machine in accordance with the
invention.                 Figure 4C illustrates a cross section of a
stator.  25          Figure 4D illustrates side cross sectional view of a
portion of a machine in accordance with the         invention. 
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PCT/US97/16571               Figure 5 is a detailed view of a dustcover for
a machine in accordance with the invention.
DETAILED DESCRIPTION OF THE INVENTION               Figures 1A and 1B show
an exemplary reduced noise reluctance machine 10 in accordance with
the present invention is show. Figure 1A illustrates a side view of a
completely assembled machine 10  5   and Figure 1B illustrates an exploded
perspective view of machine 10 and its individual components.
Referring to Figures 1A and I B, the reluctance machine 10 includes a
central stator 11 that is        comprised of a stack of substantially
identical laminations of appropriate material (e.g., laminated steel).
A front endshield 12a and a rear endshield 12b are positioned adjacent to
and attached to the stator 11 by        a number of bolts 13a and nuts 13b
which pass through holes defined by the front and rear endshields  10   14a
and 14b and through holes defined by the stator 11. Only one exemplary nut
and bolt combination        13a and 13b is illustrated in Figure 1B
although it will be understood that a greater number may be        required
to adequately couple the front and rear endshields 12a and 12b to the
stator 11.                In the embodiment of machine 10 illustrated in
Figures 1A and 1B, the laminations of the stator        11 define a number
of inwardly projecting stator poles that define a central bore. Positioned
about these  15   stator poles are a number of phase windings which may be
wound in a conventional fashion. Top-sticks        35 are positioned within
the inter-polar regions of the stator and are used to cover the portion of
the        phase windings that would otherwise be exposed to the central
bore of the stator. In the exemplary        embodiment of Figures 1A and 1B
there are three phase windings, each having first and second ends,
where each of the ends of the phase windings terminates in a terminal. The
six terminals associated with  20   the three phase windings of machine 10
are positioned within a winged-terminal housing 15.                A rotor
assembly 16 is positioned within the central bore is defined by the
inwardly projecting        stator poles. In the exemplary embodiment of
Figures 1A and 1B, the rotor assembly 16 comprises a        stack of
substantially identical rotor laminations that is coupled to a shaft 19.
Bearing assemblies 17a        and 17b are also coupled to the shaft on
opposite sides of the rotor stack. The bearing assemblies 17a  25   and 17b
may be held in position by, for example, a clip mechanism such as that
illustrated as element 18  
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PCT/US97/16571               The rotor assembly 16 fits within the central
bore defined by the stator poles and is held in place       by the
relationship between the bearing assemblies 17a and 17b and the front and
read endshields 1 2a       and 12b. In the exemplary embodiment of Figures
1A and 1B, both the front and the rear endshields 12a       and 12b define
circular recesses that are sized to receive the bearing assemblies 17a and
17b such that,  5   when the endshields are coupled to the stator 11, the
bearing assemblies 17a and 17b will be held in        place by the
endshields and the rotor 16 will be held in place within the central bore
of the stator 11. A        compression mechanism, such as spring 20 may be
used to hold the rotor assembly snugly in place.                As
reflected in Figures 1A and 1B the front portion of shaft 19 extends
through a bore defined by        the front endshield 12. The front portion
of the shaft includes a grooved member 21 which may be  10   coupled to a
load such that operation of the machine 10 will drive the load in an
appropriate fashion.                As reflected in Figure IB, the rear
portion of shaft 19 terminates in a smaller-diameter section 22        that
passes through a bore defined by the rear endshield 12b. A shutter
mechanism 23 is coupled to the        smaller-diameter section 22 by a clip
24. As reflected in Figure 1B, the shutter mechanism 23 defines a
number of projecting shutter teeth.  15            A sensor board 25 is
coupled to the rear endshield 12b by bolts or screws 26 (only one of which
is illustrated in Figure 1B). In the example of Figure 1B, the sensor board
25 includes one or a number        of optical sensors that receive the
shutter teeth of shutter mechanism 23 and generate signals which
provide an indication of the angular position of the rotor with respect to
the stator. The leads that carry        the rotor position signals are
coupled to output wires at a plug 27 which extends from sensor board 25.
20            One preferred method for positioning shutter 23 with respect
to the rotor 16, and one preferred         arrangement of the shutter
mechanism 23 and sensor board 24 is described in co-pending, commonly-
assigned, patent application Serial No. 08/724,690, entitled "METHOD AND
APPARATUS FOR         ALIGNING A ROTOR POSITION TRANSDUCER" by Barry M.
Newberg, filed on October 1, 1996, the         specification and disclosure
of which is incorporated by reference.  25            A dust cover 30 is
positioned over the shutter mechanism 23 and sensor board 25 and coupled to
rear endshield 12b by way of a simple interlocking arrangement whereby the
dust cover 30 includes  
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PCT/US97/16571       small projections that "snap" into recesses in the
rear endshield 12b. In the exemplary embodiment of       Figures 1A and 1B
the dust cover 30 is constructed of flexible plastic such that it may be
easily removed       and attached to the rear end-shield 12b.
The dust cover 30 defines first and second slitted regions 31 and 32. A
portion of winged-  5   terminal housing 15 extends through the first
slitted region 31 and a portion of plug 27 extends through        the
second slitted region.                As explained in greater detail below,
there are a number of features of machine 10 that tend to        reduce the
amount of noise generated by the machine during normal operation.
Specifically, the        construction of the top-sticks 35, the front and
rear end-shields 12a and 12b, the use of terminal housing  10   15, and
plug 27 and dust cover 30 all tend to reduce the noise level associated
with machine 10 during        normal operation.                One specific
feature of machine 10 that tends to reduce the noise output of the machine
is the        construction and placement of the topsticks 35 within the
inter-polar regions of the stator 11. This        feature of the present
invention is illustrated in greater detail in Figures 2A-2C.  15
Figure 2A illustrates in greater detail an exemplary topstitck 35
constructed according to various        aspects of the present invention.
The topstitck 35 in Figure 2A comprises a topstick 35 having a length
corresponding generally to the thickness of the stator 11. The topstick 35
has a central region of a first        thickness and two opposed lateral
regions 36a and 36b, where the thickness of the lateral regions is less
than the thickness of the central regions. In the specific embodiment of
topstick 35 illustrated in Figures  20   2A-2C, the lateral regions 36a and
36b define slight indented notches. This is better illustrated in Figure
2C which provides a cross-sectional view of several topsticks 35.
As reflected in Figure 2B, topstick 35 may be inserted into the inter-pole
regions of stator 11 to         cover the portion of the phase winding
positioned within that inter-pole region that would otherwise be
exposed. One exemplary system for positioning and holding topstick 35 in
place with respect to stator  25    11 is illustrated in Figure 2C. As
illustrated in Figure 2C, the stator each of the projecting poles of the
stator 11 defines small extending tangs 37 such that each inter-pole region
is associated with one tang 
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PCT/US97/16571       37a from one stator pole and a second tang 37b from
another stator pole. The topstick 35 may be placed       in the inter-pole
region such that the tangs 37a and 37b fit within the notches 36a and 36b
to hold the       topstick 35 in place. In the illustrated embodiment, the
topstick 35 sits "on top of the magnet wire       positioned within the
appropriate inter-pole region such that the magnet wire pushes on the
topstick 35  5   and provides a compressive force which helps hold the
topstick 35 in place.                Those of ordinary skill in the art
having the benefit of this disclosure will appreciate that the use
of tangs 37a and 37b and notches 36a and 36b are but one exemplary method
for coupling the topsticks        35 to the stator 11.
Topstick 35 defines an interior surface 37 that is not flat but instead is
contoured such that it  10   curves according to a radius that is
substantially equal to the radius associated with the curvature of the
stator poles. This is reflected in Figure 2C where the inner radius defined
by the stator poles and the        interior surface 37 of the topsticks is
substantially constant.                It has been determined that the use
of topsticks 35 having an appropriately contoured interior        surface
37 results in a reluctance machine that is less noisy than a similar
reluctance machine that does  15   not have any topsticks or that has
topsticks with flat (i.e., non-contoured) interior surfaces. It is believed
that a machine having a central stator bore with a substantially constant
radius will tend to retard the        previously describe "siren" effect
and also tend to reduce the "windage" noise that would otherwise be
produced as the salient pole rotor 16 rotated passes the salient pole
stator 11. Thus, the contoured        topsticks 35 constitute one
significant noise-reducing feature of machine 10.  20             Another
feature of machine 10 that is believed to significantly reduce the amount
of noise         produced by the machine concerns the construction and
design of the front and rear endshields 12a and         12b. In particular,
the front and rear endshields 12a and 12b are constructed such that they
define an         inner edge that has a varying thickness to contour to the
outside shape of the stator 11. When the front         and rear endshields
12a and 12b are secured to the stator 11, this contoured inner edge mates
with the  25   outer edge of the stator 11, thus inhibiting the flow of air
to/from the central bore defined by the stator 11 



from/to the environment outside the motor. This inhibition of such airflow
tends to significantly reduce
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PCT/US97/16571       the amount of acoustic noise that would otherwise be
produced by machine 10 during normal operation.       This aspect of the
present invention is further illustrated in Figures 3A-3C.
Turning to Figure 3A, a cross section of the stator 11 is provided. The
previously described bore        14c that receive the bolts that are used
to secure the endshields 12a and 12b to the stator 11 are clearly  5
illustrated in the figure.                As reflected in Figure 3A, the
stator 11 does not have a smooth, continuous outer surface, but
instead has an outer surface that has a number ofjagged features such as
notched regions 39a and 39b,        regions having a substantially "flat"
outer profile 40 and regions having a substantially curved or
rounded outer profile 41.  10            To accommodate the varying outer
surface of the stator 11 the front and read end-shields 12a and        12b
are designed such that the portion of the end-shields that receives the
stator  11 is contoured to        closely follow the outer surface of
stator I I such that the endshields 12a and 12b smoothly mate with the
stator 11. In addition to being designed to accommodate the varying outer
surface of stator 11, the        endshields are constructed to provide for
a "ledge" surface that is designed to receive the stator 11 such,  15
when the machine 10 is positioned such that the shaft 19 extends
horizontally, a horizontal portion of the        ledge surface mates with a
horizontal surface of the stator 11 and a vertical portion of the ledge
surface        mates with a vertical portion of stator 11. This aspect of
the present invention is reflected in greater        detail in Figures 3B
and 3C.                Figure 3B illustrates a side cross-sectional view of
machine 10. Figure 3C illustrates a close-up  20   of the portion of Figure
3B enclosed in the dashed circle. As reflected in the figure ,the stator 11
is        positioned between the front and rear end-shields 12a and 12b in
such a manner that that a portion of the        stator mates with
horizontal surfaces provided by the end-shields and a portion of the stator
mates with        vertical surfaces provided by the end-shields. As
explained above, these horizontal and vertical surfaces        are
carefully contoured to match the outer surfaces of the stator 11.  



25          Figure 3C illustrates an exemplary mating between the stator 11
and end-shield 12a. As         reflected in the figure, a portion of the
stator 11 mates with a horizontal surface 40 of end-shield 12b,
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surface provided by end-shield 12b.                Because of the close fit
between the end-shields 12a and 12b and the stator 11. and because the
mating of the end-shields to the stator 11 occurs at contoured horizontal
surfaces and contoured vertical        surfaces, the amount of air drawn in
or expelled by machine 10 during normal operation is greatly  5   reduced.
This reduction in such air flow contributes to the noise reduction of
machine 10. Moreover, the        acoustic barrier established by the mating
of the stator 11 to the end-shields 12a and 12b tends to block
acoustic noise generated within the stator bore from reaching the external
environment thus further        reducing the environmental noise generated
by machine 10.                A further aspect of the present invention
which contributes significantly to the reduction of noise  10   produced by
machine 10 relates to the use of dust cover 30 and the interaction of
end-shield 30 with        winged-terminal housing 15 and sensor board plug
27. In particular, the dust cover 30 is designed to be        secured to
the rear-endshield 12b to further restrict the flow of air to/from the
central bore of the stator as        machine 10 operates and to restrict
the transmission of acoustic noise from the central bore to the
external environment. Further, the dust cover 30 has slotted regions 31 and
32 that are surrounded by  15   inwardly projecting flexible members that
receive and engage the winged-terminal housing 15 and the        sensor
board plug 27 to inhibit the flow of air and the transmission of acoustic
noise through the slotted        regions and to hold and position the plug
27 and terminal housing 15 in place. Details concerning this        aspect
of the present invention are reflected in Figures 4A-4D and Figure 5.
Turning to Figure 4A, the winged-terminal housing 15 is illustrated as
secured to the stator 11.  20   The winged-terminal housing 15 is flexible
and is formed of a suitable material (e.g., plastic). The        winged
terminal housing 15 includes two projecting "legs" 45a and 45b which are
sized to fit within the        inter-pole gap between two of the stator
poles. The two projecting legs help position the winged-        terminal
housing 15 with respect to the stator.  



Winged-terminal housing 15 also includes to outwardly extending wings 46a
and 46b which  25   extend from a central portion 48 of the winged-terminal
housing 15. The outwardly extending wings 46a         and 46b from a
surface by which the winged-terminal housing 15 may be affixed to the
stator 11. In the
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winged-terminal housing 15 is affixed to the stator by plastic       ties
(one of which is illustrated as element 47) which pass over an extending
wing 46b and down through       and around one of the coils that comprise
the phase windings.                A central portion 48 extends in a
direction generally perpendicular to the plane formed by the  5   extending
wings 46a and 46b when arranged as illustrated in Figure 4A. In the
exemplary embodiment        of Figure 4A, the central portion 48 defines
six separate passages that receive the six ends of the phase
windings placed within stator 11. These six phase windings may terminate in
snap-on terminals such        that an appropriate plug (not illustrated)
can mate with winged-terminal housing 15 so as to electrically
connected the phase windings to appropriate control circuitry.  10
Although it is not visible in the view of Figure 4A, winged-terminal
housing 15 includes a        projecting positioning tab 50 which allows
winged-terminal housing 15 to be properly aligned with stator        11
during manufacturing. Positioning tab 50 is generally illustrated in Figure
4B which illustrates        winged-terminal housing 15 from an angle
different from that illustrated in Figure 4A.                 Referring to
Figure 4B, the positioning tab 50 comprises a projecting tab that
terminates in a  15   noted portion that defines two mating surfaces, each
substantially perpendicular to the other. The length         of projecting
tab 50 corresponds generally to the distance that exists between one edge
of the stator 11         and the outer portion of the end-turns of the
phase windings that extend beyond the stator 11. Thus, the
projecting tab 50 may be used to properly position the winged-terminal
housing 15 at one location with         respect to the stator 11.  20
In the embodiment illustrated in Figure 4D, the projecting tab 50 defines a
plurality of outwardly         extending crush ribs 51 that extend upward
from one of the two mating surfaces defined by tab 50. As         explained
in more detail below, these crush ribs absorb some of the tolerances that
may occur during         motor assembly. 



The projecting positioning tab 50 is sized to fit within the notched
regions 39a and 39b defined  25   by the stator 11 (see Figure 3A) such
that it can further position the winged-terminal housing 15 with
respect to the stator. This aspect of the winged terminal housing is
illustrated in greater detail in Figures
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view similar to that of Figure 3B of a cross-section of the stator  11. The
figure further illustrates the manner in which the winged-terminal housing
15 may be positioned with        respect to the stator 11 by aligning the
projecting positioning tab 50 of winged-terminal housing 15 with  5   the
notched region 39b of stator 11.                Figure 4D illustrates a
side cross sectional view of a portion of machine 10. Stator 11 is
illustrated, as are front and rear endshields 12a and 12b. Also illustrated
are coil sets 52a and 52b that        form the phase windings. As may be
noted, the coil sets 52a and 52b extend outside of the stator 11.
Winged-terminal housing 15 is positioned next to one set of end-turns for
the coil set 52a. As may be  10   noted the central portion 48 rests above
the end-turns of the coil and the winged-projections 46a and 46b
extend across the surface of the end-turns. The leg projections 45a and 45b
are also illustrated as        extending into and around the stator coil
set 52a. As also reflected in Figure 4D, the positioning tab 50
extends from the plane formed by the end-turns of the coil set 52a to the
stator 11 such that the end        portion ofthe tab 50 engages the stator
11. Through this engagement, the tab 50 ensures that the winged-  15
terminal housing 15 is maintained in proper position. As reflected in
Figure 4D, the endshield 12b abuts         the notch defined by tab 50 and
will tend to deform (or crush) the crush ribs 51. This deformation of the
crush ribs 51 will tend to compensate for minor tolerances in the
manufacture of the endshield 12b to         allow for a better fit between
the endshield and the stator stack. This tight fit serves to reduce the
amount of acoustic noise produced by the exemplary motor of the present
invention.  20             Winged-terminal housing 15 allows for both rapid
connection of an electrical controller to the         phase windings of
machine 10 and for simple and efficient construction of the machine 10.
Specifically,         because of the flexible nature of winged-terminal
housing 15 and the non-rigid manner in which wing- 



terminal housing 30 is affixed to the stator 11 and coil set 52a, the
winged-terminal housing may be         moved about during assembly without
affecting the connection between the winged-terminal housing 15  25   and
the stator 11 and coils 52a.                 Referring back to Figures 1A
and 1B it may be observed that the central portion 48 of the
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appropriately sized opening in the rear end-shield 12b.       The central
portion 48 is then received by a slotted opening 31 in dust cover 30. The
specific manner in       which the dust cover 30 receives the central
portion 48 of winged-terminal housing 15 contributes to the       noise
reduction properties of the machine 10. Details of the construction of dust
cover 30 that are  5   relevant to this aspect of the present invention are
reflected in Figure 5.                Figure 5 illustrates a frontal view
of rear end-shield 12b and dust cover 30. Specifically visible        in
figure 5 are the slotted openings 31 and 32 that are defined by the dust
cover 30. Focusing on slotted        opening 31 it may be noted that the
opening 31 consists of an external support region, reflected by the
dark line 55 and six inwardly projecting portions 56-61 that are separated
from one another by slits.  10   Thus, each of the six inwardly projecting
slits defines a slotted opening. In the specific embodiment of
Figure 5, the external support region defined by line 55 has the same shape
as, and is just slightly larger        than, the cross-section of central
region 48 of winged-terminal housing 15. The inwardly projecting
portions 56-61 are formed of a flexible material (e.g., thin plastic) and
project such that they form a        opening 62 that has the same general
shape as, but is smaller than, the cross-section of central region.  15
Thus, when the dust cover 30 is placed over the central portion 48 and
snapped to rear end-shield 12b,        the central portion 48 of
wing-terminal housing 15 will pass through the opening 62 and deform the
projecting portions 56-61 upwards such a seal is formed between the
projecting portions 56-61 and the        central portion 48 of
winged-terminal housing 15. This seal serves two functions in that: (i) it
helps to        maintain the winged-terminal housing 15 in proper position
and; (ii) it serves to limit the flow of air  20   into/from the central
portion of the stator during operation and to inhibit the transmission of
acoustic         noise from the interior of machine 10 to the environment.



As Figure 5 illustrates slotted region 32 is like slotted region 31 except
that slotted region 32 is         defined by four projecting portions 62-66
that define an opening that has the same shape as, but is         slightly
smaller than, the central portion of plug 27. The function and operation of
the slotted region 32  25   is similar to that previously described for
slotted region 31.                 The above description of several
exemplary embodiments is made by way of example and not
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made to the embodiments and methods disclosed       herein without
departing from the scope and spirit of the present invention and se of such
alternate       configurations will not depart from the scope of the
present invention. Illustrative embodiments of the       invention are
described below as it might be employed in the construction of a reduced
noise reluctance  5   system.               Moreover, in the interest of
clarity, not all features of an actual implementation are described in
this specification. It will of course be appreciated that in the
development of any such actual        embodiment numerous
implementation-specific decisions must be made to achieve the developers'
specific goals, such as compliance with system-related and business-related
constraints, which will vary  10   from one implementation to another.
Moreover, it will be appreciated that such a development effort
might be complex and time-consuming, but would nevertheless be a routine
undertaking for those of        ordinary skill having the benefit of this
disclosure.               The present invention is intended to be limited
only by the scope and spirit of the following        claims.              
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reluctance machine comprising:                       a stator defining a
plurality of inwardly projecting stator poles, where the projecting
stator poles define inter-pole regions between the stator poles and a
central bore, and where each stator  5   pole terminates in a region
defining a concave surface, where the concave surface has a given radius of
curvature;                at least one phase winding having a winding coil
that is wound about at least one of the stator        poles, where portions
of the winding coil are positioned in at least one inter-polar region, and
where the        portion of the winding coil includes an outer surface
facing the central bore; and  10            a contoured top-stick
positioned within the at least one inter-polar region on the outer surface
of        the portion of the winding coil, wherein the contoured top-stick
has an outer concave surface where the        radius of curvature of the
top-stick's outer surface is substantially the same as the given radius of
curvature.        2.     The reduced noise machine of claim I wherein each
of the stator poles defines tang members  15    that extend into the
inter-pole regions adjacent the stator pole, wherein the contoured
top-stick includes a        central portion defining the concave surface
and two outwardly extending portions, wherein each of the        outwardly
extending portions defines a notch, and wherein the top-stick is positioned
such that the        notches receive tangs from the stator poles that
define the inter-polar region within which the top-stick is
positioned. 



20   3.    The reduced noise machine of claim 1 wherein the top-stick is
formed of plastic.        4.     A contoured top-stick for use in a
reluctance machine, where the reluctance machine includes a
plurality of stator poles that terminate in concave regions having a given
radius of curvature, where the        contoured top-stick includes a
central concave region having a radius of curvature equal to the given
radius of curvature.  25                WO 98/15049
PCT/US97/16571       5.     A reduced noise reluctance machine comprising:
a stator, the stator defining an outer surface, the stator having opposed
first and second ends; and                a first endshield, the endshield
defining a cavity having a first surface and a second surface        where
the first surface is substantially perpendicular to the second surface;  5
wherein the stator is positioned with respect to the first endshield such
that the outer surface of        the first end of the stator mates with
both the first and second surfaces.        6.     The reduced noise
reluctance machine of claim 5 wherein the outer surface of the stator
includes        both relatively straight regions and relatively curved
regions.        7.     The reluctance machine of claim 5 further including
a second end-shield, the second endshield  10   defining a cavity having a
third surface and a fourth surface where the third surface is substantially
perpendicular to the fourth surface; and                wherein the stator
is positioned with respect to the second endshield such that the outer
surface        of the second end of the stator mates with both the third
and fourth surfaces.        8.     A terminal housing for coupling the
terminal ends of a plurality of phase windings of an electric  15   machine
to a source of electric power, the terminal housing comprising:
a central portion defining a plurality of hollow cavities, the hollow
cavities adapted to receive the        terminal ends of the phase windings;
at least one projecting leg projecting outward from the central portion in
a first direction; and                 a first wing member extending from
the central portion where the first wing member extends in a  20
direction substantially perpendicular to the first direction.         9.
The terminal housing of claim 8 wherein the terminal housing is formed from
plastic. 



10.    The terminal housing of claim 8 wherein the terminal housing further
comprises a positioning         tab that extends from the central portion,
where the positioning tab is adapted to receive a portion of the
electric machine so as to position the terminal housing in a given
arrangement with respect to the  25   machine.              WO 98/15049
PCT/US97/16571       11.   The terminal housing of claim 10 wherein the
electric machine includes a stator and the       positioning tab includes a
notched region that is adapted to receive the stator of the machine.
12.   The terminal housing of claim 10 wherein the positioning tab defines
a plurality of crush ribs.       13.   The terminal housing of claim 8
further comprising a second wing member extending from the  5   central
portion where the second wing member extends in a direction substantially
opposite to the        direction in which the first wing member extends.
14.   An electric machine comprising:                a stator,
at least one phase winding wound about the stator, the phase winding
including end-turn portions  10  that extend outside of the stator and end
terminals;                a terminal housing for coupling the terminal ends
of the phase winding to a source of electric        power, the terminal
housing comprising a central portion defining a hollow cavity, where the
terminal        ends of the phase winding are positioned within the hollow
cavity and a first wing member extending        from the central portion ,
wherein the terminal housing is positioned such that the first wing member
15   extends above and is coupled to at least one end-turn portion.
15.   The electric machine of claim 14 further including a second wing
member that extends from the         central portion where the second wind
member extends in a direction substantially opposite to the
direction in which the first wing member extends.         16.   The
reluctance machine of claim 14 wherein the first wing member is coupled to
the at least one  20   end-turn portion by flexible ties.         17.   The
reluctance machine of claim 14 wherein the stator defines a plurality of
projecting stator         poles and inter-pole projections and wherein the
terminal housing includes at least one positioning leg         where the
positioning leg is positioned within an inter-polar region.  



18.   The reluctance machine of claim 18 wherein the terminal housing
further comprises a  25   positioning tab that extends from the central
region of the terminal housing and engages the stator.                WO
98/15049
PCT/US97/16571        19.   The reluctance machine of claim 14 further
comprising an endshield, where the endshield is        secured to the
stator and where the endshield defines a passage through which the central
region of the        terminal housing passes.        20.   The reluctance
machine of claim 19 further comprising a dust cover that is coupled to the
5   endshield, wherein the dust cover defines a passage through which the
central region of the terminal        housing passes.        21.   The
reluctance machine of claim 20 wherein the passage in the dust cover is
defines by a        plurality of projecting flexible elements, separated by
slits.        22.    A dust cover for a reluctance machine, the reluctance
machine including a phase winding and a  10   projecting terminal housing
for connecting electric power to the phase winding, wherein the dust cover
includes a passage adapted to receive the terminal housing where the
passage is defined by a plurality of        flexible projections, separated
by slits.        23.    A reluctance machine comprising:                 a
stator defining a plurality of inwardly projecting stator poles, where the
projecting stator poles  15   define inter-pole regions between the stator
poles and a central bore, and where each stator pole        terminates in a
region defining a concave surface, where the concave surface has a given
radius of        curvature;                 at least one phase winding
having a winding coil that is wound about at least one of the stator
poles, where portions of the winding coil are positioned in at least one
inter-polar region, and where the  20   portion of the winding coil
includes an outer surface facing the central bore, the phase winding
including         end-turn portions that extend outside of the stator and
end terminals;                 a plurality of contoured top-sticks
positioned within the inter-polar regions on the outer surface         of
the portion of the winding coil, wherein the contoured top-stick has an
outer concave surface where         the radius of curvature of the
top-stick's outer surface is substantially the same as the given radius of
25   curvature;  



WO 98/15049
PCT/US97/16571                a terminal housing for coupling the terminal
ends of the phase winding to a source of electric       power, the terminal
housing comprising a central portion defining a hollow cavity, where the
end       terminals of the phase winding are positioned within the hollow
cavity and first and second wing       members extending in opposite
directions from the central portion where the first and second wing  5
members extend in directions substantially perpendicular to the first
direction, wherein the terminal        housing is position such that the
first and second wing members extend across and are coupled to at least
one end-turn portion;                a first endshield, the first endshield
defining a cavity having a first surface and a second surface        where
the first surface is substantially perpendicular to the second surface,
wherein the stator is  10   positioned with respect to the first endshield
such that the outer surface of the first end of the stator mates
with both the first and second surfaces;                 a second
end-shield, the second endshield, the second endshield defining a cavity
having a third        surface and a fourth surface where the third surface
is substantially perpendicular to the fourth surface;        wherein the
stator is positioned with respect to the second endshield such that the
outer surface of the  15   second end of the stator mates with both the
third and fourth surfaces and wherein the second endshield         defines
a passage through which the central region of the terminal housing passes;
and                 a dust cover that is coupled to the endshield, wherein
the dust cover defines a passage through         which the central region
of the terminal housing passes wherein the passage in the dust cover is
defines         by a plurality of projecting flexible elements separated by
slits.  20    


