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(54) Title: LINEAR MOTOR WITH MAGNET RAIL SUPPORT, END EFFECT COGGING REDUCTION, AND SEGMENTED

(57) Abstract: A linear motor is provided which includes members for engaging a magnet rail to prevent bending of the magnet
rail. Such members may include a wheel or sliding block, for example. The members exert a force proximate an upper edge of the
magnet rail to counter potential bending of the magnet rail during operation of the motor, and thereby avoid substantial variations

in the air gaps. Furthermore, an armature yoke is provided which includes at least one partial tooth at one end of the armature yoke
for reducing an end effect cogging of the linear motor armature in relation to a magnet rail along which the armature will run. In
addition, an armature yoke is provided which includes multiple segments which are held end-to-end via fasteners. Such fasteners
may serve as part of the magnetic flux path. A support strip may be provided to reduce bowing.
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TITLE: LINEAR MOTOR WITH MAGNET RAIL SUPPORT, END EFFECT
COGGING REDUCTION, AND SEGMENTED ARMATURE

Technical Field

The present invention relates generally to linear motors, and more
particularly to a linear motor which offers improved performance and

manufacturabilty.

Background of the Invention

Linear motors are known in the art. According to a typical configuration,
the linear motor includes an armature which makes up the stator. The armature
includes a yoke made up of a pack of ferromagnetic laminations. The yoke
includes a plurality of teeth arranged at a predefined pitch, with a plurality of siots
respectively separating the teeth. The armature further includes coil windings
wound around the teeth and housed in the respective slots.

The linear motor also includes a magnet rail which forms the rotor. The
magnet rail includes a plurality of plate-like permanent magnets. The magnets are
positioned linearly along the rail at a predefined pitch with corresponding gaps
therebetween. The armature travels along the length of the magnet rail with the
teeth of the armature adjacent the magnets. The position of the armature is

determined via a sensor, and a controller controls the current provided to the coil

. windings based on the armature position. In this manner, the armature may be

selectively driven back and forth along the magnet rail. See, e.g., U.S. Patent No.
5,642,013.

One particular type of linear motor is known as a double-sided linear
motor. In a doubie-sided linear motor, the armature includes a pair of yokes
symmetrically disposed on opposite sides of the magnet rail. Each yoke includes
its own set of coil windings. The windings of both yokes are driven so as to
increase the amount of force available from the linear motor as compared to a

more conventional single yoke armature. See, e.g., U.S. Patent No. 4,868,431.



10

20

25

30

WO 03/071660 PCT/US03/03276

Linear motors such as those described above are quite useful in a variety
of applications. These applications include, but are not limited to, control
systems, manufacturing processes, robotics, etc. Linear motors provide precision
linear movement in a whole host of applications.

Despite the recognized advantages associated with known linear motors,
there have been a number of drawbacks. For example, it is desirable that the
double-sided linear motor maintain an air gap of approximately equal dimension
between the yoke and the magnet rail on each side of the magnet rail. Failure to
provide such equal airgap results in uneven magnetic forces being exerted on the
magnet rail. In the case of a relatively thin magnet rail, this can result in a
bending of the rail which further exacerbates uneveness in the air gap and the
magnetic forces exerted on the magnet rail by the respective yokes.

Still another drawback associated with linear motors is “cogging”. Linear
motors have a cogging or detent force that is created by the interaction between
the permanent magnets on the magnet rail and the magnetic iron forming the
teeth of the armature yoke. Such cogging occurs even when the windings are not
energized. Cogging typically occurs at a frequency that is determined by the
number of slots per North-South permanent magnet cycle on the magnet rail.
There typically are several cycles of this cogging in one North or South magnet
pole cycle.

In addition, because the armature in linear motors is not infinitely long it
has magnetic ends (in the direction of travel). The magnetic field at the ends of
the armature is different from the magnetic field at the interior of the armature.
This difference in magnetic fields causes a second cogging or detent force,
referred to herein a “end effect cogging”. End effect cogging does not exist in a
rotary motor because rotary motors do not have a magnetic end as will be
appreciated. |

In general, cogging forces introduce disturbance forces into the operation
of linear motors. There have been several approaches in the past for reducing
such cogging forces. See, e.g., U.S. Patent Nos. 4,638,192, 4,912,746,
5,744,879 and 5,910,691. However, these approaches have met with only

2
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varying degrees of success. Moreover, these approaches oftentimes require
significant modifications to both ends of the armature which leads to undesirable
complexity, increased manufacturing costs, etc.

Yet another drawback with conventional linear motors is complexity
associated with manufacture. The size and length of the armature, for example,
is dependent upon the particular application of the motor, the desired force, etc.
From the point of view of the manufacturer, this can result in the frequent need to
custom manufacture an armature. Alternatively, the manufacturer may need to
keep in stock a variety of different size and length armatures.

In view of the aforementioned drawbacks associated with conventional
linear motors, it will be appreciated that there is a strong need in the art for a
linear motor and method for designing the same which overcomes such
drawbacks. More particularly, there is a strong need in the art for a double-sided
linear motor which is less susceptible to uneven air gaps and/or bending of the
magnet rail. Moreover, there is a strong need in the art for a linear motor that is
less susceptible to the detrimental effects of cogging, and particularly those of
end-cogging. Furthermore, there is a strong need in the art for a linear motor that
is readily and efficiently manufacturable in different lengths without requiring

complete custom design.

Summary of the Invention

According to one aspect of the invention, a double-sided linear motor is
provided. The double-sided linear motor includes a magnet rail comprising a
plurality of permanent magnets arranged along a length of the magnet rail, a
lower edge of the magnet rail being secured to a base; an armature comprising a
first armature yoke and a second armature yoke each including a plurality of teeth
separated by slots, and coil windings within the slots which are energized during
operation of the motor; a motor support carriage for supporting the first armature
yoke and the second armature yoke on respective sides of the magnet rail with a
predefined air gap between the teeth of the first and second armature yokes and

the respective sides of the magnet rail, and permitting the armature to move along

3
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the length of the magnet rail during operation of the motor; and at least one
engaging member mounted to the motor support carriage for exerting a force
proximate an upper edge of the magnet rail to counter potential bending of fhe
magnet rail during operation of the motor and thereby avoid substantial variations

in at least one of the air gaps.

According to another aspect of the invention, a linear motor armature is
provided. The linear motor armature includes an armature yoke including N teeth
separated by slots, where N is an integer, and coil windings within the slots which
are energized during operation of the motor; and wherein the armature yoke
further includes at least one partial tooth at one end of the armature yoke for
reducing an end effect cogging of the linear motor armature in relation to a
magnet rail along which the armature will run, and does not include any partial
teeth at the other end of the armature yoke.

In accordance with yet another aspect of the invention, a linear motor

-armature yoke is provided. The linear motor armature yoke includes a plurality of

discrete yoke segments each including a plurality of teeth and a plurality of siots
in which coil windings will be wound; and fasteners which hold the yoke segments
together end-to-end within the armature yoke.

According to another aspect of the invention, a linear armature yoke is
provided which includes a relatively long yoke having a front face comprising a
plurality of slots for receiving armature windings, a rear face and two side faces:;
and at least one thin support strip secured to one of the side faces to reduce
bowing along the length of the yoke.

To the accomplishment of the foregoing and related ends, the invention,
then, comprises the features hereinafter fully described and particularly pointed
out in the claims. The following description and the annexed drawings set forth in
detail certain illustrative embodiments of the invention. These embodiments are

indicative, however, of but a few of the various ways in which the principles of the

- invention may be employed. Other objects, advantages and novel features of the
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invention will become apparent from the following detailed description of the

invention when considered in conjunction with the drawings.

Brief Description of the Drawings

Fig. 1 is a schematic cross section of an “ideal” double-sided linear motor:

Fig. 2 is a schematic side view of a magnetic rail included in the double-
side linear motor of Fig. 1;

Fig. 3 is a schematic cross section of the double-sided linear motor of Fig.
1 experiencing a bending of the magnet rail;

Fig. 4 is a perspective view, shown in partial cutaway, of a double-sided
linear motor in accordance with the present invention;

Fig. 5 is a side view in partial cutaway of the linear motor of Fig. 4 shown in
accordance with the present invention;

Fig. 6 is a cross-sectional view of the linear motor of Fig. 5 as taken along
line 6--6;

Fig. 7 is a cross-sectional view of the linear motor of Fig. 5 as taken along
line 7--7;

Fig. 8 is a cross-sectional view of the linear motor of Fig. 5 as taken along
line 8--8;

Fig. 9 is a cross-sectional view in relevant portion of an alternate
embodiment of the linear motor in accordance with the present invention:;

Fig. 10,is‘ a top view of an armature yoke for a linear motor with reduced
end effect cogging in accordance with the present invention:

Fig. 11 is a front view of the armature yoke of Fig. 9;

Fig. 12 is an end view of the armature yoke of Fig. 9;

Fig. 13 is a schematic side view of an armature yoke with discrete
segments for a linear motor in accordance with the present invention; and

Fig. 14 is a schematic bottom view of an armature yoke with discrete
segments for a linear motor in accordance with another embodiment of the

present invention.
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Detailed Description of the Invention

The present invention will now be described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout.

Referring initially to Fig. 1, a cross-section of a double-sided linear motor
20 is shown schematically. The motor 20 includes an armature 22 made up of
armature yokes 22a and 22b. Each armature yoke 22a, 22b includes a set of coil
windings 24 wound between teeth of the respective yokes. The armature yokes
22a, 22b are positioned on opposite sides of a magnet rail 26 by a motor support
carriage (not shown). Ideally, the teeth of the armature yokes 22a, 22b are
separated from the magnet rail 26 by a predetermined air gap “ag” on each side.

Fig. 2 is a side view of the magnet rail 26. As shown, the magnet rail 26
includes a plurality of plate-like permanent magnets 28. The magnets 28 are
positioned linearly along the rail 26 at a predefined pitch with corresponding gaps
30 therebetween. The magnet rail 26 may be made of molded or machined -
plastic, fiberglass, metal or the like, with the permanent magnets 28 molded,
glued, or otherwise retained therein. The magnet rail 26 is supported by virtue of
its lower edge being held is a base member 32. The upper edge of the rail 26 is
generally unsupported.

During operation, the armature 22 travels along the length of the magnet
rail 26 with the teeth of the armature yokes 22a, 22b adjacent the magnets 28.
As is known, current is applied to the coil windings within the armature 22 based
on the relative position of the armature teeth to the permanent magnets 28. A
traveling magnetic wave is created which propels the armature 22 along the
length of the magnet rail 26.

As previously mentioned, it is desirable that the double-sided linear motor
20 maintain the air gap ag of approximately equal dimension between the yoke
22a, 22b and the magnet rail 26 on each side of the magnet rail 26. Failure to

provide such approximately equal air gap ag can result in uneven magnetic forces

. being exerted on the magnet rail 26. In the case of a relatively thin magnet rail

26, this can result in a bending of the rail 26 as is shown in Fig. 3. Such bending
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of the rail 26 further exacerbates any uneveness in the air gaps and the magnetic
forces exerted on the magnet rail 26 by the respective yokes 22a, 22b.

Furthermore, simple wear and tear on the motor 20 can cause the magnet
rail 26 to weaken structurally and thus result in such bending of the rail. In either
event, the uneveness in the air gaps is further exacerbated by the resultant
uneven magnetic forces. This can lead to problems with motor efficiency,
restricted movement of the armature, etc.

The linear motor of the present invention avoids such problems associated
with bending of the magnet rail. More specifically, the linear motor of the present
invention provides a mechanism by which the upper edge of the magnet rail is
supported. As a result, the air gaps between the armature yokes and the magnet
rail are maintained. Thus, the motor can operate with better efficiency, increased
lifespan, etc.

Referring now to Fig. 4, a double-sided linear motor 40 is shown in
accordance with one embodiment of the present invention. Although only one
side of the motor 40 is shown in Fig. 4, it will be appreciated that the opposite side
is generally a mirror image. The motor 40 includes an armature 42 made up of a
first armature yoke 42a and a second armature yoke 42b (not shown in Fig. 4)
which is generally a mirror image of the first armature yoke 42a. As is
conventional, each armature yoke 42a, 42b includes a plurality of teeth arranged
side-by-side with slots therebetween. In addition, each armature yoke 42a, 42b
includes coil windings within the slots which are energized during operation of the
motor 40.

The motor 40 further includes a motor support carriage 44 for supporting
the armature yokes 42a, 42b on respective sides of a magnet rail 46 with a
predefined air gap between the teeth of the armature yokes 42a, 42b and the
respective sides of the magnet rail 46. The motor support carriage 44 includes a
motor support yoke 48 which supports the armature yokes 42a, 42b. In addition,
the motor support carriage 44 includes a support car 50 at one end of the

armature 42 for supporting one end of the motor support yoke 48, and a support
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car 52 at the other end of the armature 42 for supporting the other end of the
motor support yoke 48.

As will be described in more detail below in relation to Figs. 5-8, the
support cars 50, 52 each include a set of wheels, e.g., six or virtually any other
number of wheels, which facilitate movement of the armature 42 along the length
of the magnet rail 46. More specifically, the magnet rail 46 is housed within a
housing 54. Along the center of a base 56 of the housing 54, a slot 58 is
provided. The lower edge of the magnet rail 46 is inserted into the slot 58 and
secured, and thus is supported at its lower edge by the base 56. The housing 54
may be made out of an extruded, non-ferromagnetic material such as aluminum,
plastic, etc. The magnet rail 46 is preferably molded or machined out of plastic,
fiberglass, metal, or the like, and includes permanent magnets 60 spaced along
the length of the magnet rail 46 as is conventional in linear motors. In the present
example, there is only a single row of magnets 60 along the length of the magnet
rail 46. Thus, the same magnet 60 serves as a magnet to the armatures 42a, 42b
on both sides of the magnet rail 46. In another embodiment, however, the
magnet rail 46 may include two rows of magnets 60 (i.e., one on each side of the -
magnet rail 46). In the case of a single row of magnets 60, though, the present
invention has particular utility in the sense that the magnet rail 46 is typically
thinner and has less structural rigidity. Thus, the present invention’s ability to
avoid bending of the magnet rail 46 is particularly beneficial.

The aforementioned wheels of the support cars 50, 52 are designed to ride
along channels on the inner walls of the housing 54. In this manner, the armature
42 is permitted to move freely in either direction directly along the length of the
magnet rail 46. The top of the housing 54 includes a slot 62 which runs parallel
with the magnet rail 46 and through which an arm of the motor support carriage
44 extends. A mounting plate 66 is secured to the motor support carriage 44 via
a set of bolts 68 or the like. During operation, current is provided to the coil
windings of the armature yokes 42a, 42b in conventional fashion. This causes a
traveling magnetic wave to be established between the armature 42 and the

magnet rail 46, thus propelling the armature 42 together with the motor support
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carriage 44 along the magnet rail 46. The particular direction of travel will of
course depend on the phasing of the current, etc. A physical load (not shown)
coupled to the mounting plate 66 can thereby be moved in a linear direction along
the length of the rail 46. |

Fig. 5 provides a side view of the linear motor 40. Again, it will be
appreciated that the linear motor 40 on the opposite side of the magnet rail 46 is
basically a mirror image. As is best shown in Fig. 8, the motor support carriage
44 includes a Y-shaped motor support yoke 48 which supports the armature
yokes 42a, 42b. The motor support yoke 48 straddles the magnet rail 46 such
that the teeth and coil windings 70 of the armature yokes 42a, 42b are a distance
ag corresponding to the desired air gap away from the sides of the magnet rail 46.

The motor support cars 50, 52 each include a Y-shaped support car yoke
72. As is best shown in Fig. 6, the support car yoke 72 also straddles the magnet
rail 46. The support car yoke 72 includes a lower wheel 74 rotatably mounted
(e.g., via an axle 76 and bearings 77) on each of the sides of the yoke 72. The
lower wheels 74 are designed to travel along a respective channel on the inside
surface of the base 56 of the housing 54. In addition, the support car yoke 72
also includes an upper wheel 78 rotatably mounted on each of the sides of the
yoke 72. The upper wheels 78 are designed to travel along a respective channel
on an upper interior surface 80 of the housing 54. The spacing between the
lower wheels 74 and the upper wheels 78 on each yoke 72 is designed such that
vertical movement of the yoke 72 is precluded, while the wheels 74, 78 provide
smooth movement in a direction along the length of the magnet rail 46.

The motor support cars 50, 52 each further includes a horizontal support
strut 80 on each side of the magnet rail 46 which couples the support car yoke 72
to the respective end of the motor support yoke 48. Thus, the motor support yoke
48 is supported by and carried along the length of the magnet rail 46 via the
support cars 50, 52 and their wheels 74, 78. The support cars 50, 52 along with
the motor support yoke 48 may be made of any suitable material such as

machined aluminum, etc.
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Referring now to Fig. 7, it is shown that the bottom surface of the struts 80
of each of the support cars 50, 52 includes a laterally disposed wheel 84. The
wheels 84 are each rotatably mounted to the strut 80 via an axle 76 and bearings
77, or the like. The wheels 84 are designed to travel along a respective channel
on an inner side surface 86 of the housing 54. The spacing between the wheels
84 is selected so as to prevent lateral movement of the motor support cars 50, 52
(i.e., movement in a direction perpendicular to the length of the magnet rail 46.

At the same time, the wheels 84 permit the support cars 50, 52 as well as the
armature 42 as a whole to move freely through the housing 54 along the length of
the magnet rail 46.

Continuing to refer to Fig. 7, the top surface of the struts 80 of each of the
support cars 50, 52 includes a rail support wheel 90. As is best shown in Figs. 5
and 7, the rail support wheels 90 are rotatably mounted to the struts 80 via an
axle 76 and bearings 77, or the like. The rail support wheels 90 of each of the
support cars 50, 52 are positioned so as to engage or lightly “pinch” opposite
sides of the magnet rail 46 near the upper edge of the magnet rail 46. As is
shown in Fig. 7, the upper edge of the magnet rail 46 may include a cap 96 made
of aluminum or the like. The rail support wheels 90 roll freely along the cap 96 as
the motor support carriage 44 moves along the length of the magnet rail 46 during
operation.

As is shown in Fig. 7, the rail support wheels 90 each engage opposite
sides of the magnet rail 46. The spacing between the rail support wheels 90 is
approximately the same as the width of the magnet rail along the cap 96. The
diameter of the wheels 90 is selected so as to provide the desired air gap ag
between the magnet rail 46 and the armature yokes 42a, 42b. In this manner, the
rail support wheels 90 can roll freely along the cap 96. At the same time, if the
magnet rail 46 was to attempt to bend as otherwise discussed above in relation to
Fig. 3, the rail support wheel 90 towards which the magnet rail 46 attempted to
bend would exert a force on the side of the magnet rail 46 to prevent such
bending. Therefore, the air gap ag between the magnet rail 46 and the armature

yokes 42a, 42b on each side of the magnet rail 46 may be reliably maintained.

10
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Thus, regardless of whether the magnet rail 46 may otherwise attempt to
bend due to uneven magnetic forces from the armature 42 and/or fatigue of the
magnetic rail 46, the raillsupport wheels 90 support the upper edge of the magnet
rail 46 to prevent such.bending. The rail support wheels 90 may be made out of
aluminum, nylon, rubber, steel, or other material as will be appreciated.
Moreover, it will be appreciated that although a cap 96 is provided in the
exemplary embodiment, it is not necessary to include such cap 96. The rail
support wheels 90 may ride directly on the main surface of the magnet rail 46.

While the rail support wheels 90 are preferred due to the minimum.
opposition they present to movement of the armature 42, other types of engaging
members are contemplated as being within the scope of the invention. For
example, Fig. 9 illustrates an embodiment in which the rail support wheels 90 are
replaced by slider blocks 98. The slider blocks 98 abut against respective sides
of the magnet rail 46 and slide along the magnet rail 46 with travel of the armature
42. The slider blocks 98 and cap 96 may be made of nylon or some other low
friction material. In addition, or in the alternative, lubricant may be provided along
the cap 96 to reduce friction. In any event, the slider blocks 98 will also provide
support to the magnet rail 46 so as to resist any bending of the magnet rail 46.

Referring now to Figs. 10-12, an exemplary armature yoke 42a-is shown in
accordance with the present invention. The armature yoke 42a is designed to
provide reduced end effect cogging. The armature yoke 42a may make up one of
the armature yokes 42a, 42b in the double-sided linear motor 40 of Figs. 4-9.

The remaining armature yoke 42b is symmetrically generally identical (e.g.,
generally a mirror image) with respect to the magnet rail 46. However, it will also
be appreciated that the armature yoke 42a with reduced end effect cogging has
equal utility in an otherwise conventional one-sided linear motor. The present
invention contemplates all such arrangements.

The armature yoke 42a in the illustrated example includes N teeth 105
(where N is an integer such as N = 6) separated by slots 107. The teeth 105 and
slots 107 are skewed at an angle, as shown. Such skewing of the teeth and slots

reduces internal slot cogging as is generally known. In the preferred
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embodiment, the yoke 42a is made up of several laminations 109 of soft magnetic
material. Although not shown in Figs. 10-12, it will be appreciated that coil
windings 70 (Fig. 8) are provided around the teeth 105 and within the slots 107 as
is conventional.

The armature yoke 42a differs from conventional yokes by virtue of it
inciuding one or more partial teeth 110. The partial teeth 110 are also made up of
laminations 109. More notably, the spacing, width and geometry of the partial
teeth 110 are designed so that the portion of the armature yoke 42a with the
additional one or more partial teeth 110 has an end effect cogging force that is
approximately 180 degrees out of phase from the end effect cogging of the
armature yoke 42a without the partial teeth 110. The result is the end effect
cogging force of the portion of the armature yoke 42a with the additional one or
more partial teeth 110 cancels the end effect cogging force of such an armature
yoke 42a without the additional partial teeth 110.

Analysis of the end effect cogging of the armature yoke 42a with the

additional partial teeth 110 and without can be done empirically or via modeling,

for example. More particularly, the armature yoke 42a may be modeled using
commercially available finite element analysis software to determine the end
effect cogging both with additional partial teeth 110 and without. By selecting a
spacing, width and geometry of the partial teeth 110 so that the end effect
cogging force is approximately 180 degrees out of phase with that of the armature
42a without the partial teeth, the end effect cogging forces approximately cancel
out.

if the amplitudes of the end effect cogging forces were equal on a per unit

basis, the armature yoke 42a would be assembled with 50% having the additional

-tooth or teeth 110, and 50% not having the additional tooth or teeth 110. This

would result in cancellation of the end effect cogging force. Typically, the end
effect cogging has different amplitudes on a per unit basis. Therefore, the
armature yoke 42a is assembled with a proportion of parts with and without the
additional teeth 110 that results in cancellation of the end effect cogging. For

example, if the per unit end effect cogging of the armature yoke 42a portion with

12
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the additional teeth 110 is two times the per unit end effect cogging of the
armature yoke 42a portion without the additional teeth 110, the armature yoke
42a would be assembled with 33.33% of an additional tooth 105 forming the
partial tooth 110. Likewise, 67.67% of an additional tooth 105 would be absent.
This would result in the net cancellation of the.end effect cogging. Because of the
skewed slot 107 arrangement in Figs. 10-12, for example, the 33.33% of an
additional tooth 105 can be split into multiple partial teeth 110. An exemplary
spacing may be A, 2A and A between the edge of the armature yoke 42a and the
partial teeth 110 as shown in Fig. 10. However, other spacings may also provide
the desired resulit.

Moreover, it is noted that such technique for reducing end effect cogging
requires the modification of only one end of the armature yoke 42a. There are no
partial teeth 110 on the other end of the armature yoke 42a. The cogging
reduction is obtained by the addition of all the end effect cogging forces (both
portions from both ends of the armature yoke 42a), which effectively negate each
other in a significantly reduced cogging force.

Referring to Fig. 13, an exemplary armature yoke 42a is shown in relation
to the magnet rail 46 in accordance with another aspect of the present invention.
The armature voke 42a in this embodiment is designed to provide ease and
flexibility in manufacturing. The armature yoke 42a in this embodiment is made
up of a plurality of discrete segments fastened together end to end. By using a
plurality of discrete segments, the armature yoke 42a can easily be manufactured
to a desired length without requiring the machining of a single length yoke. For
example, a 36-inch long armature yoke may be made from six 6-inch segments
connected end-to-end. A 48-inch long-armature may be made from eight 6-inch
segments connected end-to-end. Thus, a manufacturer or supplier can provide
multiple lengths of yokes by combining different numbers of the same length
segments, for example. This reduces the need for stocking-or supplying many
different sizes or lengths of yokes, thus reducing development costs, inventory

costs, etc.
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As is shown in Fig. 13, the armature yoke 42a may be made up of a
plurality of discrete segments (e.g., 42a1, 42a2, etc.) arranged end-to-end. The
discrete segments may be the same or different lengths. The particular number
of discrete segments will depend on the desired length of the overall yoke 42a
and the length of the respective segments as will be appreciated. The yoke 42a
makes up one of the armature yokes 42a, 42b in the double-sided linear motor 40
of Figs. 4-9. The remaining armature yoke 42b is generally a mirror image.
However, it will again be appreciated that the armature yoke 42a with discrete
segments has equal utility in an otherwise conventional one-sided linear motor.
The present invention contemplates all such arrangements.

Each of the discrete yoke segments (e.g., 42a1, 42a2) includes a plurality
of teeth 105 with slots 107 therebetween. The ends of the segments 42a1, 42a2
each include a slot 115 into which a respective arm 117 of an upside down T-
shaped fastener 121 is inserted. The width of the T-shaped fasteners 121 is
selected so as to allow a spacing equal to that of a slot 107 between the teeth
105 of adjacent segments.

A backplate 125 is provided on a backside of the yoke 42a. The backplate
125 includes bore holes 127 through which bolts 129 are inserted. The bolts 129
include threads (not shown) at their ends which engage a threaded hole in the
respective T-shaped fasteners 121.. By tightening the bolts 129, the respective T-
shaped fasteners 121 are drawn upward towards the backplate 125 thereby

tightly securing together the respective ends of the yoke segments 42a1, 42a2,

etc. Similarly, partial teeth 110 can be joined to what otherwise is one of the ends
of the yoke 42a by virtue of an additional segment 42a3 as is shown in Fig. 13.
End fasteners 132 may be provided to secure the ends of the yoke 42a.
Moreover, the T-shaped fasteners 121 may be made of a soft magnetic
material. The T-shaped fasteners 121 in the preferred embodiment are made of
a soft magnetic material and are located in the back iron portion of the yoke
segments within the flux path 131 that is created in the yoke. In this manner, the

fasteners 121 do not add considerably to the size or weight of the armature yoke
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42a. Accordingly, the combination of yoke segments and fasteners 121 provides
both manufacturing flexibility and ease.

In a preferred embodiment, the T-shaped fasteners 121 are spaced apart
from one another in increments of an integer number of North-South magnetic
pole cycles. Such integer number of North-South cycles spacing is desirable as it
reduces potential losses due to eddy currents which may otherwise be created
without such integer spacing.

Although a T-shaped fastener 121 is used in the exemplary embodiment, it
will be appreciated that various other types of fasteners may also be used. The
present invention contemplates any other such fasteners.

Referring briefly to Fig. 14, another embodiment of the armature yoke of
Fig. 13 is shown. Fig. 14 represents a bottom view of the armature yoke with the
windings 70 schematically shown in place wound around the teeth 105 and within
the slots 107. [n this embodiment, a thin continuous support strip 135 is included
along each side of the discrete elements (e.g., 42a1, 42a2, etc). The support
strips 135 reduce bowing which otherwise may occur along the length of the
discrete elements arranged end-to-end.

More specifically, the discrete elements typically may be arranged end-to-
end with T-shaped fasteners 121 therebetween to a desired length. Coils 70 are
then wound about the respective teeth 105 within the slots 107. The discrete
elements/T-shaped fasteners/windings assembly is then set within a mold and
filled, or otherwise secured in epoxy or the like so as to secure the position of the
windings. In the embodiment of Fig. 13, the laminated assembly may then be
secured to the backplate 125 via the bolts 129, for example.

However, applicants have discovered that the heating and cooling
associated with such lamination and the different coefficients of thermal
expansion associated with metal and epoxy can lead to bending of the overall
combined discrete segments. Specifically, the discrete elements (e.g., 42a1,
42a2, etc.) combined end-to-end will tend to bow either into or out of the plane of

the page relative to Fig. 13, for example.
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Accordingly, the embodiment of Fig. 14 further includes the support strips
135 made of a continuous thin strip of metal or the like. Although thin and of
relatively light weight, the width of the strips 135 can be approximately equal to
the height H of the armature (as represented in Fig. 13). The support strips 135
are combined with the aforementioned discrete elements/T-shaped
fasteners/windings assembly (e.g., by being abutted along respective sides of the
assembly in contact with the outer edges of the windings 70) and secured
together in epoxy or the like. In such case, the width of the strip 135 provides
significant structural rigidity to the assembly which greatly reduces and/or
eliminates bowing. At the same time, the thinness and relative light weight of the
strips 135 adds little cost to the armature insofar as overall mass, etc. The
combined assembly, following lamination, is then secured to the backplate 125
via the bolts 129, for example.

The support strips 135 have been described herein as having utility for
preventing bowing which may occur as a result of discrete elements combined
end-to-end. However, it will be appreciated that such support strips 135 are
useful even with a single element armature yoke which may otherwise be prone to
bowing due to long length, etc. Moreover, although two support strips 135 (one
on each side), another embodiment may include only a single support strip 135

on one side. Such embodiments are within the intended scope of the invention.

Although the invention has been shown and described with respect to
certain preferred embodiments, it is obvious that equivalents and modifications
will occur to others skilled in the art upon the reading and understanding of the
specification. The present invention includes all such equivalents and

modifications, and is limited only by the scope of the following claims.
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What is claimed is:

1. A double-sided linear motor, comprising:

a magnet rail comprising a plurality of permanent magnets arranged along
a length of the magnet rail, a lower edge of the magnet rail being secured to a
base;

an armature comprising a first armature yoke and a second armature yoke
each including a plurality of teeth separated by slots, and coil windings within the
slots which are energized during operation of the motor;

a motor support carriage for supporting the first armature yoke and the
second armature yoke on respective sides of the magnet rail with a predefined air
gap between the teeth of the first and second armature yokes and the respective
sides of the magnet rail, and permitting the armature to move along the length of
the magnet rail during operation of the motor; and

at least one engaging member mounted to the motor support carriage for
exerting a force proximate an upper edge of the magnet rail to counter potential
bending of the magnet rail during operation of the motor and thereby avoid

substantial variations in at least one of the air gaps.

2. The motor of claim 1, wherein the at least one engaging member
comprises a wheel mounted to the motor support in rotatable engagement with

the magnet rail.

3. The motor of claim 1, wherein the at least one engaging member
comprises a block mounted to the motor support in sliding engagement with the

magnet rail.
4. The motor of claim 1, wherein the motor comprises a pair of

engaging members provided on opposite sides of the magnet rail and which exert

oppositely directed forces on the magnet rail therebetween.
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5. The motor of claim 4, wherein each of the pair of engaging
members comprises a wheel mounted to the motor support in rotatable

engagement with the magnet rail.

6. The motor of claim 4, wherein each of the pair of engaging
members comprises a block mounted to the motor support in sliding engagement

with the magnet rail.

7. The motor of claim 1, wherein the motor support carriage comprises
a motor support yoke which supports the first armature yoke and the second
armature yoke, a first support car which supports a first end of the motor support
yoke, and a second support car which supports a second end of the motor

support yoke.

8. The motor of claim 7, wherein each of the first support car and the
second support car comprises a pair of wheels on which the first support car and
the second support car ride as the armature moves along the length of the

magnet rail.

9. The motor of claim 8, wherein each of the first support car and the
second support car further comprises a second pair of wheels designed to
engage corresponding sidewalls of a housing surrounding the magnetic rail, the
second pair of wheels serving to reduce movement of the armature in a direction

transverse to the length of the magnetic rail.

10.  Alinear motor armature, comprising:

an armature yoke including N teeth separated by slots, where N is an
integer, and coil windings within the slots which are energized during operation of
the motor; and

wherein the armature yoke further comprises at least one partial tooth at

one end of the armature yoke for reducing an end effect cogging of the linear
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motor armature in relation to a magnet rail along which the armature will run, and

does not include any partial teeth at the other end of the armature yoke.

11.  The linear motor armature of claim 10, wherein the armature yoke

including the at least one partial tooth is made of a soft magnetic material.

12.  The linear motor armature of claim 10, wherein an end effect
cogging force of the at least one partial tooth is approximately 180 degrees out of
phase from an end effect cogging force of the armature yoke without the at least

one partial tooth.

13.  The linear motor armature of claim 10, wherein the teeth and slots

are skewed to reduce slot cogging.

14.  The linear motor armature of claim 10, wherein the armature yoke

comprises a plurality of partial teeth at the one end.

15.  The linear motor armature of claim 14, wherein the plurality of partial

teeth are spaced apart from one another.

16.  Alinear motor armature yoke, comprising:

a plurality of discrete yoke segments each including a plurality of teeth and
a plurality of slots in which coil windings will be wound; and

fasteners which hold the yoke segments together end-to-end within the

armature yoke.

17.  The linear motor armature yoke of claim 16, wherein each of the
plurality of yoke segments includes a slot at least at one end and the fasteners
are inserted in the slots of adjacent yoke segments in order to secure the yoke

segments together.
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18.  The linear motor armature yoke of claim 17, wherein each fastener
comprises a T-shaped connector with the arms of the T-shaped connector being
fitted in the slots.

19.  The linear armature yoke of claim 16, wherein each fastener

comprises a T-shaped connector.

20.  Thelinear armature yoke of claim 19, further comprising a back
plate towards which the T-shaped fasteners are drawn in order to secure the yoke

segments together.

21.  The linear armature yoke of claim 16, wherein the fasteners are
made of a ferromagnetic material and are located within the flux path created by

armature coil windings included among the plurality of teeth and plurality of slots.

22.  The linear armature yoke of claim 16, wherein the fasteners are
spaced apart from one another by an integer number of North-South magneﬁc

poie cycles.

23.  The linear armature yoke of claim 16, further comprising at least one
thin support strip secured to the plurality of discrete yoke segments which reduce

bowing along the length of the yoke segments combined end-to-end.

24.  Alinear motor armature yoke, comprising:
a relatively long yoke having a front face comprising a plurality of
slots for receiving armature windings, a rear face and two side faces; and
at least one thin support strip secured to one of the side faces to

reduce bowing along the length of the yoke.
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