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Method Of Forming Secondary For Linear Drive Motor Comprising Sheet Of
Highly Permeable Magnetic Material Having Synchronized Motor Teeth,
Encoder Teeth, And Commutation Tracks

Background

[0001] This disclosure relates to linear drive motors, including synchronous linear
drive motors. More particularly, the disclosure relates to secondaries for such
motors, including stationary and moving secondaries, and further including
secondaries with and without magnets. In one aspect, as will be described in more
detail below, a thin sheet of magnetic permeable material is formed with slots
extending through the material to form teeth of the secondary and the sheet may
also have pockets or recesses formed simultaneously with the motor teeth to
eliminate manufacturing or alignment variances. Some of the pockets or recesses
may form teeth to be used as part of an encoder scale for the motor and other of the
pockets or recesses may be used as part of one or more sensors to provide
positioning information for the motor, as well as sensors for the drive components
regulating commutation of the motor, i.e., commutation teeth. In another aspect, the
pockets used to provide the encoder and commutation functions may be aligned with
small magnets installed in the secondary which are seen by the encoder as “home”
positions or limits. Yet in another aspect, pockets or recesses are added in the
sheet and synchronized with the commutation and encoder teeth to provide
“absolute position” on a given platen secondary, thereby enabling the drive for the
motor to be flexibly programmed, and the identifying of specific platen secondaries
when many are strung together in a line and the providing of “absolute position” for
the entire string. Thus, the concepts described herein provide for simultaneous
formation (and synchronization) of the motor teeth with the encoder teeth and/or
commutation teeth as well as other drive system components. A sheet formed in

such a way to form a secondary eliminates the need of conventional “Hall Effect”
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devices and inherently minimizes problems with establishing or maintaining motor
commutation, for instance, motor commutation in sinusoidally commutated linear
motors with platens having separate encoder scales that were attached after the
teeth in the platen were created. As sheet formed in the way described herein
reduces variation, thereby enabling the “electrical angle or commutation angle offset”
of a motor to be standardized which in turn reduces set-up and calibration times
while providing increased flexibility. Moreover, a drive may electrically couple a
primary to a secondary in a string of secondaries and continues with the same
commutation pattern between the motor and encoder teeth used in the previous
secondary without needing to re-establish phasing in the next secondary. Motion is
not slowed down or stopped to perform a “phase search” or read a “Hall Effect”
sensor.

Brief Description of the Drawings

[0002] Figure 1 is a plan view of one embodiment of a sheet for a platen segment
comprising motor teeth etched through the sheet and encoder teeth comprising
partially etched pockets or teeth synchronized with the motor teeth;

[0003] Figure 2 is a cross sectional view of the sheet taken along lines 2-2 of Figure
1;

[0004] Figure 3 is a cross sectional view of the sheet taken along lines 3-3 of Figure
1;

[0005] Figure 4 is a cross sectional view of the sheet taken along lines 4-4 of Figure
1;

[0006] Figure 5 is an enlarged cross-section view taken from detail area 5-5 of

Figure 2;
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[0007] Figure 6 is a plan view of another embodiment of a sheet for a platen
segment comprising motor teeth etched through the sheet, encoder teeth comprising
partially etched pockets synchronized with the motor teeth, commutation teeth
comprising partially etched pockets synchronized with the motor teeth, and magnet
locators comprising partially etched pockets synchronized with the motor teeth and
used as homes, limits or reference marks for drive functions;

[0008] Figure 7 is a cross sectional view of the sheet taken along lines 7-7 of Figure
6;

[0009] Figure 8 is a cross sectional view of the sheet taken along lines 8-8 of Figure
6;

[0010] Figure 9 is a cross sectional view of the sheet taken along lines 9-9 of Figure
6;

[0011] Figure 10 is an enlarged cross-section view taken from detail area 10-10 of
Figure 6;

[0012] Figure 11 is a plan view of another embodiment of a sheet for a platen
segment comprising stacked laminations with slots etched through each of the
laminations having epoxy thereover and forming motor teeth, and encoder teeth
comprising partially etched pockets in the top lamination synchronized with the motor
teeth, where the motor teeth have a greater pitch that than shown in the sheet of
Figure 1;

[0013] Figure 12 is a cross sectional view of the sheet taken along lines 12-12 of
Figure 11;

[0014] Figure 13 is a cross sectional view of the sheet taken along lines 13-13 of

Figure 11;
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[0015] Figure 14 is a cross sectional view of the sheet taken along lines 14-14 of
Figure 11;

[0016] Figure 15 is an enlarged cross-section view taken from detail area 15-15 of
Figure 12;

[0017] Figure 16 is a plan view of another embodiment of a sheet for a platen
segment comprising stacked laminations with motor teeth etched through each of the
laminations, with encoder teeth comprising partially etched pockets serving as
reference marks or teeth in the top lamination synchronized with the motor teeth,
commutation teeth comprising partially etched pockets in the top lamination
synchronized with the motor teeth, and magnet locators comprising partially etched
pockets used as homes, limits or reference marks for drive functions in the top
lamination which are synchronized with the motor and commutation teeth;

[0018] Figure 17 is a cross sectional view of the sheet taken along lines 17-17 of
Figure 16;

[0019] Figure 18 is a cross sectional view of the sheet taken along lines 18-18 of
Figure 16;

[0020] Figure 19 is a cross sectional view of the sheet taken along lines 19-19 of
Figure 16;

[0021] Figure 20 is an enlarged cross-section view taken from detail area 20-20 of
Figure 16;

[0022] Figure 21 is a plan view of another embodiment of a sheet for a platen
segment comprising stacked laminations with motor teeth etched through each of the
laminations, with encoder teeth comprising partially etched pockets in the top
lamination synchronized with the motor teeth, commutation teeth comprising partially

etched pockets in the top lamination synchronized with the motor teeth and including
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additional reference markers in the commutation track, and magnet locators
comprising partially etched pockets for locators for small magnets in the top
lamination synchronized with the motor and commutation teeth;

[0023] Figure 22 is a cross sectional view of the sheet taken along lines 22-22 of
Figure 21;

[0024] Figure 23 is a cross sectional view of the sheet taken along lines 23-23 of
Figure 21;

[0025] Figure 24 is a cross sectional view of the sheet taken along lines 24-24 of
Figure 21;

[0026] Figure 25 is an enlarged cross-section view taken from detail area 25-25 of
Figure 22;

[0027] Figure 26 is a plan view of an alternate embodiment of a sheet of a platen
segment comprising a motor teeth etched through the sheet, with encoder teeth
comprising partially etched pockets in the sheet synchronized with the motor teeth,
commutation teeth comprising partially etched pockets in the sheet synchronized
with the motor teeth, a track with additional reference markers comprising partially
etched pockets in the sheet synchronized with the motor teeth, and partially etched
pockets comprising magnet locators in the sheet synchronized with the motor teeth;
[0028] Figure 27 is an enlarged plan view of an alternate embodiment of a platen
comprising slots etched through the sheet to hold motor magnets of a secondary,
with encoder teeth comprising partially etched pockets in the sheet synchronized
with the secondary magnet slots, commutation teeth comprising partially etched
pockets in the sheet synchronized with the motor teeth with additional reference
markers, and partially etched pockets comprising magnet locators in the sheet

synchronized with the motor teeth;
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[0029] Figure 28 is an exploded perspective view of a single axis linear drive motor
with a housing enclosure not shown but showing a primary comprising three motor
stacks, a secondary comprising a sheet formed in the manner shown by any of the
sets of figures above, a secondary support base for the sheet with integrated bearing
rails, an encoder, a side magnetic preload; and a top and side bearing system for
primary and a bearing system for the primary;

[0030] Figure 29 shows the single axis linear drive motor of Figure 28 with
components assembled into a housing from a perspective view opposite that of
Figure 28;

[0031] Figure 30 shows a motor stack that may be used with a secondary
comprising a sheet formed in the manner shown by any of the sets of figures above;
and a bearing system therefor;

[0032] Figure 31 shows the housingless motor of Figure 30 with epoxy coating;
[0033] Figure 32 is an alternate embodiment of a rotary motor with a single sheet
spot welded to form a rotary motor primary;

[0034] Figure 33 is an alternate embodiment of two sheets formed in a tubular
shape and concentrically disposed about each other to form a rotary motor primary;
[0035] Figure 34 is an alternate embodiment of a rotary or limited or unlimited
torque motor with an integrated vertical “z”-axis motor with motor stacks arranged
orthogonally to create multi-axis capability;

[0036] Figure 35 is an exploded perspective view of an exemplary platen segment
and curved support structure; and

[0037] Figure 36 is a perspective view of the platen segment and curved support
structure of Figure 35 assembled with an arcuate motor operatively coupled thereto

for translation along the secondary.
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Detailed Description

[0038] Although the description is in reference to a linear drive motor as shown in
Figures 1 — 26 and 28-29, the principles described herein may be used in connection
with a rotary motor as shown in Figures 32-34, or permanent magnet linear motor
with magnets in the secondary like an iron core motor or even a cog-free, for
instance, as shown in Figure 27. Additionally, although the description is in relation
to a linear drive motor where the primary moves and the secondary is stationary, the
principles described herein may be used in connection with a stationary primary and
a moving secondary, for instance, in a CNC conveyor system that moves and sorts
items sitting on or fixtured to one or more platen segments, or positions items in a
precise way, for instance, in automated assembly, machining or manufacture.
Therefore, the description should not be viewed in any limiting way. For purposes of
illustration, a linear drive motor with a moving primary and a stationary secondary will
be described.

Motor Primary

[0039] As best shown in Figure 28, the linear drive motor 50 comprises a moving
primary carriage 52 with solid steel stacks 54 containing coils 56 and magnets 58.
The stack may be made from either a laminated or sold steel core and arranged with
a magnet and coil. The solid steel stacks are preferred in that they are much simpler
in design and they may be machined from a single piece of steel rather than from
laminations that are stamped, stacked and bonded together. Also, the solid steel
stacks provide their own integral support without having to add intermediate
supports. The moving primary carriage 52 may also comprise a machined housing
60 that holds the solid steel stacks, coils and magnets. The housing may also be an

extruded piece. Figure 28 shows the exploded view of the motor primary without a
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housing and Figure 29 shows the linear motor with the housing 60 enclosing the
primary carriage components. The solid steel stacks 54 with magnets may be
mounted in a cavity and self-align with mounting holes in the moving primary
carriage housing. The coils 56 may then be placed into the stacks and the same
housing 60 may be used as a mold for encapsulating the parts with epoxy. Because
epoxy is not needed for structural support in the stacks, a more suitable non-
structural epoxy or another material may be selected, for example, one which has
better thermal conductivity, produces less “outgassing” and thus meets cleanroom
requirements, or is better suited in a high vacuum operation.

[0040] As an alternative, a stack 62 as shown in Figure 30 may be encapsulated
with epoxy 64 as shown in Figure 31 to form the primary without a housing (i.e.,
housing-less). The epoxy fills the teeth and covers the stacks 62 and coils 56 for
electrical insulation, mechanical protection, aesthetic, or safety reasons. The
customer may mount fixtures or tooling directly to the solid steel stack. External
surfaces on the stacks may be configured with mounting holes 68 for mounting
components as necessary based upon the end user application, including mounting
a customer’s payload directly to the stack. The stacks may also be configured to
support the encoder and bearings. As shown in Figure 30, the stack has projections
70 and roller bearings 72 may be directly mounted to the stack projections. The
stack has additional projections and contours 73 to protect or hide end turns of the
coils 56 under the motor teeth and reduce potential impingement from the bearings
or alternately to provide greater tooth area which is oftentimes sacrificed in the
design of some motors.

[0041] A linear encoder read head 74 (Figs. 28,29) may be attached directly to the

motor carriage. The linear encoder read head 74 is part of the linear encoder
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system that provides position feedback to the drive or controller of the motor. The
linear encoder read head 74 reads an encoder scale provided on the secondary, as
described below in greater detail, and eliminates the Hall Effect sensors that often
are provided on the housing to establish motor commutation. The encoder read
head may be disposed in a mounting pocket adjacent a stack. By machining the
mounting pocket for the encoder read head along with mounting holes for the stacks
together, a fixed relationship between the motor stacks 54 and encoder read head
74 may be accurately established and repeated during the manufacturing process.
This fixes the “electrical or commutation angle offset” for the primary thereby
facilitating set up and interchanging component parts.

[0042] The primary carriage 52 may also have an arrangement of bearings 80 that
may comprise relative simple and inexpensive roller bearing assemblies (about 3 or
4) which can handle the high magnetic preloads between the primary and
secondary. The roller bearings 80 may be configured for rolling contact with
hardened wear surfaces of the support plate. The roller bearings 80 may be
mounted to the housing 60 using conventional means and may replace expensive
bearing blocks and precision machined spacers often found in some linear drive
motors. The roller bearings 80 may be mounted into the housing using shoulder
screws with square nuts on the end of the screw which fit into slots on the housing to
hold the bearing in place. Jack screws may be used to adjust the position of the
shoulder screw in the slot to achieve the desired motor air gap. The bearings may
be mounted to a solid steel stack in a similar way by machining a recess or pocket in
the stack under the magnet to accommodate the square nut for sliding motion
therein, and a shoulder screw may be used to mount the bearing. The bearing may

also be mounted directly to the solid steel stack. Side guide bearings 82 may also
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be mounted to the housing (or stack) in a similar way. Holes 84 in the housing (or
the stack) may be provided for access to the jack screws. A magnetic preload
assembly 86 may be provided to hold the motor against the side of the platen. The
magnetic preload assembly 86 may be formed from a permanent magnet disposed
between two steel plates as shown in Figure 28.

Sheet Description

[0043] The linear drive motor stationary secondary 90 comprises a sheet 92 of a
highly magnetic permeable material, preferably with a high iron content and low
carbon content. The sheet may be fixed to a support structure 94 to form a platen
segment for the secondary. The support structure 94 may comprise a relatively
thicker plate with a pocket that receives the sheet, for instance, as shown in Figure
28. The material forming the support structure 94 may be a high carbon steel or
other hardened steel for strength and wear resistance while the sheet 92 insert is
made from a relatively soft yet highly magnetically permeable material. The support
structure 94 may have three precision ground and hardened bearing surfaces 96
which are typically two on the top surface and one guide surface on one side of the
platen for the roller bearings 80 and side guide bearings 82 associated with the
primary carriage. Thus, the support structure 94 may provide overall support for the
platen segment, and bearing support for high magnetic preloads and customer
loads, and guidance. A very thin hardened or tempered steel plate (not shown) may
be disposed between the support base and the sheet to provide a wear resistant
surface for the roller bearings to contact. The wear strip may be easily replaced
when worn as necessary. Although the sheet is shown in the drawings as being

insertable into a cavity 98 of a support structure to form a rigid and flat base for the
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secondary, the sheet may be mounted to a flat surface. The sheet 92 may be
secured, or mounted to a support structure 94, with screws, spot welds, or adhesive.
[0044] Additionally, a thin sheet 92 may be formed into a tube 102 as shown in
Figure 32 and 34, or two sheets 92a may be wrapped into concentrically disposed
tubes to form layers 102a to form a rotor of a rotary permanent magnet servo motor
as shown in Figure 33. Opposite side edges of the sheet may be attached together
form the tubular shape. A thin sheet 92 may also be mounted to the curved support
104 and conform to the curved support as shown in Figures 35-36. Accordingly, the
principles described herein may be used in connection with rotary servo motor and
gear applications that require linear or rotary motion.

[0045] Referring to Figures 1-27, the sheet 92 preferably has a width 110 and a
length 112, although both sides may be the same dimension, and a first surface 114
and an opposite second surface 116 with a thickness 118 extending therebetween.
The sheet thickness may be 0.060 inches to 0.100 inches. A sheet may have a
thickness of about 2 mm or (.0787 inches). More highly magnetically permeable
materials are readily available in these thinner thicknesses. The sheet 92 has a
plurality of slots 120 in the first and second surfaces and at least partially extending
through the sheet thickness parallel to the width 110 of the sheet and spaced along
the length 112 of the sheet. The slots define a plurality of teeth 121 in the sheet
between the slots and enable the sheet to be conformable to the mounting surface to
which the sheet is mounted when forming the secondary of the motor. The
slots/teeth may have a spacing defining a motor pitch.

[0046] Mounting holes 122 in the sheet may be added for mounting the sheet to the
base. Guide holes 124 may be provided in the sheet depending upon the end user’s

application and requirement for external mounting of fixtures and tooling. The guide
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holes 124 (and/or mounting holes 122) may be synchronized with the features of the
sheet described herein (i.e., “Track 3” for absolute positioning disclosed below) to
establish a common “zero position” among motor secondaries. Additionally, after the
sheet is mounted to a support structure or base plate, the guide holes 124 may
provide references for customer use, for instance, precision drilled holes for reaming
and installation of dowel pins or for tapped holes used in the end-user application.
[0047] Referring to Figures 1-26, the sheet may have a plurality of bridges 126
formed in the slots between the teeth thereby operatively connecting the teeth 121
together. This ensures the spacing of motor teeth 121 is relatively constant but yet
allows the sheet to be handled in the manufacturing process without deforming the
teeth and also to be conformable to the surface to which it is mounted. The bridges
126 between the motor teeth 121 assist in keeping the teeth in a proper spatial
relationship when the sheet conforms to a curved support structure. The bridges
126 may form recesses in at least one of the first and second surfaces 114,116.
Preferably, the bridges are about 25% of the sheet thickness, although the bridges
may be the entire thickness of the sheet. The bridges 126 may also be generally
flush with either of the first and second surfaces as may be desired. Making the
bridges flush with the second surface reduces the effect of interference of the flux
pattern between the primary and secondary caused by the bridges. Adjusting the
thickness and the position of the bridge (i.e., flush or recessed from either the first of
second side) allows the relative pliability of the sheet to be changed as desired.
[0048] As shown in Figures 11-25, the sheet may include laminations 92a stacked
together to form the sheet. Each lamination may have a slot arrangement as
described above so that when the laminations are stacked, they form a contiguous

secondary. This allows the tooth height to be extended and the tooth cross section
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to be selected for optimum conditions. Thus, the laminations in the stack may be
geometrically different and selectively stacked to form a desired cross sectional
geometry of the teeth of the sheet. As an example in Figs. 12, 17, and 22, the sheet
comprises two laminations of about 2 mm (0.0787 inches) that are stacked to form a
4 mm thick sheet for the platen. Accordingly, the tooth height has been doubled
which is desired when the motor pitch is doubled. This increases force with the
larger tooth and produces greater velocities that may be developed in the motor,
especially in a large pitch motor. For larger pitch motors, laminations may be
stacked as desired to provide a desired tooth size. When stacking multiple
laminations, the bridges may be formed narrower to reduce interference with the
magnetic path between the motor and secondary teeth. By way of illustration and
not in any limiting sense, the secondaries shown in Figs. 11, 16, and 21 have a 10
mm motor tooth pitch.

[0049] The slots in the sheet may be formed in such a way that the motor teeth
have a cross section other than rectilinear. For instance, it has been found that a
trapezoidal tooth has advantageous magnetic properties in a linear motor to produce
more force. Accordingly, the width of the slot 120 on the top side 114 of the sheet
may be greater than the slot width at the bottom side 116 of the sheet. Figures 5,
10, 15, 20, and 25 show such an arrangement. Each of the laminations may be
formed accordingly so that when they are stacked to form the sheet, the desired
shape is achieved. Figures 15, 20, and 25 show such an arrangement where each
of the laminations of the sheet has teeth with a cross section such that when stacked
to form the sheet, the teeth have a composite trapezoidal cross-section. Other

geometries are also possible. For instance, a lamination may be formed with teeth
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or surface features on the inner layer as shown in Figure 33 having an aerodynamic
shape to act like a cooling fan to draw air directly through the motor.

[0050] Adjacent the motor teeth 121, a plurality of pockets or recesses may be
provided in the top surface of the sheet to form one or more sensors for drive
components of the motor. The pockets or recesses may be formed as teeth, for
instance, for an encoder and/or for a sensor generating commutation signals for the
drive of the motor. The pockets or recesses may also be formed to hold magnets or
other devices used in sensors for positioning functions associated with the drive of
the motor. Itis not necessary that each sheet have encoder teeth or commutation
teeth or pockets comprising sensors for positioning or for identifying platen
segments. A sheet as described herein may include any one or number of features
depending upon the application. Preferably, the pocket or recesses are formed in
the same manufacturing set-up to reduce variation. The top surface plurality of
pockets and recesses may be formed adjacent the plurality of slots forming the
motor, and extend parallel to the width of the sheet and spaced along the length of
the sheet.

[0051] Preferably, the slots in the sheet (or the individual laminations) comprising
the motor teeth, and the plurality of pockets and recesses comprising the teeth and
pockets used for the encoder, commutation, and/or positioning functions, are formed
through a photo-chemical etching process. The pockets, for instance, forming the
encoder track and/or the commutation track, may be formed by a “partial one sided
etching” or “step or blind hole etching”. This process has proven satisfactory for
creating small precise features. As an example, the encoder and commutation track
have teeth that are etched to a depth of approximately 0.25 mm. Preferably, each

sheet forming a platen segment may have its features dimensionally identical to
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another sheet, so that when multiple platen segments are arranged together, each
platen segment will have the same electrical or commutation angle offset thereby
facilitating set-up and interchanging component parts.

[0052] For forming the slots in the sheet (or the individual laminations) comprising
the motor teeth, “a single sided through etch” or “double sided through etching” may
be employed to create the slots in the laminations, although a “double sided through
etch” process is preferred. When photo chemical etching is from only one side there
are inherent limits to the size, depth, shape and quality of the features. The “double
sided etch” process etches the same feature in both sides of the sheet (or
lamination) at the same time. Double sided etching minimizes problems from “over-
etching,” creates more accurate and more repeatable features, and allows different
patterns to be etched on each side of the sheet (or lamination). For instance,
“double sided etching” allows forming a tooth that is wider on the bottom than on the
top. The effect is to create a “trapezoidal” shaped tooth which has better magnetic
flux properties. For instance, in a trapezoidal tooth shape, the tooth bottom is larger
which allows for improved overall flux flow and the top of the tooth is optimized for
the motor primary or for properly saturating of the tooth surface. A two sided
photochemical etching process facilitates this process where one slot can be made
larger than the other leaving an approximate trapezoidal tooth shape. As discussed
above, this results in motor teeth that are narrower on the top side 114 of the sheet
and wider on the bottom side 116 of the sheet. Preferably, a combination of “partial
one sided etching” and “double sided etching” is used to form the slots/teeth in the
sheet and the encoder track, commutation track and/or other tracks and features in
one step-up, thereby allowing the etched pockets and recesses to align to the motor

teeth as necessary to allow an accurate and repeatable system. Proper
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implementation of the commutation track and other tracks as described herein
requires that the relationship between features and the motor teeth be very
repeatable over each pole pitch. Thus, a “combination etch” combines the “double
etch” process, which forms large motor teeth, with a “partial etching” process, which
forms the smaller critical features, i.e., pockets for the encoder and other sensor
functions. The “combination etch” lowers the cost to manufacture the secondary and
synchronizes the motor teeth with the encoder and other sensor pockets. The
recessed bridge features may also be formed through a “combination etch” process
where the slots forming the motor teeth are etched from the top and bottom while the
areas on either side of the bridges are etched from the bottom. Other methods of
forming the sheet with the features described herein may also be used, including
EDM or conventional machining.

Encoder Track

[0053] As shown in the drawings, a first plurality of pockets 130 is formed in a line
adjacent the motor teeth. These pockets may comprise an encoder scale for the
motor. Tying the spacing of the motor teeth to the encoder locks or synchronizes the
motor pitch to the encoder pitch. Preferably, the encoder pitch is an integer multiple
of the motor pitch. This allows for accurate sinusoidal motor commutation, as
explained below, which inherently maintains optimum commutation during the course
of motor travel across the secondary. As an example, as shown in Figs. 1 and 26,
the sheet has motor teeth arranged with a 5 mm or 10 mm pitch and pockets for
providing an encoder scale arranged with a 1 mm pitch.

[0054] The encoder system which includes the read head 74 and teeth 130 may
comprise an incremental linear encoder that generates a transistor-transistor logic

(“TTL”") output signal in the form of a series of pulses relative to the amount of
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movement . The incremental linear encoder read head 74 reads the series of teeth
130 on the sheet and creates a series of pulses which the drive interprets as fixed
increments of distance. The encoder is typically an inductive or capacitive encoder
and may also provide output in the form of sine/cosine information. The encoder
system may comprise an incremental encoder with reference pulses and magnetic
Sensors.

[0055] Preferably, the pockets 130 forming the encoder scale are etched relatively
near to the motor secondary teeth. The pocket width and overall pocket pitch are
preferably made to match the encoder being used. The encoder pole pitch will
typically be about 2 mm to 3 mm, though the pitch may vary as required in an
application to provide the needed speed for the motor, resolution, or encoder air gap.
The typical resolutions of the encoder ranges from 2 micron to 1 micron. The
pocket depth for each of the encoder teeth may be approximately 0.25 mm. This
depth has been found satisfactory as it allows for implementation of the “partial”
photo-chemical etching processes that will create accurate features without
degradation. An encoder scale formed in this manner is resistant to mechanical
damage and the magnetic fields from the motor and from the magnets in the
secondary, and impervious to dirt, oil, and other environmental contaminates.

Commutation Track

[0056] In addition to, or in the alternative, a plurality of pockets or recesses 140 on
the sheet may also form a sensor operatively connected to the drive of the motor to
facilitate commutation of the motor. For instance, the pockets forming the sensor for
the commutation function of the drive may be formed in a distinct track(s) in the top
surface of the sheet adjacent to or alongside the pockets forming the sensor for the

encoder. The sensor may read the teeth in the track and control commutation of the
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motor. Thus, the commutation functionality may be provided without using Hall
Effect sensors or performing a “phase search.” Preferably, the pockets used for the
commutation function form teeth having a width equivalent to the width of the teeth of
the encoder track. As shown in the drawings, the encoder track 130 and a
commutation track 140 are in close proximity to each other. Generally speaking, the
spacing of pockets or teeth 140 used for the sensor for commutation is the same as
the motor teeth 121, i.e. the same pitch. The pitch of the teeth of the commutation
track is preferably at least the same as the teeth of the motor secondary but could be
less. Additionally, the pitch of the teeth 130 of the encoder scale are an integer
multiple of the pitch of the teeth 121 of the motor secondary pitch. Thus, each motor
tooth will align with an encoder tooth and a commutation track tooth in a repeating
pattern all along the length of the sheet of the platen segment. For ease of
discussion, the tooth in the commutation track that aligns with the motor tooth will be
referred to herein as a “primary commutation” tooth or pulse 142. The commutation
track may be formed with an addition tooth between the primary commutation teeth.
For ease of discussion, the additional tooth will be referred to herein as a “secondary
commutation” teeth or pulses 144. The commutation track may be formed with
additional teeth adjacent the primary commutation teeth. For ease of discussion,
these will be referred to herein as “marker” teeth or pulses 146.

[0057] The commutation pulses 142,144, which may include primary pulses only, or
primary and secondary pulses, depending upon the application, allow the motor to
move only to the next commutation pocket or position to establish motor
commutation. Because the commutation pulses 142,144 are synchronized with the
motor secondary teeth 121, the motor drive is able to locate a commutation pulse in

a distance less than or equal to the motor tooth pitch, thereby enabling the motor
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drive to determine motor phasing. Because the commutation pulse is aligned with
the motor tooth, the drive may readily determine its relative location. Because both
teeth are precisely formed, for instance, through the photochemical etching
processes discussed above, the motor and commutation tooth are precisely aligned,
and quick and precise commutation occurs without variations. This eliminates the
need of Hall Effect sensors when used on linear synchronous motors with magnets
in the secondary, or the need of “phase searching” to establish commutation for
other linear synchronous motors that do not have magnets in the platen but have
teeth instead.

[0058] Hall Effect sensors increase motor costs, for instance, additional cabling and
sensors, and increase operational requirements, for instance, run time when
establishing commutation. Linear drive motors with Hall Effect sensors may be
difficult to align or position in the motor primary, and may degrade commutation in a
motor if excessive variation exists in placement of the Hall Effect sensors on the
primary and their associated magnets on the secondary. Providing an encoder and
commutation track that are synchronized optimally with the motor secondary teeth
eliminates these drawbacks.

[0059] As an alternative to Hall Effect sensors, “phase searching” may be used but
may produce unpredictable results. Phase searching may be accomplished by
powering a coil and aligning the coil to a tooth or a magnet. However, this method
sometimes produces poor results due to “cogging” in an “iron core” motor or any
motor with a predominately iron-based primary or when a load is pulling against the
motor, for instance, from a cable track or a heavy load. Particularly, in vertical

applications, it is usually difficult to perform phase searching due to the gravitational
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loads. Providing an encoder and commutation track that are synchronized
eliminates these drawbacks.

[0060] Because the commutation pulse is synchronized with the encoder track
pulses which are in turn synchronized with the motor teeth, predictable and
repeatable commutation is achieved. In essence, a repeating zero point is created
at every motor tooth because all three essential components, namely, the motor
teeth, the encoder teeth, and the commutation teeth, are realigned or set to zero at
every motor pole pitch. This assures correct sinusoidal commutation alignment
regardless of the distance of the relative motion between the primary and the
secondary, or as discussed below in greater detail, regardless of whether the move
involves traversing several sheets of platen segments. In other words, after
commutation is established, the drive need only apply the motor electrical or
commutation angle offset through the encoder track to any platen secondary.
Because the encoder track teeth, motor teeth, and commutation track teeth are
synchronized, variation is eliminated, particularly in motors with smaller tooth pitches
having relatively lengthy travel-distance requirements.

[0061] When dimensional variation of the features of the sheets forming the platen
segments is significantly reduced through the manufacturing process, for instance,
the photo-chemical etching processes disclosed, a primary may be replaced with
another similar primary and/or a secondary may be replaced with another similar
secondary. This reduces issues often associated with a relatively lengthy secondary
of a sinusoidal commutated motor where manufacturing variations associated with
the locations of teeth or magnets stacks up and causes an error to accumulate with
respect to the expected phase positions in the drive that are tied to the encoder

scale, and the actual phase positions in the secondary. The effect of this error is
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multiplied with motors having reduced motor pitch as the drive applies phase
currents at less than precise positions or in a less-than-optimum manner. Because
the encoder and motor secondary teeth are linked in an accurate and repeating
pattern, the drive is less likely to lose commutation, and there is less variation during
long distances of travel or with locations associated with small pitch motors.
Furthermore, secondaries may be moved and interchanged indiscriminately between
any number of fixed primaries as disclosed below without having to slow down or
stop to "establish commutation." There are at least two aspects disclosed here: (i)
sinusoidal commutation varies little if at all in any condition, and (ii) once a primary
has "established" commutation in a platen in plurality of like platens, it does not need
to "re-establish" commutation in another platen.

[0062] In the exemplary sheets shown in Figs. 6-10, 16-20, and 21-26, the motor
moves at most 5 mm and receives a commutation pulse with the motor commutation
and electrical or commutation angle offset stored in the drive. In the sheets of Figs.
21 and 26, the primary commutation pulses 142 correspond to the first tooth in a
grouping or series of marker pulses 146 (either 2 to 4 teeth which are shown in the
drawing with “II,” “lll,” or “Il11”), and the secondary commutation pulse is alone (i.e.,
not in a group or series), and is read by the drive as a commutation pulse. In sheet
of Figs. 21 and 26, the additional secondary commutation pulses 144 allow the drive
to read a commutation pulse within movement of the motor primary of only 5 mm
rather than the 10 mm distance between primary commutation pulses. As explained
below in greater detail, the primary and secondary commutation pulses 142,144 may
also be used to identify position on the sheet comprising the platen and information

about the sheet. A primary and secondary commutation pulse is not required on
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platens having a relative short length to read a pulse. The sheets of Figs. 6-10 and
16-20 do not show secondary commutation pulses.

[0063] In a different application involving cog-free, iron core or permanent magnet
motors, the teeth of the commutation track 140 may be aligned with magnet
slots/pockets 148 of the secondary (rather than aligning the teeth of the commutation
track with slots or pockets defining the motor teeth as described above) (Fig. 27). In
addition, the magnet slots/pockets 148 may be aligned with a primary commutation
tooth 142 and a secondary commutation tooth 144 may be added between adjacent
primary commutation teeth to establish commutation in a distance corresponding to
half of a pole pitch (Fig. 27). On motors with magnets in the secondary, as shown in
Figure 27, a pole pitch is made up of two magnets. In Figure 27, the pole pitch is 50
mm and 5 distinct pulses 146 between the poles are added to allow phase searching
to be accomplished within a fifth of the pole pitch or 10 mm. Thus, the required
distance of movement for commutation is 10 mm. Additional pulses may be added
as needed as pole pitch increases and/or to minimize the distance the motor primary
needs to move to read a commutation pulse. In a cog-free motor application as
shown in Figure 27, the magnets may extend through the slots 148 in the sheet, or
be disposed in pockets in the sheet.

Track 3

[0064] In addition to the encoder track and/or the commutation track, the top
surface of the sheet may have additional tracks 150. As will be described in
additional detail below, another plurality of pockets formed on the top surface of the
sheet may be used to form a sensor operatively connected to the drive of the motor
for position functionality associated with the motor. As described hereinafter, “Track

3” maybe used to provide this functionality. The plurality of pockets 150 forming
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Track 3 may be formed as teeth at a similar depth as the commutation and encoder
tracks, and used to form a sensor operatively connected to the drive of the motor for
providing “absolute position” information about a sheet or platen segment. As
discussed below, when Track 3 is synchronized with Track 4 and a plurality of like
sheets of the platens are arranged end-to-end in an elongated track, “absolute
positional” information may be generated for all of the platen segments.

[0065] Track 3 may function as a flexible pseudo-absolute encoding system. The
plurality of pockets or teeth 150 of Track 3 may have a pattern that is different from
the other tracks but repeats at a different interval, for instance, using the example
above shown in Fig. 26, every 10 mm along with the pattern in the commutation
track. The sensor(s) associated with the drive may be configured or enabled to
interpret the pulses generated by the teeth of the commutation track and the teeth of
Track 3 as a “packet” of information that provides absolute positioning information
within single sheet. For purposes of illustration and not in any limiting sense, the
pulses generated by the teeth 140 of the commutation track may be referred to as
“‘index pulses.” The drive system may be configured to look at the index pulses from
the commutation track and determine the location on the sheet of the platen. For
instance, as shown in Fig. 26, 10 bits of unique information may be collected in a
“packet” between the commutation and the encoder tracks since there are 10 pulses
in Track 3 between the “primary commutation pulses”, and from that absolute
position may be established. The packet of information may correlate to a value
found in the look-up table or the value, or be determined from a look-up table or
other algorithm tied to a distinct commutation pulse correlated to that packet of

information.
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[0066] In the example shown in Fig. 26, the teeth 150 of Track 3 correlate with the
teeth 140 of the commutation track and the encoder teeth 130, where thereisa b
mm motor tooth pitch, a 5 mm commutation tooth pitch, and a 1 mm encoder scale
pitch. The 10 mm repeating sub-segments in the commutation track are defined by
the first pocket or the “primary commutation pulse.” In the drawings, the primary
commutation pulse always has another index pulse (i.e., marker tooth or teeth 146)
associated with it. There may be 1, 2, or 3 teeth next to the primary commutation
pulse to provide the index pulse. This creates a larger repeating pattern in Track 3
and enables creating more pulses for development of a large skew or a 10 bit digital
word.

[0067] In this way, the number of marker teeth 146 next to the primary commutation
pulse 142 may be used to identify a location within a single sheet. For instance, one
pocket next to the primary commutation pulse segment indicates the position is in
the first third of the sheet. Two pockets next to the primary commutation pulse
indicate a position in the middle third of the sheet. Three pockets next to the primary
commutation pulse indicate a position in the last third of the sheet. The use of
marker teeth or pulse after the primary commutation pulse adds a multiplying factor
of three to the “packet” of information collected by the sensors associated with the
Track 3. This also reduces the distance the motor primary moves to find absolute
position when many sheets are strung together. As discussed above, the
commutation pulse between the primary commutation pulses is the secondary
commutation pulse. Unlike the primary commutation pulses, the secondary
commutation pulse 144 preferably does not have a marker pulse associated with it.
Thus, the secondary commutation pulse 144 is easy to identify in the commutation

track and is used for commutation only, and not for identifying the repeating pattern
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in Track 3. The secondary commutation pulse may be eliminated if moving the
motor primary a greater distance to establish commutation is not an issue in the
application.

[0068] The 10 bits of information found in Track 3 allows for encoding of a sheet of
a platen segment. As an example, a sheet forming a platen segment having a length
of 2500 mm would be sub-divided every 10 mm into 250 sub-segments each with its
own reference encoding in the manner described above. Thus, the motor may find
absolute position by moving no more than two primary commutation pulses. Using
the example describe above, the motor may move less than 5 mm to read the
presence of a commutation pulse in Track 2. For instance, if the drive reads a
primary commutation pulse, the drive will first establish commutation and continue to
move until it reads at most 10 bits of information in Track 3, thereby enabling the
drive to identify its exact location on the sheet. If the drive reads a secondary
commutation pulse first, the drive will establish commutation, advance to the primary
commutation pulse, and then read the 10 bits of information in Track 3, thereby
enabling the drive to identify its exact location on the sheet. Because the information
in Track 3 is synchronized or tied to the commutation pulses of Track 2, the drive is
able to distinguish between and precisely locate positions for 250 or more unique
‘home” locations in a single platen segment. These “index pulses” establish quick
and accurate motor commutation and absolute position within a platen segment.
Because the commutation pulses in fact function as homing or index pulses within
the encoder, the motor’s position is very accurate and repeatable to 1 encoder count.
Therefore, the information from Track 3 applied to a commutation pulse will be

accurate and repeatable to 1 encoder count.
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[0069] Only 7 bits of the 10 bits of information in Track 3 are needed to give
absolute position in a 2500 mm long sheet. Utilizing all 10 bits would allow encoding
a 30,720 mm platen. Thus, a flexible pseudo-absolute encoding system may be
used for: (i) minimizing search distance to establish absolute position; and/or (ii)
maximizing the possible platen length through a plurality of segments. For example,
in a motor having a fixed primary and moving secondaries having a length of
approximately 24 inches (610 mm), a 5 mm pitch motor without secondary
commutation pulses is able to find commutation and absolute position in only 5 mm
of travel. The platen may be divided into 4 zones by adding 1, 2 or 3 pulses after the
primary commutation pulses in the commutation track (Track 2) (see Fig. 26). Track
3 of such a motor may have 5 bits of information and with the 5 mm motor pitch, the
motor may be provided with 640 mm of encoding.

[0070] A skew may also be incorporated into Track 3 to provide an alternate means
of determining absolute position on a sheet of the platen. Accordingly, the “packet”
is not 10 bits of information but a skew. There may be a unique skew between each
primary commutation pulse or “home” index pulse. Depending upon the application,
adding 1, 2, or 3 pockets after the primary commutation pulse, as described above,
may not be necessary. One pocket after the primary commutation pulse may be
used to establish position markers in the sheet as shown in Figs. 21 and 27.
Alternately, the secondary pulse may be eliminated if a longer distance to establish
commutation is acceptable in the application. This may be useful to minimize the
programming in the drive.

Track 4

[0071] In addition to the encoder track and/or the commutation track and/or Track 3,

the top surface of the sheet may have additional tracks. As will be described in
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additional detail below, another plurality of pockets formed on the top surface of the
sheet may be used to form a flexibly programmed sensor operatively connected to
the drive of the motor. The teeth may be formed in a track. As described
hereinafter, “Track 4” 160 maybe used to provide “homes” and/or positional limit
information, and/or platen segments identification.

[0072] Magnetic material may be added later into the pockets 160 of Track 4 to
form the sensor for setting positional limits. These additional pockets may be etched
alongside or adjacent to the encoder scale to a depth that makes the magnets
approximately flush to the encoder scale or as needed to be optimally read by the
encoder head. Index pulses from the commutation track, may be used in connection
with the magnetic signals from the positional limits to provide precise and accurate
positional limits for the motor. In general, a magnetic limit may not be very accurate
or repeatable because of inherent hysteresis. However, the effects from hysteresis
may be eliminated when the magnet positional limit is used in connection with index
pulses from one or both of the commutation track and/or encoder track. For
instance, a pocket forming a sensor for a positional limit may comprise a “south”
magnet, and when the drive receives the signal generated by the “south” magnet, it
will assign a position to the motor primary to that of the nearest commutation index
pulse read by the encoder, thereby establishing an accurate to “home” for the
primary. Accordingly, the commutation pulse is in essence a “home” index pulse.
Thus, the combination of the magnet and the index pulse provides an accurate and
repeatable “latch” for homing which is accurate and repeatable to 1 encoder count.
Also, a “north” magnet may be added to Track 4. The drive may be configured to
read the “north” magnet as a limit, as needed by the application. If a home is not

needed, for instance, when the scale is configured as a pseudo absolute encoder for
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a single secondary, as stated above, the “north” and “south” magnets can be simply
read as left and right limits.

[0073] Alternately, the pockets with magnets or other markers in Track 4 may also
be used to identify a platen among many platens. Because the drive may determine
the absolute position information for the platen segment from the information from
Track 3, the drive may determine where every magnet pocket is located with respect
to every primary commutation pulse and be configured to determine the patterns of
the magnets to determine a platen segment’s identity. Number codes may be
etched into the platen segment to assist in identifying a platen segment from among
many. This allows for flexible programming. As shown above, the information
contained in Tracks 2 and 3 establish both commutation and absolute position within
a single platen segment. A pattern of magnets at the beginning of a platen segment
in Track 4 may also be used to identify platens. For instance, “north” magnets may
be used to identify a platen, thereby allowing “south” magnets to be used as limits.
As an alternative, “north” and “south” magnets may be used to identify platen
segments. As yet another alternative, where more platens are seamed together, a
skew may be used in placement of magnets. By way of example, Track 4 may be
formed with 200 to 500 magnet pockets in one 2500 mm platen segment, and by
placing a magnet in a different pocket among the 200 to 500 available magnet
pockets in Track 4 of the platen, one magnet could be used to identify some 200 to
500 platen segments. By using “north” and/or “south” magnets, 400 to 1000 platen
segments may be identified. If more platens need to be identified multiple magnets
may be used. Magnets may also be added between every primary commutation
pulse to reduce the length of travel during identification of a platen from the length of

the platen segment to only 10 mm in the examples described above. Magnets may
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be placed in a repeating pattern in any multiple of the repeating 10 mm pattern
between primary commutation pulses. Additionally, different combinations of “north”
and “south” magnets may be used to identify the platens. The information within a
pattern may be read as a skew or as a digital word. The word could be in a “binary”
format with two conditions reading a “north” or “south” magnet providing a “bit” of
information. The word could also be in a base 3 format so within a single pocket in
Track 4, there can be three conditions, for instance, a north magnet is read as “+17,
no magnet in a pocket is read as “0” and a south magnet as “1”. Accordingly, the
drive may be configured to read the “packets’ of information from the magnets in
Track 4, and access a look-up table to identify the platen segment. Providing Track
4 in a digital word format may be preferred when configuring platen segments as
moving secondaries to be passed between fixed primaries. In such an arrangement,
the drive may be configured to read the first 10 pockets, which may include magnets
or spaces, and from information identify the platen. In a base-2 system, 1024 platen
segments may be identified; in a base-3 system, 59049 platen segments may be
identified.

[0074] Using the principles described herein, the drive of the motor may be
configured to operate in an “open loop” mode until it reads any commutation pulse in
Track 2 whereupon commutation is established, and thereafter, the drive may be
configured to operate in a “closed loop” or “servo mode”. Elaborating on the
example provided previously, the drive may also be configured such that when it
reads a primary commutation pulse 142, it establishes commutation, and determines
absolute position in the platen segment based upon the combination of the primary
commutation pulse of Track 2 and the 10 bits of information read from Track 3

between primary commutation pulses. The drive may also be configured such that
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when it reads a secondary commutation pulse 144 before the primary commutation
pulse, the drive establishes commutation at the secondary commutation pulse,
advances to the next primary pulse, and determines absolute position in the platen
segment based upon the combination of the primary commutation pulse of Track 2
and the 10 bits of information read from Track 3. The drive may then be configured
to move the motor in such a way that the drive reads the information of Track 4 and
then determines platen identity, for instance, by grouping the Track 4 information into
the appropriate packets defined by the repeating pattern of markers on Track 4,
and/or by comparing the information with an algorithm or look-up table. In other
words, the drive is configured to determine absolute position on a single platen
based upon the combination of commutation pulses of Track 2 and the information of
Track 3. Once absolute position on a single platen is determined, the drive may be
enabled to read information encoded in Track 4, for instance, read and interpret any
combination of magnets and/or spaces present in Track 4. Thus, through the
combination of commutation pulses of Track 2, positional information from Track 3,
and the arrangement of markers in Track 4, determine platen identity, home
positions or limits. Accordingly, the positional or identification information developed
from the combination of the commutation pulses of Track 2 and the information of
Track 3 and/or Track 4 will be accurate and repeatable to 1 encoder count.

[0075] The description above utilizes a sensor comprising magnets installed in the
pocket. However, the sensor may use labels read with an optical scanner. The
pockets 160 may be etched with the label or in a manner to locate the label instead
of the magnets as described above. For example, the instructions may provide
programming for the drive to move the motor through a sequence of moves. In this

way the platen may be used in CNC machining center, and the instructions encoded
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in Track 4, may enable the system to move the platen to a position for a machining
operation (i.e., “go to a point and wait for a hole to be drilled”) and then advance to
the next step. Another application may involve a conveyor line used to feed,
position, sort, and/or transfer randomly “moving secondaries” in a non-sequential
manner from a fixed primary to a conveyor and then to another fixed primary capable
of rotation to allow transfer of the secondary to other conveyor lines. Because the
electrical or commutation angle offset may be set for specific motors, there is
interchangeability between primaries, secondaries and drives for a given motor, and
the ability to pass identical secondaries from one primary to another. The systems
and methods described herein may also be used in systems in a warehouse or
factory with lengthy runs of conveyor or rail system. In one example, a warehouse
may use several sheets forming platen segments that are installed in a floor of the
warehouse. Also, multiple “robots” may be used on the different sheets of the
platen segments, the positional limits and “home” of each sheet may be established
so that the robots do not interfere with each other.

[0076] A linear stage as described herein is highly integrated and merges (i) key
motor secondary components, such as motor teeth, encoder teeth, commutation
tracks, absolute position tracks, limits and home positions; (ii) a bearing rail system;
and (iii) key motor primary components, such as motor teeth, coils, encoder; all in
close proximity to each other and in many cases in a functional interrelationship.
[0077] While specific embodiments have been described in detail in the foregoing
detailed description and illustrated in the accompanying drawings, those with
ordinary skill in the art will appreciate that various modifications and alternatives to
those details could be developed in light of the overall teachings of the disclosure.

Accordingly, the particular arrangements disclosed are meant to be illustrative only
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and not limiting as to the scope of the invention which is to be given the full breadth

of the appended claims and any and all equivalents thereof.
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What is claimed is:
1. A method comprising:

providing a sheet of highly magnetic permeable material, the sheet
having a width and a length, and a first surface and an opposite second surface with
a thickness extending therebetween

forming in the sheet a plurality of slots in the first and second surfaces
and at least partially extending through the sheet thickness parallel to the width of
the sheet and spaced along a length of the sheet, the slots defining a plurality of
teeth in the sheet between the slots and enabling the sheet to be conformable to a
support surface of a secondary of a motor, the plurality of teeth having a motor pitch;

forming in the sheet first surface a plurality of pockets adjacent the
plurality of slots, the pockets extending parallel to the width and being spaced along
the length of the sheet, the pockets forming a sensor operatively connected to a
control of the motor; and

mounting the sheet to a support surface to form the secondary of the

motor wherein the sheet is conformable to the support surface.

2. The method of claim 1, wherein the secondary is a platen of a linear
drive motor.

3. The method of claim 1, wherein the secondary is flat.

4. The method of claim 1, further comprising:

forming a plurality of bridges in the slots between the teeth thereby

operatively connecting the teeth together.
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5. The method of claim 4, wherein the bridges form recesses in at least

one of the first and second surfaces.

. The method of claim 1, wherein the sheet includes laminations stacked

together to form the sheet.

7. The method of claim 6, further comprising:
selectively stacking the laminations to form a desired cross sectional

geometry of the teeth of the sheet.

8. The method of claim 6, further comprising:
forming a width of the slots on the first side of the sheet wider than a

width of the slots on the second side of the sheet opposite the first side.

9. The method of claim 6, further comprising:
forming a width of the teeth on the first side of the sheet narrower than

a width of the teeth on the second side of the sheet opposite the first side.

10.  The method of claim 1, further comprising:

providing a pocket in the support plate of the secondary to receive the

sheet.
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11.  The method of claim 1, wherein at least a portion of the plurality of
pockets forming the sensor operatively connected to the control of the motor

comprises an encoder for the motor.

12.  The method of claim 11, wherein the at least portion of the plurality of

pockets has an encoder pitch.

13.  The method of claim 12, wherein the motor pitch is an integer multiple

of the encoder pitch.

14.  The method of claim 1, wherein at least a portion of the plurality of
pockets forming the sensor operatively connected to the control of the motor controls

commutation of the motor.

15.  The method of claim 1, further comprising:
providing the plurality of pockets in the sheet first surface in first and
second tracks extending along the length of the sheet, the first track being used as
an encoder for the motor, the second track being used as a control to control

commutation of the motor.

16. A method comprising:
providing a sheet of highly magnetic permeable material, the sheet
having a width and a length, and a first surface and an opposite second surface with

a thickness extending therebetween;
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forming the sheet with a plurality of slots in the first and second
surfaces and at least partially extending through the sheet thickness parallel to the
width of the sheet and spaced along a length of the sheet, the slots defining a
plurality of teeth in the sheet between the slots and enabling the sheet to be
conformable to a mounting surface of a secondary of a motor, the plurality of teeth
having a motor pitch;

forming the sheet first surface with a first set of pockets adjacent the
plurality of slots, the first set of pockets extending parallel to the width and being
spaced along the length of the sheet, the first set of pockets forming an encoder for
the motor, the first set of pockets having an encoder pitch, the motor pitch being an
integer multiple of the encoder pitch;

forming the sheet first surface with a second set of pockets formed
adjacent the first set of pockets, the second set of pockets extending parallel to the
width and being spaced along the length of the sheet, the second set of pockets
forming a sensor operatively connected to a control controlling commutation of the
motor; and

mounting the sheet to a support surface to form the secondary of the

motor wherein the sheet is conformable to the support surface.

17.  The method of claim 16, wherein the second set of pockets has a

spacing corresponding directly to the motor pitch.

18.  The method of claim 16, further comprising:
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forming the first set of pockets in a first track on the first surface of the
sheet and the second set of pockets in a second track adjacent the first track on the

first surface of the sheet.

19.  The method of claim 16, further comprising:
forming a third set of pockets on the first surface of the sheet, the third
set of the plurality of pockets be synchronized with at least the first and second sets

of the plurality of pockets.

20.  The method of claim 19, further comprising:
arranging the third set pockets in manner to provide positional

information relative to the sheet when read by a sensor.

21.  The method of claim 20, wherein the third set of pockets is arranged in

a track extending along the length of the sheet.

22. The method of claim 21, wherein the third set of pockets is arranged in

a repeating pattern.

23.  The method of claim 22, further comprising:
forming a fourth set of pockets on the first surface of the sheet, the
fourth set of pockets be synchronized with at least the first and second sets of

pockets.
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24.  The method of claim 23, wherein the fourth set of pockets is arranged

in a track extending along the length of the sheet.

25.  The method of claim 24, further comprising:
arranging the pockets of the fourth set of pockets in manner to provide

information about the sheet when read by a sensor.

26.  The method of claim 24, further comprising:
arranging the pockets of the fourth set of pockets in manner to provide

positional limits of motion for motor when read by a sensor.

27. A method comprising:

providing a sheet of highly magnetic permeable material, the sheet
having a width and a length, and a first surface and an opposite second surface with
a thickness extending therebetween,

forming in the sheet a plurality of slots in the first and second surfaces
and at least partially extending through the sheet thickness parallel to the width of
the sheet and spaced along a length of the sheet, the slots defining a plurality of
teeth in the sheet between the slots and enabling the sheet to be conformable to a
mounting surface of a secondary of a motor, the plurality of teeth having a motor
pitch;

forming in the sheet first surface a first set of pockets adjacent the
plurality of slots, the first set of pockets extending parallel to the width and being
spaced along the length of the sheet, the first set of pockets being arranged with the

slots in a first pattern, the first set of pockets being adapted to be read by an encoder
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for the motor, the first set of pockets having an encoder pitch, the motor pitch being
an integer multiple of the encoder pitch;

forming in the sheet first surface a second set of pockets adjacent the
first set of pockets, the second set of pockets extending parallel to the width and
being spaced along the length of the sheet, the second set of pockets being
arranged with the first set of pockets and the slots in a second pattern, the second
set of pockets being adapted to be read by a sensor of the motor operatively
connected to a control of the motor controlling commutation of the motor; and

mounting the sheet to a support surface to form the secondary of the

motor wherein the sheet is conformable to the support surface.

28. The method of claim 27, wherein the first and second patterns of
pockets are configured to be used by the control of the motor to identify a position

relative to the sheet.

29.  The method of claim 28, further comprising:
forming a third set of pockets on the first surface of the sheet, the third
set of pockets being adjacent the second set of pockets and extending parallel to the
width and being spaced along the length of the sheet, the third set of pockets being
arranged in a third pattern relative to the slots and the first and second sets of
pockets, the third set of pockets being configured to be read by a sensor operatively
connected to the control of the motor for providing absolute positioning information

relative to the secondary.

30. The method of claim 29, further comprising:
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forming a fourth set of pockets on the first surface of the sheet, the
fourth set of pockets being adjacent the third set of pockets and extending parallel to
the width and being spaced along the length of the sheet, the fourth set of pockets
being arranged in a fourth pattern relative to the slots and the first, second and third

sets of pockets.

31.  The method of claim 29, wherein the third pattern comprises a skew

associated with the third set of pockets.

32. The method of claim 30, wherein at least one of the pockets in the

fourth set of pockets is configured to provide information about the sheet.

33.  The method of claim 30, wherein at least one of the pockets in the

fourth set of pockets is configured to provide positional limits of motion of the motor.
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