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The linear synchronous motor consists of a specific primary and secondary part. The secondary portion Is a ferromagnetic back
plate. An array of permanent magnets (1) are attached to the back plate (2) so that a fixed or variable pole pitch occurs in a precise
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manner between at least two magnets of alternating polarity which improves existing methods for attaching, guiding, protecting and
enhancing the overall flux array produced and emitted by the permanent magnets. A one-piece electrically synchronous linear
secondary stator member accompanies a primary member, the synchronous linear permanent magnet motor. The stator electrical

frequency Is customizeable to allow for a wide variety of braking applications.
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(57) Abstract: The linear synchronous motor consists of a specific primary and secondary part. The secondary portion is a fer-
romagnetic back plate. An array of permanent magnets (1) are attached to the back plate (2) so that a fixed or variable pole pitch
occurs in a precise manner between at least two magnets of alternating polarity which improves existing methods for attaching,
guiding, protecting and enhancing the overall flux array produced and emitted by the permanent magnets. A one-piece electrically
synchronous linear secondary stator member accompanies a primary member, the synchronous linear permanent magnet motor. The
stator electrical frequency is customizeable to allow for a wide variety of braking applications.



10

15

20

25

CA 02487652 2008-03-25

FIXATION OF PERMANENT MAGNETS TO SECONDARY OF LINEAR
MACHINE AND LINEAR MACHINE WITH MULTIPLE TIME CONSTANT
CIRCUITS

[002] FIELD OF THE INVENTION

The mvention relates to linear synchronous motors, and in particular to linear
synchronous motors with multiple time constant circuits and an improved method of
mounting permanent magnets. An embodiment provides an electrically synchronous linear
secondary stator member that accompanies a primary member, the synchronous linear
permanent magnet motor. An embodiment is utilized as an electro-dynamic brake for
elevators as well as amusement rides such as drop towers, roller coasters and any other

mobile device that requires dependable and high thrust braking applications.

[003] BACKGROUND OF THE INVENTION

This invention reduces or eliminates specialized tooling to attach, guide and secure
into place several permanent magnets with alternating poles, situated side by side by
incorporating these features into a ferromagnetic back plate and one-piece double
laminated frame and cover system. In doing so, the invention eliminates the need for use
of raised individual spacers, individual frame pieces and guide pins which have been
utilized in previous art.
1004] For example, U.S Patent No. 5,952,742 discloses a support plate having crossbars
secured with pins. Magnets are placed between said crossbars and are bonded to the
support plate. In contrast, the present invention avoids the need and expense of the above-
mentioned component parts by providing a pocket in the back plate to retain said magnets.
[005] European Patent Publication EP 0959 549 A1 discloses bumps that are cold
formed into the back plate of the primary member. Said bumps retain said magnets. The
present invention provides pockets, which in contrast to bumps, retain the magnets on the
perimeter side surfaces of the magnet. This is an improvement over bumps, which provide

only a
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single point of contact to retain said magnets. Further EP 0 959 549 discloses that a shied
applying a compression load on the magnets is necessary to xctain the magnets. The
inventive pocket of the present application solely retain the magnets. Thus, tht present
inveption eliminates the need for a compression load to be placed on the magnets to keep

5 them in place.

[006] Further, cold formipg bumps as disclosed m EP 0 959 545 Al disrupis the magneﬁc
properties of the piece on which the bumps are formed. The piece on which the bumps are
formed must be stamped or pressed, which disrupts the magnetic properties of the piece and
requires expensive equipment. The present invention eliminates the need for such equipment.

10 And the present imvention retains the magnetic properties of the back:plate because .
machining pockets is not as disruptive to magnetic properties of the back-plate.
[007] The invention improves upon existing methods of permanent magnet electro-dynamic
braking. In an ernbodiment the system is completely synchronous. It does not operate as an
eddy current induction type electrical device. The synchronous system operates differently

15 than existing eddy current induction fype brakes by directing the electrical currents into
discrete circuit pathways thereby routing cumrents in a particular pathway along the
synchronous stator. The stator electrical Irequency of this systern can be customized,
meaning increased or decreased, for any given application, thereby allowing a vamable
braking force throughout the entire active braking area. This is not possible with existing

20  solid induction type, linear stator rails made from conductive matenal. This allows for a
wide vanety of braking apphications.
J008] SUMMARY OF THE INVENTION

The invention provides a synchronous linear electrical machine operating as 2 motor

or an electrodynamic brake consisting of an array of at least two permanent magnets of

25  alternating polarity. The magnets are attached to a ferromagnetic back plate that has
precision machined countersunk pockets 10 accept the permanent magnets in such & manner
that will allow for accurate pole pitch spacing along the magnetic array. The countersunk
pockets, surround and keep the highly attractive magnets in place; a one-piece non-
feromagnetic conductive material, ladder type, frame laminated to an identical one-piece

30 conductive type frame and then welded mto a non-magnetic case. The frames are blind

 drilled and tapped to match the bolt pattern of the ferromagnetic back plate: e

[009] In an embodiment, the invention provides a synchronous linear secondary stator
member that is electrically synchronous which will accompany a primary member, the
synchronous linear permanent magnet motor. The system of the present invention provides a
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vanable stator electrical frequency as the prnimary permanent magnet synchronous motor
enters the synchronous linear stator member at a particular velocity, wherein the electrical

frequency along the synchronous linear stator member diminishes as vehicle velocity fades.

The stator member has narrow slots which provide a pole pitch spacing that coresponds with
the pole pitch spacing of the permanent magnet linear synchronous primary member. The
slotfing of the secondary stator causes the electrical currents in the stator to move through
digcrete pathways duning transient dypamic excitation. The electrical frequency can be
adjusted by increasing or decreasing the identical pole pitch spacing of both the primary and
secondary members, thereby allowing a vanable braking force throuchout the eptire active
10  braking area.
[010] BRIEF DESCRIPTION OF THE DETAILED DRAWINGS
Figure 1 1s 2 latitude cross section visw of the assembly showing the ferromagnetic
back plate with the machined countersunk magnet pockets, the non-ferromagnetic conductive
type frame with the o'ring seal groove, the conductive type material frame, the encapsulating
15  case that welds 10 the frames, the magnet and the flat head or capscrew countersunk non-

> §

magnetic bolts. : ,
[011] Figure 2 is a longitudinal cross section view of the assembly, illustrating the magnet

pole arrangement, the flux path circuit, the machined countersunk magnet pockets and the
perspective frames.

20 [012) Figure 3 illustrates a cutaway of the ferromagnetic back plate, the magmet, the bolt
pattern, the non-feromagnefic conductive frame and o’ring seal groove, the conductve frame
and the encapsulating case that welds to the frames.

[013] Figure 4 illustrates the ferromagnetic back plate and the bo]t pattern.
[014] Figure 5 illustrates a top view of the ferromagpetic back plate and the countersunk

23  magnet retaining pockets.

[015] Figure 6 illustrates the ferromagnetic back plate and frame and case as an assembly.
[016] Figure 7 is a three dimensional cutaway drawing showing the cast or extruded,
maclined one piece conductive type alloy {rame/cover and the o’ring seal groove,

[017]Figure & illustrates a cross-sectiopal view of the synchronous linear secondary stator

30 member with narrow slots cut out at a 5-10 degree angle.

| [018]Figure 9 ilustrates a cross-sectional view of the ‘synchronous linear secondary. stator ... . ...
member with natrow slots cut out at 2 90 depree anple.
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[019]Figure 10 illustrates a cross-sectional view of the preferred embodiment of the braking

system, which includes the primary synchronous linear permanent mapnet motor and the

synchronous linear secondary stator member.

[020] Figure 11 illustrates an enlarged view of the ope-piece synchronous linear secondary
5 stator member having one enlarged narrow slot with a non-conductive insulating barrier

around the inside edge of the slot, the highly permeable stee] or ferrite core within the slot

and the discrete synchronous curmrent loop.

[021] | Figure 12a, b, and ¢ are side views of embodiments of the stator member. Figure 12¢ 15

a cross-sectional depiction of the synchronous motor with the stator member in the center and

10 showing time constant one (T1) Al and time constant two (T2) copper. Figure 12a depicts time
constants one and two (Al and Cu respectively), current direction and slot pole pitch
[022] Figure 13 top view illustration of the primary synchronous rotary motor showing a
four pole alternating magnetic array and the fexrrous magnetic back plate.
[023] Figure 14 shows a top view illustration of top view secondary synchronous rotary
15 disk
[024] Figare 15 shows a side view illustration of a shaft with a secondary synchronous
stator disc splined in the center and the primary synchronous permanent magnet rotary motor
on each side of the secondary member which is shown to being guided by a slide type
mechanism.
20 [025] Figure 16 is a top view illustration of the machine one-piece highly conductive cover

that bolts to the rotary ferromagnetic back plate.

[026] DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENTS
As shown in Figures 1-3, the device for smrrounding, guiding and covering the

25  permeanent magnet aray 1, comprises a frame 4, preferably made of stainless steel, which is
larinated to another frame 5, preferably made of a conductive type element such as copper or
alummum or any other highly conductive material. The laminated frames 4, 5 are welded
into a corrosive resistant, nox-magnetc stainless steel case 6. The desired pole pitch spacing
is determined by the dimensions of this double frame and cover 4, §, 6. The frame is drilled

30  and blind tapped 3 to accept the ferromagnetic back plate 2. The back plate 2 has a matching
countersunk bolt pa‘cteun. The stainless stee] portion of the frame 4 provides the surface that
mates to the ferromagnemc back plate 2. This stainless steel surface 4 or the surface of the "
ferromagnetic back plate Z contains an o’ring seal groove 7 precision machined around the
entire perimeter and bolt holes to accept an o’ring seal 7a, preferably made of rubker, to

35 provide a watertight seal when the frame and cover 4, 5, 6 are bolted to the ferromacnetic
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back plate 2, due to the intolerance of the permanent magnets to agqueous and corosive

environments.

[027] Two means are incorporated into the frames 4, 5 and ferromagnetic back plate 2 for
ensuring the precise alignment of the permanent magnet array 1. The first is provided by the
laminated frames 4, 5 and the second i5 provided by the ferromagnetic back plate 2. The
depth or elevation of the frames 4, 5 are designed to match the elevation of the permanent
magnet array 1, aod the one-piece segmented double frame 4, 5 1s dimensioned and machined
to match the pole pitch of the magnet array 1. The pole pitch spacing between each
individual msagnet 1 will be identical to the spacing of sezments of the one-piece double
frame/cover 4, 5, 6. The back plate 2 contains precision machined pockets 3 to accept the
permanent magnet array 1. The counter sunk pockets 3 are machined to a shight oversized
dimension of the magnet 1.  The maguets 1 are preferably attached by means of epoxy
adhesive to the ferromagnetic back plate 2 within the countersunk pockets 3. The machined
countersunk pockets 3 will not allow the magnets 1 to slide back and forth or atfract one

another, due to their alternafing pole arrapgement. Therefore, the magnet array 1 can be
attached to the ferromagnetic back plate 2 so that the one-piece double frame/case 4, 5, 6 can

be attached at any given time thereafter. The double frame/case 4, 5, 6 provades a protechive
barrier between, the magnetic array 1 and other external influsuces such as water, salt mist,
corrosive contamination, metal objects and dirt and debris. |

[028] The one-piece conductive frame 5 that is lJaminated to the one-piece stainless frame 4
will surround the upper portion of each magpet 1 such that the conductive frame § will
enhance the fiux field 11, 12 emitted by the permanent magnet array 1 by at least 5% or
preater when introduced to a secondary stator portion. The conductive frame § will also
reduce spaﬁé_l harmonics that commonly occur during fransient dynamic motion and high
force application.

[029] As shown in Figure 7, the sbove described double frame and stainless steel case 4, 5,
6 can also be cast as a one-piece alloy frame and case 11 or machined as such from a sohd
billet of extruded conductive material. The casting matenal utilized is a proprietary
conductive type alloy. The one-piece cast design 11 acts as a case and frame. The frame 11
will consist of ladder type segments 11a, 11b, 11c that will maintain the desired pole pitch
spacing between each magnet 1. The elevation 11d of the one-piece frame/case 11 will again

be determined by the elavation of the permanent magnet-array 1. The permanent magnet .- .

atray 1 will consist of at least two or more permanent magnets with alternating polarity as
shown in Figure 2. This one-piece cast alloy freme 11 will also act as the shading or
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dampening frame to reduce spatial harmonics, flux leakage and flux fringing as previously
mentioned by at least 5%. The surface of the frame 11 which mates to the ferromagnetic
back plate 2 15 I;recision machined with an o’ring seal groove 7 to accept an o’ring seal 7a,
preferably rubber, that may be the round or square type. The ferromagnetic back plate 2
again contains precision machined countersunk pockets 3 to accept the permanpent magnet
array 1. The countersunk pockets 3 will be spaced accordingly to provide the desired pole
pitch spacing 11a, 11b, 11c between each magnet 1. Agan, the cast alloy or extruded
frame/cover 11 may be bolted to the ferromagnetic back plate 2 at any given time withowt
damaging or altering the desired pole spacing between the permanent magnet array.

(030] In an embodiment, the invention consists of a one-piece linear stator rail 25
copstructed of at least one layer of conductive material such as brass, copper, aluminum,
beryllium copper, titanivm or any other highly conductive alloy or material. The above
material can be Jaminated, ope on top of the other, as illustrated in Figures 8, 9, 10, 122, 12¢.
By laminating more than one conductive material, a variable electro-dynamic brake drag will
occur along the secopdary stator member 25 as a function of time wherein copper would
provide (25a) aluminum (25b) brass, 2lso referred to az (t1) and (12) respectively.

[031] Narrow slots 28 (shown in Figures 8, 9, 10, 11, 12a, 12b, 12d, and 14) cut out at a 1-
10 degree angle, the pole pitch spacing, the discrete synchronous current loop 32 (shown in
Fipures 8, 9, 10, and 12d) , the non-canductive barrier around the inside edge of the slot 28a
(shown in 8, 9, 10, 11, 12d), the highly permeable stee] or ferrite core 29 (shown in §, 9, 10,
11, 12d) within the slot 28 (shown mm 8, 3, 10, 12a, 12c) and two one-piece dissmmilar
conductive layers, shown as (t1) aluminum aud (t2) copper. The .synchronous hinear
secondary stator member comprises narrow slots 28 (shown im Figure 9) cut out at a 90
degree angle, the pole pitch spacing 30 (shown as lla, b, ¢, previously in Figure 7), the
discrete synchronous current loop 32, the non-conductive insulation barrier 28a around the
inside edge of the slot, the highly permeable steel or fermite core 29 within the slot and two
one-piece dissimilar conductive layers, shown as 25a (1) copper and 25b (2) aluminum.
Figure 10 illustrates a cross-sectiopal view of the preferred embodiment of the braking
system, which incindes the primary synchronous linear permanent magnet motor with a
ferromagnetic back plate 2 and eight alternating negative and positive magpnets 44-51, and 52~

59 and the flux path’12 return circnits that travel through the secondary mewmber 25. The .. .o ... . .

illastration also includes the double-layered synchronous linear secondary stator member
25a, b showing a cross-sectiopal view of the narrow slots 28 and how the pole pitch 30 of the
slots, match the pole pitch 30 of the alternating permanent magoets 44-51 agd 52-58. Figure
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11 illustrates an enlarged view of the ope-piece synchronous linear secondary stator member
25 having one (enlarged for illustration) narrow slot 28 with a non-conductive insulating
barder 283 around the inside edge of the slot, the highly permeable stee] 12 or ferrite core 29
within the slot 28 and the discrete synchronous current loop 32.

5  [032]The stator member 25 has narrow 5lots cut out along the Y-axis at a pre-determined pole
pitch 30. The narrow slots 28 provide at least two purposes. Ope purpose is to direct the
electrical ciorents to rum in a synchronmized and discrete pathway 32 along the secondary
stator member 25 during transient dypamic motion &8 the synchronous linear permanent
magnet motor enters said stator 25. The second purpose of the slottng is 1o allow for the

10 installation of 2 small highly permeable steel or ferrite core 29, when use of such core is
desired. However, ferrite core slot inserts 29 are not required. In an embodiment, the steel or
ferrite core 29 is surrounded by an electriczl insulating type material 28a such as nylon 6/6,
fiberglass G-10, fiberglass insulating tape or any other insulating type bamier. Therein the
steel or ferrite core 29 will not touch the edges of the conductive stator rail 25 once mstalled.

15  The insulated material 28a between the core 29 and the conductive stator 25 will prevent
electrical shorts during excitation. The steel or ferrite core 29, as shown in figures §, 9, 10,
11 and 124, is utilized to maintain or increase the magneto-motive force between the air gap
of the double sided linear synchronous permanent magnet prirnary member during high and
low spesd dynamic excitation. The narrow slots 28 that are cut into the secondary stator

20 member 25 along the Y-axis are slotied at about a 1 to 10 degree angle to eliminate brake
pulsation along the active brake area. The narrow slots 28 may also be slomed at a 90 degree
angle along the active braking area as 1llustrated in Figure © and 12b. Namow slots 28 create
a higher electro-dynamic drag coefficient than the use of wide slots. In an example, the
secondary synchronous linear stator member 25 does not consist of any other steel or ferrous

25  material other than the highly permeable steel or ferrite core 29 that is ufilized within the
narrow slots 28. To reduce initial braking “jerk rate™ as the moving vehicle enters the
synchronous linear secondary member 25, a particular number of the highly permeable steel
or ferrite cores 29 may be removed from the mmtial entry of the active braking area or left out
all together as illustrated in Figures §, 9, 10, 123, 12b and 14.

30  The primary member in an embodiment consists of a double sided linear synchropous motor
consisting of at least two permanent magnets of negative and positive polarity sitnated on
opposite sides of the secondary stator- member (transverse.axis) as llustrated in Figure 10, for .
example. Magnets 44, 46, 48, and 50, and 33, 55, 57 and 59 as illustrated in figure 10 are
arranged 50 as to face positive and magnets 45, 47, 49, apd 51 and 52, 54, 56 and 58 are
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arranped so as to face negative. This arrangement allows a flux return circuit 12 to occur
through the secondary stator member 25. Figure 10 illustrates an e1ght pole permanent
magnet configuration wherein the pole pitch 30 of the permanent magnets along the

transverse-axis will match the pole pitch 30 of the secondary synchronous stator member
5  along the same ransverse-axis, wherein a distinct synchronous electrical circuit path 12 will

occur during transient dynamic excitation. The pole pitch of the frequency of the
synchronous primary permpanent mapgnet member and the secondary synchronous stator
member 25 will depend on the entry velocity of the object or vehicle being stopped or slowed
down. In other words, the electrical frequency of the secondary synchronous stator member

10 25 can be tuned to a particular frequency (Hertz) at vehicle enfry by expressing, Vs/2Tp=t,
where Tp is the pole pitch of the linear synchronous permanent magnet member in meters
and Vs is the entry velocity of the vehicle, and { is the frequency produced in Hertz As the
braking force fades or decays, the electrical freguency azlong the lmear secondary
synchronous stator member 25 diminishes accordingly.

15 [033] The primary synchromous permanent magnet member may be atlixed to the non-
stationary vehicle or may be affixed in a stationary manner along the vebicle pathway. As
well, the secondary synchronouns stator member 25 may be affixed to the non-stationary
vehicle or may be fixed in a stationary manner along the vehicle pathway.

[034] The described synchronous linear permanent magnet braking device has also been

20  designed so as to function in a rotatiopal manner as well as shown m 13-16. This application
would provide a means of energy dissipation by reducing kinehc energy along a rofating
shaft, 20, gear assembly, axle or any other rotafing device requinng the reduction or total
decay of rotational movement.

[035] The aforementioned linear primary synchronous permanent magnet motor will

25  continue to be arranged so that the alternating positive and negative permanent magnet aray
will be affixed 360 degrees around a disc shaped ferromagnetic back plate, 2, where in an
opposite array of permanent magnets, 400, 500, 600, 700, 800 and 900 face one another in an
opposite polarity configuration. This configuration will consist of at least two permanent
magnets of alternating polarity. The disc shaped ferromagnetic back plates 2 will be afhixed

30 to a slide assembly 300. This slide assembly 300 will allow the opposing disc shaped
syrichronous permanent magnetic assemblies to remain aligned with one another along the.... ... ... .. . ... ..

transverse axis. The slide assemblies 300 will also allow tramsverse or perpendicular
movement of each opposing back plate Z thereby allowing for 2u adjustable magnetic air gap
24. The disc shaped synchropons permanent magnet assemblies may be controlled and
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adjusted by means of an air or hydraulic cylindex(s) 22 linear actuators, manual pivoting lever
or any other mechanical or electrical means to control or variate the width of the air gap, 24.

[036] Between the magnetic air gap 24 of the opposing synchronous permsanent magnet
array, 400, 500, 600, 700, 800 and 900 w1l be the secondary synchronous stator member 25.
This disc consists of a single layer or multiple layers of a conductive material, wherein the
multiple layers of conductive materiat will cause a variable electro-dynamic drag to oecur as
a finction of time throughout the braking cycle. The synchronous secondary stator member

25 will have slots 28 as shown 1n figure 14 cut through a portion of the Y-axis along the
active braking area. To reduce braking pulsation during a brake cycle, the slots, 28 will be

cut to at least a 1 degree angle, degrees along the transverse axis of the aforermentioned stator

member 23.
[037] The invention can also be configursd to where the secondary synchronous stator

member 23 would be attached in a staiopary manner to prevent rotation. The primary
synchronous permanent magnet mowr would be attached to and rotate with the rotating
member. However, the rotating primary synchronous permanent magnet motor would
continue to be designed to slide or actuate in 2 variable manner trunsversely or
perpendicutarly to the fixed synchronous stator member 25 as illustrated in figure 15.

[038] The ferromagnetic back plate of the primary synchronous permanent magnet motor
and the hermetically sealed conductive cover 11 as shown in Figure 16 that attaches to the
ferromagnetic back plate 2 will be constructed according to the linear version.

[039)While particular embodiments bave been illustrated and described herein, the invention
15 not imited to the aforementioned embodiments but instead is intended to embrace the fiall

scope of the following claims.
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CLAIMS:

1. A synchronous linear electrical machine operable as a motor or an electrodynamic
brake, comprising:

an array of at least two permanent magnets arranged in alternating polanty;

a ferromagnetic back plate having machined pockets to accept the
permanent magnets in such a manner that will allow for highly accurate pole pitch
spacing along the magnetic array, wherein each said pocket surrounds and keeps
one of the permanent magnets 1n place;

a one-piece ladder-type frame made of a non-ferromagnetic material;

a one-piece ladder-type frame made of a conductive material laminated to said
one-piece ladder-type frame made of a non-ferromagnetic matenal to form a ladder-type
combination of frames; and

a non-magnetic case in which said frames are welded, wherein said frames are
blind drilled and tapped to create a bolt pattern that matches a bolt pattern of the

ferromagnetic back plate.

2. The synchronous linear electrical machine of claim 1 wherein the ferromagnetic
back plate 1s made of matenal selected from the group consisting of structural type steel

and electrical type steel.

3. The synchronous linear electrical machine of claim 1 wherein said ladder-type
combination of frames further comprises ladder segments between adjacent permanent
magnets to provide precise pole-pitch alignment and secondary protection between each

permanent magnet.
4. The synchronous linear electrical machine of claim 1 wherein said ladder-type

combination of frames acts as a spatial harmonic dampening device reducing spatial

harmonics, leakage flux and flux fringing by at least 5%.

3. A synchronous linear electrical machine operable as an electrodynamic brake

comprising a primary member, said primary member comprising:

10
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an array of at least two permanent magnets, said magnets arranged in alternating
polarity; and

a secondary stator member,

wherein said stator member 1s a one-piece rail constructed of at least one layer of
conductive material and having a plurality of slots each positioned at a 90 degree angle,

wherein said slots are spaced at a predetermined pole pitch spacing.

6. A synchronous linear electrical machine operable as an electrodynamic brake
comprising a primary member, said primary member comprising:

an array of at least two permanent magnets, said magnets arranged in alternating
polarity; and

a secondary stator member,

wherein said stator member is a one-piece rail constructed of at least one layer of

conductive material , said rail having a plurality of slots each positioned at between a 1

and a 10 degree angle, wherein said slots are spaced at a predetermined pole pitch spacing.

7. The synchronous lhinear electrical machine of claim 5 wherein each slot comprises
a nonconductive insulating barrier around an inside edge of said slot and wherein the

center of each said slot comprises a highly permeable core.

8. The synchronous linear electrical machine of claim 5 wherein the pole pitch
spacing of the slots along the secondary stator member matches a pole pitch spacing of

sald alternating magnets.

9. A primary member comprising:

(a) a ferromagnetic back plate having pockets formed therein, said pockets
spaced apart at a predetermined pole pitch spacing;

(b) an array of permanent magnets, said magnets arranged in alternating
polarity and magnetically secured to said back plate, each said magnet positioned within
one of said pockets; and

(c) a frame attached to said back plate, said frame having spaces therein

corresponding to said magnets.

11
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10.  The primary member of claim 9 in combination with a secondary member to form
an apparatus, said secondary member made of at least one conductive material and having
slots defined therein such that the slots provide a pole pitch spacing substantially the same

as the pole pitch spacing of the pockets.

11.  The primary member of claim 10 wherein said slots are disposed at a discrete angle

relative to an orientation of the secondary member.

12.  The primary member of claim 10 wherein said apparatus comprises a linear
machine.

13.  The primary member of claim 10 wherein said apparatus comprises a rotary
machine.

14.  The primary member of claim 12 wherein said machine is synchronous.

15. The primary member of claim 13 wherein said machine is synchronous.

16.  The primary member of claim 9 wherein said frame is made of a conductive
material.

17.  The primary member of claim 9 wherein said frame is made of a nonconductive
matenal.

18.  The primary member of claim 9 wherein the frame comprises a frame assembly of

a first frame member made of a non-ferromagnetic material and a second frame member
made of a conductive maternial, said second frame member laminated to said first frame

member.

19.  The primary member of claim 9 wherein said back plate is made of a material

selected from the group consisting of structural type steel and electrical type steel.

12
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20.  The primary member of claim 9 wherein said frame is blind drilled and tapped to
create a bolt pattern to match a bolt pattern of the back plate.

21.  The primary member of claim 9 wherein said back plate further comprises an o-
ring groove machined into a surface of the back plate, said surface of the back plate facing

a surface of the frame.

22.  The primary member of claim 9 wherein said back plate further comprises an o-
ring groove machined into a surface of the frame, said surface of the frame facing a

surface of the back plate.

23.  The primary member of claim 9 wherein said frame acts as a damper circuit, and
wherein said frame 1n combination with said back plate surrounds and shades an outside
and an upper portion of each magnet, thereby reducing spatial harmonics, leakage flux and

flux fringe by at least 5%.

24.  The primary member of claim 9 wherein said back plate comprises a bolt pattern,

said bolt pattern comprising countersunk bolts surrounding each of said magnets.

25. A synchronous linear motor comprising:

(a) a primary member comprising an array of permanent magnets; and

(b) a secondary member, said secondary member comprising a rail made of at
least one conductive material and having a plurality of defined and spaced apart slots,
wherein a distance between each slot corresponds to a pole pitch spacing of said

permanent magnets.

26.  The synchronous linear motor of claim 25 wherein said primary member further
COMpTrises:
(a) a ferromagnetic back plate having pockets formed therein, said pockets

spaced apart at a predetermined pole pitch spacing; and

13
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(b)  aframe attached to said back plate, said frame having spaces therein
corresponding to said magnets,

wherein each said magnet is positioned in one of said pockets, and

wherein said magnets are arranged in alternating polarity and are magnetically

secured to said back plate.

27.  The synchronous linear motor of claim 25 wherein said slots are disposed at an

angle relative to an axis of the secondary member.

28.  The synchronous linear motor of claim 27 wherein said angle is 90 degrees.

29.  The synchronous linear motor of claim 27 wherein said angle is from about 1 to
about 10 degrees.
30.  The synchronous linear motor of claim 25 wherein said rail comprises at least two

layered conductive materials.

31.  The synchronous linear motor of claim 25 further comprising a ferrite core placed
within each said slot and having a dimension slightly smaller than that of said slot in

which said core 1s placed.

32.  The synchronous linear motor of claim 31 wherein a nonconductive barrier

material 1s placed between said core and said slot in which said core is placed.

33. A synchronous rotary motor comprising:

(a) a primary member comprising an array of permanent magnets; and

(b) a secondary member comprising a disc-shaped stator made of a conductive
material and having a plurality of defined and spaced-apart slots, wherein the distance

between each slot corresponds to a pole pitch spacing of said permanent magnets.

34.  The primary member of claim 33 further comprising a disc-shaped back plate

wherein said magnets are arranged in an arcuate orientation.

14
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