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(57) ABSTRACT 

Alinear motor path forms a closed ?gure. Contactless poWer 
control and position feedback permit a linear motor stage to 
traverse the closed ?gure Without interference from trailing 
Wires. One embodiment of the closed ?gure includes a 
racetrack pattern With straight runs joined by curved ends. 
Axes of armature Windings are skeWed to lie across the path 
in the curved ends to maintain force on the linear motor 
stage. Other embodiments of the invention includes multi 
level paths Wherein one portion of the path crosses over 
another portion of the path. Disclosure is made of a linear 
motor stage supported beloW the path by magnetic attraction 
betWeen permanent magnets on the stage and magnetic 
material in the path. 
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CLOSED-PATH LINEAR MOTOR 

[0001] The present application is a continuation in part of 
US. patent application Ser. No. 09/031,009 entitled “LIN 
EAR MOTOR HAVING AUTOMATIC ARMATURE 
WINDING SWITCHING AT MINIMUM CURRENT 
POINTS” ?led Feb. 26, 1998; US. patent application Ser. 
No. 09/031,287 entitled “ENCODER” ?led Feb. 26, 1998; 
US. patent application Ser. No. 09/040,132 entitled 
“MODULAR WIRELESS LINEAR MOTOR” ?led Mar. 
17, 1998; and US. patent application Ser. No. 09/055,573 
entitled “WIRELESS PERMANENT MAGNET LINEAR 
MOTOR WITH MAGNETICALLY CONTROLLED 
ARMATURE SWITCHING AND MAGNETIC 
ENCODER” ?led Apr. 6, 1998. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a linear motor and, 
more particularly, to a linear motor Which is capable of 
following any path, including a closed path, Where continu 
ous or discontinuous motion in one direction is enabled. 

[0003] Linear motors having stationary armatures contain 
ing coils and movable stages containing magnets are Well 
knoWn in the art. Also knoWn are linear motors having 
stationary magnets and moving coils. 

[0004] One type of such linear motors is disclosed in US. 
Pat. No. 4,749,921. The linear motor of the referenced 
disclosure has a series of armature Windings mounted to a 
base plate, and a stage having a series of magnets that is free 
to move on the base plate. The stage is urged in the desired 
direction by applying AC or DC excitation to the coils. 
When such a linear motor is used in a positioning system, the 
relationship betWeen the location of the stage and locations 
of the coils must be accounted for. 

[0005] In one linear motor, commutator contacts are pen 
dant from the stage. The contacts contact one or more poWer 
rails, and one or more coil contacts. As the stage moves 
along the armature, the location of the stage, relative to the 
armature is automatically accounted for by applying poWer 
to the stationary armature Windings through the commutator 
contacts.. 

[0006] In other linear motors, it is conventional to employ 
a service loop of Wires betWeen the moving stage and the 
stationary elements. The location of the stage is updated 
using a magnetic or optical position encoder on the stage 
Which senses markings on an encoder tape stationary along 
side the path of the stage. The location is connected on the 
service loop to a stationary motor controller. 

[0007] Generally, the important location information is the 
phase of the stage relative to the phase of the armature. For 
example, in a three-phase armature, the Windings are dis 
posed in repeating sets of three for phases A, B and C. If the 
center of the A phase Winding is arbitrarily de?ned as 0 
degrees, then the centers of the B and C Windings are de?ned 
as 120 and 240. There may be tWo, three or more sets of 
Windings as required for the travel distance of the stage. 
Normally, all A phase Windings are connected in parallel. 
The same is true of all B and C phase Windings. Thus, When 
the location of the stage requires a certain voltage con?gu 
ration on the particular Windings Within the in?uence of the 
magnets on the stage, besides poWering these Windings, all 
of the other Windings in the armature are also poWered. The 
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maximum force obtainable from a linear motor is limited by 
the alloWable temperature rise in the armature Windings. 
When all Windings are poWered, Whether they contribute to 
motor force or not, more armature heating occurs than is 
strictly necessary for performing the motor functions. 

[0008] Some linear motors in the prior art have responded 
to this heating problem using sWitches that are closed only 
to the armature Windings actually Within the in?uence of the 
magnets. 
[0009] The need for a cable loop connecting moving and 
stationary elements is inconvenient, and limits the ?exibility 
With Which a system can be designed. The Wiring harness 
requires additional clearance from the linear motor to pre 
vent entanglement betWeen the motor and any equipment or 
items that may be adjacent to the linear motor path. In 
addition, the Wiring harness adds additional Weight to the 
moving element of the linear motor. Furthermore, manufac 
turing of a linear motor employing a Wiring harness incurs 
additional cost of material and assembly labor. Therefore, it 
Would be desirable to eliminate the use of a Wiring harness 
in a linear motor to decrease the cost of assembly, decrease 
the overall Weight of the moving element, and to eliminate 
the clearance restrictions on the linear motors utility. 

[0010] Most linear motors are manufactured to folloW a 
straight path and to be of a predetermined ?xed length. This 
establishes the length of the armature, and consequently the 
number of armature Windings. In such linear motors, all 
armature Windings lie parallel to each other, With axes 
thereof generally 90 degrees to the travel direction of the 
linear motor. In order to make a neW linear motor of any 
speci?c length, a neW assembly must be tooled. Each 
assembly has a set number of armature Windings, a set 
number of moveable magnets, and, a ?xed length Wiring 
harness associated With the moveable element of the linear 
motor. The cost of producing a linear motor is increased 
because each assembly must be custom designed to a users 
needs, With neW tooling required for each such design. 
Therefore, it is particularly desirable to produce a linear 
motor of a modular design. 

[0011] A modular designed motor Would alloW easy cus 
tomiZation for any desired length armature Winding assem 
bly. The cost of manufacturing a particular linear motor 
Would be decreased since the cost of tooling Would be 
minimal. A data base of assembly and outline draWings Will 
be common to all assemblies Within a family of linear 
motors, easing assembly and manufacturing. A stocking of 
common parts Would alloW quick assembly of any special 
length motor assembly, from noW readily available parts. 
The stocking of common parts also decreases overall cost of 
manufacturing since materials Will be bought in bulk from 
common suppliers. The assembly of any desired length 
armature Winding assembly Will enjoy a decreased lead 
time. As such, a modular designed linear motor provides for 
a decrease in manufacturing cost, decrease in lead time to 
assemble, and increases overall utility. 
[0012] Linear motors using a series of stationary armature 
Windings and moving magnets require a means to dissipate 
heat from the coils. Linear motors having cold plates 
mounted on one edge of an armature Winding are knoWn in 
the art. Alternatively, armature Windings having cooling 
coils or channels are also Well knoWn in the art. Examples 
of such armatures are disclosed in US. Pat. No. 4,839,545. 
These armatures use stacked laminated magnetic material. 


















