Dual Coil Linear Mdtor wth Conpensated Cogging and Attraction Force Field

of I nventygn,{hgspyesent invention relates to a pernane@ngg;g&%;OOO‘m
synchronous |1 near notor with conpensated cogging force and attraction

force, thereby giving superior performance and efficiency. Prior Art
Generally, there are 2 types of permanent magnet synchronous |inear notors
whi ch are commonly used in the industry. These are the ironless |linear
notor (also called coreless Iinear notor) and the iron core |inear notor.
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molded into a desired shape. lron core motors on the other hand uses iron
laminations to form a core where the copper wires are wound. The iron core
helps to focus the magnetic flux onto the copper wire. lron core linear motor

20 provides much higher force than an ironless linear motor. It also uses less
magnet material in the design compared to ironless motors, thereby making it
more cost effective. However, there are 2 disadvantages of the iron core
motor compared to the ironless linear motors. Firstly, a cogging force is
present in iron core linear motors. This force is formed by the magnetic

25 interaction of the magnets and the teeth of the iron core. 1t is a well known
phenomenon in permanent magnet iron core motors. This cogging force is
sometimes called parasitic force or reluctant force. This force is directed
along the axis of motion of the linear motor and is present even when no
electric current is passed through the motor coils. It disturbs the proper

30 operation of the linear motor by interfering with the desired force from the
motor, thereby also disturbing the required motion. Fig 1 illustrates the
cogging force, Fc acting on an iron core linear motor. The direction of the
force can be positive or negative, depending on the relative position of the

coil and the magnet track. In other words, it adds to or reduces the desired

35 force during motion or when the motor is stationary. While this interference
can be counteracted by giving more current to the motor from the servo
amplifier and controller, it reduces the performance of the linear motor,
especially in increasing the settling time, which is the time it takes for the
motor to come to rest within a desired position tolerance. In applications
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to maintain the air gap between the two parts. This also means that the
20 mechanical parts that are used to hold the motor coil must also be very stiff
and strong, resulting in bulky designs and reduced dynamic performance due
to increase in mass. This attraction force also results in inefficiency of the
linear motor as it increases friction during motion.

25 Various methods have been employed to reduce cogging force in iron core
linear motors. One method is to skew the magnets on the magnet track. By
slanting the magnets at an angle, this cogging force will be reduced,
although the reduction is not very significant. Another commonly used
method is to skew the iron laminations on the coil portion, which gives the

30 same effect as skewing the magnets. While this method of skewing the
magnets or the laminations can reduce cogging force to a certain extent, it
does not address the problem caused by the attraction force. It also reduces
the efficiency of the motor, since the magnetic flux is not fully optimized
through the skewing of the magnets.

35
Another commonly used method is the addition of 2 auxiliary teeth at the
ends of the iron core linear motor. This is illustrated in Fig 2, where 5a and
Sb are the auxiliary teeth. U.S. Patent No. 5,910,691 describes such a design
where two auxiliary teeth (5a,5b) are added to an iron core linear motor. The
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I ndi vi diradivieiadrcotieitb 4 $raction of the magnetic pitch, it has been shown that the
net cogging force can be completely eliminated by superimposing the cogging

20 force caused by the individual coils. However, with this design, the minimum

coil length of the linear motor is the length of at least 2 linear motor coils, or

the equivalent of 16 poles. This makes the linear motor coil very long and not

suitable for applications where the moving carriage has space or length
limitation. Moreover, this method does not solve the problem caused by the

25 attraction force between the linear motor coil and the magnet track.

PCT/NL2005/000029 describes a modular linear motor comprising a number
of magnets of alternating polarity placed successively in a plane; at least
two successively placed coil modules which modules comprise a stack of

30 parallel plates form, each provided with at least three parallel fingers, and
electric coils arranged around the fingers, where the at least two modules
are arranged at a distance from each other. This prior art document
describes the “cogging effect” of linear motors is hereby reduced when the
lamination stacks of the different coil modules are thus not in contact but

35 have a certain distance between them. However, this prior art document
failed to describe the “certain distance” nor suggest neutralizing the
“cogging effect”.
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Summary Of The Invention
20 A first object of the invention is a dual coil linear motor having

a first set of one or more linear motor coils assembled from the same
reference position, to form a first magnet track assembly,

25 a second set of one or more linear motor coils assembled from the
same reference position, to form a second magnet track assembly,

wherein each one or more linear motor coils in the first set is diametrically
opposed and corresponds to each one or more linear motor coils of the

30 second set, and each linear motor coil in the first set and each corresponding
linear motor coil in the second set are offset by a distance of 1/3 the
magnetic pitch, Pm such that the dual coil linear motor produces net zero
cogging force and attraction force.

35 A second object of the invention is a dual coil {inear motor having

a first linear motor coil assembled from the same reference position,
to form a first magnet track assembly,
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fromt hepggi%nf ¢d efSRES %’édﬂid qﬂﬁ%ﬁgt {rggg}%sigﬁq?ﬂd magnet track assenbly,

wherein each one or nore [Inear tor col e first set is
dianetrically opposed and corresponds to each one or nore |inear notor
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assenbl e romthe same reference position, to forma first nmagnet track
assenbly,a second linear notor coil assenbled fromthe sane reference

posi t i onpréraBiyMtAe Sécancoreagnetr mbaakhadsgrblfirst whegekhtrialek dssestblyagnet
track,assenbly and, t tr I r | tglgal ly
oppost c20achSabls MRgREF BeSk RIsRniy AlRRARAT o ¥ FolhOFE BIEE Y 1)
t he magnetic pitch, Pmsuch that the dual coil |inear notor produces net

zero coggirBrhaLemeARduRtingAARIOR &R simiRuef anabl.y the dual core |inear

notor having a first magnet track assenbly, and a second nagnet track

assenbly are nounted on a nounting plate. Preferably the nounting plate is

an al um musfgpbbtye. the dual coil linear motor has a plurality of ducts in the
15 mounting plate for water to pass through to cool the dual coil linear
motor.

Brief description of Drawings

20 For a better understanding of the invention, its advantages, and the objects
attained by its use, reference should now be made to the accompanying
drawings. The accompanying drawings illustrate one or more embodiments
of the invention and together with the description herein, serve to
explain the workings and principles of the invention.

25
Fig 1 shows a conventional linear motor.

Fig 2 shows another type conventional linear motor.

30 Fig 3 shows the cogging force produced by the linear motor when it moves
through one electrical cycle.

Fig 4 shows a configuration where 2 linear motor coils are assembled

opposite and facing each other.
35
Fig 5 shows the cogging force for a configuration of Fig. 4

Fig 6 is a cross section of the preferred embodiment.



Preferably the dual coil linear notor has a plurality of ducts in the
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iIIustreg_erzone or HDre enbodi nent s ﬁf the invention and together with the
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The linear notor coil ( 1a,1b) is fornmed by stacks of iron | am nations and

the coppgés Gtod 9t BrerdPEACEMBLAHRGNE HE 1AL 8hSopT the linear motor coil (
la , 1b).” Pernmanent magnets (3) are assenbl ed on a back

15 Referring back to Fig 1, a conventional dual coil linear motor using a 8 pole,
6 slot design is shown. The linear motor coil (1a,1b) is formed by stacks of
iron laminations and the copper coil (2) are formed around the slots of the
linear motor coil (1a,1b). Permanent magnets (3) are assembled on a back
iron (4). The magnetic pitch, Pm is the distance between one magnet (3) and

20 another. 2 magnets (3) will form one complete electrical cycle, or 360
electrical degrees. The cogging force produced by the dual coil linear motor
when it moves through one electrical cycle is shown in Fig 3, where 6
repetitive cycles are observed over one complete electrical cycle of 360
electrical degrees. This means that each of those repetitive cycles has a

25 period of 60 electrical degrees, or an equivalent of the distance of 1/3 of the
magnetic pitch,

Fig 4 shows a configuration where 2 linear motor coils (1a,1b) are assembled
opposite, facing each other. There are 2 magnet track assembly (6a,6b), one
30 for each linear motor coil (1a,1b), separated by an aluminum track mounting
piece (7). It should be noted that the 2 magnet track assemblies (6a,6b) are
intentionally offset from each other with a distance of 1/3 magnetic pitch.

Referring to Fig 5, with such an arrangement, the cogging force Fc1
35 produced by the top linear motor coil (1a) is counterbalanced or compensated
by the cogging force Fc2 produced by the bottom linear motor coil (1b).

As shown in Fig 6, which is a cross section view of the embodiment, the 2
linear motor coils (1a,1b) can be mechanically connected by a mounting plate
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20
Fig 8 shows another embodiment of this invention whereby instead of
offsetting the magnetic track assemblies (6a,6b), the linear motor coil
assemblies (10) are offset by the same distance, which is 1/3 of the magnetic
pitch or 60 electrical degrees. The effect of this configuration is the same as
25 that described in Fig 4.

To strengthen the mounting of the 2 linear motor coils (1a,1b), end plates
(15) are used to join the 2 linear motor coils (1a,1b), as shown in Fig 9.
These end plates (15) also made of aluminum are very stiff in the lateral

30 direction and helps to maintain the air gap between the linear motor coil
(1a,1b) and the magnet track assembly (6a,6b).

A complete module using this configuration is shown in Fig 10, where the
linear motor coil assembly (10) is mounted in the center of the module on
35 carriage plate (12), with 2 guide rails (13) on each side on the linear motor
assembly (10). The carriage plate (12) is actually joined to the top of the
mounting plate (8). With this design, the size of the guide rails (13) can be
significantly reduced compared to the conventional dual coil linear motors,
due to the net zero attraction force acting on the guide rails (13). The guide

7



mutual Iy cancelled. Fig 7 shows the magnetic circuits of the linear notors
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and both I|near notors ( l1lla ,11b) are separated by this piece
magnetic circuit of the top m)tor (9a) and the magnetic circuit of the
bottom rmtor (9b) are separate. There is no interference bet ween the 2
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(8) to incorporate cooling channels, manufacturing costs is significantly
reduced, and more space is available for the windings of the copper coil (2),
20 thereby making the dual coil linear motor more efficient. Any replacement of
linear motor coil (1a,1b) or worn out parts is also possible with this modular

design.

Having described preferred embodiments of the invention with reference to
25 the accompanying drawings, it is to be understood that the invention is not
limited to those precise embodiments, and that various changes and
modifications may be effected therein by one skilled in the art without
departing from the scope or spirit of the invention as defined in the claims.

30 Advantageous Effects of the Invention

The cogging forces interferes with the proper operation of the linear motor
(11a,11b) by reducing the desired force output from the motor. In so
doing, the cogging forces reduces the efficiency of the linear motors

35 (11a,11b). By effectively cancelling the cogging forces, the linear motor
(11a,11b) becomes more efficient and uses less energy in the process.
Savings in energy costs as well as higher productivity will accrue to this
invention.



degrees, cooling is necessary for applications where it is not desirable to

have heatW§§bM5§14gnsferred to the load. I n conventi ona:l,cq%(sjzgjgﬁ)004%ter
cooling tubes ( 14) are typically installed within the [inear notor coils (

la, 1b) to provide cooling. This nmethod nmakes the manufacturing process very
expensive and tedious, as care needs to be taken to properly isolate the
cooling fluid fromthe copper coil (2) where electric currents are passed.
Any | eakaggaimid:! cause shorting and failure of the linear notor coil (

la, 1b). This nethod al so takes up useful space on the linear notor coil (
la, 1b), replacing sone of the copper coils (2) in the limted space

avai | abl e1bét deaincdihBnsaotetaf haviagl i near notor coil ( 1,1 b). In our
design, by machining the nounting plate (8) to incorporate cooling
channel s, manufacturing costs is significantly reduced, and nore space is
avail aBl e for PhErshis®didigsnsfon H@regw weter (o@yls tlisdrasse iR e hdedual
coi | |i neaamwieteraiveep&difiba] RNtfordiny fiek! regmentraek ddseeasiyneapr coil (
la, 1b) or worn out parts is also possible with this nodul ar design. Having
descri bed preferred enbodi nents of the invention with reference to the
acconpanyi ng deaségwel sef dfsone dye rookeliseanhatbat cailse(1vassdnopledsfromt

it ed gnd AR AIBRI RS SUINHRTRS formAad diHq A4 HSHEBRRIES AN (ob),

modi fications may be effected therein by one skilled in the art w thout
departliong fromthe scope or spirit of the invention as defined in the
claims. AdmanémgeeushEfdectos mforé hgindwrenidton Theélscorpi ng therfies sdit ersf eres

with the proper.operatiq f _the |linear tor a, 11b) reduci he
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linear motor produces net zero cogging force and attraction force.
2. A dual coil linear motor having

20 a first linear motor coil (1a) assembled from the same reference
position, to form a first magnet track assembly (6a),

a second linear motor coil (1b) assembled from the same reference

position, to form a second magnet track assembly (6b),

25
wherein the first magnet track assembly (6a) and the second magnet track
assembly (6b) are diametrically opposite each other and are offset from
each other by the distance of 1/3 the magnetic pitch, Pm such that the dual
coil linear motor produces net zero cogging force and attraction force.

30
3. A dual core linear motor having a first magnet track assembly (6a), and
a second magnet track assembly (6b) as claimed in Claim 1 or 2, wherein
the first magnet track assembly (6a) and second magnet track assembly
(6b) are mounted on a mounting plate (8).

35
4. A mounting plate (8) as claimed in Claim 3 wherein the mounting plate
(8) is an aluminum plate.



1. A dual coil linear notor having a first set of one or nore |inear notor
coils ( IgyprnRspled fromthe same reference position, pb@slQ6d¥ododh I St
magnet track assenbly (6a), a second set of one or nore linear notor coils
( 1b) assenbled fromthe sane reference position, to forma second magnet
track assenbly (6b), wherein each one or nore linear notor coils ( la) in
the first set is dianetrically opposed and corresponds to each one or nore
| i near notor coils of the second set ( 1b), and each linear notor coil in

the firsy setdlaladiiande8AChoto hgmgndé muﬂalnﬂ,ealf HOLRY iROitheimoliR@ngecond
set (1 a di stance

r et| |tch Pm such t hat
t he dual3|é‘g‘? fB) {%é’&?tefm CoP 5o u%‘é%h nté’tC oy 6“%%%505‘ 'R&ALAPI4tt r act i on
force. 2. A dual coil linear notor having a first linear notor coil ( 1la)
assenbl ed fromthe same reference position, to forma first nmagnet track
assenbly (6a), a second linear notor coil ( 1b) assenbled fromthe sane
reference position, to forma second nagnet track assenbly (6b), wherein
the first nmagnet track assenbly (6a) and the second nagnet track assenbly
(6b) are dianetrically opposite each other and are offset from each ot her
by the distance of 1/3 the magnetic pitch, Pm such that the dual coi
| i near notor produces net zero cogging force and attraction force. 3. A
dual ygore linear notor having a first magnet track assenbly (6a), and a
second magnet track assenbly (6b) as clained in daim1l or 2, wherein the
first magnet track assenbly (6a) and second magnet track assenbly (6b) are
nmounted on a nmounting plate (8). 4. A nounting plate (8) as clainmed in
Claim 3 wherein the nounting plate (8) is an alum num plate.5. A dual coi
| inear notor having a plurality of ducts in the nounting plate (8) for
water to pass through to cool the dual coil |inear notor.

15

20

25

30

35

10



