Dual Coil Linear Mdtor wth Conpensated Cogging and Attraction Force Field

of I nventygniyr,oshfyPresent invention relates to a perna@%@{?dmgl%&n
synchronous |1 near notor with conpensated cogging force and attraction

force, thereby giving superior performance and efficiency. 10 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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contain iron core or iron lamnations in the coil. The coil conprises only
copper wire formed or nolded into a desired shape. Iron core notors on the
ot her hddaldieédnyertiopani nations to forma core where the copper wires are
wound The iron core helps to focus the magnetic flux onto the copper wre.

lron core |linear .notor .20 provides nmuch higher force than an iro
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2 di sadanlagesetforkiihde’ Sy efiGefRy.Or conpared to the ironless |inear
notors. Firstly, a cogging torce IS present in iron core |inear notors.

This force is forned by the magnetic
10 Prior Art

Generally, there are 2 types of permanent magnet synchronous linear motors
which are commonly used in the industry. These are the ironless linear motor
(also called coreless linear motor) and the iron core linear motor. Ironless
15 linear motor derives its name from the fact that it does not contain iron core
or iron laminations in the coil. The coil comprises only copper wire formed or
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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equivalent to 145 Kg of force. in a large iron core linear motor with a coil
length of 700 mm and coil width of 220 mm, the attraction force is 23,000 N,
or equivalent to 2,300 Kg of force. This attraction force is highly undesirable
15 because very large bearing guide rails and runner blocks need to be installed
to hold the coil against the magnet track. In large machines such as PCB
drilling machines, multiple guide rails have to be used to mount the linear
motor coil, to prevent the collapse or joining of the coil and magnet track and
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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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,



30 second set, and each linear notor coil in the first set and each
correspor\gbr}gld/dsg@gr motor coil in the second set are ob{-§RlG260%/0804d} St ance

of 1/3 the magnetic pitch, Pmsuch that the dual coil Iinear nmotor produces
net zero cogging force and attraction force. 35 A second obj ect of the
invention is a dual coil linear motor having a first linear notor

coil assenbled fromthe sane reference position, to forma first magnet
track assenbl ¥, seWN 20 1005 3MbdRCTI BL2a08bied2 from  the  gagwc oisde1aNs&ar
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magnet track asse wherein t irst nmagnet track assenbly and the
second magnet track 5 assenbly are dianetrically opposite each other and
are of f sghetgiamteachirat rmejgntat &mkdiastsanmey ofind/ Bhet lecumgnenagnedi ek Pm
such that the dual coil ne roduc eLo. G ng o fPrEfrand
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Preferab yethe da%F coil linear notor %as a plurality of ducts in the 15

mounting plate for water to pass through to cool the dual coil |inear
not or . BpireferdBscihet doal efreDimadrngstdOhddnga Hast enagndetrsichrediseqtdy. t he
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shou € acconpanyin raw ngs. The acconpanyi ng draw ngs
illustrate one or nore enbodinents of the invention and together wth the

descri pt P@Qfé?%@' the ﬁl%'h‘ﬁﬁnbcblgféoisaéﬂ hRgniwarKigigge.and principles of the
invention. 25 FiI'g 1 shows a conventional linear notor. Fig 2 shows anot her

type conventional linear nmotor. 30 Fig 3 shows the cogging force produced
by the | iPremsrabbt othaheémali tolioviiseahmoaigh oae ®|mutalitgabf cysicés 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.



Fig 4 shows a configuration where 2 linear notor coils are assenbl ed
opposi t e @B fAzs{lg each other. 35 Fig 5 shows the coggippgsQhfRkRodQr 2
configuration of Fig. 4 Fig 6 is a cross section of the preferre
enbodiment. Fig 7 shows the nmagnetic circuits of the linear notors. Fig 8
shows anot her enbodi ment of this invention. 5 Fig 9 shows the use of
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of the ZBih8BPWRIPEMaGNeUC girguitd o ARGLINgaE SAPPEEe nodul e using this
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all ow wat €r cool I ng OP the Ti1near m)%or. scription of Preferred
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equi val ent of the distance of 1/3 of the magnetic pitch. Fig 4 shows a
confi gurgti QML & Prbidiedd ERLBHIROM Sf (AReddpdn are assenbl ed opposite,
facing each other. There are Z magnet track assenbly (6a, 6b), one 30 for
each linear notor coil (la,1 b), separated by an alum numtrack nounting
pi eces ( RefertingdkdtdEigat edcdhaintional Aush@odtlindgack odssasibg 38 ok, 6b)
are intentjiaqnall.y off r e o ] i\Si f. 1/ tic
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coil (1b).
( i)ron (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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el ectri cg,llut% %%ﬁcqu'&’ effect of this configuration is the sane as 25 that
descri be E? 0 strengthen the nmounting of the 2 linear notor coils
(1a,1 b), end pI ates (15) are used to join the 2 linear notor coils

(1la, I3, ﬁ@ﬁmsltiﬁeFm&gﬂetlEh@&ﬁuﬁd"@f ﬁh@tlf-’rﬁee(rlnrﬁ))t@tlssf)l 1@@l¢bpf8ﬁ1lc'émh%;21par e

bet ween Ia&%r'n{‘ﬂs@% o Flingt Plots ) Bafer (RS RRheend iRk Wastnmjors
(6a, 6b). (11a,11b) are separated by this piece, the magnetic circuit of the top motor
(9a) and the magnetic circuit of the bottom motor (9b) are separate. There is
no interference between the 2 magnetic circuits.
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
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cl ai ns. d’SO Advant ageous Effects of the Invention

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.



The cogging forces interferes wwth the proper operation of the |inear notor

(1la,1 1hyobYigiREHGI N9 the desired force output from thec-yRQhosobdk250
doi ng, the cogging forces reduces the efficiency of the |'inear notors 35

(11a, 11b). By effectively cancelling the cogging forces, the |Iinear notor
(11a, 11b) becones nore efficient and uses | ess energy in the process.
Savings in energy costs as well as higher productivity will accrue to this
i nventi ongciai:2010/ 053444PCT/ SG2008/ 000427 C ai ns: 1. A dual coil

| i near notor having 5a first set of one or nore linear notor coils (la)
assenbl ed fromthe same reference position, to forma first nmagnet track
assenbly (64&)dual coil lineasmobdordhaengof one or nore |linear notor coils (lb)
assenbl ed fromthe sane reference position, to forma second magnet track
assenbly (614, 10 wherein each one or nore |linear nptor coils (la) in the
first Set is dPaitstrsedafl pnepPoswde ditaorridpsivds ¢1a)casseohied Jromoihe
linear nDtameC@ifbfere powttisacaNdos@l a(fildk, magAceacitkl anieaibiyaeay, coil in
the first set (I a) and each corresponding |inear notor coil in the second
set (Ib) are 15 offset by a distance of 1/3 the magnetic pitch, Pm such
that the dual @osdcdndhewt afovoe qr cderselneat noded eutyg( Ty dsverebladdfrom

attracti og,d 95&& re%ereanc%uﬁsiﬁgh! td | fApARY a”PééHnd‘ﬁNéé‘tgetz{t?gcig ia%%ém'b?;[‘?@c%),m)t or

coil (la) asse ed fromthe sane reference position, orma firs
nagnetotrack assenbly (6a),
wherein each one or more linear motor coils (1a) in the first set is

diametrically opposed and corresponds to each one or more linear motor
coils of the second set (1b), and each linear motor coil in the first set
(1a) and each corresponding linear motor coil in the second set (1b) are

15 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.

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.



a second linear notor coil (Ib) assenbled fromthe sanme reference position,

to form RN |jonet track assenbly (6b), wherein thecdhjscShosip@ast track
YR %

assenbl y and the second magnet track assenbly (6b) are dianetrically
opposite each other and are offset fromeach other by the distance of 1/3
t he magnetic pitch, Pmsuch that the dual coil |inear notor produces net
zero cogging force and attraction force. 3. A dual core linear notor
having a first nmagnet track assenbly (6a), and a second magnet track

assem y5.(61) daﬁldeb@i ﬁﬁgai Nmh &l fﬂa&in‘%f éf,plmiﬂweiog ;metsf iihstthtaraﬁaahtihg ack
asse a). and second magnet track ass are .nounted on a
nount i ngp%?eal@ {]"é)"f’ateﬂ. top H’?%‘ﬁn‘ﬁ‘f?}bgﬂblté’t%O‘ﬁg?h%s‘g%qqafﬂ‘édl'Pﬁa'd"é’lq?ﬁe wher ei n

the nounting plate (8) is an alum numplate. 5. A dual coil |inear notor
having a plurality of ducts in the nounting plate (8) for water to pass
t hrough to cool the dual coil linear nmotor. 5 10 15 20 25 30 35
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