Dual Coil Linear Mdtor w th Conpensated ogging and Attraction Force Field
of Invention 5 The present invention relates to a permnent magnet
synchronous |inear 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
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Thi s force iI's n%d by the nmagnetic 25 interaction of the magnets and the
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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. Iron 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. Iron 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. It 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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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
5b 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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15 because very |l arge bearing guide rails and runner blocks need to be
installed to hold the coil against the magnet track. In |arge machi nes such
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Problemto be solved by the Invention The inventors had observed that the
coggi ng force produced by the linear notor as it noves through one cycle
has a period of 60 electrical degrees 5 or an equival ent of the distance of
1/ 3 of the magnetic pitch By building 2 opposing track assenblies which
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coil s of thecad@ededond set, and each linear notor coil in the first set and
each correspondi ng |inear notor coiI in the second set are offset by a
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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 linear motor having

a first linear motor coil assembled from the same reference position,
to form a first magnet track assembly,



a second linear notor coil assenbled fromthe sane reference position, to
forma second nagnet track assenbly, wherein the first magnet track
assenbly and the second magnet track 5 assenbly are diametrically opposite
each other and are offset from each other by t he di stance of 1/3 the
magnetic pitch, Pmsuch that the dual coil |inear notor produces net zero
coggi ng force and® atoCPARt |IBFAT Apeter coil as@PE‘Pé“fdabe?/thbe dipdre ceiferanchear
not or havi ngpasifior,2b foagnetsecoadkmagsentvdok addenaigl a second magnet track
assenbly are mounted on a mounting plate. Preferably the nmounting plate is
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preferred enbodinent, Fig 7 shows the magnetic circuits of the |inear
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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 8 is a cross section of the preferred embodiment.



5 Fig 9 shows the use of nounting plates to join the 2 linear notors and to
strengthen the nounting of the 2 linear notor coils Fig 10 shows a conpl ete
nodul e using this configuration proposed in Fig. 9 10 Fig 11 shows anot her
enbodi nent where the linear notor coil nounting plate is designed with

wat er channels to allow water cooling of the |inear notor. Description of
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|
degrees. 'Flhis means that each of those repetitive cycles has a period of 60
25 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 is counterbalanced or compensated by
the cogging force Fc2 produced by the bottom linear motor coil.

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

6



the attraction forces Fal and Fa2 acts in opposing direction. By nounting
the 10 2 linear notor coils (la,1b) in this configuration, the net
attraction force as seen by the | oad on the nmounting plate which joins the
2 linear notors is effectively zero. In other words, the 2 attraction
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configuration is the sane as 25 that described in Fig 4. To strengthen the
nounti ng of PHerzhan seawenseidng e Faaqing fatges. Enepmbatsesn(foy Hedt thadd to
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hel ps toqrqnnﬁﬁlglg%r ?Logma:gérjllmgg{ae‘ﬂ)%)t \%éﬁg tcﬁgflp?rﬁglgﬁf lrtrrg% ﬁ%ﬁ%gf’%t fa]eo%% %gnd t he
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in Fig 10, whiésaivehe zeionelar othetlr owords| Ithass attbhatiqnl@rces arpualsedmutuallige
center of th@arﬁ%ﬂ{e‘b.e on 35 carriage plate (12), with 2 guide rails (13) on
each side on the |1 near notor assenbly (10). The carriage plate (12) is
actually joined to the top of the nounting plate. Wth this design, the
size of tlfe Bigi deshomis| the( hBgnetin diesustisgafi fhecinedry maddisc €2h,8bnplined the t he
conventi onal 5 /dkadurk Qtdck! MBEALindRIAE S(7) 8l chOmbhRe et are bBtrAlihEAC HYsf or ce
acting on t h&a%ﬁ)daerers%lpgrsatg&%)y'thi-ghpﬁegg,ltﬂg 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 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.

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. 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



rails (13) are just used to support the |oad and guide the linear notors in
the direction of notion. Such a design can be used in applications such as
PCB drilling machines and nachine tools. 5 Fig 11 shows anot her enbodi nent
where the linear notor coil rmunti ng plate is designed with water channels
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conventi onal 4 fggd GhintRt & £96hihBdosdbes (14) are 10 typically installed
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of the Invention 3

o the | menmefode Dot el I s bt faThant ety ahe RiEcHrBa the
nmotor. | n socadds irgsigntiisastiygedusetopoemarednees i Araitftfi¢ ioretheywiotlinglseof| i near
motors (9a, Hak.cByertbrabi vidkyesyamerinki the due ceng@icad rrfcﬁbﬁﬂforeté]ﬁcﬂehﬂear

O o RSP EEHIE IR e b8 S, ERVERL BRSSOl
to this inveis @ﬁdma(:idéﬁlﬂ@ 1. A dual c0|I Ilnear mot or haV| ng 5a

first set of one or nore linear notor coils (la) assenbled fromthe sane

reference pol?;&'hgrbestcﬂbéé)rp%i% |]cedr §Fnbg81%%tt? torfatﬁg ;ﬁérﬁm?&n%ln(@ erence to 4

second set I near t he sane
reference po$PtIGRMPRHYNGr Hhey iREk dhds ﬁ%é’ﬁe‘ﬂ”qerré@@da@éé%? y”‘(e@lS')"” st

25 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.

Advantageous Effects of the Invention
30
The cogging forces interferes with the proper operation of the linear motor
(9a,9b) by reducing the desired force output from the motor. In so doing,
the cogging forces reduces the efficiency of the linear motors (8a,8b). By
effectively cancelling the cogging forces, the linear motor (9a,9b) becomes
35 more efficient and uses less energy in the process. Savings in energy
costs as well as higher productivity will accrue to this invention.



10 wherein each one or nore linear notor coils (la) in the first set is
dianetrically opposed and corresponds to each one or nore |inear notor
coils of the second set (Ib), and each linear notor coil in the first set
(la) and each corresponding linear notor coil in the second set (1 b) are
15 offset by_ a. distance of 1/3 the magnetic pitch, Pm such that the dual
coil linear %§¥B§=produces net zero cogging force and attraction force. 2.
A dual coil linear notor having 20a first linear notor coil (la) assenbled

fromthe sang nefffi@BAGINRAS Mot mavigy form a first nagnet track assenbly
(6a), a second linear notor coil (1b) assenbled fromthe sanme

reference position, to forma second magnet track assenbly (6b), wherein
the firstSmagnet a fiesélechofenid pr (BuF lmedr Mmdos exsdlsd 1AbgreeMbledckomsibenbl v

(6b) are di agmhé reraldnteORRASId, @0 CREM atfher ndgheaat@cridsseinbiy @®)each ot her
by the distance of 1/3 the magnetic pitch, Pm such that the dual coil

| i near notor produces net zero cogging force and attraction force. 3.
A dual core |ined SeAoGr SBLOT M eaCT iM&e Ngghatoter LalsddserprgmpBe)fromnd a

second magnethetdaatkraAssarblpos(t@n) t@Sfoehah Fedond hgientdackrasdemane(ad)n t he
first magget track assenbly (6a) and second magnet track assenbly (6b) are

nounted on a nounting plate (8). 4, A nounting pI_ateﬁSS) as clainmed in
d ai m 3 wher¥i®reihe eABUINtANGgOpIMRTE (1B)Ear SMARTal AR NUR phathe, first set s

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.



