5 10 -1- COOLI NG SYSTEM FOR MOTORS Field of the Invention The present
“invention relates to a systemand nmethod for cooling notors, and in
particular, using fluid-cooling nmeans to cool notors. Background and Prior
Art Motors are widely used to drive sem ¢gonductor packagi ng equi pnent, such
as wre-bonders in wre-bondi ng machi nes’ Linear notors are generally
preferred to drive wire-bonders as they offer fast and precise notion.
During such driving notion, a |arge anmount of heat may be generated,

whet her due 15 to a | arge Q@OOEING IYSYEM FOR Megfokge notor or a
significantly large resistance 1n the coll wres because of the conpact
size of the notor. Cooling is critical not only to prolong the useful life
of the notorraif ofdhs hveRtiofi Nntain its performance. 20 Electrical fans are
commonly used to0 cool nobst equi pnent in the industry. However, although
electricdt fans are useful for external cooling, they are insufficient to
cool interna f in the
o et #h?ﬁf&%ﬁfé:@@% tRﬁ rJe|a'?€sa1!o %Tgis?érﬁ an‘@tl’lnét!ﬂﬁgef&eéo%ﬁ ﬁg ﬁ‘n)qorssgﬁ bet ween
a pair of rralgrnartu;ularheslegﬂmd @ndamg ngapstd)emoj\mmtomhe coil and 25 magnet s.
These gaps are not easily accessible to cooling air generated from an
electrical fan. A practice has thus devel oped of trying to guide cooling
air into thBackareurgbgrsl PreAay of guiding cooling air into the said gaps
is to drmjl hol es and nozzles 30 inside a noving coil bracket of a linear
not or, to channel cooling air through these hol es and nozzles. The

probl em i s tkwators hrd WRiehRlsyd t8ldrioé skRficab@ubtor bé@@gﬁ’fg eduipbntTBlEH hd C or its

machi ni n roperty is poor, drilling |l ong hol es and
gp P oners F|Jn wire-bonding %achlngs Linear motors are generally

preferred to drive wire-bonders as they offer fast and precise motion. During
such driving motion, a large amount of heat may be generated, whether due

15  to a large current flowing through the motor or a significantly large resistance
in the coil wires because of the compact size of the motor. Cooling is critical
not only to prolong the useful life of the motor but also to maintain its
performance.

20  Electrical fans are commonly used to cool most equipment in the industry.
However, although electrical fans are useful for external cooling, they are
insufficient to cool internal components of linear motors, which generate and
retain the most heat. In the case of linear motors comprising a coil disposed
between a pair of magnets, there are small gaps between the coil and

25 magnets. These gaps are not easily accessible to cooling air generated from
an electrical fan. A practice has thus developed of trying to guide cooling air
into the said gaps.

One way of guiding cooling air into the said gaps is to drill holes and nozzles
30 inside a moving coil bracket of a linear motor, and to channel cooling air
through these holes and nozzles. The problem is that if the material of the coil
bracket is not metallic or its machining property is poor, drilling long holes and
nozzles inside the coil bracket is expensive and sometimes may not be

possible. It would also increase the moving mass of the motor if additional




nozzl es inside the coil bracket is expensive and sonetines may not be
possible. It would al so increase the noving mass of the notor if additional
-2 material is fornmed in the coil bracket to house such holes and nozzl es.
Another way is to drill air nozzles on a_stator of the notor. This also has
limtati ons because such nozzles genera1$y direct conpressed air along only
one axis. If in use, .the npving cgil noves al ong anot her axis, sone portion
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coil. This ' r I de the magnets of the |inear
not or and isg\géyo{r&gftﬁé un %gp%g?'aggﬁ?%g#hg coil area is |large. Moreover,
this patent 15 disclosure introduces cooling air fromone end of a coil
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i nvention to seek to provide an inproved 25 apparatus and
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system for a notor “having a novable conponent conprising a
t ransm ssi omnatygticient especially if the coil area is large. Moreover, this patent

15  disclosure introduces cooling air from one end of a coil bracket without proper
sealing, allowing some of the cooling air to escape into the atmosphere.
Furthermore, the nozzle area is relatively large, which serves to reduce the air
pressure of the cooling air and reduces its ability to reach more remote areas
of the coil. It may also not be effective if the whole coil bracket is designed to

20  move in both the X- and Y-axes.

Summary of the Invention

It is therefore an object of the invention to seek to provide an improved
25 apparatus and method to increase cooling efficiency of cooling air introduced
to cool a motor.

According to a first aspect of the invention, there is provided a cooling system
for a motor having a movable component comprising a fluid transmission tube

30 extending adjacent to a heat-emitting surface of the movable component to
direct a cooling fluid over the heat-emitting surface, wherein the fluid
transmission tube is adapted to move in conjunction with the movable
component of the motor.



30 extending adjacent to a heat-emtting surface of the novabl e conponent
"to direct a cooling fluid over the heat-enmitting surface, wherein the
fluid transm ssion tube is adapted to nove in conjunction with the novable
conponent of the nmotor. -3 According to a second aspect of the invention,
there is provided a method for cooling &-nmotor havi ng a novabl e conponent
conprising the steps of arranging a fluid transm ssion tube so that it
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super sedi ng ?‘H‘E’%Seﬁ’é‘ |n te 3@4 ﬁanﬂ%a'&" ‘H@ﬁt’l“?‘feéaﬂ B?PJU'Eﬁt'OFh‘g%' Mention as
defi ned by trlnevablaICONpoﬂténtB)ﬂtltémd&scrl ption of the drawi ngs An exanple of a
system and nmethod in accordance with the invention will now be described
with reference to the acconpanying drawi ngs, in which: 20 Figure 1 is an

| sometric vigwilPbe &ohvéniémt tohereihafibredesthiBéitite tveftich #Y Qater fetdicpp! Vi ew
of a noving coil nmotor with a cooling system of the prior art; Figure 3 is

a cross-YbctiEfHancs feheoaccompsnying dravingggyhich i"HéE?tﬁcﬁrlﬁ emgodimesd st i ng
system CO”prt'hS'IH\Eérftan' emered?ﬁen|§mwﬂtﬁélam.ﬁg‘sc§ﬁditﬁégreme& Bs?&rg%ﬁng ed 25

enbodi ment of the invention lgure 4 1's an'en Vi ew 0 ortion of
figure 3 illuetede yngersiecd paisgperseding e spoeralitysd she hepash IHGMEQU% of the

cooling syst&ifhe H¥ntion as defined by the claims.

15  Brief description of the drawings

An example of a system and method in accordance with the invention will now
be described with reference to the accompanying drawings, in which:

20  Figure 1 is an isometric view of a typical X-Y table;
Figure 2 is a cross-sectional view of a moving coil motor with a cooling system
of the prior art;
Figure 3 is a cross-sectional view of a moving coil motor incorporating a
cooling system comprising fluid transmission tubes according to the preferred
25 embodiment of the invention;
Figure 4 is an enlarged view of a portion of figure 3 illustrating the fluid
transmission tubes and air nozzles of the cooling system; and
Figure 5 is an isometric view of a coil bracket including fluid transmission
tubes according to the preferred embodiment.

30

Detailed Description of the Preferred Embodiment

Figure 1 is an isometric view of a typical X-Y table 10. The X-Y table 10 has
driving components in the form of an X motor 12 and a Y motor 14. The X




Figure 5 is an isonetric view of a coil bracket including fluid

"transm ssion tubes according to the preferred enbodi nent. 30 Detail ed
Description of the Preferred Enbodinent Figure 1 is an isonetric view of a
typical X-Y table 10. The X-Y table 10 has driving conponents in the form
of an X notor 12 and a Y notor 14. The »4:4 notor 12 and Y notor 14

conprise noving coil linear nmotors, and drive a  bond head 16 in the X-axis
and Y-axis r'@gg’écﬂ aaf yf mglory 14 coatise MeRg ¢at dinear motarsaand dive 8 o t he

bond head 16pdry K&dd ¥6 Hihe\ b%is PRCY Adis tescBGdI) O AnCultr SSEFRO RS RS rcer
Typically, wre-bonders bond conductive wires to nake 5 electrical
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which is in turn nounted’on an X stage stage Iven by the
X notor B2 wleetdedl canoestiansakgpiween zontast gads of absenninenduciast ehip aad arhe X

stage 18 usqg%%%arﬁgg@h&m{%eehigﬂg?ﬁé}:heé- axi s whereas the Y stage 20, which

is on top of age noves in both the X- and Y-axes. A
conbi nati on of nmovenent of the X stage 18 and Y stage 20 allows a tip of

the ultrasony 17 t i tio at .various positions on a
nor i sont ar pl EnROREBEHEES sipalBed BT slacBCtivnEh i 8 i fpBRB0 s
Cross-sect i oNatagei t8v Dhe X stage Ng icdriven! &Wlihérx mmitmﬁzlwl'u’rhwiehb the Yatade ng
system of, t rLor art IS.1S ex e a ol ng system conprising
27T Chaniel SoB dienitne ¥ ot "o Sotede 58 uBuf R mottk SV clifa gy ol
into the mt)pfaxihzwhé'ﬂéﬁshhé\eﬁétaggtm, viREre i bh o @R SE5tagei 185 uddahat are
20 enbedded in a coil bracket 24. The coil bracket 24 is usually made of a
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at various positions on a horizontal plane for the purpose of wire-bonding.
15
Figure 2 is a cross-sectional view of a moving coil linear motor 12 with a
cooling system of the prior art. This is an example of a cooling system
comprising air channels 50 drilled in a motor support 34 to introduce cooling
air into the motor 12. The linear motor generally comprises coils 22 that are
20 embedded in a coil bracket 24. The coil bracket 24 is usually made of a non-
metallic material and one or more coils 22 are embedded in the material. The
coils 22 and coil bracket 24 are disposed between a top magnet 26 and a
bottom magnet 28, leaving small gaps between the coils 22 and coil bracket
24 and the top and bottom magnets 26, 28. There are further layers of a top
25 iron plate 30 and a bottom iron plate 32 adjacent to the top and bottom
magnets, 26, 28. The bottom iron plate 32 rests on a motor base 36 and a

motor support 34 supports the top iron plate 30.

When a current is passed through the coils 22, electromagnetic interaction
30 between the coils 22 and the top and bottom magnets 26, 28 produce motion
of the coils 22 and coil bracket 24 relative to the magnets 26, 28. An X-stage
18 attached to the coil bracket 24 is moved with it.




bott om magnet 28, |eaving small gaps between the coils 22 and coil bracket
" 24 and the top and bottom nmagnets 26, 28. There are further layers of a top
25 iron plate 30 and a bottomiron plate 32 adjacent to the top and bottom
magnets, 26, 28. The bottomiron plate 32 rests on a notor base 36 and a
not or support 34 supports the top iron pﬁ’ate 30. When a current is passed

t hrough the c0|Is 22, electromagnetic interaction 30 between the coils 22
and the top BrbISESr 8 emkpsdiment air channgls §0@se AEledbintathermatos suprob2 and
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15 28 when the bracket 24 moves away from the air guides. Thus, the cooling

efficiency is not high.

Figure 3 is a cross-sectional view of a motor with a movable component, such
as a moving coil motor 14, incorporating a cooling system comprising fluid
transmission tubes 36a, 36b according to the preferred embodiment of the
invention. The motor 14 comprises coils 22 embedded in a coil bracket 24
disposed between top and bottom magnets 26, 28 and top and bottom iron
plates 30, 32 as described above. The top and bottom magnets 26, 28 form a
magnetic field in which the coils 22 of the coil bracket 24 are disposed.
However, instead of air channels drilled in the motor support 34, the preferred
embodiment of the invention utilizes fluid transmission tubes in the form of air
tubes 36a, 36b mounted to the coil bracket 24 instead.

The air tubes 36a, 36b extend along a length of the coil bracket 24 and carry a
cooling fluid, such as compressed air. They may be mounted onto the coil
bracket 24, whether by the use of adhesives, mounting brackets or any other
means. One air tube 36a is mounted adjacent to a top surface of the coil
bracket 24, and another air tube 36b is mounted adjacent to a bottom surface
of the coil bracket 24. The top and bottom surfaces both include heat-emitting




20 transm ssion tubes 36a, 36b according to the preferred enbodi nent of the
“invention. The notor 14 conprises coils 22 enbedded in a coil bracket 24

di sposed between top and bottom nmagnets 26, 28 and top and bottomiron

pl ates 30, 32 as descri bed above. The top and bottom magnets 26, 28 forma
magnetic field in which the coils 22 of"®he coil bracket 24 are disposed.

25 However, instead of air. channels drilled in the notor support 34, the

pref erred P@h theopositians; of vl £oilsn22, which garry elechical eufeanitsdn B9s t ubes in
the form of iy, thé dhesbébesa, 6B é%ﬁﬁﬁﬂaééhtfté1ﬁ1ecﬁédt-e?ﬁuﬁ|ﬁé%hﬁ3geé By ead. The
air tubes 36a, 36b extend along a length of the coil braCket and carry a
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means. One alr tube 36a I's nou t to a top sur e coil
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surface %ect bracket 24. The top and bottom surfaces both include
heat - emttl ng suffaces at the positions of the coils 22, which carry
el ectrical current In this way, the air tubes 36a, 36b extend adjacent to
t he heat-em rface and . nove in _conj | th .he coils 22 and
coi | bracketﬁgﬂ nél"?' 88??5 (gv'e(% Siaspgﬁpna ﬁgHre:F J:"tﬁtﬁ?i%%stg ling air
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38a, 38b andnark@ulmml thbyettﬁr Apemumﬁﬁstraﬁorasﬁowp%lr@éleaﬁftthelélr A8Rned the
cooling system Fi is an illustration of portion of figure 3

mar ked wi t h $4%efar F‘e'F‘ thﬁ"topw tubey 3’§%@Fﬁtth6rﬁ'%ﬁ@%%eﬁr§5€ ferred iy thehe air
nozzles 38adiRhiraR tthb bés tme aaaﬁoﬂés%éﬁ%aﬁrﬁetdbgmhéd ROEK et B %P formed

in the bottomair tube ) he alr nozzl es are positioned such
t hat they mféé'éfé@ba'alﬁs ﬂ@@ s4CH:0@nd dioget drem @W@dtthe lgaps adjiaseat tortbe dems

adj acentqg 0 JREpbRG surfaces of the coils 22 respectively. Preferably, a number of
such air nozzles 38a, 38b are formed next to locations of the coils 22 in the
coil bracket 24.

Figure 5 is an isometric view of a coil bracket 24 including fluid transmission
20 tubes 36a, 36b according to the preferred embodiment. The coil bracket 24
shown in figure 5 belongs to the Y motor 14 and is allowed to move in both
the X-axis and the Y-axis. Typically, the coil bracket of X motor 12 needs only
to move in the X-axis due to the constraint of the X stage 18 only moving
along that axis. Figure 5 shows a coil bracket 24 with three phase coils 22
25 located near one end of the coil bracket 24. A top air tube 36a is mounted
along a length of the top surface of the coil bracket 24. Apertures or air
nozzles 38a are located adjacent to the positions of the three phase coils 22
as it is this heat-emitting portion of the coil bracket 24 that experiences the
highest temperature rise. At an end of the air tube 36a that is opposite to the
30 end of the coil bracket 24 where the coils 22 are located, there is an air input
station 42 through which the air tubes 36a, 36b may receive an external
supply of compressed cooling air. A hose (not shown) may be connected to
the air station 42 to pump compressed cooling air to the air tubes 36a, 36b.




15 and bottom surfaces of the coils 22 respectively. Preferably, a nunber

" of such air nozzles 38a, 38b are formed next to |locations of the coils 22
in the coil bracket 24. Figure 5 is an isonmetric view of a coil bracket 24
including fluid transm ssion 20 tubes 36a, 36b according to the preferred
embodi nent. The coil bracket 24 shown in/figure 5 belongs to the Y notor 14
and is allowed to nove in both the X-axis and the Y-axis. Typically, the
coi | bracket TR ak tybe$ 3682 38betrN BRI ade drommBewhale: Restofanersmageetie t he
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external supply of conpressed cooling air. A hose (not shown) may be
connected to the air station 42 to punp conpressed cooling air to the air

t ubes 36a, aﬁhrourdmeTm:recratetduhesfoBb‘é\r bratkets 23 that rastambveim otk B- host  of
non- magneti c rr\?terr als, alth ainless steel material is preferred as
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efficiency. appreci ated that for coil brackets 24 that nmust

nmove in bot Hube® 36a, 3&p aﬁ?deiﬁtls[ﬁ@simytﬂfé afixast folbe heagiedi2deand theseforee benef it
of achi e NgyddiensiiBticeably deteriorate the dynamic performance of the motors 12,

14. The air tubes 36a, 36b can have thin walls, thereby saving space and
helping to achieve a compact design. The air jets 40a, 40b introduce air
directly into the gaps between the coils 22 and coil bracket 24 and the top and
bottom magnets 26, 28. Thus, cooling efficiency is increased with a similar air
20 volume or air consumption because of the relatively small size of the air
nozzles 38a, 38b generating the compressed air directly onto the coils 22.

The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that

25 the invention includes all such variations, modifications and/or additions which
fall within the spirit and scope of the above description.




cooling efficiency at any position of the coil bracket 24 because the air

" tubes 36a, 36b that generate the cooling air are fixed on the bracket 24.
There is no significant increase in the size of coil bracket 24 due to
this design as the air tubes 36a, 36b are relatively tiny and affixed to
the bracket 24, and therefore 15 does rmﬁ'noticeably deteriorate the
dynam c performance of the notors 12, 14. The air tubes 36a, 36b can have
thin walls, 9%@“@%& savi ng space and helping to achieve a conpact design.
The air jets 40a, 40b introduce air directly into the gaps between the
coils 22 and coil bracket 24 and the top and bottom magnets 26, 28. Thus,
cool i ng ef fiti endycedingsypieas i amplor Havingia aovable copppbeOheoraprising

consunpti on - o | Qkd ; [ £k ' s 38a,
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nodi fi cat i orrsovatde oompdokritioptiee mhifoch fall within the spirit and scope of

t he above description. 8 CLAIMs: 1 . A cooling systemfor a notor having a

novabl e conponent conprising a fluid transm ssion tube extendi ng adj acent
to a heat-erd.tti gcsolingasateh ddeordingrty ahire 1G wvepeianthettabeliis eedunted-ool i ng

fluid ov&rj thei eat-er?'e!tti[r‘}ﬁ surface, wherein the fluid transm ssion tube
i s adapted tY ?rﬂ??empﬁa BGPIREPPYn with the novabl e conponent of the motor.
2. A cooling systemaccording to claiml1, wherein the tube is nmounted 10
onto the novabl e conponent. 3. A cooling systemaccording to claim1l or

claimz2, i n_cﬁ-u_di fycRPling Fystem W@fdi”&ﬂbi“'?m §r8|?i'f‘t?eirt°{H5’€‘&%PW?u§3{:Pf cool i ng

fluid from igldriifed &9 tHeWlBe toldirdbt cOolfiRuidfomYiadigent e di ng to claim 3,

wherein the apertures are |ocated adjacent to the heat-emtting surface.
15 4. A cooling system according to claim 3, wherein the apertures are

located adjacent to the heat-emitting surface.

5. A cooling system according to any one of the preceding claims,
wherein the tube is made of stainless steel.

20
6. A cooling system according to any one of the preceding claims,
wherein the movable component of the motor is a coil bracket including one or
more coils, and the one or more coils are disposed in a magnetic field formed
by magnets.

25
7. A cooling system according to any one of the preceding claims,
including a second fluid transmission tube to direct cooling fluid over another
heat-emitting surface of the movable component.

30 8 A cooling system according to any one of the preceding claims,
wherein the movable component is movable along a first axis as well as a

second axis perpendicular to the first axis.




5. A cooling systemaccording to any one of the preceding clainms, wherein
"the tube is nmade of stainless steel. 20 6. A cooling systenlaccordlng to
any one of the preceding clains, wherein the novabl e conponent of the
notor is a coil bracket including one or. nore coils, and the one or nore
coils are disposed in a magnetic field Tdrmed by magnets. 25 7. A cooling
system according to any one of the%@éfcedlng claims, including a second

fluid transmM-ssi dh 9OGHRE tsystem éceco P @ne ok dhe presasing ~emitting
surface of t\M?ergFPl"’tﬁ@cSolﬁ@'ﬂiﬁd‘%%mp?Qs&d 4ir cooling system according to any
one of the preceding c wherei n the novabl e conponent is novabl e

along a first axis as vveII as a second axis perpendicular to the first

axis. -9 9. f CogQ 'd&ﬂﬁ’?ﬁ@r@%@&ﬂt {16 % 6pR"8r e 'diEcd rgg%mg cl ai s,

wherein the cool in I'S conpres stem accordi ng
to any orfe ofhergi@ meécwlwlmleai tosan aip inmlérsatinntwmcn Lﬁmelves anozderedl t o an

air input St&%%%f%b r{brmlﬁgel ves an external supply of cooling fluid. 11.

A et hod for ng a havi ng a novabl e conmponent conprising the
steps of arranging a fluid transm ssion tube so that it extends adjacent to

a 10 heat-enmjtti surface of. the bl e conpo ng a.cooling
fluid o the P meiadibediobiomorRevhac BRYATE R RORBN R e i o
over the heahe swﬁstdfiangngmgfaam.@d trummsubnmmmf §d t#adutbmamaapcem toube Lm\d/es
i n conjunction | conponent of . the A et ho
hecordl gt deataHtng S RREPIREL SRR B cdlBe TRl o
conponent.  the fluid transmlssmn tube and directing the cooling fluid over the heat-

emitting surface, wherein the fluid transmission tube moves in conjunction

with the movable component of the motor.

15 12. A method according to claim 11, including mounting the tube onto the
movable component.

13. A method according to claim 11 or claim 12, including forming a
plurality of apertures on the tube to direct cooling fluid from inside the tube.

20
14, A method according to claim 13, including locating the apertures
adjacent to the heat-emitting surface.

15. A method according to any one of claims 11 to 14, wherein the tube is
25 made of stainless steel.

16. A method according to any one of claims 11 to 15, wherein the

movable component of the motor is a coil bracket including one or more coils,

and the one or more coils are disposed in a magnetic field formed by
30 magnets.

17. A method according to any one of claims 11 to 16, including arranging
a second fluid transmission tube to direct cooling fluid over another heat-

emitting surface of the movable component.




13. A nmethod according to claim1l or claim112, including formng a
"plurality of apertures on the tube to direct cooling fluid frominside the
tube. 20 14. A nethod according to claim 13, including |locating the
apertures adjacent to the heat- enlttlnq surface. 15. A nethod according to
any one of clainms 11 to 14, wherein thé Pibe is 25 made of stainless
steel. 16. A nethod accordlng to any one of clains 11 to 15, wherein the
novabl e conponent of the nmotor is a coil bracket including one or nore

coils, and 1g)e Qenéthoddctofdihd Yo 2drfy ShePeseRirhd B T@orvet wherkirehisk f or ned
by 30 magnets. 17. A nethod according to any one of clainms 11 to 16,

i ncl udi ng ar’Pa¥RhIR omposertisMeYahie alongna rﬁ@s@%aﬁ Rl 8% agsecord @l i ng
fluid over Fgp&dichifdtbtheNisthikigg surface of the novable component. -10 18.
A nmet hod according to any one of clains 11 to 17, wherein the novable
conponent® i s novable along a first axis as well as a second axis

per pendi cul to r t gne of
claims 11 tgfgi8 A\Nﬁﬁrtﬁeqo;éé o?d?h%tq éﬁgn?ﬁfgg%%g&ngge\g@ na'ﬁ?%éw?d]A met hod
accor di ng td’ltxmbs compressed aif.ns 11 to 19, including coupling 10 the tube to
an air input station to receive an external supply of cooling fluid.

20. A method according to any one of claims 11 to 19, including coupling
10 the tube to an air input station to receive an external supply of cooling fluid.






