-1- COOLI NG SYSTEM FOR MOTORS Field of the Invention 5 The present

I nvention relates to a system and nethod for cooling notors, and in
particular, using fluid-cooling nmeans to cool notors. Background and Prior
Art 10 Motors are widely used to drive sem conductor packagi ng equi prent,
such as wre-bonders in wre-bondi ng maehi-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 nmay be generated,

whet her due 15 to a large cu tI I t T notor or a
significantly large resista ' use of the conpact

size of the notor. Cooling is critical not only to prolong the useful life
of the notor but also to maintain its performance. 20 Electrical fans are
comonl y usedField eldhe Imntioaqui pnent in the industry. However, although

el ectricalgfans are useful for external cooling, they are insufficient to
cool internal conponents of linear notors, which generate and retain the
nost heat. | nTha@reseseinyenliomeaiatesin arsysteonpid giethpdifoe epolingi pless@ndbet ween

a pair of ”agfheﬁacﬁ;{icﬁlgrehﬁinﬁrﬂ%ids-g@dlihpgﬁ%}sqgtcp@erﬂottoﬂe coil and 25 nagnets.

These gaps are n easi [ y~accessi cool'rng air generated from an
electrical fan. A practice has thus devel oped of trying to guide cooling air

into the sai dﬁgglﬁs. ”:ig”igéoi%* !gui ding cooling air into the said gaps is to
drill holes a i de a nmoving coil bracket of a |inear notor,
and to chapnel cooling air through these holes and nozzles. The problemis
that if the Wri al of the %‘ﬁ | . bracket A’s not tallic or its pachining
property is pdSrOSAT? H'q'?%“F bO%‘fee%ef%eﬁ‘aP ‘_f?&fﬂaé ag'ﬁgﬁﬂ‘é‘pﬂ?@t’@&w 3r acket
I s, expensive Qid-tondeld RS wifdybdhaingd nadhises. bl @inekl Wowrel ales Qdnafdiigase the
novi ng mass of the notor if_ additional ) ] _

preferred to drive wire-bonders as they offer fast and precise maotion. During

such driving motion, a large amount of heat may be generated, whether due

15 to a large current fiowing 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

i 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 coacling 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. 1t would also increase the moving mass of the motor 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 al so has
limtations because such nozzles generally direct conpressed air along only
one axis. If in use, the noving coil noves al ong another axis, sone portion
of 5 the cooling air will not reach the c@i-l surface when the coil bracket
noves away fromthe nozzle, and cooling air is wasted. Yet another nethod
of i nplenmenti pateriatasl fonges At e ¢dil drdokeedd hpubersuch hélesirghd Rokifedat ent

Nunmber 5,834,862 for a "Lin Mot or Coolin atent

di scl oses a ng‘?ﬂh@" WA %ﬂ{ Bihd1ozAEsS AN 8 ‘ﬁ%‘g\(ﬁﬁ%mot% a}E %rhaﬁr oduci ng
two high vel ognititisHiepésauaé siich nikieb generdly Idretedomprdséed ait! diang eMgr t he
surfaces of the coil so as to bring down the tenperature of the coi Thi s

cool i ng st rucPleéxiss If sseethegnevng soi mevas gleagangther xis) SPEAPORANA and i s
not ef fi ci gnt yeSBesirl b Wil robfedd InedsPsirtackien tOIBRWFAekck Moyegat ent 15

di scl osure i ntroduces cooling air fromone en a coil bracket wthout
proper seal i agay &omothiempzgienandoeling aivisiwastedai r t o escape into the

at nosphere. Furthernore, the nozzle area is relatively |arge, which serves
to reduce the air pressure of the cooling air and reduces its ability to
reach nore reh“et anatheagnethbd tdfeémplEnhenting ampoliigs systemn inea dihtarctriote isf t he

Surmary of ¢ nAR/BrIP drAtee WUmbREp EA PREIR B Pee MEnGoRReCS ISR 1 o seek

to providegan Thl@ﬁaéﬁtddlsa&@ao@&lfoﬁtluﬁn@nded@hhﬁé érel 6iNg R E610brabKet
efficiency of cooling air introduced to cool a nmotor. According to a first

aspect of  t he frmRreAYEiBa we gl VEOCHY éOF‘%FécPfe?"bwmchn%fesq)EqC@ﬁ hegzonallypt or
having a movablg %@Rﬁ%@é of APESiPEA Es Fo fbhHg %Wnatﬂé rﬁeﬁﬁél%frb‘ﬂ?%e 6.

extendi ng adj acent to a heat-emtting surface of e conponent to
di rect a cool iThig ¢aaling stiveture isdogased O@tﬁidﬁtthe@aguatsmféhe litrar engtor anrd 15| ui d

transm ssion tbegicieddaBheshilyCifMMEC cbil 41681 HNGHILN Mokdbieh e 1R Rk R
conponent of { not or .

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.



-3- According to a second aspect of the invention, there is provided a

met hod for cooling a notor having a novabl e conponent conprising the steps
of arranging a fluid transmi ssion tube so that it extends adjacent to a
heat- emtting surface of the novable conponent, supplying a cooling fluid
into the 5 fluid transm ssion tube and digecting the cooling fluid over the
heat-emtting surface, wherein the fluid transm ssion tube noves in

conj uncti on Wbk to"PYSRING LPEROGTARE irfentid® HEYAS _r+\ii%é/a b é}ﬁogmvem ent
to hereinafter describe the invention in greater detai y f% reference to
t he acconpanyFeingr awMede’ Waviea a| Mgxaklat eoropenantbeinpriaing dhe staps iofventi on.

The parti cul ag}j ; ; | : cLi:pti i t to be
undePst ood asggé%%lﬁée%!ﬁﬁgd Erﬁé%'ggﬁ'gﬁgﬂ P%;% o?ﬁtﬂ{e%gtreggg éddg 5ne![n?]f{ ?ca:lthiegﬁ of the
i nvention as dgfitiingdutiyce bkthel movable temBonastft, sieppdying i aooling fluiddntlr thei ngs An

exanpl e of ca gyst . od_] danc ' [g ' ntign wi.ll now be
descri bed 'tﬁg'ﬁetfﬁsg‘ﬂgsé&ﬁ‘m%8’@9@%%@\%@00%@3]“1 gyérir%%vxh&?agﬁm' H9IF; gure 1
i s an i sonet r sarfagecwindreia thgpliudltraxisMidsidn eibeFmgies i2 dosjuactisro ssthset i onal
view of a novin oi | nmotor,wi.th a.,cooling system of the prior art; Figure
3is a cross-E@%?E‘GnglmRﬂnEW‘avﬁthﬁn?ﬂS%ng coi | notor incorporating a cooling
system conprising fluid transm ssion tubes according to the preferred 25
enbodi ment of the invention; Figure 4 is an enlarged view of a portion of

figure 3 i 11 uStwilinengprvBient g hereinasiag APSabg ihe JBENTARGN F9atROISRESYOr ¢ he
cool i ng 53f§t G%Je@ﬁ@eﬁb%’é %c@omﬁa@ﬂwd Er%ﬂv‘?rﬁdcﬁ whithSistiatét of 'émﬁUgﬂﬁgﬁto.
u | enbodi nment .

including fTluid transmssion | és according to the preferred
30 Detail ed Déwinventioon bfie pagichastycofrtbe drMsiogs mpdttherirejated desiception issonetric
vi ew of a typi 4 . . YN ents in
the form of ahgi{orr%% gp&%glog)géa% oy frsoe{a%n:(g {P%bd@ﬁ?ﬁ ngﬁthedﬂrbé{& HenftfiEAten

of the invention 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 fiuid 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



-4- nmotor 12 and Y notor 14 conprise noving coil linear notors, and drive a
bond head 16 in the X-axis and Y-axis respectively. An ultrasonic transducer
17 is attached to the bond head 16 to carry out w re-bonding of electronic
conponents. Typically, wre-bonders bond conductive wires to make 5

el ectrical connections between contact pags of a sem conductor chip and a

| eadf rame to which the chip is attached. The bond head 16 is nmounted on a Y

stage 20 whi Cll‘hotcﬁ 120 ahd N MiBRUNY 8 CLopibrizB mdvifg a8 ((hear Mtstors, %hégﬁwéSa' S
driven by the X nptor 12 whereas the Y stage 10 20 is driven by the Y notor

14. The X st agRnobeas{gin {perbgs a5 V- a&lsdﬁap%ﬁ”%’a)ﬁ”smmé?@ﬁér apﬁéuogr st age
20, which is onid qRaffed REtHE B6RDBeAS 16U§)U§éW0uFW€$bdn r@%hel&@ﬁ’%rgt and

Y-axes. A conbination of novenent of the X stage st age allows a
tip of the ul €QERYMENES t r Arypifalher Wire-handees &ﬁidt |C@ﬁ§dCtIV§t WiTgS| (tﬁlsmﬁb%l tions

0N 2 0T | 29Nt AN SorRE AR AERA S orflot i ch O iondiall BhE S 4 2

cross-sectional view of a novin nmot or ool'ing system
of the prior L@adframmtswhs:hethe@h@nﬁlaﬁadieda cooling system conprising air

channels 50 drilled in a notor support 34 to introduce cooling air into the
notor 12. The linear notor generally conprises coils 22 that are 20 enbedded
in a coil braThkebodd heddés tombubtedadted Ytages20 smidhl iy inmee molunted@han et al | i c

material and gne or ils are enpedded in e material ., The coils
22 and coi |l bga'?g@&ﬁ %‘erﬁ?&oﬁpg?)ﬁééadm %%91"?%0" woeress tﬁﬁéf ${29%0t t om
nmagnet 2810 | eay id@rivenety th@amndt@tw&emhéb@stﬁgehs uBaMNFhoves bniradéiein 24 and
the top and bottom nmagnets 2 28. There are further layers of a top 25 iron

plate 30 and %-a¥s Wﬁﬁ{qaﬁdhepY £29€320,a0isk d#ont 9Pt ofehe ob Stage Hotysrally magnet s,
26, 28. The bpil,ed Eﬂﬁ thé KL 8nd¥/- é)?e%t SA egmﬁm'gﬁéﬁbf RR%EmaRt GHe X st

support 34 supports the top iron pla When a current 1s passe through
the coils 22, 1&|aedt\(rsima@ta‘li@ws ﬁttl@r@fdhe ohrasemcbrenwmrﬂﬁéo@elnosltmedmd t he

LA 55 RABRAR i O P Wbl hde i’

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.



18 attached to the coil bracket 24 is noved with it. -5- In this prior art
enbodi nent, air channels 50 are drilled into the notor support 34. Air
outlets 52 that lead to the air channels 50 are forned on surfaces of the
not or support 34 adjacent to top and bottom surfaces of the coils 22 and
coil bracket 24. Air guides 54 are fornedsi-n the notor 12 next to the air 5
outlets 52 to receive cooling air and guide it through the gaps between the

coi :cs 22 a][ld rothls m‘r’cﬁ(d;tgémﬁé%lﬁmdt tau'pcmndefelfﬁaag@di‘ggdlﬁtﬁ t%moﬁcﬁ' stu‘pﬁﬁﬂm t he
surfaces of t Coils sa age of thi esign i s that e position
of air cool |E§ A qqtlgé%Sg%thga% g}e %Dﬁ'ﬁ%ﬂ’ielssgo f‘gnﬁqeorb&"if%ce?? fare
novabl e.  Thufhe feitR sgapséﬁt 88 fMiadehttcriop dRYbdtdIm EMStdehé%ils spinhgces. |t
is even worse 10 if this coolln structure is applied on a Y notor, where

the coil brack@t bragkes 24 nAlpguidasnad yare forned i "‘loﬁpfo?*%ié\ext ® the 8l t he
coi | s bracget o@tﬂaté gz%vécéﬂe éb%m?%e Sahd b@@eqpfﬂrqﬁf@%egap@b%% made

much narrower he notor nust air gw ?;4 woul d
be usel ess. M;@ts Zﬂ anfigoil dratken @4and oararst beftam |n‘ﬂﬁsme¢€héf"g&$)$0 beol\mben t he

coils 22 and Lk BUshs Bfs 235 PRMIEREAACKRIG?E (VRS Aoy o™ Che

air guides. the coo I'Cl enc S not
Cross-secti onallr coblivg csff)aachom dihe wiatdr suppovia®i whdertip@nemi 22salehn0\mm novi ng

coi |l notor i ncar por a coolin em conprisin uid 20
Crans sei on ThbeSomscporet ot Becinnb Aptreahs M SRBUBEoerb AR FWOISE ( ne
i nventionqg Thﬂtm@tcaauﬁlglsmmmi.se@pm b5 a22 nndredaeck the dbildPhtkdbhsist 24
di sposed between t and tton1n%%net 26, 28 and top and bottomiron

pl ates 30, 32'“a§°t538%r)$ t?é’tﬁ’ Yi39ee. IFRederdp Allaw thecolsPrgsabed togovegnt or m a

magnetic fiel goihnaydy Ghe tc'aﬁ B?Qd:l'ie‘i za2m9§t beemsdu mUehasdfdwerdorathe fbposed. 25
However, instead of air channels drilled in the notor support 34, the

preferred enBwist REAIUGT Wides |Tﬁ\k’érff‘¢c?ﬁf giide |5£é%01#|¢ @ﬁ&%ﬁ'%snﬂﬂ%ﬁ otheubes i n
the form of aba%s.ggta?ﬁéarﬁngag‘e ﬁ%bmeltgﬁ Sbohbed e iis 2BIEHAL mfrkf3@ad.  The

air tubes 36a ext ong a e col br ac ‘carry a
30 cool i n$5f | @8 dyhesuttie krackes s mse@laway froththe araguld@SnDIrmsema)mojmghe coi |

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

20 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.

25 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
30 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



bracket 24, whether by the use of adhesives, nounting brackets or any other
means. One air tube 36a is nounted adjacent to a top surface of the coil
bracket 24, and another air tube 36b is nounted adjacent to a bottom surface
of the coil bracket 24. The top and bottom surfaces both include
heat-emitting -6- surfaces at the positiefs of the coils 22, which carry
electrical current. In this way, the air tubes 36a, 36b extend adjacent to
t he heat-em tsum@:@mtfthe(pssiaomis oﬁtbmecoiilsnZépwhiaha:iair@relmttid:altcbarenbi1hsthi32 and

coil bracket 24 t |nt nt of, conpressed coaling air
rect) v rolt fiav: B At hREE aBaraes BRENS ke TR Bt rPar SR BT BB e§ Y 53
regardl ess of nidve inosmmumuoaf witthethe ajdlils 32 anaectonZléracEétgz-u eto4mtr§d@¢b anl arged
view of a portion of, figure ustrtlng]theflu tranpsm ssi on tubes

38a, 38b and SOPHSELl REPURY Ogﬁ%rf‘?{?ﬁéé 9 alp GireFlis to3§1e 1oP BNABRURM | e

cool i ng syst eReabmitiyg dutffcedNof theUsdikatd PeyRllebd &f RBE tdo@ﬁloﬁfoffthguécﬁl 3
marked with the letter "A". This illustration shows nore clearly the air

nozzl es 38a PEWEHZ4n the top air tube 36a and the air nozzles 38b forned
in the bottomair tube 36b. The air nozzles 38a, 38b are positioned such
that they produce air jets 40a, 40b and direct themtoward the gaps

adj acent to tFguept i aanenipgedovwewuef aceytion of figuemild dlugtatires trec fiuidel v.

Preferably, a r..of ai for e 0

| ocati ons of ttnﬁﬁ%ﬁsls‘og ty&é%‘%%? hgéb rcgglalzé §$’5§%Pf %ﬁ&t@{eg&r eg'gﬁgzsiﬂ%sﬁE"?%orret ric
vi ew of a1tooi I38broa¢ﬂreetocﬂm;gisysiendi Rigufd diiglat ilssaiicsobthe ﬁﬁtidrubfeﬁgtﬁéa, 36b
according to the rred. enp d e coil bracket shown |n figure
5 bel ongs to gk %5 ﬁépe %ﬁteé 'ﬂ?xﬁlpgﬂ,\%@nt%onﬁ of ﬁﬁyhthetaﬁren%z i s and
the Y-axis. Twghciahhed i ke ¢6p Ia;rbtnaékﬁta aid khératrQﬁozk%snM%rﬁ@cMn fre nove in
the X-axis due to the constraint of the X stage 18 only noving along that

axis. Figure Ho¥p@air Bibeqgb. bT%\%I@é’tnOZA‘eW3@H pRb See pRsiignedbeyan hat ﬂ'@yl ocat ed
near one end gfodifeg #idjkls Ma?‘qlﬂﬁtan%ddlreet fHéPrl(f‘c‘Mar& e g adjacams ifdiopal Ong a

| ength of the top surface of the coil bracket 24. ertures or air nozzles
38a are | dbat @ndahitoresurfaces pethsosilsi dh sesrectively.t Hrreterpbliise monber of2

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.



as it is this heat-emtting portion of the coil bracket 24 that experiences
the highest tenperature 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

| ocated, there is an air input station 42 through which the air tubes 36a,
36b may receive an external supply of coempressed cooling air. A hose (not
shown) nmay be connected to the air station 42 to punp conpressed cooling

air to the aiThé Ldmemb%@asaa%:kﬁb c@n bEhenatler frirbe sviafié,hosb f ¢on-hagrigtide from a
whol e host of n i i

g nmaterial s, | ess st eel terial is
preferred as ma ‘?réa a‘g@'o&ﬂ'ﬁl stainiess, stge J'é?tﬁr'%h'gdﬂe{e{)relr&aﬁ |'tc'ﬁt’@r%r?g‘%e'§si ly
avai l able. A rmahvréa,gaﬁéap:tdmétmrcml andi'é‘ébi gaﬁvﬁta%lem @s fosmeRInetis rtefiar red
because it avoids the fornation of currents that mght affect the
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efficiency. It wou reci at ed brac that nmust nove
in both the XPosiioah@ny-the auimhene of ke mirbeerziashdis, ri’e%tcafabetaf@rtgedetmt of

achi evi ng the rﬁ@?e 9@@%“@8% é@EEﬁﬁ%’l at any position of the coil bracket
es t

24 because t h& generate the cooling air are fixed
on the bracket 24 There is no significant increase in the size of coi
bracket 24 du

to is design,as.the b 6b are relatively tiny
o Tt aad t Bt B BepEtidi Han it ool Hipesel 28 til Bt BiovBS pbBLBER
deteriorate t&aAddyaads, thep@sdopbaaratbodiméitahagthe bendft, of atﬁteviﬁbah@isémbubes
36a, 36b can have thin walls, ther%% Esaw%)g gace arlm Fi né:l to achi eve a
conpact desi gﬁoomeefﬁtlﬁn%%a%aw 0 JEackst 24 because Ihigeghe gaps
bet ween the CQBbSG@?th@f‘Qer?é?bte thé%@!ﬁlﬂ{g a”af‘a@ﬁeﬁ% ﬂw%ré’ék@t 2@0%@:@ igpgnets 26,
28 Thus, cooli n% efficiency is increased with a simlar air 20 vol une or

&

air consunpti &ign aaugére@ﬁembher greof el hrackel 24 due do dyis dpeigajas the@irz| es
38a, 38b geney e“%%ﬁ%b%‘?&?élﬁﬁﬁfﬂﬁ\t bn@lafifebliy tPé'PRackQFZ&OAétdsthg?eforghe

i nventi on descr erein i S susce e to variations I fications
and/ or addit ldoes not hnetlceaMndetﬁt!sEatsmnﬂnmalcl pertes@nceed thednatorsi 2.t o be

under'st 00d thal 5. LG LOVERLT 88 LACHAIENA! bRt HertBy aURG ace and

nodi fi cations
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 fo 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.



fall within the spirit and scope of the above description. -8- CLAIMS: 1. A
cooling systemfor a notor conprising a fluid transm ssion tube coupled to
a novabl e conponent of the notor for novenent therewith; 5 wherein the fluid
transm ssi on tube extends adjacent to a heat-emtting surface of the
novabl e conponent, and is positioned and constructed to direct a cooling
fluid frominside the tube onto the heat-emtting surface. 2. A cooling
system according to claim1, wherein the tube is nounted 10 onto the
novabl e conponent. 3. A cooling systemaccording to claim1 or claim 2,
further including a plurality of aperturds- on the tube to direct cooling
fluid frominside the tube to flow onto the heat-emtting surface. 15 4. A
cool i ng systertlaAMS8:ding to claim 3, wherein the apertures are |ocated

adj acent to the heat-emtting surface. 5. A cooling systemaccording to any
one of the preceding clains, 20 wherein the tube is nmade of stainless

steel . 6. A copling gysirRMspREeM fir N rhétoPRBMPRSInG  a tifd RFapeEfsith @l s,
wherei n the novabl e conponent of the nptor is a coil bracket including one

or nore coil oupled tPl@é“@Yfé)'%PmﬁB?'@’B@f the raeter far sppesent r‘heée‘ff’é@netl c field
formed 25 gby mgn%relz_theb“ﬂlﬁlgq}dn@ ﬁ%yc'ﬁ ﬁﬁb%ﬁ%g'a@%creﬂg e ﬁd& st

precedi ng cl ai s, erein the novabl e conponent is
axis as wel | airface gbtherovalile coppprendi ang iaposiionedand cgmstmted tost!rest A

cooling syster é‘&oﬁﬂgglhlagrr& ififide ﬁ@guﬁ’%oﬁtﬁ%hé’ﬁgﬁte&h% CLifagB, Wwherein the
cooling fluid s conpressed arr. -9- S BM%&ccor di ng to any
one of the preceding clains,

2. A cooling system according to claim 1, wherein the tube is mounted

10 onto the movable component.

3. A cooling system according to claim 1 or claim 2, further including a
plurality of apertures on the tube to direct cooling fluid from inside the tube fo
flow onto the heat-emitting 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,

20  wherein the tube is made of stainless steel.

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

25 by magnets.

7. 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.

30
8. A cooling system according to any one of the preceding claims,

wherein the cooling fluid is compressed air.



wherein the tube is coupled to an air input station which receives an
external supply of cooling fluid. 5 10. A cooling system according to any
one of the preceding clains, further including a second fluid transm ssion
tube coupled to the novabl e conponent of the notor for novenment therewth;
wherein the second fluid transm ssion tube extends adjacent to a second
heat-em tting surface of the novabl e conponent, and is positioned 10 and
constructed to direct a cooling fluid frominside the tube onto the second
heat-em tting surface. 11. A nethod for cooling a notor conprising the steps
of : coupling a fluid transnission tube to %-novabl e conponent of the notor
15 for novenent therewith; positioning the fluid transm ssion tube to extend
adj acent to a %eat -A esnoling reystenm fagserdyig ttheamp\abl ef doerpuraeeding silgipisyi ng a

From i nsi de AUk (P 15 a0 BT o bt SR i Ch PRSP Aol T ' ¢

accordi ng to céuppiyg dflcoolitgeflgidn the fluid transm ssion tube is coupled to
t he novabl e conponent of the notor by nmounting the tube onto the novable
conmponent. 25 13. A nethod according to claim1l or claim 12, further

i ncluding te f§.ep A ebolfrgr$ystedn acé&ru“rngltbtahy@‘neaneﬁé HfeRediPg diehmst fliphet O
direct cooling fluid frominside the tube onto the heat-emtting surface.

30 14. A net hofchengraserpnddiuid Eangmission GheeAurled todhe imryablecomanent es

adj acent to th&tH@%ot@(‘FoFFrLoOQm%HftfhéFé%V|th15 A method according to any one of
clains 11 to 14, wherein the tube is made of stainless steel. -10- 16. A

met hod accordi ng t ovkgrginoine secendaifipisl fransrpission Mber extandsadjacent to a
second heat-emitting surface of the movable component, and is positioned

10 and constructed to direct a cooling fluid from inside the tube onto the second
heat-emitting surface.

11. A method for cooling a motor comprising the steps of:
coupling a fluid transmission tube to a movable component of the motor
15  for movement therewith;
positioning the fluid transmission tube to extend adjacent to a heat-
emitting surface of the movable component;
supplying a cooling fluid into the fluid transmission tube, and
directing cooling fluid from inside the tube onto the heat-emitting
20 surface.

12. A method according to claim 11, wherein the fluid transmission tube is
coupled to the movable component of the motor by mounting the tube onto
the movable component.

25
13. A method according to claim 11 or claim 12, further including the step
of forming a plurality of apertures on the tube to direct cooling fluid from inside
the tube onto the heat-emitting surface.

30 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

made of stainless steel.



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 filed fornmed by
magnets. 5 17. A nmethod according to any one of clains 11 to 16, wherein the
novabl e conponent is novable along a first axis as well as a second axis
perpendicular to the first axis. 10 18. A nethod according to any one of
clainms 11 to 17, wherein the cooling fluid is conpressed air. 19. A nethod
according to any one of clainms 11 to 18, including coupling the tube to an
air input station to receive an external supply of cooling fluid. 15 20. A
met hod according to any one of clainms 11-t1€-19, further including the steps
of : coupling a second fluid transm ssion tube to the novabl e conponent of

t he notor for tvenfemethbdranootding 20 ausianeoani cipimdel iségotiy Whereth the

transm ssion tube to extend .adjacent to _a .second. heat-emtting surface of
the. novabl o coBURRREONBRREIHHEE Toter g RFARGE InBirc e B BRee T G
transm ssion tame thérshe dr recrel bgisc ard idigposkdiifl &rmeynetii diedt figmeeaciond t ube
onto the secon%aggﬁgt-enitting surface. 25

5
17. A method according to any one of claims 11 to 16, wherein the
movable component is movable along a first axis as well as a second axis

perpendicular to the first axis.

10 18. A method according to any one of claims 11 to 17, wherein the cooling

fluid is compressed air.

19. A method according to any one of claims 11 to 18, including coupling

the tube to an air input station to receive an external supply of cooling fluid.

15
20. A method according to any one of claims 11 to 19, further including the
steps of:
coupling a second fluid transmission tube to the movable component of
the motor for movement therewith;
20 positioning the second fluid transmission tube to extend adjacent to a

second heat-emitting surface of the movable component;
supplying a cooling fluid into the second fluid transmission tube, and
directing cooling fluid from inside the second tube onto the second
heat-emitting surface.
25



