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The present invention relates to ceiling fans, particularly though not solely to a
modular Totally Enclosed Non-Ventilated (TENV) ceiling fan driven by an

5 Electronically Commutated (EC) motor with a separated Safety Extra Low
Voltage (SELV) Switched Mode Power Supply (SMPS).

Background

Existing ceiling fans are typically powered by high pole number AC induction

motors, operating directly from the utility AC line voltage at high degrees of
10  frequency slip, which makes operation very inefficient. Typical domestic ceiling

fans may be optimised for low cost and long life, but not electrical efficiency. For

example a typical domestic ceiling fan consumes around 75W of electrical input

power, but only generates around 15W of mechanical shaft power; an efficiency

of just 20%. The balance of 60W is consumed almost entirely by electrical
15 losses and is dissipated as heat within the motor housing.

For an AC induction motor, significant losses are incurred by generating the

rotor magnetic poles, which are formed by electromagnets powered from the

incoming ac line supply. While. rotor losses occur in all AC induction motors,

they form a higher proportion of total losses in a ceiiing fan motor because of
20 the relatively low mechanical shaft power.

In addition to consuming excessive electricity, the wasted energy is Iérgely
dissipated as heat causing substantial temperature rise within the motor,

particularly at low speeds where the airflow is substantially reduced.

To keep motor temperature rise within acceptable limits, ceiling fan motors are

25 typically provided with ventilation holes to allow airflow through the motor
interior for cooling. Ventilated covers are provided external to the motor to
prevent user access to live wiring, but still allowing airflow.
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15  Various inventors have proposed solutions to this issue, including; a Ceiling Fan
Cleaning Apparatus (US5319821); a Safety Blade For Ceiling Fan
(US6183201); Ceiling Fan Dust Collector Cover For Blades (D341881). None
of these address the issue of thoroughly cleaning the entire ceiling fan in a

manner which is both safe and effective.

20 The amount of dust disturbed during cleaning can be greatly reduced by using a
damp or wet cloth which captures the dust particles before they spread. To
further aid in removal where the dust is contaminated with oil or grease

particles, use of warm water and a suitable mild cleaning agent is preferred.

However traditional ceiling fan manufacturers’ typically warn against using water
25 during cleaning due to the risk of electric shock to the user, and/or damage to
the motor. This restriction on wet cleaning applies even to fans specifically
rated for use in damp or wet areas, since these fans are tested only for water
ingress in the most typical direction for the installation, which is generally

rainwater falling from above, rather than being cleaned from below.
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descri bed a8|898',ng\7vithout altering 25 the overall benefit of the approach

described. Additionally an AC.DC isol ating power supply (SMPS)_ nmay be used
to provide It will be recognised that variations may be made to the ratings and efficiencies

of the EC ceiling fan system components as described above, without altering

25 the overall benefit of the approach described.

Additionally an AC:DC isolating power supply (SMPS) may be used to provide
safety isolation from the incoming utility supply and to transform the line voltage
to a level where the user is protected from electric shock by the low voltage



safety isolation fromthe incomng utility supply and to transformthe |ine
voltage to a level where the user is protected fromelectric shock by the

| ow vol tage WO 2010/ 026441PCT/ 1 B2008/ 002590 | evel, such power supplies
conpl yi ngwe thohFs@1Saf ety Extra Low Vol t age and/ or UL1BQDIB20G8492590 | i it s.
The power supply may be separated fromthe notor, in a sealed portion of
the nmounting tube. Additionally | ow voltage auxiliary nodul es nay be
attached to the fan, with a 5 nounting method that is |ow cost, easily
accessi ble, and safe for installation by any ordinary person, not requiring

specific e t L WerdUyoNEs covslyvida wigh IFDS h 3lowav/ amd/ar f i
particul arlhggb%%gﬂ)%néﬁﬂphgs angm igon t|her eaiﬂity Erig\éiided glt)a(r:gee_ I i_nar f 1’1:1825
cl ai med i nUE13MClass 2limts. The power suprly seydirisenarated from themPsiNgh of t he

i nvention th § &% Rrpm dufk Rgd as clainmed in claim?27. Brief
Lol ioR of tednBuRtintEtuBe:! ' I e
Descri ptlo%eagé Bravm ngs _%E;‘e or "nore exanpl e enbodi nents of the invention
w Il now be descri bed, vmthreferencetothefollow'ngfi% n_whi ch:

15 Fi gure Additiraly lawpeitegecauxiiary maguiss Mgy breritached oty ?fréﬁs“\#‘e%\ed from
bel ow, : gﬁ{p@n@?% ﬁ-nré?ﬁ'éﬁi fﬁapf'srIﬁ@/ﬁ%&'{,‘é@asﬁ%ﬁ%égsiﬂlé]?anmeffﬁﬂny’daﬂm by om
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In a first particutar expression of the invention there is provided a ceiling fan as

claimed in claim 1, 17 or 24.

10 In a second particular expression of the invention there is provided a method as

claimed in claim 27.
Brief Description of Drawings

One or more example embodiments of the invention will now be described, with

reference to the following figures, in which:

15  Figure 1a shows a perspective view of the TENV ceiling fan, viewed from

below;
Figure 1b shows a perspective view of the TENV fan viewed from above;
Figure 2 shows an exploded perspective view of the tube assembly 13;

Figure 3a shows an exploded perspective view of mounting details for the

20  blades 10, upper cover 15, EC motor 30;

Figure 3b shows a partial perspective view of mounting slots 315 in the fan

blades 10 for securing the lower cover 11 via bayonet fasteners 314;

Figure 4 shows a plan view of the fan assembly with blades cropped, indicating

section cut line A-A;



Figure 3b shows a partial perspective view of nounting slots 315 in the fan
bl ades 10 for securing the | ower cover 11 via bayonet fasteners 314; Figure
4 shows a plan view of the fan assenbly with bl ades cropped, indicating
section cuwd e+, WO 2010/ 026441PCT/ 1B2008/ 002590 PCyummosim®hows
section elevation A-A of the notor and shaft assenbly; Figure 5b shows

enl arged detail B of section elevation Figure 5a; Figure 6a shows an

expl oded perspective view of the EC notor 30; Figure 6b shows perspective
detail of EC notor stator 350, viewed frombelow, 5 Figure 7 shows a

per Spect | gl MEsd A8 WAVBER ANl Ao B Shffeggnalpdul o 18 i1 od

I n place of ower cover ure ws an expl oded view of the LED
lighting nodule 18; Figure 9 shows an el evation view of the nounting

ar r angenentRiguretsheshowshenlarged stetabB of sectiom®ievaijnnFigiradadul e basepl ate 181;
and 10 Figure 10 shows an el ectrical block schematic of the power supply

136 and prim%ﬁgdid%ﬁdséhéa#e%lédéééé b¥tivieRiGbf BrelEC PRste s®d Descri ption

Figures 1 a ow a TENV ceiling fan according to an exenpl ary
enbodi ment._Three fan blades 10 are mpunted radj al around a central tube
15 assenbl yFigue 6 shows pefprectivs Astaihaf éi#t”‘??q "eﬁ?d"ép%' yigwed gfaml %?q?&’- Red LED
lens 12, fitting tightly to the | ower edges of the blades 10, to provide
reasonalyl e piggree? SsHowat 8 erapedtivai view cfube fandwittaarauxilany h&EDblighting

module 18 fitted in place of the lower cover 11;
Figure 8 shows an exploded view of the LED lighting module 18;

Figure 9 shows an elevation view of the mounting arrangements between the
stator 350 and LED lighting module baseplate 181; and

10  Figure 10 shows an electrical block schematic of the power supply 136 and
printed circuit board assembly (PCBA) 351.

Detailed Description

Figures 1a and 1b show a TENV ceiling fan according to an exemplary
embodiment. Three fan blades 10 are mounted radially around a central tube

15 assembly 13, with a lower cover 11 with centrally located Infra-Red LED lens
12, fitting tightly to the lower edges of the blades 10, to provide reasonable
ingress protection against dust and water from below.

Figure 1b illustrates a wiring cover 14 fitted over the top of the tube 13, to
conceal the ceiling U-hanger bracket 17. An upper motor cover 15 is located to

20 fit tightly to the upper edges of the blades to provide reasonable ingress
protection against dust and water from above. |

Figure 2 shows an exploded view of the internal components of the tube
assembly 13. A tube cap 131 is provided having a clearance hole for a bolt 132,
so that when the tube 13 is in its assembled position, bolt 132 passes through
25 tube holes 138, tube cap 131, spacer 141, rubber bush 139 and ceiling U-



Figure 1 b illustrates a wiring cover 14 fitted over the top of the tube
13, to conceal the ceiling U hanger bracket 17. An upper notor cover 15 is
| ocated to 20 fit tightly to the upper edges of the blades to provide
r easonabl eypn@ioRs&sPr ot ecti on agai nst dust and wat er f pgmBOs/e2sdei gure 2
shows an expl oded view of the internal conponents of the tube assenbly 13.
A tube cap 131 is provided having a clearance hole for a bolt 132, so that
when the tube 13 is in its assenbled position, bolt 132 passes through 25
tube hol es 138, tube cap 131, spacer 141, rubber bush 139 and ceiling U
\1/\?32010/ gZQMbiEEfdoﬁéﬂgﬁ/é??% ﬁéhtéwemw % huttd®on 117% oﬁﬂ;}tﬁbltb%deilﬁfithéﬁgtl)é)y 13 nut
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fromthe ceﬁo{%nﬂisegﬂ‘i %Sraééﬁ@w 'B%Fe'igﬁm -ka \th%‘%& ﬁi prevent
excessive force being applied to tube 13 or tube cap 131 when nut 133 is
fully tightSpesér 1&11'912;@0\&1@@ ﬂcBﬁ»rehreﬁt ex@seive dore bhding lapphed eriibel 18 vhi ch a

rubber o-ri ng 143 i3 nmount ed e st the tube 13 inside wall,

provi di ng duB&53P 43 |V%{Terﬂ'§§r1§§ '%?U 'W'Sﬁ%@? on agai nst water ingress via this
junction. Access to the internal sealed portion of the tube 13 for

ext er nals wiTdmcwmsemb@grdwewmmbdedebydg@m whighada dubb4 o-iidy ah3geal s the
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termnal s Qif%r@tébﬁﬁrﬂéé&ﬁs%@ﬁﬁér@é%éfFﬁsﬁJHBﬁbriL:’* top end and U hanger 17
may be obscured by sliding plastic wiring cover 14 up to near the top of

tube 13, without the need fqr w faste ers atfach it
Access to the interna seaﬁeg portai'on the tube }Sa for external wiring
connections is provided by cable gland 134, which seals the cable entry against

10  wateringress.

Incoming mains wiring is terminated inside the sealed portion of tube 13 on
terminal block 135, so that no live terminals are externally exposed and the tube
13 top end and U-hanger 17 may be obscured by sliding plastic wiring cover 14
up to near the top of tube 13, without the need for screw fasteners to attach it to

15  the tube 13 for safety reasons.

Alternatively flying leads may be brought out from the terminal block 135

through cable gland 134, for termination externally where this is required.

Below terminal block 135 a switched mode power supply (SMPS) module 136 is
mounted, which provides a regulated DC supply voltage to provide power to the
20 motor and control circuitry and auxiliary modules.

The SMPS has a nominal output voltage of 12Vdc and complies with EN60950-
1:2002 Safety Extra Low Voltage (SELV) rating or equivalent, providing 2 levels
of electrical insulation protection against hazardous voltages on the AC line
voltage input, and limiting the maximum output voltage under fault conditions.
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The SMPS ou S shown Co S position when the fan is
fully 15msstdblaad,is tentiretypiehsloped by dilbe 18uf The iSMIS [186gisshown: ase e pl ug
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ef ficiency afraf@méntswouldcalsa il othel safets requingments necessary for an
unenclosed, or open frame, SMPS module to be employed in this location.

The SMPS output lead 137 is shown coiled in its position when the fan is fully
15 assembled, the coils providing sufficient length so that the plug 142 protrudes
below the bottom of tube 13, allowing it to be plugged into the motor assembly

during installation.

The SMPS 136 has a typical efficiency of 80% resulting in W of losses being
dissipated in the hanger tube 13 at the rated input power of 25W. The remaining

20 losses of 5W are dissipated in the motor stator 350 and PCBA 351. So,
compared with a typical ac induction motor the total power dissipated within the
motor housing has been reduced from 60W to around 5W.

Both motor 30 and SMPS 136 have a full load temperature rise of around 30
degrees Celsius, so if both were enclosed within the motor housing their
25 ambient operating temperature could be expected to increase by almost 30
degrees C. The life expectancy of electronic components and assemblies may
approximately double with every 10 degree Celsius reduction in operating
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remai ni ng 20 | osses of 5Ware dissipated in the notor stator 350 and PCBA
351. So, conpared with a typical ac induction notor the total power

di ssi pat edvendioiozsdsthe not or housi ng has been reduced f PORIBOVYQR5%r ound 5W
Both nmotor 30 and SMPS 136 have a full |oad tenperature rise of around 30
degrees Celsius, so if both were enclosed within the notor housing their 25
anbi ent operating tenperature could be expected to increase by al nost 30
degrees C. The |ife expectancy of el ectronic conponents and assenblies may
appr oxi mat edpipélatiRe e svi §ébarutiiy tHe) SMBSeets@eirﬁi wsotoe @0c bssembliesopayat i ng

WD 2010/ 026441PCT/ 182008/ 002590 te era arating the SMPS 136 and
not or 30 ainceeasne the lifmgxpastancydy 8 O%B gﬁ@@ﬁ%y a factor of between
4-8 tines. The tube 13 nay be forrred froma nmetallic material to enhance

heat condughiofuteetraeamyiide Gbmtad donmga winttillit trfistetisibéo léntdnee t beather mal

convecti on, 5and | at t d th f th
fan' bl ades conductRnpatween s Sreaiag WiBnTse di] 4 Qup Jf tater copvertofy ¢ o°

physi cakl Y g %ﬁ%ﬁ%ura*ﬂﬁgfo%&uéé@@tubédesltd FiStidFPeRthe farsBlR@BENY. t 0 provi de an
encl osure an SMPS nodul e 136, and; thirdly to dissipate the SMPS power

| oss corrponent and renpve this heat f th h 10l
will be redbysitketubenhd mayepreriaiet ;mggg,:tjnrcﬁg@s gfggd)’e Ogmnﬁgé‘?%j}fls?"gﬁquggb ppf y

rogardl ess e oh? Bond Mduts; ogecsﬁawrtoB AN SRRV Gorl 3R, SMPSE hat  t he

SNPSratlngma stantla i ghér than that required b the not or

al one, and gyl d§6r @mn@ fﬁéwt%éilmettbep%\ﬂ@s BOWEE FQ?ﬁa?o"ﬂ qnt garﬂdl ng
outsi de the fan 435SR & réesfrghqgé%tgtah@%ggb show an expl oded view of the
it 'ades 1 10

bl ade mounting arrangenen n with notor 30 bl ade nmount webs
331, and are fastened in position by screws 312. A thin silicon ruPber
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SMPS rating may be substantially higher than that required by the motor alone,
and surplus rating may be used to power additional LED lighting outside the fan
assembly.

15  Figures 3a and 3b show an exploded view of the blade mounting arrangements.
Blades 10 align with motor 30 blade mount webs 331, and are fastened in
position by screws 312. A thin silicon rubber gasket 320 seals the interface
between the blade 10 upper surface, the blade mount web upper surface 331,
and is held in place by the upper motor cover 15, which is attached to the motor

20 body 30 by screws 313. Gasket 320 provides ingress protection against dust
and water. Alternatively blades 10 and upper cover 15 may be integrally
injection moulded from plastics and/or gasket 320 may be formed directly on the

upper motor cover 15 by silicon injection overmoulding.

Two lower tube hubs 317 are clamped around the shaft to form a circular hub

25  with a clearance hole aligning with hole 319 in the motor shaft.

Tube 13 slides over the lower hubs 317 and bolt 310 is pushed through the tube
lower mount hole 318, and shaft hole 319 to secure the assembly together with
nut 311. Cover 16 slides down the tube 13 to conceal the bolt 310 and nut 311,



20 body 30 by screws 313. Gasket 320 provides ingress protection agai nst
dust and water. Alternatively blades 10 and upper cover 15 may be
integrally injection nmoulded fromplastics and/ or gasket 320 may be forned
directly omwa meo/ogapar notor cover 15 by silicon injectipor/aseessmoedodi ng.

Two | ower tube hubs 317 are clanped around the shaft to forma circular hub
25 with a clearance hole aligning with hole 319 in the notor shaft. Tube 13
slides over the | ower hubs 317 and bolt 310 is pushed through the tube

| ower mount hole 318, and shaft hole 319 to secure the assenbly together

Wi th nut 3ldhg {508 traihGhé lbofl9nti 810 foResiidife olof Sosicsaiuld the mel311310 and
nut 311, WO 2010/ 026441PCT/1B2008/ 002590 and to restrain the bolt from 310
from sl i di rRpceme OPspositi on shoul d the nut 311 becone | oose. Infra-Red LED
Lens 12 clips into a central aperture in |ower cover 11, which nounts to

t he under siggadied DEDO G52 Hipyidto raabélﬁﬁbltaﬁerrlet@ n’BMver&d%egune%imrs hows
that the |lower cover 11 raised turrets 2 at |qaed w th nmounting

sl ots 315, 'geuntsde thenendesside Oiﬁ\ec%lad%%1%'§r{ét§eq YFetE A1ty upwar ds and
rotated to |l ock into position. Rubber o-ring 321 is conpressed between the

upper |ig OfigliVets sEGVS that theiiver ROveoE Faised furmsts eﬂ4tabach@saugaedumm ovi de

i ngress protectlon agai nst dust and water. |l o Figure rAt E Ian vi ew of
t he conpl et@oﬂ'atm%ﬂggrﬁi'@ saietrhg gresh! GAR bR RUSHRE varicatly FBWar i on
i ndi cat ed %ta’ié&ttb%& |dt6‘%srﬁoﬁ\ RUBSerlGirihg Ve s ébrﬁmrsb@@sbew theot or

cover 15 turret 151 prevents water ?rom runni ng dovvn %ube 13 and
ent eri ng t hePpestitr Oaé@/&ﬁfbpwerdo\/é‘ﬂdltbef lgwen suriape fgrlades 0ot pPr ting

syst em agai |H§|tesg prr@t%E |d(|"?éq'a’|ns?|% Vad whidrs Junction. 15Figure 5b shows

detail B of Section e evatl on |gure oa, ingress protection between the

upper notor_cover 15, blades 10 and bl ade nount webs 3 ]S a d by
gasket #®20, F'ﬁhi%ﬁSh@W§@rﬁi?%yﬁﬁoﬁmpl?ﬁefaﬁﬁégmﬁb’ %’lﬂl Figuge gaﬁ@‘ﬂ pper

cover 15 isg Hdv@ﬂsfsf&'il o il bﬁV}ﬁdﬁé’éd by SEEfshsPRIRICALA Ofubee] et fye bl ades

10 and | ower cove I'S a i eved o-Ting 321, which is 20 conpr.essed
when cover dveriapstupipst mbtomc@/qmsdﬁ turr@h 15ThwhiphaprieNgnisevaien fiom FIRiI@s 5a

and Sb may ;O'\%“(S%)aeo S erﬂgﬁ H‘Eot&laag%% t@8¥ér ’f@‘ﬁ.‘:ﬁﬁér idids tgder s and

provi des a egree pfotectron |ns wat er an dust i ngress
into the mhotormmmﬂhg)syﬁém agaihstakretPREster spramatlthlbwnOGOOin sed that other
degrees of | P protection nay be achi eved

16  Figure 5b shows detail B of section elevation Figure 5a, ingress protection
between the upper motor cover 15, blades 10 and blade mount webs 331 is
achieved by gasket 320, which is compressed between the opposing surfaces
when upper cover 15 is tightened via screws 313. Ingress protection between
the blades 10 and lower cover 11 is achieved by o-ring 321, which is

20 compressed when cover 11 is twisted into position.

The sealing method in Figures 5a and 5b may provide a safe attachment
method without requiring fasteners and provides a reasonable degree of
protection against water and dust ingress into the motor assembly 30, such as
IP55. It will be recognised that other degrees of IP protection may be achieved

25  with minor variations to the sealing arrangements described above.

Figure 6a shows an exploded view of EC motor 30, the motor is an external
rotor, slotless, axial flux, double rotor configuration, commonly referred to as a
TORUS motor.



25 with mnor variations to the sealing arrangenents descri bed above.

Fi gure 6a shows an expl oded view of EC notor 30, the notor is an externa
rotor, slotless, axial flux, double rotor configuration, conmonly referred
to as a TGRYSowwiaas: WO 2010/ 026441PCT/ M2008/ 002590 TreTmrioas/00380i ncl udes
a rotor shell 330 which may be forned from non-ferromagnetic material of
suitabl e strength, such as diecast alum niumor injection noul ded

t her nopl astic, and provi des bl ade nmount webs 331 and a bearing turret 332
whi ch provi des nounting for upper bearing 324 and | ower 5 bearing 326.

Al ternati velgs, rdf0B0SiiEltes 30 ratBF sHBREI30C Whith Aay™BY fBméeIiroetl rm-a singl e
I nt egrated conponent. The upper rotor 340 conprises an annul ar, di sk of

f er r onagnefércomageeticamatarial ah ssitehle strangihesieh @sngiegast akgHYYTE QT of

per manent | | | RSt § FRSUATBGESY BSedng 4h 16
equi spacedrﬁﬂgégoﬁlg pcﬁ%:a{r?gg?giragﬁqoé@a@f ng tshtglgg(taator 350 upper surface.
The upper beadng 3ddet 832 mhicth prbvidest meuntingoforsippler beadng 33 anselowesi de of

t he not gr 3 ti SCk . i cLR] ection
ol dedScoPEaing pebh AT s7toL ] 233 5P ppdE fotkt |l R tofmel ¢
retai ned bysspsihglednfagtatadidomporéntp 358. The rotor shell 330, fitted

w th upper rotor 340, bearings 324 and 326, is slid into 15 position down

5 TR A0, S PSR i

washer 325 'PFovRRf e | ower conprises an
annul ar di sl ahndilar magrgstiet fiog 1Bt erdoaiposed tdf pernsament anagredicemiaterial,ng 343,

conposed of  pe nent. .magneti c feria | ued i nt 0Sl_{.] gneti sed
with 16 eq&"geﬁgg‘g‘ﬂ pﬁa@ﬂg%r@ rﬁagrggtgggtvghyé’ eqwspacec? rrPagne{lJ.: ?)Bleag&t(g%
10  facing the stator 350 upper surface. The upper rotor 340 is attached to the rotor
shell 330 from the inside of the motor by 3 mounting screws 327.

The stator 350 has a plastic injection moulded core with the main motor shaft
360 pressed in to position and retained by splines 359 and circlip 358.

The rotor shell 330, fitted with upper rotor 340, bearings 324 and 328, is slid into
15  position down shaft 360 and retained in position by circlip 322 and washer 323.
Wave washer 325 provides bearing preload.

The lower rotor 342 comprises an annular disk of ferromagnetic material, with
an annular magnetic ring 343, composed of permanent magnetic material,
glued into position and magnetised with 16 equispaced magnetic pole sectors

20 facing the stator 350 lower surface.

Both upper 341 and IoWer 343 ring magnets are preferably of ceramic magnetic
material, which is widely available at low cost as used in loudspeaker ring
magnets. Alternatively, a complete ring may be formed from multiple magnet
segments. Alternatively rare earth Neodymium lIron Boron or other high

25  strength permanent magnet materials may be used, either in complete rings or
formed from multiple magnet segments.

Figure 6b shows perspective detail of the stator 350 lower surface, the stator
350 is toroidally wound with a 16 pole 3 phase winding, comprising 15 turns per

10



20 facing the stator 350 | ower surface. Both upper 341 and | ower 343 ring
magnets are preferably of ceramc magnetic material, which is wdely
avai l abl e at | ow cost as used in | oudspeaker ring magnets. Alternatively, a
conpl ete riwwao0imvska formed frommultiple magnet segnmenpersésworsdi vel y
rare earth Neodym um Iron Boron or other high 25 strength permanent nagnet
materials may be used, either in conplete rings or fornmed fromnultiple
magnet segments. Figure 6b shows perspective detail of the stator 350 | ower
surface, the stator 350 is toroidally wound with a 16 pole 3 phase w ndi ng,

conpri si ng é@let&rm§mﬁﬁﬂlad6@r29ﬂé}ﬁ&%@4éddﬁ@1WWl@Zgwom 865 Q\I@n’m
di aneter enanelled co net t af or i g f or ned fr
i nj ection nﬁlﬂ“&@dr%érfgﬁlﬂna@gf‘@eﬁm‘%m%ﬂ aSt\‘fs@a ef”@ YR fBD '}?og\éfPBPe &l d| ng

the magnet wifm QHé'rﬁQgHéthé‘gun@Wl 5g1C§ndf@dS Mofforaf bh \Letivabhart@f thée not or
magneti c ci rcwtg noul ded turret 356 extends fromthe | ower surface of

t he stator Bﬂ@f@mmtlﬁﬁﬂwlﬁes a housing for PCBA 351 which is retained in
position by mounting clips 354. The stator windings termnate directly to

the PCBA; vig rlneﬁlﬁbértgrr@ﬂ 886 2xfendVordrf @He 36@EOEUFAES @f theb StalidrScatel afd al
keyway cutouts rovi de a bayonet npunting system for auxi | iary

nodul es schOé{§19§r?ehQH§[§'9 o HQ%3§1)V%MUF(§9'@H‘G§’HB sit'ﬁnlﬂydﬂ?lén iNILHRS Fi gur e
8. Figure 735Noyge %&a?@rr v?nﬂ@ﬁ{gF‘f%rnY thay ec o fr@P@BAWIéﬁanﬁBﬁG‘?ﬁlg]@ﬁ itted

in place of cover not e at since LED nodule 18 is now
stationary Kiodldedestaianduret 856 das ‘Q’Ffadlabllﬁﬁﬁwﬁy culpaeld7 whichapiovige a

I bl ad
To. 16" gur Ry (RGeSl S o BRRIART R Ris s i TG oot P

plural ity ofmodE®Rs!8lgover i Iﬁglmtkdnd)ﬁlgalré Bexible circuit substrate 183, and
attached by neans of doubl e sided adhesive tape to the inside dianeter of a

circul ar tyi 3is
made vi a a FEIHS Sfighs B eifpedhe U 6P TaR UAE LD i 38Tl I Pt 1o
t he PCBA 35df chver g, 2oill hsnatedamabﬂnce\LE@rmadulﬁeM/lSm%ﬁW@@lﬂW&F&’yt Be
provi ded th "p‘ﬁz thin
the stator @1%88@%?38{%?%0@%&1&8 é(ﬁ?r e@t% Sﬂ'%?'g‘ﬂté'% ?Pha rlr\é'% t he
outer ci rcuhétweendbeoﬂteallploarmdaree‘tﬁ and bladleariOl ens 186. Lens 186 is
conposed of acrylic material, such

15  Figure 8 shows an exploded view of the LED lighting module 18, a plurality of
LEDs 182 are mounted on a flexible circuit substrate 183, and attached by
means of double sided adhesive tape to the inside diameter of a circular
metallic strip 184. Electrical connection to the circuit 183 is made via a flying
lead with plug 185, which can be plugged directly into the PCBA 351 during

20 installation. Alternatively a connector may be provided that engages as the LED

module 18 is located in position within the stator 350.

The LED ring 183 directs light radially inwards from the outer circumferénce of a
transparent circular lens 186. Lens 186 is composed of acrylic material, such
as Plexiglas Endlighten, which allows relatively uniform illumination of the lens
25 area when lit from the edges. The lens 186 is positioned centrally in the lower
LED cover 187, with the LED ring 184 around its circumference, and the

assembly clamped together by LED mounting plate 181.

11



as Plexiglas Endlighten, which allows relatively uniformillum nation of
the lens 25 area when Iit fromthe edges. The lens 186 is positioned
centrally in the lower LED cover 187, with the LED ring 184 around its

ci rcunf er enoaoiomea4t he assenbly cl anped toget her by LEPCFIBI008/613599] ate 181
WO 2010/ 026441PCT/ 1 B2008/ 002590 A thin reflector sheet 189 is |ocated
between the I ens 186 and nounting plate 181, and has a central clearance
hole to allow control signals froman infra-red transmtter to pass through
to infra-red receiver 352, nmounted directly on PCBA 351. The reflector

sheet 189 haﬁauﬁréfléewr%ﬂbeﬁi$y|§@6é@ctume@utﬁamsu1ra36cam1 aounfingwptate t he | ens
186 to maximse light intensity directed jn tcggfoﬁi r S d|re t|on

Al 't er nat i vaB{, andhag ) cepirgl cleni@ace hale allowsc Bi€fure or
| ogo print ﬁ%ngﬁ&eﬁ%bgwf%éwﬁﬁgﬁfram Fél:e|We¥‘ bsbembUﬁlelé'cﬁreEﬂ}DﬁhtP@BNnder si de
di s

of the fan an use a avert|5|q§ig decorative

pur poses. Sbhc@hetreflestor saertl @%Ba%ﬁswt@ﬁtﬁ ly yefigrlive sgusiage, 'Bm&‘f by the
user, t A H‘?ﬁh@@&vﬁw&ﬂ‘sﬂlrﬁﬁtldm tine.

Fi gure g S ‘iﬂstﬁé ‘é&\@?ﬁﬁéﬂxu@wﬁ%\/{/@@? “pﬁ‘ﬁﬂl?ffﬁt |en arrangenents between the
st at or 350Mﬂed1dtn&é1ylthgheﬂergomshhﬂtenatha\fe)BdmjtemU@eiweorwlth@ #a98p1 ate 181

align with hol e, slots3 t e tabs
188 al i gn W 'PY?ds‘Prbf@ loyuer ?Lgb%mbﬁtga&iﬁﬁlgaﬁn&ﬁgh? zﬁggﬁlqen%ﬁ%%gm tion
and rot at egintongiDe A0 Beaséd b dl:@@awi ddvettising bi depmatiVe)putﬁosesoStnC%?

| ocating the LED nodul e 1 tion. .The auxi r t hus
descri bed Hﬂ%bﬁ@e@ogﬁﬁﬂﬁe@" ﬁ‘! Cpﬁqfe\yl rﬁnﬂgﬂeg(@e%? |u8% Fﬁ%%@sﬁ emw th
whi t e LIEDS ﬁég‘ééd H@bé‘s@&@ﬁfacé&ﬁpﬁﬂirﬁ@t@tlme_g. red, green, yellow, blue
may be use el t I ndi vi dual y or in conbination. 20 Alternatively,

rrultlpleh h bright ness can he | oyed. orli war ds
for inprov dlgli'rPIQJ PE 2P ?Yﬁ' '°8|‘f'%‘?ft°f3€€nﬁ"%l5ﬂlpp %&Fﬁ%&?b%%ern\ag?l vely,
auxi liary rgmset 850 Wnh KD Mghtidg Aodurnss, Meldelietabs d8Bdethef baseplateriiéd snoke
detectors, alarmnotion sensors, as |on f?rafgge Jé%ge share the descri bed

nmount i ng sﬁlgémltﬂr@)’hﬁﬁcﬂo@ﬁé?éﬂ|°H‘@r\§tﬂt irements. 25 Thus, a single
fan nodel may provide the benefits of either totally encl osed operation, or

user inst g'WaﬁrH %@t@ﬂslmrm mlwm giots 367, lthe LEDMoelueett aan bl raisetliénfoace
temand a degree o t
>YS 15 posmlo(‘r:]\ and rotated to enggge rttluac ?abss‘?g wYth the thin portion of slots 357,

locating the LED module 18 in position.

The auxiliary LED module 18 thus described provides indirect illumination via an
edge lighting system with white LEDs. Altemnatively other LED colours e.g. red,
green, yellow, blue may be used either individually or in combination.
20  Alternatively, multiple high brightness LEDs can be employed, oriented axially
downwards for improved illumination for direct downlighting purposes.
Alternatively, auxiliary modules with other functions may be provided, for
example smoke detectors, alarm motion sensors, as long as these share the
described mounting system and 12Vdc operating voltage requirements.

25 Thus, a single fan model may provide the benefits of either totally enclosed
operation, or user installable auxiliary modules, with a simple mechanical

interface system and a high degree of electrical safety.

12



WO 2010/ 026441PCT/ 1 B2008/ 002590 Fi gure 10 shows an el ectrical bl ock diagram
of the power supply 136, printed circuit board assenbly (PCBA) 351,

I nfra-Red receiver 352, notor stator wi ndings 350 and LED strip assenbly
182. SMPS 16 200m6usles a 12Vdc supply to controller priptedsmosiaesod board
351. The 5 SWMPS 136 provides output current and overload protection for the
12vdc supply rail. A thermal switch 374 is provided on the controller PCB
to di sconnect power to the controller should internal tenperature exceed
safe limts, due to a notor or controller fault or excessive anbi ent

t enper at ur egjg\{Ry 78 é%%iag’géle%fr@aﬁﬂl%ﬂi&ﬁ}‘am 8f theSpdWerssuppis fi 86, printed t er

361- 366. Mbosfet gate I ve Si §nal s are boosted fromn croprocessor |ogic

vol tage | evaitasiitohoand iassemblyt RCBAY 3515 hinfracRedirregeivers $2, NBOISF H8Wed i s
regul ated b w@%ﬂﬁ%g@%&‘t@ﬂ‘& é%n(@%ggzof the nosfet gate drive signals
r 0 )

under the c m cr Oprocessor The notor wi nding 350, phase

vol tages are applied to filter circuits 369 to attenuate the i{:‘r‘gnﬂ‘ vol t age
| evel and rSMIe180prvjdeswi129de purrly & gertralles paniegerircii b nt "®ack- enf

Sensi ng Lol 458 pfRRsHutlit duften S&edda‘bgsrb&rcubﬁf&nﬁyﬁgvm sgp;ﬂgs are
energised in the coPrect sequence and in the desired direction. Electronic
protection iad. pAothiedmdl siwich 37 4niscpropided eer dhe sontralierePES tnodiscenigitor

stall or ab e ' | 1 it C of fan
Funct i ons. 1 BOVRRCSPBeBlo0 SERH hhetha et Bhed Sy pie O 108 5

wi t h cont r omotargmaostrokerdavibar dxceksive anfkienttemperature352, nounted directly
on notor controller PCBA 351. Alternatively a radio frequency (RF) renote

control trapsmt ; ' : e rtel e 368 X MdshdtY
out put chan&@ﬁsr @@é'n%g%b%ﬁz’g'g?dejw&%\%ﬁg%%@&tlg%%&éggﬁ% sevvi tched 25 power to
t he auxid i aggteldiivel sighals rage odated ft@Mvnigrenracessoslogle yeliggs, levels by ant he
preferred enbodi nent the .auxiliar u | PiselFigir be
swi t ched on{ﬁg‘?qra{% teﬁépﬁggép(éé\%?gté/esﬁoﬁl\{%r{éf N B%‘?\e%r ﬁgﬁlﬁpyﬁwpe !
sophi sti cat sdatationo(pvan) icdnthe sodfetagafd akivengignRisd ucderiha| eantiobl fur
sequenci ng. m?c?rgp%%essor 368. The motor winding 350, phase voltages are applied to

filter circuits 369 to attenuate the signal voltage level and reduce nqise, and

15  these signals are used to implement back-emf sensing commutation control of
the mosfet inverter to ensure windings are energised in the correct sequence

and in the desired direction.

Electronic protection is provided via the microprocessor software to detect

motor stall or abnormal operating conditions and shutdown.

20 User control of fan functions is implemented via an Infra-Red remote control
transmitter 373, with control signals received by Infra-Red receiver 352,
mounted directly on motor controller PCBA 351. Alternatively a radio frequency
(RF) remote control transmitter and input module and may be used.

Three auxiliary output channels 370, 371, 372 are provided to supply switched
25 power to the auxiliary LED lighting module 18 via connector assembly 185. In
the preferred embodiment the auxiliary outputs allow the LED lighting to be
switched on/off by the user remote control. Alternatively more sophisticated
control options, such as flashing, Red-Green-Blue colour sequencing, can be

13



WD 2010/ 026441PCT/ |1 B2008/ 002590 programmed into the m croprocessor 368 and
activated by the user renote control 373. Alternatively the auxiliary
outputs may be used to control LED lighting nodul es external to the ceiling
fan asseniyyy2010/03341 St exenpl ary enbodi ments of the i npenisros/ddaswe been
described in detail, 5 many variations are possible wthin the scope of the
invention as will be clear to a skilled reader. WO

2010/ 026441PCT/ 1132008/ 002590 CLAIM5S 1. A ceiling fan conprising a fan

not or and bl ade assenbly, a nmounting tube for suspending the fan

ot o and ﬁh@ﬁaﬁ?rﬁﬁgqﬁf‘élb%ef Wc;?bél%cﬁg"édrim aff@thctivated by tReWeer ooty mount ed

within th e configured to power the fan notor. 2 Ej-ﬁ ceiling
fan in cl aontrbl 878t dilternatizelyother awiiligsy youtputs Hay t%é‘éeﬁﬂﬁec%%rl- ppl y
(SMPS). 10, 3..The ceiling. | i I wheraiip the SMPS is configured to
out put a s@?@f‘? "%%ﬁj%? ﬁw@ﬂ}ottﬁg%%@h%%"w tnﬁ(g{?.f an notor. 4. The ceiling
fan in claim2 wherein the SMPS is configured to output a voltage I| ess than
or equal twhiSiexemplamesmbodimeats oftherinvention have been described in detail,

5 many variations are possible within the scope of the invention as will be clear to

a skilled reader.

14



5. The ceiling fan in claim3 or 4 wherein the SWMPS has 2 | evel s of out put
15i solation. 6. The ceiling fan in any of the preceding clains wherein the
fan notor is an electrically comutated (EC) notor 7. The ceiling fan in
cl ai m 6 whaye@holbbgsotor is a double rotor, axial fluxpoanmsiodsbd2ywowound
(TORUS) notor 208.The ceiling fan in claim6 or 7 further conprising a
notor controller configured to control the fan notor using back enf
sensing. 9.The ceiling fan in any of the preceding clains further
conprising a sealing arrangenent within the fan notor and bl ade assenbly
provi di ng a cMAIME10/ 026441PCT/ |1 B2008/ 002590 substanti al degree of ingress
protection against dust and water incident fromat |east an under side

t hereof. 10. The cgiljng,fan in . claim9 wherein the ingress protection is
one of at |ehst \/%P"e'l'”qq@\nscqn?ﬁrf%t fromat |least the under side. 511.The
ceiling fan in any of the preceding clains further conprising a nmounting on
t he undersi de f ora fantrastoahnd bdecdssagbhhl e auxiliary nodul e.

a mounting tube for suspending the fan motor and blade assembly from
5 a ceiling, and

a power supply mounted within the mounting tube configured to power
the fan motor.

2. The ceiling fan in claim 1 wherein the power supply is a switched mode
power supply (SMPS).
10 3. The ceiling fan in claim 2 wherein the SMPS is configured to output a

safety extra low voltage to power the fan motor.

4, The ceiling fan in claim 2 wherein the SMPS is configured to output a
voltage less than or equal to 60V to power the fan motor.

5. The ceiling fan in claim 3 or 4 wherein the SMPS has 2 levels of output

15 isolation.

6. The ceiling fan in any of the preceding claims wherein the fan motor is an
electrically commutated (EC) motor

7. The ceiling fan in claim 6 wherein the motor is a double rotor, axial flux
toroidally wound (TORUS) motor

20 8. The ceiling fan in claim 6 or 7 further comprising a motor controller

configured to control the fan motor using back emf sensing.

9. The ceiling fan in any of the preceding claims further comprising a
sealing arrangement within the fan motor and blade assembly providing a

15



12. The ceiling fan in claim 11 wherein the nounting is provi [

nmoul ded with a noul ded stator frane. 13. The cgiling ?ahdfﬁ Lrgfgfﬁgly
wherein the mounting is configured to enclose |o and nount: a notor
control | enwdesrobbesd an notor, and the external user chaoyesdobszossriliary
nodul e. 14. The ceiling fan in any of clains 9 to 11 wherein the external
user changeabl e auxiliary module is a lighting nmodule. 1515.The ceiling fan
in any of the preceding clains further conprising a renote control
configured to receive a desired speed of the fan notor input by a user.

16. The celbipahtibPflodrBe of ﬁ‘ig%s@pﬁéﬂ%ﬂoﬁ%gﬁﬁ\@i HgstaihdawsitesInoidemit i at t o 14,
e

wherein the renote control “Is configur to receive a desired state

. . [ of the
201 i ght i ndeastdan endefisige tb?feéf-user. 17. A ceiling fan conprising a noul ded
stator frane, a raised turret integrally noulded within the frame

configuredido eflg A ifelaith oAwREreR theangress bestectiomds ov@ of at least
2010/ 026441PCT/ 1 2%%‘31/98%2590 an ext ernal _ulg%r cﬁangeabl e auxiliary nodul e.

18. The ceu'vaﬁenipt_$imidelﬁtfwlé]iah@%tmﬁéw&qﬁffsﬂqf‘e stator frane is part of a
doubl e rotor, axial flux toroidally wound (TORUS) notor. 19. The ceiling

fan in clajm 17y cLiingtraheihnahy &fethkeprakdingetlahsigdadr eomprising a

mounting on the underside for extemal user changeable auxiliary module.

12.  The ceiling fan in claim 11 wherein the mounting is provided integrally
moulded with a moulded stator frame.

13.  The ceiling fan in claim 12 wherein the mounting is configured to enclose

10  and mount:
a motor controller for the fan motor, and
the external user changeable auxiliary module.

14. The ceiling fan in any of claims 9 to 11 wherein the external user

changeable auxiliary module is a lighting module.

15 15. The ceiling fan in any of the preceding claims further comprising a
remote control configured to receive a desired speed of the fan motor input by a

user.

16. The ceiling fan in claim 15 when depending on any of claims 11 to 14,
wherein the remote control is configured to receive a desired state of the

20 lighting module input by a user.
17. A ceiling fan comprising
a moulded stator frame,

a raised turret integrally moulded within the frame configured to enclose

and mount a motor controller, and

16



S5auxiliary nmodule is a lighting nodule. 20. The ceiling fan in claim19
wherein the lighting nodule conprises a plurality of light emtting diodes
(LED) . 21. The ceiling fan in claim?20 wherein the plurality of LED are
nount ed onwo zaiovgeewdit h t he |i ght beans configured to prPowiBgs/doeso0s
towards the centre of the 10ring. 22. The ceiling fan in claim21 further
conprising an edge it light diffusing acrylic |lens nounted within the
ring. 23. The ceiling fan in claim22 further conprising a reflector

mount ed on the upper side of the lens. 15 24. A ceiling fan conpri sing

a totally encl osed saheeyxteendl uset changebablagexiiary modde. assenbl y confi gured
to be suspended from an upper side, and a seal i ng arrangenent

thin th i di 9 "
hgal net  dustBand E R fEh 8 sl L7 WABHIE ind SGTHithe £ 9RRTT Phguser, 20
cei l i ng f anrotor,cxial fiug foroidetyewound ETORYSe s©iQ ot ect| on is one of at | east

water jets incident fromat |east the under side. 26. The cei ling fan in

Chan o caudP" o TEGRraRe YT G385 oLt b8 TRy e lintebel ooc

conpri si g usiliagi mgdde dsa lightingfmaddenpri si ng noul ded st at or frarre, and
nmounti ng an external user changeable auxiliary nodule to a raised turret

integral ly gpul defloWidifHd 4% LlaAB19 wherein the lighting module comprises a
plurality of light emitting diodes (LED).

21.  The ceiling fan in claim 20 wherein the plurality of LED are mounted on a
ring with the light beams configured to primarily focus towards the centre of the
10  ring.

22. The ceiling fan in claim 21 further comprising an edge lit light diffusing

acrylic lens mounted within the ring.

23.  The ceiling fan in claim 22 further comprising a reflector mounted on the
upper side of the lens.

15 24. A ceiling fan comprising

a totally enclosed safety extra low voltage fan motor assembly configured
to be suspended from an upper side, and

a sealing arrangement within the assembly providing a substantial
degree of ingress protection against dust and water incident from at least an
20 under side.

25. The ceiling fan in claim 24 wherein the ingress protection is one of at

least water jets incident from at least the under side.

26. The ceiling fan in claim 24 or 25 wherein the voitage within the fan motor
assembly is less than or equal to 60V.
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5 28.The nethod in claim27 further conprising connecting the external user
changeabl e auxiliary nodule to a safety extra | ow vol tage power supply. 29.
The nethod in claim28 wherein the extra |ow voltage is | ess than or equal
to 60V. WO 2010/026441 PCT/IB2008/002590

27. A method comprising
providing a ceiling fan comprising moulded étator frame, and

mounting an external user changeable auxiliary module to a raised turret

integrally moulded within the frame.

5 28. The method in claim 27 further comprising connecting the external user
changeable auxiliary module to a safety extra low voltage power supply.

29. The method in claim 28 wherein the extra low voltage is less than or
equal to 60V.
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