1 COVBI NED CEI LI NG FAN AND LI GHT FI TTI NG 10 TECHNI CAL FI ELD 15The i nventi on
descri bed herein relates to a conbined light fitting and ceiling fan having
bl ades that are conpactly folded when the fan is not in use and that nove
outwardly when the fan is started. Mdre particularly the invention rel ates
to inproved fan bl ades for such an appliance. BACKGROUND ART 20Ceiling fans
have | ong been recogni zed and used as an i nexpensive way to provide
novenent of air within roons of buildings. They can be sinple to use and
install, safe, and inexpensive to buy and run when conpared to such
alternatives as for exanple refrigerated and evaporative air conditioning
units. They can often provide a surprisingly effective alternative to air
25 conditioning as the air novenent they generate can evaporate skin
perspiration with a resulting cooling effect. It is known to conbine
ceiling fans with lighting neans, as firstly it is a conmon requirenent to
provide ceiling nounted |ight sources, and secondly it isiconvenient to
provi de a single power supply to operate a conbined fan and 30l i ght

fitting. Less E&MINGL CEILINGS AN 4dIDDSEHKROGWHNEo provi de a conbi ned
light fiPtting and ceiling fan with sone formof folding or retracting bl ade
arrangenent. Le Velle has described three versions. US Patent 1445402
discloses a light fitting and ceiling fan in which bl ades nove outwards
under 35centrifugal force when the fan is switched on, and are retracted by
springs when the fan is switched off. US Patents 1458348 and 2079942

di scl ose i npeengdaversipns, in which (unlike the early version of Patent
1445402) the i nwar d, and q@%m@rd movenents of the bl ades are

synchr éni zed. AYIHeRidegCHesderRiBVRIAESC ALamRiard Mt T ieser vi ng
sati sf act ocyiifpiaaneeingbiddee thatse cogpaantsidel i thefan Mai if egently, a

ot er nat | oG gk e SR e BR AR 2B PRI BIIGHER e onceal od and
si mpl e bl adwentinrensiztds toymplovedifan bigdes foasgemanbppilimicel ends itself to nodem
design,  BACKGROUND ART -

20 Ceiling fans have long been t_'ecogriized and used as an inexpensive
way to provide movement of air within rooms of buildings. They can be simple
tomewﬁmmmw%ﬁMMmmwﬂmmmwmmmannmmmmMn

" such alternatives as for example refrigerated and evaporative air conditioning
units. They can often provide g surprisingly effective alternative tc air

25  conditioning as the air movement they generate can evaporate skin

| perspifétion V\jlith a resulting cooling effect. .
 Itis known to combine ceiling fans with lighting means, as firstly itis a

common requirement to provide ceiling mounted light sources, and secondly it

ié'conyenient to provide a éingle power supply io operate a combined fan and
30 light fitting. _ N

L.ess commonly, it has also been known to provide a combined light

fitting and ceiling fan with some form of fold ing or retracting blade

arrangement. Le Velle has described three versions. US Patent 1445402

discloses a light fitting and ceiling fan in which 'bladés move cutwards under

35  centrifugal force when the fan is swiiched on, and are retracted by springsr
when the fan is switched off, US Patents 1458348 and 2079942 disclose
improved versions, in which {unlike the early version of Patent 1445402} the



A problemin the design of a conbined Iight fitting and ceiling fanis to
provi de bl ades that when in use can provide useful air noving performnce
Wi t hout requiring excessive power and that when not iri use can fold into a
10 reasonably conpact overall form The present invention addresses this
probl em Ref erences above and el sewhere in this specification to
certain patents are not intended as_or to be taken as admtting that
anything therein fornms a part of t hé common general know edge in the art in
any place. 15 - SUMMARY OF THE | NVENTI ON A conbi ned ceiling fan and |i ght

fitting wll in this specification be referred to as a fan/light for
conveni enci@waritatst eytivagd movements of fie hladeseiesrynelioaeed to fan/ i ghts havi ng

a pl ural i tgyphedritAng bRde dvatieniRVRBHENGEAbisERirRGHSklRG, POSI tions during
tan operation and jnwar 0 stowed positions when fan operation

dly to 2 2N fa

ceases. MRAIRRGH Ofdhe roratndnars of dos fapu Mpte BRoPNHYY? KEntijed iaht dHings
%e?t ri I _uga:knc]{ &{nﬁ@ aherstbben lﬁis?@%?crf] awure?é %%Cﬁniﬁ?@é{_ t fonal 63@&1@3 i Sbby at ot or ];
etraction of the fan es. to their s ositions may be by action o
Fosi 11 oht ikreion O QDo ulth £ chpreepnf g oo BRie PHERE ar o adapt od
and ar r angsghedsizirignandigjeimapp efadidnag itp@sic mofsmtdesigmi re air downward as
they rotate, and when in.their stowed,paosi,ti to lie.wihin a defined
radius Worn th ?gﬁ%&fngt}wegﬁéeﬁngiam@bn g,i'ﬁb{)ﬁt?m%af‘? 8‘?{5’?%%@{? %ncl osure of
ci rcul ar frpwidé hiaskes Sedrwiion ipluaa can pugvideorsaut giitmering pemgndeeeces such as
i ncandescept,. | N l.ade en overl a . L.east 30one ot her

.\D#hou?F% nor}:gﬁ%&g%%%r g?v%r. ThaShaV et AR iR VEL S?rpfﬂ‘?%

bl ade. Preterre I'VE posrtionings: E’é%aare di scl osed
t hat alle bebservably compacdeverall foros &he prdssinhineentoet avdessselh¢his equi renent s of
r easonabl %Brgﬁigmrmverrent and conpact stowage of the blades when not in use.
These for are particularly characterized by certain distributions of 3
i nci dence, bl aleferpres genvetandaisavdwse incdlisfsperificelindi tagetdiperatenisr ai | i ng

edge) and i dedll r i jon with such
canber t haét}b P‘%\?\/fen?énb Iegg%y Osﬁé f8 ﬁﬁ"?ﬁsﬁéﬁgﬁ@g&@&aﬂ‘w&’lﬁp@%ﬁ ?E@gtséur faces

convex. NJtEst offee cemEtan genera Enowiedes irdResiidoiade$!ach. a first aspect a
conbi ned SmehMArey banTpvEghiofi tti ng havi ng a plurality of tan bl ades,

wher ei n :. . A combined ceiling fan and light fitting will in this specification be
" referred to as a fan/light for convenience and-brevity.
The invention relates to fan/lights having a piurality of fan blades that
move outwardly to operating positions during fan operation and inwardly to
20 stowed positions when fan operation ceases. Movement of the fan blades
| outwardly may be by action of centrifugal force when the blades are rotated
about a fan axis by & motor. Retraction of the fan biades to their stowed ‘
positions may be by action of resilient means, for example one or more
springs. ' - ' |
25 The blades are adapted and érrangad when in their operating positions
to move air downward as they rotate, ‘and_ when in their stowed posifions fo lie
within a defined radius from the fan axis, such as the radius of a transiucent
enclosure of circular form (when seen in plan view) for light emitfing devices
“such as incandescent lamps. Each blade when stowed may cwerlab at least
30 oneotherblade. ‘

: if’referred forms and relative positionings of blades are discliosed that
are believed to provide a useful balance between the requirements of |
reasonable air movement and compact stbwage of the blades when not in
use. These forms are particularly characterized by certain distributions of



-each blade is pivotally nounted so as to be pivotabl e about an upright

pi vot axis of the bl ade between a stowed position and a depl oyed position;
each blade when in its stowed position lies within a specified radius from
an upright fan rotation axis and above a light fitting portion and has an
air 10 noving portion that in the déployed position of the blade extends
beyond sai d specifiedradius; and each blade is generally el ongate and
arcuate when seen in plan view and in its stowed position extends

per i pher alitgidgiaehblads ghorddgistsinke ekasadid fsom feadiﬂmmnrdiim goigept axi s and

.a tip en%nﬁfdlﬁé@alb&ﬁéﬂﬁa Bﬂei@?a{bt) S‘H%o@f%ﬂsh oy WEQQP%ESQQ one of the

blades in1ts own st osit e conblne an and |ight
fitting cﬁh&ltd@\t\'@r@lﬁféﬁjswfﬁcﬁﬁafe CErERv@ 808 pr%fdéa‘ﬁﬁlwff@l‘éﬁ;mﬂ‘f’%’es i n hei ght

above a datum I?WdrgQhed@ﬁéahy,'tﬂ&fr@@ﬁﬂé}gpr@bﬁééﬂﬁgf‘%‘t%@ﬁeé&'&ecomkﬁr% fromits

pi vot axis end so t when in its stowed position overlies the

pi vot axi elifg fat apd ot StgaHeYIng s bty i éan plapes %’W‘ie’ﬁ‘t owed position and

(b) with increagihgiate & amsu,f rh@ﬂﬂxtéd Bb\Rto BXigtvcatsle Bbolithh @irghiovi ng
portion towards the tip bl ade t he- | eadi nlgmﬁi%e of the air noving
portion fif aF‘ﬁd’f@‘fsféE‘*‘? HBW§F©ﬁtSt%%£E"?“FPé‘%H 88 H MY and then

turns downwar dlex&c?\l\blaﬂ@b.}heh@'z lm Siolvet pesiion géd mﬁmtd@dctﬁadea@lu@bove t he
25datum,hﬁrig% r‘ﬁ hbour.i n bl Fﬁ rrear(l%'a bl ade that is
firet founE by KBUSHER S 365 g9 PORA A4 Fon of fan
rot atiien) rhovimg pmreodnlraadmthildepphedipes:ﬁcbmofrthetbd}amvmﬂdp"belgeuﬁaes@!des not
necessari lsﬁegrﬁ t ﬁﬁQ wi th increasing distance toward the tip end from

such turni ade begins to actually descend. Rather it neans
that the bl adeeambleasissgéneraibie@Wawam areusterwhent seentiapldpefi@y e t he t ur ni ng

down, whi Cdl;'ld TR ¥s §{0Ue=!d ‘[R@iﬁBR %ldtehéfg peripherai!y within said spéc’rFed radius
beiween its pivot axis and.a tsp end of the blade and partially overlies a
15 npeighbouring one of the biades in fts own stowed position;
| the combined ceiling fan and light fitting characterized in that;
{2)  each blade initially rises in height above a datum height with incf'easing
distance along the blade from its pivot axis end so that the blade when
_ in its stowed positicn overlies the pivot axis end of the neighbouring
20 biade iniis own stowed position and |
(b}  with increasing distance from a pivot-axis end of the air mcwng pamon
tgwards the tip end of the blade the leading edge of the air moving i
poftion first increases in height above the said datum height and then
| turns downwardly whereby to fimit the height of the tip end above the
25 datum height. _
' ~The term “néighbouring biade” here means a biade that is first found by
moving peripherally fdrward {i.e. in the direction of fan rotation) from one |
blade. |
The'phrase “turns downwardly” here does not necessarily mean that
30 with increasing distance toward the tip end from such turnmg down the blade
begins to actuaiiy descend. Rather it means that the blade increases in height
at a lesser rate than before the turning down, which may still be positive
although that is not to preclude a zero or negative rate of height increase.



al though that is not to preclude a zero or negative rate of height

I ncrease. 4 Thus, the | eading edge of the air noving portion of each
bl ade may have a peak hei ght above the datum height at a position between
the pivot-axis end of the air noving portion and the tip end of the bl ade.
Furt her, the hei ght above the datumishei ght of the |eading edge of the 5air
novi ng portion nmay decline fromsaid peak height with increasing distance
al ong the | eading edge toward the tip end of the blade. The "specified

radi us" may be Tappytoxiammire otge Jf & is making doirmiﬁcffdafchiﬁ%enﬂﬁ%i on that is

d 18] ht f d d bel
the bl ade E1a 4 re TG pbefe badare AiGBF A netanbaneRl aiF Brei - 10The.
"dﬁtu_m he;ﬂﬁemchqfth@arre’nqugqmmaamrﬁ'Eh,eﬂpeertdhffth@hghé of an upper 1?ulrj}‘ ace of
a horizonta F‘m‘tﬁérl 5\% t{g&?%iaove the cla%u ﬁh&%{st@?q%aedn% qﬁ?fstgg | votably

mounted as in the case he construc
The ai s rroam/ﬂnngn@cnmpmmayfd@awmmm mqk freaghet vaitht inariebsing d&a!hj&:et hat when

seen in plgmn fhg‘ﬁééétha@cg% g@t@éyﬁgq%@o@m% grc whi ch when the blade 15

isinits sto oSl ] Ssta ycentred on the fan rotation
axis. This' arra'hgeﬁ@ﬁtr eélrfFiijvﬁ;"f@ﬁ}ﬂé%ﬁ!bﬂ'feklwatﬁﬁaoﬂamhef avight filfiice space above

2 1T ght. TdoriarinRas hBriddiah thS o5 ALAS: Ko, Becshd reeflg g, Preferably,

for each bl ade when in its stowe osition era ance between the
| eadi ng aﬁ%Patt$‘bP¢'P‘f{éh%€I'@é§ agg thais %Mmﬁlawmfg)ep@mri $7EI0 miRTUGeY.

progressi vely’ (Fheedat&rlﬂ%e@h@dﬁagﬁ BRAPIHEAERER, bB thY ﬁ&?m &$%h Jpp@m @ maxi mum

val ue part e air noving portion tovvards t he bl ade

t he
tip end. fﬁ%ﬁ@z&p@!g gedf‘?mwtféﬁh’cﬁleﬁ?@@fgleebﬁﬁiﬁ% Feir stowed
posi tions ﬂ’:\}mtﬂy ufied a%aﬁm&é&d%fméwrﬁtmﬂmdﬂes@ﬂbéd1@Vﬁiéﬁﬁ ng edge of its

air moving por tl'lwe a:rvn\'i?oevmg portion of each blade may have a trailing edge that
when seen in plan view is approximately a circular arc which when the blade
15 is in its stowed position said is substantially -céntre_d on the fan rofation axis.
' Tﬁié‘arrangement allows efiectively use of the available spéc‘:é above a light
fitting portion that is round when seen in plan view. _
' Preferably, for each blade when in its stowed position the radial
distance between the leading and trailing edges of the air moving portion
20 reduces prbgressively‘ (i.e. the blade tapers as seen in plan view) froma |
maximum value partway along the iength of the air moving portioh towards
the blade {ip end. |
More preferabiy, when all blades are in their stowed posmons there is
) for each blade a first point on the leading’ edge of its air maving portion where
25  the blade overiies its neighbauring blade which first point when seen in a |
nofionai radial plane including the fan rotation axis lies at a greater radius than '
a'seconcﬁ point in the same notionai plane that is on the leading edge of the
overiain nelghbounng blade.
Stilk rnore preferably, the said first pomt may. be at 8 he:qht above the
30 dai;lm height not-exceeding the height of the said second point.
 These arrangements can enhance the compactness of stowage of the
blades. | | -
It is preferred that the air moving portion of each blade has in the
- deployed position of the blade a maximum angle of incidence fo the horizontal



25t he bl ade overlies its nei ghbouring blade which first point when seen in
a notional radial plane including the fan rotation axis lies at a greater
radi us than a' second point in the same notional plane that is on the

| eadi ng edge of the overlain neighbouring blade. Still nore preferably, the
said first point may beats hei ght above the 30 datum hei ght not exceedi ng
the hei ght of the said second point.” These arrangenents can enhance the
conpact ness of stowage of the blades. It is preferred that the air noving
portion of each. blade has in Fhe_ depl| oyed . position of the blade a maxi num
angl e of | HARRSHOL REEWEY 2I908NS Bl Mavingze 3reie pHPeideRreal ong the air
novi ng porddcpsrstrigevisnpbeasing iditantenoen that peandm o Wakihuind ticR@akag di st ance
from that tBOSLd“th .of igﬁ%(b?ﬁ m jncidence towards the tip end of the bl ade.
Pref er abl yPXPES ¢ HR 24¢ P ‘portion has a positive angle of incidence
S5to the hori zoRreferadly albs, the wibmaaing poetitch has a positleeapfé iof indidepéd t way al ong

the air. mﬁﬂitﬂgh&ﬂroma?gt i?s&ﬁ9&9$(ﬁbér%de at which its incidence to the

hori zontal "i's” a” maxi mum when e blade is in its deployed position nay be
radi al | y i nboarfbie pbsitioppsitvayalong thetaichovihg pbadeofeaoh dladgeasur ed al ong an
arc centreg.:qn . ' beSs | ' Iof valye. It is

t hought ( E‘m%'@% i}ag'gég%f %&g‘éﬁjhg%nﬁlhssa @5%‘#"3“"@'& tggnnmo%d% '%ﬁeg%di stribution of
downwar d tdapipyed aasitiore maybedrdiaty inbearg|chg@osiionrab whithribe biedeced drag on t he

bl ade. t gﬁ}p f el or exanpl e
three or fqlh\c/}g{ mfﬁéeﬁr%ﬁ'#g@? adg%t? %Ie%g%sd c?‘stﬁ%lr?ﬂrera yé)ﬁ%%rat\?\lnrﬁ%ﬁ?‘ﬁg{ bl ades’
pi vot Hkesahs: Rép Houghidbulnd gsereigiibsat tiiepture grveaeotbiitier peri pheral ly.

That sect i pariQficRaf BoRhadRs BRkVECHheldiSaibhy Bl BIXdS s%f}éd@jéi§goti p end when the
blade is in its stowed position may subtend an angl e of about 160 to 170

degrees at"fur8ddRg Pl Ri8de axis. Values in this range al | ow reasonabl e
bl ade areas w pRhéudh@ispiatié /lthersiuBwResoRNades, abavamdietdgbi fitting

e b e b P Bl DB S bR G LR 3R e 1P
Pref ergbl yspaeat$0 bbgraes ppardfrsmtdacoutiier parigheghiey. of about 150 degrees to nove
Lo oo Rl L IRt B P USRS, | e o
movi ng secdhe¢ biadefs ipaiststdbeteositonumyesubtsndambegledf about 160 to 170
degrees at the fan rotation axis. Values in this range aliow reasonabie blade
areas within the avaiiable stowage space above the fight fitting portion, but
20 without at any point reqdiring the stacking of more than two blades. This
assists in obtaining compact blade stowage. .
Preferably, each blade pivols through an angle of aboul 180 degrees to
move from its stowed position to its deployed position. This gives a
satisfactory blade-swept area for a given biéde size,
25 : Preferably, the air moving section of each blade is upwardly cambered
(i.e.concave downwards) between ifs leading and trailing edges when seen in
cross-section on 2 cylindrical surface centred on the fan rotation axis and
intersecting the aif moving section at a radius betweén the specified radius
and the blade tip end. |
30 . ltis also preferred for efficient air moving that the air moving section of
each blade has a rounded leading edge and a sharp trailing edge over at least
part of its along-blade length when seen in cross-section on & cylindrical
surface centred on the fan rotation axis and intersecting the air moving
section at a radius between the specified radius and the biade tip end.



(i.e.concave downwards) between its |eading and trailing edges when seen in
cross-section on a cylindrical surface centred on the fan rotation axis and
intersecting the air noving section at a radius between the specified
radius and the blade tip end. 30It is also preferred for efficient air
novi ng that the air noving section bf each bl ade has a rounded | eading edge
and a sharp trailing edge over at |least part of its along-blade | ength when
seen in cross-sectign-on a cylindrical surface centred on the fan rotation

axi s and i nt er SER fTHGUrHRghtddigIgTeRpPeweer sAckblade aditss bet ween t he

speci fi ed HeafhbusrimBladd@hbh aiteoihdidl £80n their stowed PSsifibriyi MHP hei ght
di f ference bet ween Fach bl ade .an bl ade when the bl ades

I . its nei h%%igeri ng‘ )
are in t hdvaRipgRaLEY RESHT RRIEXIMREY %%88 |QYERESI® appr oxi mat el y wher e
t he bl ade reigibbiresy Hiade. nedrgtheiyngngedd ade sliightyaas avar by inagdsbade sags
slightly, a . be the case 5 wth_ bl moul.ded fromcertain plastics if
| ef t ur‘?use a’fbg?aaleédﬂ%u‘?éf ,mt%%?'”ﬂ?séiﬁﬁgﬂéﬁ?”%ﬁ’gq: e®9¥ Bm?d{}}'% support the
out er par tarmahgémentiilagadeen dasuiiasuppoveite ataoarontthe blddetraesomatiydl ade and
its underlyi ' » : | ' vides in another
aspect a (%é%%ﬁ%%b%%ﬁ%ﬁg@%gﬁlﬂgaﬁi% %gﬁtlgg“ﬁ‘tm&f'%ﬁl‘%@%hg% rﬁ{:lsq%eeg'l.ur ality of
el ongat e ametlear cuate planforrn bl ades that can nove pivotally about upright

axes between fifskhdnfinONERIROR did § i QW odilidd § ncl osure and
secondl y depl oyed posi t%}ﬁs_ n vén ?%?taﬁggﬁj a%gl"s Iextg%c'ﬁ&ota{a\?\%r%dl y beyond the
l'i ght ¥Oi t tiiggkﬁ 'Wﬁ@t%?mﬁé’&' ‘Pfrﬁ*@mﬁ{ ar@h@ncngtead@égmblqdﬁe t*hﬁ_k‘f&ées when in
thei r deplayRchiRRflyHpB06ulrighs bkds BdiHBemhily kﬁWe%%sﬁﬁné%b ys beyond the
light fitti ngr encl osure first and thereafter are cranked downwardly. In
this asped®htiiifgreacsuts anfesecenelyidentoned postientc viush thedadasach bl ade _
overlies zxpag Riwdrli§ bagbghRUGhNR], 2 ardsttrie8d Radhiat le%ﬁfn@‘"é!fg!é@d In a gap
above the If% t fitti ng; Encl sure and_bel ﬁw the underside of the overlying
bl ade sai & SVTeSy 1 HEF T YRRIPHEC ROSEIPNE AT Figh MEG RHEREENDf the overl yi ng
bl ade.15 radiuEasfnb ey miting @npickeedrityanaoetatet freardfiedt i Ng pl atel i ke
menber with said.gap |ying above said platelike nmenber.
downwardiyg )
in this aspect, when the blades are in their siowed positions each blade
overlies a pa:i't of its neighbouring blade which part is received in a gap above
the fight ﬁttﬁng enclosure and below the underside of the overlying blade said
20  gap existing by virtue of the cranked shape of the avéﬁying blade.
' , Each blade may be pivotally mounted to a rotating platelike member
with said gap lving above said ptate!ike member.
in a third aspect the invention provides a combined ceiling fan and light
~ fitting having air moving blades that in use exhibit gullwing diredral. It is
25  thought that such a dihedral form may be advantageous in itself even apan
from its ability to enable compact stowage of retracting blades. “Guliwing
dihedral” is to be taken as meaning that a lifting blade or wing rises between
' ‘its root end and a point of region along its length toward its tip end and then
either falls, remains level or risgs more slowly.
30 . In afurther aspect the invention providés a combined ceiling fan and
Iight fitiing having a pluratlity of fan blades, wherein:
each blads is pivotally mounted so as 1o be pivotable about an upright
pivot axis of the biade between a stowed position and a deployed position,



In a third aspect the invention provides a conbined ceiling fan and |i ght
fitting having air noving blades that in use exhibit gullw ng dihedral. It
is 25 thought that such a di hedral form nay be advantageous in itself even
apart fromits ability to enable conpact stowage of retracting bl ades,
"@Qllw ng dihedral” is to be taken as neaning that a lifting blade or w ng
ri ses between its root end and a point or region along its length toward
its tip end and then either falls, remains level or rises nore slowy. 30In

furth t, i ti id ined ceiljng. f d light
o, urer 2Pl AN LSRR tRe e RO S ", 2 OO0
nount ed Siorasntuprigbt fpn vottil adisabodsbave a pightdititingopartdn axd Ra®bn bite bl ade
bet . i L0 i,Lion: h bl ade wh
T ite st BeLeA e RO Da BT T REUBAS Beends b ainr rgnt fan

rot ati on speciflednediabend a |ight fitting portion and has an air noving

portian that i %@ﬂ j f ) e, £X heyond sai d
speci ?i‘ ed r adiell%gé;:l B%r?g%gé eact iyﬁgﬁogte#tfgnggﬁer gﬁ %%F%%’géﬁg@ﬁ%% cuat e when
seen in pY¥incancaye and Rovsn cides aardn ds stawedsasifonamdends derighenaived posi ti on
extends RaidEgEabbiiidd B8 befldbroResibi S5 sAdl W%HF pivot axis
and a tip ergld of Fhei, bl ade, b%ﬁé%a@?%?'}ééeﬁggi %ﬁ(?hg? e?g) eac 'h%?'ade when

depl oyed is s&"pESIFEhEd ®hat a concave side of the 10bl ade faces forward

in the bl@age' sagh bRebiwhanepbobdid R padiibrizd thBad céhdaddisfel of it er portion
of th% bl ade'?? Ier]fgth ext ends bgih putwardly and forwardly; (b) there is a
first'Oositi oRAFEEHREONHY Tr&laders dierrting ob srteiasranstsq 8t 81 ade at whi ch
the bl ade's chafisliyasgreasivhed thabladeenémie erlendd bein Qgkbeily &as. a nmaxi mum
val ue ‘and a 5ﬁcon'ddlp,osi tion partway along the ‘air noving portion of the

bl ade at whi ch"YRE'HI ade has a maxi mum positive angle of incidenbe to-the
hori zont i(band there is z first position partway along the air moving portion of

the blade at which the blade's chord as measured in a peripheral
'15 _ direction has a maximum value and a second- position partway along-
the air moving porfion of _thé‘blaﬁe at which the blade has & maximum
positive angle of incidente to-the horizontal;and |
{c} the first position is at a greé’ter radius than the second position.
_ That is, thie distiibutions of incidence and chord disclosed herein are
20 believed advantageous in themselves apart from the issue of blade stowage.

" The invention further providéé & blade adapted for use in fan/lights as
disclosed. _ : '
_ - Itis explicitly intended that the speciﬁc four-blade embodiment
25. described in detail below be taken to be a claimable aspect of the invention
both as o the proportions of the blades and their relative positions when in
their stowed and operating positions.
The invention is preferably applied in fanfiights having certain features
of the cons-trubtiqn described in International Patent Publication WO "
30 2007/006086€ (based on international Patent Application No.
- PCT/AU2008/000981 by Joe Viliella). -
in a still further aspect of the invention there is further provided a
fanfiight comprising a piurality of retractabie fan blades, wherein:



(c )the first position is at a greater radius than the second position.
That is, the distributions of incidence and chord disclosed herein are 20
bel i eved advant ageous in thensel ves apart fromthe issue of bl ade stowage.
The invention further provides a blade adapted for use in fan/lights as
disclosed. rlt is explicitly intendéd that the specific four-bl ade

enbodi nent 25 described in detail below be taken to be a cl ai nabl e aspect
of the invention both as to the proportions of the blades and their

rel ative positf@ffssaghblade ie pivetplly swontd tardappeembeniabpiesotaiabies . The

| nvent | o absuinigigAPlak BRRbA BdicisB thafdid RLS L BNLRBICEHALAT eat ur es of

the construction described in |International Patent Ication WO 30
20071006098 qtRISRRFIHOR angtasy RATAIIaposiianeahouAgP| Urciaht bipdeveivot axis

PCT/ A1J20Q64588@R8keh¥edoe Vil lel l a). In a still further'aspect of
the invention there is further provided a fan/light conprising a plurality
of retractabl ee"’F':i"rFaEﬁ blgde hag\gpelqngate and genergliy RreyaieRibMaMBYi s pivotal |y

mount ed 't piadiefpaftioNEABRIhdrNGlid bR R MBIrer@ed bodilon Bf $08 bizkian rotati on
axi s so that s' Qt vot abl e between a retracted position and an

id blade i
oper at i ng 'ﬁ%g’li@f‘gﬁpgﬁﬁgf’” Dright bl ade pivot axis of said fan nenber;
each sai d{d)l aden imasr eylineicah gattacconchxie nithakld/faaretdibe aRistangovi ng bl ade
portion that V\{%Snlygai :d\in%l gdg éiofg Ei’in F?% r etor acted position of said blade
lies within a Spaced BOINELHIRS °" 74T RIFASHRIAYO ey 1 i ndri cal ‘surface coaxi al
wi th $@i d{fflan apbeier orindndss sarigce coaxial mdthasaid fanaptatidgexisfangai d bl ade
portion; ' 10( LodE Leal r;{) >e coaxial with said fan rotation
axis and t ouch@%‘%’“‘é@%ﬁg“e&?%%g %%Egél [ﬁ‘g‘%’é portion; (c) a first radial
pl ane conf{di ni afrst edipl planercontainion saidi fammetaten dxibhadeaidibade pixdts; and (d) a
second radial planggcontaining said fan rotation axis and that touches 15a
tip of the Dbl ade, " so that associated wi th everypoint on said bl ade
portion i §an afgFATREREPBRT AEIANINGNeRI¢ fasgolRieon axis and thettoushasi al pl ane
and ajsadi al phapes@&eMiaieli ng the fan rotation axis and that point; and
. 50 that associated with-every point on said blade portion is an angle
theta being an angle between said first radial plane and a radial plane
containing the fan rotation axis and that point; and '
within a continuous section of the blade portion that lies between said
20 first and second ra;iiai planes, said inner edge increases in height above a
datum height with increasing theta, and a radial projection of said inner edge
onto a cylindrical surface ccaxial with said fan rotation axis is concave
downwards. _ _ _
Preferably, within said continuous section of said blade said inh;er edge
25  increases in height above said datum héight with increasing theta until a
rmaximum value of the inner edge height is first reached at a point thereon
. whose value of theta is less than the value of theta at the blade tip;
 Within said continuous section and for theta values greater than the
smallest value at which said inner edge has its maximum height above said
30 datum height, the height of said inner edge may decrease with increasing
theta. This particular embodiment corresponds to the preferred embodiment

described in detail hersin.



Wi thin.a continuous section of the blade portion that |ies between said
20first and second radi al planes, said inner edge increases in height above
a datum height with increasing theta, and a radial projection of said inner
edge onto a cylindrical surface coaxial with said fan rotation axis is
concave downwards. Preferably, withi n said continuous section of said blade
sai d i nner edge 25increases in height above said datum height with

i ncreasing theta until a maxi num val ue of the inner edge height is first
reached at a posudh 4 fagrigbinthalotiss wﬁhuedtﬁeiatudwtmc;hcs’timmdrhmﬁve he val ue of

theta at c}og mpilng%?tﬁé tﬁades ay ?escﬂ &eﬁ%%%?% aﬂ%ﬂ%ﬁéd ﬁg}hbzﬂggand for theta

val ues gre ue at r'nner e has its
maxi mum rf@lthe i@!bd&ﬁa@aﬂédmsmeum hei ght, the height of said inner edge

nay dect ease ko {84,525 bRl bHEL AandTHlnthR! doh bl 8l LHROELIPRT cOT T esponds

to the preferred enbodi me ed in detall 'herein In such a
f an/ | iSghtthe frllowigdletglegrdsserddion @at @pesn@eoPdIts-ons and rel ati ve positioning

of the Dl adesiraﬁasdﬁ%wcmﬂx ARy ﬁ%@b&&&é@ Mk B8 wdricl uding as to the
bl ade trailing edge shape Furt her feat ures, preferences and

i nvent i veCeBRRS, (ANhAT VARG B @Si'FPBPEHIES'T ROMBRKISAY 216k ai | ed descr i pti on
and append@ﬂpﬁéeafr‘mhen used in kélafidh © asmcafint@geémoaememeldﬂdtdw i n the appended

conpr] Q& RakEB AR Areding fiRarstoul il FEr L TeR B HoBROrof | ni egers.

el enent s stdpsSdre pededt dodblé @ hbeinaki@ad as precl udi ng the -possibility that
Phor der ¢ nat M el TR e e es PR bt sl RS HecindBbBE | "row he.
descr i bediesoriired, hon-fimitghly, prefafarereitbdimioti ofdim swverfiticnbas showenitti on as shown
in the a&%gg?g&eg %{frgé Df%c\ppl ch: Figure 1 is a perspective view

from abo rght wmth retractable 15 fan bl ades according to the
i nvention, shbigurav fsha pesspetiivderievdpinaabaye b atfalight eilbratracigbiposi t i ons;

Figurg 2 fbﬁB% ggéérgﬁ-&xh%‘(&th!é':%nﬂ&ﬁ@h%ﬁ)n%@ufks biaGed ALKy 'Egtﬁé]xo""” in Figure

1 withits to their operati.ng positions; Figure 3 is a
per spect |W§W'ﬂ6tﬁ°ﬁ!§6ﬂfe of the fan/light shown in Figure 1, 20 nowwth its

fan bl ades ShP!ﬁ'ﬂré pid é‘géfspé&!v@%w ROR 6K B irRGaRmsitisheRRin Figure 4 is a
per spect | \{geura\a/ I1ev¥Vnh :Esotgpadgs c?evgfc?yed 1 ?hefsragéelrlat%gt possrr]t%\pg 'n
| Figure 3 is a perspective from above of the fanfight shown in Figure 1,
20 now with its fan blades shown in their folded, non-operating positién's;' -
‘ Figure 4 is a perspective view from below of the' fanflight shown in
Figure 1, with its fan biades shown in their folded, non-operating positions;
Figure 5 is a plan view of the fan/light of Figure 1, with its fan blades
~ shown depioyed to their operating positioné | ‘
25 Figure 6 is & .plan view of the fan/light of Figure 1, with :ts fan blades
shown-in their foided non-operating positions; _
Figure 7 is a side view of the fan/light of Figure 1, with its fan biades :
shown deptcyed to their operating positions; ' _
. Figure 8 is a side view of the fan/light of Figure 1, with iis fan blades
30  -shown in their folded, non-operating positions;
Figure @ is a perspective view from below of a subassembly of a
fan!iighi with retractable fan blades described in International Patent
Publication No. WO 2007/008096 by Vilielig;



Figure 1, with its fan bl ades shown in their folded, non-operating
positions; Figure 5is a plan view of the fan/light of Figure 1, with its
fan bl ades shown deployed to their operating positions; 25Figure 6 is a
plan view of the fan/light of Figure 1, with its fan bl ades shown-in their

f ol ded, non-operating positions; Figure 7 is a side view of the
fan/light of Figure 1, with its fan’bl ades shown deployed to their
operating positions; Figure 8 is a side view of the fan/light

of Figure 1, \9_“ h its fan bl ades .30 -shown_in their folded, ~non-operating
positions; igure; 10, j5 & sghemaatle Rian WRw A A0 gnt $70 IBETBR df a subassenbly
of a fan/droglvig whe blatietin aeth abhisydbandicddeRddrisfionb add ik dtAker nat i onal

Pat ent PLht:iI(ijcati on_No. WD 2007/.00609 Pé Villella;, 111 Figure 10 is
a schemat 12955 'AREVREGH BPSTHIE angi5 f"i"_'g’fﬂ‘e HB&HOPH: Fi gure 1 showi ng one bl ade
| n both depl oFadrarnd is etscharhatit gharsvibwn sheafad/iighesteilmen Aiduagdes in retracted
posi tions,, ain-dotted. lines, only:. Figure,11l i.s a schematic plan view
of t heSOf a\ﬁ'ﬂr igigﬁl? géﬁgrs\ﬁm}i ﬁ‘cll—lﬁlg?ur%eg “%g%\]ntrﬁgg?tfadﬁ)g@@%s @'F{ﬁ@\’he i n chain-dotted

| i nes i n hiade alst stowo i its derdoved dositien Headew &liditer showingipositibss diepl oyed

posi tion [ Furt -@'{%g. It ylindri cal
surfaces%%‘?é’?g@ﬁ%’%‘,%ﬁ@ca etcﬁ'@tsc{nr A%%Z?f)%t %g%@%aggéctegti ons al ong, the
ext ended sfatde;along, the extemlegiiasie; 12 is a set of sections (labeled a - 1) on
radi al planes F%rQQE'iQEQB@ﬁéQF@n%H%E?%Q fgj-: Rl BaS! Sidndd Q%?ea”zn@& the

fan/light shown schematica i'gure 10; ) 3 ure 13 is a

gr apht®f. inEjgyFe 30 2 steacieddiedan dh&iegRiviight shemerschamaticallsin B@yes of a bl ade
of the fam/light shown in Figure 1, as a function of circunferenti al
position when the blade is in a retracted position Figure 14 is a

graph of radi 19U dednegrabraibeilhismbore afFtynieInt agieseiAdPURfade of the
fan/ i ghtedglewha ibiade §un€ ahiighttshawh W igudn 1 0ds & fureuss f ential position when
e ! el S e B R et B ot o) 90 o e
fan/ isght showiyura 1FiigH geaph. of raial distantetetheat indBcandoutbesdprsi al  posi tion
of or oss-Aadtiig Ge i bianib iR 40 BERNNARR rineoei¥aken on pl anes.
t angent i alosttion mhendhe Slasiedsin a letacied pasitioninbered 1 to 8; '
| _ Figure 15 is a graph of heights above a datum height of inner and outer
edges of all blades of the fan/light shown in Figure 1, as a function of
20 circumferentiai position when the blades are in their reiracted positions;
Figure 16 is a set of cross-sections df the extended biade shown in
Figure 11 taken on pianeé_ tangential to the arcs shown therein an numbered
110 ‘8;
| Figure 17 is a graph of an angle of inc:idenc_;é to the harizontal of the
25 extended fan blade shown in Figure 11 as a function of radial position dn the
‘blade; ._
Figure 18 is a graph of the chord of the extended biade shown in
Figure 11 as a function of radial position on the blade.
DETARLED ‘D_ESCRIPTIOF¢ OF PREFERRED EMBODIMENTS '
30 . ~ Figures 1 to 8 show a fan/flight 10 according to the invention. Fan/light
10 has a non-rotating bowl—like translucent enclosure 12 in which is mounted
-at least one electric lamp (not shown), and is supported from a ceiling by a
tubutar support 13 in known manner, Fan/iight 10 also has fan blades 1, 2, 3
and 4 that are rotatabie by an electric motor {not shcwn)' about an upright axis



Figure 17 is a graph of an angle of incidence to the horizontal of the
25ext ended fan bl ade shown in Figure 11 as a function of radial position on
t he bl ade; Figure 18 is a graph of the chord.of the extended bl ade
shown in Figure 11 as a function of radial position on the blade. DETAI LED
DESCRI PTI ON OF PREFERRED EMBCODI MENTS 30Figures 1 to 8 show a fan/light 10
according to the invention. Fan/light 10 has a non-rotating bow -1ike
transl ucent enclosure 12 in which is nounted at | east one electric |anp
(not shown), and is supported froma ceiling by a tubular support 13 in
known manndrcoaRmhwith ghuisr Guaped 1habhef alecttit adés ahd tBe i8npadck 4 that are

rotatable fy, %rdifle %’%ﬁ%b&s é%ﬁer(begﬁ a%ﬁﬁ?@@of@@&ﬁc SwRhbQlt axis

15' coaxi al e electric notor and the |anp are
oper abl e ssepamferqwgbﬁhe 6&5’ &uparohd. d hednateriscil adirewirvtype.podely that is

suppl i ed tfaeeudkei Mgefahy%za{asw%rng okrnal R8s MRLAL drdw ;wﬁh known type,
w dely used in ceil q“ ans, that has a rotati ng extern casi ng (not
e

shown) “wi tQ?"Ka'ER?éIWW Avhieh iFi regeiver tifitehiiarsupReRi e BneiRsUTeBUS ar support 13.

Encl osurecirau;gemcg;gmué\arcgmer@b@a a4icevs centered on axis 15. Bl ades 1
-4 each extend %aci\ﬁ the o era mg $05|t|ons shown in Figures 1, 2,
5 and] when thg ﬁfd YARdPS BRFREDY PPETGNS $hO8 Mosi ti ons

SPOWI”ItI{l Figuess, :3.,5 éhd Bwaed i ORI id dvitcied eh, hsd ﬁeuatcctteid @afd . The t10I Isense
of rotation i.s_as. sho ne_o S pivota
suppor t ed PERIENS, PO Wﬂ:d%"}d/? p‘?% @M%LEW?‘F?B? TR, %'r'? §W§%lfdrcgft gb%spwl th bl )altdes
1 -4, lios diesss shrapidn asssdmmh}amwtﬁ Ebeh oot af biatesnXi-s4 #piotally he not or and
is secure r secured on
t he suppor f”bgmt“%gve % %Hé@%gg%mﬁ%%gﬁu tﬁé}%eaé‘ggggaﬁ g?%ﬁ%ﬁeﬁ posi tions
shown 15i n4F|sq:u$<esha9edAss cga@advigh the rotatioPaxie by thof mbtaades isl - 4 on bl ade
support pligbgioddo ird HERPEEENE! A ahliadBPedlr 18% odct,B0fn f Parallel 1o
the axis 15 of rotation o not or

I's"’swtched on, blades
1 -4 pi votsueehaedpye thsddadaste Anhiegdheyearsfin Henloldedurpgitions skawn pi vot i ng
ar ound st heji FigLRSPEGL B4Rl vot axes 21 - 24, until the 20 operating
positions shown in Figures 1, 2, 5 and 7 are reached. Wien the notor is
swi tched of f, bBivatigofibiades hr‘éOF@!ard&&UEEm?B*afﬁhé‘F 1S eFBeRNeNEEPYS ons as shown

in Figur eix3s 24,26 23Rdd &4 m@ndntdqhg%% cAbettion Bﬂhe meERgednve axes 21 -
24. In i ntrer na%{;rona i et ent Ng uQ VO?t i onﬁ%}o 8 ’ 008 96 (based on
251 nt er natioNL I‘-‘g‘a?"é A56 e ?‘“fg o ¥ SHBFOBEIHYEBE i i el | a)
whi ch i s centrifugal force, pivoting around their respective pivot axes 21 - 24, until the
20 operating posiﬁons shown in Figures 1, 2, 5 and 7 are reached. When the
' motor is switched off, blades 1 - 4 are retracted to their stowed positions as
shown in Figures 3, 4, 6 and 8, again pivo‘iihg about their respective axes 21 -
24, o | ‘ . ' :
" In international patent No. publication WO 20067/008096 (based on
25 international Patent Application No. PCT/AU2006/000981 by Villella), which is
‘ incorporated herein in its entirety by reference, there is described a fan/light
generally in accordance with the above principles and arrangement, albeit
with three blades instead of the four blades 1~ 4 of fanﬂight 10. The present
‘invention in i’is preferred embodiment is made in accordance with the
30 principles and arrangement set out in Villella's disclosure save for the use of
the four blades 1 — 4 instead of three. _
- In particular, synchronization of the pivcting movement of blades 1 -4
~ and their retraction, may be b‘f means of a simple adaptation to four blades of
the aperoach disclosed by Viliella, now briefly described. Figure 9 (similar to



incorporated herein inits entirety by reference, there is described a
fan/light generally in accordance wth the above principles and
arrangenent, albeit with three bl ades instead of the four blades 1 -4 of
fan/light 10. The present invention in its preferred enbodinment is nade in
accordance wth the 30principles and arrangenent set out in Villella's

di scl osure save for the use of the four blades 1 -4 instead of three.

In particular, synchronization of the pivoting novenent of blades 1 -4 and
their retraction, may be by neans of a sinple adaptation to four bl ades of
t he appr bgote dE¥iladbsopihjicilidn) ehbws amcbatsendfy §0 aéVilelidetan/ilghgure 9

(si m 1 ar ol o AR, 8l VbUPHLR 5 Pl SaLAR) o3NMgLA Subassenbly 30

of Ville e support plate 36 and
t hree bl &@ébiogaﬂhsite@rrwmrs (lmft beremrte deserihentutirssemblysld dremef n t o descri be

Subasse”m@%as%% @gﬁxog@ﬁsécnﬁ tﬁ@@@e@@m&ﬁgﬁﬁ;‘ne&% y @Iaﬁggu &rﬁgat\é Itelle

publication | ade support S ring shape secured to notor

34 (of t¥Risridathangd é&%ﬁﬂ@lfﬁi}/ﬁémﬁfﬁé@édafsm? IPEfing e6ARiEY Y96 as to rotate

ther ew t&ebﬁuéi&%é?w%né&)%@%s to rotate th&%@%@ﬁnt@%hﬂ%iﬂ@de support plate 36 is
a sun gear 38, he term "sun here used as it is in the art of

so-cal l ed pl a?’r"éﬂ"ﬁrdybed‘@?épiaﬁﬁ ‘%‘%‘E’éH‘éte Whisrasyn opar3s: STHeteEM G- t hat neshes

wWith a ngwdrers Hefe uﬁdaébe& RN ih@&@bﬁsd-@at%rp@éf%ﬂa@rgé@ﬁﬂg kySedgr i phery.) Sun
gear 38 | Qax e notor 3@itwhen su %ﬁa,te 36 I's nounted to

L S e BRIt 1 boey P B sy & Pygbass 83% support pl at e
36. Mes hamaal drburglits gephedd Suregdr38as adsamgeaMhéhotoA& @héh 43, each of

whi ch t t d f.b ts bet it
o ownd SbPBRae phis BRETEH 39 Bt 8y RS B BopllsBie o0 oo &
short sh@&fativé trosuppiogi pidte 36t mahtpgsme$ud@aamm etreyplfaneimy gesarad$oci at ed one of
bl ades 37, a§c‘?4§% ﬁ%?wﬂf&h%%té@ésﬁ*s%s%ggg%ﬁt c%tb‘?%g%gre d gears 41 -43 are

equi spaced”ar o eri phery of sun ensel ves all at
t he samepivetdibabvess I@Wmmosﬁw@mgmﬁmﬁa&@m@ﬁaﬁs 8%5-dBimotor 34. The

o1 6} e Mbtodl S RRASIR ot RiliDPhaRE AU RLARSP s 33 are 20 [ dent cal

and |dent|ca positioned in thelr V\,OI’ posi tions reI ative to support

pl ate 3@5$ﬁ@§ﬁ%ﬂe|°f@@d@é§ﬁ Wr@ﬁlfﬂ@@ %\)Sﬁﬁypmﬁ’aﬁéﬁ}' Bievot bet ween

their op@é@éu@g@mereawsagé@daregﬁd {HeQRSiphery ofsuﬂ_%eéieéé aﬁ& apl ades 31 - 33
when rmt r 34 is @vvltche off, coil sprin are provided. One end of

each spr ﬁ@’sle'é'e%@ arba semedadiys paeroh o@gr g@'ﬁ‘etﬁﬁﬁ'?@“%a’ﬁ? 8ﬁ1°§ upport plate 36
and 't he blee B4 Tk dffacs SCHIsErdn@eme Dk IRdtinddvidd biades 31-33are

20 identical and identically positioned in their working positions reiatwe fo support
plate 38, they will b'e kept synchronized‘ahvaysé when they pivot between their
operating and retracted positions,

To retract biades 31 - 33 when motor 34 is switched off coil springs 44
are provided. One end of each spnng is secured to a formation 46 depending

25 from support plate 36 and the other end is secured to a formation 48 _
depending from sun gear 38. Coil springs 44 are arranged to be intension -
when blades 31 - 33 are in their retracted position and are exiended as
centrifugal force urges blades 31 - 33 out when motor 34 is started. When
molor 34 is stopped springs 44 urge sun gear 38 to rotate relative to support

30 plate 34 so as to retract the blades 31 - 33,

For further information on, and options relating {o, this amangement for
blade synchronization and retraction, refer can be made to the cited |
publication of Vilislia. |



depending train sun gear 38. Coil springs 44 are arranged to be in tension
when blades 31 - 33 are in their retracted position and are extended as
centrifugal force urges blades 31 - 33 out when notor 34 is started. Wen
notor 34 is stopped, springs 44 urge sun gear 38 to rotate relative to
support 30 plate 34 so as to retracts the bl ades 31 -33. For further
information on, and options relating to, this arrangenent for bl ade
synchronization and retraction, refer can be nmade to the cited publication
of Villella. Tt8way toadapthigs aayngonaddptha fousbadeangefrefthet o t he four

bl ades 1 ibelimdliey BENMIT I oRlof BEoBEEa Al I VETELAR. J5hFefloscr bed Wi |

be readily a e art lI'd be provi ded
four pl anebarsyngaiaiﬁwi I(rrﬂaft ars hidwvane Wbuld teoprovided mourtpdargdeny gedts - 43) i nst ead of

Lhree, CIHLPBRADR ALAUAA: HNRe ?%&H 993§ r6fA8k SRR eUilndidu! val ent o sun

gear 38) each assocl at e fol |l ow ng
descr iSpt ﬁﬁwncitheﬁm peardnakshomned bytRauivsiend issun geard® apdwechl |y nounted to

support Rsgb&atdd whhSRBLIRAl Y simlar, to support plate 36 and synchroni zed
and retracted in the sane way_ as_bl ades 31 - 33 of 10 subassenbly 30.

However, it il *Bﬁffﬂ’é?&’i”ﬂé??sf’ﬂ%ﬁ"% favilbles aeRUTIaH 1ale'9reh 1of4 Bleades 1 -4 and

the way tplmtzauymmé&.e@rsub@aebta&rw/e@génhsw%hgﬂmampbﬁ plfle BBaNs limted to
this parti cuI ar. fan/ "%Et constructl on: The con dSguratlon and arrangenent of

bl ades 1 aNdAYRIUPHZELARLIFIRER i e YWAY &S BadsPridr 89RGt ructi ons and to
fans m}qugubmgmw 3ca¢teamver igdephasigedinatipitacadyriangb tiesign bbcapabi lity.

The bl ad -4 he| roar e t fan 0 wll now be
descri beg’.?a‘%lséd"e aTd he4w%§'f® {ﬁ'ﬁg 'beesg 3&5 Plo¥/f ﬁ%gefqﬁ?% YRV with a usef ul
bal ance hetamedmitedta ’sﬁsammlyaxdanﬂ:@tﬂ\mngnpsnhdrinmnméggucmmpamﬁness when t he

bl ades ao,ﬁr h er%%ﬁl b%tdgggd ‘(%%@? 3%%%{39&%9’“9&91333 p05| tion, together

wth a 2 tr encl osu IS Iarge enough to
provi de aongastionbany idifatueguiringetraniahi¢ bledes amuewmpam iightiag ar e i nt ended
to lig g:gére | ally above the translucent enclosure 12 when retracted. In
t he enbo nt”'shown and described herein, the enclosure. 12 has a di ameter
that is about TZObiages { et evbinglr BFPBoRTENt ibfarylight 10l nawbgi th its bl ades 1

425 exi@agpal BladRerok bifinicHagd % BRI RAighR Wi Abefty Convent i onal

ceiling fan or fan/light wthout retractable blades is t plcally smal | er
t han 39%b6fa“t3ﬁQQW?@F‘éF‘i‘Sfa‘i‘taﬂ‘eq“'e‘FmW%Peffﬂ@‘%cﬁd@mﬁﬁ@e?%‘?"@%’? tehe di anet er
of encl OW@S%anﬁesas@w&@g @V@trﬁtéd&lfameappusmd&etmm@rwnﬂal s to neet the

,[ ﬁgu:’?[rg?‘ e dgqrrﬁ%zr Qf?l{)@? Ws,lgcep engésure tIE that it large enoug%bto\é?ov(?dnecclaosur e 12, but
reasonably diffuse lighting effect. The blades 1 — 4 are intended to lie
sub’stantialiy ab.nve“the transiucent enclosure 12 when retracted. Inthe
embodiment shown and described herein, the enclosure 12 has a diameter
that is about 39% of the overall diameter. of fanllight 10 with its blades 1 —4

25 extended for operation. The diameter of the hub of a conventional ceiling fan
or fanﬂight without retractable biades is typically smalier than 39% of the
overall diameter over the blades. The larger the diameter of enclosure 12 for a
given overall diameter, the easier it is to meet the requirement of coi-npact |
folding, with biades 1 - 4 above enclosure 12, but the more difficult rt is to

30  provide satisfactory air moving performance at normal fan rotational speeds.
A range of from aboui 36% {0 about 42% for the above ratio is believed to be
poséihie by straightiorward adaptation of the blade shapes as described
hersin, bu‘g a figure in the region of 38% to 40% is preferred..



30 provide satisfactory air noving performance at normal fan rotational
speeds. A range of from about 36%to about 42% for the above ratio is
believed to be possible by straightforward adaptati on of the bl ade shapes
as described herein, but a figure in the region of 38%to 40%is preferred.
The geonetry of blades 1 -4 will be,described bel ow by reference to
quantities and sections defined |n ﬁl gures 10 and 11. In the schematic plan
vi ew of Figure 10, enclosure 12 is represent ed sinply by its circular outer

heral ed h hei t t ed
Bpos 1 ons, bl 05T RRESdep ok bk ARSI hy tdiGeBal ted 11 nee,
and bl adequantgiealesd sebimms definesdh iFigures a8 and 11t & ﬁepbhmadtrcppianti on. Blades 1
-4 are SUP@W@:&IMO' Qrf‘c'}lsb %quﬁr%ggnféﬁgﬁn?%%g‘e@ &lﬁp&gﬁr avted. within

sci m tar-shaped, orm so
t he encl ogﬁfweﬁ@ﬁfﬁgﬁéﬁﬁaﬁaé@ﬂge—%ﬁ?&r@ mnd otehipe irptheir rétnatted hown but

centred Opoghids, %@he 1Th%orarre§ aaéeﬁegh%% a%4d(ﬁre n’ﬁgh fa§® root ends
51 - 54 respectrve y gure es - retracted

posi ti on f*r'ﬁeavaéegwnmph Py 1 ld@é)lemaéé’%'@oﬂrlﬁgd%ﬂeé %’ﬁds) 61 - 64

respecti veuastadtraamdwr&ﬂréeauhtdahémdmetgeﬁéra@p scmaagﬁaaeer blgde 1inits
depl oyed gosr tion and ItEFm nunbers w th t postscrip b' ‘are for blade 1

inits refCHBEIEIATBSSIE R WiEB reiRded, W‘ﬁ"‘bﬁ‘ﬁ%ﬂﬁ%ﬂ@ﬁmwe&?*@dgﬁom ( by
arrow 7) 25aﬁ@taasuﬂagheh@@dmcaenMﬁnuse@rtré‘crm;amyﬁrhétpuro%ai& be under st ood

h t | ock d h
i o Fkase! TR L PP 6] SRR T SO R 4 ShPeSBRr o | m e

present dedarmidihitiesir fetrhcted positiSn the\siafets &, extered distidgsd to tpge def i ni ti ons
gi ven bel w of 1 t e bl ade" revjou uV\ade (Not e t hat
for count rre(‘:alg"onc Sgngge%rr45gﬁeccveqy )ﬁﬁg‘ Bﬁ“&ﬁ%@w ﬁhg PERSHEYe® 0#edBhosi t e hand to
bl ades 1 biAg!eaSn it diegl opecbrﬁcardme(hnﬁhm sarwhets|veitteths pbetadigtgbealge be its
concave ‘?badenl ,rheﬂsq 1%&%:&% gi ven one of blades 1 -4, the term "next

bl ade” ers to the ose pivot axis is 90 degrees in the rotation
directi on ( herRadex | ockalifardioht ﬁ@ﬁf& pleovgh (hytareow €) afrotatieggi ven bl ade, and

the term g RheWsOUBeR ka8 iom 8h6Ys 110 td BE LhhadeotReRvel Vgl axis is 90

. degrees in a counter-direction opposite to the rotatlon irection (i.
count er - cFUERGTECIMETSIPtatipD Aoyia sapplyorelble shesen: Reviigh e#setiade. Thus, |n

relation reanbbadﬂerleroémen%hrdtﬂ Erb§bi@|\nﬂﬁ=&a%tﬂ@ retseﬁt MLYibeys bl ade is
bl ade 4. The bl ade shape escr | éﬁv)’o;r eference to blade 1

for conveSi%h¥IEe ROYiaR eﬁ“ﬁdi‘c B‘F"é%&mf dsy *“QP'@S Q'HB%P &5 HEnt i cal .

20 “next blade” and “previous blade”. (Note that for ccunterfc!ockwrse rotation,
 the blades would be made of opposite hand to blades 1 ~ 4, as it is preferred
that each biade's isading edge be its concave ong.) ,
in relation to any given one of blades 1 — 4, the term “next blade” refers
~ to the blade whose pivot axis is 90 degreesf in the rotation direction (here
25  clockwise) from the pivol axis of the given blade, and the term “'previous.
blade" refers to the blade whose pirvo’{ axis is 80 degrees in a counter-
direction opposite 1o the rotation direction (i.e. counter-clockwise here) from
the pivot axis of the given blade. Thus, in relation to blade 1, the next blade is
blade 2 and t?ie previous blade is blade 4. The blade shape will be described
30 mainly by reference to blade 1 for convenience, noting that biades 1 — 4 are
substantiafly identical. | '
To show how blades 1 - 4 are arranged relafive 1o each other in nasting
fashion when retracted, it will be canvenient to use sectional views on radial
planes, i.e, planes that include the fan axis 15, Such a plan'e 42 is shown in



To show how blades 1 -4 are arranged relative to each other in nesting
fashi on when retracted, it will be convenient to use sectional views on
radi al planes, i e planes that include the fan axis 15. Such a plane 42 is
shown in 15 FigOe 10 and is showmn to be at an angle 9 (theta) to a
simlar plane 44 that includes bothtxis 15 and axis 21 of bl ade 1.

For discussion of the bl ade shape fromthe point of view of aerodynam c
characteristics when in the depl oyed position, it will be useful to

5consi der Figheed#0 grtisishwemttakert en asgiefeatiesa) toad siariler pighiadrhatal , coaxi al

wth fan Bhded ot 1ogal el 9l shalLns, radially spaced apart al ong a

bl ade. Arcs nunber ed 11 indicate such stations on bl ade 1.
Stations 1 ancFOfB&ﬂCQS&I@Sp%T@mthapeﬁamﬂﬂe(mfotrﬁg%f@mdofg?% of the overall

Fan radi Userbh fumé UhSR bl ol in RS EGR oSS!, F3H Bo LRbwMELN St i ons2

- 7 radla y. l(;gwspace et ween stat’l on Each of
bl ades® 1 corwngrp § SeR¥Isgakersen sigtpcae thas eravedindrica!, ceadiaieitbdarand oper ati ng

POS U1 ONsaxif19/arbthSaidd of fafdr B3y SRIRUPLALINS bhage Agghen 1ot ract ed

extends fromtheta = 0 _degrees to pr oximat degrees. The

angl e’ 168“‘5'%?’@% *?9*%%1%6\%@%?%@%@"8@ bigde 6\/\/5‘@1'805 1s8dgrees so as
to provi dgag d@lspélﬁwéiy\ﬂﬂm df|39%5§nd W%k{he‘-‘d%it fah rﬁ&ﬁk @sure peripheral

edge 26 n, bl with no nore than two of blades 1 -4
over | appl‘ﬂ% @3%‘gzo?tﬁé? eafﬂe B%P%’&Ffﬁ Mﬁtﬁ@’lﬁ‘l zadg§aQP§Yret racted. This is
|rrporI(antequasplaeeqbbemretehe;mmasalalndr&l ght of the group of blades 1 -4, when

retracted: to t hat 81 where at 20theta
= 180 degrees%a%ﬁgpsﬁbgé‘t B‘V%ta Ofgh %Bé\ﬁﬂg'?%“ﬁe%ﬁﬁﬁ%dﬁg theta = 180
degr ees. and epemgmtthS%em ams F guipes?t, 1apr§:sentdil\7a blagpriegent ati ve bl ade 1

has two 0 nd_portio nd a bl ade portion
82 whi hqjleﬁg%t%gte}ét%gaghgﬁléh%%s é? {%‘gg REFHV?/eg eripheral edge 26
of encl ogiﬁgée%fﬂeaﬁﬂfel‘@ﬁa@lgc@ﬁnanﬁl@@lnltg bstma:gsectot butftetivi,i 88t e ai r novenent.

Bl ade;porddopik82, ésstc%maeég%%ﬁ%%h&&@; {% éfpae%r&rq ot%gﬁe portion 80

which is pivotal* secured e preferred
enbodi merfterPhRi FdIs2Bohanfiagde. 1dp éeP‘QV%@Uhyit@ ngimefledhpmivo off or exanpl e by

i nj ecti orbléﬂasdt g dvBridpsisy badd @ndl Al GoinfhehitRd bizd8Raad end portion 80

conpri ses 84 that '|lies ahove and,
P e? agteg ﬁ\rs is :mportant in keeping the overail height of the group of blades

1 -4, when retracted, to a compactly small value. Note that if tip 81 where at
20 theta = 180 degrees, ali three of blades 1, 2 and 3 wouid overlap at theta =
180 degrees. ' a | .

'~ Ascanbe seen in Figures 1, 5 and 7, representétive blade 1 has two
distinct portions, namely a root~e_nd portion 80 and a blade portion 82 which in'
the operating position extends outwardly of peripheral edge 26 of enclosure

25 12 and is aerodynarnically shaped to facilitate air movement. Blade poftion 82
is supported cantilever-fashion from blade portion 80 which is pivotably
secured to blade support plate 14. in the preferred embodiment, pomons 80
and B2 are formed as a single part, for exampie by injection molding in a
suitabie plastrcs matenal

30 ~ Rootend pomon 80 comprises a piate 84 that lies above and,
approxlmateiy parailel to support plate upper surface 48, A hole 86 in plate 84
permits a stub shaft (not shown) fo pass through it and through to the
underside of support plate 14 to be secured thére 1o a planet gear (not shown)
of the blade synchroniiation mechanism as described previously. Root end -



approximately parallel to support plate upper surface 46. A hole 86 in
plate 84 permts a stub shaft (not shown) to pass through it and through to
t he underside of support plate 14 to be secured there to a planet gear (not
shown) of the bl ade synchroni zati on nmechani sm as descri bed previously. Root
‘end 16 portion 80 further conpri@ses a bl ade end plate formation 88 whose
function is to provide a suitably strong connecti on between portions 80 and
82 with blade portion 82 inclined at an angle of incidence to plate 84 (see
bel ow) . F@W@quﬁbhbwwssa@ta gadd gnd pigicalomsation 8 whose Bunction 8l anes 42) of

5 represeptpbyides Bhi §( ﬁﬁ‘@ectl act ends ag!ér‘ﬁ}eﬂhgﬁé aﬁb%?%thzbigﬁkd 4 in their

retracted positions, el ng correct val ue of
theta forPalidde? inclirradtianfangha sfancideros to Biate 8¢ dsssebelowthe right in sections

(a) to (I). |'Fsg@?&@§ﬁ&bé9@et@f’?@:%d%’i’@é&fohs@@to%%és%ﬁlapm with its

outer edge 90 at the sane lateral position on each c&z to facilitate
conpari sd'ﬁpfl?é?‘\?@@f? higde 1 @oddisingrtandpredious lgsies @ andekinrtBe@iral 1y just within

-~ but is C|i@ﬁ@ﬁé@p&&l’@)r@nééﬁﬁs@&wﬁ%lr@h%%%ﬂgﬂs%@né&%l@'&%thn Figure 12).

Secti ons ( ure 12 show how portion 80 of blade 1 transitions
to the. cfgﬁ%if’"%ee@ﬁ%‘a'fﬁ?’?f @’f‘?@ JEYeasEio &3 gl ip aectioas iwde (kden in Figure

10, outereaedgect% bztad@@up;mﬂp&%mesbﬁb@are&tenmbtef@déé gdatthei s very close
toamrclargci iﬁt?t nea]ir)the fo?%a 5 t hat acbelng centred on
fan axis S5 WAGH BPEHE" nieach 8pa R ag i cem "f"l’ﬁf npenes ey ery close to the
radi ug ofseetrm'lso§utee epge Pplies addiatygest 26thirt butAc closditdfhe\enolskare edge 94 of

portion F‘e'g"%’%%*d”i’?é“‘@f’a@'e@y%g )éactly the sane radius as the outer

edges of revi ous except 20near tip 51, as shown
in secti ons (B}BCHQ@S(W)iOdt)ﬁﬁ;wre 12Zhow how porﬁogﬁﬂ@fbﬁdand sections (a) to

(f) of Fi; g@og%qgg%ﬁih@ergégwr@é{ﬁﬁ%@ﬁ&g soverlies representative blade 1
g

bet ween t rees and sli esS than theta = 90 degrees, but
Wi t hout cont aés cg@ ft gende Sigraig, Wiemgﬁe%oﬁmtmﬁﬁ@o degrees and

thet &5= 1BHredEUERRDIAREE VI o) tJ; 8 cmsgﬁé}b@i@e& Hebf flef rerth‘erdl | es next

bl ade 2, wi thout contact between bl ades gure 13 is a graph

showi ng tRE nBFGRELHE T3S Utfge ais 1§rlﬂ‘%lﬁ‘é?’e édﬁ@t@ﬁeﬁfafﬁdepr esentative
bl ade 1 afaomg maﬁser@ry%@a‘ toSHO RRYits ﬁ@icﬁ»s&n‘b @&pﬁeﬁéﬂ@@éé?@ of angle theta.
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‘same radius as the outer edges of next and previous biades 2 and 4, except
20 near tip 61, as shown in sections (d} fo (1) of Figure 12. |
Figure 10 and sections (a) to (f) of Figure 12 show that previous blade
4 overlies representative blade 1 between theta = 0 degrees and slightly less
than theta = 90 degrees, but without contact between blades 1 and 4,
~ Between theta = 90 degreés and theta = 165 degrees (sections (g) to (I})
25  blade 1 itself overiies next blade 2, without contact between blades 1 and 2.
Figure 13 is 2 graph showing the heights of inner edge 92 and euter
edge 94 of representattvé blade 1 above surféce 48 of support plate 14 as &
function of angle theta. Inner edge 92 is higher than outer edge 94 for a given
value of theta; consisiently with blade 1 having an angle of incidence to the
) horiiontaﬁ 50 as to move air downward when deployed (see betow) Absolute
height. flgures are used in Figure 13, for a fanfiight 10 havmg an overall swept
diameter with blades 1 — 4 depioyed of 1200mm:.
Figure 14 is & graph showing the radial distance between inner edge
92 and outer edge 84 of representative blade 1 when in its retracied posifion



30 horizontal so as to nove air downward when depl oyed (see bel ow).

Absol ute height figures are used in Figure 13, for a fan/light 10 having an
overall swept dianmeter with blades 1 - 4 depl oyed of 1200mMm Fi gure
14 is a graph show ng the radial daﬁtance bet ween i nner edge 92 and outer
edge 94 of representative blade 1 eninits retracted position 17 as a
function of angle theta. Absolute radial distances are used in Figure 13,

for a fan/li %_lt 10 having an overall swept dianeter with blades 1.- 4
depl oyed @4 pghme’ anele Bty AvpavindafiatditENpes AtSUTRdn Rurdédn ext ended to

the dat a ¢goj fétn_itfgﬂhé ﬂﬁ%iﬁgén%@émﬂ%%gﬁﬁa%%@uﬁ& hiBa@ds PRigdepisyeaf f ected by
roundi ng 50of tip 61 ure 15 is show ngrst he 'sane data as

61. Fi gur. . a graph
Fi gure 13 1BBRMRoUNE GHMVE hetyeenialg #eints bag g?trpqqqeqxﬁer}dg @818 ve peri pheral
angl e (t hri@poiROBE tHefs 16T IR gidRk Hedhtse thit paiRts a#bBitedahy roisRihd Or i nner and
out er edgc§§, %ﬁ and 94 respectively in Figure 15, because the iInner edge of
a bl ade i€ "l eading 10 edge and the outer edge is its trailing edge,
vvhgnzi n the dE@jue?'eﬂ ispﬁa'tdﬂhwfhmgmgttﬁe thak dé:—zgwabﬁyﬂl@e p'B,VEBIg ngWﬁSr 21, 23, 228
and 24 ar ngl.es, theta o deqgr ees eqree 1 rees an 7
degr ees, aﬁ@?%@?{ag\)& ?/'.'n'?he” resﬁcé'ﬁ?g? F%’E%f%' ﬂ”@ﬁ%ﬁﬁ%“ﬁf F??‘Wrig% how bl ades 1
-4 in thanifials &t ¥ ertdeTEP ass tsenifer thnersdrid audepadddsy?a argk®sher Wit hout any two
bl ades ¢ ct.i ng. h . : e 1 ar r angenent
shown carlSeh g e 6le B Bevilsy he M REoRRE0 2 PP dihabing o 21
i 11 usltor atesige layd the oelgg eddgreisdattailing eBpguwiesn it3hadépsed pegiti@sent at i ve bl ade
1 rises i J I 5r 27 = mees) to a point
(at about%\I rgt%%g{t%%_:é %igg%ggr&e%se)\é%v?hg?e% %r?dn%i%r%%&?rr@ée's t331‘?1%%(\:*Ioear t he next

bl ade 20 degraaswed eegrephstildrostescist 4 Ldemesre i¥@ard at the sane rate

towards its. tjpyade2 bl @dgqdnceifed@sid Aok ibiRie8 MY RigBRIrrefSctsfiown by the
| eveling of f, and then decreasing of t “inner edge 92 with

f the height of
i ncr easi MystiRgs :é{\.esﬁgmvgﬁp@f:?sa%@w@hrﬂtmq’%wghﬁ%@%&?ércama%a 96 (Figure 12)
abovejssupagrt 1t Bh@bserd foudl thtehdsRaPleRlsREOS clnaleh giien retracted. The
maxi num val.qfe of hei %h.t 96rf25 occurs for representative blade 1 at about
theta = FOBSREPRERUETOVING PEIPIMEHCE e noted in Figure 13 and 15 that, after
remai ni ng appaexXivsated\byeha stigateibiet e Ciguadsotd abde8 aeprelBnidtigr ees and theta

7oA UL S SRR S FETRRAS R0 oA e -
f rom t he {8 atgiot thetaot BOsiegrees] where it must overlap and clear the next biade
206 2. However, instead of continuing further upward at the same rate towards its
tip 61, blade 1 ceéses to rise ariy higher, as shown by the leveling off and
then decreasing of the height of inner edge 92 with increasing theta. This
arrangement limits the overall height 96 (Figure 12) above support plate 14 of
the group of blades 1 -4 when retracted. The maximum value of height 86
25 oceurs for represéntative blade 1 at about theta = 105 degrees.
1t will be noted in Figure 13 and 15 that, afier remaining approximately
constant between about theta = 90 degrees and theig = 120 degrees, outer
- edge height 84 increases again beyond about theta = 120 degrees. As can be
seen from sections (j} to (1) in Figure 12, and from the slight protrusion of '
30 blade 1 shown in Figure 4, this optional feature meanstﬁat some slight
sacrifice of compactness in the blade nesting arangement is incurred
{although without any increase in overall height 96}, it is believed to be

aerodynamioafiy desira_bl&, as set out later herein, and so is preferred.



30 blade 1 shown in Figure 4, this optional feature neans that sone slight
sacrifice of conpactness in the blade nesting arrangenent is incurred

(al though wi thout any increase in overall height 96), it is believed to be
aerodynam cal ly desirable, as set out later herein, and so is preferred.

18 Figure 13 can be interpret®ed as a partial picture of blade 1 as
it would appear if projected on an imaginary cylindrical surface coaxi al
with fan axis,_ with that surface then being laid flat. It is apparent that
blade 1 in suEiguee bt eanbe nterpeied asa sagal Pickis gl blade 4rpsdi weyldft wing with a

particul g p&@rrlfrmjec@aadrvarngnaa rkh@@&;aﬂndnéalwﬁréae EdBdid) Qvithi h alBCT €asi ng
di st ance romits root end certaln BOI nt risi ng no further or at

a | esser itk Batt%\ﬁgéf;%g’ei”tt%e“ﬂ 'B'déﬁ’él s apparent thef BigPe 118 SulbRs that the i nner
edge hei gi‘dturazesémwxe@b@wmr@t oY &n blradﬁmﬂngmmmrdamrfmhhaﬂ the | eading'

d ight of it f f.th th bout 150
deor eco, VA hral Py AP bt 8RRRe SRE IS b FOERBr o 12 It docs
not mdaanlﬂtohaa_ dtce:lmaxfa@ginsnﬁo@haﬁmrtrtmebmamlebéada’& tbwairdk |ﬂsttt;eeli’m3e ¥L he redgct: ?)n
n radial wi e ian ade 1 is radia
Iout wgrd of thehif:g rre"e1l,'=,5[|;)lg1 r?lggtz m"e ‘%ﬁe%e qﬁge‘zd&emgres%ﬁtag‘&edl tion to foldi né
neat | y, ' tbirsiebl beheeneb. lowdr thasthaiaacﬁngeﬁged%hmﬁm neghsladalfyr ef ficiently
e e Py Rl Gl B AROUE PRAXLS TR oind DEori 3RS of bl ades 1
p &Cussad

-4 as the ect r novenmne he"arcs in Figure 11
t hat &re (Wmmdr)@ﬁmure 8. rlw@smhmeanm tiesfre dphoedectdeawesrciyibiiesdr i cal

sur f aces 1Gagey ca%é%eaeéaﬁctgn% féh%@ﬂatﬂ'gmlaaeameaﬁ%ai inné} t hough t he

downmi vard air -flow throu not 1 n general be precisely

axi al (i .esge fachplage 1t’%’%@“§°ﬂ§da péthetorerperding edge ohbiadr B surfaces, a

reasonabl e 20 wgitlop tQ'fc%@uHé %Qﬂlya% zﬁ@@a&eq La .ﬁustrrﬁ&ﬁar £Pa&whRakibe
intersections with the cylindrical surf representative blade 1

when in ieasogaly sYisienyp ¥inen dgployed and ‘Oluit‘”ﬁsabéﬂ“@;f?n@’ﬁﬂ%lﬁoﬁh? he foll ow ng

di stcusSI @napés,l @fftﬁade];%pl{-ﬁﬂ%atﬂ&’éiy Miécb%nﬁ&?ﬁér?mililnbw&&@ﬁ;&)égd to gake o

menti on val ues..o e the was S ve i.n describin
Ta geondiPyHET ke TR THEPGoRd 1 A S PSET 5ol CHERRBRERBR posi L1 on |
al onght h&yﬁﬁriﬁaitsﬂﬁaséwﬁEﬂIQDMﬂeX!i 15Iamd|¥aa§;ahl@dabedtdperteﬁxitt$m@homl 3 o

non- physi { e u a on
axis 15, ﬂgnélo"? %]ﬁ\ﬁir%w{)tp% gln armsg%g%%y\ﬁ%% égﬁgr%; '?eé'r‘%ﬁ%fy ﬁ’% degrees from
axis 15 amlmmiihbtomx&d@)pnd@meraﬁorescczbm ofT mechvalitasesf a ryopabiet a 30

corr oRPoRid alsBuds NANE LtlAL bgfﬁg@%semng%ﬁg%eﬁm@mh% can be found

using th emati c plan Vview ure constructing firstly a line
j 0i ni ng pyindricalGurieees he Bf@a@'mre@entﬁwqdfé%qe\ owhandn Bedemlersd a |ine 102

j oi ni ng @ggm&n 101 and paSSI ng through axes 21, 15 and 23. Theta is the
angl e between thes 16 shows cross sectional

views of bl adé 'Slai§%k@ﬁf%i‘i‘ @ﬁ@?’@&"”ﬁ&ﬁc@%@“ Pf%ﬁ’:r@p‘fﬂﬁ?m@ﬁ% bigfe tangent to

the cyli nditeiat isHeblopee s &Ek@h%tt@ﬂ@f\iblde@ B ihe M6 Cheld Erat@se |
approxi mations to the shﬁes of the c mdr;gga_t surfac of intersection
degerdl

bet ween $E8F PBAE | T POy WhEnJTelRE lﬁt??fc’@se {#d appear if laid
flat. Inrﬁd@@ufe&ﬁft;ﬂoemsn@fongltlgwmmkﬁr-sfmpadeiaﬁerm\hes;guregmt th@relueft so the

| eadi ng edge 92 a r SItIOI’l Although
trailing g%‘a%asﬁm"pg'yfi‘f’acp&ﬁ]{g'g?ﬁ@?% @’?""r"a EWEP Pwé g gews in Figure
16 are sonpos 19, andthadt habntihalet v mdlepingeckdgﬁ;ﬂabadb)m 40 gegreeoNs i s

TR B T B Py 07 e 17 2 o
30 comesponding to a particuiar feature on deployed blade 1 can be found using

the schematic plan view of Figure 11 by constructing firstly a line joining point
101 to the feature in question and secondly a line 102 joining point 101 and
passing through axes 21, 15 and 23. Theia is the angle between these two
lines.



hori zontal of representative blade 1 at stations 2 to 8, the neaning of

al pha being illustrated in the section for station 7 in Figure 16. The

val ues of alpha plotted in Figure 17 are not taken fromthe approxinate
sections of Figure 16, but are estimates of the values that woul d be
obtained in the manner shown if 15tke sections of Figure 16 were |aid-flat
devel opnents of the true surfaces of intersection between the cylindrical
surfaces nunbered 2 to 8 and bl ade 1. ure 18 is a graph show ng
val ues of t heFiguR 1@ v ¢psesediosekiiews ﬁ%@aﬁeéga@nr%@wdsﬂ&n | eadi ng edge

92 to trakdd. P@ul%d t%kr@f&nﬁéﬁﬂ@tﬂeé‘»}lznﬁﬂbélfsﬁff‘é@é‘st6f%’9ﬁ|o%t1hot8he cylindrical

surf aces nunbere e chord values 20 are not taken fromthe
appr oxi net'E58 88 FiesRarroRnglivas tbdhe shapes ¢ tha cyindiieal syrfagaredlfval ues t hat

woul d be igbtsich®fbdtiveth atitntel &8 hag efkdaf1, laBttﬁés%%iHa@@s%m&een bl ade 1 and

the cylindrical S nunbered 1 to alned andlaldflat It
has béen PREA" {aﬁgfiatal E?ET P“i@gﬁp’c"ﬁa lﬁgé’& 11”‘01{95?155?/“ 19 '4"h&°25 geonetry
shown doeise rmmmgaadge @&assdmabzlng @i@%l%faﬁfpﬁﬁﬁrbwedj%mdvm tdnpoggpar at i vel y
| ar ge rat, er sur%ﬁ%%‘j the ver aI di anet er swept

by he adinBgSTe R e B iR RRLOBRRIY 2t B R RS (B A o vi ew of
t he bl ad@ss poSitneeditiay thetitadinglegige $41in ol stbifanstis serticalywaigasdit( and t hensel ves

30experi NGR.A c%%ﬁaﬁ%%%%%ﬁgﬁcu ve lifting force) as they rotate. The

ef fecti veness I's (for a given speed of rotation) is
bel i d0ed t o bEigdepEhdergraphshewing @i, (o), tike apglofobinkideppetathess sect i onal

shape. | ke Roddhdie Hiold 7 afkidtond 8 as't&im(eaﬁ;hggf gpake its chord as

measured from | eadi n to trai buti on of these

al ong th@emga&@t@tadéﬁ@’ﬁﬁe(c@mfgr séermnr&@ Fsmagé ashewaines af gpkm vi ew.

As seen lprbﬁtebern ﬂg@sesfﬁ@.@tdo@f@(eeffrJnemeaaﬁaéﬁﬁxbtéeselat;&%eoflp@&}eﬁlegure 16,
bl ades 1 have an aer of oi | %pe cross-sectional shape, belng canbered so
r

5 t hat bph@ierea‘ﬁmﬂé%s  fec@liugseingbeuld deahdpingrtinthe prasnef shar Br e convex.
Thei nsl eaﬁh BaHtieHY BEFigee 1leaaabmﬂde|@g@e%mﬁeﬁt§mm&@@kmgeéabﬁde 1) are

[oundod ek d el b1t ez { SReadheRd ol CopLeTEpLat o bl ade 1) are
sections, RepFrgSﬁan'[BailSIavgiadﬂ‘li ajﬁkﬂmﬂzg has:mp@strteltm droed (ienﬁetdmet he horizontal
when deplirau= PREhElaB Rt e S25 SR AR ER bt % and this ie
bel i evedirttersbeticonavithdb: oyimﬂmaitssrfaws mmivmgd peiof&plimankmd véhies positive
A8 Brd RS O Sk PR, b SRR 1000,
consequeffie values thaT would be obtained If the frue surfaces of intersection between
blade 1 and the cylindrical surfaces numbered 1 to 8§ were obtained and laid
fiat. : ‘
"It has been found that fan/light 10 with blades 1 — 4 having the
25  geometry shown does move air reasonably satisfactorily despite the
comparatively large ratio of the diameter of enclosure 12 fo the overall
' diameter swept by the deployed biades 1 — 4 and the scimitar-ltke shépe (in
pian view} of the blades. ‘ :
, | Generally, the blades 1 — 4 thrust air downward (and themselves
30 experience a comesponding reactive lifting force) as they rotate. The
effectiveness of a blade in this (for a given speed of rotation)'is, believed o be
dependent on, at ieast, its aerofoil-type cross sectional shape, its incidence to
the horizontal, its size {for exémpie its chord as measured from leading edge



15di stribution of air noving effect) along the length of a blade should be
generally snoothly varying and in particular that there should be no strong
concentration of the effect close to the outer (tip) end. Such a
concentration is thought to produce a tendency for high. pressure air bel ow
the tip area to |leak"” upward over t¥e tip end (61 in representative bl ade
1) to the area 20above the tip area, nerely agitating the air locally (and
wasting p DT Moo L . ovi-ng. it bodi | ward.. Therefore, the

i st r1 but Rl Piedrnh BhTEY et BBHa e PROENTEM EFRERERE®: it he
peak bl adiés shepiscdereendf plbodsw.20 degrees is at about the radius of station
3 (see Figure ) R epsi ius to about 10
degrees at sta'l'%sﬂ%)er?z?1 gﬂ E‘S% a%?%%Ctgﬁgé?%g)r?{?sé'\&%ﬁgs%&gr{;ﬁ‘a%%f%%é mately to theta
= 60 degr bledes 1 Frehdvecirdaerotitdyrst srodrusddnnginbwapai beifg gamberdd sios due in part

0o\ es OPirapiah RS BER 89 BhodierblAde bEabiasedandexaag about i heta -

120 degrees that was di scussed above. ) sl1g y nore conpact

nesting ofapng@eses (eadepding engelpl errasentative hirsire sira (punded end

i ncor por aﬁw@ﬁﬁfa’ilih?@@@és %Qg @@@esaaraftr@preee.hgm%fm_saéh) b éhla?% bl ades' performance
e

due to its effect on t i nci dence di stribution achieved. A further
way to i nPrOERbe diades |’ ¢ 2 BTGP SRvarergetatrePiRd&eFtionBy control of its

wi dth (chord) Ripséddritathie®hde f hasoditiRINGSS 2 1BAhdhbidonth aiRds bl ade of
const ant W dtrrn)e?%gn tis Iengqtch (for exangl e for ‘all +values of the theta)
21 defY oy BePaIberabactalel rRstr el pRE ES PYOL end WhereHThen 48P0t of fect of 1 he
sci m ';ﬁa_r ﬁb@p@erymgyldﬂche_uiterﬁﬁptﬁé}@lr] édwl@md@hgrtﬁis ;eas%lrmasttlrgﬂgh@hp hﬁ )
circunfergntial. direction wth the_hl ade. depl oye u highest at the
bl e t 1 pERRG s ERin heAplTaie®: FE BRSHVE D dente R ETeBfire of foct and <o
5limt thipat eadde rEcapracerddmtherdecédrendrhisered fitin Migeéfiéct. at the tip and root
ends, bl ades 1 .-4. of. Y Wo | rLri igure 14, the

bl ade wi dth ai"’ :gé%&ﬁfgﬁ%@%tgﬁre\}ﬁ%&ﬁé Iﬁ@ﬁigsﬁebgl%lgg{%ﬁlgggﬁ%c{uﬁgfa = 90 degrees
and ptogrdsisbviinoiméduedsy ebwdralena the lengih ohd bisie shouidriepr esent at i ve bl ade

1). As ., &l sﬁ%i% Dadyl UJSn% i&r%artitznlgr' fhat thaPe dRGIEBS n‘ﬁce},"trgﬁgr’onds

approximately to 10 statio I's reduction serves t pur poses of

conpact nE¥CERRten of e Bifasteiossindhe cetar 4 &nd( ychip senessdatiabisve) and
obt ai ni NgmbhightdeBHdeaee BltastRnky tdr nilinsdrkbdlit bPBelow the tip area to
“ieak" upward over the tip end (61 in representative blade 1) o the area
20 above the fip area, meréiy agitating the air locally (and wasting power) rather
' than moving it bodily downward. Therefore, the‘ distributien of incidence aﬁgle
alpha shown in Figure 17 shows that the peak blade incidence of about 20
degrees is at about the radius of station 3 (s&é Figure 11} and smoaothly
decreases with increasing radius to about 10 degrees at stafion 8. (Station 3
25 | corresponds very approximately to theta = 60 degrees.)
- -The incidence distribution shown in Figure 17 is due in part {o the
optional upsweeping of the blade trailing edge beyond about theta = 120
degrees that was discussed above. Although a siighﬂy more cbmpact nesting'
of blades 1 — 4 is achievabte if this upsweeping is not incorporated, it does
30 appearicbe 'baneﬁcial to the blades' performance due to its effect op the
incidence distribution achieved, | o
A further wéy fo influence the lift distribution along the blade is by
control of its width {chord) distribution. If one imagines a scimitar shaped
blade of constant width along its length (for example for all vaiues of the theta) -



Figure 18 shows the blade chord increasing froma mnimumin the region of
stations 2 and 3 before falling away at station 8 due to tip rounding.
15However, the rate of increase in chord with radius is less than it would
be if the blade width did not vary with angle theta in the way descri bed
herein. See also Figure 16, where the alignment-of the sections nunbered 1
to 8 on the page allows the distribution of chord with radius to be seen.
As nmentioned above the blades may be made conveniently by injection 20.

mol di ng ime;swemabm spbﬁshdwmsfoﬁataeéé; aLs4 infEigHeObt, lasdrienesfai s a desired

feature o n h e invention, one way of enhancing this
is to pro%ﬁ"&ga'/ g Rﬁf?éﬂﬁg%{?@w’%é’ﬁ - IRP S AsBsr ent or at | east

t ransl uceatcunﬂefeniraldire&ﬂmmmemewraeielcmph@rledﬂveddtbm rb@hesmaem‘el ve in itself.

Al t hough [ t CI‘I bed herein 25

provi des #’gge s% %ﬂg@&%}% g%@i%@%&wﬁg %%ﬁgfquh' T ades, the
describediirslﬁtiMQQ'dqmylw p@mnbatetth@iiﬂﬁhadﬁsctatmesmanmrmiteatis ght saggi ng of
one bl adepggeas_ t4oa@mt%ﬁo%tmﬁéth RY 63T h‘ér bt oY 1t Wil

be noted In Figure 12 that secti ona ew I est
cl ear anc e2HREaRHR Rl e is giawtest ababrst thask a9 @grsa‘@e@ch on (9g),

cor r espongtoRfkskifell Rediftes t@-@au@gtr@qﬁy"&ﬁﬁ(m -F&' r%pl’e%eE{bQNQ B{ad%ol yDgs @ suitable

position for mnifmum cl earance and first contac etween bl ades 1
and 2 to GECRE saen infgye 37 ﬁéﬁaodgwegs'm%esmmﬁ@appmmnats@tObl ade 1 shoul d

sag sid ghithton & tThisSrelitB Heridaahe auéi‘?furp%éégo@eﬂﬁ@‘é&t r@%hmfemh@ ades 1 and 2,
t he tendenc o further s?ﬁqg nq(_:;Eﬁ é imted and the nonent arm about
axis 21 of'@ é??y when reliagieddd digcinged g O‘fﬂ)é'(ﬁ‘g 0%“@85‘3%%5'19@5@3@%% for
contact beftaigeButidnp 61 of blade 1 and the underlying blade 2, thus,

limting the 55| Lt f ure of blade 1 to de on fan startup.
The possi bi i ty7*6F qﬁﬁﬁa‘ﬁ%f}ﬁ@?‘sea?@f‘ém&ﬁsm RN PIRIAY §6¥tief1at they may 5
sag over regive afétaﬁons 2sedp befae fattgrevdyhatstathe &)Hﬁ@l&ﬁt:pf\hﬁmding use may flex
upwar gl y-t heir tin.  This.. Ileved tageously dire
ct ai ?3 sl ?&&?{93' tbr%?éetegmr&/ﬁ‘%ggin %hs{)%\gflﬂﬁa}gd’ug 'Sw%ﬁ%ﬁ’ ﬁ%e?p t he bl ades
wer e ri gitbe blade widiilshd petrvercwitaangi s Ufthterv@ytdmsbe&bmem &eer section 9

ot encl OSHESrigules1 Ry Qeﬁ?éaéﬁﬁnﬁ@ﬁ]d?mé's&‘?iﬁﬁé%ﬁxb@%h? B/FBadehape that s

not of the circul ar as . shown I'n rgures 1 to 7 could
be used a%agér?”é!”{;éi?%@ﬁrvéﬁfﬁ\e@t@’i@ﬁ‘@ﬂ”t*fﬂ@il@em be seen. A further invention will

now be di scl oa»@dnadfﬁnéa%w@thé%mesme@%é Raas cgﬁ\?é}ﬁérhﬁq) ha{,eéé.dd ellain his

aforenmenti oned PCT application, the "sun gear” may conprise Si ngI e menber

to \/\/ﬂ?fb h 'P%Wﬁé’&is%'%ﬁ@gﬁcﬁr"@atgwﬁrﬁﬁﬁ’mmi’ge@?@déglpéﬁmmiﬁm?he "pl anet
gears", i¢iSagifhtOhcadrding R BEen@AREn, ohBivay of enhancing this is to provide

that the btades be formed from a transparent or at least transtucent material.
This feature is believed to be inventive in itself. -
‘ Although the blade stowage arrangement and method described herein
25  provides for stowage of the blades without contact between blades, the
 described stowage positions of the blades are such that slight sagging of one
blade so as to contact another may not cause failure to deploy. it will be noted
in Figure 12 that the sectional view showing the smaliest clearance between
blade 1 and i‘c_é next blade 2 is section (g), corresponding to theta = 80
30 degreses. This is thought to be a suitable position for minimum clearance and
so for first contact between blades 1 and 2 to ocour If after a period of
stowage without fan use, biade 1 should sag slightly. It is thought that after
such contact between blades 1 and 2, the tendency to further sagging would
be limited and the moment am about axis 21 of any friction forcé due to blade



possibility, which it has been found can reduce manufacturing costs arises
because suitable sun and pl anet gear proportions can be chosen which do not
require the sun gear to rotate far enough during depl oynent and retraction
for any one tooth thereof to encounter nore than one planet gear. 201t w ||
be readily apparent to persons skilled in the art that nmany ot her

vari ations and choices can be made to the .fan/light described above w t hout

exceedi ng f i i Safdy THE CLAI M5
DEFI NI NG %h PR ERP Rl et el 3 ST efldEth andh L‘%:“é‘:gf%ﬁﬁ fan and Ii ght
fitting h&Adeg. ys mdiPgtye pessiiity of atdyre W@ fhto depidy oh fate i s pivotally

nount ed SQtA®ip to be pivotable about an upright pi vot axis of 5 the blade

bet ween a stomed position and a depl oyed position; each bl ade when in
its stowed posi bt BeFigiy ofpladenthat %fﬁé‘@i”?ﬁaé%f“ﬂ%hﬁ*s(sprﬂéﬁht%ﬁv WPYi ght fan

rotati en axg %y@ﬁﬁn@@@bﬂis%d} h&Btmédﬁstthétgh@erabe rRdn D3 maR rakr  Movi ng
portion that | ade extends beyond said

in the i.tion of the
speci fiedY p\ga[t{}ggowg t?‘&’;{é dgdﬁh’? §a’b5|'?et|’%{’lel"?‘?§mﬁ‘f§%$@”§i¥dj"§r uat e when
seen in pbarangnt@\m@acbumandwsmessammﬁlytmm ifedd Bladss wetdyidid sai d
bartial by over | TRBSUAIE Hiest e RcBrl Pier sraRad PP B set oved.
posi tion; bg harrmztrsrthsedylpmsshlatane( Hyérhalsaa;ﬁ that Gurot of theadidulal ades equal |y
space ab S n al [ Y ortion of each
bl adeqﬁ gHép(?oﬁ avé%l SE%&%H 8'% Fzéﬂrﬁgd1i%nv X trea?jl 5 s%é]%&& v@hgn operating
t o dir ect aastheliostris: dl vy and Wnen viewed in plan; (c) . the | eadi ng edge of

each bl ade is ke vBAior Incwﬂéalgaose%gﬁasan%fsea&h hodfPVi ng portion

has a cross- sectlonal 8 ng an ‘upper ge an PSwer edge
wher ei n t Heswigpe by ddipdaimob @fwsmaniianedd3C papelicaiion tthe E!Ltﬁ\/mfedge 20i ncl udes

a Concavew&%rcbmpfr@éa(‘sﬁ@én%ﬁﬁ}e'r Rﬂuﬁi@h ﬁ%tﬁ%@%‘qméh@a@&&'reﬂo@ne whi ch
i ncl udes thé fan rotatlon axi s and ades are in their stowed
posi t i!éns enggaement with the “planet gears”, :nstead of a complete gear. This

possibility, which it has been found can reduce manufacturing costs arises -
because suitable sun and planat geér proportions can be chosen which do not
require the sun gear to rotata far enough during depioyment and retraction for
. any one tooth thereof to encounter more than one planet gear.
20 ft will be readily apparerst to persons skilled in the art that many other
variations and choices can be made to the fanflight described above without

axceeding the scope of the invention as sta{ed.



(e) each bl ade between its pivot axis and its tip end subtends an angl e of

about 160 to 170" at the fan rotation axis, mher&@g Fpe bl ades are:
conpactly nested in their stowed positions and have gooé"air 25 novi ng
per formance when operating in their depl oyed positions. A conbi ned

ceiling fan and light fitting as clainmed in claiml wherein each blade in
its stowed position lies within a space bounded by: (a) an inner _
cylindrical surface coaxial with said fan rotation axis and touchi ng 30an

i nner edge of said blade portion; (b)san outer cylindrical surface coaxial-
with said fan rotation axis and touching MCSLLP 24 an outer edge of said
bl ade portion; (c) a first radial plane containing said fan rotation axis
and sai d bl ade pivot axis; and (d) a second radial plane containing said
fan rotati ofHaEXILSINENPERTKRENG THILRIVESTI@NARE SOfOLLB® Sl ade, so t hat
associated wth every point on said blade portion is an angle theta being
an angl e between said first radial plane and a radial ,plane containing the
fan rotati onhaxi‘scoubigedicrities fypinatieht Bifep having apluralitngf fam Plpien wheeirk i nuous secti on.
of the bl ade poreidh8fdetiNaordily BuRRLWRARLSMLE hiositan 3fght JOusgegnd radi al

pl anes, s |q{|gn§;~ed%5 ncreases |$ hei ght above a datum height with
increasing.}ﬂﬁ FePeVEE & SORRDIONEE 88 PR APRR%nd ight fitting as claimed in
claim1l or 2 whesckibindd hven in its stowed position fes within a specified radius from an

upright fan rotation axis and above a light fitting portion and has an air moving portion that
in the deployad position of the blade extends beyond said specified radius; and
each blade is generally elongate and arcuate when seen in plan view and in its
10 stowed position extends within sald specified radivs between its pivot axis and a tp end of
the blade and partially overlies a neighbouring cne of the blades in its own stowed
posttion; '
chargcterised in that:
{8} there are four of said biades equaily spaced about said fan rotation axis,
15 (by  the air moving portion of each blade has a concave leading edge and convex
trailing edge, when operating to direct air downwardly and when viewed in plan;
(¢)  the leading edge of each blade is higher than its trailing edge;
(b each alr moving portion has z cross-sectional shape including an upper sdge
and a lower edge wherein the upper edge includes a convex part and the lower edge
20 includes a concave part, the cross-section being taken in a radial piane which
includes the fan rotation axis and when the blades are in their stowed positions; and
(e} each biade between its pivot axis and its tip end subtends an angle of about
160° to 170° at the fan rotation axis,
whereby the blades are compactly nested in their stowed positions and have good air

25  moving performance when operating in their depioyed positions,

2. A combined ceiling fan and light fifting as claimed in claim | wherein each biade
irt its stowed position lies within & space bounded by
{#)  an inner cylindrical surface coaxial with said fan rotation axis and touching
30 an inner edge of said blade portion;

(%  an outer cylindrical surface coaxial with said fan rotation axis and touching



| eadi ng edge of each blade is stepped upwardly at a | ocation adjacent to
its pivot axis. 15 4. A conbined ceiling fan and }jeghtpfitting as clai nmed
inclaiml, 2 or 3 wherein, when the blades are in their stowed positions,
t he concave part of each blade is adjacent to the convex part of its

nei ghbouring bl ade, in cross-section in radial planes which include the fan
rotation axis. 20 5. A conbined ceiling fan and light fitting as clained
in any preceding claimwherein theupper and | ower edges are convex and

concave respectively fromthe | eading edge to the trailing edge for each
bl ade, 25 ' _

en cuter edgp of said blads portion;
(¢} = first radia) plane coniaining said fan rotation axis and said blade pivot
axis; and
{d)  asecond radial plane containing said fen rotation axis and that touches a tip
g of the blade,
so that agsooiated with svery point on said blade portion is an angle theta being an
_angle between said first radial plane and & radial plane contairing the fan rotation axis and
that point; and
within 2 continuous section of the biade portion that Hes between said first and
10 second radial planes, said inner edge increases in height above a datum height with

increasing.theta,

3. A combined ceiling fan and light fitting as claimed i claim 1 or 2 wherein the

leading sdge of each biade is stepped upwardly at & location adjacent to its pivot axis.

4, A combined cefling fan and iight fiting as claimed in claim 1, 2 or 3 wherein,
when the biades are in their stowed positions, the concave part of each blade is adjacent to
the convex part of its neighbouring blade, in cross-section in radial pianes which inelude
the fan rotation axis.

20

| 5, A combined ceiling fan and light fitting as claimed in any preceding claim wherein
the upper and lower edges are convex and concave respectively from the leading edge 10

the trailing edge for each biade,

25



