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COMBINED CEILING FAN AND LIGHT FITTING

TECHNICAL FIELD
~ The invention described herein rejates to a combined light fitting and
ceiling fan having blades that are compactly folded when the fan is not m use

and that move outwardly when the fan'is started. More partlcularly the

mventxon relates to xmproved fan biades for such an apphanc:e
BACKGROUND ART '

Ceiling fans have long been reooghi'zed and used as an inexpensive
way to provide movement of air. witﬁin rooms of buildings. They can be simple .
to use and install, safe, and inexpensive to buy and run when oompared'to

" such alternatives as for exampie refrigerated and evaporative air conditioning

units. They can often provide a surprisingly effective alternative to air

: condmomng as the air movement they generate can evaporate skin
' perspxratmn wrth a resultmg cooling effect.

It is known to combine ceiling fans with hghtmg means, as firstly itis a
common requirement to provide ceiling mounted light sources, and secondly it
ie'mhvenient to provide a éingte power supply to operate & combined fan and
light fitting. -

Less commonly, it has also been known fo provide a combined light
fitting and ceiling fan with some form of folding or retracting blade
arrangement. Le Velle has described three versions. US Patent 1445402
discloses a light fitting and ceiling fan in which ’blades move outwards under
centrifugal force when the fan is switched on, and are retracted by springs
when the fan is switched off. US Patents 1458348 and 2079942 disclose
improved versions, in which (uniike the early version of Patent 1445402) the
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inward and outward movements of the blades are synchrbnized.

Synchronizing btadé movement is important for preserving satisfactory ‘

balance of the rotating parts of the fan. More recently, a combined light fitting

and ceiling fan has been disclosed by Villella (see intemational patent

publication WO 2007/0060396) with a concealed and simple biade movement
' synchronizing arrangement that lends itself to modern design. '

A problerh in the design of a combined light fitting and ceiling fan is to
prbvide blades that when in use can provide Useful air moving performanoe
without requiring excessive power and that when not iri use can fold into a
reasonably compact overall form The present invention addresses this
problem. '

References above and elsewhere in this specification to certain patents
are not intended as or to bye taken as admitting that anything therein forms a
part of the common general knowledge in the artin any place.

~SUMMARY OF THE INVENTION

A combined ceiling fan and light fitiing will in lhIS specxﬂcatlon be
referred to as a fan/light for convenience and brevity.

The invention relates to fan/lights having a plurality of fan blades that
move outwardly to operating positions during fan operation and inwardly to
stowed pasitions when fan operation ceases. Movement of the fan blades
outwardly may be by action of centrifugal force when the biades are rotated
abo&t a fan axis by a motof. Retraction of the fan blades to their stowed |
positions may be by action of resilient means, for example one or more
springs. - ‘

The blades are adapted and arranged when in their operating positions
to move air downward as they rotate, ‘and‘ When in their stowed positions o 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 emitting devices
“such as incandescent lamps. Each blade when stowed may overlap at least
one other blade.

Preferred forms and telative positionings.of blades are disciosed that
are beheved fo provide a usefu! balance beiween the requirements of
reasonable air movement and compact stowage of the blades when nat in
use. These forms are particularly characterized by certain distributions of
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incidence, blade chord (distance measured from leading edge to trailing edge)
and dihedral. They are préferab)y of ae'rofoil cross section with such camber
that lower blade surfaces are conc';avé and upper blade surfaces convex. .

| More specifically, the invention provides in a first aspect a combined

'ceifing fan and light fitting having a piurality of fan blades, wherein:

each blade is pivotally mounted so as to be pivotable about an ubright :

pivot axis of the blade between a stowed pdsitioﬁ arid a deployed position;

each blade when in its stowed position lies within a specified radius
from an upright fan rotahon ax‘s and above a light fi ttmg portion and has an air
moving portion that in the deployed posmon of the blade extends beyond said
specified ra.d:us and '

A each'blade is generally elongate and arcuate when seen in plan viéw,
and in its stowed ‘position extends peripherally within said spéc‘rﬁed radius
between its pivot axis and a tlp end of the blade and partially overiies &
neighbouring one of the blades in its own stowed position;

~ the'combined ceiling fan and light fitting characterized in that:

(a)  each blade initially rises in height above a datum height with incféasing
distance along the blade from its pivot axis end sé that the blade when
in its stowed position overliés the pivot axis end of the neighbouring
blade inits own stowed posmon and |

(b)  with increasing distance from a mvot-a)c(s end of the air movmg pomon

“towards the tip end of the blade the leading edge of the air moving )

pdrﬁon'dﬁrst increases in height above the said datum height and then
furns downwardly wheraby to limit the hetght of the tip end above the
datum height.

"The term ne:ghboudng blade” here means a blade that is first found by
moving peripherally fdtward {i.e. in the direction of fan rotation) from one |
blade. | _ |

The'phrase “turns‘downwérdly” here does not necessarily mean that
with increasing distance toward the tip end from such turning down the blade
begins to actually descend. Rather it means that the blade increases in height
at a lesser rate than before the turning down, which may still be posifive
although that is nat to preclude a zero or negative rate of height increase.
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Thus, the lsading edge of the air moving portion of each. blade may

_ have a peak height above the datum height at a position between the pivot-

axis end of the air moving portion and the tip end of the blade.
 Further, the height above the datum height of the leading edge of the .
air moving portibn may decline from said peak height with ihcreasing distance .
along the leading edge toward the fip end of the blade. |
The “specified radius'f may be approximatély a radius of a light fitting
portion that is comprised in the combined ceiling fan and light fitting and
ioca’ted beiow the blade and théf is of circular shape when seen in plan view. .
- The “datum height” may, purely for example, be the height of an upper
surface of a honzontat platelike member to which each of the blades is
pivotably mounted as in the case of the constructiont descnbed by Villella.
The air movmg portnon of each blade may have & tramng edge that
when seen in plan view is approximately a circular arc which when the blade
is in its stowed position said is substantially centred on the fan rotation axis.
This- arrangement allows effectnveiy use of the available space 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
reduces prbgre»ssiveiy' (i.e. the blade tapers as seen in plan view) from'a.
maximum value bar’tway along-the length of the air mox)ing portioh towards

* the blade tip end.

More preferably, when all blades are in their stowed posmons there is

“for each blade a first point on the leadmg edge of its air movmg portion where
-the blade overiies its neighbouring blade which first pomt when seen in a

no‘uonal radial plane including the fan rotation axis lies at a greater radius than'
a second point in the same notional plane that is on the leading edge of the
overiain nelghbounng blade.
Stilt more preferably, the said first pomt may be ata hexght above the
da{um height not-exceeding the height of the said second point.
» These arrangements can enhance the compactness of stowage qf the

“blades.

It is preferred that the air mo()ing portion of each blade has in the

~ deployed position of the blade a maximum angle of incidence to the horizontal
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' at a"position partway along the air moving portion the angle of incidence

decreasing with increasing distance from that position of maximum incidence
towards the tip end of the blade.

Preferably also, the air moving portion has a positive angle of incidence

to the horizontal at its pivot-axis end.

The position partway along the air moving portion of each blade at

which its incidence to the horizontal is a maximufn when the blade is in its

deployed position may be radially inboard of a position at which the blade
chord measured along an arc centred on the fan rotation.axis is at a maximum
\}aiue. It is thought (but not asserted) that this feature may smooth the
distribution of downward thrust on the air along the blade, so reducing
ihduced dra.g on the blade.

Although adaptable to other numbers of blades, for example three or

~ five, the number of blades is preferebly four with the blades’ pivot axes being

spaced 90 degrees apart from each other peripherally.

- That section of each blade between its pivot axis and its tip end when
the blade is in its stowed position may subtend an angle of about 160 to 170
degrees at the fan rotation axis. Values in this range allow reasonable blade
areas within the available stowage space above the light fitting portion, but
without at any point requmng the stacking of more than two blades. This
assists in obtaining compact blade siowage. ,

Preferably, each blade pivots through an angle of about 180 degrees to

move from its stowed bosition to its deployed position. This gives a
satisfactory blade-swept area for a given blade size.

- Preferably, the air moving section of each blade is upwardly cambered
(i.e.concave downwards) between its leading and traiiing edges when seen in
cross-section on a cyimdncal surface centred on the fan rotation axis and
intersecting the air moving section at a radius between the specifled radius

‘and the blade fip end.

ltis also preferred for efficient air moving that the air moving section of
each blade has a rounded leading edge and a sharp traili‘ngedge over at least
part of its aiohg—»blade length when seen in cross-section on a cyiindrical
surface centred on the fan rotation axis and intersecting the air moving
section at a radius between the specified radius and the blade tip end.
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The minimum height difference between each blade and its
neighbouring biade when the blades are in their stowed positions may
advantageously occur approximately where the blade overlies its
neighbouring blade. If an overlying blade sags slightly, as may be the case

* with bladés moulded from certain plastics if left unused for some time, this
- arrangement has been found to support the outer part of the blade reasonably

well once contact between a blade and its underlying neighbour has been
made. _ , B -

The invention provides in another aspect a combined ceiling fan and
light fitting having a plurality of elongate and arcuate planform blades that can
move pivotally about upright axes between ﬁrsﬂy stowed positions above a |
light fitting enclosure and secondly deployed positions in which the blades
extend outwardly beyond the light fitting, characterized in that leading edges
of the blades when in their deployed positions firstly rise with increasing
radius beyond the light fitt‘irvxg enclosure first and thereafter are cranked
downwardly. ) |

in this aspect, when the blades are in their stowed positions each blade
overlies a part of its neighbouring blade which part is received in a gap above
the light fitting enclosure and below the underside of the overlying blade said
gap existing by virtue of the cranked shape of the overlying blade.

. Each blade may be pivotally mounted to a ro’tating platelike member

with said gap lying above said platelike member. ' |

in a third aspect the invention provides a combined ceiling fan and light
fitting having air moving blades that in us,e‘exhibtt gullwing dihedral. It is
thought that such a dihedral form may be advanfageous in itself even apart
from its ability to enable compact stowage of refracting blades. “Guliwing |
dihedral” is to be taken as meaning that a lifting btade or wing rises beMeen

’its root end and a point or region along its length toward its tip end and then

either falls, r;_émains level or rises more siowly.
’ in & further aspect the invention provides a combined ceiling fan and
light fitting having a plurality of fan blades, wherein:
each blads is pivotally mounted so as to be pivotable about an upright
pivot axis of the blade between a stowed position and a deployed position;
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each blade when in its stowed position lies within a specified radius

from an upright fan rotation axis and above a fight fitting portion and has an air

moving porttion that in the deployed position of the blade exiends beyond said
specified radius; and

each blade is generally elongate and arcuate when seen-in plan view

“with concave and convex sides and in its stowed position extends peﬁpherally

within said specified radius between its plvot axis and a tip end of the blade,
~ characterized in that: | .

(a) eachblade when deployed is s0 positioned that a concave side of the
blade faces forward in the blade's dir,eqtiqn'of rotation and so that a
radiélly outer poriion of the blade’s length extends both outwardly and
forwardly, '

(b) there is a first position partway along the air moving portion of
the blade at which the blade's chord as: measured in a peripheral
du'ectuon has a maximum value and a second position partway aiong
the air moving portion of .the blade at which the blade has a maximum
positive angle of incidente tothe horizontal;'and |

{c) the first position is at a greater radius than the second position.

That is, the d:stnbu’nons of incidence and chord dnsctosed herein are

) belleved advantageous in themselves apart from the | issue of blade stowage.

" The invention further provldes a blade adaptad foruse in fan/hghts as
disclosed. _

 ltis explicitly intended that the speciﬁc four-blade embodiment
described in detail below be taken to be a claimable aspeét of the invention
both as to the proportions of the blades and the:r relative positions'when in
their stowed and operating positions.

The invention is preferably applied in fanflights having certain features
ofthe constru'cﬁqn described in intemational Patent Publiication WO -
2007/006096 (based on Intemational Patent Application No.
PCT/AU2006/000981 by Joe Villella).

in a still further aspect of the invention there is furthér provided a
fan/light comprising a plurality of refractable fan blades, wherein:
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each said blade is pivotally mounted to a fan-member that is rotatable

- about an upright fan rotation axis so that said blade is pivotable between a

retracted pbsition and an operating. position about an upright blade pivot axis
of said fan member; .

each said blade has an e!ongate and genera!iy arcuate air moving

' blade portion that when said bladg i is in the retracted position of said blade

fies within a space bounded by
(8)  an inner cylindrical surface coaxial with said fan rotation axis and
: touching an inner edge of said blade portion;
by  an _outer_cyiihdﬁcal surface coaxial with said fan rotation axis and
touching an outer edge of said blade portion;
(¢) a first radial plane containing said fan rotation axis-and said blade pivot
axis; and | |
(d)  asecond radial plane containing said fan rotation éxis and that touches
o tip of the blade, _ | ‘
so that associated with' every point on said blade portion is an angle
theta belng 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 fies between said
first and second radial planes, said inner edge increases in height above a
datum height with i'ncreasing theta, and a radial projectiori of said inner edge
onto a cylindrical surface coaxial with said fan rotation axis is concave
downwards.
Preferably, within said contmuous sectxon of said blade said mner edge
increases in height above said datum height with increasing theta until a
maximum value of the inner edge heightis first reached at a point thereon

, whose value of theta is less than the value of theta at the blade t;p

Within said continuous section and for theta values greater than the
smallest value at which said inner edge has its maximum height above said
datum height, the height of said inner edge mayvdecrease with increasing
theta. This particular embodiment corresponds to the preferred embodimént‘
described in detail herein.
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In such a fanflight the other preferred features proportions and rétative.
positioning of the blades as described herein may also be applied, including
as to the blade trailing edge shape.

Further features, preferences and inventive concepts are disclosed in

the foliowing detailed description and appended claims.

in this specification, mcludung in the appended claims, the word
compnse {and denvatxves such as “comprising”, “comprises” and
‘comprised”) when used in relation to a set of integers, elements or steps is
not to be taken as preciuding the possibility that other integers elements or
steps are present or able to beincluded.

In order that the invention may be better understood there will now be
described, non—hmmngiy, preferred embodiments of the invention as shown in
the attached Figures, of which: :

Figure 1is a perspective view from above of a fan/light with retractabl
fan blades according to the inventian, shown with its blades deployed to thelr
operating positions; ‘ |

Figure 2is a perspect!ve view from below of the fan/light shown in
Figure 1 thh‘xts blades deployed to their operating positions; ‘

Figure 3 is a perspective from above of the fan/light}shown in Figure 1,
now with its fan blades shown in their folded, non-operating pcsitidhs; -

Figure 4 is a pergpective view from below of the’ fan/iight shown in
Figure 1, with its fan blades shown in their jolded, nén-ope;aﬁng positions;

Figure 5 is a plan view of the fan/light of Figure 1, with its fan blades

~ shown dep(oyed to their operating positions;

25

30

Figure 6 is a plan view of the fanflight of Figure 1, with its fan blades
shown:-in their folded non-operating positions;
’ Figure 7 is a side view of the fan/light of Figure 1, with its fan bkades :

shown deployed o their operating positions;

Figure 8 is a side view of the fan/light of Figure 1, with its fan blades'

-shown in their folded, non-operating positions;

Figure 9 is a perspective view from below of a subassembty ofa
tfanflight with retractable fan blades described in International Patent
Publication No. WO 2007/008096 by Villella;
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Figure 10 is a schematic plavh view of the fan/flight shown in Figure 1
showing one blade In both deployed and retracted positions and the other
blades in retracted positions and cham—dotted lines only; .

Flgure 11 is a schematic plan view of the fan/light shown in Figure 1
with all blades shown in chain-dotted lines in retracted positions and one

" blade also shown in its deployed position the view further showing positions of

a set of cyhndncal surfaces mtersectmg, and located at radtally spaced

'statlons along, the extended blade,;

Figure. 12 is a set of sections (labeled a — 1) on radial planes as defined

_in Figure 10 of retracted blades of the fan/light shown schemaﬁcailylin Figure

10;
Figure 13 is a graph of heights above a datum height of inner and outer
edges of a blade of the fan/light shown in Figure 1, as a function of

circumferential position when the blade is in a retracted position;

Figure 14 is a graph of radial distance between inner and outer édges

of a blade of the fan/light shown in Figure 1, as a function of c;rpumferentlal
' posmon when the blade is m a retracted position;

Figure 15 is a graph of heights abpve a datum height of inner and outer

edges of all bladés of the fan/iight shown in Figure 1, as a function of ‘

circumferential position when the blades are in their retracted positions;
Figure 16 is a set of cross-sections of the extended blade shown in ’
Figure 11 taken on piane?.; tangential to the arcs shown therein an numbered
110 8;
" Figure 17 is a graph of an angle of incidence to the horizontal of the
extended fan blade shown in Figure 11 as a function of radial position on the

’ blade;-

, Fxgure 18 is a graph of the chord of the extended blade shown in
Figure 11 as a function of radial position on the blade.

- DETAILED DESCRIPT!ON OF PREFERRED EMBODIMENTS
30 .

Figures 1 to 8 show a fan/light 10 accordnng to the invention. Fanllxght'
10 has a non-rotating bow! like transiucent 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/light 10 also has fan blades 1, 2, 3
and 4 that are rotatable by an électric motor {not shown)i about an upright axis



10

15

20

25

30

24,

11

15'coaxial with tubular support 13. The electric motor and the lamp are
operable separately or together from a source of electric power that is
supplied through the tubutar support 13. The motor is of a known type, widely

‘'used in ceiling fans, that has a rotating external casing (not shown) with a

central cavity in which is received the tubular support 13, Enclosure 12 is

~ circutar in plan view, centered on axis 15.

Blades 1 - 4 each extend outwardly to thé operating positions shown in

' ‘Figures 1, 2, § and 7 when the mofor is switched on, and refract (fold) into

positions shown in F;gures 3,4, 6 and 8 when the motbr is switched off. The
sense of rotation is as.shown by arrow 7. Each one of blades 1 —4is pivotally
supported on a blade support plate 14 that supports and rotates with blades 1
-4, is dlsc-shaped is coaxnal with the rotation axis 15 of the motor and is

~ secured to the miotor's casing. A decorative dust cover 18 is secured on the

support 4 above the blades 1 ~ 4 when they are in the folded positions shown
in Flgures 3, 4,6 and 8. '

Pivating of blades 1-4o0n biade support plate 14 is respectively about
axes 21, 22, 23 and 24 parallel {o the axis 15 of rotation of the motor. When
the motor is Switched on, blades 1 - 4 pivot outwardly under the influehoe of
centrifugal forcé pivoting around their respective pivot axes 21 - 24 until the
operatmg posntlons shown in Figures 1,2, 5and 7 are reached. When the
motor is switched off, blades 1 - 4 are retracted to thetr stowed positions as
shown in Figures 3, 4, 6 and 8, again pwotmg about their respectwe axes 21 -

in international patent No. publicatién WO 2007/008096 (based on
international Patent Application No. PCT/AU2006/000981 by Villelta), 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 1-4of fanllight 10. The present
‘invention in i’is preferred embodiment is made in accordance with the
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 pivoting movement of blades 1 -4

~ and their retraction, may be by means of a simple adaptation to four blades of

the ap;}roach disclosed by Villella, now briefly described. Figure 9 (similar to
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Figure 7 of Villella’s publication) shows a subassembly 30 of Villella's fan/light

comprising a motor 34, blade support plate 36 and three blades 31, 32 and
33. (Note: The item numbers used herein to describe subassembiy 30 are not
the same as those used in the cited Villella publication.) Blade support plate

-36 is ring shaped and secured to motor 34 {of the rotating casing type
‘previously mentioned) so as to rotate theremrith in its own plane.

Secured below blade support plate 36 is a sun gear 38. (The term “sun
gear” is here used as it is in the art of so-called planetary gearing systems,
where it refers to a gear that meshes with a number of “planetary” gears
arrayed around its periphery.) Sun gear 38 is coaxial with the motor 34 when
support plate 36 is mounted to motor 34, and is able to rotate about its axis
relative to support plate 36. Meshing with sun géar 38 are planetary gears 41,

42 and 43, each of whiéh rotates as its associated one of blades 31 - 33
-pivots between its stowed and operating positions. Each of gears 41 - 43 is

secured to a short shaft (not visible) that passes downwardly from its
associated one of blades 31 - 33 and can rotate within support plate 36. The

gears 41 - 43 are equispaced around the periphery of sun gear' 38 and are

themselves all at the same radius as each other from the rotation axis 35 of
motor 34. The effect of this arrangement is that provided blades 31 - 33 are
identical and identically positioned in their working positions relative to support
plate 36, they will b'e kept synchronized'always' when they pivot between their
operating and retracted positions,

To retract blades 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

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 in tension

when blades 31 - 33 are in their retracted position and are extended as
centrifugal force urges blades 31 - 33 out when motor 34 is started. When
motor 34 is stépped, springs 44 urge sun geaf 38 to rotate relative to support
plate 34 so as to retract the blades 31 — 33.

For further information on, and options relating to, this arrangement for
blade synchronization and retraction, refer can be made.to the cited |
publication of Viliella.
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The way to adépt this arrangément to the four blades 1. - 4 of the
embodiment of the present invention here described will be readily apparent
to persons skilled in the art. There would be provided four planetary gears
(not shown but equxvalent to gears 41 — 43) instead of three, equispaced

. ‘around the sun gear (not shown, but equivalent to sun gear 38) and each
‘associated with one blade.

In the following description, it will be assumed that blades 1 — 4 are . »
pivotally mounted to stpport plate 14 essentially similar to support plate 36
and synchronized and retracted in the same way as blades 31 — 33 of

_subassembly 30. However, it is emphasized that the aerodynamic design of
‘blades 1 -4 and the way that they “nest” together when retracted are by no
‘means limited to this particular fan/light construchon The conﬂguration and

arrangement of blades 1 — 4 ;could be applied to fanflights of other
constructions and to fans requiring retractable blades and without any lighting
capability. - , _

« The blades 1 — 4 and their arrangement in fan/light 10 will now Abe
described. Blades 1~ 4are mtended {o provnde fan/light 10 with a useful
balance between satlsfactory air-rmoving performance compactness when the
blades are in their stowed (i.e. retracted or folded) position, together with a
diameter of the transiucent enclosure 12 thatis large enough to provide a
reasonably diffuée lighting effect. The blades 1 — 4 are intended to lie
supsténtialiy apove‘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 rannight 10 with its blades 1 — 4
éxtended for operation. The diameter of the hub of a conventional ceiling fan
or fan/light without retractable blades is typically smaller 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 compact |
folding, with b!édes 1 - 4 above enclosure 12, but the more difficult :t is to
provide satisfactory air moving performance at normal fan rotational speeds.
A range of from abo‘ut'BG% to about 42% for the vébove ratio is believed to be
poss‘.ible by'straightforward adaptation of the blade shapes as described
herein, bur a figure in the region of 38% to 40% is preferred.
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The geometry of blades 1 — 4 will be described below by reference to
quantities and sections defmed in Figures 10 and 11. In the schematic plan
view of Figure 10, enclosure 12 is repr_esented simply by its circular outer
peripheral edge 26. Blades 1 — 4 are all shown in outline in their refracted
positions, blade 1 in solid linés and the others in chain-dotted lines and blade

1 s also shown in solid lines in its deployed posxiron Blades 1~ 4 are -

substantxauy identical to each other and are generally scumltar-shaped i.e. of
arcuate form so as to lie, when retracted, within the enclosure peripheral edge
26 and around the motor (not shown but centred on axis 15). Thé pivot axes
21-24 are adjaoent fo root ends 51~ 54 respectwely {Figure 11) of blades 1
—4 and in their retracted position the blades 1 — 4 extend clockwise to tips
(free ends) 61— B4 respectively. [tem numbers with the postscript “a” are for
blade 1 in its deployed position and item numbers with the postscript “b” are '

for blade 1 in its retracted position,

Blades 1~ 4 of fan/light 10 are shown (by arfow 7) as rotating

. clockwise when saan from above. It is to be understood howéver that

counter-clockwise rotation could equally well be chosen, in which case the
term “counter-clockwise” would be applicable where in the present description
“clockwise” now appears, including in the definitions given below of the terms

““next blade” and “previous blade”. (Note that for cbunterfclockwise rotation,
 the blades would be made of opposite hand fo blades 1~ 4, as it is preferred

that each blade’s leading edge be its concave ong.) .
in relation to any given one of biades 1—4, the term “next blade” refers

© to the blade whose pivot axis is 90 degrees in the rotation direction (here

clockwise) from the pivot axis of the given blade, and the term “previous

 blade” refers to the blade whose pivot axis is 90 degrees in a counier-

direction opposite to 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 the previous blade is blade 4. The blade shape will be described
mainly by reference to blade 1 for éonvenienoe, noting that blades 1 — 4 are
substantially identical, o
Te show how blades 1 - 4 are arranged relative 1o each other in nesting

fashion when retracted, it will be convenient to use sectional views on radial
planes, i.e, planes that include the fan axis 15. Such a plane 42 is shown in
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Figure 10 and is shown to be at an angle 8 (theta) to a sirﬁi!ar biane 44 that
includes both axis 15 and axis 21 of blade 1. ‘

For discussion of the blade shape from the point of view of
aerodyrianiic characteristics when in the deployed position, it will be useful to
consider blade sections taken on surfaces that are cylindrical, coaxial with fan
axis 15, and located at stations radially spaced apart along a blade. Arcs
numbered 1 to 8 in Figure 11 indicate such static;ns on blade 1. Stations 1 and
8 are respectively at radii of 39% and 87% of the overall fan radius (i.e.
s_ubstantia]_ly at the edge of enclosure 12) with stations'2 -7 radiéily
equispaced between stations 1 and 8. -

Each of blades 1 — 4 pivo{s thréugh 180 degrees between its retracted
and operating positions. From axis 21 to tip 81, represen’taﬁve blade 1 when

retracted extends from theta = 0 degrees to theta = approximately 166

degrees. The angle 168 degrees is chosen to be close to, but below, 180
degrees so as to prbvide a blade 1 whose tip 81 is well clear of enclosure
peripheral edge 26 when blade 1 is deployed, but with no more than two of
blades 1 -4 overlappihgveach other-at any point when the blades are
retracted. This is important in keeping the overall height of the group of blades
1 -4, when retracted, to a compacﬂy'smau value. Note that if tip 61 where at
theta = 180 degrees, all three of blades 1, 2 and 3 would overlap at theta =
180 degrees. : o ' ‘

' As can be seen in Figures 1, 5 and 7, representative blade 1 has two
distinct portions, namely a root-end portion 80 and a blade portion 82 which in
the operating position extends oﬁtwardly of. peripheral edge 26 of enclqsure
12 and is aerodynamically shaped to faciiitate air movement. Blade portion 82
is supported cantilever-fashion from blade portion 80 which is pivotably

~ secured to biade support plate 14. in the preferred embodiment, portions 80

ahd 82 are formed as a single part, for example by injection molding in a

- suitable pta‘stjés material,

~ Root end portion 80 comprises a plate 84 that lies above and,
approkimatety paravllel o support plate upber surface 46. A hole 86 in plate 84
permits a stub shaft (not shown) to 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:
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portion 80 further cbmprises a blade end plate formation 88 whose function is
to provide a suitably strong connection between portions 80 and 82 with blade

" portion 82 inciined at an angle of incidenoe to plate 84 (see below).

Figure 12 shows a set of 12 radial sectlons (i.e. on planes 42) of
representatwe blade 1 and its next and previous blades 2 and 4 in their

" retracted posmons each section being iabeled wu’th its correct value of theta

for blade 1. Radu from fan ax:s 15§ increase to the right in sections (&) to (1). in

_each section, blade support plate 14 is shown, with its outer edge 90 at the

same lateral position on each page to facilitate comparison between the
sections. Outer edge 90 lies radially just within but ié close to the enclosure
peripheral edge 26 (not shown in Figure 12). ’

" Sections () to (¢) of Figure 12 show how portion 80 of blade 1 -
transntlons to the cantilevered air-moving portion 82.

~ As can be best seen, in Figure 10, outer edge 94 of portion 82 of

representatwe biade 1 is very ciose to a circular arc except near the rounded
tip 61, that arc being centred on fan axis 15 when blade 1 is retracted and
having a radlus very close to the rad:us of enclosure penpheral edge 26.
Accordmg(y outer edge 94 of portlon 82 of blade 1 lies at aimost exactly the

‘same radius as the outer edges of next and previous blades 2 and 4, except

near tip 61, as shown in sections (d) to (I) 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 biades 1and 4.
B"etween_ theta = 90 deg’reés and theta =1 65 degrees (sections (g) to (I}}

blade 1 itself overlies n_exfc blade'z; w';thout contact between blades 1 and 2.

Figure 13 is a graph showing the heights of inner edge 02 and outer
edge 94 of representatwe blade 1 above surface 46 of support plate 14 as a

function of angle theta. inner edge 92 is higher than outer edge 94 fora given

value of ’theta, consistently with blade 1 having an angie of incidence to the
hori_éontal s0 as to move air downward when deployed (see below). Absolute
height figures are uséd.'m Figure 13, for a fanflight 10 having an overall swept -
diameter with blades 1 - 4 deployed of 1200mm.

Figure 14 is & graph showing the radial distance between inner edge
92 and outer edge 94 of representative blade 1 when in its retracted position
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as & function of angle theta. Absolute radial distances are used in Figure 13,
for a fan/iight 10 having an overall swept diameter with blades 1 — 4 deployed
of 1200mm. The curve between data points has not been extended to the
data point for theta = 165 degrees because that point is affected by rounding

- oftip 61:

Figure 15 is a-graph showing the same data as Figure 13, but now for
all of blades 1 — 4, in their respective peripheral én_gle (theta} positions, The
inttiais “LE” and “TE" are used for inner and outer edges 92 and 94
respectively in Figure 15, becadse the inner edge of a blade is its leading
edge and the outer edge is its trailing edge, when in the deployed position.
Note that the blade pivot axes 21, 22, 23 and 24 are at angles theta of 0

' degrees, 80 degrees, 180 degrees and 270 degrees, respectively.

Figure 12 ~ 15 together illustrate how blades 1 —4 ir) their retracted
positions “nest” compactly together without any two blades contacting each’
other. It has be_eh found that the arrangement shown can also give
satisfactory air moving performance. ‘

As illustrated by the edge heights in Figures 13 and 15, representative
blade 1 rises smoothly from its pivot axis 21 (at theta = 0 degrees) to a point
{at about theta = B0 degrees) where if must overlap and clear the next blade
2. However, /instead of oontinuing further upward at the same rate towards is

-1ip 61, blade 1 ceases to rise any 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 reiracted. The maximum value of height 86
occurs for representative biade 1 at about theta = 105 degrees.

1t will be noted in Figure 13 and 15 that, after remaining approximately
constant between about theta = 80 degrees and the{g = 120 degrees, outer

- edge height B4 increases again beyond about theta = 120 degrees. As can be

seen from segitions () to () in Figure 12 , and from the slight profrusion of
blade 1 shown in Figure 4, this optional feature means that some slight
sacrifice of compactness in the blade nesting arrangement is incurred
(although without any increase in overall height 98), it is believed to be
aerodynémicafiy desirable, as set out later herein, and so is preferred.
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Figure 13 can be interpreted as a partial picture of blade 1 as it would
appear if projected on an imaginary cyﬁndribal surface coaxial with fan axis,
with that surface then being laid flat. It is apparent that blade 1 in such a
picture resembles a gull wing, or an aircraft wing with a particular form of
varying dihedral, firstly rising with increasing distance from its root end and

h from a certain point rising no further or at a lesser rate towards its tip end.

Figure 15 shows that the inner edge height 92 of representative

" blade 1 becomes lower than the leading edge height of its next blade 2 for

values of theta greater than about 150 degrees. This can be seen in sections
(k) and (1) of Figure 12. It does not mean that there is contact between blades
1 and 2 because the reduction in radial width of blade 1 means that inner
edge ‘92 of blade 1 is radially outward of the corresponding edgé of 'btade 2.
in-addition to folding neatly, the blades 1 — 4 must move air downwards

reasonably eﬁiéiénﬂy when deployed and rotéting about fan axis 15, so the

shapes of blades 1 — 4 as they affect air movement will now be discussed.
The arcs in Figure 11 that are numbered 1 -8 represenf a set of spaced apart
cylindrical surfaces coaxial with axis-15 and radially spaced apart. Although

“the downward air flow through fan/light 10 will not in general be precisely axial

(i.e. parallel to axis 15) and therefore occur on such surfaces, a reasonable
way to discuss blade shape is by reference to the intersections with the
cylindrical surfaces 1 — 8 of representative blade 1 when in its deployed
paosition. ‘ ' _

It is also helpful'in the following discussioh of the representative blade
1-when it is deployed to make mention of véiues of the angle theta that was
used above in describing its geometry when retracted. Theta is in effecta -
measure of position along the scimitar-shaped blade 1. In Figure 11, there is
shown a non-physical point 101 that if blade 1 were to be retracted would fall
on axis 15, and that when blade 1 is deplioyed is displaced by 180 degrees

- from axis 15 a'bout the blade pivot axis 21. The value of angle theta

comesponding to a particular feature on deployed biade 1 can be found using
the schematic plan view of Figure 11 by constructing firstly a line joining point
101 to the feature in quéstion and secondly a line 102 joining point 101 and
passing through axes 21, 15 and 23. Theta is the angle between these two
lines.
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Figure 16 shows cross sectional views of blade 1 taken on chords 100
(see Figure 10) that are tangent to the cyimdncai surfaces of stations 1 1o 8.
These are close approximations to the shapes of the cylindrical surfaces of
intersection between stations 1 to 8 and blade 1, as those surfaces would
appear If laid flat. In the sections of Figure 16, blade 1 moves right to left, so
the ieadlng edge 92 and trailing edge 94 are posmoned as shown. Although
trailing edge 94 is of course not stra:ght in reality, the views in Flgure 16 are

~so positioned that the trailing edge 94 in all.sections |s,vert|ca!ly aligned to
- facilitate comparisons among them.

Figure 17 is a graph showing alpha (), the angle of incidence to the
horizontal of representaﬁi/e blade 1 at stations 2 to 8, the meaning of alpha
being illustrated in the section for station 7 in Figure 16. The values of alpha

_plotted in Figure 17 are not taken from the approximate sections of Figure 16,

but are estimates of the values that would be obtained in the manner shown if
the sections of Figure 16 were laid-flat developments of the true surfaces of
intersection between the cylindrical suﬁaces numbered 2 to 8 and blade 1.

'. Figu_re 18 is a graph shawing values of the true chord (i.e. distance
measured directly from leading edge 92 to trailing edge 94) of biadé 1 at
intersections with the cyilndnc:al surfaces numbered 1 to-8. The chord values
are not taken from the approximate sect;ons of Figure 18, but are estimates of
the values that would be obtained if the true surfaces of mtersectlon between
blade 1 and the cylindrical surfaces numbered 1 to 8 were obtained and laid

fiat.

" I has been found that fanliight 10 with blades 1 — 4 having the
geometry shown does move air reasonably satisfactorily despite the
comparatively large ratio of the diameter of enclosure 12 to the ove'faﬂ
diameter swept by the deployed blades 1 — 4 and the scimitar-like shape (in
plan view) of the blades. , _

Generally, the blades 1 — 4 thrust air downward {(and themse ves
experience a correspondmg reactwe fifting force) as they rotate The
efiectiveness of a blade in this (for a given speed of rotatton) is believed to be
dependent on, at least, its aerofoil-type cross sectional shape, its incidence to
the horizontal, its size (for exémp!e its chord as measured from lsading edge
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to trailing edge), the distribution of these along the blade’s length (span) and
its shape as seen in plan view. ‘ '

As seen in the cross-sections of representative blade 1 in Figure 186,
blades 1 —~ 4 have an asrofoil-type cross-sectional shape, being cambered so
that their lower faces are concave and 1th'eir upper faces are convex. Their
leading edges (eg leading edge 92 of representative blade 1) are rounded and
their tfailing edges (eg edge 94 of representativé blade 1) are sharp.

- _ Generally, blades 1 — 4 are preferred to have cambered ‘éérofoil sections.
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Represeniafive blade 1 has bositive incidence to the horizontal (an'd is
of cambered aerofoil cross-section) near its pivot end where, wﬁen deployed,
it crosses the enclosure peripheral edge 286, and this is believed to be one .
factor in its air-moving performance. This positive incidence (atphé greater
than'zero) is apparent in the section numbered 1 in Figure 16.

It is thought desirable that the lift distribution (and the consequent
distribution of air moving effect) along the length of a blade shouid be
genei’aliy smoothiy varying ahq in particular that there should be no s‘trong
concentration of the effect close to the outer (tip) end. Such a concentration is
thought to produce a tendency for high pressure air below the tip area to |

- “leak" upward over the tip end (61 in representative blade 1) to the area

above the tip area, merély agitating the air locally (and wasting power) rather
than maoving.it bodily downward. Therefore, the.distribbuﬁon of incidence aﬁg}e
alpha shown in Figure 17 shows that the peak blade incidence of about 20
degrees is at about the radius of station 3 (seé Figure 11) and smoothly
decreases with increasing radius to about 10 degrees at station 8. (Statioh 3
comresponds very appfoximately to theta = 60 degrees.)

- - The incidence distribution shown in Figure 17 is due in part to the
optional upsweeping of the blade fraiiing edge beyond about theta = 120
degrees that was discussed above. Although a slighﬂy more éompact nesting‘
of blades 1 — 4 is achievable if this upsweeping is not incorporated, it does
appear {o be ‘beneﬁcial to the blades' performance due to its effect on the
incidénce distribution achieved, , | o

A further way to 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 values of the theta) -
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" deployed in the way shown for blades 1 — 4 in Figuré 11, an effect of the

scimitar shape would be that the blade chord, as measured in the
circumnferential direction with the blade deployed, would be highest at the -
blade tip and root end and lower therebetween. To offset this effect and so
limit the tendency to concentrate the lifting effect at the tip and root ends,

'blades 1~4 are not of constant width. Referring to Figure 14, the blade width

as seen in plan view) is greatest at about theta = 90 degrees and
progressively reduces towards the tip end (61 for representative blade 1). As
can be séen in Figure 11, theta = 90 degrees corresponds approximately to

“station &. This reduction serves the dual purposes of compact nesting of the

blades when retracted (as discussed above) and obtaining the desired blade
fift distribution. | |

Figure 18 shows the blade chord increasing from a minimum in the
region of stations 2 and 3 before falling away at stat'ion' 8 due to tip rounding.
However, the ‘-rate of increase in chord with radius is less than it would bé- if

* the blade width did not vary with angle theta in the way described herein. See

also Figure 16, where the alignment.of the sections numbered 1 to 8 on the
page allows the distribution of chord with radius to bé seen. '

" As mentioned above the blades may be made conveniently by injection
molding in suitable plastics materials. As unobtrusiveness is a desired feature

~ of fanflights according to the invention, one way of enhancing this is to provide

that the blades be formed from a transparent or at least transiucent material.
This feature is believed o be inventive in itself.

Although the blade stowage arrangeinent and method described herein
provides for stowage of the blades without contact between biades, the
described stowage posifions of the blades are such that slight sagging of one
blade so as to contact another may not cause failure to depioy. it will be noted
in Figure 12 that the sectional view showing the smaliest clearance between
blade 1 and i’gé next blade 2 is secfion (g), corresponding to theta = 80

" degrees. 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, blade 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 fricﬁcnlforce due to blade
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coritact less than for contact between tip 61 of blade 1 and the underlying
blade 2, thus, limiting the possibility of a failure of blade 1 to deploy on fan
The possibility of blades that are comparatively thin_(so that they may
sag over time if not used) also means that the blades when in-use may fiex -

* upwardly-toward their tip ends. This can it is believed»advantageoxjsiy dire ct

air slightly more outwardly as wé_il as downwardly than if the blades were rigid.
 The particular shape of the transiucent lower sectidn 9 of enclosure 2 is
by no means the only possible one. Even a shape that is not of the circular
sha'p_e in plan, as shown in the Figures 1to 7 could be used as an alternative
aesthetic choice. ' - o '
~ Afurther invention will now be disclosed. In fan/lights such as those
described by Viliélla in his aforementioned PCT application, the “sun gear”

- may comprise a single member to which toothed segments are secured for

engagement with the “planet gears”, instead of a completé gear. This
possibility, which it has been found can reduce manufacturing costs arises
because suitable sun .and plar_xét géar prop‘ortions can be chosen which do not
require the sun gear to rotate far enough during dep!oyri\ent and retraction for
any one tooth thereof to e}wcounter more than one planet gear. '

It will be readily abparent to persons skilled in the art that many other
variations and choices can be made to the fanflight déscribed above without

exceeding the scope of the invention as stated.
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THE CLAIMS DEFINING THE INVENTION ARE A§ FOLLOWS:

L A combined ceiling fan and light ﬁtt‘mé having a plurality of fan blades, wherein:

each blade is pivotally mounted so as to be pivotable about a blade pivot axis
between a stowed position and a deployed position;

each blade, when in its stowed position, lies within a specified radius from a fan
rotation axis and above a light fitting portion and has an air moving portion that, in the
deployed position of the blade, extends beyond said specified radius; and

each blade has a root end, tip, leading edge and trailing edge and wherein the
leading edge is stepped upwardly at a location adjacent to its root end and then more

gradually increases in height in a direction towards ifs tip.

2. A fiting as claimed in claim 1, including an electric motor coupled 1o blade support
means which, In use, is rotated by the motor about said fan rotation axis, each of theblades

being supported by the blade support means and mounted for rotation about its blade pivot

" axisrelafive to the blade support means and wherein the blade support means has « circular

outer peripheral edge and wherein the trailing edges of the blades are adjacent 10 sald outer

peripheral edge when the blades are in their stowed positions.

3. A fitting as ctaimed in claim | or 2, wherein the leading edges of the blades are
rounded,
4, A fitting as claimed in claim 1, 2 or 3, wherein the rool end of each biade includes

a plate portion adjacent to the stepped leading edge and wherein the trailing edge of each

blade merges into at least part of an outer edge of the plate portion,

5, A fitting as claimed in any one of claims 1 to 4, wherein;
(3 the leading edge of each blade reaches a maximum height then decreases in
height towards its tip; and/or

(i) each of the blades is integrally moulded from plastics material,



