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10Description of Drawi ngs [0004]Figure 1A is schematic,
fragnented, side elevation view of 25 a 3-storey
poltackgraymda bui | di ng having prior art solar canopies

TOYHAES Building core daylight illumination systems would facilitate
illumination of the core regions of a building with sunlight, thus reduc-

ing electrical lighting requirements and improving lighting quality.

15 Widespread usage of building core daylight illumination systems in the
most common workplace environment—substantially open-plan, muiti-
storey office buildings—could significantly reduce energy consumption
and greenhouse gas emissions. To foster their widespread usage,
building core daylight illumnination systems must be cost-effective, A

20 cost-effective sunlight redirector for a building core daylight illumina-
tion system is disclosed below.

Brief Description of Drawings

10004] Figure 1A is schematic, fragmented, side elevation view of

25 a 3-storey portion of a building having prior art solar canopies mounted
above the building’s windows along a south facade of the building.
[0005] Figure 1B is a partially fragmented schematic top plan view
of one of the Figure 1A solar canopies, showing the optical component
configuration.

30  [0006] Figure 2A is a front elevation schematic depiction of six
columns of pivotally interconnected mirrors, depicting the mirrors in a
neutral (non-rotated) position.
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1gure 4&/ is a schematlc top plan view of a 6-column
portion of a columnar mirror array, with solid lines depicting the
mirrors’ neutral positions and dashed lines depicting rotation of the
mirrors about the depicted y-axis.
[0012] Figure 4B is similar to Figure 4A, except the dashed lines
5 depict rotation of the mirrors about the depicted x-axis.
[0013] Figure 4C is similar to Figures 4A and 4B, except the
dashed lines depict rotation of the mirrors about both of the depicted x
and y axes.

[0014] Figure 4D is similar to Figures 4A, 4B and 4C, except the

20 dashed lines depict undesirable rotation of the mirrors about a 7 axis

which is perpendicular to both of the depicted x and y axes.

Description
[0015] Throughout the following description, specific details are

25 set forth in order to provide a more thorough understanding of the

disclosure, In some instances, well known elements have not been
shown or described in detail to avoid unnecessarily obscuring the
disclosure. Accordingly, the specification and drawings are (o be
regarded in an illustrative, rather than a restrictive, sense.

30 [0016] Figure 1A schematically depicts a 3-storey portion of a

building 10 with prior art solar canopies 12, 14, 16 mounted along a



[0012] Figure 48 is simlar to Figure 4A, except the
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and y axes. [0014]Figure 4Dis simlar to Figures 4A
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als, and reduces the components” maintenance requirements. Only
sunlight-receiving portions of solar canopy 12 need be fransparent;
other portions thereof (e.g. side portions which never face the sun) may
be opaque. The optical components housed within solar canopy 12
25 include sunlight redirecting mirror arrays 56, 58 and paraboloidal
mirrors 60, 62, 64, 66. Mirror arrays 56, 58 reflect incident sunlight
rays 68 toward paraboloidal mirrors 60, 62 respectively as indicated by
dashed lines 70, 72 and 74, 76 respectively. Paraboloidal mirrors 60,
62 redirect the reflected rays toward paraboloidal mirrors 64, 66 re-
30 spectively as indicated by dashed lines 78, 80 and 82, 84 respectively.
Paraboloidal mirrors 64, 66 further redirect the reflected rays through
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tram(, 116 couples the columns of mirrors together so that all of the
MUrrors in array 56 move in unison.
[0019] The mirrors in each column are mechanically coupled
together such that they can easily be rotated in two planes in order to
adjust the mirrors’ positions as the altitude and azimuth of the sun
changes, without allowing the mirrors to interfere with (1.e. contact)
one another as they move. The mirrors should not excessively shade
one another as they move, although some minimal shading during
relatively brief positions of the mirrors, the sun, or both, is acceptable
to optimize overall efticiency of the sunlight redirector.
10020] Each intermediate mirror in each column (i.e. mirrors 108,

110, 112 in column 94, etc.) is pivotally connected to the mirrors
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122 in greater detail. Universal joint 122 incor porates an x-axis rota-
tional member 126 and a y-axis rotational member [28. One end of
ptvot link 130 is fixed to x-axis rotational member 126. The opposite
end of pivot link 130 is fixed to an external second frame 132 (Figures
2A—2C) which is separate from and is not connected to first frame 116.
As seen in Figures 2A—2C, one pivot link 130 extends upwardly from
top mirror 106’s universal joint 122 to an upper portion of second frame
132, and another pivot link 130 extends downwardly from bottom
mirror 114°s universal joint 124 to a lower portion of second frame

132, thereby securely bracing mirror column 94 to prevent rotation of
the column 94 mirrors about the z axis. Although the universal joints
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56, 58 is accordingly operative as a heliostat.
[0024] The solid lines in Figures 2A and 4A—4D show the mir-
30 rors in the neutral (non-rotated) position, Figure 2B, and the dashed
lines in Figure 4A show the mirrors in an azimuth-rotated position, i.e.
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mrror arrays

reflection, such that incident light 68 is reflected into a preselected
reflection direction.

[0026] Each mirror may be approximately 17 x 19 cm, although
other sizes are acceptable. If the mirrors are (oo large, solar canopy 12
will extend too far off the side of building 10, which is architecturally
undesirable. If the mirrors are too small, the cost of mirror array 56
may be excessive, which is also undesirable. The mirrors in each
column should be spaced apart from one another such that the maxi-
mum amount of sunlight is captured, while minimizing shading of one
mirror by the mirror above it. An array having six columns of seven
mirrors per column, with each mirror approximately 17 x 19 cm in
size, and with the mirrors in each column spaced about 12 cm apart,
produces acceptable results. A 3 metre canopy (measured in the x



15 array and passes through to the opposite side of
the array, as indicated by dashed lines 70, 72 and 74,
76 respectively in Figure 1B. The actuators are

wonbmobabl y actuated to nove the mrrors syehydBalsnor
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columns. However linkages 120 should not be pivotally connected to
the mirrors so as to permit the linkages to extend parallel to the pianes
of the mirrors for any position within the mirrors’ intended angular
20 operational range. For example, if the neutral position of the mirrors is
horizontal, then the mirrors should not be connected in horizontal rows.
{0030] As another example, if the mirrors within mirror arrays 56,
58 are perfectly parallel to one another they will reflect sunlight as
aforesaid, but they will not concentrate the sunlight—only paraboloidal
25 mirrors 60, 62, 64, 66 will concentrate the sunlight. It i1s however
possible to configure mirror arrays 56, 58 to contribute to concentration
of the sunlight. This can be achieved by maintaining the plane of each
mirror at a slight angle relative to the planes of the other mirrors,
instead of maintaining the mirrors parallel to one another. More
30 particularly, the actuators can be controlled to move the mirrors such
that the orientation of each mirror’s normal vector deviates slightly
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positioned adjacent mrror array 56. [0029] The

columar mrrors within mrror arrays 56, 58 need not
e wendobmal |y adjacent or vertically alignedid Bo@heru
anot her as shown in 15 Figures 2A-2C. For exanple, the
mrrors could be connected together in diagonally

ext endi ng col uims or ot her -Pongi tudi nal | y extendi ng

col ums. However |inkages 120 shoul d not be pivotally
co ect the mrrors so.as to mt the |inkages
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It i S however possible to configure rror arrays
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mrror's normal’ vector facilitates Sone COncent
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reduci ng the optical 10 quality-and hence cost - of

parabol oidal mrrors 60, 62, 64, 66. [0031] The

devi ation of each mrror's normal vector should



however be limted, since if the deviation is too
great adjacent mrrors may interfere with (i.e
contact or excessively shade) one another as they are
noved to track the sun, particularly at extrene
azimuth or 15altitude anglgg. This can be alleviated
by increasing the spacing be- tween adjacent mrrors
and colums of mrrors, but at the expense of reduced
Wlef fsictdiend is: si nce sonme |ight would pass through the
i ncreased spaci ng between adjacent mrrors wthout
being reflected by the mrrors and hence be lost in
I. t heaseamisa tdiabctsebmplighd:. woul d not be distributed
20wi thi n” bui | di ng 10, 10 What is clained is: 1. A
sunfil YHY HOHNE SEtres; cag Apirpisiavis s fage mymalfveplosne
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mon St T R R BBt oAUy il ot of
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constr of the mrrors such that the

y nt
“mﬁ%}%%Wﬁb@@ﬂngﬂP%ﬁﬁPHOBhra||e| while the mrrors nove;
a fa fist ppbibleabligingau Rl AGnd Bf Be fdnﬁ&&dl@a[!@ Afacti@nirrors; and

| ongi tudinal | y adjacent mrrors; and a second
pi v%%cgﬁlr%lﬂla%ta%lreucwlinﬁ iya ?@@%@lﬂ%ﬁéh%bnwﬁ@mally adjacent
ml“(g}glgltudlnally adj acent mrrors; the first and

second pivotabl e couplings permtting the first and
seciondrsriand scand pverble couptlings pepécing the fesitané secong madiors to
rut ual Ly . i cul ar axes and preventing .
mol BB g i PR S B R e P e
mot@ndnt bhihe dir@%hs secoRemeidrs with respedth@a tHitdsiisand second
pi vot abl e couplings are first and second universa
JOlW?%C@ach having a first menber rotatable with
r espeelst bk &child Slo@ne c&fplﬁl@@a&%stw E’L% i é’umvu I joints each
per pendi cul ar axes, and a second ne r ot at aﬁﬁé th
havinggplaist megber IQ@tﬁbdedh@SWU ttohlef l“st\mcmiltlwawbwutual
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vots’
hwﬁnhmﬁUyﬁmmbmﬁcuMIahhe second m rror surrounds and
p|v on.the flr%} n? of the second uniyversa
j o fRg Trst mirror surrounds anc p[vols on the first member of the first universal
joint; and

the second mirror surrounds and pivots on the first member of the second

universal joint,

2. A sunlight redirector as defined in claim [, wherein:
the mirrors are arranged in a plurality of columns; and
the non-stretching linkages connect each mirror to an adjacent mirror in the same

column.

3. A sunlight redirector as defined in claim 2, wherein the third axis is perpendicular
to the two mutually perpendicular axes and parallel to a direction of longitudinal extent of

the columns.



2. A sunlight redirector as defined in claiml,

wherein: the mrrors are arranged in a plurality of

col ums; and the non-stretching |inkages connect

each mirror to an adjacent mirror in the sane col um.

3. Asunlight redirector agjdefined in claim2,

wherein the third axis is perpendicular to the two

nmut ual | y perpendi cul ar axes and parallel to a

di rection of 1ongitudinal extent of the colums. 4. A

sunl, i L rector ef | claim?2, further
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sec@ﬁﬁdfwéﬁﬁﬁﬁﬁwh6W@’plvotable coupling in one nirror;

and, fipq vot%rﬁﬁ,%gﬁlgd Bét\:’v‘@&n Jt écngncp HHJ: Slgd 8 %tpV\@(ﬁ%lc coug{ Ihgéln

second frame and’ another plvota e coup img in
onenitirroprand wherein a mrror in any colum coupl ed

to the fi .S t he umar 03|t|on a

R S L et e kR R R e
couplinAinsuoihbghtrcdredi rect or as defined in claim 2,

operative as a heliostat and wherein: the first

andVdeiB AdNIBPY e Ice lueBLsHPIRG Y e &gt ifieme handie senopumnar

posHﬂJ‘n‘é@%%ﬁltot Al St %u%?%lmhﬁ\ébtg%?t ihd fk¢ ARAber rotatable

with respect to a tirst e two mitual ly
per pendi cul ar axes, and a second nenber rotatable with

r eS/Q ?L?néwcﬁ 1|e§ uec?(% %cto nc% in CltaH E,f ?H'eéf“}“vﬁ]a? ;] h?l%éﬁll, ?1%%1&%0111
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further conprising: a first frame pivotally coup
twogneugHyrpeareniligulangtescol uim:; in each one of the colunns.

the first mirror surrounds and pivots on the first member of the first universal
joint; and
the second mitror surrounds and pivots on the first member of the second

universal joint,

6. A sunlight redirector as defined in claim 2, further comprising:

a first frame pivotally coupled to one mirror in each column;

in each onc of the columns:

a first pivot link coupled between a second frame and one pivotable coupling in
one mirror; and

a second pivot link coupled between the second frame and another pivotable

coupling in another mirror.



a first pivot Iink coupled between a second franme and

one pivotable coupling in one mrror; and a

second pivot |ink coupled between the second franme and

anot her pivotable coupling in another mrror. 12 7. A

sunlight redirector as defiiped in claiml, further

conpri si ng: a first electronically controllable

actuator coupled to one of the pivotable couplings to
7-conﬂﬁﬂhmgbthnmvemakﬁeuemmedndmﬁwﬁ&rmmennh@rors W th

respec o.a.fi st on of the two nutua[ly .
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vot abl e couplings to controllably nove the sel ected
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l'ight ray inci on one si ? e array Is
coupéifigseie tcentralably lbtyvedhtesabﬁfctddhlec mf thegmisrotshwidugbpeanto a second

of t rray; and the actuators

On%@ﬁﬁig%TP%u ?%p?%uﬁgv%K he mrrors to orient the

nor argl wheegtor s such that the mrrors specularly

refl ect |nC|gent in a preselected di rection.
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controllable actuator coupled to the one of the
0 con roIIabI nove, t he sel ected

i vota l uplin
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redirector as defined in claim@8, wherein: t he

couplipgstto a%al%léhlan@pvsua\ﬁeﬁe@md enceupe inmge's al résped o aﬁdst one of
the BES RN HDLUBLAM L KDL gppach having a first nember

rotata respect 'to a first one of the two
mutaumbdng eﬂxﬂ,ltapemeih[)cmdnab] |ebtesctuandoaplse coihd onesthes plvotable
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oneSWEfQURGSI@NE RiptaluRnulhe first menber of the first
uni versal joint; and the second mrror surrounds

and pivots on the first nmenber of the second universa

9. Oi/(lgun]ight redirector as defined in claim 8, wherein:

the first and second pivotable couplings are first and second universal joints each
having a first member rotatable with respect to a first one of the two mutually
perpendicular axes, and a second member rotatable with respect to a second one of the
two mutually perpendicular axes;

the first mirror surrounds and pivots on the first member of the first universal
joint; and

the second mirror surrounds and pivots on the first member of the second

universal joint,



13 10. A sunlight redirector as defined in claim?9,

wher ei n: a light ray incident on one side of the
array is reflected once by one of the mrrors through
an opposite side of the array; and the actuators

are controllable to nove thg mrrors to orient the

normal vectors such that the mrrors specularly

reflect incident light in a preselected direction.
IOI | . A ssluﬁglitgtdﬁlcctedzhsr@fmedinaﬁaimét whecid:n cl aim8§,

the.mrrors are_arrange lurality of .
cor bR Wiy o n gl “r%ﬂ‘esf‘é‘ﬁlgﬂ*dhh ) iR agese Bhnedgors
{ht&@,ﬂihmmpb(ﬁ@tb std@ ofithcagjaqceat mrror in the same col um.
12. A sunlight redirector as defined in claimll,
Whe}hélaﬁmalors are cqiyetlphle & mayrthe sdBg tpprjent disiner mal vectors
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having a first nmenber rotatab respec
first one of the two nutually perpendi cul ar axes and

13, RAEPERTR ol P BRLE b hFRREL, o @ sevpnd one

first niiroisare sHhpalindsy landtyt V,@[hﬁm@rhnhe first nenber
he first unjversal joint; and t he second

of

mir \5‘8 PORHFHEIRG SNPRES GINDRAL S3HN 198 (F 41y agfachieibiaior B the paame
cols@gond uni versal joint. 13. A sunlight redirector as

defined in claim1, operative as a heliostat.

12. A sunlight redirector as defined in claim 1, wherein:

the first and second pivotable couplings are first and second universal joints each
having a first member rotatable with respect to a first one of the two mutually
perpendicular axes, and a second member rotatable with respect to a second one of the
two mutually perpendicular axes;

the first mirror surrounds and pivots on the first member of the first universal
joint; and

the second mirror surrounds and pivots on the first member of the second

universal joint.

3. Asunlight redirector as defined in claim [, operative as a heliostat.



