ADAPTI VE SUNLI GHT REDI RECTOR Reference to Rel ated
Application [0001] This application clains the benefit
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no. 60/945,653 filed 22 June 2007. Technical Field
[0002] This disclosure _caoncerns redirection of

sunlight int o ADARREIYE:SHNEIGHTE REDIREGEOR: t he

sun's position in the sky. Background [0003] Buil ding
core daylight illum nation systens would facilitate

| IReforoat¢ oo RelatddeApplieatieni ons of a building with

sunli1ght, thus reduc ing electrical hti ng
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envi ronnent - substantially open-plan, nulti storey
of fice buildings-could significantly reduce energy
d greenhouse gas emni ssions. To foster
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Brief Description of Drawings [0004] Figure A is

schemati c, fragnmented, side elevation view of a
Sjgﬁgggﬁﬂﬂgrtlon of a building havipg.prior art sol ar 3
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mmost sommen workplace environment—substantially open-plan, multi-

storey office buildings—could significantly reduce energy consumption
and greenhouse gas emissions. To foster their widespread usage,
building core daylight illumination systems must be cost-effective. A
cost-effective sunlight redirector for a building core daylight illumina-
tion system 1s disclosed below.

Brief Description of Drawings

[0004] Figure 1A is schematic, fragmented, side elevation view of
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.

[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.



neutral (non-rotated) position.[0007] Figure 2B is
simlar to Figure 2A, except the mrrors are depicted

WO pooato®@zo nmut h-rot at ed position. [0008] Fi gur eP@IZCA008/001144
simlar to Figures 2A and 2B, except the mirrors are
depicted in an altitude-rotated position. [0009]
Figure 3Ais a top front obﬂque i sonetric
illustration of a mirror and a universal joint. [0010]
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15  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 z 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 to 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



regarded in an illustrative, rather than a
restrictive, sense. [0016] Figure | A schematically
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art solar canopies 12, 14, 16 nounted al ong asouth
facade of building 10 above wi ndows 18, 20, 22
respectively. Each one of sof ar canopies 12, 14, 16
captures sunlight and redirects the sunlight through a

265058 Tanad 1 Bitlding TaPoVe RVBONA b5, 20, 2ariesDREvely.
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ceﬂboﬁg celilifig 5461hn@ kiropi cilihB U rand plérthim&pace 40 i is pr0V1ded
i ncor por at ed i,n_an exposed ceiling design simlar
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vv| thin transparent cover . Cover 54 protects
sbemgmnmisib]y peeesspd twithina Ch“Dpt ceibng, xhe sunlight
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tr[&lﬁH r ent ; Figuwerl Gchemaslcaﬂyrdﬁmct(smlgexemmary one of solar

DO e, 131 5 TR s 5 AF ALY v 5SS obhEal and

LQ?SE%?%‘?QP ofPored® WafihBalparbht 86VEY 34 56Cover 30%rotects
the components from wind, precipitation, dirt, etc., facilitates formation
of the components from relatively inexpensive and lightweight materi-
als, and reduces the components’ maintenance requirements. Only
sunlight-receiving portions of solar canopy 12 need be transparent;
other portions thereof (e.g. side portions which never face the sun) may
be opaque. The optical components housed within solar canopy 12
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-
spectively as indicated by dashed lines 78, 80 and 82, 84 respectively.

Paraboloidal mirrors 64, 66 further redirect the reflected rays through



mrrors 60, 62, 64, 66. Mrror arrays 56, 58 refl ect
i nci dent sunlight rays 68 toward parabol oidal mrrors
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72 and 74, 76 respectively. Paraboloidal mrrors 60,
62 redirect the reflected ra%/‘s toward par abol oi dal
mrrors 64, 66 respectively @as indicated by dashed
lines 78, 80 and 82, 84 respect i vely. Parabol oi dal
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respectively.’ Para mrrors
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62, 64,

ligh tor 30. [0018
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cahimor taamyg $€, 58i mantedgtraitgot arraypbénavhioh Magrsix doMimns
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permpst mrraor in each col unn&g . mrror
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are shown in Fi'gure to avoi d obscuring other
d el lnscokqmst94f refee) BImivotally eenneeteddbufirst fodme 116 by a

08 RS bl b & B TR e 04, et

ang vigible i FagtisesCPAPARI2B. Neither the brackets nor first frame
116 are shown in Figure 2C to avoid obscuring other details. First
frame 116 couples the columns of mirrors together so that all of the
MIrrors 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 (i.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 efficiency of the sunlight redirector.
[0020] Each intermediate mirror in each column (i.e. mirrors 108,
110, 112 in column 94, etc.) is pivotally connected to the mirrors



toget her such that they can easily be rotated in two
pl anes in order to adjust the mrrors' positions as
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allowing the mrrors to interfere with (i.e. contact)
one another as they nove. The mrrors shoul d not
excessi vel y shade one anot Hel - as they move, although
some mnimal shading during relatively brief positions
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suffl ci ent tenS| on (e.g. by adjusting the |engt
eddHd MSRAYIS120) that they behave as rigid nenbers.
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mcenegr oftheaadp and uhe Hotin Mivrseis %lachcﬁdlilﬁmlé% dBtversal
ar.e, prow ded in mrrors 106, 114 respectivel

cdpiith 192, ledcane Pm‘dﬁlﬁﬁllﬁrinbﬁrof&\doéudﬂ%fﬁspéﬁts‘atly of column

r S BPoROY I Bh el Rl el R AR the
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of the colum, while preventing the m'rrors
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parallel to the direction of longitudinal extent of the column and perpen-
dicular to the x and y axes.
[0022] Figures 3A and 3B show mirror 106 and universal joint
122 in greater detail. Universal joint 122 incorporates an x-axis rota-
tional member 126 and a y-axis rotational member 128. One end of
pivot 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



[0022] Figures 3A and 3B show mirror 106 and uni ver sal
joint 122 in greater detail. Universal joint 122
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_y-axis rotational nenber 128. One end of pivot |ink
130 is fixed to x-axis rotatjonal nmenber 126. The
opposite end of pivot link 130 is fixed to an external
second frane 132 (Figures 2A-2C) which is separate
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t h's%c%ﬂﬂelnﬁl‘?bi"'maeracﬁo@dllﬁiﬁrﬂf ﬁf‘kﬁe"ﬁggﬁﬂ‘]ﬂ,ﬁ?rrg&n each column,

rame- coup ed mrrors

e)@ﬁpl . thtimstrofy are nitéﬁccﬁﬁﬁ:d@@i QQ la‘fb%%bal@,yt\if@ Qnexpenswe
aforemsntloned brackets, to the mrror in each
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eliﬁ:iﬁ QUi o, |wltho\t‘éﬂyoﬂlﬂtktbt(ﬁqabeCTh@-t%Cﬁ@tﬁaf(ﬁ% can be provided
rotational act uators ( 117A, 117B) can be used

srRfbARY yNepQk thg misfonsHa whrcrtbwnmelasal ;@mzs@s pnowded as
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ursuybtaohtrolsigrfalPrethée@tuabrs, to cause predetermined angular
displacement of the x and y-axis rotational members 126, 128 of the
universal joint in the mirror on which the actuators are provided.
Specifically, the actuators can be adaptively controlled to move the
mirrors to track the sun, thereby continually redirecting sunlight into a
specific direction (i.e. toward paraboloidal mirrors 60, 62, 64, 66 and
thence into sunlight distributor 30), regardless of the sun’s posi-
tion—provided the sun is located within a predetermined angular range
corresponding to about 43 hours of true local solar noon (i.e. a signifi-
cant part of a typical work day). Each sunlight redirecting mirror array
56, 58 is accordingly operative as a heliostat.
[0024] The solid lines in Figures 2A and 4A—4D show the mir-
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.



shown in Figure 3B. Well known al gorithns can be used
to apply suitable control signals to the actuators, to
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y-axis rotational members 126, 128 of the universal
joint in the mrror on which_the actuators are

provi ded. Specifically, the Actuators can be
adaptively controlled to nove the mrrors to track the
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dashed lines in Figure 4B show the mrrors in an
al eontsticeaned: By dhe pByversah joints. toapresiens thembfrom rotatlng about

i e or xS HRTE sMich € REHEIR e RubREROF chdepipred x

Fighdt ¢ aiesphow the mirrors in an azimuth and
altitude-rotated position, i.e. after suitable
cd002511 ed dimeoperaionofa tight azy iatidest 68 omvatesiddef one of

he d d
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I
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t Hymdashed toestiog g72alandt74t HEO zespec:mv@ﬂy én ngareaXBs The
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ONRiFbA¢ MrrRFEvEEtors are oriented, according to the law of specular
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 too 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



mrror arrays 56, 58 is reflected once by one of the
mrrors in that array and passes through to the
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lines 70, 72 and 74, 76 respectively in Figure IB. The
actuators are controll ably actuated to nove the
mirrors such that the mirror&- normal vectors are
oriented, according to the | aw of specular reflection,

such that inciden ight 68 is reflected into a .
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abigut SPZriCHndFS@bpe. pr odyces accept abl e results. . A 3
net re canopy_(neasured in the xdirection shown in |B)

se t wBOEGEAMAler Hie agtuajers can bagwavidedringanenalogous

ershaceL PR efudh T lpI A (TR efirke TEREEAG o0 fiqpea

[ radjh@emmiwidrlamgymi ze certain nodifications,
per mut ati ons, additions and sub-conbi nati ons thereof.

| t[002% her ef Bhe cohempasdnirmars whthin ghiroat agraaspRmdad need not
L B oS S SR BB & Sown in
adgigiire§ And (su q?&xoéfiéélrﬁglézoﬂé Rrrdre culdbe ddifiletted together
true spirit and scope. [0028] For exanple, the
acinudiagosalyrexiengingvécelamnnonotheralonginxlinally extending
columns. However linkages 120 should not be pivotally connected to
the mirrors so as to permit the linkages to extend parallel to the planes
of the mirrors for any position within the mirrors’ intended angular
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
mirrors 60, 62, 64, 66 will concentrate the sunlight. It is 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
particularly, the actuators can be controlled to move the mirrors such

that the orientation of each mirror’s normal vector deviates slightly



mechani cal arrangenent coupled to first frame 116 and

positioned adjacent mrror array 56. [0029] The
W@0908m@ro mrrors Wthin mrror arrays 56, 58 PEBEGANDS/001144
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it by ChiseredlicS Y BePes B SUfiibB il Rifon required

st ataboidal FikForsas). 62 A6h! GBatichabyTRMEINDI g dfial

pl ane of each mrror at’” a sl |%ht angl € relativVe to
10 plquadiyofanchbenehepstri-of pasaba ﬁsiadamrcmrﬁé()mé& r64ng66

| | el s
C1B03d; o 7 PR BV BriaoB Pac R aRtreS éamrmh V195 Shigyld

t '}fb\{fé‘!?élobé 1RHEEd! E‘ﬁ*fcetﬁ%h@ He@ﬁﬁt%ﬂ N‘% éérﬁrnﬁrrors
normal vector deviates slightlyfromthat of t ot her

mimaypristerfeneswifhe(it¢ .ycontacootiengessovelyeshade) amne another as
B N NN
15T %flhﬁ{dé ﬁ’ﬂ%l@hr hisqganbEE S IRSYARH! Hﬂfreﬁﬁ‘h ﬂHegsrp’Jcn?g be-

nor mal vector s oul l'arge eno duc
prisseneadjedemtaint enoms iandt deduneid eﬁnﬁdrdnsgfmw at the expense of

PBHGPed Shfickae T vunee some [Ent sl ativs Shemdntiinggased
( 's&?eg{ggarté%éef}%ggcehb ‘1’111‘?1’6115 %ﬂhoﬁ? beind Fefiedbaqsy &% mirrors

and hence be lost in the sense that such light would not be distributed
20  within building 10.



62, 64, 66. This reduces the degree of sunlight
concentration required of paraboloidal mrrors 60, 62,

w®@20098@ovther eby reduci ng the optical quality-andi/boanme001144
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cost-of paraboloidal mrrors 60, 62, 64, 66. [0031]
The devi ati on of each m rrorl'os normal vector shoul d
however be limted, since if~ the deviation is too
great adjacent mrrors may interfere with (i.e.

oA T8 GEATRIEXERY: *0art) ol ar Ty ot extrem o

azimuth or altitude angles. This can be alleviated by
i ncreasi ng the spacing be tween adjacent mirrors and
col utmsAcsuntightaiedrestor, sgompaisHi@ense of reduced

efficiency since so I i ght woul.d ss. tihrough 1 he

i ncr eased sp%\% iaﬁ]&‘ybgf%%ﬁp Sl rﬁ*i é?%t} gl@fqrhh%&/lng a sur-
being r iRY§-ors and hence be lost in

the sen%fgbt a@ﬂglﬁﬁétﬁfé%%’oul d not be distributed

wi t hi n bui | dhomn-st@tekHag liskageal N20) IBvotallyairgartantecting
redirector, coQ i si,ng: an arr (5 of .pl ane

m rror s:ONEA lmy @Filzﬁ'&&]it Cs @bpﬁﬁt‘%%f ﬂ%ﬁ migrqrsyand con-
(115); - i [ : j

i nter coﬁgﬁellg?é % gﬁ%%??t Q |F Elg Fj?}lrg%ﬁ%g%u(ﬁr;t H%trt] gislé ?f 6%r}a11 1V4e)ct0rs
of the rémair pamilt] ovhils thaimirngrsnmoseent of t he

O S na o MBS, B TBApIfEE P52 e ReRB D) of he
(122) | il P AR nBlofheylpng t udi nal |y

adj acen rrors;” and a second pivotable coupling

(124) in a sgseoondmpevdtabl cotiplihg (184yin wdsetandyone (114) of

coupl | nie IOERUKRHLY ARIACE STEG second i rrors to

por pendi i i st VUGl BrHiBzthe first and

t he second mirrors to move with respect to either one of two mutu-
ally perpendicular axes (x, y) and preventing movement of the
first and second mirrors with respect to a third axis (7).

2. A sunlight redirector as defined in claim 1, wherein:
the mirrors are arranged in a plurality of columns
(94—104); and
the non-stretching linkages connect each mirror to an
adjacent mirror in the same column.

3. A sunlight redirector as defined in claim 1, wherein:
the first and second pivotable couplings are first and second
universal joints (122, 124) each having a first member (126)
rotatable with respect to a first one (x) of the two mutually per-
pendicular axes, and a second member (128) rotatable with
respect to a second one (y) of the two mutually perpendicular
axes;



first and second mrrors with respect to a third axis
(z). 2. A sunlight redirector as defined in claiml1,

wab@pedn7o the mrrors are arranged in a pl ural PEYCaL008/001144
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colums (94-104); and the non-stretching |inkages
connect each mrror to an adjacent mrror in the sane
columm. 3. A sunlight redi rddtor as defined in claim
1, wherein: the first and second pivotabl e couplings

are first and sgcond. univ | joints (122 24 ac

i ng ot 1 e fetBirToL A 0BT SutrDuBes An FivotE ph B st

a first ; i . di cul ar

axes, ang a éﬁé@cﬁ@ ér@?ﬂoeéﬁgs(t%%t&gg ?g{gl gﬁg\/i th respect

to a second theesgopndomirrios (tl\lég surtoainds gt pevats ol the first

axes;the first mrro 106 urrounds .and pivots on
the fi r%%@ﬂ@@%‘}h&&em ’f‘ﬁllrvgsajdpvgrsal joint;
and the second mrror (114) surrounds and pivots on

the first nenber (126) of the second universal joint.
4 4. A sAnfurdightrredireetooas dsfisietiineclaim k| hirther, comprising:

cont 1 | abl ¢ st alestranigally CoBiial BRls seBigon(1174) coupled to
I vot ab [ : I
one_of D Otr G e A EBpIARGY %) ORIy TROFE AStlceted one

the t \/\Dofrtlteiﬁiihsorsawlhn@'s?etttab axmst opedxpofehendo mutually
el ectronically controllabl e actuator (117B) coupled to
t he onePHIPCOHECHRAY 3XEH 80 oupl i ngs to control | ably

Tove the sel ESketh@te Aot AT B AMIEACEERBERT 178) Roupled

second one (y) O perpendl cul ar axe
and wherceth® one lofght piagtabieicdapling68) comtrikabdy daové the

the ar rge%eét%drgéé g ttﬁg mirrors with respect to a second one (y) of the
two mutually perpendicular axes;
and wherein:

a light ray incident (68) on one side of the array is reflected
once by one of the mirrors through an opposite side of the array;
and

the actuators are controllable to move the mirrors to orient
the normal vectors such that the mirrors specularly reflect inci-

dent light in a preselected direction.

5. A sunlight redirector as defined in claim 1, further comprising:

a first electronically controllable actuator (117A) coupled to
one of the pivotable couplings to controllably move a selected one
of the mirrors with respect to a first one (x) of the two mutually
perpendicular axes; and

a second electronically controllable actuator (117B) coupled
to the one of the pivotable couplings to controllably move the
selected one of the mirrors with respect to a second one (z) of the
two mutually perpendicular axes.



once by one of the mrrors through an opposite side of
the array; and the actuators are controllable to nove

W0 b@odeorors to orient the nornmal vectors suchpehi@n2to0keo1144
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mrrors specularly reflect inci dent light in a

presel ected direction. 5. Asunllght redirector as
defined in claim1l, further gorrpr|3| ng: a first

el ectronl cally controll abI e act uator (117A) coupled to

on ect e‘éhﬁiﬂﬁ 8\370 b alér%l‘f(f:(?rlrj %n?h g’té{?t I’lt %?g\épvpsats a helio-

one (X)gt ? the two nutually per pendi cul ar axes; and a
second el ectronically controll abl e actuator (117B)
coupled to the one of the pivotable coupllngs to

control | abl y. nove the sel ected rrars.wth )

Co Lo Atairial sedirecta oS febnedns dlhisn gy Sherein the third axis
I

e Prnitar it BerfsiicllarAo*tHe 6 b GRS ndRlat WREd (x, y)

redi r ecarnd pasalisdftoreditectionadfrichgintinal extene of the ¢olumns.

axis (z) is perpendicular to the two nutually
perpendi cul ar axes (x, y) and parallel to a direction

ofgl ongi télﬂilg’lger%ﬁ'ix%gﬁopﬁs Eﬁn‘é@'iﬂ\m §imS &pﬁP&bLght

redirector in c erein: irst

and second piheofieh| andcsendpiyoaslslef dogilirmgydareefiestcand second
uni versal, joints, (122 12§&)eac ha\(l ng first rren%)ﬁé
(126) rlé)liﬂé(ﬁﬁi’zﬂldOWtﬁrﬂ?gsd haipga A member ¢1R6)

0 LN PR ' RYon D, AL SRER00 TRRRA per

the twopgndidaldryaxes! p@dd setaid ax@nbet (1€28) rotatable rwith
(106) surrounds and pivots on the first nenber (126)

of the HaSPget %aw@ﬁ@ad qust 6b); ofafg B ediahly penpesgicular
(114) SIY L ounds and pivots on the first

the first mirror (106) surrounds and pivots on the first
member (126) of the first universal joint; and

the second mirror (114) surrounds and pivots on the first
member (126) of the second universal joint.

0. A sunlight redirector as defined in claim 2, operative as a helio-
stat.

10. A sunlight redirector as defined in claim 4, operative as a helio-
stat.

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

a first electronically controllable actuator (117A) coupled to
one of the pivotable couplings to controllably move a selected one
of the mirrors with respect to a first one (x) of the two mutually
perpendicular axes; and



menber (126) of the second universal joint. 9. A
sunlight redirector as defined in claim2, operative

W@32009/0b0870 ost at. 10. A sunlight redirector as Bef/CAz®8/001144
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in claim4, operative as a heliostat. 11. A sunlight
redirector as defined in clﬁbn12, further conprising:
a first electronically controllable actuator (117A)
coupl ed to one of the pivotable couplings to

Fespect to 4aRErend SIEERIEBT Rt ollAbigcAslpt (117B) coupled
per pe”dicﬁg}@bné‘ﬁstheﬁﬂyéta?ﬁ %%Bﬁhg@tb%rﬁ?éﬂably move the
control ['abl e actuato 117B) coupled to the one”of the

pi vot absalecedpdna g the munorsomitibrespeot €0 arsecendeame(y) of the

S Wth respect to a second one (y) of
) a7

one of the mrr
t he tmtmtlﬁ’éma;iypg?ml% L@X&%es; and wherein: a

l'i ght ré‘%d(v@ﬁ;éregﬁm dent on one side of the array is
refl ected once by one of the mirrors through an

opposi te si de lighttiay @&)apcidemd arhenasideobdthe army is reflected
controllable to noye the. mrrors to orient .the. norpgl )
vect or OBt By 0 Of RBe mrirrersstspuglia ppposiq side ohihe array;
dent lighg in a preselected direction. 12. A sunlight

redirector as defined in claim2, further conprising: )
a first franthe dd@ptgrisvareaddntraldatdbed movertheminrors tomorient

each one of the colums; jn each one of the columg: a .
first pt FOTmﬁ}(VF@L@@ 5861]&1165&&{1%‘@{56@%66&55’ f@ﬁﬁ%t Inc1-
Second UCHERIY A EseEREILERILR, 207 The cecond -
frame and anot her pivotable coupling in another
]Icmi ié? r f Aﬁ@hﬁg& ?ng}({crtgg as rgle?lj}l)édci% glgtl]mcf ,uﬁ}retzge; 80}11%?ising:
a first frame (116) pivotally coupled to one mirror in each
one of the columns;
in each one of the columns:
a first pivot link (130) coupled between a second
frame (132) and one pivotable coupling in one mirror; and
a second pivot link (130) coupled between the second
frame and another pivotable coupling in another mirror;
wherein a mirror in any column coupled to the first frame has the
same columnar position as a mirror in any other column coupled
to the first frame.

13. A sunlight redirector as defined in claim 5, operative as a helio-
stat.

14. A sunlight redirector as defined in claim 2, operative as a helio-
stat and wherein:
the first and second pivotable couplings are first and second
universal joints (122, 124) each having a first member (126)



same columar position as a mrror in any other colum

coupled to the first franme. 13. A sunlight redirector
w@goodebiomed in claimb5, operative as a hel i ostBCT/CAZ008/001144

sunlight redirector as defined in claim?2, operative

as a heliostat and wherein: the first and second

pi vot abl e couplings are fi rdft -and second uni versal

joints (122, 124) each having a first nenber

(126)rotatable with respect {0 a first e (x) of t

two. muc RIS it driirectiig e Efslone ki) of Sk bivh umially per-
(128) r él?diéﬁh‘% Mesh a&ﬁ%’%&{:oﬁd’ n?erﬁ%?@i&?}‘ fofa¥dblefwith
the t mut ual I'y "pefpendi cul ar axes; the first mrror
(106) srespeonts asedond\artes orof the fwo shuattyeperpedjcular
of the first universal joint; and the second mrror

(114) s¥#¥¥Sunds and pivots on the first nember (126)

5 of the Seco”ﬂle“ﬁ'#éf%g(‘”i‘lbﬁj(gpgf su unts SHY b%ts on the first

redirector as deflne , operative as a
hel i ost miemidt. (1RGuof thghfirstadiiversabrjons; dadi ned in
claim 13, wherein: the m rr(ﬁrs are ar

t

ranged in a
plurality of theotqeoms MAH@T(Hd 4) SHIEQY: scmcﬂ@w@tm%@@e first
connectm%?ﬁ ] r E{HH e in the sane
col um. ll)16,&%1{%1 i%ﬁwﬂlefgekl rgg@g&géaldg |tr'1ed inclaim
11, further conprising: a first frame (116) pivotally
coupled to qne mrror in each calumm; . in_ each one of X

10 ¢ RS col Ansinlightrredigectpr, as %ne?md(m% IRRpPRerabieed helio-
a secong{a{rarre (132) and one pivotable coupling in one
mrror; and a second pivot |ink (130) coupl ed between
the second frame and anot her pivotable coupling in
anot her mrror. i ) . .

A sunlight redirector as defined in claim 13, wherein:
the mirrors are arranged in a plurality of columns; and
15 the non-stretching linkages connect each mirror to an

adjacent mirror in the same column.

17. A sunlight redirector as defined in claim 11, further comprising:
a first frame (116) pivotally coupled to one mirror in each
20 column;
in each one of the columns:
a first pivot link (130) coupled between a second
frame (132) and one pivotable coupling in one mirror; and
a second pivot link (130) coupled between the second
25 frame and another pivotable coupling in another mirror.

18. A sunlight redirector as defined in claim 15, wherein:
a light ray (68) incident on one side of the array is reflected
once by one of the mirrors through an opposite side of the array;
30 and



18. A sunlight redirector as defined in claim15,

wherein: a light ray (68) incident on one side of the
wW@re0ayoio3o r ef | ect ed once by one of the m rrorsPeTICAYB/001144

an opposite side of the array; andthe actuators are

controll able to nove the mrrors to orient the nornal

vectors such that the mirrorls specularly reflect inci

dent light in a preselected direction. 19. A sunlight

and second pioreRl sl oty e BREEVE e ditshfS o orien

uni ver stle hOIMhF vedidss shéh)thgadle Reviory spetilagly vefié@rinci-
(126) rotatable with respect to a first one (x) of the

two nut demt lighen pareselgctad digstioand a second menber
(128) rotatable wth respect to a second one (y) of
the two nutual |y perpendi cul ar axes; the first mrror

5 (109) sarsonindls RUdradityPhs defiredeint ¢1@ﬁh 1&Migleréih26)

of the first universal joint; and the second m rror
(114) surr outistiasicansd sm@ld)pl\totabl‘a eeuphwrgbare {irgand second

f th d A ht
el cRBR A%, i leaciha g L Hiheanter (126)
hel i ost pdtatable wWith %@éﬁﬁ&h&d@@irﬁ@éh@ (xPBETRE XD ﬂ‘ﬁmﬁ‘ally per-
hel i ostat, the sunlight redirector conprisin

array (pex)dmnlzm axes, rand arsscordehember dﬂZB)awotz;t;aldeSthh
face nor nal

10 { 356 "ofepest 7§ b echiit e Do ke il GéPendicular

adj acenjx&nes (106 114) of the mrrors and con
strai ning novement of the mirrors; a first pivotable
coupl i ng (12te finstamiinost(166 sunmmdsfand]plvots on the first

ongi t Udle?nag)ely (laflé) of ﬁle {n rgtrl%lversaq joint; and
the second mirror (114) surrounds and pivots on the first
15 member (126) of the second universal joint.

20. A sunlight redirector as defined in claim 17, operative as a helio-
stat.

20 21. A sunlight redirector operative as a heliostat, the sunlight
redirector comprising:
an array (56) of plane mirrors, each mirror having a sur-
face normal vector (115);
non-stretching linkages (120) pivotally interconnecting
25 longitudinally adjacent ones (106—114) of the mirrors and con-
straining movement of the mirrors;
a first pivotable coupling (122) in a first one (106) of the
longitudinally adjacent mirrors; and
a second pivotable coupling (124) in a second one (114) of
30 the longitudinally adjacent mirrors;



a second pivotable coupling (124) in a second one
(114) of the longitudinally adjacent mrrors;the first

warpw9sewond pi votabl e couplings permitting thePET/Ca2008/001144
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and second mrrors to nove with respect to either one
of two nutually perpendi culai axes (x, y) and
preventing novenent of the fifrst and second mirrors
with respect to a third axis (z); wherein: the mrrors

The non- str attnify anch el BlyefEblt QRul s i he firs

adj acenindrséédid mfirkds AR VeOWiliNresBdet o Eithét @h& of two

redirector as defined in claim?21, erein: the first
and secxmmdiuz;hly@eap@mhculml axags(any dnd pre\eﬁmlr@m&ment of
oints, (122,. 124 eac havi

106y T e A0S i, ST AR EarS A TSRt 4 izt JRNREL

two mut Wakldinper pendi cul ar axes and a second menber
(128) rotat agl e wth respect to a second one (y].)‘mno:;l
t he two nut uthel siyrerpaneiacrangedanes ;pluraityi ofscolwinansor

(106) syrro pi vots on the first nmenber (126)
of the #*#S#Bgiﬂ@% sal joint; the second mrror (114)

surrounds ang I?tsﬁ‘e%hlhgglﬁl%%g%s CEHTRRY e@éﬁ%lﬁt)rw%n
second uni ver j ol nt mrrors are novabl e

ori ent ad]acmlrnnrmrelmﬂmssasnch:oﬂmmn the mirrors
specularly reflect incident light in directions which
deviate froma presel ected normal direction by an

anmpyint a%l.ﬁﬁ é%ﬁgfé@ﬁ‘rq‘qc?oxpwg%%e iR Gafhert e@rh@?&her N

in the enough t’o prevent
interfer encet%eﬁvﬁem(hslq:mpl\mtabkwr eowpimgs aree firstrand second

are nbvgglversal joints (122, 124) each having a first member (126)
rotatable with respect to a first one (x) of the two mutually per-
pendicular axes, and a second member (128) rotatable with
respect to a second one (y) of the two mutually perpendicular
axes;

the first mirror (106) surrounds and pivots on the first
member (126) of the first universal joint;

the second mirror (114) surrounds and pivots on the first
member (126) of the second universal joint; and

the mirrors are movable to orient the normal vectors such
that the mirrors specularly reflect incident light in directions
which deviate from a preselected normal direction by an amount
large enough to produce a preselected pattern in the reflected
light, and small enough to prevent interference between adjacent

mirrors when the mirrors are moved.

23. A sunlight redirector as defined in claim 22, wherein:



23. A sunlight redirector as defined in claim 22,
wherein:a light ray (68) incident on one side of the

wW@re0ayoio3o r ef | ect ed once by one of the m rrorsPeTICAYB/001144
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an opposite side of the array; and the mirrors are
novabl e to orient the nornaH vectors such that the
normal vectors of the mrrord are oriented to

specularly reflect incident light in a preselected

claim 21, o 11 3, (6B) dpG e S Bhe SCRE I Gegd is reflected
pi vot al hiyce b?lodn%jof ehemeirfors’ iroligh eacoppesitevideanfittienarray;

each one of the colums: a first pivot 1ink (130)
coupl edadt ween a second frame (132) and one pivotable

coupl ed bt vl IHETS s MOy FRCOCHe Bl Y bt yeckirs such

coupl i nghait fheMIriRl VECEORY of Yehfitivrshge fﬂrﬁélﬁéattggﬁ)ecularly

movabl e to orient the normal vectors such_ that

mi r r or sreftestinaident dightdota presedested (diggatiom

di rections which deviate froma presel ected nor nal
direction by an anmount | arge enough to produce a

presel eat @ehipaitt Ridirdctof S de®ine@Cine@aima?t , figies8@iprising:
enough to prevent interference between adjacent

m rrors whenatfirst fifamen(d 16) pivatally. caampled tewla ghirror in each
redi rect(ﬁﬁ)l(r}’1 as defined in claim24, wherein: the first
and secYd nﬂﬁ"v%]? bl e couplings are first and second

uni versal | ojnbgcH $23.of 180 coipgihdtaving a first member

(126) rotatable with respect to a first one (x) of the
two rmutual |y per pdhst pivetrlinkdd30nadupleskbetvecanatsecond

g ﬁgS% V\Lomi 3 :aﬁywéﬁ%);ﬁﬁ& e&(ﬂeaﬁi%gi@’gcc%%dplfn%ein( &e %irror; and
a second pivot link (130) coupled between the second
frame and another pivotable coupling in another mirror;

wherein the mirrors are movable to orient the normal vectors
such that the mirrors specularly reflect incident light in directions
which deviate from a preselected normal direction by an amount
large enough to produce a preselected pattern in the reflected
light, and small enough to prevent interference between adjacent
mirrors when the mirrors are moved.

25. A sunlight redirector as defined in claim 24, wherein:

the first and second pivotable couplings are first and second
universal joints (122, 124) each having a first member (126)
rotatable with respect to a first one (x) of the two mutually per-
pendicular axes, and a second member (128) rotatable with
respect to a second one (y) of the two mutually perpendicular
axes;

the first mirror (106) surrounds and pivots on the first
member (126) of the first universal joint; and



the first mrror (106) surrounds and pivots on the

first nmenber (126) of the first universal joint;
wa@eableozecond mrror (114) surrounds and pi vOPGT/OA2M08/@01144

first menber (126) of the second universal joint. 26.

A sunlight redirector as defli ned in claim24, wherein:

a light ray incident on one Side of the array is

refl ected once by one of the mrrors through an

rovab et o oncorre iR 92 bt 85 plfSiiqn the firs
nor mal ﬁﬁ@ﬁl@éﬁ@é)t@iemé SETRl BhRepsalejoimd t o

specularly reflect incident light in a presel ected
direction. 27. A sunlight redirector operative as a

heljostqt, the sunl.ight redj.r of. rdsipg.. an.
arty” (o 4ohiithr BF deFEECn SRR 24 Bhes Bl

5 surface nor "E'li)gl—ﬁ%?rinﬁﬂcﬂe@t;orﬂ@ﬁe sidebehheartdy kapelected
(120) pivotally intérconnecting |ongitudinally
adj acenonemdy ¢umef tha miresrs: heough rasr epposite side of the array;
strai ning,nmovenent of the mrrors; a first pivotable
couplin 1122) ina first one (106) of the
| ongi tudi nal {he AfFRFS e ThoVABR; t0PofBAPTE Rb¥AhRREBtOrs such
coupling (124) 1n a second one (114) of the
| ongi t uthatdh¢ ynoadjad ceaetors of thes mitrtogsfaresarientédsocspedularly
pi vot abl e, cqupl i rmttin he fir.st and second

10 5 v r or sTacrd Bttt i dpet Press e EH T rtitor ¢ o
nmutual | y perpendi cul ar axes (x, y) and preventing
nmovenent of the first and second mrrors with respect
t 02%. t hAr siraiglst exdirecdor ppsrativeeas admdloastaty the sunlight
controlu%ﬁle actuator. .(117A) coupled to one of the

pi vot abl CIESIRT CREPHYont rol | abl y nove a sel ect ed
one an array (56) of plane mirrors, each mirror having a sur-
15 face normal vector (115);

non-stretching linkages (120) pivotally interconnecting
longitudinally adjacent ones (106—114) of the mirrors and con-
straining movement of the mirrors;

a first pivotable coupling (122) in a first one (106) of the

20 longitudinally adjacent mirrors;

a second pivotable coupling (124) in a second one (114) of
the longitudinally adjacent mirrors;

the first and second pivotable couplings permitting the first
and second mirrors to move with respect to either one of two

25 mutually perpendicular axes (x, y) and preventing movement of
the first and second mirrors with respect to a third axis (z);

a first electronically controllable actuator (117A) coupled to
one of the pivotable couplings to controllably move a selected one
of the mirrors with respect to a first one (x) of the two mutually

30 perpendicular axes; and



of the mrrors with respect to a first one (x) of the
two nutual ly perpendi cul ar axes; anda second

web@enowomi cal | y control | abl e actuator (117B) cpuplCazhoso01144
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the one of the pivotable couplings to controllably
nove the sel ected one of tﬂﬁ mrrors wth respect to a
second one (y) of the two n ?dally per pendi cul ar axes;
wherein: the mrrors are arranged in a plurality of

connect cactf naf Efeg tiCaIty SERACHANE AchBABAEEL7R) coupled
col um.to2Be dnes vfilthgpivorbie e@uphng§ t6lebinaedlably ¢cheventhe

27, wherein: the first and second pivotabl e couplings
are firselecigd anscohtheMIVENSaVIthdiespect o2, semmﬁ 0@9@0@/) of the

actir o TSR Rl B 7Y perpendi cular

axes, aRHepeinecond nmenber (128) rotatable with respect
to a second one (y) of the two nutually perpendi cul ar
axes; the fithetMmMIorsare a0mnedr iod Pheraliy ¢fi el

the fir 26) of the first universal joint;
t he sec@4TWfo?ﬂ 114) surrounds and pivots on the
first menberthel@®-strerdltingdasaéswtnrics @ach ahitror é9@n
the mrrors are novabl e to orient the normal vectors

such t hadjacers MIFHosris Hpsamecpumas | ect i nci dent
light in directions which deviate froma presel ected
normal direction by an anount |arge enough to produce

a g es eAesGdrﬁth maklaiettdmad H@ﬁh@ﬁ'lﬁcdlﬁﬁnﬂ'ﬂh&/he?&ﬁ
small enough to prevent interference between adj acent
m rrors whernthenersiiandosecomdepivoiahle couplings are hrst and second
universal joints (122, 124) each having a first member (126)
rotatable with respect to a first one (x) of the two mutually per-
pendicular axes, and a second member (128) rotatable with
respect to a second one (y) of the two mutually perpendicular
axes;
the first mirror (106) surrounds and pivots on the first
member (126) of the first universal joint;
the second mirror (114) surrounds and pivots on the first
member (126) of the second universal joint; and
the mirrors are movable to orient the normal vectors such
that the mirrors specularly reflect incident light in directions
which deviate from a preselected normal direction by an amount
large enough to produce a preselected pattern in the reflected
light, and small enough to prevent interference between adjacent
mirrors when the mirrors are moved.

29. A sunlight redirector as defined in claim 28, wherein:



29. A sunlight redirector as defined in claim 28,
wherein:a light ray (68) incident on one side of the

wW@re0ayoio3o r ef | ect ed once by one of the m rrorsPeTICAYB/001144
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an opposite side of the array; and the actuators are
control |l able to nove the mryrors such that the nornal
vectors of the mrrors are'& iented to specularly
reflect incident light in a preselected direction. 30.

Compri si'ng: & e (6T GHERS b e SRSDE o gy § reflected
one i rfde b RRCBf € wlRioRNArongRagoPpesitf sidecof the array;
colums: a first pivot link (130) coupled between a

second dmndine (132) and one pivotable coupling in one

mrror; and secon ivat lin I et wee

t he second fﬁlgn%&ﬁﬁg)rgr%g W&ntﬁhlfg}%ggbéﬁgggﬁﬁgﬁﬁlqﬁ% Such that
anot her @ figihal WaEoes Bftthe mMirkH R SreabAefRMAR Spécularly
orient the normal vectors such that the mrrors

specul ardficatancident ilightdera presghected diresdmi.ons whi ch
deviate froma presel ected normal direction by an

anmount | arge enough to produce a presel ected pattern

i n3ohe pediif rﬁokédw&tt%r_ a0defimRl! inee1a18m 7 OfRHRMESdmprising:

interferenceféoetvveen adjacent mrrors when the mrrors

are nmoved. 34 first ftameé ¢hi6) pivotedy croupded o ionedimiirror in each
claim 30, wherein: the first and second pivotable

coupl i gV, i“ilast and second universal joints (122,

124) each hay pgeipohklott theeAms126) rotatable with
x) of th

respect to a first one ( C e two nutual ly per
pendi cul ar axes, adirsapseatdmak (E3dEcogpze) betwetmadlsecond

Z,“eﬁ Begfj?ﬁ 3?;&%&;@&& PR O i%)otgletc%%ptlmm% - ofie lnll%fror; and
a second pivot link (130) coupled between the second
frame and another pivotable coupling in another mirror;
wherein the mirrors are movable to orient the normal vectors
such that the mirrors specularly reflect incident light in directions
which deviate from a preselected normal direction by an amount
large enough to produce a preselected pattern in the reflected
light, and small enough to prevent interference between adjacent

mirrors when the mirrors are moved.

31. A sunlight redirector as defined in claim 30, wherein:

the first and second pivotable couplings are first and second
universal joints (122, 124) each having a first member (126)
rotatable with respect to a first one (x) of the two mutually per-
pendicular axes, and a second member (128) rotatable with
respect to a second one (y) of the two mutually perpendicular
axes;

the first mirror (106) surrounds and pivots on the first
member (126) of the first universal joint; and



the first mrror (106) surrounds and pivots on the
first nmenber (126) of the first universal joint;

wa@eableozecond mrror (114) surrounds and pi vOPGT/OA2M08/@01144
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first menber (126) of the second universal joint. 32.
A sunlight redirector as defjned in claim30, wherein:
a light ray incident on one dide of the array is
refl ected once by one of the mrrors through an

oppos e ot eolerbi BB 130 SRR B PRy G ghe i
vector Snféfrnbéle(m@r@f thea§étdifd aftvedsdlgosmecul ar ly
reflect incident I'ight in a preselected direction.

32. A sunlight redirector as defined in claim 30, wherein:

a light ray incident on one side of the array is reflected
once by one of the mirrors through an opposite side of the array;
and

the actuators are controllable to move the mirrors such that
the normal vectors of the mirrors are oriented to specularly
reflect incident light in a preselected direction.



