WD 02/ 070966 PCT/ AU02/ 00261 - 1 SCOLAR ENERGY REFLECTOR ARRAY Field of
the Invention This invention relates to a solar energy reflector 5 array

t hat i ncowporatwse a plurality of heliostats and to a hel ipa3tAto2oa@s1use in
the array. In the context of the specification the term"heliostat"” is to
be understood as neaning a device which,is arranged to reflect incident
solar radiation to-a target (which may c:hange fromtinme 10 to-tine) and to
be driven to follow rel ati veOnAReENERGYf REFRBCTOR. ARRAKQgr ound of the

I nvention Sol ar arrays, including so-called multi-tower solar 15 arrays
have been proposed and in sonme cases devel oped for reflecting toward one
or nore targeleicpldectiy sisl@liofadiation that falls incident on
heliostats withinm the arrays. various array arrangenents have been
proposed for i fMilkiissiigrenitieal dstlogidand card sshai rﬂ;ﬁétifgmemfdﬁ%h@rl n 20
order to ITB.XI se reflectl on_an enc entr nco sol ar
radi ati oR. I T <ot 8 GRS Glcrees’nce nﬁlyraqb Jloﬁ%artnsata}l{(;%]a Pat ent
Appl i cat i onaqe]HGElb%l@Gi&Ong and T/ AR 00864 td@é eﬂ:%%r@m 296 and 19
Decenber 1997 resgoectl vely, and to the followng two 25 publications:

Ml ti -Tower SR LGP MFSA) ESH™ h @'Pﬁd:aﬁel ilostl e LF\WCFGFTSStCE‘? RS and
Schr anek, Int y: I T ci@dgent rati ng
Technol ogi es Sr%]tr{ab a{l;l’acgere-\;swé %C%ol%?fﬁncéew %nlzéflléégi r%% Pot enti al of

t he Heli ost aaollarelnhd]fatadvulim -arawergelol @vhidl mey SomearekgorP.tiamdt M | s,

}8th Intern%tlocfko be driven to follow relative movement of

the sun.

Background of the Invention

Solar arrays, including so-called multi-tower solar

15 arrays have been proposed and in some cases developed for
reflecting toward one or more target collectors solar
radiation that falls incident on heliostats within the
arrays. Various array arrangements have been proposed for
minimising mutual blocking and shading of heliostats in

20 order to maximise reflection and, hence, concentration of
incoming solar radiation. In this context, reference may
be made to International Patent Applications
PCT/AU96/00177 and PCT/AU97/00864 dated 28 March 1996 and
19 December 1997 respectively, and to the following two

25 publications: |
Multi-Tower Solar Array (MTSA) with Ganged Heliostats;
Mills, D. R. and Schramek, P. - 9™ International Symposium
on Solar Thermal Concentrating Technologies, Solar Paces,
Font-Romeu France, June 1998.

30 Potential of the Heliostat Field of a Multi-Tower Solar
Array; Schramek, P. and Mills, D.R. - 10th International
Symposium on Solar Thermal Concentrating Technologies,

Solar Paces, Sydney, Australia, March 2000.



Synmposi um on Sol ar Thermal Concentrating Technol ogi es, Sol ar Paces,
Sydney, Australia, March 2000. WO 02/070966 PCT/ AU0O2/00261 2 1In order to
achi eve owpoDimomIgs ound area utilisation, heliostats w thPOTA®OES1 ar r ay
must be arranged and constructed to facilitate cl osel y-spaced positioning
of the heliostats and, at the same tine, to permt non 5 interfering

rel ati ve novenent of adjacent ones of the heliostats. This latter

requi renent appl iEs quaddr cubd aadlyieva opi imun aywsousd| arearwiaykisanieh) ch
adj acent heliastats may, he required to reflect incident radiation to

it feront USSR Ol i et B mrE 1Y v Eh By oHE et 980 et 10 may
need be act uahpd e ange 48 OId 0 a1 Qe 1§ B ONLI $Ok1 €491 nd oAnot her .
Also, in the interest of maximsing drive efficiency and m nim sing

capi tal costie iheliostatiand, tHatthhesdes i bitat sthecarmihgednand
construcked ; 1o facilid ale gandl ng.plndhe feldpsials. ande enpkoygent of 15
common drive arrange t's Tor groups O he  hel10ostats W thin an array.
The neeti ng fl idwse g eqUH eI St é1s rea@si sdmehtbyapiei éacpatthbtul @xtept in
t hose instances when a heliostat is to be re-orientated, the heliostats

col | ect i vel Y ThéBH okl §PHRF rRRARE | 3 TRafen deh B 6 1380 26 b VR HeS b7 % he
sun. That i §yapMisd easyti @i entati ans ofciddie: held pstats wouhdenoragptly be

different from one anhother, depending upon their positions relative to the
target col | éciwey syquraidd hedd ozt tabiss vad ditbevldrd¢lveny cong uhel ibsbaigh t he

sane enghe GaFGa? AP LS. 800F £ duiged a0, abers dtblscihe shenoe |
gle of "th r tors o het i chan§e”in angl e
of incident dgaadiedd®n. cdiaemsier eVerl yhen @l diow N d8Est of maximising
drive efficiency and minimising capital costs, it is
reguired that the heliostats be arranged and constructed
to facilitate ganging of the heliostats and employment of
15 common drive arrangements for groups of the heliostats
within an array. The meeting of these requirements is
assisted by the fact that, except in those instances when
a heliostat is to be re-orientated, the heliostats
collectively need only be moved in dependence on the
20 movement of the sun. That is, whereag the orientations of
the heliostats would normally be different from one
another, depending upon their positions relative to the

target collector(s), all heliostats would be driven to
turn through the same angle d¢y=d¢s/2 in the same
25 direction, where d¢y is the change in angle of the

reflectors of the heliostats and d¢s is the change in angle
of incident radiation. However, even when allowing for
this convenience, difficulties have been experienced in
designing arrangements that facilitate non-interfering

30 close spacing of heliostats, as well as economical drive
arrangements, for the very large number of heliostats that

must be provided in any array that might serve to reflect



this convenience, difficulties have been experienced in designing
arrangenents that facilitate non-interfering 30 cl ose spaci ng of

hel i ost atwp oa®70eé | as econom cal drive arrangenents, folPCThaoeeo2l| arge
nunber of heliostats that nust be provided in any array that m ght serve
to reflect WO 02/ 070966 PCT/ AU02/00261. 3 .a useful |evel of solar energy
to associated target collectors. Summary of the Invention 5 The present

i nvention i = disebtledleeh ¢l sokratengkgyr it sassvebdted forr@@si ti oni ng

W thin an arl ay; ncd WhICh in a preferred form is arranged to neet the
above- nenti oneae reqw renments. Broadly defined, the present invention
provides a 10 heliostat which conprises: a reflector elenent, a carrier
that is arranged to support the reflector elenent above a ground plane, a

drive means t pivotal drive 15 to the carrier
about a Eixed, fif §eﬂt23{m}e°ntic5huf§ aPfedtheshel i ostat i o8k sposed
substantially paral to t ground pl ane, neans nounting the reflector

el ement to tWeldaris essultablae m@ommm rwitshph von sbrnay ewedt of the

20 refl | h h d d
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to inpart plﬁ@{@oﬂme@\iﬁ@n@ﬂs@sref | ector el enent about the second axis.
The drive neans that is arranged to inpart pivotal 25 notion_of the
carrier preferablBrasipr i debleedi righe drfgeent invention provides a

10 heliostat which comprises:
a reflector element,
a carrier that is arranged to support the reflector
element above a ground plane,
a drive means arranged in use to impart pivotal drive
15 to the carrier about a fixed, first axis that is, in use
of the heliostat, disposed substantially parallel to the
ground plane,
means mounting the reflector element to the carrier
in a manner which permits pivotal movement of the
20 reflector element with respect to the carrier and about a
second axis that is not parallel to the first axis, and
a drive means arranged in use to impart pivotal
movement to the reflector element about the second axis.
The drive means that is arranged to impart pivotal
25 motion of the carrier preferably comprises a first drive
means and the drive means that is arranged to impart
pivotal movement to the reflector element preferably
comprise a second drive means which is separate from the
first drive means.
30 The reflector element, which may be flat or curved,
may be constituted by a plurality of sub-reflector
elements. Also, a plurality of the reflector elements may

be supported by a single carrier. However, in order to



means and the drive neans that is arranged to inpart pivotal novenent to
the reflector elenent preferably conprise a second drive neans which is
separ at e Wponiotdses first drive nmeans. 30 The refl ector el @cgmyozmbncth may
be flat or curved, nay be constituted by a plurality of sub-reflector
elenments. Also, a plurality of the reflegtor elements may be supported by
a single carrier. However, in order to WO 02/070966 PCT/ AU02/ 00261 4 gain
the full bergsin tdte thell rheneih of tthe harventign Va]ri?lan"g}é@re]rﬁtte?lhe pI ur al

Lg;l_ ;e); glrl 2: sec@rﬁdw %%&%el |éc?s)']ttg}1tte&t érﬁ‘e%tcsragv%xgicli ﬁ)[? ar ge scal e

arrays, sude asourtose ﬂmatthe)omamylegu‘ dundvaar esfs non{geralr el ofcdid)
hectares, or in relatively small arrays such as may be |ocated on the tops
of buildi ng€%5i®in other confined spaces. Thus, the term"ground plane" as

used in ghis 10 spgcifdcaddion Shoplk Reod &tiqulaa_s%@e@éagr@taf\gafs
noti onal (horizontal or inclined) plane above whi ch hel i ostat's are
| ocat ed. | n gumh csseclfse thageoswme 91%917:@}/ aJIEhEES groumee ppedrr v | 100

conprise th r.ound. ar th p hel | it should
be under stoglaé%:lt?ﬁ% ?e]ﬁel%?%eulna légeglc %"?aqt ra od T &? %ée pﬁgﬁﬁ.

Topogr aphi CaJJodéa:l’dditcbIOrtﬂ‘lé redge ©f asunid diress rm_y e otaeeo nemlad esy by
posi tional adjustnent of individual ones of the reflector elements
rel ati ve to HRCefhot HErUS Al term | wrund Rratson at ¥3rA giodrd fr ea t hat

I's occu é[pééh e sl '&%&ﬁo‘? PR LB R s Yo dthdd 1,810, SO be

incIine ori zont al
notional (horlzontal or inclined) plane above which the

heliostats are located. In the case of a large scale
array, the ground plane will comprise the ground area that
is occupied by the heliostats, but it should be understood

15 that the ground area of itself need not be planar.
Topographical variations in the ground area may be
accommodated by positional adjustment of individual ones
of the reflector elements relative to one another. Also,
at least a portion of the ground area that is occupied by

20 the heliostats may forﬁ a part of a hill and so be
inclined to the horizontal.

With the foregoing in mind, the present invention may
be defined further as providing a solar energy reflector
array which comprises a plurality of the above defined

25 heliostats located in rows and arranged to reflect
incident solar radiation to at least one target collector.
The carriers of at least some of the heliostats in each
row of the array preferably are coupled to one another,
and the reflector elements of at least some of the

30 heliostats in each row of the array preferably are coupled
to one another.

Thus, in the preferred arrangement, each of the first

and second drive means may be employed to impart pivotal



Wth the foregoing in mnd, the present invention may be defined further
as providing a solar energy reflector array which conprises a plurality of
t he abovewoebkiommes 25 heliostats | ocated in rows and arran@ed/Aw2nell ect
incident solar radiation to at | east one target collector. The carriers of
at least some of the heliostats in each grow of the array preferably are
coupled to one another, and the reflector elenents of at |east sone of the
30 hel i ost atwtimreach a el wnfalitey arfr ayheprieflerediat sar earcd ugpdmedrot cobne

anot her. Thus, in .the preferred.arrange , each of the first nd second
drive neans tj?fy ‘%elv@nﬁ‘f%’;}'é% %Y 8 aqiﬁrgﬁooﬁ FHD THIREPET A 2/ 00261
S5 nmotion toa RldHAld titafid he heldnst atthi Ands codddaet id hes#id ies means

may be shared for a |arge nunber of the heliostats within an array. This
i s inportantcapitiedr e UT sasEipigmltacdst A imed tigl beakddnr A Fel 37E3¥® ge area

arrays. Common drive control i de si bl e ; tial for

gangi ng g | ar ge ncgD meo‘r%1 o(fﬁt Ye Chéerf%l 0S g;tsg(?rZand q%éi)%lllgfneetbw\?g&l%s] facilitated
by the pivotmltemuindl Mpwigdheing ef |letiqy reldrentodftleadbe hidstost@tatd its
pivotally mounted carrier. This, also f 3 litates close sgaci ng of 10 the

hel i ostats AR Akt &y &0 Wiated dvatitfe PIiRidre MOWEHT ity Bt ween
adj acent refl8aloi £l MRASH: Uit JRHe1GAdRA Ao Ot s ighdde cRge of

mul ti-tower solar arrays, the target collectors may conprise any type of

col | ector tmmuntedcapattienf s dlwp selcarl idredrey ambe 1$pavimareing it

to anotgﬁr ftl rm of. .ener E each target col l.ector may conprise
SO

a bank %aer healﬁ‘soér R i%(r;ﬁ%)e(%rglraeréaéfrferﬁvserf hrlotuhg HSHTeh A heat

movement occurring between adjacent reflector elements.
The target collector or, in the case of multi-tower
solar arrays, the target collectors may comprise any type
of collector that is capable of receiving solar energy and
15 converting it to another form of energy. For example,

each target collector may comprise a bank of solar
absorptive collector elements through which a heat
exchange fluid is passed. Alternatively, in a smaller

scale system, the target collector may comprise an array

20 of photo-voltaic cells.

Preferred Features of the Invention

The reflector element of the heliostat preferably

comprises a glass mirror that is pivotally mounted to the

25 carrier. Also, the second axis about which the reflector
element is pivotally mounted to the carrier preferably is
disposed orthogonally with respect to the first axis.
Thus, in the preferred arrangement, the carrier is mounted
for pivotal movement about a fixed, first axis that is

30 disposed parallel to the ground plane and the reflector
element is mounted to the carrier for pivotal movement

about a second axis that is orthogonal to the first axis.



exchange fluid is passed. Alternatively, in a smaller scale system the
target collector nay conprise an array 20 of photo-voltaic cells.

Pr ef err eawbe@anues of the Invention The refl ector el enent pofi/Atseoépsli ost at
preferably conprises a glass mrror that is pivotally nounted to the 25
carrier. Al so, the second axis about whigh_the reflector elenent is
pivotally nounted to the carrier preferably is disposed orthogonally with
respect to the filhst m@flectdihus]enantt hef prled éraleibsratanyenbntagblhehaarri er
is nounted for [g/ivotalh venment . about fixed, first axis, that_ is 30

|
di sposed pafaPPd IS hStaRsuf DI dfe e e MRS i s nount ed

to the carri@ound RWHiRle TIHRIENreRBAIK1R SEathiaed Scd Nate | GaeFidwgonal
to the first axis. WD 02/070966 PCI/AU02/ 00261 6 The reflector element of

the heliost&m gr abamast purs thetpdiigyarbonthasel andies nirajlekine tHeHi eve
maxi m se r er age, ef.e Y S . e in a
manner s%ch%ta‘r%’%'zé %t ﬁ]:g’l\%soe nd: “g)gi%soﬂ eéslslrtra]amé: Ié%e@%ar%f%%egsé%%%g%ftm
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reflector elenment may, for exanple, have a square form_in which case the
second axi seX@“@rl@rraﬁwf%% 1SqUaFS F ¥e |iThepiCh R FCUMHE aX1s

reflector elgpeato qrifur thier 3l tefdatine . of he dihdafdectoreigl ement nmay
(and preferably will) have an hexagonal form In this case, the second

axis will |irefilectad iglendrdt. | Mwerasdotsoppaslitesinatdiwposate angl es of the
nexagon 51 AL X PTG, QUL AELIBS) HRE Rk POLNTS: 15 The
hexagonal form. In this case, the second axis will lie in
a line that intersects oppositely disposed angles of the
hexagon and preferably will pass through two most distant
points.

15 The reflector element most preferably has an
hexagonal form comprising three pairs of substantially
parallel sides. In this case the hexagon may notionally be
divided into a rectangular central portion and two
triangular end portions.

20 The sides of the hexagonal configuration are most
preferably proportioned such that arcs of an imaginary
circle that passes through the four corners of the
rectangular portion will lie wholly within the triangular
end portions and, in the limiting condition, will lie

25 tangential to two adjacent sides of each of the triangular
portions. It has been determined that the use of a
plurality of such reflectors permits up to 100% ground
coverage.

The first drive means preferably includes a drive

30 shaft that is supported for rotation about an axis that
lies parallel to the first axis and which is arranged to
impart rotary drive to the heliostat carrier. When a

plurality of heliostats is located in an array, the



hexagonal form conprising three pairs of substantially parallel sides. In
this case the hexagon may notionally be divided into a rectangul ar central
portion awo oemoed ri angul ar end portions. 20 The sides of PChatexragonal
configuration are nost preferably proportioned such that arcs of an
imaginary circle that passes through the four corners of the rectangul ar
portion will lie wholly within the triangular end portions and, in the
limting corditdien; o ldt |Tea®d damgent itdie tioelvws ol centeasldesowfoach of

t he trlangul ar portions. It has been det ed that the us

plural ity oftRQIGFTRS RN 1 PHMES ¥ %eﬁg@ o‘iﬁfﬂ“orbﬁé%ég‘ﬁé“%e first
drive means qgfer ablysd ncdk&@eﬁxas@rdﬂﬁre %&@féréf@éabﬁysupported for
rotation about an axis that |ies parall to the first axis and which is

arranged t o irammaratsary @mgﬂee treottdre ﬂm:r i oepart g rdekve Werg a

plurality of hello fats. atedln narra he WO O 70966
PCT/ AUOZ%OO’Pél a71 ar? ti'% VS & eas f’aiv’ssorrjienoﬂt#}lére‘—’f%l?o 4%5 in each row

of the arraq,em&gsﬂz&@oum&d:ﬁ@gﬂjﬂ‘wr fy the amed sfich tkiaeiveshaft. Al so,
the first drlve means preferabl i ncorporates a e nptor for inparting
drive to a 5W%tlr a'?}lilf%bf'ofa t G VO HA MRS rP]%ﬁlf%”?‘k%yY df1thePe hel i ost at s.
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preferably w to inpart drive to all of the drive shafts in
the heliostretliargtmgt =fcathe second drive neans pr ef erably includes a drive

member ¥h|0h s %ﬂpﬂ%&éggk cﬁ%f&éréggn r5¥é é%éb ﬁ@ludes a drive

member which is connected to the rear (non-reflecting)
side of the reflector element of the heliostat and which
is arranged to be driven in a manner to impart pivotal
movement to the reflector element about the second axis.

15 Also, the drive member preferably is connected to the rear
side of the reflector element by way of a lockable ball
joint (or other universal joint) to permit positional
adjustment of the reflector element relative to the drive
member. This arrangement permits adjacent reflector

20 elements to be positioned individually during the setting-
up of an array of the heliostats and permits the drive
members within a given row of heliostats to be positioned
parallel to one another, regardless of the relative
angular positions of adjacent reflector elements within

25 the array.

A plurality of the reflector elements within a given
row of an array of the heliostats preferably is coupled
together by connecting respective ones of the drive
members to a common motion translating mechanism which

30 forms a part of the second drive means. Ganged motion
translation may then be imparted to the plural drive
members by either adjusting the length of the drive

members or adjusting the operating plane of the motion



side of the reflector elenent of the heliostat and which is arranged to be
driven in a manner to inpart pivotal novenent to the reflector el enent
about theweaeonds@xi s. 15 Al so, the drive nmenber preferablPgTiAoeomsect ed to
the rear side of the reflector elenment by way of a | ockable ball joint
(or other universal joint) to permt posgtional adjustnent of the
reflector elenent relative to the drive nenber. This arrangenent permts
adj acent r efdrectsira tZthce Inexdratrsi sno te grosintnaaiewcte iardyuliaudl tavalureong:tide
setting- up of an array of the heliostats and permts the drive nenbers
within a gi VEiYoWPSHsi ostats to be positioned parallel to one another,
regardl ess of theyelaidMver angulale Rasiltdans of1 adimcesr dief | ector
elenments within 25 the array. A plurality of the reflector elenments within
a given rokedficatadr museiEraie Rels oot e ynte ety and couptamneeteridt her
by connecting respectd v f_ t drjv. e Mmoot i on
transl at:gng agr:ec%aacﬁ} son#ﬁ vﬁclsgh%%gjosoftoor @ea ]}peaaﬁi é(}'?d.%)héés%geora]rdecﬂl ve J!jrr:;,)ans.
Ganged not i @lengrans! atheorcamyi dhemodre prgbsdtas t hdden panial cidravwlar
menbers by either adjusting the length of the drjive nenbers_or

et
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The carrier for the reflector el"enment of the heliostat preferably has an

arcuat e shapardedd tdirectetle B on elagtergf- its ends to the rear side of

the ref] ector el nt. The .carri.er st_preferahly has sem_circul ar
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following description of a preferred embodiment of a

heliostat and a heliostat array. The description is

provided with reference to the accompanying drawings.

15 Brief Description of the Drawings

In the drawings:

Figure 1 shows a diagrammatic representation of a
rectangular reflector element mounted to a carrier,

Figure 2 shows a plan view of a portion of an array

20 of square reflector elements,

Figure 3 shows a plan view of a portion of an array
of hexagonal reflector elements,

Figure 4 shows diagrammatically a side view of a
heliostat having a single reflector element mounted to an

25 arcuate carrier,

Figure 5 shows a single row of the heliostats and,
diagrammatically, first and second drive means for
imparting pivotal movement to the carriers and reflector
elements of the heliostats,

30 Figure 6 illustrates an array composed of plural rows
of the heliostats shown in Figure 5,
Figures 7 and 8 show alternative ways of translating

motion to a reflector element of a single heliostat, to



coincident with the geonetric centre of the reflecting surface of the
reflector element. 10 The invention will be nore fully understood fromthe
fol | ow ngwoagoridpé i on of a preferred enmbodi nent of a hel iPeTtAato2/aomd a
heliostat array. The description is provided with reference to the
acconpanyi ng drawi ngs. 15 Brief Descriptpon of the Drawings In the

drawi ngs: Figure 1 shows a diagrammatic representation of a rectangular
refl ector elaffant mimdang oof e rieklectmpyrerershonksta prapest ebPof a
portion of %ﬁngﬁgy:gQrof square reflector elements, Figure 3 shows a pl an
view of a portion of an array of hexagonal reflector elenents, Figure 4
shows di agr ammat ikiadune @ stloevy i d&vagfamna thisdd Oy athdavowmgt fngi ofj| ene
reflector elenent nounted to an 25 arcuate carrier,, Figure 5 shows a
singl e row GFEHIRCHR iVIUREE &y, 2 % %énﬁ&??mﬁ?§¥1?¥rs?n%nd second drive
means fog i npartgng;pl viof alndipy eBde | O 18 e {4 & SpAdferpEd ect or

el ements of the hellostats, 30 Figure 6 illustrates an array conposed of

pl ural rows gasfmetiel hetdwbigna siow ¢h FHiguret Bctpygue bemgntpd 8 show
alternative ways of translating notion to a reflector elenent of a single
heliostat, to WD 02/070966 PCT/ AU02/00261 - 9 effect pivoting of the

reflector elmy®fiillad tied@sigciod f iHmbeRidts & gili€ Bnsdovbon

di agrammati calTy the mounting of one reflector elenent to a reduced size
carrier, and Figure 1 shows in plan a diagrammatic representation

10 of a heliostat that has a rectangular reflector element 10
which is supported within a carrier 11 in the form of a
rectangular frame 12. The carrier 11 functions to support
the reflector element above a ground plane 13 (as shown in
Figure 4) and the carrier is itself pivotally mounted to a

15 support structure 14. The pivot axis 15 for the carrier
(herein referred to as the “first axis”) is fixed and lies
parallel to the ground plane 13.

The reflector element 10 is pivotally mounted to the
carrier 11 about a pivot axis 16 (herein referred to as

20 the “second axis”) that is orthogonally disposed with
respect to the first axis 15. Thus, the reflector element
10 may be regarded as being supported in a gymbal mounting
such that the carrier 11 and the supported reflector
element may be turned about the first, fixed axis 15

25 whilst the reflector element is independently pivotable,
relative to the carrier, about the second axis 16. 2As a
development of this arrangement it may be shown that a
heliostat array may be constructed to provide optimised
ground coverage if:

30 1. the first axis 15 is disposed in fixed, parallel

relationship to the ground plane 13,



5 Figure 10 shows three, alternative, preferred geonetric configurations
of the reflector elenents. Detailed Description of Enbodi nents of the

| nvent i orwbiogar®ed shows in plan a di agrammati c represent ®CTAU02AR60f a
heliostat that has a rectangular reflector elenent 10 which is supported
wthin a carrier 11 in the formof a _re_Lcda_nguI ar franme 12. The carrier 11
functions to support the reflector el enment above a ground plane 13 (as
shown in Figure2d) anthd heeoatdiaxisslétkedd jpivothlly tivanteastesa 15
support structure 14. The pivot axis 15 for the carrier hereip referred
to as the "first axis" %lquilxgbe AP | ST RPEIET PF h{eh%r’f)%ﬁjde‘b?%ﬁe 13.
The reflector el ement JdQheshipi ¥®f adhy nounted to the carrier 11 about a
pivot axis 16 (herein referred to as 20 the "second axis") that is

ort hogonal |y di sposed Wie refcbpeeer tolemrnt i ¥&thaxia Qmpghuzatt he

reflector elenment 10 ; relggfg . bei ed_.l gynbal
nount i ngg such that the c%llrjc(ras! er g%ﬁ%ﬁ%sﬁ%p@?{%ﬁrﬁgﬁﬂéﬁ%r el enent may
be turned about tmhg fdd&ing fdXack@Xds 1S 25 Whid sin thee redtectpregbenent is

i ndependent|y pivotable, relative to the carrier, about the second axis
16. As a devaiaggeerantofshavrs i rRbgerent, ito nee rxttmwitihdattle hel i ost at

array may be, _consiructe 0, provi de optim.,sed round.coverage jpf.. 30 1.
the first axsiescojl.-’éit i glpéosdecp i nndtl; ap,sprgal}%?q% tc}}eel%:t? %%afpo% otlf%e
ground pl anecktand0 D2/ Q066 RCHADHH28dabridhed 2 atde Hecemds axi s 16

lies in a line that passes _ through the nost distant poaints of the
refl ect éRﬁﬁ%ﬁlq&;lQﬂKFhat the third criterion may best be met by
the employment of hexagonal reflectors having specifically
defined geometrical forms.
| Figures 2 and 3 do show arrangements that are
superior to that shown in Figure 1, in that Figure 2 shows
15 an array of square reflector elements 10 which are
pivotably mounted to respective carriers 11 by way of
second axes 16 that pass through diagonals of the squares.
Similarly, Figure 3 shows an array of hexagonal reflector
elements 10 which are pivotably mounted to respective
20 carriers 11 by way of second axes 16 that pass through
opposing angles of the hexagons.

However in the arrangements shown in Figures 2 and 3,
at least some of the carriers 11 may shade the reflectors
from incident solar radiation under certain inclinations

25 of the carriers and/or the reflector elements within the
carriers. This will reduce the performance of the array
and it will be necessary to separate at least some of the
heliostats within the array and thereby reduce the
effective ground coverage. Moreover, the carriers may

30 themselves preclude an arrangement that provides for
optimum ground coverage.

These problems may be avoided by adopting the carrier

arrangement as shown diagrammatically in Figures 4 to 6.



3. the reflector elenent 10 has a shape that 5 permts close packing of
the heliostats. The second criterion is not net in the case of the
arrangenewD 0gloooané i n Figure 1, to the extent that the seecmlhtazI&R616 does
not pass through the diagonal of the rectangle. Also, it will be
established later in this 10 specificatiianthat the third criterion may
best be net by the enploynent of hexagonal reflectors having specifically
defined georetri & Florumtraiefuries Riguness Ad-sHow Hre arrjarmsit sl hat are

superior to that shaown in Figur it Fi e []ﬁwsj ray of
square refl &t or dZﬁ grr?ean]fvéa]:l j?rc%m atrl{(;e pl{]e\a/éo ea‘%)tl%;!"I rreDluzenr?e too :ag?s%g’(l:% ve

carriers 11 sy avyuaife @ECaMSrax@seditrf idutl pass deniougiraibgonsiiapeof the
squares. Simlar I%L,( Figure 3 shows an array of hexagonal _refl ector

el enents 10 Thf @R Fisdiedl Y iRl B Tiedped iGRIPoeRt i e 8%y way
of second axes, i ANAl-HASS td¥ QU OPRAS! NG, angkEes.Ofof hendiexagons.

However 1 n tthe arrangenents shown i1 n Figures and 3, at |east sone of the
carriers 11 nefilestiane a¢lmnerf |aot ors afianmd nditderths of birst aatkdat i On- under
certain incljnatiaons 25 011;8thﬁe tcl'f”i ers. and/or the regl c,éorthel enent s
within the A S C5his® Wt 1M T2 fiE 1%He et (Srmtnee Of The array and it
Wi |1 be necessmlattcy sepaiaie B} BeasinGHpirid® adledd ogied sshibwdd) n t he
array and thereby reduce the effective ground coverage. Moreover, the
carriers mayEhadn affe Bes Veonr@ CFUHRE HFTHIF e efvert ‘%grl*ﬁats%fﬁ%rﬁ 5§ or

opti mum grouynd coverage. These probl ems nmay be avoi ded by adopting the
carrier "arrangenent as shown diagrammatically in Figures 4 to 6. WD

02/ 070966 PCT/ AU/t00R6dh it is shown in a diagrammatic way, the

carrier 11 would normally be fabricated as a metal or

plastics material frame and be mounted upon a supporting

structure 19 to position the reflector element 10 at a
15 required height above the ground plane 13.

The carrier 11 is supported upon idler rollers 20
that accommodate rotary motion of the carrier about the
radius centre 17, and a drive shaft 21 is provided for
imparting rotary drive to the carrier by way of a geared

20 connection (not shown) between the drive shaft and the‘
carrier. The axis of the drive shaft 21 lies parallel
with the first axis 15 and, also not shown, the drive
shaft 21 is coupled to an electric or hydraulic motor
which is energised when required to impart turning motion

25 to the reflector element 10 about the first axis.

A drive member 22 is connected to the rear side of
the reflector element 10 by way of a lockable ball joint
(not shown), so that the reflector element may initially
be orientated in a required direction relative to the

30 drive member 22. A linearly movable motion translating
mechanism 23 (see Figures 5 and 6) is employed to impart

pivotal movement to the drive member 22 and, so, to effect



- 11 As illustrated in Figures 4 to 6, the carrier 11 extends rearwardly
fromthe reflector elenment 10 and has an arcuate or, nore specifically, a
sem - ci r cwbar/ozvepe. The radius centre 17 of the carri er PC3/AdpRaeictent
with the 5 geonetric centre of the reflecting surface of the reflector
element and is aligned with the first _axi,s 15. End portions 18 of the
carrier are connected to the reflector elenent by bearing-supported axles
(not shown) pitvatirer efposid imonEd cmmnc lcerrad 130 whidutt hehe epprmhdaxsis 10
16. AIthouqué't is shown in a diagrammatic way, the carrier 11 would
normal |y be fabricated as a netal or plastics material frame and be

mount ed upon a SyRRAHd MY it riid Wenwkhd esid iDpihearely est or el enent 10
at a 15 required hei ght above the ground plane 13. The carrier 11 is

support ed uFE¥Yiditemausliest srefleqtinn AeRaRRIRBT HotarsA gt iFYf! t he
carrier §b°‘é§1é*i:% Jxaed'qlssrf%rae rﬁ}nbe%{;do@ Gl ‘é%ﬁé‘aiféc%:"ez SRl ded for
Imparting rotary di've 19 the Carrier y ‘way of a geare connection (not
shown) bet wesmltlherdtawe Shafllicawhtihe Inargdddt .cadee tde shafiddmtdy i ve

shaft 21 lies parallel. with the first_axis 15 and, also not shown, the
drive shaf WiFRINs SEGHHITRY (3 Srf VIRIGS (ORI (013 @mﬂcﬁ Wih is

ener gi sed when fregyi r e_@xltéb ,i R tpi[‘d&raﬂtiiﬂgr A i;%[?ca?ﬁl_élo derd efdnasd a8
el enent 10 about the first axis. "Adrive nenber 22 is connected to the rear
side of the2 délladgctantasiemanrwed @y Wasprofthe |wsokessttel vaal feflsaitor (not

showr) 389, Wit 871t o SLaIPiod i) Ao, B, 00 igafdn s
motion transladtiioly translating shaft 23.

Figures 7 and 8 show alternative ways of translating
motion to the reflector element 10 of a single heliostat,
to effect pivoting of the reflector element about the

15 second axis 16 with respect to the carrier 11. Given that
the drive member 22 will change its effective length (in a
vertical direction) as it pivots to effect turning of the
reflector element 10, provision needs to be made to
maintain the coupling between the drive member 22 and the

20 motion translating shaft 23. This may be achieved as
shown in Figure 8, by making the drive member telescopic
or, as shown in Figure 7, by raising and lowering the
motion translating shaft 23 with application of pivoting
drive to the drive member 22.

25 Although the carrier 11 has been illustrated in most
of the figures as having a length between its end portions
18 that corresponds with the length of the major axis of
the reflector element 10, in the interest of avoiding
shading between adjacent heliostats, the carrier 11 may

30 beneficially be made with a smaller dimension. This is
illustrated in Figure 9 and it will be understood that

with this change in dimension, special arrangements may



mechani sm 23 (see Figures 5 and 6) is enployed to inpart pivotal novenent
to the drive nenber 22 and, so, to effect WO 02/070966 PCT/ AU02/00261 - 12
pi voti ng WD oehadsef | ect or el enent 10 about the second axi #CTMdI2Bimure 5 of
t he drawi ngs shows a plurality of carrier-nounted reflector elenents
positioned in a row, 5 and Figure 6 shqws a nunber of the rows |ocated
within a small array of heliostats. In each case the heliostats wthin
each row ar eezguplcedd agaidero e Isitaflee appMiecatshatf toR1drivs oo ttiee
plurality of parallel drive nmenbers 22 that extend rearwardly fromthe
respective Ve Bl%ents 10 are coupl ed together in each row by a

single notion tmansiafidg shafteZDudigurase e Shox ahd:ef Neg i ve ways
of translating notion to the reflector elenent 10 of a single heliostat,
to effect pishstuilsyhd shmpedfied drreleahdn REPOUT (PR IBUBecoMRFAxXi s 16

ol §oBe T pahiraf S o A & Mli< WS B EBEDE 7 11| Shange
its effedti ve 1Tength (in a Vertical directiony’ as it prvots to effect
turni ng of tieamiref ltdod oretlesrterd llsmepriovirsi e needstier bef nede t o

mai ntain the coupling between the drive nenber 22 and the_ 20 nption
transl ating GeirRradsisethi R EHARS e ISR I B @R 8, bi™ maki ng

the drive menphey JLalesappitrMords SNt M &gl 8arf hd¥ag@hsi Ng and
|l owering the notion translating shaft 23 with application of pivoting

drive to theadfilmursnysr QaprEiAg Hougre thwel caref epandl heb dedes and

st e sl e UL o8 B, DAY, 21d SHALL, beLigeR. g
in each case, the major diagonal a has a length that is
greater than that of the distance b between two opposing
sides 25 of each element. The sides of the hexagonal
configuration are proportioned such that arcs 27 of an

15 imaginary circle that passes through the four corners of

the rectangular portion lie wholly within the triangular
end portions 26 and, in the limiting condition, lie
tangential to two adjacent sides of each of the triangular
portions. In this case the proportions of the hexagon

20 satisfy the criteria
a=c + b’/c Eq.1

wherein in any one case c corresponds to the length of

25 each side 25. It has been determined that in an array of
closely spaced reflectors with each of the reflectors
proportioned such that Eqg.1l is satisfied, collision of the
reflectors can be avoided when the heliostats are driven.
As a consequence such an array facilitates up to 100%

30 ground coverage even when the reflectors are closely

spaced.



the reflector elenent 10, in the interest of avoiding shading between

adj acent heliostats, the carrier 11 may 30 beneficially be nade with a

smal | er dwo@as7oere This is illustrated in Figure 9 and i PCRAU020&61
understood that wth this change in dinension, special arrangenents nmay WO
02/ 070966 PCT/ AUO2/ 00261 - 13 need to e made to facilitate application
of drive to the drive nenbers 22. As indicated previously, the reflector

el enent 10 shoulXt hies stapes unmdearstermertliat perin t rapereanees ctluse abe

packi ng of the, heliostats. This may be achieved by form ng the reflector
el ement in gﬁéi%rt%tgﬁo%faﬁ%ego?‘ﬁ%%g%l i sed) ways indicated in Figures

10A, B and C. In each cg&.ﬁ,/%{e}gd/%hggt a%tghfggrhg%ghhggggq hexagonal

configuration conprising t pairs of para es and 10 as a

consequence four sidess 24nhavcmrgacguabobergthced 30, Delcen®aeh 16396, the
maj or di agonal a has a length that is greater than that of the distance b
bet ween Bwo opposi ng si ded t25 ToveeasSklalredeway THE'SA)dex tdf Gemgadexagonal

configuration are proportjqned,such th arcs 27 of a 15 i maginary eircle
that passes through the F’g@ﬁogg#grs%iﬁsf h@'ré(:t gﬁlélu%§ﬁr68‘?%?o%'l i"e “whol | y
within the triangular endtpehbt885a26sgr@ostinnt be ISolatd Mhegaddi tion, lie

tangential to two adjacent sides of each of the triangular portions. In
this case the proportion§oarepfEahéragdschoodsariisry Re2& PPEEFa a z ¢ +

b2/c Eg.l wherein in a”‘é‘oﬂ@QRgﬁéﬁ &rGRLLespeRds 1@ gt helyengt h of 25 each
side 25. It has been determ ned that In an array of closely spaced

reflectops with each of thecheliheCbd $he Heliostat Field of a Multi-
Tower Solar Array, Schramek, P. and Mills,
D.R. - 10th International Symposium on Solar
Thermal Concentrating Technologies, Solar
Paces, Sydney, Australia, March 2000,
15 do not constitute an admission that these prior art
documents form a part of the common general knowledge

in the art, in Australia or any other country.

Variations and modifications may be made in the
20 invention as above described and as defined in the

following statements of claim.



proportioned such that Eq.l is satisfied, collision of the reflectors can
be avoi ded when the heliostats are driven. As a consequence such an array
facilitatwe mp79e6 100% 30 ground coverage even when the r eCiraateneear e
closely spaced. WO 02/070966 PCT/ AU02/00261 - 14 It is to be understood
that, the references that are nmade tq prd Qr art docunments PCT/ AU96/ 00177
dated 28 March 1996, and PCT/ AU97/00864 dated 19 Decenber 1997, 5

Mul ti-Tower Sol ar Arr dBHE MIZWMS¥ t h Ganged Heliostats, MIls, D. R and
Schranek, P. _ 9th International Synposiumon Solar Thermal Concentrating
Technol ogi es, Sol ar Paces, Font-Ronmeu France, June 1998, and 10 Potenti al

of the Heliostat fFirpld Qe Miltdn Jdoamerislar Array, Schramek, P. and
MIls, D R - 10th International Synposiumon Solar Thermal Concentrating

Technol ogi es, Solaarreﬁﬂmr Syhwesgnt Austral i a, March 2000, 15 do not

constltuge an adrg tlhagh ese %xlaq{rg %Jstt %W sd{eor ﬁéacatrérof t he

common geéeneral kno e ar any o country.
Vari ati ons &tk fabz:ate Qan&_;r‘mmd)qﬂmcba in the 20 invention as above
described and as defined in the follow ng statenents of c| ai m VO

02/ 070966 PCT/ AUFR/HUEL means arpgnggdy Ve Use % MRyt R1VMith Tolfk i ses:

to the carrier about a fixed, first axis that is, in use

of the heliostat, disposed substantially parallel to the
10 ground plane,

means mounting the reflector element to the carrier

in a manner which permits pivotal movement of the

reflector element with respect to the carrier and about a

second axis that is not parallel to the first axis, and
15 a drive means arranged in use to impart pivotal

movement to the reflector element about the second axis.

2. The heliostat as claimed in claim 1 wherein the drive
means that is arranged to impart pivotal motion of the

20 carrier comprises a first drive means and wherein the
drive means that is arranged to impart pivotal movement to
the reflector element comprises a second drive means which

is separate from the first drive means.

25 - 3, The heliostat as claimed in claim 1 or 2 wherein the

reflector element comprises a glass mirror.

4. The heliostat as claimed in claim 1 or claim 2
wherein the reflector element comprises a metallic mirror.

30

5. The heliostat as claimed in any one of the preceding

claims wherein the second axis about which the reflector



a reflector elenment, 5 a carrier that is arranged to support the reflector
el enent above a ground plane, a drive neans arranged in use to inpart

pi votal dwDwe/n7me6t he carrier about a fixed, first axis tRam/A®@2/0001use of
the heliostat, disposed substantially parallel to the 10 ground pl ane,
means nounting the reflector elenment to,the carrier in a manner which
permts pivotal novenent of the reflector elenent wwth respect to the
carrier and edloidinta issegriort AXiys Mdattdd twitiparaddelert ol ¢ hiidposdd axi s,
and 15 a drive neans arranged in use to i ar ivotal novenment to the
reflector elCHEPECATIULY ¢ SERPEXIES T rﬂZ)5 ﬂ%thé”}}?%%t at as claimed in
claim1 wherein the drive neans that is arranged to inpart pivotal notion
of the 20 carrier conprises a first drive means and wherein the drive
means that i6 ar méntltmstrﬁrarats p:hp@trmd rigv evpntone off Hde effeeeding| ement

corrprlse a second ive ns e fraom fi drive
roans. 58 3 TR AT A (hp o S Y FpeRaididhe

reflector elm, conprises a gI ass mrror. 4. The hellostat as clainmed in
claiml or claim2 wherein the reflector elenent conprises a netallic
mrror. 30 5. The heliostat as clainmed in any one of the preceding clains

wherein the -seconRg, 2|y Rou: Wl ¢l Hied &fd eakPTond P2/0{0988 ceqi
PCT/ AU02/ 00261 - ea ezj]emant i's (;;t%lvolt ally m)ur%')e% to the carrlceer llrég

di sposed ordlfaog@a\mqramt K hree speititettoont heel dniigret i ingour. edTheo highé ost at  as
cl ai madlb” %ryrr%ne% C?i:fn tah(?n r{neecredsluncg'l that the second axis lies in a
line that passes through two most distant points on the

periphery of the reflector element.

8. The heliostat as claimed in claim 6 wherein the

15 reflector element has a hexagonal form.

9. The heliostat as claimed in claim 8 wherein the
hexagonal form of the reflector element comprises three
pairs of substantially parallel sides embracing a central

20 rectangular portion and two triangular end portions.

10. The heliostat as claimed in claim 9 wherein the sides
of the hexagonal configuration are proportioned such that
arcs of an imaginary circle that passes through the four
25 corners of the rectangular portion will lie wholly within
the triangular end portions and, in the limiting
condition, will lie tangential to two adjacent sides of

each of the triangular portions.

30 11. The heliostat as claimed in any one of the claims 2
to 10 wherein the first drive means includes a drive shaft

that is supported for rotation about an axis that lies



5 clains wherein the reflector elenent has a polygonal shape. 7. The
heliostat as clainmed in any one of the preceding clains wherein the
refl ect orweloenerdse i s nounted to the 10 carrier in a nmannePCIud2obest t

second axi s

lies in a |ine that passes through two nost distant point

he
S on

the periphery of the reflector elenent.;-8.. The heliostat as clained in
claim6 wherein the 15 reflector elenent has a hexagonal form 9. The
hel i ost at aastadiledd o Whai i Bstwhasiss endevhirdxagpratrieged ofo t Hepart

refl ector el enen

s, of substantially parallel sid

t comprises t.hree ai.r
enbr aci ng a Certral %Ver:tc a%%ﬁé?l%%sr For"Hd o triangul ar end port

10. The heliostat as clained in claim9 wherein the sides

configuration are proportioned such that_ arcs of an imag]i{lnar circle
§0

passes thro

dgr t HOS il B35tk s CHinek Fedmhgiarcpolr

WP fie

whol 1y Wt hi, LhesLiangual SdRerdi s Aliths | Ihigads M tafye cond
a es O

will |ie tangenti

to two adjacent si each of the triangul ar

portions. 30nckiberThérie i Dstatnmscitddi nedhea weyr ofmonfre ikect tngs 2

wherein the

first drive nmeans includes drive shafi, that is.s rte
rotation abtﬁj‘tc{eaﬁD ke tlF\eaffeF?‘_e%r %%%gﬁﬁm%&%ﬁnﬁ#}%&
paral l el to thefifiife@XS BOADBMYED 118 Armanged t® impart pliebesy drive to
the heliostat carrier. 12. The heliostat as clainmed in any one of the
claims 2 5nwerehhdiei e HeeSeedfelr o7l seehie OV hict iele3e@oRd | 9¥1S nenber
whi ch iioconnect ed to the rear (non-reflecting) side of the reflector
el ement "of the heliostat and which

15

20

25

30

13. The heliostat as claimed in claim 12 wherein the
drive member is connected to the rear side of the

reflector element by way of an adjustable joint.

14. The heliostat as claimed in any one of the preceding
claims wherein the carrier for the reflector element of
the heliostat has an arcuate shape and is connected at

each of its ends of the reflector element.

15. The heliostat as claimed in any one of the preceding
claims wherein the carrier has a semi-circular shape and
has its centre of radius coincident with the geometric

centre of the reflecting surface of the reflector element.

16. The heliostat as claimed in any one of the preceding
claims wherein the reflector element has a flat reflecting

surface.

17. The heliostat as claimed in any one of the claims 1
to 15 wherein the reflector element has a curved

reflecting surface.

es
i ons.

of the hexagonal

t hat
tion,

to 10
d for



is arranged to be driven in a manner to inpart pivotal novenent to the
refl ector el enent about the second axis. 10 13. The heliostat as clained
in claimudoaawedi n the drive nenber is connected to thePceaxvogies1 of the
reflector elenment by way of an adjustable joint. 15 14. The heliostat as
claimed in any one of the preceding clajgs_wherein the carrier for the
reflector elenment of the heliostat has an arcuate shape and is connected
at each of i8s eAdsomhrtbeemgyleefmecebenamrayzeomﬁriﬁhaghalpd&kaﬂiay
clainmed in an of the prec dlng ¢l ai s mherelnBFhe carrier has a

seni-circula?¥sﬂﬁ eoghatshas FLeipght f8 8RYr QBPuSTcE5PRcPUERESHTEh t he

geonetric CéméiﬂsOén&h%hé%éhﬁCEhéghéw&B@Egtgfak@ea&%ﬁhg%GQ&neE%W%nEo 25
16. The heliostat as clainmed in any one of the preceding clains wherein

the reflect oreéleabninhideatf balarerhdénragn sar Pacécast. OTikethgbisst at as
cl ai nred Hﬁ anxlf ? of the claims 1 30 to 15 wherein the reflector el enent
has a curved °refT&efing surface. WO 02/ 070966 PCT/ AUO2/ 00261 18 18. A
sol ar ener gy reflector array conprising a plurality of heliostats as

clainmed in any one of the preceding _clains and wherein the hellostats are
arranged in {8une T8 PETRECENFREVIGREISOFAF FAARKt POnCLE REC dRsELaME

target 5 coligc{igen 4dp eEH§n§Obﬁrcﬁaﬁhgilrﬁﬁbﬁeaﬂrtﬁéréﬁr%ﬁeQEab%EQt'n
claim 18 when dependant on claim 11l wherein the carriers of at |east sone

of the helioseast someach cbw béluhetatsaynaeech1®0w09§I@hetegeanearby a

cormon %ﬂ§d dr feahgogether by a common said drive shaft.

20. The solar energy reflector array as claimed in claim
19 wherein at least some of the first drive means
incorporate a single motor for imparting drive to a

15 plurality of the drive shafts.

21. The solar energy reflector array as claimed in claim
19 wherein a single motor is employed to impart drive to
all of the drive shafts in the heliostat array.

20
22. The solar energy reflector array as claimed in any
one of claims 18 to 21 wherein a plurality of the
reflector elements within a given row of the array is
coupled together by connecting respective ones of the

25 drive members to a common motion translating mechanism

which forms a part of the second drive means.

23. The solar energy reflector array as claimed in claim
22 wherein means are provided for adjusting the length of

30 the drive members whereby ganged motion translation may be
imparted to the plural drive members by adjusting the
length of the drive members.



20. The solar energy reflector array as clained in claim 19 wherein at

| east sonme of the first drive neans incorporate a single notor for

i mparti ngworesa9se© a 15 plurality of the drive shafts. 21PCThaogiobzt ener gy
reflector array as clainmed in claim 19 wherein a single notor is enployed

to inpart drive to all of the drive shgfds in the heliostat array. 20 22.

The solar energy reflector array as clained in any one of clains 18 to 21
wherei n a pla#r.al iThe dolde enefdectafl ettenerdiscay tds e ghe@mm omaimt he

array i's coupled together by connecting. respectjve ones of the 25 drive
menbers to @‘{dﬁ?ﬁ? G R r%l%q\ﬁdp%cfﬁ’&gias‘#ﬁu%ﬁ%% it rpseré‘-:_f rt*of the
second driveHPeaNsive 3nenthter $ Al r SNEIhhd & R Qn &l Fys Bt i 1@d i n
claim 22 wherein neans are provided for adjusting the length of 30 the

dri ve nmenberignpgheresbyt garye dptdlorfininghgtenkant iy d& ustieg tdteto the

plural drive _nemhers adj ust i t | ygdr' r WO

02/ 07096 P@ﬁe@y%%ﬁné T{) {}%44‘1 leO%gg{%rP%ln%&Sn rr{é%cre}é%qgor at?? ay as
clained in claidhmais v efeull A sty asle gif dhaletlk fwe reehhiests ng t he | engt h of
the drive nenbers whereby ganged notion translation is inparted to the

plural drive menbers by adjusting the 5 operating plane of the notion
transl ati ng nmechanismto accomodate angul ar travel of the drive nenbers.



