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FOR CONNECTI NG MULTI PLE PHOTOVOLTAI C MODULES

Wg%? D [ 0001] This disclosure relates to
BAOP0V 0l ai ¢ energy absorption/col | ection t BERE8108HR3779

In some enbodi nents, this disclosure relates to
apparatus and nethods for electrically connecting two
or nore phot oVAPPARATUSUAND METEHODSI panel . [0002]
V%ri QusS_known i)hot ovol tai c ener

atb QR CONNECT l%GtM&LTdBLEcBH,O%voLaweomwhss s,
i nclude an array of essentially flat photovoltaic
nodul es arranged si de-byside and placed in a box-Iike
housi ng. Typically, | es are coated with a
cl ear, thernoset el aéﬁgﬁghdé”ﬂq he housing is seal ed
w.th a clear facepl ate. The nodul es are thus
t Y aldiSplosyr e relatesnmieni plotaveliai, energyn dabsomptianicollection
materials in large flat panels. [0003] The
technologiiotlevasineembediuents, tisdistiosureetetates e apparatsnast esdhods
together by a series connection that weaves anongst
for electridadly cotnteimgl twbrog mare phetdvoliaic Moduids iRANSbIaMdrNCes.
such arrangenent may have di sadvant ages. For exanpl e,

[0002] eVaripus nowanBheRIBItN crdfy® ABEEBLbMEoIRRbA qu)v?!e'b,o%uch as

coul d be subject to breakage or separation.

- solar parfI9liRQlAE sABM of‘iéé%eﬁﬁhllgm”at PROb G Hdﬁ%les arrgnged. side-by-

configuration, 'when a no e or connectiron fal
side andi A fd 0L H Si ; pl t he nodul e or
A 3acsd I § ok IRE HoBRRR" SHieRcal; f8n@ien are Coatea il a ciear,
thermoset elastomer and the housing is sealed with a clear faceplate. The modules are

[0001]

thus typically rendered immobiie within a “sandwich” of materials in large flat panels.
[0003] The photovoltaic modules are often electrically connected together by a
series connection that weaves amongst the modules lying in the housing. In some
instances, such arrangerhent may have disadvantages. For example, every turn and
span of the connection configuration could be subject to breakage or separation. For
another example, due to the sandwich-like configuration, when a module or connection
fails, it is difficuit or impossiblé to replace the module or repair the connection buried in
the panel.

~[0004] it shouid b_e understood, however, that the above-described examples,
features and/or disadvantages are provided for iIEustrati{/e purposes only and are not
intended to limit the scope or subject maiter of this patent, any other patent claiming

priority hereto or any claim thereof. Thus, none of the appended claims, or claims of



[0004] It should be understood, however, that the
above- descri bed exanpl es, features and/or

di sadvant ages are provided for illustrative purposes
only and are not intended to limt the scope or
subject matter of this patent, any other patent
claimng priority hereto or any claimthereof. Thus,
none of the appended clains, or clains of any

arfl RIS patentappiditioh adr gitet] shadléris limhedibg the above discussion or
li'mted by the above di scussion or construed to

?)‘ﬁgfrﬁé@ to | dardide ifludX oF Useiubbethabayrecdifed dee@iies efsatures and/or

eat ures and/ or di sadvant ages, except and only to the
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plurality of elongated photovoltaic nodules |ocated
within a solar panel, the solar panel including a

firet and second opposi nERIAS SUMBBRE .~ S &

phot ovol tai c nodul e having a width and a first_output

[66808]acin onkeasyiegt &f ithg RiﬁSEFﬂtr'ﬁVe'Hlﬁ’Pplﬁiﬁer@o'ﬁt pfevided an apparatus for
extending at |east partially on a

electrically connecting a plurality of elongated photovoltaic modules located within a
solar panel, the solar panel including a frame having first and second opposing side rails
and first and second opposing end rails, each photovoltaic module having a width and a
first output contact, the plurality of first output contacts extending at least partially on a
first common axis, the apparatus comprising at least one insert disposed within at least
one of the rails of the frame and having a plurality of connectors at least partially
disposed therein, each said connector being useful to electrically engage at least of the
first output contacts; a plurality of spaces formed between the photovoltaic modules,
each said space being disposed between a pair of adjacent photovoltaic modules and
having a width extending from one to the other corresponding adjacent photovoltaic
modules, wherein each among a majority of said plurality of spaces has a width that is
equal to or greater than approximately one-half of the width of the corresponding
adjacent photovoltaic modules having the larger width; and a first electrically conductive

line extending at least partially along the first common axis, wherein said first electrically

conductive line is engageable said plurality of connectors wherein the first common axis



first common axis, the apparatus conprising at |east
one insert disposed within at |east one of the rails
of the franme and having a plurality of connectors at
| east partially disposed therein, each said connector
bei ng useful to electrically engage at |east of the
first output contacts; a plurality of spaces forned
bet ween the phot ovol tai c nodul es, each said space

B 88idHrSRs@Hc M9 teaB8cte Ninkex®dnddli [B§&tPartially along the length of and
phot ovol tai c nodul es and having a w dt h extendi ng

A 90 GedP e (f%[d“?ﬁse O 425 R R IsAd] %?@ieqtricaltk/ conductive line
o ul es, y

otovoltalc no erei n each anong a nmj ori

. | : ' . . |
R L e A L A
wi dth of the correspondi ng adj acent photovoltaic

nmodul es having the larger width; and a first
[%'oﬁgé]r ! (fr? lalngthgrg lecl)JeCc Io\f/‘f‘he invention, there is provided an apparatus capable of

electrically connecting a plurality of elongated photovoltaic modules disposed in
generally spaced paralle! relationship with one another within a solar energy absorption
device, the solar energy absorption device including a frame having a plurality of rail,
each of the plurality of elongated photovoltaic modules having an anode output contact
that extends at least partially on a first common axis and a cathode output contact that
extends at least partially on a second common axis, the apparatus comprising: a first
electrically conductive line extending at least partially along the first common axis,
wherein said first electrically conductive line is capable of electrically connecting together
the plurality of cathode output contacts along the first common axis; a second electrically
conductive line extending at least partially along tﬁe second common axis, wherein said
second electrically conductive line is capable of electrically connecting together the
plurality of anode output contacts along the second common axis and a first socket strip
disposed within at least one of the rails of the frame and having a plurality of connectors
at least partially disposed therein, each said connector being useful to electrically
engage at least one of the cathode output contacts, wherein the first common axis and
said first electrically conductive line extend at least partially along the length of and within
said first socket strip, and wherein said first electrically conductive line electrically

connects the plurality of cathode output contacts within said first socket strip.
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line extending at |east partially along the first
comon axis, wherein said first electrically
conductive line is engageable said plurality of
connectors wherein the first common axis and said
first electrically conductive |line extend at | east
partially along the length of and within at |east one
said insert, and wherein said first electrically

[ooosiExctin Véorhé ngmBbddEmehis; ahky pesane dlistidsiee thuoiads tayy apparatus for
of first output contacts within said insert. [0005a]

d1BctABAVSInrRefARE b ;ﬂﬁrais{fﬂﬁof‘ PYRBYAIRIb modaled Ibsated aMihded solar panel.

an apparatus capable o Iectrlcally connecting a
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eneral I'y space ationship w th one
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sol"ar ener gy absor |ce I nc rame
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contact that extends at |east partially on a flrst
HMBR @i s and a cathode output contact that extends

at Ieast partially on a second conmon axis

19996K ariasousrpmpadinents, ofthe Presert ARCSHIE e%wﬁfﬁcﬂ"v goparatus for
line extending at |east partially alon? the fir
dentriellysanseciiiges dluraliyiofl phpioyeltaic sredy %%qilrs@osed PWithin a solar panel.
conductive line is capable of electrically connecting
Thegeelbe pan¢lengldesiai fre}mefha@himfmbao@tspg@n%@nmmg side rails and first
along the first common axis; a second electrically
argn decdridy epposieg esrtde ratisn g dirst! elastricpliy toaduofival lmegextends at least
t he second commpn axi s, wherein said second
pEresliyrthedghy and eibotridallg chnmects sogatipsrtthe phirality of photovoltaic modules
el ectrically connecting together the plurality of

Wit eatobBU bné GMicHY theafithanti NgectAg WphosdgTaMe @xiissand the first and
and a first socket strip disposed within at |east one

hohdl® ﬁé’élﬁéeﬁa rdiReofithéffBmand having a plurality of
connecPors at least partially disposed therein, each

[ﬁ@b C%E?&%FH ehﬂio@tﬂnéﬁggfdflthéoprﬁg@rﬁtdlé&é%dré‘ tﬁé‘lgﬁ%lvétan apparatus

one of the ca e output contacts, whereint

cagnél (%cfo {f g'c%nﬁ é]ﬁa:% 81ufrélft3? bf gloﬁgéﬁ%}i %Io}dgﬁltal modu[es disposed

east par y a

. th.of and within s

0 AEPRIRHY SnfF piraerdeBRo il Y oBBRIBIET Wby ng““gf energy
el ectrically connects the plurality of cathode out put
contacts within said first socket strip. [0005c] In
some enbodi ments, the present disclosure involves an
apparatus for electrically connecting a plurality of
phot ovol tai c nodul es | ocated wthin a sol ar panel.
Each phot ovol tai c nodul e i ncludes a first output
contact that extends at |east partially on a first
conmon axis. Afirst electrically conductive line is
engageable with and capable of electrically
connecting the first output contacts of the

phot ovol tai ¢ nodul es along the first commobn axis.

[ 0006] Various enbodi nents of the present disclosure
i nvol ve an apparatus for electrically connecting a
plurality of photovoltaic nodul es disposed within a
sol ar panel. The sol ar panel includes a frane having
first and second opposing side rails and first and
second opposing end rails. Afirst electrically
conductive |line extends at Iea?h partially through,
and el ectrically connects together the plurality of
phot ovol tai c nodul es within, at |east one anong the
first and second opposing side rails and the first
and second opposing end rails of the franme. [0007]
There are enbodi nents of the present disclosure that
i nvol ve an apparatus capable of electrically
connecting a plurality of elongated photovoltaic
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Each of the el ongated photovoltaic nodul es includes

"an anode out put contact that extends at | east

WO 200806528 on a first comon axis and a cat h@GEUSHOHLAS7TY
contact that extends at |east partially on a second
comon axis. Afirst electrically conductive line is

absorpfitgadedibee Bath ofirthe @igrgatted phokiveRait iraedlids includes an anode
connecting together the cathode output contacts al ong

outputt benthet that eXBHIR &Xleast PadiBRPoh &IR&T EdrhibhYaxis and a cathode
conductive line is engageable with and capabl e oP

outpute8statt ARt )éxl%ﬁ?ﬁeﬁtt It fj;%g%il Bntggsé?:?:ﬁgg%@#iﬁﬁw axis. A first

contacts al ong e second ¢ n axis. |

clecriéAfcecdiive 1he e ERGRan i) 3B GapaBif,tf ERelrRRly cSneciing

e TR AL I A s —p—
resent, di scl OSE, e descri bed above and additi onal

condugtyer fie.is eparasahler vt ang| qapsble ebelertjicalypeannecting together the

those skilled in the art upon consideration of the

anodegtpul \GoRtRCialang the skooBdioemmon axid. referring to the
acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE

[0008]DRATcABENDIYO U Presenbiisoinsweg inclydes featirespaid adfantdifes which
present specification, included to denonstrate

are befievachto enatpedt © aﬂvmb@lmﬁ@ﬁ?fabbmtisﬁ ®F @Bliection technology.
di scl osure and referenced in the detail ed description

Charadteristics. ah808d0arftagey ofl thes prebSHS BREISHR HeBWittd Hbove and

exanpl e sol ar panel that includes a plurality o
additioR80feaMRES Bhd YBAEHISSHiN BRYSRAAY hPpdreht & Fose skilled in the art upon
consideration of the following detailed description and referring to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The foliowing figures are part of the present specification, included to
demonstrate certain aspects of embodiments of the present diéclosure and referenced
in the detailed description herein.
[00010] Figure 1 is a perspective view of an example solar panel that includes a
plurality of photovoltaic modules mounted in a frame;
[00011] Figure 2 is a plan view of the example solar pane! of Figure 1;
[00012] Figure 3 is a partial top view of multiple example photovoltaic moduleé

being- electrically connected by first and second electrically conductive lines in

accordance with an embodiment of the present disclosure:
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[00011] Figure 2 is a plan view of the exanple solar
panel of Figure 1; [00012]Figure 3 is a partial top
w of multiple exanple photovoltaic nodul es being
ngzg’éi"qué‘hl |y connected by first and second PCT/US2007/023779
el ectrically conductive lines in accordance with an
enbodi nent of the present disclosure; 3 WO

[00013D08/ (FQHa0RCTH M%&%ééﬁl?e?ﬁé& Wﬂ@?&&nhﬁ:& Wiy 8fal s%cﬂet strip with

perspective view with partial away o a’ soC

connedtors M AédordARBNGEH &% ém'deﬁ'@hg of ﬁe&ér{tgib%:r{qﬂu@; qure

enbodi nent of the present cl os

[o0014B | S @ A fe S Viel B 1R B o Rnt OF trie Sonnector shown

onnectOr
in Figure 4A;

[00015] Figure 4C is a partial sectional view of the connector of Figure 4A shown
engaged with an example photovoltaic module in accordance with an embodiment of
the present disclbsure;

[00016] Figure 5 is a partial sectional view of another embodiment of a connector
in accordance with the present disclosure;

[00017] Figure 6 is a partial sectional view of yet another embodiment of a
connector in accordance with the present disclosure; and

[00018] Figure 7 is an isolated view of still a further embodiment of a connector in

accordance with the present discliosure.

DETAILED DESCRIPTION
[00019] Characteristics and advantages of the present disclosure and additional
features and benefits will be readily apparent to those skilled in the art upon
consideration of the foliowing detailed description and referring to the accompanying
figures. It should be understood that the description heréin and appended drawings are
of various exemplary embodiments and are not intended to Iimit the appended ciaims or
the claims of any patent or patent application claiming priority to this appiication. On the

contrary, the intention is to cover all modifications, equivalents and alternatives falling



in Figure 4A; [00015]Figure 4Cis a partial sectional

view of the connector of Figure 4A shown engaged with

an exanpl e photovoltaic nodule in accordance with an
W‘é?ﬂ%ﬂ@%ﬂt of the present disclosure; [0001BfFUS#IH025779

Is a partial sectional view of another enbodi nent of

a connector in accordance with the present

within thesspiritsame scop6RFbiamee Marysciariesirhd) bé RtHdeABahe particular
Vi egv‘bof yet a%gt her enbodi msn)tﬁ of "a coariynector in P

emoaatee s oo g b SHERE yonsort ana scpe

[oooztflﬁgt gﬁ; ggg’t"ﬂ%d@pé@ Sfr)eeit_'a‘wc BRAEhMndel AGGHR5IAGEndR I} similar
features are indicated by like or identical reference numerals or, in the absence of a
reference numeral, are evident based upon the appended figures and/or description
herein. The figures are not necessarily to scale and certain features and certain views of
the figures may be shown exaggerated in'scale or in schematic in the interest of clarity
and conciseness. It should also be noted that reference herein and in the appended
claims to components and aspects in a singular tense does not necessarily limit the
present disclosure to only one such compoﬁent or aspect, but should be interpreted
generally to mean one or more, as may be suitable and desirable in each particular
inétance.

[00021] Referring initially to Figures 1 and 2, an example solar energy collection or
absorption device 10, such as a solar panel 12, is shown having an array, or plurality, of
photovoitaic cells, or modules, 16. If desired, the solar panel 12 may be used as part of
a larger system of solar panels (not shown), as is and becomes further know. The
photovoltaic modules 16 may have any suitable form, shape and construction. In the
particular example shown,'each module 16 is “elongated” because its length L (Figure
2) is equal to or greater than three times its width, or diameter, W. However, the
photovoltaic modules 16 may not be elongated and different types and configurations of
photovoltaic modules 16 may be inciuded in the same solar panel 12.

[00022] In this example, the modules 16 have a generally cylindrical overall shape

with a generally circular cross-sectional shape to capiure light from any direction.
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DETAI LED DESCRI PTI ON [ 00019] Char acteri stics and
advant ages of the present disclosure and additional

features and benefits will be readily apparent to
- WO RY8/B0530 | ed in the art upon considerati onPEF/UENE7/023779

follow ng detail ed description and referring to the
acconpanying figures. It should be understood that

Howevere thie saodules ore hﬁéﬁitﬁvér@hyaﬁﬁﬁétﬂ@%rgé%&ﬁﬁ?la%ﬁa . Such as

vari ous exenpl ary enbodi nents and are not i1nte

squard,i r@bianbb%r,a&gﬁ?%idp&kﬁiﬁi & hdveEa G iilt[@ cf%ss?%:ggﬁéleéﬁape, as

or patént applicatio mng prior
oot . the intention is t

well a8 teiréd vafa shane i Rehliiof ok SEMPE toe medips 96 may

S T et S A R U

t &adﬁ to tqe $a[)ti cul ar enmbodi ments and details
0 capiye lg QpirReS PAth facRe @nd gt Sacing Werinigat light Bowrper iAn example
.and scope. [00020] In the description bel ow and

ommfag@g ERpkeOV oigaimedule dArvmay includena bifacialecandigertianavhere both its
indicated by like or identical reference nunerals or,

top ang hoftam plaseshaccapt light arfcepraduee slectricaiowerline rédtiores o that light.
based upon the appended figures and/or description

Anothereexaimple Trenifaoiplrepolage may coleasreAsiby iight R BAGk and/or
certain features and certain views of thé figures my

sides df thesMOLDICCIPIEE Iigﬁt%iriﬂil'gg #eAhBdME 1isrfro?x|9 ?ﬁgﬁg%{étging?t@gﬁhan the

interest of clarirty and conci seness.

pianar BRemati®tl of halfrdn§é epence herein and in the appended
clains to conponents and aspects in a singular tense

oes SEk | [t the esent disclosure to
[Ooozsgnl y %@S@ Cgén%r{(ﬁf{el{\év@oénya%ﬁe’ C‘Hﬁi’“@r‘ﬂﬂ:l %agémodu}e 16 of
: ' rpr.eted general.ly to nean one or nore, as may be
this exdeib B 165 1 W iihip Pubstrale RaWing aaiviailv-at solpscalis 10t shown)
di %EOOZl_IE%frringinitiallyto Figures 1 and 2, an
1Sposed. L) Wed ik ftgyn cdhercemberdiments, hes moguleots duyi inelude a
10, such as a solar panel 12, is shown having an
monofithic, sbstrate havingpne golap telptisposad oraitc Ircpétl atheragmbodiments, the
modul es, 16. |f desired, the solar panel 12 may be
moduley 46 (may inciwde of plurality @f rsolay stelien ezfchsphde PRDRIS owAShdividual
shown), as is and becones further know. The
substrapgsoaral/iirikeditogethdublestritéllyray have any suitable form
shape and construction. In the particul ar exanple

[00024F howWThee apfar "paéle 156 rﬂa}q havengdy &fther? Yesiss h%&rﬁgqﬂegés and

length L (Figure 2) is ual to ‘or greater
cont A s ki G i bl 2P 20 g o
pair of GHebe o kP ESecRBT P Hinal, 26 iifbaltediedhih Sl i opposing
ot o ROGRL B IS S % & e ca
substantiafly straight, but, if desired, may not be straight. In this example, the rails are

connected together with corner brackets 30 and the end rails 32, 34 each have a

concave portion, or groove, 33. The illustrated frame 20 may employ one or more

6



with a generally circular cross-sectional shape to
capture light fromany direction. WO
2008/ 060520PCT/ US2007/ 023779 However, the nodul es 16
WR)SHSF0 any suitabl e cross-sectional shape PCISR005/923779

square, rectangular, elliptical, polygonal, or have a
varying cross-sectional shape, as well as desired

reflectivee omiricredsegenlibeub sufddenur sapability, FQuchex@ aPbabkpldie 37 having a
nodul es 16 nmay have a cylindric-like shape, bifacial

refleciive sunfddea88 ddcate bbBinbahs Hodlle® 960t féicE 8nd ?ﬁt%@ Rdtrect light
to capture light on planes both facing and not Tacing

back tbRe hidduledl1g.1 ght source. An exanpl e omi faci al
topol ogy of a nodule 16 may include a bifacial

nfi ' r Lt nd bottom pl anes
looozg}gc ep?*hlre ?‘59’1%’?&’&% Eprrﬁ%@lj}%g 1§I"§%‘% $$ B%ﬁgg\%fmi é}{lyrcg%s'ggﬁgganner and
- i hat, |ight. Another exa e onnni faci al taopol ogy
confighfibl |18 arfHie sBEwn; GHET Kies Moo ProaMalab rapdies 16 are
%.the nmodul e 16 and Iiglht_ striking the nodule 16
securqq m.genarally sraced faraliah eslationshin with Bingranother withinthe frame 20.
of the frame 20. [00023] The nodul es 16 may have any
Howews; apy|nunknisefr modules. 16ardy bededntainéd ofithirhitse exemplagy solar
i ncludes a nonolithic substrate having a plurality of

panel ). afhe dilustratedo madutesn )1 6digepersitd ran pereheieuldr ag, @vd extend
it. In other enbodi ments, the nodule 16 nmay include a

betweemrtbé ientdi rails 62584 aThehavdies ABears Araaged i, ofi#RRES, the rails
: on it. In yet other enbodi ments, the nodule 16 may

32, 34isochadifeq afd HotFhbiabl® teld@leio (}ﬁ :fllr?ﬁ'lﬁq grg cgﬂ?%grrr&ﬂeﬁ N&itdrnately,

own i ndivi dual substrates an
one ofhf#é hedlity 16l 'Q'n'g Risvapd 2" Ympauis
ot her desi rec] coQl gélgentsag%d C""@E%hﬂﬁi%tﬁﬁ_mpﬁulpﬁg‘fymay be
enaa , . el, 12 includes. a frane 20
aag B SUBEE, k1808 %% 8395 A&, hC R L PEcaBorvel
: | nf erconnected w.th a ir of opposing first
swiveldtiar fifted it SHGIRS PehE igothesiam R0, istict, 36 ta Ak the FRovement of
the 24, 26, 32, 34 are each substantially straight, but,
SUR-f - desi red, may not be straight. In this exanple, the
rail s_are connected together with corner brackets 30
[00026},y tTe exemplary modales36 arecpanad apart aod pasitioped tepih,wise in
or groove, 33. The illustrated frame 20 nay enpl oy
the fragee2® sortbatlight is capable of passing through spaces formed between the
mpdu!es 16 and the modules 16 can absorb light from the direction the light emanates
or refiects. For example, the modules 16 may be capabie of absorbing light passing
through spaces between the modules 16 and refiected back from the backplate 37.
Modules 16 having a cylindrical or cylindric-like shape, or bifacial or omnifacial
configuration or otherwise enabled to capture the light on a plane not facing the initial
light source, may absorb light emanating or reflecting from any direction and use it to

generate electrical energy.
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i ncreased- al bedo surface or capability, such as a

bacKPIate 37 having a reflective surface 38 | ocated

WOLHEAYSEThe nodul es 16, to reflect and thus PEHURET/023779

light back to the nodules 16. [00025] The photovoltaic

nodul es 16 may be arranged in any desired manner and
[00027Jonf | RRefetringrspetificallyetoeRigntd 2, SAsHNusPMEs phbigveisle 766dule 16

phot ovol tai c nodul es 16 are secured in generally

inciudep first dindagetohe eldctic) iRBsi ddnckd 48N84 ap ﬂT% iRt f@ﬂa‘ SHdBnd ends
nodul es may

the frame 20. However, any nunber of

43, 45D fosprRBiiIN CFhdVoLip XIS v i e
{FosRRENE TP bl chitfick YR trbyi B2 W oRENEl ff s Coherated
t end.rails 32 34, The

by the r<BB6nditd BRGBRHAR Hbadic g7 158 eudimpl, et ditout contacts

4 S0 at they are not novable relative to the

42 arg’ Angfes St R st Rl RortBadel g7e- Gibogss, datche opposite
modul es 16 may be novabl e. For exanple, the nodul es

arrangegient nay "é‘ﬂ%%fb@& prplayedaf Asxelpwrp in tigureaid and24, gl of the
so that they may be individually or collectively

exempgry fissteruipul ¢ontaes 42 externd @t least partially oo a fiest fcoameon axis 50,

.20, such as to track the novenment of the sun.

while #Ibob 8¢ THesoad dligstrated wothut econtfctaided sprene ditapastt pavidily on a

positioned depth-wise in the frame 20 so that |ight

second someapaikie 541 A astd Betdh andlin IRRapSeddUd @SInRet “axis”
the nodul es 16 and the nodul es 16 cgge'absor%nf%i?gm%%?m axis

meansfa e bhén Bidatedvita Wﬁﬁh'théitgé @;ﬂ?g@bg@gg%}@?@rﬁﬁfe@ one-half its

For exanpl e, the 'nodul es

length. 2FeahbB ﬁﬂoﬂrﬂéigh AR H g&%ggﬁéﬁ}s%ﬁﬁ%ﬁ%a‘%ﬁo&ﬁ@fﬁﬁgé@mple solar

nodul es 16 and retlecte romt
an . ' ' jcal or.cylindric-]Jike
panel {25 chAl a0 XA A Al e Sefnero know and
' enabl ed to capture the |ight on a plane not
may be?@@ﬁﬁéﬁ ?ﬁ%”q?yn’i"far%ﬁpqu &% ce, may absorb |ight
manat i r reflecting fromany direction and use it
[00023f0 gzl& @E&gt& b understeqd %@{éhgp_resent disclosure is not limited to any of
WO2008/ 060520PCT/ 1JS2007/ 023779 [ 00021Ref erri ng
the abavggtalis: JForoneexampleceach phathvoltaicmodakcts may inciude a single
phot ovol tai ¢ nodul e 16
output contact or more than two output contacts at any desired location (e.g.
intermediate to its ends). For another example, as previously mentioned, the
photovoltaic modules 16 need not be mounted in a frame, nor be capable of having an
omnifacial topology (e.g. capable of absorbing light from more than one direction).
Moreover, all of the above-referenced components are not required for the present

disclosure, the appended claims or the claims of any patent application or patent

claiming priority hereto.



includes first and second el ectrical output contacts

42, 44 at its first and second ends 43, 45,

respectively. The output contacts 42, 44 provide the
W0ew60520i ty that i s generated by the corresponusg/02377¢

photovoltaic nodule 16. In this exanple, the first

out put contacts 42 are anodes and the second out put

[00028]ont aNbw iAacsbriapaé Warlake pRatient BiclaBR@s Féf@rri\rgg to the example of
arrangenent may instead be enployed. As sho I n

Figure 2, @b le@St §né‘@ﬂacﬁ'icagi/ g?ﬁ’cﬁuc&it}é iR 8BRS ?{:\éalg% Bg E}elﬁﬁfscﬁw connecting

contacts 42 extend east partia .
o ok SO0 o 4 gl Trdllodiv B5ug 55 8Pl by 17 5 so. s,
Figure§ SE 81 S TR Bleiy S, 5146 ShobR0Eh AR, e i sgtecticay

ea. havi a wdth that is no greater than
m"duﬁraﬁ%ﬁi and gﬁyafdﬁr@-fﬁsr@f imeansaay: materigis)her component(s) capable
i nformati on about the conponents and operation of the
of eleckigaliyjoining ableagkime photovalinistroodulesi ¢ nmodul es 16 and
their construction and operation are know and may be
[00030f oundTher elebtrically cormiuctve dindodEORNt 60 29023kt any suitable
shoul d be understood that the present disclosure is
construttion) amd trexy électaioxiiyotorireet abrast el photdvolfeid niitRies 16 in any
exanpl e, each photovoltaic nodule 16 may include a

desirecsin@@hér. OPémeHangsIB! ASIECK 60PHA, b aTekibhe SMt@l}itrrrne%pfag\{viée or strip,

contacts at any desired location (e.g. Int

or a seri@sithéredf %%E%e(gg@ fo &P %4%? Ewc?’é;ﬁrgﬂglll Gontd pﬁfvhf){r’@t ¥rggodiment of

ment i oned, photovoltaic ul'es née

Foure R0 s cE Bt BFVEERRP LS5 B B e o
an i s BAE of e 8. R4 SEc eB becouis

resent disclosure, the appended clainms or the clains

each O&PGJH? HIPULEONREs 42414 SRCHND BEL&S: is similaryrgtusiedowith yespect
hereto. WD 2008/ 060520PCT/ US2007/ 023779 [ 00029] Now

to the sg¢opd CoMuBeR &G 34 sasengesdaat 3di and sanond, outpdtesonitays 44. It
to the exanple of Figure 2, at |east one

should beattdersiadd $hat dinelficst iamd Seicord ECLisB4; $Batded dt necessarily each
electrically connecting at | east sone of the

be a singie wirecdrtsilip, b weyeinstbadaaen halude 88kfesisi Aetifically corl;:ducting

e

axes 50, 54, Figures 3, 4). As used herein and int

wires, stigetdstlecmaniBers.t he term "el ectrically conductive
line" and variations thereof neans any nmaterial (s) or

oous P MBI P VAP AU S e
o coRSBGHF 0 8 5 B 085y bR pug e enor
o i Pl 1S RGPS BB S AR o

h"mnrm¥FJ Wre or stri or a series thereof, soldered to

pluralityof Eaues, o gitgh GRrtact fonaesiors; 70. | Ragthexemeigar remectar 70 is
Figures 2 and 3, a first ECL 64 extends on the first

capable, GineA0AGING, aoleash et REUEnGAMRGET 42ndFigure h3h of hat least one

first end rail 32 of the frane 20. The first ECL 64

electrically couples each of the first output

contacts 42. A second ECL 68 is simlarly situated

w th respect to the secondgcommon axis 54, second end

rail 34 and second output contacts 44. It should be

understood that the first and second ECLs 64, 68 need

not necessarily each be a single wire or strip, but

may instead each include a series of electrically

conducting wires, strips or other nenbers.



[ 00031] Referring now to Figure 4A, the first ECL 64

of this enbodinent is a bus- type connection |line 66

that includes a netallic ribbon 67 extendin throqﬁh
WA HENEth of the end rail 32. The i||ustra'?%HU5200 023779

bus-type connection |ine 66 electrically connects a

plurality of |€aves, or output contact connectors,

photoviitaicEaciule X@Thar iNustrite® 6L typElcdrmetddtines6fand ¢ nne?tors 70
engagi ng at | east one output  contact 42 (Figure 3(5 o

connedtailth@ aiho8e Bonti&ls A W& tﬁéWcﬁr 1 éﬁ@?%rﬁ%ﬂiﬁ?y oo

phot ovoltaic nodule 16. The i1llustra

0005 RER s ng o RRRES! 2 P RRE" S B an
consrQRFSEIITER, LBEESB i AL LRl e 1o

en ?ge t he E%L 60 and photovoltaic nodule(s) 16 in
any 3%8 SsMaNast- e Heafx@Mplegtheckahfit and [penpesttos076 faay be formed
i connectors 70 may be formed integrally in a single
integrajyin asingle WAl ar c@npgCiad by, weld| a@gemr snappisignrengagement. In the
engagenment. In the enbodi mrent shown, the illustrated
embodingentoshaydntbe tillustramdl eove of eahnentorse?(s aiddicahwienbers 74 having
| eaves 76 (e.g. Figure 4B) that crinp or deforminto
leaves &itgegp igure WB) thaincrivg puﬂemhtiﬁmter@&géﬁleﬂt with an output contact
photovol taic nodule 16 (e.g. Figure 4C). |n another

42 of ®phovoriit méRAENEi ﬂ@g;.tﬂgdﬁjegd-Cﬁ P aﬁéiﬁeréé’rﬂBS Ehfé{nt?r%tf_]%rring to

i ncludes a receptac 78 engageable wth at [ east

Figure BUiHéorm@BioRGD iﬁaud%é‘%g%)e?rt&g% 9g inegiggé%aglé‘eﬁt\%ﬁ{%‘rf] féa%{s%hg output

78 includes a curve

comtac 337 B8 o, S SeBUlBH 5 les 2 i gt o
ongan 2B i ol o A B et B S e o

anot her enbodj nent, referring to Figure 6, the
contach42 iy Baver leAst o $olden poie 84 bt erasges asnglalgesipartially C-
Wth atip, or button contact, 87 of the contact 42.
shaped pordipn |86 ofribe Hairvesk member 807 dn yehanatberrembodinntaetdring to
i connector 70 may include a socket 88 (e.g. akin to
Figure Bhitergpmpestor 76 dkeiudesalbuiiby cosiadt 85 enymydatiedwith a tip, or button
fluorescent |ight fixtures) that engages at | east one

contactp@ingf @& cbniact Measin atile auutlwtemmﬁei}qfefeqﬂn% to Figure 7, each
[ 00033] The connectors 70 may be di sposed within the

TR A SO S, R B, Ry s
overhead @iuorescent light fixtures) that engages at least one prong 90 of at least one
output contact 42.

[00033] The connectors 70 may be disposed within the solar panel 12 in any
desired manner. For example, a row of connectors 70 may be integrally formed with the

corresponding end rail 32, 34 as a single unitary body (not shown). For another

example, a row of connectors 70 may be integrally formed in a unitary body (not shown)

10



corresponding end rail 32, 34 as a single unitary
body (not shown).For another exanple, a row of
connectors 70 may be integrally formed in a unitar
WOHEOPHSt shown) 10 WD 2008/ 060520PCT/ U5 2007628878379

that is engaged wth or enbedded into the end rail
32, 34. In the enbodi mrent of Figure 4A, the

that is engaged witls o7 embeddedintd the erbmil3 B4ctindine bimbeditterdoé Figure
| ocated within an insert, or socket strip, 92 that is

4A, theo oshridatore FOvaridhin Biutetype TOAMECIRIY incB® 2@ i86atbd ithirl &A insert,
end rail 32. The illustrated socket strip 92 is

or sockE ShiiH) &9 that i§ PoufiBndd RithPNAB ToAESe Sbrlidh 8861 {Hﬁgﬁwéﬁrain 32,

at predeterm ned spacing intervals to correspon

L e S
o proch ok sBEAY BUSFHS G bEp ST oRLGHORRRETY R s o
0. FRGHE) T S 38 B Sl o e Bk St b

_enbodi nent of Figure 4A, the socket strip 92 includes
electricadly conrect gndneahianioaly baldithe nesivirsctéingpozidionrir the frame 20.
seated. Additional spaces (not shown) may be
[00034)ecesthe ysdaket Hidp 9% mayfhavee any estitablzalform, construction and
conductive line(s) 60. In sonme enbodi ments, the
configwatidret Irsthei gmiS&iiment beFigares tAutHeesborét Stfip92bhaludes cavities 94
material, such as rubber, to facilitate engagenent

within whidh theecemigcess omrang seard: aiddfidnal3¢paces RbI 5K&Wh)Y may be
insulate the ECL 60, assist in reducing stress

necessalp! fopd plaeehitht "BAUWHES eldbtridAg! 'cbﬁéﬁ&ivé?ﬁﬁé(?ﬂe@é. they some

connectors 70 and/or their engagenent wth

embcd LS e oo, S 2 iy BEPLSEHRMEPAS o, RTEL ouch o

0 dai d rial., S ravide riqidity,to .
ubber o, oo il S B SoREEG S5 o 985 Bictricany
st 55 £ U AR e ich SRS A Go e, oies 16, tacinat

. constructed of_a sem-rigid material, such as foam
seating,of thg genpestersof{sand/ogtheirangagermegt with {heamaduies 16, or any other
~ flexibility. [00035] The socket strip 92, when
desired pyipgsed, Inraieembadiognds, the socket stop &2 paypble ddhstrocted of a

any desired manner. For exanple, a socket strip 92
rigid matenial, such aed t@prdvitkstigigity 10 thiel gndoils 8RJ®Y, agsisf nanain@ining the

be glued inside the associated end rail 32, 34. For
desiredbpdsitioning of the modules 16, or other purpose. Likewise, the socket strip 92

may be constructed of a semi-rigid material, such as foam, or have portions of differing
rigidity and fiexibility.

f00035] The socket strip 92, when included, may be engaged with the solar panel
12 in any desired manner. For example, a socket strip 92 constructed at least partially

of rubber or foam may be glued inside the associated end rail 32, 34. For other

11



WD 2008/ 060520PCT/ U52007/ 023779 exanpl es, the socket
strip 92 may be press-fit, snapped or slid into the

Wﬁ?}ﬁ"%p ated end rail 32, 34. [00036]1f desired, one or
%Eéhani sm may be associated with the sE&ERAS2007/023779

strip 92, connectors 70, nodules 16, rails 24, 26,
32, 34, or any conbination thereof to allow the

exampiedthessothet strip @2mae 8B ppessl sAAFHEY & sueqm%qps r.‘:1‘s§ociate:d end
may be included to autonatlcafly swvel or tilt the

rail 32y@dul es 16 to vary their angular orientation, such as
to track the novenent of the sun. However, the

ooasBpA) F chSya o 12 , BESHEL B v e socke

angul ar rel at'i onshi _
strip 532 ppfifecds 1 Whdtios, 1€ all 8472642, o g épy SomRiation drere to

ot ed .t hat e details of _construction and operation
allow fi Fﬁé”gﬁlﬁ POE'E?L mpvegple;: hrar ¥ameieneempensrie say beincluded to
ahove and shown in Figure 4A apply equally, as
automgeally swixelor Yithermoddles 16 teorargshejt angular endrdaliore such as to
00038] The el ectrical energy, or voltage, fromthe
track thgduPkement eitetsun. cbowewer dbe dndguiesh 6 ehac be icoafigured in any
~_conductive line(s) 60 fromthe solar panel 12 in any
positiogledsi angllaranefationship relativenb b raiist2qQf26lizauag, 3s Idn@ras they are
exanple, the first ECL 64 connects all t he (anogg)

electricallyonnecteti aithen, 42 td)fat tdit BREWAIES 16 to a common
anode term nal 96, such as a commercially avail able

-0003 le qr i 52l el 0 own),. .
O00S T | BSoREEREnBleBtha B8 defit bl HonSREcih arBiperalfiiNdr e fis
‘ ; ommuon cat hode
ECL 6 G e cingRithid o BRSABEE obvh 3 TOWGR Sidrs i apply equaly,
t ' ar Lo LO.this manner, the electrical
asap p@%ﬂ%@tﬁsgﬂé g%?%é@#ﬁﬁ@ qfrﬂﬂﬁ Pgﬁ)ofﬁm?ﬂt- this exanple is
fi by, t -lik ti nbedded wi t hi
tooasdr ' { Fheoisekioal ey, of nuogas offomitbel oxsigs 16 may be
i ncl udes enbodi nents having one or nore electrically
communicried tyvibe) slertcally eonglagtielire(sh6arfiors the sblae paneint2 in any

~ with any desired nunber of
desired manner.” In the embodiment of Figure 3, for exampie, the first ECL 64 connects

all the (anode) output contacts 42 of the modules 16 to a common anode terminal 96,
such as a commercially available male or female electrical plug or socket (not shown).
Similarly, the second ECL 68 connects all the {cathode) output contacts 44 to a
common cathode terminal 98. The illustrated modules 16 are thus connected in
parallel. In this manner, the electrical connection between the modules 16 of this
example is defined by two bus-like connections embedded within the framework.
However, the present disclosure includes embodiments having one or more electrically

conductive lines 60 engageabie in any suitable manner with any desired number of

12



WO 20081060520PCT/ US20071023779 el ectri cal out put
contacts of photovol taic nodul es 16. For exanple, one
ECL 60 may el ectrically connect sonme of the output
WRINBAUFY 42 in the first end rail 32, whil ePERHSHEN023779
ECL 60 electrically connects other of the output
_contacts 42 in the sanme rail 32. [00039] Accordingly,
electricgh puinat oatactsnef platbeatimicmetiulest18. Fbeexdrnpie| biie ECL 60 may
connecting two or nore photovoltaic nodules in a

electrically eonmeoh sbmar f the Dutpdur edntatizeseinaBe Fifs ldndiagil 39 while another
met hods have one or nore of the follow ng attri butes,

ECL 606Ralchly idtielfs 6ihat A8 outibt BbASESI4Ah 1fiOBARE L P32 Of

at | east” two el ongated photovoltal ¢ noaules

ol arAQp&haR! - | egtrical .
[oooaggonne%t-l onth?’ %P g?%gg%%gb ?e}fggri%dgt gﬁﬁ@(ﬂ%&f'%”&’ connecting
I ' r | _in a generglly, strajght
two or B RDIYon e bAGE M8 saf fref S ekl hibeh apparatuses

e.contacts of el d photovoftaic nodules in a
and mdAGEE RE hBS ot o of B TolomBE atohuiesacapumiiasier femnres: an
. tﬁ{;e cat hode contacts of el ongat ed photovoltaic

electrica,gennestion of & deaginiwoi alengatedi phatovaltaict mpdules rofex solan panel
that connects all the anode contacts of the

along aHpeMeaR xis;camsirdtecal conaedimmoiat least g edngaednshotovoltaic
bus-type connection that connects all the cathode

modules ooft acsalanpanéle irpleo generalipi straighl Wath; anbas-6RENBehnection that
line; electrically connects photovoltaic nodul es

connects alhihe armodie@ontaits of blongatetPholdoREic MbddIBE 8 \cBfhmon line: a
panel ; electrically connects photovoltal ¢ nodules ’

bus-typ#i doMnBCRIEHAE dBRh8cs il eréf ﬁth?dé %Fﬁgaﬁ%a%élgpggtep photovoltaic

el ectrically connects t ot ovo

| . . ) N _h | .
moouieB % B 1, 51 Wp Y, Botl g08) Banditibi e ancde
contact€ A4 SALAYCRBRTFEAR Y S THE, B0 & BSkand s ype

el ectrically copnects photovoltaic nodul es capabl e of
conneciga, i‘f?é‘"é’ésaﬁ{‘]gh%r%ﬁqqeoﬁ?%% ¢ihthe pheloyplaicymodules in a
direction; electrically connects all photovoltaic
commonJipg) eleckically senngctp photovaltain reedules witbineone or more structural
electrically conductive line of mnimal length; is
member. gf ithg selas anedi ssleciticalyn obrracts phatoltdic Imadules WRhin one or
2008/ 060520PCT/ US2007/ 023779
more rail of the solar panel; elecirically connects the photovoltaic modules in parallel

within the end rails of the solar panel; electrically connects elongated photovoltaic
modules; electrically connects photovoltaic modules capable of absorbing solar energy
from any direction; electrically connects photovoltaic modules capabie of absorbing
solar energy from more than one planar direction; electrically connects all photovoltaic
modules of a solar panel with one or more electrically conductive line of minimal length;

is reliable and easy to manufacture and utilize.
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[ 00040] Enbodi ments of the present disclosure thus
of fer advantages over the prior art and are well
adagt ed to carry out one or nore of the objects of
WO HEO) osure.  However, each of the appendBg/EPRPTRZIT™
do not require each of the conponents and acts
descri bed above and is in no way limted to the
[000403bov eEmbadiments! of the direseritsdisciosure tthosisifef aasasabey over the
and operation. Any one or nore of the above

prior art @NECIre Wl adaptdd! feEar BuPERE 8BS FRFe BRihe Uhi&AP bpifﬁéj?]ibaosure.
any suitable configuration w thout inclusion of other

Howevet @Ach W@%ﬁfeﬁﬁeﬁ%iﬂs% ot e@ﬁigégégaﬁiﬁe&'th%?@gkﬂﬁénts and acts

t he present scl osure i nclude I ona ures,

: WJol L . cli . hpds es an .
descrivgBPARive phd T n, 18" e dPnisFlsC "t eBlibeg emoodimens and
d sed, herein but. are, or will becone, apparent
methocﬁr g&%ﬁ%’"ﬁ&s@ OPEGHIORer &Y ong, &r é"b‘ﬂ@n?feﬂ]edg Q¥eh gemponents,
and .cl ai nrs. [00041 ] The net hods descri bed above and
featuref and PragRRsE Mmayherempinyediin agy guitable eenfigurationtwihout inclusion
which may fall within the scope of the appended
of otheg sHEhnsoptpenaatsp éeatereseand propegsess Moredvery theapreseot disclosure
) and are not necessarily limted to the sequence
includeg @dditiohalfentures, capabilitesydyndiiens, methdds nuses\argigsplidations that
claims. Further, the nethods of the present
have neti sedrospecifically adtireseed seedin byt g Wall bscdnsd, dgparent from the
particul ar enmbodi ments shown and described in the

descripﬂéﬁﬁ@f@in,&ﬁ@hbﬁéﬁdé@fﬁraWiﬂgtsaérﬁ Qgndl. 1y applicable with
any other suitable structure, formand configuration

foo041Pf COmROReiHods de%@@é@d Wil ar AR TRAY rﬁr% E:ﬁ‘ui%ggt Ietein and any

shown and described, many vari ations,

g of .yt y par gt.us _and t hods
otner g0l WEAMARY “fal Winh! B SkafP S Rt BpPRus ckiS can be
nstruction,an eration, arrangenent of parts '
performg A sy leciif 80818 Skder At ard il BEesssau lenlsthiodhe spauence
. th atent applicant(s), within the scope of the
describgg, S@Eﬁi'@ 9" @ ahig be distedhinyanycanpended clpins.c Fuphen tke oiethods of
ordinary skill in the art w thout departing fromthe
the pregeyt disclgpurecdi ioh ecessarily sequirscusss of dheapdrtiutapeerobodiments
appended WD 2008/ 060520PCT/ US2007/ 023779 cl ai ns.
shown and glesglibedrin the present rappiication; Dot are qoafty applidaele with any
acconpanyi ng draw ngs should be interpreted as
other suitablesstnatarecforarghd dunfigaenien@f cofpsnéhtscl osure and

t he appended clains should not be limted to the
[00042]e b o YVRRN BMbABREENS HaveNBed SHBWR &Il Bescribed, many variations,
modifications and/or changes of the system, apparatus and methods herein, such as in
the components, details of construction and operation, arrangement of parts andjor
methods of use, are possible, contemplated by the patent applicant(s), within the scope

of the appended claims, and may be made and used by one of ordinary skill in the art

without departing from the spirit or teachings of this disciosure and scope of appended
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CLAIM5S: 1. An apparatus for electrically connecting
a plurality of elongated photovoltaic nodul es | ocated
i thi sol ar panel, the solar panel including. a
W%"g%&ﬁ%vi ng first and second opposing si deP¢'5{8§7§0"21%8779
first and second opposing end rails, each
~ photovol taic nodule having a width and a first output
claims.clhmsaatl maties hgraim set fopthadr showsitindhe peconapanying drawings should
extending at |east partially on a first common axis,
be intetphetedpsaillasteetive pand the seppet of thissdisclosure aadthe dppeodeiiclaims
within at [east one of the rails of the franme and
should hovbe gmited toithel éribodinep N deRiBES all shews heli tial |y
di sposed therein, each said connector being useful to
electrically engage at | east of the first output
cont acts; a plurality of spaces forned between
t he photovoltai ¢ nodul es, each said space being
di sposed between a pair of adjacent photovoltaic
nodul es and having a width extending fromone to the
ot her correspondi ng adj acent photovoltai c nodul es,
wherein each anong a majority of said plurality of
spaces has a width that is equal to or greater than
approxi mately one-half of the width of the
correspondi ng adj acent photovol tai ¢ nodul es having
the larger width; and a first electrically
conductive fine extending at |east partially along
the first comon axis, wherein said first
el ectrically conductive line is engageable said
plurality of connectors wherein the first
conmon axis and said first electrically conductive
line extend at | east partially along. the |Iength of
and wthin at | east one said insert, and wherein said
first electrically conductive line electrically
connects the plurality of first output contacts
within said insert. 2. The apparatus of claiml
wherein each first output contact is the anode out put
contact of the respective correspondi ng photovoltaic
nodul e, whereby said first electrically conductive
l'ine connects the plurality of photovoltaic nodul es
in parallel. 3. The apparatus of claim 1l wherein
each first output contact is the cathode out put
contact of the respective correspondi ng photovoltaic
nodul e, whereby said first electrically conductive
line connects the plurality of photovoltaic nodul es
in parallel. 4. The apparatus of claim1l wherein
each of the plurality of photovoltaic nodules is in
general ly spaced parallel relationship with one
anot her.
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5. The apparatus of claim4, wherein said first

el ectrically conductive line extends at | east

partially along the length of the first end rail and

el ectrically connects the plurality of first output

contacts of the plurality of photovoltaic nodul es
{thin the first end rail. 6. The apparatus of
‘aim 1 wherein each said connector includes at |east

one | eaf nmenber. 7. The apparatus of claim 1l wherein

1. %z'.%&a%t‘as go?%trbg;gﬁc% ly bWeHﬁ’rigs mﬁfure{llﬁ?o?teld?ﬁﬁteﬁ%ﬂivéﬁé@ modules

app erei'n each of the first
located weithint acestaraeansl.i the| sirsspael inshigingo draies Aaving st eftchsecond

opposﬁg Hd& PRRESAP Firsht "!‘mduéi&%né Speking PagRgSabdck phdtbvalthic module
ast one prong of

navinggs widfe SO HEL ULt CoTadiae Riareioh sk APl et Wlending at

least pRHRAY b{’l @ﬂir‘at}bo@rﬁﬁﬂﬂéim VRe labparataus dosarising buleast ang ingert disposed
ors r t

i USSR 5 RO o o

partialigfdisporert thecgirs, dash |satdetgmae¢t9r edngreseiil fo ales}ﬁﬁlﬁ@'h/r%ﬂg@@@?t least of

the‘r”rsH)u p @&gsaratus of claim1l wherein the flrst end
né\ eés at | east one concave portion

s@npﬂ”@ﬂmpélsp@@ﬁsdona@%r?@ewaﬁnsthpsp'@t%'ﬁ@edn%%% ach Said space

being o%%&e@%hﬁé@ﬁCQV&alp%tdﬁHbeﬂf ph&@vélﬂarcstnoahlelse@(ﬁ having a width
substanti al | st I ai

exencicaion P18 e net SHPePAEMARRCB R HOLRE M egferein each
amongib thejasty cﬁr@IdCﬁMt‘dlw ofMyeroes hasad didih thadlis egualfto or greater than

apprmgrge{] Slcgr?er-ﬁaﬂ‘ fqheS of%e héopregﬁonldﬁlﬁsédj%@]t ?);I’li){é)voltaic modules
having the [arger width; and
a first electrically conductive fine extending at least partially along the first common
axis, wherein said first electrically condugtive fine is engageable said plurality of connectors
wherein the first common axis and said first electrically conductive line extend at
least partially along the length of and within at least one said insert, and wherein said first
electrically conductive line electrically connects the plurality of first output contacts within

CLAl

said insert.

2. The apparatus of claim 1 wherein each first output contact is the anode output
contact of the respective corresponding photovoltaic module, whereby said first electrically

conductive line connects the plurality of photovoltaic modules in parallel.

3. The apparatus of claim 1 wherein each first output contact is the cathode output
contact of the respective corresponding photovoltaic module, whereby said first electrically

conductive line connects the plurality of photovoltaic modules in parailel.

4. The apparatus of claim 1 wherein each of the plurality of photovoltaic modules is in

generally spaced paralle! relationship with one another.

5. The apparatus of claim 4, wherein said first electrically conductive line extends at
least partially along the length of the first end rail and electrically connects the plurality of first
output contacts of the plurality of photoveltaic modules within the first end rail.
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13. The apparatus of claim 11l wherein said at |east
one insert is constructed at l|least partially of
rubber.. 14. The apparatus of claim 11l wherein said
at least one insert is constructed at |least partially
of foamand is glued to the first end rail. 15. The
aratus of .claim 13 wherein said first.electrica
6. cOiaaearaus o Gaing] dhepit eaehisr praptiph I g St e ono teat
membéavity of said at |east one insert. 16. The
apparatus of claim1 wherein each photovoltaic nodul e
_ i ncludes a second output contact, the plurality of
7.  sBuorgpaatysuo! claite attwhessinesriingaidt conmgsior jagludes gl least one
mcemﬁﬁe? second common axis, further including a second
electrically conductive line extending at |east
partially along the second common axis, wherein the

8. Sﬁﬁwpagétagbf iéllﬁm h%wrrelcaéid L‘ﬂ?h‘bﬁtﬂé firet blstpttel_ngmgfmlneludes at least
W na ca e OF eleclirica conn I n
one o, AP Py SRASERTIPONR BT Lo St Sodr i it Bagtqpg prong of

at least onarfinst axtpsat.contat”. The apparatus of claim 16 wherein
each first output contact is the anode output contact
of the respective correspondi ng photovol tai c npdul e ,
9. afe enedratiecnelaiouf pulberetinsaid tfirstselepiacallyt spaguctiygt gt and said
i 1k By SRAPpRERSiAL@gemhot ovol tai ¢
pluramgo%ggf}g{%%se%%mtéggﬁg%i rs¥ anF{JI secong electrically
conductive line connects the plurality of
10. phed gurkdtad 6f s fBelen gad pluraity of cbBnecitie inppeyraltydsrmed in a
. f claim1l7 wherein the first common axis and said
”mta%qt?qdé’t el ectrically conductive |ine extend at |east
partially along the length of and within the first
1. Ol BBbdran @0 HART £ UoldI? 1R RRY Gnd ATRRIAK Bt 304 A6 Loncave
second electrically conductive line extend at | east .
portiorp avherein sgid allusalify ©h sonnasirs isodispasgd Withis # lesRk 088 C@RgAVE portion
of the Faflat’Iadt subé&tiaWsﬁQ@ﬁrﬁM%ﬁapab| e of electrically
connecting a plurality of el ongated photovoltaic
nmodul es di sposed in generally spaced parall el
12.  rBlaabpparsts pf widif DN evieneihhsaild et tdabnore fskdrindudesgst least one
. absor.ptiqgn, deyic t he sol Y. t] [
cavity, EFBHG PUTRILAECHITRE s S EPe] My arRRE o taRihey
the plurality of elongated photovoltaic nodul es
13. MW Q&H%]luerb?% AU PRheefNEAG tat 1Rk oR iRRASIsalonk®@3éd at least
partrally on a tirst comon axis and a cat hode out put
partially @hfubber.t hat extends at |east partially on a second
comon axi s, the apparatus conprising: a first
electrically, conductive line extendi ng.at |east
14. ot peparglus o5 SR AL MPeTg éﬂwﬁﬁeaﬁg%, et &) Gongiyed at least
partialllyiof ftaneheCik igiveal tb yhecloaeret iate | i ne is capabl e of
el ectrically connecting together the plurality of

cat hode out put contacts along the first comon axis;
15. The apparatus of claim 13 wherein said first electrically conductive line is disposed

within at least one said cavity of said at least one insert.

16. The apparatus of claim 1 wherein each photovoltaic module includes a second output
contact, the plurality of second output contacts extending at least pariially on a second
common axis, further including a second electrically conductive line extending at least
partially along the second common axis, wherein the second electrically conductive line is
engageable with and capable of electrically connecting the plurality of second output

contacts along the second common axis.
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a second electrically conductive fine extendi ng at

| east partially along the second commbon axi s, wherein
said second electrically conductive Iine is capable
of electrically connecting together the plurality of
anode output contacts al ong the second common axis

17. a‘?ﬁl? %gfal?r‘%ﬁ.ltss gl{%tn@ thePelglesélgﬁsfﬁg Ut g;gd?'dap%tcié lls:e?'%t au?d?:% output
contad oointhet oafsspeatvel easisppading ghbipveliaip seedyla lrad eq‘;aph gepoRd output

contacﬁ% ﬁwecéﬂiﬁ'&fét c‘ﬁft ﬁ%oﬂ&ﬁf‘éieﬁé|re§ﬁéc§\!ree66rfésﬁéflldn¥g pR&8Eitaf! module,

one of e cat out put cont ac
whereieseid nfirsh@nti patondoRRBHCAN] SOREON e pergects the pluralty of

photoRit8etmiddiddd iM paiduct i ve line extend at | east
partially along the length of and within said first

socket strip, and wherein said first electrically
18. cvml apparatis| of m@ial Hewvhéereml thy frstrovechen bikie apt e flz‘syelectrlcally

conductiv clateheox%ndosﬂtlggstt p%ﬂ% I)agfoﬁg W\é I'%h&th%'aﬂd |trhﬁ¥ th%cfﬁgteénd rail, and
Sft Fip
wherein the second common axis and said second electrically conductive line extend at least

partially along the length of and within the second end rail.

19. An apparatus capable of electrically connecting a plurality of elongated photovoliaic
modules disposed in generally spaced parallel relationship with one another within a solar
energy absorption device, the solar energy absorption device including a frame having a
plurality of rail, each of the plurality of elongated photovoltaic modules having an anode
output contact that extends at least partially on a first common axis and a cathode output
contact that extends at least partially on a second common axis, the apparatus comprising:

a first electrically conductive line extending at least partially along the first common
axis, wherein said first electrically conductive line is capable of electrically connecting
together the plurality of cathode output contacts along the first common axis;

a second electrically conductive line extending at least partially along the second
common axis, wherein said second electrically conductive line is capable of electrically
connecting together the plurality of anode output contacts along the second common axis
and a first socket strip disposed within at least one of the rails of the frame and having a
plurality of connectors at least partially disposed therein, each said connector being useful to
electrically engage at least one of the cathode output contacts,

wherein the first common axis and said first electrically conductive line extend at
least partially along the length of and within said first socket strip, and wherein said first
electrically conductive line electrically connects the plurality of cathode output contacts within

said first socket strip.
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