DEVICE FOR STRUCTURING A SOLAR MODULE The invention relates
to a device for structuring a solar module according to the preamble of
Claim 1. Solar modules in solar energy systems comprise substantially flat
glass plates, which are coated on one side. The coating usually consists
of multiple layers overlaid on one another, of which at least one layer is

electrically spnducting Forctechnicalraasons relating o praduction the

glass modufeT X generate
an acceptably high electrical current the applied coating must be divided
Thte individoalisections! Asawelltas agpursly mechanical structoting bhthe a

surfaceising appropriate tools, anceptical siyeturng of these.solar
énodules hasaa§o established |tfelf. In the optical structuring the coatm%ls
p%aﬁfced%%/ means of a laset“which baris thin to %ﬁfﬁ{? discontiuities
$Htothacobting With sedertahedeyrae st precisioni Alsystem forstrgcturing
solar modules isknows from: DE 10.2006,033.206 Ad-Ehiscstruetuning p e
= j&er”% C%”’QP%S%%%%E‘S%%% Sésﬁ%%"é"}r) "Y&@hwag%'%%? modyle can be
transported within the system. For transporting and retaining the solar
Rdadletfie TrafSpOR SHSte G Ed With' pluFAIRY of & hoZZRECby
maéans of;which thersalarmbdule floats anias air beating<The goatiig ts=d

docated.on the upper side,of the,solar modyle remote from the transport,

stem. A structuring tgol, namely a laser, is arranged underneath the

S
Ardrigportsyitent Gnd thé giass phate 1beStiuctied Afiet g8y 502 1na
rdispladeable pérpehdicutar to mtransport direstion@f the delamwmbtukes 2
dasenis directed.an o the E,eagé%@w@n@%oaf&r@wbﬁeein alasgreams i ng
aloassgs“%r:lk”raoéygh tjggpgjasss pIg;g_e ogt e, S%ir: motdule.tln the focus§in %ange
dtihe Tasert the coa ing Is vap‘orise%, Wwhich aiiows the' déSifed discontin ity
%6 berprdddeég T ashievea stilcilinng lrethelbngitudinal direction of the
solar module, which corresponds to a transport direction of the module,

the meduls, mustbe displaced.over a working range, of (e laser, Qa4
account of the air nozzles arranged undermeath the glass plate, the }y
TiGrking Ringefcorrésisonds t6lotfyia Si&lli§ap Bxiending pefiseridicutar o
dhe tramsport idireetion.nfeperfermthetstructuring the glassts tisptacgdee
Swer this working range, this procedure being repeated as often as
necessary until the structuring of the solar module has been completed

& system for structuring sclar mecdules is known from DE
10 2006 033 296 Al. This structuring system comprises a
transport system with which a2 glasgs module can be
transported within the system. For <transporting and
retaining the solar module the transport system is
egquipped with a plurality of air nozzles, by means of
which the sclar module flcats on an ailr bearing. The
coating is located on the upper side of the solar
module remote from the transport system. A structuring
tool, namely & laser, is arranged underneath the
transport system and the glass plate to be structured.
The laser is displaceable perpendicular tc a transport

direction of the sclar module.

In order to structure the coating, the focus of the



Above the working range a suction device is arranged, which sucks
particles or waste gases resulting from the structuring process away from
the surface of the solar module, which could otherwise remain in place
and possibly adversely affect a repeated structuring displacement of the
laser even if only in a neighbouring region. On account of the transport
system, which s arranged.underneath the, slar modulle, the. mability of .
the laser is considerably restricted. The latteris, as explained above, or%y
"Hévéatle pergetioicutartd thé fraRSport bitecHon drthé SIRF mivduré: To°
Streictawé the modlulesit must biérmoved ovel the laseroggaintarthagdinser

khe glassdlate theseforempay be moveg,only withextreme;care jas dug s

ch ég% thé%ngg_s ofttgek%leassrthg Ia%s plate can easily be broken. In
p:brticﬁ}ar aLﬁlgﬁ]accelerati%norebgce%ehts a loading on the glass plate that

is to be avoided. This results in a relatively - 3 - slow machining of the
1s9laf snodule withdbeaserr imaddition tocthe selatively restrictgd raobility
of the laser a,_limitin he racies of the focussing range. and of the
?r%di%?gﬁal%%c s is'%n %%%%% { n?ﬁgﬁﬁaﬁIa‘r’,ovgiﬂ?ﬁ‘rpeogrcr%ngé?ne%t St the 1aser

HncFthe rbvément!tst tHe°glass thetdtfucktiing Canfigtbe adjustédtaesed
avhich advwerselyraffectsithe accuracy=ant:thereforerthesquality of the sotas

dmedules Aproblem.addressed iy the invention is t%ifae@vﬁfo@ad@é/jcg%

the type mentioned initially, by means of faster machining times and a_
Wﬁﬁﬁ%ﬁ%aﬁﬁﬁﬂﬁ;GﬁﬁﬁﬁSpondg to only a small Jap extending
perpendicular to the transport direction. To perform

the structuring the glass 1is displaced over this
working range, this procedure being repeated as often
as necessary until the structuring of the sclar module

has been completed.

Above the working range a suctlion device 1s arranged,
which sucks particles or waste gases resulting from the
structuring process away from the surface of the solar
module, which c¢ould otherwise remain 1in place and
possibly adversely affect a repeated structuring
displacement of the laser even i1f 9only 1in a

neighbouring region.

On account of the transport system, which is arranged
underneath the solar module, the mobility of the laser
is considerably restricted. The latter is, as explained
above, only moveable perpendicular to the transport
direction of the solar module. To structure the module
it must be moved over the laser again and again. The
glass plate therefore may be moved only with extreme
care, as due to the thickness of ﬁhe glass the glass
plate can easily be Dbroken. In particular a high
acceleration represents a loading on the glass plate

that 1s to be aveoided. This results in a relatively



A device for solving the problem according to the invention comprises the
features of Claim 1. The solar module is retained on an upper side facing
away from the structuring tool. The solar module is introduced into the
device with a coated upper side faciag tipwards, where it is retained by a
retaining device arranged on this same side. An underside of the solar
dnaquiedbereiaie emans eg. whersip e Rospitle 1Sk of daage to
the coating due to the retaining device are minimised. Thus, any falling
objects, for example, are not left lying on the retaining device. The upper
Bidezgfdhée Sofar moduleds netlguidedepast stationarytehjects;wviliich gould
hesthe cauise of damager According tp a pigferred.embodiment of the 1,
invention, retention of th% s{gl réﬁodule is,achieved in a non-contact
ontac

marmier- Duets tHE ndhs § retBhtici, tHé fisk bf G&maging the™
Tolaparddulel isminimised. Glass Biat i thiniand offairly ow qualityisand
wreferabheused to sranufactuge asolar modue - This glasshowaven s net
a%%ls%@e in, cost than highs - Aéa%heer%feo%% contribute to reducing damage
caused, or even protecting against glass breakage. 1n‘a preferréd ="~
sadertdi6r of tHesinvafitich the tetafifing deviee ko prads ke feast one,

preferably a plurality of, retainer means. These retainer means are
A qed.evenly ovechie upper aide oh el madue-Thef¥elye o
distribution reduces deformations in the glass, and therefore contributes to
e HhorE acthiratd &rictitng WHd prabéstion vt damage: TG dchz@s ©F
ron-eantaeting. retention,reere gativeapressuire 1is igeneratec.onghe upper.
side of the solar module by the retainer means by means of compressed
Aair. TQIe. Ee@tainer means hglds thghmodul?g g%/ suction due to compressed
Iair%igovx}'n 6ut radially 611 {6 e top of the' S AFPhodufe WiieH TS réfarred 1o
gzt Bemoaiingrincipte. Bdtweén fheliktaine meansralso kAdwn agaar
3ernoulli gipper: and e solaranodute,a small gap isformed bydhe zrom
gaeans ateompisased ax, Thessplar modile thersfore foats uderneaty
the retaining device. In a further embodiment of the retainer means, t0
Iadhfever& hontdhtadting'retéhtion the Pétafifer mdais sucksd theacing
unedulédy means:of suction air.Bymeans bfcompressadairan afevice
cushion.is formed,atthe spme dime, Thesojar modulg therefore, held.by, .
the suction air, floats underneath the retaining device. N
module therefore remains free, wherein the possible
risks of damage to the coating due to the retaining
device are minimised. Thus, any faliing objects, for
example, are not left lying on the retaining device.
The upper side c¢f the solar module is not guided past

stationary objects, which could be the cause of damage.

According to a preferred embodiment of the invention,
retention of tThe sclar meodule 1s achieved in a non-
contact manner. Due to the non-contacting retention,
the risk of damaging the solar module is minimised.
Glass that is thin and of fairly low quality is
preferably used to manufacture a solar module. This
glass however is not only lower in cost than high-
quality plate glasses, but also more fragile t¢o handle.

A non~contact method of handling the solar module can



The structuring tool is preferably arranged so that it can freely move
underneath the retaining device. Due to the elimination of a retaining
device under the glass module, the space can therefore be used for the
structuring tool. The retaining deviceiwith the retainer means holds the -
solar module immobile in one position so that the structuring tool that
<Mavesqindemeath foe solarmodule cap anplyhe stuieturg o e, v
coating. In addition the service lifetime ofthe - 5 - structuring device is
BH186 fiprovedasthe Sred? space Bidethédth-the retaining device. In the
event of glass breakage, with the device according to the invention there

18 no peed forcosily cleaping.ofthe trangport system.; Glasg.shayds can .

be simply left in the free space and removed at a later date. In_a preferred

LEmBodimeht e’ sttt tooP ESmpses &R fdasBfe catfiags andal 2
Heéasteonetlaser! prefetably:a:plurakity ©f |a8ees: <l hedaseérseare mecveableria

& longitydinakangda trapsvetse-dirggtion., Fhe plurality of Jasersenablesa-
-f3ter machining {ime for ihe solay module, since multile discontinuiies
¢an be burnt into the coaﬁng bythe Jras‘elrs at the Same time. The fasérs™
tdre g3 h3ensitide to'agedlerationsnGAderiisieh tive §la8s ot thesolapte
smodutes wodd brenl; - Bhisimakes at additional.acceleratiorinethe non-
cStdcturing possinle, Agegrding to ap advantagegus exiens é’”g}g% 8%[—!%95

has a bearet, on which lasers are arfranged, and which can be displace

9 thd' Pongititinal Hidetior ot fifo partiél fRfingguittestthe figepd ner
nthemselves arezdisplaceablengn-theskeareriin theltransverseidirectiozehs

Hbe structiring daah Jhe Jasersicanthys begmoved in twa.dimensions; o

under tkée, %ﬁjlzr module to be machined, With the two-dimensionality =~
Morebver: itis Hos&ibleto mipleridnt Saraieor SihdfarBstE nioveierts
lin thie fongitadinabdicectibhandahie trahsverse tirectior of thetsotam the

#aedule.The guides are asrapged:in the langitudinal direction gha glassng

Rodule, sg tat th bearercan be displaced smoothly, Adyantageously. at
each of its free" ends the bearer comprises a chassis Which matas With

G ofthetflides. By mehfis of theidhadsisltheccarfiage Biesithected ot s
hegides; whicth: means ian exaciérajectary of the

In a further embodiment o¢f the retainer means, to
achieve a non-contacting retention the retainer means
sucks up the module by means of suction air. By means
of compressed air an alr cushion 1s formed at the same
time. The solar module therefore, held by the suction

air, floats underneath the retaining device.

The structuring tool is preferably arranged so that it
can freely move underneath the retaining device. Due to
the elimination of a retaining device under the glass
module, the space can therefore be used £for the
structuring tool. The retaining device with the
retainer means holds the sclar module immobile in one
position, =so that the structuring tool that -moves
underneath the solar module can apply the structure to

the cecating. In additicn the service lifetime of the



- 6 - bearerisachieved.Thebearerisarranged perpendicular to the
longitudinal direction of the guides. The bearer itself also comprises a
guide, in which the laser or lasers are arranged_ Each of the lasers is
accommodated in an approximately Sheeboxsized box, wherein the
boxes, as already mentioned, can withstand high accelerations, up to 10

£ Theboxes with the lasers are, referably ananged immediately nextio
one another on the bearer ar)daparallej[ over a ongltt\jdinaleextensmn 5fthe
BEREr Printarily theakarsidradishiadeden bloc Bt theyehn alsoberss

reondtrolled jndividirally; 'se thiatfor-example ode o mose lagers candetion
Hasitioned in,the regign of the one end, one.qrmare lasers at angther end

and again, one or mare lasers in a central region of the bearer, in order to
HEAFENged 1 to BHE Afotet agan fronTiere. ABEording td-Bfie free
Adantagevusoonfigdrationsof the #wentodr the guide is arranged in a
plane with the solar module. By means of this arrangement possible
_movements_of the laser have na effect on the accuracy of the focussin
‘point of th& fa%%?%‘ﬁ%ﬁe ubeﬁ%ros%éﬁ BFthe g\“a?é% pla%e%hcé: Hoverhents ars
Geftiedstocas pittAmyt, 'Polfing'sand: ByEsvingtand détsrrineadireetien ,
wf sotatiop 0f three axes:passing thegughithedaser. Itig alsoipossible are
Dwever o et the plan of the moflule, correspond. (o, a ralatignal s grto
a point of the chassis that serves to ensure accuracy. In a furtﬁe;r .
Hitfvantagedts ekefiplaryEinbBodifiant oF tife inbéntion, dirarea didreel me
Space isdefuriderneathiaimachming: eegionlaf theé strutiyring took\Withe s

dhe arangement of the retaining.device above the;solar mogule, the deyice

can be designed to be substantially smaller, but in particularly a
‘edhstruttish cATYIRG thé Tetdinti GRit CAR Also’be Fé?n?e%}ﬁt%ﬁ%ﬁ&ﬁd
uabler Thecompdunditablesfacifitates adighter modules would break.

This makes an additional acceleration in the

structuring possible.

According to an advantageous extension the carriage has
a bearer, on which lasers are arranged, and which can
be displaced 1in the longitudinal direction on two
paraliel running guides. The lasers themselves are
displaceable on the bearer in the transverse direction
of the structuring toocl. The lasers can thus be moved
in  two dimensions under the solar module to be
machined. With the two-~dimensionality moreover, 1t is
possible tc implement parallel or simultaneous
movements in the lcengitudinal direction and the
transverse direction of the sclar module. The guides
are arranged in the longitudinal direction of a glass

module, so that the bearer can be displaced smoothly.

Advantageously, at each of its free ends the bearer
comprises a chassis which mates with one of the guides.
By means of the chassis the carriage 1s connected to

the guides, which means an exact trajectory of the



- 7 - construction for the client, since the ability of the device to be
transported is simplified. The space is therefore free, so that there is room
here for any glass plates or shards of broken glass plates that fall down.
As already mentioned above, broker gtass plates do not need to be
removed immediately from the device, since they have no effect on any

HUOrKIng progess. Any,cleaning required can fake place ata later date. .

Alternatively a collecting pan can be provided, in which the shards can be
R&tight At Sparticulafly ddvantagsbistit the retainfht deticets fréély the
gotatalsle by8O0 iparalket toia plahe of threosofarmmodwesThe structisring of

Jhe coating-omthe solar module.can bevery,complex and ggmprise:  ne
different shapes. To this end it is necessary to allow the Igg&r be r(‘)ne%)

pHEeTot drily gerpeRdicifar t and along the giass piate; buf als oxT
siagonadllyror at’zmrangle td'a side:ebtheaglass. plats Byrrstatiom efithecan
wetairingdevice gnd the-glass plate xetainggd thereon ghisstruehkingoxe s
diection, can be implemented with.Iittle effort. Preferably, the etajning, ,
evice serves to reniove Ey suction any layer paf“tlc?e% vaporised and Y
tirhed 6ff By the ReR eThelBsértiealSap tie cortingf HHe SolaPHfvtlufe
linithe ater obits fecussingiregionfwhiclemeanshat. thereaatingi isheated
un.and burned off gt vaparised. This,causes dirt pagticles fo,form pp the, .
top of the solar module, which must be E_emove_d. According to the
GRSt HE retdining d&\ice ¥ forifted HoTY a plofality G Berfiodfir®  ©F
ngrippets; s¢hich applylcompressedraie to the topeTheair @scapes-fremcthe
Qrippersto the side,and;thersfare jn asimple-manner transpgrs the dirt,
Aoarticlgs away from the solar module, Whichj.are ca@turehd bybt e air
Stream of o“ihaésc")errr%or“éngri%pécr%?\?\féas“’fe é:aeéje“éoélris?ng from the" 28~/
ComBustion Een alsu B emovekto the side by thedstiong flewsin from
treferably, to the side in a region of the edges or of the solar module or
above it, a suction device is provided which draws off the waste gases

and dirt particles. _ .
According to one advantageous configuration of the

in

invention the guide is arranged in a plane with the
solar module. By means of this arrangement possible
movements of the laser have no effect on the accuracy
of the focussing point of the laser on the upper side
0of the glass plate. The movements are referred to as
"oitching”, "rolling” and "yawing" and determine a
direction of rotation of three axes passing through the
laser. It is alsoc possible however to let the plane of
the module correspond to a rotational axis or fo a
woint of the chassis that serves to ensure accuracy.

In a further advantageougs exemplary embodiment of the
invention, an area of free space is left underneath a
machining region of the structuring tool. With the
arrangement of the retaining device above the solar
module the device can be designed to be substantially
smaller, but in particularly a construction carryving
the retaining unit can also be formed by a compound

table. The compound table faciliitates a lighter



Accordingtooneadvantageousconstructiona positioning aid is arranged to
the side of the solar module, which lies at least partly in the plane of the
solar module. The positioning aid enables the positioning and/or fixing of
the solar module. By means of the tédueh-free or contact-free retention of
the solar module using the retaining device, the solar module could be

cdc!%%'%‘«}%‘y%t%a"%%@ ayald @E‘i@ﬁ'&","vgﬁ}?@? t@ﬁ_@"?g?‘f‘ﬂ%ﬂf'd@ PEVER

as a stop edge, with which the solar module is retained later This
RS in tRe RavantagetuiR’Pasibilify of Coating tidentite Gppetide with
tansingleoceating @and also of:machinihg this dsingrthertaser Furtlierr any

. pdvantagequs.configurations of the deyice atise from the dependents 1 )

claims. A preferred exemplar%?embodiment of the invention will novx%gges

i&irssE with'thié &id SFtHE traWwing§ “rHEY sHow? £ 18 setspet
Gkideview eftiie device acevrding tolthesidveritionframearfirstilong sides e,

g c2a perspegtivesside viewrafthe ggvigey working process. Any
cleaning required can take place at a later date.
Alternatively a collecting pan can be provided, 1in

which the shards can be caught.

It is particularly advantageous 1f the retaining device
is freely rotatable by 90° parallel to a plane of the
solar module. The structuring of the coating on the
solar module can be very complex and comprise different
shapes. To this end it 1s necessary To allow the laser
beam to pass not only perpendicular to and along the
glass plate, but also diagonally or at an angle to a
side of the glass plate. By rotation of the retaining
device and tThe glass plate retainsed therecon this
structuring direction can be implemented with littie

effort.

Preferably, the retaining device serves to remove by
suction any layer particles vaporised and burned off by
the laser. The laser heats up the coating of the sclar
module in the area of its focussing region, which means
that the c¢ocating 1is heated up and burned off or
vaporised. This causes dirt particles to form on the
top of the solar module, which must be removed.
According to the invention the retaining device 1is
formed from a plurality of Bernculll grippers, which
apply compressed air to the top. The air escapes from
the grippers to the side and therefore in a simple
manner transports the dirt particles away from the
solar module, which are captured by the air stream of

one o©or more grippers. Waste gases arising from the



according to the invention from a second long side, Fig. 3a perspective
view from underneath the device according to the invention, Fig. 4a top
view on to the device according to the invention, Fig. 5a front view of the
device according to the invention;-afid -

combustion can also be removed to the side by the
strong flow. Preferably, to the side in a region of the
edges or of the solar module or above it, a suction
device is provided which draws off the waste gases and

dirt particlies.

According to one advantageous construction a
positioning aid is arranged to the side of the solar
module, which lies at least partly in the plane of the
solar module. The positioning ald enables the
positioning and/or fixing of the solar module. By means
of the touch-free or contact-free retention of the
solar medule using the retaining device, the solar
module could be displaced laterally. To aveid lateral
movements tThe positioning aid serves as & stop edge,
with which the solar module 1s retained laterally. This
results in the advantageous possibility of coating the
entire upper side with a Single'coating and also of

machining this using the laser.

Further advantageous configurations of the device arise
from the dependent claims.
& preferred exemplary embodiment of the invention will

now be discussed with tThe aid of the drawings. They

show:

Fig. 1 a perspective gide wview of the device
according to the invention from a first long
side,

Fig. 2 a perspective side view of the device
according to the invention from a second long
side,

Fig. 3 a perspective view from underneath the device
according to the invention,

Fig. 4 a top view on to the device according to the
invention,

Fig. & a front view ¢f the device according to the

invention, and



- 9 - Fig. 6an extracted view of the structuring tool with retaining device.

Fig. 1 and 2 of the drawings show the device according to the invention in
perspective view from a first and second long side. The device comprises
a sub-frame 1, which is formed oftransverse struts 2, longitudinal struts 3
and feet 4. The sub-frame 1 is formed in the manner of a compound table.

11 thesundersides of the feel4 adjustment deyices 5.are arranged, with ;

which unevennesses in the base underlying the device can be
compensated tdr Laferar o bt éfeitents 6, 7 are arranged on each of
three feet 4 located on long sides of the sub-frames 1. On their top side

ihe feet 4-form:a harizontal plane; by means, ofwhich the mounting, 45 g
teleng%nts 6157 are mounted honzontal%/,. Bg means of the adjustment a
devices 570n the teat 4 tinalddfidtimehts Can'Bé thadtI8r & horizontal 2"
sRGGMtthglofithe sabidrantent |nladdition cooomiecting elepnent s placed .
vhetween eachofibe feet 4 and the,mesntingelements, 6, 7saspactivelya 1
Jhe cannecting element serves 10 make a.conneption betyeen s fogt 4,
and the mounting element’s, 7. The respective connecting element also

IRRTs e ‘an adjtsHRENETacility Pwith whith #e mBUAGAF ééhfents’s and
fEean dddiivhally berbrought inte @ horizontal posiionedhe mountingh i ch

£lements.6..7 are; of splid construction, and have alow thermal expansiorn,

coefficient, The mounting element 6, 7 is constructed as an inverse
GOBRTKEE HHe ditderside of the L forms the top of the mounting element
6, 7, wherein an inner side of the members of the mounting element 6, 7

1Rpsitionedirelative {9 ope another points insthe directign oftherother-n o
gﬂ%ggW%%%@ﬂEﬂﬁgkgtg eggﬂfgégegy)QQMgf the sub-frames 1.
Cn their top side the feet 4 form a horizontal plane,
by means of which the mounting elements 6, 7 are
mounted horizohtally. By means c¢f the adjustment
devices 5 on the feet 4 final adjustments can be made
for a horizontal mcunting of the sub-frams 1. In
additicn, a connecting element 1s placed beitween each
cf the feet 4 and the wmounting elements 6, 7
respectively. The connecting element serves to make a
connection between a foot 4 and the mcunting element 6,
7. The respective connecting element alsc comprises an
adjustment facility, with which the mounting elements 6
and 7 can additionally be brought into a horizontal

position.

sollid construction

O
Fh

The mounting elements 6, 7 are
and have a low thermal expansion coefficient. The
mounting element 6, 7 is constructed as an inverse L-
bracket. The underside of the L forms the top of the
mounting element 6, 7, wherein an inner side of the
members ¢f the mounting element 6, 7 positioned
relative To one ancther points in the direction of the

other mounting element 6, 7. The part of the mounting



- 10 - element 6, 7 resting on the feet 4 is larger in its physical dimensions
than the other member forming the upper side. A retaining device 9 is
positioned between the opposite lying mounting elements 6 and 7.
Bearing elements 11 are positionedlifi the region of outward facing edges
10 of the mounting elements 6 and 7, which are rigidly connected to the

dnaupting elements. 8 and, The beaunaelements 1 therglre exignd .
over the entire width of the device. Altogether, three such bearing
reftmiehifs 1138 Showh in the figureSSwitich &Fe AFARGEd nekt o BAe The
wrothers lirdether embodiments of the device however it may be necessary
to provide more or fewer bearing elements 11 than those shown. The
earigg ,elementg 11 are gesigned to, accommodate large loads. On an

Underside of the bearig elefents 11 - mutialy pardfsi U-pHotilee s ard ©
laffargedOTE Ungroflésnondre aftackied to' a membeiman the eindatsideldf

dlre beasng eleraents:11:1Qn asother memberc lyingipataliebte thages 10
Jrember connected to the bearing element, 11, retainer means 13 are,
arranged. T%% reta%réer%]n%gnn%f Iie%i)naéjn&od?ér side of theaa?prc";:fﬁg ﬁly

HHFFGIREM the dirdgtidR o 5ib-Ehas§8al Eack Uipfofile 13 eoniisesne
plaraditycef rétainen means 3. Theaethinersnears<l 3aare distributedh of

1gvenly.qn the underside.of the beaying elements 11 with the Usprofiles, ;|
wherein as small a ?arld of retainer elements 13 as possible |saprowded.

“AiSo 6 & upier side 8oftheé Wountifig Elenients 6 &ha 778 Guibie 4 is ©
Errangedt The guide t4lisarranged ima négior Hf ahdnmeredye IS wkther
Ieounting slements 6 and,7. The guidesdl4 extend exacthparallelS1o ane
Spotlier, Shagsis j8 are guided In s [eshecive guldesd 4 0LShes 1
mounting elémerits 6 and 7°The ciiassis 1 g R
are designed to accommodate large lcads.

On an underside of the bearing elements 11, mutually
parallel U-profiles 12 are arranged. The U-profiles 12
are attached to a member on the underside of the
bearing elements 11. On another member, lying parallel
Lo the member connected *to the bearing element 11,
retainer means 13 are arranged. The retainer means 13
lie on an outer side of the U-profile 12 and peint in
the direction of sub-chassis 1. FEach U-profile 12
comprises a plurality of retainer means 13. The
retainer means 13 are distributed evenly on the
underside of the bearing elements 11 with the U-
profiles, wherein as small a grid of retalner elements

13 as possible is provided.

Alsc on the upper side 8 of the mounting elements 6 and
7 a gulde 14 is arranged. The guide 14 is arranged in a
region of an inner edge 15 of the mounting elements &
and 7. The guides 14 extend exactly parallel to one
another. Chassis 16 are guided in the respective guides

14 of the meunting elements ¢ and 7. The chassis 16



_ Il extend at least in part above the guides 14 and are bounded from
above by the bearing elements 11. In the region of the guides 14 the
bearing elements 11 are spaced apart from them. The chassis 16 can
therefore be,guided through between.the bearing elements 11 and the
guide 14. The chassis 16 is constructed to be broader than the guide 14

Aand.projegts beyond the.inner edge 13,0n the.chassis 16 a retainer 17.is

arranged at the side, which extends underneath the inwardly pointing
%891‘??%? of the"be@hRy Tlemert &° 7°Fhé tétdingr W%eﬁtgndé&t%@
mfdhethassis W6si.axitirésts ohihe bhasbisaToram underside of thé are

Jeapectiveetainershy ahsarerifisattached, which.gxtends-petween; .
%rs 17 and joins themtggge her. The corftructlon c%&stln

. thgcliglgin“ 1XoUOH TwWeen a1 SLement S the
Chassis 1 ,reta%er and bearér 18 forms & so-caied barriageal .TEé

Feigifer 7 extends vertically from the chassis 16 to the bearer 18 along
the inner edge 15. The bearer 18 itself extends laterally outwards over the

fﬁépe&%ié(%ﬁ;sin%s L7 Th nbse%E?gc%SeH‘eEeéorsr”e atleastparty, -,
underneath the upper side 8 and the guide 14. The bearer 18 is bounde
FotAE side B theihember Bf hRYABANntHtFelerehts 6aR8 7iconretted®

cdhedeedtA. Tthezbearer 18«atsd comprises argyide, avhich in &&@gempiatyq
Sipbadiment aceordingtothe inveption is,inthe form of a rai, The rail 20,

extends over the entire length of the bearer 18. The rail 20.is attached to

PAT 00T sifle GF e bedrer, WherkiiFit iS SOANEGE to it ofrait outet <ide'of
dhiebedeer £8. A phurality'efdasers 20¢are arranged on the bearerct8. Thes

dasersiZl aregnayveably copneeted o the railk2Q, Jhe lasers2L e rs 17
maueable atcrally.on the bearer 18 oyer.the width of the device. The .
retainers 17 and joins them together. The construction
consisting of chassis 16, retainer 17 and bearer 18
forms a so-called carriage 19. The retainer 17 extends
vertically from the chassis 16 to the bearer 18 along
the inner edge 15. The bearer 18 itself extends
laterally outwards over the respective retainers 17.
The bearer 18 therefore lies at least partly underneath
the upper side 8 and the guide 14. The bearer 18 is
bounded to the side by the member of the mounting

elements 6 and 7 connected to the feet 4.

The bearer 18 alsc comprises a guilde, which 1in the
exemplary embodiment according to the invention is in
the form of a rail. The rail 20 extends over the entire
length of the bearer 18. The rail 20 is attached to an
outer side of the bearer, wherein it is connected to 1t

on an outer side 0f tThe bearer 18.

E plurality of lasers Z1 are arranged on the bearer 18.
The lasers 21 are moveably connected to the rail 20.
The lasers 21 are moveable laterally on the bearer 18

over the width of the device. The lasers are



accommodatedinrespectiveboxes,whichare individually connected to the
rail 20. Therefore, thelasers 21 can be moved over the bearer 18
separately or as a unit. The lasers 21 are aligned in the direction of the
retaining device 9. A laser beam-frara the respective lasers 21 thus
extends in a vertical direction. The carriage 19 with the lasers 21 attached

Jodhe.heaterls is moveablein alangigudinal direction of the, deyice, that,

is, alon%the mounting elements 6 and 7. At the same time the lasers 21

0N Be Qiplaced perpéidiciary’to this nidtion. mthe Ek&mplaty s the
lembaodinient showhdniFg.ei6ofotr ldsers 2¢are arrshgedmonthedlearer

8. in further _e'ﬂ%’dii%%@%_@_f the iﬁwtigﬂwe&ﬂngﬁéf fewerdasers
%e %Iﬁ% pr%\élged. The retglnln% devgce 9Aser\ies torret%m agso!?r modutlg
consisting o‘?fiﬁlajté1 %Iasse.%eesolar' madule 235 thas fétained’ gi/ the'®
Teffetmeans 18ameerneath tHeietainigtdavite 9.The retaivérhéans
dk3-arerindhe form of so-called Bernoulli grippers. The Bernoulli grippers
generate a negative pressure by means of an air stream blown on to a
surface of the module, with which the solar module onto which the air is

BlswrrRTSUcked towardéthé Béfoulli §fippérs. Duedd thée ige Mimbeie
efdhe retaiberimeansvE3constructed as Begraulli grippers positiohed on £

Ahe retaining deyige 9, large objects, such as forexample 4 solarmpdule 4

23, can be retained. Due to the escaping air stream, which is blown_on to

‘the SUrfacB%of tha SolaF MSdule™3 bYARE Bermoulli GRppers, nd contacted
rakes placebetween sblar modute 23 andastainef imednss]l 3. Betweenr the

Selfomnaddle 23 apdiihe Berneull grippess there remainssa smalkbgap,: re
Aprough which the, escaping alr flows out either laterally of radially, 435+
The Invention however, more or fewer lasers are also

provided.

The retaining device 9 serves to retain a solar module
23 consisting of plate glass. The solar module 23 is
thus retained by the retainer means 13 underneath the
retaining device 9. The retainer means 13 are in the
form of so-called Bernoulli grippers. The Bernoulli
grippers generate a negative pressure by means of an
air stream blown on to a surface of the module, with
which the solar module onto which the air is blown is
sucked towards the Bernoulll grippers. Due to the larges
number of the retainer means 13 constructed as
Bernoulll grippers positioned on the retaining device
9, large objects, such as for example a solar module
23, can be retained. Due to the escaping alr stresam,
which is blown on to the surface of the solar module 23
by the Bernoulll grippers, no contact takes place
between solar module 23 and retainer means 13. Between
the sclar medule 23 and the Bernoulll grippers

there remains a small gap, through which the escaping

air flows out either laterazlly or radially.



The solar module 23 comprises a coating on the upper side on to which
air is blown, which points in the direction of the retainer means 13. To
perform the structuring of this coating, the lasers 21 are moved
underneath the solar module 23 on il¥e €arriage 19 across the full extent
of the solar module 23. The solar module 23 is smaller than a plane
defined by the mounting elements 6 and 7, which means the lasers 21
reach the entire area of the solar module 23. The lasers 21 burn a
Stfucttifingintd théicGating fiofiHndéin@ath the8S1aF oblile [iRthe RAT
ofdiiscomtinbitiesytheboating being bumwoff orvapdrised: Duestothe the
doRseantagting retention of.the:solar module; 23 therefpre, the, strycturing
frocess can also %akekplace in the r?lon f the retainer means 13
(BerouT grippets). Displacsmant 8Fthe sofar mddtfe 23 and gfthd v ed
yeffAeameans UFis therefore Bliriihated 2By meand bthecair stream, 19
awfieB és biewn Buthe Bemreulli grippersion tasthessurfaceof the solar mhe
Jodyle, g3, particles produged by the. gombustion ofhe, coatngase, 1,
carried away. In addition, gases producea i tHe Combuistion are blown
TRVAY: NGt sROFH e Dné ofRiBre /suctiér Beviees: Which &re dfranged 21
shothiabovesthesretdining deviee Handitadhe sidesof itmAguttionxdevicehe
receives the paticles and gases blown away by the Berngulligrippers, .
Not shown in the Figures is_a positioning aid, which holds the solar

HoadRSA Position: Faterdlfy: BY retdif e soldafmodulé23 ingF™  ©f
diorecortactimanaer usirig:the retadriing glevice 9rthe sofar module23 canc
whe-displaced by.external effects.Jrarthestrueturing of the, coating of the, .

solar module 23 ver, it is important that the solar, module 23 is held in
Sﬁ?sﬁfon@ﬁ%lpeos%%ﬁ%%earﬁ jg%)lﬁ herggoere Sc%ﬁélig%: ofa rsd &rany Sther 2
aheand ek gositicriag, Which & Brotighn - 24 -tbwardsithé solarmssdule 23
(fearnitbe side. s pravided that thel selammedule23:is segureghin every. «
Z%OSSiQJjeddireggon.{% gnotggccgéenélglary %rgplgsdim%t, ncl)tsShm@’krfé ;t:hefom
retaining device 9 can be rotated parallel to a plane of the,sqlarlmogule
33 THERER suFiiCidif 3orthe Solak tnddule 23 ¥6 BB turfled By 96 effder
tolockvise Be antizclackwige i Phe structuring of aselarsmaduleds vefy the
Lomplex,so,that bysthe ratation 0f the retaining deyice Swith the solar; .,
rpod le 23r_the machlnln%tlme can be shortened. The structuring with the
Yaserds1 fetire8 Gn AbEura@ guidiRg 611RE tastr22GHiderhaath e =es
rsotarmedule23 tindact de baiming oft okthe toatingsors the upper sitleof
atbf‘@ selae m@@ql%g?zéak@a@@@rﬁn%@dfcf@gusrfmlgi@@ge@%th% }f@z@ﬁged
m._To avoid inaccuracies in the guiding of the laser it is provided,
%)g%%ongaoﬁ'n%? t_k?%r}llges, ﬁ%??ﬁg Solar r%%gl]]f:eg%gis o %inégé) a?ct%% h%llg%? of’ £
ithe ghide“t4 Ktleadt Howavere R is frovidedahatonelrotationaraxis afthe
kéarrage S liesonthe levelrafithe solar medite; 23. By means of this
arrangement the focussing range of the laser 21 remains stable in the

region of the qoatin% of the solar module 23. =~ = , ,
Not shown in the Figures 1s a positioning aid, which

holds the solar module in position laterally. By
retaining the solar module 23 in a non-contact manner
using the retaining device 2 the solar module 23 can be
displaced by external effects. For the structuring of
the ceoating of the solar module 23 however, it is
important that the sclar module 23 is held in position.
The positioning aid can therefore consist of a rod or

£

any other means of positioning, which is brought



WO 2009/155717 A2 PATENT CLAIMS 1. A device for structuring a solar
module, preferably comprising a glass plate, with a retaining device which
retains the solar module, and with at least one structuring tool for
structuring at least one coating locatdd on the solar module, the solar
module being retained in a non-contact manner on an upper side facing

1nay-fiam the.structubng telycharacterised.inthat the retaining device; g

comprises at least one, preferably a plurality, of retainer means, which is
G hTe CBRstrictbd Tl UBkING the HiGkMTe By meane GFEtERan Hir. 2 Py
rdesdcecaccotdingtoiGlaim 1, characterized in that the retaining device
comprises one, preferably a plurality, of retainer means, wherein a

negallye pressure s genprated on ihe upper side of e solay module by
the réia!ner mean_s%y means of compresseé1 air, in particular accérding to
£ Beribulif effeci i teretain e sefar ASdilleB. paralliel to a plane

cfhedeviceaccordingtnClaimi®r2, Here it is sufficient for the
sclar module 23 to be turned by 20° either clockwise or
anti-clockwise. The structuring of a solar module is
very complex, sc that by the rotation of the retaining
device 9 with the sclar module 23 the machining time
can be shortened.

The structuring with the lasers 21 requires an accurate
guiding of the laser Z1 underneath the solar module 23.
In fact the burning off of the coating on the uppsr
side of the sclar medule 23 takes place' only in a
focussing  range of the lasexr beam. To avolid
inaccuracies 1in the guiding of the laser it is
provided, among othér things, that the sclar module 23
is retained at the height of the guide 14. At least
however, 1t is provided that cne rotational axis of the
carriage 19 lies on the level of the sclar module 23.
By means of this arrangement the focussing range of the
laser Z1 remains stable in the region of the cecating of

the solar module 23,



characterized in that the retaining device comprises at least one,
preferably a plurality, of retainer means, which is or are designed to
generate an additional air cushion, under which the module floats. 4. The
vevitelaccbrding toZat least one of the preceding claims, characterized in
that the structuring tool is arranged to be moveable underneath the
retaining device. - 16 - strugturingtool-comprises at least one carriage
and at least one laser, preferably a pturality of lasers, which are moveable
in a longitudinal and a transverse direction. 6. The device according to
Claim 5, chasacterzed frothat thé carriage.camprises asbearer, omwhidhke ,

the la%@f@ﬁé%gyﬁgge%mwgmgcanabe isplaced on twa paraflely, 5
gwdes in the longitudinal d"rectlon %the oar mod%e wherein the lasers

can bé displated-onthe bearel it fiie transverss diraction ofthe "o U+
struct@irg toglth at least one structuring teecl for

structuring at least one coating located on the
solar medule, the solar module being retained in a
non—-contact manner on an upper side facing away
from the structuring tccl, characterised in that
the retaining device comprises at least one,
preferably a plurality, of retainer means, which
is or are constructed for sucking the module by

means of suction air.

2. The device according to Claim 1, characterized in
that the retaining device comprises one,
preferably a plurality, of retainer means, wherein
a negative pressure 1s generated on the upper side
of the solar module by the retainer means by means
of compressed air, 1in particular according to a

Rernoulli effect, to retain the solar module.

3. The device according to Claim 1 or 2,
characterized in that the retaining device
comprises at least one, preferably a plurality, of
retainer means, which 1s or are designed to
generate an additional air cushion, under which

the module floats.

4. The device accerding to at least one of the
preceding c<laims, characterized in that the
structuring tool 1s arranged to be moveable

underneath the retaining device.

5. The device according to at least one of <the

preceding claims, characterized in that the



7. The device of Claim 6, characterized in that on each free end the
bearer comprises a chassis, which mates with one of the guides. 8. The
device according to at least one of Claims 6 or 7, characterized in that the
guide is arranged in a plane with-thé §otar module. 9. The device
according to at least one of the preceding claims, characterized in that a

free space is,left qugemggi acrgﬁg@p regpn of ghetstrucéurlng wt(?c%l

The device according to at least one o precedlng claims,

chara@Bfzédin thatthe teainifg %\'/lcé’@ﬁ@é@’%ﬁé@bl@ E?@@blﬁa}faﬂéﬁ
to the pterreref thelsotdar modutecik fiedevice atcording:thiatdéastrahe:

of the pregeding. claims.characigrized in that the retaining device serves
to remove by Suction any layer particles vaporised by the laser. 12. The

device according to at least one of the
G. The device according to Claim 5, characterized in

that the carriage comprises a bearer, on which the
lasers are arranged, and which can be displaced on
two parallel guildes in the longitudinal direction
cf the =olar module, whersein the lasers can Dbe
displaced on the Dbearer in the transverse

direction of the structuring tool.

7. The device of Claim 6, characterized in that on
each free end the bearer comprises a c¢hassis,

which mates with one of the guides.

8. The device according to at lesast one of Claims €
or 7, characterized in that the guide is arranged

in a plane with the solar module.

9. The device according to at least one of the
preceding claims, characterized in that a free
space 1s left underneath a machining region of the

structuring tool.

10. The device according to at least one of the
preceding c¢laims, characterized in that the
retaining device 1s freely rotatable by 90°

parallel to the plane of the solar module.

11. The device according to at least one of the
preceding claims, characterized in that the
retaining device serves to remove by suction any

layer particles vaporised by the laser.

12. The device according o at least one of the



- 17 - preceding claims,characterized in thata positioning aid is arranged
to the side of the solar module, which lies at least partly in the plane of the

solar module, for positioning and/or fixing the solar module.
. — 17 -

preceding claims, characterized in that a
positioning aild 1s arranged to the side o©of the
solar module, which lies at least partly in the
plane of the sclar module, for positioning and/or

fixing the solar module.



