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 conducting. For technical reasons relating to production the
glass modllBYs fifted eantiiiofishwith the caatiny™ 10 Bides fo generate
an acceptably high electrical current the applied coating must be divided
7il0 indiyidual sactions, As well as a pusely mechanical structuring of the.,

surface using appropriate tools, an optical structuring of these solar
SHhoRtil SRS 8lsp Established el Ik the pticaiSstruttdrirythe coating is
sprladucedebyimeans of a laser; Wwhich buras thin tosvery thin discontinuities
51010 the, cqating with; a certain degree of precision: A system for, stueturing
solar modules is known from DE 10 2006 033 296 Al, This tructugigg_ .
CBstefn E6mprises a r3ASPANE sySent with which & glass n‘%dufgdc”an B ©
laarsportedewithindheosystern. Rorctrdrsporting andretairiing theasolarone
1 nedule thetransport-systemds, eguipped yvithea plurality of airnozzlesc by
means of WQich the 8%Ia£ modryle {Io%ts on an gir tf'r)ﬁeacgingé Thjeﬁcoa‘itipgtigd
focated 'on thé upper side ‘of the sof_};lr madule remo?e from the transport”
Coystéml AUSHICTUg ool hafitel altdser 1S affaR§ed tRdeffeattithe an
atfaasporbsystemanddhe gltassplatedtobesstructired.abhe laser isoating
rfigplageanie pesgendigar o ianspar distionglfne galaggioduls,
aser iIs directed on to the region of the coating, wherein a laser beam |
Ph&sses tHF6GgITtheglass plate of tHe 86lar odufé'dn tABToATSSing farige
aofthedasertthe coatihg is vaporised, which aHows the:désired discontingity
s191he produced. o.achigwe a structuringin the langitudinal direction of
the solar module, which corresponds to a transport direction of the
module, the module must be displaced over a working range of the laser.
1on aceournof the aie hozzles airaigad anderadatidhe- §lass prate sthe DY
nWOHdNg sange correspands te-0my; a smak gap extending perpendicularito
Jhe dranspart dicection, To pesfarm.ie stictyring the olass,s dislacef. .
over tﬁls‘wqr‘klng range, this procegurelbe(%ng repeated as often as
Chedassanfuftilthe structuring of the solar module has been completed.

A system for structuring solar modules is known Zrom DE
10 2006 033 2%¢ Al. This structuring system comprises a
transport system with which a g¢glass medule can be
transported within the system. For <fransporting and
retaining the solar module the <transport system is
equipped with a plurality of air nozzles, by means of
which the solar module flocats on an air bearing. The
coating is located on the upper side of ths sol

module remote from the tTransport system. A structuring
tocl, namely a laser, is arranged underneath the
transpoert system and the glass plate to be structured.
The laser 1s displaceable perpendicular to a transport

direction of the solar module.

in order to structure tThe coating, the Zfocus 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 is arranged underneath the solar module, the mobility of
ltheddser B consiBiErbly restricted. The lattepisoas explairied abowe,ionly
wneveable pelpendicularta the sranspart direction:afthe selar modude. Tor
sfuchue doe moduie it myst b noved over (e laser againand aoai..
The glass plate therefore may be moved only with extreme care, as due o
he thicknbsEof thé glasethelqiass platé tah easlly Bedroken. Ifesired
dparticulat achigly accelerationarepresents a loading on the glass plate that
is to be avoided. This results in a relatively' 3 slow machining of the solar
module with the laser. In addition to the relatively restricted mobility of the
TRs& A intiting of e BectradiBs of the fcusSmg rahge and of e ction
Cindividaalkwacks isfounde In partichlars withethe anrdngement of the: laser -
dand the; movernentof the,glass the-steucturingicannotbe adjusted later,.

oWhich fadverﬂ_gggy affects the accuracy ar&d therefore the quality of the solar
modulés. Embodiments of the inverition seek 1o improve 8 device of the'

Stype FriehtibRBd ity I8y means bhfaster midehiningainvesrard-a highee

woakhining-guality cAccordingte an-aspeet of thespresentjaventions therg

pls:Rryided.a device for structuting g sojar module, preferably comprising,
a glass plate, with a retaining device'which retains the solar modu e, an

ifth af lgakt bhe sticturitiy toBIHfoF Strudtiiring -bE FeasE 6fie coEfAg Iocated
wom the:golarmopdulethessolaramedule deingiretaineg-inaaen-eentactt e n

amaﬂ@@@geﬁgunﬂ% sidefacing away:from the structuring.tool, wherein, _

glg rgéailqin? evice comprises one or more retainer means and the
respecﬁvb Stafer nidans being constructed for sucking the solar module
by means of suction air, wherein the retainer means is configured to

rgeneratena negative-pressurgon thesuppersideof the solar modple by.
wneans of gfggnprgssreid@iéschoa;a%tgri edin tgat the structuring tool fhe

comprises at léast one carriage and at least one IaSér, wheréinthe™ “he
Stédpettive b e ImBYEabiE &Y two @ifnensfons WndleRteattf 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 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 lassr again and again. The

lass plate therefore may be moved only with extreme
care, as due fTo the thickness of fhe glass the glass
plate can easily be broken. In particular a high
acceleration represents a loading on the glass plate

that is to be avoided. This results in a relatively



3a the respective solar module. In an embodiment of the invention, 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 facing upwards, where it is retained by a retaining device arranged on
this same side. An underside of the solar module therefore remains free,
wherein the possible risks of damage to the coating due to the retaining
device are minimised. Thus, any falling objects, for example, are not left

s Lyyingaomthelretainihg-devies TFie Lpper sidé '0ithé BBlarafiGdule is not
guided past stationary objects, which could be the cause of damage.
According to a preferred embodiment of the invention, retention of the

n s@idf irfodiile isachisbed i d honcohtatE Hahher Budtothet ty ©f the
1 a OR-contacting-retention, thesriskofidamaging dte selar modulssisng range
minimised. Glass that is thin and. of fairly low quality is preferably. used to.
ANt fatg}ﬁreig gsjof’é}%rﬁlgéulg.%}si Glass h%%eﬁv%? isirﬂlotgodnﬁ ibc\ile}e/lrallﬁ codt
thé¢hanhighsguality ptate glassés,ssut alsoimorefragileteehandlé. Ahe glass

thgogé§wg%ﬁfgggo%gggggm@gt@&@%gE&pdyg%%ylfﬁﬁfgﬂegﬁgersely
contribute to reducing damage caused, or even protecting against glass
al ppedkageie accuracy and therefore the quality of the solar

modules,

Embodiments of the invention seek to improve a device of
the type mentioned initially, by means cof faster machining

times and a hicher machining quality.

According to an aspect of the present invention, there 1s
provided a device for structuring a solar medule,
preferably comprising a glass plate, with a retaining
device which retains the solar module, and with at least
one structuring teool for structuring at least one coating
located on the solar module, the sclar medule Dbeing
retained in a non-contact manner on an upper side facing
away from the structuring tocl, wherein the retaining
device comprises one or more retainer means and the
respective retainer means being constructed for sucking the
solar module by means of suction air, wherein the retainer
means is configured to generate a negative pressure on the
upper side of the solar module by means of compressed ailr,
characterized in that the structuring tool comprises at
least one carriage and at least one laser, wherein the

respective laser is moveable in two dimensions underneath



In a. preferred extension of the invention, the retaining device comprises
at least one, preferably a plurality of, retainer means. These retainer
means are distributed evenly over the upper side of the solar module. The
even distribution reduces deformations in the glass, and therefore
contributes to a more accurate structuring and prevention of damage. To
achieve a non-contacting retention,-a negative pressure is generated on
the upper side of the solar module by the retainer means by means of
theompsresséed afr. Theaetdainetmeans holds the module by suction due to
compressed air blown out radially on to the top of the solar module; which
is referred to as the Bernoulli principle Between the retainer means, also
I kidwnBER BerRBI Grippéf and theesdlarP firod % sitatPdap 19 fothied 12
rehyitheeseape of coppressedainthe sglasmadule therefere floatscturing
underneath the retaining device..In a fu }her embodim_ebnt o&the, retainelrCb
£o%neand fo achieve ™S Ror-contacting Tatention the rétainer means sudks ip °
codhe dnadule by means et-suctioncais Bis meansof compressedtail andiby &
re SYSHiON S formed.athe same, time. The solar.module inerefere. fRld Y ;o
ttﬁle stiction air, floats underneath the retaining device. The structuring tool
of istgrefersbhp arramg@dlso that €A freely Miovierdndérseath thesrstaining:he
podevice. Dugstothe eliminatign, ot a retaining devicg uindey theyglass e tre
module, the space can therefore be used for the structuring tool. The
reafdining dedicesfitthe rdtindrmasns holds thésslar intthebife S«
foiN @Re pEStion, se-thatthe stryeturing tapl that meyves-underneath thevice.
__ solar module can ap%y the structyre to thedcqatin . In addition nthg service .
ThSite et the' Sfructliring devics isTiso improved by thefree Space” Po°
st amndenseathdhe «etainingldevice: dm the bventof glass breakagerwith.the
device according to the invention there is no need for costly cleaning of
the transport system. Glass shards can be simply left in the free space
Acaprentovedat & laterdater e d preferestsabodimént thesstructigng + on,
e {Q0kcamprises.at least ppe capiage.and atleastoae lasgr, preferably g a ot
plurality of lasers. The lasers are moveable in a longitudinal and a
nagihsver8d dird@ion T Ehe Pl 6fasers enablés'a fa&ter haéniding®  °f
dartime for the solar module; since multiplendiseentinuitissean be burnt Ntehin
the coating by the lasers at the same time. Th&lasers %[e talso insegsitive
andy 3@0&@&&5}8%&“\7@%%%& @é%%eo%ﬁ% Sotar Middules would' break,  ©
a Fhisanakesanladditionat acceleratiomomeathestractunng: possible. Lower in
ccording o an advantageo xtensi e carriage a rer, .
CO%hié% anse}rlslﬁge rurgr%%%e g%%vélgﬁsi c%;}’ng%g’ His%%%eﬁ?hg %?n%itﬁ%%n%ﬂfle
to difeztionon twWo pafdlet furimag guides) The faSers tishdélves ape  solar
nodlisplaceable on the bearer in the transverse direction of the structuring
tool. The lasers can thus be moved in two dimensions under the solar
module to be machined_ With the two-dimensionality moreover, it is
possible to implement parallel or simultaneous movements in the
longitudinal direction and the transverse direction of the solar 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 is connected to - the guides, which means an exact
trajectory 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 shoeboxsized box,
“WRerelite boXEs: 88 dlireally mMéntishedocalrwitastand g, or even
raceeterations, apstorkd g o The boxes:withdbe lasers are preferably
arranged immediately next to one another on the bearer and parallel over
a longitudinal extension of the bearer. Primarily the lasers are displaced
éh bldc, But THEF Cait als6 beohtrofted intdividuafly, sotigtfol ekamplehe
reneonmore serseanchenpesitiened:in thesregion-efdhe pne eadzone orz

pme%ta%%s atanother.end.and agajn, ong or.mote lasers.in a central .
he

C#fgj_qp_, %f the bearer, in order to be arranged next to one another again.
m'there: Aecording 6 ofié atvantageddd EdnfiguratiorPof the' fvettion™
mh@iglide iSlagranged inch planetwithi the sotertimedule: Byomeans ofithisin
rafsangenent pessible mavements of the laserhave ng effectonthe, o o
S%l%cyé%lng\]/rgfntheafg%usslﬂqfEglﬁt 8Ethgga§e5 on Eahe upper side of the glass
plate. .e*mgvemen?s are referred to*asa’apﬂcﬁlng",q'Folﬁﬁ@“fnvf"yéwﬁ?g"
CaAd determine & dRBEticiTof rotation of tfee BXes passing thraegretive-=c
olasem ¥ is:alsepossible howeves taslet the plane, okthgymadule earrespongd
n{0:8, fotationgl axis or {p a paint.of the ghassis that,serves g ensure,
accuracy.
holds Qﬁe module by suction due to compressed air blown
ocut radially on toe the top of the solar module, which
is referred to as the Bernoullil principle. Betwsen the
retainer means, alsc known as a Bernoulli gripper, and
the solar module a small gap is formec by the escape of
compressed air. The solar module therefore floats

underneath the retaining device.

in a further embcediment of the retainer means, o
achieve a non-contacting retention the retainer means
sucks up the module by means of suction air. By means
of compressed alr an alr cushion is formed at the same
time. The solar module therefore, held by the suction

air, floats underneath the retaining device.

The structuring teocl is preferably arranged so that it
can Treely move underneath the retaining device. Due to
the elimination of a retaining device under the glass
module, tThe space can therefore be used for the
structuring tTool. The retaining device with the
retainer means holds the solar module immobile in onsa
position, so that the structuring toocl that moves
underneath the solar module can apply the structure to

the coating. In addition the service lifetime of the



In a further advantageous 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 carrying the retaining unit can also be formed by a compound
table. The compound table facilitates a lighter - 7 - construction for the
ARt Siice the @BHiy-6f thé deviee tolBe frafsported i$ simplified. Feace
spaceris dherefone freersa that dhere-is reom heredor any, glass plates 9k =

shards of broken glass platgs that fall down, As already mentioned above,
broken glass plates do not need to be removed i?"nmedia%el? from the "~

A& ice, shce theyaale Toreffeet bhany Wotking protess Eny-eleaming
sequired can take pliceat a latendate: Alternatively aftollecting pan care=
b, provided, inwhich the.shards can-be caught. Itis particularly

advantageous if the retaining device is freely rotatable by 90 parallel to a

plane of the solar module. The structuring of the coating on the solar
Imodulte camise’ earyscomptexcand temprisedifferertshapesrTothis endit
dsriyeeessary e allawdhe laser beam;topassnot only perpendicular 1o and

@Iggg?'ghe glassglatgltl)lqhtﬁalsc% diagopalg/lor at an anqj,em:[o alsiQ(z of the
F31ass piate. By fotation of the rétaining device and the Giass plate fetainéd
rthéfebn-this Struttutingditection tan dedmplerered withdittiel effort.ion .
TRreferably; the retaining:device series 4@ remavesby sugtien any Jayef ime

sRarticles.vapgrised and hurped off by the laser, The 'aé%g%%té%&%{‘?ms
IC

coating of the solar module in the area of its ocutssing region, wh
THeans thatthe coatiny isifedted uphd BUrMed offor Sapofised. Thig ame
Lcausesidirt pfa&@e&\toafoem_ a)fnstdm_e:fmys @:hme_tsgct&r mdu@;mm&be
uremevegh, According to;the inventignthe retaining device is formed from,a

Tplurality of Eernoulli rippers, which apply compressed air to the top, The
AiF 8scaPesfrom thegrippers 1o thid Side andthéreforelind simpté marie?

stransportsithe dir padticles. away from the solar module, which are
captured by the air stream of one or more grippers. Waste gases arising

A@%@g@§n§8ﬁo an advantageous extension the carriage has
a bearer, on which lasers are arranged, and which can
be displaced in the longitudinal direction on two
parallel running guides. The lasers themselves are
displaceable on the bearer in the transverse direction
of the structuring tool. The lasers can thus be moved
in twe dimensions under the solar module to be
machined. With the two-dimensiconality moreover, it is
possible to implement parallel cr simultaneous
movements in  the longitudinal direction and the
Transverse direction of the solar module. The guides
are arranged in the longitudinal direction of a glass
module, so that the bearer can be displaced smocthly.

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 ifrajectory of the



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 particles. Accordingtooneadyantageousconstruction positioning
aid is arranged to the side of the solar module, which lies at least
partlyplane of the solar module.The positioning aid enables the positioning
DERAIBE fixing Df the*Solacifdule. By Hieans 6fhé fouchifiee op rranged
pegntactsfree retention ofthe solasmaddule Lising theretaining-device, the.«

gs0latmodyle could he displaced laterally, To %ﬁ@ﬂ@@ga' noyements the

Fg_ts!tioning aiq serves as a stop edge, with which the solar module is

“retained fateraifiF This 8sulte 7 fhe aivantagecisissssibiity of coating?e

L theserttireiuppercsidenwithea single coating andralse of.atachining! thistusing

stheaser, Further adyantageous.config %@tlmgeg devicearisefrom,

wifp,%de endent.claims. A%eferrgd exemplary embo ﬁﬂem of the invention
will o

o b lsciibsed vith theaid Of e driwinds. Theyshow:'~ ©*=>
with the lasers are preferably arrangsd immediately

next to one another on the bearer and parallel over a
longitudinal extension of the bpearer. Primarily the
ilasers re displaced =n bloc, but they can also be
controlled individually, so that Tor example one or
more lasers can be positioned in the regicn of the one
end, one or more lasers at another end and again, one
or more lasers 1n a central region of the bearer, in
order to be arranged next to one another agzin from

thers.

According to one advantagecus configuration of the
invention the guide is arranged in a plane with the
solar mecdule. By means of this arrangement possible
movemaents of the laser have no effect on the accuracy
of the focussing point of the laser on the upper side
of the glass plate. The movements are referred fo as
"pitching™, Trolling" and "yawing® and determine a
direction of rotation of three axes passing through the
laser. It i1s also possible however to let the plane of
the module correspond tTo a rotational axls or to a
peint of the chassis that serves to ensure accuracy.

In a further advantagecus exemplary embodiment of the
invention, an area of free space 1is left underneath a
machining region of the structuring tool. With the
arrangement of the retaining device above the sclar
module the device can be designed to be substantially
smaller, but in particularly a construction carrving
the retaining unit can alsce be formed by a compound

Table. The compound table facilitates a lighter



Fig. 1a perspective side view of the device according to the invention from
a first long side, Fig. 2a perspective side view of the device according to
the invention from a second long side, Figa perspective view from
underneath the device according to the invention, Fig. 4a top view on to
the device according to the invention,

construction for the client, since the ability of the
device to be transported 1s simplified. The space is
therefore free, so that there 1s room here for any
glass plates or shards of broken glass plates that fall
down. As alilready mentiloned above, broken glass plates
do not need to be removed immediatsly from the device,
since they have nc effect on any working process. Any
cleaning reguired can take place at a later dates.
Alternatively a collecting pan can be provided, in
which the shards can be caught.

It is particularly advantageous if 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 alsc diagonally or at an angle to a
side of the glass plate. By rotation of the retaining
device and the g¢glass plate retained therson this
structuring direction can be implemented with little

effort.

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

cne or more grippers. Waste gases arising Lrom the

=



Fig. 5a front view of 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
I, which is formed of transverse struts 2, longitudinal struts 3 and feet 4.
The sub-frame 1 is formed in the manner of a compound table. On the

CHRGersides of thidfeet 4 HdjuStneitaEIEESs 5%te drfangéd; With Which e
stmevenngsses irrtheidsasainderlying:the device dan be cempensated:foe

ekateral moupting.elements 6, 7 are afranged oneach of three feet 4. ;

Iocated on lon Igsudes of the sub-frames 1. On their top S|de the feet 4 form
“Fhorizontal plaRé: ﬁte‘ﬁ“&%?vﬁtc@twtﬁe%dunttﬁ% elémehits® 7 &re®
dmounted horiZzentally. By means of the adjustment devices 5 on the feet 4
final adjustments can be mane for a horizontal mounting of the sub-frame
1 In add|t|on a connectl element is, placed between each of the feet 4.
and the mountlng elements 6, frespec?véﬁyu'lshe connect’ng element
D@éﬁ/es %6 idke a. ConhECtioh FEtWEEN &%0Gt Asand tHe motntingtelément
mb¢T.1 Ehe respegtive eenneeting elemeit also,comprises an agjigstarentne
facllity, wﬁg j%%h the oyntln;goeslemegtsﬁ 6 éand 7 can additionally be e
brought into a ofizonta 05|t|‘0n
posit lonlno and/or lX!DU of the sclar module. By means
of the touch-free or contact-free retention of the
solar module using the retaining device, the solar
module couid be displaced iaterally. To avoid lateral
movements the pesitioning aid serves as a stop edge,
with which the sclar module is retained laterally. This
results in the advantageocus poessibility of coating the
entire upper side with a Single'coating and also of

machining this using the laser.

Further advantagecus coniigurations of the device arise
from the dependent claims.
A preferred exemplary embodiment of the invention will

now pbe discussed with the aid of the drawings. They

show:

Fig. 1 a perspective side view o0 -~the device
accerding 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 perspecltive 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 wview of the device acccrding to the

invention, and



The mounting elements 6, 7 are of solid construction and have a low
thermal expansion coefficient. The mounting element 6, 7 is constructed
as an inverse 5- bracket. The underside of the II, forms the top of the
mounting element 6, 7, wherein an igner side of the members of the
mounting element 6, 7 positioned relative to one another points in the
_direction of the other mounting element 6, 7. The part of the mounting -
16 : efemenf6! 7 FEtiRFSR the Tt isdargerih itsSprySical diMiénsions L
than the otherimemberfarming the upper.side. A retaining device 9 is
positioned between the opposite lying mounting elements 6 and 7.
Bearing elements are positioned in the region of outward facing edges 10
"dfthe dtiting eléments &'arid 7 Ghich 'ard rigitly conhectedtothie™ o
Lmotntingielemeniss ahd 7pFhebearing elewients 1 dhereforeiextendind
seveyrthe entire width.of the devige. . Altogethes.theee suchhearipg, e -,
wElements 11 are shown in the figures, which are arra?ged?neg(t toone .
ancther. In other embodiments of the device However it may be necessary
Storprovide midré of ¥eWer‘heafing elementsaricthan tosé showm. The the
mbearing elemants ddaredesigned 40 accommodate large: loads. Qr ar 1o
derside, of.the. ing elements 11, mutually parallel U-profiles 12 are .
fgr@réng%ed%8 ‘églji'-?g?cffi"les%%r%lﬁg§1}tta\€:hr§dl tgo agr%?nrb%?%{n the tnderside

UBFihe BEET MG elerferits A1 @RandtHet iembér, iy phralictto e be
cmemeberzcormected.to the bearing element 11, retainer means 13 are
arranged. The retainer means 13 lie on an outer side of the g-profile 12
. ggg point in the direction of sub-chassis 1. Each U-profile 12 comprises a_
pluraiity of FetRiher Fheang™13! The fetaine? nieant 13 &8 HistHbGRg" ©F
Lbvensly bacthe 4indefside of the Bearihgssldmentst1t withthe YUspeofites, 1 .
owhetein as seall a:grid ofyetajner-elements-13 as possible-is provided, |
bAIS%gg t@e upper s{qdeﬁ% of%lpl% m%un&irglgiqjemegis@g arqgg zaéguid 14 is
5rrange8. The qui e 14'is arrangedoin abreljﬁ)n of an |en‘n“e“r edge 15 of the
IHBATIAg eleéna B dnd 7 - Thé guidBs 34 extentl exattly pardlieiteroriet
danathes. Chassistlibeare geiided i thesrespective-guides: can be made
for a heorizeontal mounting of the sub-frame 1. In
addition, a connecting element is placed between each
of the feet 4 and the mounting elements o, 7
respectively. The connecting element serves to make a
connectiocn between a foot 4 and the mounting element 6,
7. The respective connecting element also comprises an
adjustment facility, with which the mounting elements 6
and 7 can edditionally be brought into a horizontal

position.

The mounting elements ¢, 7 are of solid construction

and have a low thermal expansion coefficient. The

F4

mounting element 6, 7 1s constructed as an inverss L-—
bracket. The underside of the 1L forms the top of the
mounting element 6, 7, wherein an inner side of the
members of the mounting element 6, 7 positioned
relative to cne another points in the direction of the

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



14 of the mounting elements 6 and 7. The chassis 16 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 and projects beyond the inner
edReTs. O the chdssis 16 a Pétainec1 7isatradgedsat e Sige, wihich. ©s
rextends:anderaeath tbe inwardly peiting membenahthe-beasingelement:
8,7 The retainer 17 also extends outside of the chassis 16, i.e. it rests on
the chassis. To an underside of the respective retainers 17 a bearer 18 is
attached, which extends between the retainers 17 and joins them
Mogethel.rEheycarstriuction consisting of. chassist6wetainemkr and bearer
ﬂfﬁﬁ;rp%mﬁm%ga!@d cagipge. 19. Theretainer 17 extends vertically from, ,
the chassis 16 to he begr%r 18 glong the{_lnneﬁ nge 15! The bearerr18
StseIfSstend<RiEraily oitiards Bver the reSpeciive tetdifdred 7o Fhes ¢
Hearer<l 8mivereforedies atleast-martly undeérnéath tite. apper side Biandily
dhe:guide. 4. Fhe bearer 18:s hounded to, the side by the meraber.of the
Tountlngele_memﬁ 6 and 7 connected to the feet 4. The bearer 18 also
elaments i . eLE’,.LHIe CXLelnd  oQvelr TLe EIFCLI“S Wth%P of
comprises a gum’e,\whlc_ in theé exemplary embodiment according 1o the
YiRferitonis th thefefiiotzerail. THE fal 20-sslteridsivierthe entiverieagthl
safdheshearer 18, Thedaif 2g is-attgched {@an guter side:of dhe bearer, +o
ohersin s sonngeted fo. op.n.optersife of the pearel 45,2 pluallyof
Jlasers 21 are arranged on the bearer 18. The lasers 91 are move1a8f§/ o
“Confideted fo the TaiF 26° The-faséts 21’4te nisveable fatérally on fietr+ng
Beareni8 ovér thé widthof the devicen Thellasersare rd2«lements 11
are designed to accommodate large loads.
On an underside of the bearing elemenfs 11, mutually
paraillel U-prcfiles 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
to 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 point in
the direction of sub-chassis 1. Each 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 retainer elements

13 a5 possible 1is provided.

Also on the upper side 8 of the mounting elements 6 and
7 a guilde 14 1s arranged. The guide 14 is arranged in a

an inner edge 15 of the mounting elementis €

£

region of
and 7. The guides 14 extend exactly parallel to one
another. Chassis 16 are guided in the respective guides

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



accommodatedinrespectiveboxes,whichare individually connected to the
rail 20. Therefore, the lasers 21 can be moved over the bearer 18
separately or as a unit. The lasers 21 are aligned in thé direction of the
retaining device 9. A laser beam._frgm the respective lasers 21 thus
extends in a vertical direction. The carriage 19 with the lasers 21 attached
to the bearer 18 is moveable in a longitudinal direction of the device, that
5 4ibing The mBaRAtng lerfénts 63Md 2 Atfife sAMiEfime tte 1486ts 81 ©
boan tecdisptacedzgerpendiculamyetodhismotior: IrtlenéexeniglaryIn  the

ré iment showndn Fig..1-6, fourasers. 21 are. arranged-gn.the bearer.
18. In further empodiments of the invention however, more or fewer lasers

Shré afdoBrovided The Fetalhing tévice 9°cerves to fetain a Solar mbdufe®
- g R3¢vhsisting of plafeglassrThesolarmotule 23 isthus retained by thee
gretaner 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
T3@riadesstthe mblules witlt Which tessbld inoeltile oiite Which the fair ig e
o blown issusked towards the Bernoudli grippers.-Rue taithe 1a ge numbete
-pLie tetaipermeans 13.constugted.as BemouliLarinners pealioned on,

the retaining device 9, large objects, such as for example a solar module
©33CE4r b TR e 10he ESCY o S WHERS Hloit oft 6
b thersudace ofthwensolaf module 234y thetBemeulli gripperssno eontactd s
olakesplace between selar module 23 and retainer means 13, Betweenthe
solar [nodqlle 23 and the Bernoulli grippers there remains a small gap,
“HBagh which tHe SSEaping'&ir fiows ot eftfetiateraily of Fadfatly ™ = 13"
a Theesalarmadulei23 comiprises @ coating on the uppersideeow tewhich e
r@ﬁi&b@yﬁ, WhiCJh@Oi@tiii?\$hQﬁ%QQt@gg2{ﬁ%E;aiﬂ§é W@@ﬂ%‘éz?u@@: on
erform the structuring of this coating, the lasers 21 are mov
D ernesth the solst Siodiio 250n (hS Cari b 16 Acro8s e T Skert
LoFfte Sol&MmBadie?3. Thesotarkmodule BB4s smafiérthan a/plase ends
veefined by theemounting:elements 6 and 7: whichdmeans:the lasers=2bng

igach thegntire area ok the sofagmodle 23, Thedasers Zhguma,. ..,q 5

structuring into the coating from underneath the solar module, in the form
1 of Bistontinuitiés “the Coafiti being' Burito 6Fvaptrised: Dde' forthe 17 -
T'menizontactingtetention 0f tike $okar module=23 therefore ytherstricturing
£ PEOCESS €an alsgdake place in the regionof the retainer means 1315 | ¢
bé%%ré\gglli gg}ippgrs{l. Dci‘spéaceglentpgthe s%l% modulg 23 gnd of tpg_ﬁk .

fetainer means 13 is therefore dliminated. By heans of the air SFedm; ¢
€ WHIEH isShlwhby the Berredlligfippers o td tefl surface of the solar

module 23, particles produced by the combustion of the coating are

rfaried awpy. 1n 2ddifan, oases,produced,n the combusion gre blow,

away. Not shown are one or more suction devices, Which are arranged
SOt above theetatmfg dedice 9ahd'® the sigeof invention is in
the form of a rail. The rail 20 extends cver the entire
length of the bearer 18. The rail 20 is attached to an
outer side of tThe bearer, wherein 1t 1s ceonnected to it

on an outer side of the bhearer 18.

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

over the width of the device. The lasers are



A suction device receives the particles and gases blown away by the
Bernoulli grippers. Not shown in the Figures is a positioning aid, which
holds the solar module in position laterally. By retaining the solar module
.23 in a non-contact manner using t{he retaining device 9 the solar module
23 can be displaced by external effects. For the structuring of the coating
of the solar module 23 however, it is important that the solar module 23 is

2 HERPIRGSIiGn The positioriig aid cah therBfoFé TonsistBi&rod or 3§
irotherimeans of positiening,dvhich isibrought - 140 towWaressthe solar “ihe
1medule 23 from the side, lis previded, that the-goelar mogkile, 23 is:secured

in every possible direction. In another exem%IaQéembodiment not shown,

2 thé'refiining device sS4 be fotatet patallelts JagigF - 1om

pldhe of the Sd1F

cnodble 23 sHererit isssufficiehcfor the sofar medale 23 toie tirned by 960

r&#perelogkwisepranti-clockwise, The strueturing of assolar medule is-a1
complex, so that by the rotation of the retaining device 9 with the

o

ver

d%%%rtrﬁg ule 23 the machining time can be shortened. The structuring
with the lasers 21 requires an accurate guiding of the laser 21 underneath

Tithe sodarmeduale 28. Inrfact therburningseff of the coatingan:the uppet he

»Side of the salar madule, 23 takes place gnly;in a.facussing range:of the, -

laser beam. To avoid inaccuracies in the guiding of the laser it is provided,
CRfinGify ofRr things, that thé S6IaF modtld 3 s retainéd &t eight of
7 thelguiden®4 Atdeast howevert hitis brodded thdt one motationaliaxis ef-the

pEaplage 19 ligs 9? the evekof;the sglar madule 23. Byrmeans 9EHS & ry
agrangemgnt the focussing range of the éaserlgl remains sgasble in the
GO Bi e cOAfNG of the solaPmodule’23. ~OBF  +59°F ToeT

arranged on the bearer 18. In further embodiments oi
the inventiocn however, more or fewer lasers are alsoc

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 Bernoullil
grippers generate a negative pressure by means of an
alr stream blown on to a surface of the module, with
which the solar module onte which the air is bklown is
sucked towards the Bernoulli grippers. Due to the large
number of the retainer means 13 censtructed as
Bernoulli grippers positioned on the retaining device
9, large obijects, such as for example a soiar module
23, can be retained. Due to the escaping alr stream,
which is blown on to the surface of the solar module 23
by the Berncoulli grippers, no contact takes place
between solar module 23 and retainer means 13. Between
the solar module 23 and the RBernoulli grippers

there remains a small gap, through which the escaping

alir flows out either laterally or radially.



-15- Patent claims A device for structuringsolar module, preferably
comprising a glass plate, wia retaining d vine which 5 retains the solar
module, and with at least one structuring tool for structuring at least one
coating located on the solar module,-the solar module being retained in a
non-contact manner on an upper side facing away from the structuring
tool, wherein the 10 retaining device comprises one or more retainer
means and the respective retainer means being constructed for sucking
Titive solarmodule bysméeans ofspctioneair, avherein thesretainet imaeansis: »

s canfigyred:ta generate anegative pressyre on,the uppgr side.of the solar
module 15 by means of cor Egressed air, characterized'in that the

S Strtictuting toof comprises atiéastond Cﬁrr%\gegnd atJeaBEore H8er,- 22
s WHekéinthe Fespectiviellaser i moveablé iretwoalimensiéns wnderneatts o
uthe respeetive selar medudle module 23 on the carriage 19
across the full extent of the solar moduie 23. The
soiar module 23 is smaller than a plans defined by the
mounting elements € and 7, which means the lasers 21

reach the entirs area of the solar mnodule 23. Th

£

lasers 21 burn a structuring intc the coating from
undernsath The solar module, in The form of
discontinuities, the coating bkeing burnt off o

vaporised. Due to the non-contacting retention of the
solar module 23 therefore, the structuring process can
also take place in the region of the retainer means 13
(Bernoulli grippers). Displacement of the solar module
23 and of the retainer means 13 is therefore
eliminated. By means of the air stream, which is blown
by the Bernoulli grippers on to the surface of +the
solar module 23, particles produced by the combustion
of ~the coating are carried away. In addition, gases
produced in the combustion are blown away. Not shown
are one or more suction devices, which are arranged
both above the retaining device 9 and to the side of
it. A suction device receives the particles and gases

blown away by the Bernoullil grippers.

Not ehown in the Figures is a positioning aid, which
holds  the scolar module in position laterally. By
retaining the solar module 232 in a non-contact manner
using the retaining device ¢ the solar module 23 can be
displaced by external effects. For the structuring of
the coating of *the solar module 23 however, it 1is
important that the solar module 23 is held in position.
The pesitioning aid can therefore consist of a rod or

any other means ol poesitioning, which 18 brought



20 2.The device according to Claim 1, characterized in tha* the structuring
tool comprises multiple lasers, wherein said lasers are arranged
underneath the retaining device and are retained in such a way that the
lasers are moveable in two dimensipps.underneath the 25respective solar
module. 3.The device according to Claim 1 or 2, characterized in that the
retaining device comprises one or more, retainer means, which! are

“HE&GREd 16 gBnefate i additiona aif cushibRundéfwhichdfie soldr +3
produteed0fidats. -16e solar module 23 is secured in every

possible direction.

In  ancther exemplary embodiment, not  shown, The

I's

retaining device 9 can be rotated parallel to a plane

A

of the solar module 23. Here it 1s sufficient for the
solar module 23 to be turned by 90° either clockwise or
anti-clockwise. The structuring of a sclar module is
very complex, so0 that by the rotation of the retaining
device 9 with the solar module 23 the machining time

can be shortened.

The structuring with the lasers 21 reguires an accur
guiding of the laser 21 underneath the solar modu
In fact the burning coff of the coating on the uppsr
side of the sclar module 23 takes placa. cnly in a
focussing rangs of the laser beam. To avold
inaccuracies in the guiding of the laser it 1is
provided, among other things, that the solar medule 23

1is retained at the height of the guide 14. At least

ot

however, is provided that cne rotational axis of the
lies on the level of the solar module 23.
the

laser 21 remains stable in the region of the ceoating of

i
carriage 1

oo

iy
c

By means of this arrangement the focussing range o

the scolar module 23.



The device according to at least one of the preceding claims,

characterized in hat the structuring tool is arranged be moveable

underneath the retaining device. 5 5.The device according to at least one

of the preced no claims, characterized in that the respective laser is

moveable in a longitudinal and a transverse direction of the respective

solar module. The device according to Clgig 61, characterized in that 10

the carriage comprises a bearer, on which the respective laser is arranged

and which can be displaced on two parallel guides in the longitudinal

direction of the respective solar madutenthe-respestive laser being

displaceable on the bearer perpendicular to the 15longitudinal direction of

the guides. The 'device of Claim 6, characterized in that on each free end

the bearer comprises a chassis; which fmates with ene:of thesguides.8.creran1y
The device accordlng to at Ieast one. of, Clalms 6 or, 7, i}

5
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MpIisl

Late, retaining device which
retains the solar module, and with at least ons
structuring tocl Zor structuring at least one coating

located on the solar module, <the solar medu

talhned in & non—contagct mannsr  on o an  upper  side

facing away Irom the structuring tool, whersin +he

retaining device comprises one or mors retainer means

and the respective retainsr means being constru

(1
cF
i
(a3
+h
o

b

sucking the solar meduls by means of suction air,

negative pressure on the upper side of the solar module

least one laser, wherein the respective laser is
moveable in twe dimensions undernsath the respective

selar module

The device according te Claim 1, characterized in thar

LIRS o= R
the structuring tcel comprises multiple lasers, wherain
said lasers are arranged undernsathi  the retaining

dgevice and are retained in such a way that the lasers
are moveable in TWO dimensions undernsath The

gspactive solar moduls.

The device according to Claim 1 or 2

that the retaining devic comprises  one  or  more,
retainer mean wilch are designed tTo Jgenerate an
addition airy cushion, under which the scolar odule



20characterized 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 is left underneath a machining region of

the structuring tool. 25 10. The device according to at least one of the
preceding claims, characterized in that the retaining device is freely

rotatable by 90 parallel to the plane of thg golar module. -1.7- claims,

characterized in that the retaining device serves to remove by suction any
layer partigles vaperised bythedaser. 12. The deyice agcortg-atieast 0N .qing

oftheprecedin% L .
ciaits, characterized in that +the structuring

arranged to be mowvesble undernsath the

device.

tool is

5 5 The device according zTc at least ons of the preceding
claims, characterized in that the respective laser is
moveable in a longitudinal and & transverse direction
¢f the respective sclar meoduls.

3 The device according ito Claim 5, characterized in that

10 the carriage comprises & bearer, o which  the
respective laser is arranged and which can be displaced
on two parallel guildes in the longitudinal direction of
the respective solar module, the respective laser being
displaceable on the Dbpearsr perpendicular +to zhe

15 longitudinal dirsction of the guides.

7 The 'device of Claim €, characterized in that on =ach
free end the bearer comprisss a c¢hassis, which mates
with one of the guides.

8. The agevice according tc at lsast one of Claims 6 or 7,

20 characterized in that the guide is arranged in a plane
with the sclar moduls.

8. The device according tTo at least ons of the praceding
claims, characterized in that a free space is lefi
underneath a machining ragion of the structuring tocl

26 10. The device according to at least one of the preceding
claims, characterized in that the retaining device is
freely rotatable by 80° parallsl tc the plane of the
solar module.

11 The device according tc at lesast one of the preceding



5 claims, characterized in that a 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.  The device

according to at least one of the preceding 10claims, characterized in that
the negative pressure can be generated according to a Bernoulli effect.

-18- Device For Structuring A Solar Module. Abstract

claims, characterized in that the retaining device

serves {o¢ zremove by suction any laver

vaporised by the laser.

12 The device according to at least one of the preceding
b claims, characterized in thar =2 pesitioning aid is

arranged to tThe side of the solar module, which lies at

least partly in the plane cof the sclar moduls, for

o
O
21
o
o
s
O

ning and/or Zixincg the solar moduls.

L

iy

The device according to at least one of the

s

3

pracedin

(2

10 claims, characterized in that the negative pressurs can

be generated according to a Bernoulli effact.



The Invention relates to a device for structuring a solar module. A retainer
device arranged above the solar modules to be machined comprises
retainer means which retain the sofar‘tiiodules. The retention is achieved
in a non-contact manner. In a region beneath the solar module a
structuring tggyfcaéraé}gledég%gtggé%pe zbil Q al éucihnal and a
transverse direction. The structuring tooI cant Us machine the complete
surface of the solar module.

Abstract
Thne invention relates to a device for structuring a solav
module A retaziner devi arranged above the solar
modules ¢ be machined comprises rstainer means which

retain the solar modules. The ref

iongltudinal and a transverse direction. The structuring
Ltool can thus machine the complete surface of the solar

module.
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