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METHOD AND DEVICE FOR THE 
INDUSTRIAL WRING AND FINAL TESTING 
OF PHOTOVOLTAC CONCENTRATOR 

MODULES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a S371 national stage entry of Inter 
national Application No. PCT/DE2012/001159, filed Dec. 6, 
2012, which claims priority to German Application No. 20 
2011 109 424.7 filed Dec. 23, 2011. 

There have already been approaches for many years in the 
field of photovoltaics for working with concentrated solar 
radiation. In this case, the radiation of the Sun is concen 
trated by means of mirrors and/or lenses and is directed onto 
special concentrator Solar cells. Corresponding concentrat 
ing photovoltaics (CPV) systems are currently being tested 
at the Spanish Institute for Concentration Photovoltaic Sys 
tems (ISFOC) at Castilla in Puertollano. The sunlight is 
bundled using lenses or mirrors to four hundred to one 
thousand times intensity before it hits small solar cells which 
are much more efficient than conventional silicon Solar cells. 

Reference is made in this regard to the following prior art 
from the patent literature. 

U.S. Pat. No. 4,834,805 A discloses a photovoltaic power 
module having the following features. 
An arrangement of photovoltaic semiconductor crystal 

cells, distributed in individual cell locations in a layered 
substrate, wherein these are enclosed by two electrically 
conductive layers and are separated by means of an insu 
lating layer. This module further consists of a light-convey 
ing layer formed of lenses, which is arranged at a distance 
from the layered substrate, wherein incident radiation in the 
light-conveying layer is focused by means of lenses into the 
substrate, and wherein the thickness of the lens layer, of the 
Substrate layer and of the space therebetween is approxi 
mately 2 inches. 
DE 10 2006 007 472 A1 discloses a photovoltaic con 

centrator module comprising a lens pane and a base pane, on 
which Solar cells are accommodated, and a frame, wherein 
the frame is arranged peripherally along the edge of the lens 
pane and the base pane in a manner connecting the lens pane 
and the base pane. 

This known concentrator module is to be improved to the 
effect that it can be produced cost-effectively, is durable, and 
allows simple and flexible integration of additional compo 
nents which cannot be accommodated on the lens pane or the 
base pane or can only be accommodated thereon with 
difficulty. In addition, a method is to be developed which 
enables the production of Such concentrator modules. 
The problem addressed here is solved in that, on the one 

hand, at least one first sealing compound and/or adhesive 
compound is arranged along the frame between the lens 
pane and the frame and/or the base pane and the frame, and, 
on the other hand, at least one second sealing compound is 
arranged peripherally at least over part of the length of the 
frame, wherein the two sealing and/or adhesive compounds 
differ in terms of their curing time and/or gas permeability. 
A method for producing a photovoltaic concentrator mod 

ule as claimed in one of the preceding claims is claimed in 
claim 57 and is characterized by the following features. 

Specifically, in that a frame connecting a lens pane and a 
base pane is arranged along the edge of the lens pane and the 
base pane, and in that, on the one hand, at least one first 
sealing compound and/or adhesive compound is arranged 
between the frame and the lens pane and/or the frame and 
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2 
the base pane, and, on the other hand, at least one second 
sealing compound is introduced peripherally along the frame 
over at least part of the length thereof, wherein the two 
sealing and/or adhesive compounds differ in terms of their 
curing times and/or gas permeabilities. 
The fact that one of the adhesive compounds serves 

merely to fix a plate during the production process by means 
of UV light cannot be inferred here. 
DE 10 2010 016675A1 describes a photovoltaic module, 

a method for electrically connecting a plurality of photo 
Voltaic cells, and an arrangement for electrically connecting 
a plurality of photovoltaic cells. 

According to claim 11, a method for electrically connect 
ing a plurality of photovoltaic cells is claimed here, wherein 
the method comprises the following steps: 

1) applying a first plurality of contact wires to a front side 
of a first photovoltaic cell, 

2) applying a second plurality of contact wires to a rear 
side of the first photovoltaic cell, 

3) applying the first plurality of contact wires to a rear side 
of a second photovoltaic cell, and 

4) applying the second plurality of contact wires to a front 
side of the second photovoltaic cell, wherein 

5) the first plurality of contact wires and the second 
plurality of contact wires are arranged offset in relation 
to one another. 

It can be inferred from this document as a similar 
addressed problem that an improved photovoltaic module is 
to be created, that is to say the contact structure of the 
photovoltaic cell and the number and dimension of the 
contact bands (contact wires) are to be combined in an 
optimized manner. 
The problem addressed by the device and the correspond 

ing method according to the invention is that of presenting 
a device and a method with which industrially produced 
concentrator modules can be industrially wired economi 
cally and reliably, Such that a high long-term stability of a 
concentrator module is achieved in practical operation. 

This object is achieved by a device as claimed in claim 1: 
A device for the industrial wiring and final testing of 

photovoltaic concentrator modules consisting of a 
module frame, a lens pane, a sensor carrier pane, and an 
electric line guide, comprising the following features: 

a) a laser contacting arrangement for contactlessly con 
necting connection lines between the individual sensors 
(11) and connection elements (17) and collector contact 
plates (19), wherein the line guide on the sensor carrier 
pane (13) has in each case 5 CPV sensors connected in 
parallel as the basic structure, and wherein the electric 
connection lines, connection elements (17) and collec 
tor contact plates (19) to be applied to the sensor carrier 
pane (13) are removed automatically from a stored 
Supply and are brought into the region of corresponding 
holding means, and wherein the contact partners, 
before the connection by means of a laser contacting 
arrangement, are fixed in their target position by auto 
matically controlled holding means, and wherein the 
laser contacting arrangement ensures that the two con 
ductors to be connected are not contacted by the 
connection tool, are heated only for a very short period 
of time, and therefore practically do not deform, and 
wherein the positioning of the holding means is ori 
ented in a laser-controlled manner toward markings on 
the concentrator module, 

b) an arrangement for testing electrical properties, 
wherein a certain voltage is applied to CPV sensors (11) 
themselves and the light emitted therefrom via the 
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lenses (15) is detected and evaluated, wherein identi 
fied manufacturing faults are corrected, 

c) an arrangement for testing the tightness (5) of finished 
concentrator modules, wherein compressed air is 
applied to the interior of these modules and testing for 
the emission of compressed air is performed 

and by the method as claimed in 
claim 2: 
A method for the industrial wiring and final testing of 

photovoltaic concentrator modules consisting of a 
module frame, a lens pane, a sensor carrier pane, and an 
electric line guide, comprising the following features: 

a) once the sensor carrier pane (13) has been applied, the 
concentrator module is brought into the manufacturing 
region of the electric contacting, 

b) the required connection lines, connection elements (17) 
and collector contact plates (19) are each removed from 
a stored Supply, positioned by automatically controlled 
holding means, and electrically conductively connected 
by means of an automatically controlled laser contact 
ing arrangement, 

c) the collector contact plates (19) of the contacted 
Sub-circuits are electrically connected and the resultant 
collector lines (8, 9) are fed to an external connection 
element, wherein the concentrator module is then pro 
vided with a lens pane (16), 

d) the concentrator module is fed to an arrangement for 
testing electrical properties, wherein a certain Voltage is 
applied to CPV sensors (11) themselves and the light 
emitted therefrom via the lenses (15) is detected and 
evaluated, 

e) the concentrator module is then fed to an arrangement 
for testing the tightness (5) of finished concentrator 
modules, wherein compressed air is applied to the 
interior of these modules and testing for the emission of 
compressed air is performed, 

f) the results of the measurement of the generated lumi 
nous flux and of the tightness test are used to assess the 
quality of the concentrator module in question, and a 
corresponding classification is performed. 

Claim 3: 
The method as claimed in claim 2, 
characterized in that 
the electric connection lines, connection elements (17) 

and collector contact plates (19) to be applied to the 
sensor carrier pane (13) are automatically removed 
from a stored Supply and are brought into the region of 
corresponding holding means. 

Claim 4: 
The method as claimed in claims 2 or 3, 
characterized in that 
the contact partners, before the connection by means of 

the laser contacting arrangement, are fixed in their 
target position by automatically controlled holding 
means, and wherein the laser contacting arrangement 
ensures that the two conductors to be connected are not 
contacted by the connection tool, are heated only for a 
very short period of time, and therefore practically do 
not deform. 

Claim 5: 
The method as claimed in one of claims 2 to 4. 
characterized in that 
the positioning of the holding means is oriented in a 

laser-controlled manner toward markings on the con 
centrator module. 
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4 
The device according to the invention will be described 

hereinafter in greater detail. In the drawings more specifi 
cally: 

FIG. 1: shows a facility for manufacturing concentrator 
modules in plan view, 

FIG. 2: shows a cross section through a concentrator 
module, 

FIG. 3: shows a partial area of a sensor carrier pane, 
FIG. 4: shows the entire area of a sensor carrier pane of 

a concentrator module, 
FIG. 5: shows a view of a detail of FIG. 4, 
FIG. 6: shows a cross section through the used laser 

contacting arrangement. 
A facility for manufacturing concentrator modules as are 

shown in cross section in FIG. 2 is illustrated in plan view 
in FIG. 1. 

Here however, only the part of the overall manufacturing 
facility provided with reference signs is considered. The 
manufacturing process is not part of the invention, apart 
from the moment of the wiring of a concentrator module. 
At the moment of wiring of Such a module, the sensor 

carrier pane 13 is already connected to the frame of the 
module and, in the next processing step after the wiring, 
experiences the connection to the lens pane 16, which is 
arranged parallel to and opposite the sensor carrier pane 13. 
A laser portal 2, which carries a laser head 1, is located at the 
contacting space 3 indicated in FIG. 1. By means of this 
portal 2, a module frame can be reached by the laser head 1 
at each point to be contacted. 
The testing space 5 for the tightness test and the testing 

space 6 for the subsequent electrical test will be described 
later. 
The stacking spaces 4 enable classification in accordance 

with quality stages, which are determined substantially by 
the results at the testing space 5 for the tightness test and at 
the testing space 6 for the Subsequent electrical test. 

FIG. 2 shows a cross section through a concentrator 
module. 

This makes it possible to view a concentrator module with 
its Supporting module frame in cross section in an enlarged 
illustration. A lens pane 16 with a lens 15 can be seen on the 
upper face, and a sensor carrier pane 13 can be seen on the 
lower face. The module frame is illustrated here in a manner 
interrupted on each side in its transverse extent in order to 
be able to show the shown details true to size. On the 
right-hand side, references to the used Fresnel lenses 15 can 
be found in the lens pane 16, and references to the corre 
sponding contact points 14 of the CPV sensors 11 and the 
associated contact points 12 with the cooling and contact 
plate 10 can be found in the sensor carrier pane 13. A 
connection line between a contact point 14 of the CPV 
sensor illustrated on the right and a contact point 12, 
separated by the double break line, on the cooling and 
contact plate 10 of another other CPV sensor 11 to the left 
of the first CPV sensor can also be seen in this region. Of 
course, these two CPV sensors are not directly intercon 
nected in practice, since they are separated by the double 
break line. The collector line 8 with negative polarity and the 
collector line 9 with positive polarity are illustrated in the 
region of the central web 7 of the shown concentrator 
module. 

FIG.3 shows one of the 12 partial areas of a sensor carrier 
pane 13, as can be seen in its entirety in FIG. 4. 
By way of example, a cooling and contact plate 10, a 

contact point 12 on Such a contact plate 10, and a contact 
point 14 of a CPV sensor on a sensor carrier pane 13 are 
denoted separately as viewed from above in the uppermost 
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row of the 19 illustrated CPV sensors 11. On the right-hand 
side of the sensor carrier pane 13, a collector contact plate 
19 with positive polarity can be seen above, and a collector 
contact plate with negative polarity can be seen below. To 
generate power, 5 CPV sensors are in each case connected 
in parallel as a basic structure, and these parallel circuits are 
in turn connected in series, such that the Voltages of the 
parallel circuits are added together. In the illustration shown 
in FIG. 3, 19 parallel circuits of 5 CPV sensors in each case 
are connected in series in this way, wherein these CPV 
sensors extend over the longitudinal side of this partial area. 
Since a further 5 CPV sensors with the same number of 
parallel circuits are located on the broad side however on the 
shown partial area, the Voltages thereof are also added 
together here. The sum Voltage of the partial area shown in 
FIG. 3 is thus given by the sum of 2 times 19 arrangements, 
connected in parallel in each case, of 5 CPV sensors in each 
case. Overall voltages of up to 1000 volts can thus be 
generated by connecting together 2 times 6 partial areas. 

FIG. 4 shows a sensor carrier pane 13 of a concentrator 
module. 
The central web 7 of the shown concentrator module, 

which is illustrated in cross section in FIG. 2, can be seen 
from above in the middle of the sensor carrier pane 13 over 
the entire length. The second transverse web is also denoted 
by 18 to the left of a total of 5 pieces of the concentrator 
module. The collector line 8 with negative polarity and the 
corresponding collector line 9 with positive polarity, as can 
also be inferred from FIG. 2 in cross section, lead the total 
current Supplied by the concentrator module Substantially 
from the geometric center of the sensor carrier pane to the 
edge in the region of a connection element. This element is 
not illustrated additionally. A further collector contact plate 
is denoted by 19 at the right-hand edge of the transverse side 
of the shown sensor carrier pane 13. The circle surrounding 
the 4 corner points of the 4 partial areas of the sensor carrier 
pane 13 arranged to the right is illustrated again in the 
enlarged view of FIG. 5. 

FIG. 5 shows the identifying circle known from figure as 
a view of a partial detail of FIG. 4. This identifying circle 
can be seen in the center of the transverse central web 7 of 
the concentrator module from FIG. 4. A crossmember 18, 
likewise visible from above, runs perpendicular to the cen 
tral web 7. A connection element 17 in each case runs above 
and below the central web 7, parallel thereto, and in each 
case leads from one collector contact plate 19 to another 
collector contact plate 19 of a partial area according to FIG. 
3. These collector contact plates 19 each guide the entire 
current of one of the shown 12 partial areas of the sensor 
carrier pane and are therefore designed accordingly in terms 
of their load-bearing capacity. The connection elements 17 
indicated in their entirety in FIG. 4 ensure the electrical 
series connection of all 12 partial areas. 
A cross section transverse to the central web 7 is illus 

trated along the line of section A-A in the lower image half 
of FIG. 5 at a point where the crossmember illustrated in the 
identifying circle can be seen. Here, besides the sensor 
carrier pane 13 and the central web 7, circular openings are 
also shown in the crossmember 18 to the left and to the right 
of the central web 7, a connection element 17 being guided 
through each opening. 

In the cross section B-B shown therebelow, a connection 
element 17 with its bridge-shaped profile can be seen 
accordingly in cross section, rotated through 90 degrees. 

FIG. 6 shows a cross section through the used laser 
contacting arrangement. This laser contacting arrangement 
ensures a contactless, quick and reliable contacting as an 
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6 
electrical connection between two electrical conductors. The 
use of a laser in this region ensures that the two conductors 
to be connected are not contacted by the connection tool, are 
only heated for a very short period of time, and therefore 
practically do not deform and therefore can be processed by 
means of automatic adjustment means. The laser contacting 
arrangement is guided and controlled by means of a receiv 
ing shaft 22 for a portal carrier head. In the shown example, 
a connection element is electrically conductively connected 
in each case to a collector contact plate 19 by means of a 
gripper 20 and the laser 21. 
To hold the contact elements or contact partners to be 

connected by the laser contacting arrangement, correspond 
ing holding means are provided, which are oriented in a laser 
controlled manner toward the specific markings of the 
concentrator module. The use of these holding means is not 
illustrated separately. 
Once all necessary electrical connections have been con 

tacted and a lens pane 16 has been applied, the concentrator 
modules manufactured thus far are fed to an arrangement for 
testing electrical properties, wherein a certain Voltage is 
applied to CPV sensors (11) themselves and the light emitted 
therefrom via the lenses (15) is detected and evaluated. If 
manufacturing faults are discovered in this region, these can 
be corrected manually or automatically. 

Following the final manufacture of a concentrator mod 
ule, the concentrator modules are fed to an arrangement for 
tightness testing (5), wherein compressed air is applied to 
the interior of these modules and testing for the emission of 
compressed air is performed. 
The control of the complex movement processes and the 

signal processing of the used sensors require a special 
control. 

LIST OF REFERENCE SIGNS 

1 laser head 
2 laser portal 
3 contacting space 
4 stacking spaces 
5 test space (tightness test) 
6 test space (electrics) 
7 central web of a concentrator module 
8 collector line (negative pole) 
9 collector line (positive pole) 
10 cooling and contact plate 
11 CPV sensor (absorber) 
12 contact point on the plate 10 
13 sensor carrier pane of a concentrator module 
14 contact point of a CPV sensor (absorber) 
15 lens 
16 lens pane 
17 connection element (flat ribbon or cable) 
18 crossmember 
19 collector contact plate 
20 gripper 
21 laser 
22 magazine for lens panes 
23 receiving shaft for portal carrier head 
The invention claimed is: 
1. A method for the industrial wiring of photovoltaic 

concentrator modules comprising a module frame, a lens 
pane, a sensor carrier pane, and an electric line guide, 
comprising the following features: 

g) applying connection elements (17) and collector con 
tact plates (19) to individual concentrating photovoltaic 
sensors to the sensor carrier pane (13), 
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h) positioning the required positive and negative connec 
tion lines, connection elements (17) and collector con 
tact plates (19) by a gripper (20), and electrically 
conductively connecting a first set of individual con 

8 
in series and the second set of individual concentrating 
photovoltaic sensors (11) are electrically conductively 
connected to each other and the negative connection 
lines in series. 

centrating photovoltaic sensors (11) to each other and 5 
positive connection lines and a second set of individual 
concentrating photovoltaic sensors (11) to each other 
and negative connection lines via a laser contacting 
arrangement, 

i) the collector contact plates (19) of the contacted sub- 10 
circuits are electrically connected and resultant positive 
and negative collector lines (8, 9) are fed to an external 
connection element, wherein the concentrator module 
is then provided with a lens pane (16) over the indi 
vidual concentrating photovoltaic sensors (11), 15 

wherein the first set of individual concentrating photo 
voltaic sensors (11) are electrically conductively con 
nected to each other and the positive connection lines k . . . . 

2. The method as claimed in claim 1, wherein the contact 
partners, before the connection by the laser contacting 
arrangement, are fixed in their target position by the gripper, 
and wherein the laser contacting arrangement ensures that 
the two conductors to be connected are not contacted by the 
laser and therefore practically do not deform. 

3. The method as claimed in claim 1, wherein the posi 
tioning of the gripper (20) is oriented toward markings on 
the concentrator module. 

4. The method as claimed in claim 1, wherein each line 
guide on the sensor carrier pane (13) comprises five CPV 
sensors connected in parallel. 


