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Abstract 

 

In the production process of photovoltaic modules, there are 

defects of bad welding, defects in the raw material, degradation 

by environmental factors, as well as bad handling of the material 

or lack of maintenance, affecting the quality of the product. The 

omission of control of the temperature in the welding process 

causes the defect called cut fingers, which consists of the rupture 

presented by the collectors of the cell. The present research 

focused on studying the factors that influence the welding 

process for the generation of cut fingers, emphasizing the 

temperature measurement during the welding process. The 

methodology used consisted of describing the materials involved 

in the welding process and monitoring the temperature in the 

welding machine, as well as the ambient temperature. Some cells 

without solder were found. The temperature variation in the 

welding heads ranged from -14.9 to -121 ° C. With this study it 

is concluded that the temperature of the welding heads should 

continue to be monitored, since the variation is out of 

specification, the pH of the fluss must be verified, and the 

periodicity of its distillation must be determined to purify it and 

be able to reuse it. 

  

 

Photovoltaic module, Welding, Cut Fingers 

 

Resumen  

 

En el proceso de producción de módulos fotovoltaicos, se 

presentan defectos de mala soldadura, defectos en la materia 

prima, degradación por factores ambientales, así como mal 

manejo del material o falta de mantenimiento, afectando la 

calidad del producto. La falta de control de la temperatura en el 

proceso de soldadura ocasiona el defecto llamado dedos 

cortados, el cual consiste en la ruptura que presentan los 

colectores de la celda. La presente investigación se enfocó en 

estudiar, los factores que influyen en el proceso de soldadura para 

la generación de dedos cortados, enfatizando en la medición de 

la temperatura durante el proceso de soldadura. La metodología 

empleada consistió en describir los materiales que intervienen en 

el proceso de soldadura y el monitoreo de la temperatura en la 

máquina soldadora, así como la temperatura ambiente. Se 

encontraron algunas celdas sin soldadura. La variación de la 

temperatura en los cabezales de soldadora fue de -14.9 a -121°C. 

Con este estudio se concluye que se debe seguir monitoreando la 

temperatura de los cabezales de soldadura, ya que la variación 

está fuera de especificación, se debe verificar el pH del fluss, y 

determinar la periodicidad de la destilación de éste para 

purificarlo y poder reutilizarlo. 
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Introduction 

 

Within the production process of Photovoltaic 

Modules there are different problems which are 

reflected in the finished product, as well as in the 

useful life of the module. For some of them there 

are methods that allow to detect and correct 

during the process such as bad welding, broken 

cells, or defects in the raw material, but there are 

problems that can only be seen with the passage 

of time and the deterioration of the module 

[Ferrara (2011)]. 

 

The deterioration affects the efficiency 

produced by the module through environmental 

factors, due to poor handling or maintenance, or 

due to defects caused during the production 

process, among which we can mention the defect 

of severed fingers that consists of the ruptures 

that present the collectors of the cell. Fig. 1. 

 

 
 

Figure 1 Cut Finger Collectors 

Own Elaboration 

 

Photovoltaic solar energy is a renewable 

energy source and therefore inexhaustible, clean 

and can be harnessed in the same place where it 

is produced.  

Energy sustainability in the future will be 

determined using renewable energies. As stated 

in the first principle of thermodynamics "energy 

is not created or destroyed", therefore, the use of 

energy from the sun to produce electricity or 

heat.  

 

The photovoltaic solar cell is the device 

capable of capturing the energy of the sun and 

converting part of that energy into electricity, for 

this, a set of solar cells are interconnected with 

welding and encapsulated with Ethylene vinyl 

acetate, forming an essential part in the modules 

photovoltaics, which are the constructive 

element used for the implementation of solar 

photovoltaic systems.   

 

The power, voltage and current of a 

photovoltaic module will depend on the number 

of associated solar cells and the working 

conditions, that is why a study of the variation 

and effect of temperature in solar cell welding 

machines was carried out, since a bad welding 

causes defects that affect the performance of 

photovoltaic modules. 

 

The welding process is an important 

factor that can cause defects in the finished 

product, hence the importance of determining 

the variables that affect the process, as well as 

the appropriate characteristics of the material for 

the quality assurance of the process [Hacke P. 

(2010)].    

 

Welding process area 

 

This area consists of making chains of cells and 

an electrical interconnection with tape (ribbon) 

by means of contact welding technology see 

Figure 2. 

 

 
 

Figure 2 Cell string 

Own Elaboration 

 

The stringer machine is an automated 

device in which the mechanism is a balance of 

temperatures of the solar cell by means of a 

preheating train to avoid a thermal shock in it 

when it comes into contact with a head with 

twelve pins. These pins make a type of spot 

welding because contact with the ribbon causes 

the heat to be distributed and joins with the cell 

buss. Figure 3. 
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Figure 3 Stringer Brand Welding Machine 

Own Elaboration 

 

The objective of this study was to 

determine the temperature variation in the heads 

of the Stringer machine, for the curbing of solar 

cells, as well as the factors that influence the 

welding process to generate the defect of cut off 

fingers. 

 

Methodology 

 

The procedure followed for the study was as 

follows: 

 

1. Study of the materials involved in the 

welding process 

 

1.1 Ribbon. The ribbon or interconnection 

tape is composed of tin, lead and silver, 

material that serves as welding to join 

cell to cell and also generate a circuit in 

series. 

 

1.2 Flux. Flux or also called fundente is a 

chemical substance which is used in the 

welding process and its main functions 

are to isolate from air contact, dissolve 

and eliminate the oxides that can be 

formed and favor the "wetting" of the 

base material by the molten contribution 

metal, getting the contribution metal to 

flow and be distributed in the union. 

 

2. Factors that influence the welding 

process to generate the phenomenon of 

fingers cut in photovoltaic modules: 

 

2.1    Coefficient of Thermal Expansion (CTE) 

 

It is well known that a solid expands when 

heated, or contracts when cooled. The problem 

that causes a greater thickness of the ribbon, is 

that it increases the Coefficient of thermal 

expansion (CTE), causing the silicon wafer to 

become curved and at the same time cause the 

rupture of the fingers of the cell (Figure 4).  

For this very reason the choice of 

thickness and width of the welding material, is 

part of optimization of multiple parameters of 

cost and efficiency that supposes power losses, 

shading losses, network design, performance 

losses, reliability factors and the cost of welding. 

 

 
 
Figure 4 Wafer affected by variation of thermal 

coefficient 

Own Elaboration 

 

2.2 Uniformity in the welding process 

 

The roughness problem is due to the 

discontinuity of the homogenization of the 

ribbon material and causes problems in 

manufacturing which are: 

 

2.3 Excess penetration 

 

This is determined in the stress test (pull test) and 

with the help of a microscope when detaching 

the ribbon from the cell, a detachment of the buss 

can be observed, and the silicon plate can break. 

(Figure 5.). 

 

 
 
Figure 5 Penetration of Welding in the Buss of the Cell 

Own Elaboration 

 

2.4 Lack of welding. Lack of welding is 

another defect caused by variations in 

temperature. Figure 6. 
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Figure 6 Cell with missing solder 

Own Elaboration 

 

2.5 Handling of the Stringer Brand 

Welding machine 

 

The handling of the Stringer welder comprises 

from the handling of materials to the control of 

the parameters required by the machine to work, 

since the main variable is the temperature is 

necessary a constant monitoring. 

 

3 Temperature measurement 
 

3.1 First, the ambient temperature of both the 

environment and the Stringer Machine 

was measured for 2 days. Table 1.  

 

  
Table 1 Room temperature inside and outside of Stringer 

Welder Machine 

Own Elaboration 

 

 

 

 

 

 

3.2 Measurement of the temperature in the 

preheating areas of the stringer machine, 

3 times a day (morning, noon and in the 

afternoon). Tables (2, 4, 6). 

 

The train of the heating zones is divided into ten 

zones, where the first four are pre-arranged 

raising the temperature of the cell and the ribbon, 

in zones five and six are the points where the 

joining process (welding) occurs, and the 

remaining points are another conditioning, in 

which the temperature gradually decreases to 

avoid a thermal shock, figure 7 illustrates the 10 

areas mentioned. The measurement was made 

with an infrared thermometer brand Fluke 566. 

 
Heating 

Zones 

Specified 

Temperature °C 

Real 

Temperature °C 

1 55  50,2  

2 70  69,4  

3 100  97,8  

4 120  110,6  

5 170  143,7  

6 170  118,7  

7 125  112,2  

8 105  92,6  

9 70  68,6  

10 60  57,9  

 
Table 2 Temperature readings on Stringer Machine at 9 

a.m., with room temperature outside of the 19.7°C Stringer 

and within the 26°C.Stringer 

 

 
 
Figure 7 Scheme of preheating zones (1, 2, 3, 4) and of 

welding (5, 6) of Stringer Machine 

Own Elaboration 

 

3.3 The head has 12 pins, to make the 

temperature measurements, it was taken 

into consideration that each head has two 

resistors (zones 1, 2), which was taken 

into consideration for the reading shot. 

Figure 8, the zones (1, 2) are identified as 

soldering head in Figure 7. Tables 3, 4, 5 

find the results of the measurement. 

 

Hour Room 

Temperature in 

Plant 

Room Temperature 

in Stringer Machine 

9:00  20,6  29,4  

10:00  25,3  36,8  

11:00  25,6  39.3  

12:00  26,5  42  

16:00  28.9  34,5  

9:00  16,5  20  

10.00  22,3  37,6  

11.00  20,5  21,9  

12:00  22,6  37,8  

16:00  24,8  38,2  
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Figure 8. Stringer Welder Heads Diagram 

Own Elaboration 

 
Welding 

Head 

Specified 

Temperature °C 

Real 

Temperature °C 

1,1 245 120  

1,2 245 130,1  

2,1 245 128,3  

2,2 245 123,3  

3,1 245 128,2  

3,2 245 114,4  

 
Table 3 Temperature in Welding Heads at 9 a.m, with 

room temperature outside of the 19.7 ° C, Stringer and 

within the 26 ° C. Stringer 

Own Elaboration 

 

Heating 

Zones 

Specified 

Temperature °C 

Real 

Temperature °C 

1 55  54  

2 70  71  

3 100  96  

4 120  116  

5 170  138  

6 170  116  

7 125  114 

8 105  100  

9 70  78  

10 60  70 

 
Table 4 Temperature in Heating Zones. 12h, with room 

temperature outside the Stringer of 22.7°C and within 

27.9°C 

Own Elaboration 

 

Welding 

Head 

Specified 

Temperature °C 

Real 

Temperature °C 

1,1 245 124 

1,2 245 135 

2,1 245 154  

2,2 245 149  

3,1 245 143  

3,2 245 137  

 
Table 5 Stringer Welding Heads Temperature at 12 hours, 

with room temperature outside the Stringer of 22.7°C and 

within 27.9°C 

Own Elaboration 

 

Table 6 Temperature in heating zones, 17 hours, with 

room temperature outside the Stringer of 23.5°C and 

within 29.3°C 

Own Elaboration 

 

Welding 

Head 

Specified 

Temperature °C 

Real 

Temperature °C 

1,1 245 245.2  

1,2 245 245  

2,1 245 245.4  

2,2 245 245  

3,1 245 245.6  

3,2 245 245.3  

 
Table 7 Stringer heads Temperature at 17 hours., with 

room temperature outside the Stringer of 23.5°C and 

within 29.3° 

Own Elaboration 

 

Results 

 

As can be seen in Table 1. The ambient 

temperature ranged from 16.5°C to 28.9°C. The 

ambient temperature on the Stringer machine 

ranged from 20°C to 42°C.  As can be noticed 

this temperature variation is due to the 

environmental changes that naturally occur 

during all the months of the year, which 

influences the heating zones, as well as the 

variation of the temperature of the heads in the 

welding areas of the Stringer machine. The 

temperature variation in the welding areas at 9 

a.m. ranged from -26.3°C to -51.6°C.  Table 2, 

Graph 1. 

 

Heating 

Zones 

Specified 

Temperature °C 

Real 

Temperature °C 

1 55  58  

2 70  72  

3 100  97  

4 120  113  

5 170  150  

6 170  133  

7 125  114  

8 105  99  

9 70  73  

10 60  66  
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Graph 1 Temperature in heating zones at 9 o'clock 

Own Elaboration 

 

The temperature variation in the Stringer 

welder heads at 9 a.m. ranged from -114.9°C to 

-130.6°C of the specified value. Table 3. Figure 

2. 

 

 
 
Graph 2 Temperature monitoring in Welder Heads at 9 

a.m 

Own Elaboration 

 

Temperature variation in the welding 

heating zones at 12 hours ranged from -32°C in 

zone 5 to -54°C in zone 6. With respect to the 

specified value. Table 4. Figure 3. 

  

 

 
 
Graph 3 Temperature in heating zones at 12 hours 

Own Elaboration 

 

Temperature variation in stringer weld 

heads at 12 o'clock ranged from -91°C to -121°C 

of the specified value. Table 5. Figure 4. 

 

 
 
Graph 4 Temperature in Stringer Welder Heads. (12 

hours) 

Own Elaboration 

 

Temperature variation in the welding 

heating zones at 5 p.m. ranged from -20°C in 

zone 5 to -36°C in zone 6. With respect to the 

specified value. Table 6. Figure 5. 
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Graph 5 Temperature in Heating Zones. Monitoring at 17 

hours 

Own elaboration 

 

The temperature variation in the Stringer 

welder heads at 5 p.m. ranged from 0°C to 

+1.2°C of the specified value. Table 7. Figure 6. 

 

 
 

 
Graph 6 Temperature in Stringer Welder Heads. Data 

measured at 17 hours 

Own Elaboration 

 

As you can see. In the morning when the 

ambient temperature is lower, the variation in the 

welding heads is greater. However, at 17 hours 

when the Stringer machine has worked 9 hours 

the temperature of the heads is within 

specification +- 10°C.  This indicates that the 

machine should remain without shutting down 

24 hours, it is also advisable to have controlled 

ambient temperature conditions in the welding 

area, to reduce temperature variations, as they 

influence lack of welding in solar cells. 

 

 

Conclusions 

 

The ambient temperature outside the stringer, 

must be from 27 to 28 ° C and within it of 35-38 

° C so that the pins of the heads reach the 

established temperature and there is a range of ± 

10 ° C, for winter seasons months of (November-

February), a heating equipment is needed within 

the work area , because if you do not have a 

certain system, the welding machine in the head 

area does not reaches the established 

temperature, causing failures in the solar cells, 

due to poor welding.  It is recommended to 

continue monitoring the temperatures both 

ambient and in the heads of the Stringer welder, 

for quality assurance of the process. 
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