
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                            
 

 

 

                                        

S
p

o
tL

ig
h

t 
FFI-programmet 

Project partners: 

 

Projekt: 
Punktsvetsning för lättviktskonstruktioner 
Resistance spot welding for light weight design 

WP 5 Automated quality checking of spot welds  Report no 14 

Automated NDT cell for quality checking 
of spot welds 
 
Authors: Anna Runnemalm1, Anders Appelgren1, Jörgen Ahlberg2, Åsa Lundevall3 and 
Ola Albinsson3 
1 University West, 2 Termisk Systemteknik AB, 3 SWEREA IVF 

 
Status: Final 
Classification: Open 



Automated NDT cell for quality checking of spot welds 

i 

Summary 

This report is written within Spotlight WP5 financed by the FFI programme within 

Vinnova. 

Thermography is a non-destructive testing method based on measurement of the heat 

distribution by an infrared camera. The method is suitable for automatic inspection since it 

is a full filed and non-contact method. 

A thermography system with an analysis tool developed by Termisk Systemteknik AB is 

investigated as an inspection method for spot weld. The system is able to detect spot welds, 

measure the diameter and separate a spot weld from a stick weld. The algorithms used in 

the analysis are rather simplified and the development opportunities are significant. 

A fully automated NDT-cell for spot weld inspection is presented. The automation 

includes a six axis industrial robot and communication for handling the information flow. 

This comprised the identification of the inspected spot weld and the reporting to the 

overall system as to the operator. 

A failure modes and effects analysis (FMEA) of the automated NDT-cell is accomplished 

and the most important actions are reported 

A business case for implementing a automated NDT-cell was included in the project. In 

this business case the most promising quality check concepts for NDT spot weld will be 

presented and compared with the other identified methods. 
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Preface 

This report covers the results within Spotlight WP5 financed by the FFI programme within 

Vinnova. The work reported comprises an evaluation of analysis algorithms developed by 

Termisk Systemteknik AB ordered by the project and a developed automatic NDT-cell for 

spot weld inspection. It also contains a failure mode analysis and a business case 

accomplished. The report is written in cooperation between Anna Runnemalm and Anders 

Appelgren from University West, Jörgen Ahlberg from Termisk Systemteknik AB, and Ola 

Albinsson and Åsa Lundevall from SWEREA IVF. 

During the development of the automatic NDT cell as during the FMEA, Termisk 

Systemteknik AB has been involved with time and equipment. This is highly appreciated by 

the project. 
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Final report on Spot Light WP 5 

Due to environmental concerns and fuel cost the requirements for less fuel consumption 

are increasing. The goal of reduced fuel consumption leads to increased usage of materials 

that contributes to lighter bodies and cabins with kept or increased strength performance. 

Since reduced structural weight results in decreased limit to the structural strength, the 

control of the product quality is essential. With a higher quality control there is a need for 

general inspection, which requires automatic non-destructive methods in order to be time 

and cost competitive. 

Resistance spot welding is today the dominating joining technology for automotive bodies 

and cabins. The project “Resistance spot welding for light weight design” contains a work 

page, WP5, dealing with non-destructive testing of spot welds. The aim of the work 

package is to develop, build and evaluate a demonstrator for automated non-destructive 

testing (NDT) of spot welds. This report presents the results from the project work. 

The study has investigated a novel non-destructive testing method, suitable for automatic 

inspection of spot welds, thermography. The report is divided in three parts. Part A 

comprises the results from the experimental investigation, part B the results from the 

FEMA and part C the Business case accomplished within the project. 

Part A - Investigation of automatic NDT with thermography 

Thermography is a non-destructive testing method based on measurement of the heat 

distribution by an infrared camera. The method is suitable for automatic inspection since it 

is a full filed and non-contact method. The method has received great interest over the past 

15 years, largely due to the rapid development of thermal imaging cameras. A fully 

automatic NDT-cell includes both automatic scanning of the test piece and automatic 

analysis of the test results. An automatic NDT-cell can therefore schematically be divided 

in two parts; mechanization and analysis of the data. In this report the principle of 

thermography is briefly described as is the automation solution for the NDT-cell. 

The results from the investigation show opportunities and problems needed to be solved. 

The investigation shows that the system is able to detect spot welds, measure the diameter 

and separate a spot weld from a stick weld. The algorithms used in the analysis are rather 

simplified and the development opportunities are significant. Shiny surfaces can be a bit of 

a problem due to reflections from the heat excitations source used. This can be solved by 

using other types of excitation, but need further investigation. Another problem is weld 

expulsions. The expulsion seems to make the spot weld to look bigger and more irregular 

than normally. This can probably be solved by a developed analysis algorithm. 

The automatic cell suggested in this work, is based on an ordinary six axis industrial robot. 

This makes the adoptability of the cell in a production plant rather straightforward. To 

ensure correct documentation, the communication system must handle the information 
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about car model, variant, identity of spot weld and the thermography result for the specific 

spot weld, in a proper way. The quality of the inspected spot weld need to be stored for 

future analysis and a potential error message should be directly reported to an operator. 

Part B - Process FMEA - for NDT equipment from Termisk 
systemteknik 

A new automated method based on IR for analyzing and evaluating spot weld is developed 

by Termisk systemteknik. The method will be evaluated and partly developed further 

within the Vinnova financed Spotlight project, wp5. It is a non-contact, non-destructive 

system that induces an infrared light and measures how the heat is transferred within the 

joint by measured reflected infrared light. This specification specifies the requirements and 

requests of the cell for implementing the IR testing method. 

Part C - Business case for automated NDT testing of spot weld 

There is a need of solutions for spot welding of materials and combinations of materials 

that contributes to lighter bodies and cabs. Both spot welding of high strength steel and 

aluminum are interesting.  

Limitations are present for spot welding of steel regarding thickness ratio for the different 

sheets and for the total joint thickness. Spotlight is focusing on overcoming some of these 

limitations.  

With more complex joints automated quality checking of spot welds are needed. In this 

business case innovative techniques for automated non-destructive testing (NDT) are 

investigated.  

There are several potential quality checking techniques for spot welds. In this business case 

the most promising quality check concepts for NDT spot weld will be presented and 

compared with the other identified methods.  

Some concepts include a new and promising IR testing method from Termisk 

Systemteknik. This method is not ready for the market for spot weld analyses yet and has a 

technology readiness of level 2.  

The business case will focus on the vehicle models V60, V70, XC70 and S80 at Volvo Cars. 
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A1 Introduction 

Thermography has been selected  as the nondestructive testing (NDT) method in an 
automatic NDT cell for spot weld inspection [1]. The possibility for automation of the 
method is very good and the detectability of the desired quantities, Lens Diameter, stick 
welds, expulsions, porosity and cracks look promising. 

Infrared (IR) thermography as a method of NDT has been known for several decades.  
The method has received great interest over the past 15 years, largely due to the rapid 
development of thermal imaging cameras. They show consistently that the exploration of 
IR methods is at an early stage [2-5].  

A fully automatic NDT-cell includes both automatic scanning of the test piece and 
automatic analysis of the test results. An automatic NDT-cell can therefore schematically 
be divided in two parts; mechanization and analysis of the data. 

In this report the principle of thermography is briefly described as is the automation 
solution for the NDT-cell. 
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A2 Thermography as NDT method  

In this section the principle of thermography, the measurement and the method of 

analyzing the resulting images is described. 

A2.1 Principle for measurement  

The principle of detecting a defect in the material using IR thermography is shown in 
figure 1. The following components can be identified: 

 Object with possible defect or some other feature, for example a spot weld 
(bottom). 

 A source for generating a heat pulse into the object or in the object (several 
variants, top). 

 An IR camera to record the surface temperature as a function of time (top). 

 A computer for analysis, equipped with algorithms specially designed for the task 
(right). 

In order to be able to solve the problem of detecting a defect in a material, it is important 
to consider the properties of the studied object and carefully design the components of the 
thermography system. The heat source, cameras and algorithm used are described in this 
chapter. 

 
Figure 1 - Principle of detecting a defect in the material using IR thermography. 

A2.1.1 Object considerations 

The heat properties of the object as well as of the defect are very important. Properties to 

consider are the heat capacity (C), the thermal conductivity (𝜆), and the density (ρ) of the 
material. Knowing those parameters, the thermal diffusivity (α) and the thermal effusivity 
(e) can be extracted. The thermal diffusivity is a measure of the rate at which heat diffuses 
through a material, and can be determined from the relation: 

  
 

  
  [m2/s].  (1) 
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The thermal effusivity, or thermal inertia, is a measure of the ability of a material to 
increase its temperature as a response to a given energy (heat) input, is expressed according 
to: 

   √𝜆   [W*s1/2/(m2*K)]. (2) 

In table 2.1, the properties ρ, C, 𝜆, α and e are given for some materials (from [6]). 

Table 1 - Heat and Thermal properties for some materials. 

Material Density  

 

ρ, [kg/m3] 

 

Heat 
capacity 

 

C, [J/Kg*K] 

Thermal 

conductivity 

𝜆, [W/m*K] 

Thermal 
diffusivity 

α, [10-6 m2/s] 

Thermal  

effusivity 

e, [W*s1/2/(m2*K)] 

Polyvinylchloride - - 0.140 0.11 422 

Carbon fibre 
reinforced plastic 

- - 0.64 (  I  ) 

1.28 ( I I ) 

0.52 (  I  ) 

1.04 ( I I ) 

888 (  I  ) 

1260 ( I I ) 

Steel (AISI 316) 8240 468 13.4 3.47 7190 

Brass 8800 420 52.0 14.1 13900 

Aluminum alloy 
2024-T6 

2770 875 177 73 20700 

Gold 19450 134 313 120 28600 

Copper 9000 406 365 100 36500 

The thermal diffusion length (μ) is another property defined as: 

   √                        .  (3) 

Thermal diffusion is related to the frequency, f, of a harmonic (periodic) heating flux. This 
illustrates that low-frequency thermal oscillations penetrate deeper compared to high-
frequency oscillations. It also indicates a deeper thermal penetration into objects with high 
diffusivity at a given frequency compared to objects with low diffusivity. Other important 
object properties are the ability to absorb excitation energy and to emit IR radiation.  

In cases when light (photon flux) is used for heat excitation into the object, reflectivity is an 
important limiting factor. High reflectivity for wavelengths used, reduces the amount of 
energy that is induced into the object and vice versa. It is also a disadvantage if the light 
reflectivity of the object varies over the inspection surface because this will result in an 
inhomogeneous heat excitation over the surface. 

Once the object has been heated up by the heat excitation source, the time variation of the 
temperature of the surface is the signal that contains information about sub surface defects. 
In order to give the IR camera good conditions, a high and uniform IR emissivity is 
preferable. In practice, the emissivity is usually non-uniform and must be considered in the 
analysis process (see below). 

Regarding IR NDT of spot welds, there are challenges regarding all aspects above. 
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A2.1.2 Heat excitation 

There are several methods available in order to induce heat into a material. An overview of 

different excitation methods is given in table 2. In addition, the time character of the 

excitation energy can be altered. An overview is given in table 3. 

Table 2 - Overview of different excitation methods. 

Excitation 
methods 

Excitation character 

Inspection task 
Lock-in 

Pulse/Transient 
TSA 

short long 

Halogen lamps/ IR 
emitter 

+ - + - 
Composite materials (e.g. 
disbondings, delaminations) 
Foamed materials (e.g. cavities) 

Flash lamps - + + - 

Metals (e.g. welded seams, 
corrosion) 
Composite materials (e.g. 
disbanding delaminations). 

Ultra sound + - + - 
Detection of cracks and 
delaminations. 

Laser 
LED Panel 
Current/Voltage 

+ + + - 
High precision excitation. 
Solar cell inspection 
Inspection of small components 

Eddy current + - + - Detection of cracks in Metals 

Mechanical 
excitation 

- - - + TSA, Thermal Stress Analysis. 

Table 3 - Time character of the excitation. 

Method Excitation principle Main advantages Main disadvantages 

Lock-in Stimulation of the 
object with modulated 
thermal energy. 

Applicable for large areas 
Affordable heat source 
source, e.g. halogen lamps 
Low thermal load to the 
inspected object. 

Long measuring times. 
Not suited for defects oriented 
vertical to the surface. 
Applicable only for parts with 
low thermal diffusivity. 

Transient Transient thermal 
stimulation of the 
object. 
 

Applicable for large areas 
Short measuring times. 
Affordable heat source (e.g. 
halogen lamps). 
Easy setup 
Low thermal load to the 
inspected object. 
Ability to perform depth 
resolved inspections. 

Not suited for defects oriented 
vertical to the surface. 
Applicable only for parts with 
low thermal diffusivity. 

Pulse Thermal stimulation of 
the object with a short 
heat pulse (e.g. flash 
lamp). 

Very short measuring times 
Ability to perform depth 
resolved inspections 
Excellent performance for 
inspection of thin layers and 
for detection of near surface 
defects. 

Depth range limited to near 
surface defects. 
Not suited for defects oriented 
vertical to the surface. 
Limited inspection area due to 
the energy of the flash lamp. 

TSA, 
thermal 
stress 
analysis 

Stimulation of the 
object with mechanical 
energy (cyclic, random 
or impact). 
Thermo-elastic effect 
generates changes in the 
temperature. 

Suited for defects oriented 
vertical to the surface. 
Large energy quantities can 
be induced into the object. 

Mechanical contact with the 
object needed. 
No depth resolution. 
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For the task of IR NDT of spot welds, a flash lamp was used in order to generate a short 

heat pulse into the object. The flash lamp used is a Hensel EH PRO 6000 together with a 

flash generator Hensel 6000 S. Nominally, a 6000 Joule flash during 0,04 s can be achieved 

with this heat source. 

               
 Figure 2 - Flash lamp Hensel EH PRO 6000 and flash generator Hensel 6000 S. 

A2.1.3 IR camera 

In order to get images at a sufficiently high frame rate and to get IR images despite low 
signal-to-noise ratio, a cooled camera is preferred. In this work, the two camera types FLIR 
SC7600 and FLIR SC5650MB have been used for initial studies. 

These cameras are far too exclusive and expensive to be used as cameras in an NDT cell 
for automatic quality checking for spot weld. For this reason, a third camera, of the type 
FLIS SC655, was used as a more realistic camera for final use. This camera has a detector 
with 640 x 480 pixels and can be run in sub window mode with 200 frames per second. 

 
Figure 3 - IR cameras FLIR SC7600 (left), FLIR SC5650MB (middle) and FLIR SC655 (right). 

A2.2 Analysis of IR image for thermography 

The images acquired images will typically not directly show the characteristics of the 
looked-for feature (defects, spot weld diameter, …), so specialized algorithms must be 
designed. In the case of spot welds, the purpose of the image analysis is to find the spatial 
region in the acquired images that corresponds to the successfully welded area, the nugget 
size. This region can then be measured (by area or by maximum horizontal and vertical 
extension) in order to characterize the weld. 

Using the assumptions that (a) the heat absorbed at the surface diffuses faster where the 
two plates are successfully welded, and (b) the difference between the welded area and non-
welded area will give rise to a spatial gradient1, the so-called maximally stable extremal 

                                                 

1 In some feature space extraced in a pre-processing stage. 
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region [7] can be extracted from the analysed images. This region is assumed to correspond 
to the successfully welded area. 

It is important to remember that the pixel values of these images do not directly 
correspond to the temperature of the observed surface, but to a function of the 
temperature (Planck’s blackbody function) multiplied with the IR emissivity of the material. 
As mentioned earlier, this emissivity can be varying over the surface, and some 
compensation needs to be done for that. 

The data acquisition results in a sequence of thermal images. This can be regarded as a 
vector-valued image where each pixel is a vector (or sequence of values) sampled over time. 
In order to compensate for varying emissivity and reflectivity across the surface, these 
vectors can be normalized, for example as to range from zero to one where zero 
corresponds to the steady (non-excited) state and one to the excited state. Several 
variations are possible, but have not been investigated thoroughly in this study with respect 
to final analysis results. 

The analysis steps are as follows: 

1. In the image sequence, find the first image after the flash, i.e., the image 
corresponding to the excited state. Since the flash is really strong the images 
acquired during the flash are easily recognizable. 

2. Normalize the pixel vectors (as discussed above). Examples of such normalized 
vectors (sequences) are shown in Figure 3. 

3. Select a reference image (in the normalized image sequence), typically around a 
quarter of a second after the flash. 

4. Find a dark (low-emitting, cold) spot in the image using a simple linear filter. 
5. Create a scale hierarchy of images and find the stable regions around the founded 

spot in each scale. Select the maximally stable region. If no stable region is found, 
the search fails, i.e., no weld area is found. 

6. Smooth the found region using morphological closing. The resulting region is 
considered to be the welded area. 

A3 Automated thermography 

A fully automatic NDT-cell includes both automatic scanning of the test piece and 

automatic analysis of the test results. An automatic NDT-cell can therefore schematically 

be divided in two parts; mechanisation and analysis of the data, where the mechanisation 

consists of the NDT system and the scanning equipment. To achieve a full automatic 

inspection both parts as well as the interaction between them need to be automatic. The 

analysis is in some systems performed automatically, but the interpretations of the results 

are most often performed by a skilled technician. In the suggested automated 

thermography cell for spot weld inspections, the scanning is performed by a standard six-

axis industrial robot, described below. 

A3.1 Description of NDT cell 

Thermography is easier to automate than other NDT methods [1], because it is a non-

contact method. The distance between the camera and the test object is important to 
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control. If the distance is amended, the scale of the resulting image changes. Thermography 

is a surface inspection method that means that the system inspect a surface instead of a 

spot. The spot weld need to be in the inspection area to be controlled. 

To scan the measuring system over the studied object and control the distance between the 

camera and surface, an industrial robot is suggested. The robot will also keep the camera 

and flash lamp in the right position under the inspection with limited vibration [8]. The 

camera and flash lamp used in this study weighs about 5 kg, since the robot manage to lift 

more up to 10 kg it is more important that the robot are smooth than strong. The FMEA, 

see part B of this report, showed risks of distractions in the environment, for example 

drafts from open doors and heat from welding robots. Also the light from the flash lamp is 

disturbing for human working in the factory. To prevent this, the cell needs to be protected 

in some way. Probably it is possible to use the same type of cover that is used in the 

welding cells.  

 

Figure 4 - Robot cell for spot weld inspection. 

A3.2 Communication in the robot cell  

To get a NDT system to operate in-line, requires a lot of communication between all 

systems. In this example all communications go through the supervisor system (PLC), see 

figure 5. The communication should start with a car body entering the station, the superior 

system need to know what kind of car body and this is this is usually done with a barcode 

or a scanning equipment. This information should generate a robot path that the robot 

should follow. This path needs to be individual for every car even based on same model. It 
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takes too long time to control all spot welds on one car. The car stand still in the cell 

approximate 60 second. The requirement is to control 4 spot welds in 60 seconds and 

check different spot weld every time. But it is important to check so many welding robots 

as possible every time. 

 

 

 

When the superior system has generated a robot path and sends it to the robot, the robot 

goes to the first position and sends back a signal to the superior which is sending a signal to 

the thermography system to inspect the spot weld. This signal must contain information 

about car model, variant and identity of spot weld, see figure 6. This information helps the 

thermography system to save the result in a proper way. The thermography system take the 

sequence, analyse the result and sends back information to the supervisor system in the 

factory about the lens diameter and defects in the spot weld. A separate system saves the 

original sequence from the thermography system. Since a lot of information is required, 

this file could be so large that it slows down the other system in the line. This sequence 

should be repeated 4 times on every car in 60 seconds. 

 

Figure 6 - Robot command with suggestion on spot weld numbering 

  

Figure 5 - Communication system for robot cell. 
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A4 Evaluation experiment 

Evaluation experiment was performing at Production Technology Centre in Trollhättan. 

On test plates from VolvoCars. 

A4.1 Experimental set-up 

The experimental set-up consists of an ABB robot that holds the camera and the flash 

lamp in the correct position against the test plates. The test plates were mounted in a 

holder, see figure 7. The angle between the camera and the lamp could manually be 

changed independently of each other. To control the equipment and save the sequences, 

Ir-NDT from automation technology in Germany was used. The analysis of the sequence 

was performed with a software from Termisk Systemteknik, see figure 8. To connect the 

software and hardware together, a script was developed that could communicate with the 

software and with the robot by RS-232.  

 

 

 

 

 

 

 

 

 

 

 

Figure 8 - Screen dump on software experimental set-up 

 

Camera Flash lamp 

Holder 

Figure 7 - Experimental set-up  

 



Part A - Investigation of automatic NDT with thermography 

A-10 

A4.2 Test plates for evaluation  

Tests were done on 56 test plates, welded to contain various defects, see Table 4. The 

sheets had different materials, such as mild steel, USIBOR steel, DP600 and aluminium 

AA6082-T6. 

Table 4 - Matrix over Test plates for evaluation of NDT systems. 

Sample matrix 
NDT method Desired size spot welds 

3,5 mm 5 mm 6,5 mm Stick 
welds 

Expulsions 

3-sheet combinations      

0,75/1,5/1,2 2 2 2 2 2 

1,5/0,75/1,2 2 2 2 2 2 

2-sheet combinations      

0,75/1,2 2 2 2 2 2 

1,2/1,2 2 2 2 2 2 

Aluminium      

1mm/1mm  2 2 2 2 

3mm/3mm  2 2 2 2 

 

Tests were carried out from both sides of the test plates to compare the results with each 

other, see figure 9 and 10. 

 
Figure 9 - Three plates combination.                 Figure 10 - Two plates combination. 
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A5 Results  

The analysis and an example of the results are illustrated in figure 11. In general, the results 
are encouraging but not of the quality required for a fully automated system. Even if the 
extracted characteristics of the welds most of the times are correct, the analysis is 
sometimes confused by the physical deformations of the surface created by the welding 
process, see figure 12.  

 
Figure 11 - Image analysis. Top: The image half a second after the flash is shown (not the same as the reference 
image). Spot welds are searched for within the green rectangle, and the red shape marks the estimated weld 
area. The enclosing rectangle (white) and its horizontal and vertical extension is (measured in pixels) is shown 
as well. Bottom: The cooling process in the normalized sequences corresponding to the small crosses in the top 
image and the mean over the welding area. 
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Figure 12 - Image analysis as in figure 11, but the analysis method is confused by the “outside” of the welding 
mark. 

 

Results from the evaluation plates indicate that it is possible to measure the lens diameter 
by a thermography system. There are a bit of variation in the results that need to be sorted 
out before putting a number on the accuracy of the system. The results from the evaluation 
plates indicated that the measured diameter is about 1 mm under the real diameter, 
measured with chisel test 

The results indicate problems with shiny surfaces and physical deformations from the 
welding guns, see figure 13. Shiny surface is a problem on mild steel and aluminium, and 
physical deformation is a problem on bor steel. This problem is related to the excitation 
source, and an investigation of different excitation sources is needed in order to solve this. 

 

 
Figure 13 - Physical deformations from welding marks. Left side photo of test plate right side result from 
Thermography. 



Part A - Investigation of automatic NDT with thermography 

A-13 

Weld expulsion can be a problem when there is contact between the surfaces after the 

expulsion. The expulsion makes the spot weld to look bigger and more irregular than 

normally, see figure 14. 

 

 

Figure 14 - Spot weld with expulsions 

Indications from the evaluation plates show that it might be possible to detect stick welds 

with thermography. Figure 15 show a stick weld plate where thermography system has 

indicated that there is no spot weld.  

 

 

 

 

 

 

 

 

A6 Conclusions and future work 

Thermography is a non-destructive testing method based on measurement of the heat 

distribution by an infrared camera. The method is suitable for automatic inspection since it 

is a full filed and non-contact method. The distance between the camera and the test object 

is important to control.  

The thermography system tested in this investigation has been shown to have potential for 

an automatic NDT system for spot weld inspection. The results show that the system is 

able to detect spot welds, measure the diameter and separate a spot weld from a stick weld. 

The algorithms used in the analysis are rather simplified and the development opportunities 

are significant. The measurement from the thermography system indicates that the 

measured diameter is smaller than the diameter measured with chisel test. This is probably 

due to the simple analysis algorithm and has to be investigated further. 

Figure 15 - Plate with stick welds. No spot weld was detected by the thermography system at three 
independent measurements. 
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The investigation has found that shiny surfaces can be a bit of a problem due to reflections 

from the heat excitations source used. This can be solved by using other types of 

excitation, but need further investigation. Another problem found, is weld expulsions. The 

expulsion seems to make the spot weld to look bigger and more irregular than normally. 

This can probably be solved by a more developed analysis algorithm. 

The current implemented image analysis method has several limitations. To start with, it is 

specifically implemented in order to extract spot welds, and cannot readily be applied to, 

for example, finding defects. Second, it is tuned empirically to available test data. A more 

general implementation, where physical properties are taken into account, is needed, 

preferably validated by theoretical calculations and/or simulations. Third, the method does 

not exploit the expected shape characteristics of the spot welds. For example, the 

erroneous result shown in figure 12 could be avoided by exploiting the visibly circular 

structure of the weld. 

The excitation source is an important part of the system. During the study several 

questions regarding the excitation were raised. The influence of the heat from two adjacent 

flashes needs to be examined. Problems with shiny surfaces can be handled but the impact 

from the exaction should be followed up. For a system to be used in a production plant, 

the influence on the work environment is important. The flash used in this investigation is 

most likely needed to be covered. A different excitation might solve this limitation. To 

summarise, further investigations of reliable excitation is needed in order to find a suitable 

system with limited problems. 

The automatic cell suggested in this work, is based on an ordinary six axis industrial robot. 

This makes the adoptability of the cell in a production plant rather straightforward. To 

ensure correct documentation, the communication system must handle the information 

about car model, variant, identity of spot weld and the thermography result for the specific 

spot weld, in a proper way. The quality of the inspected spot weld need to be stored for 

future analysis and a potential error message should be directly reported to an operator. 
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B1 Introduction 

This FMEA (Failure Mode Effect Analysis) is a process FMEA made on the process where 

the new IR-system from Termisk systemteknik is interesting to implement for spot weld 

evaluation. Individual process FMEAs have been made at Volvo Cars and Saab 

Automobile. Volvo Cars made the first one where the identified functions and 

characteristics of failure were open for SAAB Automobile to consider and further develop 

(rating and recommendation was not open). 
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C1 Introduction 

There is a need of solutions for spot welding of materials and combinations of materials 

that contributes to lighter bodies and cabs. Both spot welding of high strength steel and 

aluminum are interesting.  

Limitations are present for spot welding of steel regarding thickness ratio for the different 

sheets and for the total joint thickness. Spotlight is focusing on overcoming some of these 

limitations.  

With more complex joints automated quality checking of spot welds are needed. In this 

business case innovative techniques for automated non-destructive testing (NDT) are 

investigated.  

There are several potential quality checking techniques for spot welds. In this business case 

the most promising quality check concepts for NDT spot weld will be presented and 

compared with the other identified methods.  

Some concepts include a new and promising IR testing method from Termisk 

Systemteknik. This method is not ready for the market for spot weld analyses yet and has a 

technology readiness of level 2.  

The business case will focus on the vehicle models V60, V70, XC70 and S80 at Volvo Cars. 
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