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Summary 

Car bodies are today more often made of high strength steel. In high strength steel spot 

welds are more friable and it is necessary to have higher demands on the inspections of 

spot welds. Quality control of spot weld can be either destructive or non-destructive. 

Destructive testing is still the most common method to test spot weld. The non-destructive 

methods that are investigete in this project are visual inspektion (VT), penetrant testing 

(PT), eddy current testing (ET), ultrasonic testing (UT), magnetic paticle testing (MT) and 

X-ray testing (RT). Other NDT methods are acoustic emission (AE), digital sheargraphy 

and IR-termography (IRT). These methods are investigated with focus on the possibility to 

detect Lens Diameter, stick welds, expulsions, porosity and cracks. And the possibility to 

automation of the method with focus on size and weight of the system, protection 

equipment, contact or contactless, one or two sided, position accuracy, and result in real-

time.  

Only tree NDT methods, UT, RT and IRT, can detect all discontinuities that we looking 

for in RSW. The thermography system has the largest potential to be a NDT system for 

spot weld in the future, mainly because the method is non-contact, which helps when you 

have the opportunity to searching on a surface instead of a specific position. The main 

problem with this method is that there is no software for analysing the results to obtain 

lens diameter. 
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 Introduction 1

Car bodies are today more often made of high strength steel. In high strength steel 

spot welds are more friable and it is necessary to have higher demands on the 

inspections of spot welds. Traditional methods are not suitable for the new materials, 

and for higher quality control automated inspections are desirable. 

To realize automated quality control of spot weld innovative techniques for 
automated non destructive testing (NDT) will be investigated. This comprises 
development/evaluation of methods and industrial applications.  

A NDT technology will be proposed based on evaluation of available technologies. 
Evaluations of tests with a physical demonstrator will be reported.  

Pictures and product sheets from the evaluated NDT-systems on the market are 
published with permission from the suppliers. 

  



Evaluation of non-destructive testing methods for automatic quality checking of spot welds 

 2 

 Introduction to Spot welding  2

Resistance spot welding (RSW) is one of the most common methods in the 

automotive industries to join thin components together. Other methods for resistance 

welding are Projection welding, stud welding, seam welding and flash butt welding se 

figure 1. RSW is a well-known joining method and quite cheap method to join car 

plates together. 

 

Figure 1 different resistance spot welding methods  

 

Principle for resistance spot welding is that two electrodes press together two or more 

metal sheets. When the sheets are together a low voltage and high ampere current is 

applied to the electrode and the metal between the electrodes melt and form a weld 

nugget. When the metal has cooling down the electrodes release the weld nugget see 

figure 2. 

 

Figure 2 Principle for resistance spot welding 

 Overview control of spot welds 3

Quality control of spot weld can be either destructive or non-destructive. Destructive 

testing is still the most common method to test spot weld but  is often more time 

consuming and costly than non-destructive testing (NDT) since the metal sheets are 
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destroyed after the test especially if the sheets is made of high strength steel. There are 

two different destructive testing methods, Roll-off test and Chisel test see figure 3.  

 

 

Figure 3 Destructive testing of spot weld 

 NDT of spot welds 3.1

Most NDT metods that are used for ordinary fusion welds can be used on spotwelds. 

The most common NDT-methods are visual inspektion (VT), penetrant testing (PT), 

eddy current testing (ET), ultrasonic testing (UT), magnetic paticle testing (MT) and 

X-ray testing (RT). Other NDT methods are acoustic emission (AE), digital 

sheargraphy and IR-termography (IRT). The most common method in automotive 

industries for inspection of spot welds is ultrasonic testing, but experiences from the 

industri shows that the reliability of the test is often depending on the operators skill, 

time, place and the testing situation.  

 Defects in spot welds  3.2

All discontinuities in spotwelds could be devided in two groups. 

 Non-Surface breaking discontinuities 

 Surface breaking discontinuities 

Some of the NDT metohods can only detect discontinuities in one of the two groups 

and som methods can detect discontinuities in both groups. The discontinuities that 

exist in spotwelds are: 

- Weld with no or minimal fusion 

- Cold or stuck weld 

- Weld nugget size 

- Weld expulsion and indentation 

- Weld cracks (Figure 4)  
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Figure 4 discontinuities in spotwelds 

 Automatic quality control of spot welds 3.3

Several NDT methods have been evaluated to be suitable for automatic quality 

control of spot welds. Evaluation criteria have been; 

The possibility to detect Lens Diameter, stick welds, expulsions, porosity and cracks.  

Automation possibility: size and weight of the system, protection equipment, contact 

or contactless, one or two sided, position accuracy, and result in real-time. 

 Visual Inspection 3.4

Visual inspection (VT) is one of the simplest NDT methods that can be used for 

inspection. Normally someone used their eyes to do the inspection and therefore VT 

is limited to detecting defects on the surface. This method has possibility to be 

automated with a vision system a vision system is one or many ordinary digital 

cameras connected to a computer with special software that can analyse the pictures. 

VT can detect surface crack but not lens diameter and defect in the material such as 

stick welds, expulsions and porosity. Detection of surface cracks is possible to do 

automatic with a vision system. Vision system is contactless and one sided that reduce 

the requirement of the position accuracy and doing it suitable for automation.  

 Penetrant testing 3.5

Penetrant Testing (PT) is a method to detect defects on the surface of non-porous 

material. It is a common and low cost method and used in inspection of all non-

ferrous materials and ferrous materials. After a cleaning process of the structure, 

penetrant are applied to the surface.. The penetrant can be brought into the material 

by dipping, spraying or brushing. After an amount of penetration time, the excess 

penetrant is removed from the surface. Then the surface is dried and a developer is 

applied. The penetrant that is still in the defects will be visible by the help of the 
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developer. The location and the size of the defects are therefore spotted. Figure 5 

shows the sequence of PT.  

 

Figure 5 Sequence of Liquid penetrant testing 

 

The major advantages of PT are its high speed and low cost. However, capability of 

detecting flaws on the surface of the material only and incapability of detecting rough 

surfaces are big limitation of PT. Also, the colour contrast will not be enough 

between the defect and non-defect area and the penetrant may remain on certain 

material.  

PT are suitable for finding surface cracks but not lens diameter and defect in the 

material such as stick welds, expulsions and porosity. Detection of surface cracks with 

PT is possible to do automatic with a vision system. Vision system is contactless and 

one sided that reduce the requirement of the position accuracy and doing it suitable 

for automation. The problem is to spraying or brushing the penetrant on the surface 

and after a time remove the excess penetrant from the surface automated before the 

inspection. 

 Eddy Current Testing 3.6

Eddy Current Testing ET is used to identify flaws in conductive materials and metal 

parts. The fundamental technique of ET is the principle of electromagnetic induction. 

The sample that is inspected by this method does not have direct electrical contacted 

with the probe. 

In ET the current with a frequency ranging from 1 kHz – 2 MHz flowing in the coil 

generates a changing magnetic field around it. Because of electromagnetic induction 

an eddy current is induced in the sample when the coil is brought to the surface of the 

conductive sample. Any kind of defects on the surface will affect the way eddy current 

flows and form another magnetic field. This new generated magnetic field can be 

inspected by another coil or the disturbance of the impedance of the original coil. The 

principle of ET is demonstrated below in Figure 6. 
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Figure 6 Principle of eddy current. 

 

ET has certain limitations itself. For instance, it can only be used in conductive 

materials, the smoothness of the surface of the material is required, the finish of the 

detection may cause bad data. With ET it is generally only possible to detect surface 

breaking or near surface discontinuities. The penetration depth of the eddy currents is 

dependent on the physical properties of the test object and is usually defined by the 

following relation 

δ=500/√σμƒ   (1) 

where δ is the standard penetration depth where the eddy current field intensity drops 

to 37 % of the intensity at surface of the test object. The constant σ is the material 

conductivity (ohm/m) while μ is the relative permeability and ƒ the testing frequency 

(Hz). For ƒ=1000 Hz, δ is ~ 0,2 mm in ferritic steel and ~ 3 mm in aluminium. Eddy 

current probes must be in contact with the plate or very close to the plate to make it 

possible to do the measurement this makes it difficult to operating the probe with an 

industrial robot. 

ET is suitable for detecting surface cracks and defects near surface but not lens 

diameter and defect deep in the material such as stick welds, expulsions and porosity. 

ET is suitable to automation due to it is one sided no need for protection equipment 

and it is possible to obtain results in real time. The problem is that the transducer 

needs to be in contact or near contact with the surface that set high demands on 

precision accuracy.   

 Ultrasonic Testing 3.7

In ultrasonic testing (UT) high frequency sound waves are emitted from a transducer 

in to the inspected material. The sound wave attenuates and changes its travelling 

direction when meeting with any defects. The reflected sound wave is received by the 

detector and analysed to locate the position of the defect. 

 

Coil 

Alternating 
current 

Eddy  
currents flow 

Coil’s  
magnetic field 

Resultant magnetic 
field in material 
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material 
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Two methods of receiving the ultrasound wave, reflection and attenuation, are 

applied. In reflection mode, the transducer sends pulsed waves and receives them 

after they have been reflected by the interface. Reflected ultrasound can be originated 

from the interface like the bottom of the sample or a defect inside the sample. Then 

the reflected sound waves are analysed to indicate the intensity and arrival time of the 

reflected sound waves. In attenuation mode, ultrasound is sent by a transmitter on 

one side of the sample and received at the other side of the sample after travelling 

through the material as well as the defects. Flaws or defects which exist between the 

transmitter and receiver attenuate the amount of ultrasound energy. By conducting 

this technique, the presence of the defects is thus revealed.  

 

Figure 7 Test result with UT on RSW-joints, 1= Good weld, 2= Small weld nugget diameter, 
3= stick weld, 4= Lack of fusions 

 

UT is able to detect defects like cracks, lack of fusion, pores and shrinkage cavities. 

Therefore, it is applied in various fields. The disadvantages of UT are that it requires 

careful manual operation, difficult to detect irregular shaped sample and leaves stain 

which should be cleaned on the surface of the material. 

UT is suitable for detecting surface cracks, stick welds, expulsions, porosity and lens 

diameter. UT is suitable for automation due to it is one sided no need for protection 

equipment and it is possible to obtain results in real time. The problem is that the 

transducer needs to be in contact and normal to the surface and be in the middle of 

the spot welds that set high demands on precision accuracy see figure 7.   

 Magnetic particle testing 3.8

In magnetic particle testing (MT) a liquid containing fine grained ferromagnetic 

powder is applied to the surface of the test object. Then a magnetic field is generated 

with a solenoid over the surface which will cause the metal powder  show the 

magnetic field over the surface, see figure 8. If there are any cracks, they will cause 

leak fields around the discontinuities.  
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This method is hard to automate because of that you need to have plane and flat 

surfaces so the fluid does not flow away. Applying the liquid with a robot move the 

solenoid to the right place and have some type off vision system that could analyse 

the pattern and identify the leak fields is not possibly in-line. MT are suitable for 

detecting surface crack and defect near surface but not lens diameter and defect in the 

material such as stick welds, expulsions and porosity.  

 

Figure 8 Schematic disruption of magnetic particle testing. 

 Radiography testing (X-ray) 3.9

Radiography testing (RT) is an NDT-method based on differential absorption of very 

short wave electromagnetic radiation in the test object. The recording media is a 

conventional photographic film or a digital detector which is exposed by the 

unabsorbed radiation from the test object figure 9. Eventual discontinuities often 

absorb less radiation then the rest of the test object which creates an indication on 

recording media. 
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Figure 9 principle for radiographic testing. 

 

With RT it is possible to detect most types of defects, except from closed cracks or 

cracks parallell to the viewing direction. RT is a rather slow test method which is hard 

to mechanise if conventional photograpic film is used. Other disadvantages are that 

the method requires accessibility from both sides of the test object and that special 

precautions have to be taken to protect the operator from the radiations. 

RT is suitable for detecting surface cracks, stick welds, expulsions, porosity and lens 

diameter. RT can be suitable for automation if that are possible to build some 

protection shield around the X-Ray and have doors that can be closed under the test. 

Radiography is double sided so the spotweld need to be accessible from both sides 

but the method is contactless and with a Digital X-ray it’s possible to get the result in 

real-time.  

 Acoustic emission 3.10

Acoustic emission (AE) is a method to detect sounds from processes in the test object 

caused by rapid release of energy. This process could be deformation, crack initiation 

and propagation. AE is a real time method that could be used in high volume 

production. Typical discontinuities in spot-welds that can be detected are expulsions 

and cracks.  

Inspection of spotwelds with AE must occur during the welding process or direct 

after the welding when the plate cooling down. The method is contactless and has no 

need for position accuracy or both side of the spotweld. It may be necessary to have 

some type of protection for external acoustic disturbances. 
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 Digital shearography 3.11

Digital shearography is based on laser interferometry figure 10 as a way to measure 

relative deformations in the surface of a test object. The method is fast and can be 

used in real time environment for high volume inspection. The test object has to be 

loaded mechanically prior to testing. This can be done by heating the surface with 

high power halogen lamps.  

 

 

Figure 10 Principle of digital shearography 

Digital shearography can detect lens diameter but not stick welds, expulsions, porosity 

and cracks. Digital shearography is a contaktless, one sided  method. that do not 

require position accuracy and get the result in real time. That doing it suitible for 

automatic inspection. 

 IR-thermography 3.12

IR-thermography (IRT) is based on materials ability to conduct heat. Heat moves 

more quickly in solid metal and slows down at an air gap. The object is quickly heated 

up with a flash lamp, and an infrared camera monitors how the heat changes in the 

material, see figure 11.  
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Figure 11 Principle of thermography 

 

The method is fast and can be used in real time environment for high volume 

inspection and it can be one or two sided depending off the accessibility to the test 

object. Thermography is contact free method where the camera and flashlight can be 

200 mm from the test piece.  

IRT can detect cracks, stick welds, expulsions, porosity and lens diameter in spot 

welds. 

 Systems available on the market  4

To evaluate the various NDT methods from the literature survey, a comparison of 
NDT system available on the market for inspection of spot welds where carried out. 
Tests were made on 56 test plates welded to contain various defects, see Table 2. The 
sheet has different material such as karossplåt, USIBor steel, DP600 and aluminium 
AA6082-T6 and kaross aluminium. Systems that have been evaluated are, Mini 
Scanner from Amstech, Cyclops and Herkules from AtlantisNDE (only theoretical 
information), RSWA F1 from Tessonics, thermography togheter with Termisk 
Systemteknik and X-Ray at University West. All results where compared with the 
results from a chisel test. Pictures and product sheets from the evaluated NDT-
systems on the market are published with permission from the suppliers. 

Table 2. 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 

Thermography      
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 RSWA F1 from Tessonics 4.1

Tessonics is a Canadian company that established in 2003 the company was launched 

with support from Daimler Chrysler and the university of Windsor they developing 

and manufacturing ultrasonic technologies for industrial and medical applications. 

Tessonics have a product for spot weld testing known as RSWA F1 (Resistance Spot 

Weld Analyzer) that is a phased array UT system with 52 channels and a diameter off 

10 mm. the system performs estimation of the nugget diameter  and comperes it with 

predefined minimum nugget requirements appendix A. It is necessary to have gel as a 

contact medium between the plate and the probe.  

 

 

 

 
 
 
 
 
 
 
 
 
 
   

 
Figure 12 transducer with 52 chanels 

Figure 13 RSWA F1 from Tessonics          

 

Representatives from Tessonics were at University West to make tests on the test 

plates. Results from the test shows that the system could not detect the spot weld size 

on three sheet combinations and on aluminium plates. The system could detect the 

spot weld lens on two sheet combinations figure 14. The complete results from the 

test are seen in appendix B. 

  

Figure 14 Diagram over the result from RSWA F1 compere to chisel test 2-sheet combinations 

  

S23 S6 S10 S29 S34 S7 S18 S9 S27

Chisel test 4,1 4,5 6,7 7,4 0 0 4,8 6,4 8

RSWA F1 2,7 5 6,4 6,6 0 0 5 7,1 6,2
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RSWA F1 is not suitable for automatic inspection that the system could not inspect 

tree sheet combinations and have problem to detect lens diameter, stick welds, 

expulsions, porosity and cracks on two sheet combinations. And it was necessary to 

have a gel between the sheet and the transducer    

 Mini Scanner from Amstech 4.2

Amstech is a Dutch company that develop and sells software and mechanical 

solutions for client-specific ultrasonic system. They have development an UT system 

for inspection of spot welds called Mini Scanner, see figure 15. It consists of a small 

sized handheld scanner with a portable ultrasonic control unit. The handheld scanner 

can be placed on a test object and the A-scan or C-scan is displayed in the control unit 

appendix C. 

It is necessary to have gel as a contact medium between the plate and the probe. Tests 

were performed on Volvo cars with their Mini Scanner together with an expert from 

Amstech.  

 

Figure 15 Mini scanner from Amstech 

Results from the test with the Miniscanner showed that the system could measure lens 

diameter on two sheet combinations figure 16. The system could also detect stick 

welds, expulsions, porosity. On tree sheet combinations lens 1&2 have the same 

dimension as lens 2&3 figure 17 this indicate that it always takes the larges lens in the 

sheet combination. Two things doing the miniscanner complicated to automating, the 

large transducer and the need for gel. 
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Figur 16 Comparison between Chisel test and Miniscanner  2-sheet combinations 

 

 
Figur 17 Comparison between Chisel test and Miniscanner  3-sheet combinations 
 

 Cyclops and Herkules from AtlantisNDE 4.3

AtlantisNDE are formed by Sonatest and Tecnitest ingenieros SL 2004 and have the 

headquarter in Spain. They develop engineering solutions for NDT applications in the 

automotive, aerospace and petrochemical industries. Herkules is a handheld UT 

system for inspection of spot welds. The unique with this system is that it is not 

necessary to have a gel between the plate and the probe instead a rubber bullet allow 

dry contact between transducer and plates. Cyclops is the same UT system which is 

mounted on an industrial robot to be a completely automated in-line system figure 18. 

An intelligent vision system searches the exact location of the spot weld around the 

programed position and a special manipulator linearize the transducer to the spot 

weld for a suitable signal.  

S37 S23 S6 S10 S29 S34 S7 S18 S9 S27 S31 S40 S20 S38 S21 S12 S16 S36 S30 S32

Chisel test 0 4,1 4,5 6,7 7,4 0 0 4,8 6,4 8 0 3,6 4,2 0 7,5 0 3,2 0 6,2 7,4

Mini scanner 0 4,4 4,9 6,8 0 0 4,3 5,3 6,7 0 0 2,8 5,2 6,4 0 0 2,4 5,6 6,5 0

0
1
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3
4
5
6
7
8
9
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o
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e
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m

e
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S2 S14 S25 S5 S19 S11 S28 S35 S39 S33 S4 S17 S13 S24 S26 S8 S15 S22 S1 S3

Chisel test 1&2 0 3,7 5,6 0 8 2,9 3,8 4,9 6,4 0 3 0 5,5 6,3 7,8 2,8 4,3 5,5 6,6 7,7

Chisel test 2&3 0 4,2 6,4 0 9 3 4,1 6,2 7,5 0 5,4 7,3 7,8 9 8 4,4 4,6 7,9 9 7,8

Miniscanner 1&2 0 5 6,4 7,8 0 0 4,5 6 7 0 0 5,4 6,3 7 0 0 5,7 6,1 7,2 0

Miniscanner 2&3 0 5 6,4 7,8 0 0 4,5 6 7 0 5,4 5,4 6,3 7 0 5,3 5,7 6,1 7,2 0

0
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2
3
4
5
6
7
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Figure 18 Cyclops from AtlantisNDE 

Evaluation of the system has been done in Ford’s car factory in Valencia Spain. 

Information from this evaluation says that Atlantis system’s repeatability is not good 

enough. It’s a problem to linearize the transducer to the spot weld.  

 Radiography test 4.4

The test plates are tested with radiography at University West in a digital X-ray system 

from GE. Result from this radiography show that it is possible to detect all 

discontinuities  in the spot welds and the lens diameter appendix F.    

 Termography system from Termisk Systemteknik 4.5

Termisk Systemteknik in Linköping work with IR methods and have done 

thermography test on the test plates. Thermography for NDT is rather novel method 

so there is no software for NDT of spot welds on the market. This test was 

performed to see if thermography was a suitable method for inspection of spot weld.  

Experimental setup consisted of thermography camera, a 6 kJ flash lamp and a 

analyze software for NDT, figure 19. The result from this test shows that it was 

possible to detect the lens diameter, stick welds and expulsions, figure 20. The test 

shows also the great possibility to automate the system in a robot-cell in a production 

line.  

 
Figur 19 Experimental setup for thermography  
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Figur 20 Result from thermography test. 

 Results 5

Only tree NDT methods, UT, RT and IRT, can detect all discontinuities that we 

looking for in RSW, see table 1. RT is not suitable due to the radiation, it should be 

difficult to enclose the car body under the test procedure. UT is a difficult manual 

work today in the car factory due to the problem to get the best signal from the 

transducer. Attemt to automate the methods are available.. IRT is non-contact and 

tharefore suitable for automation. No software for automatic detection are available 

today. 

Table 1. Evaluation of different NDT methods suitable for automatic inspection of weld 
inspection for spot welds and continuous welds. Red (R) – not suitable, Yellow (Y) – can be 

suitable under certain conditions and Green (G) – suitable. 

Spot welds 
NDT method Required quantity and flaw detectability 

Lens 
diameter 

cracks Porosity Stick welds Expulsions Automation 
possibilities 

Visual inspection (Y) (Y) (R) (Y) (Y) (Y) 

Eddy current (R) (G) (R) (R) (R) (G) 

Ultrasound (G) (G) (G) (G) (G) (G) 

Penetrant (R) (G) (R) (R) (R) (R) 

Magnetic particle (R) (G) (R) (R) (R) (R) 

Radiography (G) (G) (G) (G) (G) (Y) 

Acoustic emission (R) (G) (G) (G) (G) (Y) 

Shearography (G) (R) (R) (R) (R) (G) 

Thermography (G) (G) (G) (G) (G) (G) 

RSWA F1 from Tessonics showed the possibility to detect lens diameter in two sheets 

combination, but had problem with the three sheet combination as well as the 

aluminium plates. The Mini Scanner from Amstech could detect 2-sheet combinations 

and 3-sheet combination the system detect the larges lens regardless of which side it is 

measured on. The large transducer and the need of gel doing it complicated do 

automated The system that was nearest to handle the task was Cyclops from 

AtlantisNDE and that system have a lot of problems that need to be solved before it 

can work suitably. The thermography system has the largest potential to be a NDT 

system for spot weld in the future, mainly because the method is non-contact, which 
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helps when you have the opportunity to searching on a surface instead of a specific 

position. The main problem with this method is that there is no software for analysing 

the results to obtain lens diameter.  

 Conclusions and future work 6

Thermography has shown to be a potential NDT method for automatic quality check 

of spot welds. The possibility for automation of the method is very good and 

detectability of desired quantities, Lens Diameter, stick welds, expulsions, porosity 

and cracks. look promising. Further evaluation of the method is needed as is the 

development of the analysis program.  
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A. RSWA F1 from Tessonics 
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Appendix B:1 

B. Comparison between Chisel test and RSWA F1 

  Chisel test Tessonics 

Desired 
size 

Plate 
combinations 

Results  Results 

  0,75/1,2 
  

Size Defects Size Defects 

Stick weld S37 0   stick weld   

3,5 mm S23 4,1   2,7   

5 mm S6 4,5   5 small 

6,5 mm S10 6,7   6,4 large 

Expulsions S29 7,4   6,6   

Stick weld S34 0       

3,5 mm S7         

5 mm S18 4,8   5 large 

6,5 mm S9 6,4   7,1   

Expulsions S27 8   6,2   

      
  Chisel test Tessonics 

Desired 
size 

Plate 
combinations 

Results  Results 

  1,2/1,2 
  

Size Defects Size Defects 

Stick weld S31 0       

3,5 mm S40 3,6       

5 mm S20 4,2       

6,5 mm S38         

Expulsions S21 7,5       

Stick weld S12 0       

3,5 mm S16 3,2       

5 mm S36         

6,5 mm S30 6,2       

Expulsions S32 7,4       
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C. Miniscanner from Amstech 
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D. Comparison between Chisel test and Miniscanner 
2-sheet combinations 

 

  Chisel test Miniscanner 

Desired 
size 

Plate 
combinations 

Results  Results 

  0,75/1,2 

Spot weld size Spot weld size 

Size Defects Size Defects Scansida 

Stick weld S37 0   stick weld 

 
0,75 

3,5 mm S23 4,1   4,445 small center 0,75 

5 mm S6 4,5   4,855 small center 0,75 

6,5 mm S10 6,7   6,845   0,75 

Expulsions S29 7,4   expulsions multi 0,75 

Stick weld S34 0   stick weld stick weld 0,75 

3,5 mm S7     4,27   0,75 

5 mm S18 4,8   5,265 small center 0,75 

6,5 mm S9 6,4   6,67   0,75 

Expulsions S27 8   expulsions multi 0,75 

       
  Chisel test Miniscanner 

Desired 
size 

Plate 
combinations 

Results Results 

  1,2/1,2 

Spot weld size Spot weld size 

Size Defects Size Defects Scansida 

Stick weld S31 0   stick weld stick welds 1,2 

3,5 mm S40 3,6   2,805 small center 1,2 

5 mm S20 4,2   5,15 small center 1,2 

6,5 mm S38     6,375   1,2 

Expulsions S21 7,5   expulsions multi 1,2 

Stick weld S12 0   stick weld   1,2 

3,5 mm S16 3,2   2,395   1,2 

5 mm S36     5,56 large center 1,2 

6,5 mm S30 6,2   6,49   1,2 

Expulsions S32 7,4   expulsions multi 1,2 
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E. Comparison between Chisel test and Miniscanner 
3-sheet combinations 

  Chisel test Miniscanner 

Desired 
size 

Plate 
combinations 

Results Results 

  1,5/0,75/1,2 

Spot weld size Spot weld size 

Plate 1&2 Plate 2&3 Defects Plate 1&2 Plate 2&3 Defects Scansida 

Stick weld S2       stick weld stick weld small center 1,5 

3,5 mm S14 3,7 4,2   4,97 4,97 small center 1,5 

5 mm S25 5,6 6,4   6,375 6,375 large center 1,5 

6,5 mm S5       7,84 7,84   1,5 

Expulsions S19 8 9   expulsions expulsions   1,5 

Stick weld S11 2,9 3   stick weld stick weld small center 1,5 

3,5 mm S28 3,8 4,1   4,505 4,505 large center 1,5 

5 mm S35 4,9 6,2   6,025 6,025 large center 1,5 

6,5 mm S39 6,4 7,5   6,96 6,96   1,5 

Expulsions S33       expulsions expulsions   1,5 

         
  Chisel test Miniscanner 

Desired 
size 

Plate 
combinations 

Results Results 

  0,75/1,5/1,2 

Spot weld size Spot weld size 

Plate 1&2 Plate 2&3 Defects Plate 1&2 Plate 2&3 Defects Scansida 

stick weld S4 3 5,4   stick weld 5,445 small side 0,75 

3,5 mm S17 0 7,3   5,385 5,385 multi 0,75 

5 mm S13 5,5 7,8   6,295 6,295 center 0,75 

6,5 mm S24 6,25 8,95   6,965 6,965   0,75 

expulsions S26 7,8 7,95   expulsions expulsions   0,75 

stick weld S8 2,8 4,4   stick weld 5,27 2 center 0,75 

3,5 mm S15 4,25 4,6   5,675 5,675 small center 0,75 

5 mm S22 5,5 7,9   6,085 6,085 center 0,75 

6,5 mm S1 6,6 9   7,195 7,195   0,75 

expulsions S3 7,7 7,8   expulsions expulsions   0,75 
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F. Cyclops from AtlantisNDE 
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G. Comparison between Chisel test and X-Ray 2-sheet 
combinations 

  Chisel test X-Ray 

Desired 
size 

Plate 
combinations 

results results 

  0,75/1,2 

Spot weld size Spot weld size 

Size Defects Size Defects 

Stick weld S37 0       

3,5 mm S23 4,1       

5 mm S6 4,5       

6,5 mm S10 6,7       

Expulsions S29 7,4       

Stick weld S34 0       

3,5 mm S7         

5 mm S18 4,8     large 

6,5 mm S9 6,4       

Expulsions S27 8       

      
  Chisel test X-Ray 

Desired 
size 

Plate 
combinations 

results results 

  1,2/1,2 

Spot weld size Spot weld size 

Size Defects Size Defects 

Stick weld S31 0     klistring 

3,5 mm S40 3,6     
por 0,2 
crack 0,4 

5 mm S20 4,2     por 0,3 

6,5 mm S38     6,9   

Expulsions S21 7,5       

Stick weld S12 0     stick welds 

3,5 mm S16 3,2   4,11   

5 mm S36     5,4 por 0,5 

6,5 mm S30 6,2   6,9   

Expulsions S32 7,4     expulsions 
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H. Comparison between Chisel test and X-Ray 3-sheet 
combinations 

  Chisel test X-Ray 

Desired 
size 

Plate 
combinations 

Results Results 

  1,5/0,75/1,2 

Spot weld size Spot weld size 

Plate 1&2 Plate 2&3 Defects Size Defects 

Stick weld S2           

3,5 mm S14 3,7 4,2     2 small center 

5 mm S25 5,6 6,4       

6,5 mm S5           

Expulsions S19 8 9     expulsions 

Stick weld S11 2,9 3     stick weld 

3,5 mm S28 3,8 4,1     small center 

5 mm S35 4,9 6,2       

6,5 mm S39 6,4 7,5       

Expulsions S33         expulsions 

       
  Chisel test X-Ray 

Desired 
size 

Plate 
combinations 

Results Results 

  0,75/1,5/1,2 

Spot weld size Spot weld size 

Plate 1&2 Plate 2&3 Defects Size Defects 

stick weld S4 3 5,4     stick welds 

3,5 mm S17 0 7,3      por 0,56 

5 mm S13 5,5 7,8      por 0,6 

6,5 mm S24 6,25 8,95       

expulsions S26 7,8 7,95     expulsions 

stick weld S8 2,8 4,4     stick welds 

3,5 mm S15 4,25 4,6      por 0,4  

5 mm S22 5,5 7,9       

6,5 mm S1 6,6 9       

expulsions S3 7,7 7,8     expulsions 

 


