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ABSTRACT 

 

The purpose of this paper is to present a correlation study between destructive testing 

traditional methods against ultrasonic B-Scan analysis of resistance projection welded 

nuts, used in automotive applications. 

Usually auto industry applies several types of projection welding in its structures, such 

as bolt and nuts, to increase bodies’ assembly production. However, this type of 

welding could not be inspected through NDT techniques using regular A-scan 

equipments, and the most common tests are torque for nuts, tensile load for bolts and 

also some types of peeling tests. Using these tests the results could not show the 

variability of process, which can cause some defect’s interpretation failures. 

 This way, the B-scan ultrasonic technique can provide a measurement of the melted 

area from the protuberances without destructing the part. A determination of 

correlation from the measured melted area with torque, load tensile and nugget area 

can provide more accuracy data of process variability, besides faster response, 

predicting the process maintenance and increasing the reliability of process, which is 

the purpose of this paper to show. 

 

KEYWORDS: RPW, bolt welding, nut welding, protuberance sheet welding, 

torque nut, load tensile bolt, ultrasonic test. 

 

 

 1. Introduction 

 

Today’s automotive sheet-assembly industries [1] are heavily dependent on the means 

of fast non-destructive quality inspection of the weld joints holding parts together. 

Often, the welding parameters that are programmed to produce good weld at the 

beginning of the shift fail to maintain the same weld quality throughout the life cycle of 

the process (time between subsequent cap changes or time between the tip dressings, 

despite contamination of the part and the equipment). Weld quality deteriorates and 

there is a need to maintain it within the acceptable range for a given application. 

Failures in resistance projection welded nuts used in automotive components, especially 

those located in structural areas, or that compromises the safety of the occupants may be 
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considered catastrophic, since in most cases rework these bodies is extremely difficult, 

being necessary to disassemble and reweld the part. 

Use of off-line selective checkups (destructive or non-destructive), help to handle the 

process in a daily basis.  

This study came from the need to better understand the ultrasonic technique applied to 

the resistance spot welding control, and in this particular study applied to the welding of 

the nuts used in auto bodies, a type of inspection not so common in these parts. 

Ultrasonic inspections are preferably applied in resistance spot welding (the equipments 

were designed for this type of application). Only when B-scan acoustic imaging 

equipments start to arise, it became possible to perform the first experiments on 

inspecting projection welded nuts. 

This way, ultrasonic inspections were assessed within the correlation of these tests with 

known destructive testing techniques.  

At the same time, it is necessary to establish a criterion that can at the same time 

maintain pretty confident inspection reliability and don’t interfere with the production 
rates and the lead time of the process, which is a concern in the last years, especially 

when the production rates increases. 

 

2. Resistance Projection Welding (RPW) Fundamentals 
 

The resistance welding is a pressure joint based in the melting of materials produced 

from the Joule effect in the contact surface electrical resistance between them, 

generating heat during the flow of electric current. Metallographic techniques [2], 

shows that the basic metal structure of a projection weld consists of a core of bainitic 

structure with columnar grains preferably directed vertically, surrounded by a thermally 

affected region and progressively decreased to a structure almost unchanged along the 

surfaces (figure 1).  
 

 
 

     Figure 1. Metallographic aspect of projection welded nut (12, 5 times magnification). 
 

 



The principle applied is the same seen at electric resistance spot welding (ERSW), 

but in this particular process, the nut has some small protuberances, which are 

responsible to concentrate the electric current flow to a certain region, turning the 

process much more faster and at some times more stable than ERSW, and also the 

welding schedules can be set to spend less energy to achieve the melting needed. 

 

 2.2 Destructive Testing Applied in RPW 

 

Peel test causes a simple fracture around the weld formed, visually inspecting the 

average material remaining on the plate fractured. The evaluation is highly subjective, 

as is not taken into account such factors as the shearing force required, and deformation 

caused by the force applied to rupture the parts. 

More accurate are the macrographic or metallographic tests consist in verifying with 

magnification up to 1000 times the nut of the spot. The macrographic test shows the 

existence of internal discontinuities in the weld zone and measures some parameters 

such as penetration, indentation, etc (figure 2). 

 

 
          

Figure 2. Metallographic cross-section of a RPW joint (50 times magnification). 
 

In automotive industry, it is often the application of torque tests, known as a pretty 

reliable reference for this type of weld, specially because can provide a quantitative 

measurement of the joint, being the most used test in the field despite its destructive 

nature. There are a lot of discussions regarding the reutilization of pre-tested nuts by 

torque, especially because of the concern that the test itself may cause some kind of 

damage to the joint integrity. This way, most companies has in his standards procedures 

to scrap these tested parts, adding some significant costs to the manufacturing system. 

 

3. RPW B-SCAN Ultrasound analysis 
 

The technique of using ultrasound array transducer can be considered the state of the art 

technology [3] of ultrasonic inspection in electric resistance welding. The equipment 

does not differ significantly, being the main differences between the techniques the 

transducer used and the evolution of software, simplifying handling and interpretation 

of the operators. With the same principle, the array transducer uses the pulse - echo 

technique, with the difference of using a matrix array transducer, allowing 



measurements in 2-D. Each element of the array (figure 3), sends and receives signals 

independently, collecting the structural information of the sample detected by that 

particular element. These signals independence allows the measurement of welds with 

different shapes than a regular spotweld that the equipment was designed for, and that is 

the reason of using this technique for this experiment. 

 

 
 

Figure 3. Multiple ultrasound transducers in a B-Scan probe. 

 

 

3.1 Correlation and Interpretation of B-Scan Echoes Signals 

 

Analysis has the same principle adopted in the single transducer a-scan technique [4]. 

Outside of nut there is a separation between the plates, corresponding to an area not 

welded (A) (figure 4). If there is weld, there are no internal reflections, and only the 

reflection from the surface limit of the bottom plate to the side inspected is detected (C). 

Similarly, if the element cover an area that is partially welded, the resulting signal will 

be a combination of the areas displayed in A and C. 

 

 
Figure 4. Echoes signals in no weld, weld, and limit of weld area. 

 

This technique allows to operator see the melted area and discontinuities, beyond 

diameter and indentation (figure 5). Green area represents melted joint (low signal 

amplitude), while pink (high signal amplitude) is no welded area and yellow is the 

interface between melted and no welded. Yellow point inside green area can reveal a 

discontinuity, which can be confirmed by macrographic analysis, as shown in the figure 

5. 

 

 

 



 

 

 

 

 
 

Figure 5. Image of B-Scan compared with macrographic analysis of the same sample 

(12,5 times magnification). 

 

4. Experimental procedure 
 

Starting from lower carbon steel sheets of 1.2 mm of nominal thickness, with the 

chemical composition shown in table 1 and the nominal mechanical properties shown in 

table 2, 8 nuts were welded in specimens of 280 mm width and 300 mm length, as 

shown in figure 6. To avoid any other undesirable effects, the samples were welded on 

bare plates. The plates were built under a Brazilian standard specification, NBR 5915 

EP [5]. The nut applied is a standard welding nut, M8 with material and mechanical 

properties in accordance with DIN 928 [6] standard. 

 

 

 
Figure 6. Image of B-Scan compared with macrographic analysis of the same sample  

 

Table 1. Chemical composition of the studied steel (weight %). 
 

Chemical composition (%) 

C Mn P S Si Cu Ni Cr Sn Al N Nb Ti 

0,0420 0,1930 0,0120 0,0090 0,0020 0,0020 0,0030 0,0080 0,0010 0,0200 0,004400 0,0020 0,0020 



 
 

 

 

 

 

 

Table 2. Mechanical properties of the studied steel. 

 

Hardness Cupping Yield 

strength 

Tensile 

strength 

Ys/Ts Elongation 

tr 50mm 

r_90º 

43 HRB 11,3 mm 218 MPa 325 MPa 0,67 43,2% 2,03 

 

The welds were performed in the sample, each joint with its own welding schedule, in 

order to obtain four different groups of samples, referenced to different welding 

schedules applied in the joints, as shown in table 3. The welding equipment used were a 

press type welder using a Serra Bucher welding controller, as shown in figure 7.  

 

 
Figure 7 : welding equipment 

 

 
Table 3. Welding schedules applied for the studied joints. 

Parameters 
Schedule 

5 6 7 8 

Squeeze 0 0 0 5 

Weld 08 cy @ 11500 A 10 cy @ 16000 A 08 cy @ 11500 A 08 cy @ 13500 A 

Cool 10 10 10 10 

Hold 30 30 30 30 

Force 480 Kgf 480 Kgf 340 Kgf 340 Kgf 

 

 The a-scans and b-scans signals were acquired using a 15 MHz, 10 mm diameter 

matrix transducer probe, using the Tessonics RSWA spotweld inspector equipment, as 

shown in the figure 8. 



 
 

Figure 8. RSWA equipment [7] 

 

After this procedure, the welded samples were submitted to torque tests and also  

metallographic analysis, that were performed under standard conditions (cutting, 

polishing and etching on 2% Nital solution), and the specimens were visualized in a 

Leitz Laborlux 12 ME S optical microscope, where the images were acquired with a 

Nikon 5M digitalizing system, and the results are shown below. 

5. Results and discussion 
 

The samples were measured with the RSWA in all its four melted regions, being the 

equipment set up to the center of the joint, and the data were collected in three nuts of 

each schedule. The results are in table 4, and the measurement schemes are shown in 

figure 9. 

 

Figure 9. Ultrasonic measurement scheme 

 

Table 4. Ultrasonic measurement results. 

1 2 3 4 Average ∑ 1 - 4 1 2 3 4 Average ∑ 1 - 4 1 2 3 4 Average ∑ 1 - 4
5 2,9 3,4 3,4 3,2 3,225 12,9 3,4 3,3 3,5 3 3,3 13,2 3,3 3,3 3,4 3,6 3,4 13,6

6 4,1 4,4 4,2 4,5 4,3 17,2 4 4,4 4,5 4,1 4,25 17 4,2 4,1 4,2 4,2 4,175 16,7

7 2,8 3 3,2 3 3 12 3,1 3,1 3,1 3,4 3,175 12,7 3,2 2,7 2,9 3,1 2,975 11,9

8 3,4 3,2 4,1 3,1 3,45 13,8 3,4 3,3 3,8 4,1 3,65 14,6 3,6 3,8 3,3 3,4 3,525 14,1

Sample 1 Sample 2 Sample 3Sample 

number



 

Torque tests were performed up to the maximum load applied preserving joint integrity 

(bending of the plates or rupture of the joint), where the measurement of the load were 

taken. 

 Table 5. Torque tests results 

Sample number Torque result (Nm) Observation 

5 100 Joint fractured 

6 120  

7 110 Joint fractured 

8 120  
 

 

5.1 Correlation and Interpretation of ultrasonic results versus torque tests 

 

Despite all welds tested had presented joints with a reasonable melting, some small 

differences could be observed when correlating the results. To ensure a more reliable 

analysis and also simplify it, all measurements taken from each nut were combined, 

specially because even though the welding were performed on a automatic nut feeder, 

some misalignment could happen in nut positioning, and this way the diameters 

measured in each point of the nut could not reflect an accurate result to establish a 

correlation. This way, follows in table 6 a correlation made based on the average sum of 

the 4 points of measurement taken from each three samples of each welding schedule, 

and its correlation within the torque results. 

Table 6. Torque X Ultrasonic correlation 

Sample  Torque result (Nm) US - ∑ diameters average Observation 

5 100 13,23 Joint fractured 

6 120 16,97  

7 110 12,20 Joint fractured 

8 120 14,17  

 

It is possible to notice that samples that were fractured during torque tests, had 

presented lower values of diameter than the ones with 120 Nm of torque apllied without 

any damage to the joint. There is also some inconsistence in measurement of sample 7, 

since its values are lower than sample 5, which has lower torque value measured. This 

could be explained due to some minor defects that macrographic inspection reveals, 

such as micro cracks, pores and some lack of fusion, seen in figure 10 in a inspection 

made on a sample welded with schedule number 7. This type of defect could also be 

detected in ultrasonic inspection, since the same are located near the scanned depth, as 

we can see in figure 11 of the same sample 7. However, there is not a regular criteria to 

approve this joints based on such tests yet, and that is the reason of considering for this 

particular research only the melted diameter measurement. 



 

 

 

 

 

 

 

 

 

 

Figure 10 . Metalographic cross-section of sample 7 revealing a small pore in the nut 

(12,5 times magnification – nital etched). 

 

 

Figure 11 . Ultrasonic inspection of sample 7 revealing a small discontinuity signal in 

the measured region. 

 

 

These preliminary results have shown a correlation that is high enough to distinguish 

well between the good and undersize welds. Currently, some instability in ultrasonic 

image is observed from part to part for many nuts. In other words, at some specific 

location, the image on an inspection can be of high quality while on the following part, 

the signal quality is low. One of the possible reasons can be the damage caused to the 

excessive force applied during the welding process, and also due to the different and 

complex shapes noticed in regular production environment, which became very difficult 

to stabilize the probe, since the measurements has to be taken from the plate side. 



This way, it is possible to at least assume that the results shown by the ultrasonic 

inspections are quite stable, and a correlation could be made within regular torque tests 

applied in this study. 

 

6. Conclusions 
 

After the analysis of these preliminary results, we have come to the following 

conclusions: 

 

-  In a first sight, the ultrasonic system can easily detect any deviation in the welding 

process, with some major advantages when compared to our current inspection 

procedure (torque tests applied statistically in some locations over the body shop). To 

the studied joints, measurements below 13,5 mm of combined diameter in a nut could 

be rejected due to its correlation with torque tests; 

-  It will be necessary to run some correlation tests regarding different joint (thickness 

and nuts in different sizes. 

-   A dedicated probe shall be developed to enhance image acquisition; 

 -  Plates coatings and the effects in the ultrasonic signals must be studied in the future. 
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