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ABSTRACT  

The detected AE signals during RSW process include important information about the physical 

changes in the material being welded as well as those in the electrodes. Besides, there are some 

other sources who are not related to the welding process and should be taken into account, if can 

not be avoided. 

The detected AE signals are the resultant of all these sources and consequently they   are strongly 

affected by the place where they are detected, so it is very important to find the best point to place 
the AE sensor. 

In this article we discuss the results of the measurements of AE signals on two different places; the 

electrode and samples of structure steel during the RSW under different welding parameters.

Key words: Spot weld, nugget formation, mild steel, acoustic emission signals, phases of welding 

process, physical changes, frequency spectrum. 

1. Introduction

Almost all welding processes involve dynamic phenomena which have different characteristic sound 

sources. As a result, numerous researchers were soon attracted to the field of acoustic emission for 

evaluating the process of resistance spot welding [1]. 

Available literature shows that research have been performed on all characteristic phases of welding: 

during the welding process itself, immediately after welding and during the loading of the weld. The 

basic aim of monitoring the AE during the process of welding, during the cooling process, or during 

te testing of the welds is to collect useful information about the quality of the weld and the 

convenience of chosen welding parameters.  

Resistance spot welding is an especially transitory technological procedure with a high frequency of 

repetition as a rule. This is the reason why classical non-breaking testing methods were never 

grasped at this welding procedure. Very soon help was sought in finding the characteristic 

parameters that could faithfully represent the course of the welding process. This parameters are: 
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ohm resistance, temperature on the surface of the welding pieces, sinking of the electrodes and also 

the sound phenomena in the time of spot weld formation [2, 3]. 

Numerous microscopic and macroscopis phenomena take place during the RSW process, changing 

the properties of the welded material. At the same time they generate mechanical waves up to ultra-

sonic frequencies. By detection and analysis of the sound phenomena - acoustic emission during the 

process of resistance spot welding - useful data about the formation and quality of the spot weld can 

be obtained [4, 5]. 

2. Acoustic emission signals during the welding

2.1 Welding cycle 

The welding cycle shows the time dynamics and interdependance of basic welding parameters Fv (t) 

and Iv (t). Fig. 2 shows the simplest form of the welding cycle, i.e. welding at constant force Fv = 

const. and constant effective welding current Iv = const. The figure is supplemented by time 

dynamics of temperature of the welding spot and by representation of growth of the spot weld. 

Fig. 1 :  RSW welding cycle with various welding phases 

The welding process is according to the course of events separated into three significant phases: 

- Squeeze – in time ts ;  welding pieces are pressed together by a force, current is not yet running. 

- Welding – in time tv ; welding current is running at simultaneous applying of pressing force. Due 

to release of Joule heat the welding spot temperature is steeply rising up to the melting point of 

material Tv = Tm.

- hold – in time tf ;  after stopping the welding current and quick cooling to Tv = Tn , force FV is 

still being applied to the welding pieces. 

2.2  Useful and disturbing AE signals 

Various activities occur during different welding process connected to mechanical, physical and 

chemical changes, which at the same turn cause the occurence of sound impulses and are therefore 

V
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sources of AE signals. If this activities are connected to the formation and quality of the spot weld, 

then we can talk about generation of useful AE signals and otherwise we have the case of disturbing 

AE signals [6, 7, 8]. 

Useful AE signals by RSW are caused by changes in the melting area of the spot weld and in the 

heat-affected zone of the weld. These signals are generated in both characteristic phases: welding 

phase – tv and forging phase – tf , often also in the period of free cooling to , after the withdrawal of 

the electrodes. 

Disturbing signals are caused by activities, that are not in a direct connection with the changes of 

welding material and are caused by: noise in the surroundings, noise in the electrical network, flow 

of the cooling water and stroking of the electrodes. 

2.3  Mounting the sensors 

It is possible to mount the sensor in two different ways for AE detection during the RSW  

process: - on the welding piece – A or on the electrode – B ; Fig. 2. 

Fig. 2:  Possible ways of mounting of the AE sensor 

Choosing a way to mount the sensor for AE detection depends on the goals of AE research, i.e. of  

the observed welding process phenomena. 

2.4  Separation of AE signals, created during the welding process 

Similar to the course of various events during the RSW process, that separate welding cycle into 

characteristic phases, a sequence of different AE signals is created. Significantly different types of 

AE signals are created in different time intervals – from the intensity and quality point of view 

(quality is defined as the proportion between useful and disturbing signals). Considering the 
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duration, intensity and quality of signal generation, different types of AE signals appear during the 

RSW process, Fig. 3. 

1. Approach of the electrodes and pre-pressure, during the approach and at the stroke of the 

electrodes disturbing signals of a high intensity are detected by the AE sensor, Fig. 3-1a; after 

pressing together and retraction of the welding pieces is the detected signal on a level slightly 

over the noise from the surroundings, Fig. 3-1b. 

2. Welding: significant activity is noted during the phase of electrical current flow. Its intensity 

depends mainly on the type of welding piece material and on the welding parameters. Detected 

AE signals consist of useful signals (connected to the formation and growth of the spot weld) and 

of disturbing signals (connected mainly to electromagnetical noise), Fig. 3-2. 

3. Restraining and retraction of the electrodes. After the welding current has stopped, AE activity is 

significantly lower, however still comparatively high. High AE activity is caused by the 

structural changes in the area of the cooling spot weld, and in a smaller amount by noise from the 

surroundings, which is transmitted to the sensor over the machine, electrodes and the welding 

pieces, Fig. 3-3a. After discharge and retraction of the electrodes to the starting position is the 

detected AE a sole consequence of the noise, caused by moving and stroking of the electrodes, 

Fig. 3-3a. This is the reason why the oscilogrames of recorded AE signals look very similar to the 

signal from the squeeze phase, Fig. 4-3b. 

4. Free cooling of the welding piece, which is no longer in a metallic contact with the machine. 

Irrevocable information about the last phase of structural change of the spot weld can be 

obtained, Fig. 3-4. 

Fig. 3:  AE signals in characteristic phases of RSW 
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3. Experimental system

The experiments were conducted on a resistance spot welding gun NIMAK type CSN with a 

pneumatic generation of clamping force. In the gun there was integrated  inverter source Bosch 

Rexroth , type BT 6000, with nominal power 125kA. 

Welding was Performed by using copper electrode cupps according to DIN 47750, made from 

Varmat 3, forme B, D = 16mm, L = 20mm, contact diameter d = 7,5mm.  

Welding pieces consisted from cold rolled low carbon steel St.37 of thicknesses  = 1,5mm and 

geometry according to DIN 50124: b x l = 40x108 mm. Weldin pieces were welded together with 

one spot weld joint with lap joint e = 35 mm . The welding parameters were as followed: 

- welding force F = 3,5 kN; welding time tw = 200 ms; welding current Iw was changed in a range 

between  4,5 kA and 8,5 kA with 0,5 kA step. 

During weldin we measured time course of heat input as well as acoustic emission activity with 

sensors placed on the electrode and on the weld pieces as shown on the  Fig. 4. We measured 

voltage directly and current indirectly with Rogowsky coil. The electrical resistance of the welding 

joint was calculated based on measured welding current and voltage. [9] 

For the detection of acoustic emission a contact PZT broadband sensor AE2045S, a product of 

Vallen Systeme GmbH, was used. The wideband sensor makes it possible to measure ultrasonic 

waves in a frequency range between 200 and 2500 kHz. The measuring sample rate was set to 2,5 

MHz. The sensor is connected to an AE measuring device AMSY5 (Vallen Systeme GmbH), via a 

pre-amplifier AEP4. An AE voltage signal is amplified, filtered and transformed into a digital signal 

by means of modification elements in an acoustic signal pre-processor ASIPP. The digital signal is 

fed to a unit determining signal parameters. ASIPP also enables signal squaring and transient 

recording of the digital form of the AE time signal. The AMSY5 unit is connected to a personal 

computer, which makes it possible to analyse the measured AE signals in modules VISUAL AE and 

VISUAL TR.   

For the measurement of welding current Rogowsky coil was used. Electrical resistance of the 

welding joint was calculated based on measured welding current and voltage. 

Fig. 4: Experimental set-up 
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4. Experimental results

Using the optimal welding parameters which ensure easy, stable growth of the weld nugget (IW

=4,5kA; tW = 200ms), the time distribution of the electric parameters: U(t), I(t) and R(t) are almost 

constant during the welding time.This welding regime in spite of higher thermal losses and smaller 

spot weld size gives a critical shape of the weld shape which insures better mechanical properties of 

the weld (Fig.: 5, 6). The record of acoustic emission signals are approximately equally divided all 

over the welding time (Fig.: 7,9). 

A clear difference in AE due to placing the AE sensors; signals recorded with sensor placed on the 

welding specimens have high amplitude showing clear distinguished records while those recorded 

on the electrode are of low amplitude and wide frequency spectrum (Fig.: 8,10). This shows that 

placing the sensor on the specimens (which is less suitable for industrial use) gives better AE image 

with less noises from the surrondings. 

       

                                                   

Fig. 5 recorded signals of welding current 

Ieff = 4,5kA (above), voltage U(t) (middle); 

resistance R(t) (bottom) 

Fig. 6: 10 times magnified cross section of weld 

spot (DC01,  = 2x1,5mm, Fw = 3,5kN; 

Iw=4,5kA; tw =200ms. 

Fig. 7: AE waveform during welding,  

Iw = 4,5kA; sensor setting up on electrode.
Fig. 8: AE signals in frequency domain  

Iw = 4,5kA; sensor setting up on electrode. 



 405

       

Using the Sharp welding regime; IW =8,5kA results a rapid growth of weld spots accompanied by 

spurt seen in the time records of the welding potential U(t) and of the dynamic resistance R(t)

(Fig.:11,12) as well the shape and volume of the welding spots. 

The recorded AE shows that spurts is accompanied by considerable high amplitude signals 

(Fig.:13,). A common recognition in all measurements made is the sharp increase of AE amplitude  

in the frequency 400kHz range. If this phenomenom is proved to exist with different welding 

parameters and for different welding materials AE detection system may be constructed to expect 

spurt before occurring and may be perhaps it. 

       

      

Fig. 9: AE waveform during welding,  

Iw = 4,5kA; sensor setting up on specimen. 

Fig. 10: AE signals in frequency domain  

Iw = 4,5kA; sensor setting up on specimen. 

Fig. 11: recorded signals of welding 

current Ieff = 7,5kA (above), voltage U(t)

(middle); resistance R(t) (bottom) 

Fig. 12: 10 times magnified cross section of 

weld spot (DC01,  = 2x1,5mm, Fw = 3,5kN; 

Iw=7,5kA; tw =200ms. 

Fig. 13: AE waveform during welding,  

Iw = 7,5kA; sensor setting up on specimen. 
Fig. 14: AE signals in frequency domain  

Iw = 7,5kA; sensor setting up on specimen. 
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5. Conclusions

The presented results of the research of the AE during resistance spot welding process of milled 

steel shows that AE activity depends on the growth of the weld spot. We can conclude that the 

detection of AE signals results of different sources and detected signals includes useful information 

of weldind process, especially about expulsion.   

Although the presented method of RSW process monitoring isn't ready for industrial use yet, it is 

already possible to practically use the results of AE detection in laboratory research, especially as an 

additional criterion with the standard methods of weldability. Analyzed frequency spectrum of the 

continuous AE signals accruing during expulsion could be a potential feedback control parameter. 
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