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Abstract

Acoustic emission is an outlet parameter which provides some information about the 

process of resistance spot welding, as well as about the quality of the weld spot. The information 

gained from acoustic emission can strongly support or reject conclusions about weld quality by 

simply monitoring a single physical property. 
In this paper we describe the basic characteristics principles of acoustic emission, and an 

approach to monitoring the characteristic phases of the resistance spot welding process. 
Alternative useful applications of the acoustic emission signal are mentioned. 
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1. Introduction 
In early seventies there has been a lot of interest in research of acoustic emission (AE) 

during various welding processes.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 (AE) for evaluating the process of resistance spot 

welding, [1,2]. 
If in resistance spot welding, formation of a single weld spot is observed, it can be noticed 

that this is an extremly short technological process. To fabricate a workpiece, as a rule, several 
weld spots should be welded in short periods of time. These facts dictate a somewhat different 
approach to the application of AE than the usual one, including fusion welding process. 

Monitoring the creation of one single spot weld shows that resistance spot welding is an 
extremely short technological process. But to produce a welded piece a large number of spot welds 
are generally needed, which are created sequentially in short time periods. This accounts for a 
different approach to research with AE in resistance spot welding as compared to the processes of 
fusion welding. 

The essential goal of analysing acoustic emission signals is the appropriate determination 

of acoustic emission sources. Here, we distinguish between useful acoustic emission signals and 

disturbances recorded during resistance spot welding. Some of the causes of useful acoustic 

emission signals are documented by metallographic photos of welds.
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2. Description of the resistance spot welding process 

2.1. Basic charasteristics

Resistance spot welding is one of the resistance welding processes having a common

characteristics, i.e. That welding is carried out with the application of heat and pressure. All of

the resistance welding processes, i.e. butt, flash, projection, seam, and spot welding have an 

important share in welding engineering as regards energy consumtion as well as the number of

welded joints. But among the afore – mentioned processes, it is resistance spot welding which is 

far in the foreground. This is specially true of electronic, automobile, and aircraft industries (in a 

today’s car, there are e.g. from 3 to 5.10
3
 spots, in a modern aircraft, there are even more than 10

6

welded spots [3, 4]. 

2.1. Spot formation and heat balance

In the most general case of resistance spot welding, two workpieces placed between two axially

symmetrical electrodes, making themselves part of the same circuit as a welding transformer, are 

welded thogether [5]. During welding, pressure force Fv is applied to the workpieces by the 

electrodes Fig. 1. 

Fig 1. Segmenting of ohmic resistances and temperature destribution during resistance welding 

of two equal and symetrical workpieces. 

Joule heat released between the two electrodes depends on the supply voltage UW and current IW.

The ohmic resistance is time-dependent (RW = R(t)), and so are the welding current (IW  I(t)) 

and voltage (UW  U(t)) [6]. 

By considering the Ohmic law and the calculation of a mean value of electric resistance and 

welding current, a simple equation for the calculation of Joule heat released around the 

projections at the contact of the two workpieces will be obtained:
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where Reff and Ieff  are effective value during tw. The consideration of the total electric resistance

of the individual segments within a welding circuit will provide a picture of local and time

changes of the heat energy produced:

RT =  Ri = R1 + R2 + R3 + R4 + R5 + R6 + R7 , 

The two electrodes have a minimum ohmic resistance, which is almost constant in time, since the

electrodes are made of a well-conductive material and water-cooled, and also considerably lower 

than the total resistance of the two workpieces; which can be written as: R1 + R7 = const. << RC

The contact resistance between each electrode and the adjustment area of the respective

workpiece is comparatively low and approximately constant, which is provided by water cooling;

thus R2 + R6 = const. << RC. Consequently, the influence of ohmic resistance of the electrodes

and contact resistances between the electrodes and their respective workpieces within one cycle 

may be neglected. 

The contact resistance between the two workpieces R4 depends on the specific contact resistance

S [ /mm
2
] and on the entire area of the contacts established Si [mm

2
]. At the beginning of the 

welding cycle the number of contacts is comparatively high whereas their total area is small;

therefore, at a certain specific contact resistance C [ /mm
2
], the total contact resistance RWC [ ]

is comparatively high. 

i

C

4
S

R

In welding of the same materials and workpieces of similar size, the ohmic resistances of the two 

workpieces R2 in R6 will combine and can be treated as one: R2 + R6 = RW. After the

establishment of a complete metal contact at the adjustment cross-section the two workpieces can 

be treated as a welded whole. The two workpieces during a welding cycle after the metal contact

has been established at the adjustment cross-sectional area, where the contact resistance RWC

amounts to approximately 0. With a metal resistance, it holds true that its specific resistance ( T)

is largely dependent on the temperature; i.e. T = 0 (1 + T), where: 

- T [ mm
2
/m] – is the specific ohmic resistance of a metallic conductor at a temperature T 

- 0 [ mm
2
/m] – is the specific ohmic resistance of a metallic conductor at the ambient

temperature

-  [K
-1
] – is the thermal coefficient of the specific electric resistance

- T = T – T0 [K] – is the change in temperature.

From both the upper equation and the lower one it can be inferred that due to rapid heating the 

conductor resistance will show a linear increase. 
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The time variation of the individual resistances in welding of low-alloy steel is shown in Fig. 2. 
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RT    – total ohmic resistance 

RWC – contact resistance between

           the two workpieces 

RW   – ohmic resistance of the

           two workpieces 

Fig. 2. Variation of individual dynamic resistances during resistance welding 

3. AE signals in the resistance spot welding process

3.1. Basic of the AE detection 

AE is the phenomenon of transient elastic wave generation due to a rapid release of strain 
energy caused by a structural alteration in a solid material. These structural alterations can be the
result of either an internally or externally applied mechanical or thermal stress. Often the 
observed AE signals are classified by one of two types: burst or continuous [7]. The burst-type
emission resembles a damped oscillation, while the continuous-type emission appears to consist 
of an overlapping sequence of individual bursts, Fig. 3. 
There are a variety of sources of AE signals ranging from atomic scale to macrostructural

changes in material. Typical sources of AE include movement of dislocations along grain

boundaries, microcracks and cracks, and phase transformations [8,9].

Fig. 3. Two typical acoustic emission signals: a) burst-type; b) continuous-type

3.2. AE sources and detection 

During the welding process two types of AE signals appear: useful signals and 
disturbances.

The useful signals contain information about events which take place due to the essential
changes in the melted region of the spot weld and in the heat affected zone. These signals are
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generated in both characteristic phases: during the creation of the spot weld (while the welding current 
is running), and in the cooling phase.
The disturbance signals are various noises which are not directly connected with changes in the 

weld formation; they are caused by noises from the surroundings, noises in the electrical network,

noise of the cooling liquid, and knocks of the electrodes. 

The AE sensor can be placed in two ways during resistance spot welding process, Fig. 4:

A - sensor on the welding piece or

B - sensor on the electrode.

Choosing one of the two methods depends on the purpose of the research and also on which of 

the phenomena in the welding process is of the most concern. Here we refer to those phenomena

which are connected to the quality of the spot welds [7,11]. 

Signal A 

Signal B 

Fig. 4. Electrical signals during RSW depend of placing the AE senzor

3.3. AE signals in the characteristic phases of welding cycle

With regard to generation of sound in the workpiece, a welding cycle in resistance spot 
welding can be divided into the following phases, Fig. 5: 
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1. Free-laying of the welding piece: The sensor is attached to the welding piece (A) or to the
electrode (B), Fig. 4. Noise from the surroundings prevails, Fig. 5-1 (with flow of the cooling 
water turned on and placement of the sensor on the electrode (B), the noise of running water 
prevails over the other noises from the surroundings).

2. Approach of the electrode and pre-pressure. The sensor reacts to the initial knock of the 
electrode and especially to the impact of the electrode on the welding piece Fig. 5-2a. After the 
welding pieces are pressed together with the electrodes, the intensity of the detected signal is
larger than in the phase of free-laying of the welding piece, Fig. 5-2b.

3. Welding: The whole period of electrical current exhibits emissions of a large intensity, Fig. 5-
3. The shares of the signal caused by the physical changes in the welding spot, 
electromagnetic influences on the sensors, and noise from the surroundings have not been 
specified yet.

4. Electrodeforging: Useful signals caused by structural changes taking place in the weld are
mixed with substantial background noises and are transmitted to the sensor via the pressed
electrodes and the welding piece, Fig. 5-4.

5. Electrode release: The signal caused by the return of the electrodes to the starting position is 
of a comparable intensity to that caused by the approach of electrodes, Fig. 5-5.

6. Free-laying of the welding piece during the cooling phase: After electrode release, when the 

welding piece is no longer in contact with the machine, information about the sound intensity of 

the cooling weld is obtained, Fig. 5-6. The recorded signal is dependant on the welding material

and the welding parameters.

Fig. 5. Typical AE signals during resistance spot welding 
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3.4. Identification of the AE sources

In the individual phases of the resistance spot welding process, a sequence of events
occurs that are connected with mechanical, physical and chemical processes; these cause sound 
wave impulses, and are thus AE sources. The events which cause the sound impulses differ in 
their number, their energy output, and in the time and place of their generation. The events that
most significantly contribute to the formation and growth of the weld nugget, and which are at
the same time reliable sources of sound signals, take place in the welding phase and in the phase
of cooling under electrode pressure. Such events include: mixing of the pool in the area of weld 
nugget formation, travel of dislocations by plastic deformations (due to temperature change in the 
weld and by immersing the electrodes into welding pieces), formation of micro- and macro-
cracks and various other structural changes. Examples of such "frozen" events are shown in 
metallo-graphic pictures, Fig. 6a to 6d, [12, 13]. 

a) magnified (50:1); lower piece RSt 13,
=1,6 mm, upper X 10 Cr 13; =0.8 mm, F

=4.0kN, I =8.5 kA; t =0.1 s; ("frozen"
dynamics of the molten material mixing is
clearly visible)

b) magnified (100:1); piece RSt 13,

=2x2.0 mm, F =2.8 kN, I =7.15 kA; t =0.8 

s; (area of plastic deformation between the 

weld nugget and base material) 

d) magnified (50:1); piece Ck 45, 

=2x2.0 mm, F =2.8 kN, I =8.13 kA; t 

=0.4 s; (a crack on the edge of weld 

nugget with martensite structure) 

c) magnified (100:1); piece Ck 45, =2x2.0

mm, Fv=2.8 kN, Iv=8.13 kA; ty=0.4 s; (the 

border of the weld nugget with "an amorph

insert and a hardening crack)

Fig. 6. Cross sections of different spot weld macro-grinds 
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4. Conclusions

Research of resistance spot welding (RSW) by AE is aimed at establishing if it is possible to 
deduce the quality of a spot weld from the detected AE signals, recorded during and/or after the 
welding process. Previous results of AE analysis during and after the welding process show that 
the detected signals include some useful information about the welding process and about the 
quality of the weld. A further conclusion is that it is not possible to establish the quality of the 
spot weld only from the detected AE. The present state of technology in this field of research and 
the available equipment do not (yet) enable us to reliably distinguish between the useful signals 
and those due to the disturbances. Furthermore, the disturbance signals are usually of a larger intensity 
than signals containing information about the events in welding process. Thus it is necessary to pay 
attention to the disturbances during monitoring of the RSW process with the AE detection. 
The described method of monitoring the RSW process is therefore not yet ready for implementation 

in the industry environment. However, the results ofthe AE detection can be useful under laboratory 

conditions as supplemental criteria by which standard methods of weldability and the design of 

appropriate measuring equipment can be determined.
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