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DEVELOPMENT OF AN EQUIPMENT TO MONITORING AND CONTROL
THE QUALITY OF RESISTANCE WELDING

J. CATTY
Technical Center for the Mechanical Engineering Industries (CETIM), Senlis Cedex, FRANCE

ABSTRACT

The resistance-welding process is widely used due to high productivity and economy. It is utilized
strongly in the manufacturing of automotive components and structures. The automotive sector is
particularly demanding in terms of quality standards, productivity levels and automation of production
lines. The process of electrical resistance welding, however, suffers from persistent problems of
inconsistent weld quality caused by variations in material composition, thickness and type of coatings,
electrode wear and electrical supply fluctuation. There is a need to develop robust and reliable
monitoring approaches either to predict or detect when the weld quality is beginning to decrease and/or
defective welds have been produced.  The need is to have a relatively low cost system that will
accurately “verifies” the state of weld quality, assuring weld quality in real time.
The aim of the present project is to develop a low cost and robust prototype able to monitor and control
the quality of resistance spot welding in industrial environment. Previous results have shown that the
technique of acoustic emission (AE) is potentially very interesting, but in some industrial cases it gave
less pertinent results. So, if the AE alone does not allow a reliable diagnosis in all configurations of
welding, a multi-parameter approach seems to be a promising way. Based on these considerations, the
prototype developed in the present project integrates two different technologies based on the monitoring
of the electrical resistance welding parameters and AE control. Some results are presented in this paper.

Craft Project was funded by The European Community and includes as partners,
Incompol (PT), David Valente Almeida (PT), Gametal (PT), TECNA (IT), SOLRES (SP), MSC
Technik (DE), Fleetguard (FR), EMT74 (FR), VPTech (FR), UTEC (PT), ISQ (PT), CETIM (FR).

INTRODUCTION – From the industrial approach to a new concept

One of the basic requirements of a resistance-welding quality standard is that a peel or chisel test must
be conducted at a frequency agreed with the customer. The resistance-weld quality control is usually
carried out by conventional inspection techniques, destructive (metallographic and mechanical testing)
and/or non destructive (ultrasonic or X-ray). Meanwhile, the welding conditions are based on tolerance
parameters resulting from empirical/experimental results, some of which can be monitored. This
common industrial approach, similar in the different end-users around Europe, fails to assure quality
products and even leads to defective products. This situation has important implications on the
productivity and cost effectiveness requirements for manufacturers.

The expected project outcome represents an important strategic advantage to both end-users and
equipment manufacturers through:
• increase in the European industrial competitiveness through its capability to supply quality assured

products,
• important savings in raw materials due to significant reductions in the number of destructive tests for

quality control
• important contribution in the direction of the development of “intelligent welding machines”.
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FIELD OF THE STUDY – The coated steels, the main part of the market

When the world of resistance welding is analyzed in terms of volume, it appears that the area of
automotive industry and subcontractors is by far the greatest user of this process. In this area, most of
the used materials are steels and coated steels. Aluminum alloys represent actually a small part of the
market, but seems a promising field of development. The tests performed in this project are mainly
based on coated steels (e.g., galvanized steels). Nevertheless, the concept of the monitoring system is
able to be adapted to other welded materials.

METHODOLOGY

The initial concept of the system is to take advantage of the combination of two types of measures
(acoustic emission and electrical parameters). In order to achieve this goal, the methodology needs to
determine:
• The best measurement parameters (type of sensors, filtering and acquisition),
• The most pertinent parameters, extracted and calculated from the signals from all the sensors.

The methodology adopted started with the development of a pre-prototype to be used in the spot-
welding tests, flexible enough to support changes of sensors or pretreatment. Then, for each material and
thickness, the experimental plan was the following:
• Welding with more than 35 different conditions of forces and currents. For each combination of

current and force, obtain 5 shear-stress measures and 3 nugget diameter and 4 more for backup. (The
welds must be obtained with electrodes in a good condition);

• For a selected ideal current and force, welds must be done from initial conditions (“good
electrodes”) to deteriorated conditions in order to study the influence of electrode deterioration in
spot weld quality and measured parameters.

The spot welds produced were evaluated in terms of spot diameter, penetration depth and mechanical
strength, besides visual inspection.

Finally, a relationship between the recorded real-time parameters and the quality parameters (diameter,
mechanical strength and explusion phenomenon) was searched to define a quality algorithm to be used
in the prototype software.

TYPICAL RESULT ON STEEL

Experimental conditions

Welding machines
The spot-welding tests used for the data processing have been performed in laboratory environment,
with TECNA Machines. Theses machines, a welding press and a welding gun, are representative of
the most commonly used machines in the automotive industry (the welding gun for robots) and the
subcontractors of this industry.

The Prototype
The prototype developed in the frame of the project (see photo 1) is based on a Compact-PCI industrial
Computer (PXI system from National Instruments) equipped with an acquisition board. A specific
interface board was developed, that ensures the following functions: Adaptation of the signals; Power
supply of sensors if needed; Pre-treatment.
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Photo 1: Preprototype.

The sensors specified in the definition of the prototype have been installed on the welding machine:
• Current Sensor: a toroid coil.
• Voltage Sensor: clamps fixed as closed as possible to the weld.
• Acoustic Sensor: a specific sensor developed for this application. It needs to be insensitive to the

electromagnetic interference from the machine.
• Pressure or Force Sensor: a specific sensor was used for this application that enables us to measure

the real force applied to the parts.

Steps in the Data Processing

The aim of the data processing is to extract all the pertinent information from the real-time parameters,
calculated from the signals coming from the sensors. In order to reach this goal, the data processing is
divided into three steps:
• Step 1: Correlation between the parameters: In order to minimize the number of parameters used in

the algorithm, we evaluate the correlation between all the parameters. When the correlation
between two parameters is near unity, it means that the two parameters bring exactly the same
information. Then, we can suppress one of the two parameters.

• Step 2: The prediction of the quality of the weld is divided into two objectives:
• Prediction of the diameter of the (weld) point.
• Prediction of the mechanical strength.

• Step 3: Prediction of the expulsion phenomenon.

Application on an Electro-Zinc Steel

Correlation between the parameters
This step allows us to suppress some parameters. After this step, we obtain less than 10 informative
parameters.
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Prediction of the diameter of the point
In order to find the relation between the real time parameters and the diameter or mechanical strength
of the point, we used a multiple linear regression algorithm. The result of the multiple linear regression
performed to find the diameter of the point is represented in Fig. 1. This is a correlation diagram: on the
X-axis, we found the predicted value; on Y-axis, the real (measured) values. The algorithm gives a
global good prediction. An ideal prediction should put all the points on the line. Some points are placed
out of the confidence ellipse. The pertinent parameters (used in the prediction) are linked to the
welding stage.

Fig. 1: Result of the Multiple Linear Regression –– Diameter of the Point.

Prediction of the Mechanical Strength of the Weld
We use the same multiple linear regression algorithm to find the relation between the real time
parameters and the mechanical strength of the weld. The result of the process is represented in Fig. 2.
The pertinent parameters (used in the prediction) are also linked to the welding stage. The algorithm
gives a better prediction for the mechanical strength than the prediction for the diameter of the point.

Interpretation
• This behavior has been observed in most of the cases studied (with different type of materials and

thickness). It should mean that the real-time parameters are more linked to the mechanical strength
than to the diameter. Thereby, we can suppose that the information included in the parameters is
linked to the physical phenomenon of welding.
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Fig. 2: Result of the Multiple Linear Regression - Mechanical strength of the point.

• We observe that the correlation seems to be non-linear, and more accurate for the points with high
mechanical strength value. Although it seems hard to establish a direct relation between this remark
and the process itself, we can assume that the resistance-welding process is often more reproducible
in its «good working area» than for the «bad conditions». Then, the accuracy of the prediction is a
criterion of good welding condition.

Prediction of the Expulsion phenomenon
In order to control the quality of the resistance welding process, we need to detect the expulsion
phenomenon. The system should give an answer – yes (expulsion) or no (no expulsion) -. The answer
is only a binary value, 0 or 1. Then, the algorithm used is different from the one used to predict the
diameter or mechanical strength. For this case, we use a discriminant analysis. This analysis is based on
the same real time parameters than the previous analysis. The final result of the classification is given
in Table 1.

Table 1: Final result of the discriminant analysis

Matrice de Classif. (incexp.sta)

Lignes: classifications observ.

Colonnes: classifications prévues

Total G_1:0 G_2:1

Correct p=.53924 p=.46076

G_1:0 96.24 205 8

G_2:1 96.70 6 176

% 96.46 211 184
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The global rate of good classification is high (96 %). It means that 96 % of the welds without expulsion
are well classified (6 % of welds without expulsion are declared with expulsion). Moreover, 97 % of
the welds with expulsion are well classified (3 % of welds with expulsion are declared without
expulsion). The high rate of good classification is very promising, and industrially available.

CONSEQUENCE ON THE DEVELOPMENT OF THE PROTOTYPE

From the tests performed on different type of materials, we observe that the results are very promising,
but we note some differences, in term of quality of prediction and also in term of type of pertinent
parameters used in the prediction.

From a general point of view, the quality of the prediction is better for the strength of the point than the
diameter of the point. We can clearly observe that the relation is more linear and the prediction more
accurate for the mechanical strength parameter. It seems to be an important result that shows that the
prediction is really linked to the welding phenomenon: we can easily acknowledge that the parameter
«Mechanical Strength» is more representative of the weld nugget than the parameter «Diameter of the
point».

We can make another remark concerning the prediction results: the prediction is always more accurate
for the welds with a correct diameter or mechanical strength. We observe that the points are very close
to each other at the top of the curve and very scattered at the bottom of the curve («bad points»). From
a theoretical point of view, it seems natural: it is well-known that good conditions of process (welding)
are always more reproducible than bad conditions of process.

Concerning the pertinent parameters that allow the prediction, for each configuration, the relation is
different in term of parameter and coefficient. However, this study allows us to show that the pertinent
parameters that control or characterize the resistance-welding process are:

• Electric parameters,
• Load parameter and
• Acoustic parameters.

The monitoring system needs to have the information from all these sensors.

All these results show that the mathematical analysis of the real-time parameters gives pertinent
information. The result of the prediction (diameter, mechanical strength or expulsion) is even higher
than a direct analysis based on only one parameter.

We need next to consider the industrial transposition of this type of classification: The final relation
that predicts the diameter, mechanical strength or expulsion requires several preliminary tests, because
of the statistical nature of the data treatment. Actually, we don’t know if a universal relation exists,
independent of the nature of the welding machine or type of sheet, or shape, or thickness, but we are
still searching. Nevertheless, the results achieved in this study will be exploited in a first «industrial
prototype» that will be tested in industrial environment by industrial partners.
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