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Optical measurement of spot resistance welding guns

Abstract: Spot resistance welding processes may be troubled by deviations of 
electrode positions (contact fault). The article presents this issue in relation to 
robotic spot welding guns used in high-volume production and manual spot 
welding guns used in repair works. The article presents the method for optical 
measurements of the above named welding guns, enabling the determination 
of an electrode contact fault, as well as  compares both types of welding guns in 
this respect.
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Introduction
Resistance spot welding is the most widely used 
welding method in the automotive manufactur-
ing industry, especially car body construction, 
and is frequently used not only in manufactur-
ing but also in repair work. However, condi-
tions vary widely between welding guns found 
in the manufacturing hall and repair shop. 

Resistance spot welding in automobile plants 
is usually carried out by robot-controlled weld-
ing guns using X- or C-guns (see Figure 1). 

Standards have been drawn up and imple-
mented in design, throat depth and drive to 
address the diversity. X- and C-guns used in 
mass production usually have a very high level 
of stiffness.

Welding machines in repair welding are 
largely similar to robot welding guns, albeit sig-
nificantly smaller and lighter as they are always 
manually operated – a restriction in this type 
of equipment. Gun weight is an important fea-
ture, as it cannot exceed 16 kg [2]. The highly 
limited throat depth has a favourable effect on 
weight requirement and accessibility for repair 
welds since the welding work involves the en-
tire vehicle rather than just the vehicle frame, 
as is the case in manufacturing. C-guns have 
prevailed in repair work as they ensure a prede-
fined electrode force regardless of throat depth.

The automotive industry also requires sav-
ings in production costs and resources aimed 
towards reducing weight and power consump-
tion while maintaining or improving passenger 
cage safety [3]. This especially involves high-
strength and ultra-high-strength steel, placing 
additional demands on the technology used. 
Materials with higher strength require higher 
electrode forces, and this affects welding gun 
stiffness. Car manufacturers also require re-
pair shop equipment that produces the same 
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Fig. 1. Diagram of an X-gun (left) and C-gun (right) [1]
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weld strength as you would find in series pro-
duction. Transformer guns have become state 
of the art as energy turnover is highly favour-
able, providing sufficient welding current for 
high-strength and ultra-high-strength work-
ing materials [4].

Many studies have shown that a welding ma-
chine’s mechanical properties must be regard-
ed at least as equivalent to welding parameters 
in process safety [5]. According to [6] and [7], 
contact failure between electrodes with deflec-
tion and eccentricity parameters as well as con-
tacting and repositioning of the electrodes are 
highly influential on the areas of application 
for the process as well as welding quality and 
the electrode life.

Aim and scope of the study
An ongoing joint project of SLV Halle GmbH 
and Anhalt University of Applied Sciences 
(BMWi, IGF project No. 18159 BR) aims to ex-
amine the influence of repair conditions on 
the mechanical properties of resistance spot 
welding. In addition to determining welding 
gun handling and operating limits, this pro-
ject partly focuses on the influence of welding 
machine properties on welded joins. 

In particular, we will examine the contact 
features in robot-controlled C-guns and repair 
welding guns at varying throat depths by op-
tical measurement at various electrode forces 
on the welding gun. The deflection and eccen-
tricity measured should indicate welding gun 
stiffness and weld quality while highlighting 
the differ-ences between welding guns as used 
in manufacturing halls and repair shops. 

Contact failure in spot welding 
equipment
Arm deflection causes malpositioning in mo-
bile electrode arms while applying electrode 
force in the first and second pulse in spot weld-
ing (see Figure 2). This causes contact failure by 
deflection and eccentricity as described below.

Explanation of terms
In spot welding, deflection refers to the gun axes 
deviat-ing from their intended alignment due to 
electrode force according to [8] (see Figure 3).

This results in deflection α:

α=α₂-α₁ (1)

Eccentricity in spot welding equipment refers 
to the distance between electrode working face 
centres displaced by mechanical electrode force 
on the working material surface (see Figure 3), 
and is calculated as follows: 

g=b-a (2)

The values required for deflection and eccen-
tricity can be determined in the actual situation. 

Determining contact failure according to [8]
[8] describes contact failure measurement in 
a welding machine (see Figure 4) using two 
toughened discs instead of spot-welding elec-
trodes in such a way as to keep the opposing Fig. 2. C-gun deflection with electrode malpositioning [4]

Fig. 3. Contact failure in spot welding equipment [8]
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surfaces parallel and eccentricity less than 
0.05 mm. We placed and centred a steel ball 
between the two discs. The diameter of the 
ball and the material in the toughened discs 
were selected such that no impressions would 
be formed on the contact surfaces at full force.

In addition, [8] specifies the measuring equip-
ment including calibration and accuracy to be 
used in measuring deflection and eccentricity 
parameters (such as verniers). 

Optical contact failure measurement
We measured contact failure using optical meas-
uring equipment to avoid inaccuracies caused 
by operator error from using manual measur-
ing devices. This measurement method also of-
fers the advantage that it measures movement 
in two and three dimensions more easily.

Optical measuring equipment and experi-
mental setup
We used a three-dimensional optical measure-
ment system for the investigations at SLV Halle 
GmbH. A stripe pattern is projected onto the 
object by a projector during measurement, 
which is deflected at component edges, curves, 
holes and so on. Two cameras record this pat-
tern for conversion into three-dimensional 

coordinates by software triangulation. Several 
measurements are needed to measure an ob-
ject. Overlaying the resulting data for the entire 
object usually involves reference points glued 
to the object, and the software uses these ref-
erence points to line up the individual meas-
urements. Reflective components complicate 
optical measurement, which is why highly re-
flective metals are often matted using a spray 
before measurement. 

There was used a specifically customised 
measuring device from [8] to measure the weld-
ing guns in this project. First, we attempted to 
take measurements from a metal cylinder in-
stead of a ball to detect welding arm deflection 
(see Figure 5).

This proved especially difficult when posi-
tioning the cylinder against the welding gun’s 
throat depth. We performed subsequent tests 
on a metal ball due to the expected risk of error 
in measuring deflection due to misalignment as 
well as the limit of deflection to the axial direc-
tion of the cylinder. We positioned the ball be-
tween the electrode faces by using two matched 
shells machined such that one shell was applied 
to the lower electrode first, the ball placed in-
side it, and the second shell placed on the oth-
er side. We removed the shells after applying 
electrode force (see Figure 6).

Fig. 4. Measuring equipment for contact failure in spot 
welding equipment

1 toughened discs
2 punch
3 clamp

A, B, C, 
D, F₁, F₂

faces and forces for positioning and 
determining contact failure of electrodes 
deviating from their intended alignment

Fig. 5. Device for measuring contact failure on a cylinder
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Repair welding gun measurement

We used welding guns from various manufac-
turers to investigate the influence of conditions 
on the repair welds. As an example, we per-
formed an optical meas-urement on a welding 
gun at two throat depths, 85 mm and 510 mm. 
Repair welding guns especially tend to-wards 
measurement inaccuracies as most of these 
welding guns are manually operated and have 
no other means of fastening that would be suit-
able for determining mechanical equipment 
characteristics. SLV Halle GmbH designed a fit-
ment (see Figure 7) for clamping the welding 
gun in such a way that it could be compared 
against a robot welding gun.

The repair welding gun was clamped using 
the fitment we developed. We matted part of 
the electrode arm to avoid excess reflection, 
and attached the reference points. After that, 
we measured the welding guns using the low-
est possible electrode force FE as well as an elec-
trode force of approximately 4 kN. Figure 8 
shows the superposition of the repair welding 
gun at short throat depth (blue at FE ~ 0 kN and 
grey at FE ~ 4 kN).

Figure 9 shows the welding gun at long throat 
depth superimposed at different levels of elec-
trode force.

Fig. 6. Device for positioning the ball 
for measuring contact failure

Fig. 9. Representation of the optically measured repair 
welding gun at long throat depth (blue without force, grey 

with force on the electrode)

Fig. 8. Representation of the optically measured repair 
welding gun at short throat depth (blue without force, 

grey with force on the electrode)

Fig. 7. Repair welding gun including bracket 
and optical measuring equipment
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As described above, the welding gun measure-
ment requires several individual measurements. 
Accurate measurement of whole electrode arms 
is not relevant in calculating contact failure, so 
we focused on representing electrode shafts and 
the device for measuring contact failure. 

Robot welding gun measurement

As with the repair welding gun, we fitted the 
robot welding gun with adapted electrode caps 
and positioned the ball. The robot welding gun 
(see Figure 10) we used had a throat depth of 
around 310 mm.

Again, we matted part of the object meas-
ured and the electrode arm and attached refer-
ence points. Optical measurements were taken 
at around 0 kN and 4 kN. Figure 11 shows the 
superposition of these two conditions.

Comparing results from optical 
measurement in the repair welding gun 
and robot welding gun as used in series 
production
The deflection in the welding gun was not calcu-
lated using the formula in [8] as there is an easi-
er way for assessing the optical measurement by 
software. Fitting cylinders can be placed around 

the electrode shafts with axes corresponding 
to the electrode axes. This yields the angle be-
tween the electrode axis on application with-
out (FE ~ 0 kN) and with force on the electrode 
(FE ~ 4 kN) (see Table 1). The repair welding 
guns showed deflections of 0.96°, 1.45° and the 
robot welding gun showed a 0.03° deflection.

To determine eccentricity described before, 
we took cross-sections of the object measured in 
the direction of the electrode arm, determined 
the centres of the respective electrode surfac-
es, and used the resulting coordinates to deter-
mine the eccentricity in electrode arm direction.

Figure 12 shows an example of the robot 
gun in cross-section and the coordinates of the 
electrode surface centres. The gun at FE ~ 0 kN 
is shown in red, and black for FE ~ 4 kN.

Fig. 10. Robot-controlled C-gun with 
adapted electrode caps and ball

Fig. 11. Representation of the opti-
cally measured robot welding gun at 

long throat depth (blue without force, 
grey with force on the elec-trode)

Table 1. Angle between the electrode axes on the welding 
guns measured

Welding gun
Angle between electrode 

axes in degrees at
FE ~ 0 kN FE ~ 4 kN

Repair welding gun 
at short throat depth 5.00 5.96

Repair welding gun 
at long throat depth 1.27 2.72

Robot welding gun 0.84 0.87

point 3
X +259.363
Y +126.607
Z +532.633

point 1
X +259.513
Y +127.269
Z +534.788

point 4
X +259.290
Y +126.632
Z +547.724

point 2
X +259.765
Y +127.145
Z +549.769

Fig. 12. Cross-section of the electrode 
arm of the robot welding gun 

in the unloaded (red) and 
loaded (black) state
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To calculate the eccentricity g according to 
[8], we used points 3 and 1, shown here, to de-
termine a and points 2 and 3 for determining b . 

The robot welding gun showed an eccentrici-
ty of 0.252 mm compared to the repair welding 
gun’s eccentricity of 0.177 mm at short throat 
depth and 0.168 mm at long throat depth.

We additionally determined stiffness of the 
welding gun to reach a conclusion on its be-
haviour. This was calculated in a similar way 
to spring stiffness (spring force over deflection 
distance) by electrode force over deflection dis-
tance. We also determined the latter using the 
coordinates from optical measurement. The 
robot welding gun and repair welding gun at 
short throat depth showed the same stiffness 
(2 kN/mm) at an electrode force of 4 kN, while 
the stiffness of the repair welding gun at long 
throat depth was relatively low (0.5 kN/mm).

The results from the repair welding gun at 
short throat depth and the robot welding gun 
show that slight deflec-tion correlates to a high 
level of stiffness. Even so, we did find major 
differences in eccentricity that were due to the 
length of the lower electrode shaft. Longer low-
er electrode shafts may result in larger displace-
ment in electrode surfaces towards one another 
despite lighter deflection. The repair welding 
gun with long throat depth was not as stiff and 
deflected relatively heavily, but still showed only 
slight electrode surface displacement.

Welding tests
We performed a number of welding tests to as-
sess the effect of conditions on the mechani-
cal and technological properties of resistance 
spot welds as applicable in repair conditions. 
We included welding area charts with differ-
ent gun arms and constant electrode geome-
tries (B-16-6-cap) taking the same type of weld 
on 22MnB5+AS material at 1.0 mm gauge and 
1.5 mm gauge as an example (see Figure 13). 

Test conditions in welded joints showed that 
the current ranges were similar at the same 
electrode force (FE = 4 kN) and welding time 

(Short : Medium : Long ≙ 170 ms : 680 ms : 340 ms). 
The results from welded joints using the robot 
welding gun and repair welding guns were sim-
ilar despite different mechanical properties of 
the welding guns. Figure 14 shows the weld-
ing areas.

Conclusion
We have generally described the contact failure 
and procedure for determining mechanical pa-
rameters in [8] for spot, projection and seam 
welding equipment. This is the first compari-
son between repair and robot welding guns in 
estimating the characteristics of repair welding 
guns, and demonstrates how contact failure may 
be determined by optical measurement. The 
measurements showed that short throat depth 
in a repair welding gun performs in a similar 
way to a robot welding gun, while stiffness de-
creases in longer arm geometries. Welding gun 
eccentricity is similar, so longer arm geome-
tries show virtually no electrode displacement. 

Fig. 13. Macrosection of a weld on 1.0 mm gauge 
22MnB5+AS140 and 1.5 mm gauge 22MnB5+AS100

Fig. 14. Welding current ranges on the electrode arms 
examined
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Our welding tests have shown that differences 
in welding arms do not give rise to restrictions 
on the final weld. 

This study was limited to C-guns. We will be 
studying X-guns in future contributions.

The method of measurement presented in 
this study is aimed at identifying failure pat-
terns and testing welding parameters in indus-
trial applications.
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