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Optical sensors are commonly used
for many types of applications in
automotive production. Most of

these are related to applications such as
safety curtains and proximity measure-
ments. However, optical sensing methods
have not been used extensively to moni-
tor the welding process.

Nondestructive inspection of resist-
ance spot welding (RSW) process quality
has largely concentrated on detecting
spot weld formation, evaluating spot weld
quality, and predicting the end of elec-
trode life. However, several opportuni-
ties are available to monitor other aspects
of the RSW process. Automation of these
inspections is of particular importance in
an automotive production environment.
However, the production environment re-
quires an inspection system to be signifi-
cantly robust. In addition, the inspection
system must provide an improvement in
quality and/or productivity that is not 
currently available while not being cost
prohibitive. 

Optical inspection can be used for a
large number of spot weld applications.
This article provides two examples of in-
spections of the RSW process. The first
example studies the feasibility of automat-
ing weld quality assessment during the
spot weld teardown inspection using the
weld fracture appearance classification
system from AWS D8.1, Specification for
Automotive Weld Quality and Resistance
Spot Welding of Steel, and determining
weld size information based on this as-
sessment. The second example is contrast-
ing the feasibility of determining the qual-
ity of electrode dressing operations using
three different optical sensors. 

Optical Inspection Methods

Types of Optical Sensors for
Inspection 

Laser Line Sensors. Laser-based vision
incorporates optical geometry to measure
a surface in 3D. A small laser sensor proj-
ects a laser stripe onto the surface of an
object and a camera captures the image,
much like a typical digital photograph. A
computer is used to gather and process
the digital image to extract only the im-
portant information. The image sent to
the computer is made up of thousands of
pixels, and each pixel represents a distance
measurement from the sensor to the ma-

terial or weld surface. By incrementally
moving the laser in one dimension (1D),
the distance measurements can be used
to make a contour map of the surface. This
map can then be used to measure surface
features such as cracks that are fractions
of a millimeter in size. The laser line sen-
sor used in the examples has a resolution
of 12 µm. The high resolution is needed
to distinguish small differences in surface
measurements. 

Laser Spot Sensors. The laser spot sen-
sor works in much the same way as the
laser line sensor, except that it provides a
single, high-resolution displacement
measurement. By moving the laser, indi-
vidual laser spots can be grouped together
to form a single two-dimensional (2D) line
containing width and height data or, if
moved in 2D, measurements over a sur-
face. This laser spot sensor is the most pre-
cise sensing method used in the examples,
with a resolution of less than 2 µm. In ad-
dition, the simple continuous data output
of the laser spot sensor enables data to be
taken faster than the laser line sensors. 

Digital Cameras. The digital camera
uses a different measurement principle
for surface inspection. Unfortunately, 3D
measurements are not typically possible
with a digital camera system. However, in-
spection of 3D objects is possible using in-
ferred measurements. Since the field of
view of the camera is known, the size of
the objects or surface features can be cal-
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culated by knowing frame of space. This
inferred measurement method is the least
precise of all of the methods evaluated in
the examples. 

Software Requirements

Each optical sensor requires software
to retrieve the data from the sensor, trans-
form it into discernable measurements,
generate an image or topographical sur-
face map, and possibly manipulate the
sensor position or trigger the sensor to
begin the inspection. Each sensor type re-
quires different amounts of data manipu-
lation for mapping. 

Laser Line Sensor. The laser line sensor
requires the largest amount of processing
or software programming. The signal ac-
quisition time depends mainly on computer

speed for retrieving and processing the
data. Motion control or coordinating soft-
ware is required for moving the laser or the
part in the travel or Y direction. Typically,
a 1- × 1-in. area can be automatically
scanned and processed in less than 10 s. 

Laser Spot Sensor. The laser spot sen-
sor requires less processing or software
programming to retrieve the data from
the sensor. This is because the output is a
simple voltage that is easy to gather at high
rates of speed and with a wide variety of
options. This technique requires the laser
sensor to be moved in both the X and Y
directions over the part so that a topo-
graphical map can be formed. Conse-
quently, motion control or coordinating
software is required. The time required
to scan a 1- × 1-in. area, producing the
same topographical map as the laser line

sensor and analyze the result, can be ac-
complished in under 30 s. 

Digital Color Camera. The digital cam-
era requires the least amount of process-
ing or software programming primarily
because the camera does not have to be
moved to produce an image. Very little
time is required to gather the digital image
output from the camera. There are many
software programs commercially available
to do this. Less than 5 s is required to ac-
quire and automatically analyze data from
a 1- × 1-in. area. 

Sensor Cost and Availability

Laser Line Sensor. Laser line sensors
are the most expensive technology for 3D
inspection applications. These sensors
range from $10,000 to $20,000, which may

Fig. 1 — Software program for display and measurement of RSW peel
test results.

Fig. 2 — Illustrating scanning of a RSW peel test using a laser line 
sensor.

Fig. 3 — Close-up view of laser line scanning RSW peel test results. Fig. 4 — System used to scan RSW electrodes using laser spot 
sensor.
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make them cost prohibitive for some ap-
plications. Laser line technology has been
used for about 20 years and a growing
group of companies supplies sensors for
inspection applications. Laser line sensors
connect to computers by a variety of op-
tions, including IEEE 1394, RS-232 serial,
and analog video. 

Laser Spot Sensor. Laser spot sensors
are more reasonably priced and range
from a few hundred dollars to $1000 or
more. They also have been used in indus-
trial applications for more than 20 years.
Sensors from many vendors with differ-
ent spot resolutions are available off the
shelf. They offer simple analog or digital
outputs that easily connect to computer,
PLC, robot, or other industrial I/O. 

Digital Color Camera. The digital color
camera market is flooded with applicable
cameras capable of inspection applications.
Prices range greatly from less than one hun-
dred to thousands of dollars. Vendors are
numerous and the resolution is constantly

being improved. For inspection applica-
tions, a light source or backillumination
may need to be considered. The digital cam-
era is most often connected to a computer
with IEEE 1394 or other digital medium. 

Sensor Resolution

Resolution is a measure of the size of
the smallest feature the camera or laser
sensor can discern. Increasing the resolu-
tion makes the device more sensitive for
detecting surface features and defects.
Each of the optical techniques discussed
differ in resolution. Laser spot sensors can
provide the highest levels of resolution
while digital color cameras tend to pro-
vide the least resolution for measurement. 

Ruggedness

Laser line sensors were originally de-
veloped for arc weld joint tracking appli-
cations on robots. Because of this, they

are designed for hazardous environments.
They have protective glass or plastic lenses
that can be easily cleaned/changed by the
operator if they become dirty or damaged.
Most of these laser sensors have air-
cooling capability to keep the sensor cool
if it is used on a welding torch. However,
the sensor itself does not generate signif-
icant heat and therefore does not need to
be cooled. Finally, the laser sensor was
made to “see through” welding fumes. Be-
cause the laser beam is a specific wave-
length, the detector inside the sensor re-
jects other wavelengths so other light
sources (ambient light or glow from a spot
weld) do not affect the measurement.

Laser line sensors have been industri-
ally hardened and are extremely robust.
However, spot sensors, though still
rugged, do not usually offer protective
techniques such as air cooling or positive
air flow. Off-the-shelf digital cameras are
the least robust and are generally not
made for an industrial environment. 

Fig. 5 — Software program showing measurement of electrode tip
with laser line sensor.

Fig. 7 — Digital camera image of electrode tip. Fig. 8 — Macroscope image of Electrode B, labeled “good.”

Fig. 6 — Software showing measurement of electrode tip with laser
spot sensor.
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Fig. 9 — Macroscope image of Electrode T, labeled “no good.”

Portability and Adaptability

Laser sensors are about the size of a
typical digital camera (4 × 1 × 1 in.). A
protective casing can be used to make the
sensor drop-proof. The laser sensors also
weigh about the same as a typical digital
camera. The laser sensors require a power
source or, in some cases, a controller box.
The size of the power supply depends on
the laser manufacturer and can be as small
as a laptop computer power supply. The
controller boxes are usually the same size
as the sensor. 

Examples of NDE in RSW
Production Applications

Following are two examples of how op-

tical sensors are used for noncontact in-
spection on RSW applications. The objec-
tive of the first example is to determine
the feasibility of using laser-based inspec-
tion to automatically classify weld fracture
mode and make weld size measurements
on resistance spot weld destruct samples.
The objective of the second example is to
contrast three types of optical sensors for
inspection of electrode dress quality. 

Example 1: Feasibility of
Automated Advanced High-
Strength Steel (AHSS) Fracture
Characterization and Weld Size
Inspection

DaimlerChrysler Corp. is using a new
process standard that defines RSW qual-

ity for production applications for both
low- and high-strength steels. This speci-
fication includes the same weld fracture
mode classification system as detailed in
AWS D8.1. Using the standard, destruc-
tive test results can be interpreted by an
operator through comparison with a
multi-page set of diagrams representing
the range of failure modes possible. Fur-
ther, determination of weld size is de-
pendent on the fracture mode selected.
A fast, objective, accurate, precise, and
quantitative inspection method was inves-
tigated using laser-based vision inspec-
tion to determine the feasibility of au-
tomating the evaluation of RSW destruct
weld tests. A laser vision system provides
a fast, noncontact method of measuring
the small surface features required for
classifying and measuring weld size. This

Fig. 10 — Gray scale image and one topography profile plot cre-
ated from the laser line sensor data of Electrode B.

Fig. 11 — Gray scale image and one topography profile plot created
from the laser line senor data of Electrode T. Fig. 12 — Surface topography profile created from laser spot sen-

sor data of Electrode T.
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approach could poten-
tially eliminate prob-
lems associated with
user subjectivity and
provide an electronic
archival file. 
Setup for Line Laser
Method of Postdestruct
Test Spot Weld Inspection
of AHSS. Laser data
were gathered for each
weld and analyzed
using a proprietary
software program. In
addition, the software
also provided the mo-
tion control for the sen-
sor. Both X and Y
height profile data
were converted into an
easy-to-understand
format. The software
program displays the
scanned image of the
weld as well as the indi-
vidual laser profiles as

shown in Fig. 1. The 500 individual laser
surface profiles represent actual surface
contours and provide details of the surface
characteristics.

Sample Selection. Thirty-five destruc-
tive test samples were selected to cover
the eight different weld fracture types de-
fined in a DaimlerChrysler process stan-
dard. These samples were taken from pre-
vious experiments performed on AHSS
and provided a variety of fracture types
with several unique features. 

Weld Fracture Type Classification Com-
parison. The proprietary software dis-
played the image of the fractured weld
area and provided high-resolution data
for weld size measurements. Automatic
processing of these data to distinguish be-
tween the different weld fracture types
and automatic detection of features defin-
ing weld size was not done at the feasibil-
ity stage of this investigation, but could be
done in the future. Table 1 lists the eight
fracture modes and outlines the weld fea-
tures that were distinguishable using the
laser data. 

Table 1 — Fracture Mode Types

Fracture Mode Picture Detectable Characteristics from Laser Scan Processing

Mode 1 • Circular button area.
Button Pull • Uniform surface appearance.

• Free from obvious surface defects.
• Obvious single button visible and calculable in profile.

Mode 2 • Change in surface texture in gray scale image.
Partial Thickness • Multiple changes in surface in single profile image.
with Button Pull • Small button area in comparison to fusion zone boundary.

Mode 3 • Nonuniform weld surface.
Partial Thickness • No obvious button in gray scale image.

• Profile shows smooth “bump” rather than defined button shape.

Mode 4 • Nonuniform weld surface.
Interfacial with • Obvious button shape in single laser profile.
Button Pull and • Distinct differences over entire weld surface in gray scale and single profile.
Partial Thickness • Obvious change in single laser profile indicating weld surface/height change.

• Distinctive granular surface of interfacial fracture exhibited in one small area.

Mode 5 • Obvious button of smaller size in comarison to weld fusion boundary.
Interfacial with • Gray scale image indicates changes in surface texture across weld zone.
Button Pull • Distinctive granular surface of interfacial fracture inside weld zone boundary.

• Single profile shows button clearly.

Mode 6 • Nonuniform surface area.
Interfacial with • No button visible in gray scale or single profile.
Partial Thickness • Smooth contour, bump in profile indicating possible partial thickness fracture.

• Distinctive granular surface of interfacial fracture exhibited in weld zone area.

Mode 7 • Nonuniform surface area.
Interfacial • No button visible.

• No partial thickness fracture visible.
• Somewhat “bumpy” laser profile indicating granular surface.
• Distinctive granular surface of interfacial fracure exhibited over entire weld area.

Mode 8 • Mostly uniform surface area.
No Fusion • No button visible.

• No partial thickness fracture visible.
• Flat laser profile indicating no height change on weld surface.

Fig. 13 — Surface topography profile created from laser spot sen-
sor data of Electrode T.
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Accurately Find Boundaries between
Types 7 and 8 Fractures. The most chal-
lenging features to distinguish from the
3D data are the small differences between
Fracture Modes 7 and 8. In cases where
there is little or no height change associ-
ated with the RSW failure mode (such as
Types 7 and 8), the image information pro-
vided by the laser was the best technique
for identifying the failure mode. 

Weld Nugget Measurement. The propri-
etary software program provides cursors
for accurately measuring weld size from
the features of the high-resolution height
profiles on each sample. In addition, dig-
ital calipers were used to manually meas-
ure the weld size on each sample. Table 2
includes both manual and laser inspection
based weld size measurements made on
each sample. 

Next Steps in Fracture Mode Inspection
Measurements. Possible next phases of this
work could include development of a ro-
bust algorithm to use information from
both the individual 2D profiles and the
grayscale 3D image to automate fracture
mode classification and weld size measure-
ment of welds. This work could 
include:
• Development of a software algorithm

for automatically classifying RSW weld
destructive test results.

• Development of a prototype testing unit
for use in a plant environment.

• Collaborating with existing hardware or
sensor manufactures to develop and in-
dustrially harden the product for this
application.

Example 2: Optical Methods 
for Dressing Inspection 

Electrode dressing has been used for
many years to mitigate the effects of elec-
trode wear. Consistency in electrode dress-
ing has long been a concern in automotive
production. More recently, the concept of
installing a universal electrode on robotic
applications and dressing the electrodes to
customized dimensions for specific appli-
cations prior to welding has also been con-
sidered. This eliminates the need to stock
multiple sizes and types of electrodes. 

There is a need for automated inspec-
tion of dresser quality that meets the fol-
lowing criteria:
• Provide an accurate go/no-go signal of

weld quality based on the electrode pro-
file.

• Complete the electrode inspection and
provide a readout in less than 3 s.

• Withstand automotive manufacturing
environments.

• Provide a relatively low-cost addition
to present electrode dressing systems. 
Obara Corp. was seeking the develop-

ment of an automated optical inspection
system consisting of a camera or laser sen-

sor with proprietary software for image
processing. Image processing might in-
clude the measurement of face diameter,
face convexity, and identifying surface fea-
tures indicative of dress quality. Laser
spot, laser line, and low-resolution digital
camera sensor techniques were investi-
gated. Each unit was investigated to de-
termine feasibility of producing a 3D
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Table 2 — Manual and Laser-Based RSW Peel Test Diameter Measurements

Weld Fracture Weld ID Manual Caliper (mm) Laser Sensor (mm)

1 I 6.80 × 7.11 6.7 × 7.2
1 II 5.70 × 5.44 5.6 × 5.4
1 III 6.32 × 6.41 6.3 × 6.4
1 IV 7.06 × 8.01 7.1 × 8.1
1 V 7.14 × 7.91 7.2 × 7.4
1 XXXVII 7.35 × 7.71 7.2 × 7.6
2 VII 5.35 × 6.26 5.4 × 6.3
2 VIII 5.82 × 6.59 5.8 × 6.4
2 XXVI 7.14 × 8.15 7.2 × 8.2
3 IX 6.51 × 7.14 6.2 × 7.2
3 X 6.95 × 7.96 6.7 × 7.5
3 XI 7.63 × 8.03 7.6 ×7.9
3 XXIX 5.80 × 6.03 5.8 × 6.0
4 XXX 5.60 × 5.83 5.6 × 5.7
4 XXXI 6.33 × 6.51 6.4 × 6.1
5 XIII 7.64 × 7.92 7.6 × 7.8
5 XIV 5.76 × 5.85 4.6 × 5.1
5 XV 5.88 × 5.99 5.9 × 5.9
5 XVI 6.08 × 6.24 6.0 × 6.4
5 XXXII 5..89 × 6.25 5.7 × 6.2
6 XXVIII 4.70 × 4.85 4.7 × 4.9
6 XXXVI 4.06 × 4.11 4.1 × 4.1
7 XVII 5.55 × 5.75 5.5 × 5.7
7 XVIII 6.10 × 6.26 5.7 × 5.6
7 XXIII 5.50 × 5.82 5.5 × 5.8
7 XXXIII 5.20 × 5.44 5.4 ×  5.2
7 XXXIV 5.79 × 6.38 5.9 × 6.4
7 XXXV 4.83 × 5.69 4.5 × 5.1
8 XX 4.56 × 6.29 4.5 × 5.5
8 XXI 1.96 × 1.2 1.2 × 1.9
8 XXII 6.96 × 7.73 6.6 × 6.8

Table 3 — Manual Caliper Measurements

Sample Electrode Face
Designation Diameter Diameter

(mm) (mm)

A 15.89 6.82
B 15.85 6.57
C 15.97 6.34
D 15.86 6.47
E 16.10 6.28
F 15.95 6.19
G 15.95 6.85
H 15.85 6.83
I 15.89 6.41
J 16.01 6.62
K 15.86 6.42
L 15.91 7.44
M 15.87 8.34
N 15.84 8.60
O 15.96 7.32
P 15.88 6.93
Q 15.91 7.17
R 16.07 6.69
S 15.89 7.15
T 15.88 6.95
U 16.17 6.99
V 15.87 6.81

Table 4 — Scanning Line Measurements at
Full Field of View

Sample Electrode Face
Designation Diameter Diameter

(mm) (mm)

A 15.914 6.800
B 15.703 6.507
C 15.683 6.467
D 15.799 6.415
E 15.568 6.481
F 15.625 6.383
G 16.148 6.019
H 15.798 6.412
I 15.741 6.333
J 15.914 6.324
K 16.148 6.322
L 15.856 6.832
M 15.621 8.001
N 15.446 8.338
O 15.971 7.295
P 16.086 7.101
Q 15.625 6.387
R 15.971 6.484
S 15.914 6.718
T 15.971 6.918
U 16.087 7.602
V 16.204 7.024
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scanned surface, detecting dresser de-
fects, and determining out-of-tolerance
dress quality conditions. 

Setup for Dresser Quality
Inspection System 

Laser Line Sensor Setup. A high-
resolution laser line sensor was mounted
on a motorized linear slide that traversed
each stationary electrode sample. The
laser moved a total distance of 20 mm over
the part and gathered about 500 individ-
ual laser surface profiles. The individual
laser profiles were used to create an image
using proprietary software. From these
images, electrode diameter, electrode
face diameter, and convexity were meas-
ured for each electrode. Figure 2 shows
the system used to scan the electrodes with
the laser line sensor. Figure 3 shows a
close-up view of the laser line sensor just
before scanning the electrode. 

Laser Spot Sensor Setup. The laser spot
sensor was also mounted on a motorized
linear slide and continually gathered
height data as it moved across the surface
of the electrode. However, only one tra-
verse over the electrode was made. This
produced a single 2D contour of the elec-
trode. The laser moved a total distance of
18 mm and gathered 25,000 individual dis-
placement measurements per scan. Fig-
ure 4 shows the system used to scan the
electrodes with the laser spot sensor. 

Digital Camera Setup. The digital cam-
era was mounted on a tripod and was fo-
cused at the side of the electrode. The cam-
era delivered a single, color, high-resolu-
tion image of the electrode. Proprietary

software captured and analyzed the digital
data in these experiments. The camera was
attached to a computer using IEEE 1394
connection. Electrode diameter was meas-
ured at any point around the face from the
bitmap image. 

Sample Selection. Obara selected a set
of 22 RSW electrodes with varying de-
grees of dress quality. The electrode se-
lection included B- and E-nose electrodes.
Before completing the image-based tech-
niques, each electrode was measured
manually with digital calipers (Table 3). 

Scanning Laser Line Sensor Results. The
laser line sensor provided measurements
of electrode diameter, electrode face di-
ameter, and convexity. The laser line sen-
sor also enabled a histogram of the light
intensity over the entire electrode face.
For each electrode, about 5000 data points
were taken that represent the entire
scanned surface of the electrode. The
measurements of electrode diameter and
convexity using this technique can be
found in Table 4. Figure 5 shows a screen
shot from the software program. 

Figure 5 uses callouts to describe the
features displayed on the graph in all of
the software screen shots. The red arrow
points to a single line of raw laser data from
the laser line sensor. The black arrows
point to the movable cursors. The white
arrow points to the image of the entire
scan. The lower graph represents just one
of the hundreds of individual 2D lines that
make up the image. For this project, con-
vexity was calculated using just one of the
lines. The green arrow points to where the
measurement of convexity is completed. 

Laser Spot Sensor Results. The laser
spot sensor also provided measurements
of electrode diameter, electrode face di-
ameter, and convexity from the individual
laser spots forming a single 2D line. The
measurements of electrode diameter and
electrode face diameter are shown in
Table 5. The laser sensor data were gath-
ered and analyzed with EWI software.
Figure 6 is a screen shot from the software
program that shows the 2D plot and the
measurement of convexity. A comparison
of Figs. 5 and 6 shows that different meas-
urements of convexity are made depend-
ing on the technique used to measure the
face. The spot sensor provides many times
better resolution than the line sensor. 

Digital Camera Results. The color digital
camera provided measurements of elec-
trode diameter and electrode face diame-
ter. Since the field of view of the camera is
known, calculation of the electrode diame-
ters in each picture is made by knowing the
frame of space. It is important to note that
this is an inferred measurement and is the
least precise of all methods evaluated. The
measurements of electrode diameter and
electrode face diameter can be found in
Table 6. Figure 7 shows a color image from
the digital camera setup.

Summary and Conclusions

Feasibility of Lasers for RSW
Fracture Mode-Type Inspection
Applications

Laser sensing proved to be feasible for
determining and distinguishing between
types of weld fractures and measuring
weld size. This was shown by distinguish-
ing the differences between Types 7 and
8 fracture modes. Each set of laser scans
provided a 3D image of the weld surface.
While the image displays surface features
in the same way a human operator would
visually see them, the laser image can be
rapidly analyzed by a computer. The
analysis program can use a series of equa-
tions to make measurements or provide
statistics. If a human eye can detect dif-
ferences in the scanned images, an algo-
rithm can likely be programmed to distin-
guish these differences automatically. 

Feasibility of Lasers for
Electrode Dressing Inspection
Application

All three of the techniques researched
in this study provided measurements that
could be used to determine electrode
dress quality. Due to the differences in
the technologies, some techniques pro-
vided more information than others. Due
to the range in resolution of the tech-
nologies, some provided more sensitivity

Table 5 — Laser Spot Sensor Measurements

Sample Electrode Face
Designation Diameter Diameter

(mm) (mm)

A 16.13 6.55
B 16.22 6.46
C 16.53 6.64
D 16.22 7.00
E 15.95 5.93
F 16.22 5.93
G 16.35 6.42
H 15.28 6.06
I 15.15 6.39
J 16.49 6.60
K 16.40 6.06
L 16.35 7.62
M 16.31 8.42
N 16.31 8.60
O 16.80 6.28
P 16.58 6.15
Q 15.28 6.28
R 16.53 6.55
S 16.80 6.37
T 16.49 7.53
U 16.49 5.75
V 15.95 6.28

Table 6 — Digital Color Camera 
Measurements

Sample Electrode Face
Designation Diameter Diameter

(mm) (mm)

A 15.945 6.582
B 16.208 6.651
C 16.375 6.651
D 16.208 6.204
E 16.543 6.539
F 16.096 6.706
G 16.599 6.986
H 16.543 6.762
I 16.375 6.706
J 16.543 6.707
K 16.655 6.651
L 16.319 7.992
M 16.096 8.271
N 15.872 7.768
O 16.711 7.601
P 16.711 7.154
Q 16.543 6.930
R 16.599 6.762
S 16.431 7.377
T 16.487 6.986
U 16.543 7.210
V 16.487 6.876
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than others. Depending on the conditions
of the electrode that were considered im-
proper or bad dressing, any one or more
of these technologies can be used to de-
termine dressing quality of B- and E-nose
electrodes.

The laser line sensor was the most ca-
pable technique because it provided a full
topographical map of the electrode surface.
The laser spot sensor proved to be the next
most capable technique. The limitation of
this technique was not in the resolution, but
in the limited data collected with only a sin-
gle scanned line across the electrode sur-
face. Dresser defects could still exist on por-
tions of the electrode that were not scanned.
Modifications of this approach include pro-
ducing a few additional scans over the elec-
trode face, or making perpendicular scans
across the face. However, each additional
scan increases the inspection and data-pro-
cessing time. 

The digital color camera provided the
fastest data acquisition, but provided only
2D data. While this technique provided
the least information from the three tech-
niques researched, it can provide valuable
information on electrode dress quality.
The camera provides an overall picture of
the side of the electrode all at once. Addi-
tionally, this technique provides color in-
formation used in the histogram analysis. 

Comparison of Good (“B”) and No-Good
(“T”) Electrode Dress Quality. The feasi-
bility of using digital imaging techniques
to determining electrode dress quality is
illustrated by contrasting the three tech-
niques on the B and T electrodes. A
macrograph of a good electrode, Sample
B, is shown in Fig. 8. The entire face is vis-
ible and some artifacts of the dressing
process are discernable on the electrode
surface. However, no oxidation exists and
the electrode face has uniform circular-
ity. A similar macrograph from the no-
good electrode, sample T, is given in Fig.
9. This electrode showed changes in sur-
face color, structure, machining marks,
and an irregularly shaped face contour. 

Digital Camera Comparisons of Elec-
trodes B and T. The digital color images
from Electrodes B and T (Figs. 8, 9) show
obvious visual differences. 

Laser Line Comparison of Electrodes B
and T. Figures 10 and 11 show the scanned
laser line images of the B and T electrodes. 

Laser Spot Comparisons of Electrodes B
and T. Figures 12 and 13 show the elec-
trodes surface topography provided by the
laser spot sensor line. The X scale on the
graph represents the data points or indi-
vidual laser displacement measurements.
The Y scale on the graph represents the
distance from the laser sensor to electrode
in millimeters. The graph in Fig. 12 shows
the contour of the electrode face, includ-
ing the slight changes across the face of
the electrode. The spot sensor is much

more sensitive than the laser line sensor
in Figs. 10, 11. This is especially apparent
in the spot data from Electrode T (Fig.
13). It is clear that the sides of the elec-
trode are not contoured as evenly as in
Electrode B. 

Next Steps in Electrode Dresser Quality
Monitoring. The next stage of this evalua-
tion will use a design-of-experiment
(DOE) approach to verify the vision sys-
tem’s capability to provide robust evalua-
tion of electrode dress quality. A complete
prototype will be developed for determin-
ing electrode dress quality.

Conclusions

The following conclusions were drawn
from inspections of AHSS weld fracture
surfaces:

1. The feasibility of classifying and
measuring weld size of spot weld fractures
using laser vision profiles and topography
was demonstrated.

2. Measurement of RSW size using the
laser profile data correlated well with the
manual caliper measurements.

3. Different weld fracture modes were
discernible using the laser data. This was
illustrated by discerning differences be-
tween Types 7 and 8 fracture modes. 

The following conclusions are drawn
from inspections of electrode dress quality:

1. All three digital imaging techniques
are feasible for determining electrode
dressing quality. Not all of the techniques
make the same types of measurements for
determining electrode dress quality. One
or a combination of techniques may be re-
quired, depending on the importance and
number of features to be detected. 

2. The most applicable and cost-
effective method for measuring electrode
face diameter and convexity appears to be
the laser spot sensor. 

3. The most applicable and cost-
effective method for measuring gross sur-
face quality (oxidation) appears to be the
digital color camera. ◆

Acknowledgments

Our thanks to Ilaria Accorsi of Daim-
lerChrysler Corp. and Obara Corp. for 
allowing publication of this work.

Change of Address?
Moving?

Make sure delivery of your Welding
Journal is not interrupted. Contact the
Membership Department with your
new address information — (800) 443-
9353, ext. 217; smateo@aws.org.

Circle No. 24 on Reader Info-Card

Reichert Feature Feb 2007:Layout 1  1/9/07  2:06 PM  Page 45


