
Resistance Spot Welding
Phased Array technology combined with Absolute position encoding for
manual or fully automated inspection

Automotive Application Note

High and Ultra-high strength steels are
extensively used in the production of car
body components, especially of those that
are crash safety relevant. Such com-
ponents must fulfill high requirements,
considering strength and crashworthiness.

Welding of these components is
considered a challenge, due to their
martensitic structure and high stiffness,
which may cause various defects in the
welded joints.

Instrumental to your success

Spot welding is one of the most used process for
manufacturing a large variety of car components due to its
flexibility and easy-to-automote process making it especially
useful for the automotive industry.

Various factors influence directly the quality of the welded
joint normally called a nugget. Variables such as the welding
cycle, current and pressure can be controlled by means of an
adequate system. Sheet metal parts are normally welded by
means of a couple of electrodes that exert the pressure
required to keep the pieces together.
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Defects in Resistance Spot Welding

When parameters are set incorrectly, a myriad of possible defects
can occur on the nugget which include burnt welds, loose/stick
welds, voids and cracks.

Crack
Excessive heat, combined with the pressure, may cause some
micro cracks in the surface of the spots.

Loose/Stick:
When the welding current or pressure isn’t sufficient, there is a
chance to produce a loose spot. In ultrasonic inspection this
which can be defined as a long sequence of echoes with short
sound attenuation, where the intervals between echoes represent
the thickness of the upper plate of the joint because there's no
fusion between the two plates.

Void
May occur by a variety of events during the weld. In the particular
case of the flaws inside the nuggets, it can be caused by dust, oil
or any kind of contaminant in the middle of the plates during
welding. This foreign body interferes in the nugget formation and
generates a flaw inside the nugget.

Burnt
The burnt spot is a spot where the welding parameters were too
high, generating an excessive melting of the nugget. One of the
defects that may occur in this kind of spot weld is the deep
penetration of the electrode, resulting in indentations in the
sheet surfaces. Such indentations reduce the thickness of the
welded joint locally and they can induce stress concentration in
such joints, possibly reduce its fatigue life.

Our Solution

A high-frequency, 2D Matrix probe was designed to perform
non-destructive testing on resistance spot-welds for
automotive chassis. To ensure good focus at a depth of 0.5-3
mm, the probe needs to have a physical delay distance
between the element and part surface. The delay line tip is
filled with water because it conforms to surface
deformations caused by the welding electrodes.

It's possible to replace this water delay line with Aqualene,
a polymer with acoustic proprieties similar to water with
the added advantage of not having to replace the front face
periodically, as it's typical in water delay lines.

The entirety of the array is used in sequences for signal
acquisition and those signals are then processed and
represented in as an instant C-Scan (a bird's eye view) of
the weld nugget.

Given that the active area of the array is considerably larger
than the typical spot weld, a complete assessment of the
entire spot weld can be done, in regards of sizing the actual
nugget and possible defects it might have.



Instruments

The PragmaPro comes with conventional UT, Time-Of-Flight-
Diffraction (TOFD), and all beam-forming phased array UT
techniques for single-beam and multi-group inspection.

■ Battery operated portable instrument.

■ 32 channels. Multiplexing up to 128 elements

■ Best in class waveform signal

■ Variety of 6 Degree of freedom encoding solutions

RSW Probe

The probe consists of a 11x11 matrix array . It needs a
physical delay line to ensure good focus on the region of
interested. That delay line is easily conformable to the
surface of inspection.

■ Frequency of 15 MHz.

■ Delay line can be water or Aquelene.

■ 121 elements.

■ Easily mounted on Hexagon's CMM Arm.

Hexagon Absolute Arm

This 7 axis absolute arm lends its ultra-high precision to
probe position over any given surface. Using the RSW Probe
adaptor, the probe is mounted in the arm's handle. The laser
and structured light scanners allow for surface scanning and
in the automotive world these are typically used to measure
the gaps between panels.

■ Metrology grade positioning device.

■ High-tech carbon-fibre tube construction ensures
strength and thermal stability.

■ A wide range of touch probes and high-speed 3D
scanners.

■ Range varying from 2 and up to 4.98m depending on the
length of the model.
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PRG-PAUT-32/128 PAUT 32/128 Cartridge

PRG-PRO-900 PragmaPro NDT Instrument Platform

SKU Description

PRG-3D-COMP Pragma3D | Composer, Data Acquisition and Analysis Software for Windows PC, Version 2.x, Free Updates and Support for 1 Year

PRG-PAUT-SPOT-20M121 PragmaSpot, Aqualene delay line, 20 MHz, 121 Elements, 11x11 Matrix

PRG-SCAN-CMM-ADAPT2 PragmaSpot Adaptor for CMM Arm

PRG-PRO-KIT0 PragmaPro Convenience Kit
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Software

The PragmaPro acts as a bridge for position encoding and data
acquisition and the user is therefore free to perform the test
plan with minimal interaction with the acquisition unit.

The Pragma3D software acts as the main hub of information
and as a guide to the user of the current state of inspection. A
simple, three-point procedure ensures the utmost precision
and accuracy of the data in relation to the actual part.

Conclusion

Combining the rigour and precision of the metrology world,
an integration with Hexagon's line of CMM arms was made
to accommodate probes such as the PragmaSpot as a
possible add-on to the arm.

Ordering Info

Most automotive OEMs are accustomed to CMM arm
methodology and bridging between the two worlds of
metrology and non-destructive testing seemed to be a
natural fit.

A 3D CAD model of the part can be directly loaded in Pragma3D
and acquired data can then be mapped to the surface of the
model. Alternatively, the part can be laser scanned, generating
a 3D mesh that is subsequently used for the data mapping
process.

All relevant information is being displayed in real time and the
user is basically required to gather data, manipulating the arm
and probe and check the highlighted points on the scan plan.


