


An Ultrasonic Method for Testing Spot-Welds

of a spot-weld (nugget), and through-transmitted waves
are received at a “receiving point” opposite to the send-
ing point. As a dendrite structure with low transmissivity
for ultrasonic waves (large attenuation) exists in the nug-
get, the ultrasonic waves propagating along the surface
of the steel sheet are attenuated proportionately with the
nugget diameter.

The attenuation of ultrasonic waves can be altered by
the scattering of ultrasound resulting from the step-like
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are attenuated in the black portion observed in the center
of the map.

The black portion observed in the 2-dimensional
amplitude map obtained through the measurement of
waves transmitted through the spot-weld is referred to as
an “attenuation band” in the rest of this paper. The width
of the attenuation band (the “attenuation bandwidth”)
obtained through the measurement of the test sample
was compared with the nugget diameter measured by
sectioning the paired reference sample (See Table 2).

As shown in Fig. 5, the experiment indicated a high
correlation between the attenuation bandwidths and the
nugget diameters. It also indicated that the attenuation
bandwidths agreed with the nugget diameters to a preci-
sion of about 0.4 mm. There was no correlation between
the attenuation bandwidths and the sizes (diameters and
depths) of the dimples in the spot-welds.

On the basis of these results, we expected to deter-
mine the nugget diameter by measuring the width of
the low-amplitude portion in the scanning echo-graph
obtained by linear scanning of the coupled ultrasonic
probes (transmitter/receiver).

4. Spot-Weld Evaluation Method
Using Piezoelectric Element Array and
Prototype Measuring System

The method shown in Fig. 6 requires the mechani-
cal scanning of the coupled ultrasonic probes, a process
unsuitable for the nondestructive spot-weld evaluation
in a manufacturing plant. As an alternative, the authors
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developed a method for scanning the ultrasonic beams
linearly using piezoelectric element arrays.

4.1 Prototype Measuring System
Using Piezoelectric Element Array

The appearance of a prototype measuring system
is shown in Photo 1. Switching circuits interposed
between the ultrasonic pulser/receiver and the probe
arrays (piezoelectric element arrays) switch the connec-
tions between the piezoelectric elements in the probe
array and the ultrasonic pulser/receiver. All the received
signals are subjected to A/D conversion and are handled

by
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and receiving probe array are both equipped with a
piezoelectric element array. Each array is composed of
8 piezoelectric elements with a nominal frequency of
5 MHz, a width of 1.5 mm in the array direction, and an
element spacing of 0.1 mm in the array direction.

The system works via the measurement of the ampli-
tude of the through-transmitted wave moving between
every element in the transmitting probe array and every
element in the receiving probe array. As shown in Fig. 7,
the through-transmitted wave transmitted from the
piezoelectric element i (i=1, 2, ..., 8) in the transmitting
probe array is received by all of the piezoelectric ele-
ments in the receiving probe array. The amplitudes of
the through-transmitted waves moving along the paths
mentioned above are detected. In other words, the ampli-
tudes of the through-transmitted waves that take the
oblique path are also detected.

The amplitudes of the through-transmitted waves
measured are shown in a representation using a matrix.
The brightness of each element indicated in the matrix
is modulated according to the amplitude of the through-
transmitted wave, where a bright element indicated

Fig.7 Detection of miss-alignment by use of matrix dis-
play
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shows that the through-transmitted wave received has a
large amplitude. The matrix display can be used to deter-
mine the positional relation between the probe arrays
and the spot-weld, as shown in Fig. 7. The positions of
the probe arrays are easily adjusted to the spot-weld
using the matrix display.

The measurement time per spot-weld is less than
3 seconds.

4.2 Performance of
the Prototype Measuring System

Figure 8 shows examples of the matrix display in
the measurement of representative samples. The darkly
colored elements running diagonally downward from
the left to right correspond to the attenuation band. A
larger nugget diameter (denoted as “ND” in Fig. 8) cor-
responds to a larger attenuation bandwidth.

The attenuation bandwidth is measured using the
amplitudes of the received through-transmitted waves
transmitted by element i in the transmitting probe array
and then received by element i in the receiving probe
array (i =1, 2, ..., 8). In other words, the amplitudes of
the through-transmitted waves propagated between the
piezoelectric elements facing each other are used. An

Fig.9 Relation between attenuation band widths mea-
sured using the system and nugget diameters
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amplitude profile of the received through-transmitted
waves in the array direction was determined by inter-
polation using the amplitudes of the received through-
transmitted waves described above. Then the width of a
portion where the amplitude was lower than a predeter-
mined threshold value was measured as the attenuation
bandwidth.

Figure 9 shows the relation between the attenua-
tion bandwidths measured using the above-mentioned
method and the nugget diameters determined by an
experiment using the samples shown in Table 2. The
measured attenuation bandwidths agreed with the nugget
diameters to a precision of about 0.5 mm. As a result, it
was proved that the attenuation bandwidth can be dis-
played as the nugget diameter.

5. Conclusions

The authors developed a method for nondestructively
evaluating spot-welds based on the measurement of
ultrasound (Lamb wave) through-transmission waves.
We report the following points.

30

(1) The nugget diameter can be evaluated by measur-
ing the width of the zone where highly attenuated
through-transmitted waves are observed.

(2) The authors developed a measuring system using a
piezoelectric element array. The results of measure-
ments by this system were proven to agree well with
the nugget diameters measured by cross-sectional
observations.

JFE is planning to develop a commercial measure-
ment system based on the method mentioned above.
Once developed, the system will be supplied to auto-
makers and other users of steel sheet.
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