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Abstract: The article presents currently used ultrasonic tests of elements having
tubular cross-sections, joined by means of various welding methods. In addi-
tion, the article discusses various ultrasonic signals in industrial (primarily au-
tomatic) applications in relation to selected technological solutions as well as
presents existing industrial stations for testing pipes, machinery parts/compo-
nents and mechanical elements as well as parts connected with the acquisition

of ultrasonic signals.
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Introduction

Tubular elements transmitting significant axial
forces and torques used in the production of au-
tomotive vehicles include, primarily, shock ab-
sorbers, axle shafts and drive shafts. Because of
vehicle weight reduction tendencies and the use
of components having thicknesses below 3 mm,
the market has seen the introduction of alter-
native joining methods to friction welding, e.g.
magnetically impelled arc but (M1aB) welding
(Mi1aB), used in the production of axle shafts
and drive shafts.

For many years, ultrasonic tests of thin-
walled elements have been used in the produc-
tion of automotive vehicles. Ultrasonic testing
has been primarily used for the quality control
of spot welds [1-5] and adhesive bonded joints
[5-10]. Due to the relatively uncomplicated

design of such joints and relatively easy access
to surfaces being tested, the wave most com-
monly used in such tests is longitudinal, not un-
dergoing any transformations. The presence of
flash on the surfaces of friction welds and those
made using the M1aB method significantly re-
duces the application of waves striking perpen-
dicularly to the surface of a weld subjected to
tests as the energy of such waves gest dissipat-
ed on the surface of flash. One of the methods
enabling the “by-passing” of this limitation is
the use of pseudo-surface waves, also referred
to as frontal or lateral waves. According to many
theories [11-13], these types of waves are con-
nected with interferential phenomena, dissipa-
tion and losses of energy in propagation centres.
Because of these phenomena, according to the
laws of geometric acoustic, the distribution of
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reflected wave beam pressure changes, and, as
a result thereof, the reflection pressure coeffi-
cient decreases sharply [14,15]. On the water-air
boundary, this corresponds to an angle of ap-
proximately 310 in relation to the normal [11].

Methodology of Ultrasonic Testing
of Tubular Elements

Equipment for the testing of friction welds in
MiaB welded shock absorbers and drive trans-
mission elements uses lateral waves propagat-
ing along the walls of a pipe being tested, in
parallel to its axis. In cases of elements free from
imperfections, an ultrasonic impulse generated
by the excitation of a transducer only gets re-
flected against the flash, giving a response char-
acteristic of a given element, depending on the
geometry of the element and that of the meas-
urement system. Any deviations from the refer-
ence measurement can be treated as reflections
or dissipations of the ultrasonic beam against
an imperfection or deviations from the pipe ge-
ometry. The ultrasonic beam of the transduc-
ers in the measurement probe was focused in
a controlled manner enabling the detection of
imperfections, the diameters of which are not
less than 0.2 mm. The settings of measurement
cursors determining the size of signal reflection
or dissipation amplitude in individual measure-
ment channels are configurable and depend on
design guidelines or company standards.

Measurement
probes

Identifying
probes

Fig 1. Schematic diagram of the rig for the ultrasonic test-
ing of shock absorbers
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An element subjected to a test, usually placed
in a so-called seat and held in a vertical posi-
tion, is measured using two units of ultrason-
ic transducers (Fig. 1). One unit consists of an
identifying probe, whereas the second is com-
posed of a weld parameters measurement probe.

Identification Unit

Measurements performed using the identifi-
cation unit involve the use of three ultrasonic
transducers located at various heights corre-
sponding to characteristics of individual types
of shock absorbers subjected to measurements.
The concept of identification involving the use
of the developed probe is illustrated in Figure 2.
In addition, the track of identification also ver-
ifies the proper orientation of an element.

signal reflected against the obstacle

signal transmitted by the transducer

SRR B

» time during which an ultrasonic wave
', covers the distance between the transducer
“. and the obstacle

Fig. 2. Manner of measuring the distance between a shaft
and the probe using one measurement probe

Each transducer transmits a short ultrason-
ic impulse and receives an echo generated af-
ter the reflection of a wave against an obstacle
where the measurement system measures the
time after which the previously transmitted sig-
nal returned. The above named time-related
measurement is used for calculating the dis-
tance between the pipe element and the identi-
tying probe. The measurement of characteristic
distances between the surface and the identify-
ing probe performed at three points is sufficient
for the identification of the type of an element
subjected to the measurement. An example of
the identification of an element on the basis of
a measurement performed using a set of three
probes is presented in Figure 3.
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tested (7). In cases of imperfec-

B _l._[ | 4 t' _ ,
— S e 19n free welds, the mea§urement
——— e I window (4) records reflection (5 and

] . 6aaccordingly) on the water-steel
ﬂ]I)_—‘—7—' rr_:'“ l H T (2) and steel-air boundary (3). If
EZ{ ik ' Z R T weld (7) contains an imperfection,
——r T the measurement window (4) shows
an impulse (5) demonstrating the
discontinuity of a joint. It should
be noted that measurements performed using
transducers oriented perpendicularly in rela-
Assessments related to the quality of welds are tion to a surface being tested are only useful if
based on measurements performed using three flash is removed from the weld surface.
ultrasonic transducers positioned at variousan- ~ Measurements involving transducers posi-
gles in relation to the weld plane. One of the tioned askew in relation to the weld plane are
transducers is positioned on the plane perpen- presented schematically in Figure 6. Figure 6a
dicular to the weld (angle 0° in relation to the presents the trajectory of a wave transmitted,
normal), the second at an angle of 31°, whereas

Fig. 3. Concept of element identification based on the ultrasonic method

Unit of Measurement Probes

. .. . water-steel boundary 4 ter-ai
the third at an angle of 36°. The positioning of ) . ' Boundary
a — /
the transducers is presented in Figure 4. i 1 I
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Fig. 4. Arrangement of measurement probes when testing . . ) B
Fig. 5. Signals from the ultrasonic transducer positioned

perpendicularly to the surface; signal for the case without
(a) and with (b) an imperfection

tubular elements

Figure 5 schematically presents ,
signals emitted by the transducer ., @
fixed at an angle of 0° in relation to ~ / /// /-
the normal when a weld is continu- 7 //
ous, i.e. without welding imperfec- R
tions and when a weld contains an
imperfection.

During measurements, the ul-
trasonic transducer (pPP1) sends out

] ) Fig. 6. Scheme of ultrasonic measurements involving transducers orient-
ashort 1mpulse (1) directed PEIPEN- ¢ at an angle in relation to the weld plane; the trajectory of transmitted
dicularly in relation to a weld being (a) and recurrent (b) waves
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whereas Figure 6b presents that of a wave re-
ceived by the ultrasonic transducer.

The focused ultrasonic wave (1) transmitted
by the transducer positioned at an angle (pp2)
strikes the wall of an element being measured
outside the joint area. Part of the transmitted
wave (2) is reflected against the external sur-
face of the wall, yet part penetrates the material,
where it becomes refracted (4) and propagates
as a wave led in the material, i.e. the so-called
lateral wave. The adjustment of angles at which
transducers are fixed enables the extensive ob-
servation of the weld area (significantly exceed-
ing the weld width) and the most efficient use of
the transformation of longitudinal waves into
lateral waves (4). If a weld contains an imperfec-
tion (5), as a result of reflection, the imperfec-
tion will cause the generation of an additional
echo (7), which, using the same route as the
one described above, will return to the meas-
urement transducer.

Testing of Shock Absorber Friction
Welded Elements

The opStrut measurement system for post-fric-
tion weld immersive ultrasonic tests of friction
welds in strut roads (shock absorber compo-
nents) is a one-station device for assessing the
quality of components. The machine is a mod-
ern system featuring fully automatic quality
control based on non-destructive (ultrasonic)
tests performed in a production cycle. The sys-
tem recognises an element being tested and au-
tomatically “retools” the machine in terms of
measurement software programme required in
a given case. In addition, the system is provid-
ed with the so-called error proof, i.e. a marker
of elements containing welding imperfections
and a module drying the element after the per-
formance of a test.

Measurement results concerning every test-
ed element are saved in the device memory for
the further development of statistical data ob-
tained during production. The detection of an
element containing welding imperfections is
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signalled by red light and appropriate infor-
mation displayed on the operator panel. In
addition, defective elements are marked me-
chanically. In such cases, the operation of the
device is stopped until an element contain-
ing an imperfection is placed in the so-called
separator of rejects. The system performs the
continuous statistics of properly made and de-
fective components, containing, apart from
measurement results, information about the
time of the measurement and the operator per-
forming it. On the basis of experience related
to similar equipment and initial measurements,
the device supports software provided with
criteria enabling the identification of proper-
ly made and defective elements. If need be, the
assessment criteria can be changed by users at
any time. The developed control system enables
the testing of elements without removing flash.
The complete system of quality control relat-
ed to friction welds in shock absorber elements
(Fig. 7) is composed of the following elements:
- module automatically detecting an element
being measured, retooling and checking the
proper orientation of the element subjected
to the test,
— module detecting the presence of an element,
- module detecting, stopping and manipulat-
ing during the measurement of an element
being measured,

Fig 7. Device for the ultrasonic testing of welds (named op-
Strut) made by PBP Optel Sp. z 0.0 for BWI Krosno. Front
panel view (a) and the shelf with standard samples (b)
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— module refilling and checking the purity of
measurement liquid in the measurement pool,
— shelf with standard samples.
The closed cycle of measurement liquid uti-
lises two built-in containers enabling the re-
placement of liquid without the removal of
containers. The containers are provided with
an inlet and a drain outlet secured during nor-
mal operation. The inlet is equipped with a fil-
ter preventing particulates from entering the
container as such particulates could affect test
results.

Software

The device has two operating modes, i.e.

— with the automatic recognition of an element
being measured and the application of appro-
priate software programme,

— with the permanent software programme (cor-
responding to the presently used production
line) with the simultaneous verification of the
compatibility of the element with the previous-
ly selected software programme.

The module of test statistics enables the gener-
ation of measurement reports for end users of
manufactured components and makes it possi-
ble to create company standards. The full con-
figurability of settings enables the optimum
adaptation of criteria for the analysis and in-
terpretation of ultrasonic tests.

Tests

The placement of the object being tested in
the work opening is tantamount to introduc-
ing the object in the zone of meas-
urement. The container into which
the element is introduced is pro-
vided with fixtures and equipment
necessary for tests. Measurements
are performed on an element ori-
ented vertically with the weld di-
rected downwards. The proper
placement of the element in the
measurement field is secured by
guides preventing its improper
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positioning or damage to the measurement
probe, provided with sensors of proximity and
of the proper position of an element in the
measurement zone. The fixtures and equip-
ment necessary for performing measurements
include a self-centring gripping jaw, ultrasonic
measurement probe and an ultrasonic probe
identifying the type of an element being meas-
ured. The self-positioning system of the probe
along with the function of adapting to the type
of an element prevent any accidental change in
arequired position. In addition, the rig checks
the level and condition of measurement liquid.
Operators are informed about the compati-
bility of an element by green light and related
information displayed on the operator panel.
The detection of elements containing welding
imperfections is signalled by red light. In such
cases, the operation of the device is stopped
until the element is placed in a container des-
ignated for rejects. After a test, measurement
liquid residues are removed from the element
by the stream of compressed air.

Interpretation of Results

Figure 8 presents actual results of the ultrason-
ic measurement (so-called A-scan) of friction
welded pipes using a transducer oriented at an
angle of 0° in relation to the weld; the A-scan is
concerned with the weld free from imperfections.

Figure 9 contains the A-scan presentation
for the transducer oriented at an angle of 31°
when two welding imperfections were detect-
ed on the weld circumference.

D e B e

24120 2480 2540 2600 2660 2720 27.80 2840  29.00

Fig. 8. A-scan presentation of the ultrasonic signal using the transducer
oriented at an angle of 0o in relation to the weld free from imperfections
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Fig. 9. A-scan presentation of the ultrasonic signal using the transducer
oriented at an angle of 31° and detecting 2 imperfections (a and b)

on the weld circumference
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Fig. 10. B-scan visualisation of imperfections located on
the friction weld circumference and detected using the

transducer oriented at an angle of 31°
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Fig. 11. Visualisation of imperfections for the operator of

the opStrut device
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Figure 10 contains the B-scan
presentation of an ultrasonic sig-
nal obtained by rotating the pipe by
an angle of 360°. Unlike the A-scan
presentation, the B-scan presenta-
tion enables the analysis of test re-
sults on the entire circumference in
one two-dimensional image.

When testing the quality of shock
absorbers on the production line,
the analysis of A-scan and B-scan
presentations can pose a problem
for unskilled operators. To this end,
an interface facilitating the identi-
fication of imperfection location
was developed. The operator panel
in the polar system with measure-
ment results concerning a friction
weld is presented in Figure 11. Ar-
eas marked red contain imperfec-
tions detected by the device.

1 '
28.40 29.00

28,40 29.00

Tests of MIAB Welded Elements

The quality tests concerning the welds made us-
ing the M1aB method, present in drive transmis-
sion elements (drive shafts and axle shafts), were
performed using a laboratory test rig provided
with a universal ultrasonic scanner equipped
with a focusing transducer having frequen-
cy f=10 MHz , focus F=21 mm, focus diameter
Bp=~0.4 mm and focus length F,~6.1 mm. When
scanning the elements subjected to the tests,
the transducer was positioned at angle a=31.6°,
which ensured the generation of a lateral wave
in the tested element. The ultrasonic beam was
focused on the surface of the pipe, at distance
h=4 mm away from the flash area. After passing
through the focus, the wave was dispersed and
refracted on the water-steel boundary, and next
moved inside the steel, along the axle shaft sur-
face, in parallel to the axis of rotation. As the sys-
tem is in the test phase, in order to examine the
possibility of detecting welding imperfections,
artificial imperfections (incisions) were made
on elements provided for the tests. Figure 12
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Fig. 12. Laboratory test rig. Ultrasonic scanner (a) and
orientation of the transducer in relation to the weld being
tested (b)

Fig. 13. Preliminary design of a demonstration rig for

presents the laboratory test rig for testing M1aB testing MIAB welded components
welded axle shafts.
Figure 13 presents the prelimi- &K EIN - FILTER

nary design of a specialist test rig
for the ultrasonic inspection of
MiaB welded joints. By contrast
with tests concerning shock absorb-
er elements, the axle shaft is orient-
ed horizontally. In order to provide
the acoustic feedback, the ultrason-
ic wave was brought to the test area
via the water film.

Each tested axle shaft has two
welds made using the MiaB weld-
ing method, from the side of the
so-called stub shaft and from the o e
side of the jOint pr ovided with ap- Fig. 14. A-scan presentation of the ultrasonic signal for the weld free from
proximately 1 mm wide gaps and  imperfections and with the artificial imperfection (1 mm wide incision)
an opening having a diameter of made using the MIAB technology
0.4 mm. After locating the gap on  pEmEETIwE .
the A-scan presentation (Fig. 14a), & frScam _Cocan | SATT — EILTER
the selected joint was subjected to
B-scan (Fig. 14b). Signals of non-ze-
ro amplitudes visible in the A-scan
presentation for the welds free from
imperfections (Fig. 14a) result from
the reflection of the ultrasonic wave
against the flash. Their amplitude
is significantly lower than the sig-
nal reflected from the gap, and their Fig. 15. Two-dimensional visualisation of an artificial imperfection pre-
position is different. sented as B-scan

The B-scan presentation (Fig. 15) was made the signal reflected against the gap. In order to
by rotating the element until the repetition of verify the possibility of detecting small-sized

22,50 28,40 29,30 30,20 31.10 =H

42,00 43,00 44,00 a
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imperfections it was necessary to
make a cuboidal opening (¢ 0.4
mm) in the weld. The element pre-
pared in this manner was subject-
ed to ultrasonic tests, the results of
which are presented in Figure 16 in
the form of A-scan and B-scan.

Summary

The ultrasonic tests of the thin-
walled tubular elements of shock
absorbers, axle shafts and drive
shafts pose a significant challenge

=40.00-

for designer s, constructors and re- Fig. 16. Result of the ultrasonic test (A-scan and B-scan) of the weld
searchers. The results of individual made using the MIAB method provided with the artificial imperfection

tests and design solutions consid-

erably supplement this narrow area

of technique. The results of the individual re-

search presented above enabled the formula-

tion of the following conclusions:

— use of the lateral wave in tubular elements
enables the detection of welding imperfec-
tions in friction welds and those made using
Mias welding,

— orientation of the ultrasonic transducer at an
angle of 31° enables the transformation of lon-
gitudinal waves into lateral waves, thus pro-
viding the possibility of performing tests in
friction welds and welds made using the M1aB
method without removing the flash,

— in addition to detecting welding imperfec-
tions, ultrasonic tests can be used for the
precise identification and positioning of ele-
ments subjected to tests,

— developed test station enables the detection of
welding imperfections in M1aB welded elements.

The article was prepared within
the project entitled “Criteria and
Methodology of Determining the Quality
of Magnetically Impelled Arc Butt Welded
Joints” co-funded by the National Centre
for Research and Development within
the confines of the 3-rd Programme of
Applied Research.

(¢ 0.4 mm)

References

[1] Korzeniowski M., Biatobrzeska B., Kustron P,

Harapinska E.: Zastosowanie mikroskopii
akustycznej do oceny niezgodnosci polgczen
zgrzewanych punktowo. Przeglad Spawalnic-
twa, 2015, no. 12

[2] Kustron P, Korzeniowski M.: Badania potg-

czen spawanych laserem z zastosowaniem mi-
kroskopii. Przeglad Spawalnictwa, 2015, no. 8

[3] Korzeniowski M., Ambroziak A., Igna-

siak A.: UltradzZwigkowe metody kontroli
procesu zgrzewania oporowego punktowego.
XXXIX Szkota Inzynierii Materialowej, Kra-
kow-Krynica, 27-30 IX 2011, Monografia pod
red. Jerzego Pacyny, Krakow 2011

[4] Kustron P, Kocimski J., Chertov A., Titov S.,

Korzeniowski M., Ambroziak A., MaevR.G.:
In-line ultrasonic investigation of spot weld
quality using multi-transducer set-up. Re-
view of progress in quantitative nondestruc-
tive evaluation. Vol. 29-36™ Annual Review
of Progress in Quantitative Nondestructive
Evaluation, Kingston, Rhode Island, 26-31
July 2009, eds. D. O. Thompson and D. E.
Chimenti. Melville, NY: American Institute
of Physics, 2010. pp. 1615-1622
http://dx.doi.org/10.1063/1.3362261

No. 5/2016 BIULETYN INSTYTUTU SPAWALNICTWA 133



http://creativecommons.org/licenses/by-nc/3.0/
http://bulletin.is.gliwice.pl/
http://dx.doi.org/10.1063/1.3362261%0D

[@)ov-ne |

[5]Kocimski J., Arthur W., Kustron P, Chertov A.,
Maev R.G., Korzeniowski M., Ambroziak A.:
Modelling ultrasonic wave propagation in a
multilayered medium for resistance spot weld-
ing. In: 2009 IEEE International Ultrasonics
Symposium Proceedings, Rome, Italy, 20-23
September 2009
http://dx.doi.org/10.1109/ultsym.2009.5441580

[6] Goglio L., Rossetto M.: Ultrasonic Testing of
Adhesive Bonds of Thin Metal Sheets. NDT &
E International, 1999, 32(6), pp. 323-331
http://dx.doi.org/10.1016/
50963-8695(98)00076-0

[7] Holtmannspétter J., Czarnecki J.v., Gudla-
dt, H.-J.: The use of power ultrasound energy
to support interface formation for structural
adhesive bonding. International Journal of
Adhesion and Adhesives, 2010, Volume 30,
Issue 3, April, pp. 130-138
http://dx.doi.org/10.1016/j.ijadhadh.2009.10.002

[8] Heller K., Jacobs L.]J.: Characterization of
adhesive bond properties using Lamb waves.
NDT & E International, 2000, December,
Volume 33, Issue 8, pp. 555-563
http://dx.doi.org/10.1016/
50963-8695(00)00022-0

BIULETYN INSTYTUTU SPAWALNICTWA

[9] TitovS. A., Maev R. G., Bogachenkov A. N.:
Pulse-Echo NDT of Adhesively Bonded Joints
in Automotive Assemblies. Ultrasonics, 2008,
48(6-7) pp- 537-546
http://dx.doi.org/10.1016/].ultras.2008.07.001

[10] Chakrapani S. K., Dayal V., Krafka R., Eld-
al A.: Ultrasonic testing of adhesive bonds of
thick composites with applications to wind
turbine blades. Review of Progress in Quanti-
tative Nondestructive Evaluation, AIP Conf.
Proc. 1430, 1284-1290 (2012)
http://dx.doi.org/10.1063/1.4716366

[11] Lewi A.: UltradZwigkowe badania nienisz-
czgce wlasnosci mechanicznych cienkich ele-
mentow konstrukcyjnych. Prace Instytutu
Podstawowych Probleméw Techniki PAN,
Warszawa, 2010

[12] Brekhovskikh L.: Waves and Layered Me-
dia. Academic Press. New York, 1960, p. 395

[13] Nowacki W.: Teoria sprezystosci. PWN,
Warszawa, 1970, pp. 613

[14] Becker E, Richardson R.: Research Technique
in NDT, Ed. R. Sharpe - Academic Press Publ.,
New York, pp. 91-130

[15] Tiersten H.: Elastic Surface Waves Guided
by Thin Films. ]. Appl. Physics, 1969, vol.40,
no. 2, pp. 770-791
http://dx.doi.org/10.1063/1.1657463

No. 5/2016



http://bulletin.is.gliwice.pl/
http://creativecommons.org/licenses/by-nc/3.0/
http://dx.doi.org/10.1109/ultsym.2009.5441580%0D
http://dx.doi.org/10.1016/s0963-8695%2898%2900076-0
http://dx.doi.org/10.1016/s0963-8695%2898%2900076-0
http://dx.doi.org/10.1016/j.ijadhadh.2009.10.002%0D
http://dx.doi.org/10.1016/s0963-8695%2800%2900022-0
http://dx.doi.org/10.1016/s0963-8695%2800%2900022-0
http://dx.doi.org/10.1016/j.ultras.2008.07.001
http://dx.doi.org/10.1063/1.4716366
http://dx.doi.org/10.1063/1.1657463

