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MODULE 19

ULTRASONIC
INSPECTION

Visual inspection, although often the most effective means of
inspecting a welded structure, is limited to examination of the surface
of welds. In many situations a volumetric inspection is required that is

- capable of detecting internal defects within a weld. The most widely

used volumetric nondestructive examination methods are radiography
(radiographic testing, RT) which was discussed in Module 18 and
ultrasonics (ultrasonic testing, UT) which is covered in this module.

. Ultrasonic testing requires a high degree of operator skill and is
carried out by trained and certified technicians. But the inspector must
have sufficient knowledge to verify that code requirements are fol-
lowed, and that procedures are properly executed.

It is the objecﬁvé of this module 10 cover ultrasonic testing as
applied to welds so that after successfully completing this module you
should be able to: '

*+ Describe the basic principles of the ultrasonic test method

»  List the advantages and limitations of ultrasonic testing

»  Discuss the calibration of equipment and the suitability of equip-
ment and materials for the specification for ultrasonic testin g

* Describe various techniques for inspecting welds

* Describe ultrasonic testing procedures

*  Describe the typical code requirements govemin g ultrasonic testing

* List the critical parameters in an ultrasonic test report
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PRINCIPLES OF
ULTRASONIC TESTING

Sound, as a method of testing products, has been used for many
years, an early application being the familiar tapping of railway wheels
(Fig. 1). Today, ultrasonic testing has evolved into one of the most
sophisticated and technically advanced nondestructive examination
methods. Ultrasonic principles are also used inrange finders, proximity
sensing, and thickness testing. '

iE

Figure 1. Hammer test of railway
wheel, early application of sound in
product testing.

Most ultrasonic flaw detection in welds is done by moving a small
probe over the surface of the plate adjacent to the weld by hand and
watching a display on an oscilloscope scréen (Fig. 2). The probe must
be coupled to the surface of the metal by a layer of liquid (typically
water, oil, or glycerine). The probe produces a beam of ultrasound
which passes into the metal and isreflected back from any discontinuity
in the weld as an echo. To understand how the method works we must
first discuss some of the physical principles involved.

Sound waves are mechanical vibrations which are detectable by the
ear. Vibrations have a characteristic frequency, i.e., number of vibra-
tions per second. Sound of a very high frequency (above the range
which can be detected with the human ear) is called ultrasonic (Fig. 3).
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Figure 2. Ultrasonic testing of a weld.

Figure 3. Sound spectrum showing
examples for various frequency ranges.
Ultrasonic frequencies are very high,
beyond the range of human hearing.
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A wave is a disturbance that moves through a material by the
transfer of energy from one particle to another. Characteristics of the
wave which depend on the mechanical properties of the material are the -
wavelength, the wave velocity, and the frequency.

Wave length is the shortest distance between two particles ina wave

. which are moving in the same direction, at the same velocity, and at the

same time (in phase) as illustrated in Fig. 4. For example, the wave-
length is the distance between the crests of the waves. '

_____ =0 — \

Wave moves to right at velocity, V

R

Rope moves up and down at vélocity, A7)

V'l
—> K
N
Y
i A ]

I Wavelength = A

T

Figure 4. Induced wave in a length of rope.
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Velocity, wavelength, and frequency are related according to a
fundamenta_ﬂ wave equation.

Velocity = Wavelength x Frequency

V =i

V = Velocity, m/s

A = Wavelength, m A

J = Frequency, Hz (unit of frequency is the Hertz which
is the number of cycles per second and has the
dimensions sec) o

For example a typical ultrasonic wave in steel:

Steel | V=585x10° m/s
Frequency f=225MHz (2250000 cycles/s)
o :
Wavelength 4= V. 5.85x 100 - mfs
: f 2.25%108 cycles/s

=2.6x _10‘3 m=26mm

The velocity of ulrasound in a material depends on the mechanical
properties of that material—its modulus of elasticity, Poisson’s ratio,
andits density. Velocities of ultrasonic waves in some typical materials
are shown in Table 1. Note that if a wave of a given frequency travels
through different materials with different velocities, the wavelength
will be different in each of the materials.

i

Table 1. Typical ultrasonic wave velocities in different materials, m/s. Values for
two different types of waves are given.

Material Compressional or Shear or
longitudinal waves transverse waves
. Steel 6.85x10° 3.2x10°
Aluminum 6.26 x 10° ‘ -3,1 x 108
Water (20°C) 1.5x10? -
Perspex 27x10° 11 x10°
Cil 1.2x10? -
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The height of a wave (i.é., the maximum displacement of a particle)
is the amplitude, A (see Fig. 5). The energy carried by a wave depends
on the amplitude and on the frequency, f:

E o (Af?

Changes in energy are measured on a logarithmic scale in units of
bels or decibels. These are c_ieﬁned as: -

energy change in bels = log E; —10g £; = log gl-
2
energy in decibels = 10 x log %
2

Note that since energy is proportional to the square of the amplitude,
the decibel change can be written:

2
change in decibels = 10 x log —1:2 = 10 x log |51

1
=
X
&

i

As an example, doubling the amplitude is an increase of 6 dB. A
20 dB increase represents 10 times the amplitude. The decibel change
is the method used for measuring intensities of ultrasonic waves.

Figure 5. Terminology for a wave.

V=2

As an ultrasonic wave travels through a material, it gradually loses
energy from beam spread, absorption and scattering. This is known as
attenuation. It means that the magnitude of the echo from a reflector
depends on the distance the wave must travel through the material
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Source of |
ultrasonic
wave

before being reflected back (Fig. 6). The degree of attenuation in-

. creases with the frequency. It also depends on the type of material, grain
size, and so forth. For a given material there is a steady rate of
attenuation (except for the ‘near field’ where the wave enters the
material) which can be established by tests. Such information may be
neededin order to make a ‘distance-amplitude correction’ MDAO) tothe
amplitude of a reflection and will be discussed more fully in a later
section.

Amplitude of wave decreases
as it travels through the material

Reflected — Reflector 1

wave

Smalier

amplitude of
- reflected wave —
. it reflector is

Reflector 2

further away -

’

Figure 6. Ultrasonic waves lose energy as they travel through a
material thus preducing smaller echoes from reflectors further awa Y.

Knows  THS
Kajowy L7

Mechanical vibrations used in ultrasonic examination are generated
by electromechanical transducers, devices which are able to transform
electrical energy into mechanical energy, and vice versa. For the
frequencies used in ultrasonic examination of welds, piezoelectric
transducers are used.

~—zzm Li€ZOelectric crystals change shape when an electrical potential is

applied to them. Thus by applving a va

g a crystal can be ma

vibrate and generate an ultrasonic wave in any material it contacts

(Fig. 7). Conversely, a mechanical vibration applied to a piezoelectric
crystal will generate a small electric voltage. Thus the crystal can be
used to both generate and to detect ultrasonic waves.
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2. Voltage applied = 3. Voitage reversed .

Figure 7. Piezoelectric effect:
applied voltage causes shape
change. ’

A transduceris most effective at its own natural resonant frequency,
i.e., the frequency at which it will vibrate after a single mechanical or
electrical stimulus. A natural frequency is a direct function of thickness
and thus the thickness of the transducer is carefully selected to produce
a standard test frequency.

Table 2. Some typical transducer thicknesses.

Material

1 MHz

B MHz

10 MHz
Quartz 2.86 mm 0.572 min 0.286 mm
Lithium sulphate 2.54 mm_ 0.508 mm 0.254 mm

Figure 8. Cross-section of a

typical probe.

Quartz is a natural piezoelectric material although other materials,
such as lead metaniobate, are now more commonly used. Table 2 shows
some typical transducer thicknesses. To protect the very thin and
delicate transducer, it is mounted in a package called a probe, search
unit, or transducer assembly. Fig. 8 shows the cross-section of a typical

probe.

\5‘ Case

Wiring

Damping material
| }—Electrode
| ——Transducer

:f——'Electrode

N———Wear plate
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For special applications electromagnetic aconstic transducers
(EMATs) have recently been developed. These have the advantage that
direct contact is notrequired but because of their low power they are not
in wide use.

When the transducer is excited by subjecting itto a voltage across
its thickness it contracts or expands. The transducer then vibrates for a
short period at its natural frequency, producing a wave train of a len gth
determined by the material and mechanics of the transducer.

The short burst of mechanical energy travels into the specimen until
it is reflected by a plane surface. If the reflecting surface is 90° to the
beam it returns to the contact surface where the transduceris now sitting
passively. When the vibration hits the transducer, it is once again
translated into an electrical pulse.

This is the pulse-echo principle. The transducer may act as both
transmitter and receiver ortwo separate transducers, chosen for acoustic
properties, may be used (Fig. 9).

Ultrasonic waves for weld inspection have too high a frequency to
ravel in air so to transfer energy .across the interfice between the
transducer and the test specimen itis necessary to use a couplant which
eliminates air gaps. Typical couplants are oil, water and. glycerine.
Couplants are-discussed more fully in the sidebar. :

Figure 9. The pulse-echo method
for ulfrasonic testing.
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Couplants \
¥, mIp PropebrzEl
{rapus  TROPESIF

~ COUPLANTS. A contact test cannot be successful without a suitable couplant
between the search unit and material. The couplant may be almost any material,
liquid, semi-liquid, or paste, which:

- Wets both the surface of the test material and the face of the search unit,

excluding air between them.
"« Is easily applied.

« Does not run off the surface too fast. '

« ishomogeneous and free from bubbles or solid particles which would reflect
and scatter the beam.

« s not corrosive or toxic.

« Has an acoustic impedance approaching that of the test matenal. (Thisis an
ideal rather than a restrictive requirement.)

= Must be easily removed when welding is carried out after UT.

Selection of Couplants. The following examples illustrate how a suitable
couplant may be selected:

s Wateris suitable but should have a wetting agent added. it is often too low

in viscosity to stay on the test surface long enough to complete the test.
"« Various grades of oil are used more frequently because they stay on the test

" surface longer. Qils containing wettlng agents (as do many commercial oils)
are desirable.

« Heavier oils and greases are used on hot or vertical surfaces and to fill
surface ireqularities on very rough surfaces, because they stay in place.

- One part of glycerine in two parts of water with a wetting agentis often used
because it adheraes more effectively to surfaces andis an excelient couplant.

Dry, Honed Dry, Smooth Smooth plus couplant  Rough plus couplant
Good transmission Poor transmission Good transmission Poor transmission

Effect of surface finish and couplant on sound transmission.

10
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ULTRASONIC EQUIPMENT

Information during ultrasonic testing is presented in a visual dis-
play, most commonly on a cathode ray tube (CRT). In order to create
a stationary display the ultrasonic pulses are transmitted at a constant
rate in the range from about 30 to more than 1 000 pulses per second. In
order to synchronize the CRT display with the transmission of pulses
the circuit includes a timebase which controls both the CRT sweeprate
and the pulse generator. '

Signals received from reflections produce a very small voltage in
the transducer and must be amplified before reading the display. The
basic elements of a typical circuit for ulirasonic testing are shown in

Fig. 10.
T ‘ , Cathode Ray Tube , ‘ .
= : Transmission = (S%?ég,\',spm Defect - B :
pulse Indication \ ' indications ' S
Horizontal CRT beam ~ ‘ :/ Verti
deflection =1 Sriical CRT. |
‘ N beam deflection
| o
TINE AMPLIFIER
BASE Electrica!‘impu_lse :
for pulse initiation  gignat from refiected —
: pulse (echc signal)
OSCILLATOR 7 SEESE%ATOR . ' —
Signal from base time '
. | J
Prcbe
; /(transmiﬁer/receiver)
- “T"Reflected puises

from defects
. Figure 10. Block diagram of basic ultrasonic pulse-echo equipment.

11
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Initial
pulse-

There are several ways in which ultrasonic information can be
displayed and advances in computer-based imaging technology has
made some sophisticated image display methods available. However,
the vast majority of commercial applications uses the simple display
method known as A-scan.

In A-scan the CRT simply traces a graph of signal amplitude versus
time. The timebase sweeps the CRT beam across the screen in the
horizontal direction while the ultrasonic signal causes vertical deflec~
tion. The initial pulse appears at the left of the screen and if a
discontinuity is present a reflected signal arrives back at the transducer
sometime later, appearing on the screen displaced to theright (Fig. 11).
Since the time between the transmitied and reflected pulses is propor-
tional to the distance from the probe (fransmitter) to the reflector, the
horizontal scale of the CRT may be calibrated as distance.

Vertical scale: .
| represents
amplitude of
ultrasonic signal

Horizontal scale calibrated to represent distance

Figure 11. Display using A-scan.

The base of the screen has two key adjustments: delay and scale
expansion. The scale expansion permits setting the timebase to repre-
sent any convenient distance. Itis typical to have scale markings on the
face of the screen and to line up indications from a known reflector so
that these markings represent a specific distance, say 1 cm. Very small
distances can be spread completely across the screen.

12
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/ BN .
‘ A B B
] h‘
1 ! 1 L { 1 [ | S 1 1 ! 1
0 50 0 . 50 0 10
A _— Figure 12. Sweep expansion control
5 . : : for changing distance scale ranges.
. Screen Presentations
o % Transducer
i -
@ _ Specimen \ b
:> d
d
b
AP : , 7 Jdeal {contact)
= [T ;
_ b
@P Water d
. ;
Qt_L No delay
d e ' 7
j‘b . Iy
d
Delayed
" Figure 13. Delay and scale expansion.
- . Delayed and expanded
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While it is most common to have the pulse which represents the
entry surface on the left of the screen as a reference point, in some
circumstances this may not be desirable. The delay control allows the
operator to select the initial depth within the specimen that is repre-
sented on the screen. Fig. 12 illustrates scale expansion and Fig. 13
delay and scale expansion.

Note that the pulse must have a finite duration and that reflected
puises cannot be detected until the transmitted pulse dies away. There
is therefore a dead zone close to the ransducer in which discontinuities
cannot be detected. This makes it difficult for UT to find defects close
to the surface or for the inspection of thin materials.

The height on the screenrepresenting the amplitude of the signal can
be adjusted by a gain control which is calibrated in decibels. Thus to
double the height of an indication on the screen the gain control must be
turned through 6 dB (see Fig. 14). :

_r_

b
1

3
A

reduces the amplifude on the

) Lowering the gainby 6 dB
screen to 50%.

Figure 14. Calibrated gain conirol for adjusting display height.

Circuits may also include preset control points that will present a
warning if reflectors are detected within a specific distance range or that
exceed a specific intensity. For areas such as those shown in Fig. 15 it
is customary to flash or sound warnings if signals are received within the
limits shown. Limits such as these are called gates.

14
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Signals in this area
will trig i

Figure 15. Gates for warning about
reflectors between distances 1 and 2
and in specific areas which exceed
the set intensity 3.

Distance Gates 1,2
Intensity Gate 3

I probe position information is added to the ultrasonic signal
information previously discussed, such as time (distance) and ampli-
tude, then other display methods are possible. -

B-scan display provides a cross-sectional view of the piece being
tested asillustratedin Fig. 16. This type of display allows the length and
~depth of discontinuities to be seen. C-scan display (Fig. 17) provides a
plan view thus revealing the size and shape of discontinuities but not
their depth. P-scan (projection image scanning) is an advanced 3D
imaging system thatprovides three views of the specimen: top,end, and
side. This facilitates visualization allowing for rapid identification of
defects (Fig. 18). All of these display techniques require automatic
scanning by the probe.

._?%

Front surface

= Material
thickness

Discontinuities

Back surface
Figure 16. B-scan display.

15
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Discontinuities

.-' X
' N 1
i i
¥
V
{' . Figure 17. C-scan display:
TOP
TOP
P o=
END
END SIDE
- T S ——

: -H‘guré 18. Example of P-scan display (nbrmally in co!dur) showing easy
visualization of discontinuities. The example shows lack of fusion in the side
wall and root {end view). The side and top views show the location and size.

16
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A few examples of special systems used in ultrasonic testing are

. given here. The first is immersion testing where the specimen is
completely immersed in water which also acts as the couplant. This
system is used when the probe cannot be in direct contact with the
specimen (Fig. 19). An example is the automatic, on-line testing of
plate. Another example of water coupling is shown in Fig. 20 where a
“shoe” containing the probe and filled with water moves over the
specimen. : ;

| | 1

S

T = — _ W\ s BE
- . . ' . 'W - Transducer/Water surfacg o . Echo “W* adjusted off-screen

S - Surface of workpiece
D - Discontinuity
BE - Backecho

with sweep delay control

’

Y
@H‘gure 19. Arrangement for immersion testing. W /&¢& he W 7TES
Ques7o U

' _Test specimen
e P _
===E———= rilow
i St
___:;E_ __*:—: ;_; Transducer
— T T > Water couplant
supply

Figure 20. - Movable shoe using water coupling.

o
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There has been a great deal of research directed to the automation
of the ultrasonic test, to climinate the variables introduced by the
operator, to increase speed of inspection, and to take advantage of the
capabilities of computerized instumentation. Computerization also
allows for storage of ultrasonic data.

Another NDT method closely related to ultrasonic testing is acous-
tic emission (AE). Rather than inject an ultrasonic wave into a material
and measure the reflections, acoustic emission relies on detecting very -
small amounts of mechanical energy released from such things as
growing cracks or structural discontinuities under load. It may be
possible to identify the source of energy from the characteristics of the
emission. Itmay also be possible to determine the location of the source
by using several detectors and applying computerized triangulation
techniques.

Source of
emission —— — Structure
Transducer Pre-amplifier
Filters ’ Figure 21. Block diagram of acoustic
Counters it da emission (AE} equipment.
igit ta
s A",
[ CRT l | Recorder l | Display l

These features make AFE a potentially useful system for monitoring,
both during welding or global monitoring the service life. Acoustic
emission equipment procedures are covered by ASTM E749. Fig. 21
shows the block diagram of acoustic emission equipment.

Ultrasonic waves are classified according to the mode of particle
displacement. The two main types arelongitudinal (or compressional)
waves and transverse (or shear) waves. There are other types such as
surface (or Rayleigh) waves but their use for weld inspection is less
common and will not be discussed in this module.

18
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Particle moticn

. Particle moticn

Direction of propagation ——=

_ - Figure 23. Transverse wave. =
Figure 22. Longitudinal wave. Aese CaeeED 5/ EFR
Vo WHAT TUPES - OF LUBVES
= In the longitudinal mode, the energy is camed by particles moving

back and forth in the same direction as the movement of the wave
(Fig. 22). In the transverse mode, the particles move back and forth at
right angles to the direction in which the wave is moving (Fig. 23).
Transverse waves can only be carried in a solid. Each type of wave
travels atits own characteristic speedin a specific material, related to the
mechanical properties of that material. Typical velocities for the two
types of waves were shown in Table 1.

- When an ultrasonic beam is incident at an angle other than a right
~ angle to the interface between two materials having unequal sound.
velocities, the transmitted beam will have a new direction of propaga-
tion, determined by the angle of refraction. Additional béams may be

generated by mode conversion.

The anguialj relationship is given by a law of optics; Snell’s Law:

sin ¢ _ singy _ sings

Vi Vo V3

where ¢,is the angle of incidence and V_ is the velocity in medium n.

Since the longitudinal wave travels at a higher velocity in a given
material than the transverse wave, it follows that the angle of refraction
of the longitudinal beam is larger than that of the transverse beam as
shown in Flg 24, ‘

InFig 24, as the angle of 1nmdcnce ( :,b )is increased, the two angles
of refraction ( ¢, and ¢3) also increase. The angle of incidence at which
_ therefracted long1tudma1 beamis parallel tothe surface is called the first
g’?"' - critical angle. If the angle of incidence is just greater than the first

19
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While this beam travels
this distance ....

AY

_..this bearn has higher
- velocity and travels further.

Figure 24. Refraction and mode conversion at
piane interface (angular incidence).

Incident beam (V4)

Reflaected beam

Medium 1

A AN A
Medium 2 2nd Refracted beam
\ - {Vg)

% “(Longitudinal)

dg - 1st Refracted beam
(Vo)
{Transverss)

critical angle, the longitudinal wave component within the bulk of the
material is eliminated and only the transverse wave remains. This is of
importance because beams other than the one being used for inspection
can cause reflections which make interpretation difficult.

‘A second critical angle occurs when the refracted angle of the
transverse beam {(¢,) is 90 degrees. At this angle, all of the energy
transmitted across the interface travels along the surface of the test
specimen.

Most ultrasonic inspection of welds employs transverse waves, and
thus incident angles are chosen such that the refracted angle lies
between the first and the second critical angle. Probes are designed to
produce a transverse wave at a specific angle. The transducer first
generates a longitudinal wave in a plastic block. This changes velocity
as it enters the material and therefore refracts (Fig. 25). The angle of
incidence in the plastic is carefully chosen to give the required refracted

Transducer
Longitudinal
wave
b2
Figure 25. Construction of an angle
probe producing transverse waves at : )

a specific angie.

Transverse wave

20
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angle in the material under test. The exact angle of the probe should be
found by calibration. Note that the angle of a probe is only valid for one
material. For example, 70°—steel.

Sensitivity is the ability of the ultrasonic testing system to detect
small reflectors. It is directly related to wavelength. The shorter the
wavelength (and higher the frequency), the more sensitive the system.

Example:
For a 5’ MHz longitudinal wave in steel, the wavelength is

A=K=5'9X103 m/s
' 5%x105 W
=1.18x10°m =1.18mm

As a general rule, the size of reflector that may be detected is in the
order of 1 wavelength. However, the degree of interference through
reflection and scattering will increase as wavelength gets shorter. In
general, the test should use the lowest frequency practical to detect the

~anticipated size of defect. - S o

Resolution refers to the ability of the ultrasonic test system to
distinguish between two closely spaced reflectors, and to resolve
discontinuities close to the test surface. If the discontinuities are close

T —

Y bry AV 17
Y s, AV 1%

2d --—-l ' o.2d L—-

When Ry is far from Ry o - When Ry is too close ta Ry—
Reflected pulses remain separate ’ Reflected pulses interfere with one
another .
R - reflector ! Figure 26. The resolution limit
d - Pulse length (puise time) of an ultrasonic testing system.
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Figufe 27. Examples of poor (left} and good {right) resolution.

together the reflected pulse from one interferes with the other (see
Fig. 26 and Fig. 27).

The spread of the beam in the material is related to the size of the
transducer and to the ratio of the wavelength and size. The smaller the
transducer the more it would behave like a small point from which
sound would emanate in all directions. As the transducer gets larger, the
waves coming from it become flatter and more like plane waves which

- have zero beam spread. When the ratio between the wavelength and the
transducer diameter is small, it promotes a straight penetrating beam.’
Beam spread will therefore be less for large transducers and for higher
frequencies. See Fig. 28.

The beam may be thought of as a cone with the highest intensity
along its axis. Away from the axis the intensity drops off giving the
beam its profile which can be measured. For an angle probe the beam
axis can be considered to emanate from a specific point on the probe,
termed the exit point. '

Small dizameter Large diameter

==

P
- i s B

"
- v — —

~ High beam -/Lowf High f ' Lowf Highf
spread g : E \ ls_gxrf; :éaam

Figure 28. Beam spread related to transducer diameter and frequency.
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- Combined transducers are those which have the wansmitter and the
receiver mounted in a single probe. This type of probe allows better
resolution by focusing the beam and also permits optimization of
properties of the ransducer materials (Fig. 29).

T R
N
First surface f 3 Acoustic barrier 1o
reflection ‘ 3 prevent cross talk
defiected
N
N ——— Plastic block
}\‘
0 ‘ { ~ Workpiece } - Figure29. Focusing action .
< ' - with combined transducers.
Beam Defects abave or below the
refracted focus zone could easily be

missed.

1
,.*-—Zone of maximum
sensitivity
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Ultrasonic Inspection

APPLICATION TO WELD INSPECTION

Atone time, ultrasonic examination of welds was not as widely used
as radiography because radiography provided a permanent “picture” of
the weld which could be filed and reviewed. With advanced UT
systems, however, data can be downloaded to a computer and graphi-
cally reproduced anytime, With conventional manual ultrasonic exami-
nation the indication and the report from ultrasonic examination are
much more dependent on the operator’s skill. Nonetheless, there are
many applications where radiography is just not economical or even
possible. The sidebar gives advantages and limitations of ultrasonic
examination for welds.

AR RN
_Advaniages of Ulirasonic Tests

- The desirable features of ulirasonic tests include:

. High sensifivity, permitting detection of minute defects.

. Great penetrating power, allowing ‘examination of exiremely thick
sections. :

. Accuracy in the measurement of flaw position and estimation of flaw
size.

. Fast response, permitting rapid and avtomated inspeciion,

. Need for access to only one surface of the specimen.

. .Does not pose radiation hazards as with radiography.

Limitations of Ultrasonic Tests

Testconditions which may limii the application of uitrasonic methods usually
relate to one of the following factors: .

+ . Unfavourable sample geometry. For example: size, contour, surfaée
~ smoothness, complexity, and defect orientation.
. Undesirable internal structure. For example: grain size, structure
porosity, inclusion content, or fine, dispersed precipitates.
. Skill, experience of the technician.
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For ultrasonic testing of welds you need:

* an appropriate flaw detector (to meet code requirements, usually
requires calibrated gain control), sufficiently portable for the in-
tended inspection operation, with spare batteries or AC converter

* cleaning and grinding equipment to access to the test surface

* an appropriate couplant material

* aselection of probes and cables

*  calibration and reference blocks

* - qualified operator ‘

* procedure and acceptance standard.

Details of calibration and procedures are discussed later but in this
section we will describe some general techniques forexamining welds.

Although a liquid couplant is used to transmit the ultrasonic wave
into the material, a smooth surface is still required. Grinding, although
notalways necessary, is often needed to remove spatter, weld reinforce-
ment, orother roughrniess (Fig. 30). Excessive grinding that changes the
contour of the surface should be avoided since the an gle of entry of the
R , - beam could be affected. - ‘ ‘ ‘ -

Spatter
Unacceptable

Thin (<0.25 mm) —, 4~

tight layer of
paint

Smooth or —~ {—I

ground
surtace

( Acceptable

Figure 30. Surface eondition required for ultrasonic examination.

Most ultrasonic examinations involve the use of both longitudinal
waves (using normal probes) and transverse waves (angle probes).
Normal probes are used initially to scan the parent material for lamina-
tions or other discontinuities that could interfere with a subsequent
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B TR

A plate lamination can interfere with Scan for plate defects using a

examination of the weld using an normal probe (longitudinal wave),

angle probe. : _ ~ preferably before welding.

Figure 31. Allowance for plate lamination near the weld.

examination of the weld (Fig. 31). The presence of defects in the plate
may screen parts of the weld and inhibit inspection. Material adjacent
to the weld should be inspected to ensure this does not happen. The
reason for a normal beam inspection of the plate adjacent to the weld can
be readily seen in Fig. 31. It is important to know that there are no
laminar defects near the weld parallel to the inspection surface.

=

Figure 32. Normal probes for weld testing.

These probes are most sensitive to defects which lie at right angles

_ to the direction of beam travel, e.g., laminations. Fig. 32 shows the use

of normal probes for weld testing. While the signals from longitudinal

beam inspection are relatively direct and easy to interpret, normal -

probes cannot be used to inspect the critical areas of a butt joint because
of access due to the weld cap and the angle of preparation.

Some joints such as T and comer joints, however, do allow the use
of normal probes as shown in Figs. 33 and 34. Scanning with a normal
probe, however, is not usually used in isolation but rather should be
considered in addition to angle probe testing (see Fig. 43 on page 29).
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Figure 33. Technique for inspecting
the fusion zone of T-joint

Figure 34. Technique for inspecting the
fusion zone of double bevel corner welds.

The geometry of the joint or access to a flat inspection surface i
usually dictates that an angle beam probe be used. These probes are
typically normal transducers mounted on a plastic wedge at a wedge
angle chosen to produce transverse waves in the specimen at an angle
specified as part of the inspection procedure. Figs.35t045 illustrate the
use of angle probes in weld inspection.

- Small angle, beam hits Larger angle, beam hits Reflecting beam off the back
reinforcement. weld. . : : wall allows inspection of the
' ‘ ’ : upper part of the weld.
JIPEN Figure 35. Choice of probe angle to provide full examination of the weld.
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60°

80°

Figure 36. Probe angle chosen to
match groove angle to give optimum
reflection.

Sound path

' IEAZI; of
/ rotatlon
/S /0 =30°
{ VA4

)L

Figure 37. Supplementary technique for
inspecting butt joints for suspected cross-
cracking when the weld bead is ground flush.
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Angle of
rotation = 15°
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. Figure 39. Supplementary technique for
inspecting butt joints for suspected
transverse cracking when the weld bead is
not ground flush.

Figure 38. Inspecting butt joints with angle beams.

Figure 40. Two search-unit
technique for use with thick
weldmenis.

'Defect

Transmitter Receiver

Y %
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Face A

Face C

Face B

Figure 41. Technique for search}'ng T-

Joints for discontinuities.

Web

} Flange

AN

Figure 43. Alternate technique’ for
searching T-joints for discontinuities using
both normal and angle probes.

Face C

__FaceA ] $

Figure 42. Tethnique for inspecting the weld
volume of double bevel corner welds.

\Web j

LFl'angé

Figure 44. Alternative technique for
searching T-joints for discontinuities.

Face A

Face B |
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Figure 45. Two techniques for inspecting
complete penetration corner welds. ‘
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Notalireflections are caused by weld defects. Reflections can oceur
from plate edges, corners, gaps, and other surfaces making it difficult to
distinguish which indications are caused by weld defects. In particular,
difficulties in interpretation are encountered when welds have backin g
bars. Reflections may occur from various parts of the weld root and
backing bar and multiple, internal reflections can make it difficult to
locate the source (Fig. 46). Internal reflection can also change the mode
of a ransverse wave to a longitudinal wave (mode conversion), Since
a longitudinal wave has a higher velocity, the apparent location of the-
reflector, as measured on the screen, changes.

I | 7

)

Corner

Figure 46. Backing bars may‘cause spurious reflections from gaps or corners.

Difficulties in interpretation can be minimized by careful visual
examination of the backing bar before welding, accurate calibration of
UT equipment and probes, and careful attention to calculating location
of reflectors.

The transmission of ultrasonic waves is affected by the structure of
the material, particularly grain size. Some materials are difficult or _
impractical to inspect using ultrasonics because of the structure.
Electroslag welds, for example, have a very large grain size and are
difficult to inspect. Low frequencies (~1.0 MHz) are preferred for this
application.

Similarly welds in austenitic stainless steels do not lend themselves
t¢ conventional ultrasonic inspection and extensive research has been
undertaken to develop special procedures for this material. Fortunately,
structural steels (e.g., carbon and low alloy steels) undergo a phase
transformation when they cool producing a fine grain making them
among the easiest materials for ultrasonic inspection.
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While it is common to use single transducers for both transmitting
andreceiving signals, weld inspection can also be carried outusing twin
transducers, either to take advantage of the special characteristics of
specific ransducer materials or to meet the geometry or automation
requirements of the inspection task. Figs. 47 to 49 illustrate the use of
twin probes. ' '

7/ —

((((((((((((({(}Mﬁ((((((((((((((((

’

S o Forlongitudinal defects .~ For transverse defects.

Figure 47. Testing of submerged arc welded Jjoints by means of separate
transmitting and receiving probes. T = Transmitter, R = receiver.
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Figure 48. Pitch and catch method.
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R

Figure 49. Examination of transverse

Pian view defects in a thick weld using tandem
technique with the probes straddling the
weld bead.

— TT\_.\ el I WY e :\L&L e

Side view

The through transmission technique with twin probes allows the
transmitting probe to move relative to the receiving probe, and allows
more flexibility in the test design. Fig. 50 illustrates an application. It

"{ - is difficult to control two probes manually, and a jig is beneficial.

Screen

P . ] presentation

af ey Scattered
delects

R <] A ><_] Ryl2§l

Lamination

Figure 50. Through transmission testing.
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PROCEDURES AND CODE
REQUIREMENTS

The inspector, if nota specialistin ultrasonic testing, must neverthe-
less be aware that there are certain key pomts to be ‘checked when,
monitoring an inspection:

*  Qualifications of the operator.

*  There mustbe proof andrecords of regular calibration of equxpment
flaw detectors, and probes.

* Availability and utilization of calibration and reference blocks.

* There must be a written inspection procedure available which is
followed.

* Adherence to the procedure, especially the four steps of detecting,

~ locating, identifying, and measuring discontinuity indications.

* Reporting. :

Ultrasoruc examination requues cons1derab1e skﬂl onthe partofthe
operator and should be carried out by qualified personnel. The quali-
fications of the operator should be checked by the i inspector. CSA W59-
1989 requires certification to the Canadian General Standards Board

‘ CSA STANDARD W178
@ conadian Welding BUuIeonl wede jeaten ode for.
TEST EQUIPMENT OPERATOR CERTIFICATE
Bobby Shaftoe
Energy, Mines and Energia, Mines et

has met the gualification i of CSA S d W178 for & Test Equipraent Opt ! Resources Canada HResscurces Canada .
as indicated by the CWEB stl .
Nondestructive 2 | INDUSTRIAL ULTRASONICS - UL TRASONS INDUSTRIELS
Testingto CGSEB M QM mbl Mechaaieal T ,‘ Mezaliogfaph‘c ,. M:m hat B Obby s ha ftoe

". qua

Testing: '~ TTesting:

Standards 48GP _Z_ L2 présests atteste
while Inspectwn & Test1 ng Lt - memmu-cesa sm:aguwm_;ﬁ
foploved {Ontario) Aot o conficaton e oo

a certified weldi izath desii and standard test
eedures for specific prodm:t c.mgones hm been approved by the Canad:an Welding Bure
CSA Standard W178,

TI0A 25 Nov.1991 <~

LERTIFICATE NQ.  EXFIRY DATE MANAGER, CERTIFICATION SERVICES
S

CONDITIONS:
This card is the property of the Canadien Weiding Bureau and can be recalled =

Fraudulent use may involve permanent canceilation. CWH ECRM 4

Figure 51. Examples of certificates for ultrasonic operators.

ARy
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Ultrasonic Inspection

(CGSB) Standard 48-GP-7M “Certification of Nondestractive Testing
Personnel (Industrial Ultrasonic Method).” Personnel are certified
directly to CGSB and can be recognized as such as a Test Equipment
Operator under the requirements of CSA W178 “Certification of
Welding Inspection Organizations.” Examples of wallet size certifi-
cates are shown in Fig. 51.

The relative intensity of ultrasonic reflections is measured using the
gain control (or attenuator) to find the dB change. This control must be
calibrated and certified accurate by the instrument manufacturer. The

- calibration should be checked at regular intervals (CSA W59-1989

specifies every 2 months) using a procedure approved by the manufac-
turer.

The rate at which the CRT trace moves across the screen can be
adjusted but when set it should be steady. This is termed horizontal
linearity and poor linearity means the distance measured on the screen
is not proportional to distance in the piece being examined. The
horizontal linearity should be within 5% according to CSA W59-89 and

can be measured using procedures described in ASTM Standard E317.

The accurate location of the éxit (or index) point on an angle probe
is important since it is from this point that measurements are taken to '
determine the position of discontinuities. Determining the exit pointis
the first of several calibrations that can be done with the International
Institute of Welding (ITW) ultrasonic block (Fig. 52). The procedure for
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locating (or checking) the exit point is to place the probe on the block
in the position shown in Fig. 53. The probe is moved back and forth until
the amplitude of the reflection is at a maximum. The exit point is then
the point on the probe corresponding to the index marked on the block
and it should be clearly marked on the probe.

Probe is moved to give

- maxirnum reflection \

L]
]

LY v
LI b ——

———

-

)
LUl

Index is exit point of sound beam axis

 Figure 53. Determination of index point on angle beam probe.

Ina similar way the angle of refraction of a probe may be determined
on the IIW block. A round hole reflector is used sinceitreflects normal

. to its surface regardless of the angle when the beam is directed at the

centre of the hole. The probe is placed as shown in Fig. 54 and moved
back and forth to find the maximum amplitude of the reflection. The
angle is the value on the scale corresponding to the exit point on the
probe. The angle must only be checked after the exit point has been
determined.

70%

‘ 0=—"70°
-

; 80

Figure 54. Determination of the

8o°| angle of refraction.
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The horizontal deflection of the trace on the CRT screen represents
beam path distance and must be calibrated to represent a known
distance. For a normal probe (longitudinal mode) the probe can be
placed on the side of the IIW block (Fig. 55) and the instrument adjusted
to obtain indications at 25, 50, 150 mm, etc., on the screen. This would
be 1,2, 3 in,, etc., on the ST block. For the transverse mode, the angle
probe is placed as in Fig. 56 and the sweep adjusted to give indications
at 100 and 200 mm. Similar procedures are used with other types of
cahbratxon blocks.

=
A 0 i 1] 25mm

Figure 55. Distance calibration for a normal probe.

@ O \ L
\‘” '
200

Figure 58. Distance calibration for an angle probe.

Vertical deflection represents the amplitude of a reflection and the
sensitivity is adjusted such that a reference reflector causes a given
height on the screen. Note that the reference reflector is arbitrary and
does not necessarily represent any particular weld defect. Various types
of reflectors may be specified for amplitude calibration such as flat
bottom holes, side holes, or slots.
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For the longitudinal mode the back wall reflection is used for
amplitude calibration. For the shear (transverse) wave mode CSA
W59-M1989 requires a 1.5 mm hole to be used when calibrating with
the OW block (Fig. 57). Other calibration methods and reference
reflectors may be specified.

~=——a Adjusted to give maximum reflection

1.5 mm holg 7

Figure 57. Sensitivity calibration from a 1.5 mm side hole using
the IIW block.

Resolution is checked by using a reference block with closely
~ spaced reflectors. The resolution reference block shown in Fig. 58 has -
- three closely spaced holes for each of three probe angles. The screen
indications should show three distinct peaks.

Figure 58. Method for checking resolution. %

Because of attenuation of the ultrasonic wave in the material, the
amplitude of the reflected wave depends on the sound path distance., A
correction for this effect can be made by constructing a ‘distance- .
- amplitude correction’ (DAC) curve. One method of doing this is to
place the probe on a calibration block in successive positions such that i
the beam bounces off the back wall and must travel longer distances to ' ' i
the reflector. Fig. 59 illustrates the method of establishing a DAC curve
according to ASME requirements. ‘ '
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-

QO wNWAETIHINRDS O

Sensitivity

Figure 59. Typical ‘distance amplitude correction’ curve (angle beam
method). From ASTM E164.

Itshould be noted that some standards (e.g., CSA W59-89 and AWS
D1.1) do not require a DAC curve to be constructed. Instead, a fixed
attenuation factor is assumed to apply. Some nitrasonic instruments
have electronic DAC which can be calibrated then stored by the
instrument to electronically correct the amplitude of a reflection dis-
played on the screen.

It is common practice to develop a specific reference block for any
inspection task which is large enough, repetitive enough, or complex
enough to make it worthwhile. For field inspection of pipe welds, for
example, one might prepare a reference block of the same material,
containing the same weld geometry, and having the same radius and
thickness of the pipe to be inspected. The reference block could be of
a convenient size, so that it is carried around by the inspector. It would

- also contain artificial defects, perhaps drilled holes of a specific size and

angle related to the inspection task.
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Most weld inspection procedures involve four steps which may be
considered to represent increasing difficulty.

1. Detecting discontinuities
2. Locating discontinuities
3. Identifying discontinuities
4. Measuring discontinuities.

. For the initial search, it is necessary to have the sensitivity level |
- sufficiently high that no significant reflectors will be missed. The
scanning procedure will typically call for a minimum scanning level
which could be established by obtaining an echo on the screen from a
standard reflector (drilled hole) on the reference block, then adding a
specified number of decibels (dBs) of amplification.

The operator then scans the weld area in a pattern which ensures that
‘the ultrasonic beam passes through the areas of interest for the full
inspection length of the weld. Typical inspection patterns are shown in
Figs. 60 and 61.

CAAAARAARARAAARAA(R A AAARAATARARAaadn
Half skip — —— | ‘
Full skip — — .A .‘ _ W
[ARARAAaARAaRaaan
Half skip —
Full skip ——

Figure 60. Probe scanning patterns showing displacement of probe.
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__________ e ]
Probe travel limits
Lateral
""""""" Fowtond maton W
3
—
_____ W]
Sliding motion _ Progressional path

Figure 61. Scanning method for longitudinal defects, with probe fravel limits.

Any indications which are noted during the scanning stage and

subjected to further evaluation. The first step is to détermine their exact
position within the weld. See Figs. 62 and 63.

’

A
D B
R
£ \ ,
Z\) T
—L ) 1 1
c 5
D =Rsin (&)
T=Rcos (o)
B=A-D

R = Sound path distance

. Figure €2. Equations fo locate defect using the angle probe.
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i .
A\ | T T~ *r
1 T
_L h
B B I
R = Rtrue
R = Rread Bi Al
h = Arbitrary =g
T = Ttrue
T =

T relative

Figure 63. Sound path sketched on screen.

Several commercial aids are available to help picture the beam path
in relation to the signal and the inside geometry. ‘Computer programs
on the most modemn instruments have this type of information internal-
ized. Fig. 64 illustrates a typical aid for locating flaws.
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The next step in the process 1s to attempt to identify the discontinu-
ity. This requires a knowledge of the type of signal which is typical of
various shapes and types of defects, the geometry of the weld, and the
welding process. :

The procedure for characterizing discontinuities usually involves

noting the reflection when observed from different directions. Selective

- movement of the probe (Fig. 65) causes the beam to approach the

discontinuity from different directions and the amplitude of the reflec-

tion will depend on the shape of the discontinuity. Discontinuities can
be classes as:

» Spherical (single pores, widely spaced porosity)
e Cylindrical (hollow beads, slag lines)
« Planar (lack-of-fusion, cracks)

' i
\ \
SEPIDRVIDIDIDIDIDID D,
\ A i i
\ Lot \ -ﬂ-——u-——-—‘-b— H :
> L s , T v ‘ _
A\ t - )v( T = A ok Figure 65. . Probe mations for angle
: E;I E;’ A EJ i E;l . beam scanning fo characterize’
- "-«: b discontinuities. ‘ '
\
Rotational ~ Orbital Lateral Traversing

Spherical reflectors give the same amplitude reflection from any
direction although the amplitude may be rather small (Fig. 66). Cylin-
drical reflectors only show constant amplitude for directions normal to
the axis of the cylinder (Fig. 67). Planar structures, however, show a
drop of amplitude when the beam is not normal to the plane of the

. discontinuity (Figs. 68 and 69).

/// Figure 67. Cylindrical
O..‘/_'__ cavilty: scatter in two

dimensions.

Figure 66. Spherical pors:
-gcatter in three dimensions.
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L
L
L

Figure 68. Planar reflector showing Figure 68. Lack of penetration at root of a single
drop in amplitude when the beam is . groove weld acls like a corner reflector,

not normal to the reffector.

Successive
Probe Motion Echo Signals Remarks
v/
i i
‘\ / For ragged iearlike defect, pattern is as
\(7 shown. Ragged edge of pattern
W , indicates diffraction of beam and
consequent loss of echo height.
Rotation -

G0 E . B ) P .
o ',l Voo Pattem ragged in form, roughly
i \ triangular, with depression at top.
77 (i
1 v .
- S <

With lateral probe movement the
amount of echo travel is dependent
entirely upon lie of defect. Any
increase in travel indicates change in
probe/defect distance.  Successive

echoes increase rapidly to a maximum
IL__ as beam crosses defect. Pattemn width
and probe travel with full echo are a
furetion of defect size.

As the probe is advanced toward the

defect the edge of the beam makes

contact and the echo height increases

rapidly at first. Die-away is rapid,

l Pattern width is a function of vertical

[{__ | span of defect but is also dependent
upen probe angle.

Traversing

o

. Figure 70. Typical echo patterns from ragged defect such as a crack.
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Successive
Probe Mction Echo Signals - Remarks
Vs
V17
117
\\ ,’ \ Pattern very narrow. Die-away rapid.
Rotation e
H
i
l’ \\ Pattern very narrow. Die-away rapid.
i :\-\
tal]el
Qrbiting =
Constant echo height. No die-away.
Trace does not move.
Laterai -
As the probe is advanced foward the
T = defect and the edge of the beam
WL @ . makes contact, the echo height
2 . increases very rapidly. The maximum
= a l is held for a very short time. Dle-away
iy F is rapid.

Figure 71. Typical echo paitems from specular reflector such as lack of
penelration or lack of fusion.

It may be possible to distinguish a planar reflector with a ragged
surface, such as a crack, from one with a smoother, more reflective
(specular) surface. Figs. 70 and 71 illustrate details of echo patterns
from these two types of planar discontinuities.

Itis difficult to accurately measure the true length of discontinuities
because the reflected amplitude depends on so many factors. But most
codes require a characteristic length to be measured using a prescribed
method. The most common method is to identify the position on the
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surface which corresponds to 50% of the maximum amplitude (i.e.,6dB

drop). Thisisbased on the idea that when the beam axis reachestheedge

of the discontinuity, only half the beam is reflected. Fig. 72 illustrates
- this method.

haracteristic length

Figure 72. Measurement of length of long
reflector with angle beam probe.
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Other methods are also used for determining a characteristic size.
For example, the maximum amplitude method is based on the fact that
for some orientations the maximum amplitude occurs from the end of
the reflector. The distance between two peaks is measured and the
discontinuity height determined from geometry, Fig. 73 illustrates this

approach.
1 3
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t 1
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Figure 73. Determining defect height S o
using the maximum amplitude method, et
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There are two general approaches for the evaluation of flaw indica-
tions: one based on general quality of workmanship (quality control
criterion) and the other based on a more precise evaluation of the fitness-
for-purpose criterion). The latter approach is beingused increasin glyin

WELD SOUNDNESS
- Weld Structural
quality integrity

:

:

ACCEPTANCE/REJECTION STANDARD

Quality control criteria:
Based on engineering experience;

For general purpose use.

Fitness-for-purpose criteria:
Based on fraciure mechanics calculations;

Specified on case by case basis

#.

i

ULTRASONIC INSPECTION

1) Rules for echo evaluation

Convenient ultrasonic parameters:

» Echo amplitude ' o ]

* Probe movement when scanning in
length and through-thickness directions;

* Number of indications.

.

2) Type of ultrasonic procedure

Directed towards most common
manufacturing defects

Opér’é»f-i;r skills: modest

Moderate to high sensitivity,
depending on quality class

Limited choice of probes :
{number of probes and scans increases
with class)

Defect detection probability depends on
quality class

Simple evaluation rules.

Physical measurement of defects: -
* Through-thickness size

* Proximity to surface

* Defect length

* Defect orientation.

Directed towards most serious defacts,
including service-induced cracking

Operator skills: high

High sensitivity

Several probes and beam directions

Defect detection probability high but
depends on operator skili

Echodynamic evaluation.

. Figure 74. The relation between ihe freedom from defects of the weld, the defect
acceptance standard and aspects of the ulirasonic procedure as they apply to the
quality control and fitness-for-purpose functions of ultrasonic examination.
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the evaluation of flaws found in service and in cases where a repair
would be costly orrisky. The method requires detailed knowledge of
the stress the weld is subject to, the environment, material properties,
and an accurate knowledge of the flaw size and location.

For most ultrasonic. inspections performed during the course of
fabrication the quality control approach is used. Arbitrary standards are
setfor the acceptance orrejection of indications and no atternpt is made
to establish whether any particular flaw is likely to affect the integrity
of the structure. A comparison of the two approaches is shown in
Fig. 74. In this module we will discuss briefly some of the acceptance
criteria used in codes based on this quality control approach.

The method used in CSA W59-M1989 and other similar structural
welding codes has a number of simplifying features. Acceptance or
rejection of indications is based on amplitude and length. No attempt
is made toidentify the flaw, for example whetheritisacrack orporosity,
and therefore the seriousness of the flaw is not addressed. The
procedure involves the following steps:

block, adjusting the height to between 50% and 75% full screen
height to provide the reference level. Note the gain setting (in dB).
This is the reference level “p’.

* .- Calibrate sensitivity using the 1.5 mm side drilled hole in the TW

"+ ADACcurve is not required, but an attennation factor of 1 dB per
12.7 mm of sound path greater than 25.4 mm is assumed, Thus,
measure the total sound path, subtzact 25.4 mm, and divide the
remainder by 12.7. This gives the attenuation factor ‘c’.

* Adjust the gain control to bring the peak of the indication to the
reference level (horizontal line) on the screen. Note the gain control
reading. This is the indication level ‘a’. '

* The'indication rating ‘@’ is then:

d=a-b-c

(@ and b may have opposite signs depending on whether the
sensitivity control is marked as gain or attenuation).

* Measure the indication length using the 6 dB drop method.
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Table 3. Ultrasonic acceptance criteria for statically loaded structures (CSA W59-M1989).

* Accept or reject indications according to tables provided for
statically loaded or dynamically loaded structures. The table for
statically loaded structures is shown in Table 3. Note that as ‘d’
becomes larger it represents a smaller reflector.

Minimum Acceptahce Levels (Decibels)

Weld Thickness {mm) and Transducer Angle

8 »>20 >38 >63 >100 »>150

to |to to to to . to

20 38 63 100 150 200
Reflector _ §
Severity 70° 170° |70° |60° | 45° | 70° i60° | 45° [ 70° [60° | 45° [70° |60° [45°
Large reflectors | +8 (+3 |—1 [+2 | +4 |—-4 |—1 | +1 ~-7 |-4 -2 |-9 |-86 |-4
Smallreflectors | +9 | +4 |+1 |+4 | +6 | -2 |+1 [+3 |-5 |~-2 0 |-7 |-4 |-2
Minor reflectors | +101+5 |+3 [+86 |+8 | 0 |+3 [+5 (-3 | .0 |+2 -5 |-2 | 0

Large Reflectors: Any discontinuity, regard!ess of length, having a more serious rating {smaller number) than this level

shall be rejected.

Small Reflectors: Any discontinuity Ionger than 20 mm having a more serious rating (smaller number) than this level

shall be rejected.”

Minor Reflectors: Only those discontinuities exceedmg 50 mm in length and having a more serious rating (smaller
number) than this level shall be rejected.
Refer to original for nates.

As an example you are inspecting a weld in 25 mm thick plate with
a70° probe. The reference level setis 42 dB. Anindication is detected
and when the gain is adjusted to bring the indication height to the
reference levelitreads 46 dB. The sound path measured from the screen
is 38 mmand the indicatior lengthusing the 6 dB drop method is 30mm.

Indication level ‘@’ = 46dB
Reference level ‘p* = 42dB
~ Attenuation factor ‘¢’ = 28-1:2?-= 1dB

‘d=46-42-1=3dB

According to Table 3 (statically loaded structure) this would be
rejected as a small reflector because the length is greater than 20 mm.
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The procedures in ASME also depend on amplitude relative to a
reference level set by calibration to a side hole but there are some
important differences. Steps involved are:

.+ Setreference level using appropriate side hole:

3/32 in. for weld thicknesses < 1 in.
1/8 in, "_ " " 1-21n.
3/16in " " " 2—4in.

+  Determine the DAC (distance amplitude correction) curve.

* Investigate ail indications giving a response greater than 20% of the
DAC reference level. Evaluate the reflector as linear or spherical
and attempt to identify it as a crack, lack of fusion, slag, etc.

* Determine the length and location.

* Accept or reject on the basis of amplitude, discontinuity type, and
size. For example ASME Section VIII Division 1:

~ a) imperfections interpreted as cracks, lack of fusion, or incom-
 plete penetration are unacceptable regardless of length;

b) all other linear type imperfections are unacceptable if the

amplitude exceeds the reference level and the length exceeds:

1/4in. for T up to 3/4 in.

1/3 T for T from 3/4 in. to 2 1/4 in.

3/4in. forT>2 1/4in.

where T is the thickness of the weld being examined.

It is emphasized that these brief summaries are given here to
illustrate the basic methods and the original documents must be cori-
sulted for the complete procedures and acceptance criterion.

In most ultrasonic inspection the only record is the operator’s report
based on interpretations made at the time of inspection. It is important,
therefore, that these reports are clear, accurate, and contain adequate

information. Standards, such as ASTM E164, define parameters that

should be reported (see sidebar) and fabrication codes such as CWS
W59 and AWS D21.1 contain recommended formats for reporting
results. Reports should indicate the code or specifications, acceptance
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( ASTM E164 — Report parameters

—

1.

Report

1141

11.1.2
11.1.3
11.1.4
11.1.5
11.1.6
11.1.7
11.1.8
11.1.9
11.1.10
11.1.11

11.1.12
11.1.13
11.1.14
11.1.15
11.1.186
11117

~Surface finish.

Couplant.

Each weld examination should be recorded on a report form which includes at
least the following information. o '
Weldtypes and configurationsiested, including thickness dimensions. Descrip-
tivé sketches are usually recommended.

Automatic défect alarm or recording equipment or both, if used.

Special search units, wedges, shoes, or saddles, if used.

Rotating, revolving scanning mechanisms, if used,

Stage of manufacture at which test was made.

Surface or surfaces from which the test was performed.

Method used.

Technique used. ,

Description of the calibration method and method of correlating indications with
defects.

Sbanning.

Mode of transmission.

Type and size of transducer.

Test frequency.

instrumént identification information.

Defect description {depth, location, !ength,‘ height, amplitude, and character."

criteria, and name and certification of the inspector. CSA W59-1989
Appendix F has a suggested format for the report. Fig. 75 illustrates part
of another format that emphasizes the sketch of the weld and location
ofreflectors. In addition, the inspection organization should have up-to-
date records of operator qualification and equipment calibration.
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INSTRUMENT: ' Date:
SENSITIVITY: _48dBatstmm TRANSFER CORRECTION: __ 6dB Loss

CALIBRATION: _100 mm radius = 100 mm

WELDMENT: _Specimen ButtNo. US 31 25 mm thick

Double Vee
PROBE: Frequency —..—..Angle Size Model
T ~ 125
i
-® | — 100
1
|
I
i I~ 75
i
| R2
/—’/
’ — 50
I R3 .
o i . 25
L "r/ ,
. i L,
-+
= —— RS
[ ~ 0
R2
R 1
- — 25
Longiw- Net dB Dispo-
Reflector | Range | Depth | Lateral dinal Length | Gain }|INTERPRETATION | sition
R1 60 20 0 100 } 100 0 4 | TRANSVERSE REJ
CRACK
R2 70 | 12 0 s0) sol 20 | - | INcOMPLETE REJ
PENETRATION
R3 110 5 -5 20) 20 0 10 | GASHOLE CK
o Figure 75. Part of a typical UT report.
E
£/
s
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Summary

Ultrasonics as a nondestructive method of inspecting welds has
been growing in use, and the extensive research being undertaken is -
resulting in sophisticated systems capable of providing three-dimen-
sional images of defects in welds. The bulk of indusfrial UT of welds,
however, still uses the conventional manual technique which is highly
dependent on the skill of the operator. The UT examination of welds is
conducted by qualified individuals but the inspector requires a good
Imowledge of the method in order to check qualifications, procedures,
and discuss interpretations.

This module has presented the basis of ultrasonic testing, describing
types of waves, wavelength, attenuation and refraction. The equipment
used has been described together with the methods of displaying
information on a screen. Various newer techniques have also been
mentioned. ' ‘ :

The application to inspecting welds has been covered, describing
the typesof probes used, their location, and scanning methods. Methods
of calibrating UT equipment and probes has been described. Various
procedures as required by codes and standards have been covered
together with the means of evaluating results. -

It is hoped this will provide the inspector with a sound understand-
ing of the method and facilitate the inspector’s task when ultrasonic
examination is specified. -

Additional Resource

Nondestructive Testing Handbook, Volume 7 (Ultrasonic Testing)
American Society for Nondestructive Testing, Columbus, Ohio.
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' GUIDES AND EXERCISES
MODULE 19

ULTRASONIC INSPECTION
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ULTRASONIC INSPECTION

MODULE 19

Guides & Exercises

To obtain maximum benefit from this module we suggest that you follow this guide and complete the exercises
asindicated. kisimportant thatyou work through the text methodically, studying each section thoroughly before
moving on. The exercises are designedio give you an indication of whether you have learned the material and
can move on or whether you need to go back and study the section again.

Do the exercises honestly. They will not help you unless you take them sericusly. If you get a question wrong
go back through the text until you understand where you have gone wrong and know the correct answer.

The iength of time required to complete the modute will vary from student to student Find your own pace. Do
not msh Remember you are trymg to leamn something, not win a race. : ‘

Some people like to underline sections when they read a text. We suggest that you use caution if you do this.
What you think is important first time you read it may be different after reading it three times. We suggest you
read a section three times thoroughly before highlighting anything.

The last exercise is designed o give you an indication of whether you are ready to take the WIC closed-bogk
exams. The exercise questions are of a similar standard to the official exams. Do not take the examuntil you
feel you are ready and you may wish to study several Moduies before taking the exams on each. The details
of the examination procedures are on a separaie sheet.

if you have any difficulties with this Module do not hesitate to ask for help. You may find you learn more by

attending seminars which are given periodically, and you should also contact your local WIC Chapter to see if
they can be of assistance. Remember, if you fail the examination you can always try again later.
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Aiter working through each guide, check your answers (starting on page 62} for accuracy. ff
any of your answers are wrong, re-study the guide subject matter in the text until you
understand it before moving on to the next guide.

Guide 1

Read carefully pages 1 fo 7 and answer the following questions:

1.

‘Approximately what is the upper limit of human hearing?

a) 15 Hz
b) ©~ 15kHz
T gl 15 MHz

What is a typical frequency of ultrasonic testing of welds?

a) 225MHz
by 2.25kHz
c) 225Hz

If an ultrasonic wave in a block of steel has a wavelength of 1.3 mm and travels at a
velocity of 5.85 x 10° nv/s, calculate the frequency. : '

Do iransverse wéves in a solid travél féstér or siéwer than Iongitudihal waveé?
True or talse?

“The energy carried by a wave is proportional to the square of the amplitude.”

If the amplitude of a wave is reduced to 25% what is the corresponding drop in dB?
(Hint: you can figure it out from the information on page 6 but you could also use

logarithm tables or a calculator.)

The decrease in energy of an ultrasonic wave as it travels through a material is known
as—

a) amplitude

b}  amplification
C) attenuation
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Guide 2
Read carefully pages 7 io 10 and answer the following questions:

1. Piezoelectric crystals can—

a) . change mechanical pulses into elecirical pulses

b) change electrical pulses into mechanical pulses

) do both a) and b) '
2. What determines the natural frequency of a given piezoeletric fransducer?

a) The amplitude of the voltage appiied.

b) The transducer thickness.

c) The frequency is set by the material being inspected and cannot be changed.
3. Name one piezoelectric malerial.

4. In conventional ufrasonics the wave is injected ino the specimen as:

a) a continuous wave at the natural frequency of the transducer
. b) a short pulse containing several oscillations at the natural frequency

5. Why is good acoustic contact between the transducer and the test speci‘men needed? |

8. True or false?

“A couplant is only needed if the surface is rough.”

Guide 3
Read carefully pages 11 fo 18 and answer the following questions:
1. Draw-a block diagrém'of the bésic pulse-echo equipment from memory then compare
- your sketch with Fig. 10.
2. InA-scan display the vertical displacement of the trace represents:
a) the amplitude of the reflected wave

D) the size of the reflector
c} distance
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3. In A-scan displéy the horizontal displacement of the trace is
calibrated to represent:

ay the amplitude of the reflected wave
b)  the size of the reflector ‘
¢) distance

4. In what units is the gain control (or attenuator) marked?

5. What iype of display gives a cross-sectional view showing Iength
and depth of dlscontmumes? :

8. Give an example where the entire specimen is immersed in water
which acts as the couplant.

7. True or false?
“Acoustic emission refies on detecting very small amounts of

mechanical energy released from such things as growing cracks or
siructural discontinuities under load.”

Guide 4

Read carefully bages 18 to 23 and answer the folloWing questions:

- 1. In which direction do the particles vibrate in a longitudinal wave?

- 2. Why does an ulirasonic wave get refracted when it travels from a

plastic probe unit into a steel specimen?

3.  Hanincident beam produces both a refracted longitudinal and a
refracted transverse wave which one has the smaller angle of
refraction?

4, What type (mode) of waves is produced by an angle probe?

5, The ability to detect sméﬂ reflectors (sensitivity} is increased by:
a)  increasing the frequency

b)  decreasing the frequency
c) is nol related to frequency
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6. The ability of an ultrasonic test system to distinguish closely spaced reflectors is known
as:

a) sensitivity

b) resolution

c) atienuation
7. True or false?

“‘Beam spread-is reduced by having a small ratio of wavelength to tranéducer size” .

Guide 5
Read carefully pages 24 to 32 and answer the following questions:

1. True of false?

“The plate and weld surface must always be ground smooth prior 1o ulirasonic
examination.” . ) .

2. Why should most ultrasonic examinations of welds begiri With'a'seérch of the plate
with a normal probe?

3. When using an angle probe, whenwould it be necessary to bounce the beam off the
back wall? .

aj The beam cannot bounce off the back wall.

b) This technique should not be used. '

c) To examine parts of the weld that cannot be accessed by the beam dlrecﬂy
4. True orfalse?

“Difficulties with UT can arise when welds have backing bars due to reflections from
corners, .internal reflections in the bars, etc.”

5. Which of the following materials requires special techniques for UT examinaticn?
a3 Carbon steel used in a pressure vessel.
b Austenitic stainless steel.
¢} . Struciural steel for bridges.

6. Truc_e orialse?

“The transducer in the probe always acts as the transmitter and the receiver of the
ultrasonic pulse.”
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Guide 6
Read carefully pages 33 to 38 and answer the following questions:

1. When working to CSA W53-M1989 to what must the ultrasonic operator be certified?

2. What is the term used fo describe the degree to which the distance measured on the
screenis propomonal to the sound path dlstance in the specimen?

3. What two features of an angle probe can be cahbra_ted or checked using the IW block?

4, Distance calibration using an [IW block for a normal (longitudinal mode) probe requnres
the probe to be placed:

a) on the top of the block such that the beam reflects from the 1.5 mm hole
b} on the other edge to reflect off the curved end
c) on the side to reflect off the back wall

5. For the transverse mode what reflector in the IIW block is used to calibrate sensitivity
according to CSA W59-18897

6. True or false?
"Resolution cannot be checked because it is a function of the design of the equipment.” -

7. What is a DAC curve?

Guide 7
Read carefully pages 39 to 45 and answer the following questions:

1. How is it possible to inspect most of a weld using an angle probe?
a) By usinga very large probe.
b) By placing the probe on the weld reinforcement.
¢) By scanning from adjacent to the weld moving in and out and along the weld.

2. When determining the location of a reflector how is the sound path distance
measured? ‘
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3. How would you expect the amplitude of the wave reflected from a spherical pore to
vary as the direction of approach of the beam is changed?

a) it would rise to a maximum ihen decrease.
b) It would risé to a peak only if the probe were moved in the plane of the plate.
c) it would not vary significantly.

4. Which of the following would be considered planar discontinuities:  porosity, lack-of-
fusion, cracks, suck-back, hollow beads, thin slag lines? '

5. Tﬁe method for measuring the characteristic length of a reflector according to CSA -
W55-1989 involves:

a) measuring between the two locations where the amplitude reaches a peak

b) measuring between the two points where the indication has disappeared

C) measuring between the two points where the amplitude drops to 50% of its
maximum valve

6. Would you expect the maximum amplitude method to be an effective way to determine
the size of a plate lamination using a normal probe?

Guide 8

Read carefully pages 46 to 52 and answer the following questions:

’

1. True or false?

“In most codes and standards the acceptance or rejection of a discontinuity is based on
whether it is shown that it wili cause failure.”

2. Whenusing the CSA W59-M1989 procedure how is the effect of attenuation taken into
" account? |

a) By assuming a loss of 1 dB per 12.7 mm of sound path greater than 25.4 mm.
b) By determining the DAC curve.
c) Attenuation is neglected.

3. Treorfalse?

“The _indiCation rating (dB) is a measure of the size of the defect.”
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Would a refiector with an indication rating of 8 dB and 30 mm fong found in 2 20 mm
thick weld with a 70° probe be acceptable for a statically loaded structure according to
CSA W59-M19897

When following ASME procedures, does the size of the side hole used for setting the
reference level, depend on weld thickness? o

s a DAC curve reciuired for ASME procedures?

For imperfections interpreted as lack of fusion, what is the maximum acceptable length
according to ASME Section VIiI Div. 17

a) 20 mm.

b) /3T (Tis weld thickness).
c) Unacceptable regardless of length.
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Guide 1

Guide 2
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Guide 3
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ANSWERS

b)
a)
45 MHz

" Slower

True
12 dB
c)

c)

b) » :

Quartz, lithium sulphate, lead metaniobate are mentioned on
page 8 :

b)

Ultrasonic waves of the frequency used in inspection do not
travel far in air, so good coupling between the transducer and

_the specimen is needed
False

See diagram on page 11

a)

c)

dB (decibels)

B-scan

On -line examination of plate for defects such as laminations
in a steel milt

True

In the same direction as the direction of wave propagation .
The velocity is different in the two materials

Transverse waves

Transverse waves

a)

b)

True
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Guide 5
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Guide &
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Guide 7

Guide 8
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False

To identify plate defects such as laminations that could
interfere with examination of the weld with an angle probe
<)

True

b)

False, two separate probes could be used as the transmitter
and receiver

CGSB 48-GP-7M

Horizontal Enearity

Exit point (index point) and angle

<)

1.5 mm side hole

False :
Distance amplitude correction curve. Itis used to correct for
the effects of atienuation

c) _ o ‘
From the screen if the horizontal sweep is properly calibrated
c) S S
Lack-of-fusion and cracks

c)

No. The maximum amplitude method requires the peak
reflections to occur from the tips of the discontinuity. This is
not likely if the beam strikes normal to the plane of the
discontinuity.

False
False

Yes
Yes
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MODULE 19

TEST
This test is desighed to determine whether you are ready {0 attempt the formal examination.

Complete the ANSWER SHEET and compare the results with the TEST KEY. If you score
less than 70% we suggest you re-study the material.

1. If an ultrasonic wave has a velocity of 5.85 x 10° nvs in steel, what is the wavelength
of a wave with frequency 4 MHz. .
a) 0.68 mm
b) 1.46m
" ¢) 0.000684 mm
d) 1.46 mm
e) 9.85 mm

2. The frequency of the ultrasonic wave:

a) is set by a knob on the equipment

b) depends on the transducer selected

c) - Iscalibrated using an lIW block

d)  changes as the wave enters the materia

e) reduces as the wave travels through the material

3.  To reduce the height of an indication on the screen by 50% you would furn the gain
control (or attenuator) through how many dB?

a) 2dB
b) 50 dB
c) -60dB
d) 20 dB
e) 6dB

4. An ultrasonic beam changes angle (refracts) when it travels from a plastic probe into a
steel specimen because: _ ' ‘

a) the wave velocily is different in steel than in plastic

b) =~ the frequency is different in steel than in plastic
C) only transverse waves can travel in steel

fo} the angle does not change

e} the amplitude is reduced by attenuation
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5. If you are examining a groove weld in a plate from one surface with an angle probe,
how would you examine the upper portion of the weld?

a) Place the probe on the weld reinforcement

b} Move the probe as close as possible to the weld

c) The upper portion cannot be examined

d) Move the probe away from the weld so the beam bounces off the lower surface
1o strike the upper portion of the weld ‘

e) = Use a normal probe close to the edge of the weld

6. Whatis the first item that should be checked or calibrated on an aﬁgle probe?

a) Wavelength

"b) Calibration Is not necessary
c) Angle
d) Linearity

e) Exit (index) point

7. How does the UT procedure in CSA W59-M 1989 account for attenuation?

a) A DAC curve must be established

b) -All signals are calibrated to the 1.5 mm side hole

c) An attenuation factor of 1 dB per 12.7 mm of sound path greater than 25.4 mm
is assumed -

d) An attenuation factor of 1 dB per 25.4 mm.of sound path i 1s assumed

e} Neo correction for attenuationis needed

8. How could you determine whether a reflector was planar or spherical?

a) By using the 6 dB drop method

b} You cannot determine which it is

C) By measuring the sound path distance from the screen when the probe is
moved '

d) By moving the probe so that the beam strikes the reflector from different angles
and noting any change in indication amplitude

€) By moving the probe until maximum amplitude is obtained and comparing this

o the reference level

2.  What three dB values are needed to calculate the indication rating according to CSA -
W53-M1989 procedures?

a) Reference level, indication level, attenuation factor

b) Reference level, 1.5 mm side hole level, indication level
¢} . 1.5 mm side hole ievel, referencel level, attenuation factor
d) Exit point level, attenuation level, DAC

€)  DAC, 8dB drop value, reference level
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10.

Some of the ways in which ASME procedures differ from CSA W59-M1989 procedures
are: . : '

a) The ASME reference hole size does not depend on thickness but the CSA
W59 does

b) The procedures are virtually the same

o) CSA W59 requires careful identification of the type of discontinuity causing the
reflection whereas ASME does not

d} ASME requires a DAC curve and characterlzatron of discontinuities

)| CSA W59 requires the operator to determine whether the dxscontmunty wnll

cause failure of the weld .
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THE GOODERHAM CENTRE FOR INDUSTRIAL LEARNING
Answer Sheet
Module 19

Complete the ‘Answer Sheet’ and compare your answer with those in the ‘Test Key'. If
you score less than 70% we suggest you re-study the material.

Please circle only one letter corresponding to the answer you think is correct.

Question ' ~ Answer
1 a b ¢ d e
2 a b c d e
3 a b c d e
4 a b c d e
5 a b c d 8
6 a b c - d e
7 a b c d e
8 a b c d e
9 a b C d e
10 a b c d e

The answer sheet below is provided in the event you wish to retest yourseif.

Question Answer
1 a b c d e
2 a b c d e
3 a b c d e
4 a b ¢ d e
5 a b c d €
6 a -b 7 . c d e
7 a b c d e
8 a b c d 8
9 a b c d e
10 a b c d e
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THE GOODERHAM CENTRE FOR INDUSTRIAL LEARNING
Test Key
Modqle 19

Compare your answer sheet to this key.

~ Question: - _ Answer
1 a b c. @ ' e
2 a @ c d e
3 a b c d @
4 (@) b c d e
5 a b c @ e
6 a b c d (e)
7 a b @ d e
'8 a b c | e
9 (a) b c d e
10 a b c @ e




