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(Suface waves or Rayleigh waves) “aalad) 7l ga)
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Incident Wave Generalion of Anlisymmelric
Mades

Propagating Wave

Interference of Reflections
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MATERIAL | DENSITY | LONGITUDINAL |  SHEAR WAVES 7|
WAVES
| (g/em' ) (m/s) 10" kg/m’ /s
(m/s)
ALUMINIUM 2.69 6300 3130 17064
STEEL 7.85 5040 3250 1620 |
J
PERSPEX 118 27730 1120 1
[
WATER 100 1500 CAN NOT TRAVEL 1500 |
OlL 0.95 11625 IN LIQUIDS AND 1544
AIR 00012 0.0033 GASES 0430
I - e 26
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Sine, ~ Sine,  Sine,  Sine,

V|, is the longitudinal wave velocity in material 1.
V|, is the longitudinal wave velocity in material 2.

V,, is the shear wave velocity in material 1.

2

V, is the shear wave velocity in material 2.
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:(Attenuﬂtiﬂn of Sound V&-’rm-'es) 45 ual) 38 ELJ:H Ot g

The loss in acoustic energy that occurs between any two points
of travel
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Incident sound
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FAR FIELD

Amplitude variations
in the nearfieid

NEAR FIELD
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Test Techniques

e [ltragonic testing is a very ver satile i inspection method. and
inspections can be acmmplhhed in a number of different
Wavs.
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Test Techniques - Pulse-Echo

* In pulse-echo testing, a transducer sends out a pulse of energy
and the same or a second transducer listens for reflected energy

(an echo).
initial
ulse
P back surface (
echo
CI’aCk {%
echo
/\ H ‘" crack
I | | | I I ) plate J'L--""""
0 2 4 6 8 10 13

46
UT Instrument Screen



" N

Pulser/Receiver

Transducer

--ﬁ

i

s

.-l\____,_
Crack

Plate

47



48



49



i i small ¢

lefect

large defect

50




" JEE
'(Through transmission) Jmml\ Ju )_.,I\ 4_,;54 -)

51



" N

* Two transducers located on opposing sides of
the test specimen are used. One transducer acts
as a transmitter, the other as a receiver.
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Figure 2. Through-Transmission Method of Ultrasonic Testing
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Test Techniqgues — Normal and Angle Beam

* In normal beam testing, the sound beam is introduced

Into the test article at 90 degree to the surface.
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Test Techniqgues — Normal and Angle Beam

* In angle beam testing, the sound beam is introduced into

the test article at some angle other than 90.
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Test Techniqgues — Normal and Angle Beam

 The choice between normal and angle beam inspection

usually depends on two considerations:
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Test Techniques — Contact Vs Immersion

« To get useful levels of sound energy into a material, the air between
the transducer and the test article must be removed. This is referred

to as coupling.
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Test Techniques — Contact Vs Immersion

 With immersion testing, an echo from the front surface
of the part is seen in the signal but otherwise signal

Interpretation is the same for the two techniques.
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Resonance Method

el G M GRS W WO R G I RO G ) A NOATR ) s

A condition of resonance exists whenever the thickness gf 4
naterial equals half the wavelength of sound or any multlp}e
thereof in that material,  Control of wavelength in

ultrasonics is achieved by control of frequenoy;

The resonance method of ultrasonics was at one tine
speclally suited to the measursment of thickness of thin
specimens such as the cladding tubes for reactor fusl
elenents. The method has now be largely superceded by the
pulse echo method because of improved transducer design,
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(a) Piezoelsctric Transducers
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Crystal

Charges cancel
each other, so
no current flow
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(b) Backing Material

ﬂmmm”“mmmnmmwﬂﬁww

The backing materlal in a probe is used to control the two
bagic performancp characterlutlos of thP probp - reuolutlon

and sensitivity,

Resolution of a probe ig its ability to separate the echoes
from two flavs which are close together in depth,

Sensitivity of & probe is defined as the ablllty of the
probe to detect echoes from swall flaws,
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To h&VP o high resolution probe, the vibration of the
transducer M MepmmuMMdemmdasqm&y 8
possible. But o have a high sensitivity probe, the dauwping

of thP transducer V1brat10n should be &g lov as possible
The two rﬁqulrpmentu are oontradleafory to Paoh other and

therefore & compronise has to be made,
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The maximum damping of the transducer’s vibrations 1s
achieved when the backing material has the seme acoustic
impedance ag that of the transducer.  This matching of the
acougtic impedances of transducer and backing wmaterial
allovs the ultrasound to pass e sily’from’ the transducer

into the backing material.
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To have sufficient sensitivity with high R
resolution the mismateh of acoustic impedamces of the
transducer and backing uaterial is usually approxinately 5
to 1 for quartz transducers and 1.1 to 1 for lithium
sulphate transducers,
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] (1) Single Transducer (Single Crystal) Norual Beem Probe

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

Transmitter unit Amplifier unit

v

v

Single crystal probe
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m Use single transducer as emitter and receiver

86



iy <1 galal g

87



B






Mode of operation of twin crystal probe.

Transmitter
unit |

prope '
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"(i1) Double Transducers (Tvin Crystal) Probes (or SE probes)

W o) .
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m Design to eliminate dead zone
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Small roof angle

Ultrasound propagation at great and small rgof
angles of a double crystal probe.
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(iii) Angle Beam Contact Type Probes

. m“mmmmmummmummm-—nmﬂ_mﬂumm-ﬁl“ﬂﬂm

E} @ socket — Delay/ protecting face

BN Crystal @, Electrical matching

=

Angle beam probe 99



m Normally used to transmit transverse wave in
material
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Ultrasonic

/ Transducers\

—

Plastic Wedge

/

L-Wave
Direction

N\

Particle Motion

/'\

S-Wave
Direction
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Angle of incidence >15st critical angle so that only
transverse wave transmitted to the metal

LT wave totally reflected in wedge and damped by
damping material

Normally refracted angle in steel and exit point or
probe index are marked the probe

Can become surface wave probe if angle is chosen
so that the refraction angle for transverse wave=90°

If use for ‘other than steel’ the refracted angle should
be taken into account
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1stwater path echo
d
Transmission pulse \ 2" water path echo
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- o
Immersion probe
Similar construction as normal probe
Designed for water environment
Place in water proof housing

No wear plate require

Waterproof
»housing

%

Electrical Electrical
contact + contact -

Backing >
material

Piezoelectric
material

Plastic face
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Immersion probe

m Water gap is about the thickness of the plate but timebase
distance (Td1>TdZ2) due to difference in velocity,

Water_ 1/ 4Vsteel

m To have 1t BW echo in- between 1st and 2" surface echo, d1
must be bigger than (1/4)d2.
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