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6.0 SAFETY NOTICE

Ultrasonic testing involves electrical equipment. Standard laboratory safety
procedurss for the handling of electrical equipment should be employed in
ultrampnic testing. In many facilities, wherse automated scanning devices
exist, caution must ba exercised with respect to moving machinery, rotating
gears and/or drive belts. Additional safety comments are presented in Section
6.8.
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6.1 INTHODUCTION

Ultrasonic testing employs high-frequency mechanical waves to detect various
material varisbles, These variables can be surface or internal variables, and
their locations and/or geomelries can be reascnaebly delineated.

Ultrasonic testing is unique in several areas., Ultrasonics and radiography
provide deep, internal inspection capabilities. Normally ultrasonics preovidea
the deepest penatration, {The penetration ¢f X-rays in steel is measured in
inches, ultrasonic beams can penetrate twenty feet or more,) Ultrasonics does
not require an intrusion of a foreign substance into a material, such a8 high
energy photons of an X-ray beam, but it consists of simple movemenis of the
internal atoms already there. Therefore, ultrasonics can be conaldered o be
the safest of all the inspecticn methods and is especially adaptable for
medical use. Ultrasonic testing has very few restrictions on the kinds of
materials it can inapect, The materials do not have to be magretic (as they
must be for magnetic particle teasting), they do not have to be electrically
conductive (as for eddy current teating), and they do not have to exhibit an
edhesive affinity for a liquid (a&s required for liquid penetrant testing).
They do not even have to be a solid. Any volumetrically elastic material can
be inapected by this method.

Ultrasonic testing can involve a wide variety of variables. Material
variables relating to flaws, voids, inclusions, bonding, thicknesses, and
densities can almost always be effectively inspected by ultrasonics.
Therefore, ultrasonics is one of the basic nondestructive teat methods.

This chapter provides the fundamental principles and guides associated with
ultrasonic testing. It includea the theory of operation, the typs of
equipment, the advantages and disadvantages of the method, variocus
applications and standards, and guides for specific disciplines. The
information contained in Chapter 1 should be included with this chapter for
general guidelines to the employment of all NDT methoda and for a more
complete understanding of ultrasonic testing as it compsres with other basic
methods.

6.1-1
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6.2 BASIC PRINCIPLES

Ultrasonic testing requires the generaticn of high-frequency mechanical waves
which are ususlly directed as beams to interact with various proparty
variables aof a material or spacimen. The interactione of these mechanical
waves result in the attenuation of the original wavee and/or in returned
reflections. The detection of these waves after interactions or reflections
after these interactions produces information relatable to the variables. A
atudy of the basic principles of ultramonic testing must therefore include the
means of generating high-frequency mechanical wavea, the characteristics of
these wavea, hov they can be directed, how they interact with material
variables, how they are ultimately detected, the information they contain, and
how the information is displayed.

6.2.1 MECHANICAL WAVES

All materiala that hold a natural shape (or a constant density} do so because
their atoms (or molecules) are held in mutual balance between attractive and
repulsive forces. These forces are “short range” forces and only extend

between atoma that are ressonably close together. In this atate of balance,
anv relative disnlacement of an atom will cause thesns farees to change in such

iy FTeRFA YT SapalLTOTLT [=JL Lt LY M ARSI  Weew Rt W W m W o e

a way that the diaplacad atom will tend to return to its original position.
At the same time, the displacement of any atom will cause a change in the
force balance asen by all the nearby atoma, Although this change in the force
balance is seen almost instantaneously by the surrounding atoms, due to their
inertia a finite period of time is required for the surrounding atoma to fully
respond to this unbalance. Eventually, however, tha atoms expsrience their
own diesplacement due to the displacement of the original atom. In this way, a
digturbance at one point can progrees to another point and can eveptually
progreas throughout the materiasl.

There are saveral kinds of disturbances that can be generated. PFor thoae
disturbances that are small and are in what is called the elastic range, the
disturbances are wave-like in nature., These waves have a velocity that is
determinaed by the charactaristics of the material (the magnitude of the
interatomic force gradients and the inertia of their atoms, etc.). Besides
this velocity, frequency and wavelength can be associated with. these waves,
Aleso associated with these waves is amplitude, sither as a relstive
displacement measurement (the distance the atoms are moved from their balance
points), or as a pressure {relating to the unbalanced forces belng generated
betwveen the displaced atoms), or as an energy function (the energy asaociated
with the atom's potential energy due to thelr displacements or the kinetic
energy due to their motions, each of these having equal maximum magnitudes).
It is these elastic disturbances that are used in ultrasonic testing.
Equations 1 through 8 show some of the basic relationships between velocity,
frequency, and wavelength, and between time, position, displacements,

pressures, and energies.

6-3-1
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V= £ (1)
where
V = velocity of a wave (cm/sec),
£ = frequency of the wave (Hertz, or cycles/sec),
A = wavelength (cm).
and
A(t) = Ay min (it + Kp) (2}
whare
A{t) = amplitude of dimplacement at time, ¢,
A, = maximum amplitude, a constant,
w = radians per unit time (in terms of the frequemcy, it
equals: 2«f), ' ’
K1 » phase conmtant that allows for differences in timesa
between the neareat time of zero amplitude and the origin of
the time acale,
and
= ﬁ
A(X) = A sin reali K, : (3
where '
A{X) = amplitude of displacement at position, X,
X = distance along the line of wave travel from a fixed origin,
K> = ghase constant that allows for differences in poeitionsm

Equaticons 2 and
A(X,t)

where

A(X,t)

"3

DETWEeN TNe ASATePL PUBLLLIUN Ul 501UV GQUPpLL VULD Guu  bisa
origin of the poaition scale. .

3 can be combined to give:

2rX
= A, sin 3 " wt + Ky (4)

= amplitude_fof any given poaition, X, and given time, t.

= phase constant, combined funciion of Kj and Ky above.

The difference in signe between the X and t funections in Equation 4 depends on
the direction of the waves. UThe Bign shown is for the case where the wave is
moving in the positive X direction.

(4,
Ny
o
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In Equations 2, 3, and 4, Nor the f in Wcan at any time be expressed in
equivalent variables obtained from Equation 1. Also A, the displacement
amplitude in Equationa 2, 3 and 4, can be replaced with pressure, P, to give:

P(t) = P sin {wt + Kl) (5)
. 2nX

P{X) Po sin == +~K2 (6)
Z2n X

P(X,t) = P ein -:T - wt + KS (1

where P, is the maximum pressure, a constant, and P(t), P(X), and P(X,t) are
pressures a8 a function of time, t, position, X, or combined position and

time, respectively.

It should always be clear that there is a difference between the motion of the
atoms that make up the waves and the velocity of the wavea. Each atom

espentinlly returns to its plece of origin., 1t is only the energy tranaferred
between atoms that "movea” through the material and determines the wave

velocity.

The energy of the waves, normally expressed as intensity; 1, or energy per
unit time per unit area, can be related to either the maximum displacement
amplitude, Ay, or the maximum pressure, Pg:

2
P
1 2.2 _1 o
I 5 oV (2nf) Ay =7 5V (8)
where I is the effective inltensiily of & beam expresssd as snsrgy per unit tims
per unit area and pis the density of the material, mass per unit volume.

The function, pV. the density times the wave velocity, will be a common
function appearing throughout this section and is called the characteristic
impedance cr the acoustic impedance of the material.

In the elastic range, Tour main kinds of disturbances or waves can exiat:

1) compression, or longitudinal, waves, 2) shear, or transverse, waves,
3) surface, or Rayleigh, waves, and 4) plate, or Lamb, waves. (Other

disturbances, e.g., shock wavea, bar waves, Love waves, and torsional waves
will not be discussed.)

a. Compression or Longitudinal Waves. When the relative motions and/or
displacements between the atoms are in the same direction (upon the same line)
ag the wave propagation, the wave is called a compreseion, or longitudinal,
wave. The compression wave is the fastest of all the elastic propagations
that can be transmitted in a material. All forme of materials can support
this kind, or mode, of wave, and it is the kind of wave that is normally
generated by transducers. Figure 6.2{1) illustrates a compression wave.

6.2-3
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DIRECTION OF WAVE PROPAGATION
Figure 6.2(1). Compression or longitudinal wave motionas.
The velocity of & longitudinal wave, Vi is:
' ¢ ) JK « %—#
-a
"1.'\/a(1+ﬂ (1-2'&')"‘\/ ’ 9
where
Y = Young's modulus, force per unit area;
p = density, mass per unit volume;
o = Poipson's vatio, dimensionless;
M = ghear modulus, force per unit ares,
E = Bulk modulus, force per unit area.

This velocity equation sssumes that the material is uniform and iﬁotropic and
that dimensions are large enough that surface effects are small, The
longitudinal wave velocities for different materials are shown in Table 6.2(1).

6.2-4
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Acoustic properties of materisls.

LONGITUDINAL WAVES SHEAR (TRAANSVERSE) WAVES| SURFACE {RAYLEIGHI WAVES
IMPEDANCE
DENSITY | vELoCITY €0 o3, | verociry IMPEDANCE | el ociTy IMPEDANCE
MATERIAL g W v, < ennage Z, « GMX 107/ Ve o CMBSE Zy = GMX 107 Zg = GMX1DY)
P=GM/C L CMaa ou? - sEC T nSEC] oMl . gee vRp = CMASEE om? _gec

AIR 0.001 0.03 033 - - - -
ALUMINUM 250 2.n 0.835 1.720 0.310 840 0.200 188
ALUMINUM 1757 280 0.825 1,750 0310 858 0.279 80
BARIUM TITANATE 0.58 0.550 110 - - . -
BERAYLLIUM 1.82 1.280 2330 osn 1800 o.re? 1420
BRASS {NAVAL) 8.1 0.443 3610 0.212 1,720 0.185 1.580
BRONZE (P-5%) 8.g8 0.353 39120 0.223 1,980 0.201 1,790
CAST IRON 17 0450 2.960 0.240 1,850 - .
COPPER 89 0.468 4,180 0.220 2.010 0.193 t.720
CORK 0.24 0.051 12 - - - -
GLASS, PLATE 2.5 0.577 1,450 034 B6S 0314 785
GLASS. PYREX 2.3 0.557 1,240 0344 765 0313 639
GLYCERINE 1.261 0.192 242 - - - -
GOLD 9.2 03N 8,260 0120 2320 - - .
ICE .00 0398 400 0.199 199 - -
LEAD. PUAE M4 0.216 2,460 0010 788 0.083 ny
MAGNESIUM, AM 35 174 0579 1,010 0310 539 0,287 499
MOLYBDENUM 10.09 0.629 6,350 0335 3.650 0211 3719
NICKEL a8 0.583 4,950 0.29¢ 2,810 0.264 2320
OIL, TRANSFOAMER 0.92 0.138 127 - - - -
PLASTIC tACAYLIC 1.18 0.28? 320 D.112 132 - -

AESIN-PLEXIGLASS)
POLYETHYLENE - 0.15 - - - - .
QUARTZ, FUSED 2.20 0593 1,300 0.375 ars 0.339 745
SILVER 105 0.360 1,800 0.159 1670 - -
STEEL 78 0.585% 4,580 0323 2530 0.279 2180

STAINLESS 302 am 0.560 4,550 012 2.500 ‘0.2 2.500

STAINLESS 410 16?7 0.719 5870 0.299 2,290 0214 2.290
TwN 7.3 0.332 2420 0.187 1,235 - .
TITANIUM (T1 150A) 454 0810 210 onz 1420 0279 1420
TUNGSTEN 19.25 0518 9.980 0.287 6520 0.285 5,100
WATER 1.00 0.14p 149 - - . -
ZINC 71 0417 2,960 0.24¢ 1,710 - -

§/82L-REAH—TIN
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b. Shear, or Traneverse, Waves. When the relative motions and/or
displacements between the atoms are in directions perpendicular to the wave
propagation, the wave is called a shear, or transverse, wave. Only solids can
nermally support this kind, or mode, of wave, Por any one mgterial, ghear
vaves travel at a slowor volocity (approximately helf} than the longitudinal
waves, with, for equal frequencies, shorter wavelengtha. The nature of this
motion is illustrated in Figure 6,2(2).

N — 1
®

|
AR SRR

i “ . |
. IR

EQUILIBAIUM
POSITION DISPLACEMENTS

OIRECTION OF PROP_AGATIO#

Figure 6.2(2). Shear or tranaveree wave motions.

The velocity of a shear wave, ¥g, is:

v =\/3=‘/ Y 1 (10)
S o] p 2 (1 ﬁrj
(See Bquation 9 for definitiona of variables.) Again, this equation assumes

that the material is uniform and isotropic and has large enough dimennmions
that surface effects are small. See Table 6.2(1) for the shear wave

velocities of various materials.

¢. Surface or Rayleigh Wavesa., Surface or Rauyleigh waves are a combination of
ghear and compregsion waves where the atom motion is elliptical, The larger
anplitudes or the ellipse is perpendicular to the surface of the part. The
wave motion 1s confined to the surface (or free boundary) of a solid of
extensive thicknegs. Wor any one material, surface waves propagate with a
velocity slightly less than for true shear wavea {approximately 0.9Vg).

Their energy falls off sharply with diatance into the material so that the
majority of the energy is confined to within one wavelength of the surfacs.
¥When a material is in air, these waves usually travel with less attenuation
than longitudinal or shear waves in the osane material, but if the material is
in & liquid, or other non-negligible medium, the aurface waves will quickly
disappear. These waves will reflect at sharp edges, and so are effective for
locating surface cracks, but they will propagate around smooth rounded edges
and can be used to inspect parts that have complex contours if the contour

radii are large comparsd to the wavelengths. Table 6.2{1) lists the surface

wave velocitiea for different materials,

6.2_6
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d. Plate, or Lamb, Wavea. When a material is very thin, only a few
wvavelengths in thickness, an infinite number of various waves can be
established that are & combination of both surface and bulk motions. These
complex interactions are called plate, or Lamd, waves. Lamb waves can consist
of one set of waves that is symmetrical about the center line of the plate or

anothar asat that ia savimatyrical., Each of thass sets has an infinite numbar
-Ilvhllu‘ S L3Il -A AR BSFJUNTBLswE ST - - R B 1" - - s - - —— -

of different orders or modes, each with different wavelengtha and velocities.
The freguency of the wave and the plste thickness affect their velocities
along with the other normal material variables. 1In general, the vave
velecities can range from zero to almost the longitudinal propagation rate,
but any one mode will normally approach the transverse velocity (or more
correctly, the surface vave velacity) as the frequency or the relative
thickness of the plate increases. (In the mathematical descriptions of these
waves in certain other texts, the terms 'phase' velocities and "group"
velocities are mometimes used. The "group" velocities are the velocities at
which the energy is actually transferred and should normally be used as the
velocity of the waves.

6.2.2 GENERATION OF WAVES

"~ Today, almost all high frequency ultrasonic beams sre generated by transducers
that transform electricul enargy into mechanical wave energy by the piezo-
electric effect. Materials such as quartz, lithium sulfate, and polarized
ceramics will slightly change their dimensions when an electric charge is
applied across opposing faces of the material. The reverse also occurs, When
these materials are [orced to change their dimensions, the change in dimensions
produces a charge of electricity. Thig effect allows the same transducer to
be used as a transmitter to convert electrical signals inte a mechanical wave,
and then to act as a receiver to detect the return mecheanical wave pignals end

reconvert them back into electrical signals.

Different types of piezoelectric wmaterials have different properties, and the
maoterials vary in their abilities to act as transuitters or as receivers. The
wmaterials differ in their chemical, electrical end thermal stabilities, and in
their wear-resistance and expected life-time in use. Table 6.2{2) lists some
piezoelectric materials and their main characteristics.

Table 6.2(2). Pieroelectric materisl characteristics.

MATERIALS CHARACTERISTICS

QUARTZ HAS EXCELLENT CHEMICAL, ELECTRICAL. AND THERMAL
STABILITY. IT IS INSGLUBLE IN MOST LIOUIDS AND 1S VERY HARD
AND WEAR-RESISTANT. QUARTZ ALSO HAS GOOD LINJFORMITY AND
QUARTZ. RESISTS AGING. IT 1S THE LEAST EFFICIENT GENERATOR OF ACOUSTIC ]
ENEARGY QF THE COMMONLY USED MATERIALS AND REQUIRES HIGH
VOLTAGE TO DRIVE IT AT LOW FREQUENCIES.

CERAMIC. POLARIZED CERAMIC TRANEDUCERS ARE THE MOST EFFICIENT GENER-
{E.G. BARIUM TITANATE. ATORS OF ULTRASONIC ENERGY: THEY OPERATE WELL ON LOW VOLTAGE,
LEAD METANIOBATE. OR ARE USABLE UP TO ABOUT J00C. THEY ARE LIMITED 8Y RELATIVELY

LEAD ZIRCONATE TITANATE. | LOW MECHANICAL STRENGTH, AND HAVE A TENDENCY TO AGE.

LITHIUM SULFATE TRANSDUCERS ARE THE MOST EFFICIENT RECEIVE AS

OF ULTRASONIC ENERGY AND ARE INTERMEDIATE AS A GENERATOR
LITHIUM SULFATE. QF ULTRASONIC ENERGY, THEY DO NOT AGE. LITHIUM SULFATE 1S

VERY FRAGILE, SOLUBLE INWATER, AND LIMITED TO USE AT
TEMPERATURE BELOW 74C.

6.2-7
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Tranaducers ccme in different sizes and configurations. Normelly, a small
transducer produces higher frequencies and sharper geometric resoclutions, but
they normally produce very little energy. A large tranaducer produces more
energy with smaller ultrasonic beam angles (less beam gpread), and therefore
providea deeper penetrations. Transducers can be designed to produce beams at
various angles that can be used to obtain shear waves- Transducers can be
designed to produce beams wider than they are deep (for a "paint brush"” like
inspecticn). or they can be mede to focus the ultrasonic beam towards a focsl

roint or line.

One of the most important variables of a tranaducer is its frequency
gpectrum. The transducer, depending upon its use, may need to have a very
broad band (highly damped for critical depth resolutions), or a very narrow
pand (s ringing transducer that can produce a large amount of energy). The
frequency must often be matched with the material, the expected attenuaticn
lesses, the expected type and sige of flaws, end the geometry of the part.
Therefore, the choice of a tranaducer is often critical in the success of any
particular tsst. Vendor data should be cbiained on the transducer to
determine these variables and a selection of transducers should always be
availeble to coptimize each test to the specific conditions or requirements of

the teat.
§.2.3 BEAM PROPAGATION LIMITS

In ultrasonics, the inspection is almost always done with an ultrasonic beam.
Beam physics are important in the generation and propagation of a beam. Since
an ultrasonic beam is not anything concrete in itself, but is really a group
action of 8 large number of atoms (or molecules), there are real limits in
what a “beam” of ultrasonic energy can do-

First of all, & beam of ultrasonic energy does not and cannot have sharp
boundaries. A distribution of energy normally exists scross the width of a
beam with the maxioum energy near the center of the beam and with the energy
decreessing as the "edges” are spproached. Distribution of the ultrasonic peam
energy can only be in ways that can be maintained by group actions of the
atomsa that make up the medium. When ultrasonic energy is produced by a
transducer, the face of the transducer, in ita motion, is not producing the
exact same energy distribution that ig neceasary tc sustain a steady beam.®

It takes a finite amount of time, or distance, tefore the energy in a beam can
become "adjusted” to an in-phase steady condition. The area wherein this
out-of-phase ias occcurring is known as the near-field zone or area. Within the
near-field zone, the ultrasonic beam is very unstable and inconsisatant from
point to point and normally inspectiona in this zone should be discouraged.
The dimension of the near field can be approximated by Equation 11 using the
diameter, D, of the face of the transducer and the ultrasonic wavelength, :

Near-fisld dimension g D2 (11)
44

*"That is, the face of the transducer does not vibrate back and forth 1like the
head of a piston. Rather, the face of & transducer vibrates with stationary
node points; adjacent segments vibrate 180 degreegs out of phase to one
anoiher. This compiex movement ceauses reinforcement and c¢ancellations in the
near field”.

- €.2-8
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Aa can be seen from this e?uation, the near-field dimensaion can be reduced by
increasing the wavelength {or lowering the frequency), or by decreasing the
diameter of the tranasducer.

Even after beam stability is achieved, the natural result of the group actions
of atoms produces a slow divergence of the beam, Equation 12 gives an
approximate estimation of the beam apread:

8 = sin ¥ (1—1)2-5) (12)

This angle, , represents half the spexr angle of a cone within which the totsal
energy of the primary beanm is travelling. Figures 6.2(3) and (4) illustrate
these relationshipa. The angle at which the energy of the beam has decreassd
to one-half of the maximum energy that exists at the center of the beam (the

half-power angle) is:

6y - sin”? (_0_%2_3) . (13)
H

If the transducer's face i1s small compared to the ultrasonic wavelength, side
lohes will be produced as beam n!’n'h*l'l'il-v is ohtained, f'l‘hnnn side lobesg can

L Lmg FawenuT8R s Ml T Via waes - WA FlAaiata A AT AT A ~daa

be greatly affected by the mounting of the transducer cryatal and the freedom
of motion that existe at the edges of the crystal,)}

Because waves are group actions of atoms, an ulirasonic beam cannot be focused
to a sharp point. When a point focus of an ultrasonic beam is attempted, the
beam approaches a point, but near the focus point it forms a "chimney” (a
fixed-width path) from which it again spreads out beyond the focal point.

Thie chimney effect often provides a reasconable path length over which
inspection resolutions are falrly conatant, but normally at no point can the
expected geometric rescolutions be much better than one wavelength.

In ultrasonics, a pulse of energy rather than a continuous wave is often
desired. Agsin, because an ultraacnic wave pulse ia dependent upon the group
actions of atoms, there is a finite limit to the length of the pulse (the
extent of space it muast occupy in the direction of its propagation). This
limitation again approachease approximately one wevelength. In addition to this
gecmetric limit, a wave pulse becomes limited in its frequency representation
as its pulse length decreases, This kind of relationship exists for all forms

nf' wovyaa and 16 nat Ao +taAa tha 1Timitatinmag nfauand ht sracdn aatinna nf abama
mayLn Qliu 16 vy UL Ve viiS J.J.IJIJ-UBUJUH.D caused oY EIoup aciigns €i aigms.

In general, if we let X equal the "length” of a wave pulse, and A)A the range
of wavelengtha that have appreciable amplitude representations within this
pulae, then:

(aX) (ax) 3:\5 (14)

where }o repreaents the center, meximum, or primary wavelength.

6.2-9
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Figure 6.2(3). Near-field dimensions and beam-spread angles.

When A X becomes small, A\ becomes large, and the wave pulse then becomes
gubjected to dispersions and differential attenuations because of the wide
range of frequencies that are effectively present,

The importance of the length of the wave pulse cannot be overlooked, Vhen
inspecting a material in which depth information is important, the length of
the wave pulse produces a “dead zone"” which limits thea depth resolutions that
can be obtained. This dead zone {often referred to as "ripging") limits how
close the tranaducer can inapect from its own face, and limits.the inspection
distance from all other interfaces that produce measurable return signsls.
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NOTE

FIGURE, THE “DISTANCE" FROM A TRANSDUCER CENTER POINT TO A POINT ON A PROFILE
lF?Ewll’-'l‘-“:luEsSEf'.lc';rS INTENSITY AND NOT DISTANCES TC POINTS IN THE ULTRASONIC FIELDé :ﬂngL;PEEDO:T
INTENSITY PROFILE EXISTS IN THE FAR FIELD CNLY, AND REPRESENTS THE PROFIL 1EO
A FIXED DISTANCE IN THIS FIELD. THE PROFILE GIVES ONLY RELATIVE INTENSITIES, Tﬁ:lEEAo;C RLéD
INTENSITIES WOULD VARY WITH BOTH THE ANGLE AND THE DISTANCE AT WHICH IT IS LDUBE .
A DRAWING OF CONTOUR INTENSITIES, AS THEY WOULD EXIST ON A DISTANCE PLOT, WOU
SIMILAR TO THIS FIGURE IN PLACES, BUT THEY DEFINITELY ARE NOT THE SAME.,

Figure 6.2(4). PFar-field intensity profile.

The dead zone is not the same as the near-field zone, although boﬁh affect the
inspectability close to the transducer. On an A-scan {see paragraph 6.2.5),
the dead zone would be indicated by the width of the pulses shown on the scan.

6.2.4 INTERACTIONS OF ULTRASONIC WAVES WITH MATERIAL VARIABLES

Ultrasonic wave interactions with materials include tranamissions,
raflections, refractions, diffractions, mode conversions, scattering and
abaorption. There also exists standing waves end constructive and destructive
interferencea, usually associated with reflection and diffractions.
Reflections, refractions, and mode converaions can occur at an interface
between two different materisls, These interactions depend upcn the
difference in the acoustic impedances of the two materials (impedance
mismateh) and on the angle of incidence of the ultrasonic beam.

Figure 6.2(5) shows a transducer sending a longitudinal wave inte water. The
water transmite the beam to the test piece, a block of steel. When the
longitudinal (L) wave is incident %o the surface of the test specimen in the
normal {perpendicular) direetion, 0% incidence, -the beam is transmitted into
the second medium as a longitudinal beam. No refraction and no mode
conversiona take place. Not all of the energy, howaver, enters into the

steel. Some of the energy (moat of it, in this particular case) is reflected,

6.2-11



Downloaded from http://www.everyspec.com

MIL-HDBK-728/6

“3  TRANSDUCER -

WAVE 15T MEDIUM
by v {WATER)

1
SOUNDBEAM |
\l Py = 1 Gicm3

e~
| Tpo® va+1.49 xmrsec

|

TEST PIECE

so” ZND
MEDIUM
ISTEEL)

P~ 1.8 G/CMd

V= 5.85 KM/SEC

|
-
|
|
i

A A |

Figure 6.2(5). WNormal incident beam.

The maximum pressure amplitude of the reflected wave, P, for 0°
incidences, is:

P -p(pzvzﬂp‘vl) (15)
o bzvzﬁplvl

where

P = Maximum incident pressure amplitude
P, = density of the first mediuvm (incident side)

Pz = density of the second madium

-
»

y ~ Wave velocity of the first medium

Vs = Wave velocity of the second medium

For steel, as shown in Figure 6.2(5), the awplitude of the reflected wave
would be approximately 0.94 P,. Note that the reflected wave is large when
there ig a large difference in the accustic impedance and that the reflected
wave would disappear (have zero pressure amplitude) if the two materials had
identical scoustic impedances. (1f the two materials were identical, it would
be the same as if there were no interface, and therefore no reflections couid
be expected.) Also note that the sign of the pressure of the reflected wave
is opposite to the incident pressure sign when the acoustic impedance of the
firet wedium is greater than that of the second. The change in sign means
that a positive pressure pulse would be reflected as & rarefaction (a negetive

6.2-12
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pressure pulse), or a negative preasure pulse would reflect as a positive
pressure pulse. The energy or intensity that is reflected, I,., is:

V. -p, ¥
I Io(gz Vz P1 vl) (16)

The pressure and intensity of the transmitted wave, Pt and 1, are:

292 V2
B, = P°C’2 T Vl) | _ (17)

40 V v
|- Ra Y293 12) (18)
\ga Vv, %)/

These sguations show that as long as & second medium exiats, it will always
tranemit a pressure and it is always in the same phase or aign as the incident
wave. These equations are the natursl results of conservation of energy (using
the pressure relationships of Equation 8 and asetting I, = I, + Iy),

pressure baing continuous across sn interface, and that small preagures f{rom -
two or more waves add linearly (setting P, + Pp = P¢). These relation-

ships, when solved simultaneously, produce Equations 15 through 18,

I, =1

Equations 15 through 18 all assume semi-infinite mediums on each side of the
boundary. ¥Yhen actusl geometrico are small, with edges or back surfaces near
the polnt of incidence, these equations often bresk down. In some literature,
a "apecific acoustic impedence"” term is used to account for theae differences.
One of the important interactions affecting these relationships is standing
waves or interferences that can be developed when thicknesses approach ths
dimensions of a small number of wavelengths and/or is less than one-half of
the pulse length. Thicknesses that are exact multiples of half—wavelengths

s V1 e Lot 4w Funwmamd ~cd mee [ TP

Wl AL e&PUl.LUII\-U cnu LILHLBGSB -i.u viallowwlipnol on BHEISLUR’ mld u. uu.u.l.:uum J.ll.
reflection energies. Thicknesses that are ¢dd quarter-wavelengths will
experience a decrease in transmiasion energies and an increase in the
reflected energies. The reflected energy cen often be made to approach zero,
but the transmitted energy will always be finite. Attenuation losses, if
present, will reduce these interference effects.

In ultrasconic teating, you cannot inspect a part unless beam energy is able to
penetrate the part and then return to a receiver. It cannot do this without
passing through several jinterfaces. Each time an interface is crossed,
potentially a Iarge percaentage of the energy can be lost.

6.2-13
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Using Equation 18 for water and steel, only 121 of the energy will enter the
steel. If all of this energy inside the materiasl could be veflected back
{(which of course is not likely), chis energy must still return back through
the steel-vater interface, and the same loss factor will occur agsin. Only
1.4% {12 of 121) of the energy can return to the tfanaducer, evea if there
vere no other losses. Table 6,2(3) lists some of the energy reflections
expected at the interfaces of various materials,

Table 6.2(3). Percentage of energy reflected.

SECOND MEDIUM
§ J u & g o g E ;% 5 &
W

o, |JE3EE3E3GEE
ALUMINUM o F3) 24 18 14 3 | ] 2 03 80 42 T2 T4
STEEL 0 02 03 1 9 18 N T 7T MW 88 ™
NICKEL 0 08 2 12 19 M 2 W I B W
COPPER o 02 7 3 198 . TS N @ &
BRASS 0 8 10 2 168 T 6 88 87
LEAD ® 1 9 B8 82 55 W™ ®
MERCURY 0/4 1 ] a 78
GLASS rd 0 08 e 32 85 &7
QUARTZ FON OPPOSITE POSITIONS ACROSS 0 4 17 83 N
POLYSTYRENE THE DIAGONAL 0 12 17
BAKELITE o 18
WATER a o8
RANSFORMER) °

NOTE

FOR ENERGY, THE ORDER OF THE MEDIUMS ARE NOT IMPORTANT.
THE SAME ENERGY 1S AEFLECTED WITH PROPAGATION GOING IN
WATER TOWARDS STEEL OR IN STEEL TOWARDS WATER.

The final energy received can oftan be a thousandth of the initial energy.
Knowledge of these enargy losses, snd how ro control them, are therefore

A .
izportant. In order tc get energy intoc = part, 2 couplant must normally be

used. This is a grease or other liquid or paste-like material.

6- 2-1‘1
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When vse of s couplant i» required between a transducer and a specimen,
minimum loss of energy occurs when an impedance match is schieved.
Theoretically, a maximum impedance match is obtained when:

N T
< \J‘I‘Z

-
&

o~
[

where
Zc s jmpedance of the couplant
= impedance of first medium (transducer)
Z; = impedance of second medium (specimen)
As the incident angle {s changed from the initial zero degrees incident to =

value like 5 degrees, as sbovn in Figure 6.2(6), refraction and mode
coaversion occur. The originel longitudinal beam is transmitted, in the .
second medium, as varying percentages of both lomgitudinal (L) and shear (S)
wave beams. As shown, the refracted angle for the L-wave beam i¢ four times
the incident angle, and the S—wave beam angle is a little more than twvice the
incident angle. 1f the incident angle is increased further, the refraction
angles of the L-wave and the S-wave increase. The energy in each beam slso
varies as the angle is changed. .

. mmoucen: ? :;::;‘E‘n",'““ r

- 5° (INCIDENT

TEST PIECE ANGLE)
ND MEDIUM
(STEEL REF LECTED
\\\\\ WAVE
REFRACTION \\ LWAVE
ANGLE ”.

REFRACTION | S-WAVE
ANGLE “-‘{ \

A A

Figure 6.2(6). Five-degree incident beam.

The laws of reflection anglea and refraction angles are all based on Snell's
Law, that the ratios of the velocities to the sines of the angles are equal.

6. 2-15
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In equation form:

2in@, 8inB_ sind )
== L - : (20)
Vi Vr Vt

where

©. = incident angle

V. = velocity of incident wave
8, - reflected beam angle

V_ = yelocity of reflected wave
8y ~ transmitted beam angle

¥V, = velocity of transmitted wave

Since the reflected besm ia always in the same medium as the incident beam,
then their velocities are equal (unless a mode conversion has occurred), If
their velocities are sgual, then the angle of reflection will be equal to the
argle of incident, The transmitted wave, howevar, ia in a different medium,
and thua the velocities will normally be dlfferent (wvhether mode converaiona
occur or not) and thus a change in angies will be expected.  If mode
converaiona occur and more than one type of wave exists, they will each havo a
different velocity, and thus = different angle of refraction. Since the shear
wave velocity is leass than the longitudinal wave velocity, it will always have
the smallest angle of refraction. As the incident angle is further increased,
both refracted angles will increase. The first beam to reach & refraction

angla of 90 degrees will he the L-wave.

In Figure 6.2(77) the transducer has been rotated (in this case, 15 degrees)
until the refracted angle of the L-wave has increased to 80 degrees. At this
point, the L-wave no longer exists in the material, The incident angle st
which this occurs is called the first critical angle, the angle whepre the
L-wave firat "disappears" and only S-waves remain in the material. (The
actual amplitude of the S-wave, at this point, may be very small, but it ias
there,) Further rotation of the tranaducer increases the angle of the
refracted shear wave beam. When the S-wave beam reaches G0 degrees , the
incident angle is positioued at the second critical angle. In the entire
region between the first and second ¢riticzl angle, only S-wave beams are
produced within the materiel.

Tables 6.2(4) and (5) provide critical angles for different material
interfaces.

Figure 6.2(8) shows the transducer rotated enough (27 degrees in this case),

50 that the S-wave refraction angla has raached 30 degrees. At this point, no
ultregsonic beams of any mode now appear in the material. At the surface, the

[ ]
hagsm hes underspone mode converaion to a surface wave Baraugs the asurface
oeam nag uncergoene 2lon V0 8 suriacCe wave, 2ecause Thg guriace

65 2"16
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Figure 6.2(7). First critical angle.

‘Fahle 6.2(4). Critical angles, immersion testing.

FIRST MEDIUM IS H50 (V = 0.145 CM/LSEC)

'St IND ' VELOCITY {CMASEC),
TESTMATERIAL | emimicaLancie | camcaanaie [Longimiunat]  swean
BEAYLLIUM ?” 10° 1.280 0871
ALUMINUM, 15T 14 » 0625 0310
STEEL 18° " 0.585 0323
STAINLESS 202 15" 2° 0.566 o2
TUNGSTEN " 3’ 0.518 0.287
URANIUM 2° s 0.338 0.193

is in water, the surfsce waves are quickly damped out. In contact testing,
where the test specimen is in air and surface waves are produced on the test
piece when the second critical angle is reached, they can travel much longer
distances before they are damped out.

In vitrasonic testing, the incident beam, becsuse of beam spread, is a

Yeollection” of angles or directions (see section 6.2.2 and Figures 6.2(3) and
(4)). Therefore, when & beam is "at" a eritical angle, sctually half of the
energy of the beam is at angles greater than this critical angle and the other

6- 2"1 7
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Teble 6.2(5). Critical sagles, contact testins.

FIRST MEDTUM 13 PLASTIC 1V = Q267 OMIUSEC)

. o VELOCITY (CM/MBEC],
TESTMATERIAL | omicaLanGLs | crimcaLanoie [ Longiruomad  susar
BEAYLLIUM 1’ 18° 1280 0.871
ALUMINUM, 178T 2’ 50’ 0828 0310
STEEL 7° s’ 0.889 oI
STAINLESS. 302 =* 5" 0.568 0312
TUNGSTEN n* es’ 0.518 0287
URANIUM 52° - 0338 0.8

N N
r-
" fa—REPLECTED
:f,\ L-WAVE
YEST PiECE \ A
(sTEEL \|,/ suaracawave
A
-

helf at angles less than this critical angle. When a besnm ie "at” any
particular angle of incidence, refractions are actuslly occurring over
potentially & large range of angles. Therefore, it ig possible to have in a
part a great numher of wvaves, vave directions and modes, many more than what
might be theoretically expected. Within the part, if there are any
complications at all to the part, or scagtimes even when it is & simple part,
the auzber of internal reflesctions, mode conversions, and vefractions quickly
multiply at every interface until there ars more beams than can readily be
tracked. Part of the “art” or "science” of ultrasonic testing ie to alvays
watch for unexpected beams gnd their reflections and to always doudble check
that only the "proper"” beams or reflections are being recorded.

6.2~18
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Attenuation of ultrasonic emergies arise from several factors. First, normal
beam spread results in a loas due to geometric effects and involver the same
1/r2 factor used in X-rays or any other type of radiating energy ("r" is the
distance from & point source.) The origin far r should be the face of a
small, straight besm transducer when test pointa are beyond the near field or
the focal point for a focus transducer, Additional attenuations can result
from diffractions, reflections and refractions. All of these can be called
scatter when they occur randomly eor from multiple small distributive variables
contained within the material.

Diffraction is a change in the direction of a ¥wave in one material medium as
the wave passes close to the edge of another medium, Diffraction is often
involved around the edges of parts or the edges of internal flawa.

Energy losses can be due to absorption processes that result in heating
effecta. These lossea within the material can be due to friction or physical
imperfectiona in the arrangements of the atoms in oryetals or grains, or other
non-linearities in the kinetic energy-potential energy exchangea that occur
when waves propagate. These losses are a function of ‘frequency.

When energy losses cccur uniformly throughout a materisl, the overall
attenuation for a parallel beam follows the power law;

1(x) = 16" (21)

where

I{x) = the intensity at poasition x

10 = jntensity at the position x = 0
X = attenusticn constant
b = penetration distance .

The attenuation constant is greatly affected by frequency or wavelength
compared to the size of the variables causing the scatter, HNormally, the
lower the frequency (the longer the wavelength), the lower the attenuation
constant "K", the greater the penetration. (Attenuation constants can be
given for wave pressure losses and/or for a base 10 relationship, Care must
be exercised here becaume they will differ by a factor of 0.5 and/or 0.868

from the above defined constant.)

When a wavelength is much larger than the size of the object causing the
geattering, it “flowa™ around the object and essentially continues on its way
with no major losses or changea, This is good if it is not the variable to be
inepected. This relationship, however, dces point out the importance of
testing with high frequencies. The Bize of defects that can be seen will be
graatly affected by the frequency being used. The higher the frequency, the
smaller will be the size of flaws that can be resolved. If the wavelength is
smaller than the object causing the acattering, it will interact with that

60 2-19
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object and be reflected and tranamitted by the principles previously
presented. Therefore, moat ultrasonic testing requires & balance between using
the higheat frequency possible to find the smallest possible flaws, yet
keeping the frequency low enough that adequate penetrations can be obtained.
Since higher frequencies create more noise, improved flaw detection
signal-to-noise ratios are obtained from lower frequencies. Every inapection
problem potentially has a unique choice where this relationship is maximized.

6.2.5 INFORMATION DISPLAYS

Most ultrasonic information is presented on an oacilloscope, where time ina
represented on the horizontal axis {or sweep direction) and the amplitude of
the ultrasonic energy either being sent or received by the transducer is
recorded in the vertical direction. The atart of the time sweep on tha
horizontal is "triggered” by each transmitted pulse. The tranamitted pulse is
therefore the first signral or pip usually seen on the screen, The repetition
rate of the tranamitted pulses, and thus the eignal on the screen, is fast
enough that it appears continuous to the eye. Between each transmitted pulse,
echoes are received back by the transducer. Theae echoes, depending on the
distance from which they are returned, are each received at different timea.
In exactly the same order, each echo appears on the screen at different points
along the sweep line. Each return pulse can normelly be shown as "rf," where
their full wave action, the plus and minus pressaures in each cycle, are
indicated; or the rf signal can be rectified to provide a dc pulse. The
electrical amplifijcation circuits normalily have a saturation limit so that
signals that would be amplified beyond a certmin point on the screen all

appear at the same maximum level,

The sweep circuit sctuslly contains a delay circvit (sometimes called sweep
delay) and a sweep rate control (sometimes called sweep length) which allows
any portion of the toltal sweep to be amplified and displayed on the full
acreen. This display shown on the screen, where amplitude versus time is
ahowing the echoes being received at different depths in the part, is called
an A-scan. An A-scan is assentially examining the specimen aiong the beam
line, penetrating through the specimen through only one point on the surface
above which the transducer is located. To inspect an entire part by the
A-scan methed would require moving the tranaducer over every point of the
surface, and observing the A-scan obtained at each point.

A B-scan is a display that shows a craoss-section of & part. It is "obtained”
from the A-scans produced at all the points along one line acroas the surfacs
of the specimen, and thus provides in one picture s summation of what might
otherwige be an unmanageable amount of information.

A B-scan display, therefore, showa the section view of a material that was
"cut” (or penetrated) by an ultrasonic beam as the transducer made a one line
pass across the material, On a cathode ray tube, the image is formed by a
series of parallel lines, each line representing data from a single A-scan,
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The distance between each line represents the distance the transducer was
moved between each A-acan. Each line is formed by a spot moving across the
scraen whoae brightness at each point is & function of the signal amplitude at
that corresponding point on the A-scan.

To inspeet an entire part by B-scans would require the forming of a B-acan for
all the cross-section lines that exist across any cne dimensionsl direction of
the part. This, too, could still be a large number of scans and/or
information to be analyzed.

A C-scan is a plan-view of the entire part. In one view, all the information,
or a portion of the information, from all the A-scans can be combined and
shown in this view. By use of an electronic gate, the information collected
from the A-scana can be ‘limited to a apecific range of depths. If only a
narrow portion of each A-scan is used, then a cross-section parallel to the
inspection plane can eessentially be formed. If the electronic gate is
expanded to include the full depth of tha inaspected part, then any A-scan that
showed an echo within the depth of the part would produce & mark on the
C~acan. In this way, a C-acan can be a great summatien of information. When
s C-acan is used to collect information over the full depth of a part, a mark
on the C-scan will sppear no matter where the signal appears within the width
of the gate. Therefore, depth information on a C-scan is always uncertain by
the depth or width of the gate used. There are times, therefore, when both
A-gscans and C-gcans are used together when more information le required than

what is provided by the C-scan.
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6.3 EQUIPMENT AND MATERIALS

Ultrasonic equipment range from small portable units to large permanent
facilities - some are manually operated, some have been automated in smeveral
features to include sutomatic scanning of specimens and recording of the
information. Basic A-scan, B-scan, or C-scan type of recording methods can be
used. Special types of ultrasonic equipment can be obtained to measure
thickneages, speed of ultrasonic waves, or changes in impedances., The degree
of automation, the means of data analyses, end types of data displays are
conatantly improving largely because of recent sdvances in microprocessors.

Along with the basic equipment, there are tranaducers, automatic scanning and
manipulator systems, tanks, couplant materials, and calibration and standard
blocks necesasary to support ultrasonic tesating activities.

In immersion testing, clean, deaerated btap water, with an added wetting agent,
can be used for a couplant. A fungicide and corrosion inhibitor are typically
ineluded in the immersion bath for protection. The water tempsrature is
sometimes maintained at a fixed value by automatic controla. Wetting agents
are added to the water to ensure that the surface is thoroughly wet, thereby

eliminating air bubbles.

In contact testing, the choice of couplant depends primarily on the test
conditions; i.e., the condition of the test surface (rough or smooth), the
temperature of the test surface, and the position of the test aurface
(horizontal, slanted, or vertical).

One part glycerine with two parts water, and a wetting agent, is often used on
relatively smooth, horigontal surfaces. For salightly rough surfaces, light
oils (such as SAE 20 nmotor oil), with a wetting agent added, are used. Rough
gurfaces, hot surfaces, and vertical surfaces require the use of a heavier
oil, or grease, as a couplant. In all cases, the couplant selected must be
capable of forming as thin a film as poasible consistent with the geometric
variables that are present.

It must be understood that, other than for special portable type equipment
like thickness gages, most ultrasonic testing systems require extenaive
electronic and mechanical support. The electronic effort is at leaat as
technical as that required to set up and use an oscilloscope, and the
mechanical support often includes sutomatic moving machinery with position and
velocity limit controls.
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6.4 BASIC PROCEDURES AND TECHNIQUES

Ultrasonic testing, like other NDT testing, provides indications that are of
no value unless interpretations can be made. Interpretations are often
dependent upon calibrations or standardizations that must be performed, either
before, during, or after each test, Some of the means of obtaining these
calibrations or atandardizations are presented in the "Standards” section,
aection 6.5.

Because ultrasonic testing can involve a large number of variables, and some
of these variables are external variables such as temperature that have a
direct affect on the velocity and the wavalengthas of the waves being used, the

importance of the calibration cannot be overemphasized. Once adjustments have

been made that eatablish the proper reaponses of the eguipment and adequate

indicationa of known discontinuities of the range of sigzes, depths, and
orientations required for the test have been eatablished, testing can be
initiated. Once calibration and standardization have besn accomplished, no
further adjustments should be allowed unless restandardization of the
equipment is accemplished.

Techniques of ultrasonic testing are accomplished with one of two basic
methods: contact or immersion teating.

6.4.1 IMMERSION TESTING

In immersion testing, a waterproocf transducer is used at some distance from
the test specimen and the ultrasonic beam is transmitfed into the material
through a water path or column. The water distance appears on the display as
s fairly wide space between the initial pulse and the front-surface reflection
because of the reduced velocity of ultrasound in water. Because of this
"dinstance" between the transducer and the specimen, near-field and dead zone
type effects are usually minimal for immersion type testing, Also, with the
transducer separated from the specimen and the coupling being automatic, the
transducer is reasonably free to move, and therefore most automatic scanning
methods are associated with the immersion testing method,

Any one of three techniques may be used in the immersion method: the immersion
technique, where bdboth the transducer and the test specimen are immersed in
water; the bubbler or squirter technique, where the ultrasonic beam is
tranamitted through a column of flowing water; and the wheel transducer
technique, where the transducer is mounted in the axle of a liquid-filled tire
that rolls on the test surface. Figure 6.4(1) shows an exampla of the bubbler
and the wheel-transducer techniques. An adaptation of the wheel transducer
technique is a unit with the transducer mounted in the top of a water-filled
tube. A flexible membrane on the lower end of the tube couples the unit to
the test surface., In all three of these techniquea, a further refinement .is
the use of focused transducers that concentrate the ultrasonic beam (much like
1ight beame are concentrated when passed through a megnifying glass).
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Figure 6.4(1). Bubbler and wheel transducer techniques.

In many automatic scanning operations, focused beamws are used to detect
near-surface discontinuities or to define minute discontinuities with the
concentrated beam. Straight-beam transducer units can accomplish both
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direction.

The water—path distance is uvsually adjusted so that the time required to send
the beam pulse through the water is grester than the time required for the
pulse to travel through the test specimen. When done properly, the second
front~surface reflection will not appear on the oacilloscope screen between
the first front- and first back-surface reflections. In water, sound velacity
is about one-quarter that of aluminum or steel; therefore, one inch of water
path will appear on the oscilloscope screen as equal to four inches of metatl
path in steel. As & rule of thumb, ponsition the transdicer so that the water
distance is equal to one-quarter the thicknesa of che part, plus one quarter
inch. The correct water-path distance is particulsrly important when the test
erea shown on the oscilloacope screen is gated for automatic signalling and
recording operations. The water-path digtance is carefully set to clear the
test area of unwanted signals that cause confusion and possible
misinterpretation. -Figure 6.4(2) shows the relationship hetween the gctuasl
water-path and the display.

The bubbler is wsually used vith an automated gpvatem for high-speed scanning
of plate, sheet, strip, cylindrical forms, and other regularly shaped parts-
The ultrasonic beam is projected into the material through 4 column of flowing
water, and is directed in a normal divection (perpendicular) to the test

surface to produce longitudinal waves or edjusted at an angle to the surface
to produce shear waves.

Figure 6.4(3) illustrates a stationary and a moving—wheel transducer. The
porition and angle of the transducer mounting on the wheel axle may be
constructed to project straight-beams, as shown in Figure 6.4(3), or to
project angled beams as shown in Figure 6.4(4),
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Figure 6.4(2). Water-path distance adjustment.
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Figure 6.4(3). Stationary and moving wheel transducers.

6.4.2 CONTACT TESTING

In contact testing, the transducer is placed in direct contact with the test
specimen with a thin liquid film used as a couplant. On some contact units,
plastic wedges, wear plates, or flexible membranes are mounted over the face
of the crystal. Transducer units are considered as being in contact whenever
the beam is transmitted through a couplant other than water. The display from
a contact unit usually shows the initial pulse and the front-surface
refllaction ns superimpnsed or very close together. Boath near-field and dead
zone rffects are present in contact type tests. :

Contact testing is Jivided into three techniques, which are determined bv the
ultrasnnic wave mode desired: the straight~beam technique for transmitting
longitudinal waves in the test specimen, the angle-besm technique for
generating shear waves, and the surface-wave technique for producing Ravlieigh
or Lamb waves.
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Figure 6.4{4)., Wheel transducer angular capabilities.

The straight-beam technique is accomplished by projecting a bean
perpendicularly to the test surface of the test apecimen to obtain pulse-echo
reflections (see Section 6.4.3) from the back surface or from discontinuities
which lie between the two surfaces. This technique is also used in the
through-transmission technique (see Section 6.4.3) using tvo transducers where
the internal digcontinuities inferrupt the beam causing a reduction in the
received signal.

The angle-beam technique is used to transmit sound waves into the test material
at a predetermined angle to the test surface. According to the angle selected,
the wave wmodes produced in the test material way be mixed longitudinal and
shear, shear only, or surface wodes. Usually, the shear-~waves are used in
angle~bean testing. Figure 6.4(3) shows an asngle-beam unit scanning plate and
pipe material. To reduce the confusion from dead-zone and near-zone effecta
encountered with straight-beam transducers, parts with a thickness less than
5/B inch are tested with angle-beam units. In this technique, the beam enters
the test material at an angle and proceeds by successive zigzag deflections
from the specimen boundaries until it is interrupted by & discontinuity or
toundary vhere the beam reverses direction apnd is reflected back to the
transducer. Allowances are made when placing the angle-beam unit to account
for the lessened effective length of penetration because of the zigrag path-
taken by the beam. Angle-beam techniques are used for testing welds, pipe or
tubing, sheet and plate material, and for specimens of irregular shape whera
strzight-beam units are unable to contact all of the surface. Angle-bean
transducers are identified by case markinga that show beam direction by an

arrow and that indicate the angle of refraction in steel for shesr waves.
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TRANSDUCER TRANSOUCER

PIPE

Figure 6.4(5)., Shear-wave technique.

The surface-wave technique requires speciasl angle-beam transducers that
project the bean into the test specimen at a grazing angle where almost ell of
the beam is reflected. For test specimens where near-surface discontinuities
are encountered, surface-wave transducers are used to generate Rayleigh

surface waves in the test material. The surface-wave technique is shown in
Figure 6.4(6).

M TRANSDUCER

SURFACE WAVE

Figure 6.4(6). Surface-wave technique.

£ I b ] .
0.4.3 PULSE-ECHO AND THROUGH TRANSHISSIOH

1n both the immersion and in the contact test methods, there are pulse-echo
techniques and through transmission techniques.

Pulse-echo techniques may use either single, or double, straight-beam

transducers. Figure 6,4(7) shows a contact, single unit, straight-beam
transducer in use. With the single unit the transducer acts as both
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Figure 6.4(7). Single-transducer pulse-echo technigue.

transmitter and receiver, projecting a pulsed beam of longitudinal waves into
the specimen and receiving echoes reflected from the back surface and from any
discontinuity lying in the hesm path with reflecting surfaces perpendicular to
the beam. The double transducer unit iw useful when the teat specimen flaus
or back surface are irregular or are not perallel with the front surface. One
transducer tranamits and the other receives, as shown in Figure 6.4(B). 1In
this case, the receiver unit is receiving back~surface and discontinuity

echoes, even though both transducers may not he directly over thege reflectors.

TRANSMITTING UNIT RECEIVING UNIT

i

2 '
1\ 7 / - SOUND REFLECTED TO
I M RECEIVING UNIT
| Y /
N\ 7
t \ /

o

Figure 6.4(B). Double-transducer pulse-echo technigque.

Two trensducers are usually used in the throvgh-treansmission technigue - one
on each side of the test specimen, as shown in Figure 6.45(9). One unit acts
as 8 tranamitter and the other as a receiver. The transmitter unit projects s
beam into the material, the beam travelns through the material to the opposite
surface, and the energy is picked up at the opposite surface by the receiving
unit. Any discontinuities in the path of the beam cause a reduction in the
amount of energy reaching the recelving unit., For best rexults in this
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Figure 6.4(9). Through-transmisasion tec

technique, the transemitter unit selected ies the beat available generator of
acoustic energy, and the receiver unit selected is the bteat available receiver

of ultrasonic energy. For example, a barium titanate transmitier unit is used
with a lithium sulfate receiver unit,

A variation of the through-transmission method, normally used for thin

materials, consists of a single transducer, and after the wave pulse has gone
through the material, it is reflected by a reflector and returned back to the

WILA W rAmds  VilW  MAA V4 e

original transducer. In this method, an electronic gate can be used to record
the signals that come from the reflector., This esasentially gives the same
information that would have been received from a second transducer if it had
been locatasd at that point. This method reduces the number of transducers
required, and essentially is using only a one-sided type inapection.

Basically, the pulse-echo technique can provide depth information and the
through-tranemission provides no depth information. In a through scan, the
entire depth of the specimen ia being examined. If a material is difficult to
penetrate, the two transducer through-transmissicn technique can provide the

maxinum penetration.
6.4.4 CENERAL TECHNIQUE CONSIDERATIONS

Ultrasonic test prepsfations begin with an examination of the test specimen to
determine the appropriate technique; then, components are selected from svail-
able equipment to perform the test. Many variables affect the choice of tech-

nique. For example, the test specimen may be too large to fit in the immersion
Fanl In tha case of larga, fixed atructurea. the testing unit is moved to

WOl e Akl VLIV WOADW Vi awsapvwj &aasT MU smAiT Sy vadl = il

the test site. Thia may require portable testing equipment. Other factors
are the number of parts to be tested, the nature of the test material, test
surface roughness, methods of joint (welded bonded, riveted, etc.), and the
shape of the specimen. If the testing program covers a large number of
identical parta and s permanent tast record is desirabdle, en immergicn tech-
nique with automatic scanning and recording may be suitable. One-of-a-kind
or odd-lot jobs may be tested with portable contact tesiing unite. Each case
will require some study as to the moat practical, efficient technique.
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When setting up any test, an operating frequency is selected, a transducer is
chosen, and a reference standard is established. The tesat specimen is
carefully studied to determine its most common or probable discontinuities.
For example; in fargings, laminar diacontinuities are found parallel to the
forging flow lines; discontinuities in plate are usually parallel to the plate
aurface and elongated in tha rolling direction; the common defect in pipe ia a
longitudinal crack, ete. If possible, a sample specimen is secticned and
subjected to metallurgical analysis.

a. Freguency Selection. Frequency is one of the most influential parameters
that govern the success of ultrasonic inspection. There are a number of
criteria which determine the ultrasound frequency that delivers the best
gensitivity to detect flaws. These criteria include:

Material
Signal-to-noise ratio
Minimum size of a flaw

The material generally determines the best ultrasound frequency. 5teel
uauslly requires 2.25 or 5.0 MHz. Aluminum generally gives best results with
5.0MHz. The way to find out which is the best frequency for the application
is by trial and error. A sample part with a natural or simulated defect is
obtained and scanned with ultrasonic transducers of various frequencies. The
gain metting for a defect nignal of common screen height provides a good
indication of the moat effective frequency. That is, the freguency that
requires the lowest gain setling is a preferred frequency. However, the
signal-to-noise ratio must also be evaluated. Ratios of the largest signal
received from a2 minimum siged defect as compared to the largest noise signals
should be at least 10 to ! (20 db).

Spectrum analysis can ascertain which is the best frequency. Spectrum
analysis is done by comparing the frequency specltrum from & natural flaw to
the frequency apectrum prior to entering the material being inspected. The
later spectrum can hae abtained from an acho from a polished flat surface
immersed in water. Spectrums which transmit much of defect information in or
near the mean value of the rated transducer frequency are what is being
sought. Care muat be taken to compare broadband frequency with broadband and
narrow band frequency with narrow band. Narrow band frequency transducera
generate a more powerful pulse than broadband tranaducers. This is expected
as broadband transducers are heavily damped to vibrate only about ons and a
half cycles. Higher ultrasound frequencies are neeeded for exceedingly small
minimum aiged defects such as are encountered in thin wall tubing inspection
for nuclear reactors. Very high strength martensitic steel has a fine grain
structure that cen accommodate higher ultrasound frequencies with little noisa.
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b. Transducer Size Selection, Just as sensitivity to the presence of flaws
ia the reason for selecting transducer frequency, so too it is the basis for
selecting size. The first question to be answered is "Do you need a focused
transducer"? If the depth {thickness) of material is a centimeter or two,
then a focused transducer should be consldered. Howevar, if deep or thick
material is to be ultrasonically scanned, and the minimum flaw size is not
miniscule, then a flat lena transducer is often the best bhet.

Focused Transducera. HNoise is the variable that determines the best size
and configuration for a focused transducer. Small tranaducers with a wide
beam apread and large tranaducers with much refraction from the large lens
cause lots of noise. It is surprising how often the moderately sized
transducers of about one centimeter across the lens face turn in the best
performance {of least noisme).

Flat Lensed Tranaducers. Generally, small sized transducers vwork best
with small sized (or thickness) parts. Larger sized transducers work well for
interrogation of large, deep parta. However, sensitivity fallae off with

increasingly larger sized transducers when the pulser is taxed to vibrate the
crystal. So the power capacity of the pulser limits the aize of the

transducer.

Again, trial end error with evaluation of performance data reveal the best
size of transducer for a particular application.

0. Reference Standards. Commercial ultrasonic reference standards are
deacribed in detail in section 6.5. These standarda are adequate for many
teat sjituations, provided the acoustic properties are matched or nearly matched
between the tesat specimen and the test block., In moat casea, responses from
discontinuities in the teat specimen are likely to differ from the indications
received from the test block hole. For this reason, s sample test specimen is
sectioned, aubjected to metallurgical analysis, snd astudied %o determine the
nature of the material and its discontinuities. In some cases artificial
discontinuities in the form of holes or notches are introduced into the sample
to serve as a basia for comparison with digcontinuities found in other
specimens. From these studies, an acceptance level is deftermined that
establishes the number and magnitude {or eize) of discontinuities allowed in
the teat specimen. 1In all cases, the true nature of the test material is
dateruined by careful study of the sample specimen, and & sensible testing
program is eatablished by an intelligent application of basic theory.

o
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6.4.5 INDICATIONS FROM VARIQUS TECHRIQUES AND THEIR INTERPRETATIONS

Ultrasonic test indications from subsurface discontinuitiea within the teat
specimen are usually related, or compared, to indications from flat-bottomed
holes of varying depths or diameters in standard test blocks. These compari-
gons are a fair means of evaluating the size, shapse, position, orientation,
and impedance of diacontinuities. Test conditions, and the discontinuities
themselves, are sometimes the cause of ultrasenic phenomena which are
difficult to interpret. This type of difficulty can only be resolved by
relating the ultrasonic indicationa to the probable type of discontinuity with
reference to the test conditions. 1mpedance of the material, aurface
roughness, surface contour, attenuation, and angle of incidence are all to be
considered when evaluating the sigze and location of an unknown discontinuity
by the amplitude of the indication received. The simplest method is to
compare the indication of the discontinuity with indications from & teat block
similar to the teat specimen in alloy, shape, and hack-surface reflections.
The experienced operator alaso learns to discriminate between the jndicationa
of actual defects and false or nonrelevant indications.

a. Typical Immersion Test Indicationa

Immarsion test indications, as diaplayed on an A-scan in a pulse-echo mode,
+hean farntara:s tha amnlitude af +the paflantian
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from a discontinuity, the loas of back-surface reflection, and the diastance of
discontinuity from the surfaces of the article. Individual discontinuities
that are small, compared with the transducer crystal diameter, are usually
evaluatsd by comparing the amplitude of the teat-specimen echoes with the
test-block echoes. Since the surface of the test specimen and the surface of
a discontinuity within it are not as smooth as the surface of the test block
and the flat-hottomed hole in the test block, the entimated size of the
discontinuity ia generally a bit smaller than the actual size. Discon-
tinuitiea that are larger than the crystal diameter, are evaluated by noting
the distance the crystal is moved over the teet specimen while an indication
is 8till maintained. In this case, the amplitude has no quantitative meaning;
the length over which the amplitude is maintained does indicate the extent of
the discontinuity in one plane. A losa, or absence, of back-surface
reflection ia evidence that the transmitted sound ham been abhaorbed,
refracted, or reflected sc that the energy has not returned to the crystal.
Evalusting this loss does not always determine the size of the discontinuity
aa concisely as the comparison method used on small discontinuitiesa.

When relatively large discontinuities are encountered, the discontinuity may
sliminate the back-~surface reflection since the beam is not transmitted
through the discontinuity.

1. Small Discontinuity Indications. A significant number of the discon-
tinuities encountered in ultrasonic¢ testing of wrought aluminum are
relatively small. ‘Foreign materials or porosity in the cast ingot are
rolled, forged, or extruded into wafer-thin discontinuities during fabri-
cation. The forces used in fabrication tend to orient the flat plane of
the discentinuity paralliel to the surface of the part. 3Such a
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discontinvity and its ultrasonic indication are shown in Figure 6.4(10). The
rehnonuhxp of the discontinuity indication and its amplitude is determined
by comparison with a range of test block flat-bottomed hole reflecticns, as
shown in Figure 6.4(11).

FRONT SURFACE BACK SUARFACE
DISCONTINUITY \ \ DISCONTINUITY
\ ‘
F FORGING
TRANSDUCER
FRONT BACK SURFACE
SURFACE -

Figure 6.4(10}. Force-oriented discontinuity indication.

Large Discontinuity Indicationas. Discontinuities that are large, when

compared with the crystal size, usually produce a display, as shown in
Figure 6.4(12). Since the discoatinuity reflects nearly all of the
ultrasonic energy, the partial or total loss of back-surface reflection is
typical. The dimensicns of the discontinuity may be determined by
measuring the distance that the transducer is moved while still receiving
an indication. If the discontinuity is not flat, but is three~dimensional,
the extent of the third dimension may be determined by turning the article
over and scanning from the back side. 1f the possibility of two
discontinuities lying close together is suspected, the article may be
tested from all four sides.

Loss of Back-Surface Reflection. Evaluating the loss of back-aurface

reflection is most important whenm it occurs in the abseace of significant
individual discontinuities. 1In this case, swong the causes of reduction,
or loss, of back-surface reflection are large graion size, porosity, and a
dispersion of very fine precipitate pﬂ(glu;:u. Figure 6.4(13) shows the
indications received from a sound test specimen and the indications

displayed from a porous specimen. Note that the back-surface reflections

obtazined from the porous specimen are reduced considerably.

Nonrelevant Indications. When congsidering indications that may be
nonrelevant, it is & good rule to be suspicious of all indications that
are unusuvally consistent in amplitude and appearance while the transducer
is passing over the test specimen. Reflections from fillets and concave
surfaces may result in responses appearing between the front and back
surfacee. These are sometimes mistaken for reflections from
discontinuitiea. Refiections from & contoured surface may be shielded off
by interrupting the beam with a foreign object such as a piece of gheet
metal, as shown in Figure 6.4(14). Broad-based pips, as contrasted to a

sharp apike or pip, are likely to be re.lections from a contoured surface.
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Figure 6.4(11). Amplitude range of i/b4 to 8/64 fiat-bottomed holes.
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Figure 6.4(14). Nonrelevant indication from contoured surface,

Near the edges of rectangular shapes, edge reflections are sometines
observed with no loss of back-surface reflection. This type of indication
usually occurs wvhen the transducer is within 1/2-inch of the edge of the
part.

Articles with gmooth, shiny surfaces will sometimes give rise to false
indicationa. For example, with a thick aluminum plate machined ta a
smooth finish, spurious indications wvhich appesred to he reflections from
a discontinuity located at sbout one-third of the article depth were
received. As the transducer was moved over the surface of the plate, the
indication remained relatively uniform in shape and magnitude. Apparentlv
this type of indication results from surface waves generated on the
extremely amooth surface, and possibly reflected from a nearby edge. They
are eliminsted by coating the surface with wax creyon or a very thin film
of petroleum jelly.

Angled-Plane Discontinuity Indications. Diecontinuities oriented with
their principal plane st an angle to the front surface are sometimes
difficult to detect and evaluate. Usually, it is hest tp sfan initially
at a comparatively high gain setting to detect angled-plane
discontinuities. Later the transducer is manipulated around the area of
the discontinuity to evaluate its magnitude. 1In thie case, the |
manipulation is intended to cause the beam to strike the discontinuity at
right angles to its principal plane. With large discontinuities that have
a relatively [lat, smooth surface but lie at an angle to the surface, the
indication moves along the base line of the display as the transducer is
aoved becguse of the change in distance of beam travel. Bursts in large
forgings fit this category; they tend to lie at an angle of 45 degrees to
the surface.
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6., Grain Size Indlcatzona. Unusually large grain size in the test apecimen
may produce "hash,” or noise, indications, as shown in Figure 6. 4(15). 1In
the eame illustration, note the clear indicationa received from the same
type of material with fine grain. In some cases, abnormally large
grain-sige resulta in a total loss of back-surface reflection. These
conditions are usually brought about by proleonged or improper forging
tenperatures, ¢r high temperature during hot working and subsequent
impropar annealing of the test specimen.

FRONT SURFACE BACK SURFACE

b

REERINE LAy,
q.d R FIABRG
FINE-GRAIN &. ',\"’ v
STEEL ST -lg;,'-{ ¢
e ﬂ»& ol re G
FRONT URFACE {FAOM PHOTOQO-
onT HASH MICROGR APHS)
A._A..Nl_-
BACK
kI zhhl

COARSE-GRAIN
STEEL

Figure 6,4(15), Grain size locations.

b. Typical Contact Test Indications

Contact test indications, in many inatances, are similar or ideniical to those
discussed in the previous paragraphe on immersion test indications. Little
additional discussion will be given when contact indications are similar to

immersion indications. Interference from the initial pulse at the front
surface of the test specxmen and variations in efficiancy of coupling, produce

nonrelevant effects that are sometimes difficult to recognize in contact
teating. As in immersion teating, signal amplitude, loss of back reflection,
and diatance of the discontinuity from the surfaces of the article are all

major factors used in evaluation of the display.
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1. Typical Disconbinuity Indications. Typical indications encountered
in vltresonic teating include those from discontinuities such as
nommetallic inclusions, seams, forging burats, cracks, and flaking
found in forgings, as shown in Figure 6,4(16).

ND BACK REFLECTION

INITIAL PULSE BACK-SURFACE REFLECTION

m DISCONTINUITY ﬁ 5@ m

\‘\

‘ -—

~ *_.
NON-METALLIC SEAM OR SMALL CRACK FLAKING
INCLUSION LARGE CRACK

Figure 6.4(16). Typical contact test diacontiuuity indications.

Delaminations in rolled sheet and plate are shown by & reduction in the
distance between back-surface reflection multiples, as shown in Figure
6.4(17). View A illustrates the display received from & normal plate and view
B showa th¢ back-surface reflections received when the transducer i3 moved
over the delamination.

In angle-bsam testing of welds, a satisfactory weld area i1s shown with the
weld fusion zones clearly indicated as shown in view A of Figure 6.4(18).
View B showa the same reflections for the fusion zonea, but in this case, a
discontinuity is located in the center of the weld. The weld ssam commonly
has discontinuities such as poreosity and slag that produce indications as

shown in Figure 6.4(19).

Surface orecks are sometimes detected when testing with a shear wave produced
by an angle-beam transducer. Pigure 6.4(20) shows a gurface-wave indication
from a crack in the surface of the teat specimen,
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VIEW A VIEW B
NO LAMINATION ) LAMINATION

Pigure 6.4(17). Effect of delamination on back-surface reflection multiples.

WELD NEAR EDGE

DISCONTINUITY

FAR EDGE

Pigure 6.4(18). Weld indications using angle-beam contact techniques.

POROSITY ._
SEAM SLAG

Figure 6.4{19), Porosity and slag indications in weld sean.
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Figure 6.4(20). Surface crack indiocation uaing angle-beam technigue.

With pitch-and-catch testing, using two transducers, the injitial, or
transmitted, pulse does mot interfere with reception, &s it does when using
the single transducer. Figure 6.4(21) shows the indications received from a
relatively thin, test specimen using two transducers. Paired angle-beam
transducere are used to improve near-surface resolution. The transit time of
the soundbeam when paasing through the Lucite wedge on which the transducers
are mounted gives an additional advantage in that the initisal pulse is moved
to the left in the same way the water-path separation occurs in immersion

testing.

A serious problem with pitch-and-catch testing is changes in coupling -
efficiency. Unless a back echo is monitored, there ia no way to know that
coupling efficiency is changing or that the coupling is loet. This is why
pitch and catch teating is not popular.

Pigure 6.4(22) ehows an indication from a discontinuity vhich lies only 0.02
inch below the surface of the material. Often, the best way to detect the
presence of flaws just below the front surface ie to first bounce off the back

surface and then monitor.

TRANSMITTING e

TRANSDUCER . AECEIVING
TRANSDUCER TRANSMITTED PULSE

DISCONTINUITY

ECHOES FROM
s

EL TO
ENTRANT SURFACE BACK-SURFACE
RETURN TO REFLECTION
TRANSDUCER

Figure 6.4(21). Two-transducer indicationa.
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DISCONTINUITY 0.02 IN, BELOW SURFACE

BACK-SURFACE REF LECTION

TRANSMITTED PULSE

FRONT SURFACE

Figure 6.4(22). Indication of near-surface discontinuity.

Dend-Zone Indications. A dead zone exists directly bensath the front
surface from which no reflections are diaplayed because of
obatruction by the initiml pulse., In most contact testing, the
initial pulse obscures the front-surface indications as shown in
Figure 6.4(23). Near-surface discontinuities may be difficult to
detect with straight-beam transducers, because of the initial-pulse
interference. Shortening the initial pulse may be effective when
near-surface discontinuities are obscured by the ringing "tail" of
the initial pulsa. Figure 6.4(24) shows a comparison of long narrow
band and short pulses broadband applied to the test apecimen where
the discontinuity i8 near the surface., In immersion testing, the

o B2 ey w—r v v
initial pulse is separated from the front-surface pip by the water

path, Only by inserting a standoff, such as a plastic block, can

geparation of thease responses be achieved in contact testing. The
material in the dead zone can be ultrasonically interrogated after
bouncing off back surface.

INITIAL BACK
TRANSDUCER PULSE~ SURF ACE

RONT-SURFACE
i LOCATION
DEAD
ZONE

\

TEST o
SPECIMEN w

Figure 6.4(23). Dead-zone interference.
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QISCONTINUITY

Y2~ “HIDDEN" IN TAIL

LONG PULSE f\[X/\/\M
Y

"DISCONTINUITY > TEST SPECIMEN .

4
SHORT PULSE Bf i ,fwf

Figure 6.4(24). Long and short pulse effects on display.

OISCONTINUITY

3. ¥onrelevant Indicationa. Coarse-grained materisl causes reflections
or "hash" across the width of the display as shown in Figure 6.4(25),
when the test is attempted at a high frequency. To eliminate or
reduce the effect of these unwanted reflections, lower the frequancy
or change the direction of the beam by using an angle-beam transducer.

Figure 6,4(25). Coarse grain indications.

When testing cylindrical specimens (especxally when the face of the tranaducer

is not curved to fit the test BurIECEJ, additional plPS following the
back-surface echo will appear as shown in Figure 6.4(26).

In testing long specimens, mode conversion occurs from the goundbeam strildng

the sides of the test specimen and returning as reflected shear waves ae shown
in Figure 6. 4(27) Changing to a larger diameter transducer will lessen this

problem.

Surface waves generated during straight-beam testing also cause unwvanted

nonrelevant indications vhen thay reflect from the edge of the tast specimen

as shown in Figure 6.4(28). Thls type of nonrelevant 1ndlcation is easmily
jdentified since movement of the transducer will cause the indication from the
surface wave Lo move across the display with the movement of the tranaducer.
When testing with two angle-beam transducers, it is possible to have a .small
surface-vave componeat of the soundbeam transmitted to the receiving unit as
shown in Figure 6.4(29). This btype of unwanted reflection is easily
recognized by varying the diastance between the transducers and watching the
indication; when the distance is increased, the apparent diacontinuity
indication moves away from the initial pulse.
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INITIAL PULSE

DIRECT REFLECTION

ADDITIONAL
{SPURIOUS)

REFLECTION

Figure 6.4(26). Nonrelaevant indication from cylindrical epecimen.

INITIAL PULSE

BACK-SURF ACE

LONGITUDINAL REFLECTION

REFLECTED
SHEAR WAVE
INDICATIONS

Figure 6.4(27). Nonrelevant indication from long bar specimen.

INITIAL PULSE
\ SURFACE WAVE
/
| x
] BACK REFLECTION
-l
] v

Figure 6.4(28), Nonrelevant surfgce-wave edge reflection.
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, INITIAL PULSE

TRANSMITTER RECE{VER

SURFACE WAVE
INDICATION

Figure 6.4(29). Nonrelevant surface~wave indication with two transducers.

When using angle~beam transducers, a certain amount of unuanteq reflections
ace received from the wedge. These indications appear immediately following

the initial pulse as shown in Figure 6.4(30). The reflections from within the
wvedge arc easily identified because they are still present on the display vhen
the transducer i3 lifted off the test specimen.

With continued use, the crystal in the transducer way come loose or fracture.
When this happena, the indication is characterized by a prolonged rimging
which adds a “tail" to the initial pulse as shown in Pigure 6.4(31), As the
prolonged ringing effect results in & reduced capability of the system to
detect discontinuities, the transducer is discarded or repaired.

1?51 WEDGE '
\

REFLECTION ~—

Figure 6.4(30). Nonrelevant indication from plastic wedge.

Figure 6.4(31). MNonrelevant indication from loose transducer crvstal.
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6.4.6 NEWEST PROCEDURES AND TECHNIQUES

For many yeara, sevaral new methods of ultrascnic testing have been
developed. Detailsd discussions of these new methods will not be presented,
hut brief deacriptionsz will he given,

6.4.6.1 Acoustic Emissions

Acoustie aminsions is an ultrasonic teat method. However, no active amearch
beam or other external ultrasonic energy source is used. Acoustic emisaions
use %transducers that detect ulirasonic pulses that are produced within the
material. Normally, these pulses are produced because of induced siresses
within the material, and.are caused by localized displacements that result
from these stresses. Therefore, acoustic emissions muat normally be ueed in
conjunction with some other test where changes in temperatures or loads are
producing stresses and straina within the material. By triangulation, the
location of the sources of these pulees can usually be determined; and by
analyzing their relative magnitudes or other characteristics, the nature of
the source can sometimes be characterized. Some basic requirements of
acoustic emissions mre: Ffirst, the nature of the material must be such that
ultrasonic pulses are produced. Thie seems to be common for most materials,
especially where internal defects are present, which are especially prone to
the generation of mechanical slippages and dislocations., Second, the material
must adequately transmit the ultrasonic energy from the source to the
tranaducers. Third, external noise from test apparatus or other sources must
be separable from the sources within the material. Last of all, some
correlation or other meaning must be developed with the characteristics of the
+ +

3 ] e
signals unleass location or time correlations are the orly parameiers of

interest.

Since some of these requirements are not always met, acoustic emiesions is not
always succesaful. There are many situations, however, where acoustic emission
testing is the most useful or the only possible method. Today, the testing of
arz booms made of composite materials and puclear pressurs vessels aTs
extenaively done with acouatic emissions.

One of the greateat problems with acoustic emissions ia the detection systen.,
Present day acoustic emission transducers do not in general record the true
fidelity of the internal ultrasonic pulses, bul merely ring at their own
natural frequency. Therefore, scientific correlations between the detected
pignal and the source are limited.

6.4.6.2 Resonance or Acousto-Ultrasonics

Many ultrasonic testing devices inject ultrasonic energy into a part and
measure the changes produced in the standing waves or reflectione established

within or between the material and the transducer. In aome cases, these

changes include both phase and amplitude parameterse. These test methods do
not normally "image" a defect or other variable, but usually reflect the total
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response of the teest region. Because the response is a general response, it
is capable of easy interpretation, but for the same reason, it cannot always
provide the detsils that may be desired. In acousto-ultrasonics, changes in

+tha dndantad ultraannic aional ag it travels from one ?andﬂllﬁnv‘ 40 another
w08 IiNJeClel Yatrasonic slgniii, 88 11 TRvVEls ITI0 wXTalRCUCOT anoliner,

are used as a correlation parameter. Again, no “imaging” of defects is
produced by these test methods, but they can often generalize the material in
such a way that very effective test meagurements are egtablished,.

G.4.6.3 Scanning Laser Acoustic Microscope (SLAM)

This method uses high frequency (30 to 500 MHz) ultrasonic waves that are
transmitted through a specimen to an image plane. The image plane can be the
surface af the specimen or any light reflective surface acouatically cornected
to the specimen., The ultrascnic waves extend over the entire image area and
form a pattern on the image plane that is a function of the acousetic varisbles
within the imaged area. This pattern is detected by & scanning laser beam and
displayed in real time an a CRT screen. Because of the high frequenciea, very
small variables can bhe detected, ms small as S5pm, at the 500 MHz range.
However, the penetration depth is alsco limited by the high frequency, and thus
this method is fairly limited to small specimens. .

6.4.6.4 Ultrasonie Holography

Ultrasonic holography 1s another real time inspection system which uses a
laser beam to detect an ultrasonic holeogram formed on a liquid surface. The
ultrasonic hologram is formed by the interference of twe ultrasonic beams, one
of which has heen tranamitted through the specimen. Adaptations of this
method presently include methods that sllow electrical asignal references and

nonimmeraion technlques.

(WP ID# G595A/DISK 02824, FOR AMMRC USE ONLY)
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6.5 STANDARDS

In ultrasonic testing, discontinuity indications are normally compared to
indications received from testing a reference standard. The reference
standard may be any one of many reference blocks, or sets of blocks, specified
for a given test or it may be an actual part to be tested containing a known
natural or gimulated flaw. Standards made from such parts asre hard to beat in
production. When standards can be used to check the accuracy of the
ultrasonic inspection, just feed the standard into the test equipment.

Qbaerve that it ie rejected, and remove the standard from the production

line. Extreme caution must be exercised to remove the part or parte from the

production line, In comperison, ultrasonic standard reference blocks are more
useful in s laboratory. BReference blocks ars flexible bhut slow in use,

Ultrascnic standard reference blocks, often called test blocks, are used in
ultragsonic testing to standardize the ultrasoniec equipment and to evaluate the
discontinuity indication received from the teat part, Standardizing does two
things: it verifies that the inatrument/transducer combination is performing
as required; it establishes & sensitivity, or gain setting at which all
discontinuities of the size specified, or larger, will be detected.

Evaluation of discontinuities within the test apecimen is accomplished by
comparing their indications with the indication received from an artificial
diacontinuity of known slge. and at the same depth, in a standard referencse
block of the same materisal.

Standard test blocks are made from carefully selected ultrasonically inspected
atock that meets predetermined standard of ultrasonic sttenuation, grain sice,
and heat treat. Discontinuities are represented by carefully drilled
flat=-bottomed holea, Test blocks are made and tasted with painstaking care so
that the only discontinuity present ia the one that was added intentionally.
The three most familiar sets of reference blocks are the Alcoa-Series A, area
amplitude blocks; the Alcoa-Series B, or Hitt, distance/amplitude blocks; and
the ASTM basic set of blocks that combine ares/amplitude and diatance/amplitude
blocks in one saet,

6.5.1 AREA/AMPLITUDE BLOCKS SET

Tha Alcoa Series A set congists of eight blocks, each 3-3/4-inches long and

1-15/16-inches square. A 3/4~inch deep, flat-bottomed hole (FBH) is drilled
in the bottom center of each block., The hole diameters are 1/64-inch in the
No. 1 block through 8/64-inch in the FNo. B block, as shown in Figure 6.5(1).

As implied, the block numbers refer to the FBH diameter; e.g., a No. 3 block
has a 3/64-inch diameter FBH.

Ares/amplitude blocks provide a means of checking the linearity of the test
syatem; that ia, they confirm that the amplitude (height) of the indication on
the oscilloscope screen increases in proportion to the increase in size of the
discontinuity. Similar area/emplitude reference blocks are made from 2-inch
diameter round stock.
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€.5.2 DISTANCE/AMPLITUDE BLOCKS SET

The set of Alcoa Series B, or Hitt, blocks consiste of nineteen, 2-inch
.dismeter, cylindrical blocks, all with 3/4-inch deep FBH of the same diameter
drilled in the center at one end. These blocks are of different lengths to
provide metal distancea of 1/16-inch to 5-3/4 inches from the test surface to
the FBH. Sets with 3/64-, 5/64-, or 8/64-inch diameter holes are available,
The metal distances in each set are 1/16-inch, 1/8-inch through l-inch in
eighth-inch increments, and 1-1/4 inch through 5-3/4 inch in half-inch
increments, aa shown in Figure 6.5(2).

Distance/amplitude blocks serve as a reference by which the size of
discontinuities at varying depths within the test material may be evaluated.
They also serve as m reference for setting or standardieging the gensitivity,
or gain, of the test system so that the system will display readable
indications on the oscillc¢scope acreen for all discontinuities of a given aize
and over, but will not flood the screen with indications of smaller
discontinuities that are of no interest., On instruments so equippad, these
blocks are used to set the mensitivity time control (STC) or distance
amplitude correction (DAC) so that a discontipuity of a given size will
produce an indication of the game amplitude on the coscilloscope screen
regardless of its distance from the front surface.

6.5-2
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6.5.3 BASIC BLOCKS SET

The ASTM basic set shown on Figure 6.5(3) consiets of ten, 2-inch diameter
blocks that have 3/4-inch deep, FBH drilled in the center at one end. One
block has a 3/64~inch diameter FBH and a metal distance of 3 inchea from the
test surface to the FBH, The next saven blocks each have & 5/64-inch FBH but
metal distances are 1/8, 1/4, 1/2., 3/4, 1-1/2, 3, and 6 inches from the test’
surface to the FBH, The two remaining blocks each have an 8/64-inch diameter
TBH end metal distances of 3 inches and 6 inches. In this basic get, the
three No. 3, 5, and B blocks with the 3-inch metal distance, provide the
area/amplitude relationship, and the seven blocks with the 5/64-inch diameter
FBH (No. 5) and varying metal distances, provide the distance/amplitude

relationship.

1t is important that the test block material be the same, or similer te, that
of the teest specimen. Alloy content, heat treatment, degree of hot or cold
working from forging, rolling, etc., all affect the acoustical properties of
the material. If test blocks of identical material are not available, they
muat be similar in ultrasoniec attenuation, velocity, and impedance.

6.5.4 SPECIAL BLOCKS

The International Institute of Welding {1IW) reference block and the miniature
angle beam field calibration block, shown in Figure 6.5(4) are examples of
other reference.standards in common use.

For irregularly shaped articles, it is often necessary to make one of the test
articles into a reference standard by sdding artificial discontinuities in the
form of flat-bottomed holes, smw cuts, notches, etec. In some cases, these
artificial discontinuities can be placed so that they will be removed by
subsequent machining of the article. In other cases, a special individual

abtandarddesins fanhndauna 10 Aavalmanad hy Anvatfii1loc atudoaine owkiata
OOl G &bkl ORIl YUY Ag MOYOULWUMUTW wy L1 - N U.L.LJ D-‘-‘MJJQ“B ﬂll EIL vl lD

ultrasonically, and then verifying the detection of discontinuities in the
article, by destructive investigation. The results of the atudy then become
the basis for the testing standard. :
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Figure 6.5(3). ASTM reference blocks, basic set.
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«5.9 TYPICAL CALIBRATION PROCEDURE

o

typical calibration procedure is outlined in the paragraphs that follow.
e procedures assume conditions and equipment as follows:

A
Th ume

a. Test Instrument. Any of several commercially available pulae-echo
ultrasonic testing instruments.

b. Test Freguency, The taest frequency shall be 15 MHz,

¢. Transducer., A quartz immersion tranaducer of 3/8-inch diameter with an
operational frequency of 15 MHz.

d. Power Source. Line voltage with regulation ensured by a voltage
regulating transformer.

e, Immersion Tank. Any contalner that holds couplant and is large enough te
allow accurate positioning of the tranaducer and the reference block is

satiefactory.

f. Couplant. Clean deserated water ig used as a couplant. The same water,
at the same temperature, 1ls used when comparing the responaes from differing

reference tlocks.

g. 3Bridge and Manipulator. The bridge is strong enough to support the
manipulator and rigid enough to allow smooth, accurate positioning of the
tranasducer. The manipulstor adequately supports the transducer apd provides
fine angular adjustment in two vertical planes normal to each other.

h. Reference Blocks, An area/amplitude eet and a distance/amplitude set of

reference blocks are required. (A basic set which combines both area and
distance responses moy be used; for example, the ASTM basic set consisting of

istance responses for example the
ten reference blocks. For area/nmplxtude relationahipa use blocks containing
a 3-inch metal distance and 3/64-, 5/64-, and 8/64-inch diameter holes. For
distance/amplitude relationships use blackas of varying length which contain
5/64~-inch diameter holes.)

i. Fundamental Reference Standard. When calibrating area/amplitude responses
of the test get, an alternate to the reference blooks desoribed in the
preceding step is a set of 15 steel balls, free of correailon and surface nmarks
and of ball~bearing quality, ranging in size from 1/8- to l-inch diameter in
1/16-ineh increments, A suitable device, such as & tee pin, is necessary to
hold each ball.

6.5-6



Downloaded from http://www.everyspec.com

MIL-HDBK-728/6

Area/Auplitude Check

The linear range of the instrument is determined by obtaining the ultrasonic
reaponaea from sach of the araa/amniituda- type reference blocka fthg atenl

a AL W SwtE e B ] VoS WmaT=/ 5 =2l FRReT UVReAD

balls may be used as an alternate for the refarenoe blocks) as follows.

a. Place a No. 5 area/amplitude reference dlock (a block containing a
5/64~inch diameter hols) in the immersion tank with the drilled hole down.
Fosition the tramnsducer over the upper surface of the block, slightly
off-center, at a water distance of 3 inches within a + or - tolerance of
1/32-inch, between the face of the crystal and the surface of the bleck. This
accurate distance is obtained by using a gage beltween the block and the
transducer

b. Adjust the transducer with the manipulator to obtain a maximum pip height
from the front-surface reflection of the block. This indication proves that
the soundbeam is perpendiculesr to the top surface of the block. A maximum
number of back-surface reflection pips serves the same purpose.

c. Move the tranaducer laterally until the maximum response is received from
the FBH.

d. Adjust the instrument gain control until the hole pip height is 31 percent
of the maximum obtainable on the cathode ray tube screen. Do not repeat this '
atep for the remaining blocka in the set. :

e. HReplace that reference block with eamch of the other blocks in the set.
Repeat steps b and ¢ for each block and record the indications. Maintain a
water distance of 3 inches for each block except for the No, 7 and No, B
blocks, which require a water distance of 6 inches.

f£f. Plot a curve af the d

f. Plot a curve of t orded indications as shown in Figure 6.5(5). 1In
the example shown, the point where the ourve of responses deviates from
straight line defines the limit of linearity in the instrument. Amplitudes
plotted below the limit of linear response (in this example) are in the linear
range of the instrument and no correction is required. Amplitudes of
indications above the limiting point are in the non-linear range and are
increased to the ideal linearity curve. This ia done by projecting a vertical
line upward from the actual height of indication until the ideal curve is
intercepted. The point of interception defines the corrected height (CH) of
indication in percent of maximum amplitude that the instrument can display.
The difference between the corrected height (CH) and the actual height (AH) is
the correction factor (CP). For each indication that appears in the
non-linsar range & different correction factor (CP) is plotted because the
deviation is not conatant. When the actual jindication height is displayed,
the corrected indication height is computed by adding the corraction factor
directly to the actual indication height as follows:

acord

AH + CF = CH

6.5-7
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Figure 6.35(5). Typical eres/emplitude response curve.

8. The linear range of the instrument may alsoc be determined by recovding the
ultrasonic reaponses from the back-surface of each of 15 steel balls ranging
in gize from 1/8~ to 1.0-inch in diameter in 1/16-inch increments. The
immersion method is used following previous steps & through f, except that in
step d, the inctrument gain control is sdjusted until the pip heipht is 50X of
the maximum obtainable on the oscilloscope screen with the transducer
positioned over the 1/2-inch dismeter eteel ball. For each ball, the wgter
distance is maintained constant at 3 + 1/32 jach and the transducer ie
positioned for maximum response fron each blll- The recorded indications are
nlarted on & curve as shown in Fi re 6. .

Few=mw— —— =3 Fa AL

Distance/Amplitude Check

The dietance/amplitude charscteristics of the instrument are determined by
obtaining the ultrasonic responses from each of the reference blocks in a set
of blocks of varying mecal distence with a 5/64~inch diameter hole in aach

block, The resultant indications are recorded on a curve ae ocutlined in the
folloving procedure,
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Figure 6.5(6). Steel ball area/amplitude response curve.

&. Select a reference block containing a 5/64-inch FBH hole with a metal
distance of 3.000 inches from the top surface to the hole bottom and place it
in the immersion tank. Poaition the transducer over the upper surface of the
block, slightly aff-center, at a water distance of 3 inches between the face
of the transducer and the surface of the block. Adjust bthis distance
accurately, within a + or - tolerance of 1/32 inch, by using a gage between
the block and the transducer.

b. Adjust the transducer with the masnipulator to obtain a maximum pip height
from the front-surface reflection of the block. This indication proves that
+he goundbesn iz perpendicular to the top surface of the block. A maximum

VAiW AW i Wi P a it st B L WA - L]

number of back-surface reflections serves the same purpose.
¢. Move the transducer laterally until the maximum response is recelved from

the FBH., Adjust the instrument gain control until the pip height is 25% of
the maximum obtainable .on the cathode ray tube screen.
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d. Replace that reference block with each of the other blocks in the set.
Repeat steps b and ¢ for each block and record the indicationms. Maintain

wvater diatance of 3 inches for each block.

o. Plot a curve of the recorded indications as shown in Figure 6.5(7). 1In
the example shown, the near field (freanel) gone extends from the 1/2-inch
mstal distance indication to the 2-inch metal distance indication. A4s the
metal distance increases beyond 2 inches, the indications stteouate, or
decrease, in height.
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WO [—~1- granparoizaTion — [ 1
0 1z 1 1-1/2 2 2172 3 3-1/2 4 42 § B2 6 6-12 7
METAL DISTANCE, INCHES
{INSTRUMENT CORRECTED FOR NON-LINEARITY}

PERCENTAGE OF MAXIMUM READABLE INDICATIONS

Pigure 6.5(7). Typical distance/amplitude response curve.

Transducer Check

A AL e A

To improve accuracy during tesal squipment calibration, the characteristica of
the transducer, as modified or distorted by the test inatrument, are

determined by recording a distance/amplitude curve from & 1/2-inch diameter
pteel ball immersed in water. A beam pattern, or plet, can aleo be obtained

from the gsame steel ball at a fixed water-distance of 3 inches. It is well to
remember that the ocurve and beam plot recorded in $hie procedure are not valid

if the transducer is subsequently used with any test inatrument cther than the
one used in this procedure, A complete analysie of transducer characteristics
cannot be accomplished with the commerciasl ultrasponie testing equipment used
in this procedure. To ensure maximum accuracy, the transducer may be
calibrated with special equipment. In the procedure that follows, the
apparatus used for checking the transducer is the same as that prescribed in
the previous paragraphs for calibrating the instrument with reference blocks.
The manipulator is set to allow & range in water dimtance of O to at least 6
inchea from the face of the tranaducer to the ball surface.
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a. Adjust the instrument gain control until the pip height is 50% of the
maximum obtainable on the oscilloscope screen with the transducer positioned
at a water diatance of 3 = 1/32 inch from the face of the transducer to the
top surface of the ball. Exercise care in producing & true maximum indication
by locating the transducer beam center on the center of the ball. Record this
point of standardization. '

b. After standardizing the instrument, set the water distance at 1/4 inch.
Again, exercise care im using the manipulator to locate the transducer beam
center on the center of the ball. Record the maximum indication. D¢ not
readjust the instrument gain control in this or succeeding stepa of the

procedure.

¢. Vary the water distance in 1/8-inch increments through e range of 1/4 to 6
incheas. Record the maximum indication for each increment of water distance,
‘using care each time the transducer is moved back that the beam center remains
centered on the ball.

d. As shown in Figure 6.5(8), plot the recorded indicetions (corrected for
any non-linearity) on & graph to demonstrate the axial distance/amplitude
response of the transducer and particular teat instrument used in the test.

e. Determine the transducer beam pattern by relocating the manipulater to
obtain a 3 + 1/32-inch water diastance from the 1/2-inch diamaeter steel ball to
the face of the transducer. While scanning laterally, 3/8-inch total travel,
the height of the indication from the ball is obaerved while the transducer
pasges over the ball. Three distinct lobes or maximums are observed. The
symmetry of the beam is checked by making four scana; displacing each scan by
rotating the traneducer in its mounting 45 degrees. The magnitude of the side
lobes should not vary more than 10% about the entire perimeter of the
ultrasonic beam. An acceptable tranaducer will produce & aymmetrical beam
profile which has side lobes with magnitudes no less than 20%, nor more than
304, of the magnitude of the center lobe. The beam pattern or plot of an
acceptable transducer is shown in Figure 6.5(9).
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6.6 APPLICATIONS

Ultraponic examination is used in a wide range of applications. The principal
one is the detection of internal flaws in most engineering metals and alloys.
Bonde produced by welding, brazing, soldering and adhesive bonding can be
ultrasonically inspected.

The flaws to be detected include voids, cracks, inclusions, pipe, laminations,
bursts and flakes. They may be inherent in the new material, may result from
fabrication and heat treatment, or may occur in service from fatigue,
corrosion or other causes.

Ultrasonics can alao be used to measure thiclmess of metal sections.
Structural material from 2 few thousandths of an inch to several feet in
thickness can be measured to accuracies better than 1%.

Special ultrasonic techniques and equipment have been used oa such diverse
problems as the rate of growth of fatigue cracks, detection of bore hole
eccentricity, measurement of elastic moduli, study of press fits,
daternination of nodularity in caat iron, and metallurgical research on
pheromena such as structure, hardening, and inclusion count in various metals.

a and amall °

com ha un
L o h 1) ALARAE  RBAAM el e

iscontinuities located either at the surface or deep within the pert. The
part can be made of a ferrous or nonferrous metal or of = nonmetal. Tesating
can be done by manual acanning or can be fully automated, with either visual
interpretation or permanent recording of results, Ultrasonic examination can
ba performed on either flat or curved surfaces, and can be performed when only
one aurface of a part is accesaible, even when the area to be inspected is

remote from the accessible surface.

d to detect both larz
0 gevecty DOTN LArg

The only limitations in its applications for materials are usually foams,
where high porosity exists, or for materiaels where high damping exigts
(certain corks, rubbers, etc.). Geometric limitations exist in terms of part
deaigns, orientations, surface finishes, atc.
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6.7 SPECIFIC GUIDELINES

Ultrasonic testing, as all NDT methods, requires wise applications with full
knowledge of the limitations involved. The following guidelines can be of
value only as they can be intelligently applied t0 each individual problem.

6.7.1 GUIDELINE FOR DESIGNERS

Designers should know the following: choosing the proper apecifications for
NDT is important, but most specifications such as MIL-I-6870 and MIL-S5TD-2154
are general and do not provide the details required to actually perform an
inspection, Some designers believe that with the choice of a specification,
evaerything else is automatic. Close communications must be established with
QA and materials and testing engineera to eneure that the details and
decisions required after a general specification is chosen will accomplish the
original intent of the deaign. In ultrasonicas, the cost of calibrating and
standardizing normally increases as the limit in the aize of flaws t> bhe
detected decreases, If the minimum defect size approachee the inspection beam

mnrmmansahoan srarral ansd ot un annmaladd aea

siza, and especially if it approachas wavalength size, sxtensive correlations
may be required before the ultraaonic teating can be effective. Therefore,
when tight apecifications are required, the design engineer must become aware
of these costs and glve guidance to posaible trade-offe. Ideally, changes in
design that reduce inspection conte should be made early. This cannot occur
unlesas the designer has personally taken the interest necessary to understand
these choices,

The designer should read secticn 6.4.4 on reference standards and section
€.4.5 on interpretations of indications where it is pointed out that atandard

and calibratians are velid only to the degree that the atandards match the
alloy, ghape, and acoustie property of the specimen. When designers are able
to place one or more artificial reflectors in their design to represent
critical flaw aizes, then the NDT inspection has a standard that is exactly

the same alloy, shape, and acousatic property, since it is the part itself that
is being used., This approach saves much calibration time and increases the
reliability of the inspection. Designers, if they cansider these possibilities
early in the design phase, can often accomplish this at far less cost than

that required to inspect without them.

6.7.2 GUIDELINE FOR PRODUCTION ENGINEERS

Ultrasonic inspection is extensively used dby production engineers, to inspect
raw materinals before they are processed, tc inapect parts during their
fabrication, snd to actually control some of their machine operations.
Coordinations of the inapections of the parts during their fabrications are
usually made with QA, 1In some large operations, all meterials are originally
brought and inspected at & standard quality level, Then portions of that
material may later be needed where a higher quality level may be required,
Reinspection ia then performed to "upgrade"” the material for this new use.
This effort of inapecting quality "into” a part is rarely succeasful and
should be brought to a designer's attention when this occurs.

617-1
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6.7.3 GUIDELINES FOR QA PERSONNEL

Ultrasonica, especislly where C-scans are produced with a direct "black and
white" readout, can often be assumed to be real. That is, images seen on the
gscan (indications) are often assumed to be the images of the flaws or of
variables in the material. The images formed by ultrascnics, especially for
small dimensional shapes, are very non-linear and thus indication images
cannot be used as flaw images except through proper calibration and the

interpretations that it can provide.

Many times, QA must work with both NDT research engineeras snd NDT production
enginears. They need to understand that basic differences can exist between
these disciplines. The production engineers are paid to run efficient
inspections, and thia requires maximum inspection ratea that just harely allow
detection of the smallest unacceptable flaws. This approach and orientation
rarely provide maximum inapection informetion. At the same time, one in a
research environment, trained to maximize the inaspection information, should
not routinely be used by QA to determine acceptable production rates. A need
often exists for input from both, and a clear underastanding of their
differences in background should be recognized and appreciated.

6.7.4 GUIDELINES FOR KDT ENGINEERS

In ultrascenics, the NDT Engineer has a duty to explain and instruct those
interested in the results, of the limitations and interpretations of the
reasults, Where a pulse-echo method is employed, ss an example, the equipment
sends out a wave pulse and listens for an echo. When an echo i3 received, the
machine does not know why an echo is received. The machine cannot know what
caused the echo to be returned. Only the operator, with his krowledge of the
situation, his knowledge of the part being inspected, and his ability to weigh
various podasibilities, is in a position to make an immediate interpretation..
Because of multiple reflections, standing waves, interference patterns,
near-field effects, and a multitude of non-linear interactions that can occur
in ultrasonics, proper interpretabtions are critical. The NDT Engineer has the
greatest responsibility in aeeing that these interpretations are correct and
are properly used.

6.7.5 GUIDELINES FOR NDT TECHNICIANS

Technicians must stay alert to changes in their equipment. In ultrasonics,
the equipment is complicated, both electronically and mechanically. The final
results are based upon a series of interdependent operations, and therefore
the resulta are almost always being affected in some small degree firat in one
direction and then another. Transducers can age. What was a good transducer
yesterday may not be a good one today. Noting amasll differences is often
important. In ultrasonics, where immersion test methods are conducted, the
pragasnce of air bubbles will be one of the biggesat problems, There is much
air in water (that is why fish can live in water) and the amount of air in the
water depends upon its temperature. Air bubbles can appear even though care
is used to originslly place a part in water without any air budbbles attached.
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Air bubbles can actually grow, collecting air from the water itself, This
especially occurs if fresh water has just come from a cold, high pressure

gource, or the part is warmer than the water,
tha water is increasing. Thess problems also
energy relationship between the water and the

"nucleation” sites upon which the bubbles can

or the average temperature of
depend upon the interfacial

material and whether there are
grow. Therefore, some parts may

never have these problems, and others will always have these problems. They
are common enough, though, that they should alwaya be watched for and care
exercised that they do not produce false indications. Properly designed
standards will reveal many of the ultrasonic test problems that can occur

during production inspection.
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6.8 SAFETY

Standard laboratory safety procedures for the handling of electrical equipment
are applicable to almost all ultrasonic systems. The transducers are often in
circuits that use 300 to 1000 volts. Proper grounding and insulation should
always be employed. Where automatic scanning devices are employed, great care
nust be exercised to protect personnel from moving belts or drives and of
being caugnht between moving parta. There should also be safety switches and

naaitian Timi+t+ nui+n'hnc| tan anaura that mavine mesnhynorv dnoe nnt on havnnd
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certain aafe limita. In large operations or the inspection of large parts,
safety in the handling of the inapected parts cannot be overlooked. Many
times large hoists or cranes are involved, and methods of placing and

ad justing heavy parts must be checked and approved. Large smounts of water,
and various additives, are sometimes involved in ultrasonic testing. The
unexpected release of these liquids, due to a rupture of the water tank (by
accident or otherwise), might be a safety consideration. A fungicide shall be
added to an immersion bath to protect the health of the operator,

(s}
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6.9 GLOSSARY

AMPLITUDE The vertical pulse height of a received ultrasonic signal, usually
base to peak, when indieanted by an A-scan presentaticn.

ANGLE BEAM A wave train introduced into a test object so that the ultrasasonic
beam axis centerline is at an angle, other than O degrees, to the normal to
the entry plane of the tesat object.

ANGLE OF INCIDENCE The angle that the axis of an ultrasonic beam makes with
the normal to a surface at the point of incidence.

ANGLE OF REFLECTION. The angle that the axia of a reflected ultrasenic beam
makes with the normal to a reflecting surface at the point of incidence.

ANGLE OF REFRACTION The angle between the axis of a refracted beam and the
line normal to the boundary between two media with different speed of sound.

AREA-AMPLITUDE RESPONSE CURVE A curve showing the changes in the amplitude of
ultrasonic response to reflectors of different areas located at equal
distances from the aearch unit in an ultrascnic-conducting mediunm.

A-SCAN A method of data presentation utiliszing a horizontal base line that
indicates distance, or time, and a vertical deflection from the base line
which indicates ultrasonic amplitude.

ATTENUATION The loss of ultrasonic energy within a medium due to scattering
and asbsorption.

ATTERUATION COEFFICIENT Factor that describes the decrease in ultrasound
amplitude with distance in a given medium. Normally expressed in decibels per
unit length.

ATTENUATOR A device for altering the amplitude of an ultrasonic signal in
known increments, usually decibels.

BACK REFLECTION Indication of the ultrasonic echo from the far boundary of
the material under test,

BASELINE The distance/time axis in an A-scan display.
BEAM AXIS The acoustic centerline of an ultrasonic search unit's beam pattern
as described by the locus of points of maximum sound pressure in the far

field, and its extension into the near field.

BEAM SPREAD A divergence of the ultrasonic wave train as it travels through a
medium,

BOTTOM ECHO See Back Reflection.
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B-SCAN FRESENTATION A method of data presentation in which the travel time of

an ulirasonic pulse is represented as a displacement along one axis, and probe
movement {gensrally rectilinear) is represented as a displacement along the
other axis, In the dieplay, reflected pulses are shown in contrast to the

background.

BUBBLER A device using a8 liquid sitream to couple an ultrasonlc beam to the
teat piece.

COMPRESSIONAL WAVE See Longitudinal Wave,

CONTACT TESTING A method of teating in which the trsnsducer contacts the test
surface, usually through & thin layer of .complaint.

CORNER EFFECT The reflection of a sound beam in a direction parallel to an
incident beam directed normal to the interasection of two perpendicular

planses.

COUPLANT A substance used between the search unit and test surface to permit
or improve transmission of ultirasonic energy.

CRITICAL ANGLE The incident angle of the aound beam beyond which a apecific
refracted or reflected mode of vibration no longer exists, .

CRYSTAL See Element, Piezoelectrie,

C-SCAN A method of data presentation yielding a plan view of the test object
and the discontinuities thersin, :

DAMPING Limiting the duration of vibration in an ultrasonic search unit by
either electrical or mechanical mesns, .

DEAD ZONE Corresponds to the distance in the material from the surface of the
teat object to the neareat inapectable depth., It i8 determined by the
characteristice of the material, ultrasonic test instrument and search unit,

DRCIBEL (dB)} Twenty times the logarithmic expression of the ratic of two
amplitudes. dB = 20 logig (amplitude ratio).

DEFECT A discontinuity or group of disconinuities which produce indications
that do not meet & specified acceptance criteria,

DELAYED SWEEF A horisontal sweep whose start is delayed in order to prevent
the appearance of unwanted early response information on the screen.

DGS-DISTANCE GAIN STIZE Distance smplitude curves permitting prediction ef
reflector size compared to the response from a back aurface reflection.

DISCONTINUITY A detectable interruption in the material which may or may not
have undesirable connotations. )
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DISTANCE AMPLITUDE CORRECTION (DAC) (Swept Cair, Time corrected gain, time
variable gain, etc.} Blectronic charge of amplification to provide equal
amplitude from equal reflectors at different distances.

DISTANCE-AMPLITUDE CURVE A curve relating ultrasonic echo amplitudes from
equal reflectors at different distances in the material.

DIVERGENCE See.Beam Spread.

DUAL SEARCH UNIT (TWIN PROBE) A search unit containing two elements, one a
tranamitter, the other a receiver,

DYNAMIC RANCE The ratio of maximum to minimum reflective areas that can be
distinguished on the display at a constant gain setiing.

BCHO Indication of reflected energy.

ELEMENT, PIEZOELECTRIC Portion of a single crystal or polycrystalline
sintered ceramic having piezoelectric properties, used for the generation
and/or detection of ultrasonic energy.

BOUIVALENT FLAT BOTTOM HOLE The flat bottomed hole reflector in a similar
materisl and gecmetry with a diameter that producea the same ultrasonic echo
amplitude as the reflector under evaluation.

FALSE INDICATION In nondestructive inspection, an indication that may be
interpreted erronecously as a discontinuity or defect; a non-relevant
indication, e.g., artifects,.

FAR FIELD The zone of the ultrasonic beam of a non-focused search unit that
extends beyond approximately D2/4A (where D is the diameter of the
transducaer and A is the wavelength)., In this zone the amplitude of the
ultrasonic waves decrease gteadily with distance.

FLAW An irregularity in the material which is generally undeairable, but may
or may not be severe enocugh to immediately render the part unfit for intended
use,

FOCUSED BEAM Converging energy of the sound beam at B specified distance.

FREQUENCY , (ACOUSTIC) The number of osacillations per second experienced by a
particle or point in a medium caused by the passage of an acoustic wave
through it.

PREQUENCY (CENTER) See Frequency (Dominant).

FREQUENCY (DOMINANT) That frequency at which the overall reaponse of an
ultrasonic pulse-echo flaw detection system is a maximum. NOTE: the 'system’
includea the pulser, the transducer as a transmitting element, the pulse
propagation path, the transducer as a receiving element, and electronic
instrumentation associated with receiving, amplifying and displaying a
recelved aignal,
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FREQUENCY (EXAMINATION) The nominsl frequency &t which the examination is
performed,

FREQUENCY (FUNDAMENTAL RESONANCE) The lowest acoustic frequency which will
cause a condition of resonance to be esteblished in a given msterial of given
thickness. NOTE: This frequency will be such that the wavelength in the
given materisl is equel to twice the given thickness,

FREQUENCY (PULSE REPETITION) The number of times per second an
electroacoustic tranaducer ie excited to produce a pulse of acoustic energy.

FRESNEL PIELD {FRESNEL ZONE) See Near Field.

CATE A selected transit time range from which signals may be monitored or
extracted for further processing.

GATE THRESHOLD An adjustable level such that while any echo within the gate
exceeds the set level, an on/off signal (e.g., toc & light or a recording pen)
is activated.

CHOST ECHC See Wrap Around,

GRAZING INCIDENCE Immersion inspection with the beam directed at a glancing
angle to the test surface.

HASH Humerous small indications along the baseline ¢f the display indicative
of background noise sometimes caunsed by many small inhomogeneities in the
material,

HOLOGRAPHY (ACOUSTIC) An inspection system using the phase interference
betwaeen ultrasonic waves from an object and a reference signal to obtain an
image of reflectors in the object under test.

IMMERSION TESTING An exasmination method where the transducer and the material
are submerged at least loeally in & fluid, usually water.

IMPEDANCE (ACOUSTIC) The product of dénaity and sound veloecity. The property
which determines acoustic transmiseion/reflection characteristics at a

boundary betwesn two media.

INDICATION In nondeatructive evaluation, svidence of a discontinuity that
requires interpretation to determine its significance.

INITIAL PULSE (MAIN BANG) Response of the ultrascnic system display to the
trangmitted pulse, )

INTERFACE The boundary between two materials,
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LAMB WAVE A type of wave that propagates within the thickness of a plate, and
that can only be generated at particular values of angle of ineidence,
fregquency, and plate thickness. The velocity of the wave is dependent on the
mode of propagation and the product of plate thickness and frequency.

LINEARITY {AMPLITUDE) The characteristic of an ultrasonic teating system
indicating its ability to display amplitudes proportional to amplitudes of
ultrasonic waves coming back from a reflector.

LIREARITY (DISTANCE) The characteristic of an ultrasonic testing ayatem
indicating its ability to display signals at spacings proportional to the
sound path distance beiween corresponding reflectors.

LONGITUDINAL WAVE These waves in which the particle motion of the material is
in the same direction as the wave propagstion,

LOSS OF BACK REFLECTION Absence of or a significant reduction of an ultrasonic
indication from the back surface of the article being inspected.

MATERIAL ENVELOPE The portion of material at the aurface of a test piece
which will later be removaed toc prodice the finished part.

MODE The manner in which acoustic energy is propagated through a material as
characterized by the particle motion of the ultrasoniec wave,

MODE CONVERSION The pracasas hy which a wave of 8 given mode of propagation
generates waves of other modes of propagation by reflection or refraction.

MULTIPLE BACK REFLECTIONS Successive echoes from the far boundsry of the
material being examined,

NEAR FIELD The zone directly in front of an ultrasonic transducer extending
to a distance of approximately D2/4 A (where D is the diameter of the
transducer and A 18 the wavelength). In this zone components of the
ultrasonic wave from different portions of the transducer interfere to produce
pressure maxima and minima.

NOISE Unwanted disturbances from equipment or the material under test
superposed upon the received ultrasonic signal.

NORMAL INCIDENCE Condition in which the transducer beam is perpendicular to
the test surface.

PAINTBRUSK TRANSDUCER A rectanglar transducer usually constructed with a
number of piezoelectric elements which has & wide beam to sweep ocut large
areas.

PENETRATION The maximum depth in a matarial from which useful ultrasonic back
reflections could be obtained. ;

PIEZ0ELECTRIC EFFECT The characteristie of certain materials to generate
alactrical charges when subjected to mechanical vibrations, end conversely to
generate mechanical vibrations when subjected to electrical pulses.
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PLATE WAVE See Lamb Wave,
PROBE Sse Transducer or search unit.

PULSE A short wave train.

FULSE ECHO METHOD An ultrasonic inspection method in which the praesence and
position of a reflector are indicated by the reflected pulse amplitude and

tinme.

PULSE LENGTH A measure of the duration of a wave train, expressed in time or
nunber of cycles,

PULSE RATE See Prequency

RF (RADIO FREQUENCY) DISPLAY A diaplay showing unrectified ultrasonic signals.

RANGE The ult
RAYLEIGH WAVE An ultrasonic surfasce wave in which the particle motion is
alliptical and the effective penetration is approximately a wave length. The
waves follow the curvature of the part and reflections cccur only at sudden
changes in the surface.

REFERENCE BLOCK A specimen with geometry and material designed to produce
ultrasonic reflections of known characteristics for purposes of comparison,

REFLECTION See Echo.

REFLECTOR An interface at which a ultrasonic beam encounters a change in
acoustic impedance, and reflects at lesst part of the energy.

REFRACTIOR The change in direction of the ultrasonie beam as it passes
obliquely from one medium to another, with a different sound wave velocity.

REJECT (SUPPRESSION) A electronic contrel which minimizes or eliminates low
amplitude signals (or noise) but may cause diaplay non-linearity.

RESOLUTION The ability of ultrasonic sguipment to give simultaneous, separate
indications from discontinuities having nearly the same range and/or lateral
position with respect to the beam axis.

RESONANCE METHOD A technique in which continuous ultrasonic waves are varied
in frequency to discriminate some property of the part, such as thickneas
atiffness, or bond integrity.

SATURATION Condition cbserved on the display resulting from g signsl of such
a magnitude thet an increszse in the signal produces no obaervable increase in
the display amplitude.

SCANNING Relative movement of the transducer and the test pilece in order to
interrogate a volume of material.
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SCATTERING The perturbation of a ultrasonic beam by small reflectors in the
propagation path.

SCANNING INDEX The distance the tranaducer is moved perpsndicular to the
traverse direction after one tranaverse of the part,

SE PROBE See Dual Search lnit.
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receive ultrasonic energy in order to intarrogate a specimen. The dev1ce
frequently consists of piegoelectric glement(s), backing material, case,
connector and a front protective covering or lens or wvedge.

SENSITIVITY A measure of the ability of an ultrasonic system to detect small
discontinuities,
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SHEAR WAVE Wave motion in which the particle motion is perpendicular to the
direction of ultrasonic propagation.

SHEAR WAVE TRANSDUCER (Y CUT QUARTZ SEARCH UNIT) A transducer used far
generating and detecting normal incidence shear waves.

SIGNAL-TO-NQISE RATIC The ratio of the amplitude of an ultrasonic indication
to the amplitude of the background noise,

SKIP DISTANCE 1In angle beam testing, the distance along the test surface from
the sound entry point to the point at which the sound returns to the same
surface, having been reflected from the far surface of the test object.

STRAICHT BEAM See Normal Incidence,
SURFACE WAVE See Rayleigh Wave,

SWEPT GAIN See DAC.

PHROUGH TRANSHISSION METHOD A method in which reflectors in an object are
detected by monitoring the ultrasonic energy incident on & receiving
transducer after the energy has propageted through the object from =

A Chssaria miaa i wwe

transmitting transducer.

TRANSDUCER OR SEARCH UNIT An electro-acoustic device used to transmit and/or

receive ultrasonic energy in order to interrogate a specimen, The device
frequently consists of piezoelectric element(s), backing material, case,
connector and a front protective covering or lens or wedge.

TRANSFER MECHANISM A procedure to account for differences in ultrasonic
response dus to differences in surface texture, curvature, attenuation, etc.,
between a reference block and the test object.

TRANSVERSE WAVE See Shear Wave,
ULTRASONIC Pertalning to mechanical vibrations having a frequency greater
than epproximately 20,000 H=z
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ULTRASONIC SPECTROSCOPY Analysis of the frequency content of an ultrasonie
wWave.

VEE PATH The angle-beam path in materisl efarting at the transducer

LR L) EY L

examination surface. through the matsrial to the back surface, continuing to
the examination surface in front of the search unit, and reflection back along
the same path to the transducer if a discontinuity is encountered. The path
is usually shaped like the letter "V".

VERTICAL LIXIT The meximum readable level of vertical indications determined
either by an electrical or a physical limit of an A-acan presentation.

VIDEO PRESENTATION Display of the rectified and usually filtered rf
ulirasonic signal.

WATER PATH (WATER TRAVEL) The distance from the transducer to the test
purface in immersion or water column testing.

WAVE FRONT A continuous surface drawn through the most forward points in a
wave disturbance which have the same phase.

WAVE INTERFERENCE A series of presspure minima and maxima resulting from the
superpositon of waves.
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