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"SOME ASPECTS OF STANDARDIZATION IN
ULTRASONIC FLAW-DETECTION"

By

R.Choubey, B.N.Das and Dr. B.R.Nijhawan*

SYNOPSIS

Industrial apnlications of ultrasonic detectiog
of internal flaws have now been well recognised in theilr
reliablity and ability to prevent service failures of
important engineering components. The accentance of some
materials for critical applications is based on rigid
ultrasonic test snmecification. With the objectives of
eliminating personal fact rs, formulation of rational
standards and modes of calibration and test procedure in
relation to the material under test have been evolved
specially for the pulse reflection technigue with electro-
nic instrumentation where several variables are encounte-
red. The parameters of the various elements of the test
procedures i.e. the C.R.0., and the ultrasonic transducers
have been discussed from basic considerations. A critical
examination of the current practice in relation to standard
reference blocks for evaluating and calibrating the
instrument and probe characteristics has been made with
particular reference to the A.S.T.M., British and Dutch test
blocks. Referenceshave specifically been made to further
work required for standardization of test procedures and
evaluation of test results.

INTRODUCTION.

Among st the methods of non-destructive testing,
although ultrasonic detection of internal flaws is of

comparatively recent growthl'4a, it offers snecific advan-

tages such as (1) very high test sensitivity permitting

detection of minute flaws, (i1) great penetratine power
: g pover,
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allowing examinaticnsg of thicker sections, (iii)
accuracy in locating the flaws and their areas, (iv)
fast instant test response, permitting rapid and auto-
mated inrsnection ang (v) need for access to only one
surface of the specimen as in pulse-echo-technique-
Industrial apnlications of ultrasonic testing relate o
inspection of turbine components, internal combustion
engines, aircraft bparts, strategic forgings, castings,
weldments and rolled products.

Eardier ultrasonic tests were qualititive and
required calibration methods to ensure reproducibility of
results. Current trends have related to qQuantitative
Measurements of the nature, size, shape and Oorientation of
internal flaws, resulting in adequate understanding of the
effects of the various Parameters & limitations arising out
of (1) the nature of material under test, (ii) characteristics
of the equipment and probe employed (iii) and the testlng
techniques. It is in most cases now mandatory to evolve
standard test procedures for the ultrasonic inspection of
‘engineering components with 5 view to reduce bersonal fgctors.
The use of suitable standard reference block helps in ecalibrat-
ion of test equipment.

There are several points of Special interest to
be talten into consideration for standerdization of test
techniques. Some of the basic principles or ultrasonic
flaw detection may now be outlineq in relation to standar-

dization of test procedures.

FUNUDAME"TAL PRINCIPLTS

Basic principle of ultrasonie flaw detection is that
very little energy loss kakes place (neglectjng the attenuation

Conte.3
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-
loss®) when an ultrasonic beam travels through homogeneous
material except when it 1s intercepted or reflected by

flaws & discontinuity; baced on this principle two
techniques have been developed for flaw detection. The
earlier technique of "through transmissionB” or shadow

method was based on the diminution in energy of continuous

ultrasonic wave transmitted through the material. The

"pulse ultrasonic wave technique”4b7697 or reflection method
is based on the energy of the ultrasonic wave reflected from

the defect as indicative of the internal flaw; the latter

offered saveral advantages over the former.

Basic components of Pulse Flaw detector:-

Basic comp-nents of a modern pulse flaw detector

are shown in Figs la & b. A4 short electric pulse is aprlied

to the transducer to entrain ultrasonic waves into the specimen
which is acoustically coupled with the transducer. The timing

circuit through sweep generator then measures the time between

transmitted and reflected signals. Distance markers are

provided in some instruments. The cycle is repeated at regular

periods for continuous indication. The sweep dur~tion is chosen

according to the thickness of the sample to cover almost full

CRO tube screen for highest accuracy. The synchronizer

(Trigezer) not only controls the high frequency oulse for the
tpansducer but also ensures desired output for the sweep
generator. The pulse repetition rate is so adjusted as to
completely extinguish reverberations between successive pulses
(Fig.2). The pulses from the generator are damped exponen-
tially and control the "dead zone" below the inspection surface

within which no defects are detectable. Similar effect is

. .y
clrcult

produced by the long recovery period of the amplifier

Cont..4
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The transducers and amplifiers used in a typical system

tend to ring or to stretch the signals even when initial

bulse contains a sipgle cycle. Use of prismatic elements

lessens the "dead zone" as compared to that with normal
transducer practice (Fig.3).

Combinations of flaw detector elements:

Combinations of the various elements of the ultrasonic
flaw detectors are used for different applications. Longitu-
dina18, transverse (shear)?, surface (Rayleigh)1© and plate
(Lamb) 11 waves, the former two being more common, are employed
in either through transmission or pulse reflection techniques
using single or double, separate or combined (TR) search unitgsle ,
In the U.S.a. single search units and in the U.K. and Europe
double transducer techniques are more populgr. Again, depending
upon the nature of the Job either direct contact or angle~bean
brobes can be used. Various scanning devices viz., A -, B-,
or C-scan are followed in direct contact or immersion testing.
In the A-scan bresentation, depth of the flaw is noted from
the horizontal position and the size of flaw frop the vertical
height of the peak on the CRO screen. The B-scan gives a cross
sectional view viz., the depth and extent of flaw igq 3 single
vertical plane. The C-scan shows a plan view of the flay. &
combinationl3 of B-scan and C-gecan can provide an isometric
view of the flaw.

Ultrasonic freguency:

Proper selection of frequency 1 essential as it
governs the sensitivity, minimgp detectable flaw size, noise
ize,
level and attenuation ete,

Transducers:

The probhe design hnas been the Subject orf constant

Conte..5
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improvements based on itsg shape, sige, frequency, method of
mounting and facing, factors affecting the beam characteris-
14

tics™* vhich, have girect bearing upon calibration problems.

Surface finish and Acoustic coupling:

A suitable couplant 15516 14 generally used for
Proper acoustic contact between transducer and the specimen
surface.‘ Presence of looge particles such as scale, inclusion,
grit, paint or o0il on the surfiace as vell as entravped air
bubble within the couplgnt cause considerable intensity
variations and affect the test calibration. Quality inspection
requires gﬁod surface finish as surface conditionm’17 affects
sensitivity of calibr.tion and its correlation with defect sige.
The shape effect of the objects with curved surfaces can be

eliminated with sult~bly designed probes.

DEFECT LOCATION AND MEASUREVENT &

The’detection of minute flaws such as pornsity in
casting requires high sensitivity ang resolving power (use of
hicsher frequency). Grain bondsry reflectioniS (Fig.4) magsks
signals from minute defects limiting the detectable defect
size.

For precise location of the defect, the accuracy of the
instrument (checked by proper calibration technique), choice
of proper frequency, suitable probe ang probe angle (for angle
beam probes), pulse length, sweep ang other factorg affecting
the dead zone such ag transducer, type and size, ringing of
amplifier, damning member of the Probe etc. are important.

Due care has to he given to eliminate or isnlate the false
signals arising fron edge effectsl® op mode conversioni’ at

curved surfaces.

ConteeessB.
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Under a ¢iven instrument setting, magnitude of the

energy reflected from a flaw depends in general on the nature,

size and orientation of defect. Mamimum echo amplitude correg;

ds to normal position of the flaw with respect o the beam as
in this case moximum area of the flaw is exposed to the beam,
Further, the ultrasonic energy or amplitude of vibration of
reflected waves is dependent on anglq of incidence and the
acoustic iméaance of the materials at the interface i.e., on
their impendance ratio (or mismatch factor) r = EE where

A (acrustic impedance of one material) =;gv1»an§122 (acoustic
impendance of other material) ;;ivg,fﬁﬂ%being the densities
and Vq, V2 bcing the velocities of ultrasonic wave in the two

materials resnectively. The reflection coefficient for normal

incidence, R = Intensitv of reflected beam (Wr) is given by
Inteneity of incident beam (Wi)

Z2=7 /, o
R-Wr = .._i_...':_ Vo= ‘r=1 \/
Wi oz *Zl} Trl

The difference of acoustic impedance between gas oOr
vacuum and a metal causes almost totgl reflection from crack
or cavity. Less energy is reflected from metal/ inclusion
interface, may be a foreign matter or different phase of the
system such as intermetallic compound or grain boundaries.
The nature of flaw viz., lack of penetratinn, voids, cracks or
nonmetallic inclusions, as encountereq in welds can easily
be judged with reference *o radiogra~hg.

The above relaticnship is based on the elementary plan
wave theory. 1In practice, although the ideal oondition Of
plane wave is not realiced vet for many purposes when the

source size 1s mich larger with respect to the wave lengthls

Contoo7-
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the resulting.wave mav be taken as plane wave. As seen above,
the plane wave theory assumes no transmission losses other than
interface effects. However, in practice energy losses do
oécur in all maferials t some extent and are of considerable
importance in some cascs. The folloving factors have major
influence on the reflection peak.

1. Beam spread due to finite transducer size.

2. Beam non-uniformity due to field effects.

3. Transducer loading by couplant or specimen.

4. Attenuation of beam due to such causes as gbattering
and damping depending upon nature of material.

5. The external geometry and condition of surface of
the test object.

6. Defect reflection factors such as those related to
its shape, size)surface and impedance.

7. Masking noise.
8. Instrumentation variables.

Thus, in face of these disturbing factors the existing
plane wave theory is not adequate to provide quantitative

solution of practical problems. An empirical anproach is the

only way for accurate and reliable quantitative measurement

of position, shape and sigze of the flaw. Thiis approach consists

in controlling the various parameters by specifying (1) methods

of equipment selection and then calibration ang (2) the test

procedures hoth in relation to the nature of the object and

defect under examination.

Possible Methods of Equinment Standardization:

Calibr tion<0 of the instruments ang search unitg by

electric meacurements alore, although of cignificant value

in equinment maintenance ang laboratory studies, is not adequate
In practice, since interconnecting cables,

couplant, positione-

(jont. . e .8.
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and indicator, recorder or alarm, also influence the results,
Further since there i no equivalent of X-ray penetrameterg
(Image Quality Indicators), only indirect calibrtion for
ultrasonicvtesting 1s possible by the following means:

1) Producing an artificial flaw in the medium (say water)
through inserting g target (say steel ball) in the nath of
the ultrasonic hegm.

i1) Making use of cloenals from geometrical external
discontinuity in the test Object, as the back surface, keyvay,
or bnre - hole,

1ii) Fabricating g sfandard discontinuity into a non-
critical portion of the spbecimen vhich can later be machined
away or filled up by welding .

iv) Use of one or more separate reference blocks
containing simylateq discontinuties or reference surfaces
to establish test sensitivity and equinment performance.

First method is nracticable Oonly in case of immersion
“testing and is of importance as "primary reference standards'
to check the ultragonic behaviour of reference blocks made
according to (iv). It may be noted that nrecise checking
of reference hlock response requires adjustment of test ins-
trument sensitivitv to g standard reproducible level prior
to obtaining reflection frem the bottom of the test hole. In

maintaining the sensitivity level, difficulties arise due %0

and compone vt performance. Thus, the easy way to encsure
constant instrument sensitivi€§ is £0 adjust the amplifier

gain to obtain predetermineq mognitude of indication for some
The use of steel balls,

reflecting surface of specifisq size.

immersed in  water was advocated on the grounds that the

Cont. . .9.
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spherical symmetry of the target rendered the transducer

orientation ineffective and that the balls of ball-bearing

quality with uniform quality of size, geometry and surface-

finish and metallurgical structure will suit the npurpose.

i . " A
Other factors needing prover control are water distance, th

nature of water as couplant, and search unit characteristics
as (i) the ultrasonic field (distance/amplitude curves)
(Fig. 5) and (ii) the beam profile (Fig .6) .

The fourth method, employing metnllic reference

blocks of simple shape and convenien® size containing discon-

tinuity of known size and shabe 1s widely used. ===

PRACTICAL REFFLNICE STANDAROS
Development of practical reference standards for
ultrasonic detection has béeﬁ ﬁ;dertaken by individual organi-~
sations%s21, Institutions for Standavrdization at the nation.l
as well as the international level. The work of the Society

a2 E-7 on Non-

of Nondestructive Testing and ASTM Committee
destructive Testing is noteworthy. Tentative Recommended
practice has been introduced for fabricating and checking
Aluminium Alloy Ultrasonic Standard Ref .rence Blocks (ASTM
Designation 7127 - 58T). A namber of valuable contributions
came out durine the 2nd and 3rd International Conferences on
Nondestructive Testing reflecting the rclated work in the
U.8.4.23, Japan? and France25. The International Institut -
of Welding (I.I.W) have considered in cetail the various
asrects of the standard reference blocks. It ig not, howev =
intended to discuss detailed features of all types of reference
blocks, used in different countries fc different purposes.
Only the common features and the basic problems involved wil

WAL 4

be dism . . )
seussed with illustrations frem opne or two common

COHt.olnlO.
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Reference Blocks with particular reference to it- arplication
under Indian conditions. -

Simple Reference Blocks:

The simnlest tyne of Reference Blccks for the purpose
consists of (i) stepped blocksl? with holes of same depths, o
(i1) uniform thickness blocks with holes of different depths
or (iii) gsenarate cylindrical blocks each with a standard hole
The shape26 of the hole bottom exercisesg ctnsiderable effects
on energy reflected and the bheam profile ete. The pnsition
of the peak (for distance calibration) on the CRO tube screet
is depehdent on the distance of the hol- bottonm from the scanr
surface and the magnitide of the pealk (used for size calibrat:
i.e., the cound energy reflected from +the hole is roughly
proportional to thc area of the reflecting surface - the hole
bottom. This is true when the sound beam is much larger and
wave length ifg muth smaller than the test hole size. Guided'
the several years of experience in Alvminium and Lireraft
Industries in U.S.A., the ASTI adonted 3 cet27 of 10 aluminius

A

test blocks (Fig. 7a and b) with holes of “he given size and

depths (table 1), which are regarded as e72quate to define
9 S
quality of wrought aluminium products.

! .
Practical considerations‘o in arriving at the final

shape and size of the 4STIl blocks are as frllows: limited st¢

. X . . . 1 = . f 1C€
size to ensure uniform acoustic noise level in all referen

Co Ay f
blocks; ecylindrical shape and flat hole-bostom, for ease O

. . « . . T . "‘—l’.SiOI-
machining and »recise drilline practice; the 2-inch dime

. . y 5 T - s+ N RS :“:\':L‘
for avoiding €dge effects from longer blockss; test nolce

along rolling direction of the stock to minimis: noise fron
hole bottom; hole deuth of " as » practically possible dert
drilled for small din holes and finally, ccalins the holc FO7
preserving the ultragonic resnonse from the block.
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Work of the International Institute of Welding:

The investigations?8 at the Internationnl Institute

of Welding (I.I.W) regarding the Ultrasonic Reference Block

(R.B) have been directed towards the following aims:?

1. To determine the characteristics of the instrument

and the probe.
2. To determine the level of gensitivity and maitain
constancy during inspection.

3. To obtain reproducibility by proper adjustaents,
determined with the block.

With:tZFSgnds in view, a comparative study of the
British (Fig.8) and Dutch (Fig.9) reference blocks was made.

It is generally realized that the Dutch R.B. although
not ideally suited for a two-probe technique calibration, hag¢
certain general advantages. With this block, direct measure-
ment is possible without calculations. Further, the measurements
are more accurate and the maxima of echos are sharper. The
Dutch R.D. is of versatile character as it is suitable for both
longitudinal and transverse wave probes. On the other hand,
factors in favour of British R.B. are its simplicity and quality,
especially for calibr-tion with separate probes for which the
Dutch R.B. does not an-ear to he well suited. For welding
problems, using shear wave probes, the British block offers
decided advantages. With the prover synthesis of individual
merits of the Dutch and British blocks, a better combination

could be evolved.

Proposed I.I.W.=-R.B:

In view of the merits of the two blocks the International
Institute of WG1Qing leaves the question of adoptions of either
of these blocks to the user and has suggested a reference block
(Fig.10) , where additional reflecting surfaces have been intro-

duced for trans e : : .
wmeverse wave calibration by either a saw cut at

Contesl2,
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Zero point, a saw cut at Z8r0 point and a curveq surface of
radius R = 50 mn, or g cirgular saw cut. The fing1 choice
between these 1s again left to the user. The steel used for
production of the R.B. ig fuggested to conforp to the folloy-
ing metallurgicgl requirementgq:

(a) Killed 0.H, or Eleotiic mild steel.

(b) Normgligeq condition,

(¢) Grain gige Me-Quaid - Ehn No.s,

Detalled directions® fop yaq with the Dutch and Britis
Blocks have been issued by the I.I.y. fdi determining the (1)
instrument Characteristicg (calibration of scale and checking
linearity of time bage and relative sensitivity, control of
dead zone and power of resolution) and (2) the probe characte
ristics (Determination and checling of beam index, angle of
incidence, zero point and heam characterigstics),

The perspex insertion in the Dutch bloek (Fig.9) ig
equivalent to 50 mm. of steel and thickness values equal to
25, 50, 100 and 200 mn. of steel for calibration of time bas
for longitudingl waves are availgble, This calibration can
be apnlied for transverse waves through velocity relationshi
Distance of 91 mm. of steel for longitudinagl Wwaves correspol
to 50 mm for transverse wavecs. The characteristics of trant
verse wave probe can he checked by placing probe on surface
C (Fig.9) ang obtaininz the position of maximum reflection
from surface A. The mark on the side of probe can then be
checked against Point O showins the beam centre (Probe Inde!
Now the beam angle ig read off the block from the positicn !
probe along the edgzes B or C for maxlimum reflection from th

mineé
perfex surface. The angular width of bean may be determin€

AAAAA

m

by moving the Probe along adre B or C till the indication
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drop by one half in magnitude and the corresnonding angles
noted. The small hole is uged for checkinz sensitivity of
transverse‘waves. Dead zone can be determined from the indi-
cations with probes in positions F and G (Fig. 9). Resolution
1s measureqd fromrreflections Obtained vith longitudinal wave
probe at position H (Fig. 11).

The British block (Fig.8) ig well suited for separate
two probe systemsg, permitting control of linearity of time
base, checking of probe index (Fig. 12a, b), angle of refraction
of beam (Fig.12c), (with or without the knowledge of beam

indexjy,zero error correction for the distance covered by

perspex mount of the probe and beam spread,sss Bemserpe
Ret2,

Limitations of the Reference Blocks:

In the use of I.I.W.- R.B. whilst determining the sensi-
tivity with different angle probes, it is seen that for corres-
ponding reflecticne from drilled hole, the ultrasonic beam has.
to traVel different distances and so the indications cannot be
compared since the sensitivity is affected by distance, unlecss
compensating devices are provided with the instrument; the
Japanese Institute of Non-destructive Testing has taken this
into cnrnsideration and prOpOSede'L a reference block (Fig.13)
for some fixed angle probes equalising the distance from probe
to test hole. An improved reference Hlock (Fig.13) has been
designed for any angle-probes.

The I.I.W.-R.B. suffers from the further limitation that
its sensitivity is limited to 1.5 mm dia hole. For greater
sengitivity other block524 are used in Japan.

The geometrical and material characteristics of the ob ect
Blccks

- f
under examination restrict the use of Standard Reference

Contesld.
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For insgtance, for shesr wave probeg changes in the angle
of refractlion for an R.B. made of matcrial other than the

test object cause inaccuraci s in measurements. Effect of

e

such behaviour is heing studied in France=® by means of R,B,
made of Aluminium, mild steel, 13% Cr. stcel and austenitic
steel. In the case of cylindrieal ohiuntslﬂ’lg since the
contact arean of trancsducer with the scanned surflace is affected
by the curvature of the lotter, the heisht of reflected neak
corresponding to artificially drilled hole will be affected
and the corrcet ~ize of hole can he judged from the peak height
only 1If the refsrence hlock (Fi-. 14a, b) is made (a) from same
material, (b) subjocted to the game metal lurgical treatment and .
(¢) havins same geometry viz., the same radius of curvature of
scarmned surface and surface finish as the actual object.

Further due to sensitivity variations with distance,
blocks with Standard holes have limited application and for
thicker sections compensating devices are needed.

Inspite of a'l these limitati-ns and the fact that for
specinl test conditions special reference bloclks, techniques and
correction methods are to be deviged, it is established that for
general standardization work of the instrument and probe charac-
teristics, simplified multinurvose reference blocks such as

I.I.W. type R.B. are of great value.

Reproducibility of R.D.:

In any case, reproducibility during manufactnre of

these ultrasonic refercnce blocks have to be guaranteed. In

this respect, metallurgical condition of the material and its
acoustic coundness are imnnrtant featnures to he considered.

The state of the material, (whether in the cast or wrought state)

: T | ion
its mechanical prooertiecs and heat treatment affect the attentat?

Conta..15.
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