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INTRODUCTION

Intensive investigations of ultrasonic testing techniques
and principles have been under way at Watertown Arsenal Laboratory
for approximately ten years since the introduction of the pulsed
echo technique by Dy. F. A. Firestone. The studies involved have
been focused on potentiel Ordnance applicability of these techniques
as a means for solving inspecticn problems and as a means for pro-
viding more reliable, rapid and economical techniques and equipment
for the evaluation of Ordnalcs materiel. As a result of thess in-
vestigations, it was concluded thet ultrasonic testing as practiced
during the last 'O-year period was severely limited for OQrdnance
application for two important reasons:- First, ultrasonic energy
was introduced into metals to be examimed by placing a quartz
crystal transducer directly in contact with the metal surfacs,
employing as an acoustic coupling & film of oil or other surface-
wetting material. Because of the intimate contact required between
the crystal transducer and the surface of the material, only reason-
ably smooth surfaces could be tested and, hence, a large proportion
of Ordnance inspaction could not be performed. This may be referred
to as the "rough surface problem"., Secondly, the results of ultra-
sonic tests were presented on a cathode-ray oscilloscope soreen in
such & form that extensive training and experience on the part of
tho test equipment operetor were required for intelligent interpreta- i

tion of test results. Actually, it was felt that, for proper




utilization of existing ultresonic equipment on Ordnance prublems,
tne inspector or test equipment operator must have considerutle
knowledge of electronics; acoustics, .nd metallurgy. Since this
situation appeared to be associsted primarily with the interpretation
of the cathode~-ray presentation of ulilrasonic echoes, it was referred
to as the "data presentation problen'.

Tn spite of the above limitations of ultrasonic techniques,
1t was felt that they offered potent advantages which might be
~ealizable for Ordnance testing problems through developmental work
levoted to overcoming or minimizing the limitations., The advantages
1ght be enumerated briefly as (1) relatively inexpensive equipment
cost; (2) virtually no installation expense, (3) test data obtained
extremely rapidly; (4) little, il any, limitations on thickness of
material which can be examined, (5) adjustable sensitivity or test
severity; and (6) extremely high flaw sensitivity available when
requireds A comparison of the above advantages with other methods
for testing Ordnance materials strongly emphasizes the advisability
of developmental work to make this test available for Ordnance use,
for example, magnetic tests are severely limited in their ability
to detect deep-seated flaws. Radiography, the only other reliable é
wethod for subsurface flaw detection, is severely limited in its
depth of penetration, requiring extremely expensive equipment and 3

installation to penetrate steel thicknesses greater than 3 or 4 inches.

Even when such radiographic equipment is available; the severity of
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test cannot bs readily adjusted; the tcst is time consumin:; and
maximum sensitivity attainable is low comprred with ultraco: i
techniques. While there is no thousht imvolved here that ulira-
sonic testing can or will meke radiography obsolete for Orinance
testing and inspection, it has been felt for some time “hal bthore
is a sulficiernt: number of Ordnance testing problems which can io
better solved by ultrasonics than by radiography to warrawt a
cousideradls expanditure of effort in this direction. It is

vhe purpose of the following discussion to indicate the progress

which has heen made as a result of such effort.

ULTRASONIC FLAW-PLOTTING FQUIPMENT

In February 1951, Electro Circuits, Inc., Pasadena, Calilornia,
proposed meé.ns for overcoming the two limitations cited above, namely:
the "rough surface problem" and the "data presentation problem".
Yatortown Arsennl Laboretory accepted the Electro Circuits proposal,
which resulted in the delivery of an ultrasonic flaw-plotting equip-
ment, the brsadboard model which is now undergoing extensive evaluation
study to determine its applicability to Ordn;mce inspection problems.
Initial attention 1s being devotéd to the applicability of such
apparatus to *he examination of thick armor castings, for which
testing problem this equipment is felt to be uniquely advantageous.

Jt should be rcpeated thet metal thickmess is basically no
problem for ultrasonic testing. The flaw-plotting equipment is
designad to function on thiclknesses from 1/ " to 6". The unper
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thickness limit can readily be increased by slight design modifica-
tion. The problem of examining materials having rough and as-cast
surfaces has been overcome by mounting the crystal in a nozzle

1 1/2 inches from the material being inspected and coupling the
crystal acoustically to the specimen with a water stream. Actually,
this water stream permits the realization of the advantages of
immersed ultrasonic testing without the attendant awkwardness
associated with the immersion of extremely large castings. The
data presentation problem has been solved by employing two pictorial
or flaw-image displays. In the past, ultrasonic information has
been presented or an "A-Scope™ (Figure la). The Watertown equipment
is capable of & much cleaner A-Scope presentation than pricr equip-
ment, a8 is shown in Figure 1b, due to advanced design of the elec-
tronic receiver axixd advanced concepts of crystal transducer operation.
Thess improvements permit the detection of flaws much closer to the
rronft.surface of a casting than previously possible and also the
individual detection of multiple flaws lying close together in the
thickness of the specimen. These, in themselves, represent ma jor
improvements over previous equipment and techniques.

In addition, the Watertown equipment provides & cross-section
view of the interior of castings being examined (Figure 2), which
permits the location of a flaw in the depth dimension relative to
the front surface of the test specimen, and a plan view (Figure 3),
which provides information regarding the arsa and shape of the flaw
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in & plane parallel to the inspection surface. The sketoches
referred to above simulate actual photographs taken of the image
display tubes during the testing of a specimen.

It has been felt that the ability of the radiographic method
to present flaw images by which ths size and shaps of flaw can be
employed as a means for distinguishing between cone type of flaw
and another is of tremendour advantage for the exumiration and
acceptance testing of cast armor. bBassd orn this thinking, the

advantage of ultrasonic flaw images can te readily appreciated

both from a point of view ¢f flaw recoganition and ease of inspector

training. Of ccurse, the additicnal infcrmation regarding depth of

flaw below surface is readily obtainable from the ultrasonic equip-~

ment .

While the ultrasonic apparatus presently being studied is a
breadtoard model of the ultrasonic flaw-plotting equipment, the
edvantages originally sought in comnnsetion with its development
have been dramatically i1llustrated through lts early use Tt 1s
anticipated that a continuation of this evaluation will resuit
in the specification and procurement of a production prototype

equipment for the examimation ¢f thick armor castings.
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WATERTOWN ARSENAL LABORATOARY NON-DESTRUCTIVE TEST SEéTION

FIG. IA—CONVENT!ONAL (REFLEG- FiG.1B*~IMPROVED A-SCOPE

TOSCOPE) PRESENTATION OF PRESENTATION OF ULTRASONIC
ULTRASONIC ECHOES. | ELHOES.

FIG.2¥~CROSS SECTION REPRESENTATION OF FLAW,

-~

Y
FIG. 3 —PLAN VIEW REPRESENTATION OF FLAW.
® WATERTOWN ARSENAL LABORATORY FLAW PLOTTING EQUIPMENT
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