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ULTRASONIC NONDESTRUCTIVE TESTING

INTRODUCTION

The use of sound to determine the internal
quality of an item is not new. All of us have
thumped a watermelon to judge by ear its de-
gree of internal ripeness, The sword maker of
Toledo listened to the ring of his Damascan
blade to determine its internal quality. Rail-
road wheels were tapped with a hammer in
an effort to locate hidden defects. Doctor’s
stethoscopes and sensitive microphones, in con-
junction with a high-pitched whistle were used
in attempting to judge by ear the internal
quality or freedom from defects of metals and
other materials by audible sound.

In the latter part of the 19th century, a Ger-
man named Koenig, with the aid of a amall-
pronged tuning fork, was able to generate vi-
brations of the order of 90 kilocycles. In 1900,
Edelmann, using a confrolled air stream in a
device called the Galton whistle, was able to
produce vibrations of 100 kilocycles per second.

Between 1800 and 1930 several other methods
of producing ultrasonic vibrations were tried.
These early methods include a spark-gap system,
a mechanical generator, and a gas-current gen-
erator. Although none of these schemes were
of any lasting value, each served its purpose
in advancing the art. During this same period,
the two methods for generating high-frequency
sound, which are generally used today, were
developed—they are the magnetostrictive and
the piezoelectric systems. The first practical
success of ultrasonics was the application of
piezoelectric-generated waves to detect sub-
marines during World War 1,

During the 1930's, O. Muhlhauser, A. Trost
and R. Pohlman of Germany and S. Sokoloff
of Russia investigated various continuous-wave
schemes in which the ultrasonic vibrations were
produced and transmitted without interruption
{pulsing) in the time dimension, or change in
their frequency or amplitude, In 1940, Floyd

A. Firestone, of the University of Michigan, in-
vented the reflectoscope method. Using longi-
tudinal (compressional) mode waves, he was
able to determine the depth and extent of de-
fects from only one side of the piece being
tested.

From this period on, new techniques and im-
provements increased the science of ultrasonic
nondestructive testing to its present level of
preprogrammed, high-speed automated produc-
tion line testing systems,

Basic components of an ultrasonic flaw de-
tector consist of :

i. A power supply fo produce the various

required voltages,

2. The rate generator or timer, whose fune-
tion it is to start and synchronize all
other functions.

8. The pulser, which generates a high-volt-
age, short-duration spike to ‘‘shock” the
crystal into resonant vibration.

4. The transducer (crystal) which trans-
mits a high-frequency sound wave into
the test piece, receives the reflected echo
and converts it into an electrical impulse.

5. The amplifier or receiver, to amplify and
properly prepare the echo signal for dis-
play.

6. The sweep generator, which starts to
trace a line horizontally across the cath-
ode-ray tube screen at the same time the
pulse *“shocks” the transducer into ac-
tion.

7. The marker generator, which produces
time marks, such as square waves to be
presented simultaneously with the hori-
zontal sweep to aid in depth measure-
ment.

8. The cathode-ray tube which presents a
picture of the echo gignals.

Ultrasonics is a fast, reliable nondestructive

testing method which employs electronically-
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produced, high-frequency sound waves that will
- penetrate metals, liquids, and many other ma-
terials at speeds of several thousand feet per
second. Because ultrasonic techniques are basic-
ally mechanical phenomena, they are particu-
larly adaptable to the determination of
struetural integrity of engineering materials.
Their principle applications consist of :

1. Flaw detection.
Thickness measurement,
Determination of elastic moduli,

Study of metallurgical structure.

AN A

Evaluation of the influence of processing
variables on the specimen,

The desirable features of ultrasonic tests
include:

1. Versatility, access to only one surface of
the specimen is needed and the test
equipment may be taken to the work,

2. Fast response, permitting rapid and au-
tomated inspection.

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

4, Great penetrating power, allowing ex-
amination of extremely thick sections.

b. High sensitivity permitting detection of
minute defects.

The following are a few applications, which
indicate the capabilities of ultrasonic testing
as it is practiced today. Ultrasonic techniques
are used to detect laps, seams, laminations, in-
clusions, roiling cracks, and other defects in
steel plates 14” to about 127 thick. Discontinu-
ities as small ag 0.69% of the plate thickness
are detectable as are laminations down to less
than 0.00002” thick, Ultrasonics are used to lo-
cate porosity, cupping, pipe, internal ruptures,
and nonmetallic inclusions in bar stock and in-
gots of various sizes up to 48” in diameter.
Ultrasonic tests locate eracks, blow holes, insuf-
ficient penetration, lack of fusion, and other
discontinuities in welds. Ultrasonics are used
to evaluate bond quality in brazed joints and
honeycomb assemblies. Ultrasonics are used to

inspect forgings such as turbine shafts and
rotors.

There are many factors which limit the
application of ultrasonic festing, among the
most important are sensitivity, resolution, and
noise discrimination. Sensitivity is the ability
of the instrument to detect the small amount of
energy reflected from a discontinuity, Resolu-
tion is the ability of the instrumentation to
detect flaws lying close to the {est surface or
to separate and distinguish the indications from
several defects occurring close together in the
specimen, Noise discrimination is the capacity
of the instrumentation for differentiating be-
tween the sipnals from defects and the un-
wanted noise of either electrical or acoustical
nature,

These variables in turn are affected by others,
such as frequency and pulse energy. For exam-
ple, when frequency is increased, the sensitivity
increases. With the increase in sensitivity,
smaller inhomogeneties within the material will
become detectable; this will increase the noise
level thus hindering signal discrimination. With
an increase in pulse energy, material noise will
increase and resclution will decrease.

In addition, the geometry and condition of
the test material may limit the application of
ultrasonic testing. For example, size, contour,
complexity, defect orientation, and undesirable
internal structure such as grain size, porosity,
inclusion content, and fine dispersed precipi-
tants.

Problems concerning the couplants, surface
roughness, and scanning also limit applications
for ultrasonic testing.

Due to the many conditions which can and
do restrict the application of ultrasonies, a suc-
cessful inspection cannot be expected unless
there is:

1. Ultrasonic testing equipment suitable
for the specific application.

Capable operators.
A clear definition of the test problem,
Adequate reference standards.

o s

Practical test specifications.
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6. Realistic acceptance criteria.
7. Detailed test records.
8. Frequent imspection of the equipment.

~ Ultrasonic testing effectively employs physi-
cal phenomena to increase man's physical
senses. To understand how inaudible sound is
"used to reveal certain conditions which are not
perceptible to the normal senses, it is first nec-
essary to know how ultrasound is transmitted
and received.

TRANSDUCERS {search units, probes, crys-
tals)

MAGNETOSTRICTIVE EFFECT:

In 1847 Joule discovered that a mefal ex-
panded and contracted under the influence of
a changing magnetic field. He called this effect
magnetostrictive.

.~ The basic physical principles of this effect
are such that when s ferromagmetic material,
~such as a bar of iron, is surrounded by a coil
and a current is passed through the coil the
length of the bar changes, creating compression
(mechanical) waves.

This method of generating ultrasonic waves
has certain disadvantages such as sensitivity
to temperature variations, limited frequency
range, and lack of tuning discrimination which
has restricted its use for nondestructive testing
purposes, However, recent development work
indicates these disadvantages may bhe overcome
when the ultrasonic waves are generated by
means of the magnetostrictive effect in the test
piece itself and an oseillation is not relied on.

Krautkramer Ultrasonics, Ine. produces an
ultrasonic flaw detector called the “FERRO-
TRON" (see Figs. 1 and 2). The manufacturer
describes the advantages of this new instro-
ment as follows:

“There is no need of a transmission medium
(coupling fluid) since the generation of ultra-
sonic waves is achieved by means of the mag-
netostrictive effect in the test piece. The elim-

ination of the coupling liquid offers the
possibility to ultrasonically test hot material, to
1,000°F. in steel; freedom from coupling prob-
lems encountered on rough surfaces and pieces
of small dimension ; freedom of false indications
from drops or ridges of couplant. The advan-
tage of pulse-echo as well as the through-trans-
mission methods are fully maintained. The
sound waves can be aimed and concentrated.
The generation of compressional, shear, and
surface waves is also possible.”

No attempt is made in this digest to discuss
the technical details of generating ultrasound
by means of the magnetostrictive effect since
magnetostrictive transducers, at present, are
most often used in high-power applications
such as ultrasonic cleaning, welding, drilling,
machining, ete, Ultrasonic nondestructive test-
ing, as it is practiced today, almost exclusively
uses the piezoelectric effect to generate ultra-
sonic vibrations.

PIEZOELECTRIC EFFECT:

The Curie brothers in 1880 found that crys-
tals of certain minerals or salts, when subjected
to an alternating electric charge, expanded and
contracted under the influence of these charges.
Conversely, it was found that these materials
when subject to alternating compression and
tension, set upon their faces alternating electric
charges (see Fig. 8). This was named the piezo-
electric effect.

The heart of an ultrasonic testing system is
this method of transforming electrical energy
into mechanical vibrations, and transforming
the mechanical vibrations back into electrical
energy.

Generation of the ultrasonic pulse is usually
accomplished by producing a radio-frequency
wave train of the desired frequency at a pre-
cise time and converting this into vibrations by
means of piezoelectric transducers. Some ultra-
sonic instruments do not use & radio-frequency
wave {rain, but instead, use a shock pulse and
allow the search unit to select the frequency of
operation,
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FEATURES:
Frequency Range 0.1-2.6 me. Dry coupling to ferromagnetic Facility for sorting, according to flaw depths, Automation
materiale, Contactless testing, possible to test hot materials, suitable for testing bars and wires, from 0.160" to 0.560" in
to 1000°F, in stecl. Testing apeeds up to 1000 fect per minute. dlameter.

Flaw distinction of longltudinal cracks deeper than 0.001%

Fraurg 1. Ultragsonic flaw detector.
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Praure 2. Ultrasonic flaw detector (close-up).



6 ULTRASONIC NONDESTRUCTIVE TESTING

ALTERNATING VOLTAGE APFLIED -
TO AN X.CUT CRYSTAL

~ +

_____ —+ |

T —

CRYSTAL EXPANDS CRYSTAL CONTRACTS

FIGURE 8. Generation of ultrasonic vibrations.

The three most common transducer materials
used in the manufacture of ultrasonic search
units are natural quartz crystals, lithium sul-
fate monohydrate crystzls, and polarized crys-
talline ceramics, such as fired barium titanate
or lead zirconate titanate.

Quartz—Principal advantages are: electricel
and thermal stability, insolubility in most li-
quids, high mechanical strength, wear resist-
ance, excellent uniformity and resistance to
ageing, A limitation of quartz is its compara-
tively low eleciromechanical conversion effi-
cieney,

Lithium Sulfate—Principal advantages are:
ease of obtaining optimum acoustic damping
for best resolution, intermediate conversion ef-
ficieney, and negligible mode interaction. Use
is restricted to temperatures below 1656°F,, and
above 82°F,

Polarized Ceramics—Prinecipal advantages
are: high conversion efficiency which yields
high search unit sensitivity. Because of lower
mechanical strength and relatively high elec-
trical capacitance, their use is generally re-
stricted to frequencies below 15 megacycles
(me). Another limitation is some interaction
between various modes of vibration,

In order for a erystal to utilize its piezo-
electric characteristics, it is placed in a circnit
much like & condenser. That is, both faces are
coated with a conducting material with no

COAXIAL CABLE CONNECTION

|~ PLATED BACK
Lot CRYSTAL

—— PLATED FACE

FIGURE 4. Angle-beam search unit.

contact between the two faces (see Fig. 4).
Coatings for crystals may be of any conducting
material such as aluminum, silver, gold, or
chromium. However, coatings are difficult to
deposit on lithium sulphate crystals so thin
metallic foils are often cemented to the crystal.

TRANSDUCER TYPES:

The search unit consists of a shell for me-
chanical protection, a means to conveniently
handle or mount the unit for use, the trans-
ducer element, electrical connections, and a
backing material to dampen the backward di-
rected energy that is transmitted by the crystal
(see Fig. b).

ELECT.

ELECT, / CONNECTION
LEAD TO —
CRYSTAL s SHELL
/ BACKING
MATERIAL
SPECIMEN PIEZOELECTRIC
CRYSTAL

KFIGURE b. Diagram of an ultrasonic search unit.

To assure optimum performance in all types
of ultrasonic inspections, the transducers are
available in a wide variety of configurations
and sizes which includes:

X—Cut crystals for longitudinal-wave gen-
erafion (see Fig, 6)

Y—Cut crystals for shear-wave generation
{see Fig. 6)

Dual crystals with common holder
Mosaics—three or more crystals
High frequency, 50 mc. or more
Alternate erystal materials
Sandwich and tandem arrangements
Curved crystals to fit the specimen
Wheel search units

Focused search units
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High-temperature search units (for measur-
ing wall-thickness at temperatures up to
1,100°F.)

4

PARENT u

CRYSTAL

Z AXIS

Y-CUT

Z AXIS
Figury 6. Natural quartz erystal (X & Y cut).

Tranaducers are available that are smaller
than 14” diameter and larger than 17 X 4” (see
Figs. 7 and 8). However, for most ultrasonic
testing, standard diameters of 34", 14", 84", and
1.0” are used.

The various types of search units used in
ultrasonic testing fall roughly into two major
categories - contact and immersion. The con-
tact group includes straight-beam search units
which transmit longitudinal waves into the
material perpendicular to the test surface, and
angle-beam gearch units which transmit sound
waves into the material at an angle to the en-
trant surface. Search units in this group are
used in direct contact with the material with
only a thin liquid film for couplant. The immer-
sion group includes all search units which trans-
mit sound into the specimen through a water
path or column. The immersion search unit is
generally of waterproof construction.

TRANSDUCER GROUPS:

There are three general groups of transmit-
ter-receiver search units:

1. Common Transmitter-Receiver (T-R).

These search units employ a single crystal
and have common connections to the transmit-
ter and receiver amplifier units (see Fig. 9).

Since the search unit acts as both transmit-
ter and receiver, it transmits a pulse of 1 o
4 microseconds duration; then acts as a
receiver for a period up to geveral thousand
microseconds. This cycle of transmitting and
receiving is repeated at a rate of 50 to 5,000
times per second, or higher if required for high-
speed automatic scanning.

2. Combined Transmitter-Receiver (T-R).

These search units have two transducers
mounted on a single head and insulated acous-
tically from each other, One transducer is con-
nected to the pulser and the other is connected
to the amplifier, The combined T-R search unit
is used for testing close to the entry surface and
for thickness measurements from .040” to 2.0”
when the opposite side is rough or corroded.
The transmitting search unit projects a beam
of vibrations into the material; the vibrations
travel through the material and are reflected
back to the receiving search unit from any
discontinuities or from the opposite boundary
if parallel to the entrant surface (see Fig. 10).

8. Separate Transmitter-Receiver (T-R)
Search Units.

Two heads are employed having separate
electrical connections to the transmitter and
the receiving units. One head is used as the
transmitting unit while the other head is the
receiving unit (see Fig. 11).

Materials which are course grained tend to
scatter the ultrasonic sound beam; these ma-
terials can be effectively inspected using sepa-
rate T-R search units that are mounted on
individual wedges of a suitable elastic solid.
When separate wedges are used, the angle of
incidence may be varied according to the sec-
tion thickness to be examined.
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FICURE Ta. Various search units.
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FIGURE Tb. Various search units.
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FIGURE 8. Miscellaneous search units.

o
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FIGURE 9. Common transmitter-receiver search unit,
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Fiauep 10, Combined transmitter-receiver search unit.
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F1oURB 11. Separate transmitter-receiver gearch unit.

WAVE PROPAGATION

Ultrasonic waves ean be propagated {o some
extent in any elastic material. This propaga-

tion, or traveling, of waves occurs as a displace-
ment of the successive elements of the material.
If one part of a solid is distributed or displaced
in some manner, molecules in other parts of the
solid will be affected, but not instantaneously.
As successive molecules in the medium are dis-
placed, the disturbance is propagated away
from its point of origin (see Fig. 12). Since the
lattica structure of all materials is elastic, a
restoring force exists which tends to return
each molecule to its original position. Because
of inertia, these particles will tend to osecillate
about their original undisturbed position until
they come to rest. This molecule-to-molecule
propagation results in a continuous train of
disturbances called a compression-rarefaction
wava, If the frequency of motion is above
20,000 cycles per second (cps) the waves are
referred to as ultrasonic compressional waves,
A small group of these waves, which occur to-
gether and are not preceded or followed by
other waves, is called a wave train or simply
a pulse, A pulse may have one of several differ-
ent forms depending upon the individual wave
amplitude, and the way the waves build up and
decay. The most used modes of vibration are
longitudinal, shear, surface, and plate waves.

Fi6Ure 12, Mechanical analogy of wave propagation.

LONGITUDINAL WAVES:

The wave is said to be longitudinal (com-
pressional) when the movement of the particles
are parallel to the direction of the wave mo-
tion (see Fig. 18).

The longitudinal mode of wave transmission
is probably the most widely used in ultrasonic
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testing and is also the easiest to see with respect
to the method of propagation. This wave is
easily generated and detected, and it has a high
velocity of travel in most media. In most com-
mon materials, this type of wave has a short
wave length in comparison with the cross sec-
tional area of the transducer (probe). Because
of this, the wave energy may be focused into a
sharp beam with only a slight divergence. The
main use of longitudinal waves is for the de-
tection and location of defects that present a
reasonably large frontal area to the surface
from which the test is being made.

PARTICLE VIBRATION

DIRECTION OF PROPAGATION

Fieurp 18. Longitudinal waves.

SHEAR WAVES:

The wave is said to be shear (transverse)
when the movement of the particlies are per-
pendicular to the direction of the wave motion
(see Flig. 14). These waves have a lower veloc-
ity than do longitudinal waves (in steel and
other metals, about half). Because of their
slower speed, shear waves have shorter wave
lengths than those of longitudinal waves of
the same frequency. This shorter wave length
makes shear waves more sensitive to small in-
clusions, and consequently they are more easily
scattered within the specimen,

FPARTICLE VIBRATION

DIRECTION OF PROPAGATION

FiGURE 14. Shear waves.

The principle advantage of these waves is
found in applications that require an ultrasonic
beam to be transmitted into the fest object at
a small angle to the surface. (sece Fig. 15).

SEARCH UNIT
/ CRYSTAL

/ PLASTIC WEDGE

SPECIMEN

W/

DIRECTION OF SOUND
VIBRATION DIRECTION

FiGuRE 15. Transmitting a wave at 2 small angle.

SURFACE (RAYLEIGH) WAVES:

The principle of surface wave propagation
was first described mathematically by Lord
Rayleigh about 1875. Surface waves travel with
little attenuation in the direction of propaga-
tion, but their energy decreases rapidly as the
wave penetrates below the surface. Roughly,
these waves may be likened to water waves
traveling over a small body of water since they
travel over the surface of a part penetrating
only to a depth of about one wave length. The
particle displacement of the wave motion fol-
lows an elliptical orbit consisting of both the
longitudinal and shear wave motion (see Fig.
16).

PARTICLE VIBRATION FOLLOWS
AN ELLIPTICAL ORBIT

DIRECTION OF PROPAGATION

FIGURE 16. Surface waves.
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Velocity of surface waves depends upon the
material itself and is about nine-tenths of the
shear-wave velocity. Surface waves are likely
to be affected, in their propagation, by varia-
tions in hardness, plated coatings, shot peening,
or surface cracks, and are easily dampened by
dirt or grease on the surface of the specimen.
Surface waves can often be produced as an
unwanted effect, especislly when the contact
surface is rough,

The waves are not limited to flat surfaces.
They will travel around curves and surface
contours. Sharp corners, such as the boundaries
of plates or flaws, will reflect these waves, In
fact, it is this characteristic of traveling around
contours which makes surface waves so useful
in surface flaw detection (see Fig. 17).

SEARCH UNIT CRYSTAL

— 3

Figure 17. Surface-wave technigque.

PLATE (LAMB) WAVES:

When ultrasonic vibrations are introduced
into relatively thin sheet, the energy propagates
in the form of plate waves, These waves are
often referred to as lamb waves, which is con-
sidered incorrect, since, strictly speaking, lamb
waves never occur in practice.

Unlike the longitudinal, shear, and surface
modes, the plate-wave velocity is dependent
both on frequency and plate thickness, A com-
plex particle motion exists somewhat like the
elliptical orbits described for surface waves.
Theoretically, an infinite number of wave
modes are possible, Greatly simplified, they
can be divided into two basic types: The sym-
metrical type are known as dilational waves
and the asymmetrical type as bending waves,

The asymmetrical mode can be described by
relating their action to moving a rug by ab-

ruptly shaking one edge of it so that the motion
ripples throughout its length.

The symmetrical mode can be demonstrated
by abruptly and sharply pulsing one edge of,
for example, a thin sheet of metal; the resulting
wave travels down the sheet by successive
thickenings and thinnings of the sheet itself.
Examples of these two modes are illustrated in
Fig. 18.
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ASYMMETRIC SYMMETRIC

FIGURE 18. Plate waves,

Plate waves are excellent for detecting non-
bonded areas in laminated structures such as
sandwich panels or fuel elements, By sending
plate waves along the outer surface, any areas
of the top sheet that are not securely bonded
in place can be made to vibrate in one of these
modes. By sensing such local areas of vibration,
lack of proper bonding can be detected. Plate
waves can also be used to find radial cracks
in tubing that extends as little as 1 mil be-
neath the surface, and to a much greater sensi-
tivity than with shear waves.

ULTRASONIC VIBRATIONS

All mechanical testing methods involve much
phenomena described by the fundamental laws
of mechanics and acoustics. The various meth-
ods differ primarily in the frequency and mag-
nitude of the stresses developed in the test
material, Ultrasonics employ low-amplitude
stresses which do not permanently affect a
specimen because of the short wave lengths and
relatively low energy of the ultrasonie vibra-
tions which are transmitted through the
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material. On the other hand, destructive me-
chanical tests, such as static physical tests and
forced vibration fatigue testing involves high-
amplitude stresses, These high-amplitude
stresses may cause heating, nonlinear effects,
permanent deformation, and eventual rupture
of the specimen.

Sound waves beyond the hearing range of
the human ear are referred to as ultrasonic
vibrations, The term embraces all vibrational
waves of a frequency greater than approxi-
mately 20,000 ¢ps. Ultrasonic vibrations of the
lower frequencies act in essentially the same
manner as do audible waves. Most commercial
ultrasonic testing is done at freguencies from
200 ke. to 25 me.; however, application exisis
for frequencies as low as 25 ke. per second and
as high as 200 mc. per second.

In practical testing, selection of frequency
depends on sensitivity desired and sound pene-
tration required; high frequency for sensitivity
and low frequency for penetration. In genersl,
sound waves of all frequencies will penetrate
fine-grain material. However, as the grain
structure becomes more coarse, interference in
the form of scattering may be expected when
using higher frequencies (shorter wave
lengths) and greater depth of penetration will
be obtained by going to lower frequencies
(longer wave lengths). The resonant frequency
of a crystal is determined primarily by its thick-
ness, the higher the frequency the thinner the
crystal. For this reason crystals with frequen-
cies above 10 mec. are generally considered too
fragile for contact testing. All testing fre-
quencies, however, can be used in immersion
testing,

Ultrasonic vibrations have several important
characteristics:

1. They travel relatively long distances in
solid materials.

2. They travel in well-defined sound beams.

3. The velocity of a specific vibrational
wave made is constant through a given
homogenous material.

4. DMost of the energy contained in one
vibrational wave train is dissipated be-
fore the succeeding pulse is introduced
to avoid confusing indications.

b. Vibrational waves will be reflected at
boundaries of different elastic and phy-
sical properties,

6. Vibrational waves may change their
mode of vibration when passing between
materials having different elastic and
physical properties or when reflected
from boundaries at certain angles.

REFLECTION OF ULTRASONIC WAVES:

Reflection of the ulfrasonic vibrations will
occur at the boundary between two different
materials if a mismatch of acoustic impedance
is encountered. The ultrasonic beam will be re-
flected at the interface exactly like light waves.
For instance, the silvered back of a mirror has
a high-impedance mismateh to air, and light
reflects from it at a very high efficiency. A plain
piece of polished crystal glass has a very low
impedance mismatch with air, and—conse-
quently—reflects very little.

When ultrasonic energy impinges upon the
interface between two different mediums, part
will bz reflected, and the rest will be allowed
to pass inte the second medium, depending upon
the impedance ratio between the two materials.
Also, the path traveled by the vibrations and
whether they return to their source depends
upon the angles at which the beam impinges
upon the reflecting surfaces, as well as the
number and location of these surfaces (see Fig.
19).

ANGLE OF
REFLECTIONS = TO
ANGLE OF INCIDENCE

SOUND REFLECTION
FROM BACK
SURFACE

T

3,

SOUND» REFLECTED BACK
TO SEARCIH UNIT

Ficure 19. Reflection of ultrasound.
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REFRACTION AND MODE CONVERSION OF ULTRA-
SONIC WAVES:

Ultrasonic beams introduced at an angle info
a specimen are refracted in accordance with
Snell’s law. More simply stated this means the
velocities in the wedge material and the metal
are different, therefore, the longitudinal vibra-
tions will be refracted when passing into the
metal (see Fig. 20). At certain angles, conver-
sion to other modes of vibration, such as shear
(see Fig. 21) and surface waves (see Fig, 22)
oceurs. The following formula may be used to
calculate the wedge angle required to preduce
the desired inspection angle and mode for ma-
terial using plastie, water, oil, or other wedge
materials:

Sin « = ¢y
Sin g =c¢,
Where: o = angle normali of the beam in

the wedge

B = angle of refracted beam in
Specimen

¢; = velocity of incident vibra-
tions in the wedge (usually
the longitudinal velocity)

cz = velocity of vibration in the
material under inspection
for the desired wave mode.

““L— ANGLE OF BEAM IN
WEDGE MATERIAL

WEDGE MATERIAL

FL- ANGCLE OF BEAM
IN TEST MATERIAL

Ficure 20, Refraction of the ultrasonic beam.

ANGLE OF BEAM IN
WEDGE

2~ LONGITUDINAL WAVES

CRYSTAL a™

Y

2

SHEAR WAVES

ANGLE OF BEAM
IN METAL

B

FIGURE 21, Generating shear waves,

CRYSTAL —»| ANGLE OF BEAM IN

(4] WEDGE

SURFACE WAVES

b ~E -

c 4
LONGITUDINAL ;
WAVES
-4/ g
ANGLE OF BEAM

IN METAL

F16URE 22, Generating surface waves.

BEAM DIVERGENCE:

Beam divergence varies with frequency and
crystal diameter, The higher frequencies give
more. directivity to the sound beam. Also a
large diameter crystal is more directive than
one of a smaller diameter when operated at the
same fregquency (see Fig. 28).

sme | swume | 1 Mc % MC
] (][] ity
louantz] | [Quartzf | [ouantz] | [ quartz 1
“"/FT | 1wFT UFT 3/FT

FIGURE 28(a). Beam divergence of sound waves in steel,

~
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Figure 28(b). Diagram of longitudinal sound striking
a surface at an angle.
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FIGURE 28(¢). Sketch showing Whl!{ refraction must
occur when velocities change.

FRESNEL OR NEAR-FIELD EFFECT:

The distribution of the ultrasonic energy in
a beam can best be described by an analogical
approach. Assume the transducer is not a sin-
gle element but consists of thousands of tiny
independent transducers and when excited, each
sends out its own wave front. A scalloped wave
front comprising the many overlapping waves
of each radiating point would result. In the
process of all of these individual waves over-
lapping and growing larger in diameter as they
move away from their source, there will be
areas where two or more will meet moving in
the same direction at the same speed, or “in
phase”, and the energies of both will unite,

creating a stronger area, while some will meet
out of phase and cancel one another, creating
areas of minimum energy.

As we move further from the transducer, the
maximum energy areas converge toward the
center, and the effect at this distance iz of a
single wave front. If a small signal were to be
returned to the transducer before these many
wave fronts had converged to a central point,
it would most likely be lost or severely dis-
torted by the comparatively large disturbance
in this area. For this reason, and others, flaw
detectors are said to be blind near the surface.
How far this effect extends is a funetion of
velocity, frequency, and transducer diameter.

MATHEMATICAL ANALYSIS OF THE
ULTRASONIC TRANSMITTER BEAM PROFILE

Since the emission of ultrasonic waves by
the transmitter takes place in a divergent beam
with a beam angle y determined by the diam-
eter D of the oscillator and the wavelength em-
ployed, according to the relationship:

. 1.08 ¢
Sihy= __~ = —
Y D )
Where: ¢ = acoustic velocity
f = sound frequency (reduction of

the amplitude to 10%)

D = diameter of the transducer.

But this only applies beyond a certain dis-
tance No. from the ultrasonic transducer. The
region governed by N,. is therefore known as
the near field of the ultrasonic transducer, in
contrast to the adjoining far field (see Fig. 24).

-——

NEAR -~
FIELD |, T
FAR ~
FIELD}

Ficure 24, Sketch of the near and far fielda of &n
ultrasonic transmitter.
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In the far field the height of the echo produced
by a very small flaw is, to & first approximation
proportional to 1/r2*, whereas in the near field
it varies appreciably owing to interference. For
the length N, of the near field the following
equation applies:

2 2
N. = 0.25 % = 0.2 D1

Where: A = wavelength

D = diameter of the ultrasonic
oscillator

¢ = acoustic velocity
f = frequency of the sound.

*; = Pulse width in microseconds.

The difference between the near and far fields
is important in practice since visual and auto-
matic interpretation of flaw size requires recog-
nition of the continuous change in echo signal
from a given flaw as a function of its distance
from the testing surface. This change is non-
linear and usually bidirectional, i.e., the re-
sponse increases for a short distance (near-field
zone), reaches a peak (near-field limit) and
then continues to decrease throughout the re-
mainder of the test piece (far-field zone) (see
Fig. 26).

1
NEAR FIELD } FAR FIFLD
1

AMPLITUDE

POS, SLOPE NEG. SLOPE

START _»

Fioure 26. Signal response of the echo aignal.

Ultrasonic testing equipment provides for the
correction of signal response in both zones by
controlling the relationship between gain and
depth in a selected depth range by a sensitivity
time control or swept gain control to compen-

sate for the natural decrease in echo height due
to attenuation or divergence of the beam.

To give essentially a flat response regardless
of defect distance from the entrant surface,
Sperry utilizes a Distanee Amplitude Correc-
tion (DAC) unit, Use of the DAC component
is facilitated by the simultaneous display of
both video signals and DAC curve. The set-up
consists of adjusting the displayed curve to
a known or experimental distance amplitude
characteristic. This may be plotted directly on
the cathode-ray tube (CRT) screen or applied
as a transparent overlay.

ULTRASONIC SYSTEMS

There are two basic ultrasonic systems; pulsed
and resonance,

PULSED:

The pulsed system may be either echo or
through transmission. The echo is the most
versatile of the two pulse systems.

EcHo:

Flaws are detected by measuring the ampli-
tude of signals reflected and the time required
for these signals to travel between specific sur-
faces and the discontinuity (see Fig. 26).

RF PULSER | AMPLIFIER
TRANSDUCER
e |
FEAW
RATE PR Sy Y
CENERATOR T
3
SPECIMEN
TIMING
> CIRCUIT i

CATHODE RAY OSCILLOSCOPE

FicuRe 28. Block diagram of basie pulse-echo system.
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The time base, which is triggered simulta-
neously with each transmission pulse, causes a
spot to sweep across the screen of the CRT.
The spot sweeps from left to right across the
face of the scope 50 to 5,000 times per second,
or higher if required for high-speed automated
scanning. Due to the speed of the cycle of trans-
mitting and receiving, the picture on the oscillo-
scope appears to be stationary,

A few microseconds after the sweep is ini-
tiated, the rate generator electrically excites
the pulser and the pulser in turn emits an elec-
trical pulse. The transducer converts this pulse
into a short train of ultrasonic sound waves, If
the interfaces of the transducer and the speci-
men are properly orientated, the ultrasound will
be reflected back to the transducer when it
reaches the internal flaw and the opposite sur-
face of the specimen, The time interval between
the transmission of the initial impulse and the
reception of the signals from within the speci-
men is measured by the timing circuits, The
reflected pulse that is received by the trans-
ducer is amplified, then transmifted to the os-
cilloscope where the pulse received from the
flaw is displayed on the CRT screen in the same
relationship to the front and back pulse as the
flaw is in relation to the front and back surface
of the specimen (see Fig. 27).

TRANSDUCER
FLAW

A 05

ZL - FLAW
SPECIMAN

CATHODE RAY
TUBE

F1GURE 27, Oscilloscope display in relationship to
fiaw location.

Figure 28 illustrates an ultrasonic thickness
indicator that is basically a pulse-echo instru-
ment. In operation, a pulser excites the {rans-
ducer and logie circuitry. The transducer sends

out an ultrasonic wave and transforms reflected
acoustical energy which it receives back into
electrical signals. The logic circuitry then
selects certain of these electrical signals to op-
erate a gate. The gate period is a function of the
material thickness, A precision oscillator, select-
ed to match the acoustical properties of the
specimen material, passes a number of cycles
through the gate while it is open. A counter
records these eycles and indicates directly the
thickness of the material in inches. The tech-
nique is refined by specialized logic to ensure
that spurious pulses cannot cloud the measure-
ment,

Control functions have been cut to a mini-
mum and an illuminated “Nixie” readout pro-
vided.

Fioure 28, Digital thickness indicator.

THROUGH TRANSMIBSION:

This system uses only amplitude information
and operates on the principle that certain spe-
cific changes in the sample will produce signi-
ficant changes in the intensity of an ultrasonic
beam passing through it. This system requires
two transducers placed on opposite sides of the
specimen (see Fig. 29). One transducer trans-
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mits the wave through the piece and the other
picks up the signal. If there is a defect in the
path of the wave, the received indication is re-
duced in size to the degree that the signal is
blocked., This system is seldom used for weld
testing, it is used extensively for bond testing
of bimetals and clad materials where the area
of a laminar-type defect is of interest, and its
probable depth is either known or of no im-
portance,

This system is also useful in testing for metal-
lurgical changes due to heat, pressure stress,
and fatigue. For these purposes, a frequency
of 10 mc. or higher is selected. Grain boundary
at these frequencies becomes a definite factor
in the transmission of energy. Any change in
the lattice structure or slip planes is readily
discernable as a change from a normal condi-
tion of energy transfer.

C.R.T

¢ TRANSMITTER TRANSMITTER

.

RECEIVER
RECEIVER

DEFECT

Ficure 29, Through-transmission technique.

RESONANCE:

This system differs from the pulse method in
that the frequency of transmission is, or can
be, continuously varied. The resonance method
is principally used for thickness measurements
when the two sides of the material under test
are smooth and parallel. The point at which
the frequency matches the resonance point of
the material under test is the thickness deter-
mining factor. It is necessary that the fre-
quency of the ultrasonic waves, corresponding
to a particular dial setting, should be accurately
known. Checks should be made with standard
test blocks to guard against possible drift of

frequency. If the frequency of an ulirasonic
wave is such that its wave length is just twice
the thickness of a specimen, then the reflected
wave will arrive back at the transducer in the
same phase as the original transmission so that
strengthening of the signal, or a resonance, will
occur. If the frequency is increased so that three
times the wave length equals four times the
thickness, then the reflected signal will return
completely out of phase with the transmitfed
signal and cancellation will occur. Further in-
crease of the frequency, so that the wave length
is equal to the thickness again, gives a reflected
signal in phase with the transmitted signal and
resonance occurs once more. By starting at the
fundamental frequency, where the wave length
equals twice the thickness, and gradually in-
creasing the frequency, the successive cancella-
tions and resonances can be noted and the
readings used to check the original, or funda-
mental, frequency reading (see Fig. 30).

TRANSDUCER
INCIDENT WAVE __REFLECTED WAVE

; ! I T
Jo | REFLECTING
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e .
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F = F, (FUNDAMENTAL FREQUENCY)

T = WF = 2F, (2ND. HARMONIC)

MATERIAL
UNDER TEST

-~

¥
-
o

T = 1%W F = 3F, (3RD. HARMONIC)

T = 2W F = 4F, (4TH HARMONIC)
i a W

FieuRe 30. Conditions of ultrasonic resonance in
metal plate.
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In some instruments, the oscillator circuit
contains a motor-driven capacitor which
changes the frequency of the oscillator (see
Fig. 81). In other instruments, the frequency
is changed by electronic means.

HLF,
OSCILLATOR
PULSE
AMPLIFIER
L TUNING
CAPACTTOR
= TRANSDUCER
HORIZONTAL
TIME-BASE MATERIAL
CGENERATOR CONTACTS

F1eURE 81. Block diagram of resonance thickness
measuring syatem.

The change in frequency is synchronized
with the horizontal sweep of a CRT. The hori-
zontal axis thus represents a frequency range.
If the frequency range contains resonances, the
circuitry is arranged to present these vertically.
Calibrated transparent scales are then placed
in front of the tube and the thickness can be
read directly. The instruments normally op-
erate between 0.25 me. and 10 me. in four or
five bands.

The resonant thickness instrument can be
used to test the thickness of such metals as
steel, cast iron, brass, nickel, copper, silver,
lead, aluminum, and magnesium, In addition,
areas of corrosion or wear on tanks, pipes, ships’
hullg, airplane wing skins, and other structures
or products can be located and evaluated.

Direct-reading, dial-operated units are avail-
able that measure thickness between .025” and
8.00” with an accuracy of better than +1%
(see Fig. 82).

The wall-thickness meter utilizes a resonant
circuit tuned to a train of multiple echoes, After
tuning the meter, measurements of wall thick-
ness between 4 and 60 mm. of steel can be read
directly off the scale (accuracy is about 1% for
thickness over 10 mm. provided the surface is
good). For materials other than steel, the wall-
thickness meter may be recalibrated or pre-

viously determined conversion factors (i.e., the
ratio of the respective sound velocities) may be
used.

Figure 82. Wall-thickness meter attached to the front
) of ultrasonic flaw detector.

PRESENTATION

There are several methods of observing and
recording ultrasonic response patterns such as
a CRT; indicating lights, alarm devices (bells,
buzzers, etc.) ; paint-spray markers, strip-chart
and facsimile recorders, photographic represen-
tations (see Figs. 33, 34, and 35) go/no-go
monitors, and others.

" PIGURE 833. Longitudinal view of a cross-sectional record

of a forging (“B” scan).
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These various methods may be used in com-
binations to suit a particular need.

FMgure 84. Radial view of a cross-sectional
record of a forging (“B" scan).

F1auee 86. Cross-section recorder with apecial
camera (“B" scan).

The croas-section recorder gives a photographic representation of
the condition of & forging along the entite length of the apecimen
or it any selected redlal plane, The Ulirzsonic Flaw Detector is
used In conjunction with the monitor and a Polarcid Camera. The
camera provides the finlshed record 10 seconds after exposure. When
recording a longitudinal eross-section, the probe is moved glong &
line on the outslde of the apecimen in preselected steps. At each
point & contact I» sotuated, with the result that the dotted trace
on the recorder screen shifts gradually from one gide of the screen
to the other. For radisl cross-sections, pressing the button cauzes
the fluorescent tube with ita dotted trace to rotate about Iits axis by
s small angle. The cross-sectional record thus ylelds a chart show-
ing the distribution of faws acrosa the section of the specimen.

CATHODE-RAY TUBE 0B (CRT):
Size:

The sereen sizes vary from 8” to 127, how-
ever, there is usually no need for providing 2
signal larger than that which can be presented
by a 5” tube. The large screens do not provide
any more picture information. Usually a small
tube will have better contrast and definition.
The primary purpose in using a large screen is
in sautomated systems where the scanning {rans-
ducer must be positioned some distance from
the viewing screen of the test instrument.

Signal Trace:

Figure 86 shows the two most common trace
presentations, The Radio-Frequency (RF) pres-
entation exhibits signals both above and below
the sweep line, This type of presentation pro-
vides maximum resolution for locating defects
close to the surface or for separating signals
following closely upon one another. The video
trace presentation is a cleaner and less cluttered
signal than the RF presentation, however, it
provides for less signal resolution because of its
broader pulse characteristics. The video presen-
tation is, in fact, an RF presentation with the
bottom half electronically clipped off and only
the outline of the original pulses, added on to
the top half, is shown. Therefore, larger signals
are indicated, but flaw definition is more lim-
ited. Of the two traces, the video is most com-
monly used because it is easier to read,

Range Markers:

To provide a means of measuring the depth
of a flaw indication, square waves are elec-
tronically superimposed on, or beneath, the
regular sweep line of the test presentation, The
lengths of these waves can be adjusted to repre-
sent inches or feet of the material being tested.
Figure 87 shows three of the most commonly
used types of wave markers.
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VIDEQ

Pioure 86. Radio-frequency trace and video trace.

The square-wave markers shown at the top
are easy to distinguish from the spike-like echo
signals. They generally provide the most pre-
cise means of measuring flaw depth. The pyra-
midal markers (center) are especially useful in
an angle-beam test where the sonic energy is
sent into a piece at an angle and bounces back
and forth between the walls ag it travels on
through the part under test. These markers
simulate the actual path of the search beam
passing through the piece, making it easier to
determine the flaw depth with respect to the
top and bottom surfaces of the specimen. The
bottom marker illustrated differs from the
other two types in that it does not have equal
positive and negative values, These markers
are & compressed negative wave and deflect in
the opposite direction to the echo signals.

MV
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Fiaure 87. Types of marker gystems.

ScAN PRESENTATIONS:

The ultrasonic echoes are electronically trans-
lated into visual presentations on the CRT.
There are three different presentations avail-
able; the A-gscan; B-scan; and C-scan:

A-gean—

In the A-scan presentation, the horizontal
base line on the screen indicates elapsed time
(from left to right) and represents the depth
of the test specimen. The vertical deflection
shows response amplitude. The signal ampli-
tude represents the infensities of transmitted or
reflected beams. This may be related to flaw
size, sample attenuation, or other factors (see
Fig. 88).
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Figure 88, A-scan presentation.
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TiF18B! are reflections from boundaries T, B,
and F. If D is the measured thickness of the
specimen, and d the depth of the flaw, then
d is determined by

_ Aty
a=n(5)

The B-scan takes the same signals received
by the A-scan and presents them in a different
pattern. The location and depth of the flaw
can be determined as in the A-scan, but, in
the case of small defects, only a rough estima-
tion of the flaw size can be obtained (see Fig.
89). The B-scan presentation was used mostly
in the testing of plate stock for laminations,
and is seldom used today.

SEARCH! !
UNIT '
be b
L |
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B-scan—

A SPECIMEN

CATHODE RAY
TUBE

FIGURE 89. B-scan presentation.

C-scan—

The C-scan presentation is a plan view of
the part under test; a flaw is indicated in a
manner similar to that given when an X-ray is
taken of a part. The electron beam follows
the movement of the probe and traces a true-
to-scale reproduction on the CRT. However,
accurate flaw depth cannot be determined from
the C-scan presentation (see Fig, 40),

Since the C-scan presentation is a true-to-
scale reproduction of the flaw, the CRT is used
only for calibration, tuning, and visual monitor-
ing the test. The use of facsimile-type paper re-
corders are currently supplementing the CRT.

! ;, SEARCH UNIT
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FIGURE 40. C-scan presentation.

CATHODE RAY
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The recorders provide excellent resolution, a
permanent record, and are available with pa-
per widths up 86” by several hundred feet in
length, By varying intensities, ranging from
black to light grey, the depth of a defect can
be approximated on the facsimile recorder.

INDICATIONS;

It is impossible to illustrate in this manual
every possible variation of displays presented
by the CRT. Fortunately the great majority of
patterns will fall into one or another of ten
basic types which are illustrated and explained
in the following paragraphs. The operator will
quickly learn to classify a type of presentation,
even though the details are not identical to the
prototype illustrations presented. Before the
ultrasonic system can give results, as outlined
in the following figures, it must, of course, have
been properly set up and adjusted, using stand-
ard reference blocks (see Figs. 41 through 50).

2 PARTS 1 PART

o ——————
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FRONT / <BACK SURFACE

SURFACE “FLAW
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At ||

Fi1cuRe 41. Immersion crystal focused on test block and
indications to be expected,.




M
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SURFACE “ppaw

FIGURE 42. Immersgion erystal focused on block with
defect and non-paraliel surface.

[FRONT / z LOSS OF BACK SURFACE
AW
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FIoURE 43, Immersion erystal focused on shaft too long
for back reflection to return.
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FIOURE 44. Angle beam penetrating a weld bead,
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F16URE 46. Angle beam penetrating a weld bead.
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TFIGURE 46. Angle beam penetrating a flat plate.
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FIGURE 47. Results of rough front and back surfaces.
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FIGURE 48. Evaluating braze of carbide tip to steel.
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Figure 49. Indication received from porous material,
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FIGURE 50. Irreguler part,

Figure 41 represents a smooth-surfaced rec-
tangular or round block with parallel surfaces

placed directly under the search tube and at
right angles to it. In such a case, clear pips
representing the front and back surfaces of the
material will be seen, and any flaw pips which
are present will appear between these two,

The echo from the front surface of the metal
returns first and is located at the left-hand side
of the ascreen, The echo from the back surface
of the sample arrives last and so is located at
the extreme right of the screen. A pip which
is located two-thirds of the distance from the
front echo to the back echo indicates a flaw
which is two-thirds of the thickness of the
sample below its upper surface, For instance,
if the sample is 37 thick, and the pip appears
on the right-hand side of the screen at two-
thirds of the distance between the pips, meas-
ured from left to right, then the flaw is located
2 below the surface, If the flaw is sufficiently
large, all of the remaining sound may be re-
flected from it. In this case, the back echo will
disappear, and the flaw will cast an ultrasonic
shadow on the back surface.

Figure 42 illustrates a situation in which the
back surface of the sample to be tested is not
parallel to the front surface, Under these cir-
cumstances, when the sound waves reach the
back surface they will be reflected at an angle
in the same manner as a beam of light would
be reflected, and so they will not return to the
crystal, This means, of course, that the pattern
on the screen will not have a right-hand pip,
which represents an echo from the back sur-
face. If a second pip does appear, it probably
represents a flaw, If any question exists as to
whether this second pip is a flaw or an echo
from the back surface, a distance measurement
will indicate which it is. Any flaws will, of
course, appear on the screen at a distance less
than the actual thickness of the material being
tested,

Figure 43 indicates a situation where the
depth of the metal through which the sound
waves have to pass is so great and the nature
of the metal is such that all of the sound waves
are absorbed so that the echo, if any, from the
back surface of the material is unable to get
through. Again, of course, any pip to the right
of the one representing the front surface will
represent a flaw. In such a case, a distance
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measurement will clearly indicate that the flaw
is close to the fromt surface.

In Figure 44, the item being tested is a seam
weld on a piece of thin-walled tubing, Behavior
characteristics of ultrasound at an acute angle
of approach are such that some of the sound
waves will be reflected from the surface and be
lost. The rest of the waves will become trapped
in the circular path of the metal, and very
little echo will be received from either the
front surface or the back surface, Those waves
which are proceeding through the wall of the
tubing will strike any obstruction in the wall
at approximately right angles, and will return
an echo from such an obstruction, If the tube
has been inspected prior to welding and found
to be free of flaws, then any flaw which shows
up after welding must be in the weld or the
weld bead.

Figure 45 represents the inspection of a
welded tube with a wall thickness in excess of
0,125”, Refraction conditions are such that pips
may be obtained representing both the outer
and inner surfaces of the tube together with
pips from any flaws which may be in the tube.
The differences between the results received in
Pigs. 44 and 45 situations are due to the beam
angles,

Figure 46 represents the inspection of a weld
in a heavy plate. The rough surface of the weld
bead prevents a direct overhead inspection of
the weld zone because the ultrasound beam can-
not enter near the surface of the rough bead.
Therefore, the transducer must be directed so
the sound beam will be refracted to strike the
flaw at right angles. The ultrasound, when it
leaves the couplant and enters the metal, will
refract in such a way that the beam will be
bouncing between the surfaces of the material.

When an ultrasonic beam enters metal at
some angle other than normal to the surface,
the internal angle will change rapidly with
smell changes in the external angle. If the in-
ternal deviation angle exceeds approximately
15°, both shear and longitudinal waves will re-
sult. Above 388°, longitudinal waves will dis-
appear. Shear waves will produce the same
indications on the screen as longitudinal waves.
To produce shear waves in steel, set the trans-
ducer to some angle above 83°,

In shear-wave inspection, a rather small and
poorly defined echo is obtained from the front
surface of the specimen. However, a strong
echo will be returned from vertical fissures, or
cracks, in the material being inspected. If the
searching tube is moved horizontally without
changing its angle, the flaw pip will move to-
ward or away from the surface pip. This is
because the acoustic path between the front
surface and the flaw is made shorter or longer
by the motion of the searching tube, -

Figure 47 represents a situation in which the
front surface of the metal is so rough that a
complete scattering of the sound waves results.
In such a situation, no appreciable penetration
into the metal will occur and any echoes that
ordinarily appear on the screen will also be dis-
gipated by the roughness and will not be re-
ceived, The only possible solution to such a
problem is either to have the surface smoothed
sufficiently to allow normal reflection and pen-
etration, or to conduct the test through a
smoother surface from another angle, It is also
suggested that the lowest frequency possible
be used. '

Figure 48 represents a typical reading from
two different materials that have been brazed
or welded face-to-face, Where a good uniform
bonding has been obtained, a clear reading will
be received with normal front and back pips,
and a series of very small ridges, These ridges
represent the uneveness of the bonded surfaces.
1f, however, the bonding is faulty and a void
exists between the two surfaces, the sound
waves will be unable to penetrate the void, and
the pip from the boftom plate will be lost en-
tirely, and a series of pips like tall grass will
appear after the front surface indication which
represent reverberations of the sound waves
within the top plate.

Figure 49 represents an inspection of rela-
tively porous material. The front pip will be
clear, but the back pip will be either very small
or nonexistent because the ultrasonic waves .
have either been absorbed or dissipated by the
porous nature of the material. The clear pip of
the front surface will probably be followed by
a long series of bumps, or very short “grass”,
which represents tiny echoes received from the
porous structure itself and do not actually rep-
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resent flaws. If a significant flaw is located
within the material, it should create a pip of
sufficient size to be recognized, Ultrasound will
not, however, penetrate deeply into exception-
ally porous material, As shown in Fig. 47, lower
frequencies penetrate more readily than higher
frequencies. As shown in Fig, 42, distance meas-
uring will ascertain that pips are not actually
an echo from the back surface.

It may be necessary to inspect a sample in.
volving complex curved surfaces which do not
fit any of the preceeding illustrations. In such
cases, the sound should be directed to hit the
flash-line zone or grain flow at right angles
since flaws would be oriented along the flash
line or the grain flow direction. As shown in
Fig. 50, the probes are improperly positioned,
therefore, any indications received would be er-
roneous,

RECORDERS

The recording of flaws may be either by de-
flection modulation or intensity modulation.

DEFECTION MODULATION, CONVENTIONAL PEN-
CHART RECORDERS ;

In the deflection modulation method of re-
cording, a pen draws a continuous line on a
chart (see Fig. 51). When a flaw is detected, the
line is deflected from its true path in proportion
to the flaw amplitude. Pen-deflection recorders
may use more than one channel, for example:

=TS -

RECTILINEAR CHART

—

STRIP CHART

CIRCULAR CHART

FIGuRD 61. Various recording charts.

Channel 1—A-scan, flaw channel, recording
of the echo amplitude,

Channel 2—A-scan, monitor channel, pro-
vides a constant check on actual
testing sensitivity.

INTENSITY MODULATION, C-SCAN METHOD OF
FACSIMILE RECORDING:

Figure 52 illustrates an Alden or ALFAX fac-
simile recorder in operation, This is an elec-
trosensitive dry paper recorder. A helix wire
on a drum rotates under a cross wire over
which the paper rides, electrical sparks jump
from the helix wire to the cross wire printing a
plan view of the test piece on the electrosensi-
tive dry paper. A true-to-scale reproduction of
defects or a change in material density is indi-
cated by various intensities ranging from black
to light grey (see Fig. 53). When testing plate
or other relatively flat specimens, the recorder
prints a plan view of the test piece showing de-
fect location and relative defect size. When test-
ing material on a rotating mechanism, a true
position along the X axis of defects detected
is shown. When testing cylindrical components
on a turntable, the true position along the Z axis
of flaws detected is shown. When conducting a
spiral scan of a dise which is mounted on the
testing turntable, the recording chart is also
mounted on a turntable that rotates in synchron-
ism with the testing turntable,

ELECTRONIC GATING

One of the most important functions required
in a high-speed ulfrasonic testing system with
antomatic readout or contrel, is the selection
and processing of only those signals from dis-
continuities which occur within particular zones
or areas of the test piece. This is accomplished
by establishing a specific controllable gated
zone within the test piece (see Fig. 54). Sig-
nals above a pre-set amplitude occurring within
the gate, can be monitored automatically and
used to operate visual or aural alarms, sorting
deflectors, or paint-spray markers,
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Figure 52. Facsimile recorder.
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BaAsSIC OPERATING PRINCIPLES OF GATES:

A gate is a device having several inputs and
one output. Some of the inputs may be called
signal inputs and others may be designated as
control or selector inputs, although often the
inputs are indistinguishable from one another.

There are two genersl classes of gates. The
first, called the transmission or linear gate, is
defined as one in which the output is approxi-
mately a replica of one of the inputs, but the
output occurs only during times selected by the
control inputs, Thus the gate transmits the
signal from input to output in a linear manner
during selected fimes.

The second class of gate, called the switching
or logical gate, is defined as one in which the
output is a pulse which may have no resem-
blance to any of the inputs, except that the
pulse occurs during the interval selected by
the control voltage.

The gate of Fig. 55 is suitable for a positive-
going input signal. The gate signal (also called
& control pulse, a selector pulse, or an enabling
pulse) is a rectangular wave form which makes
abrupt transitions between the negative levels
-E; and -E;. When the gate voltage is -E;,
the dicde is heavily back-biased and there will
be no response at the output to an input signal
unless the peak amplitude of the input signal is
larger than the magnitude of the back-biasing
voltage. When the gate rises to its higher level
~Ez, a time-coincident signal input pulse may
be transmitted to the output.

In Fig. 56, -E; is assigned a value of minus
5 volts, and for a 10-volt input pulse, a 5-voit
output pulse appears. The level ~E; may be
adjusted so that only that part of the signal de-
sired appears at the output. When used in this
manner, the cireuit is referred to as a threshold
gate.

o

SIGNAL
INPUT

_.E.__

GATE OR
CONTROL
INPUT

2

—E s S

Fieuse 556, Threshold gate eireuit diagram.

OQUTPUT
4y — T e s p—— - ——
Qv ——~ = = PSR [ -
SIGNAL
1By GATE
Ficure 6. Threshold gate wave form.
DELAY LINE

By using a delay unit to increase resolution
power, “close-to-surface’ defects, such as those
normally found in spot welds, may be investi-
gated and evaluated.

The basic operation of a delay line depends
on the fact that acoustic signals travel much
slower than electrical signals. At the input end
of the line, the electrical signal to be delayed is
converted fo an acoustic signal by a {ransducer,
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The signal travels along the delay line as an
acoustic wave, requiring a specific time to travel
to the output end. At the output end, the signal
is converted back to its electrical form by an-
other transducer. Figure 57 illustrates one of
a number of methods which may be used fo
delay or slow down the electrical signal by con-
verting it to the slower traveling sound waves.

INPUT OUTPUT
Q COIL T T COIL T
WAVE GUIDE
S RN L W g -
DAMPER

DAMPER

Figure 57, Ultrasonic delay line

The ultrasonic delay line shown employs an
input and an output transducer coil with a
magnetostrictive core which is attached to a
sonic wave guide. At the input end, the flux
changes in the coil caused by the electrical in-
put signal set up mechanical stress (vibrations)
in the core. These vibrations travel down the
line to the output coil. Acoustic absorbers
(dampers) are used at both ends of the line
to prevent reflections along the wave guide,
which would introduce a form of distortion. A
given amount of delay ean be accomplished by
using different lengths of line,

COUPLANT

Ultrasound generated by the piezoelectric
effect, for all practical purposes, will not prop-
agate in air due to its high frequency and short
wave length. The actual movement of a pi-
ezoslectric crystal vibration is in the micron
range; it is often described as acceleration with-
out motion, To transmit such a small amount of
energy into a material, it is necessary to use
a fluid couplant between the search unit face
and the material surface, A film of oil, glycer-
ine, or water is generally used (see Figs. 58
and 59). When water is used as the couplant,

a wetting agent should be used to eliminate
surface fension and facilitate “wetting” of the
surface. When it is either impracticable or
undesirable o use oil or water, a couplant paste
is used.

A couplant is not required when ultrasonic
waves are generated by means of the magme-
tostrictive effect in the test piece,

FILM OF OIL

\

-2~ CRYSTAL

TEST MATERIAL

FicURE 58. Couplant (contact testing).

Pale SEARCH UNIT
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FigURe 59, Couplant (immersion testing).

ULTRASONIC REFERENCE BLOCKS

Standard Reference Blocks are used to stand-
ardize the ultrasonic equipment, set the sensi-
tivity, and evaluate the discontinuities in the
material being inspected. These blocks provide
the comparison for any combination of crystal
size, frequency, or test instrument used to in-
spect materials. The evaluation of the dis-
continuities within the materiai is accomplished
by comparing the ultrasonic response from the
discontinuity with the known artificial defects
(flat-bottomed holes or notches) in the Stand-
ard Reference Blocks. The fest instrument
should be adjusted to indicate the hole repre-
senting the smallest defect it is desired to pick
up. This adjustment represents a lower stand-
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ard of the instrument. When making o fest
set-up, care should be taken to assure that the
test block is of the same formulation alloy with
gimilar surface conditions ag the material under
teat. This precaution is necessary to assure that
distance calibration is correct. Some aluminum
blocks are fabricated from ultrasonically se-
lected 7075-T6 rolled bar and tested to the re-
quirements of ASTM E 127-64. Alcoa type 1
blocks are used where good electrical contact
is required. Alcoa type 2 blocks are anodized
for resistance to corrosion resulting from im-
mersion or environment, Some steel blocks are
fabricated from type 4180N or 4340 alloy to the
ASTM E 127-64 dimensions; however, steel
blocks are not covered by the ASTM specifica-
tion. If any adjustments are made on the ap-
paratus, or if the probes are changed during
the test, the probe and apparatus should be
checked again on the reference blocks for sen-
sitivity and proper functioning before resuming
test.

DISTANCE-AMPLITUDE COMPARISON BLOCKS:
Hitt Blocks:

Ultrasonic Standard Reference Blocks de-
signed to be used for distance amplitude com-

parisons have a specific size flat-bottomed hole
placed at varying depths below the surface of
the material. The three sets have 3/64”, 5/64”,
or 8/64” size flat-bottomed holes. The metal
distance of the blocks normally used varies from
1/16” to 6.0” (see Fig. 60).

Step-block:

Calibration of ultrasonic thickness measure-
ment equipment may be accomplished by using
a ‘“step-block”. For exact calibration, it is al-
ways best to have a block whose thickness will
give five signals on the screen for the range
selected (see Fig. 61).

AREA-AMPLITUDE COMPARISON BLOCKS (ALCOA
BLocks):

A set consists of eight Ultrasonic Standard
Reference Blocks. Each set contains one block
with the following flat-bottomed holes: 1/64”,
2/64”, 3/64”, 4/64”, 5/64", 6/64”, 7/64”, and
8/64”. The holes are placed at a depth of 8.0”
below the surface of the material. Area ampli-
tude relationships at the 3-inch metal distance
are obtained by intercomparison of the blocks
within the set (see Fig. 62).

Ficure 60, Distance-amplitude comparison reference blocks.
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L.ILW. WELDING BLOCK:

The LLW. Welding block was developed
through the International Institute of Welding
(IIW/IIS) as described according to a Dutch
proposal. The block has gained wide aceept-
ance as a reference standard in distance cali-
bration and in the calibration of the angle of
sound beam propagation from angle-beam
search unifs (see Fig. 63).

F16URE 61. Step block,

ASME WELD REFERENCE PLATE:

This standard ultrasonic reference plate is
required to check the performance and sensi-
tivity of the ultrasonic equipment and ultra-
sonic search units used in the inspection of
welded joints under the ASME code require-
ments, This block provides three reproducible
levels of instrument sensitivity for both longi-
tudinal- and shear-wave inspections and insures
re-examination at the same level of sensitivity
(see Fig. 64).

SPECIAL REFERENCE STANDARDS:

Many applications in ultrasonic inspections
require special reference standards or blocks.
The application may involve the use of stand-
ard sizes of blocks but employing a special type
material or it may involve the use of special
shaped blocks. A convex or concave entry sur-
face as applicable is required when the fest
specimen has a curved entry surface. Many
users of ultrasonic equipment prepare special
reference blocks from a sample of the material
under test that contains a known defect to
represent the standard that is acceptable,

TESTING METHODS

Contact and immersion are the two basic
methods used for ultrasonic nondestructive in-
spection, The instrumentation of one method
can be adapted, in a limited way, to the other.

CONTACT TESTING METHOD:

The equipment used to conduct this method
of inspection is designed for field use and other
applications where it is desirable to bring the
testing apparatus to the work (see Figs. 66,
66, 67). Figure 68 illustrates the principle of
contact testing and Figs. 69 and 70 illustrate
two representative portable ultrasonic flaw de-
tectors currently avaijlable,

Figure 62. Area-amplitude comparison blocks,
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Scanning of the test specimen is accom-
plished by manually moving the search unit
over the test surface. A couplant, such as oil,
is required between the face of the probe and
the entrant surface of the specimen to exclude
the air gap. Contact testing is normally em-

ployed for quick checks of small numbers of
pieces, for examination of parts that cannot
be immersed, for high resolution using twin
transducers, and for shear- and surface-wave
testing.

Fioure 68. L.1.W. weld block,

FiGURE 64. ASME weld reference plate.
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Fioure 65. Contact angle-beam test into hidden weld
region of &n aircraft landing gear oleo strut.

it R

FIGURE 66. Ultrasonie inspection of a wing
front apar.

F1GURE 67. Ultrasonie inspection of a pylon
struetural member.
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FIGurRe 68, Principle of ultrasonic testing

(contact}.
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F16uReE 69. Ultrasonic miniature flaw detector,

FEATURES: (Flg. 89)

WEIGHT: Including Battery and built in Monltor 11 Ibs, DI
MENSIONS: 7" wide X 414" bigh X 15” long, FREQUENCY
RANGE: 0.4 through 12.0 me. db ealibrated gain control, One
inch seale expansion, sweep delay, Testing Range, to 100"
(steel}. Ten hour, qulek plug-in, rechnrgeable battery. Battery
condition indication, Automatic instrument phut.off, when
battery is low. Two-position “Pulse Encrgy” control. Easlly
changenble sereen scale.

FIGURE 70. Ultrasonic miniature flaw detector.

FEATURES: (Fig. T0)

Test Frequencles: 1.0, £.25, 5.0 me, Size: Width 8%, depth 16",
helght 53", Weight: 15 Ibs, (complete with self-contalned
battery charger). Power Requirements: Self-contained batterles
or 116V AC 60/60 cycles. Capable of B hours continuous
operation on batteries, Sensitivity: Using 6.0 me. test range,
the reflection from a 1/64" hole in an Aleoa “A™ test block is
214" high (full scale). Resolution: Using 5.0 mec. test range,
the reflection from a 5/84” hole ¥ inch from the surface s
clearly resolved. Linearity: Size of signal is proportional to
gize of reflecting area within the signa! amplitude range up
to 214", Dynamie Range: The dynamic range is better than
64:1, With controls set to produce a clearly defined signal
from a No. 1 Aleon A" block, the signal from a No, 8 block
I8 below full-scale deflection., Display Range: From 17 full
screen width to 20", Amblent Range: 0°-120°F,

IMMERSION TESTING METHOD:

Immersion festing is superior to contact test-
ing in the following respects:

1. High-speed, repetitive inspections may be
conducted using a pre-programmed fully auto-
mated gystem.

2, Forgings, castings, and nonsymmetrical
parts with fillets, rough surfaces, radii, etc.,
that cannot be tested by the contact method
may be immersion tested with a manually op-
erated scanning system.

This method of inspection is zccomplished by:

1. Immersing both the search unit and the
material in a liquid couplant, normally water
(see Fig. 71),

2. By a squirter or bubbler which directs a
column of flowing water to form a couplant
between the face of the transducer and the
surface of the specimen (see Fig. 72).

3. By a wheel-search unit in which the
transducer is mounted in a liguid-filled tire.
The tire is operated in direct contact with the
material (see Fig. 73).

> WATER PATH

=

| BACK SURFACE
DISCONTINUITY

" FRONT SURFACE

*’l LENGTH OF WATER PATH

CRT PRESENTATION

BACK REFLECTION
DISCONTINUITY INDICATION
INTERFACE SIGNAL
INITIAL PULSE

Fiaure 71. Principle of ultrasonic testing
{immersion).
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SEARCH UNIT
COUPLANT SUPPLY

TO ULTRASONIC INSTR.
Figure 72. Bubbler angle-beam testing (pipe).
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Fiourn 78. Wheel scanning method.
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A description of the three techniques follows:

Immersed Scanning Technigue:

Both the search unit and the part to be
tested are totally immersed in water. The sound
beam is directed into the material normally by
a straight-beam search unit. Angle-beam tech-
niques such as shear, surface, or plate waves
are accomplished through control and direction
of the sound beam (see Figs. 74, 75, and 76).

In immersion testing by the straight-beam
technique, the water path distance (search
unit {o front surface of the test piece) is gen-
erally set longer in time than the length of
scan (front surface to back surface) so that the
first multiple of the interface signal will appear
further along the CRT sweep than the back re-
flection. This is done to clear the test area of
signals which may cause misinterpretations.
This is particularly important when the test
area is gated for automatic signalling and re-
cording operations (see Fig. 77). Velocity in
water is approximately 1/, that of aluminum
or steel; therefore, 1” of water path will appear
on the screen presentation as equal to 4” of

Fiaure 74, Immersed an‘f:-beam technigue

(pipe or tube).
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Fiouen 76. Immersed angle-beam technt
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FiguRe 77. Removing first muiltiple of interface

indication from test area.
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steel. Hence, a rule of thumb for water-to-part
distance is 14 thickness of part plus 14”.

Focused Search Unit Technique:

The high-frequency mechanical vibrations of
the sound beam can be focused through acous-
tic lens structures in a manner similar to that
achieved by glass lenses in optics. The acous-
tic lens is an integral of the focused search unit
assembly and is designed t{o provide a well-
defined and directed sound beam pattern. The
energy propagated from the search unit can be
concentrated through spherical lens structure
into cone-shaped beams with high intensity
(see Fig. 78). Through cylindrical lens struec-
tures, the sound energy can be contoured into
2 wedge of sound-beam energy. Spherically
focused systems are used in special inspections
which require an intense, well-defined sound
beam. Cylindrical lens structures are used for
contour correction in longitudinal- and shear-
wave inspection of cylindrical parts. Focused
search unifs allow the best possible resolving
power and the highest flaw definition with
standard uitrasonic equipment.

SO DO

"2 — LLENS

[ —

£ A [4
THIN PLATE

PIGURD 78. Focuged search umit.

Beam Collimator:

Beam divergence varies with frequency and
crystal diameter, The higher frequencies give
more directivity to the sound beam and a 1”7
diameter crystal at any frequency is more di-
rective than a 14” diameter crystal operating at
the same frequency. Therefore, to obtain more
directivity (which results in a better definition
of the defect) the frequency must be increased
or a larger diameter crystal must be used,

Increasing the frequency to obtain g better
definition of the defect offen defeats the pur-

pose of the test, since the increase in frequency
is also an increase in gensitivity. The higher
sengitivity discloses irrelevant factors such as
surface scratches, nicks, and dents which make
the defect evaluation difficult.

Therefore, to obtain more directivity of the
sound beam without increasing the frequency,
a larger diameter crystal is used. Since the de-
fect under examination may occupy only a small
portion of the total area of the beam spread, a
beam collimator is used to reduce the area of
the sound beam entering the test piece to cover
only the area under inspection.

The sound-carrying shaft in the center of the
collimator conducts the straight center rays of
the transducer into the specimen. The remain-
der of the beam is prevented from reaching the
test piece or returning a signal to the trans.
ducer by the acoustical block (see Fig. 79).

j s~ TRANSDUCER

-]
-
<
BEAM
COLLIMATOR
TEST
f SPECIMEN
ﬁL =S DEFECT J?

FiGurs 79. Beam collimator.
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Collimated beams usually result in a better
definition of the defect; however, there are
also certain disadvantages which must be con-
sidered when using this device. Collimating the
propagated beam decreases the incident energy
reaching the test piece. This reduction in the
total useful sound energy limits the maximum
material thickness that can be inspected. Also
alignment becomes critical since the diameter
of the collimator beam is small (normally
1/16" to 8/8”) in comparison to the total area
of the transducer,
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Water Column Technique (Bubbler, Squirter):

The water column scanning technique oper-
ates on the immersion principle where a beam
of high-frequency sound is projected through a
water path into the test material. This tech-
nique is adapted to high-speed scanning of plate,
sheet, strip, cylindrical forms and other reg-
ularly shaped parts. The sound beam is pro-
jected into the material through a column of
fRowing water. The sound beam can be directed
into the material either perpendicular to the
test surface (Fig. 80) or at an angle (Fig. 81).

gTEST PIECE

SEARCH UNIT

TO ULTRASONIC INSTA. WATER COUPLANT

¥iqure 80. Bubbler acanning methed.

SEARCH UNIT
COUPLANT SUPPLY
TO ULTRASONIC INSTR.

Fioure 81. Bubbler angle-heam technique
(plateg

Wheel Search Unit:

The wheel search unit operates on the im-
mersion principle in that a beam of high-fre-
quency sound is projected through a liguid
path into the test material, The search unit,
mounted on the axle of a wheel with a liquid-
filled rubber tire, is held in a fixed position
relative to the test surface while the wheel ro-
tates freely, The wheel search unit may be
mounted on g stationary fixture, in which case
the material moves past it (see Fig. 82) or it
may be mounted on a mobile fixture which runs
over the material (see Fig. 88).

WHEEL WATER FILLED TIRE
STATIONARY
. CRYSTAL
e MATERIAL
MOVES

[

Y — §

FIGURE 82. Wheel search unit in fixed position,

WATER FILLED TIRE

WHEEL MOVES
OVER MATERIAL

CRYSTAL

= 5

Fiaure 88. Wheel search unit moves over
the material.

The wheel is used in a wide variety of applica-
tions, and is especially useful for high-speed au-
tomated ultrasonic flaw detection systems since
it combines advantages of both contact and
immersion testing methods. The wheel elim-
inates the need for immersion tanks by coupling
the transducer to the specimen through a water
path and the resilient material of the tire-
shaped casing.

Rusty, scaled, pitted, rough machined and as-
forged surfaces are successfully scanned with
the wheel search unit,

The position and angle of the erystal mount-
ing on the axle are determined by the test
method and technique to be used, i.e., straight
beam or angle beam,

Ultrasonic I'mage Converter:

The ultrasonic image converter is an evacu-
ated tube having a piezoelectric quartz win-
dow, and contains an electron gun and multi-
plier (see Fig. 84). When ultrasonic energy
is impressed upon the quartz window, a pie-
zoelectrie voltage is produced whose magnitude
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at any one point corresponds approximately to
the ultrasonic intensity at that point. These
voltage variations influence the secondary emis-
sion generated by the scanning electron beam.
The produced signal is then amplified and dis-
played using conventional closed-circuit tele-
vigion techniques,

Acoustic Ympedances, which are defined as
the product of the density and velocity of a
material, are matched in the ultrasonic image
converter unit by means of transition layers.
These layers accomplish two major functions:
First, they allow a maximum transfer of energy
from the couplant to the quartz receiving crys-
tal by reducing the amount of energy reflected;
and, second, they eliminate in part some of the
standing waves B0 common with continuous
wave systems. The transition layers are con-
structed of epoxy and tungsten powder, and
cemented directly to the quartz receiving crys-
tal. In addition, an “interference depressor” (a
rubber diaphragm attached to the receiving
crystal) is used to further eliminate the prob-
lem of standing waves. Standing waves are the
result of energy reflecting back and forth be-
tween the receiving crystal and the test object
since it is impossible in actual practice {o match
all impedances in & system so that no reflections
occur,

Since high-frequency crystals (5 to 10 me.)
are extremely thin, they present a supporting

IMAGE OF FLAW)

VIDEO
AMPLIFIER

T.V. MONITOR

ELECTRON
MULTIPLIER

— ZTRANSMITTING» ~
_—— CRYSTAL =

problem. A grid which acts both as a support
plate for the crystal and as a direct reference
by which flaw size can be measured is built as
an integral part of the face plate assembly for
the demountable tube system. A similar device
may also be incorporated into the sealed tube
system for high-frequency operations.

Flaw detection is based on the fact that when
a discontinuity is present in a material, there
will exist a difference in acoustic impedances.
This impedance difference will normally cause
attenuation of the sound energy by reflecting a
portion of the energy back toward the source,
Flaws are thus presented on the TV monitor
as black areas, denoting & relatively low sound
intensity field, The surrounding matrix will
usually be presented as a relatively uniform
grey to white field, denoting high sound inten-
sity. A through method of transmission is
normally used with longitudinal waves, Shear,
surface, and plate waves may be employed in
special cases by using a combination of the
contact and immersion techniques. This method
of test is used in detecting surface, near-sur-
face, and deep-seated flaws when access to both
faces of the specimen is possible. When only
one surface is accessible, then reflection tech-
niques are employed. The reflection test method
is used for surfaces and near-surface testing
involving cracks and nonbonda.

TO ULTRASONIC
GENERATOR

SPECIMEN

Fi.Aws  WATER

- - s

f TANK

" )

FOCUSING AND
DEFLECT[O!%'

CIRCUITS
ELECTRON GUN

~ PIEZOELECTRIC QUARTZ WINDOW

Fiourn 84. Schematic—ultrasonic image converter system.
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Equipment Requirements:

Immersion system (see Fig, 85):

The basic units of an immersion testing sys-
tem consist of a test tank, bridge and carriage,
manipulator, search tube and transducer, and
display/recorder.

1. Test Tank:

The tanks vary in size to meet specific re-
quirements and are normally fitted for a high-
volume, low-pressure water filter system for
recirculation of tank water.

2. Bridge and Carriage (See Fig. 88):

Provides a means of positioning and moving
the search unit over the specimen. The bridge
unit travels along the length of the tank, while
the carriage, which is mounted on the bridge
unit, travels along the length of the bridge.

3. Manipulator, Search Tube and Trans-
ducer (see Fig. 87):

The transducer is positioned below water
level by the search tube which in turn is posi-
tioned by the manipulator. The manipulator
is mounted on the carriage and provides ver-
tical travel, rotation in azimuth and angular
displacement of the probe.

4. Display/Recorder (see Fig. 88):

The ultrasonic test unit transmits and re-
ceives signals from the transducer, and ampli-
fies these signals for presentation on the CRT
or recorder,

Automatic Testing Systems (see Fig. 89):

A typical automatic scanning system includes:

1. The electronic console containing the
CRT and controlling circuits. Adjustable cir-
cuits are provided for picking off the reflections
from discontinuities within specified areas and
discriminating as to amplitude for recording or
signaling alarm purposes,

2. Automatic scanning bridge with pro-
grammed drives and controls,

8. Manipulator, search tube, and trans.
ducers.

4. Recorder and recorder adapter,
b. Test tank,

6. Turntables and rotators (see Figs. 90
and 91).

7. Material handling system.

FiGure 85. Ultrazonic immersion testing system.
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FIGURE 87a, Manipulator,

search tyhe,

and transdycer, (upper view)
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FIGURE B7b. Manipulator, search tube, and transducer (lower view).
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Fiourse 88. Facgimile recorder.
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Freure 81. Immersibie indexing fixtyre,
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In addition, an automatic system will nor-
mally have go/no-go monitors, defect markers
(paint-spray or grinding wheel), defective ma-
terial sorters, and visual or aural alarms,

A bubbler or squirter testing system or a
wheel search unit may be used in place of
items 8 and 5.

The equipment must be rigidly constructed
in order to duplicate a teat since positioning of
the search unit with respect to the surface of
the test piece is extremely important. Non-
rigid supports and backlash in the search unit
controls can completely upset a test, as a
change of 1° in the angle of the search unit will
change the refracted angle in the material over
2° at small angles and up to 7° at large angles.

Automatic scanning is used where repetitive
inspections are conducted on pieces of the same
size, shape, and material. A monitor eliminates
the human element of unintentionally neglect-
ing to observe all defects, and automatic scan-
ning assures that all areas of the test piece are
scanned,

In any automatic scanning operation, it is
egsential that parallelism and distance be con-
stantly maintained between the transducer face
and the entrant surface of the-gpecimen. Auto-
matic systems, unless preprogrammed to com-
pensate for these factors, will be limited to the
testing of items such as plate, sheet, billets,
extrusions, cylindrical forms, and other regu-
larly shaped parts.

Preprogrammed automated testing system:

A preprogrammed system must be capable
of maintaining parallelism between the crystal
face and the profile of the test part regardless
of part geometry. Preprogramming may be ac-
complished by cam, electrie, air, hydraulic, or
tape control. Since tape control is the most
versatile, this method is used to preprogram
ultrasonic testing equipment.

Punched tape control:

A scanning program of the specimen is set
up which assigns a3 numerical value for each
point to be inspected. The numerical dimensions
in the form of coordinates referenced to a com-
mon axis of the test specimen are recorded on
& numerical drawing. A process sheet is then
made from the numerical drawing, From the
information on the process sheet, a perforated
tape is made on a key-punch typewriter. The
process tape is then fed to a computer which
automatically converts the information to &
binary, two-number 0-1 code and punches the
control tape.

The control tape is mounted on a photo-
electric reader in the machine control unit
which senses the holes in the tape. The coded
digital information is changed to command
pulses by the decoder. The binary numbers
correspond to the number of command pulses
that must be delivered to each axis in order to
drive the ultrasonic scanner, Physical move-
ment of the scanner iz controlled by the com-
mand pulses through servo-motors.

The three axes of movement that must be
controlled are termed X, Y, and Z and are nor-
mal to each other, In addition, there are axes
of rotation about the Y and 2 axes, making five
in all (see Fig. 92). To facilitate the movement
of the scanner, all dimensions assigned are in
the form of coordinates referenced to a com-
mon axis of the test piece,

Ficure 92. Scanning bridge and probe positioner.
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There are two types of numerical control sys-
tems, point-to-point and continuous path. The
point-to-point method moves the scanner on
the X and Y coordinates to a desired position
and provides a high degree of accuracy as to
location of the coordinates, but no restrictions
are placed on the path the search unit takes in
achieving the location. The point-to-point sys-
tem is the most commonly used since the proc-
ess sheet may be worked out by & human pro-
grammer.

Continuous path or contouring is much more
complicated than the point-to-point system. In
contouring, the transducer path may be for
any shape, i.e., & parabola, are, sphere, square,
or any combination of these in three dimen-
sions. Since the entire path of the transducer
must be described by the data input medium
in addition to other functions such az beam
angie, depth of scan, sengitivity, etc., 2 com-
puter is required. The complex problem of cal-
culating the thousands of points needed to
position the search unit for continuous-path
control is not practical to solve except with a
computer.

Py “*,\“TE“
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Figure 98 illustrates a tape-controlled system
produced by the Budd Company to ulirasonic-
ally inspect large bulkheads (pressure vessel
endcaps, 88’ in diameter) used on the Saturn
stage II fuel tankage, The walls of the bulk-
head are of honeycomb structure, so the bond
between case and skin must be perfect and the
core must be undamaged.

The through-transmission technique is used;
only the boom carrying the outside transducer
track is visible. However, another transducer
is positioned inside in precise relationship with
the outside transducer, The transducers are
mounted on horizontal movable arms which, in
turn, rest on vertical columns that also move.
The transducers themselves can be moved some-
what like fingers to change the angle of the
sound beam. The outer and inner transducers
contain water jets to provide acoustic coupling
with the bulkhead. A movable platform rotates
the bulkhead. All these motions are synchron.
ized by means of tape programs so that many
scanning schedules can be tried. Readout is ac-
complished by a stylus that tracke on special
electrosensitive paper mounted on the surface

Ficure 98, Ultrasonie inspection system uged to inspect Saturn stage I1 bulkhead.
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of the scale model (shown at the left of the
test article in Fig. 98) whose motion is syn-
chronized with that of the actual bulkhead.

TESTING TECHNIQUES (Welds)

The objective in ultrasonic inspection is to
transmit a beam of sound into the material
under test at a chosen point, to direct it as
required, and study its behavior within the
material by means of suitable detection tech-
nigues. This must be done in such a way that

the existence of shadow zones, boundary and

flaw echoes, and anomalous scatter and absorp-
tion can be analyzed from the ultrasonic re-
gponse patterns.

TESTING WELDED SEAMS:

Welds are normally inspected with the use
of shear waves and the golden rule of ultra-
sonics should always be followed. That is, direct
the sound beam to hit all flaws at, or as close
to, a right angle as possible.

To perform accurate weld testing, the fol-
lowing four steps must be performed:

1. Detection of all flaws above a certain
predetermined size.

2. Accurate location of the flaws.
8. Identification of the flaw type.
4. Measurement of the flaw size.

Detection of Flows:

Practically any probe-instrument combina-
tion will indicate the presence of flaws, if the
sensitivity is high enough. However, a probe
of the proper angle will improve the ratio of
flaw signal to the weld-zone noise that is al-
ways present. This is achieved by having the
beam strike the flaws as close to 90° as pos-
sible while maintaining a short probe-to-flaw
distance. For butt welds, the following angles
should be used:

For welds ground on both sides:

Material thickness Probe angle
up to 54~ 80°
55” to 114~ 70°
1147 to 214" 80°

215" upwards 45°

For crowned welds:

Material thickness Probe angle

up to 84" 1
847 to 154" S { | 14
1584” upwards 60°

Accurate testing of welds cannot be per-
formed unless the angle of the sound beam in
the material is known. The wear face of the
transducer will normally wear out unevenly
which changes the beam angle, Prior to con-
ducting any test, the probe should be checked
and calibrated to the required accuracy.

Location of Flaws:

During testing the probe is moved as illus-
trated in ¥ig. 94 to assure the whole section
of the seam has been traversed by the ultrasonic
wave. The probe must be continuously turned
around its vertical axis in order to pick up de-
fects which are not parallel to the longitudinal
axis of the geam,
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FigURE 94. Location of flaws in weld.

Figure 95 shows the sound beam path in butt
weld testing, To accurately locate flaws, the
following must be known:

E—The exit point of the sound beam,
a—The exact angle of incidence of the beam.
T-—The thickness of the plate.

The sweep of the instrument must be cali-

brated accurately in distance of the sound
travel.
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With this information, flaws can be located
by trigonometry or by making a scale sketch.
This is time consuming and a better method is
to use a flaw-locating ruler that is attached to
the probe.
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Figure 95. Sound beam path in a butt weld test.

Figure 96 shows how the ruler works, The
bottom part of the illustration shows a section
of the weld area and the position of the sound
beam. The center shows a plan view of the
rule. The instrument screen is shown at the
top. The ruler has been adjusted so that the
exit point of the sound beam coincides with the
0 point on the rule. The slider has been ad-
justed for the exact thickness of the plate at
its intersection with the sloping line, The in-
strument sweep is adjusted to the calibration
marks on the rule and on the screen. When a
flaw echo appears, it is brought to its maximum
height by moving the probe. Then its position
is read off the screen and at the same calibra-
tion point of the rule the depth of the flaw on
the thickness scale is read, The flaw is directly
underneath the same point on the rule. This
device gives the exact position of the flaw in
two planes, without calculations, Ifs accuracy
is dependent on proper adjustment with the
plate thickness, exact calibration of the instru-
ment sweep, and having a probe producing a
beam at the same incidence angle as the ruler
is designed for.

Identification of the Flaw Type:

Normally, the flaw echo by itself, is insuffi-
cient to identify the flaw. To obtain the infor-
mation fo identify the flaw type, the changes
in the echo are observed with the changes in
position of the probe,

1. Echoes from single pores or spherical
flaws will be the same for all probe pasitions
{see Fig. 97). 4

2. Echoes from laminar flaws will decrease
rapidly when probed at angles less than 90° to
the direction of the weld (see Fig, 97).

8. When the decrease in the height of the
echo is the same for the same decrease in angle
from 90°, the flaw is parallel to the seam. In
the case of cracks, different size echoes will be
obtained due to small variationa in the crack
orientation.

4. Probing from both sides of the weld
and noting the relative echo size and shape will
establish two angular deviations from the ver-
tical (szee Fig. 98).

Measurement of Flaw Size:

The size of flaws which are smaller than the
sound beam is determined by comparison of the
flaw echo with an echo cbtained from a ref-
erence plate that contains drilled holes or slots
of known dimensions. The comparison must be
made at a lower amplification than is necessary
for the rapid detection of flaws. The instra-
ment should be capable of being switched down
to accurate reproducible gain settings, The size
of laws which are larger than the sound beam
is determined by outlining the flaw by the “go-
around” method, i.e., by moving the transducer
around the periphery of the flaw.

FILLET WELDS:;

Although fillet welds are being inspected by
ultrasonics, it is the opinion of many specialisis
in this field that such welds cannot be tested
accurately. Therefore, a thorough investigation
of the test methods and resuits should be con-
ducted when manufacturers elect to use uitra-
sonics for this purpose.

RESISTANCE WELDS:

Ultrasonic testing of spot welds on a pro-
duction basis until recently was not considered
practical. Delay lines to increase resolution
power provide one means of investigating or
evaluating “close-to-surface” defects, such as
those found in spot welds. However, for “on-
line” manufacturing applications the ultrasonic
image conversion systems are more suitable.
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FIGURE 96. Diagram to show the method of using a flaw-lecating rule.
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FioURE 97. Identification of flaw-types by echo height.
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3"\ INCLINED CRACK

F16URe 98. Identification of flaw types in weld zone.

One of the most difficult nondestructive tests
to perform, either radiographically or ultra-
sonically, is the inspection of resistance-type
welds. X-ray techniques are not particularly
useful in this application, since in resistance
welding two identical metals are fused, which
results in essentially no change in density.
However, with an Ultrasonic Image conversion
system an evaluation of a resistance weld can
be made if there is sufficient bonding between
the pieces of material to obtain continuous
sound transmission. The testing of resistance
welds essentially resolves itself to the examina-
tion of bond to nonbond areas. If there are
areas lacking bond, sufficient impedance mis-
mateh is introduced so that attenuation of the
sound energy becomes apparent. Equipment
currently available is capable of detecting most
discontinuities in the surface, near-surface, and
deep-seated regions of a test specimen,

INSPECTION OF INTEGRAL FUEL
TANKS FOR CORROSION

GENERAL:

The existence of micro-organisms in petro-
leum distillate products, used in turbine-pow-
ered aircraft, results in failure of integral fuel
tank coatings and corrosion of the wing skins.
Although corrective measures are being initi-
ated by the petroleum industry and others to
elimingte this miecrobiological activity in jet
fuels, problems with internal corrosion pitting
and surface attacks in aircraft fuel tanks con-
tinue to be experienced.

Ultrasonic nondestructive testing is used to
determine the airworthiness status of jet-pow-
ered aircraft by providing a positive, accurate
method of inspection for the detection and de-
gree of corrosion in integral wing fuel tanks.

METHOD:

Standard ultrasonic inspection techniques are
used for determining and recording the condi-
tion of the interior surfaces of wet-wings.
Longitudinal waves should be used since shear
and plate waves will not accurately establish
the definition or extent of corrosion pits.

Optimum results are obtained by using a 10.0
mc focused lithium sulphate transducer of at
least 14" active element diameter. The focal
length should be 814" to 4” with the point of
focus at the back surface of the thinnest plate.

EQUIPMENT:

To scan the underneath surface of an aircraft
wing, the following equipment was developed
by Sperry and is utilized by the Air Force and
some airlines.

{1) A wheel search unit. To assure a satis-
factory coupling, the surface to be seanned is
moistened.

(2) An oscilloscope with a fast pulse repeti-
tion rate. This is necessary to conduct a rapid
scan of 500 square inches or more in 156 min-
utes,

{8) A C-scan facsimile recorder.

(4) An automatic and manuzlly controlled
scanning bridge and carriage,

() A positioning mechanism, scanner sup-
port structure, and lift platform, This equip-
ment places the wheel search unit in a position
to scan the lower surface of the wing and pro-
vides the apparatus necessary to relate the
motion of the search unit to the facsimiie
recorder. This equipment also permits a rapid
engagement of the scanner with the aircraft
and requires no jacking or other handling of
the aircraft, nor is it necessary to drain the fuel
tanks.
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INDICATIONS:

Intergranular corrosion appears on the C-
scan recording as & solid area projecting out-
ward from fastener holes or other locations
where there is a transverse cut exposing the
edge of the plate. Large or small areas of pit-
type corrosion may appear anywhere on the
recording with high-density areas giving a
mottled appearance to the recording. Thus, the
extent and the kind of corrosion can be de-
termined from the recording.

INSPECTION OF MISCELLANEOUS
AIRCRAFT PARTS

Due to the limited nature of this digest and
the large variety of parts that are being in-
spected with ultrasonics in the aireraft indus-
try, only a few representative inspections that
are currently being conducted are briefly dis-
cuased.

MAIN AND N0SE LANDING GEAR WHEELS:

Figure 99 illustrates the part to be examined.
A surface-wave probe is used to scan around
the wheel web for cracks oceurring adjacent
to the bosses of the tie-boit holes. The surface
wave is able to detect cracks which are not al-
ways shown ap by other methods of examina-
tion. The frequency used is 2.6 mc and the
depth of penetration is approximately 0.060”,

For cracks occurring in the zone of the tire
areas, a second probe, having an angle of 80°
refraction, is sometimes employed for testing
the bead seat radius where the test is carried
out without disassembly of the wheel, The
angle is necessary to direct the beam away
from any reflecting surfaces, such as changes
in contour, into the zone where defects oceur.

MAIN LANDING GEAR TORSION LINK:

A 2.6 mc surface-wave probe is applied to
the member on its surface with the beam di-
rected towards suspected zones. If is normal

to scan most of the surface of the torsion link
for fatigue cracks in any position occurring
from the highly stressed areas (see Fig. 100).

SECTION OF WHEEL{ |

SURFACE

‘CLEAN AND INSPECT
THIS AREA

CLEAN AND INSPECT
THIS AREA

F1oure 100. Main landing gear torsion link,
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MAIN LANDING GEAR TorsION LINK Lugs:

A surface-wave probe is used on the lug sur-
faces and on the thickened boss section for fa-
tigue cracks occeurring in random directions. It
is necessary to direct the ultrasonie sound beam
towards the crack at an angle of 90° in order
to obtain the optimum reflection. This means
that careful scanning in all directions and in
all positions around the bosses and lugs is nec-
essary to ensure complete coverage of the sus-
pected area (see Fig. 101),

CLEAN AND INSPECT
' THIS ABEA

F1gurE 101. Main landing gear torsion link lugs.

MAIN LANDING GEAR OLE0 OUTER CYLINDER:

Figure 102 indicates the zone in which high
stresses produce fatigue cracks. The whole of
the section concerned needs to be scanned, using
a 2.5 me surface-wave probe. Scanning is un-
dertaken from the cylinder towards the fork
ends, where the surface wave will travel around
the changes in contour to locate defects in the
zone indicated. Careful scanning is needed
around the whole of the cylinder to find defects
in any position around the base of the fork.

MAIN LANDING GEAR TRUNION SUPPORT
STRUCTURE:

This examination is particularly difficult due
to the geometry of the section to be inspected
and due to its location on the aircraft. Very
little space is available to apply the probe to
the surface of the trunion support. Figure 103
indicates the areas to be inspected but does not
give a true picture of the complexity of this ex-
amination,

INSPECT FOR CRACKS
IN SHADED AREAS

FI1cURE 102. Main landing gear oleo outer eylinder.

The probe is a complex arrangement pro-
ducing a beam at an angle of 30° to the surface
and having locating “wings” which align the
probe in the correct position by insertion of
the wing between the support structure and
trunion. Before undertaking this examination
the area needs to be cleaned and the grease re-
moved from around the bearings. This can be
done without removing any parts from the air-
craft. Because left- and right-handed parts are
to be examined the probe is made in such a
way that it can be located by either of two
“wings” to suit the position of the part to be
examined.

NOSE LANDING (GEAR QUTER CYLINDER:

A 4B6° transverse-wave probe, 2.6 mc fre-
quency, is used to scan the upper and lower sec-
tions of this cylinder in the areas shown in Fig.
104. The scanning is undertaken in two direc-
tions for the detection of cracks which nor-
mally occur on the inner surface but which can
start on the outer surface. The two additional
diagrams on the gketch show the method of
scanning.
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CRYSTAL
POSITIONING
FIXTURE

ARE
/ SHADED)
[ NG ]

FioURE 108, Main landing gear trunion support
structure.

PROBE

¥ | TEST
| || ZONE
SCANNING CARRIED

OUT IN TWO DIRECTIONS

fPROBE

F16uRe 104. Noze landing gear outer cylinder.

INBOARD AND OUTBOARD NACELLE STRUT FRONT
SPAR FITTING:

Most of the examination of these components
is undertaken on the curved sections of the lugs.
The angle of the beam is approximately 20°
from the tangent of the circle. To obtain this

angle the probe must have an incident angle of
approximately 9°. Inspection is undertaken
around the whole of the curved surface which
gives more or less complete coverage of the
bolt hole by moving a probe in two directions.
In order to direct the beam towards any posi-
tion of the hole in the lug, the probe has to be
moved across the lug section from side to side
while being rotated around the curved surface.
This leaves a small section of the hole at the
back of the lug which is not inspected. This
is undertaken by a probe having a smaller angle
and a slight taper on the lug surface, Both up-
per and lower parta of the lug have to be in-
spected by this method so that the entire bolt-
hole section is examined. To facilitate examina-
tion from the curved surface, the probe surface
is zlso curved. On some aircraft this radius
differs so that two probes would normally be
necessary. Practice has indicated that a probe
having a larger radius can be used on lugs of
the amaller radius (see Fig. 105).

F1qurE 105. Inboard and outboard nacelle strut front
gpar fitting.

NOSE LANDING GEAR OUTER CYLINDER:

Figure 106 shows the area of test undertaken
using a surface-wave probe with a frequency of
2.6 me. The probe is applied to the curved sur-
face of the cylinder and the beam directed to-
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wards the lug. The sound wave follows the
surface of the material and penetrates the flat
surface of the lug for the detection of defects
from the corner of the sections into the lug
zones marked on the sketch,

TEST
AREA

FiGURE 106. Nose landing gear outer cylinder.

CONCLUSION

The advantages of ultrasonic testing are
many, and with the ever increasing demand for
reliability, this valuable superecritical inspection
tool helps to assure that materials from which
aircraft products are fabricated perform within
the limits of their design requirements. How-
ever, it must be remembered that the establish-
ment of final in-plant levels of acceptance or
rejection must depend upon correlation studies
between the ultrasonic test results and other
nondestructive or destruction examinations,
from which meaningful test specifications and
procedures can be derived.

Within sight are ultrasonic means for de-
tecting and measuring internal stresses and pre-
diction of fatigue failures; the instrumentation
for better evaluation of defect size and shape
by three-dimensional display or by multifre-
quency examination ; the improvement of search

units and techniques for high-temperature test-
ing ; better methods for more rigorous testing
of cast and large-grain materials; and a means
for recording the results of weld testing com-
parable to a radiograph,

REFERENCE DATA

ULTRASONIC SPECTRUM (IN CPS):

16-20 ke Upper limit human hearing and di-
vision between sonie and ultra-
gsonic. Underwater work involv-
ing magmnetostrictive transducers.
Drilling, soldering, and cleaning
applications.

25 ke Ultrasonic control apparatus-deor
opening systems, efc.

30 ke Upper limit produced by friction.

40 ke Common for underwater signalling
and cleaning.

60 ke Practical limit for magnetostrietive
transducers,

90 ke Upper limit for tuning forks.

100 ke Limit for Galton whistle,

300 ke Limit to ultrasonic generation by
spark discharge.

500 ke Lower limit for common non-
destructive testing for coarse-grain
structures. Upper limit to under-
water signalling.

1-5 me Common test frequency for normal
materials.

5-16 me Test frequencies for fine-grain ma-
terials,

1000 me Highest ultrasonic freguency re-

ported attained.
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AcousTIC VELOCITY !

X

1. c -_— t_' N

Where: x = distance travelled
t= transit time

e.g. screen reading for measuring the
acoustic velocity

¢ (desired velocity) = 5900 -l]i
Where: 1,= length of test object measured
mechanically
lo= reading on screen (when cali-
brating in steel ¢ = 5900).

2. e=1A
Where: f= frequency

A = wavelength

e.g. c(steel) = 6900 m/s, f = 1 me/s
from which A = 5.9 mm.

RELATIONSHIF BETWEEN ACOUSTIC VELOCITY
AND E1LASTIC CONSTANTS:

Yge () —c(¥)?
“e(l)i—c(®)?

1, 8= = Poisson’s ratio

Where:
c (1) == longitudinal acoustic velocity
c(t) = transverse acoustic velocity.
2. p=1.02-10-*c(t)? p (kgf/mm?)
& = shear modulus, ¢(t) = transverse

acoustic velocity,
p = density.

8. E=2u(1+ {) (kgf/mm?)
E = Young’s modulus.
34e(D)2—c(t)?

4 E= 408 107 p oy — 1

REFRACTION AND REFLECTION:

1. Snell'’s law

sina _c(A)
sin g  c(B)

Where: « = angle of incidence, -
"¢(A) = velocity in medium A,

B = angle of refraction,
¢(B) = velocity in medium B.

2. Law of reflection
, o« = ag
Where: « = angle of incidence,
ag = angle of reflection,
This only applies to waves of the same
kind,

2a. Law of reflection when accompanied by
wave conversion
sin a; _ C

Bin aq C3
all measured in medium A.

8. Condition for total internal reflection

sin « = c{A)/c(B)
(sin g =1, §=190°)

4. Reflection factor R; (ratio of reflected to

incident intensity)

_ (m-—1)*
R, = (m+1)?
Where:
m= P(A) -c(4)
p(B) - ¢(B)
Where: p(A) = density of A,
c{A) = velocity in A,
p{(B) = density of B,
¢(B) = velocity in B.
5. Transmission factor D, = ratio of the
emergent to the incident sound intensity
4m
Dl =1 Rl —W

6. Reflectivity R (ratio of the refiected to the
incident sound amplitude)

m-—1

R=m+1
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incident sound pressure amplitude)

Y 2m
D’_m+1

SoUND EMISSION OPTEE PROBE:
1. Angle of divergence in far field

giny = 1.08 (A\/D) = 1.08 (¢/f). D
(decrease in amplitude to 10%)

A = wavelength,

D = diameter of transducer,

f = sound frequency,
¢ = acoustic velocity.

2. Length of near field N,

N, = 0.25 D3/ = 0.25 D*f/c

7. Transmissivity D, (ratio of transmittedto = ABSORPTION OF SOUND WAVES:

A(x) = Ayre—=
(only applicable to plane-front waves)
A (x) =amplitude at point x, '
A, =amplitude at point x = 0,
« =coefficient of absorption in Neper,
x =distance travelied.
(1 Neper = 8.686 db) (db = decibel)

The wavelengths of ultrasonic vibrations
vary not only with the frequency, but also with
the physieal composition of material through
which they are traveling. The wavelength may
be considered constant for any given material
and test frequency used for each type of ma-
terial under test.

ULTRASONIC PROPERTIES OF COMMON MATERIALS

Materia!

Aluminum 280
Aluminum 1787
Beryllium

Brasgs

Bronze, Phosphor
Copper
Magnesium AMSE
Mercary
Molybdenum
Nickel

Nickel, Inconel
Nickel, Monei
Nickel, Silver
Steel

Steel, Stainless 802
Titanjum 150A
Tungaten

Bakelite

Polystyrene
Pyrene

Air
Ofl
Water

om. per
microsec

886
825
1.28
A48
458
466
579
142
629
668
182
662
.4 62
k1.1
566
810
518

269
267
6567

088
138
1438

Velocity

in. per
microsec

250
246
530
176

Transmission Time Density
microsec microsee g per
per cm, per in. . cm.

1.67 4.00 271
1.60 4.07 280
q82 1.89 182
2.26 672 8.1
2.88 7.26 8.86
2.1 544 89
1.78 4.39 174
7.06 17.9 18.00
1.69 4,04 10.09
1.78 448 88
128 842 8.26
1.66 4.24 8.88
217 5.60 8.76
172 4.88 7.8
197 4.49 8.08
1.64 417 454
1.8 4.90 10.26
3.89 .81 14
876 9.58 11
1.80 4.66 2.28
80.8 7.0 Ho12
7.25 18.5 H2
7.00 179 1.0
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Issued

ASTM

ABTM

ASTM

ASTM

ASTM

ASTM

ASTM

SAE

ASTM

ASTM

NAS

AlSI

ASTM

SNT Airframe
Committee

U.8. Gov't.

ULTRABONIC NONDESTRUCTIVE TESTING

COMMONLY USED SPECIFICATIONS AND STANDARDS

Date

1861

1966

1965

1869

1964

1964

1962

1968

1968

65-16-63

4-69

19556

Feb, 1964

28 Aug. 64

Number

E127-64

E114-63

E118-56T

A388-59

A4356-64

Ad418-64

E164-65

AMS-2630

E218-63T
Proposed
Tentative

E214-63T
Proposed
Tentative

NAS 824
Proposged

AB76-64

MIL-1-8950

Title/Explanation

Reference Blocks, Aluminum
Alloy Ultrasonic Standard,
Reec. Practice for Fabricating
& Checking

Reflection Method Using
Pulsed Longitudinal Waves
Induced by Direct Contact

Ree. Practice for Ultrasonic
Testing by Resonance Method

Rec. Practice for Ultrasonic
Testing & Inspection of
Heavy Stee! Forgings

Method & Specification for
Ultrasonic Testing & Inspec-
tion of Steel Plates of
Firebox & Higher Quality

Method for Ultrasonic Test-
ing and Inspection of Turbine
& Generator Steel Rotor
Forgings

Method for Ultrasonie Con-
tact Inspection of Weldments

Ultrasonic Inspection

Ultrasonic Inapection of
Metal Pipe & Tubing for
Longitudinal Discontinuities

Immersed Ultrasonic Testing
by the Reflection Method
Using Pulsed Longitudinal
Waves

Inspection, Ultrasonic,
Wrought Metal

Ultrasonic Inspection of Steel
Products

Tentative Specifications for
Seamless Austenitic Steel for
High-Temperature Central
Station Service

Recommended Ultrasonic Ae-
ceptance Standards for Air-
frame Aluminum Alloy Plate,
Forgings & Extrusions

Ingpection, Ultrasonics,
Wrought Metals, Process for

Where to Obtain

ASTM, 1918 Race Street
Philadelphia, Pa. 19103

Society of Automotive Engi-
neers (SAE), 485 Lexington
Ave.,, New York, N.Y. 10017

ASTM, Report of Committee
E—1, Price $.60

ASTM, 1816 Race Street,
Philadelphia, Pa. 19103

Aerospace Industries Assn,
1726 De Sales S8t., Wash-
ington, D.C. 20036

AlISI

ASTM, 1916 Race Street
Philadelphia, Pa, 19108

SNT, 914 Chicago Avenue,
Evanston, Illinois, ($.25)

U.8. Government
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Issued
by Date Number . Title/Explanation : .  Where to Obtain

U.8. Gov't. 26 May 64 MIL-U-81056 Ultrasonic Inspection, Immer- U.8. Government
sion, of Wrought Metal, Gen-
eral Specification for (Tor-
pedo MK 46 MOD 0)

AlST 4-59 Industry Practices for Ultra- American Iron & Steel Insti-
sonic Nondestruetive Testing tute, New York
of Steel Tubular Products

SYMBOLS USED IN ULTRASONIC TESTING

C/BEC. e vrinriinsiannn s, Cycles per second,

Eefsee........ «vseeeaseq. Kilocyeles per second (1,000 cycles or ¢/sec X 10%)

Bz..ovvvvriiinnainnnnn . .Hertz = 1 cyele/sec.

EHZ...ocovveivsnsunsrnns Kilo-Hertz — (1,000 cycles/sec.)

MHzZ....oonevvneans «vres o Mega-Hertz==(1,000,000 eycles/sec or ¢/sec X 109

ClLiciisrasnarsnranseess.. Longitudinal velocity.
Criivisinn sesnanasessessesTrANAVETRE Velocity.

Yerrierrntessneannesass.. Gamma; Beam spread angle (angle of divergence)

| e+eeess.Decibel (20 log AL/A2)

D SN trerrbeanes Alpha; Incident angle,

- S, teesseserienssess Incident angle for transverse waves.

Ao vseariorenosrasssannnna Incident angle for longitudinal waves.
Berrrearienans eeersisane Beta; Angle of refraction.

- Angle of refraction for transverse wave.

- Angle of refraction for longitudinal waves.

@avosrsvasssssanseessssss LOower critical angle.

Boeovosarnmsncaan sseseessUpper eritical angle.

feveeirevieraierenesess...Depth or thickness,

Brnesasannnsurssasanerans Epsilon: (Complimentary angle to or angle between surface and centerline of the beam).
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Mrceviiiiiiiiisiasness. o Lambda; Term for wave length.
Prrresssnnisaaarssensess, Rho; Density.

L . Acoustic impedance.
1 Reflection factor.
Diveeenevnnnnn esssseesses Through transmission factor.
deveisieiiiraisiniaaaa. ., Distance,
Troiiverivararssnanesssa.,Time.
Beaessssasssseavaneanss...Microseconds, seconds X 10°°,
Nieiviiirnennirsnneses.. Near fleld,
Dicviiviirriiiieneans. .. Diameter.
PLiiiiiiiieiiiieiaiene.. . Skip distance.

P/l icvinveiriarrinrer.. Half gkip distance,

2ttt sisireasaas .. Dynamic amplitude,
BE......... ssevsresess. Back Echo,
FE...coinvvisnrsnereesrs. Flaw Echo,
IB.....ccivevsvnarseens o, Intermediate Echo.
VE..iiieiniessnnarsense. Delay Echo,

Bevsssrervasrsressnssess, Surface or projected distance.
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