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The magic of “silent sound” is being widely used in our
industry, hﬁ!hﬁﬁ, gircraft, submarines, and missiles.

Englands o stwdy vadar, A Mor the
he wpirkcd on rofler of A far flue
s, BNl Leia flm ﬂ'.l.l' W |'|I.'|'I.". IR, i
:r._._.-l ,i:uq_.l",l ,I'-_'ir'r.'l-li: _Fl'r.l' Faaidr g ira !}l.
ol af Jfdesen . IVl hiss assoalaiey,
Mg Raxs Ea e ealod A ovaedion lF.I‘H'l'l'l irs .,E'I"lf
arder af F1200 Polr pears aone i o eomm-
pamar mhose Bale® o8 OF ) cledd o raach
a0 08 this wear. Kod Ss prodd fhat
Aecoiestien is Phe orily conm @Ry Wiy unfe e
B0 cpleyers oper aeleoted b‘?l‘ pie BT, N
Air .I'|"|-r1|l fo bEe @ prive m:.rr'm[:'!nr i
the “Atlog” mbercenidnosfol HBalhstog
Mixsila grogom,

st'JI"- EWHERE in the stillness of outer
space g-mant missile intfrudes. And,
within |t8 complex apparatus, “silent
sound” waves, too high in frequency fo
be audible to human ears, pulse from a
tiny device. They help assure the suc-
cessful flight of the missile toward its
appointed goal.

“Forceps . scalpel » . " the sur-
geon commands during an operation
ind the instruments, after use, pile up
uickly., Soon, the mound of blood-
goaked surgical instraments, with bits
of tissue adhering 1o creviges, are
loaded mto what looks like a home
dishwasher where sound waves, un-
heapd, pass through the bateh, and'in a
few minutes, they are spotless, shining
like new. surgically elean.

In a spotless, dust-free lab of a giant
glectronic manufacturing plant, an en-
ginecr dips a basket of delicate transis-

ULTRASONIC

tors and other miniature clectronic
parts into a hissing bath of water. It
seems to be boiling but the water is not
hot; it I8 being “irritated” by sound
wives., The tiny parts emerge clean

A new science has emerged almost
overnight from a laboratory curiosity
of yesterday to a powerfal tool of in-
dustrial production today, and even
mare amazingly as an integral kev in
our nation's defense. This new selenco
of ultragonies has a short history. From
underwater sanar of World War 1T and
the silent whistle that dogs alone can
hear, ultrasonies has emerged in the
last decade into big, cleaning, process-
ing, and maghining svstems: liquid
level measuring uses; and other appli-
eations all over the world, including
Soviel Russia, aceording to reports.

Principles of Ultrasonics

It is difficult for the average person
1o imagine that awdible sound, much
less the inaudible variety, possesses
real physical power. Audible sound
wiaves we hear often are very powerful,
but upltra-sound offers an opportunity
to use even higher power without
ereating disturbing nolse, Scientists

February, 1959

have just seratched the surface of ul-
trasonic power and its useful functions.

Enrico Caruszo, according to legend,
eould shatter a wine glass with his
great voice. There is nothing new
about_the idea of sound having power-
ful properties bevond its communica-
tive functions, but foew have seen 1ts
power in action even today,

Perhaps the simplest demonstration
of the existence of ultrasonic “silent
sound,” is the silent dog whistle. Hu-
man ears can not hear its high-frequen-
ey waves, hut they do register on Fido's
wider hearing range. Ultragonics differs
from audible sound only in that ultra-
gonic frequency is higher, pitched above
18.0¢0M) eps, which is elose to the limit of
much human hearing; ultrasonic waves
are shorter than audible wavelengths.,

Both sonic and ultrasonic waves,
caused by mechanical vibrations, travel

through air, liquids, and solids at differ-
ing specds: about 1100 feet-per-second
in nir against about 4700 fect-per-sec-
ond in water, and 15,000 feet-per-second
in metal. In most of the present-day
commercial applications requiring some
form of useful work, ultrasonics makes
use af the liquid medium (or solids
in liguid phase) for its powerful effect.
Foxeeptiong include lowered-power non-
destructive testing of material for de-
termining thickness or locating flaws in
metals and the ultrasonie precipitation
of air-borne particles, smoke, and smog.

Liguid, then, is the vital component
in-many standard ultrasonic equip-
ments now on the market. Onone hand,
low-power ultrasonic deviceés measure
liquid level ultrasonically as in missile
fuel control systems. On the other
hand, high-power ultrasonic devices
“frritate” liquid by radiating ultra-
sonic waves through it; the result-
ant agitation, called cavitation, a "cold
boiling” effect, is caused by the ultra-
rapid formation and collapse of many
millions of microscopic bubbles thou-
gsands of times per second. This agita-
tion performs such useful functions as
cleaning and degreasing parts im-
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Printed dircuits may be cleaned by ulirasenics.



mersed in oa suitable solvent liguid,
processing, homogenizing, plating, and
even drilling square holes through glass
or in teeth. Fluid, in the form of an
abrasive slurry, performs the action in
the case of drilling, as in the other
applications,

Since eavitation is the functional
action in virtually all of ultrasonie in-

Glant ultrasonic sys-
fom. the largesl in
the couniry, cleans
fully assembled fuel
gauge apparatus
[not shown) of an in-
lerconfinental mis-
sile, In this 42-fool
long lank. More than
100 jronsducers oi-
tached along tank
botlem irradiale the
cleaning solutian,
Generators along
slde power the sub-
merged transducers.

dustrial cleaning and processing equip-
ment, as well as in new applications
now on the drawing boards, it is impor-
tant for us to understand it more fully.
"avitation is a difficult phenomenon to
deseribe or explain. Scientists have
only an approximate concept of its
cause and effect.

The ultrasonic waves are introduced

Fig. 1. (A) Schematic of E0-wall average power sell-reclilying half-wave generater.

operaled In class C, with its oufput 100% meodulaied at the line frequency.

Poak

powaer is 240 watts. Clrcult Is Harlley oacillator with grounded plate. Triode con-
ducts only on hall eycles of line frequency when filament goes negative. Tank coll
uses poly-iron slug whose position is changed by tuning knob. This determines the

frequency and ls used lo match generator frequoncy o that of ransducer.

It alsa

serves as power oulput control. (B This is a 125-watt average power sell-rectitying
fullwave generator which operates like the previous unit excep! that oculput
Is obtained on both half cycles. Peak power is twlice average power in this case.
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into the liquid. These waves are usual-
ly produced originally by econverting
electrical energy to mechanical sound
vibrations in a transducer, When the
ultrasonie vibrations, nowadays gen-
erally ranging [rom 18,000 to 40,000
cps, are passed through the liquid, they
actually rupture the fluid at a periodie
rate. During fuid rupture, microscop=
ie vapor bubbles or cavities form as the
tension phase of the transmitied wave
passes through the fluid. In other
words, the negative pressure cvele of
an ultrasonic wave creates local pres-
sures lower than the vapor pres-
sure of the liguid and so vapor cavities
are formed. The cavities so produced
are not siable because during the posi-
tive pressure cycle of the ultrasonic
wave, pressures are higher than the
vapor pressure, Thus, during the com-
pression phase of the alternating sound
pressure wave, these vapor cavities in-
stantaneously collapse with subsequent
release of quite tremendous localized
forees.

Because of their great implosive
force, collapsing globules impinging on
ohjects immersed in the cavitating fuid
can physically blast away any deposits
of elinging dirt or foreign matter even
within otherwise inaccessible crevices.,
In some cases, depending on the mate-
rial and time of exposure, the surface
of the object submerged in an ultra-
gsonic cleaning tank is literally eroded
away.

Cavitation also has great effect on
the liquid itsell. It can de-gas fuids,
homogenize and emulsify, and perform
other important processes that were
difficult, eostly, or even impossible to
do at all before,

While eavitation is the modus oper-

Banka of ulirasonic transducers are ar-
ranged, six 1o a side, within cleaning lank
where they remove scils from brass plumb.
ing fixtures during production ot Keeney
Mig. Co. The moilled appearance of the

transducer casings is the result of o sur-
face phenomencn resulling from ulirasonle
vibrations. This does nol in any way al
feet the lifle or perlormonce of the unils.




andi  associated with praectically  all
under-liquid applications requiring use-
ful work, ultrasonic pauging generally
operates at sound pressures which are
below the so-called “threshold of cavi-
tation," The familiar sonar egquipment
and related depth sounders, fish lo-
cators, and liguid level gauges transmit
pulses of moderate power which return
a5 echoes some intervals later, the
measurement of those time intervals
imparting the desired information.

Why can't these applications employ
the same high power as in the liquid
processing and cleaning  equipment?
Should the power be deliberately raised
past the threshold of cavitation, the
long-distance performance would be se-
vierely limited by the scattering effects
of the eavitation bubbles on subsequent
sound waves, Thus, the effective cove-
erage of such information-seeking ul-
trasonic instruments may be severely
curtailed,

Types of Transducers

To create cavitation in liguid, or the
non-cavitating low-power waves for
gaining information, how do we pro-
duce ultrasonic waves at the proper
place and Mrequeney? First, we need an
appropriate driving source of power or
energy for the transduecer. Then, the
transducer converts that energy, be it
olectrical, mechanieal, or hydraulic en-
ergy, into sound waves. For all practi-
cal purposes today, the electro-acoustic
transducer is used rather than purely
mechanical or hydraulic transducers.

The transducer usually is separated
from the penerator and eonnected by
eable to it. Generators generally em-
plov an electronic oscillalor as a source
of power., They are simple and able to
produce efficient pulsed power, The
transducer is either attached to the
hottom or sides of the tank or it may be
immersed in the tank fuid itself.

Transducers fall into two major cate-
gories—magnetostrictive and piezoelec-
tric—plus a new type of transducer'

Tronsisiors and other elecironic paris

Cover Story

UR cover this month symbolizes the impor-

tant use of ultrasonics in cleaning the rosin
flux from a printed cireuit board, This is fre-
quently done both befare and after the com-
ponents have been mounted. In order to
dramatize the effect, we covered the board
with green paint which we then allowed fo dry.

Fhoto below shows lates! commercial ulira-
for surgical instruments,

sonics cleaner

Here is the plostic demonsiration fank we

used for our cover shol. The two frans-
ducers may be clearly seen at s bollom.

When the painted, printed board was dunked
inte the ultrasenic cleaning tank, the paint be-
gan o boil off.

The cleaning tank used was a speocial dem-
onstration tank made of clear plastic so that
the ultrasonic cavifation can be seen clearly.
Two transducers were mounfed af the bottem
of the tank and these, in turn, were connected
to the sutput of & small, portable ulrasenic
generator, The setup was photegraphed at the
MI-I'I-E'DIH, Lnng I‘Iﬂl’ldl NE'II' Tﬂrhl Plﬂﬂ+ ﬂF
Acoustica Associates.

The miniature printed board wsed was pro-
duced by Photocircuits Corp. for a large com-
puter. The board is made of epoxy-glass
laminate, with gold-plated conducters and
rhodium-plated contact fingers. Seven half-
watt resisfors and a doren semiconducter di-
ades are mounted on the board, =

[Covar phote by Dave Hendersen|

“take a bath”

that combines the best elements of the
other two basic types.

Magnetostrictive Transducer

A magnetostrictive transducer devel-
ops sound energy when alternating cur-
rent is passed through a coil surround-
ing a material that changes dimensions
under the nfluence of a magnetic feld.
The change in dimensions of such ma-
terial under these conditions is known
as the Joule effect, named after its dis-
coverer., The material used is usually

in ultrasonically radiated

jank @i Otis Elevator Ce. planl Trensducer located ot base of fank puts sound
waves into liguid, Power iz provided by the generalor at the lelt of the fank.
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nickel or a nickel alloy in the form of
sheets of thin punched laminations
bound together in a stack, like a deck
of cards. When the a.c. current is ap-
plied to the coil, the stack expands and
contraects, setting up mechanieal vibra-
tions. When the stack is driven by al-
ternating current at a frequency cor-
respending to its natural resonant fre-
quency, even greater moetion results. In
practice, this is alwayvs the case.

Because the magnetostrictive nickel
must form the core of what is cssen-
tially an a.e, solenoid, this tvpe of
transducer is most suitable where large
forees are to be applied to relatively
small areas, such as in ultrasonic weld-
ing, soldering, and drilling, or where an
ability to withstand high temperatures
is required. (The Curie point, above
which magnetosiriction no longer oc-
curs, is A58° C, for nickel.)

When magnetostriction transducers
are directly immersed in the process
tank, cooling can usually be obtained
from the liquid itself. Heating due to
external losses of magnetostriction
transducers not in direct contact with
liquids is generally controlled hy either
cooling water or else by means of an
air blast,

Piezoelectric Transducer

Pieroeleetric transducers are made
up of slabs of material such as quartz,
barium titanate, and certain other
ceramics in which alternating electri-
cal energy is impressed across these
General
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Hundreds of camera lenses which are
coked with hard pitch used (o hold them
durlng grinding, are dipped into this ultra-
sonics tank for a final cleaning operation,

slabs to set up vibrations at the natural
resonant  frequencies of the pieces,
Barium titanates, artificially produced
piezoelectric material, may be cast dur-
ing fabrication into wvarious shapes
other than slabs which are suited to
focusing ultrasonic energy within a
small area where more intense cavita-
tion can be developed for localized
processing. Typical shapes include par-
abolic bowls and cylinders. Generally,
the titanates operate below 1007 C.,
although they are among the most effi-
cient transducer materials,

Comb’nation-type Transducer

The two conventional transducer cat-
egories, magnelostrietive and iezoelee-
tric, firgst developed for underwater
sound purposes, have certain limita-
tions for commercial use. These have
been overcome by a third type of trans-
duecer, which may be referred fo as a
combination or multi-power type.

The multi-power transducer makes
use of a solid metal section as the
major operating element. The active
transducer material itselfl is positioned
near the conter of the element. The re-
mainder of the vibrator is made of spe-
cial alloys that are nearly loss-free at
commonly used vibration frequencies.
The transducer material itself can be
made of any suitable vibrating material,
including barium titanate if desired.
The thermal conductivity of the metal
permits almost any piezoelectric trans-
ducer element to be used continuously
and at higher-power level.

Ultrasonie cleaning and liquid proc-

essing equipment varies greatly in de-
tail depending on the variable condi-
tions of each specific application. You
can buy off-the-shelf equipment from
stock in appropriately scaled sizes.
They range from small beaker size to
tanks holding 150 gallons.

Equipment Specifications

Basic components of all ultrasonic
cleaning syvstems are the generators,
transducers, and tanks, assembled like
building blocks, with one or more
tanks, contaipning single or multiple
transducers, operating off one gener-
ator in many cases, Larger or non-
standard systems arce available on spe-
cial order to meet requirements for vir-
tually any cleaning system, whether it
be a simple batch cleaning operation or
a conveyorized system. In one inter-
esting example where the long, slender
assemblies used in the “Atlas" missile
are cleaned, a 42-foot-long ultrasonic
cleaning tank is used. The long liguid-
filled tank is radiated by more than 100
transducers rvanged along the entire
tank bottom,

In addition to the necessary hard-
ware, the liquid within the tank must
has been

Magnetostriction transducer

partly disassembled lo show interior.

also be considered an integral compo-
nent of the system. This liquid may be
plain water, water containing deter-
gent, or appropriate solvents. Harm-
less water solutions frequently are used
for cleaning items previously requiring
highly toxic solvents which were harm-
ful to the item itself and dangerous for
the operators.

In selecting or designing a particu-
lar ultrasonic cleaning or processing
gyvstem, there are many variables to he
considered. The type of materials to be
eleaned, the soils to be removed, the
solvents and detergents used are all
factors, The resulting reductions in
direct labor costs, the requirements of
gquality control; all must be weighed
and considered.

Most of the cleaning equipment op-
erates at frequencies between 20 and
40 ke. at pulsed power outputs ranging
from 50 watts average and 200 watts

pealk for small portable units to 2 kw.
average and 8 kw. peak for large ca-
pacity equipment. Among the most im-
portant considerations in selecting op-
erating frequency are power needed
for the cleaning application, maximum
efficiency, and audibility, Different lig-
uids vary in their “threshold of cavi-
tation" and so different acoustic powers
mustbeutilized. The power required for
frequencies above 50 ke rises rapidly
under usual conditions. For this reason,
and because 18 to 20 ke, is too near the
upper limit of human hearing, the fre-

quency is selected to fall above the
audible range but below the pomnt
where efficiency begins to fall off no-
Liceably,

Modern ultrasonic generators almost
invariably emit pulsed ocutput rather
than a constant amplitude output
(cw.)., What is the reason for using
pulsed or modulated generators over
the continuous-wave type? (Fig. 1
shows diagrams of pulsed, or self-recti-
fied, generators,)

We know that if an air barrier, how-
ever small, is present between the lig-
uid to be ecavitated and the vibrating
transducer, we will greatly attenuate
the sound energy, reducing the develop-
ment of uniform and complete cavita-
tion in the liquid. Just such an air bar-
rier is apt to appear across the face of
the vibrating transducer in the form of
a sereen of cavitation bubbles at the
area of maximum acoustic power input.
However, by pulsing the generator, we
allow thiz sereen of bubbles to die out
momentarily. We can then send
throuzh another burst of sound. Cavi-
tation will then develop farther into
the cleaning tank than would otherwise
be possible with a continuous power
gource. Pulsed power, therefore, allows

(Continued on page 172)

Ultrasenic footwear bath decontominales
radioactive soils on shoes of workers in
nuclear plants thus preventing daonger-
ous radicactive socils from being tracked
from “"hot” areas on soles of the rubbers.
The small portable ultrasonics goneralor
on the box at right supplies the power.
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Ultrasonics—and its Uses
(Continued from page 40)

for complete development of copious
cavitation everywhere within the clean-
ing tank.

Liquid Level Switches

The liquid level switches, or sensors,
are miniaturized, hermetically sealed
ultrasonic probes which are sensitive
to the presence or absence of liguids.
‘:I‘hz- probes are installed in the mon-
|tm'eld area at predetermined levels,
at high and low points in a tank for
example. An associated control unit s
placed at a convenient location for the
operator, connected to the sensing
probe hy cahble,

The control circuit consists of a
single transistorized oscillator and a
subminiature relay in a hermetically
sealed metal case, The piezoelectric
sensing element in the probe and the
associated circuit in the control unit
funection effectively as a erystal oseilla-
tor. When liquid surrounds the probe
tip, it has a damping effect, and the cir-
cult does not oscillate because of the
high acoustic impedance,

If the medium surrounding the probe
changes again from liquid to air, the
acoustic impedance abruptly drops and
the circuit immediately starts to oscil-
late, The relay in the control unit,
which is activated by the oscillator, is
used to energize any auxiliary indicat-
ing or control system.

In missiles, the ultrasonie liquid level
system will accurately measure the
amount of ligquid fuel in a tank at any
angle during flight, relay the data to a
missile-borne computer, which regu-
lates missile fuel supply. It has also
been used in such diverse applications
as low- and high-level warnings in air-
craft fuel, lubrication and hydraulie
systems, and in food processing, chemi-
eal plants, and in the petroleum
industry.

Applications

Powerful ultrasonic cavitation within
a liquid will elean and degrease, even
decontaminate radioactive materials
and other soils from the most inacces-
gible crevices of instruments immersed
in the cleaning tank. Such cleaning
svstems are being used today for elean-
ing overything from delicate electron-
ic apparatus to surgical instruments,
from camera lenses 1o giant missile as-
semblies. The penetrating ultrasonie
cavitation eliminates the prior need to
disassemble complex instruments. The
cavitation, despite its great power, will
not harm glass, chrome-plate, stainless
steel, or etched and painted markings.

Some items that are being cleaned
by ultrasonies include: motor and gen-
erator armatures, electric meters, re-
lays, transistors, potentiometers, print-
ed circuits, and vacuum tubes. The
cleaning systems will quickly remove
excess solder flux, etching resists, fin-
gerprints, polishing compound, lint,
waxes, and a wide variety of other

s0ils from virtually all types of items.

Besides liquid level control systems
for missiles, the military is also devel-
oping newer ultrasonic systems for
search and depth sounders and for un-
derwater communications and other
similar applications.

Besides the surgical instrument wash-
ing machine, hospitals and the medical
field are also using ultrasonics for vari-
ous physical therapies where ultrasonic
energy at certain frequencies will heat
deep tissue, much like diathermy. Ul-
trasonics has also been found useful
in locating tumors, and in brain
SUrgery.

The metalworking industries have
become prime users of ultrasonic equip-
ment, not only for eleaning. Ultrasonic
drills can make square holes in hard
and brittle materials such as tungsten
carbide, steel, brass and even in glass
because they drill in an up-and-down
movement rather than by turning. In
drills, the ultrasonic energy activates
an abrasive slurry which literally eats
away the undesired material rapidly.

Up to now, soldering aluminum has
been extremely difficult because of the
problem of removing the oxide coating
from the surface of the metal. But
ultrasonic soldering irons transmit
their sound waves through the molten
solder to the surface of the metal. The
turhbulence tears off the protective ox-
ide film permitting tinning to take
place,

Beecause cavitation will de-gas fluids,
it has become important in solving cer-
tain problems in this area. Sound
waves, for example, are beamed
through beer bottles just prior to cap-
ping, causing it to foam and forcing
out the trapped air. If the air remained,
it would cut down the shelf life of the
beer. In certain wineries, ultrasonics
has been used to greatly speed the
aging process.

Ultrasonies is being used more and
more as a tool of ingpection in the rail-
road, aireraft, metals, and related
heavy industries. Sound waves can
“see’ inside metal. When a crack, cor-
rosion, or other defect, hidden from
gight, i& encountered by the =ound
waves, part of the waves are reflected
back to the measuring instrument. The
remainder travel to the opposite end of
the material where they, too, are re-
flected back. The exact location of flaws
in the metal as well as the thickness of
the piece can be spotted by comparing
the time it takes the waves to make
the round trip with a reference.

The Future

We are developing the existing appli-
cations of “silent sound” in cleaning
and processing and in liquid level meas-
urement. We are exploring new ways
of harnessing the power of ultrasonics,
not only within or associated with lig-
uids but outside the liguid medium.
Greater research is needed by industry,
laboratories, government, and individu-
al scientists. Their discoveries will yield
tremendous rewards in the decades to
come¢ from the amazing power of un-
seen, unheard ultrasonic waves. —3j—
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