2,848,775

L. J. ETTENREICH
METHOD OF CONTROLLING THE PROPERTIES OF
METALS AND METAL ALLOYS BY
IRRADIATION WITH VIBRATIONS

Aug. 26, 1958

Filed Sept. 17, 1953

3 Sheets-Sheet 1

Fi6/B

Al

b 14

j—— Af———)

3/0

E2)

Z}o

220
Fie 2

290

280

250 260

230 240

200 2l0

190

J, ETTENREICH

L.

INVENTOR.

D
]



Aug. 26, 1958 L. J. ETTENREICH 2,848,775
METHOD OF CONTROLLING THE PROPERTIES OF
METALS AND METAL ALLQOYS BY
IRRADIATION WITH VIBRATIONS

Filed Sept. 17, 1953 3 Sheets-Sheet 2
/ﬁ( ~ 144
Sy = .LML'QJ 5k
™
[ H&v 4
5
/2 g/z

Fe 5

21 ¢§0000000000000

© ©

L.J Frrevreck
INVENTOR.

BY



Aug. 26, 1958 L. J. ETTENREICH 2,848,775
METHOD OF CONTROLLING THE FROPERTIES OF
METALS AND METAL ALLOYS BY
IRRADTATION WITH VIBRATIONS
Filed Sept. 17, 1953 3 Sheets—Sheet 3

320 3% 3Mp 30 360 3m 380

300 34

60 2w 180 290

250

20 20 230 140

24
2
0

e
L.J FTTENREICH
INVENTOR.

8y W %

22
20
8
161
4
12



United States Patent Office

2,848,775

B8

Patented Aug. 28, 18

o}

METHOD OF CONTRCLLI?
METALS AND METAL A_AJGYS
TION WITH VIBRATIONS

Ludy v«g Josef Ettenrcich, Wolfurt, Vorariberg, Austria,

assiguer to Etma &, A, Pmavna, Panama, & corpora-
tum of Panama

Application September 17, 1953, Serial No. 380,812
16 Claims., (Cl. 22-—288)

& THE PROPERTIES OF
BY IRRADIA-

BY

This invention relates to a method of controlling the
orders of magnitude of the properties of metals and metal
alloys, for example steel, by subjecting them, in their
solid or moiten state, at temperatures corresponding to,
or above the phase conversion state to the influence of
vibrations of appropriate frequencies from an external
source.

An object of the instant invention is so to control the
atomic and crystallographic structure of the treated ma-
terial throughout the entire body of the material in ac-
cordance with predetermmed requirements of hardness,
tensile strength and grain size, of which the material as
judged by its qualitative and quantitative composition is
capable.

A further object of the invention as applied to the
treatment of steel is to produce a predetermined desired
solution of its carbon constituent in the iron thereof,
together with the attendant physical propertiss in the
steel, without withdrawing energy suddenly from the
steel.

Still a further object of the imvention as applied to
the treatment of steel is to supply emergy electrically,
acoustically or otherwise, tc the stee! at temperatures at
or above a determinable temperature to produce pre-
determined and desired physical property values in the
steel which are retained by the steel at normal tempera-
tures.

Still a further object of the invention, as applied to the
treatment of steel, is to produce predetermined improved
physical properties in ordinary carbon steels which im-
proved properties are of orders of magnitude of the
physical properties of alloy steels.

Still a further object of the methed is to psrmit of
the casting of metal products in their final dimensions and
treating them in the cast and heated condition in such
manner as to improve their physical properties without
interrupting or accelerating the cooling thereof, and to
retain the improvement so obtained when the cast metal
products have solidified and cooled.

Still a further object of the invention, as applied to
the treatment of light-alloy steels, as well as medium-
alloy steels, is to improve the physical properties thereof
to substantially the same order of magnitude as those
presently of the more heavily alloyed steels.

Still a further object of the invention, and particularly
as applied to the hardening of steel, is to eliminate present
requirements in respect of the small time intervals within
which the cooling or quenching must be effected to pro-
duce a required degree of hardness, and yet to obtain any
required degre of hardness wholly independent of the
cooling time.

Still a further object of the invention is to permit
hardening carbon steels, within their hardenable range,
to the very core thereof to such values as are presently
asscciated with alloy steels.

Prior methods of controlling the values of the pron-
erties of materials, particularly metals and metal alloys,
by influencing their atomic and crystallographic structure
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have generally taken the form of heating followed by
quenching, that is, have invoived the extraction of energy
from the material being treated. More recently, methods
nave been suggesied of so controlling such structures in
materials, metals and metal alloys, by subjecting -them
in heated condition to supersonic vibrations. Probably
due to the high order of damping of the frequencies in-
volved, only surface effects have been obtained rather
than the desired uniform effect throughout the whole
body of the material being treated. Even to produce
such surface effects as the supersonic methods are capable
of, considerable time was required, although as com-
pared to methods involving gquenching, the supersonic
methods are based on the principle of energy addition to
the material being treated. It appeared to me that the
principle of energy addition to control the physical prop-
erties was basically correct, but that in these supersonic
methods the scurce of the external energy added to the
material was rather the most unfavorable one that could
be used in view of the high damping rate of supersomic
frequency gemerators. Furthermore it appeared tc me
that the use of supersonic frequencies not related in any
fixed way to the material under treatment probably con-
tributed to the results obtained, namely, the inadequate
urface effects and the failure to produce effects uniform
throughout the body treated. By subjecting bedies tc
the influence of supersonic frequencies, a locsening of
the atomic structure as well as a decrease in the grain
size was produced. Based upon theoretical considera-
tions, since supersonic methods of irradiation produced
only surface eifects and since low frequencies in the audio
range could readily be sustained without any damping,
irradiation by the use of low frequencies might well
penetrate throughout the body being treated. However,
with only that knowledge and in the absence of the phe-
nomenon first observed and recognized by myself, the
use of low frequencies would appear impractical as in-
volving toc much time. .
The instant invention overcomes the difficulties of the
supersonic methods and is based on the following phe-
nomenon first discovered and recognised by myself as to
the characteristic nature thereof. Any body of matter,
and particularly of metals or metal alloys, composed of
at least two constituents, or composed of a majol and
at least one minor mg;edwnt——whether such minor in-
gredient is found with the major ingredient in the latter’s
natural state or is added thereto in the processing there-
of—in addition to its natural or resonant sinusoidal vi-
bration of 2 given frequency, determined in the main
by the major ingredient of the particular body, has a
second charactensth. vibration of which the frequency
is dependent on the order of magnitude of the physical
properties of the body produced by the minor ingredient,
respectively ingredients. Oumly in the case of bodies of
a single constituent which is substantially chemically
pure has such a second characteristic vibration nct been
observable. This second characteristic vibration differs
slightly in frequency from the frequency of the natural
or resomant vibration, being always somewhat higher as
observed and measured, and is also of sinusoidal wave
shape. Since the two frequencies differ but slightly from
each other a resultant, relatively low frequency beat
vibration is produced. The natural or resonant frequen-
cies of bodies are obvxously con51derably below the
supersonic frequencies used in the prior methods at-
tempting to influence and control the physical properties
of bodies, and in practical cases are seldom in excess of
some 3,000 cycles per second extending downwardly to

a few cycles per second or less.
In the following portions of the specificaticn and in
the claims the term “natural frequency” is always used
to define the lower of the two frequencies at which a
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body of material of at least two components vibrates.
when left to itself to vibrate freely after having been set
in vibration by an application of an external force and
such-external force has terminated.

1 was the first- to recognize that the beat vibrations
which occur in an elastically anisotropic medium or body
are related to the values of the physical properties of
such body and that:

a. The frequency of the beat vibration is a function of
the physical properties of the body, such as hardness,
tensile strength, and grain size, varying in- relaticn to
such values, and increases with increases in-the values
of the hardness, tensile strength, and fineness of grain

. structure; .

b. By impressing beat vibrations of a given frequency
upon such a body, and thus also the energy of such beat
vibrations, the value of the physical properties of such
body may be varied since each value of the physical prop-
erties of such body corresponds.to a beat vibration of a
definite frequency characteristic of the particular value;
and :

¢. To control the physical property values of the body
by impressing a beat vibration of a given frequency upon
such body, one of the two sinusoidal oscillations pro-
ducing the beat vibration must have a frequency equal
to the natural frequency of the body.

The above can be explained in greater detail as fol-
lows: By the method of my invention changes in the
values of the physical properties of such bodies, particu-
larly in the case of steel bodies, are caused by producing
a forced or compulsory status in the atom lattice. The
elastic- anisotropy of a body is related to changes in the
values of the physical properties. The magnitude of this
elastic anisotropy is functionally related to the variations
in value of such physical properties:.  When an elasti-
cally -anisotropic body is excited to vibrate at its natu-
ral frequency—or even when it is caused to vibrate at
a forced frequency—the waves set up in the body, as a
result of the body’s elastic anisotropy producing a dif-

ferent velocity of transmission of the wave in different *

directions, are divided into two.comiponents. In that
the two-components are coherent, i. e., have a common
point of origin, and, as shown by observations and ex-
perience, are of but slightly different frequencies, they
interfere with each other in the form of a beat vibration.
In the physical sense a beat vibration is the resultant of

- two sinuscidal osciliations, the frequency of the beat vi-
bration being the difference in the frequencies of the os-
cillations producing it and of which the amplitude is a
periodic function of time. A beat vibration of which one
component sinusoidal oscillation is the natural frequency
of the body is hence designatable as a “natural beat vi-
bration” of the body.

This natural beat vibration, and only this natural beat
vibration, is characteristic of the particular value of the
physical property of a body of a given material. Only
this ‘natural beat vibration, that is; the energy inherent
in such natural beat vibration, can be used to vary the
order of magnitude of the values of the physical proper-
ties of the body to a predetermined and desired value.
Each value of a physical property, such as hardness, duc-
tility, tensile strentgh and grain size for example, corre-
sponds to and has a definite energy content. If then,
the value of such physical property is to be altered, there
must therefore be applied to the body at least such a
quantity” of energy which quantitatively totals to that of
the desired value of the physical property. '

My tests have uniformly shown that for a given con-
figuration and a given material,”the natural frequency
remains unchanged ‘but that the frequency of the natural

beat .vibration incréases with the hardness of- the body.’

Taking bodies of identical material throughout the bodies
and of the same geometrical configuration and dimen-
sions, I have tested their hardness in the untreated con-
dition and in conditions after treatment to various de-
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grees of hardness. Irrespective of the mode of treatment
by which the particular hardness was produced in the
body, these tests conclusively demonstrated that for all
of the bodies, treated and untreated alike, the natural
frequency was the same and that, as compared to the
untreated body, the frequency of the natural beat vibra-
tion of the treated bodies had changed. Where the treat-
ed bodies had eéxperienced an increase in hardness rela-
tive to the untreated body, the mnatural beat frequency
had increased, while where the hardness of the treated
bodies was relatively less, the natural beat frequency had
decreased. Numerous runs of such tests with metal
bodies, other than those of a single substantially chemi-
cally pure metal, confirmed the conclusion that the natu-
ral beat frequency, and thence the frequency of the sec-
ond characteristic sinusoidal oscillation, is in fixed rela-
tion to the hardness of the bodies, varying in the same
sense as the variations in hardness. But, as shown by
handbooks on materials, since such other physical prop-
erties as grain size, tensile sirength, elongation and duc-
tility, vary in fixed relation with hardness; for all practi-
cal purposes reliable deductions are possible as to the
relation of the natural beat frequency and such other
physical properties. )

To determine whether the natural beat vibration fre-
quencies were constant for a given hardness irrespective
of the material of the bodies, my test bodies were all
of the same configuration and dimensions but ecither of
different proportions of the same materials or of the
same or other proportions of different materials. It
was found that for corresponding values of hardness, the
frequencies of the natural beat vibrations were not con-
stant for all materials and proportions of constituents
but were different for different body compositions, wheth-
er the difference in composition was qualitative or quan-
titative. - Since the natural frequency of a-body is a func-
tion of its composition, and hence of its modulus of elas-
ticity and density, and in part of its geometric configu-
ration, the conclusion follows that the frequency of the
natural beat vibration is a function:of the natural fre-
guency and of the degree of hardness.

It follows that it is possible to produce in a body
which, judged by its constituents qualitatively and quan-
titatively, is capable of having values cf its physical prop-
erties different from the values they presently have, any
of the differing and desired values, by impressing on the
body the particular natural beat vibration of the fre-
quency characteristic of the particular desired value of
the physical property. At the same time the body should
be in such condition that the effect produced -by the
natural beat vibration shall be retained indefinitely by
the body after it is removed from the influence thereof,
such as is the case on quenching heated bodies in the
prior known methods for hardening metals, for example
steel. In accordance with established international ter-
minology, the term “steel” means any iron capable with-
out further treatment of being forged. .The possibility of
hardening steel depends primarily on its carbon content.
It will be recalled that in the usual methods of harden-
ing steel, the steel is cooled from a certain temperature, as
given by its phase diagram, lying above the critical tem-
perature of the particular steel, the cooling being more
or less rapid thereby withdrawing energy from the steel.
Each such certain temperature corresponds chemically
to a certain state of solution, that is; position of the car-
bon in the atom lattice. Considered physically, at such
certain temperature the atom lattices and their compo-
nents are in a given state of vibration, such state of vi-
bration being characteristic for that particular. certain
temperature. If now suddenly a sufficient amount of
heat, that is, energy, is withdrawn from the steel to cause
its temperature to fall to about or below the critical tem-
perature, such characteristic state of vibration is fixed and
retained by the steel even onm, and after, cooling to room
temperature, : B SR
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I have indeed found that by heating metals and metal
alioys io temperatures above the phase conversion tem-
perature, or while such bod’zs are still in their molten
state during their production, the physical properties can
be controlled as to magnitudes by impressing thereon the
natural beat vibration characteristic of the given hardness
of the particular body, the impressed natural beat vibra-
tion consisting of the matural frequency and the second
characteristic frequency as above mentioned. What the
particular natural beat frequency to be impressed should
be is readily taken from a system of graphs previously
obtained in the manner substantially as below described.
‘What the minimum temperature of the particular body
should be at which the natural beat vibration treatment
should be initiated is readily determinable from the phase
diagram of the system of the constituents composing the
body to be treated, and is the temperature at which the
phase of the actual proportions of the constituents of the
body are convertible from the phase stable at normal

temperature to the next adjacent phase stable at tem- 2

peratures above normal. The application of the natural
beat frequency is continued until the body has cooled to
substantially the martensite iransformation temperature,
which in the case of carbon steels is about 250° C. On
subsequent examination the completely cooled body is
found to have the desired physical properties of which
the applied natural beat frequency is characteristic.
As has been stated, the instant method may be used
on the bodies while they are in the mclten state, the
original melt being cast in its final form, the dimensions
being little altered by the instant method and the stresses
and strains of quenching, or from any other source, being
substantially totally absent since the body always cools
off at its ordinary rate as determined by its surrounding
atmosphere without any sudden interruption. Thus most
machining operations, such as lathe work, grinding, miil-
ing, etc., are either eliminated or substantially reduced.
The use of the instant invention, which of itself requires
no extensive capital investment for the practice of the

method, also results in appreciable savings by requiring

fewer machine tools for the subsequent finishing of the
treated body to its final dimensions, and hence less labor
and power expense. It should be particularly noted that
the method of my invention is most effective in that it
produces its effect uniformly throughout the body in-
cluding its innermost core regions, in that for the first
time in any irradiation method directed to the problem of
improving the physical properties of bodies full use is
made of the phenomenon of resonance as compared to
the complete neglect thereof in the prior knowa super-
sonic methods.

Where the materials of the bodies are common carbon.

steels without alloying constituents, it has surprisingly de-
veloped that by tfreatment of the bodies by the instant
method the physical nropertiss th £
values which heretofore have been o ed with alloy
steels and have not, or cnly with great difficulty, been
attainable with the prior known methods. Hence the
instant invention has the added advantage of substantially
eliminating the use of those alloying ingredients which
hitherto have been required to improve hardness, for
example, to the required degree and beyond the limits of
the values obtainable, without such added alloying con-
stituents.

The foregoing, as well as the stated and other objects
of the instant invention, will be clearly understood from
the following description of my invention and of illustra-
tive embodiments of apparatus to practice the method of
my invention when read in connection with the hereto
annexed drawing in which:

Figures 1A and 1B show schematically oscillograms
of the vibratery conditions in bath the testing of the ma-
terials and the treatment of the bodies to determine, re-
spectively to produce therein, definite magnitudes in the
values of their physical properties;
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Figure 2 shows graphs depicting the relationship: be-
tween an iflustrative physical property, the hardness in
kilograms per square millireter as abscissas and the
natural beat vibrations in cycles per second as ordinates
of three bodies each of carbon steel of differing carbon
content;

Figure 3 shows a series of graphs of the same type as
shown in Figure 2 for alloved steels of different com-
positions;

Figure 4 shows an illustrative apparatus for practising
the method of the instant invention in which the energy
of the natural beat vibration corresponding to the desired
value of a physical property is inductively impressed on
the body under treatment; and

Figure 5 shows an illustrative embodiment of apparatus
for practising the instant method in which the natural
beat vibration is impressed conductively upon the molten
casting under ireatment.

Referring to the drawing, Figures 1A and 1B are dia-
grams to assist in the understanding of the concept of
beat vibrations in the physical sense. To obtain the nec-
essary knowledge of the interrelation between the physi-
cal properties of bodies of materials, the materials not
being chemically pure as above stated, and the natural
beat vibrations requisite to the instant invention, an
oscillographic record is made of the vibrations of uni-
formly shaped and dimensioned test pieces of the particu-
lar material. In making such records I have used cylin-
dricai test pieces of standard dimensions, namely of
200 mun. in length and 20 mm. in diameter. Irrespective
of which material, or the ratio of its constituents, it was
found that the maximum natural frequency involved was
of the order of scme 2700 cycles per second, i. e., within
the audio range. For a given material an unhardened
test piece, that is, one which has not been subjected to
any special hardening treatment, was first tested. The
testing took the form of supporting the test piece so that
it could freely vibrate on excitation, for example, by po-
sitioning the test piece across a pair of spaced knife edges
or by suspending it adjacent its ends by a pair of spaced
ioops, and then causing it to vibrate, for example by
mechanically striking it with a hammer actuated by a
spring mechanism, or a relay controiled electromagnet,
at appropriately spaced time intervals. The test piece
wouwid then vibrate, with damping, at its natural frequency
and, as has been repeatedly stated provided the test piece
was not of a chemically pure single element, the second
characteristic sinusoidal oscillation would demonsirate its
presence in the form of the resultant natural beat vibra-
tion. A microphone positioned near the vibrating test
picce, picks up the mechanical vibrations and, preferably
through the intermediary of an amplifier, transmits the
vibrations electrically to a loop oscillograph. Quite ob-
viously in the place of the microphone an electrical sound
recorder may be used as the electroacoustic transducer
provided precautions are taken to shicld the sound re-
corder from any direct influence by the actuation sources
for vibrating the test pieces.

When the photosensitive recording strip, which may
be film or paper, of the oscillograph recorder is run at
very slow speeds the envelope curve 1 of Figure 1A,
ihat is, the natural beat vibration which is the resultant
of the natural frequency oscillation and the second char-
acteristic sinuscidal oscillation above identified, is re-
corGed. The internodal interval T, of one complete
beat vibration, as is known, is equal to the reciprocal
¢f the natural beat frequency which is thus accurately
determinable; since the frequency of a beat vibration is
equal to the difference of the two sinusoidal frequencies,
wiiich make up the beat vibration. Obviously and as is
well known, the magnitude of Ts can be determined by
time matks on the oscillogram or by simultaneously
recording a known standard undamped frequency thereon.

When, however, the photosensitive recording strip is
run at yery high speeds throngh the recorder, the in-
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dividual oscillations 2, shown within.the envelope curve
of Figure 1A, and of which one is shown in Figure 1B,
are recorded, the successive amplitudes of the oscillations
2 varying 'in accordance with the beat vibration 1 and
having a frequency which is the arithmetic mean of the
natural frequency and the second characteristic frequency
for the particular value of the physical property.  The
record so produced, shown in Figure 1B, is a correspond-
ingly enlarged record for the time interval Ar of Figure
1A. Again the value of an internodal interval Az of the
record of Figure 1B is determinable in the well known
manner -above menticned for determining the value T
Having determined At and its corresponding frequency,
and having previously determined the natural beat fre-

- quency fs, the values of both the natural frequency and
the second characteristic frequency are readily ascertain-
able mathematically.

When a test piece is of magnetic material, the excita-
tion to cause it to vibrate may be by magnetostriction
by placing a solenoid about the test piece, the coil being
energized from a variable, low frequency source. With
such arrangement, the test piece is set into mechanical
vibration by the alternating field of the solenoid, the fre-
quency of the source being varied until the amplitude
of the vibration of the test piece is a maximum. At this
latter point the test piece will be vibrating at its natural
frequency. With this type of an arrarigement, an electro-
acoustic transducer not subjéctible to the direct influence
of the solencid field, for example a crystal microphone,
is preferably employed to record the mechanical vibra-
tion of the test piece.

Having completed the above described observations,
measurements and computations with the untreated test
piece of a given material and composition, additional
test pieces of the same material, composition, and dimen-
sions but which have been treated in respect of their
physical properties, for example of different degrees of
hardaess, are similarly examined. The particular sequence
of examining the untreated and treated test pieces does
of course not matter. From a comparison of the re-
sults obtained, it is readily apparent that while the natural
frequency of the test pieces of a given composition of
materials is unaltered, assuming measurement thereof
at identical temperatures, no matter what the particular
value of the physical property, for example hardness;
the frequency of the natural beat vibration changes in
direct relation to the increase in the value of the physical
property.. On plotting in a graph the observed values
of the natural beat frequencies against the values of the

particolar physical property, in the illustrative example :

hardness, a fized relationship between the two is readily
noted. - In other words, the natural beat vibration is
a measure of the value of the physical property, Hard-
ness, of the material under test. Illustrative graphs so
obtained -are shown in Figures 2 and 3 in which the
natural beat frequencies are plotted against the cor-
responding hardness values.

Figure 2 shows such graphs, the natural beat vibrations
in cycles” per second and the corresponding hardness
values in kilograms per square millimeter, for three carbon
steels which are typical of the regions in which they are
positioned in the phase diagram of the iron-carbon sys-
tem. Graph I is for a carbon steel in the hypo-eutectoid
region, graph II for eutectoid carbon steel, and graph
JH for a carbon stee] in the hyper-cutectoid range. The
hypereutectoid steel, having snlphur and phosporeous con-
stituents each of which is nct in excess of 0.06% with both
together not exceeding 0.10%, had a carbon content of
some 0.45% by weight. It will be noted that in the un-
treated - condition, the hardness of the steel was 190
kg./sq. mm., and a matural beat frequency of 4 cycles
per-second. - The matural frequency of the test piece of
this material was approximately 1950 cycles per second
and remained unchanged in respect to all test pieces of
this hypoeutectoid steel, while the natural beat frequency
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progressively increases with increasing hardness to 16
cycles per second for the highest value of hardness ob-
tained with test pieces of the stated configuration and
dimensions, 275 kg./sq. mm. ‘The eutectoid steel for
which graph II shows the interrelation had a carbon
content of °0.90% by weight and a natural frequency of
some 2000 cycles per second which remained constant for
all values of the hardness, while its natural beat vibration
frequency increased. from 4 cycles per second for a hard-
w:es of 203 kg./sq. mm., in its untreated condition to 16
cycles per second for the maximum hardness measured,
295 kg./mm.2. Similarly the natural frequency of 2090
cycles per second of the test piece of hypereutectoid
steel ‘of a carbon content of 1.3% remained constant,
from a hardness of 220 kg./mm.2 in the untreated con-
dition'and a natural beat frequency of 3 cycles per second,
to the maximum hardness measured of 308 kg./mm.2
with a natural beat frequency of 20 cycles per second.

Graphs IV to IX inclusive of Figure 3 are similar to
those of Figure 2, and similarly arrived at, for certain
alloy steels. used more or less extensively in industry.
They similarly show a fixed relation between the ‘natural
beat frequencies of alloy steels to their corresponding
hardness values. The alloy steels for which such graphs
are given in Figure 3 had the following compositions in
percentages by weight with the balance in each case
iron: .

>

Graph C ’ S8i Mn ’ P . S Cr { Mo | Wi v
0.40 | 0.35 | 0.75 | 0.020 | 0.022
0.44 | 0.18 | 1.72 | '0.024 | 0.021
0.44 | 0.30 | 0.45 | 0.026 | 0.022
0.42 | 0.35 | 0.93 | 0.020 | 0.020
0.43 | 0.21 | 0.65 | 0.026 | 0.024
0.59 | 0.29 | 0.60 | 0.022 | 0.023

The graphs of Figures 2 and 3 are illustrative only,
since I have in fact prepared, as the result of examinations
as above described, graphs for steels of numerous other
compositions used in industry and the practical arts, all
of which examinations and their graph-plotted results
show the interrelation between the natural beat vibration
frequency and the hardness corresponding thereto.

Not only do steels show such interrelation between the
physical property values and the natural beat vibraticn
frequency but also bodies made of metals and metal
alloys of which the major ingredient is other than irom.
All metal alloys having a phase diagram of the system
of - their components, which have at least two stable con-
ditions of their combined constituents in exactly the
same basic way show the interrelation of the physical
property values of bodies made thereof and their natural
beat vibration frequencies as above enumerated and de-
scribed for steel and steel alloys. The alloys set forth in.
the textbock by Dr. M. Hansen entitled “Der Aufbau
der Zweistofflegierungen,” published by Verlag von Julius
Springer, Berlin 1936, are herewith incorporated by ref-
erence as though actually here enumerated in  detail.
The graphs shown in Figures 2 and 3 are all plotted |
with the natural beat frequencies as the ordinate and the
hardness as the abscissa. ~ It is of course to be understood
that the graphs may have some other physmal property;
such as strencth ductility, or grain size, etc., as the
abscissa in view of the known close interrelations there-
between and the hardness of a given material and body.
1 have used as the abscissa in each of Figures 2 and 3
the various values of hardness as they are most readily
directly measurable with available equipment, but ex-
pressly do not limit myself to the graphs being in exactly
this form.

Assume now that it is requlred that a given value, other_
than that which is presently possessed by a body. of known
materials and known ratio of constituents, be brought
about in a given physical property of the: body, Since
the illustrative graphs of Figures 2 and 3 are in respect
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of hardness, we will assume the desired value is in the
harduness. For the time being, we will further assume
that the body to be treated is of both the materials and
the ratio thereof for which we have previously made a
graph and that it is also of the same configuration and
dimensions as the test pieces for which the graph was
made. The required hardness is located on the oraph
and the natural beat vibration corresponding thereto is
read therefrom. For example, assume that an untreated
bedy of the hypoeutectoid steel of graph I which is of the
same dimensions as the test pieces in making graph I
is to be given the maximum hardness of 275 kg./mm.2
which is shown by point A of graph I, and discloses that
the natural beat frequency is 16 cycles per second. The
body is now placed in a furnace and heated to above the
phase conversion temperature for 0.45% C. carbon steel,
which is some 780° C. from the phase diagram for
Fe:C systems. Upon reaching this temperature the body
is removed from the furnace and subjected for a period
of from four to ten minutes to the natural beat vibra-
tion frequency of about 0.5 kilowatt power and formed
by two sinusoidal oscillations of 1950 cycles per second
and 1966 cyclzs per second the irradiation of the body
by the natural beat frequency being stopped when the
body has cocled to about 250° C. FExamination there-
after of the treated body at normal temperature discloses
that the hardness of the body has increased from its
value in the untreated bedy by some 22.3%, from 190
kg./mm2 to 275 kg./mm.2 When testing the body now
by tne procedure herein before described for producing
the graphs, its natural beat vibration frequency will be
found to be 16 cycles per second as compared to one of
4 cycles per second in the untreated condition.

Not always is the body of a given material for which a
graph has been made of the configuration and dimensions
of the test pieces by which the available graphs have been
made. In such case the natural frequency of the par-
ticular body tc be treated may either be mathematically
computed from the graph available, that is, from the addi-
tional data given thereon as to size, comfiguration, and
natural frequency of the bodies for which the graph was
made if the bodies used io make the graph are other than
the normalized test pieces, or in the alternative may be
experimentally determined. Thus assuming that a body
made of the hypoeutectoid steel of graph I and having a
natural frequency of 3000 cycles per second is to be
treated so that its hardness is 275 kg./mm.2 In this
instance the natural beat vibration frequency used for
the treatment of the body would be composed of the two
sinusoidal oscillations of 3000 cycles per second and of
3016 cycles per second to give a frequency of 16 cycles
per second for the corresponding natural beat vibration
as shown by the ordinate of point A of graph I

30 also, an untreated body of a given material may
not always be desired to be treated to impart to it the
maximum possible hardness; thus the hardness value of
232 kg./mm.?2 may be desned for a body of the steel
of graph I. Point B of gragh I shows the natural beat
vibration to be 12 cycles per'second. Assuming the body
to be treated has a natural frequency of 3000 cycles per

econd, the other sinusoidal oscillation making up the
ﬁaLLll'a]. beat vibration is therefore 3012 cycles per second
in frequency.

Then again it may not always be desirable or desired
to increase the value of the physical property from the
value the property presently has. That is, for one spe-
cific purpose or other it may become desxrable to decrease
the valuy of the hardness of bodies which may previously
have been treated. Apgain the graph for the particular
material is consulted and the beat frequency natural to
the desired degree is noted. The procedure is now as
above stated in respect of heating to above the phase
conversion temperature and irradiating the bedy with the
proper natural beat frequency vibration corresponding tc
the desired decreased value of the hardness while the body

i0
is cooling from above its phase conversion temperature
to well below such temperature. As before, when the
treated body has cooled to normal temperature, it has
the desired and decreased value of hardness and exhibits
the corresponding natural beat vibration frequency.
In the iliustrative apparatus for practising the method
of the instant invention, shown in Figure 4, a body 18 of
magnetic material, after having been hﬂated to a tem-
erature of some 800° C. to 1,000° C., is inserted in
heated condition into a solenoid coil 11, the body 1§
being supporied on a pair of spaced supports of fire re-
material 12. The coil i1 is connected in the
output circuit of the power amplifier 13 of which

<t

10

the
input is supplied with energy from a pair of low-fre-
quency gener ators, i4a and 14H, through the transformers
L The output of each oscillation generator
e in frequency, both generators besing pref-
! rovided with separator stages to eliminate
ysmesls coupling effects when they are mutually de-
tuned. Omne of the generators, 14a or 14b, is tuned to
the frequency equal to that of the natural frequency of
the body, which frequency is known in the case of mass
preduction or is measured in the manufacture of single
pieces. By the use of the graphs as above ﬂlustraLeJ, the
natural beat frequency is noted for the desired value of
the physicel property, and the other of the generators,
34p or Ydg, is tuned to the frequency higher than that o
which the first generator is tvmed by the value of the
corresponding patural beat frequency. Thus as the body
10 cools from above the phase conversion temperature
it is sympathetically mech ily vibrated in syachro-
nism with the impressed magnetic vibrations so that the
rrespending vibratory condition of the atem lattice of
bcdy is fixed and held iiz and as the temperature
e bodv falls to below the phase conversion tempera-

and aboui the martensite iransformation
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specific means and apparatus used to vibrate the
body under ireatment by the msathod of the instant in-
vention at the desired natural beat vibration frequency
may be varied in many dztails, some which may de-
pend on the nature of the particular material being

d. Al of the known means of electroacoustic
slation art may bz so emploved in princinle, for ex-
stostrictive, electrostrictive, ele tromagn tic,
i means, eic., and particuiarly in the
cduction items by the method of
hich items have low natural fre-
beat vibrations may be preduced by

Higure 5 in sci L.m:\tl orm shows a form of apparatus
Whl h may be used, by »m)/ of illustration, in the very
cal application of the method of the instant inven-

2 ting iy upon its being cast and
g The two member,
the usual pouring
151d Las° mem

’_l by the meial el-:-
shown and through
ectrodes 2§ are con-

nectad {o mer 23, the second-
ory i rge cross-gsection and
o .onne:taa to the cuipui of a
685 D smplifier of Figure 4
the | hag a pair of low-fre-
G 1erators counected in parallel in the
inpy £ the Iow electrical resistance of
the h is selidify ,m from its molien state
70 as i ats, for example of
several thousand : v tarough the casting and

the transformer sec 1@1/ By unmuhafel/ sO passing

current Uuovlg; the it is solidifying, and
wn:‘a apalc*srlaLe sele tm- [ t“e natural beat vibration
2 with the desired value of the
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physical property, the-desired value of the physical prop-
erty is obtained in the solidified casting. By the use of
the method of the instant invention in this manmner it is
possible to impart to castings while still in the molten
state and solidifying, properties which heretofore could
only be imparted to them by appropriate treatment sub-
sequent to their solidification. It is surmised. that in
this particular practice of the method of the instant in-
vention, the electric oscillations are transiated electro-
dynamically into mechanical vibrations.

The method of the instant invention is readily appli-
cable in the manufacture of steel by making use of exist-
ing apparatus in the steel plants. In such practical ap-
plications, a flow of gas may be directed about the ma-
terial to be treated, and at least one of the sinusoidal
oscillations making up the matural beat vibraticn is im-
pressed on the flow of gas, which in turn transmits such
oscillation, or oscillations as the case may be, to the ma-
terial to be treated. While both sinusoidal oscillations
constituting the natural beat vibration of the desired
value of the physical property are preferably imipressed
on the stream of gas, if but one is so impressed on the
gas stream then the other sinusoidal oscillation thereof
is ‘impressed directly on the material being treated.
Whereas with prior irradiation methods using supersonic
frequencies to improve bodies while in their solid or
molten condition, matching difficulties impair the trans-
fer of sufficient energy from a gaseous space into a
solid or molten body, such difficulties are largely elimi-
nated when using the methed of the instant invention in
that, firstly, the two sinusoidal oscillations comprising
the natural beat frequencies lie in the resonant range of
the body under treatment so that relatively little excita-
tion energy is required to release powerful forces; and
secondly, the oscillations corresponding to the natural
frequency of the particular body are relatively low so
that absorption of oscillatory energy by the treated ma-
terial is much less than in the prior supersonic methods;
hence in the instant method, in this application as in all
its applications, the depth of penetration of the excitation
oscillations into the body under treatment is correspond-
ingly greater and extends to all portions of the body
whether surface or internal regions. Due to the resonant
effects which so appear, the entire body is uniformly af-
fected in the instant method.. The blower equipment
presently installed in any steel plant irrespective of the
nrocess practiced for producing steel, may readily be
used as the apparatus for practicing the instant invention.
Thus, for example, the gas stream may be passed through

fixed oscillation generators which are tuned or tumable, !

the exciting energy being taken directly from the gas
stream. On the other hand, sirens with motor drives, or
electroacoustic transducers of any of the known types,
may be used to impress the undamped oscillation, or
oscillations, of the natural beat vibration on the gas
stream. Where both oscillations of the natural beat vi-
bration are impressed on the gas stream, two tuned or
tunable generators may be disposed in series, but are
preferably disposed in paralle]l branches of the gas stream.

While my own work in the conception and develop-
ment of the instant method has been with relatively crude
apparatus and facilities, I siress that the method of my
invention always results in reproducible effects and values.
_ TPurther, as has hereinabove been stated, the instant
methed when applied to the treatment of castings in their
molten state substantially avoids all stresses and strains
in the cast body. It is known that certain alloy steels,
for example stainless steel alloys, in spite of their ad-
vaniages otherwise, are used rather sparingly industrially
because of their tendency to crystallize so coarsely on
cooling after being cast that they simply cannot be cold
worked thereafter. As is well known, the size of the
crystals depends on the composition of the steel and the
cooling rate; in general, the slower the cooling the larger
the crystals will be. If the solidification is slow, crystal-
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lization proceeds from the casting exterior walls inwardly
toward the center and forms macroscopic tree-like bodies
of austenite, or dendrites. Since crystallization involves
grain growth, the instant method is particularly advan-
tagecus in eliminating deleterious cracks in the casting
which presently cause an appreciable percentage of such
steel alloy castings to be rejected for further industrial
use. By applying to the ingot or casting in the mold
in the molten condition the natural beat frequency cor-
responding to the required degree .of grain fineness for
the particular alloy steels, the crystal size will be such
that the development of cracks is avoided and hence these
alloy steels take on remewed and increased industrial
value and importance. Furthermore, in prior endeavors
fo treat castings in the molten condition while the molds,
the relationship of - the superficial surface of the casting
to its total volume had to be relatively large in order
to obtain the required degree of grain fineness, and to
avoid cracking and shape distortions in view of the
feasible cooling rates in such prior methods. With the
use of the instant method the relationship therebetween,
that is the ratio of external surface to volume of the
casting, is absolutely immaterial and may be of any
order. Irrespective of the volume or the surface, the
physical properties of castings may, by the instant
method, be given any desired values within the possible
range as determined by the constituents of the castings,
and be given such values throughout the casting.

Since the natural beat frequency depends on the elastic
anisotropy ‘of bodies, it follows, of course, that not only
are electrically conductive bodies treatable by the instant
method but also bodies of dielectric materials. As is
known, the appearance of absorption lines in the spectra
of bodies is computable from the elastic constants of the
molecules, the observed values agreeing closely with the
computed values. But the absorption spectra of metals
and metal alloys differ from those of all non-metallic
bodies only in that the absorption bands of the former
are contimuous while those of the latter are discontinu-
ous, the continuity of the bands in the metals and metal
alloys (electrical conductors) being caused by the free
electrons which produce the electrical conduction, while
in the non-metal bodies (electrical non-conductors) there
are no free electrons and hence there is an absorption-
less gap in the spectra thereof. PFurthermore in an elec-
tric field every body becomes a dipole, conductors by
induction and insulators by electrical charging of the
dielectric. When the electrical charging and reversal of
charge is by means of an alternating electrical field vi-
brating in synchronism with the natural frequency and
the natural beat frequency-—the natural beat frequency
corresponding to the desired value of the physical prop-
erty—the values of the physical properties of a dielectric
material are teadily conmtrollable, as is readily -under-
standable, :just as are those of a conductive body by the
instant method.

‘All the apparatus, arrangements and interconnections
of the apparatus shown, or suggested, are by way of
illustration only and are in mo way to be considered as
limitations. Various modifications thereof and therein
will suggest themselves to the skilled worker in the art
without departing from the scope and spirit of my instant
invention. .

What I claim is: ‘

1. The method of producing any desired value within
range of possible values of a physical property of a body
consisting of at least two components, comprising the
steps of heating the body to at least its lowermost phase
conversion temperature, subjecting the heated body to
the influence of beat oscillations of a frequency charac-
teristic of the value of the physical property, the beat
oscillations being the resultant of an oscillation frequency.
equal to the natural frequency of the body and a second
oscitlation of a frequency equal to the sum. of the natural
frequency of the body and the natural beat frequency.
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characteristic of the value of the physical property, and
maintaining the body subject to the influence of the beat
oscillations while the body cools to a temperature sub-
stantially below such phase conversion temperature.

2. The methed of preducing any desired value within
a range of possible values in the hardness of a bedy con-
sisting of at least two components, comprising the steps
of heating the body t¢ above its lowermost phase conver-
sion temperature as determined by its components, sub-
jecting the heated body to the influence of the natural
beat frequency vibration corresponding tc the value of
the hardness, and maintaining the body subject to the
influence of the natural beat vibration until the body has
cooled to a temperature substantially below such phase
conversion temperature.

3. The method of controlling the values of the physi-
cal properties of bodies of material consisting of one
major ingredient and at least ons minor ingredient, com-
prising the steps of heating the body to at least its lower-
most phase conversion temperature as determined quali-
tatively and quantitatively by its ingredients, subjecting
the heated body to beat vibration oscillations of a fre-
quency equal to the natural beat frequency correspond-
ing to the value of the physical properties, and permitting
the bedy to cool while maintaining the body subject to
the beat vibration oscillations.

4, The methods of controlling the values of physical
properties of a metal body consisting of a major ingredi-
ent and at least one minor ingredient, comprising the
steps of heating the metal body to a temperature above
its lowermost phase conversion temperature, subjecting
the so heated metal body to the influence of externally
produced beat oscillations ¢f a frequency equal to the
frequency cf the natural beat vibration ccrresponding to
the value to be imparted to the physical properties, and
permitting the metal body to cool at the rate determined
by the ambient atmosphere to substantially below such
phase conversion temperature while maintaining the bedy
subjected to the influence of the beat oscillaticns.

5. The method of producing any one of a number of
values possible in a physical property of a body of mate-

rial having at least two components, comprising the steps’

of heating the material to its molten condition, forming
the body of the molten material, subjecting the formed
body while still in the molten condition to the influence
of beat frequency oscillations of a frequency equal to
that of the natural beat oscillation of the body corre-
sponding to the value to be imparted to the physical prop-
erty, and maintaining the body subject to the influence of
the beat oscillations while the formed body solidifies.

6. The method according to claim 5 in which the beat
frequency oscillations are electrically produced and ap-
plied conductively to the formed body.

7. The method of producing any desired value within
the range of possible values in the hardness of a body
consisting of at least two components, comprising the
steps of heating the material to its molten condition, form-
ing a body of the molten material, subjecting the formed
body while in the molten condition to the influence of a
beat frequency oscillation of the frequency equal to that
of the matural beat vibration of the body corresponding
to the value to be imparted to the hardness, and main-
taining the body subject to the influence of the beat
oscillation until the body has solidified and ccoled.

8. The method of producing any one of a plurality of
possible values in the physical properties of a body of
material consisting of at least two ingredients, comprising
the steps of forming a body of the material while in its
heated molten condition, directing a flow of gaseous me-
dium about the body in its molten condition, impress-
ing upon the flow of gas beat oscillations of a frequency
equal to that of the natural beat vibration of the formed
body corresponding to the value to be imparted to the
physical properties, the flow of gas impressing the beat
oscillations in turn on the formed body of the molten
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material, and maintaining the application of the beat
oscillations while the body cools and solidifies.

8. The method of producing any desired value within
the range of possible values in the hardness of a body
of metal consisting of at least two ingredients, compris-
ing the steps of forming a body of the material while
in a heated molten condition, directing a flow of gas
about the formed body, impressing upon the flow of gas
at least one of a pair of sustained oscillations forming
a beat frequency oscillation of which the frequency is
equal to that of the natural beat vibration correspond-
ing to the degree of hardness to be imparted thereto,
and maintaining the gas flow and the impressed osciila-
tion while the metal body cools to at least complete solidi-
fication.

10. The method of producing any desired value within
the range of possible values which a physical property of
carbon steels may have as the result of its composition,
comprising the steps of heating the carbon steel body to
above its lowermost phase conversion temperature as
determined qualitatively and quantitatively by its car-
bon content, subjecting the steel body to the influence
of beat frequency oscillations of the frequency equal to
the natural beat frequency coresponding to the value
to be imparted to the physical properties, and maintain-
ing the steel body under the influence of the beat fre-
quency oscillations as it cools to substantially the mar-
tensite transformation.

11, The method of producing any desired value of hard-
ness within the range of possible values of the hardness
of carbon steels, comprising the steps of heating a body
of carbon steel to at least the lower of its phase conversion
temperatures of the particular carbon steel, subjecting the
steel body in the heated condition to the infiuence of
beat oscillations of which the frequency is equal to that
of the natural beat vibration of the particular carbon
steel corresponding to the value to be imparted to the
hardness, and maintaining the steel body subject to the
influence of the beat frequency oscillations as it cools
to below about 400° C.

12. The method according to claim 11 in which the
carbon steel body is heated to a temperature lying in the
range from such lower phase conversion temperature to
about 1000° C., the steel body is subjected to the in-
fluence of the beat oscillations for a period of from four
to ten minutes, and the body is permitted to cool at the
rate determined by the ambient temperature.

13. The method according tc claim 11 in which the beat
oscillations are electrically generated and conductively
applied to the steel body.

14. The method according to claim 11 in which the
beat oscillations are electrically generated and induc-
tively applied to the steel body.

15. The method of producing any desired value with-
in the range of possible values in the hardnmess of a
carbon steel body, comprising the steps of casting a steel
body, subjecting the steel casting while still in its molten
condtion to the influence of electrically produced beat
frequency oscillations of a frequency equal to that of the
natural beat vibration of the casting at normal tempera-
tures correspending to the value to be imparted to the
hardness, and maintaining the casting subject to the in-
fluence of the beat oscillations until the casting has
solidified and cooled to substantially the temperature of
the martensite region.

16. The method according to claim 15 in which the
beat oscillations are applied to the casting by electrical
conduction, and the casting is permitted to cool at the
rate determined by the ambient atmosphere.
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