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INTRODUCTION

Phase I of this project had two major objectives. The first was to de-
termine whether the effects of ultrasonic vibration on materials properties
depended solely upon the stress amplitude. The second objective was to eval-
uate the role of boundary friction in compression tests.

The results of this investigation prove beyond reasonable doubt that the
influence of ultrasonic vibrations on materials properties goes substantially
beyond that which might be predicted or calculated from the stress amplitude.
Furthermore, the results also correlate very well with those included in Re-
port No. 2 of MPEP, Contract No. N 62558-3436 as reported to the United States
Bureau of Naval Weapons by the University of Vienna.

It was impossible to identify and isolate the role of boundary friction
in compression tests. The fact that this could not be done with current tech-
niques and instrumentation is explained by the complex nature of the influence
and effects of the vibrations as discussed later on in the report.

The nature of the results was not anticipated in the plan of approach
nor were they obvious in the results obtained in the earlier stages. Both
actual and imagined difficulties with instrumentation and procedure led to
many changes in the physical test equipment and in the types of experimenta-
tion. Eventually, the true nature of the effects of ultrasonic vibrations
revealed themselves and in so doing indicated that meny of the earlier results
which could not be interpreted and were not believed were indeed genuine.

Almost the last experiments carried out revealed the significant ef-
fects of ultrasonic vibration and provided the basis for interpreting many
of the apparently anamolous results obtained earlier. Consequently, the
specific experimental results are presented below in substantially the in-
verse order in which they were obtained. Details af the equipment and cali-
bration data are presented in Appendix A.






EXPERIMENTAL RESULTS

Studies were carried out not only with the original test specimen but
also with two additional shapes. The original specimens were 4 in. long and
provided with threaded holes at the ends. These were tested both in tension
and compression both with and without ultrasonic vibration. The most fruit-
ful tests were made with cubes machined from the shank of one of the alumi-
num specimens from the first group. These cubes were machined to a nominal
dimension of 0.100 in.

In addition, cylindrical slugs of both steel and aluminum with length to
diameter ratios of 1 were submitted for tests. The aluminum slugs were 0.353
in. in diameter and the steel slugs were 0.300 in. in diameter. The latter
presented too much area and strength for the existing test apparatus. There-
fore, only one test for the purpose of establishing this fact was carried
out. Several of the aluminum slugs were tested subsequent to the series car-
ried out with the cubes but further testing was abandoned because these pro-
duced no new information and resulted in substantially less power density
than was possible with the cubes.

RESULTS FOR ALUMINUM CUBES

Some 39 tests were carried out with the 0.100-in. aluminum cubes machined
from the shank of a previously failed test specimen. The cubes were loaded in
compression between the faces of full-hard die blocks mounted on the ultra-
sonic transducer and reflector respectively.

The load deflection curve for cube No. 11 as shown at the top in Fig. 1
is typical of the significant results obtained by superimposed ultrasonic
vibration. In carrying out this test the load was permitted to rise beyond
the yield point and to a total deflection of 0.005 in. before vibration was
applied. The load was applied through an adjustable-speed, hydraulic drive
so that the head speed of the testing machine was maintained at 0.035 in. per
minute. When the total deflection reached 0.005 in. as indicated by the
first 1 in. of pen deflection on the deflection axis, the ultrasonic trans-
ducer was energized and caused to vibrate at a frequency of about 25 kc/sec.
This was continued for the next 1/2 in. of pen movement at which point the
generator was shut off and deflection was permitted to continue for another
1/2 in. of pen deflection without vibration before the generator was again
turned on and the frequency adjusted to approximately 20 kc. This procedure
was followed alternately until the total deflection reached a value of 0.045
in. at which point the driving mechanism was reversed and the specimen un-
loaded.



The characteristic response of load and deflection to the application of
ultrasonic vibration is amplified schematically in Fig. 2. The normal strain
hardening curve without vibration is indicated in zone (a) at the lower left
in Fig. 2. The instant that ultrasonic vibration begins, as indicated at the
left side of zone (b), the load drops rapidly and the strain or deflection in-
creases very rapidly throughout zone (b). Despite the fact that the ultra-
sonic vibration remains in effect, the load increases relatively rapidly at
the beginning of zone (c) and then proceeds to parallel the normal strain
hardening curve without vibration as indicated in zone (a).

Promptly upon shutting off the vibration the load increases rapidly
beyond the trend line of normal strain hardening and then relaxes back to .
the projected strain hardening line through what has been designated as zone

(d).

It is to be noted that the magnitude of the load changes in response to
vibration increases substantially with increase in total deflection or plastic
strain. Subsequent tests indicated to observable response with this tech-
nique was carried out at loads below the yield point. Thus it might be con-
cluded that the observed reaction to vibration is substantially strain-de-
pendent and inasmuch as the vibration amplitude was the same at small deflec-
tions as at larger deflections it can be concluded that the load change is
not determined solely by the stress amplitude. This latter conclusion is
supported also by the fact that the load change is not constant within a given
vibration test cycle as indicated by the differences between zones (b) and (c)
of Fig. 2.

There may be significance also in the fact that the observed amplitude
of vibration at 25 kc in Fig. 1 was 2-1/2 times as great as that observed
for the resonance that occurred at 20 kc. Despite this difference, it will
be noted that the lower frequency and lower amplitude vibration was at least
as effective as the larger amplitude at the higher frequency. This also
would seem to indicate that the ultrasonic vibration served to trigger off
some internal mechanism or mechanisms whose behavior depended upon the extent
of prior plastic strain without vibration.

The lower curve in Fig. 1 was obtained without ultrasonic vibration in
a procedure wherein the driving mechanism was stopped for a period of 15 sec
after each 0.005 in. of deflection. A similar procedure had been followed
in earlier tests and it had been noted that there was a tendency for the load
to relax. This also happened during some tests at high total loads wherein
the driving belts slipped and caused the head of the testing machine to stop.
Consequently, a series of tests such as that carried out for specimen No. 10
in Fig. 1 were made for the purpose of studying this relaxation phenomenon.
It was to be expected that slipping of the rubber belts slowly over a period
of time would permit the load to relax. However, one cannot account for the
overshoot in the increased load when the driving mechanism was restarted. At-
tention to the overshoot will be emphasized again in subsequent discussions.



Figure 35 is reproduced from the proceedings of the symposium an ultra-
sonics presented by the United States Bureau of Naval Weapons on June 21, 1963,
These results were reported for extrusion wherein the extrusion die was vibra-
ted intermittently in much the same way as the tests for aluminum cube No. 11
as shown in Fig., 1. A striking resemblance is to be noted in the shape of
the response curves of this figure when compared with Figs. 1 and 2. It is
evident also in Fig. 3 that the effect of ultrasonic vibrations in extrusion
likewise fails to sustain the same magnitude of effect which it had immedi-
ately after the onset of vibration.

Figure 4 is reproduced from a recent report from the University of Vienna
on results obtained with single crystals of zinc that had been irradiated with
ultrasonic vibration prior to performing tensile tests. Two features of the
results presented in Fig. 4 are to be emphasized. First is the fact that the
yield point of the crystals is substantially increased as a result of ultra-
sonic irradiation. Second is the appearance of an overshoot which increases
in‘magnitude with the amount and intensity of the vibration. It is possible
that the overshoot in Fig. 4 is identical with that which appears in Figs. 1,
5=T7. In addition, the results obtained in testing the aluminum cubes in com-
pression which are summarized in Tables I through IV appear to reflect the
hardening or strengthening of the metals as reported by the University of Vi-
enna.

Table IV summarizes the effects of vibrations for compression tests on
0il lubricated cubes. These results are the averages reported in Tables II
and III for 11 specimens; 6 were tested without vibration and 5 with vibra-
tion. It will be noted that vibration caused the load to be increased from
12-1/2 to lh% at all levels of deflection beyond the yield point of the mate-
trial. Further examination of Tables II and III confirms the validity of this
result when one notes that all of the test data lie in two well-defined groups.
Only in two cases out of 44k possible combinations does the highest load ob-
tained without vibration equal the lowest load obtained with vibration; there
were no instances of overlapping of the distribution curves.

Comparison of the data in Table I with that of Table II indicates that
use of white oil did reduce boundary friction at nonvibrating conditions.
Therefore, all but six of the 39 tests made with the aluminum cubes were
carried out with white mineral oil as a lubricant.

Figure 8 shows the results of a single test carried out with a L-in.
threaded specimen wherein the central portion of the test region was re-
duced to the dimensions of a 0.100-in. cube. This specimen was tested with
the same vibration program as specimen No. 11 illustrated in Fig. 1. How-
ever, this configuration had very poor vibration characteristics resulting
in substantially lower amplitude and power density so that the load response
to vibration was not as great as with the simple cubes. Despite this fact
it will be noted that the same characteristic features of Figs. 1 and 2 are
present. Attempts to increase the intensity of vibration by adjusting fre-



quency caused some of the extraneous responses within the vibrated regions.
Several distinct shear clevage cracks were noted in the test section when the
specimen was removed from the machine. No similar cracks were noted in simple
cubes,

TUBULAR ALUMINUM SPECIMENS IN COMPRESSION

Figures 9 and 11 show typical chart records obtained from compression
tests on the original tubular shaped aluminum specimen both with and without
vibration. Figure 9 shows the smooth, continuous, load-deflection curve
that was characteristic of all tests carried out without vibration except
for the change noted where the belt slipped at the highest load level.

Figure 10 is typical of many of the earlier tests carried out during
the period when the nature of response to ultrasonic vibration was still quite
unclear. In the case of specimen No. C-13 the load was applied by hand to
selected levels at which point the specimen was vibrated for a substantial
period of time and the results noted. Among these results was the relaxation
which took place despite attempts to hold absolutely steady. It would appear
that at least some of this relaxation took place within the test specimen.
In addition it was noted that continued relaxation generated heat within the
test section and further that the specimen temperature was increased also by
heat conducted from the transducer. In later tests the transducer was cooled
by forced air and the dimensional changes resulting from temperature change
do not appear in the records. Particular attention is called to the last
test cycle of specimen No. C=13 during which the load was applied through
the mechanical drive and the frequency of vibration was scanned or manually
adjustedmore or less randomly resulting in the jagged curve for this last
cycle. It is believed that these variations are related to the phenomena
discussed in connection with Figs. 1 and 2.

Figure 11 is typical of those tests carried out with ultrasonic vibration
superimposed continuously from the beginning of loading. It was noted gener-
ally by observing the accelerometer output in the oscilloscope that the reso-
nant frequency shifted during load application making it necessary or at least
desirable to make small frequency adjustments. The irregularities indicated
near the middle of the curve in Fig. 11 are typical of the response to such
attempts to find peak effectiveness.

A summary of the effects of vibration during compression tests with alum-
inum is given in the data of Tables V through VIII. Table VIII shows that vi-
bration caused the loads to increase at corresponding deflections compared to
static testing. It is to be noted furthermore that the percentage increase
is greatest at small deflections and decreases continually as the total deflec-
tion itself is increased.

It should be emphasized that the deflections at which the results are



compared are the same as those given in Tables I through IV for the cubes, and
that since the test section of the tubular specimens is almost four times as
long as the cubes the corresponding shear strain is several times greater for
the cubes than for the tubular specimens. The percentages at the bottom of
Table VIII show the same trend as that reported by the University of Vienna
wherein it was stated that the hardening or strengthening of irradiated zinc
crystals decreased with an increase in prior strain. This was true within

the strain range reported but they called attention to the fact that the in-
crease appeared to become asymptotic to some minimum value. The results of
Table VIII reflect that same trend and therefore seem to confirm or substanti-
ate that conclusion,

A comparison of the results in Table VIII with those of Table IV seems
to indicate that the amount of strengthening has indeed become asymptotic at
the deflections used in comparing results for the cubes. Thus a deflection
of 0.010 in. for the cubes corresponds to substantially the same shear strain
as 0.045 in. deflection for the longer tubular spcimens. Attention is called
also to the fact that the total deflection at a load just above the yield
point for both the cubes and tubular specimens is reduced by about 55% whereas
the deflection at the 1350 pound load in Table IV corresponds to a substan-
tially greater shear strain than was achieved with the tubular specimens.
Both the 4000 and 5000 pound loads of Table VIII must be considered as close
to the yield point.

TUBULAR STEEL SPECIMENS IN COMPRESSION

The relatively thin walled steel specimens produced catastrophic buck-
ling under compressive loads in consrast to the aluminum specimens which
bulged but did not buckle in the ordinary meaning of the word. Ultrasonic
vibration did have a substantial influence on the behavior of the steel
specimens under compression but it was exceedingly difficult to evaluate
and repeat.

Figure 12 shows a typical load deflection curve for a steel specimen
tested under compression without vibration. The load built-up to a maximum
which represented a point of instability after which it buckled and deflection
proceeded very rapidly in the interval characterized by the rippling line
substantially in the middle of the figure.

Figure 14 is representative of the most pronounced influence of vibra-
tion observed during this series. The onset of vibration caused the speci-
men to buckle very rapidly and then as the frequency was changed through a
scanning, buckling was slowed down near the middle of the record only to be
accelerated again asg resonance was once more achieved., These results are
thought to be interesting but in no way comparable to those obtained at
other test conditions in this investigation. It is quite possible that the
super position of ultrasonic vibration excited membrane vibrations in a



lateral direction to the test specimen which could be expected to affect sta-
bility and buckling characteristics.

Such quantitative information obtained from compression of the steel test
specimens as were deemed reliable are summarized in Tables IX and X. Little
can be concluded from these tables except for the possible fact of a lowering
of the buckling load under the influence of vibration.

TENSILE TESTS ON ALUMINUM

Typical chart records for the majority of the tensile tests on aluminum
are given in Figs. 16 through 21. Figures 16, 17, and 18 were all obtained
without vibration and are reproduced and presented as an indication of the
degree of repeatability inherent in the equipment, materials properties, and
test procedure.

Figures 19 and 20 are representative of both procedures and results ob-
tained in the earlier phases of the program. Figure 21 is typical of results
obtained in the presence of vibration during the latter stages of the program
wherein it became evident that the ultrasonic power available was quite
small in relation to the area of the test section and its length., Despite
these limitations, numerous tests were run and summaries of the more depend-
able results are given in Tables XI and XII.

One might conclude from these results that vibration reduces the break-
ing strength of the aluminum. This conclusion would appear to be justified
inasmuch as the highest breaking load with a vibrated specimen exceeded that
of the lowest of the non-vibrated specimens by only 50 pounds. In other
words, there was very little overlapping of the distribution curves for these
two conditions. A similar result will be noted later for steel in Tables
XIII and XIV.

Figure 22 shows the results obtained from a tension test on the last re-
maining tubular specimen, This test was carried out with the same vibration
program as that indicated in Fig. 1. It will be noted that except for the
attenuation resulting from a 30:1 difference in the volume of irradiated
metal, the same characteristic response appears in Fig. 22 as for specimen
No. 11 in Fig. 11.

TENSION TESTS ON STEEL

Figures 2% and 24 show typical results from both early and more recent
studies and tests with the tubular steel specimens. Figure 25 shows the
last test carried out on steel wherein one of the tubular specimens was tested
in tension using the same program of vibration indicated in Fig. 1. Although
the magnitude of the response is small, one nevertheless can recognize es-



sentially the same characteristics as those designated in Fig. 2.

The bulk of the gquantitative information obtained for tensile tests on
steel is summarized in Tables XIII and XIV where, as in the case of aluminum,
it might be concluded that the breaking strength is reduced by the super posi-
tion of ultrasonic vibration. In addition one might also be Jjustified in
concluding on the other hand that vibration increases the yield point for
steel. In closing, it appears Justified to call attention to the similarity
between the average tensile results for both aluminum and steel with curves
(a) and (b) obtained for single crystals as shown in Fig. k.






CONCLUSIONS

Ultrasonics appears to have more effect than simply stress amplitude.
This is supported by four observations:

(a) The load reduction increases with strain beyond the yield point.

(b) The load reduction is itself decreased after an initial period of
rapid strain.

(c) The load level is increased in general with intermittent irradia-
tion (confirmed for compression tests only on aluminum).

(d) The load is increased briefly (overshoot) after vibration is
stopped.

The effects of ultrasonics increase with power density but are extremely
difficult to measure quantitatively because of the complex modes of motion
and an apparent mixture of two or more mechanisms.,

It was impossible to sort out the effects of boundary friction except in
the compression of aluminum cubes with and without white oil. Boundary fric-
tion will be easier to evaluate in the experiments of Phase I.

The observation reported in item (b) above appears to be substantiated by
results reported for extrusion.

The hardening or strengthening of single crystals, as reported elsewhere
in the literature, could be one of the mechanisms created by ultrasonic vi-
bration in the polycrystalline materials used for this investigation. This
is evident in the compression data for aluminum which correlates with the
results in Fig. 4 for all power levels and up to moderate plastic strain. In
addition, the results for tension corresponded well with the low power re-
sults in Fig. 4. Finally, the rapid and substantial rise in load of zone (d)
in Fig. 2 has the same qualitative shape as curves (a), (b), and (c) of Fig.
L and represents the same conditions of prior irradiation.

The summary comparison of Table VIII supports the conclusion of the Uni-
versity of Vienna report (see Fig. 4) to the effect that the amount of the
hardening or strengthening is decreased at greater amounts of prior strain.

The summary comparison of Table IV supports the further conclusion of
the University of Vienna report to the effect that the hardening not only de-
creases for higher prestrain but may become asymptotic to a minimum value
which in turn might be either plus or minus. In this case it was plus.

11



The sudden drop in load accompanying onset of vibration and its dependence
upon prior plastic strain could be evidence of a new mechanism different from
those manifest in the behavior of single crystals with prior radiation.

It is evident that further fundamental research not only is warranted but
must be done to identify the mechanisms arising out of ultrasonic irradiation
of metals. It remains to be determined whether the strengthening is indeed
distortion hardening or whether it is the result of either the elimination or
more uniform distribution of dislocations within the structural lattice. On
the other hand, conditions at the grain boundaries may also play a dominant
role. In any event, ultrasonic vibrations have been proven to influence metal
beyond simple super position of stress and merit further research both with
regard to the load carrying behavior of metals and metal fabrication proper-
ties. The uniqueness of the results of ultrasonics compared to lower frequency
stress variations may be associated with time rate of change of stress, in
which case the results will correlate with shock wave behavior. Both are
known to occur naturally in metal cutting and forming; therefore, it is im-
portant to understand what effect they have before it can be decided whether
they can be ignored, must be controlled, or canbeput to useful purposes.

12
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Fig. 3. Pulsed ultrasonic extrusion of aluminum billet with shear die.
Extrusion rate: 2 ipm "US" indicates interval of ultrasonic application.
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Fig. b. Yield-stress curves of zinc crystals after ultrasonic treatment
with different intensities (10 min, 20 kc/sec). a&. Without radiation.

b. Low. c. Medium. d. High intensity. (From Interim Report No. 2, MPEP
Contract No. N 62558-3436, Physikalisches Institut der Universitat Wiens,
distributed by the U. S. Bureau of Naval Weapons, August 20, 1963.)
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APPENDIX A

TEST APPARATUS AND CALIBRATION

TEST APPARATUS

The most important elements of the test apparatus are illustrated in Figs.
A-1, A-2, and A-3., Figure A-1 gives a general view showing the testing machine
with the specimen, transducer, and the ball-bearing guide post die set in which
the test specimen and deflection system are mounted. The ultrasonic generator
and associated oscillator are shown at the left along with the oscilloscope
which was used both to indicate vibration amplitude through the output of ac-
celerometers as well as the output of strain gages mounted directly on the
test section and the voltage output of the ultrasonic generator.

At the right is shown the four-channel amplifier recorder which was used
to produce the load deflection information in electrical form for recording on
the x-y plotter shown at the extreme right.

Figures A-2 and A-3 give close-ups of the specimen area and in the latter
case of the specimen itself with the quartz crystal accelerometers clamped in
place as during typical test both with tubular specimens and with the aluminum
tube specimens between the hardened die blocks.

Details of the electrical circuitry are figen in Figures A-U4 through A-8,

CALIBRATION

Calibration of the load-indicating circuit was achieved directly through
the application of dead-weight loading on the loading arm of the testing ma-
chine as shown in Fig., A-1. This procedure was used for both load cells of
which two were required, one for tension and the other for compression.

Several different approaches were used at various times during the study
for the purpose of indicating strain or elongation. The final set-up for this
purpose consisted of three differential transformers mounted so as to indicate
the displacement between the upper and lower holders of the die set. Details
of the circuitry have been illustrated previously. Calibration was achieved
through the use of gage blocks between the upper and lower holders of the die
set.

Monitoring of the vibratory strain particularly in the test sections was

exceedingly difficult. It was impractical to rely solely upon strain gages
for the purpose since the gage 1s destroyed either before or shortly after
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the yield point and the more significant effects vibration were observed pri-
marily as post-yield phenomenon.

Both strain gages and accelerometers were used, however, to monitor the
vibration at various stages during Phase I. The latter states and in particu-
lar those during which most of the data presented in this report were obtained
was monitored with accelerometers. It was noted in general that the maximum
vibratory stress as indicated by strain gages always occurred in the vieinity
of that frequency which produced the greatest output from the accelerometers.
However, this was not always true as indicated by the oscilloscope records in
Fig. A-9.

The traces at the upper left in Fig. A-9 are typical of the conditions at
which maximum stress or strain amplitude was achieved in the test section.
This is in contrast to the conditions shown at the lower right where the ac-
celerometer amplitude is maximum but the strain gage amplitude is less than
half. The shoulders of the test section reflect considerable energy and be-
cause of their location and dimensions could resonate at slightly different
frequencies than the test section. This evidently happened.

The strain gages in the test section were calibrated statically with the
same procedure used for the load circuit. The gage in the test section was an
120 ohm, foil gage hooked up as one leg of an 120 ohm dc bridge energized with
24,6 v de. The calibrated outputs for the tubular specimens were:

(Steel) 3380 psi/mv of bridge output; and
(Aluminum) 1235 psi/mv.

Calibration of the accelerometers produced the following results:

8

E = Cafr (1)

where:
E = accelerometer output amplitude, mv
a = vibration amplitude, in.
f = frequency, cps

The above results were obtained for frequencies from 100 to 400 cps. Ex-
trapolation to ultrasonic frequencies leads to ridiculously low amplitudes.
The exponent of 2.0 yields amplitudes in good accord with the stress calibra-
tion. Therefore, the accelerometer calibration was set at

a = — — (2)



Using Eq. (2), the maximum amplitude achieved at the shoulders of the test
section would be about 128 uin.
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Fig. A-6. Deflection summing circuit,
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APPENDIX B

COMMENTS ON THE POSSIBLE USE OF THE "FITZGERALD EFFECT"
IN METAL CUTTING OR METAL FORMING

by J. R. Frederick, Ph.D

The "Fitzgerald Effect" is a resonance-type phenomenon. Polycrystaline
metals, single crystals, crystalline polymers, and organic crystals shows
abrupt increases in their shear compliance at one or more sonic frequencies of
excitation.

The phenomenon has been investigated rather extensively by E. R. Fitzgerald
since 1957 and he has published several papers on the subject.l‘7. Reference 7
is a general summary of his efforts. His work has been primarily experimental.

Other workers have also reported this type of behavior in solids.8'll

Fitzgerald's work has resulted in some controversy as to whether what he
had reported was real or was merely a resonance in his equipment. However, it
has turned out that he has been observing a real phenomenon. The mechanisms
that cause the effect have not been clearly identified as yet. Various models
have been proposed but experimental data to support these models is still lack-
ing.

The model that Dr. Fitzgerald proposes to account for the tehavior of poly-
crystalline metals( consists of "small amplitude alternatinﬁ slip occurring on
transitory slip planes with mean lifetimes from 1072 to 10~"* seconds." He sug-
gests that this slip is opposed by displacement-dependent, velocity-dependent,
and acceleration-dependent stresses along the slip plane. These cause the
transitory slip planes to have lifetimes so short that "they do not contribute
to the static compliance. Each slip plane, however, will be able to respond to
one or more cycles of a low=frequency periodic stress if the plane forms when
the alternating stress is near zero. Since the planes are forming and dying
constantly, some will always be born at the right time. At higher frequencies
the response of the planes will again drop off because of their inertial coef-
ficients until, at ultrasonic frequencies, the dynamic compliance will equal
the static compliance,"

Fitzgerald suggests that the transient slip planes are caused by the move-
ment of dislocations through the material. However, it is more likely that any
resonances involving dislocation movements under applied stresses will have fre-
quencies in the megacycle per second range because of the small size of dislo-
cations. A theory for this has been proposed by Masonl® and the actual phenom-
onon has been reported by Granato and Luckel? in slightly cold-worked metals in
the megacycle per second range. It appears, therefore, that some mechanism

63



other than dislocation resonance is needed, since the Fitzgerald effect occurs
at kilocycle frequencies and not in the megacycle range.

A typical example of the results reported in Fitzgerald is shown in Fig.
B-1l. The sharpness of the resonance is one of the characteristics of the ef-
fect.

Fitzgerald finds that the resonance frequencies occur primarily between
150 and 5000 cps. Table B-I shows typical sets of resonant frequencies of var-
ious polycrystalline metals.

It does not appear that the Fitzgerald effect is apt to be useful in
metal cutting or metal forming applications because of the sharpness of the
resonance peaks, and because of the resonant frequencies which are dependent
on the stress state and temperature. Furthermore, the peaks would very
likely shift around rapidly during a processing operation. A tool or die
would have to be driven by a transducer whose frequency was constantly shift-
ing back and forth as it hunts or the maximum resonant peak. This poses a
difficult technical problem. "Self-turning" systems do exist, but it is not
probable that such systems would be effective in this case because of the
multiplicity of the resonances and their sensitivity to processing variables.
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for polycrystalline aluminum at 25.1°C (taken from data of Ref. 1).
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TABLE B-I

SUMMARY OF EXPERIMENTAL DATA ON MECHANICAL RESONANCE DISPERSIONS
IN POLYCRYSTALLINE METALS FROM 100 TO 5000 CPS

Resonant Frequency,

Loss Compliance

Material T°C cps Maxima or Minima
(10'9 cmEZd)
Lead 23.5 (640 to 691 hr after
(99.9995%) compression)
1150 0.29
1630 0.0k
1890 0.0k
2640 0.22
2890 ~1
2910 -0.08
Lead 2k.1 2905 ~2.0
(annealed) 2920 -0.05
Indium 23.7 1540 0.02
(99.984%) 2830 ~5
Aluminum 2k.0 1315 0.04
(99.998%) 1435 0.30
1940 0.0k
2890 ~2
3240 0.02
3510 0.0%
Platinum 2h.8 2790 ~1.5
(99.98%%)
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