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This invention relates to magnetostrictive de-
vices and to materials suitable for use in such
devices and to methods of producing such devices
and such materials.

In particular, this invention relates to magneto-
strictive devices In which the magnetostrictive
element is made of a permanently magnetized
body of an alloy comprising cobalt and iron, pref-
erably with a small amount of vanadium added,
which has been subjected to a special treatment
comprising working and heating. Such a treat-
ment gives & sufficient coercive force to the alloy
so that a magnetostrictive element made from it
may be efficiently operated entirely on remanence
without the aid of an external polarizing device.

In using magnetostrictive devices having mag-
netostrictive elements which vibrate mechanical-
1y under the jnfluence of & magnetic winding sup-
plied with an alternating current, it has been
found that the greatest degree of magnetostric-
tion is obtained when the vibrating element is
magnetically polarized. This polarization is al-
so necessary in order to bring the total flux den-
sity within the element to a point at which there
will be no reversal of magnetic flux direction in
the magnetostrictive device throughout the al-
ternating current cycle, and at which the change
in dimensions of the element will be substantially
proportional to the change in flux density so that

the wave form of the mechanical vibrations of

the magnetostriction element will conform as
nearly as possible to the wave form of the alter-
nating current applied to it.

Ordinarily, the polarization of the magneto-
striction element has bheen accomplished by
means of an external direct current winding ap-
plied to the element, by means of a direct current
superimposed upon the alternating current wind-
ing or, by & permanent magnet placed in the
magnetic circuit of the element. The use of the
external winding or superimposed direct current
or the permanent magnet to polarize the element
presented difficulties since the external winding
and the superimposed direct current required &
source of power, while if the external permanent
magnet was used the device did not operate in
2 closed magnetic circuit. Also, the use of an
external polarizing winding or of an enlarged
alternating current winding to carry the extra

biasing current together with the required addi--

tional power supply, or the use of an external
permanent magnet, took up extra space which
was undesirable in equipment where available
space wasata minimum.

In the device of the present-invention the

o>

above-described difficulties are avoided by using,
for the magnetostrictive element, an ailoy of co-
balt and iron (preferably containing & small
amount of vanadium) which has been subjected
to a special treatment which confers on it a suf-
ficiently high coercive force so that the vibrating
element may be operated entirely on remanence
for most purposes without being demagnetized by
the alternating current required. This does away
with the necessity of using the external polariz-
ing winding or magnet with the resulting saving
in space and power. Even for uses requiring
large values of alternating currents which would,
in the absence of a biasing fleld, tend to demag-
netize the magnetostrictive cores of the present
invention, such cores are desirable since they re-
duce considerably the necessary size of suppie-
mentary biasing equipment.

It has been known that alloys of cobalt and
jron or of vanadium, cobalt and iron are useful
as magnetic materials. However, it was not pre-
viously known that such alioys, having a certain
range of composition if given a special heat treat-
ment, would acquire properties rendering them
suitable for use as vibratory magnetostrictive ele-
ments without a biasing field. The present in-
vention provides a method of treating such al-
loys to make them suitable for such use in mag-
netostrictive devices.

According to the present invention, in its pre-
ferred form, vibrating magnetostrictive elements
are made from an alloy comprising 2 per cent by
weight of vanadium, 49 per cent by weight of co-
balt and 49 per cent by weight of iron, which has
been cold worked and then annealed at from 450°
c. to 650° C. Although this ranse is the pre-
ferred composition, favorable results are also ob-
tained when the a:loy comprises from about Y4
per cent to about 4 per cent by weight of vana-
dium, about 30 per cent to about 70 per cent by
weight of cobalt and the remainder iron. Good
results are also obtained with alloys having simi-
jar proportions of cobalt and iron and containing
jess vanadium oY none at all.

Good results are obtained when these alloys
are formed of the purest ingredients with the
least inclusion of impurities or modifying in-
gredients. However, when the alloy is formed of
commercial substances, there will ordinarily be
small amounts of impurities present but such im-
purities should ordinarily be kept below about 1
per cent total and preferably below about Y% per
cent. Particularly harmful impurities such as

carbon and sulphur should be avoided in so far
as possible. Carbon is preferably not present in
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amounts greatey than about .1 per cent, Desul-
phurization by addition of manganese to the melt
ordinarily results in an adequate removal of syj-
The manganese remaining in the alloy
8s & result of thig desu]phurlzation brocedure
up to .3 per cent or .5 per cent.of
the alloy, Other impuritieg Such as nickej and
silicon may often be bresent in amountg up to
ber cent each,

The firgt step

developed when the alloy is cold rolled to 5 thick-
ness reduction of at least 50 per cent. When the
alloy is to be rolleq Into thin tapes, g is pret-

in more
tlons of the order of 909, or more may be found
desirabje, There is no limit to the degree to
which the thickness may be reduced except for
the practica] limitation of the inability of avail-
able devices to broduce 2 uniform tape at exces-
sively high reductions, An adequate coercive
force may pe obtained for Some purposes with g
lesser degree of working, for Instance, by cold
rolling to g thickness reduction of 30% or 209, or
insome Instances even less.
€ second step in the treatment of the alloy
{8 & heat treatment. The preferred temperatyre
fange for heat treating the materig) is from abouyt
0° temperatyre of

around 45¢° C., but the emciency of the alloy
when the device is Operated entirely on remsa-
nence is gregtest when it ig heated at between
about 525° ¢, and 600° O,

The time of heating 15 not eritical hut it should
be long

form of magnetostrictive

drawing in
which:

Fig. 1is g perspective view of one form in which
the vibrating element of the present invention

may be used;
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Fig. 24y perspective view of
employing g vibrating element as
portiong of the unit bein
he construction thereof;
Fig. 315 5 chart showing the variation, as the
&nnealing temperatyre 15 varied, of coercive force
and efficiency of the magnetostrictive device of
. 1 when the Mmagnetizing winding i energized
with alternating current without g direct current

The beneficia) effects obtaineq by the above-
described treatment of the alloy comprising yg-
nadium, copglt and iron gre shown clearly in the
graph of Fig, 3 which shows the variation of the
coercive foree with the annealing
and also the variation of

& finfshed ynit
shown in Fig. 1,
g broken away to show
and

€ss and formeqd
shown in Fig, 2
Analogous re-

Materials treated in
ent inventjon may be
Spirally woung tape core 10

or 2 mils. n dete; the thicknesg to be
used for the tape, considerationg such
s the matter of fabricating, handling and wind-
tapes ang the Increaseq tendency of
thinner tape cores to vibrate in barasitic 1nodes
taken into account
bParticular magnetostrictive

core 0 is then annealed on the mandrel under
the conditions heretofore described,

After annealing, the core 0 is Temoved from
he mandre) and vacuum impregnateq with g
suitable material, sych as
tion product like
rigid so that it win
No parasitic Modes of vibration, and to further
ulate the core. The Impregnateq core {0 may
e embodied in the unit shown in Fig, 2 which
impregnateq Spiral core {p having g
fabric tape Covering (¢ thereon, and a coil {2
wound over the covering {{ having leads 185, The
combined structure of coll, core ang covering js
in a plastic lnsulatmg body 14,
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The body 14 in which the core and coll are cast
serve to reinforce the core against parasitic vi-
brations which may occur due to vibration of the
core 10 when signal currents are applied to the
coil 12. Plastics and particularly phenolic con-
densation products are suitable for use as mate-
rials for the body. Such & method of enclosing
the magnetostrictive element as described above
is disclosed in the applications of E. E. Mott,
Serial No. 549,970, filed August 8, 1944, now Pat-
ent No. 2,438,926, and Serial No. 617,001, filed
September 18, 1945, now Patent No. 2,497,901,

~ Other convenient methods of insulating the
magnetostrictive element may of course be used.

‘When the magnetostrictive element has been
impregnated, it may be subjected to & magnetiz-
ing force from an applied current or an external
permanent magnet sufficiently strong to mag-
netize it, preferably to abt least its saturation
point or near thereto, so as to cause it to be
permanently magnetized in one direction.

The alloy treated according to the process of
the present invention may be used in the mag-
netostrictive element in the form of a toroidal
spirally wound tape core as described above, as
well as in the form of stack-laminated cores made
either from circular rings or rectangular plates
or in various suitable forms of other types.

The sbove-described magnetostrictive elements
made irom alloys of cobalt and iron, with or with-
out vanadium, treated according to the process
of the present jnvention may be used in general
as electromechanical {ransducers in any device
in which it is desired to convert electrical current
variations into corresponding mechanical varia-
tions, or vice versa, or in which it is desired to
use natural mechanical vibrational frequencies
to control electrical frequencies, as in underwater
sound projectors and microphones, frequency-
coentrol devices, electromechanical filters, tele-
phone yeceivers and other devices. In general,
the magnetostrictive devices of the present inven-
tion may be used in place of piezoelectric crystals

. in any circuit or device in which such crystals are
used. Although specific embodiments of the in-
venticn have been shown and described, it will be
understood that they are but illustrative and that
various modifications may be made therein with-
out departing from the scope and spirit of the
jnvention.

What is claimed is:

1. A method of forming o vibratile magneto-
strietive core comprising cold working, to a thick-
ness reduction of at least 20 per cent, an alloy
consisting of from 1, per cent to 4 per cent vana-
dium, from 30 per cent to 70 per cent cobalt and
the remainder essentially iron, forming said al-
loy into a laminated core and annealing said alloy
in the cold worked state at a temperature of from
450° C. to 650° C.

2. A method of forming an annular radially
vibratile magnetostrictive core comprising cold
working, to a thickness reduction of at least 30
per cent, an alloy consisting of about 2 per cent
vanadium, aboub 49 per cent cobalt and about 49
per cent iron to form it into a fape no greater
than 6 mils in thickness, forming said tape into a
spiral core, annealing said alloy in its cold worked
state at a temperature of from 500° C. to 600° C.
and magnetizing said core to near its saturation
point. ’

3. The method of preparing an alloy having
magnetic properties suitable for the formation of
a vibratory magnetostrictive core adapted for
operation without a biasing field, which method
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comprises cold working to a thickness reduction
of at least 50%, an alloy containing, by weight,
about 2% vanadium and the remainder consist-
ing of substantially equal proportions by weight of
iron and cobalb together with incidental impur-
ities, and heat treating said cold worked alloy at
aot.empera,ture between about 500° C. and about
600° C.

4. An annular, radially vibratile, electro-
mechanical transducer comprising a permanently
magnetized core of spirally wound tape formed
of an alloy consisting essentially of about 49
per cent iron, about 49 per cent cobalt and about
2 per cent vanadium annealed at about 550° C.
from a cold worked state produced by & cold
thickness reduction of at least 20 per cent.

5. A device which functions through the mag-
netostrictive action-of & magnetic metal element,
said device comprising & magnetostrictive ele-
ment formed of an alloy, consisting of between
about ¥ per cent and about 4 per cent vanadium, -
between about 30 per cent and about 70 per cent
cobalt and the remainder essentially iron, an-
nealed at a temperature hetween about 450° C.
and about 650° C. from & cold worked state pro-
duced by a cold thickness reduction of at least
20 per cent.

6. An annular, vibratile, permanently mag-
netized, magnetostrictive core composed of & plu-
rality of spirally wound turns of a tape having &
thickness of about 2 mils, said tape being formed
of an alloy consisting of about 49 per cent cobalt,
2 per cent vanadium and the remainder essen-
tially iron, said tape having been heat treated
at a temperature of about 550° C. while in a cold
worked state produced by a cold thickness reduc-
tion of at least 50 per cent.

7. A magnetostrictive core composed of a plu-
rality of laminations, each 1no greater than 6
mils in thickness and formed by cold working a
body of a magnetostrictive alloy to a thickness
reduction of at least 20 per cent and heat treat-
ing the body in the cold worked state at a tem-
perature between about 500° C. and 600° C., said
alloy consisting of between about Vs per cent and
about 4 per cent vanadium between about 30 per
cent and about 70 per cent cobalt and the remain-
der essentially iron.

8. A magnetostrictive core composed of a plu-
rality of laminations of & magnetostrictive alloy
formed by cold working & body of the magneto-
strictive alloy to & thickness reduction of at least
20 per cent and heat treating the body in the
cold worked state at between 450° C. and 650° C.,
said alloy consisting of between about Y, per cent
and about 4 per cent vanadium, between about
30 per cent and about 70 per cent cobalt and the
remainder essentially iron.

9. An alloy having magnetostrictive properties
and a substantial coercive force consisting of
about 2 per cent vanadium, about 49 per cent
cobalt and the remainder iron, said alloy having
been treated by a process comprising cold work-
ing to a thickness reduction of at least 50 per cent
and then heat treating in the cold worked state
at a temperature of about 550° C.

10. An alloy having magnetostrictive proper-
ties and a substantial coercive force consisting of
petween about Ya per cent and about 4 per cent
vanadium, between about 30 per cent and about
n0 per cent cobalt and the remainder essentially
iron, said alloy having been treated by a process

comprising cold working to a thickness reduc-
tion of at least 20 per cent and then heat treating
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in the colq worked. state at between 450° o, and Number
650°C, . -
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