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The invention relates to improvements in mag~

netic materials and more particularly to improve-

ments in alloys which have a cobalt content of

between about 20 to 25 percent, a nickel content

of about 45 percent and a remaining content es-

sentially of iron.

- An object of the invention is to prowde a
method of treating the said alloys to stabilize
their magnetic properties so that they remain
substantially unchanged after the application
and removal of a magnetizing force.

Another object is to provide magnetic material
of the said type with stablhzed magnetlc proper-
ties.

Another object is to prowde magnetic circuits
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‘alloy is first annealed in the usual manner and

is then magnetized in a given direction at high
field strength (50 oersteds) ; after removal of this
field the sample is “baked” at g suitable tempera-
ture (between 400 and 600° C.) for a considerable

time (36 to 48 hours). .
Legg found that by his treatment the initial

- permeability was markedly stabilized under cer-
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for electromagnetic communication apparatus,

which will have substantially stable magnetic
properties, so that the apparatus may retain its
operating characteristics substantially
changed after being subjected temporarily to nor-
mal or accidental magnetization.
Cobalt nickel-iron alloys to which the inven-

tion may be applied for the attainment of the
stated objects have been described in United

States Patents 1,715,541 and 1,715,647 issued to
G. W. Elmen on June 4, 1928.
These alloys when properly treated have highly

desirable magnetic properties for certain pur-

poses, such as for use in communication appara-
tus operated at voice or carrier frequencies, for
example, continuously loaded conductors, loading
coils and transformers. These alloys are par-
ticularly suited for those purposes on account of
their constant permeability and their almost
negligible hysteresis loss. |

It has, however, been observed that some of the
magnetic properties of these alloys produced in
accordance with prior art methods are sensitive
to temporary magnetizing forces applied acci-
dentally or in the course of normal operation.

zation the initial permeability has changed and
that the change depends upon the intensity of the
previously applied magnetic field, being particu-
larly great within a comparatively low range of
magnetizing forces.

The initial perrneablhty uo referred to 1n thls

specification and in the appended claims is that

generally known as the reversible permeability
and 1s the permeability of a sample measured at
small alternating flux densities superimposed on

the residual flux due to a previous magnetization.

- A freatment of said alloys for the purpose of

described in the United States Patent 1,848,364
issued to V. E. Legg on March 8, 1932. In accord-
ance with Legg’s disclosure a ring sample of the

un-
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tain conditions. Thus affer the gpplication of a
magnetic shock in a given direction to the an-
nealed and haked sample the initial permeability
would remain practically unaffected by any sub-
sequent magnetization in the same direction but

- would change considerably after a shock applied

in a direction opposite that of the first shock.
This instability was found to be considerably be-
vond the limits usually considered acceptable for
communication apparatus of the type referred to
above.

It is therefore a more specific object of the in-~
vention to produce a magnetic alloy of the said
type having an initial permeability which will not
vary more than gbout 2 to 5 per cent after tem-
porary magnetizatmn over a wide range of mag-
netizing forces applied in either or both direc-
tions. |

It is still another specific object to produce a
cobalt-nickel-iron glloy with such stahilized mag-

~ netic properties without excessively increasing
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Thus it has been found that after such magneti-
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the hysteresis losses. |

In accordance with a principal feature of the
invention a body of the cobalt-nickel-iron alloy is
first annealed, then subjected to g strong mag-
netizing force in a given direction, then bhaked
for several hours with an appreciable unidirec-
tional or alternating magnetizing force applied at
least during a part of the baking period.

In the following description reference will be
made to the accompanying drawing, in which:

Fig, 1 is a diagrammatic representation of a -
toroidal core C having a winding W thereon: and
~ Fig. 2 is a graph or curve showing the variation
in initial permeability of a typical sample, em-
bodying the invention, due to application to the
sample of magnetic fields of different strengths.

For the purposes of the investigation, samples

were prepared in the form of toroidal cores, such

50

as are frequently used for loading coils. Such s
core C is shown diagrammatically in Fig, 1. The
cores were wound of a continuous ribbon of the
magnetic alloy, 0.008 inch in thickness. Ex-
perience indicates that even better results may
be obtained with samples made of compressed

- powder of the alloys in which the particles are

95

coated with an insulating film in well-known

- manner and for well-known purposes.

The alloys of the samples were composed of
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different proportions of coball, nickel and iron,
as described more in detail below. For informa-
tion about the production of these alloys and their
properties reference may be had to the Elmen
patents already reierred to. ,

Each sample was first annealed in hydrogen at
a temperature well above the Curie point and
the subsequent bake was at temperatures below
the Curie point, substantially as disclosed by Legg

4

Between the anneal and the bake a winding
W would be wound on the core for producing a
longitudinal flux therein, and the winding would
remain on the core during the baking period;

the magnetomotive force could be made suffi-

cient for producing a high flux density approach-
ing saturation.

The experiments and test results for a number
of such samples will now be described more in

in his patent already referred to.

AR . h .

10  detail.

Table I.—20 Co—45 Ni—35 Fe (Curie Point 685° C.)

| ]
a b Y, d e f g
o _ Permeability
Tempera- | M2EREHZNE | Dyration of |Initial Perme-| Jocnimum | Coefliclent A
Cors tire. 0 O Force, Field, Hrs abilitv, uo Variation of
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High Low
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) 3N i S 425 1 16 D. C_____ 24 X 10 oo 150
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P60 cv e i 465 | 3D. C_.____ 4.5 509 4.5 .10 .03
P189 . e 465 | 3 D. C______ 6 372 4.5 | oo 07
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Pibd. oo A05 | O e GOS8 14 . 80 04
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| 38 651 SO P10 | 3 D. C...__ 3 574 1.3 . 30 .0b
Pib6 . i MO 3D.0O_._... 3 486 | "2 D D
a b ¢ d ¢ f g
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P176. . 510 {3 D.C__.._. 3 228 .6 .24 15
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Table IT1—23 Co—45 Ni—32 Fe (Curie Point 715° C.)
a b c d 4 f g
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In the tabulation given above, there is listed
certain data for the bake and other data for the
observed results of the bake for each of the
samples.

- Thus, column a of the tabulation gives the

core numbers of the different samples which have
previously been annealed and subjected to a
saturating field. Column b gives the temper-
ature of the bake in degrees centigrade. Column
¢ gives the magnetizing force in oersteds of the
magnetic field applied during the bake in the
same direction as the previously applied saturat-
ing field. Column d gives the duration of the
field applied during the first part of the bake.
Column e gives the initial permeability uo based
upon measurements taken immediately after the
bake with a very small alternating field. Column
J gives the maximum variation in initial perme-
ability wo in per cent of the permeability given
in column e and due to application of magnetic
fields of varying strength applied after the bake,
as will be explained below. Column g gives the
high and low values of the permeability coefficient
A, the values in the table to be multiplied by
10—4%; this coefficient is obtained from the same
tests as those in column f. As explained below,
the permeability coefﬁment is a measure of the
hysteresis loss.

The Table I is for alloys of 20% Co, 45% Ni,
35% ¥e, which have been previously annealed at
850° C. for one hour in a hydrogen atmosphere.

The Table II is for alloys of 25% Co, 45% Ni,
30% Fe, which have been previously annealed at
800° C, for one hour in a hydrogen atmosphere.

Table III is for alloys of 23% Co, 45% Ni, 32%
Fe, which have been previously annealed at 850°
C. for one hour in a hydrogen atmosphere.

Table IV is for alloys of 7% Co, 709% Ni, 23%
Fe, annealed at 1000° C. for one hour in a hydro-
gen atmosphere,

Each sample of the dlfferent alloys was sub—
Jected before the bake to a saturating field of 50

6

as before. A series of similar tests were. then
made with increasing fields up to 50 oersteds, all
applied in the same direction as the bake ﬁeld
and after each field had been removed the initial
permeability was determined. Thereafter g sec-
ond series of similar tests were made with the

‘momentary field applied in the opposite direction

- of the bake field beginning at low field intensity
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oersteds in a given direction. The bake for each

sample was maintained for 24 hours and during
the initial part of the bake a magnetic field was
applied in the same direction as the previous
saturating field. The flux produced in the sample
during the baking treatment was substantially
greater than the residual flux due to the saturat-
ing field applied before the bake. As exceptions,
the samples P101A and P103A in Table I were
subjected to an alternating field of 60 cycles per
second.

The procedure for a typlcm sample will now be
described. Thus referring to the core P119A in

- Table I, this core was first annealed at 850° C. for

one hour in s hydrogen atmosphere. Upon cool-
ing, the magnetizing winding was wound upon the
core and a magnetizing force of 50 oersteds was
momentarily applied producing a high degree of
- saturation. The core with the wihding was then
placed in the furnace and heated to 490° C. in a
hydrogen atmosphere for 24 hours. During the
first 3.5 hours of the bake a magnetizing force of
3 oersteds was applied to the core.

Upon cooling and before any appreciable mag-
netizing force had been applied to the core, tests
were made at low alternating magnetizing forces
to determine the initial permeability Wthh was
found to be 563. |

Thereafter the core was momentarlly magne-
tized with a suitable low magnetizing force in the
same direction as that applied during the bake
and after removal of this field the initial permea-
bility was again determined in the same manner

~and increasing up to g saturating field and after

each application of the field the initial permeabil-
ity was again determined. The various values of
the initia] permeahility obtained after momentary

‘application of the corresponding magnetizing

forces are plotted in the curve shown in Fig. 2
of the drawing where the ordinates represent the
initial permeability o and the abscissae the mag-
netizing force in oersteds of the momentarily ap-
plied fields; the fields to the right in the curve
were in the same direction as the bake field and
those in the left direction of the curve Were in the
opposite direction.

From the curve it will be noted that the or1g1na1
initial permeability was 563 and that the initial
permeability increased to 564 after the applica-
tion of a very small field and retained this value
after the application of fields up to 50 oersteds in
the same direction as the bake flux. When the
momentary field was reversed the initial permea-
bility remained at 564 up to 1 oersted, thereupon
it suddenly decreased to 562 at the point P and
increased to 569, returning to 564 at the higher
fields applied in the opposite direction of the bak-
ing field. The total variation from 562 to 565 of
the initial permeability is less than 1 per cent.

As is well known, the hysteresis losses may be
expressed by the permeability coefficient

_ 1, du
k-,u.XdB

where u is the permeability at small alternating
fields and B is the change in flux density in the-
sample at the small alternating fields.

The tests for the permeability coefficient of
core P119A were made in conjunction with the
tests for the initial permeability after each re-
moval of the momentarily applied fields. It was
found that the coefficient A was equal to .02x 104

- over the entire range, except for a narrow range

o)

GO

around the point P where the initial permeability
shows a sharp peak; here the value of A was
equal to .05 104, -

The curve shown in the drawing for the sample
core P119A is typical for all of the sambples in
showing a comp&ratwely uniform value for uo
over the entire range in both directions and in
showing a sudden variation in wo after applica-
tion of comparatively light fields in the direction
opposite the last heavy magnetization. 'The be-
havior of the permeability coeflicient of the sam-
ple core P119A is also typical in the fact that the
maximum value coincides in general with the peak
variation in uo.

The procedure in testing the core P119A is
somewhat simplified and was adopted after a
more complicated procedure had been tried in.
connection with several samples. Thus in ac-
cordance with the more complicated procedure

the sample was baked and subjected to a field

during the bake as described above; after the
bake, tests for uo and A were made after applica-
tion of each of a series of increasing fields up to
a saturating field in the same direction as the
bake field; then a series of tests was taken with
decreasing fields in the same direction; then a
third series of tests was made with increasing
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flelds up to a2 saturating field in the opposite
direction of the bake field, and a fourth series
with decreasing fields in the opposite direction of
the bake field; a fifth series of tests was then
made with increasing fields in the same direction
as the bake field and further series would repeat
the tests in the second, third and fourth series, as
desired.

From these tests it was found that the per-
meability curve would show no peak during tne
first and second series, would show a peak during
the third series but not during the fourth series
and would again show a peak during the fifth se-
ries buf not during fhe sixth series. In ofther
words, it may be concluded that the peaks occur
in a given direction until the material has been
magnetized beyond the range at which the peak
occurs and in the same direction. Thus atfter the
bake the material is still under the influence of
the saturating field applied hefore the bake, for
which reason there is no peak in the permeability
curve during the first and second series of tests
in the same direction as the saturating field.

The procedure outlined for the core P119A was
carried out in a similar manner for all of the
other cores listed in the tabulation. As will ap-
pear from the tables, in some cases an alternagt-
ing field was applied during the bake instead of a
unidirectional field and in other cases no field
was applied at all during the bake for the sake of
comparison. In some cases the bake was carried
out with g field applied during the entire time of
the bake.

A sample core P93, not listed in the tabulation,
was specially treated; it was of the type which is
listed in Table I. The baking temperature was
425° C. and a magnetizing force of .63 oersted was
applied during the entire baking time of 14 hours
and during the subsegquent cooling. The initial
permeability was 5838 and the maximum variation
in initial permeability due to application of mo-
mentarily applied fields up to a saturating field
was 3.4 per cent; A was .09 X10—% The same core
was thereupon baked at 425° C. for another 24
hours with a magnetic field of .63 oersted applied
during the entire bake and during the subsequent
cooling, giving an initial permeability of 510 and
variation in the initial permeability of 2 per cent
over the same range as before; A\ varied from .25
at the peak of wo to .05X10—% where uo was nor-
mal. The same core was then further bazked at
425° with a field of .63 cersted applied during the
baking period of 24 hours and during the subse-
quent cooling, giving an initial permeability of
477 with g variation in permeahility of 2 per cent;
A changed from .21 to .04 x 104

From the experiments described aitove it was
found that the variations in permeability were
smalier when the baking field was applied in the
same direction as the saturating field applied be-
fore the bake, than when the bake field was in
the opposite direction.

It was also found that & high baking field ap-
plied for a long time during the bake tends to
reduce materially the permeability of the alloy.

It was further found that the application cf an
apbreciable field for a long time during the bake
tends to materially increase A ang therefore the
hysteresis losses.

It appears from the data of the tabulation that
low values for variation in wxo and for A will be se-
cured by baking the alloys at temperatures be-
tween 450 and 550 approximately and applying a
field during the first portion of the bake with gz
magnetizing force of about 3 oersteds for from 3
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to 6 hours or of greater magnetizing force for a
shorter time, as, for example, a magnetizing force
of 10 oersteds for 1 hour. With treatments with-
in the stated limits, variations in the initial per-
meability will be limited to 5 per cent and A will
remain less than .7x 10—,

However, it is possible, as in the case of the core
P119A in Table I, the cores P183 and P1l77 in
Table II, the core P181 in Table IIT and the core
P210 in Table IV to secure an initial permeability
which will remain stable within 1 per cent after
any magnetic shock up to saturation, and at the
same time secure low hysteresis losses.

From the specific tests of the core P93 referred
to above, it appears that similar results may be
obtained with a small magnetizing force applied
during the entire baking period; x being very high
at this field strength, the corresponding flux is, of
course, greater than the residual flux due to the
saturating field applied before the bake,

In the claims reference is made to a ‘“directed
magnetic field.,” This does not necessarily mean
a field extending in a straight line through the
body of material but includes, by way of exam-
ple, a field which traverses a toroid in a circular
direction or a field which traverses an “L-shaped”
member through the two arms of the L in series.

What is claimed is:

1. A body of a magnetic alloy containing bhe-
tween 20 and 25 per cent of cobalt, 45 per cent
of nickel and the balance essentially of iron and
having been heated to between 425° and 540° C.
for a period of several hours after having been
annealed in hydrogen and then temporarily mag-
netized substantially to saturation by the appli-
cation thereto of a magnetizing force, said body
having been less strongly magnetized during the
first few hours of said heating periocd to reduce
variation in its initial permeability, caused by
subsequent magnetization of any intensity and
direction, to not more than 5 per cent.

2. A body of a magnetic alloy containing about
20 to 25 per cent of cobalt, 45 per cent of nickel
and the balance essentially of iron and having
been heated to between 425° and 540° C. for a
period of twenty-four hours after having been
annealed in hydrogen and then temporarily mag-
netized by the application thereto of a substan-
tially saturating magnetic field, said body having
been magnetized during the initial three to six
hours, approximately, of said heating period hy
the application thereto of a magnetizing force
of about 3 oersteds to prevent more than 5 per
cent variation in the initial permeability of said
alloy caused by subsequent magnetization of any
intensity and direction.

3. A body of a magnetic alloy containing about
20 to 25 per cent of cobalt, 45 per cent of nickel
and the balance essentislly of iron and having
been heated to between 425° and 540° C. for a
period of twenty-four hours after having been
annealed in hydrogen and then temporarily mag-
netized by the application thereto of a substan-
tially saturating magnetic field, said body having
been magnetized during the initial three hours,
approximately, of said heating period by the
application thereto of a magnetizing force of
about 3 oersteds.

4. A body of a magnetic alloy containing about
20 to 25 per cent of cobalt, 45 per cent of nickel
and the balance essentially of iron and having
been heated to between 425° and 540° C. for a
period of twenty-four hours after having been
annealed in a hydrogen atmosphere and then
temporarily magnetized by the application there-
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to of a substantially saturating magnetic field in
a given direction, said body having been mag-
netized during the initial three hours, approxi-
mately, of said heating period by the application
thereto in said given direction of a unidirectional
magnetizing force of about 3 oersteds. |

5. A body of a magnetic alloy containing about
20 to 25 per cent of cobalt, 45 per cent of nickel
and the balance essentially of iron and having
been heated to between 425° and 450° C. for a
period of twenty-four hours after having been
annealed in hydrogen and then temporarily mag-
netized by the application thereto of a substan-
tially saturating magnetic field, said body having
been magnetized during about the first hour of
saild heating period by the application thereto of
a magnetizing force of about 10 oersteds.

6. A method of treating a body of magnetic
material, which has a cobalt content of between
about 20 to 25 per cent, a nickel content of about
45 per cent and a remaining content essentially
of iron and which has been annealed in a hydro-
gen atmosphere, to insure that the permeability
coefficient of said body will remain not more than
A X 10—% and that the initial permeability of said
body will vary not more than 5 per cent when
the body has been magnetized to any intensity
and in any direction subsequent to the treat-
ment, said method comprising first temporarily
magnetizing the body by applying thereto a sub-
stantially saturating magnetic field, then heating
the body to a temperature between about 425°
and 540° C. for a period of several hours and
during at least a fraction of said heating period
magnetizing said body less strongly.

7. A method of treating a hydrogen annealed
body of magnetic material that has a magnetic
property which before the treatment was unsta-
ble within a certain range of applied field in-
tensities, said material having a cobalt content
of about 20 to 25 per cent, a nickel content of
45 per cent and a remaining content essentially
of iron, said method comprising first temporarily
magnetizing said material by applying thereto a
substantially saturating magnetic field, then heat-~
ing the material to a temperature between gbout
425° and 540° C. for a period of several hours,
and during a fraction of said heating period of
about three to six hours magnetizing the material
by applying a magnetic field thereto of gbout 3
oersteds to substantially stabilize said property
within said range of field intensities applied in
the given or the opposite direction.

8. A method of treating a body of magnetic
material which has a cobalt content of between
about 20 to 25 per cent, a nickel content of about
45 per cent and a remaining content essentially
of iron, said method comprising first annealing
said material in hydrogen, then temporarily mag-
netizing said material by applying thereto a sub-
stantially saturating magnetic field in g given
direction, then heating the material to a tem-
perature between about 425° to 540° C. for a pe-
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riod of about twenty-four hours, and during a
fraction of said heating period of about three
hours magnetizing the material by applying there-
to in said given direction a unidirectional mag-
netic field of about 3 oersteds.

9. A method of treating a body of magnetic
material to reduce variation in one of its mag-
netic properties due to magnetization of any in-
tensity and in any direction, said material hav-
ing a cobalt content of 20 per cent, a nickel con-
tent of 45 per cent and a remaining content of
essentially iron, said material having been an-
nealed in hydrogen, said method comprising first
temporarily magnetizing said body by applying
thereto a substantially saturating magnetic field
in a given direction, then heating the body to a
temperature between about 425° and 540° C. for
a period of about twenty-four hours and during
the first three hours approximately of said heat-
ing pericd magnetizing the body by applying
thereto a similarly, including oppositely, directed
magnetic field of 3 cersteds.

10. A method of treating a body of magnetic
material that has a magnetic property which be-
fore the treatment was unstable within a certain
range of applied field intensities, said material
having a cobalt content of about 20 to 25 per cent,
a nickel] content of 45 per cent and a remaining
content essentially of iron, said material having
been annealed in hydrogen, said method com-
prising first temporarily magnetizing said mate-
rial by applying thereto a substantially saturat-
ing magnetic field, then heating the material to

- & temperature between about 425° and 540° C.

35
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for a period of several hours, and during about
the first hour of said heating period magnetizing
the body by applying a magnetic field thereto of
about 10 ocersteds to substantially stabilize said
property within said range of field intensities ap-~
plied in the given or the opposite direction,

| HAROLD L. B. GOULD.

' REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

NMumber Name Date
=0 1,848,364 Legg e Mar, 8, 1932
7 1,708,936 Cioffl e Apr, 16, 1929
1,978,221 Otte o Oct. 23, 1934
1,412,484 Mordey Apr. 11, 1922
1,715,541 Elmen e __ June 4, 1929
1,715,646 Eimen _ o June 4, 1929
o0 1715,647 Elmen oo ——__ June 4, 1929
1,880,805 Christopher . ____._ Oct. 4, 1932
1,896,762 Whittle e Feb, 7, 1933
1,715,713 Iegg v June 4, 1929
" 2,293,240 Branburger e __ Aug, 18, 1942

OTHER REFERENCES

Electrical Engineering, Dec. 1935, pages 1292
to 1299,



	Drawings
	Front Page
	Specification
	Claims

