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4 Claims.

This invention relates to magnetic materials
and more particularly to new and improved
methods of treating ferro-magnetic Taterials to
obtain rectangular liysteresis Ioops therefrom of
improved characteristics.

Ferro—magnetxc materlals ‘having reétangular
fhysterems loops may be used to great ‘advaritage,
although not exclusively, in contact rectifiers
and magnetic amplifiers, superior operating char-
acteristics being obtained from these devices
when rectangular hysterésis loop materials are
employed in'the core structures thereof. “Where-
as the utihty ‘of such core materials is disclosed
heéreinafteér in connection with magnetic ‘ampli-
fiers and contact’ rectiﬁers. it W111 be undérstood
that those skilled in the ait may find many more
applications for stich Materials, particularly in
the desigh of saturable magnetic devices and ap-
paratus operating gt high fliix densities.

In the opération of mechamcal rectifiers, dif-
ficulties are encountered ih obtainitig satisfac-
tory commutatwn which necessarily must take
place while the A.-C, ‘current passes throligh
Zerp valile. Th an ordinary A.-C. wave, the rate
of chahge of the current is thie greatest as the
clirrent passes through zero &nd, as a Tesult,
there is no time Yor commutation without de-
structive sparking. Substantially sparkless ¢om-
mutation can be obtained, however, by introduc-
ing a “step” into the A.-C. wave at the point of
zero value théreof, which “step” results in a pro-
Ionging of the time of zero current. This is ac-
complished by the use of satutrable Teactor coils
which are inserted into the Trectifier circuit in
series with the A. C cu'r're‘r‘i‘t le'ads It has been
when the saturable reactor coﬂs employ ferro-
magrietic cores having rectangular ‘hysteresis
loop -characteristics. In such case, the coinmu-
tation takes place at the steép portions of ‘the
hysteresis loop, for which reason it is desirable
that the vertical portions of the hysteresis loops
be as steep as poss1ble, that is to say, the steep
portions approach true vertical or true rectangu-
larlty, and that they approach the saturation
value whereby the commutation interval is ex-
tended and the amount of core material required
in a4 specific rectifiet may be minimized. More-
over, when the width of the loop is small, the eur-
rent during commutation is small, although not
zero, and ‘may be reduced to zero by the use of
an A ~C. biasing current.

When a magnetic material havxng a rectangu-
lar hysteresis loop is employed in a ‘magnetic
amplifier haying saturable ‘transformers designed
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to operate at the knee of the magnetization
‘curve, the knee occurs very close to the satura-

tion value whereby the form factor of the load

‘current more nearly approaches that of a sine
wave with the result that the amplifier is ca-
pable of delivering over twice as much power as
when the same amplifier employs commetcial
or standard core materials. Moreover, the gain
of the aniplifier when the improved core ma-
terials are employed is more constant over the
entire operating range of the amplifier and the
speed of response thereof to applied signals is
greatly increased. From power consideration,
it is desirable to operate at high flux density.
The higher the density at which the knee occurs,
‘the larger will be the output capacity of a coil
with a core of a specific size. Also, in order to
inerease the amplification the magnetizing force
at the knee should be g minimum value. Mag~
netic core materials havihg rectangular hyster-
esis loops of improved characteristics obtainable
from the new and improved methods of treat-
ment thereof, hereinafter to be disclosed, ful-
fill these power and amplification requirements.

Ferro-magnetic materials in the iron-nickel-

‘cobalt series, and having rectangular hysteresis

loops, have heretofore been produced in accord-
ance with one method wherein the material is
subjected to a high temperature between 500°
C. and 1500° C. in a hydrogencus atmosphere

for §gme time, slowly cooled to room temperature,

rehegted in a magnetic field and preferably in
an atmosphere of hydrogen to a temperature
hear the non-magnetic temperature of the ma-
terial, maintained under these conditions for
some time, aftéer which it is slowly cooled to room
teinperature while subjected to the magnetic
field.

This method of treatment, which is disclosed
in U. S. Patent to R. M. Bozarth et al., 2,002,689,
May 28, 1935, has not been found to be entirely
satisfactory in service for the reason that it will
not produce rectangular hysteresis loops in certain
ferro-magnetic materials such, for example, as
509 Ni-Fe alloy or silicon steel wherein the im-

‘purities present in commercial or standard grades

of these materials prevent the crystals from as-
suming a preferred direction of magnetic orien-
tation in response to the influence of the mag-

‘netic field. From the standpoint of obtaining

increased efficiency of operation of electrical ap-
paratus, it is desirable that ferro-magnetic ma-
terials such, for example, as 50% Ni-Fe having
a-specific resistance of approximately 45 micro-
ohim centimeters and capable of being reduced




2,569,468 SRR

3

to a tape thickness as low as .0012 inch without
loss of optimum magnetic characteristics be em-
ployed. From the standpoint of armament and
defense of the country, it is desirable that non-
strategic materials such, for example, as silicon
steel be produced in such a manner as to obtain
rectangular hysteresis loop characteristics there-
from.

According to another prior art method it has
been found that a 50% Ni-Fe alloy can be pro-
duced with resulting rectangular hysteresis loops
by subjecting the material to severe cold rolling
providing a thickness reduction in the order of
999% to a final thickness below .002 inch followed
by final special annealing in which the material
is heated rapidly to a predetermined tempera-
ture in the order of 1000° to 1150° C., held at
this temperature for approximately two hours
and thereafter cooled rapidly. This method has
not been found to be entirely satisfactory in
service for the reason that the rapid cooling
introduces strains into the material which ad-
versely affects the magnetic properties thereof
and for the additional reason that the same mag-
netic properties cannot be duplicated in similar
specimens to which the same heat treatment has
been applied.

A feature of the present invention resides in
the combination treatment of ferro-magnetic
materials wherein the material is subjected to
severe cold reduction sufficient to produce grain-
orientation resulting in optimum magnetic prop-
erties of the material followed by special anneal-
ing in a magnetic field to produce rectangular
hysteresis loops having optimum characteristics.
This method of treatment is particularly well
suited for use with - ferro-magnetic materials
which by reason of their inherent impurities will
not respend to magnetic treatment without first
having been given a preferred magnetic grain-
orientation as a result of drastic cold reduction.
Thus, in the application of the combination
treatment of the present invention it has been
found possible to obtain rectangular hysteresis
loop characteristics from 50% Ni-Fe alloys and
commercial grades of silicon steel which have
first been subjected to drastic cold reduction to
produce grain-orientation. The methods of
orienting crystals of a magnetic material which
results in the material exhibiting preferred di-
rections of magnetization by subjecting the
material to severe cold rolling are well known in
the art and are taught, for example, by the U. S.
Patent to N. P. Goss, 1,965,559, July 3, 1934.

According to the preferred method of treat- -

ment of the present invention the ferro-magnetic
material from which it is desired to obtain rec-
tangular hysteresis loop characteristics is first
treated to obtain preferred orientation of the
material as in the aforementioned prior art
method wherein severe cold reduction of the
material is followed by special annealing com-
prising rapid heating of the material to a pre-
determined temperature above the magnetic
transformation point, holding this temperature
for a fixed predetermined period of time, and
rapidly cooling the material. The material is
then given a second anneal above the magnetic
transformation point and in an atmosphere of
pure hydrogen, the material is held in this con-
dition for a predetermined period of time fol-
lowed by slow cooling in a strong magnetic field,
the field being applied in the same direction in
the material as the magnetic field in which the
material is to be used.
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According to an alternate method of treatment
of the present invention, the grain-oriented
ferro-magnetic material is rapidly heated in a
magnetic annealing pot to a predetermined high
temperature above the magnetic transformation:
point and in an atmosphere of pure hydrogen,
the material is held under these conditions for
a definite period of time sufficient to bring the
material up to this temperature, the material is
cooled in the. hydrogenous atmosphere to a
second predetermined temperature at or below
the magnetic transformation point, and there-
after is slowly cooled in a strong magnetic field
which is applied- in the same direction as the
magnetic field in which the material is to be
used.

An object of the present invention is to pro-
duce new and improved ferro-magnetic materials
having rectangular hysteresis loops.

Another object is to produce ferro-magnetic
materials having rectangular hysteresis loops of
improved characteristics. ’

Another object is to produce rectangular
hysteresis loop characteristics in ferro-magnetic
materials having high specific resistance, high
saturation, and capable of reduction to small
thicknesses whereby highly efficient operation of
electrical apparatus employing such materials
may be obtained. ]

A further object is to produce rectangular
hysteresis loop characteristics in ferro-magnetic
materials by a combination process of grain-

‘orientation obtained through severe cold reduc-

tion and special annealing in a magnetic field. -
A further object resides in the provision of new
and improved ferro-magnetic materials having
increased magnetic permeabilities, particularly
at high flux densities, and in the provision of a
method of treatment thereof whereby such char-
acteristics may be obtained therefrom.

An additional object is to provide a magnetic
annealing treatment for grain-oriented ferro-
magnetic materials whereby rectangular hys-
teresis loops of improved characteristics may be
obtained therefrom and readily duplicated in dif-
ferent specimens of the material which have been
processed under substantially identical condi-
tions. .

Other objects and many of the attendant ad-
vantages of this invention will be readily appre-
ciated as the same becomes better understood
by reference to the following detailed description
when considered in connection with the accom-
panying drawings wherein:

Fig. 1 is a diagrammatic view of a contact
rectifier from which superior operating charac-
teristics may be obtained when ferro-magnetic
materials having rectangular hysteresis loop
characteristics are employed in the saturable re-
actor coils of the rectifier; )

Fig. 2 shows a pair of current waves illustrat-
ing the form or shape of the current wave of
the current applied to the rectifier contacts for
the case in which saturable reactors are in the
circuit and for the case in which the reactors
alternatively are not in the circuit, the step in
the current wave appearing in the first named
case; :

Fig. 3 shows a pair of hysteresis loops for two
cores of the same material, one of the cores hav-
ing been treated by standard methods and the
other core having been specially processed to give
a rectangular hysteresis loop in accordance with.
the aforementioned prior art process for 50%
Ni-Fe;
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Mg, 4-°1s -8 diagrammatic view of a magnetic
‘amplifier from which superior -operating charac-
‘teristics ‘may -be -obtained in ‘the use -of ferro-
‘magnetic core materials ‘which "have ‘been ‘proc-
‘egsed in accordance with ‘the ‘method of ‘treat-
ment of the present invention to obtain rec-
tangular hysteresis loops -of ‘improved -charac-
‘teristics;

‘Pig. 5 shows the magnetization curve .of two
509 nickel-iron alloy ‘cores of substantially the
‘same -composition, -one of which ‘has ‘been given
a special treatment to produce a rectangular hys-
teresis loop while the other has been given a
‘standard heat treatment;

Fig. 6 -shows ‘the current wave forms for ‘each
of the cores whose magnetization curves are il-
Justrated in Fig. 5;

Pig. 7 shows -curves which illustrate ‘the rela-
tionship between the watts eutput and the watts
input of the magnetic arplifier -of Fig. 4 :for the
two -cases in ‘which ‘the cores whose magnetiza-
tion ‘curves are illustrated in Fig. 5 are alterna-
tively employed in the magnetic amplifier;

Tig. 8 is an exploded view of a core assembly
‘of suitable design for full utilization of the im-
proved magnetic characteristics of g -core which
‘has ‘been been processed in accordance with the
present invention to obtain rectangular hysteresis
loop characteristics;

Fig. 9 is a fragmentary sectional view of - coil
assembly including the core assembly of Fig. 8;

Fig. 10 is a view similar to Fig. 8-and illustrates
‘5 core in which the core is made up of washer-
type laminations;

Fig. 11 is:a view similar to Fig. 9°-and illustrates
8 ‘coil and core assembly including the core as-
sembly of Fig. 10;

Fig. 12 shows a group :of hysteresis .curves il-
Justrating the optimum temperature for obtain-
ing ‘o rectangular hysteresis loop from gz 50%
Ni-Fe alloy which has been treated in accord-
ance with the aforementioned prior art method;

Fig. 13 shows the hysteresis loop obtained from
high purity 5.0% Si-Fe -steel which has been
cooled in 4 magnetic field;

Fig. 14 shows 3 pair of hysteresis'loors obtained
from a pair of grain-oriented silicon steel cores,
one of which has been annealed :and ‘slowly
cooled without an applied field, and the other

of which has been slowly cooled after annealing &

in a magnetic field applied parallel to the direc-
tion of preferred orientation in accordance with
the method:of the present invention;

Fig. 15 is a sectional view of a magnetic anneal-
ing pot suitable for practicing the method of
treatment of the present invention; and

Fig. 16 is a plan view of the -cover for ‘the pot
‘of Pig. 15.

‘Referring now to the drawings for :a ‘more
complete understanding of the invention and
more particularly to Fig. 1 thereof there is:shown
thereon a basic circuit for a three phase contact
rectifier including -a Y-connected ‘three phase
transformer whose primary windings 0 are con-
nected to the three phase -A. ‘C. line and whose
secondary windings (1 are connected respectively
to the coils (2 of three identical saturable core
reactors each having:a core A3 composed of ferro-
magnetic material hgving rectangular hysteresis
loops. The other ends of coils 12 are connected
respectively to three sets of contacts 14 which are
‘mechanically coupled to the motor 15 which is
constructed and arranged in a manner well
known in the art to interrupt the contacts 14 in
predetermined sequence according to the fre-
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‘quency ‘of ‘the three ipha;ée ‘line ‘as the motor is
-driven ‘at-a predetermined:speed, thereby to sup-
ply a ‘continuous .D:.~C. ‘current :to the load.

When the saturable reactors-are not in the
-circuit, the current'supplied by each of secondary
windings 12 ‘to-contacts 14 individual thereto has

‘the form ‘or shape of curve 16 of Fig. 2. The
.commutation, -however, must take place while

the current passes through.zero value as at point
471 :inthe curve. The:rate of change of the cur-
rent is:the.greatest ‘at this point and, as‘a result,

‘there is ‘no time for commutation, without de-

structive sparking.
When the.saturable reactors:are connected into

‘the ‘rectifier circuit, as shown, the current to

contacts 4 has the shape or form of curve 18 of
Fig. 2 in which case a “step” 19 is introduced

iinto the 'wave form-of the current which prolongs

the time ‘of zero ‘current so that 'substantially

:sparkless :commutation is obtained. It has been

found that -this effect has been greatly enhanced
in‘the use of saturable reactor coils which employ

‘ferro-magnetic cores having rectangular hyster-

‘esis loops. When:such cores are employed, it has
been found possible to produce commercially,
mechanical rectifiers having capacities up ‘to
10,000 amperes-and 400 volts ‘D.-C. with an over-
all efficiency in the .order of 97-98%.

‘Hysteresis loop 21 :of Fig. 3 was obtained from
-a core which ‘had been treated by a standard or
conventional method, ‘and hysteresis loop 22 was
obtained from a core which had been given a
‘special treatment to produce the rectangular
form of ‘the loop. Commutation takes place at
the ‘steep portions 23 of loop 22, for which rea-
'son it is desirable that ‘these portions approach
parallelism with respect to the B -axis in closely
‘spaced relation with respect thereto and that they
closely approach the saturation value substan-
tially as at point 24 in curve 22. It will be noted
that the saturation point-25 in loop 21 is removed
a -considerable distance along the H axis from
the vertical portions-of loop-21. When the width
of the loop along the H:axis is small, the current
during commutation will remain small. The
current 'will not be zero, however, and in order to
reduce the current to zero, an A.-C. biasing cur-
rent is supplied through the auxiliary windings
26 of Fig. 2 which, for this purpose, may be con-

‘nected in any convenient manner to any suitable

A.-C. bias source.

A magnetic amplifier-circuit of a type employ-
ing regeneration is shown in Fig. 4 and com-
prises @ pair of ‘saturable transformers desig-
nated T1 -and "T2. ‘Bach of these transformers s
2 typein which the ferro-magnetic core 27 there-
‘of ‘is toroidal ‘er closed in form, being either a
ribbon wound :core such as core 28 of Figs. 8 and
‘9, -or in certain cases, being formed of a stack of
‘washer-shaped laminations 29 such as are dis-~
‘closed ‘in Figs. 10:and 11.

‘Bach core 27 has an output or load winding 31,
g :signal -or input winding 32, and a feedback
winding 33 wound thereabout. A full wave rec-
tifier ‘generally designated 34 is connected in
series with feedback windings 33 and interposed
between the load 35 and output windings 31 to
cause a D. 'C. current proportional to the load
current to flow from the A. C. source 36 through
feedback windings 33 in the proper direction
therethrough to produce regeneration of the un-
balance /which occurs in the shapes of the
hysteresis loops of the ftransformer cores when
a D.-C. signal .is -applied to the opposedly con-
nected signal windings 32. The use of the rec-
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‘tified load current through the feedback wind-
ings for purposes of regeneration requires a suit-
able D.-C. bias, not shown, to minimize the load
current at zerp signal.

Transformers Ti and T2 are designed to op-
erate at the knee of the magnetization curve of
cores 27 which are composed of magnetic material
having rectangular hysteresis loops. Thus, in
the absence of the signal, the core material is
operated in the rectangular region of the hyster-
esis loop. When the signal is applied, the shapes
of the hysteresis loops of the cores are changed
and the magnetizing and load currents are great-
ly increased without any-change:in peak flux
density, This decreases the time of response
of the amplifier to the signal, renders the wave
form of the output current substantially sinus-
oidal and free of distortion, and provides greater
efficiency for the reason that the core material
may be operated at maximum flux density. The
higher the density at which the knee of the
saturation curve occurs, the Iarger is the output
power capacity of a coil with a core of a given
size. Also, in order to increase the amplifica-
tion, the magnetizing force at the knee should
be a minimum.

In a 50% Ni-Fe material having a rectangular
hysteresis loop, and whoge magnetization curve
37 is shown in Fig. 5, the knee 38 of the curve,
with respect to the B axis, occurs close tg satur-
ation at point 38 in the curve. In a core ma-
terial of the same composition but which has
been given a standard or conventionial heat treat-
ment, the magnetization curve 4i thereof has

the knee 42 of the curve displaced counsiderabiy 3

along the B axis from the saturation point 43 of
the curve. In Fig. 6, it will be ssen that the cur-
rent wave form 44 of the core having the rectan-
gular hysteresis loop has greatly improved sinus-
oidal characteristics as compared with the cur-
rent wave 45 of the core which has been given
the standard heat treatment. In Fig. 7, the
power outputs of these cores are compared, curve
45 being that of the material having the rec-
tangular hysteresis loop and curve 47 being that
of the other material. It will he noted that at
300 x 10-% watts input, for example, the output
of curve 46 is approximately double that of curve
41. It will be further noted that the gain over the

entire range of curve 45 is more constant than -

that of curve 41.

In order to effectively utilize the improved
characteristics obtainable from magnetic cores
having rectangular hysteresis loops in trans-
formers Tl and T2, it is essential that air gaps
in the magnetic circuit thereof be minimized in
order not to shear over the hysteresis loop. This
can be obtained from core designs of uncut wound
cores or tapes 28, Fig. 8, or to ungapped punch-
ings 29, Fig. 10. Although the fundamental ex-
citation frequency may be low, the transit time
during reversal of saturation may be exceedingly
short and consequently the specific resistance of
the material should be high and the material
thickness a minimum in order to minimize eddy
current losses. In a specific design of the me-
chanical rectifier operating at 50 cycles, for ex-
ample, the transit time was approximately one
millisecond, tape thickness .0012-.002 inch, and
the specific resistance 45 micro-ohm centimeters.

Other precautions must be taken in order to
obtain a sharp knee in the magnetizaticn curve.
For example, the magnetizing force must be uni-
form over the entire cross section of the core,
‘which thus requires a relatively narrow annular
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-width. - After final heat treatment care must be

taken to prevent introduction of mechanical
strains into the core material. To this end, the
cores 28 or 29, as the case may be, are mounted
in plastic troughs 48 and 49 with plastic covers 51
to support the windings.

In the case of the washer-shaped punchings 29,
adjacent pairs of the washers preferably are
separated by insulation washers 52 and the stack
of punchings and washers permitted to move sev-
eral thousandths of an inch both radially and
axially within the container therefor so as to
permit a suitable semi-fluid or fluid 53 to seep
thereinto, all in the manner and for the purpose
of avoiding strains to the magnetic material as
set forth in the co-pending application of G. W.
Elmen and E. A. Gaugler for Magnetic Amplifier,
Serial No. 600,629, filed June 20, 1945,

Although the methods of the present invention
of treating ferro-magnetic materials to obtain
rectangular hysteresis loop characteristics there-
from contemplate as the first step thereof any of
the well known processes of drastic cold reduc-
tion resulting in crystal and grain-orientation of
the material which provides optimum magnetic
characteristics, the steps of the aforementioned
prior art treatment for 50% Ni-Fe alloys are
given as a satisfactory example of such treat-
ment.

Special precautions are taken to reduce im-
purities in the 50% Ni-Fe alloy, both in regard
to those introduced by the raw materials and by
the melting operations. Further purification is
obtained by melting and casting in vacua and
subsequently annealing at high temperatures in
pure dry hydrogen. By these precautions, the
oxygen and carbon content of the alloy is reduced
below .01%. The ingots are hct rolled down
to .24 inch thick, and are reduced to final size
of .0012 to .002 inch thick by cold rolling without
further annealing below 0.10 inch. This amounts
to a 98 to 99% reduction. The sheets are slit
into the desired width of tape at .014 inch.

The final tape is insulated and wound into

5 spiral cores by conventional or standard methods.

These cores are mounted in an annealing pot
having provision for introducing hydrogen there-
into and the pot is inserted into a superheated
furnace at temperatures hetween 1000° and
1150° C. The cores are held under these condi-
tions for two hours, and thereafter cooled rapidly
by withdrawing the pot from the furnace. The
optimum temperature for each heat is deter-
mined magnetically by using small test samples.

5 Fig. 12 shows hysteresis loops 54, 55 and 56 of

three samples of this material heated respectively
at temperatures of 975° C., 1100° C., and 1175° C,,
the temperature of 1100° C. providing optimum
rectangular hysteresis characteristics for these
samples.

When the foregoing process is departed from
to the extent of cooling the cores slowly from the
furnace temperature, the rectangular hysteresis
characteristics are not obtained. The rapid cool-
ing, however, introduces strains in the magnetic
material and difficulty is encountered in dupli-
cating results on two pieces of material processed
under substantially identical conditions.

These difficulties are obviated according to the
preferred method of the present invention by
giving the 509 Ni-Fe alloy a second anneal in
an atmosphere of pure hydrogen above the mag-
netic transformation point at approximately
500° C., holding for a period of time sufficient to

‘bring the cores up to this temperature, say 15
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minttes, and:.thereafter cooling.slowly in a strong

magnetic. field: of -approximately. 87 oersted, the
field being applied: in. the same direction as:the
magnetic field in-which the material.is to be used.
The rate of cooling should be at an optimum rate
which may be determined experimentally.. The
rate of cooling for a particular-50%. Ni-Fe alloy in
the order of 18 hours: from:500° C. down to: 100° C.
was-found. to be satisfactory.

For the aforementioried second anneal, the
cores 28 are mounted in an- annealing pot gen-
erally designated. 5T and comprising an- inner
housing or casing 58 composed of any suitable
refractory metallic material which may. also serve
as a-magnetic shield. to isolate the earth’s mag-
netic field. Casing 58 has end openings 89 where-
by the casing may be coneentrically mounted with
respeet to:the cylindrical conductor 61: which, in
turn, is concentrically mounted. within. the: ¢y~
lindrical pot. §2- which is formed-.of a suitable
refractory metallic material such, for example, as
Nichrome, conductor §1 being welded to the: bot-
tom of the pot as-at €3

The cores are suspended-or supported in spaced
relation’ within casing §8-by a suitable medium
such, for example; as aluminum- oxide 64.. The
rim of pot 62 is formed as a trough 85 to receive
the depending rim portion 66 of cover 67 in
spaced relation therewithin whereby a gas-tight
seal may be formed between the cover 61 and pot
62 as by inserting a suitable refractory cement
68 within the trough 65. Hydrogen is admitted
into pot 62 by way of suitable ports 69 and 70
formed therein.

An electrode Ti is secured to the bottom of pot
62 by welding as at 12, and a pair of electrodes 13
are secured to cover 87 by means of bolts 74 and
locking nuts 15 therefor, a copper plate 76 being
inserted between the cover and electrodes 13 to
provide efficient electrical contact therebetween.
The cover and plate T6 are bolted to conductor rod
61 by bolts 77, thereby to complete the electrical
circuit including the electrical power source 18
which may be either A. C. or D. C. By reason of
this circuit arrangement, a circular field is ap~
plied to the tape wound cores 28 when a current
is caused to flow through conductor 61, the con~
centricity of the conductor and cores insuring the
application of a circular field thereto. The elec-
trodes and conductor 61 may be formed of copper
or stainless steel depending on the temperatures
and atmospheres encountered.

As an alternate method of the present inven-
tion, cores 28 may be treated to obtain similar
characteristics by charging the annealing pot of
Fig. 15, having the cores mounted therein, as
shown, into the furnace superheated to 1000 to
1150° C. with the hydrogen admitted into the pot,
holding at this temperature for two hours, fol-
lowed by cooling to approximately 500° C. in the
case of 50% Ni-Fe alloys, and thereafter closing
switch 19 when the alloy reaches a temperature
of approximately 300° F. to apply the magnetic
field followed by slow cooling in the magnetic
fleld.

A 3% Si-Fe grain-oriented steel was treated by
the foregoing process of the present invention to
produce the rectangular hysteresis loop 81 of Fig.
14, the material having been cooled from ap-
proximately 850° C. in a magnetic field of 1.0
oersted applied paralle] to the direction of rolling,
i. e., in the circular direction of the field applied
by the magnetic annealing pot of Fig. 15, Hys-
teresis loop 82 was obtained from the same mate-
rial upon slow cooling without the applied mag-
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netic field.. Characteristics: similar to those of
curve 81 may be obtained frcm silicon.steels hav-
ing the usual silicon. content ranging from 0.5
t05%.

The hysteresis loop 83 of Fig. 13. was obtained
from:very pure 5%. Si-Fe steel in accordance with
a. prior art method wherein the. material was
cooled in a magnetic field of .3 oersted.

It will be understood that in general permeabil-
ity can. be increased substantially in: the use of
the. foregoing methods of the present invention
as indicated in Fig. 14 even though rectangular
hysteresis loop:characteristics may or may not be
obtained. Thigis particularly true near high flux
densities although increased permeability is also
achieved at lower flux densities. For example, if
material having curve 56 of Fig. 12 is magneti-
cally annealed as set forth hereinbefore, not only
will: the maximum permeability be increased but
also the initial permeab:iity. This is not so in the
case: of the core material having curve 5% in
which case the initial permeability is reduced by
magnetic annealing and a rectangular loop is
obtained.

In the foregoing and in the claims appended
hereto; where the material is said to ke cooled,
in the absence of a specific terminal temperature,
it is assumed that the terminal or fina] tempera~
ture is room temperature.

Obviously many modifications and variations
of the present invention are possible in the light
of the above teachings. It is therefore to be un-
derstood that within the scope of the apprended
claims the invention may be practiced otherwise
than as specifically described.

The invention described herein may bhe manu-
factured and used by or for the Government of
the United States of America for governmental
purposes without the payment of any royalties
thereon or therefor.

What is claimed as new and desired to be se-
cured by Letters Patent of the United States is:

1. The method of improving the magnetic
characteristics of a 509% Ni-Fe alloy comprising
the steps of melting the alloy, casting the molten
alloy into ingot form in partial vacuum until the
oxygen and carbon content thereof is less than
0.01%, annealing the ingot in pure dry hydrogen,
hot rolling the ingot into a sheet having a thick-
ness of 0.24 inch, cold rolling the sheet to a thick-
ness of between 0.0012 and 0.002 inch to produce
a crystal orientation having a direction of opti-
mum magnetic susceptibility, slitting the cola
rolled sheet into tape material, winding the tape
material into a spiral core, heating the core in
hydrogen to a temperature within the range of
1000° to 1150° C., maintaining the temperature
constant for approximately two hours, rapidly
cooling the core by removing the heat from the
core and allowing the core to cool to rocom tern-
perature, heating the core in a pure hydrogen
atmosphere to 500° C., slowly cooling the core to
100° C. during a time interval of 18 hours, and
applying a strong magnetic field of approximately
87 oersteds to the core during said slow cooling
and in said direction of magnetic susceptibility.

2. A method of producing grain-oriented ferro-
magnetic alloys having superior magnetic and
electrical characteristics comprising the steps of
grain-orienting a grain-orientable alloy by a
severe cold reduction previding a thickness re-
duction of about 99% so as to align the grains
thereof in a preferred direction of magnetization,
and annealing said grain-oriented alloy in a mag-
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netic field applied to the alloy in said preferred
direction of magnetization.

3. The method of producing grain-oriented
ferro-magnetic alloys having superior magnetic
characteristics comprising the steps of grain-
orienting a grain-orientable alloy by a severe cold
reduction providing a thickness reduction of about
99% to produce a direction of preferred alignment
of the grains thereof, heating the alloy in hydro-
gen to a temperature above the magnetic trans-
formation point of the alloy, maintaining the tem-
perature constant for a predetermined time inter-
val, rapidly cooling the alloy by removing the heat
from the alloy and allowing the alloy to cool to
room temperature, reheating the alloy in hydro-
gen to the vicinity of the magnetic transforma-
tion point, slowly cooling the alloy to room tem-
perature during a predetermined time period, and
simultaneously with the slow cooling applying a
strong magnetic field to the alloy in the direction
of preferred alignment of the oriented grains of
the alloy.

4. The method of improving the magnetic
characteristics of a 50% Ni-Fe alloy comprising
the steps of grain orienting the alloy by a severe
cold reduction providing a thickness reduction
of about 99% so that the grains of the alloy in
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each of a plurality of predetermined planes
thereof assume an alignment to produce a pre-
ferred direction of magnetization, heating the
alloy in hydrogen to a temperature within the
range of 1000° to 1150° C., maintaining the tem-
perature constant for approximately two hours,
rapidly cooling the alloy by removing the heat
therefrom and allowing the alloy to cool to room
temperature, heating the alloy in a pure hydrogen
atmosphere to 500° C,, slowly cooling the alloy to
100° C. during a time interval of 18 hours, and
applying a strong magnetic field of approximately
87 oersteds to the alloy during the slow cooling
and in the preferred direction of magnetization.
EDWARD A. GAUGLER.
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