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[5 7] ABSTRACT 

Cold-rolled transformer laminations with a cubic structure, 
containing a maximum of 4 percent by weight of silicon al 
loyed with 0.0001—O.2O percent by weight of gallium, 0-0.5 
percent by weight of nickel and 0-0.5 percent by weight of 
copper. 
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GALLIUM CONTAINING COLD-ROLLED 
TRANSFORMER LAMINATIONS AND SHEETS WITHYA 

CUBIC STRUCTURE 

' The invention concerns cold~rolled transformer laminations 
and sheets with a‘ cubic texture. The invention further con 
cerns a process for the manufacture thereof. 

It is known that the appearance‘in 1935 of transformer 
laminations with a so-called Goss texture resulted in great ad 
vances in transformer construction. Such‘ laminations can be 
‘magnetized most easily in the direction ‘of ‘rolling andtheir 
magnetic properties are particularly good in» the direction of 
rolling. Thus e.g., the power loss‘ V10 of a lamination of 
thickness 0.35 mm. is not more than 0.48 w./kg., while itsin 
duction B25 in a magnetic ?eld of 25 AW/cm. equals 18,900 G. 
In the transverse direction, i.e., at right angles to the direction 
-of rolling, however, the magnetic properties are less ad~ 
vantageous: the power loss V10 is about 1.37 w./kg., whilst-B25 
is only about 12,200 G. Due to the poor magnetic properties 
in the transverse direction, only those transformers can be 
manufactured from transformer‘laminations with a‘Goss tex 
ture, wherein the‘direction of the magnetic'linesof force coin 
cide with the direction of rolling of the lamination (e.g.,.sec 
tional lamination cores). 

It is further known that both in cold-rolled, aswell as in hot 
rolled transformer laminations and sheets with isotropic'mag 
netic properties, the magnetic properties are only slightly dif 
ferent in the rolling and transverse directions but the optimum 
magnetic properties which may’ be achieved ‘with these 
laminations, are greatly inferior to the corresponding proper 
ties of laminations with a Goss texture: the'power loss Vw is 
0.8~l .5 w./kg., and the induction‘with a ?eld intensity of 25 
AW/cm. has a value of 14,500 G. 

For exacting electrotechnical applications the magnetic 
properties of the isotropic laminations and sheets are not 
adequate; such requirements can only be met by transformer 
laminations with a cubic structure, which can most readily be 
magnetized in two directions, namely- in the direction of 
rolling and in the transverse direction in the plane of the sheet. 
Transformer laminations with a cubic texture have various 

advantages, the following being the most important: 
a. the magnetic properties ‘are extremely advantageous: the 
power loss V“, is 04-06 w'./kg.- in the longitudinal, as well 
as in the transverse direction, the initial permeability (#5) 
is 1,500-5 ,000 G/Oe, and the maximum permeability 
(#5) reaches 25,000—50,000 G/Oe; 
the favorable magnetic ‘properties are approximately 
equal in the longitudinal and transverse directions,»which 
‘makes possible the manufacture of the various E-, U- and 
M-cores by simple methods; 

c. by means of the cold-rolled transformer laminations with 
a cubic texture, magnetic properties can be achieved, 
which are equivalent to those of 45 percent iron-nickel al~ 
loys ( e. g., Permalloy B), whereby, however, the induction 
is far superior to the values obtainable with the.iron- 
nickel alloys. 

For a manufacture of laminations sheets with a cubic tex 
ture, the most important, known processes are given in the fol‘ 
lowing: . 

a. an alloy containing 20-40 percent of Si or, instead of 
‘ part of the Si-component, aluminum, and into which also 
0.05»0.3 percent of manganese’and a small amount of 
nickel can be alloyed, is hot-rolled to a thickness of about 
3.0 mm., then cold-rolled with three to ?ve intermediate 
annealings to 0.04-0.20 mm., and ?nally thermally 
treated for a longer ‘period (for at" least 24 hours) at 
1,200°-l,300° C. in a dry hydrogen atmosphere with a 
dew point below —50° C.; 

. as is known, the cubic texture can be improved by arrang 
ing nickel alloys or nickel-containing ceramic materials 
near the surface of the lamination ‘during the last thermal 
treatment; ' 

. the formation'of the cubic texture can also»be improved 
by carrying out the last two intermediate annealings 
between l,l00° and l,300° C.; 
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2 
d. the cubic texture can advantageously be in?uenced while 

respecting certain requirements in that a small amount of 
hydrogen sulphide is added to the gas amount of 
hydrogen sulphide is added to the gas atmosphere in the 
course of the ?nal thermal treatment; 
as is known, it is possible to manufacture transformer 
laminations with .a cubic structure starting from a steel 
ingot crystallized directionally -by suitable methods, after 
-:an advantageously chosen hot-rolling, subsequent ther 
mal treatment and cold-rolling performed with inter 
mediate treatment, if during the ?nal thermal treatment a 
dry hydrogen atmosphere or a vacuum is applied; 

. for manufacturing lamination with a cubic texture, a 
finished,.Goss-textured lamination can be rolled further 
.in two‘steps-with intermediate annealing, after which the 
?nal thermal treatment described under (a) is to be used; 

. finally it is known ‘to produce silicon-iron laminations 
with a cubic texture by means of the original direction of 
rolling-with respect to 45° or 90° rollers in the plane of the 
sheet. 

All these known processes have the common disadvantage 
that they require a very strict-observation of the manufactur 

H, 

‘ing technique. Even a small change in the rolling system 
(number of ‘deformations, degree of the individual deforma 
tions) or in the intermediate annealing, or minor changes in 

> the content of impurities of the alloy, influence the formation 
of the cubic'texture considerably. The fact that with the same 
particle orientation, different magnetic properties can occur is 
a further disadvantage of the known processes. Precisely for 
these reasons it is very difficult to manufacture transformer 
laminations with a cubic structure on an industrial scale. 

.It is the object of vthe-invention to avoid the grave disad 
vantages of theknown methods and to provide a process‘, by 
means of which transformer laminations can be mass 
produced in a simple manner and at low cost. 
The invention is based on the following ?ndings: 
1. If a certainamount of gallium is added to the steel con 

taining at most 4 percent by weight of Si, the magnetic 
. properties of the iron-silicon alloys vary most ad 
vantageously, the cubic texture formation is considerably 
“increased, the material becoming, however, less sensitive 
to variations in the rolling and thermal treatment 
techniques. 

Of the numerous advantageous effects of alloying with galli 
um, the following may be mentioned: 

'‘ a.- the temperature of the primary recrystallization is varied; 
.b. the number of particles in the cubic texture position, 

formed during the primary recrystallization is increased 
so that the secondary recrystallization can consequently 
be carried out at lower temperatures, whereby the parti 
cle size becomes more uniform. All this has an ad— 
vantageous effect on the ‘magnetic properties, and the 
quantity of . cubic texture-oriented particles reaches 

. 80—‘~90 percent; 

. due to the presence of the gallium traces dissolved in the 
metal, the crystal surface and crystal boundary energies 
are considerably varied during the ?nal thermal treat 
ment, i.e., these values are in?uenced favorably relative 
to the cubic texture formation; 

. due to ‘the change in duration of the ?nal thermal treat 
ment and, if desired, the use of the magnetic ?eld during 
cooling, theadjustment of the ratios of the initial and 
maximum permeabilities of the laminations with a cubic 
structure is made possible within wide limits. 

2. The action of the gallium alloy can be improved by ad 
ding certain quantities of one or more further metals 
(e.g., nickel or copper). 

Both ?ndings are surprising since hitherto it hasbeen as 
sumed that for the manufacture of transformer laminations 
with a cubic structure it is preferable to keep the content of 
impurities and‘ alloying materials of the iron-silicon alloys as 

- low as possible and the presence of all alloying constituents, 

75 
except manganese, aluminum and silicon, was considered to 
be decidedly disadvantageous. 
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3. In the case of gallium or of an alloy of gallium with 
further metals, the best way of avoiding sticking together 
of the windings and the oxidation or soiling of the lamina 
tion surface during the ?nal thermal treatment is to inter 
pose or insert a wire or strip, consisting of an iron alloy 
containing 0.5-6 percent by weight of aluminum. 

The cold-rolled transformer laminations with a cubic tex 
ture according to the invention contain a maximum of 4 per 
cent by weight of silicon, alloyed with 0.000l-0.20 percent by 
weight, preferably 0.04-0.06 percent by weight of gallium, 
0.0.5 percent by weight, preferably 0.2-0.4 percent by weight 
of nickel, 0_0.5 percent by weight, preferably 02-03 percent 
by weight of copper. 
The invention further concerns a method for the manufac 

ture of such cold-rolled transformer laminations and sheets 
with a cubic texture, by micro-alloying the iron-silicon base 
material by successive thermal shaping, descaling, cold 
rolling, intermediate annealing, ?nal rolling and ?nal thermal 
treatment of the ingot obtained. According to the invention 
one proceeds in such a manner that the micro-alloying of the 
steel containing at most 4 percent by weight of silicon is ef 
fected with 0.000l—0.20 percent by weight, preferably 
0.04-0.06 percent by weight of gallium, 0—0.5 percent by 
weight, preferably 02-04 percent by weight of nickel and 
0-0.5 percent by weight, preferably 02-03 percent by weight 
of copper and, if desired, prior to the ?nal thermal treatment, 
during the winding up of laminations a wire or strip consisting 
of an iron alloy containing 0.5-6.0 percent by weight of alu 
minum is used as a separating means between the lamination 
windings or core parts. 
Of the principal advantages of the process according to the 

invention, the following may be mentioned hereinbelow: 
a. as against the known processes for the manufacture of 

laminations with a cubic structure, the process according 
to the invention is more simple and may be carried out 
with higher technological tolerances; 

b. the initial and maximum permeabilities, coercive force 
and induction, as well as the power loss of the lamination 
with a cubic texture can be considerably improved; 

0. about 80-90 percent of the particles are in the cubic tex 
ture position in the end product; 

d. laminations as well as ?nished cores and parts can be sub 
jected to the ?nal thermal treatment; 

e. the process can be carried out by using known apparatus 
for the manufacture of transformer laminations with a 
Goss texture. 

Several examples for carrying out the process according to 
the invention are given in the following. 
Example l 
An iron-silicon alloy with a nominal content of 3.2 percent 

of silicon, 0.05 percent of gallium and 0.35 percent of nickel 
with a very small content of impurities, is produced in an in 
duction vacuum furnace from a pure iron charge of good 
quality, from metallic silicon with a silicon content exceeding 
98.5 percent and with an aluminum content of less than 0.5 
percent, as well as from metallic nickel. The impurities of the 
alloy do not exceed the following values: 0.05 percent of car 
bon, 0.015 percent of sulphur, 0.03 percent of chromium, 
0.03 percent of molybdenum, 0.93 percent of vanadium, 0.03 
percent of tungsten, 0.01 percent of titanium and 0.005 per 
cent of oxygen. 
The ingot is hot-rolled to a thickness of 3 mm. at a starting 

temperature of l,l00°-l,l50° C. The temperature of the 
lamination is kept above 900° C. before the last pass. 
The scale is removed from the hot-rolled lamination by 

means of a pickling agent containing sulphuric acid and the 
lamination is then annealed for 2 hours at 800° C. in a humid 
hydrogen atmosphere with a dew point of +20 C. The lamina 
tion is then cold-rolled in several passes to a thickness of 0.80 
mm. and, after degreasing, thermally treated for 2 hours at a 
temperature of 850° C. in a hydrogen atmosphere with a dew 
point of —30° C. The lamination is then cold-rolled in several 
passes to a thickness of 0.30 mm. and, after degreasing, ther 
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4 
mally treated for 2 hours at a temperature of l,000° C. in a 
vacuum of 10‘3 Torr. 
The lamination, the surface of which is metallically pure, is 

cold-rolled with polished rollers in several passes to a 
thickness of 0. 10 mm. A ribbed strip made of steel containing 
1.5 percent of aluminum having a clean surface, is inserted 
between the windings of the degreased lamination. The thus 
prepared lamination coil is subjected to a thermal treatment in 
a vacuum furnace in a vacuum of 10-3 Torr in such a way that 
during heating the material is kept hot for 2 hours between 
550° and 700° C.; the temperature is then raised to l,l00° C. 
and kept for 20 hours at this value. After completing the ther 
mal treatment, the charge together with the furnace is cooled 
to 500° C. 85 percent of the particles of the lamination thus 
produced are in the cubic texture position; the initial permea 
bility #5 of the lamination is 4,200 G/Oe and the maximum 
permeability 45,000 G/Oe. 
Example 2 
A lamination cold-rolled according to Example 1 to 3 mm. 

and produced from a steel ingot, the composition of which 
corresponds to that of Example 1, is descaled in a pickling 
agent containing sulphuric acid and then subjected for 2 hours 
to thermal treatment at 800° C. in a humid hydrogen at 
mosphere with a dew point of 20° C. The lamination is then 
cold-rolled to L0 mm. in several passes and, after degreasing, 
thermally treated for 2 hours at a temperature of 850° C. in a 
hydrogen atmosphere with a dew point of—30° C. The lamina 
tion is then cold-rolled in several passes to a thickness of 0.45 
mm. and then-after degreasing-subjected for 2 hours to 
thermal treatment at a temperature of 1,000° C. in a vacuum 
of 10'“ Torr. 
The lamination, the surface of which is metallically pure, is 

finally cold-rolled with polished rollers in several passes to a 
thickness of 0.20 mm. Thereafter one proceeds as in Example 
1. 
The initial permeability #5 of the lamination thus produced 

is 4,100 G/Oe and the maximum permeability 37,000 G/Oe. 
Example 3 
One proceeds as described in Example 1 but the silicon con 

tent ofthe alloy is adjusted to 2.6 percent by weight, the nickel 
content to 0.3 percent by weight and the gallium content to 
0.05 percent by weight. 
The initial permeability #5 of the lamination thus obtained is 

4,000 G/Oe and the maximum permeability 38,000 G/Oe. 
Example 4 
One proceeds as described in Example 1 but the ?nal ther 

mal treatment is carried out for 5 hours. 
The initial permeability p4, of the lamination thus obtained is 

3,300 G/Oe and the maximum permeability 24,500 G/Oe. 
Example 5 
One proceeds as described in Example I but the ?nal ther 

mal treatment is carried out in a dry hydrogen atmosphere 
(dew point below —50° C.) at l,200° C. in such a way that this 
temperature is maintained for 20 hours. In this manner a 
lamination is obtained, the initial permeability of which is 
3,700 G/Oe and the maximum permeability 37,000 G/Oe. 
Example 6 
One proceeds as described in Example 1 except that prior to 

the ?nal thermal treatment the desired core sheets are cut out 
from the lamination, and the thermal treatment is carried out 
in such a way that during cooling and on reaching 700° C. the 
core sheets are exposed to the action of the magnetic ?eld of a 
?eld intensity of 10-20 Oe. The initial permeability [is of the 
maximum permeability 63,000 G/Oe. 
We claim: 
1. Cold-rolled transformer lamination with a cubic struc 

ture, consisting essentially of up to 4 percent by weight of sil 
icon, 0.00l—0.20 percent by weight of gallium, 0—0.5 percent 
by weight of nickel and 0-0.5 percent by weight of copper, 
balance essentially iron. 

2. Cold-rolled transformer lamination as claimed in claim 1, 
in which said gallium is 0.04—0.06 percent by weight, said 
nickel is 02-04 percent by weight and said copper is 02-03 
percent by weight. 
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3. Cold-rolled transformer lamination as claimed in claim 1, 
in which said silicon is about 3.2 percent by weight, said galli 
um is about 005 percent by weight and said nickel is about 
0.35 percent by weight. 

4. Cold-rolled transformer lamination as claimed in claim 1, 5 
in which said silicon is about 2.6 percent by weight, said nickel 
is about 0.3 percent by weight and said gallium is about 0.05 
percent by weight. 

* * * * * 
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