ABSTRACT

A non-oriented electrical steel sheet contains 2.8
mass$ or more and 4.0 mass$% or less of Si, 0.2 mass% or
more and 3.0 mass% or less of Al, and 0.02 mass% or more
and 0.2 mass% or less of P. The non-oriented electrical
steel sheet contains further contains 0.5 mass% or more
in total of at least one kinds selected from a group
cogsisting of 4.0 masg% or léss of Ni and 2.0 mass% or
less of Mn. A C content is 0.05 mass% or less, a N
content 1is 0.0l.mass% or less, an average grain diameter
is 15 um or less, and a <111> axial density is 6 or

larger.
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CLAIMS

[Claim 1] A non-oriented electrical steel sheet
containing:

Si: 2.8 mass% or more and 4.0 mass$ or less;

Al: 0.2 mass®% or more and 3.0 mass® or less; and

P: 0.02 mass% or more and 0.2 mass$% or less, and

further containfng 0.5 mass% or more in total df at
least one kinds selected from a group consisting of 4.0
mass% or less of Ni and 2.0 mass% or less of Mn,

wherein

a C content is 0.05 mass% or less,

a N content is 0.01 mass% or less,

a balance 1is comgosed of Fe and inevitable
impurity,
ovje.u,

an average grain diameter is 15 um, and

a <111> axial density is 6 or larger.

[Claim 2] The non-orieénted electrical steel sheet
according to Claim 1, wherein

the C content is 0.003 mass% or more,

the N conteﬁt is 0.001 mass% or esa— WWJVQ)
and ‘

the non-oriented electrical steel sheet furthe;
contains Nb, and

a value Ryp is 0.1 or larger and 1 or smaller, the
value Ryp being represented by [Nb]/8([C]+[N]), with [Nb]
for a content of Nb in mass%, [C] for a content of C in

¥

mass%, and [N] for a ccntent of N in mass%.
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[Claim 3] The non-oriented electrical steel sheet
according to Claim 1, further containing 0.001 masss
v . 5 or

more and 0.007 mass$% or less of B.
[Claim 4]- The non-oriented electrical stee]l sheet

according to Tlaim 2, further containing 0.001 mass$ or

more and 0.007 mass$ or léss’of B.

- Dated  this 07/03/2012

ATTORNEY FOR THE APPLICANTIS]
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AXIAL DENSITY

<111> AXIAL DENSITY = 6




DESCRIPTION

TITLE OF INVENTION: NON-ORIENTED ELECTRICAL STEEL SHEET

TECHNICAL FIELD
[0001] The present invention relates to a non-oriented
electrical steel sheet suitable for rotor of high-speed

rotating machine.

BACKGROUND ART

[0002] ©Non-oriented electrical steel sheet is used for
rotor of rotating machine, for example. In general,
centrifugal force exerted on the rotor is in proportion
to the radius of rotation, and in proportion to the
square of the rotational speed. Accordingly, a very
large stress is loaded on the rotor of the high-speed
rotating machine. The non-oriented electrical steel
sheet for rotor is, therefore, preferably given large
tensile strength. In other words, the non-oriented
electrical steel sheet for rotor is preferably a high
tensile strength steel. As described in the above, the
non-oriented electrical steel sheet for rotor is required
to have high tensile strength.

[0003] On the other hand, it is important for the non-
oriented electrical steel sheet, used for iron core not
only for the rotor of rotating machine, to have a low
iron loss. In particular for the non-oriented electrical
steel sheet for the rotor of high-speed rotating machine,
it is important for high-frequency iron loss to be low.

As described herein, the non-oriented electrical steel



sheet for rotor 1is also required to have a low level of
high~-frequency iron loss. In other words, the steel is
required to ensure high efficiency, when the rotating
machine is operated at high frequencies.

[0004] High tensile strength and low high-frequency iron
loss are, however, contradictory issues, which may be
satisfied at the same time only with great difficulty.
[0005) While there have been techniques ever proposed
aiming at satisfying the both at the same time, no
technique capable of readily manufacturing such steel has
been known. For example, a technique of obtaining a
high-Si-content hot rolled steel sheet, followed by
temperature control in various ways, has been propped.
However, the technique suffers from difficulty in cold
rolling, due to the high Si content. Moreover, the
technique needs various temperature controls for enabling
the cold rolling, and the controls are highly
specialized, so that time, labor and costs consumed

therefor are pushed up.
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SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0007] It is an object of the present invention to
provide a non-oriented electrical steel sheet which may
readily be manufactured, and may concurrently satisfy

high tensile strength and low high-frequency iron loss.

SOLUTION TO PROBLEM

[0008] The present inventors went through extensive
investigations from the viewpoint of obtaining desirable
mechanical characteristics of the non-oriented electrical
steel sheet, while suppressing the iron loss at a low
level, by way of solid solution strengthening,
precipitation strengthening, work strengthening, grain
refinement strengthening, and strengthening by phase-
transformed structure.

[0009] As a consequence, the present inventors found out
that the high-frequency iron loss may be suppressed to a
low level, while achieving a high level of yield
strength, by appropriately adjusting contents of Si, Mn,

Ni and so forth, and by appropriately adjusting the



average grain diameter and <111> axial density, details
of which will be described later. The findings led us to
a non-oriented electrical steel sheet described in the
next.
[0010] A non-oriented electrical steel sheet according
to the present invention contains: Si: 2.8 mass% or more
and 4.0 mass$% or less; Al: 0.2 mass% or more and 3.0
mass% or less; and P: 0.02 mass% or more and 0.2 mass% or
less, and further contains 0.5 mass% or more in total of
at least one kinds selected from a group consisting of
4.0 mass% or less of Ni and 2.0 mass% or less of Mn. A C
content is 0.05 mass% or less, a N content is 0.0l mass$%
or less, a balance is composed of Fe and inevitable

ov.ess,
impurity, an average grain diameter is 15 am g and a <111>

axial density is 6 or larger.

ADVANTAGEOUS EFFECTS OF INVENTION

{0011] According to the present invention, since the
average grain diameter and the <111> axial density are
appropriately adjusted, so that high tensile strength and
low high-frequency iron loss can be obtained. Also since
contents of Si and so forth are appropriately adjusted,
treatment in the process of manufacturing can be
facilitated, making any complicated treatment possibly

arising from embrittlement and so forth avoidable.

BRIEF DESCRIPTION OF DRAWINGS
[0012] [FIG. 1] FIG. 1 is a drawing illustrating axial

density of a non-oriented electrical steel sheet.



DESCRIPTION OF EMBODIMENTS

[0013] The present invention will be detailed below.
First, components of the non-oriented electrical steel
sheet of the present invention will be explained.

[0014] C and N are used for forming carbonitride of Nb
and so forth. The carbonitride enhances tensile strength
of the non-oriented electrical steel sheet, through
precipitation strengthening and grain refinement
strengthening. A content of C less than 0.003 mass%, or
a content of N less than 0.001 mass% tends to make the
function insufficient. On the other hand, a content of C
exceeding 0.05%, or a content of N exceeding 0.0l mass%
results in considerable degradation in the iron loss
characteristics due to magnetic ageing or the like.
Accordingly, the content of C is adjusted to 0.05 mass%
or less, and the content of N is adjusted to 0.01 mass%
or less. The content of C is preferably 0.003 mass$% or
more, and the content of N is preferably 0.001 mass% or
more.

[0015] Si reduces the iron loss such as high-frequency
iron loss, by increasing electric resistance of the non-
oriented electrical steel sheet to thereby reduce eddy
current loss. Si also increases tensile strength of the
non-oriented electrical steel sheet through solid
solution strengthening. A content of Si less than 2.8
mass? makes these functions insufficient. On the other
hand, a content of Si exceeding 4.0 mass$% results in

reduction in magnetic flux density, embrittlement,



increase in difficulty of processing such as cold
rolling, and increase in material cost. Accordingly, the
content of Si is adjusted to 2.8 mass% or more and 4.0
mass% or less.

[0016] Al reduces the iron loss such as high-frequency
iron loss, by increasing electric resistance of the non-
oriented electrical steel sheet to thereby reduce eddy
current loss, similarly to Si. A content of Al less than
0.2% makes these functions insufficient. On the other
hand, a content of Al exceeding 3.0 mass$% results in
reduction in magnetic flux density, embrittlement,
increase in difficulty of processing such as cold
rolling, and increase in material cost. Accordingly, the
content of Al is adjusted to 0.2 mass% or more 3.0 mass%
or less. The content of Al is preferably 2.0 mass% or
less, more preferably 1.5 mass% or less, and further more
preferably 1.0 mass% or less.

[0017] Ni and Mn contribute to improvement in the
tensile strength of the non-oriented electrical steel
sheet. More specifically, Ni increases the tensile
strength through solid solution strengthening, and Mn
increases the tensile strength through solid solution
strengthening and grain refinement strengthening. Ni
also reduces the iron loss such as high-frequency iron
loss, by increasing the electric resistance of the non-
oriented electrical steel sheet to thereby reduce the
eddy current loss. Ni still also contributes to
improvement in the magnetic flux density of the non-

oriented electrical steel sheet, accompanied by increase



in saturation magnetic moment. Mn reduces the iron loss
such as high-frequency iron loss, by increasing the
electric resistance of the non-oriented electrical steel
sheet to thereby reduce the eddy current loss. The total
content of Ni and Mn content less than 0.5 mass$% makes
these functions insufficient, and results in an
insufficient tensile strength. On the other hand, a
content of Ni exceeding 4.0 mass% results in decrease in
the magnetic flux density ascribable to reduction in the
saturation magnetic moment. A content of Mn exceeding
2.0 mass% decreases the magnetic flux density, and
increases the material cost. Accordingly, the steel
contains 0.5 mass% or more in total of 4.0 mass% or less
of Ni and/or 2.0 mass% or less of Mn.

[0018] P largely enhances the tensile strength of the
non-oriented electrical steel sheet. P may, therefore,
be contained for the purpose of further improving the
tensile strength. A content of P less than 0.02 mass%
makes the function insufficient. On the other hand, a
content of P exceeding 0.2 mass$% results in segregation
of P at the grain boundary in the process of
manufacturing, possibly making the hot-rolled steel sheet
brittle, and making the succeeding cold rolling very
difficult. Accordingly, the content of P is adjusted to
0.02 mass% or more and 0.2 mass$% or less.

[0019] Nb reacts with C and N to generate Nb
carbonitride, and enhances the tensile strength of the
non-oriented electrical steel sheet through precipitation

strengthening and grain refinement strengthening. Metal



elements possibly forming carbonitrides in the non-
oriented electrical steel sheet, other than Nb, are
exemplified by Zr, V, Ti and Mo. Among them, Nb
carbonitride shows a large contribution to precipitation
strengthening. Nb also suppresses growth of crystal
grains in the process of cold rolling and finish
annealing, to thereby reduce the high-frequency iron
loss. For this reason, Nb may be contained. Too large
content of Nb, however, elevates recrystallization
temperature or embrittles the non-oriented electrical
steel sheet. Accordingly, assuming now [Nb] as the
content of Nb in mass$%, [C] as the content of C in
mass%, and [N] as the content of N in mass$%, a valued Ryp
represented by [Nb]/8([C]+[N]) is preferably 1 or
smaller. In view of obtaining the function described
above, the value Ry, 1is preferably 0.1 or larger.

[0020] Components of the non-oriented electrical steel
sheet other than those described in the above are Fe and
inevitable impurity, for example. Also B may be
contained for the purpose of avoiding embrittlement of
the grain boundary accompanied by increased tensile
strength. In this case, the content of B is preferably
0.001 mass% or more. On the other hand, a content of B
exceeding 0.007 mass% reduces the magnetic flux density,
and induces embrittlement in the process of hot rolling.
Accordingly, the content of B is preferably 0.007 mass$
or less.

[0021] Moreover, for the purpose of further improving

various magnetic characteristics, 0.02% or more and 1.0%



or less of Cu; 0.02% or more and 0.5% or less of Sn;
0.02% or more and 0.5% or less of Sb; 0.02% or more and
3.0% or less of Cr; and/or 0.001% or more and 0.01% or
less of rare earth metal (REM) may be contained. In
other words, a single or more elements selected from the
group consisting of these elements may be contained.
0022} According to the non-oriented electrical steel
sheet composed of these components, a high yield strength
and a low high-frequency iron loss can be obtained. 1In
addition, when the average grain diameter and the <111>
axial density of the non-oriented electrical steel sheet
fall in appropriate ranges, higher tensile strength can
be obtained, and the high-frequency iron loss can be
further suppressed.

[0023] ©Now an appropriate ranges of the average grain
diameter and the <111> axial density will be explained.
The present inventors found out appropriate ranges from
our experiments conducted as below. First, a slab which
contains 0.029 mass% of C, 3.17 mass% of Si, 0.69 mass$%
of Al, 2.55 mass% of Ni, 0.03 mass% of P, 0.002 mass% of
N, and 0.037 mass% of Nb was hot-rolled, to thereby
obtain a hot-rolled steel sheet. The value Ry, of the
hot-rolled steel sheet was 0.15. Next, the hot-rolled
steel sheet was cold-rolled at each reduction listed in
Table 1, to thereby obtain a series of cold-rolled steel
sheets of 0.35 mm thick. Thereafter, the cold-rolled
steel sheets were subjected to continuous finish
annealing under conditions listed in Table 1, to obtain

the non-oriented electrical steel sheets.



(0024]

[Table 1]

Sample Rolling Continuous finish annealing
No. reduction (%) | Temperature (°C) | Time (sec)

1 78 850 30

2 81 850 30

3 88 850 30

4 90 850 30

5 90 725 30

[0025] The average grain diameter and the <111> axial
density of the non-oriented electrical steel sheets were
measured. Epstein specimens and tensile test pieces were
cut from the non-oriented electrical steel sheets, and
subjected to measurement of magnetic characteristics and
mechanical characteristics. Results are shown in Table
2. In Tables below, “Wi5/50” represents iron loss Wissg,
“B50” represents magnetic flux density B50, and “Wigs1000”
represents iron loss Wigsi000. “YP” represents yield
strength, “TS” represents tensile strength, and “EL”

represents elongation.

[0026]
[Table 2]
Magnetic Mechanical
Sample | Average grain <l%l> characteristics characteristics
No. diameter (um) dii;?éy Wis o0 B50 | Wio/1000 YP TS EL
(W/kqg) (T) (W/kg) (MPa) (MPa) (%)
1 26 3.4 8.7 1.66 126 749 801 26
2 24 4.7 9.1 1.65 119 758 812 27
3 23 6.6 9.2 1.65 120 782 843 28
4 25 9.8 9.5 1.64 121 788 851 27
5 12 10.3 9.8 1.65 108 892 947 28

[0027] As is clear from Table 2, sample No. 5 showed
high yield strength and tensile strength, and low high-
frequency iron loss Wigsig00- On the other hand, each of

samples No. 1 to No. 4 showed lower yield strength and
10




tensile strength, and higher high-frequency iron loss
Wi0/1000, as compared with sample No. 5. Samples No. 1 and
No. 2 showed extremely low yield strength and tensile
strength. The average grain diameter is therefore
adjusted to 15 um or smaller, and the <111> axial density
illustrated in FIG. 1 is adjusted to 6 or larger. In
particular, the average grain diameter is preferably 13
um or smaller, and more preferably 11 pym or smaller. In
particular, the <111> axial density is preferably 9 or
larger, and more preferably 10 or larger. While axial
density in other crystal orientations including <001> is
not specifically limited, the <001> axial density is
preferably large.

[0028] The non-oriented electrical steel sheet according
to the present invention may be manufactured as follows.
First, a slab having the above described composition is
produced from molten steel, and the slab is heated and
hot-rolled to obtain a hot-rolled steel sheet. The hot-
rolled steel sheet is then cold-rolled to obtain a cold-
rolled steel sheet, followed by finish annealing. 1In
view of avoiding degradation in strength and
embrittlement accompanied by growth of the crystal
grains, the hot-rolled steel sheet is preferably not
annealed, and also preferably not subjected to
intermediate annealing during cold rolling. By employing
the hot-rolled steel sheet having the above-described
composition, the tensile strength may be improved and the
high-frequency iron loss may be reduced, without

subjecting the hot-rolled steel sheet to annealing or
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intermediate annealing. Omission of the annealing of the
hot-rolled steel sheet also improves the bendability. In
short, the non-oriented electrical steel sheet of the
present invention having the above-described composition
may improve the tensile strength and may lower the high-
frequency iron loss, only by relatively simple processes.
[0029] The average grain diameter is adjustable
depending on conditions of finish annealing, for example.
In order to adjust the average grain diameter to 15 um or
smaller, the finish annealing is preferably proceeded at
750°C or below for 25 seconds or shorter, or at 740°C or
below for 30 seconds or shorter, and more preferably
proceeded at 740°C or below for 25 seconds or shorter.
These ranges are apparent also from the above-described
experiments. As described in the above, the hot-rolled
steel sheet is preferably not annealed, and also
preferably not subjected to intermediate annealing during
cold rolling. This is because these sorts of annealing
may make it difficult to adjust the average grain
diameter to 15 um or smaller.

[0030) The <111> axial density is adjustable depending
on rolling reduction in cold rolling, for example. 1In
order to adjust the <111> axial density to ¢6 or larger,
the rolling reduction is preferably adjusted to 85% or
larger, more preferably 88% or larger, and still more
preferably 90% or larger. These ranges are apparent also
from the above-described experiments. The <111> axial
density is also adjustable by temperature of finish

rolling in the hot rolling, and cooling conditions after
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hot rolling, for example. More specifically, for the
case where the hot rolling involves rough rolling and
succeeding finish rolling, the <111> axial density is
adjustable by temperature of the hot-rolled steel sheet
in finish rolling. In addition, for the case where the
hot-rolled steel sheet is coiled after the hot rolling,
the <111> axial density is adjustable by controlling
temperature of the hot-rolled steel sheet in coiling
(coiling temperature). The lower the temperature of the
finish rolling is, the larger the ratio of area in the
hot-rolled steel sheet is, the area causing therein no
recrystallization. For this reason, the lower the finish
rolling temperature is, the more readily the effects,
similar to those obtained under large reduction in cold
rolling, can be obtained. Accordingly, the finish
rolling temperature is preferably set to a low level, and
particularly preferably 850°C or below. In addition, the
lower the coiling temperature is, the larger the ratio of
area in the hot-rolled steel sheet is, the area causing
therein no recrystallization. Accordingly, also the
coliling temperature is preferably set to a low level, and

particularly preferably 650°C or below.

EXAMPLE
[0031] (First Experiment)

First, slabs which contain the components listed in
Table 3 and the balance of Fe and inevitable impurity
were hot-rolled, to obtain hot-rolled steel sheets.

Next, the hot-rolled steel sheets were cold-rolled at

13



rolling reductions listed in Table 4, to thereby obtain
cold-rolled steel sheets of 0.20 mm thick. The cold-
rolled steel sheets were then subjected to continuous
finish annealing under conditions listed in Table 4, to

obtain the non-oriented electrical steel sheets.

[0032]
[Table 3]
Component
Sample No. -
C Si Al N1 Mn P
11 0.0022 3.20 0.65 - 0.19 0.04
12 0.0018 3.21 0.67 2.56 0.20 0.05
Comparative {7 g 0.0021 3.25 0.70 - 1.61 0.04
Example
14 0.0023 3.23 0.63 2.58 1.57 0.04
15 0.0019 3.31 0.66 2.59 1.60 0.05
16 0.0020 3.27 0.68 2.55 1.58 0.04
Example
17 0.0025 3.35 0.70 2.49 1.62 0.04
[0033]
(Table 4]
Rolling Continuous finish annealing
Sample No. . B = -
reduction (%) Temperature ( C) Time (sec)
11 83 820 40
) 12 83 820 40
Comparative 13 83 820 40
Example
14 83 820 40
15 89 820 40
16 89 750 20
Example
17 89 720 20

[0034] The average grain diameter and the <111> axial
density of the non-oriented electrical steel sheets were
measured. Epstein specimens and tensile test pieces were
then cut from the non-oriented electrical steel sheets.
Magnetic characteristics were measured using the Epstein

specimens, and mechanical characteristics were measured

14




using the tensile test pieces. Results are shown in

Table 5.
[0035]
[Table 5]
Average Magnetic Mechanical
grain <1?1> characteristics characteristics
Sample No. diameter | AXtal Wie,cn | B50 | Wio/1000 YP TS EL
(um) | 9SIEY kg | om) | i/kg) | Pa) | (mpa) | ()
11 24 4.1 1.7 1.67 51 531 628 31
, 12 23 3.9 1.6 | 1.68 48 636 733 25
Cogparailve 13 23 4.4 4.9 1.67 49 573 672 28
xamp e 14 21 1.6 1.8 | 1.67 27 681 779 29
15 22 8.6 5.0 1.66 48 710 821 29
Example 16 13 8.9 5.2 11.66 13 796 898 30
17 10 8.2 5.0 1.66 40 819 917 31

[0036] As is known from Table 5, each of Comparative
Examples No. 12 to No. 14 was found to show higher levels
of yield strength and tensile strength, as compared with
Comparative Example No. 11, by virtue of solid solution
strengthening contributed by Ni and/or Mn. Comparative
Example No. 15 was found to show higher levels of yield
strength and tensile strength as compared with
Comparative Examples No. 12 to No. 14, since the <111>
axial density was 6 or larger.

[0037] Each of Examples No. 16 and No. 17 showed
distinctively higher levels of yield strength and tensile
strength, and a distinctively lower level of high-
frequency iron loss Wigs1000 @as compared with Comparative
Example No. 15, since the <111> axial density was 6 or
larger, and the average grain diameter was 15 um or
smaller. In this way, desirable magnetic characteristics
and mechanical characteristics were obtained in Examples
No. 16 and No. 17.

[0038] It is also clear from Table 4 and Table 5, that
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larger rolling reduction results in larger <111> axial
density, and that lower temperature and shorter time of
continuous finish annealing result in smaller average
grain diameter.

[0039] (Second Experiment)

First, slabs which contain the components listed in
Table 6 and the balance of Fe and inevitable impurity
were hot-rolled, to obtain hot-rolled steel sheets.

Next, the hot-rolled steel sheets were cold-rolled at
rolling reductions listed in Table 7, to thereby obtain a
series of cold-rolled steel sheets of 0.25 mm thick. The
cold-rolled steel sheets were then subjected to
continuous finish annealing under conditions listed in

Table 7, to obtain the non-oriented electrical steel

sheets.
[0040]
[Table 6]
Component
Sample No.
C Si al Ni P B N Nb Ryp
21 0.0069 ) 2.81 10.84 - 0.0310.00221}0.0025 - 0.00
Comparative 22 0.0058 | 2.76 [ 0.80 [ 3.51]10.04|0.0025}0.0021)|0.004|0.06
Example 23 0.0063 1 2.82 1 0.854{3.47{0.0310.0024{0.0019{0.03610.55
24 0.0057 | 2.75 10.86 | 3.61 (0.04[0.0029]0.00220.0281]0.44
25 0.0066 | 2.69 [ 0.88 [3.52)0.04]|0.0028}10.0023|0.033|0.46
Example
26 0.0072 { 2.77 | 0.85}13.600.03(0.0026(0.0021(0.03810.51
[0041]
[Table 7]
Rolling Continuous finish annealing
Sample No. . N = =
reduction (%) | Temperature (°C) | Time (sec)
21 82 780 30
Comparative 22 82 780 30
Example 23 82 780 30
24 90 780 30
25 90 720 30
Example
26 91 700 30
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[0042]

The average grain diameter and the <111> axial

density of the non-oriented electrical steel sheets were

measured.

cut from the non-oriented electrical steel sheets.

Epstein specimens and tensile test pieces were

The

magnetic characteristics were measured using the Epstein

specimens,

measured using the tensile test pieces.

and the mechanical characteristics were

shown in Table 8.

Results are

(0043]
[Table 8]
Average Magnetic Mechanical
: <11l1> . . . .
Sample No. grain Axial characteristics characteristics
diameter density Wie 50 B50 Wio/1000 YP TS EL
(pm) (W/kg) (T) (W/kg) | (MPa) | (MPa) (%)
21 22 4.8 5.5 1.65 60 524 622 26
Comparative |22 23 4.9 5.4 1.66 58 701 795 27
Example 23 19 5.1 5.7 1.66 59 B26 871 26
24 20 9.7 5.9 1.65 61 851 902 25
Example 25 11 10.3 6.0 1.65 53 933 976 26
26 9 12.1 6.3 1.65 49 948 989 28
[0044] As 1is known from Table 8, Comparative Example No.

22 was found to show higher levels of yield strength and

tensile strength,

No. 21,

contributed by Ni.

Comparative Examples No.

by virtue of solid solution strengthening

as compared with Comparative Example

23 and No.

24 were found to show higher levels of yield strength and

tensile strength,

No. 22,

by virtue of precipitation strengthening

as compared with Comparative Example

contributed by Nb carbonitride precipitated in the form

of fine grains.

steel sheet of Comparative Example No.

but only at the value Ryp, 0f smaller than 0.1,

While also the non-oriented electrical

22 contained Nb,

carbonitride hardly precipitated in the form of fine

grains.

Comparative Example No.

17

24 showed higher levels

so that Nb




of yield strength and tensile strength as compared with
Comparative Example No. 23, since the <111> axial density
was 6 or larger.

[0045] Each of Examples No. 25 and No. 26 showed
distinctively higher levels of yield strength and
tensile strength, and a distinctively lower level of
high-frequency iron 1loss Wig/i1000 @s compared with
Comparative Example No. 24, since the Ry, value was 0.1 or
larger, the <111> axial density was 6 or larger, and the
average grain diameter was 15 um or smaller. In this
way, desirable magnetic characteristics and mechanical
characteristics were cobtained in Examples No. 25 and No.
26.

[0046] Also from Table 7 and Table 8, it is apparent
that larger rolling reduction results in larger <111>
axial density, and that lower temperature in continuous
finish annealing results in smaller average grain

diameter.

INDUSTRIAL APPLICABILITY
[0047] The present invention is applicable to electrical
steel sheet manufacturing industry and electrical steel

sheet utilization industry.
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