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EP 2 826 882 B9
Description
Technical field

[0001] The presentinvention belongs to the metallurgy field. Particularly, the present invention relates to a non-oriented
electrical steel sheet and its manufacturing method, and specifically a non-oriented electrical steel sheet characterized
by low production cost, low iron loss and high magnetic permeability and applicable for industrial motors and its manu-
facturing method.

Background technology

[0002] Withthe requirements for energy conservation becoming increasingly rigorous in various countries in the world,
more rigorous requirements are put forward with respect to the efficiency and energy conservation of motors. In order
to improve the efficiency of motors, their loss must be reduced. The loss of motors can be roughly divided into copper
loss of stators and rotors, basic iron loss, mechanical loss and stray loss, among which copper loss and iron loss
respectively account for about 40% and 20% of the total loss and are both related to the magnetic induction and magnetic
permeability of electrical steel sheets, which are the materials used for manufacturing motors. Given that improving the
magnetic induction and magnetic permeability of electrical steel sheets can help to reduce the copper loss and iron loss,
the non-oriented electrical steel sheet featured by low iron loss and high magnetic permeability has become the preferred
material for making high-efficiency motors.

[0003] Generally, Si, Al and other relevant elements are added to increase the electrical resistivity of materials and
thereby reduce iron loss. For example, the Japanese patent JP-A-55-73819 discloses that, by adding an appropriate
amount of Al and adjusting the annealing atmosphere, the internal oxide layer on steel sheet surface can be reduced,
thereby achieve excellent magnetic performance. Similarly, Japanese patents JP-A-54-68716 and JP-A-61-87823 dis-
close that, adding Al or REM or optimizing the cooling rate of annealing can also improve magnetic performance.
[0004] However, adding only Si, Al and other relevant elements, or simultaneously employing corresponding process
optimization to improve magnetic performance can achieve a very limited effect, because, as is well known, adding Si
and Al would lower the magnetic induction and magnetic permeability of electrical steel sheets and thus reduce the
efficiency of motors.

[0005] The US patent US 4545827 discloses a method for manufacturing a non-oriented electrical steel sheet featured
by low iron loss and high magnetic permeability, wherein C content (wt%) is adjusted to control the carbide precipitation
of products and the temper rolling technique is adopted to obtain 3.5-5.0 ASTM ferrite grain and easily magnetizable
texture ingredients. However, the ingredient system of the patent is characterized by low Si and high C, and high C
content may easily lead to magnetic aging and increased iron loss.

[0006] TheUS patentUS 6428632 discloses anon-oriented electrical steel with low anisotropy and excellent processing
property and applicable in high-frequency areas. The patent requires that the properties of steel sheets to satisfy the
conditions of formulas Bgy (L+C) > 0.03W5,50(L+C)+1.63 and W 409 (D)/W10/200(L+C) < 1.2, so as to manufacture
motors with high efficiency (above 92%). However, the non-oriented electrical steel manufactured with the patent tech-
nology is mainly used for high-frequency rotary motors, which require high production cost and thus not applicable for
ordinary industrial motors.

[0007] WO2006/068399 discloses a non-oriented electrical steel sheet that has reduced iron loss and increased
magnetic flux density by controlling alloy component elements and optimizing hot-rolling conditions, even though hot-
rolled sheet annealing is not carried out, as well as a manufacturing method.

[0008] Therefore, developing non-oriented electrical steel sheets with low production cost, low iron loss and high
magnetic permeability and applicable for industrial motors has presented a broad market prospect. For this purpose,
the present inventors have designed the research protocol on the basis of the following idea: By controlling the air cooling
time and final rolling temperature of the hot rolling process and coarsening the inclusions in the steel, both the recrys-
tallization percentage and grain size of the hot-rolled sheet are increased, so as to obtain non-oriented electrical sheets
with low iron loss and high magnetic permeability and thereby produce non-oriented electrical steel sheets which can
be used to improve the efficiency of ordinary industrial motors as well as high-efficiency and super high-efficiency
industrial motors. Particularly, the present invention relates to a non-oriented electrical steel sheet which is applicable
for manufacturing industrial motors with a working magnetic flux density of 1.0~1.6T and can improve the efficiency of
the motors by 1%.

[0009] Therefore, an object of the present invention is to provide a non-oriented electrical steel sheet, the casting slab
of which comprises:

Si: 0.1~2.0wt%; Al: 0.1~1.0wt%; Mn: 0.10~1.0wt%; C: <0.005wt%; P: <0.2wt%; S: <0.005wt%; N: <0.005wt%; and
balance being Fe and other unavoidable impurities,
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and the magnetic permeability of the steel sheet satisfies the following formulas (1) and (2):

LL10‘+‘ LL13+IJI 5>13982-586.5P;5/50 (1);

tio+piz+pis=10000  (2),

wherein, w49, k13 and pq5 respectively represent the relative magnetic permeability at magnetic inductions of 1.0T,
1.3T and 1.5T at 50Hz; P5,57 represents the iron loss at 50Hz and under a magnetic induction of 1.5T; when
calculating the formula (1), P45/5¢is calculated as a dimensionless numerical value, regardless of its actual unit (W/kg).

[0010] Itis preferable that the magnetic permeability of the steel sheet satisfies the following formula (3):

Mo+ pistu;s=11000  (3).

[0011] In said steel sheet, Sn and/or Sb may be selectively added based on actual circumstances, and their total
content should be controlled to be < 0.3wt%.

[0012] In other words, the present invention provides a non-oriented electrical steel sheet, the casting slab of which
comprises:

Si: 0.1~2.0wt%; Al: 0.1~1.0wt%; Mn: 0.10~1.0wt%; C: <0.005wt%; P: <0.2wt%; S: <0.005wt%; N: <0.005wt%; either
orboth of Snand Sb: <0.3wt%; and balance being Fe and other unavoidable impurities, and the magnetic permeability
of the steel sheet satisfies the following formulas (1) and (2):

ulo+M13+M15213982-586.5P15/50 (l);

tio T i3trs=10000  (2),

wherein, w49, k13 and pq5 respectively represent the relative magnetic permeability at magnetic inductions of 1.0T,
1.3T and 1.5T at 50Hz; P5,50 represents the iron loss at 50Hz and under a magnetic induction of 1.5T; when
calculating the formula (1), P45/5¢is calculated as a dimensionless numerical value, regardless of its actual unit (W/kg).

[0013] Another object of the present invention is to provide a method for manufacturing said non-oriented electrical
steel sheet, and which includes steelmaking, hot rolling, acid pickling, cold rolling and annealing in sequence.

[0014] Preferably the manufacturing method of the present invention omits the normalizing treatment process of the
hot-rolled sheet.

[0015] Thefinalrollingtemperature (FDT) of the hotrolling process in the manufacturing method of the presentinvention
satisfies the formula (4):

830+42x(Si+Al)<FDT<880+23x(Si+Al) (4).

[0016] Wherein, Si and Al respectively represent the weight percentages of elements Si and Al, and the unit of FDT
is degree Celsius (°C).

[0017] Preferably the nominal grain size D of the hot-rolled sheet in the manufacturing method of the present invention
is greater than 30um; wherein, D=RXd, R represents recrystallization percentage, and d represents the mean recrystal
grain size of the hot-rolled sheet.

[0018] Preferably, in the manufacturing method of the present invention, the time interval t; between the end of rough
rolling of the intermediate slab and the start of the finishing rolling of it on F1 frame in the hot rolling process is controlled
to be 20 sec. or more, and the time interval t, between the end of finishing rolling of the intermediate slab and the start
of its laminar cooling process is controlled to be 5 sec. or more.

[0019] Preferably the steel sheet of the present invention may be used to manufacture industrial motors, especially
high-efficiency and super high-efficiency industrial motors.
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[0020] The non-oriented electrical steel sheet of the present invention has the advantages of low production cost, low
iron loss and high magnetic permeability, which is a material with high cost performance when used to manufacture
industrial motors. Furthermore, in the manufacturing method of the present invention, the normalizing treatment of the
hot-rolled sheet can be omitted by improving the process conditions of other steps, which shortens the processing flow
and correspondingly reduces the production cost of the non-oriented electrical steel sheet and obtains products with
low iron loss and excellent magnetic performance. The experiment indicates that, as compared with the motors made
of conventional non-oriented silicon steel products, the motors made of products manufactured through the present
invention can obtain an efficiency improvement of at least 1%, and significantly save the electric energy.

Brief description of figures
[0021]
Figure 1 is a schematic diagram showing the correlation between pqg+p43+u15 and Pqg59 Of the non-oriented
electrical steel sheet and the motor efficiency.
Figure 2 is the curve chart of the iron loss P45/5; of type A electrical steel sheet and type B electrical steel sheet
relative to magnetic induction Bg.
Figure 3 is the picture of metallographic microstructure of the hot-rolled sheet.
Figure 4 is a schematic diagram showing the correlation between the grain size of the hot-rolled sheet and the total
magnetic permeability (uqg+pq13+p15) of the final steel strip product.
Embodiments
[0022] The technical proposal of the present invention is elaborated below by combining the attached figures.
Definitions

Intermediate slab

[0023] The steel slab obtained after the rough rolling and before the finishing rolling in the hot rolling process of the
steel sheet.

F1 frame

[0024] The first rolling mill in the finishing rolling mill series. A typical finishing rolling mill series is constituted by seven
rolling mills, called F1-F7 for short.

Nominal grain size

[0025] Theindex used to describe the grain size and recrystallization percentage in the present invention, represented
by D; wherein, D=RXd, R represents recrystallization percentage, and d represents the mean recrystal grain size of the
hot-rolled sheet.

Principle of the present invention

[0026] Motor efficiency is closely related to the iron loss P and magnetic induction B of the non-oriented electrical steel
as the manufacturing material, however, the iron loss P and magnetic induction B are a pair of contradictory parameters.
In the research on the correlation between motor efficiency and the magnetic performance of electrical steel sheets, the
present inventors have used various brands of electrical steel sheets to manufacture various types of industrial motors.
As shown in the research, ordinary industrial motors usually have a working magnetic induction of 1.0T~1.6T, which
means that their working range can not reach the magnetic induction of material Bsg in normal circumstances, so the
judgment of motor efficiency can not be made simply by evaluating the magnetic performance of electrical steel sheets
through By level. For example, with P, 5,5, remaining the same, when By of type A electrical steel =1.75T and B of
type B electrical steel =1.70T, the motors made of type A electrical steel seem to be more energy-saving and efficient.
However, the situation as described in Figure 1 may occur actually. In other words, under the premise that motors are
designed in the same manner, the motors made of type B material will be more efficient than those made of type A material.
[0027] Figure 2 is a schematic diagram showing the correlation between the p4g+w43+n5 and Py550 Of the non-
oriented electrical steel sheet and the motor efficiency. The motor used is 30kW-2 motor. As shown in Figure 2, when
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the magnetic permeability (wqg*w43+45) and iron loss P55, of the non-oriented electrical steel satisfy the following
formulas (1) and (2), the motor efficiency is significantly improved:

u10+ }L13+M15_>_13982-586.5P15/5o (1);

Hiot piztps=10000  (2).

[0028] Wherein, when calculating the formula (1), P45s5 is calculated as a dimensionless numerical value, regardless
of its actual unit (W/kg).

Relation between the magnetic performance of electrical steel and the grain structure

[0029] The presentinvention has studied in depth the influence of the hot rolling process on the magnetic permeability
of the final steel strip product, and found that there is a significant correlation between the grain structure size of the hot-
rolled sheet and the magnetic permeability of the electrical steel sheet. During the hot rolling of the non-oriented silicon
steel, on the one hand, there is a relatively high frictional force between the steel sheet and the roller, which results in
multiple restraints, complex stress and strain statuses and high accumulative stored energy on the surface of the steel
sheet; on the other hand, the temperature on the surface of the steel sheetis lower than thatin the center, the multiplication
rate of surface stored energy is accelerated, the dynamic recovery rate is low, and the energy consumption rate is low,
so as to meet the energy condition for dynamic recrystallization and form tiny dynamic recrystal grain structures; in the
center, the dynamic recovery rate is high, accumulative stored energy is low, the recrystallization power is low, so it's
insufficient to result in the dynamic recrystallization, and the structures after final rolling are mainly deformed grains, as
shown in Figure 3.

[0030] Since the temperature after the final rolling of the steel sheet is relatively high, the static recovery and recrys-
tallization as well as grain growth usually occur during the subsequent air cooling process. The static recovery rate is
related to the deformation stored energy, stacking fault energy and temperature: the higher the deformation stored
energy, the stacking fault energy and the temperature are, the higher the static recovery rate is. The static recrystallization
rate is related to the static recovery degree, the grain boundary migration difficulty and the temperature: the more
adequate the static recovery, the more difficult the grain boundary migration and the lower the temperature are, the
lower the static recrystallization rate is (even it’s impossible for recrystallization to occur).

[0031] Onthe whole, the grain structure of silicon steel hot-rolled sheets is mainly determined by the dynamic recovery,
dynamic recrystallization, static recovery, static recrystallization, grain growth and other procedures; the structure dis-
tribution from the surface to the center in the thickness direction (cross section) of steel sheets is: on the surface are
mainly the further static recovery structures of dynamic recrystal grains; in the center are mainly the further static recovery
or static recrystal structures of dynamically-recovered deformed grains; in the transitional zone from the surface to the
center are mainly the further static recovery or static recrystal structures of partial dynamically-recovered deformed
grains and partial dynamic recrystal grains.

[0032] Based on said recrystallization mechanism, the present inventors have explored many process conditions
directly related to the recrystallization and grain size in the hot rolling process, and made the improvements and limitation
on some conditions such as the final rolling temperature (FDT), the retention time of the intermediate slab between the
end of rough rolling and the start of F1 frame, the retention time before laminar cooling process, etc., so as to ensure
the recrystallization percentage and grain coarsening of the steel sheet and thereby achieve excellent magnetic per-
formances.

[0033] Inorderto characterize the relation between the magnetic performance of electrical steel and the grain structure
of hot-rolled sheet, the present inventors have defined the grain size of hot-rolled sheet as shown in Figure 3, and
proposed the concept of "nominal grain size of hot-rolled sheet". In the present invention, the nominal grain size of the
hot-rolled sheet is D=RXd, wherein, R represents the recrystallization percentage, and d represents the mean recrystal
grain size of the hot-rolled sheet.

[0034] It can be known from the above formula that, the recrystallization percentage is directly in proportion to the
nominal grain size. As found in the research, the higher the nominal grain size of the hot-rolled sheet is, the higher the
magnetic permeability of the electrical steel sheet is.

[0035] In order to maintain the low iron loss advantage of the steel sheet within the working magnetic induction range
of 1.0T~1.6T of ordinary industrial motors, the retention time of the intermediate slab between the end of rough rolling
and the start of F1 frame, the retention time after F7 frame processing and before laminar cooling process and the final
rolling temperature may be optimized in the hot rolling of the steel sheet, so as to ensure the recrystallization percentage
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and grain coarsening of the steel sheet.

[0036] In order to achieve a high magnetic permeability, the nominal grain size of the hot-rolled sheet in the present
invention is no less than 30 um. On the other hand, the nominal grain size of the hot-rolled sheet in the present invention
is no more than 200 pm.

Ingredients of electrical steel

[0037] Inthe presentinvention, different ingredients of the non-oriented electrical steel sheet have different influences
on the iron loss and magnetic performance of the electrical steel respectively, and the casting slab of the steel sheet
comprises:

Si: soluble in ferrite to form a substitutional solid solution, improve the resistivity of the substrate and reduce the
iron loss, it is one of the most important alloying elements in the electrical steel. However, Si may impair magnetic
induction, and when Si content is continuously increased after it has reached a certain level, the effect of Si for
reducing iron loss will be weakened. In the present invention, Si content is limited to 0.1%~2.0%. If it is higher than
2.0%, it will be difficult to make the magnetic permeability of the electrical steel meet the requirements of high-
efficiency motors.

Al: itis soluble in ferrite to improve the resistivity of the substrate, and can coarsen grains and reduce iron loss, and
also deoxidate and fix nitrogen, but it may easily cause the oxidation inside the surface of finished steel sheet
products. An Al content of above 1.5% will make the smelting, casting and processing difficult and may reduce the
magnetic induction.

Mn: similar to Si and Al, it can improve the resistivity of steel and reduce iron loss; in addition, Mn can bond with
the unavoidable impurity element S to form stable MnS and thereby eliminate the harm of S on the magnetic property.
In addition to preventing the hot shortness, it’s also soluble in ferrite to form substitutional solid solution and reduces
the iron loss. Thus, it's necessary to add Mn at least in an amount of 0.1%. In the present invention, Mn content is
limited t0 0.10%~1.50%. If Mn content is lower than 0.1%, the above beneficial effects are not obvious; if Mn content
is higher than 1.50%, it will reduce both the Acl temperature and the recrystallization temperature, lead to o-y phase
change in thermal treatment, and deteriorate the beneficial texture.

P: adding a certain amount of phosphorus (below 0.2%) into steel can improve the workabilityof the steel sheet,
however, if its content exceeds 0.2%, the workabilityof the steel sheet in cold rolling may be impaired.

S: harmful to both the workability and the magnetic property, it tends to form fine MnS particles together with Mn,
hinder the growth of annealed grains of finished products and severely deteriorate magnetic property. In addition,
S tends to form low-melting-point FeS and FeS,, or eutectic together with Fe and cause the problem of hot processing
brittleness. In the present invention, S content is limited to 0.005% or less; if its content exceeds 0.003%, it will
significantly increase the amount of MnS and other S compounds precipitated, seriously hinder the growth of grains
and increase iron loss. Preferably the S content is controlled to 0.003% or less in the present invention.

C: harmful to both the workability and the magnetic property, it tends to form fine MnS particles together with Mn,
hinder the growth of annealed grains of finished products and severely deteriorate magnetic property. In addition,
S tends to form low-melting-point FeS and FeS2 or eutectic together with Fe and cause the problem of hot processing
brittleness. In the present invention, S content is limited to 0.005% or less; if its content exceeds 0.003%, it will
significantly increase the amount of MnS and other S compounds precipitated, seriously hinder the growth of grains
and increase iron loss. Preferably the S content is controlled to 0.003% or less in the present invention.

N: it tends to form fine dispersed nitrides such as AIN, etc., seriously hinder the growth of grains and deteriorate
iron loss. In the present invention, N content is limited to 0.002% or less; if its content exceeds 0.002%, it will
significantly increase the amount of AIN and other N compounds precipitated, greatly hinder the growth of grains
and increase iron loss.

Sn, Sb: as activating elements, when segregated on the surface or at the surface grain boundary, they can reduce
the oxidation inside the surface, prevent active oxygen from permeating into the steel substrate along the grain
boundary, improve the texture, increase [100] and [110] ingredients and decrease [111] ingredient, and significantly
improve the magnetic permeability. In the non-oriented electrical steel of the present invention, it is preferable to
comprise one of Sn and Sb or both of them. When the total amount of Sn and Sb falls within the range of 0.04%~0.1%,
the magnetic performance can be significantly improved.

Fe: primary ingredient of the electrical steel.

Unavoidable impurities: substances which can not be completely eliminated under current technical conditions or
from the economic perspective and are allowed to exit in certain contents. By means of coarsening impurities in the
electrical steel or facilitating their participation in the grain formation, the magnetic performance of the electrical
steel may be improved.
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Manufacturing process of the electrical steel

[0038] The non-oriented electrical steel sheet of the present invention with low production cost, low iron loss and high
magnetic permeability is manufactured by limiting its ingredients and improving its processing technology.

[0039] Generally, a typical process for manufacturing a non-oriented electrical steel product basically includes the
following steps:

1) Steelmaking process: including bessemerizing, RH refining and continuous casting, with the thickness of the
continuous casting slab generally being 200 mm~300 mm. The ingredients, impurities and micro structures of the
products can be strictly controlled by means of the above process. Besides, this step also helps to control the
unavoidable impurities and residual elements in the steel at a relatively low level, reduce the content of inclusions
in the steel, coarsen these inclusions and obtain the casting slab with a high equiaxed grain rate at a rational cost
in accordance with the requirements of various types of products.

2) Hot rolling process: including the heating, rough rolling, finishing rolling, laminar cooling and coiling of casting
slabs made of various types of steel from step 1) at various temperatures below 1,200°C, so as to obtain hot rolls
which can satisfy the requirements of the final products on both performance and quality excellence. The hot roll
products are generally 1.5 mm~3.0 mm in thickness.

Wherein, in the interval between the end of rough rolling and the start of finishing rolling, the intermediate slab needs
to go through a process which includes the transmission and shelving (or placing in static state) and also involves
the recrystallization, grain growth and/or grain deformation. The length of the time interval of such a process may
influence the crystallization distribution and the change of the steel sheet. In the present application, such a time
interval may also be called "the transmission and shelving time of the intermediate slab between the end of rough
rolling and the start of F1 frame" or"the retention time of the intermediate slab between the end of rough rolling and
the start of F1 frame", abbreviated as t,.

Besides, in the period after finishing rolling and before laminar cooling, the intermediate slab also needs to go through
a process which includes the transmission and shelving (or placing in static state) and also involves the recrystal-
lization, grain growth and/or grain deformation. The length of the time interval of such a process may also influence
the crystallization distribution and the change of the steel sheet. In the present application, such a time interval may
also be called "the transmission and shelving time before laminar cooling" or "the retention time before laminar
cooling", abbreviated as t,.

3) Normalizing and acid pickling process: including the high-temperature thermal treatment through continuous
annealing of the hot-rolled sheet from step 2). The normalizing treatment process adopts nitrogen protection and
rigorous process control, includes shot blasting and acid pickling process, and produces normalized rolls 1.5 mm~3.0
mm in thickness; the above process may be employed to obtain superior micro structure, texture and surface quality.
4) Cold rolling process: including the reversible rolling or continuous rolling of the normalized sheet from step 3) or
the hot-rolled sheet from step 2). Cold-rolled products may be obtained as required by users, such as the cold-rolled
products 0.2 mm~0.65 mm in thickness. For products requiring a thickness of 0.15 mm~0.35 mm, the intermediate
annealing and secondary cold rolling process may also be adopted as described in step 5).

5) Intermediate annealing and secondary cold rolling process: including the intermediate annealing of the primary
cold-rolled products 0.35 mm~0.5 mm in thickness and the cold rolling employed for the subsequent secondary
rolling so as to achieve the target thickness, in which the primary cold rolling has a reduction ratio of no less than 20%.
6) Final annealing process: including the continuous annealing of the cold-rolled products from step 4) or step 5)
(i.e., including or excluding the intermediate annealing of the secondary cold rolling process). Heating, soaking,
cooling and thermal treatment are provided under different atmospheres (nitrogen-hydrogen mixture) to form ideal
coarse grains and optimized texture ingredients and obtain excellent magnetic performance, mechanical property
and surface insulation for finished products. The finished products of the present invention are steel strips, generally
0.15 mm~0.65 mm in thickness.

Process improvement of the present invention

[0040] Itisfound in the research that, the final rolling temperature (FDT) in the hot rolling process has a direct influence
on the nominal grain size of the hot-rolled sheet, and there is an internal relation between the final rolling temperature
(FDT) and nominal grain size of the hot-rolled sheet and the constituent ingredients of the steel slab (particularly the Si
and Al contents of the steel slab). Many experiments have demonstrated that, when the final rolling temperature (FDT,
°C) in the hot rolling process satisfies the following formula (4):
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830+42x(Si+AL) <FDT<880+23x(Si+Al) (4)

and when t; and t, are respectively controlled to be no less than 20 sec. and 5 sec., the nominal grain size of the hot-
rolled sheet obtained can reaches 30 pm or more.

[0041] For example, for a steel slab with its basic ingredients being 1.0wt% Si, 0.32wt% Al, 0.65wt% Mn, 0.035wt%
P, <0.0030wt% C and <0.0020wt% N, when different retention times and final rolling temperatures are adopted, the hot-
rolled structures of different grain sizes through high-temperature coiling at 720°C are obtained, and after that identical
processes are adopted for cold rolling and continuous annealing. Figure 4 illustrates the relation between the grain size
and the magnetic permeability of the hot-rolled sheet obtained. As shown in Figure 4, only when the nominal grain size
of the hot-rolled sheet reaches 30 .wm or more, can the finished products achieve a relatively high magnetic permeability.
[0042] In the subsequent section we have introduced some specific examples to further explain the present invention.
It should be understood that the following examples are introduced to explain the present invention only and not to limit
the scope hereof in any way.

Examples
1. Example |

[0043] After the converter process and RH refining treatment, the molten steel is cast into casting slabs, which are
then used to manufacture non-oriented electrical steel products through hot rolling, acid pickling, cold rolling, annealing
and coating. The process conditions of the traditional manufacturing method are well known by a person skilled in the
art. The differences of the present invention from the traditional manufacturing method lies in: 1. The normalizing step
is omitted. 2. The magnetic permeability of finished steel strip products is improved by coordinating the standby time
and final rolling temperature of the hot rolling process and thereby optimizing the crystallization percentage and nominal
grain size of the hot-rolled sheet. Specifically, sheet slabs in the hot rolling process are heated at a temperature of
1,100~1,200 °C, and then rolled into 2.6 mm strip steel through hot rolling; the hot-rolled 2.6 mm strip steel is then subject
to the cold rolling process to roll them into 0.5 mm strip steel, and then put through the final annealing and coating so
as to obtain the steel strip products.

[0044] The nominal grain size of the hot-rolled sheet, the relative magnetic permeability 4o, 13 and w45 and iron loss
P15/50 Of the finished steel strip products and the efficiency of 30kW-2 motors are measured, and the results are provided
in Table 1.



EP 2 826 882 B9

G106 L0y £596 8z | 8¥00 g ¥1000 | 2€0 09°0 Syl | 62000 | | eldwex3eanesedwo)
G826 AR zz8el 96 500 g 61000 €0 G9°0 Gl ¥200°0 G ojdwex3
926 16°€ ze9zl 69 500 €00 | Z1000 | 1€0 2z 0 0¢'L | £€2000 v ejdwex3
126 88y €l1zl €8 g g €1000 | 1€0 2z 0 0l 81000 ¢ ojdwex3
926 z6'y G20zl zL 200 ¥0'0 | 02000 | S9°0 050 6.0 | 02000 Z ojdwex3
L¥'16 8¢e'G vr8LL 6S g g 61000 | €20 8¢°0 00 | 2000 | ejdwex3
% Aousioye Jojopy | Bym 05/Shg | Sl EindiOldd | wM g | %M Qs | %IMUS | %IMS | %MV | %IMUN | %MIS | %MD 'ON

10

15

20

25

l 8lqeL

(=
™

35

40

45

50

55




10

15

20

25

30

35

40

45

50

55

EP 2 826 882 B9

[0045] Wherein, the symbol "tr." represents the trace amount or residual amount.

[0046] It can be seen from Table 1 that, the (wqg+q3+145) value of the finished product in Comparative Example 1
is less than 10000 and does not satisfy the requirements of the formula, and the nominal grain size of the hot-rolled
sheet is too small, so the efficiency of 30kW-2 motors made of it is far lower than that of motors made of the electrical
steel materials within the range of the present patent.

[0047] Data of Example 1 to Example 5 indicate that, the non-oriented electrical steel sheets of the present invention
are featured by low iron loss and high magnetic permeability, and are very applicable for the manufacture of high-
efficiency ordinary industrial motors.

2. Example Il

[0048] After the converter process and RH refining treatment, the molten steel is cast into steel slabs which comprise
the following ingredients by the weight percentages as below (except Fe and other unavoidable impurities as the balance):
1.0wt% Si, 0.32wt% Al, 0.65wt% Mn, 0.035wt% P, <0.0030wt% C and <0.0020wt% N. The heating temperature of the
hot-rolled sheet slab is controlled at 1160°C. Table 2 shows the changes of the retention time t, of the intermediate slab
between the end of rough rolling and the start of F1 frame, the retention time t, before laminar cooling and FDT. After
high-temperature coiling at 720°C, they are rolled into 2.6 mm strip steel through hot rolling; the hot-rolled 2.6mm strip
steel is then subject to the cold rolling process to roll them into 0.5 mm strip steel, and then put through the final annealing
and coating so as to obtain the steel strip products.

[0049] The nominal grain size of the hot-rolled sheet, the magnetic permeability and iron loss P 5,5 of finished products
and the efficiency of 30kW-2 motors are measured, and the results are provided in Table 2.

Table 2
Hot rolling process Magnetic property Motor efficiency (%)
No. parameters D (n.m)
FDT(°C) | t1(s) | ta(s) H1o*traztis | Pesso (W/kg)
Example 6 890 24 6 77 12236 3.56 92.1
Example 7 900 26 7 90 12315 3.43 92.4
Example 8 910 28 5 87 12297 3.51 92.3
Comparative Example 2 820 10 7 25 10473 4.03 90.4
Comparative Example 3 890 5 3 20 10312 4.17 89.7

[0050] Itcanbeseenfrom Table 2that, the nominal grain sizes of the hot-rolled sheets are too smallin both Comparative
Example 2 and Comparative Example 3, so the efficiency of motors thus made are lower than that of motors made of
the material of the present invention.

[0051] The hot rolling process parameters of Example 6 to Example 8 all fall within the range limited by the present
invention, so the motors thus made have high efficiency. Data of Example 6 to Example 8 indicate that, the non-oriented
electrical steel sheet of the present invention has low iron loss and high magnetic permeability, and is very applicable
for the manufacture of high-efficiency ordinary industrial motors.

[0052] Limited examples have been provided above to elaborate the technical proposal of the present invention, and
these examples have only demonstrated the verification results of the magnetic permeability of the electrical steel sheet
and three parameters (t4, t, and FDT) in the hot rolling process, however, the presentinvention can certainly be extended
to the improvement of more process conditions, which is very obvious for a person skilled in the art. Thus, under the
premise of following the idea of the present invention, various changes or modifications made by the person skilled in
the art to the present invention on such basis also fall within the scope of the present invention.

Claims
1. A non-oriented electrical steel sheet, the casting slab of which consists of:
Si: 0.1~2.0wt%; Al: 0.1~1.0wt%; Mn: 0.10~1.0wt%; C: <0.005wt%; P: <0.2wt%; S: <0.005wt%; N: <0.005wt%,

optionally one or both of Sn and Sb with a total amount of <0.3wt%; and balance being Fe and other unavoidable
impurities, and the magnetic permeability of the steel sheet satisfies the following formulas (1) and (2):

10
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Hio + p13+ pis > 13982 - 586.5P 5150 (1)

K10 + W13 + s = 10000 ),

wherein w40, k3 and w45 respectively represent the relative magnetic permeability at magnetic inductions of
1.0T, 1.3T and 1.5T at 50Hz; P55, represents the iron loss at 50Hz and under a magnetic induction of 1.5T,
P15/50 in formula (1) is calculated as a dimensionless numerical value.

The steel sheet according to Claim 1, wherein it satisfies the following formula (3):

po + a3 + ps > 11000 3).

A method for producing the steel sheet according to anyone of Claims 1 or 2, which includes steps of steelmaking,
hot rolling, acid pickling, cold rolling and annealing in sequence, wherein a final rolling temperature (FDT) of the hot
rolling process satisfies the following formula (4):

830 + 42 x (Si + Al) < FDT < 880 + 23 x (Si + Al (),

wherein Si and Al respectively represent the weight percentages of elements Si and Al, and the unit of FDT is °C,
and in the hot rolling process, the time interval t1 between the end of a rough rolling of the intermediate slab and
the start of the finishing rolling in F1 frame is controlled to be >20 sec., and the time interval t2 between the end of
the finishing rolling of the intermediate slab and the start of a laminar cooling process is controlled to be >5 sec.

The method according to Claim 3, which does not include a normalizing treatment process of the hot-rolled sheet.
The method according to Claim 3, wherein a nominal grain size D of the hot-rolled sheet is no less than 30 wm and

no more than 200 um, wherein D=RXd, and R represents the recrystallization percentage, and d represents the
mean recrystal grain size of the hot-rolled sheet.

Patentanspriiche

Nicht-orientiertes Elektro-Stahl-Blech, wobei die Gie3-Bramme davon besteht aus:

Si: 0,1-2,0 Gew.-%; Al: 0,1-1,0 Gew.-%; Mn: 0,10-1,0 Gew.-%; C: < 0,005 Gew.-%; P: < 0,2 Gew.-%; S: < 0,005
Gew.-%; N: < 0,005 Gew.-%, gegebenenfalls einem oder beiden von Sn und Sb mit einer Gesamt-Menge von
< 0,3 Gew.-%; und der Rest Fe und andere unvermeidbare Verunreinigungen sind, und die magnetische Per-
meabilitdt des Stahl-Blechs den nachstehenden Formeln (1) und (2) genigt:

Wi + P13 + His 13982 - 586,55 Pis/s0 (1),

|V

Mo + iz + s > 10000 (2),

worin pqq, 13 bzw. py5 die relative magnetische Permeabilitét bei magnetischen Induktionen von 1,0T, 1,3T und
1,5T bei 50 Hz wiedergeben; P55, den Eisen-Verlust bei 50 Hz und unter einer magnetischen Induktion von 1,5T
wiedergibt, P55 in Formel (1) als ein dimensionsloser Zahlen-Wert berechnet wird.

Stahl-Blech nach Anspruch 1, wobei es der nachstehenden Formel (3) genugt:

Hio + Hi13 + His Z 11000 (3) .

1"
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Verfahren zum Herstellen des Stahl-Blechs nach einem der Anspriiche 1 oder 2, welches Schritte der Stahlherstel-
lung, Warm-Walzen, Saurebeize, Kalt-Walzen und Glihen in Folge einschlielt, wobei eine End-Walz-Temperatur
(FDT) des Warm-Walz-Verfahrens der nachstehenden Formel (4) genlgt:

830 + 42 x (S1i + Al) < FDT < 880 + 23 x (Si + Al) (4),

wobei Si bzw. Al die Gewichts-Prozentsatze von Elementen Si und Al wiedergeben, und die Einheit von FDT °C ist
und in dem Warm-Walz-Verfahren das Zeitintervall t1 zwischen dem Ende eines Grob-Walzens der Zwischenpro-
duktbramme und dem Beginn des Glatt-Walzens in F1-Rahmen gesteuert wird, um > 20 s zu sein, und das Zeitin-
tervall 2 zwischen dem Ende des Glatt-Walzens der Zwischenproduktbramme und dem Beginn eines laminaren
Kuhl-Verfahrens gesteuert wird, um > 5 s zu sein.

Verfahren nach Anspruch 3, welches kein normalisierendes Behandlungs-Verfahren des warm-gewalzten Blechs
einschlief3t.

Verfahren nach Anspruch 3, wobei eine nominale Korn-Gréfe D des warm-gewalzten Blechs nicht weniger als 30
pm und nicht mehr als 200 pm ist,

wobei D = R x d, und R den Rekristallisations-Prozentsatz wiedergibt, und d die mittlere Rekristall-Korn-Grofie des
warm-gewalzten Blechs wiedergibt.

Revendications

1.

2,

3.

Tole d’acier électrique non orienté, dont la brame de coulée est constituée de :
Si:0,1a2,0%enpoids; Al: 0,12 1,0 % en poids ; Mn : 0,10 a 1,0 % en poids ; C : < 0,005 % en poids ; P :
<0,2 % en poids ; S: <0,005 % en poids ; N : <0,005 % en poids, éventuellement I'un ou les deux parmi Sn

et Sb en une quantité totale < 0,3 % en poids ; le reste étant du Fe et d’autres impuretés inévitables, et la
perméabilité magnétique de la tdle d’acier satisfaisant aux formules (1) et (2) suivantes :

Mo + piz + pus > 13982 - 586, 5P15/50 (1)

Hio + Hi13 + His Z 10000 (2)

dans lesquelles w4, pq3 et pq5 représentent respectivement la perméabilité magnétique relative pour des
inductions magnétiques de 1,0 T, 1,3 T et 1,5 T 4 50 Hz ; P45,57 représente la perte de fer & 50 Hz et sous une
induction magnétique de 1,5 T, et P45,5q dans la formule (1) est calculée sous la forme d’une valeur numérique
sans dimension.

Tble d’acier selon la revendication 1, qui satisfait a la formule (3) suivante :

Yo + iz + s > 11000 (3)

Procédé pour produire la tole d’acier selon I'une quelconque des revendications 1 et 2, qui comprend des étapes
d’aciérage, de laminage a chaud, de décapage a I'acide, de laminage a froid et de recuit, en séquence, dans lequel
la température de laminage finale (FDT) du traitement de laminage a chaud satisfait a la formule (4) suivants :

830 + 43 x (S1 + Al) < FDT < 880 + 23 x (S1 + Al) (4)

dans laquelle Si et Al représentent respectivement les pourcentages en poids des éléments Si et Al, et 'unité de la
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FDT estle °C, et, dans le traitement de laminage a chaud, l'intervalle de temps t1 entre la fin d’'un laminage grossier
de la brame intermédiaire et le début du laminage de finition dans le cadre F1 est controlé pour étre > 20 s, et
l'intervalle de temps t2 entre la fin du laminage de finition de la brame intermédiaire et le début d’un traitement de
refroidissement laminaire est contrélé pour étre > 5 s.

Procédé selon la revendication 3, qui ne comprend pas de traitement de normalisation de la tole laminée a chaud.
Procédé selon la revendication 3, dans lequel la taille de grain nominale D de la t6le laminée a chaud est non

inférieure a 30 wm et non supérieure a 200 um, ou D = R x d, R représente le pourcentage de recristallisation, et
d représente la taille de grain de recristallisation moyenne de la téle laminée a chaud.

13
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