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1. A method of producing a high-strength cold-rolled 
steel sheet which excels in deep drawability by using a steel
material consisting of: .a basic composition including 0.01% 
or less of C, 0.1 to 2.0% of Si, 0.5 to 3.0% of Mn, 0.02 to 
0.2% of P, 0.05% or less of S, 0.03 to 0.2% of Al, 0.01% or 
less of N, 0.001 to 0.2% of Nb, and 0.0001 to 0.008% of B in 
such a way that the respective contents of C, Nb, Al, N, Si, 
Mn and P satisfy the following formulae:

5 < Nb/C < 30, 10 < Al/N < 80, and 16 < (3 x Si/28 + 200 
x P/31)/(Mn/55) 5 40; Fe remnant; and inevitable impurities, 
said method comprising the steps of:
ra) performing rolling on said steel material with a total 
reduction of 50% or more and 9 5% or less while effecting 
lubrication thereon in a temperature range of not higher than
an Ar3 transformation temperature and not lower than 500°C;
(b) performing a hot-rolled sheet recrystallization treatment
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on said steel material by a coiling or annealing process;
(c) performing cold rolling on said steel material with a 
reduction of 50 to 95%; and then
(d) effecting recrystallization annealing on said steel 
material in a temperature range of 700 to 950°C.

9. A high-strength cold-rolled steel sheet which
excels in deep drawability comprising a steel material 
consisting of: a basic composition including 0.01% or less 
of C, 0.1 to 2.0% of Si, 0.5 to 3.0% of Mn, 0.02 to 0.2% of 
P, 0.05% or less of S, 0.03 to 0.2% of Al, 0.01% or less of
N, 0.001 to 0.2% of Nb, and 0.0001 to 0.008% of B in such a 
way that the rrspective ' contents of C, Nb, Al, N, Si, Mn and 
P satisfy the following formulae:

5 < Nb/C 5 30, 10 < Al/N < 80, and 16 < (3 x Si/28 + 200 
x P/31)/(Mn/55) < 40; Fe remnant; inevitable impurities; and, 
as needed, one or more of the following: 0.1 to 1.5% of Cu,
O. 1 to 1.5% of Ni, and 0.01 to 1.5% of Mo, and having a 
tensile strength (TS) of 35 kgf/mm2 or more and a lankford 
value (r-value) which satisfy the formula:

r x TS > 105,
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BACKGROUND OF THE INVENTION
[Field of the Invention]

This invention relates to a method of producing a high- 
strength cold-rolled steel sheet excelling in deep drawability

5 and ductility and suitable for use in automobiles, etc. 
[Description of the Related Art]

As a result of the desire to increase the quality of 
automobiles, the cold-rolled steel sheets used in automobiles 
are now required to have certain properties not previously

10

• ·

required.
For example, there is a strong tendency to reduce the 

weight of the car body to attain a reduction, in fuel• ·
• · · ο ·• • · ·• · ·• · ·

consumption and, at the same time, to use a stronger steel 
sheet having a tensile strength of, for example, 35 ~ 65

·:···: is

• · · ·• ·• · · ·•
• 0 · ·

» · · ·

kgf/mm2, in order to ensure the requisite safety for the 
occupants of the automobile.

A cold-rolled steel sheet to be used as a panel, etc. in
• · · ·• · ·
• β• · · ·
• 0 ··· ’ 20.
• u ·

an automobile must have an excellent deep drawability. To 
improve the deep drawability of a steel sheet, it is necessary 
for the mechanical properties of the steel sheet to be such 
as to exhibit a high r-value (Lankford value) and high

• · · ·• · · ·• ·• · · ·
ductility (El).

The assembly of a car body has been conventionally
• · ·• · · ·• · ·.... 25• ·• · · ·

performed by joining together a large number of pressed-worked 
parts by spot welding. In recent years, there has been an
increasing demand to enlarge some of these parts or convert 
them into integral units so as to reduce the number of 
separate parts and welding operations performed.

For example, the oil pan of an automobile has to be
30 completed by welding because of its complicated configuration.

But, the automobile manufactures have a strong desire to 
produce such a component as an integral unit. Further, to 
meet the increasing diversification in the needs of consumers, 
the design of cars has become more and more complicated,

35 resulting in an increase in the number of parts which are
difficult to form out of conventional steel sheets. To meet
such demands, it is necessary to provide a cold-rolled steel 
sheet which is much superior to the conventional steel sheets
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in terms of deep drawability.
Thus, although a steel sheet for an automobile must be 

very strong, it is required, at the same time, to exhibit an 
excellent deep drawability in press working. In view of this, 
a study is being made with a view to developing a steel sheet 
which has a high level of strength and which, at the same 
time, exhibits a r-value equal to or higher than those of the 
conventional steel sheets and also, excellent ductility.

A number of methods for producing cold-rolled steel 
sheets satisfying the above requirements have been proposed.

Japanese Patent Laid-Open No. 64-28325 discloses a method 
for producing high-strength cold-rolled stedl sheets according 
to which an ultra-low-carbon steel containing Ti-Nb and, as 
needed, B, is subjected to recrystallization in the ferrite 
region after hot rolling; then, cold rolling is performed and, 
further, recrystallization annealing is conducted. However, 
although in this method an attempt is made to attain a high 
level of strength through addition of Si, Mn and P, the amount 
of these additives is not enough. Further, because of the 
large amount of Ti added, a phosphide of Ti is formed in great 
quantities, so that the r-value obtained is rather low; and 
the product of the tensile strength and the r-value (TS x r) 
is 102 or less, which indicates an insufficient level of deep 
drawability.

Japanese Patent Laid-Open No. 2-47222 discloses a method 
of producing high-strength cold-rolled steel sheets according 
to which an ultra-low-carbon Ti-containing steel containing 
some B, as needed, is subjected to hot rolling in the ferrite 
region and then to recrystailization; after that, it is 
subjected to cold rolling, and then to recrystailization 
annealing. Although this method enables a high r-value to be 
obtained, the contents of solute reinforcement elements Si, 
Mn and P are 0.04 wt% or less, 0.52 wt% or less, and 0.023 wt% 
or less, respectively. Because of these low contents of the 
reinforcement elements, it is impossible to obtain a high 
strength of 35 kgf/mm . Nor does this prior-art technique 
suggest any method for producing a high-strength cold-rolled 
steel sheet having a tensile strength of 35 kgf/mm2or more.

3
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Japanese Patent Laid-Open No. 3-199312 discloses a method 
of producing high-strength cold-rolled steel sheets according 
to which an ultra-low-carbon Ti-containing steel with some B, 
is subjected to hot rolling and then to cold rolling; after

5 that it is subjected to recrystallization. The problem with 
this method is that it uses a steel containing a large amount 
of Ti, which is not affected by a hot-rolled sheet 
recrystallization process, with the result that the r-value 
obtained is rather low, the product of the tensile strength

10 and the r-value (TS x r) being less than 105. Thus, the 
method . does not provide a sufficient level of deep 
drawability.

• · · · ·

·:···: is

: 20

• ·· 25

SUMMARY OF THE INVENTION
It would be advantageous if at least preferred 

embodiment(s) of the present invention provided a method of 
producing high-strength cold-rolled steel sheet whose tensile 
strength is 35 kgf/mm2 or more, which is by far superior to 
the conventional steel sheets in deep drawability, and which 
also excels in ductility.

After applying themselves closely to the study of such .
a production method, with a view to achieving an improvement
in deep drawability and ductility, the inventors in this case
have found that it is possible to produce a high-strength 2cold-rolled steel sheet whose tensile strength is 35 kgf/mm 
or more, which is by far superior to the conventional steel 
sheets in deep drawability, and which also excels in ductility 
by appropriately specifying the steel composition and the 
production, conditions .

In accordance with at least preferred forms of the 
present invention, .

(1) The relationship between Si, Mn and P is specified 
so as to ensure a high strength level of 35 kgf/mm2or more, 
without involving a deterioration in the r-value.

(2) In order to restrain the generation of (Fe,Ti)P 
35 compounds leading to a degeneration in the r-value, no ci is

added or the amount of solute Ti is determined in accordance 
with the P content.

(3) Further, the rolling and annealing conditions for the
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steel of the composition of ' the above (1) 
specified.

(4) In accordance with the above (1), (2) and (3), it is 
possible to obtain a high-strength cold-rolled steel sheet in 
which the product of the r-value (Lankford value) and the TS 
(tensile strength: kgf/mm ) is 105 or more.

In accordance with the present invention, there is 
provided a method for producing a high-strength cold-rolled 
steel sheet which excels in deep drawability by using a steel 
material consisting of: a basic composition including 0.01% 
or less of C, 0.1 to 2.0% of Si, 0.5 to 3.0% of Mn, 0.02 to 
0.2% of P, 0.05% or less of S, 0.03 to 0.2% of Al, 0.01% or 
less of N, 0.001 to 0.2% of Nb, and 0.0001 to 0.008% of B in 
such a way that the respective contents of C, Nb, Al, N, Si,
Mn and P satisfy the following formulae:

5 < Nb/C < 30, 10 < Al/N < 80, and 16 < (3 x Si/28 + 200 
χ P/31)/(Mn/55) < 40; Fe remnant; and inevitable impurities, 
the method comprising the steps of:

performing rolling on the steel material with a total 
reduction of 50% or more and 95% or less while applying 
lubrication in a temperature range of not more than an Ar3 
transformation temperature and not less than 500°C;

performing a hot-rolled sheet recrystallization treatment 
on the steel material by a coiling or annealing process;

performing cold rolling on the steel material with a 
reduction of 50 to 95%; and then

recrystallization annealing of the steel material in a 
temperature range of 700 to 950°C.

Further, the present invention allows addition ox various 
elements insofar as they do not interfere with the special 
benefits of this invention, thereby making it possible to 
obtain a further improved steel.

Other preferments of the present invention will become
apparent along with some variations thereof through the
following detailed description of preferred forms.

and (2) are

Fig. 1 is a graph showing the influence of hot-rolling 
temperature and lubrication in hot rolling on the r-value, TS

35
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(tensile strength) and El (elongation) of a cold-rolled steel 
sheet;

Fig. 2 is a graph showing the influence of Nb content on 
the r-value, TS (tensile strength) and El (elongation) of a 
cold-rolled steel sheet as investigated in terms of weight 
ratio with respect to C;

Fig. 3 is a graph showing the influence of Al content on 
the r-value, TS (tensile strength) and El (elongation) of a 
cold-rolled steel sheet as investigated in terms of weight 
ratio with respect to N;

Fig. 4 is a graph showing the influence of Si, Mn and P 
contents on the r-value of a cold-rolled steel sheet;

Fig. 5 is a graph showing the influence of Si, Μη, P and 
Ni contents on the TS (tensile strength) of a cold-rolled 
steel sheet;

Fig. 6 is a graph showing the influence of Si, Μη, P and 
Ni contents on the r-value of a cold-rolled steel sheet;

Fig. 7 is a graph showing the influence of hot-rolled 
sheet heating rate on the r-value of a cold-rolled steel 
sheet; Fig. 8 is a graph showing the influence of hot- 
rolled sheet annealing conditions on the YR (yield-strength 
ratio) of a cold-rolled steel sheet;

Fig. 9 is a graph showing the influence of cooling 
temperature difference on the r-value of a cold-rolled steel 
sheet;

Fig. 10 is a graph showing the influence of cooling rate 
on the r-value of a cold-rolled steel sheet; and

Fig. 11 is a graph showing the influence of the reduction 
distribution in rough and fjnish hot rolling processes on the 
r-value, TS (tensile strength) and El (elongation) of a cold- 
rolled steel sheet.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

First, the results of investigations on the basis of 
which the present invention has been achieved will be 
described.

A slab having a composition including 0.002% of C, 1.0% 
of Si, 1.0% of Mn, 0.05% of P, 0.005% of S, 0.05% of Al, 
0.002% of N, 0.03% of Nb, and 0.0010% of B was subjected to

35
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heating/soaking at a temperature of 1150°C, and then to hot 
rolling at a finish hot-rolling temperature of 620 to 980°C. 
Subsequently, the hot-rolled sheet was subjected to 
recrystallization annealing at 750°C for 5 hours. After that, 
it was cold-rolled with a reduction of 75%, and then subjected 
to recrystallization annealing at 890°C for 20 seconds. Fig.
1 shows the influence of the hot-rolling temperature and 
lubrication on the r-value, TS and El after the cold- 
rolling/annealing. As is apparent from Fig. 1, the r-value 
and El after the cold-rolling/annealing depend upon the hot- 
rolling temperature and lubrication; it has been found that 
by performing lubrication rolling at a hot-rolling temperature 
of Ar3 or less, it is possible to obtain a high r-value and a 
high level of El.

A slab having a composition including 0.002% of C, 1.0% 
of Si, 1.0% of Mn, 0.05% of P, 0.005% of S, 0.05% of Al, 
0.002% of N, 0 to 0.10% of Nb, and 0.0010% of B was subjected 
to heating/soaking at a temperature of 1150°C, and then to 
lubrication rolling at a finish hot-rolling temperature of 
700°C. Subsequently, the hot-rolled sheet was subjected to 
recrystallization annealing at 750°C for 5 hours. After that, 
it was cold-rolled with a reduction of 75%, and then subjected 
to recrystallization annealing at 89 0°C for 20 seconds. Fig.
2 shows the influence of the steel components on the r-value, 
TS and El after the cold-rolling/annealing. As is apparent 
from Fig. 2, the r-value and El after the cold- 
rolling/annealing depend upon the steel components; it has 
been found than by setting the steel composition in such a way 
as to satisfy the formula: 5 < Nb/C <30, it is possible to 
obtain a high r-value and a high level of El.

A slab having a composition including 0.002% of C, 1.0% 
of Si, 1.0% of Mn, 0.05% of P, 0.005% of S, 0.01 to 0.02% of 
Al, 0.002% of N, 0.03% of Nb, and 0.0010% of B was subjected 
to heating/soaking at a temperature of 1150°C, and then to 
lubrication rolling at a finish hot-rolling temperature of 
700°C. Subsequently, the hot-rolled sheet was subjected to 
recrystallization annealing at 750°C for 5 hours. After that, 
it was cold-rolled with a reduction of 75%, and then subjected

7
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to recrystallization annealing at 89 0°C for 20 seconds. Fig.
3 shows the influence of the steel components on the r-value, 
TS and El after the cold-rolling/annealing. As is apparent 
from Fig. 3, the r-value and El after the cold- 
rolling/annealing depend upon the steel components; it has 
been found that by setting the steel composition in such a way 
as to satisfy the formula: 10 < Al/N <80, it is possible to 
obtain a high r-value and a high level of El.

A slab having a composition including 0.002% of C, 0.1 
to 1.5% of Si, 0.5 to 3.0% of Mn, 0.02 to 0.20 of P, 0.005% 
of S, 0.05% of Al, 0.002% of N, 0.03% of Nb, and 0.0030% of 
B was subjected to heating/soaking at a temperature of 1150°C, 
and then to lubrication rolling at a finish hot-rolling 
temperature of 700°C. Subsequently, the hot-rolled sheet was 
subjected to recrystallization annealing at 850°C for 20 
seconds. After that, it was cold-rolled with a reduction of 
75%, and then subjected to recrystallization annealing under 
the conditions of 890°C and 20 seconds. Fig. 4 shows the 
influence of the added amounts of Si, Mn and P on the r-value 
after the cold-rolling/annealing. As is apparent from Fig. 
4, the r-value after the cold-rolling/annealing depends upon 
the added amounts of Si, Mn and P; it has been found that by 
setting the steel composition in such a way as to satisfy the 
formula: 16 < (3 x Si/28 + 200 x P/31)/(Mn/55) < 40, it is 
possible to obtain a high r-value.

A steel slab having a composition including 0.002% of G, 
0.5 to 2.0% of Si, 0.5 to 3.0% of Mn, 0.02 to 0.15% of P, 
0.005 wt% of S, 0.05% of Al, 0.002% of N, 0.1 to 1.5% of Ni, 
0.025% of Nb, and 0.003 wt% of B was subjected to 
heating/soaking at a temperature of 1150 °C, and then to 
lubrication rolling at a finish hot-rolling temperature of 
7 00 °C. Subsequently, the hot-rolled sheet obtained was 
subjected to recrystallization annealing at 850°C for 20 
seconds, at a heating rate of 10°C/s. After that, it was 
cold-rolled with a reduction of 75%, and then subjected to 
recrystallization annealing at 850°C for 20 seconds. Fig. 5 
shows the influence of the steel components on the TS (tensile 
strength) of the cold-rolled steel sheet thus obtained. As

8
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is apparent from Fig. 5, it has been found that through a 
composition expressed as: X=2xSi+Mn+20xP+Ni>6, 
it is possible to obtain a TS which is not less than 50 
kgf/mmz.

5 A steel slab having a composition including 0.002 wt% of
C, 1.0 to 2.0 wt% of Si, 1.5 to 3.0 wt% of Mn, 0.05 to 0.15 
wt% of P, 0.005 wt% of S, 0.05 wt% of Al, 0.002 wt% of N, 0.1 
to 1.5 wt% of Ni, 0.003 wt% of B, 0.025 wt% of Nb, and X = 2 
x Si + Mn + 20 x P + Ni > 6 was subjected to heating/soaking

10 at a temperature of 1150°C, and then to lubrication rolling 
at a finish hot-rolling temperature of 700°C. Subsequently,

'* the hot-rolled sheet obtained was subjected to• ·
• ““ recrystallization annealing at 850°C for 20 seconds, at aft ft ft
*· *·· heating rate of 10°C/s. Aft©r that, it was cold-rolled with

15 a reduction of 75%, and then subjected to recrystallization
’····’ annealing at 850°C for 20 seconds. Fig. 6 shows the influence

• · ft ····· of the steel components on the r-value of the cold-rolled
steel sheet thus obtained. As is apparent from Fig. 6, it hasft ft · been found that through composition expressed as: Y = (2 x 

: 20 Si/28 + P/31)/(Mn/55 + 0.5 x Ni/59), and Y = 2.0 to 3.5, it
. ,. is possible to obtain an r-value which is not less than 2.0.• ft ft

A steel slab having a composition including 0.002 wt% of 
C, 1.5 wt% of Si, 2.0 wt% of Mn, 0.10 wt% of P, 0.005 wt% of

. .. S, 0.05 wt% of Al, 0.002 wt% of N, 0.5 wt% of Ni, 0.003 wt%
J·’*., 25 of B, 0.025 wt% of Nb, X = 2 x Si + Mn + 20 x P + Ni = 7.5, 

and Y = (2 x Si/28 + P/31)/(Mn/55 + 0.5 x Ni/59)=2.7 was 
subjected to heating/soaking at a temperature of 1150°C, and 
then to lubrication rolling at a finish hot-rolling 
temperature of 7 00°C. Subsequently, the hot-rolled sheet

30 obtained was subjected to recrystallization annealing at 850°C 
for 20 seconds, at a heating rate of 0.01 to 30°C/s. After 
that, it was cold-rolled with a reduction of 75%, and then 
subjected to recrystallization annealing at 850°C for 20 
seconds. Fig. 7 shows the influence of the heating rate on

35 the r-value of the cold-rolled steel sheet thus obtained. As 
is apparent from Fig. 7, the r-value depends upon the heat- 
rolled-sheet heating rate; it has been found that by setting 
the heating rate at a level not lower than l°C/s, it is

9
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possible to obtain an r-value which is not less than 2.0.
A slab having a composition including 0.002% of C, 1.0% 

of Si, 1.5% of Mn, 0.03% of P, 0.005% of S, 0.05% of Al, 
.002% of N, 0.03% of Nb, and 0.0020% of B was subjected to 

•,έ-at ing/soaking at a temperature of 1150°C, and then to 
lubrication rolling at a finish hot-rolling temperature of 
700°C. Subsequently, the hot-rolled sheet was subjected to 
recrystallization annealing at an annealing temperature of 600 
to 800°C for an annealing time of 0.5 to 20 hours. After 
that, it was cold-rolled with a reduction of 75%, and then 
subjected to recrystallization annealing at 850°C for 20 
seconds. Fig. 8 shows the influence of the hot-rolled-sheet 
annealing conditions on the YR (yield-strength ratio) after 
the cold-rolling/annealing which j,s expressed as: (YS/TS x 
100). As is apparent from Fig. 8, the YR after the cold- 
rolling/annealing depends upon the heat-rolled-sheet annealing
conditions; it has been found that by setting the annealing 
temperature T(°C) and the annealing time t(hr) in such a way 
as to satisfy the formula: T x t > 3800, it is possible to 
obtain a low yield-strength ratio.

A slab having a composition including 0.002% of C, 1.01% 
of Si, 1.05% of Mn, 0.051% of P, 0.005% of S, 0.05% of Al, 
0.002% of N, 0.025% of Nb, and 0.003% of B was subjected to 
heating/soaking at a temperature of -1150°C, and then to 
lubrication hot rolling in such a way that the hot-rolling 
start temperature and the hot-rolling finish temperature were 
fixed a4· 920°C and 700°C, respectively. In this process, the 
inter-pass cooling conditions were varied in such a way as to 
fix the cooling rate in the temperature range around the Ar3 
transformation temperature (which is approximately 87 0°C) at 
50°C/sec, varying only the cooling temperature. Subsequently, 
the hot-rolled sheet was subjected to recrystallization 
annealing at 750°C for 5 hours. After that, it was cold- 
rolled with a reduction of 75%, and then subjected to 
recrystallization annealing at 850°C for 20 seconds. Fig. 9 
shows the influence ».f the cooling temperature around the Ar3 
transformation temperature on the r-value after the final 
annealing. The r-value after the annealing strongly depends

10
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upon the cooling temperature around the Ar3 transformation 
temperature. By setting the cooling temperature around the 
Ar3 transformation temperature at 30°C or more, a high r-value 
was obtained.

A slab having a composition including 0.002% of C, 1.03% 
of Si, 1.09% of Mn, 0.05% of P, 0.007% of S, 0.05% of Al, 
0.002% of N, 0.025% of Nb, and 0.002% of B was subjected to 
heating/soaking at a temperature of 1150°C, and then to 
lubrication hot rolling in such a way that the hot-rolling 
start temperature and the hot-rolling finish temperature were 
fixed at 930°C and 700°C, respectively. In this process, the 
inter-pass pooling conditions were varied in such a way as to 
fix the cooling temperature in the temperature range around 
the Ar3 transformation temperature (which is approximately 
87 0°C) at 50°C, varying only the cooling rate. Subsequently, 
the hot-rolled sheet was subjected to recrystallization 
annealing at 750°C for 5 hours. After that, it was cold- 
rolled with a reduction of 75%, and then subjected to 
recrystallization annealing at 850°C for 20 seconds. Fig. 10 
shows the influence of the cooling rate in the temperature 
range around the Ar3 transformation temperature on the r-value 
after the final annealing. The r-value after the annealing 
strongly depends upon the cooling rate in the temperature 
range around the Ar3 transformation temperature. By setting 
the cooling rate in the temperature range around the Ar3 
transformation temperature at 20°C/sec or more, a high r-value 
was obtained.

Further, a slab having a composition including 0.002% of 
C, 0.9% of Si, 1.1% of Mn, 0.05% of P, 0.005% of S, 0.05% of 
Al, 0.002% of N, 0.032% of Nb, and 0.0010% of B was subjected 
to heating/soaking at a temperature of 1150°C, and then to 
lubrication rolling at a hot-rolling finish temperature of 
700°C after rough hot rolling ah the Ar3 transformation 
temperature or more. Subsequently, the hot-rolled sheet was 
subjected to recrystallization annealing at 750°C for 5 hours, 
and then to hot rolling with a reduction of 75% to obtain a 
sheet thickness of 0.7mm. After that, it was subjected to 
recrystallization annealing at 850°C for 20 seconds. Fig. 11

11
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shows the influence of the rough and finish hot rolling 
distribution on the r-value, TS and El after the cold- 
rclling/annealing. The r-value and El after the cold- 
rolling/annealing depend upon (finish hot rolling 
reduction)/(rough hot rolling reduction); it has been found 
that by setting the (finish hot rolling reduction)/(rough hot 
rolling reduction) at 0.8 to 1.2, it is possible to obtain a 
high r-value and a high level of El.

After repeated investigations based on the above 
experimental results, the inventors in this case have defined
a scope as follows:

(1) Steel Composition
As stated above, the steel composition is the most 

important of conditions: an excellent deep drawability and a 
nigh level of strength cannot be ensured unless the 
composition range as mentioned above is satisfied.

The reason for defining the content range of each 
component is now explained in detail:

(a) 0.01 wt% or less of C
The less the C~content, the better the deep drawability. 

However, a C-content of 0.01 wt% or less does not have much 
negative influence. Hence the above content range. A more 
preferable C-content is 0.008 wt% or less. A C-content of 
less than 0.001 wt% would remarkably improve the ductility of 
the steel obtained.

(b) 0.1 to 2.0 wt% of Si
Si, which enhances the strength of a steel, is contained 

in the steel in accordance with the desired level of strength.
An Si-content of more than 2.0 wt% will negatively affect the 
deep drawability and surface configuration of the steel, so 
it is restricted to the range of 2.0 wt% or less. On the 
other hand, to realize the strength enhancing effect, an Si- 
content' of 0.1 wt% or more is required.

(c) 0.5 to 3.0 wt% of Mn
Mn, which enhances the strength of a steel, is contained 

in the steel in accordance with the desired level of strength.
An Mn-content of more than 3.0 wt% will negatively affect the 
deep drawability and surface configuration of the steel, so

12
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it is restricted to the range'of 3.0 wt% or less. On the 
other hand, to realize the strength enhancing effect, an Mn- 
content of 0.5 wt% or more is required.

(d) 0.001 to 0.2 wt% of Nb
Nb is an important element. It helps to reduce the 

solute C-amount in steel through precipitation into carbide, 
preferentially forming the {ill} orientation, which 
is advantageous in terms of deep drawability. Further
by incorporating Nb to the steel, its structure prior 
to the finish rolling is fined, preferentially
forming the {111} orientation, which is advantageous in terms 
of deep drawability. With an Nb-content of less than 0.001 
wt%, no such effect is obtained. On the other hand, an Nb- 
content beyond 0.2 wt% will not only prove ineffective in 
enhancing the above effect but also bring about a 
deterioration in ductility. Hence the above content range of 
0.001 to 0.2 wt.%.

(e) 0.0001 to 0.008 wt% of B
B is incorporated in the steel in order to attain an 

improvement in terms of cold-working brittleness. A B-content 
of less than 0.0001 wt% will provide no such effect. On the 
other hand, a B-content of more than 0.008 wt% will result in 
a deterioration in deep drawability. Hence the above content 
range of 0.0001 to 0.008 wt%.

(f) 0.03 co 0.20 wt% of Al
Al is an important element. It helps to reduce

the amount of solute N in the steel through
precipitation to preferentially form the {ill} orientation, 
which is advantageous in improving the deep drawability of the 
steel. An Al-content of less than 0.03 wt% will provide no 
such effect. On the other hand, an Al-content of more than 
0.2 wt% will not only prove ineffective in enhancing tne above 
effect but result in a deterioration in ductility. Hence the 
above content range of 0.03 to 0.2 wt%.

(g) 0.02 to 0.20 wt% of P
P, which enhances the strength of a steel, is contained 

therein in accordance with the desired level of strength. 
However, with a P-content of less than 0.02%, such

13
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strengthening effect is not obtained. On the other hand, a 
P-content of more than 0.20 wt% will not only prove 
ineffective in enhancing the above effect but result in a 
deterioration in deep drawability. Hence the content range 
of 0.02 to 0.20 wt%. (h) 0.05 wt% or less of S

The less the S-content, the better becomes the deep 
drawability of the steel. However, an S-content of less than 
0.05 wt% does not have much negative effect. Hence the S- 
content of 0.05 wt% or less.

(i) 0.01 wt% or less of N
The less the N-content, the better becomes the deep 

drawability of the steel. However, an N-content of less than 
0.01 wt% does not have much negative effect. Hence the N- 
content of 0.01 wt% or less.

(j) C and Nb
It is important for C and Nb to be contained 

in such a way as to satisfy the following 
formula: 5 < Nb/C <30. As stated above, Nb helps to reduce 
the amount of dissolved C in the steel through precipitation 
into carbide, preferentially forming the {111} orientation 
crystal grains, which is advantageous in attaining an 
improvement in deep drawability. If Nb/C is less than 5, a 
large amount of dissolved C is allowed to remain in the steel, 
so that the above effect cannot be obtained. If, on the other 
hand, Nb/C is more than 30, a large amount of dissolved Nb 
will exist in the steel, resulting in the formation of an Nb 
phosphide during hot-rolled sheet annealing. As a result, no 
{ill} recrystallization structure is not formed in the hot- 
rolled sheet, so that an improvement in r-value cannot be 
expected even by the subsequent cold-rolling/annealing
rrocess. Hence the formula: 5 < Nb/C < 30.

(k) Al and N •
It is important for the Al and N to

be contained in such a way as to satisfy the following
formula: 10 < Al/N <80. As stated above, Al helps to reduce 
the amount of dissolved N in the steel through precipitation 
into phosphide, preferentially forming the {111} orientation 
crystal grains, which is advantageous in attaining an

35
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improvement in deep drawability. If Al/N is less than 10, a 
large amount of dissolved N is allowed to remain in the steel, 
so that the above effect cannot be obtained. If, on the other 
hand, Al/N is more than 80, a large amount of dissolved N will 
exist in the steel, resulting in a deterioration in ductility. 
Hence the formula: 10 £ Al/N <80.

(l) Si, Mn and P
It is important for the Si, Mn and P 

to be contained in the steel in such a way as to satisfy the 
following formula: 16 < (3 x Si/28 + 200 x P/31)/(Mn/55) < 
40. As stated above, Si, Mn and P help to enhance the 
strength of a steel. However, Si and P are ferrite 
stabilization elements, whereas Mn is an austenite 
stabilization element, so that it is necessary to adjust the 
transformation temperature by incorporating the two types of 
elements in a well-balanced manner. If (3 x Si/28 + 200 x 
P/31)/(Mn/55) is less than 16, the transformation temperature 
becomes too low. If, on the other hand, (3 x Si/28 + 200 x 
P/31)/(Mn/55) is more than 40, the transformation temperature 
will be excessively raised, resulting in the hot-rolled sheet 
being fined in the austenite area, which makes it difficult 
to accumulate machining strain in the austenite area. Hence 
the formula: 16 < (3 x Si/28 + 200 x P/31)/(Mn/55) < 40.

(m) 0.01 to 1.5 wt% of Mo
Mo enhances the strength of a steel and is contained 

therein in accordance with the desired level of strength. An 
Mo-content of less than 0.01 wt% will provide no such effect. 
On the other hand, an Mo-content of more than 1.5 wt% will 
negatively affect the deep drawability of the steel. Hence 
the content range of 0.01 to 1.5 wt%.

(n) 0.1 to 1.5 wt% of Cu
Cu enhances the strength · of a steel and is contained 

therein in accordance with the desired level of strength. A 
Cu-content of less than 0.1 wt% will provide no such effect. 
On the other hand, a Cu-content of more than 1.5 wt% will 
negatively affect the deep drawability of the steel. Hence 
the content range of 0.1 to 1.5 wt%.

(o) 0.1 to 1.5 wt% of Ni

15
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Ni, which enhances the strength of a steel and improves 
the surface properties of the steel when it contains Cu, is 
contained in the steel in accordance with the desired level 
of strength. An Ni-content of less than 0.1 wt% will provide 
no such effect. On the other hand, an Ni-content of more than 
1.5 wt% will negatively affect the deep drawability of the 
steel. Hence the content range of 0.1 to 1.5 wt%.

(p) Si, Μη, P and Ni
Further, it is desirable for the above basic-composition 

steel to contain 1.0 to 2.0 wt% of Si, 1.5 to 30.0 wt% of Mn, 
0.05 to 0.2 wt% of P, and 0.1 to 1.5 wt% of Ni, and to satisfy 
the following the formulae:

2 x Si + Mn + 20 x P + Ni > 6 and
2.0 < (2 x Si/28 + P/31)/(Mn/55 + 0.5 x Ni/59) < 3.5.

As stated above, Si, Μη, P and Ni enhance the strength of a 
steel as dissolved reinforcement elements. To obtain such a 
high level of strength as can be expressed as: TS > 50
kgf/mm2, it is necessary for Si, Μη, P and Ni to be contained 
in such a way as to satisfy the formula: 2 x Si + Mn + 20 x 
P + Ni > 6. However, Si and P are ferrite stabilization 
elements, whereas Mn is an austenite stabilization element, 
so that it is necessary to adjust the transformation 
•temperature through incorporation of the two types of elements 
in a well-balanced manner. If (2 x Si/28 + P/31)/(Mn/55 + 0.5 
x Ni/59) is less than 2.0, the transformation temperature will 
become too low. If, on the other hand, (2 x Si/28 +
P/31)/(Mn/55 + 0.5 x Ni/59) is more than 3.5, the
transformation temperature will be excessively raised, 
resulting in the hot-rolled sheet being fined in the austenite 
area, which would make it difficult for machining strain to 
be accumulated in the ferrite area. Hence the formula: 2.0 
< (2 x Si/28 + P/31)/(Mn/55 + 0.5 x Ni/59) < 3.5.

(q) Ti, N, S and P
Further, it is desirable for the above basic-composition 

steel to contain 0.005 to 0.06 wt% of Ti and to satisfy the 
formula: 48 x (Ti/48 - N/14 - S/32) x P < 0.0015.
Ti is an element forming phosphates. If there is a large 
amount of dissolved Ti, a Ti-phosphide will precipitate in

16
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great quantities during hot-rolled sheet annealing, so that 
no {111} orientation structure is formed in the hot-rolled 
sheet. Thus, an improvement in r-value cannot be expected 
even by the subsequent cold-rolling/annealing. If 48 x {Ti/48 
- N/14 - S/32) x P is larger than 0.0015, a large amount of 
Ti-phosphide will precipitate, resulting in a deterioration 
in r-value. Hence the formula: 48 x (Ti/48 - N/14 - S/32) 
x P < 0.0015.

Next, the reason for specifying the production processes 
in this invention will be explained in detail.

(2) Hot-rolling process
The hot rolling process is important. It is necessary to 

perform rolling with a total reduction of not less than 50% 
and not more than 95% while effecting lubrication in the 
temperature range of not more than the Ar3 transformation 
temperature and not less than 500°C.

In a temperature range beyond the Ar3 transformation 
temperature, the texture becomes irregular, no matter how much 
the rolling is performed, due to the γ-α transformation 
therein, so that no {111} texture is formed in the hot-rolled 
sheet, resulting in only a low r-value being obtained after 
cold-rolling/annealing. If, on the other hand, the rolling 
temperature is lower than 500°C, no improvement in r-value is 
to be expected, with only the rolling load increasing. Thus, 
the rolling temperature is restricted to the range of not more 
than the Ar3 transformation temperature and not less than 
500°C.

If the reduction in this rolling is less than 50%, no 
{111} texture is formed in the hot-rolled sheet. If, on the 
other hand, the reduction is more than 95%, a texture is 
formed in the hot-rolled sheet which is not desirable in terms 
of r-value. Hence, the restriction of the reduction to the 
range of not less than 50% and not more than 95%.

Further, if hot rolling is performed below the Ar3 
transformation temperature with no lubrication being effected, 
{110} orientation crystal grains, which are undesirable in 
improving the deep drawability of the steel, are ' 
preferentially formed in the surface portion of the steel

17
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sheet as a result of shear deformation due to the frictional 
force between the roll and the steel sheet, so that an 
improvement in r-.value cannot be expected. Therefore, it is 
necessary to perform lubrication rolling to ensure the 
requisite deep drawability.

The diameter and structure of the roll, the type of 
lubricant, and the type of rolling mill may be arbitrarily 
selected.

Further, there are no particular restrictions as to the 
processes prior to the above rolling. For example, the rolled 
material may be in the form of a sheet bar obtained directly 
by rough rolling after re-heating or continuous casting of a 
continuous slab, without lowering the temperature below the 
Ar3 transformation temperature, or from one which h. s 
undergone heat-retaining treatment. It is also possible to 
perform the above rolling subsequent to rough hot rolling at 
a finish temperature which is not lower than the Ar3 
transformation temperature. In order to fine the texture 
prior to the finish rolling, it is desirable for the rough­
rolling finish temperature to be in the range: (Ar3
transformation temperature - 50 °C) ~ (Ar3 transformation
temperature + 50 °C).

Further, the hot-rolling process may be conducted as 
follows :

That is, the finish rolling is started at a 
temperature not lower than the Ar3 transformation 
temperature, and cooling is performed at a cooling rate 
of 20°C/s with a cooling temperature difference of 30°C 
or more to lower the temperature of the material to not 
higher than the Ar3 transformation temperature without 
conducting any other rolling during that rolling process. 
After that, rolling is performed with a total reduction 
of not less than 50% and not more than 95% while 
effecting lubrication in the temperature range of not 
higher than the Ar3 transformation temperature and not 
lower than 500°C.

The finish-rolling start temperature is not lower 
than the Ar3 transformation temperature. If it is lower 
than this temperature, it is impossible to fine the γ 
articles in finish rolling, with the result that no

■fill} texture is
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formed in the hot-rolled sheet and only a low r-value can be 
obtained. After starting finish rolling at a temperature not 
lower than the Ar3 transformation temperature, it is necessary 
to effect cooling to a temperature not higher than the Ar3 
transformation temperature at a cooling rate of not less than 
20°C/s and at a cooling temperature  ̂of not less than 30°C, 
without performing any other rolling process during that 
rolling. If this cooling does not occur, the γ particles, 
which have been fined by the rolling at a temperature not 
lower than the Ar3 transformation temperature, will be allowed 
to grow larger again, resulting in no {111} texture being 
formed in the hot-rolled sheet. Thus, only a low r-value 
could be obtained, as apparent from the above experiment 
results. The above cooling at a temperature around the Ar3 
transformation temperature can be effected between 
intermediate stands or between the first and third stands of 
the finish rolling mill group.

If the rolling after the cooling at a temperature around 
Ar3 transformation temperature is performed in a temperature 
range not less than Ar3 transformation temperature, the 
texture becomes irregular because of the γ-α transformation, 
no matter how much rolling is performed, with the result that 
no {111} texture is formed in the hot-rolled steel sheet and 
only a low r-value can be obtained. If, on the other hand, 
the rolling temperature is lowered to a level not higher than 
500°C, a further improvement in r-value cannot be expected, 
only the rolling load being increased. Therefore, the rolling 
after the cooling should be performed at a temperature not 
higher than the Ar3 transformation temperature and not lower 
than 500°C.

It is desirable that the finish hot rolling subsequent 
to the rough hot rolling be performed under the following 
conditions: the ratio of the finish hot-rolling reduction to 
the rough hot-rolling reduction: 0.8 to 1.2; the terminating 
temperature of the rough hot rolling: not lower than (Ar3 
transformation temperature - 50°C) and not higher than (Ar3 
transformation temperature + 50°C); the finish hot-rolling 
temperature range: not higher than the Ar3 transformation
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temperature and not lower than 500°C, while effecting 
lubrication with a total reduction of not less than 50% and 
not more than 95%.

That is, if (finish hot rolling reduction) / (rough hot 
rolling reduction) is less than 0.8, no {111} texture is 
formed in the hot-rolled sheet due to the low finish hot 
rolling reduction, so that only a low r-value can be obtained 
after cold-rolling/annealing. If, on the other hand, (finish 
hot rolling reduction)/ (rough hot rolling reduction) is larger 
than 1.2, the texture prior to the finish hot rolling is not 
fined due to the low rough hot rolling reduction, so that no 
{111} texture is formed in the hot-rolled sheet even if finish 
hot rolling is performed at a temperature not higher than the 
Ar3 transformation temperature; thus only a low r-value could 
be obtained after cold-rolling/annealing. Therefore, (finish 
hot rolling reduction)/(rough hot rolling reduction) is 
restricted to the range of 0.8 to 1.2.

If the rough hot rolling is terminated in a temperature 
range higher than (Ar3 transformation temperature + 100°C), 
the texture prior to the finish hot rolling will grow coarser, 
so that no {111} texture is formed in the hot-rolled sheet 
even if finish hot rolling is performed afterwards at a 
temperature not higher than the Ar3 transformation 
temperature; thus only a low r-value could be obtained after 
cold-rolling/annealing. If, on the other hand the rough hot 
rolling is terminated in a temperature range lower than (Ar3 
transformation temperature - 50°C), no {111} texture is formed 
in the hot-rolled sheet even if the finish hot rolling is 
performed afterwards at a temperature not higher than the Ar3 
transformation temperature since the texture prior to the 
finish hot rolling includes a processed texture; thus, only 
a low r-value could be obtained after cold-rolling/annealing. 
Therefore, the rough hot rolling terminating temperature is 
restricted to the range: (Ar3 transformation temperature - 
50°C) ~ (Ar3 transformation temperature + 50°C).
Further, if the finish hot rolling is performed in a 
temperature range not lower than the Ar3 transformation 
temperature, the texture grows irregular because of the γ-α

20
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transformation, no matter how much rolling is performed, with 
the result that no {111} texture is formed in the hot-rolled 
sheet; only a low r-value can be obtained after cold- 
rolling/annealing. If, on the other hand, the rolling 
temperature is lowered to below 500°C, a further improvement 
in r-value cannot be expected, and only the rolling load being 
increased. Thus, it is desirable for the finish hot rolling 
temperature to be not higher than the Ar3 transformation 
temperature and not lower than 500°C.

(3) Hot-rolled sheet recrystallization process
With the steel of this invention, the hot-rolling 

temperature is not higher than the Ar3 transformation 
temperature, so that the hot-rolled sheet exhibits a processed 
texture. Therefore, it is necessary to form {111} orientation 
crystal grains by performing recrystallization on the hot- 
rolled sheet. If no recrystallization is performed, no {111} 
orientation crystal grains are formed in the hot-rolled sheet, 
so that an improvement in r-value cannot be attained even by 
the subsequent cold-rolling/annealing process.

This hot-rolled, sheet recrystallization process is 
effected through the coiling or the recrystallization 
annealing during hot rolling. When effecting 
recrystallization through the coiling process, it is desirable 
for the coiling temperature to be not lower than 650°C. If 
the coiling temperature is lower than 650°C, the hot-rolled 
sheet is hard to re-crystallize, so that no {111} orientation 
crystal grains are formed in the hot-rolled sheet; thus, an 
improvement in r-value cannot be expected even by the 
subsequent cold-rolling/annealing process. When effecting 
recrystallization by the recrystallization/ annealing process, 
both batch annealing and continuous annealing are applicable. 
The annealing temperature is preferably in the range of 650 
to 950°C.

In the case of continuous annealing, the 
recrystallization of the hot-rolled sheet be performed at a 
heating rate of not lower than l°C/s, and at an annealing 
temperature of 700 to 950°C. That is, in a high-P-content 
steel containing 0.06 wt% or more of P, the heating rate in
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the hot-rolled sheet annealing is important, which is 
desirable to be not lower than l°C/s. If the hot-rolled sheet 
heating rate is lower than 1°C, a large amount of phosphate 
is formed during recrystallization, with the result that no 
{111} recrystallization texture is formed in the hot-rolled 
sheet. Accordingly, an improvement in r-value is not to be 
expected even by the subsequent cold-rolling/annealing 
process. In contrast, if the heating rate for the hot-rolled 
sheet annealing is l°C/s or more, no phosphate is formed 
during recrystallization annealing, and {111} 
recrystallization texture is formed in the hot-rolled sheet, 
so that an improvement in r-value is attained through the 
subsequent cold-rolling/annealing process.

In the case of batch annealing, it is desirable that the 
hot-rolled sheet recrystallization be conducted at an 
annealing temperature T of not lower than 600°C and not higher 
than 900°C, and at an anneal! .g time t which satisfies the 
following condition: T x t > 3800. When the annealing 
temperature T is lower than 600°C, a low yield strength cannot 
be obtained. If, on the other hand, the annealing temperature 
is higher than 900QC, an abnormal grain growth occurs in the 
hot-rolled sheet, so that a high r-value cannot be obtained. 
When T x t is less than 3800, a low yield strength cannot be 
obtained. -

It is to be assumed that the above influence of the hot- 
rolled sheet annealing conditions on the yield strength is 
attributable to the fact that the crystal diameter of the hot- 
rolled sheet and the precipitate in the hot-rolled sheet 
become larger by performing hot-rolled sheet annealing for a 
long time at high temperature, which leads fo an increase in 
the crystal grain size after the cold-rolling/ 
recrystallization annealing, resulting in an reduction in 
yield strength.

■ Apart from the ordinary batch annealing, the hot-rolled 
sheet annealing can be performed by performing temperature 
retention or some heating on a hot-coiled hot-rolled sheet.

(4) Cold-rolling process
This process is indispensable to obtaining a high r-
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value. It is essential for the' cold-rolling reduction to be 
50 to 95%. If the ccld-rolling reduction is less than 50% or 
more than 95%, an excellent deep drawability cannot be 
obtained.

5 (5) Annealing process
It is necessary for the cold-rolled steel sheet to be 

subjected to recrystallization annealing. This
recrystallization annealing may be effected either by box 
annealing or continuous annealing. If the annealing

10 temperature is less than 700°C, the recrystallization does not 
take place to a sufficient degree, so that no {ill} texture 
is developed. If, on the other hand, the annealing

··> temperature is higher than 950°C, the texture becomes
·’·... irregular as a result of γ-α, transformation, so that the
·’’·.· 15 annealing temperature is restricted to the range of 700 to 
·:···· 950JC.
•*0Z· It goes without saying that a refining rolling of 10% or

less may be performed on the steel sheet after the annealing 
for the purpose of configurational rectification, surface■ · fc ·

! * I 20 roughness adjustment, etc. Further, a cold-rolled steel sheet* · · ·
’>·* : obtained by the method of this invention can be used as a

master sheet for surface-treated steel sheet for processing.• ··
····’ Examples of the surface treatment include galvanization
····* (including an alloy-type one), tinning, or enamelling.
. 25 To perform press working on a high-strength cold-rolled

steel sheet having a strength of 35 kgf/mm or iru-e, it is• ·
necessary for the product of the tensile strength and the r­
value (To x r) to be 105 or more. Unless a steel sheet 
satisfying this is obtained in a stable manner, a satisfactory

30 press working of a high-strength cold-rolled steel sheet 
cannot be realized.

The steel composition and the crystal orientation are 
specified so as to enable a high-strength cold-rolled steel 
sheet which has a tensile strength of 35 kgf/mm2 or more and

35 in which TS x r is 105 or more.

[Embodiments]
Rough hot rolling, finish hot rolling and

23
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recrystallization treatment were performed on steel slabs A 
through K having the compositions shown in Table 1, under the 
hot-rolling conditions shown in Table 2. After pickling the 
hot-rolled sheets obtained, cold rolling was performed under 
the conditions shown in Table 2 to obtain cold-rolled steel 
sheets in coil having a sheet thickness of 0.7mm. After that, 
recrys'callization treatment was performed with a continuous 
annealing equipment at 890°C for 20 seconds. Table 2 shows 
the results of a examination of the material properties of the 
cold-rolled steel sheets obtained.

The tensile strength was measured by using JIS No. 5 
tensile-strength-test piece. The r-value was measured by the 
three-point method after imparting a tensile pre-strain of 15% 
to the specimens, obtaining an average value of the L- 
direction (rolling direction), the D-direction (45° to the 
rolling direction) and the C-direction (90° to the rolling 
direction) as:

r - (rL + 2rD +rc)/4
The stars at the right-hand end of the tables indicate 
comparative examples .

It will be appreciated from the table that the cold- 
rolled steel sheets produced within the range of the present 
invention exhibit a higher r-value and a higher level of 
ductility than the comparative examples, thu& providing an 
excellent deep drawability with which TS x r is 105 or more.

Rough hot rolling, finish hot rolling and 
recrystallization treatment were performed on steel slabs L 
through T having the compositions sh-.iVn in Table 1, under the 
hot-rolling conditions shown in Ta oie 3. After pickling the 
hot-rc· _led sheets obtained, cold rolling was performed under 
the conditions shown in Table 3 to obtajn cold-rolled steel 
sheets in coil having a sheet 'hickness of 0.7mm. After that, 
recrystallization treatment was performed with a continuous 
annealing equipment at 890°C for 20 seconds. Table 3 shows 
the results of a examination of the material properties of the 
cold-rolled steel sheets obtained.

It will be appreciated from the table that the cold- 
rolled steel sheets produced within the range of the present

24
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invention exhibit a higher r-valu,e and a higher level of 
ductility than the comparative examples, thus providing an 
excellent deep drawability and a high level of strength with 
which TS x r is 120 or more.

Rough hot rolling, finish hot rolling and 
recrystallization treatment were performed on the steel slab 
0 having the composition shown in Table 1, under the hot- 
rolling conditions shown in Table 4. After pickling the hot- 
rolled sheet obtained, cold rolling was performed under the 
conditions shown in Table 4 to obtain cold-rolled steel sheet 
in coil having a sheet thickness of 0.7mm. After that, 
recrystallization treatment was performed with a continuous 
annealing equipment at 890°C for 20 seconds. Table 4 shows 
the results of an examination of the material properties of 
the cold-rolled steel sheet obtained.

It will be appreciated from the table that the cold- 
rolled steel sheet produced within the range of the pretv ,t 
invention exhibit a higher r-value and a higher level of 
ductility than the comparative examples, thus providing an 
excellent deep drawability and a high level of strength with 
which TS x r is 120 or more.

Rough hot rolling, finish hot rolling and 
recrystallization treatment were performed on the steel slab 
B having the composition shown in Table 1, under the hot- 
rolling conditions shown in Table 5. After pickling the hot- 
rollel sheet obtained, cold rolling was performed under the 
conditions shown in Table 5 to obtain cold-rolled steel sheet 
in coil having a sheet thickness of 0.7mm. After that, 
recr} tallization treatment was performed with a continuous 
annealing equipment at 890°C for 20 seconds. Table 5 shows 
the results of an examination of the material properties of 
the cold-rolled steel sheet obtained.

It will be appreciated from the table that the cold- 
rolle.' steel sheet produced within the range of the present 
invention exhibit a higher r-value and a higher level of 
ductility than the comparative examples, thus providing an 
excellent deep drawability and a high level of strength with 
which TS x r is 120 or more.

25
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After performing finish rolling on the steel slab B 
having the composition shown in Table 1 with a 7-stand hot- 
rolling mill under the hot-rolling conditions shown in Table 
6, recrystallization treatment was conducted. Regarding

5 specimen No. 34, cooling was performed in the temperature 
range around the Ar3 transformation temperature by empty-pass 
rolling in F3 sta~hd. Subsequently, cold rolling and 
continuous rolling were performed under the conditions shown 
in Table 6. Table 6 shows the results of an examination of

10 the material properties of the cold-rolled steel sheet 
obtained.

It will be appreciated from the table that the cold­
.. rolled steel· sheet produced within the range of the present

Γ.... invention exhibits a higher r-value and a higher level of
.··. : 15 ductility than the comparative examples, thus providing an
.....: excellent deep drawability and a high level of strength with

which TS x r is 120 or more.β · · ·
>e;··. Rough hot rolling, finish hot rolling and

recrystallization treatment were performed on the steel slab
·’·’*; 20 B having the composition shown in Table 1, under the hot- 
·?.’*: rolling conditions shown in Table 7 . After pickling the hot-

rolled sheet obtained, cold rolling was performed under the 
conditions shown in Table 7 to obtain cold-rolled steel sheet• · · ·

’....’ in coil having a sheet thickness of 0.7mm. After that,
25 recrystallization treatment was performed with a continuous• · ·

·:·..· annealing equipment at 890°C for 20 seconds. Table 7 shows• · · ·
’····* the results of an examination of the material properties of

the cold-rolled steel sheet obtained.
It will be appreciated from the table that the cold- 

30 rolled steel sheet produced within the range of the present 
invention exhibit a higher r-value and a higher level of 
ductility than the comparative examples, thus providing an 
excellent deep drawability and a high level of strength with
which TS x r is 120 or more.

35
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The rteel component and the production conditions are 
specified so as to enable a thin steel sheet to be produced 
which has a deep drawability and a strength which are by far 
superior to those of the conventional steel sheets.

• · · B » ·» · ■

• · · ·• · ft ·• «• · · »

• · <• · · ·
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TABLE 1

STEEL c Si Mn P S Al N Nb Ti B Cu Ni Mo [Nb]/[C] [A1]/[N] X Y Z W Ar3

A 0.0021 0.53 0.56 0.051 0.007 0.04* 0.002 0.025 - 0.0008 - - - 11.9 22.0 37.9 2.64 3.88 - 910

B 0.0023 1.05 1.08 0.048 0.005 0.058 0.002 0.031 - 0.0011 - - - 13.5 £9.0 21.5 4.14 3.90 - 870

C 0.0025 0.96 1,42 0.055 0.004 0.045 0.001 0.038 - 0.0018 - - - 15.2 45.0 17.7 4.44 2.72 - 850

D 0.0020 0.22 1.71 0.045 0.008 0.044 0.002 0.031 - 0.0011 - - 0,65 15.5 22.0 10,1 3.05 0.55 - 860

E 0.0033 1.02 1.65 0.068 0.006 0.062 0.001 0.052 - 0.0018 - - - 15.8 62.0 18.3 5.05 2.50 - 860

F 0.0026 0.15 1.68 0.129 0.006 0.050 0.002 0.039 - 0.0019 - - 0.25 15.0 25.0 27.8 4.56 0.49 - 910

G 0.0021 1.22 0.94 0.081 0.008 0.018 0.002 0.003 - - - - 1.4 94) 38.2 5.00 5.25 - 930

H 0.025 0.05 0.25 0.091 0.012 0.036 0.002 0.102 - 0.0010 - - - 4,1 18,0 130.3 2.17 1.43 - 890

I 0.0020 0.23 0.71 0.055 0.005 0.045 0.001 0.033 - 0.0010 0.5 0.5 - 16.5 45.0 29.4 2.27 1.41 - 890

J 0.0009 1.01 1.02 0.048 0.001 0.052 0.001 0.025 - 0.0030 - - - 27.8 52.0 22.5 4.0 4.0 - 870

K 0.0022 1.02 1.03 0.052 0.005 0.062 0.002 0.006 0.062 - - - 2,7 31.0 23.7 4.1 4.0 0.0025 860

L 0.0022 1.52 2.01 0.120 0.005 0.043 0.002 0.028 - 0.0028 - - 0.45 12.7 51.5 25.6 7.45 3.1 - 890

M 0.0028 1.48 1.58 0.105 0.007 0.049 0.002 0.035 - 0.0018 0.5 0.4 0.44 12.5 24.5 29.1 7.04 3.4 - 900

N 0.0025 1.51 2.01 0.11 0.005 0.06 0.002 0.035 - 0.0030 - 0.5 - 14.0 30.0 23.8 7.7 2.7 - 850

0 0.0018 1.53 1.98 0.08 0.005 0.05 0.002 0.028 0.025 0.0055 - 0.8 - 15.6 25.0 18.9 7.4 2.6 0.0009 860

P 0.0035 1.11 1.98 0.10 0.007 0.05 0.001 0.031 - 0.0031 - 0.5 - 8.9 50.0 21.2 6.7 2.1 - 890

Q 0.0024 1.50 3.99 0.09 0.006 0.07 0.001 0.027 - 0.0027 - 0.2 - 11.3 70.0 10,2 9.0 1.5 - 830

R 0.0022 1.75 1.26 0.06 0.007 0.05 0.002 0.031 - 0.0036 - 0.2 - 14.1 25.0 25.1 6.2 541 - 860

S 0.0021 1.49 2.01 0.10 0.006 0.07 0.002 0.030 - 0.0032 0.5 0.4 - 14.3 35.0 22.0 7.4 2.7 - 850

'1' 0.0022 1.70 2.51 0.12 0.005 0.05 0.002 0.030 - 0.0030 - 1.0 - 13.2 25.0 21.0 9.3 2.3 - 900

X = (3 X Si/28 + 200 X P/31 )/(Mn/55)
Y=2XSi+Mn + 20XP + Ni
Z=(2X Si/28+P/31)/(Mn/55 + 0.5 X Ni/59)
W= 48(Ti/48 - N/14 - S/32) X P
The stars at the right-hand end indicate comparative examples.
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TABLE 2

Speci­
men
No.

S
t
e
e
1

Hot-Rolling Conditions
Hot-RolledSheet
Recrystallizing

Conditions
Cold-Rolling
Reduction

Cold-Rolled 
Sheet Annealing 

Conditions

Material Properties

FDT Reduc­
tion

Coiling
Tempera­

ture
Lubrica­

tion
TS

(kgf/mm2) El (%) r-Value TSXr

1 A 740°C 90% 710° Some Coiling-
Anncaling 78% 890°C-20s 38 43 2.8 106

2 A 930°C 90% 680° Some Co'iing-
Anr.ealing 78% 890°C-20s 37 40 1.3 48

3 B 750°C 90% 450° Some 750°C-5hr 78% 890°C-20s 46 37 . 2·5 115

4 B 730°C 45% 450° Some 750°C-5hr 78% 890°C-20s 45 33 1.4 63

5 C 720°C 90% 450° Some 750°C-5hr 78% 890°C-20s 49 33 2.4 118

6 C 710°C 90% 450° None 750°C-5hr 78% 890°C-20s 49 26 1.1 54

7 D 720°C 90% 450° Some 750°C-5hr 78% 890°C-20s 47 37 2.0 94

8 E 760°C 90% 450° Some 750°C-5hr 78% 890°C-20s 49 33 2.4 118

9 F 740°C 90% 450° Some 890°C-20s 78% 890°C-20s 46 36 2.5 115

10 F 710°C 90% 450° Some 890°C-20s 45% 890°C-20s 45 33 1.2 54

11 G 730°C 90% 450° Some 750°C-5hr 78% 890°C-20s 38 35 1.1 42

12 H 730°C 90% 450° Some 750°C-5hr 78% 890°C-20s 39 36 1.0 39

13 I 710°C 90% 450° Some 750°C-5hr 78% 890°C-20s 38 42 2.8 106

14 J 710°C 90% 450° Some 750°C-5hr 78% 830°C-20s 45 40 2.6 117

15 K 680°C 90% 450° Some 750°C-5hr 78% 890°C-20s 46 33 1.6 74
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TABLE3

Speci­
men
No.

S
t
e
e
1

Hot-Rolling Conditions IIot-Rolled
Sheet

Recrystallizing
Conditions

Cold-Rolling
Reduction

Cold-Rolled 
Sheet Annealing 

Conditions

Material Properties

FDT Reduc - 
tion

Coiling
Tempera­

ture
Lubrica­

tion
TS

(kgf/mm2) El (%) r-Value TSXr

16 L 650°C 90% 450° Some 890°C-20s 78% 890°C-20s 61 31 2.0 122

17 L 670°C 90% 450° Some Hone 78% 890°C-20s 60 24 1.1 66

18 M 710°C 90% 450° Some 750°C-5hr 78% 890°C-20s 62 31 2.0 124

19 N 690°C 90% 450° Some 890°C-20s 78% 890°C-20s 60 30 2.1 126

20 0 680°C 90% 450° Some 890°C-20s 78% 890°C-20s 59 31 2.1 124

21 P 710°C 90% 450° Some 890°C-20s 78% 890°C-20s 55 32 2.2 121

22 Q 720°C 90% 450° Some 890°C-20s 78% 890°C-20s 68 12 1.1 75

23 R 650°C 90% 450° Some 75O’C-5hr 78% 890°C-20s 59 30 1.8 106

24 S 680°C 90% 450° Some 890°C-20s 78% 890°C-20s 62 28 2.0 124

25 T 720°C 90% 450° Some 750°C-5hr 78% 890°C-20s 65 28 1.9 124
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TABLE 4

Speci­
men
No.

S
t
e
e
1

Hot-Rolling Conditions Hot-Rolled Sheet 
Annealing Conditions

Cold-Rolling/Annealing
Conditions Material Properties

FDT Reduc­
tion

Coiling 
Tempe fu­

ture
Lubrica­

tion
HcaLing

Rate
Soaking

Temperature Itcduc lion Annculing
Conditions

TS
(kgf/mm2) r-Value TSXr

26 0 710°C 85% 450°C Some 10°C/s 890°C 78% 890°C-20s 59 2.1 124

27 0 690°C 85% 450°C Some 0.6°C/s 750°C 78% 890°C-20s 59 1.5 89

28 0 700°C 85% 450°C Some 0.06°C/s 750°C 78% 890°C-20s 60 1.4 84

TABLE5

Speci­
men
No.

S
t
e
e
1

Hot-Rolling Conditions
Hot-Rolled Sheet 

Annealing Conditions Cold­
Rolling

Reduction
(%)

Material Properties

Tempera­
ture (T) 
Time (t)

TxtFDT
(°C)

Reduc­
tion
(%)

Coiling 
Tempera­
ture (°C)

Lubrica­
tion

YS
(kgf/mm2)

TS
(kgf/mm2)

YR
(%)

El
(%) r-Value TSXr

29 B 710°C 90% 450°C Some 680°C, 5h 3,400 78 31 46 67 37 2.3 106

30 B 720°C 90% 450°C Some 750°C, 15h 11,250 78 28 62 39 2.6 117

31 B 700°C 90% 450“C Some 770°C, 5h 3,850 78 27 40 63 39 2.6 120
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TABLE 6

Speci­
men
No.

Steel

Hot-Rolling Conditions
Hot-Rolled

Sheet
Recrystal
lization

Cold-
Rolling/Annealing Material Properties

FET
(°C)

Reduc
tion

above
Ar3

Cooling
Tempera­

ture
Difference

CC)

Cool­
ing

Rate
Cooling
Stand

Reduc- 
tion 

below 
Ar3

FDT
CO

CT
(°C)

Lubrica
-tion

Cold­
Rolling 
Reduc- 

tion

Final
Annealing

TS
(kgf/mm2)

El
(%) r-Value TSXr

32 B 920 70 80 30 F2-F3 80 710 450 Some 750°C, 5 hr 78 890°C, 20s 46 37 2.7 124

33 B 850 - - - - 90 690 450 Some 750°C,5hr 78 890°C, 20s 46 37 2.3 106

34 B 930 70 60 30 F2-F4 80 680 450 Some 750°C, 5 hr 78 890°C,20s 46 37 2.7 124

w TABLE 7

Speci­
men
No.

S
t
e
e
1

Hot Rough Rolling 
Conditions

Hot Finish Rolling 
Conditions Finish

Reduction/
Rough

Reduction

Coiling
Temnera-

ture

Hot-Rolled 
Sheet 

Recrystal- 
liz ing 

Conditions

Cold­
Rolling 
Reduc- 

tion

Recrystalliza - 
tion/Annealing 

Conditions 
after Cold 
Rolling

Material Properties

Finish
Tem­

perature
CC)

Reduc- 
tion 
(%)

Finish
Tem­

perature
CC)

Reduc­
tion
(%)

Lubrica­
tion

TS
(kgf/mm2)

El
(%) r-Value TSXr

35 B 890 88 700 89 Some 1.01 450°C 750°C, 5 hr 78% 890°C, 20s 46 37 2.6 120

36 B 890 96 690 45 Some 0.47 450°C 750°C, 5 hr 78% 890°C. 20s 46 36 2.3 106

37 B 900 67 710 92 Some 1.37 450°C 750°C, 5 hr 78% 890°C, 20s 46 36 2.3 106
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A method of producing a high-strength cold-rolled 

steel sheet which excels in deep drawability by using a steel 
material consisting of: a basic composition including 0.01% 
or less of C, 0.1 to 2.0% of Si, 0.5 to 3.0% of Mn, 0.02 to 
0.2% of P, 0.05% or less of S, 0.03 to 0.2% of Al, 0.01% or 
less of N, 0.001 to 0.2% of Nb, and 0.0001 to 0.008% of B in 
such a way that the respective contents of C, Nb, Al, N, Si, 
Mn and P satisfy the following formulae:

5 < Nb/C < 30, 10 < Al/N < 80, and 16 < (3 x Si/28 + 200 
x P/31)/(Mn/55) < 40; Fe remnant; and inevitable impurities, 
said method comprising the steps of:
(a) performing rolling on said steel material with a total 
reduction of 50% or more and 95% or less while effecting 
lubrication thereon in a temperature range of not higher than 
an Ar3 transformation temperature and not lower than 500°C;
(b) performing a hot-rolled sheet recrystallization treatment 
on said steel material by a coiling or annealing process;
(c) performing cold rolling on said steel material with a 
reduction of 50 to 95%; and then
(d) effecting recrystallization annealing on said steel 
material in a temperature range of 700 to 950 °C.

2. A method of producing a high-strength cold-rolled 
steel sheet excelling in deep drawability according to Claim 
1,' wherein a basic-composition steel is used which contains 
one or more of the following: 0.1 to 1.5% of Cu, 0.1 to 1.5% 
of Ni, and 0.01 to 1.5% of Mo.

3. A method of producing a high-strength cold-rolled 
steel sheet excelling in deep drawability according to one of 
Claims 1 or 2, wherein a basic-composition steel is used which 
contains 1.0 to 2.0% of Si, 1.5 to 3.0% of Mn, 0.05 to 0.2% 
of P, and 0.1 to 1.5% of Ni, in such a way as to satisfy the 
following formulae:

2 x Si + Mn + 20 x P + Ni > 6
2.0 < (2 x Si/28 + P/31)/(Mn/55 + 0.5 x Ni/59) < 3.5
4. A method of producing a high-strength cold-rolled 

steel sheet excelling in deep drawability according to one of 
Claims 1, 2 or 3, wherein a basic-composition steel is used

33



34
which contains 0.005 to 0.06% of Ti and satisfies the 
formula :

• · · ·• · · ·

48(Ti/48 - N/14 - S/32) * P s 0.0015
5. A method of producing a high-strength cold- 

5 rolled steel sheet excelling in deep drawability 
according to any one of Claims 1, 2, 3 or 4, wherein the
hot-rolled sheet crystallization treatment (b) is 
performed at a heating rate of not lower than l°C/s and
at an annealing temperature of 700 to 950°C.

10 6. A method of producing a high-strength cold-
rolled steel sheet excelling in deep drawability 
according to any one of Claims 1, 2, 3 or 4, wherein the 
hot-rolled sheet recrystallization treatment (b) is 
performed in such a way as to satisfy the following

15 formulae:
600 s T s 900, and T * t s 3800 

where T represents annealing temperature (°C), and t ■ 
represents annealing time (hr.). ,

7. A method of producing a high-strength cold- 
20 rolled steel sheet excelling in deep drawability

according to one of Claims 5 or 6, wherein prior to step 
(a) finish hot rolling is performed and is started at a 
temperature not lower than an Ar3 transformation 
temperature; cooling is performed to lower the

25 temperature of the steel material 3 0°C or more and at a 
cooling rate of not lower than 20°C/s to attain a 
temperature not higher than the Ar3 transformation 
temperature without performing any other rolling process 
during said finish hot rolling; and subsequently steps

30 (a) to (d) are performed.
8. A method of producing a high-standard cold-

rolled steel sheet excelling in deep drawability 
according to any one of Claims 5, 6 or 7, wherein rough
hot rolling and finish hot rolling subsequent thereto are

35 performed as follows:
the ratio of the reduction of the rough hot rolling 

to the reduction of the finish hot rolling ranges from 
0.8 to 1.2; and

the rough hot rolling is terminated at a temperature



lower than (Ar3 trans format ion temperature - 50 °C) and. not 
higher than (Ar3 transformation temperature + 50°C),

the rough hot rolling being performed while effecting 
lubrication in a temperature range not higher than the Ar3

5 transformation temperature and not lower than 500°C with a 
total reduction of not less than 50c ’.nd not more than 95%.

9. A high-strength cold- .led steel sheet which 
excels in deep drawability comprising a steel material 
consisting of: a basic composition including 0.01% or les,«

10 of C, 0.1 to 2.0% of Si, 0.5 to 3.0% of Mn, 0.02 to 0.2% of 
P, 0.05% or less of S, 0.03 to 0.2% of Al, 0.01% or less of
N, 0.001 to 0.2% "·ΐ Nb, and 0.0001 to 0.008% of B in such a 
way that the respective'contents of C, Nb, Al, N, Si, Mn and 
P satisfy the following formulae:

15 5 < Nb/C <30, 10 < Ai/N < 80, and 16 < (3 x Si/28 + 200
x P/31)/(Mn/55) < 40; Fe remnant; inevitable impurities; and, 
as needed, one or more of the following: 0.1 to 1.5% of Cu,
O. 1 to 1.5% of Ni, and 0.01 to 1.5% of Mo, and having a 
tensile strength (TS) of 35 kgf/mm2 or more and a lankford

20 value (r-value) which satisfy the formula: 
r x TS > 105.

10. A method of producing a high-strength cold- 
rolled steel sheet substantially as herein described with 
reference to any one of the non comparative Examples 
and/or the accompanying drawings.

11. A high-strength cold-rolled steel sheet 
substantially as herein described with reference to any 
one of the non comparative Examples and/or the 
accompanying drawings .

• ft ft ft• · ft ft• ft
Dated this 16th day of June 1994

ft ftft ft ft• ft ftft··· ft ft ft · ft ftft··· ft ft ft ft
ft ft ft ft ft ft ft• ftft• ftft

KAWASAKI STEEL CORPORATION
By their Patent Attorney 
GRIFFITH HACK & CO.
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ABSTRACT OF THE DISCLOSURE
In a method of producing a high-strength cold-rolled 

steel sheet excelling in deep drawability, a steel material 
is used which consists of: a basic composition including
0.01% or less of C, 0.1 to 2.0% of Si, 0.5 to 3.0% of Mn, 0.02
to 0.2% of P, 0.05% or less of S, 0.03 to 0.2% of Al, 0.01%
or less of N, 0.001 to 0.2% of Nb, and 0.0001 to 0.008% of B
in such a way that the respective contents of C, Nb, Al, N,
Si, Mn and P satisfy the following formulae:

5 < Nb/C < 30, 10 < Al/N < 80, and 16 < (3 x Si/28 + 200 
x P/31)/(Mn/55) < 40; Fe remnant; and inevitable impurities, 
the method including the steps of:

performing rolling on the steel material with a total 
reduction of 50% or more and 95% or less while effecting 
lubrication thereon in a temperature range of not higher than 
the Ar3 transformation temperature and not lower than 500°C; 

performing a hot-rolled sheet recrystallization treatment
on the steel material by a coiling or annealing process;

performing cold rolling on the steel material with a
reduction of 50 to 95%; and then

effecting recrystallization annealing on the steel
material in a temperature range of 700 to 950°C.

• · · ·
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FIG.I

• LUBRICATED ROLLING 

o NON-LUBRICATED ROLLING

HOT ROLLING TEMPERATURE (°C)



2/9

’IG. 2
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FIG. 3
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FIG. 4

( 3xSi/28 + 200XP/31 )/ (Mn/55)

FIG. 5

2 x Si + Mn + 20 x P + Ni
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FIG. 6
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FIG. 10
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