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[5 7 ] ABSTRACT 

A process for manufacturing a cold-rolled high _ 
strength steel sheet particularly suitable for fabrication 
of car body comprising the steps of making a steel 
comprising 0.03 — 0.2% C, 1.6 — 3.0% Mn, 0.03 — 
0.6% Si, 0.01 ; 0.25% Nb, 0.01 - 0.2% Ti, and the re 
mainder being iron excepting inherent impurities and 
residual deoxidizing elements, hot rolling the steel to a 
hot-rolled strip, cold rolling the strip to a steel sheet 
having a thickness of 3 mm or less, and annealing the 
steel sheet at a temperature of 620° C to A3 transfor< 
mation point. 

5 Claims, 1 Drawing Figure 
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PROCESS FOR MANUFACTURING A 
COLD-ROLLED HIGH STRENGTH STEEL SHEET 

The present invention relates to a process for manu 
facturing a high strength steel sheet having an attract 
ive surface and a high accuracy in thickness. More par 
ticularly, the present invention relates to a process for 
manufacturing a high strength cold-rolled steel sheet 
particularly suitable for fabrication of car body. 
The steel sheet used usually for fabrication of passen 

ger car body has generally a thickness of 3.0mm, par 
ticularly, 2.3mm or less. 
The social constantly increasing requirement for im 

proving the security of cars obliges the manufacturer to 
enhance strength of the car body. For this purpose, a 
thicker steel sheet may be used or more members may 
be used, but any of such measures will result in the in 
crease of weight of the car body, which is adverse to the 
desirable reduction of weight of the car body. 

In order to improve the security by using a steel sheet 
having a thickness less than the limited range indicated 
above, a steel sheet having a suf?cient strength to be 
proof against accident should be used, and the supply 
of such a steel is strongly demanded. 
Although it is known that a high strength steel sheet 

can be manufactured by hot rolling, a thinner sheet 
provides more problems in the capacity of rolling mill 
and in the shape of steel sheet to be rolled, and, partic 
ularly, manufacture of stronger steel sheets involves in 
creased difficulties in the hot rolling. Therefore, the 
high strength steel sheet which is able to industrially 
produce by hot rolling at present has a lower limit in 
thickness depending on the desired tensile strength, for 
example, 1.6 mm for 50 kglmmz, 2.3 mm for 60 
kg/mm2, and 3.2 mm for 80 kg/mm2. 
An object of the present invention is to manufacture 

a high strength steel sheet having a high tensile strength 
which can not be obtained by the conventional process, 
at the limited thickness described above. 
Another object of the present invention is to provide 

a high strength steel sheet having a tensile strength of 
50 to 100 kg/mm2 at a thickness of 3 mm, particularly, 
2.3 mm or less. 
A further object of the present invention is to provide 

a process for manufacturing a high strength steel sheet 
having a tensile strength of 50 to 100 kg/mm2 and an 
attractive surface and a uniform thickness. 
A still further object of the present invention is to 

provide a cold-rolling process for manufacturing a steel 
sheet having the above-mentioned properties. 
The above and other objects are accomplished by the 

process of the present invention, wherein a steel com 
prising 0.03 — 0.20% C, 1.6 - 3.0% Mn, 0.03 — 06% Si, 
and remainder of Fe excepting inevitable impurities, if 
desired additionally containing 0.01 — 0.25% Nb or 
0.01 4 0.2% Ti or Nb and Ti in total amount of 0.01 - 
0.3% is hot rolled to produce a hot rolled steel strip, 
which is then cold rolled to a steel sheet having a de 
sired thickness, and the steel sheet thus produced, 
when containing neither of Nb and Ti, is heated to a 

’ temperature of 710° C to A3 transformation point to 
anneal, and when containing at least one of Nb and Ti, 
is heated to a temperature of 620° C to A3 transforma 
tion point to anneal, thereby to produce a steel sheet 
having a tensile strength of 50 to 100 kg/mm2 and a 
thickness of 3.2 mm or less. 
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2 
The reasons for de?ning the above compositions of 

the steel are as follows: 
A carbon content less than 0.03 percent does not 

provide a tensile strength of 50 kg/mm2 or more, and 
a carbon content exceeding 0.20 percent decreases the 
toughness and deteriorates the weldability of the steel. 
A manganese content less than 1.6 percent does not 
provide a tensile strength of 50 kg/mm2 or more, 
whereas a manganese content exceeding 3.0 percent 
renders the steel making signi?cantly dif?cult. Silicon, 
which is used as a deoxidizer, is difficult to reduce its 
content to less than 0.03 percent, whereas its content 
exceeding 0.6 percent increases the brittleness and also 
deteriorates the weldability of the steel. 
Niobium and titanium serve to improve the tensile 

strength of the steel when it is annealed at a tempera 
ture of 620° C to A», transformation point. A niobium 
content less than 0.01 percent does not produce such 
effect, and its content exceeding 0.25 percent does not 
effect further improvement. Also, a titanium content 
less than 0.01 percent does not produce the effect, 
whereas its content exceeding 0.2 percent renders the 
ingot making dif?cult. 
Further, Nb and Ti can be added in combination, 

whereupon it is necessary to limit the combined con 
tent to a range of 0.01 to 0.3 percent. 

Also, this steel may generally contain P of not more 
than 0.03 percent and S of not more than 0.03 percent 
as allowable impurities, and further may contain Cu of 
not more than 0.3 percent, Ni of not more than 0.3 per 
cent, Cr of not more than 0.5 percent, Mo of not more 
than 0.5 percent and B of not more than 0.01 percent. 
These elements in-amount described above do not ad 
versely affect the tensile strength. 

In the practice of the present invention, a molten 
steel having the above composition is prepared, and 
cast into ingot in a conventional manner, whereupon Al 
killing is desirable. The ingot is then subjected to 
blooming and hot rolling in a conventional manner to 
produce a hot rolled strip. This hot rolling is desirably . 
performed at a ?nishing temperature not lower than 
800° C. The hot rolled strip is then subjected to pick 
ling, and thereafter is cold rolled in a conventional 
manner to a steel sheet having a desired thickness, 
whereupon a reduction ratio of not less than 30 percent 
is desirable. 
According to the present invention the steel sheet 

thus produced is annealed at a constant temperature. 
This annealing temperature is necessary to be varied 
depending on whether Nb and Ti are contained or not. 

That is, the steel containing only C, Mn and Si should 
be annealed at a temperature of 710° C to A3 transfor 
mation point, and the steel additionally containing Nb 
and Ti at a temperature of 620° C to A3 transformation 
temperature. 
An annealing temperature lower than 710° C in the 

former case will cause the steel to recrystallize and 
soften during annealing, and also cause carbides to be 
?nely dispersed, thereby rendering it dif?cult to obtain 
the desired strength. 
However, the latter steel sheet (containing Nb or Ti) 

can be annealed at a temperature of 620° to 710° C, 
without causing severe softening due to the function of 
Nb or Ti, thereby allowing the attainment of the de 
sired strength. 
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When each of the steels is annealed at a temperature Table 2 

of 710° C to A8 transformation point, an austenitic . 
phase is formed at a portion of the grain boundary, Anncuol. Y.P. 2 T5. 2 Yield 1219711,; 
which transforms to not only to pearlite but also to Sim Twp‘ C kg/mm ‘(g/mm R‘m" " 
martensite and bainite during cooling of the steel sheet, 5 ‘ 670 34,2 44,; 0774 35,0 
thereby the strength of the steel sheet can be remark- A ‘518-? 8-2;? 3215) 
ably increased and thus a cold-rolled steel sheet having } 730 28:; 52: 1 0:445 33:0 

a high strength of 50 kg/mm2 or more is obtained. Z38 ‘512-2 Such martensite and bainite can be produced by such 690 20:8 47:4 0:439 33:0 

a very slow cooling rate as in the batch annealing of the 10 B ;;8 2g? 8.2%; g? 
cold-rolled steel sheet. _ . ‘ 750 32:3 68:9, 0:469 250 

It is known that a steel havlng such a composition de- 238 git-(l) 32% 8.233 g g 15) 
scribed above can be heat treated into a structure 111- - C 710 29:8 7310 0:408 205 
eluding martensite and bainite phases by means of nor- 730 > 33.3 88.1 0.378 18.5 

malizing. However, the present invention is character- 15 . .. 7657?) ‘$3’? 22(1) 82(7):,’ . ized in that said martensite and bainite phases can be 690 _ _ _ _ 

produced by annealing, not normalizing, of the cold- . D 3:18 38-2 49-2 0-776 28-0 
rolled Steel SheFt- _ , _ 750 37.5 47.7 0.790 30.5 
Also,_accord1ng to the present invention, the finished 670 39.3 54.5 0.722 > 23.8 

steel sheet has an attractive surface,’ and a high a'ccu- 20 69° _ _ “‘ — 
. . . E 710 39.2 49.1 0.798 27.5 

racy 1n thickness as well as a remarkably improved 730 _ _ _ _ 

strength. 750 38.3 48.7 0.787 29.0 
The present invention will now be more particularly , 

described with ‘reference to'examples thereof. . 
r r r ' » I‘ A V Y- 25' As clearly seen in Table 1, each of the steels A, B and 

Example 1 C according to the present invention has an improved 
" ' " " ' " ’ v tensile strength exceeding 50 kg/mm2 as annealed at a 

Steel having Chemical compositions indicated in temperature of 710° C to A, transformation point. That 
Table 1 WET‘? Prepared, wherein Steels A, B and C are ‘ is, the steel A indicates a tensile strength exceeding 50 
according to the present invention, and steels D and E 30 kg/mm2 as annealed at 730° C and higher, and the 
are for comparison. steels B and C indicate a tensile strength exceeding 50 

Table 1 - kg/mm2 as annealed at 710° C and higher, and particu 

as high as 100 kglmmz. Steel 7 Chemical Composition, ‘7: by weight 35 I 
C Si Mn P S It has been also found that the above carbon steel 

A 009 0.03 105 M03 0006 containing C of 0.03 to 0.20 percent can further con- i 
. B ()_()8 (m3 251 (1003 (1006 tam one or more of Cu, Ni, Cr, Mo and B 1n amounts 
C 0-l2 0:8 of Cu <0.3%, Ni <0.3%, Cr <0.5%, Mo <0.5% and B 
E 8:}? 8:45 ‘:50 0:005 . 0:006 40 <0.0l% with the similarly improved tensile strength 

- due to the annealmg. 

Each of the steels was killed by Al and then cast into Example 2 
an ingot, and then hot rolled to a strip of a thickness of Steels having compositions indicated in-Table 3 were * 
2 mm, the hot rolling being ?nished at 850° C. Each 45 prepared by using a high frequency induction furnace, 
steel strip was pickled and then cold rolled to a steel wherein steels F through I are according to the present 
Sheet. of 05.8 mm “112k 

Table 3 

Steel 0 Si Mn P 5 Nb Ti 

F 0.07 0.10 2.01 0.006 0.012 0.11 
o _ 0.07 0.12 2.52 0.002 0.007 0.19 _ 

Invented 11 0.09 0.10 2.83 0.003 0008 ~ 0.09 
SIL‘CIS J 0.09 0.09 2.77 0.006 0.009 _ 0.19 

1 0.07 0.08 2.14 0.005 0.008 0.05 < 
K 0.06 0.05 1.98 0.012 0.015 _ _ 

Compura- . 1. 0.17 0.45 1.50 0.005 0.000 _ _ 
tivc M 0.17 0.10 1.45 0.013 0.013 0.03 ~ 

60 , 

This steel sheet was heated at a temperatureof 670° ‘ Each molten steel was killed by Al and then cast into 
to 750° C for 6 hours followed by a slow cooling at a‘ an ingot, which was hot rolled to a strip of 2 mm thick 
cooling rate of 25° C/‘hr. _ I .‘ness, wherein the hot rolling being finished at 850° C. 

Each strip was pickled and then cold rolled to a sheet 
The steel sheet thus obtained was cut into specimens of 0,8 mm thick. 

for tension test, the results of the test are indicated in ' Each sheet thus produced was heated to respective 
Table 2. FIG. 1 is the graph showing these results. annealing temperatures indicated in Table 4, and after 

larly the tensile strength of the steel C reaches nearly 

invention and steels K through Nare for comparison. 



3,830,669 
5 

holding it at the temperatures for 2 hours, it was cooled 
in the furnace at a cooling rate of 75° C/hr. 
Each sheet was cut into test pieces speci?ed by JlS 

No. 5 to perform tension test in the direction of rolling. 
The results are as indicated in Table 4. 

Table 4 

Anneal. T.S. Y.P. Elong. 
Steel Temp. "C kg/mmz kg/mm2 7! 

E 650 61.5 43.5 22.0 
700 64.0 36.6 22.0 
750 67.7 38.5 22.5 

F 650 76.5 64.2 12.5 
700 68.5 41.6 17.5 
950 65.5 36.5 21.0 

Invented ‘G 650 72.7 53.4 18.0 
Steels 700 70.4 42.3 21.5 

750 72.4 37.3 20.5 
H 650 90.0 76.7 12.5 

700 81.8 55.0 14.0 
750 80.0 43.3 16.0 

1 700 51.3 24.3 30.0 
750 52.6 22.3 29.0 

-.l 700 39.2 20.2 37.5 
K 700 49.1 39.2 27.5 

Comparative L 710 49.2 41.0 29.0 
M 650 42.3 38.0 36.0 

700 49.6 21.2 32.5 , 

' From the results it is clear that the steels for compari 
son do not provide a tensile strength exceeding 50 
kg/mm2 by annealing at a temperature lower than 710° 
C, and their tensile strength signi?cantly vary depend 
ing on the annealing temperature, whereas the steels 
according on the annealing temperature, constantly 
provide a tensile strength exceeding 50 kg/mm2 by an 
nealing at a temperature ranging from a relatively low 
temperature to A3 transformation point, and its value 
is not ?uctuant. 
We claim: 
1. A process for manufacturing a cold-rolled high 

strength steel sheet having a tensile strength of 50 to 
100 kg/mm“, characterized by making a steel compris 
ing 0.03 — 0.2% C, 1.6 — 3.0% Mn, 0.03 — 0.6% Si, 0.01 
- 0.25% Nb, 0.01 — 0.2% Ti, and the remainder being 
iron excepting inherent impurities and residual deoxi 
dizing elements, hot rolling the steel to a hot-rolled 
strip, cold rolling the strip to a steel sheet having a 
thickness of 3 mm or less, and annealing the steel sheet 
at a temperature of 620° C to A3 transformation point. 
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6 
2. A process for manufacturing a cold-rolled high . 

strength steel sheet having a tensile strength of 50 to 
100 kg/mm2, characterized by making a steel compris 
ing 0.03 — 0.2% C, 1.6 — 3.0% Mn, 0.03 — 0.6% Si, and 
the remainder being iron, excepting inherent impurities 
and residual deoxiding elements, hot rolling the steel to 
a hot-rolled strip, cold rolling the strip to a steel sheet 
having a thickness of 3 mm or less, heating the steel 
sheet at a temperature of 710° C to A3 transformation 
point for at least 2 hours, and slow cooling it for anneal 
mg. 

3. A process for manufacturing a cold-rolled high 
strength steel sheet having a tensile strength of 50 to 
100 kg/mm2, characterized by making a steel compris 
ing 0.03 - 0.2% C, 1.6 - 3.0% Mn, 0.03 - 0.6% Si, at 
least one elements of0.01 — 0.25% Nb and 0.01 — 0.2% 
Ti, and the remainder being iron excepting inherent im 
purities and residual deoxidizing elements, hot rolling 
the steel to a hot-rolled strip, cold rolling the strip to a 
steel sheet having a thickness of 3 mm or less, heating 
the steel sheet at a temperature of 620° C to A3 trans 
formation point for at least 2 hours, and slow cooling 
it for annealing. 

4. A process for manufacturing a cold-rolled high 
strength steel sheet having a tensile strength of 50 to 
100 kg/mm2, characterized by making a steel consisting 
of 0.03 - 0.2% C, 1.6 - 3.0% Mn, 0.03 — 0.6% Si, and 
the remainder being iron excepting inherent impurities 
and residual deoxidizing elements, hot rolling the steel 
to a hot-rolled strip, cold rolling the strip to a steel 
sheet having a thickness of 3 mm or less, heating the 
steel sheet at a temperature of 710° C to A3 transforma 
tion point, and cooling it at a rate slower than 100° 
C/hr. , 

5. A process for manufacturing a cold-rolled high 
strength steel sheet having a tensile strength of 50 to 
100 kglmmz, characterized by making a steel consisting 
of 0.03 — 0.2% C, 1.6 - 3.0% Mn, 0.03 — 0.6% Si, 0.01 
- 0.25% Nb or 0.01- 0.2% Ti or 0.01 — 0.30% Nb plus 
Ti, and the remainder being iron excepting inherent im 
purities and residual deoxidizing elements, hot rolling 
the steel to a hot-rolled strip, cold rolling the strip to a 
steel sheet having a thickness of 3 mm or less, heating 
the steel sheet at a temperature of 620° C to A3 trans 
formation point, and cooling it at a rate slower than 
100° C/hr. 

***** 
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