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METHOD OF MAKING A DRAWING STEEL SHEET 
BY CONTINUOUS ANNEALING PROCESS 
INCLUDING SHELF TREATMENT TI-IEREIN 

This invention relates to a method of making a draw 
ing steel sheet by continuous annealing process includ 
ing novel shelf treatment therein, and more particularly 
making drawing steel sheet with very high productivity. 

As well~known for a long time, a continuous anneal 
ing treatment was developed as the best suited process 
for manufacturing tin plate and has been put into prac 
tice, because the most suitable hardness for saidtin 
plate is easily given to the steel strip owing to the rapid 
heating and cooling in said line. It is, however, well 
known that said hardness obtained by said treatment is 
too hard to enable the steel sheet to be pressed into var 
ious shapes. If a kind of soft steel strip is obtained by 
said line, there is no doubt that the utility value will be 
very high as a method of making a commercial cold re 
duced steel sheet. Therefore, many attempts have been 
proposed and put into practice. For example, the art as 
shown in US. Pat. No. 2,832,711 is one of said at 
tempts. This art was developed .to give drawability of 
some degree to a galvanized steel strip. The features of 
the above art lie in quenching from the range of about 
1,250°F and l,300°F to below l,000°F, following by 
holding at said annealing temperature for 30 seconds 
and then holding for at least 30 seconds in the shelf 
temperature range of 800° to 1,000°F. With such a pro 
cess, the steel sheet becomes softer than that from the 
ordinary continuous annealing process. According to 
our experiments, it has been confirmed that the soft 
ness and aging resistance, so far attained, are not yet 
sufficient. The shelf treatment as mentioned above 
should be further improved if the steel is subjected to 
press-forming services. 

S. Garber, et a]. reports “New continuous annealing 
cycle for blackplate” AISI, vol. 200, June, 1962 is an 
other example among said attempts. This art was devel 
oped to simplify the ordinary continuous annealing fa 
cilities for tin plate. The features of the art lie in the 
process of heating rapidly to 700°C and immediately 
quenching to about 300°C, in which Pb-Bi salt bath is 
employed, and the over aging for 30 min. as it is coiled. 
Results equal to those for commercial Temper Univer 
sal plate are obtained. Specially, the hardness values of 
said steel sheet are equal to or better than those from 
the ordinary cycle. According to our investigations we 
have found that the softness and aging of steels an 
nealed by the prior art method are not satisfactory. It 
will be needless to say that productivity based on the 
above art is inferior to that of an ordinary continuous 
annealing operation. The steel treated by the above art 
can be subjected to press-forming services only with 
difficulty. Thus, a steel which can be subjected to ordi 
nary press-forming services is not yet available. 
This invention has been developed to remove the 

above-mentioned faults and disadvantages. The fea 
turcs of this invention consist in heating the cold re 
duced steel up to the range of recrystallization temper 
ature to 850°C, cooling slowly from said temperature 
to the range of less than A, point to 600°C and then 
cooling rapidly at the rate of 200°C/sec and 
l0,000°C/sec to the normal temperature, and again 
heating the steel up to the range of 300° to 530°C and 
holding for at least 10 seconds. In such case, when the 
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2 
steel is coiled at more than 630°C followed by hot roll 
ing, the properties of said steel, which is subjected to 
press-forming operations, may be further improved. 
An object of this invention is to provide a method of 

making a drawing steel sheet by a continuous annealing 
process having good drawability which is possible to be 
subjected to an ordinary press-forming operation. 
Another object of this invention is to provide a 

method of making a drawing steel sheet by a continu 
ous annealing process exhibiting good aging resistance. 

Further object of this invention is to provide a 
method of making a drawing steel sheet by a continu 
ous annealing process displaying very high productiv 
ity, accordingly, low cost. 
Other objects and advantages will be apparent from 

the following description and accompanying drawings 
in which: 
FIG. 1 is an example of typical annealing cycle of this 

invention, 
FIG. 2 shows an annealing cycle based on this inven 

tion in comparison with other cycles, 
FIG. 3 is a graph showing the relation between yield 

stress and carbon content in steel, 
FIG. 4 is a graph showing the relation between aging 

index and carbon content in steel, 
FIG. 5 illustrates changing behavior of aging index 

and yield stress with various velocities. 
A typical continuous annealing cycle based on this 

invention is shown in FIG. 1. T,, T2, T3 and T, points 
on the time-temperature diagram of FIG. 1 show the 
maximum heating temperature, rapid-cooling starting 
temperature, the maximum heating temperature for the 
precipitation treatment and finishing temperature of 
said precipitation treatment respectively. Said T, point 
is the maximum heating temperature and is selected 
from the range of recrystallization temperature to 
850°C. Next, T2 point is the rapid-cooling starting tem 
perature and is selected from the range of A, point to 
600°C. In such a case, when said T, point is more than 
850°C, the heating will be difficult to be carried out 
with the ordinary continuous annealing facilities. Even 
though said heating operation is possible to be realized, 
the heating is fully within the region of austenization, 
consequently the lowering of known Lankford Value r 
will be brought about. Therefore, the upper limit of 
said heating temperature is 850°C. When T2 point is 
more than A, point, a known tempering structure is 
produced partially because of the rapid-cooling and 
successive precipitation treatment, consequently a 
harmful in?uence on ductility of steel tends to occur, 
while the rapid-cooling from less than 600°C results in 
causing the amount of solution carbon to decrease. 
Thus, said rapid-cooling starting temperature should be 
selected from the range of A, point and 600°C. The 
steel strip is cooled slowly from said T, point to T2 
point. And the slow-cooling time should be sufficient to 
bring a solution of carbon in equilibrium state. 
The slowly cooled steel to said T2 point is rapidly 

cooled from the temperature to the normal tempera 
ture. Such rapid~cooling operation is carried out to in 
crease the amount of super-saturated carbon and num 
ber of precipitating nuclei with a velocity of 200°C/sec 
and l0,000°C/sec, which is a desirable requirement for 
the next rapid precipitation treatment of the carbide. 
Successively again, said steel is heated up to T3 point. 
Said T,, point is the maximum heating temperature for 
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precipitation treatment of carbide and is selected from 
the range of 300° to 530°C. T, point is a ?nishing tem~ 
perature of said precipitation treatment. Such T4 point 
is the same temperature as said T3 point, i.e., a holding 
operation, or lower temperature than said T3 point, i.e., 
slow cooling operation. In such case, said operation 
time from T3 to T4 should be for at least 10 seconds. 
The reason that said T3 and T4 points are limited as 
mentioned above is as follows: that is, when said treat 
ing temperature is above 530°C, the solution degree of 
carbon tends to increase, and conversely when said 
temperature is below 300°C, said precipitating velocity 

5 

4 
grain growth and consequently the carbides in steel be 
come massive and are dispersed roughly. Such behav-. 
ior brings on grain growth after said continuous anneal 
ing and improves Lankford Value r. Said cold reducing 
rate of more than 30 percent is advisable. 
Examples based on this invention are as follows. 

' EXAMPLE 1 

Making requirements: 
Chemical composition of testing material. 

TABLE I 

(‘71) 
Steel C Mn P S N 0 Sol.Al 

I 0.005 0.37 0.010 0.019 0.0019 0.029 tr 
2 0.012 0.34 0.011 0.021 0.0028 0.034 tr 
3 0.023 0.35 0.012 0.017 0.0021 0.036 tr 
4 0.035 0.37 0.015 0.019 0.0020 0.027 tr 
5 0.043 0.30 0.009 0.018 0.0018 0.023 tr 
6 0.060 0.31 0.013 0.023 0.0013 0.035 tr 
7 0.075 0.36 0.011 0.023 0.0015 0.036 tr 
8 0.091 0.38 0.011 0.020 0.0015 0.037 tr 
9 0.108 0.36 0.014 0.021 0.0014 0.036 tr 
10 0.119 0.39 0.016 0.020 0.0017 0.030 tr 
11 0.028 0.29 0.011 0.021 0.0039 0.005 0.026 
12 0.045, 0.31 0.013 0.018 A 0.0036“ 0,006 0.053 _ 
13 0.061 0.30 0.014 0.022 0.0056 0.005 0.046 
14‘ 0.070 0.35 0.009 0.020 0.0061 0.006 0.035 

tends to lower. Thus, while the above-mentioned shelf 
treatment carried out at a temperature between 300°C 
and 530°C may secure the same degree of aging index 
as that of an ordinary batch type annealing process, it 
will be, however, recommended that the starting tem 
perature of said precipitation treatment is 350°C to 
‘450°C (T3) and the ?nishing temperature is 300°C 
(T4). Because, by the slow-cooling operation as men 
tioned above the properties of steel are remarkably im 
proved and the aging index is lowered further. Brie?y 
speaking, this process is characterised by having the so 
lution carbon brought in the equilibrium state during 
slow-cooling from T, point to T2 point, supersaturated 
during rapid-cooling from T2 point to the normal tem 
perature and precipitated as carbide during successive 
shelf treatment from T;, point to T4 point. 
As the cooling operation is followed by said shelf‘ 

treatment, a rapid-cooling operation will be advisable 
to simplify the treating steps. Thus, this present process 
may be easily carried out with the same short time as 
that of an ordinary continuous annealing process. 
Chemical composition of the present steel will not be 

especially specified except carbon content, which is 
from no less than 0.02 percent to no more than 0.10 
percent. The reason that only the carbon content is lim 
ited as mentioned above is as follows; when C content 
is less than 0.02 percent, said aging index does not 
lower as much as expected because of a small amount 
of supersaturated carbon after said rapid-cooling, and 
when C content is more than 0.10 percent, said steel is 
too hard and unsuitable for press-forming operation.~ 
The annealing process of this invention may be in 

cluded in the process of ordinary cold reducing steel 
strip which is a serial process comprising steel making, 
slabbing or continuous casting, hot rolling, picking and 
cold reducing. However, when a steel exhibiting lower, 
yield point and good drawability is required, said steel 
should be coiled at a temperature of more than about 
630° C following the hot rolling step. It is confirmed‘v 
that the high temperature coiling step causes crystal 
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Steel of making —» slabbing -> hot rolling 
?nishing temperature: 865°C 
coiling temperature: 600°C 
last thickness: 2.8mm 
Cold reducing after pickling 

cold reducing rate: 71.4 percent 
last thickness: 0.8mm 

Continuous annealing 
cycle: A, B, C, D and E cycles as shown in FIG. 2 

soaking: 710°C X 30 sec. 
rapid cooling rate: 600°C/sec. 
shelf treatment: 400°C X 30 see. 
next air-cooling 

cycle B: This is a cycle based on this invention. 
The maximum heating-up temperature (T,): 
800°C 

slow-cooling rate: 5°C/sec. 
rapid-cooling starting temperature (T-_,): 650°C 
rapid-cooling rate: 600°C/sec. 
the maximum reheating-up temperature (T;,): 
530°C 

slow-cooling rate: 12°C/sec. 
?nishing temperature of shelf treatment (T4): 
300°C 

next air cooling 
cycle C: 

the maximum heating-up temperature: 780°C 
slow-cooling rate: 5°C 
rapid-cooling starting temperature: 650°C 
rapid‘cooling rate: 600°C/sec. 
shelf treatment: 400°C X 30 see. 
next air cooling 

cycle D: soaking: 710°C X 30 sec. 
rapid-cooling rate: 600°C/sec. 
the maximum reheating-up temperature: 500°C 
slow-cooling rate: 12°C/sec. 
finishing temperature of shelf treatment: 300°C 
next air cooling 

cycle E: This is one of ordinary cycle. 
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soaking: 710°C X 30 see. 
next, ordinary slow-cooling and air cooling 

Mechanical properties: ‘ 

6 
ingly unsuitable material for press-forming. Thus, the 
steels having C content of 0.02 to 0.10 percent are the 
most suitable material for press-forming operations. It 

TABLE 11 

Yield Yield Tensile Total Aging . 
Annealing Stress Elonga- Strength Elonga- lndex Lankford 

Steel Cycle Kg/mm2 tion(%) Kg/mm2 tion(%) Kg/mm2 Value r 

A 20.9 0 32.1 46.0 6.2 1.27 
B 20.5 0 31.9 46.7. -6.3 1.33 

1 C 20.7 0 32.1 46.0 6.0 1.30 
D 20.7 0 32.0 46.3 6.1 1.29 
E 21.1 0.5 32.3 45.7 6.1 1.30 
A 22.0 0 32.8 44.7 6.2 1.22 
B 21.6 0 32.7 45.1 6.2 1.27 

2 C 21.8 0 32.7 44.9 6.3 1.25 
D 22.0 0 32.5 45.2 6.1 1.22 
E 21.9 0.6 32.8 45.0 6.5 1.23 
A 22.0 0 33.1 44.9 5.5 1.15 
B 21.8 0 32.9 45.2 5.6 1.23 

3 C 22.0 0 32.9 45.3 5.5 1.21 
D 21.9 0 33.3 44.4 5.6 1.14 
E 23.7 0.8 33.3 43.1 7.0 1.13 
A 23.3 0 33.9 44.9 5.7 1.11 
B 22.0 0 33.1 44.7 5.1 1.18 

.4 C 22.5 0 33.6 44.7 5.5 1.17 
D 22.6 0 33.9 ‘44.9 5.4 1.08 
E 25.6 1.3 35.1 42.1 7.2 1.06 
A 23.9 0 34.1 44.3 5.2 1.12 
B 22.3 0 33.6 45.6 4.9 1.13 

5 C 22.9 0 34.4 45.3 5.0 1.18 
D 23.2 0 33.9 45.0 5.2 1.08 
E 26.8 1.5 35.0 40.9 6.9 1.10 
A 25.0 0 34.6 44.1 5.2 1.09 
B 23.0 0 33.7 44.6 4.7 1.09 

6 C 24.2 0 33.9 44.9 5.0 1.15 
D 24.0 0 34.3 44.5 5.0 1.07 
E 27.8 1.6 36.0 40.8 7.2 1.10 
A 25.2 0 34.9 43.9 4.9 1.06 
B 24.1 ' 0 34.6 43.9 4.9 1.03 

7 C 24.5 0 35.0 42.7 4.7 1.13 
D 24.7 0 35.2 43.6 4.9 1.07 
E 28.3 1.2 37.1 39.6 7.6 1.10 
A 26.0 0 35.9 43.8 5.6 1.06 
B 24.5 0 35.1 43.6 5.5 1.04 

8 C 25.3 0 35.5 44.0 5.5 1.09 
D 25.1 0 35.7 43.8 5.5 1.05 
E 30.6 1.0 38.0 38.5 7.1 1.07 
A 27.8 0 36.6 42.1 5.3 1.03 
B 26.1 0 36.5 41.9 5.0 1.01 

9 C 27.0 0 36.8 42.0 5.2 1.06 
D 27.0 0 36.9 42.5 5.1 1.01 . 
E 32.5 1.9 39.7 36.6 6.9 1.00 
A 28.2 0 37.9 41.9 5.6 1.00 
B 26.7 0 37.8 41.1 5.0 1.03 

10 C 27.5 0 38.0 41.7 5.3 1.05 
D 27.9 0 37.7 41.5 5.4 1.00 
E 33.1 2.6 39.9 35.9 6.8 0.97 

In the above Table l. C contents of Steel 3 to Steel 
8 among these steels agree with the range specified in 
this invention. The relation between yield stress and C 
content exhibiting on steels A. B and E as representa 
tives of said properties is shown in H6. 3 and the rela 
tion between aging index and C content is in FIG. 4. 

According to the above Tables 1 and 11, it will be well 
understood that differences of properties depending 
upon various annealing cycles are scarcely exhibited,‘ 
and effects owing to shelf treatment are unsettled. in 
the ease of the steels including C content of less than 
0.02 percent. That is. while each of yield stresses of 
Steel 1 and 2 is relatively low, each aging indexes is 
considerably high as it is 6.0 and 6.5Kg/mm". Such ste 
els will come into question in practical use. Conversely, 
when C content is more than 0.10 percent as seen in 
Steels 9 and 10. said yield stress becomes above 
26Kg/mm". It may be estimated as hard quality, accord 
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will be, however, needless to say that mechanical prop 
erties of said steels vary depending upon employed an 
nealing cycle. That is, such varied manners on Steels 3 
-to 8 are as shown in Table 11. According to said Table 
11, it is understood that both yield stress and aging index 
become low. Specially, said yield stress of the steels 
treated with said cycle B lowers by about 2Kg/mm2 and 
said aging index lowers by about 0.5Kg/mm2 in com 
parison with that of cycle A. And the properties of 
steels treated with said cycles C and D are superior to 
those of said A and inferior to those of said cycle B. 
Such difference is based on effects of said 8 cycle, i.e., 
this invention process is cooled slowly from the maxi 
mum heating-up temperature to rapid-cooling starting 
temperature in the range of A, point to 600°C, cooled 
rapidly from said starting temperature to the normal 
temperature and then cooled slowly the maximum re 
heating-up temperature to ?nishing temperature of said 
shelf treatment. 
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EXAMPLE [1 According to the aboye Table 111, it will be well 
. understood that said yield stress and yield strength are 

Making requirements: lowered in the same manner and said total elongation 
Chemical composition of testing material. and Lankford value are raised as compared with said 

the same as that of Example 1. 5 Table 11 in Example 1. It is needless to say that such im 
Steel making —* slabbing —~ provements of said drawability as shown in said Table 

finishing temperature: 860°C 11 depend upon the higher coiling temperature, Le, 70 
coiling temperature: 700°C 0°C, by the side of said Example I, i.c., 600°C. It is, si 
last thickness: 2.8mm multaneously, also understood that the same tendency, 

Cold reducing after pickling ' [O as the above Example 1 made clear on relation between 
the same as that of Example 1. said properties and C content, is exhibited. Thus, with 

Continuous annealing _ out distinction of the kind of steels, when said steel is 
» the same as that of Example 1. coiled with a high temperature of at least 630°C said 

Mechanical properties: properties may be remarkably improved. 

TABLE 111 

Temper rolling rate: 1.5% 
Yie Yield Tensile Total Aging 

Annealing Stress Elonga- Strength Elonga- Index Lankford 
Steel cycle Kg/mm" tion(%) Kg/mm2 tion(‘7r) Kg/mm2 value r 

A 20.2 0 31.1 45.4 6.3 1.39 
B 19.7 0 30.7 45.7 6.1 1.41 

1 C 20.0 0 31.5 45.0 6.1 1.41 
D 20.1 0 31.0 45.5 6.2 1.38 
E 21.6 0.3 31.9 45.1 6.0 1.38 
A 21.1 0 31.6 44.6 6.3 1.36 

~ B 20.5 0 31.6 45.3 6.0 1.43 
2 C 20.7 0 31.3 45.0 6.3 1.40 

. D 20.9 0 32.0 45.3 6.1 1.37 
E 21.9 0.2 32.9 44.1 6.4 1.36 
A 21.5 0 32.6 44.1 5.6 1.39 
B 20.3 0 32.1 45.2 5.5 1.37 

3 C 21.2 0 32.5 44.7 5.5 1.40 
D 20.8 0 32.2 44.5 5.7 1.35 
E 22.7 0.6 33.0 43.0 7.6 1.33 
A 22.0 0 32.5 43.9 5.3 1.31 
B 20.6 0 32.5 44.6 4.9 1.36 

4 C 21.1 0 33.2 44.2 5.1 1.35 
D 21.3 0 32.7 44.9 5.2 1.32 
E 24.9 0.6 34.8 41.1 7.7 1.33 
A 23.0 0 33.1 44.9 5.0 1.30 
B 21.0 0 32.6 46.3 4.7 1.36 

5 C 21.8 0 33.1 45.2 5.0 1.36 
D 22.2 0 33.5 44.8 4.9 1.31 
F. 26.9 0.4 35.1 40.3 7.5 1.31 
A 23.6 0 33.6 43.6 5.6 1.32 
B 21.9 0 33.0 45.8 5.5 1.37 

6 C 22.5 0 33.3 44.5 5.6 1.36 
D 22.7 0 33.6 45.0 5.6 1.30 
E 27.6 0.7 34.9 40.0 7.7 1.29 
A 23.9 0 34.1 43.5 5.8 1.27 

‘ B 22.1 0 33.5 43.8 5.1 1.34 
7 C 23.1 0 34.0 43.0 5.5 1.35 

D 22.7 0 33.9 44.0 5.4 1.25 
E 27.6 0.3 34.9 39.1 7.3 1.24 
A 24.6 0 34.2 42.5 5.6 1.26 
B 22.8 0 34.0 43.5 5.6 1.32 

8 C 23.5 0 34.0 42.7 5.7 1.30 
D 24.0 0 34.5 43.2 5.5 1.27 
E 30.1 0.3 36.0 38.0 7.5 1.30 
A 25.8 .0 34.3 42.6 5.5 1.27 
B 24.1 0 34.0 43.9 5.1 1.30 

9 C 24.8 0 34.5 43.0 5.4 1.32 
D 25.0 0 34.0 43.5 5.4 1.25 
E 30.9 0.9 37.0 36.9 7.0 1.20 
A 26.6 0 35.1 43.0 5.5 1.29 
B 24.6 0 35.9 43.3 5.5 1.31 

10 C 25.3 0 35.0 42.5 5.3 1.33 
D 25.5 0 35.5 43.6 5.6 1.25 
E 31.6 0.9 38.7 36.1 6.7 1.20 
A 22.7 0 32.6 45.1 4.6 1.23 
B 21.6 0 32.5 45.2 4.0 1.26 

11 C 22.0 0 32.0 44.7 4.3 1.28 
D 22.0 0 32.6 44.7 4.5 1.20 
E 23.1 0.2 33.0 41.0 7.2 1.21 
A 23.0 0 32.9 45.2 4.3 1.21 
B 21.7 0 32.5 44.7 3.9 1.22 

12 C 22.6 0 32.2 45.0 4.0 1.23 
D 22.2 0 33.2 43.9 4.2 1.22 
E 24.1 0.1 33.8 40.5 6.8 1.21 
A 23.3 0 33.5 44.4 4.1 1.18 
B 22.1 0 33.3 45.1 3.9 1.18 

13 C 23.0 0 33.0 44.8 4.1 1.17 
D 22.5 0 33.8 45.0 4.2 1.14 
E 26.0 0.2 34.7 40.1 7.0 1.16 
A 24.7 0 34.0 44.0 4.0 1.15 
B 23.8 0 33.7 43.8 3.7 1.17 

14 C 24.2 0 33.5 43.2 4.0 1.17 
D 24.3 0 34.1 44.3 3.8 1.13 
E 28.2 0.2 35 3 39.5 6.8 1.11 
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EXAMPLE III 

In this example, Steel V among steels of the above 
Table l is tested. The object of this test lies in investin 
gating in?uences to which a cooling rate of from said 
soaking temperature, i.e., T2 point, to the normal tem 
perature gives said properties of the steel. The hot roll 
ing and cold reducing requirements on the above steel 
are the same as that of Example ll. But continuous an 
nealing process was carried out depending upon said 
Cycle A as shown in Example I. That is; ‘ 
soaking temperature: 710°C X 30 sec. 
rapid cooling rate: 17 points of 30,000°C/sec to 

13°C/sec as shown in FIG. 5. 
shelf treating temperature: 400°C X 30 sec. 
next, air cooling 
As shown in said FIG. 5, said aging index lowers as‘v 

said cooling rate increases. However, when the increas 
ing of said rate reaches 200°C/sec. said aging index be’ 
comes about SKg/mm2 similar to that of known batch 
type annealing process and little change occurs on in 
creasing said cooling rate. And in the cooling rate of 
l0,000°C/sec. said yield stress scarcely changes. When 
said rate is above l0,000°C/sec. said yield stress tends 
to increase. Thus. it will be understood that the cooling 
rate of this present process, which is from l0,000°C/sec 
to 200°C/sec. is the best suited velocity. And moreover,‘ 
when said cycle B including the above cooling rate is 
employed as continuous annealing process, said prop 
erties of steel are possible to be further improved, 
which is as shown in Tables I] and Ill. 
As mentioned above, there is no doubt that when a‘ 

steel strip is treated with this present process said me 
chanical properties of steel are remarkably improved as 
composed with that of the ordinary continuous anneal: 
ing process, which is a continuously annealed steel 
bearable to be press-formed. It should be noted that the 
industrial utility, i.e., high productivity and good draw 
ability, is given to the continuously annealed steel only 
with this invention process. 
What is claimed is: 
1. A method of making a drawing steel sheet com 

prising the following steps: .. 
making a steel including C content of 0.02 to 0.10 
percent, 

in a continuous annealing stage following an ordinary 
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10 
slaibbing or continuous casting?hot-rolling, pickling 
and cold-reducing, 

heating up said cold-reduced steel strip to the range > 
of recrystallization temperature and 850°C. slow 
cooling from said temperature to the range of Al 
point and 600°C and then rapid-cooling from said 
temperature to the normal temperature by a cool 
ing rate of 200°C/sec and l0,000°C/sec, 

shelf-treating in which said strip is reheated up to the 
range of 300°C and 530°C, successively cooled 
slowly from said temperature to at least 300°C, 

and lastly cooling from said last mentioned tempera 
ture to the normal temperature and then temper 
cooling, in the usual manner. 

2. A method of making a drawing steel sheet as set 
forth in claim 1 wherein coiling operation followed by 
said hot-rolling is carried out with a temperature of at 
least 630°C. 

3. A method of making a drawing steel sheet as set 
forth in claim 1 wherein said slow-cooling rate follow 
ing said heating the cold-reduced steel strip is about 
5°C/sec. _ 

4. A method of making a drawing steel sheet as set 
forth in claim 1 wherein said reheating temperature is 
within the, range of 350°C and 450°C. 

5. A method of making a drawing steel sheet as set 
forth in claim 4 wherein said slow-cooling rate follow 
ing said reheating is about l2°C/sec. ' 

6. A method of making a drawing steel sheet as set 
forth in claim 1 wherein said continuous annealing is 
carried out with which said strip is heated up at about 
800°C, vcooled slowly to about 650°C by the rate of 
5°C/sec and then cooled rapidly from said temperature 
to the normal temperature by about 600°C/sec and in 
successive shelf treatment said strip is heated up to 
530°C and 500°C and then cooled slowly to 300°C by 
the rate of about 12°C/sec, next air-cooled. 

7. A method of making a drawing steel sheet as set 
forth in claim 6 wherein said continuous annealing pro 
cess is carried out to the steel strip which is coiled with 
about 700°C in hot rolling stage. 

8. A method of making a drawing steel sheet as set 
forth in claim 7 wherein treating steel strip is an Al 
killed steel. 

=l= * * * * 


