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Contraction of Cold Rolled Austenitic Stainless Steels Induced by Leveling

Haruo Aoyama

Synopsis : Austenitic stainless steels are sometimes used for high tensile applications in cold rolled condition. However, it is difficult
to manufacture sheets of those steels with good flatness, because they are rolled in high strength. Generally it is difficult
to improve the flatness of a high yield strength material satisfactorily through leveling. It was found that pre-cold rolled
austenitic stainless steels contract in the rolling direction through leveling. It was considered that the contraction of the
sheets can be used for the improvement in flatness, although the contraction strain is small(approximately 0.194). This
study was carried out to reveal the effect of steel grades and reduction in thickness on the contraction. The experimen-
tal result showed that the contraction increases as stacking fault energy increases and the amount of martensite
decreases. Stress relaxation occurs simultaneously with the contraction, but the contraction strain by leveling is larger
than that by stress relaxation. It is considered that the contraction is also related with Bauschinger effect.

Key words : austenitic stainless steel ; flatness of sheet ; leveling ; Bauschinger effect ; stress relaxation.
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Table 1. Chemical Composition. (mass%)

Grade C Si Mn Ni Cr Mo Cu N
301 {0.094 | 060 | 097 | 7.17 [17.12 | 0.1} 0.23 | 0.051
304 } 0063 | 0.63 | 098 | 8.19 | 1837 | 027 | 0.34 | 0.063
316 | 0.057 | 0.74 1.02 | 10.16 | 17.11 2.21 [ 0.25 | 0.034
Hi.Mn | 0.17 0.39 | 1443 1.28 | 17.06 | 0.11 0.10 | 0.35
430 | 0.063 024 | 046 | 024 [16.55 [ 0.07 [ 006 |0.020

Table 2. Mechanical properties of pre-cold rolled
austenitic stainless steels.

Grade | Reduction (Tensile strength | Yield strength | Elongation
% MPa MPa %
30 10 1039 647 29
30 1421 1147 18
304 10 784 549 36
30 1088 931 14
316 10 784 627 31
30 1058 960 10
Hi. Mn 10 990 784 35
30 1352 1137 11
430 10 539 519 15
30 676 647 e 5
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Table 3. Contraction by 1 pass leveling.

Grade Reduction | Average of | Standard
contraction |- deviation
% X104 x 104

301 10 | 9 | 4
30 3 | 2
304 | 10 ‘ 19 ‘ 5
‘ 30 4 2
316 10 24 3
30 9 4
Hi. Mn 10 20 3
30 5 2
430 10 3 9
30 2 8

Table 4. Contraction by 5 pass leveling.

Grade Reduction | Average of | Standard
contraction | deviation
% X104 X104

301 10 11 3
30 3 2
304 10 23 3
30 6 2
316 10 23 4
30 9 2
Hi. Mn 10 19 2
30 3 3
430 10 0 5
30 -1 2
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Fig. 1. The effect of martensite induced by pre-
cold rolling on the contraction of stainless
steel sheets during 1 leveling pass.
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Fig. 2. The effect of stacking fault energy on the
contraction of pre-cold rolled stainless
steels induced by leveling.
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Fig. 3. The relationship between the contraction
induced by leveling and the contraction by
annealing at 300°C.

Table 5. Contraction of leveled and rolled steels by
low-temperature annealing. (X107%)

Grade [Reduction| Contraction of leveled steels |Contraction of rolled steels
% | 300°C 400°C 500°C 300°C 400°C 500°C
301 10 4 3 6 13 14 15
30 8 8 12 11 15 17
304 10 0 0 -1 9 9 8
30 6 8 9 10 11 12
316 10 1 0 1 4 2 3
30 3 3 4 5 7 8
Hi. Mn 10 1 5 5 7 8 8
77777777777 30 8 11 11 11 13 14
430 10 1 3 1 -2 -3 -6
30 -1 7 0 -2 -2 -1
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Fig. 4. The effect of martensite on the contraction
of leveled stainless steels induced by annea-
ling at 300°C.
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Fig. 5. The effect of stacking fault energy on the
contraction of leveled stainless steels in-
duced by annealing at 300°C.
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Fig. 6. The relationship between the contraction of
pre-cold rolled stainless steels induced by
leveling and their yield strength.
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Fig. 7. The relationship between the contraction of
pre-cold rolled stainless steels and the drop
of their yield strength induced by leveling.
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chinger effect in pre-cold rolled stainless
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