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High-temperature Strength and Microstructure of Strongly Cold Worked Austenitic Stainless Steel

Takehiko UcHIYAMA*, Kentaro ASAKURA*? and Takemi MURAYAMA*

Synopsis : The high temperature strength and the microstructural change of strongly cold worked austenitic stainless steel SUS305 were investigated.
60% cold rolled specimens suggested strong decrease of fatigue strength, creep rupture strength and Vickers hardness (hereafter; hardness)
after aging, corresponding to the increase of recrystallized grains. On the other hand, 30% cold rolled specimens suggested less decrease of

strength and hardness, and revealed no recrystallization.

In this study, the microstructure and hardness of strongly deep drawn SUS305 at high temperature were also investigated. On this speci-
men, similar to 60% cold rolled SUS305, decrease of hardness corresponded to the increase of recrystallized grains. But, since M,;Cj pre-
cipitations were fine and closely spaced in the material, the recrystallization was delayed. On the other hand, the both materials suggested
same relativeness between the softening tendency and recrystallization. Therefore, fatigue strength and creep rupture strength of deep drawn
SUS305 should decrease with the recrystallization at high temperature.

Key words: stainless steel; recrystallization; cold rolling; deep drawing; fatigue strength; creep rupture strength; Vickers hardness; Ultra Light Valve;
ULV.
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Table 1. Chemical compositions of the steels studied (mass%).

C Si Mn P S Ni Cr Others Nieq”? | SFE®
10.50 17.00
JIS <0.12 | <1.00 | <2.00 | <0.045 | <0.030
~13.00 | ~19.00

Mo 0.19, Cu 0.30
cold roll 0.043 | 0.47 0.57 0.025 | 0.001 10.68 18.33 24.1 39.6

N 0.023, AL0.026

deep drawing Mo 0.47, Cu 0.46
0.038 | 0.56 0.94 | 0.025 | 0.0005 12.1 18.8 26.4 38.6

(ULV) N 0.02

Ni eq: Ni equivalent content (%), SFE: Stacking fault energy (mJ/m?

Table 2. Conditions of heat treatment and cold workings.
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Fig. 1. Transmission Electron micrographs of SUS305
specimen at this study; a) as-solution treated
(HV151, JIS GS no. 8), b) 30% cold rolled
(HV316), ¢) 60% cold rolled (HV359) and d) ULV
as-drawn (HV426).

Table 3. Equivalent strain of 60% cold rolled and deep

drawn (ULV).
Equivalent strain &, "
60% cold rolled 1.04
ULV 441
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Fig. 2. Fatigue strength, creep rupture life and hardness
after aging of 30% cold rolled SUS305.
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Fig. 3. Fatigue strength, creep rupture life and hardness
after aging of 60% cold rolled SUS305.

Fig. 4. Transmission electron micrograph of 30% cold
rolled SUS305 after 600°C < 1000 h aging.
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Fig. 5. Transmission electron micrographs of 60% cold
rolled SUS305; a) after 600°C X2 h aging, b) after
600°CX50h aging, c) after 600°CX200h aging
and d) after 600°CX 1000 h aging.
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Fig. 6. Diffraction pattern and the key diagram of M,,C,
precipitation in 60% cold rolled SUS305 after
600°C aging.

7 AT, Fig. 615K K912, & TM,C A DM P
TH D, 600°CEIDOYM & D #ER T & 7= (Fig. 52), &5
12, BERSERAIZIZ S < Ol 4 My, C 2N 23588 &
nr,

3-4 AEEEZEMOSEMEE IV OHEE

SUS305 B AEM O Eim s fF & 3 o aflfkic oW TR
F4sL, DTORBRAEL ZENTE B, 30%FELMT
13, SRR B X ORRRh R O Wi AR X 13 60% [T HER &t
RTCRETH D, B, ew AT V44 P BIXUN
S 6 i B LHIEE A EED 54, 600°C, 1000 h DIRFRT£IC
BT MTMBEEREL e, DE D 30%FEEMIT,
HESEHEIZLEALRET, BIRREIRETHS I L
Nhorb,

60% E4EHE D 600°C 7% D Wil & & FEfd ol D 2R B
1%, Fig. TIOMT X IZRIET 2, &S ICWmid & & &R
R O 2 e K T E R & —303 5 (Fig. 3). Z DEmIZA]
BIAAMIZ BT, IEIFREAYILT VI A b BXUNED
MTHR DN TE D, ERARE I K OWrmeE & A R
REETH DI EIERT S, ZDOFMRE, 600°C, £ 10h
0, HETICEEEN S REICERL, SEREL LT
Wr ik iR X 2RI KT 97 5,

38

400
4 ™ ]
€300 -~
2 o™
E 200 th
£
100
= 60% cold rolled
U N [ T [ S N | I ]
O 20 40 60 80 100

Fraction of Recrystallized Grains [¥]

Fig. 7. Relation between recrystallized grain rate and
hardness after 600°C aging (60% cold rolled
SUS305).
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Fig. 8. Hardness change of 60% cold rolled SUS305 and
ULV after 600°C aging.
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Fig. 9. Transmission electron micrographs of ULV; a) after
600°CX5h aging, b) after 600°CX20h aging, ¢)
after 600°CX200h aging and d) after 600°CX
1000 h aging.
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and normalized hardness after 600°C aging (60%
cold rolled SUS305 and ULV).
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