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Effects of Prestrain on Fatigue Behaviour

in Type 316 Stainless Steel
Masaki NAKAJIMA* Masayuki AKITA,
Yoshihiko UEMATSU and Keiro TOKAJI
*# Department of Mechanical Engineering, Toyota National College of Technology,
2-1 Eisei-cho, Toyota-shi, Aichi, 471-8525 Japan
The fatigue behaviour of prestrained type 316 austenitic stainless steel has been studied. Two

types of fatigue tests, conventional S-N tests in laboratory air and in 3%NaCl solution and stress-
incremental tests, were performed. Tensile prestrains evaluated are 5%, 15%, 25% and 58%. In
laboratory air, fatigue strength increased with increasing prestrain, which was attributed to both
work hardening and strain-induced martensitic transformation. In 3% NaCl solution, the fatigue
strengths for all specimens decreased compared with those in laboratory air and fatigue strength
increased with increasing prestrain up to 15%, but above that prestrain, it decreased significantly.
Corrosion pit generation and growth in transformed martensite phase were believed to be primarily
responsible for the observed behaviour. Based on stress-incremental test results, the coaxing effect
became less pronounced with increasing prestrain, disappeared at 159 and then again appeared at
the larger prestrains of 259% and 58%. The observed prestrain dependence in corrosion fatigue
behaviour and coaxing effect clearly indicated that different mechanisms had operated below and
above the prestrain of approximately 15%. Possible mechanisms such as work hardening and strain-
induced martensitic transformation were discussed.

Key Words: Fatigue, Corrosion Fatigue, Hardness, Austenitic Stainless Steel, Prestrain, Coaxing
Effect, Work Hardening, Strain-induced Martensitic Transformation
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Table 1 Chemical compositions [wt.%]

C Si  Mn P S Ni Cr Mo
0.04 0.23 133 0.031 0.03 10.03 16.93 2.01

Table 2 Mechanical properties

0.2% proof| Tensile | Breaking Reduction
stress | strength | strength on |Elongation| of area
final area
Co2 (<) o1 s ¢
(MPa) | (MPa) | (MPa) (%) (%)
211 560 1539 66 77
115
1) 45
sy
] .
R20

Fig.1 Configuration of fatigue specimen
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(a) Unprestrain (b) 5% prestrain (¢) 15% prestrain (d) 25% prestrain (e) 589% prestrain

Fig.2 Optical microstructures of unprestrained and prestrained materials

(a) Unprestrain (b) 5% prestrain (c) 25% prestrain

Fig.3 SEM microstructures of unprestrained and prestrained materials
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Fig.4 Change in Vickers hardness with prestrain
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Fig.5 S-N curves in laboratory air and in 3%NaCl
solution
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Fig.6 Examples of SEM micrographs showing crack
initiation site in laboratory air
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Fig.7 Relationship between surface crack length and
number of cycles

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

A—ATF 4 FRAT VA SUS 316 DEFEECKIZTT FUTADE 799

ZEDS Knax EEOWTEBLTWS, O IC
SUS 316 DR EHDOHERRHELL2®, MI»oEHS
sk S, FOFAMOD da/dN-Kuax BRI IZIZ—
HLTHD, FUOTADREIIWKELE Y, LHL,
FOTAMOBERIZETFTOTHM LD & RREHE AN
fIELTBY, FOTADMEI L 0N X B ER
MEL 22208 bh3d, 28, BFUOTHHE X
UFUOTFAMOBERZ, KEHOFKERI D LS I
FRECMELTBD, CTRETIEBSATVL RO
AT vV AFOFER & BREOMER TH 57,

334 HARFIWCHBY B EHKERE AP
B D N210° BOEE TR, BFOF4H8 L 0T
D HaM e bz, SHREFRCERE Y F B S
nic, WHELELTEHEShILBRL Y ORI 2EEF O

w
<

SUS316
O Unprestrain ( 0=340MPa)
O 5% prestrain (0=350MPa)
A 15% prestrain (6=390MPa)

g
W

2.0F © 58% prestrain (¢=520MPa)
1.5
1.0
fosul

o
wn
TITTY T T T T TT T VR T[T T T oorTT
DDQ]D

Surface crack length 2¢ (mm)

0 0.2 0.4 0.6 0.8 1.0
Cycle ratio N/N;

Fig.8 Relationship between surface crack length and
cycle ratio
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Fig.9 Relationship between crack growth rate and
maximum stress intensity factor for small
cracks in laboratory air
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Fig. 10 Examples of SEM micrographs showing corro-
sion pits observed at crack initiation site in 3%
NaCl solution
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Fig. 11 Stress intensity factor for crack initiation from
corrosion pit
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Fig. 12 Stress-incremental test results
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Fig. 13 Martensite phase detected by EBSD analysis in
a 25% prestrained specimen
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Fig.15 Reduction of fatigue strength in 3%NaCl solu-
tion
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Table 3 Vickers hardness values before and after
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