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The Effect of Thermo-Mechanical Treatments on the Fatigue
Strength of Type 316 Stainless Steel

Tomoyuki Isun, Karl KrOMP, and Brigitte WEISS

Synopsis: ‘

The fatigue strength at room temperature and microstructure of the type 316 austenitic stainless steel
with and without various thermo-mechanical treatments were investigated and the test results by a
ultrasonic fatigue testing machine were compared with that by a conventional tension-compression
fatigue testing. machine.

The 106 cycle fatigue strength of type 316 steel increased about 309 by the tensile cold work of 30
%, and moreover by the aging treatment of 30hr at 700°C after 209 cold work about a 5095 increase
of 10% cycle fatigue strength was obgained comparing with that of the solution treated steel. These
fotigue strengths, however, are a little smaller than that obtained by the treatment, 209, cold working
followed by aging of 24hr at 480°C and 216hr at 700°C, which was proposed by Garofalo.

Based on the results of the microstructural survey, it was suggested that the high dislocation density
and fine and homogeneous distribution of precipitated M,;;Cs carbide contribute to the strengthening
of the thermo-mechanical treated steels.

The S-N curves both by ultrasonic and magnetic fatigue testing machines showed an almost similar
tendency. Therefore, the advantage of ultrasonic fatigue testing machine in time-saving of the testing

of type 316 steel was confirmed.
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Table 1. Chemical composition of the steel used(wt%).

Steel C Si Mn Cr Ni Mo

316 0:059 [ 0-74 ) 1-31 | 176 | 11-4 | 2-21

Table 2. Thermo-mechanical treatments of type 316

{872 steel (solution treated lhr at1090°C).
Treatment
[Specimen Prestrain in
cold work (%) Heat treatment
Al —_ —
A 2 10 —
A3 20 —
A4 30 —
A5 — 650°C-300hr
A6 — 700°C-100hr
A7 20 700°C-10hr
A 8 20 700°C-30hr
A9 20 700°C-100hr
Al0 20 700°C-300hr
All 20 600°C-100hr
Al2 20 800°C-100hr
Al3 20 480°C-24hr+700°C-216hr
" (Garofalo treatment)
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a) For magnetic testing machine (200 Hz)
b) For ultrasonic testing machine (20 kHz)

Fig. 1. Test pieces for fatigue testing.
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Fig. 2. Influence of cold work on the fatigue
strength of type 316 steel.
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a) As solution treated
d) Solution treated and
fatigued (S :21'5kg/mm?2, N :10%)

b) 10% cold worked
e) 10% cold worked and
fatigued (S : 25kg/mm?, N : 106)

| 1
c) 20% cold worked

) 20% cold worked and
fatigued (S :25kg/min?, N :3x108)

Photo. 1. Influence of cold work and fatigue testing on the microstructure of type 316

steel (by thin foil).
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Fig. 3. The S-N curves of type 316 steel with
and without aging treatment.
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Fig. 4. Influence of thermo-mechanical treatment on the fatigue strength of type 316

steel.
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- a) A7, 700°C- 10hr b) A8, 700°C-30hr
¢) A9, 700°C-100hr d) A0 700°C-300hr

Photo. 2. Distribution of M,3Cg carbide particles in thermo mechanical treated type 316
steels (by extraction replica, 20% cold worked)

a) 10hr b) 30hr
c) 100hr d) 300hr

Photo. 3. Influence of aging time at 700°C on the microstructure of 20%
cold worked type 316 steel (by thin foil).
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Photo. 4. Influence of aging temperature on the microstructure of 209 cold worked type

316 steel (by thin foil).
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b) and d) Garofalo treated

a) and c¢) 20% cold worked and 30hr aged at 700°C

a) and b) Before fatigue testing, extraction replica
c) After fatigue testing (S : 31'5kg/mm2, N : 1'0x 106), thin foil
d) After fatigue testing (S : 31'5kg/mm?2, N : 1°1x108), thin foil

Photo. 5. Comparison of microstructure of two thermo-mechanical treated type 316 steels.

Table 3. Tensile and fatigue strength of some thermo-mechanical treated type 316 steels.

Tensile strength ( kg/ mm2) Fatigue strength ( kg/mm?2)
Specimen Treatment 099
Proo/;‘ stress | Ultimate strength N =108 N =107
Al As solution treated 37 62 22 18
A 3 209, cold worked 60 72 27 23
209, cold worked and 100hr
A9 aged at 700°C 57 73 30 26
209, cold worked and 100hr
All aged at 600°C 61 75 29 27
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Fig. 5. The S-N curves of some thermo-mechani-
cal treated type 316 steels by ultrasonic
(a) and magnetic (b) testing machine.
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