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Dependence of Temperature and Strain Rate on the Low-Cycle
Fatigue Life of Type 321 Stainless Steel

Koji YamAcucHI, Kenji Kanazawa, and Susumu YOSHIDA

Synopsis:

There are three effects, mechanical,environmental, and creep effects, on the low—cycle fatigue life of Type
321 stainless steel at high temperatures. At intermediate temperature such as 450°C, the strain rate depen—
dence of the fatigue life is due mainly to the mechanical effect caused by the cyclic strain hardening, because
the fracture mode is transgranular and creep and environmental effects seem to be negligible. At higher
temperatures above 600°C, the strain rate dependence of the fatigue life is due mainly to the change of the
fracture mode from a transgranular type to an intergranular type with decreasing the strain rate. This
intergranular fracture mode, composed of smooth, grain boundary facets, is similar to the creep fracture
mode of wedge type cracking. The wedge type crack seems not to propagate without the oxidation effect,
because it is said that in vacuum test the strain rate dependence of the fatigue life is hardly observed and
the fracture mode is rather transgranular. Therefore, in this case the main damaging factor is the environ—.
mental effect. On the other hand, in hold time test in tension intergranular facets covered with small dim—
ples are observed. This intergranular fracture mode is similar to the creep fracture mode of void type cra—
cking. The void type crack seems to propagate without being influenced by oxidation, because it is said that
the hold time effect is observed cven in vacuum test. In void type intergranular cracking, creep effect, that
is, creep—fatigue interaction exists.
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Photo. 2. Scanning electron micrographs of the fatigue fractured surfaces.
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Photo. 3. Scanning electr.of‘f microglzaphs of the fatigue fractured surfaces.
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Photo. 4. Scanning electron micrographs of the fatigue fractured surfaces
obtained in 30 min tension hold-time tests.
(a) 600°C der=1.019%,
(b) 700°C Ader=1.019%,
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FRIBERICIR 556018, O-TH T £4 RA 220
RADBL ZHIC—TcAFAETIE, BLOBE R
THLNODEIHBPELE LT, SEIETLS % EEb
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N5, F o 2 R TR, FEREIOT
BRI R4 PRI ESA UTh, RO T 5 R
FIZ R A RITEEIN T LE D AR H D, BE
3B BRI OIR LA TR NBEIC/R 5. EREHIOS
DR OB A, B4 PRI CHPLAETRVWTH
A5, HZEhO=MAERBRTHOTHAEES S DD TE
mhiE, FEZhomUMOT HRFETUHRTD
RHEGHER X b TRE L RIUE, EADEEHTELITH]
HIE A 0 27, ERHFEMICIE VT 5 e
HY, ZOBAWEI A4 FEORRIHEC S & 8§
b

DL S aEc, < SURERK L HHEE, &
ZUIBLOEB X OTIRUDTEE LS D, Th
W32 ) - FORTIRRL, HEE L TRBRIEOWFR L
MEERELDOTHD. KA FEBECL5HEI, XU
DT 7 Y — FOMEBEbN, ZOX57k%E&EIT
-2 ) — POMEAERAPHFETDEE X D ORRY
DESTEbNS.

B X BOFEIFCPETH 2T TR, SROFEE
R LT h RS RES RSB 5 T LT, COFFIN D HEL
%< OHERE BT TRLTVDES D THEI®.
NETOZHRME, BIREY A 2 VES RGO RS
ADZIEBBRCEPINL L WHIRELDE DWW T W
B TOZ XML EDLRABORBERICHE L T
i, BELOLL LTS DAXOHFERRICLDOTHE
AEXNTWS. ThidFsL b RAH TRER{ILOZEIC
X OTHE SROFENRESh, FHOOSLITLYD
REDEBMNR X D TEI PO EEbNLS. BEZEH
TRULTLLEE 5L S Wr D, BEEROFKEBOE
WHE O XPURET T TREZR DL LIRS D L
nmu.

5. & B

SUS 321 4RIz ST iR, 450°C, 600°C, 700°C,
800° CC=M (0¥ HEEIX40%/ min & 0.4%/ min)
& BBRMIOF 2RI (RFHRFR30 min) O EiR K
FA ZOVESRBETV, BHBRZE LTI -7
F4 FRAF Y LVARMOERFOC RS XET, \E O
FTREE, OFTHEHOEECOWTHLER, BT
DT &b o7z.

(1) EHHFGOOTHEEKFEIIERTIXTEA
C@DHHNT, 450°CLLEOKIRETHbN. £
S FE A OREREETEC450°CLL L THEEL kY, O
FLBEEIRBNE XFEELOHM T K E v 600°C,
700° C DB ER Oy FFm3E LKT L.

(2) whEEE» S, Fill, 450°CTixd < TORB
LT, F72 600°C, 700°C T O HoHE 53409 / min
DL, WEEIRNECHRLA bI4 -y 2 VS
XNtz 600°C, 700°C TOF AR 230.4%/ mindD
& XV, BEIXESPERAEX DR RRLLD,
7Y —FDL ICRE AOWE EFEL L Twiz. BB
HEROEEVE, [FU LKA TH D0, L ORFHEIC
WL DN T + v TUPBRD LN, 7Y T DK
A FR X ORE & FL LT

(3) F—2AFF4 FERF LV RAADERFaOT
BE (o& x1E 450°C) FHETHPbNh D 0§ ARER
ﬁﬁ%;%WC%%TE%#ﬁﬁm%%?I5&ﬁEW
FHRISHIEOBESLOTARERFELEE L TH
D, NEHWLHRCTIDDDLE T

(4) 600°C L) LD E CTOT HHEDE =M
BReA U B K SOME RO, BILOPENRD DT
U TELDEEZLRDPD, TR Y — T D)
BEnd XD HBILOPRELVIETHD. BIER
BRD X 57K A RBE R THIET D581 OHMRL 7
) —FORE, Tixbb s Y — T OMEELER B HF
ET5EHE250PEHLEbNRS.

Bhb iy ) — TR AEEY UCF S D7/ 401585 7
) — FRGEORHE, FACHN I BHOBEER L
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