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Effects of Retained Austenite on Tension—Compression Fatigue Properties of Cold Work Tool Steel

Daien Yoxol, Nobuhiro Tsulll, Yoshihiko YokoyaMa and Kenzo FUKAURA

Synopsis

: Effects of retained austenite (y,) on tension-compression fatigue properties of cold work tool steel have been investigated using modified

SKDI1 (Mod.SKD11), which contains 0.8C-8Cr-2Mo-0.5V. Tension—compression fatigue specimens were tempered at 180°C, 470°C and
540°C after quenching from 1030°C. These conditions vary the amount and stability of ¥, with equal hardness of 60HRC. The amount of ¥,

in these specimens tempered below 500°C was 15 vol%. The 7, stability to stress induced transformation in specimen tempered at 470°C can

be considered to increase than that of 180°C, because C content in y,, for the specimen tempered at 470°C is higher than that of the specimen

tempered at 180°C. Above 500°C, the ¥, in specimens was decomposed and secondary hardening occurred. Fatigue tests were done under

fully reversed stress amplitude of 1000 MPa. Each result was plotted on Weibull probability sheet. Fatigue lives of the specimens tempered at

470°C were longest, and decreased in the sequence 180°C—540°C. Fisheyes were observed on the fracture surface of each specimen. The di-

ameter of fisheye for the specimens tempered at 180°C and 470°C was larger than that for the specimen tempered at 540°C. It seems that 7,

contributes to the increase of the resistance for crack propagation. As a result of measurement of y,, volume fraction after fatigue test, it is

found that ¥, in specimen tempered at 180°C is unstable and the volume fraction of y, decreased approximately 5%, while volume fraction

of ¥ in specimen tempered at 470°C was unchanged. Thus, it is considered that the amount and stability of contribute to the increase of’

fatigue lives.
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Table 1. Chemical composition of specimens (mass%).

Grade C Si |[Mn| Cr | Mo | V P S

Mod.SKD11|0.80 (0.88 {0.38 | 8.01 1 1.90 | 0.54 | 0.024 | 0.002
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(b) tension-compression fatigue test piece

Fig. 1. Shape and Dimensions of specimen.
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Fig. 2. Effect of tempering temperature on hardness and
amount of retained austenite.

WK 2o iR AL & BB & 7= SRAEBABEE L N Lk T 5
BBRABM ORI & <, %ﬁ%%aé Yr DAFTEI

WRTHZENTELN -T2, FIT, E0BEETVEMEE
ZHVY, 180°C I KU 470°CHERMIZIEET 5 y, DB %
T1-72,

Fig. 4 (2 180°CHERM D& MBI E F BHM BTN 2 R4,
BE @ IMEREFEME, SEO)EZOBEERBETT,
MBEIMEN . 7 2 o HBEEL T B2 bhr 3,

HH ()& y A5 0D A2 OB E T,y
BEEmO79 .y 2KTHO, 7 X o MFEPIZHEL TH
ELTWB I e N, 72, BTRINE (5E
) 76, o'& y D H B RIE. (11D),4011),, [110]/
{111], ® Kurdjumov—Sachs DBIf% % i 7= L T 7z,

719 SN



720  §$%&$@ Tetsu-to-Hagané Vol 89 (2003) No. 6

Fig. 5. Transmission electron micrographs of the specimen

Fig. 3. Optical micrographs of tempered materials at tempered at 470°C after quenching from 1030°C.

180°C (a), 470°C (b) and 540°C (c).

»
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Fig. 4. Transmission eclectron micrographs of the specimen tempered at 180°C after quenching from 1030°C. (a) Bright field
image, (b) magnified image of (a), (c) dark field image taken by using (200), spot, (d) SAD pattern.
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Fig. 6. EDX spectrum of the retained austenite. Fig. 7. Stress—strain curves in tensile test.
Table 2. Mechanical properties of Mod.SKD11.
Tempering | Hardness |Retained austenite | 0.2% proof stress | Tensile strength | o,/cs | Elongation
temp.('C) (HRC) (vol%) 6, (MPa) og. (MPa) (%)
180 59.9 145 1530 2460 0.62 38
470 60.0 14.0 1850 2190 0.84 2.0
540 59.9 1.4 2055 2475 0.83 3.3
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Fig. 8. Volume of retained austenite after tensile test.
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Fig. 9. Variations in lattice constant of retained austenite.
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Fig. 11. Fatigue fracture surface. (a) Tempered at 180°C, ¥,
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Direction of crack propagation H§

Fig. 12. AFM image at fisheye on frdcture surface (tem-
pered at 470°C, N,=1. 7X10%).
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Fig. 14. Transmission electron micrographs of fatigued
specimen tempered at 470°C after quenching
from 1030°C (V,= 1. 7X10%).

100 um O BT Ti&, 180°CRHEURM D y ik, kBT L D &
FI5vol% kb L 7=k L, 470°CHERM ) v, BAXE &
AEZEAFED 5T, I TR RIEISAMHEL T D 2
ENHL N E L ST,

F%M!4m%%mﬂmwnﬂ%m®mﬂzT i b
-

BAETT., BE()IIRLAZEID, y 13HEITHI & [AEED
Hea R LT, ZOBFEPTRE (BHE®D) (20
TEIAF LA S s,

Fig.15 12 180°C HERIAF D957 Gkl % 0D 37 3 8 - Wi i sttt
AT, S (B E () TIE. 470°CHERM OB A &
[FIREIZ, SHF LR O han, L L, ZOE(E
X (BE (1) 121, v, OBPTRESLSHS o 1A 6 O
Mt kOX M) —ohidbohiz, ZTOXI AN —

21,y NORIBRRGZEK T 5 D25 A 505
Yo IO RB K B 5 VIZETEA SO 4 — 27 F
{RAT T A LN Bk SO CH 5 2
EAHIS N TE D P 180°CHERM ) y 1 R

HoTnbZEaRELTWS, DEDORENS, #L
IS TR By, OIEIE L, 470°CHER M D T3 A

180°CHEFEM ED @V LAHENTHE I EAbh >

FEFT I RIET y, DA & LT, 1) BfRAEC
ié%h%%@f@ %”%%Mfimuﬁﬁmc.%m

Ik BEs AR IC BT AL EROHEN, 2) of



Fig. 15. Transmission electron micrographs of fatigued
specimen tempered at 180°C after quenching
from 1030°C (N,=1.2X10°).
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