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The Effect of Modified-ausforming on Giga-cycle Fatigue Properties in Si-Mn Steels
Yoshiyuki FURUYA and Saburo MATSUOKA

Synopsis : This report reveals gigacycle fatigue properties for a modified-ausformed Si-Mn steel (SMn443) with the chemical composition of
0.42C—0.2Si—1.52Mn in mass%. The Si—Mn steel has an advantage in recycling since the steel does not contain Cr and Mo which are diffi-
cult to be removed in re-melting. On the other hand, disadvantages of the Si-Mn steel are low tempering resistance and low hardenablility.

Modified-ausformed, oil-quenched and water-quenched steels were prepared for fatigue tests, followed by tempering at 473K and 673K to
prepare two different strength specimens. The tensile strengths of steels tempered at 473K and 673K were nearly 1400 MPa and 2000 MPa,
respectively. The problem of hardenablility was solved by modified-ausforming, while the tempering resistance was not improved. The low-
strength modified-ausformed steel (AF1400) was free from fish-eye fracture with a fatigue limit of 770 MPa at 10° cycles, while the low
strength oil-quenched steel (QT1400) caused fish-eye fracture. Although the high-strength modified-ausformed steel (AF2000) was suffered
from fish-eye fracture, the fatigue limit at 10' cycles was 830 MPa that was higher than 710 MPa of the water-quenched steel (QT2000W)
tempered at 473K. The fatigue limit at 10” or 10" cycles for both oil-quenched steels (QT1400 and QT2000) could not be determined be-
cause of temperature increase of specimens in 20 kHz tests. The fracture surfaces revealed optically dark areas (ODA) even in modified-aus-
formed steel since the modified-ausforming was not perfect in this research.

Key words : gigacycle fatigue; Si-Mn steel; modified-ausforming; fish-eye fracture; optically dark area.
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Fig. 1. Tensile strengths vs. fatigue limits diagram for
steels”.
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Table 1. Chemical composition of the steel.

Steel Element (mass %)
C Si_ Mn P S Cu Ni_ Cr Mo
SMn443 1 0.42 0.20 1.52 0.014 0.018 0.01 0.02 0.01 0.001

Table 2. Summary of heat treatment conditions.

Symbol Quenching Temperin;

AF 1400 Modified-ausforming 673 K for 30 min.,

QT1400 1118 K for 30 min., oil-cool | water-cool

AF2000 Modified-ausforming .

QT2000 1118 K for 30 min., oil-cool :chgolf“ 30 min.,
QT2000W | 1118 K for 30 min., water-cool
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Fig. 2. Dimensions of specimens for fatigue tests.
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Table 3. Mechanical properties.

0.2% Proof Tensile Elongation Reduction | Vickers
Material Stress Strength % of Area Hardness

00a(MPa) | opMPa) | (T 6 (%) | (HY)
AF1400 1315 1382 11.6 60.8 433
QT1400 1240 1349 11.1 57.7 423
AF2000 1602 1982 12.1 54.8 570
QT2000 1446 1925 9.0 25.6 582
QT2000W 1587 2007 11.8 439 574

(c) Water-quenched

Fig. 3. Microstructures observed with an optical microscope on nital etched surfaces for higher strength steels tempered at 473K.
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(a) Modified-ausformed

(b) Water-quenched

Fig. 4. Prior-austenite grain boundary structures for higher strength steels tempered at 473K.

(a) Modified-ausformed

(b) Water-quenched

Fig. 5. Microstructures observed with FE-SEM on electropolished surfaces for steels tempered at 673K. The water-quenched sam-
ple tempered at 673K was specially prepared for martensite block structure observation.
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Fig. 6. SN curves for AF1400 and QT1400. o, means
stress amplitude at a fracture site in case of rotating
bending tests resulting in fish-eye fracture.
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Fig. 7. S-N curves for QT2000W and QT2000. 6, means
stress amplitude at a fracture site in case of rotating
bending tests resulting in fish-eye fracture.
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Fig. 8. S-N curves for AF2000 and QT2000W. o, means
stress amplitude at a fracture site in case of rotating
bending tests resulting in fish-eye fracture. The
data un-broken at 10% cycles in rotating bending
tests were not plotted to avoid confusing.

(b) Matrix crack

Fig. 9. Typical FE-SEM fractographs of fish-eye fractures. (a) is AF2000 broken at 9.4 10* cycles at 1220 MPa in a servo-hy-
draulic test. (b) is AF2000 broken at 1.2X 107 cycles at 1010 MPa in a rotating bending test.
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(a) AF2000

(b) QT2000W

Fig. 10. Typical OM fractographs of fish-eye fractures. (a) is AF2000 broken at 9.1X 10’ cycles at 920 MPa in an ultrasonic test.
(b) was QT2000W broken at 7.9X 107 cycles at 740 MPa in an ultrasonic test.
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59, QT2000W & D SV EFIRAFEHL -, ZITE,
FEHIRM LR LA 2 XA DNWTERET S, NERHK
S 2B AOEFEO PRI IZROM LRI LIS LT
Hwoha,

oy=1.56(HV+120)/( area )6 ee e (2)

ZZ7T, HViZ¥Y v 1 — 2B & | varea (3R~ & (um) T
bbd. R(2)&0, THEYTEDES 2 OO A, BD
W% 0, 04, WIEWTIk%E VareaA, VareaB& L,
oy h—ZAWEHVIEERE L T5 &, MEHEDEHROM
Rix

0,,=(VareaB/VarcaA) o,

Exb,

AF2000 {3 QT2000W {Z Fb X T ODA AN & <, AF2000 D
ODA+ Jr EMI-HEE A N TEM DRI 245 T, QT2000W DIFE
BR3IETH 572, QT2000W D FEH R 710 MPa & K12,
ODA T D WA 5 7 & B & 1 5 AF2000 D #E 77 R 7 X
(36 RFEE B L, 7T10X(3/2)=760MPat k5, § Xk
bbb, ODABD A2 5 WIFE N BHEHRDO LAHER
760—710=50MPaf2E TH 5., & I A A, FEFED AF2000
DFEFHBRIZ 830MPa T, 830—710=120MPaD 57RO L=

RAMERE Nz, DFD, ODABAD 26 HFEN S &

D& 2B LA EHES LR L.

Z ORERIZIE & ODA LIFHC & NERBRIE O F7ERIZ
WEESZ5F30MBMNIARRTHS S LEREL T
%, FEIDOMBE FOFEEEFHL TFig. 8D S-N#EX %
W5 &, ODAMIRIC K D EITRA LR L-BE &L
TFigI2IIR TRV S S5 K 5ICR A S, ODADE KA
BBl X N 7=3B8121F, Figl2@iZmd &3 2107 BB LoD
EHarik TCONIBBIE B ELS 5 0 EITRPB LR 2, 107
ELTF T, BEDQTMTE ODAIREK ENE VWD TH
REGTOMEZIR AL, ZAIZHLT, KR
Fig. SO AIZIZEMREG TCORBAIBEL T LAMIR
5, Fig. 120§ & 3 IZS N EE» EH L2 XS
IZAA D, ZOKIITHEHERED EROBF 5 ODAHIH]
DFEHLEDS Z &0 56 683 OMBIREFEED RN LR
“ahs,

AF2000 & QT2000W DA 2BV A ZER T 5 L, WR
F— AT — LMOEEE L TOY— - lla 7oy oM
@, ORY—fo T uwEhnkt<ilT v 4 MR, ©
2OMFEZOGNS, 72770, WO SCMA40 D355 21
I3, BMANMEA KL, QTHMTE R —MMBIZHFEL AW
728, QIZBRL7ZEVWZR S iy, BIZ, SCM440 8
DB, F3OMBE T IZBEE U 72 97 Rtk 0 2k
Bon$, FiglR@IDTATEI ASNEX L k-7, Zh

84

—»

\4

Ny Ne
(a) Suppression of ODA (b) Present study

Fig. 12. Illustration of enhancement of fatigue limit, com-
paring the case of present study with ODA sup-
pression.

6D LEEZDE, OO 2 E A ODA #IHIIZ
BL, OQPEIOMBRFIZBEBL B aREELRSH 5,
Thbbd, RY—HBITERBE NS ONERHIE L BIR L
TWBIEEZLNTOED, THBREDHEICEVE
TAHABEM A H 5, WUt &, FEIOMBKTFED
AREMIZ DWW TIE, SHAELSABTINELRH S,

KEFETIE, VA /M EZERL - EREMFEEROT
BEMAFANRDS 728, Fe-C-Mn-SiR» 5 % % BiK O
SMndd3 8D X 774 4 7 L EFTREIIHTHHBA — 2
T A — LK BWEMRIIOVTHEL 2, 2O, &R
A =27 = LIZXDIBAR L 2B L i B &L UK
EDBANRLZZQTM 2MiEA/ER L, ELIREEZE A
BT EIZX0REL~NILE2EEREICHAR L /-,

CrE EOMo AR L 21 SMndd3 i TId , R LER1L
B EBRANED 2 A TARE &£ 5, BiEDBERE LKL
HUZOWTREBA—Z T+ — Il k5WEDREIR O
B otzh, BEOBEANEIZDOVTIHREA -7 1+ —
LAZEDHEBEEND I LR SIN, o, HEF -
T A —AMTE, M TEMENEL TH, B LT
Mo DFRMANE WIBAIZIE, BiEERVBE LRI L5720,
BELEEREAREIZ LD, HBRA— 2T+ — D5
B s,

EH A 2 NEFFEIZBEL TE, UTO kS ZaEs
B‘/oeni,

(1) K58 AF1400 TIZNEBBIEH A U3, 10° [
FERIZ770MPa 7z » 72, — 7, W& THREAN L 72 QT1400
T, 20kHZARERIZB W TR WD I TREL 12729, 10°
BIEFHIRAERD B Z B TE D 72,

(2) BER AF2000 Tld, WEBBIENE T4, 10
BIFEFBRIZ830MPa & s » 72, — 7, KmIZKDBEARL
72 QT2000W @ 10" BIEHFRIL 710MPak 5> 72, T4 b
L, WRA - AT 4 — LIk AEFEEORELR LN
77

(3) WA TEEANL ZEBREHM QT2000 T, KWE



NTLEREMPEIE L, ZEBHERENEL 52, £/,
QT1400 & [A#RIZ 20kHZSRER TIIE WIS I THRE L, 10
EEHRAERD B Z LB TE L o7z, KET B LICK
0D ZOMEENZHE X, QT2000W O F B R 13 B8
L, 20kHzZFRBR TORBMEE U< Ko7,

(4) WEBEOER, XBF—X7 +— LM TE ODA
BRI T, FIFROHAIZE, B -2 T+ —
LADBFRIZBREIE U720, ODAMER & - REM
B,

(5) AF2000Tl3, ODAMFER E AT IZE b
5, QT2000W & D EMRAEL Ko7z, MHEDEITIE,
ODAFHEMEN AT TEL , HIDKBET#HET 5 2
EDRE NI,
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