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Effect of Microstructure on Fatigue Crack Growth Resistance of
Spheroidal Graphite Cast Iron

Katsuyuki Funaki ¥, Toshio Takaxasui ** and Yukio Hirose ***

The fatigue crack growth tests near the stage I region were carried out on three spheroidal graphite cast irons
(SGI) with matrix of ferrite, bull’s-eye and mainly pearlite, having tensile strength of 380, 500 and 700 MPa, respec-
tively. The crack growth rate da/dN of the ferrite matrix SGI decreased continuously with a decrease in stress inten-
sity factor range AK. On the other hand, the bulls-eye and pearlite matrix SGI showed discontinuous ranges on the
da/dN vs. AK diagrams. The results were compared with local AK calculated at the crack tip by fracture mechanics.
The AK at the lower end of the discontinuous range agreed well with the value calculated on the assumption that a
single graphite particle is included in the tension-compression region at the crack tip. The AK at the higher end
agreed well with the calculated value for including no graphite particles in this region. In the ferrite matrix SGI, how-
ever, the calculated value was smaller than AKy, ; the cyclic stress region is presumed to include plural graphite par-
ticles. The fatigue fracture mechanism of SGI is believed to be significantly affected by the interaction of graphite par-
ticle spacing, the size of plastic region at the crack tip, and the stress concentration around the graphite particle.
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Fig. 1. Relation between fatigue limit and tensile
strength of alloy steels and spheroidal graphite
cast irons.
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RBENEETHS. Table I . Chemical compositions (mass %).
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Specimen C Si Mn P S Mg
SG370 371 | 254 | 023 0018 0.007 | 0.032
SG500 367 | 264 | 028 | 0.016| 0.008 | 0.028
SG700 365 | 248 | 028 | 0.013| 0.007 | 0.031
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Fig. 2. Optical micrographs of specimens. V54T RS ARSI
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Fatigue crack growth rate da/dN , m/cycle
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Table . Mechanical and spheroidal graphite properties
of specimens.

Fatigue crack growth rate da/dN, m/cycle

107 3

SG370 | SG500 | SG700 - .
Tensile strength o5, MPa | 380 | 500 700 [ J/. o ]
0.2% proof stress 0 ¢, MPa 230 340 430 5 6 7 8§ 9 10
Elongation £, % 22 8 3 Stress intensity factor range /K, MPaJ/ m
Graphite diameter d, um 42 42 41
Nodularity ¢, % 95.6 80.5 80.0 © SG700
Volume fraction  fv, % 17.7 16.6 204 .
Graphite spacing 4, mm 60 o2 57 Fig. 4. da/dN vs. AK diagrams.
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Fig. 5. Scanning electron micrographs of fracture
surfaces for SG370 and SG700 at AK=9.0MPa vm .
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Iy Iz oy AK 7T ORELLE T R = Bei % 1 B L&,
T Z OB T CIREBO—EA T LABERALL. Thb
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(a) Stress distribution at crack tip from Eq. (6) to (8)

Crack ti

Graphite

(b) Plastic region formation on spheroidal graphite cast iron.

Fig. 7. Schematic explanation for stress distribution
calculated at the crack tip by fracture mechanics.
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%. Table IR EREBH D AK,, AKyH5 LU Fig. 4126
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AEERIZ I\ TAHERE & 3B L% %R L 7= SG500
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—75, K 5 A\ SG370 TR & h 3 ¥R
KEVLD, 0 AKy L A = R OBIFE A7
AKTE& D $ 125K EL, RS BIZIZKAOBHAE

Table . AK. and AKy values.

SG370 SGS00 SG700
AK,, MPay ' m’ 47 6.7 8.1
AKy, MPa/ m 6.0 93 10.6
Discoqtinqous Not observed 7.0~82 8.0~9.3
range in Fig.4

NI | -El ectronic Library Service



The Society of Materials Science, Japan

948 : Mk w2, @i Mk, IAE S

DS U TR L2 EHGLBREI A, BEOEL
SG370 TidfAM L FIEk, F 1, IR TESERNZ 2T
ISEFHERTEDOD, BHE & SG500, SG700 Tt 1
FEIOR 5 T AK 23 LT da/dN H—TEME & 5 BARE
e TFURISEF NAD 5/,

Q) ZoREGL 2EREIEH AT LROGH LR
id, EFREIRICER S NS0 LSS CRBH 4
EEBLSBEBAKUVNLE—EL, TROIGIL~LIT,
Blsk—EfmZ g CEREMN 1 HATEEIS AK LA
NE—FLT, 7, ERs 28HZITEHE2RL
“mﬂﬁxgzﬂmgﬁ1 7= SG370 T, ZFESPICERBEOERSE AT T E
+ Appearance of interface crack AR (R L 72

by stress concentration (3) 5l5EsE 500MPa L LD &8 E BRIk B ik
R oM B ALLDRIFER RIS, BEVRIRIRE & YRR
~HgE, BSEETOV D R ERRIUOHEBKIZLDE
THEDEELILND. ‘

BRIZ, REBROETIZH0, MESIRAEAFR
£, BMREBHE, AREEEOB A8/~ ZZITEL
ATEETLIIMEILT S, ZOHR, ERT3EH17HE TREH L E .

BORSBRLREZHET 57720, 2HmIEICx L TESS '

l Tension - compression region
Cyclic plastic zoni_'

Main crack

Connection on
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Fig. 8. Schematic explanation for crack propagation
mechanism from appearance of interface crack to
connection on rapid crack propagation.
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