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Evaluation of Fatigue Strength by Graphite in Ductile Cast Iron

Kyung Mo Lee’, Myung Jin Yoon  and Jong Hyung Lee”

ABSTRACT

In this study, based on the effect of the interaction of fracture mechanics by graphite and fatigue limit
phenomena of the microscopic observation various matrix structure, spheroidal ratio, size of graphite and
distribution etc. parameters containd with Ductile Cast Iron Therefore, in this study, different ferrite-pearlite matrix
structure and spheroidal ratio of graphite of 70%, 80% and 90%, GCD40, GCD45-1 and GCD45-2 series and three
different ferrite-pearlite matrix structure, GCD 45-3, GCD 50, GCD 60 series, all of which contain more than 90%
spheroidal ratio of graphite, were used to obtain the correlation between mean size of spheroidal graphite and
fatigue strength. (1) 73% pearlite structure had the highest fatigue limitation while 36% pearlite structure had the
lowest fatigue limitation among ferrite-pearlite matrix. the increase in spheroidal ratio with increasing fatigue
limitation, 90% had the highest, 14.3% increasing more then 70%, distribution range of fatigue life was small in

same stress level. (2) Varea,, of graphite can be used to predict fatigue limit of Ductile Cast Iron. The

Statistical distribution of extreme values of Vgrea may be used as a guideline for the control of inclusion size
in the steelmaking processes.
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Table 2-1 Chemical composition W..(%)

KS Standard C Si Mn P S Mg
GCD 40 3.53 | 294 | 0.22 (0.020]0.015] 0.033
GCD 45-1 | 3.54 | 2.73 | 0.23 [0.021]0.012| 0.036
GCD 45-2 | 294 | 2.73 | 0.22 {0.020]0.013 | 0.036
GCD 45-3 | 337 | 2.74 | 0.03 |0.019]0.019] 0.042
GCD 50 370 | 2.75 | 0.39 |0.0180.017] 0.042
GCD 60 3.72 | 2.75 | 0.34 |0.016|0.018 | 0.041
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Table 2-2 Mechanical properties of specimens

Mechanical Properties
Mate |Sphe- [Tensile |92%  |Elong |Brinell |Micro-
nials |roidal |strength IS):roeosz ation (hardness x;lc(lz?ss
ratio  |(MPa) (MPa) (%) |(Hs) (H)

Seges 70% | 408 374 551 156 168
Se?ies 80% | 439 344 46| 159 210
Seges 90% | 456 432 9.3 165 232
Seges 90% | 461 434 22 150 232
Seﬁes 90% | 510 484 16 174 232
cones | 90% | 608 | 547 | 8 | 212 | 257
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Fig. 2-1 Photograph for calculation of ferrite and
pearlite volume fraction
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Table 3-1 Ferrite and pearlite voiume fraction

Materrials | Ferrite volume(%) |Pearlite volume(%)
A Series 64 36
B Series 62 38
C Series 60 40
D Series - 64 36
E Series 46 54
F Series 27 73

Table 3-2 Sapherodal ratio and fatigue limit

Materrials | Spheroidal ratio(%) | Fatiguelimit(Mpa)
A Series 70 252
B Series 80 276
C Series 90 288
D Series 90 330
E Series 90 353
F Series 90 377

Ao FA43&7 HAZIEE Table 3-20 U
Qe B9 Zo] Ed9 T EL R
o HX& gl At

& FAGE 0% ANE BAAHG FReR
4H L, 80%% BAE F24H T4, 90%
C, D, E, FAlE &xg FAdolth Fig 3-2% 1wmig
o #&5E F4stE 5459 Fig 3194 73
10’3 B2gdxoe AAE vehz Yok F 1w
o BFE FA57E 2L AAl9 HAR2Id=o}

jE oy



G e I

3% 208 ANE

210MPa® 7} wta1 EAL7E 744 AL FA4E S
°] 90%<2 FAI7t 314MPa® 713 =t} o] 284
A28 e} FAEE Alolddle MPARQ BAIE 9l

&2 ¢ & Aok NzdnygRe] 1, Ad 4w
"ol slvkn A7EE FRAEALS 7122 e)
REAEE a5 APARIA A=Fmste @
WL FAsE AL g FPolth 1 o Fi
2 AYA Y FATAFEAY AgBRE T
gekas S 9749 Fevt 244 dam, 4
B ASeries |v D Series
450 ¢ BSeries |# E Series |
# CSeries | + F Series
= 400 |--Egh
+
350 ate i ==
g L g nﬁﬁ'ﬁg b3
€ w LY A N o
E .'ﬁl q;f s Vv
250 » .
E LI T cfz
g 5
150 s s
1* 10° 10° 0
Nurmber of cydes to failure(N,)

Fig. 3-1 S-N Cuves for the six of spheroidal graphite

cast iron
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Fig. 3-2 Relation of fatigue limits and numbers of
spheroidal graphite per area
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Fig. 3-3 Micro structure of A~F series
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Fig. 3-3 Photographs of initiation of surface fatigue
and SEM
fractograph on fracture Surface of specimen

crack in ductile ast iron
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