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Elastic-plastic Fracture Toughness in Nodular Cast Iron
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Synopsis :

In the nodular cast iron and the compacted vermicular cast iron with a ferrite matrix, the elastic-
plastic fracture toughness Jic was evaluated by means of acoustic emission, electric potential and R-
curve method based on ASTM E 813. J;n,(AE) and Ji, (EP), estimated from rapid increasing points
in cumulative number of AE events and electric potential difference respectively, correspond with a
small amount of crack extension in the mid-thickness of specimen. Jin(R), on the other hand, esti-
mated from R-curve method, corresponds with an appropriate amount of crack extension which is
nearly equal to 25.. In the present analysis, Jic was optimized from Ji,(R).

Dependence of Jic on graphite nodularity » was represented by

Jic=62—14.7(n-v2—n32) (kJ/m?)
using the critical condition of void coalescence that R =X where R is a mean radius of voids
developed around graphite nodules and X is an inter-nodule spacing, respectively.
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Table 1. Chemical composition, mechanical properties and graphite nodularities of the

present specimens.

. . . ay ab 3 ¢ Nodularity
C Si  Mn P S Cu Cr Ni Sn Mg Ti (MPa)  (MPa) (%) (%) (%)
FCD 40 3.60 2.80 0.20 0.02 0.01 0.10 0.06 0.10 0.06 440 320 29.1 23.8 83
FC 30 3.20 1.80 0.70 0.03 0.02 0.30 0.05 158 127 4.5 1.1 0
C 5 3.70 2.80 0.11 0.022 0.006 0.02 0.02 0.01 0.092 0.21 347 250 13.5 9.2 40
1 1 3.52 2.27 0.13 0.041 0.013 <0.01 0.04 0.02 0.004 0.042 0.03 354 251 11.2 7.8 81
1 3 3.30 2.14 0.10 0.038 0.017 <0.01 0.04 0.02 0.004 0.024 0.03 135 119 39 1.2 0
1 5 3.33 2.38 0.10 0.042 0.007 <0.01 0.04 0.01 0.005 0.064 0.03 396 250 26.9 20.1 77
J 1 3.48 2.58 0.11 0.038 0.011 <0.01 0.04 0.02 0.006 0.038 0.06 362 254 12.0 9.7 50
J 4 3.29 1.88 0.10 0.041 0.009 <0.01 0.04 0.02 0.005 0.050 0.03 357 224 18.8 12.4 75
) 6 3.35 2.41 0.11 0.040 0.009 <0.01 0.04 0.02 0.005 0.048 0.07 384 264 17.4 13.6 61
J 10 3.3 2.29 0.10 0.038 0.029 <0.01 0.03 0.01 0.005 0.068 0.16 382 271 17.4 13.6 49
K 2 3.09 1.82 0.10 0.040 0.010 <0.01 0.40 <0.01 0.004 0.063 0.02 376 224 23.0 19.3 84
K 5 3.26 1.86 0.10 0.040 0.012 <0.01 0.04 <0.01 0.004 0.070 0.08 360 224 17.1 15.2 63
K 7 3.29 1.8 0.10 0.040 0.015 <0.01 0.04 <0.01 0.005 0.071 0.15 358 225 18.9 15.8 61
where oy : yield stress, op : ultimate stress, ¢p : elongation and ¢ : reduction of area.
Table 2. Geometrical characteristics of graphite
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Fig. 1. The block diagram of the present
measuring system.
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Fig. 2. Relation between 4EP/EP, and a/W.
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Fig. 3. Load P, electric potential difference 4EP
and cumulative number of AE events N are shown
against displacement 4. The arrows indicate the
points of intersection between two asymptotic
straight lines.
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Fig. 4. J integral vs. 4a(EP) evaluated from the
relation between potential difference and J
integral.
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Fig. 5. J integral vs. 4a based on ASTM ES813.
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DEARPBILL TV 5. 7 = 54 P ORI BEASEH
FVTiX Photo. 1 DEMIE FEHICH LT ER T
H5Xor, XENIBHOMBELRRES LOCHEALTED,
BOMRECTR S R H 1 FORE L TR OB E
S AN ERPHEOBRC I OTER LTS, L

Table 3. [Jin(AE), Jin(EP) and Ji,(R).

Jin(AE) Jin(EP) Jin(R)
FCD 10 42.2 58.0
FC 30 3.5
C 5 27.0
1 1 43.2 40.2 55.0
1 3 23.2
1 5 43.2 56.0
J 1 27.9 319 47.8
J 4 41.2 40.2 50.2
J 6 30.4 3l.4 47.0
J 10 31.4 43.5
K 2 32.9 37.3 52.9
K 5 43.2 40.2 52.5
K 7 34.3 36.3 45.6
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stable

pre crack —te— crack

O05mm

Photo. 1. Section of a specimen with high graphite nodularity near and ahead of a pre-crack
showing a growth and a coalescence of voids developed around graphite nodules.

-

"3 \ ‘

200 pm
Photo. 2. Fractograph of a specimen with high graphite nodularity loaded up to J=>52.4 kJ/m2
showing an existence of a processing region subsequent to a region of stable crack growth.
Hatched area shows a pattern of a fatigue crack and is corresponded to a fatigue post crack.
Blacked area indicates a graphite nodule.

-~ Fatigue post Crack +Stable Crack} Fatigue pré Crack

23T, BMOBER LD /NI da XBHRA /0. Rice & Jounson?V (3, EXZUNFETIHAOXH
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bk TRRDPAMICH L THARED o x5l & TRaoy® ORI SHOHRYERTHZ Lic LD
FfEE LCEHETHDONEELEL bhb. dR/Ry=0.322dc exp (Bam/gy) +wereereesee(3)
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Fig. 6. Geometrical relation between
graphite nodules.
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LT, mEMT
JIC:62_14_7(n—1/2_n3/z) (kjm—2> ......... (11)

Ligh, BRRIEE DA S Jic DIETHATFHEE

60 -~

Tic

1

50
NODULARITY / <,

Fig. 7. Relation between Jic and graphite
nodularity =.

0 100

haz b,

Fig. 7 1% Table 3 wiREh7c7 = 4 FHIDOIRRE
$ghsk D Jic(Jin(R)) ELERRIEHR L D BIHRERL T
5. XpOFERL Eq. 11 Z7R1LTWw5%. LB S5
ftL o 0.4<n<l.0 TI%, SEEHERIT Eq. 11 12X
S—HLTHD, RRIEEOWACH, Jic DEHK
AL T ABEFHRD OIS, BRRMEELETx2
TR A RBSMEFRCHIL L, BB ORRILEDO EH
LOW b X 5w, BEE ECREAMIER LS L
e, REROBITIE A LI L s, =
B%, FRESMESBHC ST, BRIEATHRIEE A
EHELIREBIZA DT WA Z ERBED LTINS, L
72530TC, BRI DR IREBE A BT O 8 FEFE s &
Y, BAROERHELXE T2 v 2" i%.,5—
F8£(0.3<n<0.7) 7 LERIRENEES ) B RBE LT,
Eq. 11 % Jic D niefT 2K EREFE LD LEL
BT ENTES.

5. %

B REF R ORRECE DL D7 251 LD
B\ 0, AE Bk, BAEERY G, M
Btk Jic OFHEi % T2 E, UTFo o &8 L.

(1) AE BEHOHERE, B IOBEMEDH A
DREIVEKRDOII Jin(AE), Jin(EP) & J~4a(EP)
TR 5MLER & R BREOZE»BRD bh iz Jin
(R) Lk

Jin (AE) =Jin (EP) <[Jin (R)
DEERE D D5 Jin(AE), Jin (EP) ZMRED L35 D
TR EROERE, Jin(R) X 206c (6c: %k
B nZEALOEEAME) BEO EUOHEBHIE L&t

i
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DTw5.

(2) FAHBEEEWTE JnR)Z2HDT Jic LER
Ihic.

(3) BHOFRREROETIEATRE M2
CEEXRHHDEEETH L, BHFAHACHERINT
HA FOEEOEYE dc=X (X : FHO BMERE) %
J=mogd WRATHZ XD nlJic DEAFKRIX

Jic=64—14.7(n-1/2—n%/?) (kJm~-2)
LR L m=2, 6;=310MPa L L7, LExX
BAEROEREL L {—HKLTkD, Rice & JoHnsoN
DEMPIED e FAREMBC S I<HEHEh L Z &
B bhic.
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