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Effect of Graphite Nodule Spacing and Temperature on Fracture Toughness
in a Thick Walled Ferritic Spheroidal Graphite Cast Iron

Keishi NAKANO and Takashi YASUNAKA

Synopsis :

Elastic-plastic fracture toughness J;: has been determined by the R-curve method and an ultrasonic sin-
gle specimen method over the range below room temperature. Samples with high nodularity and with three
kinds of graphite nodule spacings were taken from a thick walled cylindrical casting. Fracture toughness
specimens used were compact tension (CT) specimens with 25 mm in thickness.

Ductile-brittle transition occurred at a low temperature region. In the ductile fracture region, J;¢ in-
creased with increasing graphite nodule spacing and with decreasing temperature. Estimated plain strain
fracture toughness divided by yield stress was constant over the ductile fracture region. This parameter,
therefore, can be used as a material constant representing the resistance to ductile fracture in the material
used. :

For the behavior of Ji¢ in regard to graphite nodule spacing and temperature, a model of the onset of
crack propagation is proposed using void growth and coalescence with the precrack tip.

Key words : spheroidal graphite cast iron; fracture toughness; graphite nodule spacing; ultrasonic method;
model for ductile fracture.
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Fig. 1. Sampling positions of the specimens in the
thick walled cylindrical cast iron.

Table 1. Chemical composition (wt% ).
C Si Mn P S Mg
15t 3.56 2.02 0.18 0.019 0.002 0.04
30t 3.56 2.00 0.18 0.019 0.002 0.04
45t 3.56 2.04 0.19 0.002 0.002 0.04
2. # B O #

B ISR L O HME 1350 mm, F/E 500 mm O I
RESERNAGHED S S Fig. 1 (ORT L) I Em»
5NORE®D 15 30, 45% OALEH S D H L 72 150
mmX 125mm X 60mm NEL D7y 2 ThbH, L
WEICHT IR BEOFRRTE LTERENR 15, 30t,
45t W 5.

NS DEMEICBIFHILFERS % Table 1 I27RF
A, REHBILAILFERGTOEIILALRDONE
AR AN

3. R B H &

I OB, A A— Y7+ 51— (LUZEX 500)
X AYMTE EOBSSHOMELIT- 2. BEKT O
BEERZOEBICHETAMOBERZE LTHRELAIES
h7z. ERR(EROFE 1 H REW I SR ERFHRI A IC X
%R BSAFEHIRRILFHEE IS L o /2.

B E OBE I ERE 4 mm, SFATEH 20 mm OFHKER
xR, SRr5REEREE T TRENICEE X
b8 THTo 7. HEMHIERNE Jc ORE R Fig 2
WRT 9% 25mm BNy b5 a3y (CT)
RERF & HV, BAEMEA LR JSME S001 (CH#H L
TBEBERBE RV EROGIERBE T BERICE > TR

15

Qﬁﬁ%r

. O
L2/
w/@
S0 i3 25

Fig. 2. Configuration of CT specimen, dimensions
in mm.
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Fig. 3. Block diagram of the measuring system of
Jic by an ultrasonic method.
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Table 2. Metallographic details.

Sampling position of specimen 15t 30t 45t
Graphite nodule number/mm? Ny 9.6 67.2 49.5
Mean graphite diameter on a test plane D4 (mm) 0.0391 0.0443 0.0513
Mean graphite diameter in volume Dy (mm) 0.0479 0.0542 0.0628
Internodule spacing parameter N~ V2 (mm) 0.105 0.122 0.142
Degree of spheroidization (%) 98 97 98
Grain size number 5.6 5.1 4.7
20

(a) 15t (b) 30t (c)45t
Photo. 1. Optical microstructure.
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Fig. 4. Distribution of graphite nodule diameter on
a test plane.
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Fig. 6. Charpy transition-temperature curve.
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(a) Tested at —40°C  (b) Tested at —110°C
Photo. 2. Fracture surface of CT specimen.
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Fig. 12. Model for ductile fracture by the growth
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0.14.
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