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Recently, many experiments show that S.G. cast iron holds many uncom-
mon properties. Such as, its threshold value is higher and its transition
temp. 1s lower than steel, and underp that temp. it has higher impact tough-
ness than steelti“aJ. We performed some micro-tension tests of S.G. cast
iron and got: (1) the initial cracks always start from the internal central
part of the specimen, and (2) the nucleation of the initial flaws often hap~
pen at the interface of bigger nodules, or at the boundaries of graphite
i}akes[u]. As to (1), we use the analytical solutions of elasticity for

infinite medium. Because of (2), we take the central graphite nodule as a
"main nodule", and solve a mixed boundary-value problem on the interface of
sain nodule. When considering the influence of the surrounding nodules, we
uggest the stress function to be composed of two parts: one belongs to the
#ain nodule and the other to the surrounding nodules. The latter is in

sandom distributions, their average size and distance among them must be

fetermined by the statistical method given by [5]. In [5] and [6], a stress
function was contributed, the theoretical results were confirmed by the
[71]

vhotoelastic tests , and from [7] we can conclude that to use the latter

part of stress function to represent the influence of the surrounding
nodules is valid. But in the work {41, the elastic property of nodules was
neglected. We will show that the solution of such non-homogeneous materials
is greatly influenced by the elastic property of the inclusions. We suppose
two kinds of phase for inclusions: "soft-phase" and "hard-phase™. For soft-
vhase: Ho<Hs and for hard-phase: Hg>He Here, Ho and u are the shearing
w@odulus of the inclusions and matrix, respectively. These two kinds of
sodules bring out very different pictures of the stress and displacement
tields, thus very different fracture phenomena. So it is important to

~onsider the different elastic properties of inclusions for the non-
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homogeneous materials.
1. STRESS FUNCTION AND ANALYTICAL SOLUTIONS

Stress function for the matrix (origin at the center of the main

nodule, subscript j):
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here Rj is the radius of main nodule, RS is the statistical average radius

of surrounding nodules, the ratio rjst/Rj’ and
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where y= LlR /E, £ is the nearest distance between the centers of the main
nodule and nelghborlng nodules. The values of Ck and C]' are as follows

S = _ =3 _ —5 ~
C, = -0.03696, Cy = 0.4558x107, C,,= -0.2582x10 °, Cig * 0.14%107 ,uunn

- 0.2270x10~27 ¢! = _.3873x107%, €I = .425x1070, €1 = =.35x1070, ...
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Stress function for the main nodule (subscript o):
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At the interface of the main nodule, z=t=Rjele, the mixed boundary condi-

tions are:
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here X and X. are the functions of the Poisson's Ra'l:io[”. By solving the

0
mixed boundary equations as above formalas, we can get complete solutions.

Stresses and displacements in matrix, rszj, are:
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Stresses and displacements in main nodule, réRj, are:
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When the surrounding nodules are fapr away from the main nodule, theirp
influence upon the main nodule vanishes; in this case, the solution will
degenerate to the exact solution of single inclusion[e].

For numerical computation, we take the carbon percentage Cw:3.u% in
S.G. cast iron, then according to the statistical method [51, get E/Rj=m736u.

The numerical results are listed in Table 1.
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II. CONCLUSIONS

(1) From Talbe 1, for soft-phase, the max. stress 0g at the interface
of the bigger nodule (rj<1), is greater than that of the smaller nodule
fwj>1), thus explains the observation (2).

(2) The SCF for multi-nodules (rj>0) is always lower than single nodule
case (rjzo). This explains the threshold value of S.G. cast iron higher than
steel,

(3) The endurance limit is in inversely proportional to SCF stress
cﬁnéentration factor. The theoretical curves computed by this paper are
iu agreement with the test data (Fig. 1).

(4) Biaxial effect is an important factor in fracture analysistg]. Our
results show that for soft-phase, under biaxial loading condition, all the
sbove conclusions still hold.

(5) For hard-phase, the existence of many inclusions will greatly de-
~rease SCF on the interface, and the stress distribution is much more uni-
form. In such case, max. stress o, happens at 0° on the interface, from
this, we can calculate the seperation condition of the matrix and the main
nodule. The solutions can also be used to compute the stress and displace-
went fields of dispersion (or particulate) hardening composite materials.

(6) On the interface, stresses 9 and o9 are discontinuous, and the

6
value of jumping stresses can easily be calculated by the formulas here.

REFERENCES

{1] Hu Yixiang, Estimates of the properties of S.G. cast iron by fracture
mechanics, Nat. Conf. of Phys-chem. Analysis, Xamen, China, Nov. (1979),

2] Owadano, T., Motoki, K., Tanigawa, E. and Kishitake, K., Fatigue crack

propagation in S.G. cast iron, IMONO, Vol. 5S4, No. 5 May (1982)

284288,

Jolley,G. and Holdsworth,S.R., Ductile fracture initiation and propa-

gation in ferritic S.G. cast iron, "Fracture', Vol. 2, ICF4 (13877).
{4} Zhou Chengti,Hu Yixiang, A Study of crack nucleation and propagation
in nodular cast iron during tensile test, tech, paper of DIT (1982).

Zhou Chengti and Hu Yixiang, An analysis of S.G. cast iron by fracture

b

mechanics, 2nd Nat. Conf. of Fracture, Wuhang, China, (1980).

323




0 | /790 bs90\kworo] O |ges0\ossro| jooo-| O | e40)00s /| w000 O |goli0)1#/ T} 6907 ,06
— | Qor0\cag 0| £190 055 0-| #110| Lz t0|ELS O|9bSO-| 9#/ 0| 9#9 Q| BSE'O| (/00-| 6810 £ebo| 9000| 5¥ o.munn
o |Lzso-{ 400y 9977 0o |99¢0-| 20/0|S0tY| O czzo|zhro-| 9940 o |F49Cl4isO- ioea ,0
0 lossoloesolsooo-| O |ziio|ossv|coo0-| O \s9vo|/syi|90070 0 | 99ro|zzez| s100],06
A ol\zec ol 8o50\siso-ozio|sev 0| LS50\ 1ZEV-| SE1 0| SES0| F9€ 0| SRIV-| 090 €26 46001 51 o.mann
0 lyoso-lggrolgsr?| 0O |Ze¥V-| 5000} 9f 111 o leszo-lozzodeoLol o |¥r00\8290-| /620) 0
0 [og20| Soocjiooo| O |tboo|seso|lono-l O |ose0|isw/| 7000} O |LzzoicstZ)| 9000 06
covp-| €2/ 0| 94€ 0] 705 O|5950-| 7l 'O\ 98 o\ $95 0|SPS0-| LTI O ZIO\ELE O| 91/ TEIO| 788D 819,97 o.rum.ﬁ
0 |zgro-| 9670\ 9647 0 |zesto-| zzrolezi1| O |stzo-|opeo|sesiol O |boo0llitod 9570 0
[ts]
0 |gzio| zosolpoooo| O |6890| IsL0lfoorr O |8é¥9\ 467V J00V] O |SFEY 2852| Zo00) 06 S
Jos o\ pzr ol gaeo| losv|cosn| szr0| LebD| €950 Ut v-| 9270|9750 FLEY| £T/0-| LZ/0) L4V} €T oy m.onﬁm
0 lsab0-| 6670\ b4ts| O |gesv-| wzro|szrt| O |épzo-|grzo-9asit) O |\Zoov|i#iv-| 2570} O
0 |set0f 90| O 0 |soio| sLoy O] O |so| 57| O 0 |osze| s7| 0 |06
oo-| ceid| 70| 90|e%60| szr0| ocvv| €950 suc0-| S7/0| $290| suev| serv-| szro) sL80) sTiv) Gy o=t
0 |Stro-| TO | TV 0 |sseo-| seroy szl O |STO-|sTo-| Sl 0 0 | Sto-| sz0| 0O
P <
sy 1o 8o 4 |oa]% | % |0 |%2 20| % |20 %220 %0 | 2| g byt
3\O.Nu03 N_\\mo_\ﬂev‘u\ Nu\mcone.\u\ ww\_‘.ouavq‘ uotsuey oTduwts
L 8TaByL aTNPOU UTBW U3 JO S90BIISLIUT 8Y3 31® S288aXlg
>
al & .
o o~ > o
g —H o & — o~
[J] 3 o« O o
=] 0o o o —
[0} . | T R ) o
XN eH o P ~—
g o 9] 0 o~
v W s~ 2]
2z O > [} 0 o
~ g2 0 O S
P ES T % N
E e e g o7 ] N
Sgoh a8 S <
w I ﬂ *_._ —t < &Rs
P9 - E o . "
50 &5 o %3 3 -
%a. s o~ v o - [+) M u/ _.vlJ
Q s o= P \). 1= - J "
8 °9 w85 24 N 8 Y
0 R c o PO ~ b I
=} 4+ %] [T I Q u/ o Y
A 0 O &g E - w o= lw < & i)
O o~ W0 o} S =
n 0 o - . ) Q 1 3 >
0 g Yoo @ oo P v R s Mi S
n © € 0O 0 v A O wf Y <
w4 © S oo o 2 o g
0 & - E 3 3 S
& W A Pl P\ N
£ s 0 AU < © 3 o3 S W
n 0 TR o - lm - N o
Q N A W 0 < o q_ “ n
2973 27 g6 § 8| & '3 %
A I i S| ™ 3 N
5 EE S 5T 5 . wl X o N
- © 0 g ) # /a. m
w3 4 « O 0O : 3 | N -
‘A O ®w 0 &~ " ® LR X
w 49 0 e @ o b o \n ]
> e Q = — £ Q [ p "
~ O & O L=} & L] =] LY / 3
o] £ oH = P 0 \
[T 72 I ) = [N oY <f
< O v} ~ <& oA
o o oeH - +
L B =T LI
o 2D O A R eH M
P 0 2 W > oA PO
W oh W9 oo oW S § W
m [ m (=t m 3} < S S S ln ] -+ n Y
g B oo - 0 = <+ m N ~ =~y = S
O+ O c 0 g O o [ ®
c = ~ w4 g S
3 g 0 ¥ Uogog 7 by e
0O 4 @ 4 »w O ® M
S £ 3 0 3 W g 0
N 4 O o = o N [ =R o]
™ ™ ~ ™
[e] b~ « (92
{ S | - — { M-





