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1. INTRODUCTION

Various brands o grey cast iron are finding increainely grater application in modern mechanical enginesring
e Suctutal mater, n his respect greser inerest has been manifestd reentlyinstdics that are ocused on
fhe. develapment of new classes of dueile cast eon (1] having suffcently high strength and plasic
haracirisies s wella i dh acquisition of new methods or producing castings with pre-efine propertis
Al s requires . deailed stody of the mechanical charateistics of cast iron, taking nto consideration the
s number of facors affctng the srviee onditions of the actul pres

Regandless of the experienc gained n the use of pals made of ducile cast ron, s properties s @ strucural
imsaral have ot boen suficienly scied. The ierature does no provide enough data consering the isucs of
e <ictthat the dimensions o castron parts and the surface quaiy alermachining have o their mechanical

2. METHODOLOGY FOR DETERMINING THE SCALE FACTOR IN FATIGUE TESTS

Fatue tests on mateial show tha the scale futor i oly manifested wnder condiions of nonhomugeneous
Stsescd stte of he spcimen, which is puaranteed dring cylical bending. Severa theorieshave been proposed
{o asess the cffect of the specimen dimensions (2],

The use of fracure mechanies allows the cstabiishment of a defnite relationsip between the conditons of
e rature and the specimen dimensions [3]. Howeser, o rlationsip has been found for faigue, due 10 the
hct that Iracture mechancs can only be applid inthe presence of a crack i the maeria, Whereas in case of
i tests there s o crack a the nfia momest,or doc i appear at ll orlow srss evels.

The principl posibifty of he néw approach for g analysisis proposed in 4], where  special sirueural
chirseteisti s inroduced for the mateial - £, and the range of he tess itensity facor (SF) for a crack in o
planar deformed sat s determined wing he formula

A = 807l Ll m




 

[image: image2.jpg]where:

AK — stress intensity factor;

Ao siress range;

Ty - comection coeflcient, which i equal to 1.12 for a small surface crack;
‘ 1 depth of the crack;

2, — current value of the crack depth depending on the gain size.

“The outer cross section of the specimen is shown in Fig. |

Figure 1: Outer cross section with a semicireular crack (=2,5.)

“Thanks to the introduction of ., the stress range A, corresponding (0 the fatigue limit (Ady, =20 ), is
elated to the threshold value of SIF, respectively.

K, = 1128047y @

Therefore £, can be regarded as & entative nital crack in the material (cast iron), which has no visible defect
The value AK,, is found as a result of testing specimens with large inital defects and is one of the major.

characteristes determining the conditions for stopping their fatiguc growth. The crack development is shown
schematially in Fig2.
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Figure 2: Dingram showing the devclopmentofthe crack u t and afe the threshold SIF 3 K¢

The following relationship can be considered an approximate assessment of the maximum length of a nor-
propagating crack

@

where:
d, —average dimension of the grain in the ferrtic-pearlitc cast ron;

£~ lengih of a non-propagating crack up to the fatiue I

2
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is assumed that A, =201, ~ . Taking into consideraton tis equaliy from (4), we determine ry

aedfes],

where: K. = AK, /2 for

The sl el oF STF i o oot e condion el e o =0 i cas .
dcigandiy Ky, 2., il scesding's 5] st o

Ay = Ky

©

Far cast rons tested under mormal condiions with  feriic-pearfitic sructur, t can be assumed for tenative
caleulations that Ky, = 6,5MP, Y

1 order 10 b able 0 assess the efectofth dimeasion by means ofcaeulations, we will examine th expression
for SIF for a semicieular crack of radius r in & plte having thickness S in case of tension K, and pure

‘beading K. for which, acconding to [6], we can record:

X @

(Braes ®

‘membrane ensile sirss

wher

4 maximum tensile stess
“The use ofthese ormulae suaratee calculaton aceuracy of SIF up (0 10% fo /<03,

Proceeding (0 stress range (4074, ) and subsiuing MK, for K., and Ky, r for r and D for S (whese

D e spocinn dlamte), e g th especiepats by el (7) i (8), wecbain the
it o el e ot

: )

Whieh i correct for 7,/ D 503

Furhermore in formula (9)the redisribuion of stresses in the bending process s not tsken into consideration,
when piastic deformations oceur in the external ibers of the specimen. Howevr, since the faigue Timit s

detrmined for a base N, =107 cycles, this elec i relatively small. Therefore, detrmining the value oT SIF

for the respective semicircula crack by means of caleultions and comparing i to the theshold value, the
fatigue imit of a specimen of ifferent geometycan be assessed.

i presensthe geomercl cures calultd acordig 0 9 o 7, =00 carve 1) and 7, =004
(curve2), espectvl,akin int considerton 3nd A~ 63M7,dr
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The reliaility of the proposed methodology will be confirmed i the experimental points e between the two
heoretical curves corresponding 1o the limit values of 7, forthe sudied cast iro, taking into consideration the
Koowen variables 7 and 4Ky,

Therefore the scae fator in case of ftigue tests i relted to the varation in SIF depending on the reative depth
of the entarive iniial crack.

3. CONCLUSIONS

1. A methodology has been proposed for determining the scale factor using a theoretical-experimental metbod

2" The methodology has been developed using the hypothesis for a entative crack in a smooth specimen 25 a
result of which a relaionship has becn found (o exist between the thresbold range of the stess inensity
factor (SIF) and the fligue limi

5. By determining the value ofthe strss intensiy fuctor (SIF) for a semicircularcrack and by comparing it to
the threshold value,the fatigue imit for specimens of iffrent diameters can be determined

REFERENCES.

[1] Rashev, G. & Todorov V.: Ductik cas irons — new possbilie. In: Proceedings of UNITECH 08, Gabrov,
Bulgaria, 21-22 November 2008, Vo, 2, pp. 187-189 Vrnjacka Banja: SaTCIP Lid., 2009. pp. 1800. ISBN
978-86-6075-001-5 (1n Bulgarian language).

2] Heywood, R. B. Designing Against Fatigue. Moscow: Mashinostroene Publishing House, 1969 (in Russian
language)

131 Cherepanos, G. P-: Mechanics of Brinle Fracture. Moscow: Naouka Publihing House, 1974 (in Russon
Ianguage).

4] EF-Haddad, t al; Fotigue crack propagation of short cracks. orks of he Aerican Socity of Mechanical

Engineers. Theoretical Foundations of Engineering Caleulations. 1979, No. 1 (n Russian language).

[5) EFHaddad, e al: Fatigue Iife predictions for smooth and notched specimens based on fracture mechanics.
Works of the American Society of Mechanical Engineers, Theoretical Foundations of Engineering
Caleulations. 1981, No. 2 (i Russian language).

161 Toysad M.a.u: Fatigue crack propagation from an initial defect. Hitachi Zosen Technical Review. 1978, Vol
32,Ne.2

Macnensanirra <o noaxpereun o sorosop Ne BGOSIPOD01-3.3.04128, llompera 3a
s 1A NAYAIITE KAZpH b OGAACTIA W IYKGHOPHITE YA WSCIGABSHNA 1 HNORAIUITE".
TIpoesruT ce ocvectuma ¢ gunancoBata no1peua ua OUEPATHBHA NPOrpANa Pasmnrie i
woneunute. pecypen” 2007-2013, cuunancupans o Espousiickus comnaicn fows n
Enponeiickin euior®.




 

