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1 Introduction

For a complete review of component safety, spdoialaccident conditions
where as a result of rupture load conditions raghdnges of stresses and
deformations occur. For that characteristic dynafracture material values
are necessary to calculate the stress conditioddadetermine the margins
against brittle fracture.

For the experimental determination of dynamic fueettoughness values the
existing guidelines deliver only first approachésy are orientated on the
rule for static tests.

The paper describe a evaluation procedure, thaidenthe influence of the
structure on the behaviour of crack-propagationlwdtile cast iron at -40 °C
regarding the experimental determination of dynarRiecurves and the
definition of physical and technical crack initati values.

2 Test programme

The goal was to determine the dynamic fracture hoegs characteristic
values at -40 °C as a function of two different plsizes. After casting three
blocks (block dimensions 780 x 250 x 1660 mm) isywassible to provide six
sample blanks with the dimensions length: 1360 mvidth: 150 mm, height:
290 mm, from which large samples were preparedktgiss: 140 mm, width:
280 mm, length: 1350 mm), in the following referragl SE(B)140 samples
[1].

The small samples (thickness: 10 mm, width: 10 demgth: 55 mm), in the
following referred to as SE(B)10 samples, were areg from the large
samples in the region behind the fracture surfafigs 1). To avoid an
anisotropic structure the SE(B) 140 sample blardda heen manufactured by
sand casting under controlled conditions. The tetigcracks had been
manufactured in accordance with the requiremensSIM E 399-97 [2] and
ESIS P2-92 [3].
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Fig. 1. Sample taking of the SE(B)10 samples (in)mm

3 Test material

The examinations were performed on a ferritic deictast iron material
containing globular graphite (fig. 2).



Microstructure parameters:

Diameter of the graphite

nodules d: 63 um
Ferrite grain sizeg 62 um
Particle distanca : 88 um
Form factor f: 0.71

Number of particles N 47 mn¥

Fig. 2: Typical microstructure of the test material

The mechanical properties are shown in Table 1.

Table 1: Mechanical characteristics at room tentpesa

Rpo.2 Rm As Z E Vv HBW
MPa MPa % % GPa 2.5/187.5
246 362 11 13 172 0,28 138

4 Test methodology
4.1 Largesamples

The loading of the SE(B) 140 samples with fatigrecking was carried out at
-40 °C with the help of a pulse testing machinehwdt loading rate of

K =500 MPayms™ [1]. The test preparation, procedure and evalnagice
based on ASTM E399-97 [2].

4.2 Small samples

The experimental determination of the dynamic dragkesistance curves of
the J-integral concept{Aa curves) was carried out on the 20 % side-notched
SE(B)10 and precracked samples with fatigue cracloctording to the "low-
blow" technique using an instrumented pendulum ehpaster. Thereby, 6 to

8 samples in the regiore800' MPayms' <K < 57010 MPa/ms® were
loaded, the yJvalues were determined via the dynamic force-dsgphent
diagrams and théAa values were determined on the fracture surfatéseo
samples. The test was prepared, performed andagdlaccording to ESIS
P2-92 [3]. However, care must be taken that no letatuctile crack
propagation takes place. The results of the ras¢etron microscopic fracture
surface-analysis in fig. 3 show that tha values for the entire range of the J
Aa curve in the result constitute a stable cleacagek propagation.



Fig. 3: Cleavage crack propagation on the fracturéace of the SE(B)10
samples at -40 °C

Thereby, it can be assumed that a global unstahlek gropagation can be

prevented by crack blunting (crack-tip-radius <pimée particle diameter) and
energy-dissipative crack arresting (fig. 4).
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Fig. 4: Crack arresting at a graphite barrier

Since no stretch zone appears with this materiatiip crack propagation,
the definition of physical crack initiation valuascording to [3] in analogy to
static loading is not possible. The applied procedior recording and
evaluating dynamic crack resistance curves of tferrductile cast iron
materials can be described as follows (fig. 5):



1. Calculation and determination of the data poigtantiAa according to
ESIS P2-92
2. Determination of the dynamic crack initiation valliga-o at
Aa = 0 mm at the intersection of the linearly exttafed J-Aa values
by using the datas in the range 0.1 mika < 0.5 mm.
In accordance with [3]Aaynax = 0.5mm results ofanax < 0,1 (W-a)
with W = sample width and a = crack length.
3. Determination of a dynamic crack initiation valygzJaccording to
Aa =0.2 mm.
4. Conversion of thegvalues to ky(J) values according to
1.IE 1/2 (1)
Ko@) = [1d z:l
-V

Fig. 5 shows furthermore that any processes damaiti@ microstructure,
such as detachment of the graphite particles flwanferritic matrix or crack
propagation between the particles, have an ordemagnitude corresponding
to the respective microstructural parameters.

O measurement point according to ESIS P2-92

— linear regression

0 Jgo2=28 kJm? — Ky =72 MPavm

0,1 0,2 03 0,4 0,5 0,6
Aa / mm

Jainao= 13 kJm? — K;q=50 MPaVvm

Fig. 5: -Aa curve at -40 °C and definition of the dynamicckranitiation

values



5 Test resultsand discussion

The dynamic fracture toughness values of the K dnohtegral concept
determined with the small and large samples anadneersion according to
equation (1) are shown in Table 2. Gray marked de¢ganeasured values, the
other data are the converted values from measwatady using aqg. (1).

Table 2: Dynamic fracture toughness values at €10 °

SE(B)140 samples SE(B)10 samples

Sample Noj Ky Ju(Kig) Jiitna=o Kig (Jsirna=0 Jio,2 Kig (Jio,2)
MPavm | kim-= kKIm? | MPavm kIm= | MPavm

1 67 24 13 50 28 72

2 71 27 17 56 31 76

3 75 30 16 56 37 83

4 79 33 17 56 32 77

5 71 27 19 59 27 71

6 64 22 24 66 34 79

The dynamic 0.2 % elongation limit was determinedoading to BS 7448-3
[4] via the corresponding strain rate at -40 °C hwiRyp2= 378 MPa.
Therewith, the ky values determined with the SE(B)140 samples

fulfil the thickness criterion

? (2)
B> 2,5[&J

dp0,2

and thus can be transferred to the component. Mended combined
measuring uncertainty (test and measuring techgblogn be specified too,

resulting in75MPa/m + 45MPa/m for sample No. 3 as example.

The scatter of the KK values in the range froré4MPa/m to 79MPa/m in a
material-specific way and can be explained by ttertogeneity of the casting
microstructure. This also applies for the dynamieghness parameter values
determined for the SE(B)10 samples with charadierigs-Aa curves
according to fig. 5.

The influence of the microstructure here becomedeevt via the averaged

random sampling of the six-Aa curves (fig. 6). The figure shows all single
data-points of all small samples prepared fromidhge samples 1 to 6 (see fig
1).
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Fig. 6: Classification of the average valyéy;) of the SE(B)140 samples
in the averaged random sample of ghtsalcurve of the SE(B)10
samples (-40 °C)

For the average value of the SE(B)140 samples p& 7IMPa/m or J(Kq)

= 27 ki follows for classification in the averaged randsample of the

Jd-Aa curves a corresponding stable crack propagatiohaf = 0.13 mm

(fig. 6). This explains the large extent of agreetrad the J(K,q) values or the

Kig values of the SE(B)140 sample with thgyoJand Kq(Jgoo) values
determined in agreement with ESIS P2-92a&at= 0.2 mm. The dynamic crack
initiation values atda = 0 mm determined outside of ESIS P2-92 are more
conservative, as expected.

6 Prospectstothefuture

Methods for the experimental determination of dyitafmacture toughness
values on small specimens via recording of dynatréck resistance curves
can be realised using existing standards [3], f5ktandard drafts [6]. The
observed stable cleavage crack extension of feuwlitictile cast iron material
demands alternative definitions of physical cratkation values. Finally this
procedure is going to be published as a guidelin® @G (Association of
German Foundry Experts). Further investigations #&reussed on the
transferability of these specific values to samjglled components of different
thickness. Also the comparison to values measurngdsibgle specimen
procedures will be done.
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