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Abstract. An appropriate fatigue crack growth model is the key to accurately evaluate fatigue life
of component. Researching on the McEvily model, considering the influence of elastic-plastic
behaviour and crack closure, a modified elastic-plastic small crack propagation characterization
model is proposed. The effects of parameters on growth rate of fatigue crack was studied using
scanning electron microscopy (SEM) in-situ observation by experimental results on 6151-T6
aluminium alloy. Results indicate that the modified model is able to characterize small crack
propagation behaviour, expanding the region to be precisely predicted, which is remarkably
important for fatigue life prediction and damage tolerant analysis of aluminium structure.

Introduction

Aero-aluminium alloys has a low density and high strength, which is widely used in aircraft
structure, but the crack propagation behaviours of fatigue small cracks and fatigue long cracks are
quite different, despite the fact that most of the fatigue lifetime is spent in the short crack range. The
macro fracture mechanics can not be employed to deal with short crack because of the randomcity
of its propagation rate [1], so it is necessary to draw attention to the fatigue crack growth behaviour
of short cracks.

McEvily and Ishihara[2] conquered the boundedness of Paris model which only applicable for
middle linear propagation region of the crack growth rate curve and does not consider mean stress
effect and load sequence, and then proposed a modified linear—elastic analysis of fatigue crack
growth model expressed as follows:

da
dN

Where, Ais a constant which depends on the environment and the material; AR is the effective
AKef‘f = Kmelx -K
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range of the stress intensity factor, which is equal to ° K rnax being the maximum

values of SIF and Kop being the value of the SIF at the crack opening level.
In order to use Eq. (1) in the analyses of small crack growth behaviour; McEvily introduced
three modifications:
(1) Considering the elastic—plastic behaviour of small cracks. As the crack tip plastic zone size
is large with respect to the crack length, Irwin and Dugdale [3, 4] proposed the modified crack

growth length mod | which increase one-half of the plastic zone size and is given as
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(2) Considering the variation of the crack closure level.
The following equation has been proposed to describe the development of crack closure in the
wake of a newly formed crack:

Kop = (1_e7ka)( Kopmax - RKmax) (3)
Where, Kopmax is the crack opening level for a macroscopic crack (MPa\/E); K reflects the rate
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at which crack closure develops with increase in crack length (m'l)o
(3) Modified expression for stress intensity factor [5,6].
Accounting for elastic—plastic behaviour, the stress intensity factor AK could be modified as

follows:
AK =| [« secZmx 1114y |Zglsecfmex 11| | 4
2 o, 2 2 o,

Where " is the size of an inherent flaw; “ma is the maximum stress and Y is a geometrical factor
Putting the eq. (2), eq. (3) and eq. (4) into the eq. (1), and getting the fatigue samll crack
propagation model as follows:

da
d_N = AM 2 (5)

M =AK,; —AK 4 (6)
= Kmax - Kop _AKeﬁth
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In order to improve the forecast ability of McEvily model, eq. (5) is modified as follows:

9 _ Ame

dN (7)

Where, ?is a constant representing the slope of the corresponding fatigue crack growth rate
curve, and Ais a material and environmentally sensitive constant.

Eq. (7) represents the driving force for small crack propagationM | In order to evaluate this

parameter the following material constants are needed: A, ., k, 2, KOPmaX.

Experimental method

The material used was 6151-T6 aluminium alloy, which chemical composition and mechanical
properties are shown in Table 1. The aero-aluminium alloy was machined as the dog-bone shaped
specimen, whose shape and size was shown in Fig.1. In order to facilitate the observation, a notch
with a radius of about 0.05 mm was made locating at the centre of the gage length.

N

A5 Unit: mm

~
Fig. 1 Schematic diagram of shape and dimension of 6151-T6 specimen

Table 1 The chemical composition and static strength properties of AA 6151-T6

Composition Oy, o,
Cu Mn M Zn Al E (Gpa
(Wt. %) g S R
6151-T6 0.5 0.35 0.66 0.2 Balance 255 54.4850 290

Fatigue tests were conducted at room temperature in the chamber of SS550 SEM combining a
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specially designed servo hydraulic testing system at a frequency of 10 Hz. The fatigue small crack

propagation tests of all specimens were carried out at a stress ratio R =0.1and three stresses levels
(200, 220 and 240 MPa, respectively). And then, the fracture surfaces of all the broken specimens
were observed using a field-emission type scanning electron microscope (FE-SEM)[7].

Results and discussion

Linear Elastic Fracture Mechanics has been successfully applied to quantify growth rates of
cracks under cyclic loads. The fatigue crack growth life can be described by the Paris power law:
da
— =C(AK)" 8
Y (AK) (8)

Where @is the crack length, N is the number of cycle, AK is the range of stress-intensity factor,

and T(@/W) jsq crack-shape correction factor.

Fatigue small crack propagation curves under different stress levels are shown in Fig.2. As can
be seen from the figure, it can be found that the crack growth rate fluctuates in stronger randomness,
and the linear-elastic parameter was not an effective correlating parameter for the experimental
results.
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Fig. 2 The rate of fatigue Crack propagation as a function of Ak under different stress levels

So, it’s necessary to establish a nonlinear equation based on the McEvily model, and give error
function as follows

2
5| ( da
Error = — | —1AM? 9
() ®

Considering the genetic algorithm could be effectively solve multi-modal optimization
problems, the parameters of the fatigue crack growth rate model can be determined through the

genetic algorithm Dbased on the experimental data. Firstly , setting the initial

. Do, Koy 1oy K . o o
populatlon(AO %o %01 Teo °p”‘ax°) which were selected based on optimization criteria. And then the
mutant evolution course randomness in order to efficiency of searching for the new

populations (A"q)"k" e K"p”‘a“) . Setting the objective function the error function, the global
optimal individual will be searched.

The fitting results and the corresponding experimental data for different load ratios are shown in
Fig.4, and the parameters under different load levels will exist as shown in Table 2. In comparison
with Fig.2, a much better correlation between predictions and it was show that the proposed model
improves the accuracy of the predictions, effectively solves the data unbalance problem, and it is an
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effective method to predict the fatigue lifetime

Tab.2 The parameters of crack growth rate of 6A02 aluminum alloy

A @ k r, K opmax
Parameter 12
(MPa) m* m MPav/m
_ oooMmpa 2892<10- 4 4s g000 0-6€x10- 55
Optimu 9 6
M osMPa 4.32x10-8 1.32 6300 21€10- 54
estimati 6
onvalue oconvipa 9.64x10-9 202 9000 5'29(;‘10' 4.30
15,
1l m 220MPa
1 ® 240 MPa
].E-G-§ A 250 MPa
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Fig. 4 The rate of fatigue crack growths as a function of the parameter M of different stress levels

Conclusion

(1) Based on the McEvily model, considering elastic—plastic behaviour, the development of
crack closure, the relation between the threshold for fatigue crack growth and the endurance limit,
the Evaluation of fatigue small crack growth rate model can be established. Results indicate that the
modified model is able to characterize small crack propagation behaviour, expanding the region to
be precisely predicted.

(2) The experimental results are in good agreement with predictions of amendment fatigue crack
growth rate model. The proposed model based on McEvily model is reasonable, and proposed a
theoretical reference for aluminium alloy damage tolerance analysis.
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