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heterogeneity (mismatch) and stress concentration. In the present paper, the fatigue
behaviour of a metallic welded T-joint subjected to cyclic bending is analysed. A semi-
elliptical surface crack is assumed to exist at the welding. The crack propagation is
numerically examined by using the stress-intensity factor (SIF) values obtained from finite

g_ej;; Vi‘:trds" element analyses, and extensively presented in a recent work. Geometry and sizes of the
Cyclic bending welded T-joint are chosen in order to compare numerical results with experimental data
Surface crack available in literature, related to an actual welded joint of a common Francis turbine
Stress-intensity factor runner.

Francis turbine runner © 2015 Elsevier Ltd. All rights reserved.

1. Introduction

As is well known, material heterogeneity such as that represented by a mismatched welded T-joint in metallic structural
components may have an important role on fracture behaviour of such components [1]. Mismatch means that base metal
and weld metal have different mechanical properties in terms of yield stress, elastic modulus, Poisson’s ratio and hardening
properties [2,3]. Cracks generally nucleate at welding, that is, in a zone characterised by both material heterogeneity and
high stress gradients due to the welding geometry. Several criteria are available in the literature for fracture assessment
of welded joints [4-6]. In presence of cyclic loading, such cracks can grow up to failure of the structural components [7,8].

Unexpected failure of turbine blades in hydroeletric plants [9] can occur either very early in service life or after twenty
years of operation [10,11]. Such a difference in terms of turbine life is due to the fact that the integrity of the turbines is
strongly dependent on design, manufacture and material properties [12,13].

The aforementioned turbine failure is produced by cyclic service load [14,15], represented by either start-up and shut-
down operations or transverse blade vibrations, the latter caused by the interaction of the guide vane wakes with the runner
blades.

In the present paper, the fatigue crack growth simulation for a metallic welded T-joint is carried out by employing a
model [16] based on the Paris law [17]. The geometry, sizes and loading here analysed are chosen in order to numerically
simulate some experimental fatigue tests available in the literature [10], related to a common Francis hydraulic turbine run-
ner welded joints with hot-formed steel blades welded to both band and crown (Fig. 1).
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Nomenclature
a,b semi-axes of the ellipse
Bl by polynomial coefficients of the power series expansion for stress distribution 7,

D blade width

F trasversal force acting on the blade

I: error index on the predicted value of ¢
Iy error index on the predicted value of o

Kiony: Kjpny SIF and dimensionless SIF, respectively, for stress distribution gy,
Kim), Kimy SIF and dimensionless SIF, respectively, for elementary stress distribution g

Ky stress concentration factor for bending

I arm of the force F, with respect to the XY plate

N fatigue life

No number of loading cycles to crack initiation

R stress ratio

t blade thickness

t band/crown thickness

XYZ global coordinate system

w local coordinate axis, with its origin A at the most internal point on the crack front
o crack aspect ratio

AN number of cycles of each bending loading block producing crack propagation during experimental beach

marking procedure

n =w/a normalised coordinate, with its origin at the most internal point on the crack front

Opn, 0}, Mode I stress distribution and dimensionless Mode I stress distribution, respectively, at the location of the
highest stress concentration for the uncracked T-joint

Oi(m) m-th elementary stress distribution

Orefyy ~ Nominal surface stress under bending

Oref(b), max Maximum nominal surface stress under cyclic bending

Orfmy  Teference stress for the m-th elementary stress distribution gy
P radius of the transition arc between blade and band (or crown)
4 relative crack depth

The specimens consisted of T-joint samples (Fig. 2(a)) made according to the standard manufacturing process for com-
mercial turbines runners. For each specimen, the vertical plate represented the blade, and the horizontal one the band (or
crown). Such plates were joined by a double fillet weld. The weld geometry at the T-joint transition is represented by a cir-
cular arc, and described by the radius, p (Fig. 2(a)).

The specimens were subjected to cyclic bending. Load levels were chosen in a way that the fatigue life of the specimens
ranged between 10* and 2(10)° loading cycles. Therefore, HCF loading was taken into account, according to the definition by
Schijve [18].

In such a contest, a linear elastic fracture mechanics approach is suitable for the numerical simulation of the aforemen-
tioned experimental campaign. A semi-elliptical surface crack is assumed to exist in the welded zone of the T-joint (Fig. 2(a)).
Such a crack shape was that generally observed during the above campaign, and commonly occurs during welding [19,20].

welding

Fig. 1. Francis hydraulic turbine runner.



Download English Version:

https://daneshyari.com/en/article/769425

Download Persian Version:

https://daneshyari.com/article/769425

Daneshyari.com


https://daneshyari.com/en/article/769425
https://daneshyari.com/article/769425
https://daneshyari.com

