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Austenitic Cr-Mn steels with nitrogen are used for manufacturing retaining rings for
rotors in modern turbo generators. The high N-content is attainted by electro-slag
remelting. Welded joints produced by arc welding in a protective atmosphere using a
special filler material are chemically more homogeneous than those welded joints
obtained by using Sv-01Cr19N9 electrodes. They are characterized by a higher
corrosion fatigue resistance in all investigated solutions, except 22% CuCl,.

Characterizing corrosion-fatigue durability of welded joints as heterogeneous
systems [1, 2] it is possible to develop experimental-analytical methods to evaluate
localized corrosion and damage of welded joints. The diagrams of electrochemical
resistance and resistance to stress corrosion cracking of multi-layer welded joints
form the basis to analyze the remaining resource of these connections and develop
engineering measures for the prevention of stress-corrosion cracking and
mechanical damage in service conditions.

High nitrogen stainless steel welds using Ni-containing Sv-07Cr25Nil3 wire
have a decreased crack resistance. Comparing at the base alloy the threshold AKj,
decreases by a factor of 2 in the welded joints at considerable accelerating of crack
propagation (in some ranges of a stress intensity factor (SIF) K.« — almost in an
order of magnitude) (Fig. 1).

In a saturated copper chloride solution deep pitting occurs and the fatigue
crack growth rate (V) accelerates more than 10 times, mostly in the welded area but
also in the heat affected zone, the crack propagation being both parallel and
perpendicular to the weld.

Different results are obtained on these welded specimens with a crack propa-
gation perpendicular to the weld. At the beginning when the cyclic load is applied
to such specimens the characteristic SIF-V curve reproduces the diagrams of the
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base alloy. As the crack tip approaches the heat affected zone the crack accelerates
with identical SIF. Reaching the weld zone the crack changes its direction by 90°
and moves along the fusion line through non-welded microzones, non-metallic
inclusions and other large defects [3-8].
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Fig. 1. Fatigue crack growth diagrams of 18Mn-18Cr steels with welded joints (made by
Sv-07Cr25N13 wire under protective Ar gas) placed parallel to the crack orientation
in the base alloy (0), in the welded joints (e, m) and perpendicular to the crack orientation
(A, #) tested in air (0, o), in a 22 % CuCl, solution (w) and in a 22 % NaCl solution (#).

Fractographs taken from the surface of the welded joints after the fatigue tests
present a crack propagation perpendicular to the weld. On segments between local
destruction thin transversal tracks are visible, which are not the fatigue grooves, but
a result of the spalling destruction of the material, when filler material and base
alloy are interfusing (Fig. 2).

A detailed inspection of the micro cracks near the main crack along the
welded joint shows pores and secondary micro cracks, mainly localized near large
non-metallic inclusions. The fracture mechanism in this case combines micro void
coalescence with the formation of fatigue striations. The passage of the main crack
through the fusion line is accelerated by the formation of pits and takes place by
micro void coalescence (Fig. 3). This fact is confirmed by the tendency of the
material to form micro voids rather than other types of destruction. Non-metallic
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inclusions on the fracture surface intensify the formation of micro voids at critical
stresses during the crack propagation [9-14].
!

a

Fig. 2. Fractograms from the PM-WJ area (18Mn-18Cr steel specimen, N 2842) after
fatigue tests on air and crack propagation perpendicular to the welded joint:

a—x20; b-x100.

Fig. 3. Fracture character of the WJ specimen 2842 during the crack propagation
perpendicular to WJ: a — x1000; b — x2000.

The combination of ductile fracture mechanisms in the base alloy with fatigue
striations is observed when the crack length approaches the critical length for the
final fracture.

Foremost, it is observed that the base alloy grains are destructed by the fatigue
mechanism, and the grains in the area of the welded joints fail in shear, and, gene-
rally the destruction takes place after by the mechanism of breaking off. Such a
process is accompanied by the branching off of second cracks as the main crack
crosses the fusion line (Fig. 5). The cyclic loading assists the combination of inter-
granular fracture, which is accompanied by breaking off or micro void coalescence.

Obviously such a mechanism leads to the catastrophic failure of the material
that is accompanied by the action of an aggressive environment with copper ca-
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tions. The increase of the free surface as a result of micro void initiation is large
enough, as its growth passes due to the plastic deformation and is accompanied by
the serpentine sliding [15-18].

It is known, that each fatigue striation is the result of one load cycle. The size
and spacing of fatigue striations are determined by the environment, the relative
plasticity of the metal, the stress levels or the orientation of the cracks, as well as
the strength of the material (Fig. 4).
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Fig. 4. Character of WJ fracture after the 2842 specimen fatigue tests during the crack
propagation perpendicular to the WJ (at crack tip), x5000.

198FPm

Fig. 5. Character of cracks branching during the passing of main crack Through the WIJ-PM
border in the 2842 specimen.

Contrary to high-cycle fatigue, low-cycle fatigue striations are wide enough,
often overlapping and are found at large distances one from the other. In high
strength materials the striations cannot arise up. In this case only tracks are obser-
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ved. They are conditioned by brittle particles, which wedged, compressed and
turned out between the fracture surfaces. Exactly after such mechanism, in our
opinion, there is realized the fatigue fracture in the area of the welded joining.

Obviously materials with yield strengths of about 1100 MPa show striations
that are difficult to discern and interpret. The appearance of brittle areas is enhan-
ced by environmental influences operating at the crack front.

If in the base alloy a crack grows intergranularly, i.e. accompanied by micro
voids growing and coalescing, in the area of the weld, even at the low levels of
stress intensity coefficient, intergranular fracture constituent predominates in the
character of the fracture.

Since under the influence of an aggressive environment the crack initiation
and its propagation takes place as a result of the superposition of the applied and
residual stresses, design features and details counted on work at the high levels of
stresses can turn out unreliable, as under extreme operating conditions a sub-criti-
cal crack initiated at low stresses can grow up to the critical size (Fig. 5).
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