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Figure 1. Microbardness variation in specimens with ditterent noteh
radii at intermittent loading mode: « R=01:b 0.2: ¢
0.9 mm

fested. Location of the inclusions relative to the load-
ing direction has an essential influence on microhard-
ness level. Nature of microhardness variation illus-
trates its interrelation with the level of the stressed
state in the alloy. In specimens with a sharp notch
(0.1 mm) microhardness is by 15 to 20 % lower than
in specimens with the notch radius of 0.2 and 0.9 mm,
this leading to the conclusion about a certain interre-
lation of the processes of microinhomogeneous defor-
mation and crack formation.

Methods of scanning electron microscopy were
used to establish that a great number of microtears
develop during the main crack formation and propa-
gation in the adjacent regions of the studied allov
structure. Slip bands were found on the grain surface,
related to initiation and subsequent coalescence of
short microcracks. Their growing along the grain
boundaries leads to formation of a macrocrack. At
10 mm distance from the noteh fine grains were found
in the atloy, having blurred boundaries and slip bands.

Table 2. Geometrical parameters of the plastic deformation zone
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oriented in different directions. Their study showed
that a significant shear component directed along the
fracture plane is acting during specimen deformation.
This is exactly what influences the level of the nominal
breaking stress (see Table 1). A considerable number
of microtears, cracking of coarse particles located on
the grain boundaries are alsc observed in the vicinity
of the main crack mouth in the structure of samples
tested with loading interruption.

Irrespective of the notch radius and, therefore,
stress concentration, traces of plastic deformation
process are found in the studied specimen, this process
being localized in the noteh tip with formation of a
specitic region of the structure, namely plastic defor-
mation zone. Its relief is indicative of the nature of
resistance of the metal and its structural components
to crack initiation during specimen fracture at the
action of different factors on it. Therefore, geometrical
dimensions of the specimen plastic zone depending on
loading conditions were measured (Figure 2) when
studving the features of the fracture surface.

As shown by analysis, these zones contain three
characteristic regions of the relief for all the kinds of
testing (sec Figure 2). Extent of the plastic zone in
aspecimen of 0.1 mm radius (Table 2) is much greater
than in a specimen with 0.9 mm radius. Plastic zone
boundaries are indistinct, relief structure is non-uni-
form, this being indicative of the mixed mode of frac-
ture.

Comparison of the outlined zone areas showed the
dependence of zone dimensions on the stressed state
level, determined by the notch radius. Zone area is
increased with stress decrease. This is, probably, re-
lated to increased resistance of the metal to crack
propagation at low stresses, higher rate of its propa-
gation and reduction of critical length [7]. Structural
changes in the plastic deformation zone may be used
for comparative evaluation of the energy content of
the crack initiation process, as the zone size is related
to crack resistance by the following relationship [4]:

ry = ALK, Gy9)

where r, is the length of the plastic deformation zone;
A s the energy content; K, is the stress intensity
factor; oy is the studied material vield point,
Based on the study of structural changes in the
plastic deformation zone, it was established (Table 2)
that at intermittent nature of loading an abrupt in-
crease of the energy content level (byv 5 to 7 times)
occurs in the studied alloy compared to monotonic
loading. Stress accumulated at each interruption or
relieving of the load in specimens with notch radius
of 0.9 mm, leads to crack initiation during plastic
deformation not only as a result of inclusions cracking,
but also on grain boundaries (Figure 3). Grouping
together, the cracks grow to critical dimensions, which
may signiticantly lower the strength as « result of
decreasing the strength of cohesion between the matrix
and inclusion. No such cracking mode was registered
in a specimen with 0.1 mm notch radius, where the
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Figure 5. Welding current pulses generated at pulsed feed of consumable electrode (a, b are the same as in Figure 3)

anticipate a considerable increase of pulse amplitude
in the case, if their frequency is selected from the
inside of the working range Afy. It turned out to be
not quite so. Figure 6, ¢ presents the results of simu-
lation of the considered process at fu1. = 2 Hz. Com-
parison of Figure 6, ¢ with [Figure 5, ¢ shows only a
slight increase of pulse amplitude.

This fact can have a quite simple explanation, if
we consider the relationship

Al = —ArT, (1)

written on the basis of the last two equations of system
(1) after their differentiating at H = const and then
transition to finite increments. From (4) it is seen
that change of arc length to Al is proportional not
onlv to difference of rates Av = v, — v, which results
from the pulsed clectrode feed, but also to a product
of this difference by pulse duration. At very small T
values, Al value will, obviously, be also quite small.
Therefore, welding current pulse amplitude will also
be small. Increasc of pulse duration at the same Av
value should lead to increase of pulse amplitude. This

is exactly the effect observed as a result of simulation
(Figure 6, b).

At rather large 1 values, commensurate with the
welding circuit time constant 7'y, Ao difference can no
longer be regarded as a constant value, as in the case
of small T values. Because of negative feedback on
clectrode melting rate (the known self-regulation ef-
tect), Av value will decrease exponentially, and during
time At = 37 it will become practically zero. [n keep-
ing with (4), Al value will also be zero, and the am-
plitude of welding current pulses, actually stops grow-
ing, starting from this moment of time (Figure 6, ¢).

This makes it clear that the pulse amplitude reaches
its maximum importance at T~ 37, and pulse repetition
rate equal to 2, i.e. 1= T .2 = 1.°2f 5. Therefore,
the optimum frequency of electrode wire feed is

f()pl =

Conducted research leads to the conclusion that
frequency properties of the welding circuit as a dy-
namic system depend not only on its parameters, but
also on the svstem input u,, H, or v that the pulse

1.67,. (5)
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Figure 6. Dependence of amplitude 7 of welding current on daration ot clectrode wire feed pulses at /. =2 Hz: ¢ - ©=0.001; b —

010: ¢ - 0.25s

























































































































































