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Abstract Acoustic emission (AE) generated during ten-
sile deformation of notched specimens with varying notch
lengths has been compared with those from unnotched
specimens of a nuclear grade AISI type 304 stainless steel
in the 5 and 30% pre-strained conditions. The results
indicate that (a) nature of AE generation is different for
different stages of deformation and (b) amount of cold
work or pre-strain influences the magnitude of such AE
generation. The observed results have been explained using
the phenomena of varied localized deformation at the notch
tip and deformation-induced o'-martensite formation in
cold worked AISI type 304 stainless steel. An examination
of the correlation between total AE counts (N) and stress
intensity factor (K) has shown that the value of the expo-
nent (m) in the relationship N = AK™ decreases with
increasing pre-strain. The formation of o’-martensite in
unnotched specimens has been confirmed by equivalent J-
ferrite (%) content measurements. The examination of
fracture surfaces by scanning electron microscopy (SEM)
has indicated that the localized plastic deformation at the
notch tip depends on the level of pre-strain.
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Introduction

Acoustic emission technique (AET) is widely used to
characterise the deformation and fracture processes in
materials. Defects such as dents, notches and cracks pres-
ent in a structural material influence the acoustic emission
(AE) generated from the material under load [1-4]. This is
attributed to the fact that defects which act as stress con-
centrators alter the uniaxial stress field to a multiaxial type
during loading and cause localized plastic deformation at
nominal stress levels below the yield stress of the net
section. The extent of localised plastic deformation de-
pends on the notch depth, size and geometry of the spec-
imen/component, plasticity at the notch tip and the
magnitude of the applied stress.

Earlier attempts to study AE generated during tensile
deformation of flawed/notched specimens and to compare
these with AE signals of unnotched specimens of the same
material are a few in number. Comparative analysis of such
signals made in beryllium and aluminium alloys [1, 2] and
AISI type 304 stainless steel [3, 4] depicts that in materials
with secondary phases and inclusions, higher AE is gen-
erated in unflawed specimens (higher volume of deforming
material) than in flawed specimens (reduced volume of
deforming material), opposite to that observed in materials
free of second phases like nuclear grade AISI type 304
stainless steel. The higher AE in unflawed specimens than
in flawed specimens of materials with secondary phases
could be understood by the fact that in such materials in
addition to the AE generated by dislocations, AE is also
generated by decohesion and/fracture of the second phase
particles and the occurrence of such events is more in a
large volume of plastically deforming material (in case of
unflawed specimens) than that in a lower volume (in case
of flawed specimens). This is in agreement with the
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observation that AE generated during deformation of pre-
cipitated alloys is proportional to the volume of the
material undergoing plastic deformation [5]. Whereas in a
nuclear grade material where AE is mainly associated with
dislocation activity, higher AE generated in notched
specimens than in unnotched specimens was attributed to
the localised deformation at the notch tip [3, 4]. Higher
effective strain rate operative at the notch tip also con-
tributed to the increased AE in the notched specimens [6].
It was also observed that increased notch length increases
AE generation due to increased localised deformation at
the notch tip [4]. Similar result was also reported for a C—
Mn pressure vessel steel where increased stress wave en-
ergy release (SWER) with increasing notch length before
general yielding was attributed to the increased localized
plastic deformation at the notch tip [7].

The generation of acoustic activity during tensile
deformation of cold worked or pre-strained materials as
compared to solution annealed materials is reduced be-
cause of reduced glide distance for moving dislocations
and the reduced rate of formation of dislocation avalanche
[8]. Pre-strained materials also possess reduced plasticity
because of higher dislocation density associated with the
pre-strained conditions. Palmer [9] reported that AE gen-
erated from cold worked specimens with flaws is reduced
because of reduced plasticity at the notch tip. It was also
reported that both yielding and crack growth in cold
worked specimens are very quiet [9]. But no comparative
study of AE between the two types of specimens (unflawed
and flawed) mentioned above, in the case of pre-strained
materials is available in the literature. The major aim of the
present investigation is to generate and examine such re-
sults.

AISI type 304 stainless steel is known to undergo
deformation-induced transformation from austenite to o’-
martensite at ambient temperature [10]. The phenomenon
of deformation-induced martensitic transformation in
metastable stainless steels has been classified as two types
viz. strain-induced and stress-assisted [11]. While the
strain-induced transformation occurs by creation of new
sites and embryos by plastic deformation of the parent
austenite, the latter takes place under the application of
elastic stress and involves the same sites and embryos
existing in the matrix [11]. It is known from an earlier
investigation that in AISI type 304 stainless steel, defor-
mation-induced transformation from austenite to martens-
ite produces detectable acoustic activity [12]. The
magnitude of AE generation from such transformation is
dependent on the amount of prior cold work (PCW); being
higher for lower amount of PCW (<10%) and lower for
PCW 2> 20%. This could be understood by the fact that
small amount of PCW stimulates while higher amount of
PCW retards martensite formation during subsequent
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deformation [13, 14]. Thus, the present study is also aimed
to analyse whether the nature of such AE generation pre-
vailing in unnotched specimens of cold worked AISI type
304 stainless steel also occurs in notched specimens.

In an earlier investigation [1], total AE counts () and
stress intensity factor (K) were correlated as

N = AK™ (1)

where A and m are constants. The value of m was theo-
retically predicted as 4 [1] whereas experimental results on
different materials like C—Mn steel [7, 9, 15], A533 Grade
B steel [16] and aluminium alloys [1, 17] showed the value
to lie in a wide range. The reported lower values of the
exponent (1-6) in the N-K relationship were attributed to
the plastic zone formation at the notch tip while the higher
values of m (>8) were assigned to the phenomenon of crack
growth [17]. In nuclear grade 304 stainless steel, the value
of m has been found to lie between 1.1 and 1.9 in the
solution annealed condition and this has been attributed to
the localized deformation at the notch tip [4]. But in none
of the earlier investigations, the effect of prior cold work
on the value of m was studied. Another aim of this study is
thus to examine such correlation for notched specimens of
pre-strained nuclear grade AISI type 304 stainless steel.

Experimental

The chemical composition of the AISI type 304 stainless
steel used in this study is shown in Table 1. The steel was
obtained in the solution annealed condition (1,323 K for
1 h, WQ). Inclusion analysis in the polished samples
indicated the size of the inclusions to be in the range of
0.5-1 pm and their numbers are very few. The micro-
structure of the steel in the solution annealed condition is
austenite and the average grain size is 55 + 3 pm.

Flat tensile specimens having gauge dimensions
36 x 8 X 5 mm were fabricated from the solution annealed
plate of this steel. All the specimens were polished with
400 grit emery papers to obtain an uniform surface finish.
The pre-strained specimens were made by deforming the
solution annealed specimens up to 5 and 30% nominal
strain levels in an Instron 1195 Tensile Testing Machine
(M/s. Instron, UK) and then by remarking the gauge
lengths. In the solution annealed and pre-strained speci-
mens, notches with a/W ratios (a = notch length and

Table 1 Chemical composition (wt%) of AISI type 304 stainless
steel

Elements C Cr Ni Mn Si S P Fe

Wt% 008 180 105 20 1.0 0.002 003 Bal
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W = gauge width of the tensile specimen) in the range of
0.1-0.25 were made at the centre of the gauge length by
spark erosion machining. Figure 1a shows the details of the
tensile specimens in the as-annealed condition prior to
introducing the pre-strain and Fig. 1b shows the details of
the notch made in different specimens. It should be noted
that pre-straining to 5 and 30% increases the gauge length
and decreases the gauge width and thickness of the speci-
mens. The a/W ratios of the notches in the pre-strained
specimens were maintained in the range of 0.1-0.25 by
taking into account the decrease in the gauge width with
increasing pre-straining. The notch length and the notch tip
radius were measured using a Measurescope MM2 (M/s.
Nikon, Japan) having a resolution of 1 micron. The in-
cluded angle of the notches and the radius at the notch tip
were maintained within 60 = 1° and 0.2 = 0.05 mm,
respectively. This was done by changing the notch
dimensions for the notches of the specimens with different
pre-straining. Tensile tests of all the specimens were car-
ried out at a cross head speed of 1.67 x 10~ mm/s at
ambient temperature (300 K).

Figure 2 shows the schematic of the experimental set up
used to record the AE signals generated during tensile tests
of the pre-strained specimens. Acoustic emission signals
were recorded and analysed using a Spartan 2000 acoustic
emission system (M/s. Physical Acoustic Corporation,
USA). A piezoelectric transducer having a resonant fre-
quency at 175 kHz, a preamplifier (40 dB gain) and a
compatible filter (100-300 kHz) were used to capture the
AE signals. The transducer used was of 8 mm diameter and
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Fig. 1 Details of (a) tensile specimens prior to introducing pre-strain
and (b) notch

10 mm height. The transducer was fixed at the gauge to
shoulder transition region of different specimens using
silicon grease as couplant. For recording AE signals during
deformation, proper location of the transducer is important
in order to record the AE signals with high sensitivity. The
AE signal generated during deformation of a material is
significantly influenced by the resonance and transmission
characteristics of both the specimen (geometry as well as
acoustic properties) and the transducer. In practice, this is
governed by background noise and attenuation of the
acoustic waves that restrict the useful detection range. The
position of the transducer is chosen to keep the transducer
close to the primary sources of acoustic emission genera-
tion. This requirement is met by mounting the transducer at
the gauge to shoulder transition region of the tensile
specimen which is outside the gauge length of the speci-
men and experiences less deformation than the gauge re-
gion. Thus the problem of slipping the transducer during
the testing is minimized. At the same time this also allows
a larger area of the gripped region so that the specimen is
gripped properly to the testing machine.

A total gain of 88 dB and a threshold of 38 dB were so
selected that no external noise was recorded during the
experiments. This was verified by repeatedly loading and
unloading a dummy specimen to more than 1.5 times the
maximum load expected to be taken by any of the speci-
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Fig. 2 Schematic of experimental setup
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mens used in the present study. After the first cycle of
loading, no emission was generated during the subsequent
cycles. This indicated that the AE signals were not re-
corded either from the machine or from external noise. AE
counts recorded during the tests were used for analysing
the results.

Results

Figure 3a, b show the variations in stress and AE counts
with strain for typical unnotched and notched (a/W = 0.25)
specimens in the 5% pre-strained condition. Similarly the
variations between stress and AE counts with strain for
such specimens in the 30% pre-strained condition are
shown in Fig. 4a, b. The stress and strain values plotted in
Figs. 3, 4 are engineering stress strain values. It can be seen
from Figs. 3, 4 that significant AE is generated in the re-
gion before or near the macroscopic yielding for all the
specimens. In addition to this, AE is also observed in the
post-yield regime. It can be also seen that AE generated in
different regimes of the stress—strain curve is not uniform
and depends on the regime of deformation and level of pre-
strain. In order to understand the AE generated in different
specimens more distinctly, AE counts obtained up to (i)
macroyielding i.e. up to 0.2% offset yield strength (YS),
(i1) up to ultimate tensile strength (UTS) and (iii) for
complete tensile test (except instantaneous final fracture) of
different specimens have been determined. Figure 5 shows
the total AE counts obtained for (a) up to macroyielding
(NVy), (b) up to UTS (Ny) and (c) for complete tensile test
(Ny) vs. alW for the 5% pre-strained and 30% pre-strained
conditions.

In order to further comprehend the AE counts generated
between the two types of specimens (unnotched and not-
ched) and for the two pre-strained (5 and 30%) conditions,
the difference in counts between these two types of spec-
imens was computed. The normalised difference in total
AE counts (AN) between notched and unnotched specimens
for the three deformation regimes mentioned above was
determined as follows:

AN = (Nys — Nys) /Nus (2)
where N, and N, are the average total counts generated
for the notched and unnotched specimens, respectively, for
any given regime. The average values were taken from at
least two measurements. The values of AN thus obtained
were designated as ANy, AN, and AN, for the regimes (i)
up to macroyielding, (ii) up to UTS and (iii) for complete
tensile test, respectively. The variation of AN, with a/W for
the 5 and 30% pre-strained conditions is shown in Fig. 6a.
Similarly the variations for AN and AN; with a/W for the
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Fig. 3 Variation in nominal stress and AE counts with nominal strain
for (a) unnotched and (b) notched specimens of 5% pre-strained 304
stainless steel

above two conditions are shown in Fig. 6b, c, respectively.
The increase in the value of AN with a/W shown in Fig. 6
indicates higher AE activity in notched specimens as
compared to unnotched specimens.

The results in Figs. 3—6 indicate several inferences: (i)
irrespective of the level of pre-strain and type of specimen,
AE generated in the post-yield regime is drastically re-
duced as compared to that in the regime prior to and during
macroyielding (Figs. 3, 4), (ii) for any type of specimen,
AE generated is higher for 5% pre-strain as compared to
30% pre-strain (Figs. 3-5), (iii) total counts generated for
all the regimes i.e. up to macroyielding, up to UTS and for
complete tensile test, in general, are higher for notched
specimens than unnotched specimens (Fig. 5). The values
of total counts appear to be bounded by similar scatter
bands in all the notched specimens irrespective of the
variation in the notch length, (iv) for any regime, the
parameters ANy, ANy, and AN, possess higher values for
notched specimens than unnotched ones but do not change
significantly with a/W. These parameters appear to be
better described by a constant (c¢) multiplication of the total
count values of unnotched specimens. The values of ¢ were
determined from Fig. 6a—c and are also shown in the same
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Fig. 4 Variation in nominal stress and AE counts with nominal strain
for (a) unnotched and (b) notched specimens of 30% pre-strained 304
stainless steel

figures. This indicates that the value of ¢ decreases with
increasing pre-strain, and for any pre-strain, ¢ decreases for
counts generated up to UTS but increases again for counts
generated for the complete tensile test.

The total AE counts (V) obtained for notched specimens
of two pre-strained conditions have been examined with
respect to the stress intensity factor (K) corresponding to
the yield load. The magnitude of the stress intensity factor
(K) was calculated using the following equation for single
edge notched tensile specimen [18]:

K = (P/WB)a'/*[1.99 — 0.41(a/W) + 18.7(a/W)?
—38.48(a/W)’ + 53.85(a/W)"] 3)

where, K is in Mpa m”z; P, load (kg); B, specimen
thickness (mm); W, specimen width (mm) and a, notch
length (mm).

The variation of N with K for a notched specimen in a
log-log scale indeed shows linear relation [4]. The slope
of such linear plots represents the value of the exponent
m in Eq. 1 and such m values for different notched
specimens of 5 and 30% pre-strained conditions were
estimated. The values of m for different a/W ratios and
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Fig. 5 Variation in total AE counts for (a) up to macroyielding (Ny),
(b) up to ultimate tensile strength (N,) and (c) for complete tensile
test (N with a/W for 5 and 30% pre-strained 304 stainless steel

for the different conditions, corresponding values of
stress intensity factor over which the m values are esti-
mated and the correlation coefficients of the best fit be-
tween N and K are given in Table 2. It can be seen from
Table 2 that, (i) there exists a good correlation between
N and K, (ii) the magnitude of m for all the notched
specimens lies below the theoretically predicted value of
4 for fatigue pre-cracked specimens reported in the lit-

@ Springer



5652

J Mater Sci (2007) 42:5647-5656

(@) o5
® 5% Pre-strained, c =0.14
041 m 30% Pre-strained, ¢ = 0.07
.. 0.3
zZ
<
0.2
[ ]
® Y
0.1 1 ]
% - [ ]
0.0 "
0.00 0.05 0.10 0.15 0.20 0.25
a/W
(b) o5
0.4
® 5% Pre-strained, ¢ = 0.12
@ 0.3 ®  30% Pre-strained, ¢ = 0.03
>
< 0.2
[)
0.1+
O (]
L] n
0.0 4 ]
0.00 0.05 0.10 0.15 0.20 0.25
a/W
(©) 0.5
0.4 1 ® 5% Pre-strained, c=0.18
| 30% Pre-strained, c = 0.17
0.3 1
%ﬁ
0.2 1 - L)
]
0.1+
0.0

0.00 0.05 0.10 0.15 0.20 0.25
a/W
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(b) up to ultimate tensile strength (AN,) and (c) for complete tensile
test (AN, with a/W

erature [1] and (ii) the values of m for 5% pre-strained
specimens is marginally higher (1.1-1.5) than that for
30% pre-strained specimens (1.2-1.3).

Discussion

The results obtained during tensile deformation of different
specimens would be discussed in this section with respect
to the (i) generation of AE activity in cold worked AISI
type 304 stainless steel, (ii) effect of notch on AE and (iii)
relation between N and K.

Generation of AE activity

Acoustic emission during tensile deformation of nuclear
grade austenitic stainless steel is mainly generated by
dislocation activity [19]. AE during tensile deformation of
pre-strained nuclear grade AISI type 304 stainless steel
occurs from generation and motion of dislocations and
deformation-induced martensitic transformation. The
generation of AE due to dislocation activity is reduced in
the cold worked condition as compared to the annealed
condition. On the other hand, the nature of deformation-
induced o'-martensite formation changes from strain-in-
duced type in the annealed condition to both stress-as-
sisted (assisted by elastic stress in the lower strain levels)
and strain-induced (during post-yield deformation) types
in the pre-strained condition. In the earlier investigation
[12], significant AE generated during post-yield defor-
mation of the annealed specimens was attributed to the
strain-induced martensitic transformation, as a minimum
amount of strain is necessary for commencement of this
transformation. But in cold worked specimens, significant
AE was observed at lower strain level up to macro-
yielding than that beyond yielding and this was attributed
to the higher amount of martensite formed in the lower
strain levels [12]. In the case of present investigation, it
can be seen that AE generated at lower strain level is
significantly higher than that at higher strain level irre-
spective of the type of specimen and level of pre-strain.
This is attributed to the occurrence of stress-assisted
martensite formation at lower strain level in the pre-
strained specimens. Comparison of Figs. 3-5 also indi-
cates that higher AE is generated in the 5% pre-strained
(PS) condition compared to 30% PS condition. This is

Table 2 Values of the exponent (m) in the Eq. N = AK™, corresponding values of stress intensity factor (K) at macroyielding and correlation

coefficients of the best fit for different notched specimens

alW Pre-strain (%)
5 30
Ranges in K m Correlation coefficient Ranges in K m Correlation coefficient
0.10 1.5-21.2 1.10 0.92 3.8-42.2 1.19 0.97
0.15 2.2-32.4 1.12 0.95 5.6-59.0 1.24 0.90
0.20 3.7-36.7 1.23 0.95 5.7-70.6 1.26 0.97
0.25 6.9-46.0 1.48 0.90 5.9-88.6 1.22 0.96
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attributed to the formation of higher amount of stress-
assisted o’-martensite in the 5% PS condition as compared
to the 30% PS condition. Activation of the transformation
by lower amount of prior cold work and retardation of the
transformation by higher amount of prior cold work is
reported in the literature [13, 14]. But in the notched
specimens, in addition to the stress-assisted martensite,
strain-induced martensite also forms by the localized
plastic deformation of the material surrounding the notch
tip, being higher for 5% than 30% pre-strain. The higher
AE generation in the 5% pre-strained specimens com-
pared to 30% pre-strained specimens is attributed to this
also. The occurrence of localized plastic deformation at
the notch tip during tensile deformation of AISI type 304
stainless steel has been shown in an earlier paper [20].

The formation of o'-martensite during tensile defor-
mation has been confirmed by estimating equivalent J-
ferrite (%) content in various unnotched specimens using
Ferritoscope FE-8. The measurements were done on both
sides of the tensile specimens in the direction parallel to
the tensile axis and the average values were taken. The
sensitivity of measurements of Ferritoscope FE-8 was as
follows: 0.1% in the smallest scale (0-3% equivalent J-
ferrite), 0.2% in the medium scale (0-10% equivalent
o-ferrite) and 0.5% in the highest scale (0-30% equivalent
o-ferrite). The results obtained are plotted in Fig. 7 as the
variation in equivalent J-ferrite (%) content with distance
from the fracture surface for (a) as pre-strained, (b) pre-
strained and tensile tested and (c) difference between pre-
strained and tensile tested and as pre-strained conditions.
Figure 7 indicates that pre-straining up to 30% only in-
duces martensite as compared to annealed and 5% PS
conditions (Fig. 7a). After tensile testing, martensite is
maximum in the 30% PS specimens as compared to an-
nealed and 5% PS specimens (Fig. 7b). The difference in
martensite between pre-strained and tensile tested and as
pre-strained conditions (Fig. 7c) is higher for annealed
and 5% PS as compared to 30% PS specimens. This
indicates the formation of higher amount of martensite
during tensile testing in the 5% PS compared to 30% PS
specimens. Higher amount of the equivalent J-ferrite (%)
content near the point of fracture and its decrease with
increasing distance from the fracture region can be
understood by higher strain at the fracture region which
causes higher amount of transformation. It should be
noted that the equivalent o-ferrite (%) measurement by a
Ferritoscope is influenced by prior cold work, anisotropy
and/or surface condition of the material. In the present
investigation, equivalent J-ferrite (%) content measure-
ments were done on the specimens with different amount
of prior cold work and hence the values depicted in Fig. 7
can be considered as relative values instead of absolute
values.
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Effect of notch on AE

The difference in acoustic activity between the two types of
specimens (unnotched and notched) and for the two dif-
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ferent conditions (5% pre-strained and 30% pre-strained)
can be considered to arise due to difference in the dislo-
cation activity. In materials with presence of second phases
like beryllium and aluminium alloys and commercial grade
AISI type 304 stainless steel, the major source of AE is the
decohesion and/or fracture of second phase particles and
this generates burst type AE signals. The higher AE gen-
erated in unflawed specimens than in flawed specimens of
such materials could be explained by the fact that deco-
hesion and/fracture events predominate in generating AE
signals than the other sources since the probability of
occurrence of such decohesion is more in unflawed speci-
mens (higher volume of deforming material) than in flawed
specimens (reduced volume of deforming material) [1-3].
In comparison to such materials, in nuclear grade materials,
the generation and motion of dislocations mainly generate
AE. The higher AE generated up to macroyielding in the
notched specimens than unnotched specimens of nuclear
grade AISI type 304 stainless steel in the present investi-
gation can thus be attributed to the phenomenon of local-
ized deformation at the notch tip, in agreement with the
earlier studies [3, 4]. Higher AE in the notched specimens
can be also attributed to the higher effective strain rate at
the notch tip [6].

The AE counts generated in the notched specimens do
not increase appreciably with increase in notch length and
also appear to be bounded by similar scatter bands for all
the notched specimens. Increased AE generation during
tensile deformation of annealed AISI type 304 stainless
steel with increasing notch length reported earlier was
attributed to the increased localised deformation around
notch tip [3]. Investigations conducted on C—Mn steel [7]
showed that the stress wave energy release (SWER)
during tensile deformation of notched specimens is pro-
portional to the size of the plastic zone before general
yielding. On the other hand, in pre-strained materials, the
generation of acoustic emission during tensile deforma-
tion is known to get lowered because of the reduced glide
distance for moving dislocations and the reduced rate of
formation of dislocations [8]. Pre-strained materials pos-
sess increased strength with an accompanied decrease in
ductility and this, in turn, reduces the magnitude of the
localized plastic deformation around notches. With
increasing notch length in pre-strained specimens, the
extent of such localized deformation depends on the de-
gree of prior cold work, being maximum for the solution
annealed condition and reduces with increasing pre-strain.
This can be understood by comparing notch strengthening
for different pre-strains. The magnitude of notch strength
ratio (NSR) at yield was determined as the ratio of the
yield strength of notched specimen to the yield strength of
unnotched specimen and plotted as a function of a/W for
different pre-strains (Fig. 8). The results of solution an-
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Fig. 8 Variation of notch strength ratio at yield with a/W

nealed specimens are also included in this plot for com-
parison. These results unambiguously indicate the
occurrence of notch strengthening in this material and the
notch strengthening decreases with increasing pre-strain.
The presence of a notch in a tensile specimen results in
stress triaxiality. The effect of notch on tensile properties
is governed by the amount of stress triaxiality produced
by the notch and the ability of a material to accommodate
deformation due to stress concentration. Consequently,
the yield strength of a notched specimen is greater than
the yield strength of an unnotched specimen of ductile
materials. The phenomenon of notch strengthening in
ductile material has been reported [21]. The reduced
dislocation activity around notch tip for the higher pre-
strain (30%) as compared to the lower pre-strain (5%) is
thus also considered to give rise to the reduced AE counts
(Ny, Nys and Ny) in 30% pre-strained specimens than in
5% pre-strained ones. This also leads to the characteristic
variation of ANy and AN, with a/W as shown in Fig. 6a,
b and results in reduction in the value of the constant ¢
with increasing pre-strain. These results are in agreement
with the reported observation of Palmer on C—Mn steel
that yielding in 10-20% pre-strained materials are quiet
and a pre-strain of 10% is adequate to remove most of the
emissions arising from plastic yielding at the crack tip [9].
The value of ¢ is reduced for AN, and increased again
for AN; as compared to that for ANy. The reduction in the
value of ¢ for AN can be understood by the occurrence
of blunting of the notch tip after macroyielding. The in-
crease in the value of ¢ for AN, can be understood by
higher AE generated due to tearing in the notched spec-
imens during necking elongation [3, 4].

The fracture surfaces of the notched specimens (a/
W = 0.25) in the annealed, 5% PS and 30% PS conditions
were examined under a scanning electron microscope
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(SEM Model 501Q of M/s. Philips). For this, small samples
were cut from the fracture regions of the tensile tested
specimens. The photomicrographs of the fracture surfaces
were taken at a distance of around 50 pm from the notch
tip for all the specimens and are shown in Fig. 9a—c for the
annealed, 5% pre-strained and 30% pre-strained conditions,
respectively. The photomicrograph in the annealed condi-
tion (Fig. 9a) indicates ductile dimple type fracture, char-
acteristic of materials possessing higher plasticity at the
notch tip. But with increasing pre-strain, size of the dim-
ples is reduced and this indicates reduced plasticity at the
notch tip with increasing pre-strain. This observation sub-
stantiates the earlier argument that the magnitude of the
localized plastic deformation at the notch tip decreases
with increasing pre-strain.

Relation between N and K

The values of the exponent (m) in the N-K relation as
depicted in Table 2 indicate that the values of m are below
4 for both the pre-strained conditions. In an earlier inves-
tigation [1], the value of m was theoretically predicted as 4
assuming that AE generated in a flawed specimen is pro-
portional to the volume of the plastically deforming
material ahead of the crack tip. Experiments conducted on
aluminium alloys however showed m to lie between 4 and
8 [1]. In C-Mn steel, the stress wave energy release
(SWER) was reported to be linearly proportional to the
plastic zone length before general yielding and
SWER o K? [7]. Lower value of m (=2) was also reported
for C—Mn steel and this was explained by the fact that 95%
of the AE activity was generated up to a plastic strain of
0.002 [9, 16]. For notched specimens of aluminum alloys,
values of m in the range of 1 and 6 was reported and this
was attributed to the plastic zone formation at the crack tip
[17]. Tt was also reported that specimens with machined
notches result in lower value of m (=1) as compared to the
specimens with fatigue precracks [17]. The observed lower
value of m (<4) in the present study is thus attributed to the
fact that, in notched specimens of nuclear grade AISI type
304 stainless steel, AE at lower strain is mainly associated
with plastic deformation around blunt notches. This is in
agreement with the values of m (1.1-1.9) obtained in this
material in the solution annealed condition examined for a/
W ratios between 0.1 and 0.25 [4] Comparison of the above
mentioned values of m in the annealed condition with the
results depicted in Table 2 indicates that the ranges in the
values of m is highest for the solution annealed condition
(1.1-1.9) and is lowest for 30% pre-strained specimens; the
magnitude of m for 5% pre-strained specimens is margin-
ally higher (1.1-1.5) than that for 30% pre-strained speci-
mens (1.2-1.3).

Fig. 9 SEM photomicrographs of fracture surfaces ahead of the
notch tip for (a) annealed, (b) 5% pre-strained and (c) 30% pre-
strained conditions

Conclusion

Acoustic emission generated during tensile tests of unnot-
ched and notched specimens of pre-strained nuclear grade
AISI type 304 stainless steel has shown that acoustic
activity is a function of the type of specimen (notched or
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unnotched) and magnitude of pre-strain (5 or 30%). The
higher AE counts for 5% pre-strained specimens than 30%
pre-strained specimens has been explained using stimula-
tion of deformation-induced martensitic transformation in
AISI type 304 stainless steel. Acoustic activity for notched
specimens has been found to be higher than that for un-
notched ones and the difference does not increase signifi-
cantly with increasing notch length. These aspects are
explained by the fact that AE in nuclear grade 304 stainless
steel is primarily governed by dislocation activity and prior
cold work affects AE generation from such sources. The
value of the exponent (m) in the correlation N = AK™ is
reduced with increasing pre-strain. Increasing pre-strain
reduces localized deformation around notch as evidenced
by examination of the fracture surfaces of the notched
specimens under SEM.
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