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Abstract

Factors affecting on formability of austenitic stainless sted AlSI321 and two
duplex stainless steds GOST A917, and SAF2205, have been studied in the as-
recaéved condition at different strain rates, testing temperatures, and directions.
The mechanical properties obtained from tensile testing (strength, ductility, strain
hardening index, and strain rate sensitivity), have been chosen as criteria to detect
the formability. The values of these criteria are compared with stretching behavior
obtained from Olsen test (pesk heght, maximum stretching force, and total work
done). Strain hardening index, elongation, and tensile yield ratio, were found
good criteria which represent formability. Results from tensile and stretching tests
of these dloys in the as-received condition, showed that the austenitic stainless
sted had the best formability due to its higher ductility and work hardenability.
Formability was found to be dependent on strain rate, testing temperature, and
rolling direction due to the anisotropy. Stretching tests for the three aloys in the
as-received condition, showed that 321 austenitic stainless sted had higher (h-
value) , followed by 2205 duplex. Lubrication was found to improve formability
by increasing the (h-value) for the three alloys.

K eywords: Austenitic and Duplex stainless stedls, Formability, Tensile and
Stretching Tests

faall agliall bl dlibuw JuSds 443 e 5 il Jal gl dad o

Al

S AL e a5 ) el da oy JladV) Jaea Ll Al 0 Sl I 8
Ll 4SSl ol i) cndiel At Alal i faall o giall Yl e il O
JataeS (Jlasly) Jaee Apubin g ¢ Jadi¥) Sla¥l Jaly cdililaall cda gliall) a8l Hlsaf o
Lef luny L ol sl ol dle pe ulad o3 A5 jlEes SN UE sl
Lall s asl) o sl cogeldl s MU Jadll s Ladll da Y 38 g aaall A gl
el DY LLE sy Juadl (S L6 (321) it Y Taall o glaall Y Gl
A ) s da s Jledl) Jaee o adian JSE) LG o aags saal) Al
3ol Al el ) o Jadd) @ jsal cu o pual s L pal A o pe gl A slad
Ao Gl (2205) & 55 g soal Y Al Ay i )Y Al Aad el o S
D] il A8 1 Aad (e ey Cu

* Mechanical Engineering Department / Univer sity of Technology/ Baghdad
84
https://doi.org/10.30684/¢etj.28.1.8
2412-0758/University of Technology-Iraq, Baghdad, Iraq
This is an open access article under the CC BY 4.0 license http://creativecommons.org/licenses/by/4.0



https://doi.org/10.30684/etj.28.1.8

Eng. & Tech. Journal, Vol. 28 No.1, 2010

Sudy of Factors Affecting on For mability
of Stainless Steel Alloys

Introduction

Formability of a stainless sted
varies from one aloy to another
depending on its type (austenitic,
ferritic, martenditic, and duplex) [1-],
and the aloying dements exist in
their structure (chromium, nickel,
molybdenum, carbon, nitrogen, and
tungsten, etc.,) [8-10]. Generaly,
formability of any mea or dloy is
affected by many factors such as
strain rate{11-15], temperature [11,16-
18], directionality or anisotropy [11,
19-20], and other factors which have
no relationship with the forming
process (metallurgical factors such as
chemical  content, microstructure,
phases, grain size, and prestraining).
Therefore, formability is a
complicated property since it deals
with intricate engineering cases. Thus,
it becomes necessary to study the
formability indexes of the stainless
sted dloy in order to reach better
conditions that yied the optimum
formability.

This pape ams to study the
formability of three different
stainless sted aloys (SAF2205,
GOST A917, and AlSI321) through
many affecting factors. strain rate
temperature; and directionality. While
the effect of the metalurgical factors
are considered to be the topic of the
next paper.. Tensile tests were used as
a criterion to detect the formability
and to know the mechanical behavior
of each dloy by obtaning the
strength, ductility, strain hardening
index, and strain rate sensitivity.

Also, the behavior of these three
alloys has been studied during the
stretching test
using Olsen test which is considered
as a proper criterion to evaluate and
compare the stretching ability of the
metallic sheets by measuring the peak

height a maximum load (near
failure).

Experimental Work

Material Condition

In this work, all tests were carried
out on two duplex stainless sted
dloys (type SAF2205 and GOST
A917) and one austenitic stainless
sted type AISI321 for comparison
purpose since the latter  is
characterized with a good formability.
All these aloys were supplied on the
basis of their standards in form of
cold rolled sheets in the solution
annedled condition. Since, this study
is mainly focused on the effect of the
mechanicd  properties on  the
formability of the austenitic and
duplex stainless steels during tensile
and stretching tests, it was found
necessary to check first these aloys
prior to testing in the loca
laboratories to  determine  their
chemical compositions, mechanical
properties, and microstructures in
order to ensure their conformity with
those results which should be relevant
for their standards [21].

Regarding their solution
treatments (annealing), these dloys
should first be uniformly heated and
hot worked in the range of 950-
1230°C, and then cold worked for
better dimensional accuracy and
proper surface finish, particularly for
forming purposes. The austenitic
stainless sted is solution annealed in
the range of 950-1120°C and rapidly
cooled to room temperature, then
stabilized in the range of 870-900°C
and ar cooled, and finally stress
rdieved by hedting to 700°C and air
cooled. However, Hensey [22]
previously reported that most of the
austenitic stainless sted aloys are

PDF created with pdfFactory Pro trial version www.pdffactory.com




Eng. & Tech. Journal, Vol. 28 No.1, 2010

Sudy of Factors Affecting on For mability
of Stainless Steel Alloys

heet treated by solution treatment a
1100-1200°C and rapidly cooled to
room temperature. Concerning the
duplex stainless steds, the proper
annegling temperatures are in the
range of 925-1175°C, depending on
the type of the alloy, and then rapidly
cooled to room temperature [23].
Larson and Lundqvist [24] proposed
that the annedling temperature is in
the range of 1020-1100°C for SAF
(2205) duplex sted.

The knowledge of the hardening
behavior during sheet metal forming
is very important since it provides a
previous knowledge on the behavior
of the sheets a cetain forming
conditions, the mechanical properties,
and the extent of avoiding the stress
application that might cause the
failure. Accordingly, in order to know
the strain hardening behavior of each
aloy used in the present work during
the forming process (stretching test),
three criterions were used [25,26]: the
uniform strain in the tensile test (
strain up to the maximum load; the
strain hardening index (n); and the
tensileyied strength ratio.

Tensile Tests

Tension tests were performed on
standard specimens according to the
British Specifications (B.S.18) [27].
Specimens of 2 mm thickness were
prepared from stainless stedl sheets a
three directions (angles) with respect
to the sheet rolling direction. All tests
were achieved using a Tensile Instron
1195 machine with different strain
rates(10? -10°)/sec. At strain rate of
(10 /sec), a tensile test was carried
out on another machine type (SHINK)
to plot the Load-Extension curves
from which the engineering and true
stress-strain curves were determined
to cdculate the properties and

different criteria according to certain
reationships [28] used in this work
(i.e, ultimate tensile strength, yied
strength a 0.2% strain, totd
eongation, uniform dongation, strain
hardening index, strain rate
sensitivity, and percentage of the area
reduction.
Anisotropy Tests

These tests were carried out on
specimens for the three deds at
different directions (three angles) with
respect to the sheet rolling direction at
room temperature. The gage length of
the test specimen was divided into
five regions of 10 mm length each in
order to measure the length and width
of the test specimen by a measuring
microscope of (0.001) mm resolution.
Tension tests were then performed at
strain rate from (3.3x10°®) /sec to 20%
strain for alloy SAF 2205 and AlSI
321 and to 18% for adloy A917. The
length and width of these specimens
were measured again after machine
stop and releasing their [oads.

The normal anisotropy (r), planar
anisotropy (Dr) [25,26,29,30] and
mean normal anisotropy () [30]
values were calculated at three angles
of (0°), (45°), and (90°) with respect to
the sheet rolling direction. In addition,
another criterion (r,) was calculated
and this represents the difference
between the maximum and the
minimum normal anisotropy value in
order to give more obvious picture for
tearing direction that can be occurred.
This criterion is often used instead of
the planar anisotropy  criterion
[29,31].

Strain hardening I ndex

This index represents the increase
in meta strength at any applied stress
and it can be cdculated by
transferring the empirica equation
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which is known as Duke's rd ationship
[25,26] to a logarithmic equation and
then to a linear equation according to
the American Specification (E646-78)
[32], And, by using the least square
method, the strain hardening index (n)
and strength factor (K) were obtained.
Then, the drain hardening rate
(d +/de) was calculated with the use
of stran hardening index (n)
definition [28].

Strain rate sensitivity

The effect of strain rate for three
tested aloys was studied at room
temperature and 100 °C using strain
rates of (10°- 10?) /sec. After tensile
testing till the fracture limit, the true
stresses and strains were calculated at
different used strain rates. And, a
reationship beween the logarithm
true stress and logarithm strain rate
was then plotted at different true
strains to determine the strain rate
sendtivity (m) [25,26]. Also, the
properties and certain criteria for each
test were recorded such as the totd
elongation, uniform elongation, strain
hardening index, percentage of area
reduction, yield strength, and tensile
strength.

Temperature test

Tensile test were carried out at
temperatures of 50, 100, 150, 200 and
250°C using a strain rate of (3.3x10°%)
/sec for the three alloy specimens. A
tensile testing machine type (SHINK)
equipped with a furnace was used to
plot the engineering stress-strain
curve. A computer was also linked to
this machine to know the effect of the
testing temperatures on the properties
and criteria used in this work.

Stretching Test
Olesn test was chosen to eva uate

and compare the formability of the
three tested dloys according to the
American Specification (E643) [33].
A die was designed and produced
according to this standard
specification for the stretching test. In
this test, a specia blank was firmly
held above the die using a blank
holder with enough force to prevent
the blank from drawing inside the die.
The blank of the stretching test was
then fixed on the Instron machine
base and formed wuntil failure
occurred. The stretching process was
accompanied with plotting the load-
extension (represents the peak height)
curve used to cdculate the pesk
height, maximum stretching force,
and tota work necessary for the
stretching process for each dloy.

Specimens from three tested aloys
sheets were cut into strips of 80 x 80
mm size and 2 mm thickness and their
acute edges were flattened using fine
files. Stretching tests were performed
for the three dloys by using two
blanks. One blank was formed by a
grease lubricated punch while the
other formed without lubrication The
speed of the punch was 10 mm/min
during al tests, For aloy SAF2205,
other stretching tests were carried out
a different speeds (50, 10, 0.5, and
0.05 mm/min) to study the effect of
the forming speed on the limited pesk
height.

Results And Discussion
Chemical compositions

Table (1) shows the chemica
compaositions for the three dloys
tested at three different directions at
room temperature together with those
in the as-standard condition for
comparison purpose. It can be seen
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that the compositions of these alloys
are in accordance with those for
standard stainless sted dloys [21].

Mechanical properties

The mechanica properties for the
three alloys were measured in the
rolling direction at room temperature
and a strain rate of (1.6x10°%) /sec as
shown in Table (2). The average of
five hardness measurements was
taken as the Vickers hardness number
(HV). The results of the mechanicd
tests indicated that these data are in

accordance  with  the  standard
mechanical properties [21].
The engineering  stress-strain

curves for these three dloys at strain
rate

(3.3x10®%)/sec are shown in Fig.(1).
This figure shows that the yied
strength values were: S,(2205) >
S,(A917) > S/(321) while the ultimate
tensile strength were as follows:
Su(A917) > S,(2205) > S,(321). The
difference  in  the  mechanicd
properties between duplex (2205) and
austenitic (321) stedls is due to the
difference between ther structures
since the microstructure of the duplex
sted consists of bands of austenite in
a ferritic matrix with amost equa
amounts of ferrite and austenite when
this aloy solution annedled at 1050°C
followed by water quench [5,21].
While the microstructure of the
austenitic stee  consists of angular
grains of austenite with titanium
carbides [21]. The presence of almost
equal content of ferrite and austenite
resulted in an increase in the yield and
tensile strength more than those in the
augtenitic and ferritic steds and this
often attributed to the Keying Effect
phenomenon [34]. In addition to this
reason, the nitrogen content in aloy
(2205) (exists in a solid solution

phase) increased the yied strength
due to the solution hardening of the
austenitic content [12,35].

The ductility expressed by the total
and uniform elongations was lower in
duplex steds than that in the
austenitic type because
of the existence of the ferrite phase in
the duplex sted structure. For same
above reason, the hardness of sted
(2205) was higher than that for
austenitic type (321) and also, the
nitrogen content in dloy (2205)
induced a higher hardness than that
for aloy (A917).

Formability of the Used Alloys:
Effect of Strain Rate:

Figure (2) shows the variation of
yidd strength, ultimate tensile
strength, total eongation, uniform
dongation, strain-hardening  index,
and ultimate tensileyied strength
ratio with strain rate for the three
stainless sted aloys a  room
temperature, respectively.  Fig.(2a)
exhibits the increase of the yidd
strength for these dloys with an
increase in strain rate [28]. This
increase was in a ratio of (12.2%),
(11%), and (5.7%) for aloy (2205),
(A917), and (321), respectivey when
the strain rate increased from (1.6xI0°
®)/sec to (1.6x10%)/sec. While for the
value of the ultimate tensile the
behavior was different for these aloys
and this value dlightly increased with
increasing the strain rate for alloy
(2205) wheress it decreased for alloy
(321) as shown in Fig.(2b).The
increase of the yidd strength with
strain rate was proved and interpreted
in many studies [13,17,25,26,36] and
a different temperatures. Wheress,
the ultimate tensile strength variation
showed, a decrease with an increase
of the strain rate for dloy (321) of the
austenitic  structure. And, this
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attributed to the tendency of the strain
hardening in this aloy became larger
at lower strain rates wheress this trend
became smaller at higher strain rates.
While the strain hardening in this case
implied, the transformation of the
austenite to martensite was higher at
lower strain rates due to the presence
of enough time available for this
transformation [17,36]. In such case
the decrease in tensile strength with
increasing the strain rate was proved
in other studies on the austenitic sted
type (304) dmost smilar to what
brought in the present study [17].
And, this interpretation is clearly
shown in Figs.(2a) and (2b). The
behavior of the duplex sted type
(2205) was different and the tensile
strength did not show great response
by increasing the strain. This was
ascribed to the nature of the
metallurgical structure containing an
amount of austenite and ferrite and
the saturation stage of the martensitic
transformations was not attained in
this case [37].

Figures (2c) and (2d) demonstrate
the effect of strain rate on the totd
and uniform eongations, respectivey.
The dongations for the duplex alloy
(2205) and austenitic (321) alloys
increased up to their maximum vaue
a a strain rate of (1.6x10*)/sec and
then decreased a the subseguent
strain rates. Wheress for aloy (A917),
the maximum
value of these dongation was a a
strain rate (1.6x10)/sec and decreased
later as shown in Figs.(2c) and (2d).
The increase of the ductility at lower
strain rates followed by a decrease at
higher rates for aloys (321) and
duplex (2205), could be explained at
higher strain rates limits a which the
ductility decreased with increasing
strain rate due to the thermal effect as

interpreted by other researchers who
observed in their studies [15,36]. The
same phenomenon appeared only at
these rates. While, the increase
perceived in this study at lower strain
rates, as noticed in figures (2¢) and
(2d), could be interpreted on the basis
of inefficient thermal effect at these
rates which reduced the ductility by
increasing the strain. But, the increase
in the ductility accompanied with the
strain rate increase, could be generally
explained according to  many
interventions related to the material
type and its meallurgical structure
and the mode of the dislocations
movement

Figures (2€) and (2f) reved the
variation of the strain hardening index
value and tensile: yidd strength ratio
for the three alloys. It can be seen that
the maximum value of strain
hardening index for alloys (2205) and
(321) was at a strain rate of (1.6x10%)/
sec while the maximum value for
dloy (A917) was a a strain rate of
(1.6 x10°
)/sec. And, it is noted that these values
were higher at lower strain rates while
they decreased with increasing the
strain rate. This attributed to the effect
of strain rate on the yield strength
which led to decrease the strain
hardening index [28]. In addition, the
low rate of phase transformations
from the austenite to the martensite in
dloy (321) a higher strain rates
resulted in the reduction
of the strain hardening index.

Effect of the Temperature

Figures (3a) and (3b) show the
variation of the yidd and ultimate
tensile strengths with the temperature,
respectively. It can be seen that
the decrease of these strengths with
increasing the temperature (except
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aloy (A917) whose yidd strength
increased beyond a temperature of
150°C). The behavior of aloy (A917)
is thought to be that this alloy is more
ligble to the temperature
embrittlement ~ with  temperature
increase than the other two alloys due
to the brittleness of its higher ferrite
content. This means that with
increasing the temperature, the brittle
sigma and other solid phases initiate
to foom at 150°C. Thus, the limited
temperature for the duplex sted in use
must be less than 300°C in order to
prevent the brittleness of the ferite
phase [6]. These figures also exhibit
the effect of the temperature on the
yidd and tensile strengths for the
three alloys a a strain rate of (3.3x10
%/sec  where the vyidd strength
decreased in a range of (31.8%),
(31.5%) for dloys (2205) and (321),
respectively. The reduction of these
strengths  with  the temperature
increase, atributed to the temperature
effect on the dliding (dislocations
movement)  since the  resulted
deformation in the tensile test
occurred by the dliding (dislocations
movement along the sliding planes)
whereas the energy of the therma
activation such as the multiple sliding
and the intersecting dliding, allowed
the concentrated strains to relieve and
then to decrease the strength [28].
Figures (3c) and (3d) revea the
effect of temperature on the tota and
uniform dongaions where each of
them reduced with temperature
increasing except aloy 2205 whose
uniform and tota eongations were
not significantly affected. And, this
was due to the presence of the
austenite phase type (FCC) which was
senditive for the ductility increment
(increasing the easiness of the
dislocations movement in the dliding

planes) with increasing the
temperature more than that was in the
caystalline  sructure  type BCC
[28,38], i.e. the existed ferrite in alloy
(2205). Regarding the two dloys
(321) and (A917), the results of this
study are found in agreement with
those obtained in previous work by
Hecker et a [17] in ther testing the
austenitic stedl a different
temperatures. They found that the
strain hardening and total € ongation
decreased when the temperature
increased from room temperature
(22°C) to 50°C. They attributed that
to the large martensitic transformation
at 50°C and a 0.25 strain but at higher
strains, the saturation of the
martensite transformation becomes a
reason for the reduction of the strain-
hardening rate, leading suddenly to
thinning formation at earlier stage and
thus causing a reduction in the total
dongation. A similar result was
determined by Semiatin et a [18] for
the austenitic sted. They also noted
that the flow stress, strain-hardening
rate, and total elongation were high at
room temperature and then decreased
with the temperature rise.

The change of strain hardening
index and the ultimate tensileyied
strength ratio with the temperature are
shown in Figs.(3e) and (3f),
respectively where the temperature
increase caused an evident increase in
the strain hardening index value for
dloys (2205) and (321) while the
reverse induced for dloy (A917) asin
Fig.(3e). The similar behavior for
dloys (22050 and (321) with
increasing the temperature, was aso
perceived and the value of the strain
hardening index and the tensile yield
strength ratio was higher for aloy
(321) at al temperatures. The strain
hardening index for alloys (321) and
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(2205) increased with the temperature
because of the higher values of ther
tensileyield ratio than that for aloy
(A917) over the temperature rise. This
means that both alloys exhibited more
resistance to deformation (higher
strain induced at higher stress) and
thus ther flow stresses increased
owing to the short range obstacles
(such as foreign atoms, lattice friction,
critica dislocations, €tc.) inside the
material [25]. The reason of the strain
hardening is the stored dislocations
inside the material that forms when
they pass through other dislocations
inside the crystal lattice [25,26].
While for dloy (A917), the strain
hardening index reduction with
temperature increase indicates less
plastic materid deformation occurred
and the thinning started earlier. This
can obviously be explained by the
increase of its yield strength as shown
in Fig.(3a), a decrease of the uniform
and total eongations as depicted in
Figs.(3c) and (3d), respectivdy, and a
decrease of the tensileyield ratio as
illustrated in Fig.(3f). The
annihilation, rearrangement, and cross
dip of the dislocations reduce the
hardening rate where they become in
equilibrium state with thinning rate
[25] . Therefore, the dloy (917)
appeared to be more brittle at the
temperature of 250°C and led this
aloy to have a lower formability
(which  mainly depends on the
ductility of the mateid) in
comparison with the aloys (321) and
(2205) over the same temperature
range. In other words, the brittle
behavior of alloy (A917) can be more
possibly caused by the precipitation of
brittle sigma and phases due to the
temperature influence.

Figure (4a) shows the variation of
the strain rate sensitivity with the true

strain a room temperature. The
decrease in the strain rate sensitivity
for the three aloys was noted with
increasing the true strain. This figure
aso illustrates that the values of the
strain rate sensitivity were lower at al
true strains. While, the values of (m)
for aloys (321) and (2205) were
cdoser a lower true strains whereas
for adloy (2205), these vaues
decreased more than those for aloy
(321) at higher strains. It can be seen
that at very high strains which the
dloy (2205) did not attend, the aloy
321 has a negative value of (m) and
this was aso observed in other
research works in their studies for the
behavior of the austenitic sted type
(304). Also, this ascribed to the higher
amount of the martensite formation
for aloy (321) at higher strain rates
and this would not be occurred for
dloy (2205) which contains a lower
amount of ausenite.

The change of the strain rate
sengitivity with the true strain at a
temperature of 100°C is indicated in
Fig.(4b) which reveals a doser
behavior for aloys (321) and (2205)
but different manner for aloy (A917).
At this temperature, the (m) va ues for
these aloys were positive at al true
strain values. The reason of this
increase is attributed to the limitation
of the austenite transformation to
martensite a this temperature and it is
well known that the amount of
transformation is higher as the
temperature decreases [17].

The effect of temperature on the
true stress for aloys (2205) and
(A917), is demonstrated in Fig.(5),
respectively, It can be seen that the
temperature increase resulted in a
reduction in the true stress for these
dloys except for dloy (A917) a a
temperature of 250 ° C at lower true
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strain (0.0676). It was aso observed
that the true stress decreased with the
temperature incresse [13,25,26,28].
And, this attributed to above same
reason while the incresse of the true
stress a 250 °C for dloy (A917)
imputed to the occurrence of the
brittleness at this temperature. And,
this was seen in Fig.(3) as wedl.
Whereas, pitting for voids at 250°C
was less as compared with that at
100°C.

Effect of the Directionality
(Anisotropy)

Table (3) shows the tensile
properties at different angles with
respect to the sheet rolling direction
for aloys (2205), (A917), and (321)
at a strain rate of (3.3x10°)/sec and at
room temperature. The mean value of
these properties was caculated at
angles  (0°), (45°), and (90°) with
respect to the rolling direction. While,
tables (4) and (5) clarify the values of
the norma anisotropy (r), the planar
anisotropy (Dr), the mean norma
anisotropy (), and the criterion (ry)
for aloys (2205), (A917), and (321).
Figure (6) reveals the true stress-strain
curve for the three aloys at different
directions (angles) with respect to the
sheet rolling direction.

According to Tables (3), (4) and
(5) and Fig.(6), the values of these
properties dlightly varied at the
different angles with respect to the
shedt rolling direction and it was more
likely expected that the mechanical
properties for the duplex sted might
be dissimilar a different direction
[39]. But, the results of the tensile
tests indicated that there was less
directiondity in the properties for the
two duplex dloys of this study
(Figs.(6a) and (6b)) while the aloy

(321) pointed out no directionality as
shown in Fig.(6c), And, this little
difference in this manner when
varying the direction

for the two duplex aloys ascribed to
the difference in the metalurgica
structure for each of them since the
austenite affected by the directionality
more than in the ferrite phase [36] and
owing to this duplex structure, this
directionality appeared [12].

Formability Indexes

Concerning the values of the
normal, the planar, and the mean
anisotropy for the three alloys which
provide a good conception on the
drawing formability [40,41] for these
dloys as given in Tables (4) and (5).
It can be seen that the vaues of the
normal anisotropy for dloys (2205)
and (A917) were ry° > roo° > r45° while
for dloy (321) ro° > re’ > r5°. And,
as darified in Table (5), the best vaue
of the mean norma anisotropy (T)
was for aloy (321) followed by the
value for dloy (A917) and finaly for
dloy (2205). According to the priority
sequence for these alloys, the vaues
of the planar anisotropy were as
follows. aloy (321), (A917), and
eventually (2205). This was owing to
the high strain hardening for dloys
(321), and (A917) and this increased
the formability in drawing [41].

The Mechanical Behavior during
the Stretching Test

Table (6) shows the variation of
the limit peak height (h-value), the
maximum stretching force, and the
total work done for the three dloys
with and without using lubrication
during the stretching test. It was
gopeared that the increase in the
limited peak height and the total work
done for dl aloys was in using the
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[ubrication but the reverse occurred
with the maximum stretching force
The reason of this was due to the
reduction of the resulted in friction
between the punch and the blank
surface. Therefore, it can be said that
the stretching formability improved
by using the lubrication during the
stretching test as well as the decrease
of the required stretching force [26].
Figure (7) reveals the force-extension
(representing the instantaneous peak
height) curve for the three aloys in
the asrecdved condition. And
according to this figure it was
observed that the values of the limited
(h-vd ues) for the three aloys were as
follows: h(gzl) > h(A917) > h(2205).

The reason of that can be interpreted
to the high strain hardening and high
ductility of the austenitic sted [37]
while the cause for the decreasing the
values of the limited pesk height (h-
value) for dloy (A917) was due to the
lower ductility of this dloy.

Table (7) illustrates the effect of the
forming speed on the mechanicd
behavior of aloy (2205). It can be
seen that for dloy (2205), the values
of the limited height, maximum
stretching force, and the total work
done for this aloy were dlightly
affected with the forming speed [26].

Conclusions

1- The values of the strain hardening
index, the tensileyield strength
ratio, and the percentage of the
elongation, can be considered
as good criteria for the
formability of the stainless sted alloy.

2- The yidd strength of duplex sted
aloys is higher by an amount of (2) to
(3) of that for the austenitic stainless
sted.

Also, the yidd strength of the
duplex 2205) is higher than that for
other duplex type (A917) while the
ductility of the duplex sted is lower
by an amount of(2) to (3) of that for
the austenitic stedl.

3- The mechanical properties of
the three dloys vary with the change
of strain rate, where the percentage of
eongation decreases with increasing
the strain rate while the reverse takes
place for the yield strength of these
dloys. Both values of strain
hardening index and tensile vyied
strength ratio decrease by increasing
the strain rate.

4- The vyidd, tensile strengths, and
the percentage of dongation
decrease with temperature increase
for the three dloys whereas the
value of the strain hardening index
for adloys (321) and (2205)
increased by increasing the
temperature.

5- Stretching test shows a good
formability of the austenitic sted
(321) followed by that for the
duplex sted (2205) and then the
duplex (A917) sted
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Table (1) Chemical composition for thethree stainless steel alloys
compar ed with those of the standard alloy.

Standard Standard Standard
Element SAF GOST AlSI
SAF (2205) GOST AlSI
(wt %) (2205) (A917) (321)
[21] (A917) [21] (321) [21]
C 0.025 0.03 0.055 0.1 0.072 0.08
Cr 22.6 22 20.5 20-22 175 17.5
Ni 531 55 4.95 4.8-5.0 10.7 10.5
Mo 29 3.0 0.12 -- 0.19 --
Si 0.408 Max 0.8 0.53 Max 0.8 0.35 Max 1.00
P 0.033 Max 0.03 0.027 Max 0.035 0.018 Max 0.04
S 0.005 Max 0.02 0.004 Max 0.025 0.008 Max 0.03
Cu 0.16 0.18 0.178
Ti 0.005 -- 0.31 0.25-0.5 0.49 >5x C%
Mn 155 Max 2.0 0.67 Max 0.8 2.06 Max 2.0
W 0.024 0.05 0.037
Al 0.01 0.02 0.036
\% 0.097 -- 0.05
N 0.14 -- --
Fe Bal. Bal. Bal. Bal. Bal. Bal.

Table (2) Mechanical propertiesfor thethree stainless steel alloysin therolling direction
at room temperatureand strain rate of 1.6 x 107 /sec..

Property Alloy
SAF (2205) GOST (A917) AlSI (321)

Yield strength (M Pa) 545.6 4444 245.6
Tenslestrength (M Pa) 807.5 825.6 617.1
Total Elongation (%) 36.6 20.6 72.8
Uniform Elongation (%) 31.6 18 69.2
Strain Hardening index (n) 0.208 0.365 0.37
Strength Factor (K) (MPa) 1369.7 1901 1220
Hardness (HV) 265 210 165
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Table(3) Mechanical propertiesfor thethree stainless steel alloys at different angles
with respect to the sheet rolling direction , at room temperature, and strain rate of

3.3x 107 /sec.
| Yield Tensile Total Uniform Strain Strength
Angles strength strength Elong. Elog. hardening factor
(Deg.) S, (MPa) | S, (MPa) (%) (%) Index (n) (MPa)
Alloy SAF (2205)
0 580.6 820.5 354 30.6 0.216 1412.3
45 564.5 786.3 34.8 29.2 01959 1308.4
90 614.7 841.2 33 26.6 0.1883 1381.3
Average 586.6 816 34.4 28.8 0.2 1367.3
Alloy GOST (A917)
0 521.9 828.3 19.2 17.4 0.333 1696.8
45 505.8 796.3 22.3 184 0.324 1682.7
90 543.2 839.1 19.6 17.2 0.334 1826.3
Average 523.6 821.2 20.3 17.6 0.33 1768.6
Alloy AISI (321)
0 243.2 595 65.6 62 0.3542 1157.1
45 2425 582 712 66.8 0.3594 1141.7
90 260 596 712 66.8 0.3547 1161.4
Average 248.5 591 69.3 65.2 0.3561 1153.4

Table (4) Normal anisotropy for the three stainless alloys at different angles
with respect to the sheet rolling direction.

Angles (Deg.) Alloy SAF (2205) | Alloy GOST (A917) | Alloy AlSI (321)
0 0.42058 0.358713 0.84157
45 0.64479 0.49204 0.893665
90 0.47087 0.472588 0.99047

Table(5) Values of the planar and mean anisotr opy for the three stainless steel alloys.

Planar anisotropy

Alloy M ean anisotropy (r ) I (max) - I(min)
(Ar)
SAF (2205) -0.19906 0.38406 0.2242
GOST (A917) -0.076389 0.453845 0.1333
AlSl (321) -0.06564 0.902%4 0.1588

PDF created with pdfFactory Pro trial version www.pdffactory.com




Eng. & Tech. Journal, Vol. 28, No.1, 2010

Study of Factors Affecting on Formability

of Stainless Steel Alloys

Table(6) The limit peak height, maximum stretching force, and thetotal work done
with and without using lubrication during the stretching test.

Limited pesk height, | Max. stretching force, | Total work done, (N-
Alloy (mm) (KN) m)
With lubrication
SAF (2205) 16.3 138.8 1140.8
GOST(A917) 14.8 119.75 943.4
AlSl (321) 19.3 120 1195
Without lubrication
SAF (2205) 15.23 139 1008.3
GOST (A917) 133 119.75 804.5
AlSl (321) 18.6 120 1123.8
Table (7) Thelimited peak height, maximum stretching for ce, and total work
donefor alloy SAF (2205) at different forming speeds
Forming speed ( Limited peak height, Max. stretching Total work done, (N-
mm/min) (mm) force, (KN) m)
50 15.06 138.5 1010.2
10 15.23 139 1008.3
0.5 14.72 131.75 921.7
0.05 15.2 134 964.4
=
g S WP
3

. -5 -E 3

Figure (1) Engineering stress-strain curvesfor three stainless sted
alloysat astrain rate of (3.3x10°)/sec.
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