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ABSTRACT

Grain refinement is well known to influence the mechanical properties of
materials, especialy the strength characteristics. The promising and excel-
lent method for grain refinement isahigh plastic deformation processand it
produces the homogeneous nano grain material which exhibits very high

KEYWORDS

Plasticity;
Deformation;
Stress;

Strain and tensile test.

strength and limited ductility. Sintering is a complex process for heating
powder metal because the final properties of the P/M parts are direct func-
tions of the heating environment. Hence sintering processis carefully moni-
tored to get outstanding mechanical properties. This paper explains the
study of tensile specimen after its sintering, compaction and extrusion char-

acteristics and process.

INTRODUCTION

Aluminium and itsalloys

Themost important property of duminumisitslow
specificgravity 2.7, high dectrica and thermal conduc-
tivities, highductility and corrosionresistancein various
media. Widely used duminum alloysinindustry are
wrought alloysfromwhich agresat variety of articlesare
madeby meansof ralling, forming, drawing, forging etc.
When aluminumisalloyed with copper, nickel, iron,
silicon they improvethe strength propertiesof theal-
loys and enabl e heat treatment to be applied.

EXPERIMENT

Tensile specimenisprepared for theAlloy Com-
position of 7% copper inauminum powder. 930 gm of
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Al powder ismixed with oxidized copper of 70 gms.
The mixtureiscompacted at apressure of 18 tonnes
using Hydraulic Pressand 15 compactsare prepared.
Thelubricant used during compaction for smooth flow
isMolybdenum disulphide. Thedew rate of the pow-
der composition, theoretical density, apparent density,
compaction ratio, compressibility plot, the percentage
of porosity studied for theabove combination. Thecom-
pacts are coated with Zinc stearate and they are sin-
tered in Muffle Furnace at atemperature of 550°C.
Thecompactsareextruded using diediameter of 6 mm,
8 mmand 12 mm at different temperatures 350°C and
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Figurel: Tensile specimen
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450°C. Theextruded part iswell polished and num-
bers of tensile specimensare prepared for tensiletest.
Theprepared tensile specimens subjected totensiletest
using tenso meter.

The process of tensiletest for aparticular speci-
men (Figure 1) isstudied and discussedin thefollowing
paragraph.

Principa dimensions: h=thicknessb=width| =gauge
length of therectangular specimen

Standard specimeng™ of rectangular crosssection
areused for tension test. Standard test specimenshave
acrosssectiona areaof 314 sg. mm (d=20mm). The
cross sectional areaof standard specimenisselected
arbitrarily, but the gauge length shoul d satisfy thefol-
lowing conditionsL =5.65v F whereF istheinitia
cross sectional areaof the specimenin sgq.mm.

In atension test the rectangular specimen isde-
formed by the action of asmoothly increasing load up
to the point of rupture. Duringthetensletestsreadings
aremadeto obtain datafor plotting atensiontest dia-
gram. Such adiagram showstherel ation between the
forces applied? to the specimen and itsresulting defor-
mation (Figure2).

Onthetenslediagram (Figure 3), thevauesof the
applied load P are plotted as ordinates and the abso-
luted ongation ?L (Deformation) correspondingto each
load isplotted asan abscissa

On section OP_of the curvethe elongation 2L of
the specimenisdirectly proportional totheload. This
relation agreeswith the law of proportionality which
statesthat variation in theload applied to the specimen
will lead to aproportionality variation in the strain.
Nearly 15 specimens of the AL-CU composition of
930-70 gm prepared and dmost al the 14 specimens
showed improved plasticity and one specimen showed
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Figure2: Stress—Strain diagram
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abnormal behavior. Hencethe specid attentionisgiven
onthecharacteristics of that particular specimen. The
load Pat which astraight linerelationisstill observed
between |oad € ongationsiscaled theproportiond load
limit.

Theproportiond limito ) isthemaximum stress at
whichtherelative el ongation remainsdirectly propor-
tiona totheload 6,= Pp/ F kgm/sg. mm. = 120 kgm/
g. mm.

Theload P, at which the permanent set of the speci-
menisequa t00.5%of itsinitid gaugelengthiscalled
theeasticlimitload. Theload P, isvery near invaueto
theload P.o.= P./F kg persqg.mmanditisequal to
125 kgm/sg.mm

Abovepoint P, thetension curvedeviates consid-
erably from straight lineand at aload corresponding to
P_goesover into ahorizonta section. Inthisregionthe
material of the gpecimen receives considerable perma
nent set without anincreasein the applied tensileload
I.e. the specimen seemsto cease offering resi stance to
thetensleforcesthereforeit flows. Theload P.a which
thematerid beginstoflow iscdledtheyield point |oad
andthehorizonta part of the curvewherethe specimen
elongateswithout increasing theload iscdled theyied
step. Theyield point o _istheminimum stressat which
specimen isdeformed without anoticeableincreasein
loado _P_/F Kgpersgmmanditisequal to 196.87
Kg/Sgmm

Beyond the yield step the load can be increased
aganto acertain maximumvaueP, wherealocaized
reduction of cross sectiona areaor necking down oc-
curg®. Thisconstruction of areaat the neck leadsto
dropintheload, and at point P, the specimenisrup-
tured (Figure4).

Themaximum load P, after which necking down
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Figure3: Tensilediagram
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Figure4: Ruptured tensile specimen

beginsiscalledthetensilestrength load. Thetensileor
ultimate strengthisthe stress corresponding to the maxi-
mum | oad reduced beforerupturing thespecimen.s,_ P,/
F Kgpersgmmanditisequal to 152.84 Kg/Sqmm.
Thetota strain (deformation) AL, (elasticand per-
manent at the moment of fracture) isequal tothedis-
tance OD AL,=3.13 mm. To obtain the separate val -
ues of the elastic strain and the permanent set at the
moment of fractureit is necessary to draw astraight
line onthetension diagram from point P, to the axis
pardld tothedraight linesection of theload srain curve.
Theline OC representsthe amount of permanent set
AL, ;and theline CD thetotd elastic strain. Relative
reductionin areaistheratio of the maximum reduction
in cross sectional areaof the specimen after ruptureto
theinitial areaexpressedin %.
Y=F -F /(F)=1.77/14.65=12.08 %

RESULTS

Number of Tensilespecimensis prepared and one
sampleistakenfor investigation and thecorresponding
dimens onal specification of onespecimenisshownin
thefollowingtable(TABLE 1). Degreeof deformation
and percentage of reduction areashowing theincrease
in strength of mechanica propertiesof 7% CuinAlu-
minum. Thepresent experimentd investigation showed
that it ispossibleto make powder metallurgy compo-
nentsfrom different composition of Al -Cu.

CONCLUSION

Metalsand alloys of different nature do not have
thesameductility’™ and therefore; behavedifferently when
subjected to hot and cold working. It has been estab-
lished that the plasticity of ametal dependsuponits
chemical composition, structure, heating temperature,
rate and degree of deformation®. It isafact that pure
metals haveahigher plasticity thantheir alloys. Pure
copper ismany timesmoreplasticthanitsaloyswith

TABLE 1: Dimensional specification of tensile specimen

Specifications Values
Gauge length L o 15.81 mm
Original diameter of specimen D 20 4.32 mm
Final Diameter of specimen D 21 4.05 mm
Length of the fracture L f 18.94 mm
Original area of cross section Ao =F o 14.65 mm2
Reduced area of cross section A r = Fr 12.88 mm2
AL=Lf- Lo 3.13mm
e=AL/Lo 1979
d02-do2/d20 1190
Yield Load 196.87
Maximum Load UTL 196.87
UTS=UTL/(A0 +Af)/ 2 152.84
Degree of deformation ¢=1og A0/ A1 Log 1.1374
% Reduction of area 87.91

tinetc. Therate of deformationin mechanica working
affectstheplasticity of themeta invariousways. An
increaseinthedeformationratewithinadefinitionlimit
isaccompanied by adecreasein pladticity”. Thetype
of stressed state and the type of deformation also affect
theductility of themeta inthe course of amechanical
working operation.
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