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What is material Engineering ????
ÅNew materialshave been among the greatestachievementsof every age and

they havebeen central to the growth, prosperity,security,and quality of life of
humanssincethe beginningof history. It is alwaysnew materialsthat open the
door to new technologies,whether they are in civil, chemical, construction,
nuclear, aeronautical, agricultural, mechanical, biomedical or electrical
engineering.

ÅThedefinition of the academicfield of MaterialsScience& Engineeringis :- It is
the propertiesof the materialthat giveits value.

ÅA material may be chosenfor its strength, its electricalproperties,resistanceto
heator corrosion,or ahostof other reasons; but they all relate to properties.

ÅExperienceshowsthat all of the useful properties of a material are intimately
related to its structure,at all levels,includingwhich atomsare present,how the
atoms are joined, and how groups of atoms are arranged throughout the
material. Most importantly, we learn how this structure, and the resulting
properties,arecontrolledby the processingof the material.



ÅMaterialscanbe characterizedin termsof :-

×State of matter: solid, liquid, gas, plasma etc.

×Physical properties like density, melting point etc.

×Mechanical properties like hardness, strength, brittleness or ductility etc.

×Electrical properties like conductivity

×Magnetic properties like ferro, para, and diamagnetism

×Optical properties like transparent, opaque, translucent etc. I have           
answered in general terms as I am not clear the purpose of your question.



ELASTICITY AND PLASTICITY

ÅElasticityis the property of the solidmaterialby virtue of whichit tendsto regain
its shape after the removal of external load. Elasticity is the way a material
initially responds when it is subjected to stresses. Elasticity refers to the
material's ability to deform in a non-permanent way, meaningthat when the
stressloadis removedfrom the materialit will recoverits originalform.

ÅA materialwill continueto deform elasticallyasthe stressupon it increasesuntil
the elastic limit is reached. The elastic limit can be found on stress-strain
diagramsfor all materials,and the limit variesby the material. For instance,steel
experiencesfar lessstressbeforereachingthe elasticlimit than rubberdoes.

LINK:-https://www.youtube.com/watch?v=frGL1jTnDsg

https://www.youtube.com/watch?v=frGL1jTnDsg


ÅElasticConstants: Stressproducesa strain, but how much strain is produced
dependson the solid itself. Thesolid is then characterisedby anelasticmodulus
that relatesstrainto stress

Different types of stressesand their correspondingstrainswithin elastic limit are
related which are referred to as elastic constants. The three types of elastic
constants(moduli)are:

Ç Modulusof elasticityor¸ƻǳƴƎΩǎmodulus(E)

Ç Bulkmodulus(K)

Ç andModulusof rigidity or ShearModulus(G)



Youngôs modulus

Rigidity modulus

Bulk modulus



ÅPlasticityis the property of the solidmaterialby virtue of which it tendsto retain
its deformedshapeevenafter the removalof externalload.

In the other words,plasticity,alsoknownasplasticdeformation,is the ability
of a solidmaterial to undergopermanentdeformation,a non-reversiblechangeof
shapein responseto appliedforces.

llustrationof offset yield point. Key: 1: True elastic limit 2: Proportionality limit 3: Elastic limit 4: Offset 
yield strength, usually defined at e=0.2% ˋΥ Engineering stress ʁΥ Engineering strain A: Undeformed 
cross-sectional area F: Uniaxial load L: Undeformed length 



TENSILE TEST
ÅTensile testing, also known as tension testing, is a fundamental materials

science and engineering test in which a sample is subjected to a
controlledtensionuntil failure.

ÅProperties that are directly measuredvia a tensile test are ultimate tensile
strength, breakingstrength, maximum elongationand reduction in area. From
these measurementsthe following properties can also be determined: Young's
modulus,Poisson'sratio, yieldstrength,andstrain-hardeningcharacteristics.

Uniaxial tensile testing is the most commonly used for obtaining the
mechanicalcharacteristicsof isotropicmaterials.

ÅTensiletestingmighthavea varietyof purposes,suchas:

ÅSelecta materialor item for anapplication

ÅPredicthow a materialwill perform in use: normalandextremeforces.

ÅDetermine if, or verify that, the requirements of a specification,regulation,
or contractaremet



ÅDecide if anew product developmentprogram is on track

ÅDemonstrateproof of concept

ÅDemonstrate the utility of a proposedpatent

ÅProvidestandarddatafor other scientific, engineering, andquality 
assurancefunctions

ÅProvide a basis forTechnical communication

ÅProvide a technical means of comparison of several options

ÅProvideevidencein legal proceedings

ÅTensile specimen:-

ÅThe preparation of test specimens depends on the purposes of testing and on the 
governingtest methodor specification. A tensile specimens is usually a 
standardized sample cross-section. It has two shoulders and a gage (section) in 
between. The shoulders are large so they can be readily gripped, whereas the 
gauge section has a smaller cross-section so that the deformation and failure can 
occur in this area



ÅEquipment :-

Tensile specimens made from an
aluminum alloy. The left two
specimens have a round cross-
sectionandthreadedshoulders. The
right two are flat specimens
designedto be used with serrated
grips.

The most common testing machine used in tensile
testing is the universal testing machine. Thistype of
machinehas two crossheads; one is adjustedfor the
length of the specimenand the other is driven to
apply tension to the test specimen. There are two
types:-

1. hydraulicpowered
2. electromagneticallypoweredmachines.

Themachinemust havethe proper capabilitiesfor the test
specimenbeing tested. There are four main parameters:
force capacity,speed,precisionand accuracy. Forcecapacity
refersto the fact that the machinemustbe ableto generate
enoughforceto fracture the specimen.



ÅThemachinemustbe ableto applythe forcequicklyor slowlyenoughto properly
mimic the actualapplication. Finally,the machinemust be ableto accuratelyand
preciselymeasure the gauge length and forces applied; for instance,a large
machinethat isdesignedto measurelongelongationsmaynot work with a brittle
materialthat experiencesshortelongationsprior to fracturing.

ÅThe machine must have the proper capabilitiesfor the test specimenbeing
tested. There are four main parameters: force capacity,speed,precision and
accuracy. Forcecapacityrefers to the fact that the machinemust be able to
generateenoughforceto fracturethe specimen.

ÅThemachinemustbe ableto applythe forcequicklyor slowlyenoughto properly
mimic the actualapplication. Finally,the machinemust be ableto accuratelyand
preciselymeasure the gauge length and forces applied; for instance,a large
machinethat isdesignedto measurelongelongationsmaynot work with a brittle
materialthat experiencesshortelongationsprior to fracturing.

ÅAlignmentof the test specimenin the testing machineis critical, becauseif the
specimenis misaligned,either at an angleor offset to one side,the machinewill
exerta bendingforceon the specimen. Thisis especiallybadfor brittle materials,
becauseit will dramaticallyskewthe results.



ÅIf the initial portion of the stressςstrain curve is curved and not linear, it indicates 
the specimen is misaligned in the testing machine

Universal testing machine

The strain measurementsare most commonlymeasured
with anextensometer,but straingaugesarealsofrequently
used on small test specimenor when Poisson'sratio is
being measured. Newer test machineshave digital time,
force, and elongationmeasurementsystemsconsistingof
electronic sensorsconnectedto a data collection device
(often a computer)andsoftwareto manipulateandoutput
the data.



ÅProcess:-

Thetest processinvolvesplacingthe test specimenin the testing machine
andslowlyextendingit until it fractures. Duringthis process,the elongationof the
gaugesectionis recordedagainstthe appliedforce. Theelongationmeasurementis
usedto calculatethe engineeringstrain, .ʁ

Strain=

Stress=

Themachinedoesthesecalculationsasthe force increases,sothat the datapoints
canbegraphedinto a stressςstraincurve.



ÅA stressςstrain curve for a material gives the relationship
betweenstressandstrain.

These curves reveal many of the properties of a material such as theYoung's 

modulus, theyield strengthand theultimate tensile strength. 

Stress-strain curve typical of a low carbon steel



ÅStages:-

ÅA schematicdiagram for the stress-strain curve of low carbon steel at room
temperature is shown in previous slide. There are several stages showing
different behaviors,whichsuggestsdifferent mechanicalproperties.

ÅThefirst stageis the linear elasticregion. Thestressis proportional to the strain,
that is, obeysthe generalHooke'slaw, and the slopeis Young'smodulus. In this
region,the material undergoesonly elasticdeformation. Theend of the stageis
the initiation point of plasticdeformation. Thestresscomponentof this point is
definedasyieldstrength(or upperyieldpoint, UYPfor short).

ÅThesecondstageis the strain hardeningregion. Thisregion starts as the strain
goesbeyond the yielding point, reachinga maximumat the ultimate strength
point, whichis the maximalstressthat canbe sustainedandis calledthe ultimate
tensilestrength(UTS).

ÅIn this region, the stressmainly increasesas the material elongates,exceptthat
for somematerialssuchassteel,there isa nearlyflat regionat the beginning. The
stressof the flat region is definedas the lower yield point (LYP). (Shownin next
slides).



Thethird stageis the neckingregion. Beyondtensilestrength,a neckforms where
the local cross-sectionalareabecomessignificantlysmallerthan the average. The
necking deformation is heterogeneousand will reinforce itself as the stress
concentrates more at small section. Such positive feedback leads to quick
development of necking and leads to fracture.

Note that though the pulling force is decreasing,the work strengtheningis still
progressing,that is, the true stress keeps growing but the engineeringstress
decreasesbecausethe shrinkingsectionareaisnot considered. Thisregionendsup
with the fracture. After fracture, percentelongationand reduction in sectionarea
canbecalculated.



Engineering stress and strain

ÅConsider a bar of original cross sectional areaὃ being subjected to equal and 
opposite forcesF pulling at the ends so the bar is under tension. The material is 
experiencing a stress defined to be the ratio of the force to the cross sectional 
area of the bar, as well as an axial elongation:

STRESS = 

STRAIN = =
Ў

Subscript0 denotesthe originaldimensionsof the sample. TheSIunit for stressis
newtonper squaremetre, or pascal(1 pascal= 1 Pa= 1 N/m2), andfor strain is "1".
Stress-strain curve for this material is plotted by elongating the sample and
recordingthe stressvariationwith strainuntil the samplefractures.

Note that for engineeringpurposeswe often assumethe cross-sectionareaof the
material doesnot changeduring the whole deformation process. Thisis not true
since the actual area will decreasewhile deforming due to elastic and plastic
deformation. The curve basedon the original cross-section and gaugelength is
calledthe engineeringstress-straincurve.



True stress and strain
ÅDue to the shrinking of section area and the ignored effect of developed 

elongation to further elongation, true stress and strain are different from 
engineering stress and strain.

True Stress = A= Instantaneous area

True Strain,                                                     L = Final Length

=  ὒ+ ЎὒOR   ὒ Ўὒ

Here the dimensions are instantaneous values. Assuming volume of the sample 
conserves and deformation happens uniformly,

AL= ὃὒ

The curve based on the instantaneous cross-section area and length is called 
the true stress-strain curve.



ÅThe true stress and strain can be expressed by engineering stress and strain.

Soin a tension test, true stressis larger than engineeringstressand true strain is
less than engineeringstrain. Thus, a point defining true stress-strain curve is
displacedupwardsandto the left to definethe equivalentengineeringstress-strain
curve. Thedifferencebetween the true and engineeringstressesand strainswill
increasewith plasticdeformation. At low strains(suchaselasticdeformation),the
differencesbetweenthe two isnegligible.



Classification
It is possibleto distinguishsomecommoncharacteristicsamongthe stressςstrain

curvesof variousgroupsof materialsand,on this basis,to dividematerialsinto two
broadcategories; namely,the ductilematerialsandthe brittle materials.

1. Ductilematerials

Ductilematerialsare those which could show plasticdeformation. Suchmaterials
canbeactuallydrawnor bent or rolled beforeit reachesits fracturepoint.

2.Brittle materials

Brittle material are those which breaksinto piecesupon applicationof tensile
forcewithout anyelongationor plasticdeformation.

Brittle materialssuchasconcreteor carbonfiber do not havea well-definedyield
point, and do not strain-harden. Therefore, the ultimate strength and breaking
strength are the same. A typical stressςstrain curve for a brittle material will be
linear.



Differences between ductile material and brittle material

Ductile Material Brittle Material

Solid materials that can undergo substantial plastic 
deformation prior to fracture are called ductile materials.

Solid materials that exhibit negligible plastic deformation 
are called brittle materials.

Percentage elongation of the ductile materials before 
fracture under tensile testing is higher.

Percentage elongation of the brittle materials before 
fracture under tensile testing is very less.

Ductile materials fail gradually by neck formation under the 
action of external tensile loading.

Brittle materials fail by sudden fracture (without any 
warning such as necking).



Energy absorbed by ductile materials before fracture under 
tensile testing is more.

Brittle materials absorb very small energy before fracture.

Various metal forming operations (such as rolling, forging, 
drawing, bending, etc.) can be performed on ductile 
materials.

Forming operations cannot be easily performed on brittle 
materials. For example, brittle material cannot be drawn into 
wire.

Ductile materials show longer life when subjected to fatigue 
loading.

Brittle materials fail faster when subjected to fatigue loading.

Examplesof ductilematerial:
ÅMild steel
ÅAluminum
ÅCopper
ÅRubber
ÅMost plastics

Examplesof brittle material:
ÅCastiron
ÅCeramicssuchasglass,cement,concrete,etc.
ÅStone
ÅIce



HardnessTest
A) Rockwell method

üTheRockwellmethod measuresthe permanentdepth of indentation produced
by a force/loadon an indenter. First,a preliminarytest force (commonlyreferred
to as preload or minor load) is applied to a sample using a diamond or ball
indenter. Thispreloadbreaksthroughthe surface to reducethe effectsof surface
finish. After holding the preliminary test force for a specifieddwell time, the
baselinedepth of indentation is measured.

üAfter the preload,an additional load, call the major load, is addedto reach the
total required test load. Thisforce is held for a predeterminedamount of time
(dwell time) to allow for elastic recovery. This major load is then released,
returning to the preliminary load. After holding the preliminary test force for a
specifieddwell time, the final depth of indentation is measured. TheRockwell
hardnessvalue is derived from the difference in the baselineand final depth
measurements. Thisdistanceisconvertedto a hardnessnumber. Thepreliminary
test force is removedandthe indenter is removedfrom the test specimen.



ÅPreliminarytest loads (preloads)range from 3 kgf (usedin the ά{ǳǇŜǊŦƛŎƛŀƭέ
Rockwellscale)to 10 kgf (used in the άwŜƎǳƭŀǊέRockwell scale). Total test
forcesrangefrom 15kgf to 150kgf (superficialand regular)to 500to 3000kgf
(macrohardness).
ÅTest Method Illustration

A = Depth reached by indenter after applicationof  preload (minorload)
B = Position of indenter during Total load, Minorplus  Major loads
C = Final position reached by indenter after elastic  recovery of sample
material
D = Distance measurement taken representing  difference between preload 
and major load position.  This distance is used to calculate the Rockwell  
HardnessNumber.



ÅA variety of indenters may be used: conicaldiamond with a round tip for
harder metalsto ball indentersrangeswith a diameter rangingfrom 1/16έto
ѹέfor softer materials.

When selectinga Rockwellscale, a generalguide is to select the scalethat
specifiesthe largestload and the largest indenter possiblewithout exceeding
definedoperation conditionsandaccountingfor conditionsthat mayinfluence
the test result. Theseconditions include test specimensthat are below the
minimum thicknessfor the depth of indentation; a test impressionthat falls
too closeto the edge of the specimenor another impression; or testing on
cylindricalspecimens.
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b) Brinellhardnesstest method

The Brinell hardnesstest method as used to determine Brinell hardness,is
defined in ASTME10. Most commonlyit is usedto test materialsthat havea
structurethat is too coarseor that havea surfacethat is too roughto be tested
usinganothertest method,e.g., castingsandforgings.
Brinell testingoften usea very high test load (3000kgf)anda 10mm diameter
indenter so that the resultingindentation averagesout most surfaceand sub-
surfaceinconsistencies.



D = Ball diameter

d = impressiondiameter  

F = load

HB = Brinell result

for steelsandcastiron. There
are other Brinell scaleswith
load as low as1kgf and 1mm
diameter indentersbut these
are infrequently used.

Commontest forcesrangefrom
500kgf often used for non-
ferrous materials to 3000 kgf
usuallyused

The Brinell method appliesa predeterminedtest load (F) to a carbideball of fixed
diameter (D) which is held for a predetermined time period and then removed. The
resulting impressionis measuredwith a speciallydesignedBrinell microscopeor
optical systemacrossat least two diametersςusuallyat right anglesto each other
andtheseresultsareaveraged(d).
Although the calculation below can be used to generate the Brinell number, most
often a chart is then usedto convertthe averageddiametermeasurementto a Brinell
hardnessnumber.



üTypically the greatestsourceof error in Brinell testingis the measurementof the indentation.
Due to disparitiesin operatorsmaking the measurements,the resultswill vary evenunder
perfectconditions. Less than perfectconditions can causethe variation to increasegreatly.
Frequentlythe testsurfaceis preparedwith agrinderto removesurfaceconditions.

üThejaggededgemakesinterpretationof theindentation difficult . Furthermore,whenoperators
know the specifications limits for rejects, they may often be influenced to see the
measurementsin awaythatincreasesthepercentageof ñgoodòtestsandlessre-testing.



c). Vickers hardness testmethod

VTheVickershardnesstest method,alsoreferredto asa microhardnesstest method,
ismostlyusedfor smallparts, thin sections,or casedepthwork.
VTheVickersmethodisbasedon anopticalmeasurementsystem. TheMicrohardness

test procedure, ASTME-384, specifiesa range of light loads using a diamond
indenter to makean indentation which is measuredand convertedto a hardness
value. It is veryusefulfor testing on a wide type of materials,but test samplesmust
be highly polishedto enablemeasuringthe sizeof the impressions. A squarebase
pyramidshapeddiamondis usedfor testing in the Vickersscale. Typicallyloadsare
very light, ranging from 10gm to 1kgf, although"Macro" Vickersloadscan rangeup
to 30kgor more.

VThe Microhardnessmethods are used to test on metals, ceramics, composites-
almostanytype of material.

Sincethe test indentation is very small in a Vickerstest, it is useful for a variety of
applications: testingvery thin materialslike foils or measuringthe surfaceof a part,
smallparts or smallareas, measuringindividualmicrostructures,or measuringthe
depthof casehardeningby sectioninga part andmakinga seriesof indentationsto
describea profile of the changein hardness.



VSectioningis usuallynecessarywith a microhardnesstest in order to provide a small
enoughspecimenthat can fit into the tester. Additionally, the samplepreparationwill
needto makethe ǎǇŜŎƛƳŜƴΩǎsurfacesmoothto permit a regularindentationshapeand
goodmeasurement,andto ensurethe samplecanbeheld perpendicularto the indenter.
VOften the prepared samples are mounted in a plastic medium to facilitate the

preparationandtesting. Theindentationsshouldbe as largeaspossibleto maximizethe
measurementresolution. (Error is magnified as indentation sizesdecrease)The test
procedureis subjectto problemsof operatorinfluenceon the test results.


