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What is material Engineering ?7???

ANew materials have been among the greatestachievementsof every age and
they have been central to the growth, prosperity, security,and quality of life of
humanssincethe beginningof history. It is alwaysnew materialsthat openthe
door to new technologies,whether they are in civil, chemical, construction,
nuclear, aeronautical, agricultural, mechanical, biomedical or electrical
engineering

AThedefinition of the academicfield of Materials Science& Engineerings :- It is
the propertiesof the materialthat giveits value

AA material may be chosenfor its strength, its electricalproperties, resistanceto
heator corrosion,or a hostof other reasons but they all relate to properties

AExperienceshowsthat 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,are controlled by the processingf the material



AMaterialscanbe characterizedn termsof :-
x State of matter: solid, liquid, gas, plasma etc.
x Physical properties like density, melting point etc.
X Mechanical properties like hardness, strength, brittleness or ductility etc.
x Electrical properties like conductivity
X Magnetic properties like ferro, para, amia magnetism

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



ELASTICITY AND PLASTICITY

A Elasticityis the property of the solid materialby virtue of whichit tendsto regain
its shape after the removal of external load. Elasticityis 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
stressload is removedfrom the materialit will recoverits originalform.

A A material will continueto deform elasticallyasthe stressupon it increasesuntil
the elastic limit is reached The elastic limit can be found on stressstrain
diagramdsfor all materials,andthe limit variesby the material Forinstance,steel
experiencedar lessstressbefore reachingthe elasticlimit thanrubberdoes

LINK:https://www.youtube.com/watch?v=frGL1]TnDsg



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

AElastic Constants Stressproducesa strain, but how much strain is produced

dependson the soliditself. Thesolid is then characterisedoy anelasticmodulus
that relatesstrainto stress

= Elastic Modulus =

Stress o
Strain z

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

C Modulusof elasticityor , 2 dzyhdalas(E)
C Bulkmodulus(K)

C andModulusof rigidity or SheaModulus(G)
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APlasticityis the property of the solid material by virtue of whichit tendsto retain
Its deformedshapeevenafter the removalof externalload.

In the other words, plasticity,alsoknown asplasticdeformation, is the ability
of a solid materialto undergopermanentdeformation,a non-reversiblechangeof
shapein responseao appliedforces
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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%ngineering stress Engineering strain A: Undeformed
crosssectional area F: Uniaxial load L: Undeformed length



TENSILE TEST

ATensile testing, also known as tension testing, is a fundamental materials
science and engineering test in which a sample is subjected to a
controlledtensionuntil failure.

A Propertiesthat are directly measuredvia a tensile test are ultimate tensile
strength, breaking strength, maximum elongation and reduction in area From
these measurementshe following properties can also be determined Young's
modulus,Poisson’'satio, yield strength,and strain-hardeningcharacteristics

Uniaxial tensile testing is the most commonly used for obtaining the
mechanicatharacteristicof isotropicmaterials

ATensiletestingmight havea variety of purposessuchas
A Selecta material or item for an application
APredicthow a materialwill performin use normalandextremeforces

ADetermine if, or verify that, the requirements of a specification, regulation,
or contractare met



ADecide if anew product developmenprogram is on track
ADemonstrateproof of concept
ADemonstrate the utility of a proposashtent

A Providestandarddatafor other scientific, engineering, argiality
assurancdunctions

AProvide a basis fafechnical communication
AProvide a technical means of comparison of several options
AProvideevidencein legal proceedings

ATensile specimen

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




AEquipment -

The most common testing machine used in tensile

testing is the universaltesting machine Thistype of
machinehastwo crossheadsone 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

Tensile specimens made from an
aluminum alloy The left two
specimens have a round cross
sectionandthreadedshoulders The

Themachinemust have the proper capabilitiesfor the test right two are flat specimens

specimenbeing tested There are four main parameters
force capacity,speed,precisionand accuracyForcecapacity
refersto the fact that the machinemustbe ableto generate

enoughforceto fracture the specimen

designedto be used with serrated
grips



AThemachinemustbe ableto applythe force quicklyor slowlyenoughto properly
mimicthe actualapplication Finally,the machinemust be ableto accuratelyand
preciselymeasurethe gaugelength and forces applied for instance,a large
machinethat isdesignedo measurelong elongationamay not work with a brittle
materialthat experienceshortelongationsprior to fracturing

AThe machine must have the proper capabilitiesfor the test specimenbeing
tested There are four main parameters force capacity, speed, precision and
accuracy Force capacityrefers to the fact that the machine must be able to
generateenoughforceto fracturethe specimen

AThemachinemustbe ableto applythe force quicklyor slowlyenoughto properly
mimic the actualapplication Finally,the machinemust be ableto accuratelyand
precisely measurethe gaugelength and forces applied for instance,a large
machinethat isdesignedo measurelong elongationamay not work with a brittle

materialthat experienceshortelongationsprior to fracturing

AAlignmentof the test specimenin the testing machineis critical, becauseif the
specimenis misalignedgeither at an angleor offset to one side,the machinewill
exerta bendingforce on the specimen Thisis especiallyoad for brittle materials,
becausat will dramaticallyskewthe results



A If the initial portion of the stressstrain curve is curved and not linear, it indicates
the specimen is misaligned in the testing machine

The strain measurementsare most commonly measured
with an extensometerput straingaugesare alsofrequently
used on small test specimenor when Poisson'sratio IS
being measured Newer test machineshave digital time,
force, and elongation measurementsystemsconsistingof
electronic sensorsconnectedto a data collection device

(often a computer)and softwareto manipulateand output
the data

Universal testing machine



AProcess

Thetest processinvolvesplacingthe test specimenin the testing machine
and slowly extendingit until it fractures Duringthis processthe elongationof the
gaugesectionis recordedagainstthe appliedforce. Theelongationmeasurements
usedto calculatethe engineeringstrain, .

Strain=

Stress=

Themachinedoesthesecalculationsasthe force increasessothat the data points
canbe graphedinto a stresgstraincurve



AA stresgstrain  curve for a material gives the relationship
betweenstressandstrain

These curves reveal many of the properties of a material such a%oin®'s
modulus, theyield strengthand theultimate tensile strength
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Stressstrain curve typical of a low carbon steel



A Stages:

AA schematicdiagram for the stressstrain curve of low carbon steel at room
temperature is shown in previous slide There are several stages showing
different behaviorswhichsuggestslifferent mechanicaproperties

AThefirst stageis the linear elasticregion Thestressis proportionalto 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 The stresscomponentof this point is
definedasyield strength(or upperyield point, UYHor short).

AThe secondstageis the strain hardeningregion Thisregion starts as the strain
goesbeyondthe yielding point, reachinga maximumat the ultimate strength

point, whichis the maximalstressthat canbe sustainedandis calledthe ultimate
tensilestrength(UTS)

Aln this region, the stressmainly increasesasthe material elongates,exceptthat
for somematerialssuchassteel,there is a nearlyflat regionat the beginning The

stressof the flat regionis defined asthe lower yield point (LY P)(Shownin next
slides)



Stress Strain Curve for Mild Steel

Thethird stageis the neckingregion Beyondtensile strength,a neckformswhere
the local crosssectionalarea becomessignificantlysmallerthan 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 decreasingthe work strengtheningis still
progressing,that is, the true stress keeps growing but the engineeringstress
decreasedecausdhe shrinkingsectionareais not considered Thisregionendsup
with the fracture. After fracture, percentelongationand reductionin sectionarea
canbe calculated



Engineering stress and strain

AConsider a bar of original cross sectional areeing subjected to equal and
opposite forcesd- 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 = =7

SubscriptO denotesthe originaldimensionsof the sample TheSlunit for stressis
newton per squaremetre, or pascall pascakF 1 Pa=1 N/m?), andfor strainis"1".
Stressstrain curve for this material is plotted by elongating the sample and
recordingthe stressvariationwith strainuntil the samplefractures

Note that for engineeringpurposeswe often assumethe crosssectionareaof 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 crosssection and gaugelength is
calledthe engineeringstressstraincurve



True stress and strain

ADue 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 gL ] L = Final Length
SZJT:'n: =0 +YOORO Y0

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

AL=0 0

The curve based on the instantaneous crssstion area and length is called
the true stressstrain curve.



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

Engineering Stress/Strain vs.
True Stress/Strain

* True Stress & Engineering Stress (Up to necking)
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Soin atensiontest, true stressis largerthan engineeringstressand true strain is
less than engineeringstrain. Thus, a point defining true stressstrain curve is
displacedupwardsandto the left to definethe equivalentengineeringstressstrain
curve Thedifference betweenthe true and engineeringstressesand strainswill
iIncreasewith plasticdeformation At low strains(suchaselasticdeformation),the
differencesbetweenthe two isnegligible



Classification

It Is possibleto distinguishsomecommoncharacteristiceamongthe stresgstrain
curvesof variousgroupsof materialsand, on this basis to divide materialsinto two
broadcategories namely,the ductile materialsandthe brittle materials

1. Ductile materials

Ductile materialsare those which could show plasticdeformation Suchmaterials
canbe actuallydrawnor bent or rolled before it reachests fracture point.

2.Brittle materials

Brittle material are those which breaksinto piecesupon application of tensile
force without anyelongationor plasticdeformation

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




Stress-Strain curve for ductile and brittle materials
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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 deformatiotr
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
action of external tensile loading.

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




Energy absorbed by ductile materials before fracture unds
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 |
wire.

Ductile materials show longer life when subjected to fatigt
loading.

Brittle materials fail faster when subjected to fatigue loadi

Example®f ductile materiat
Avild steel

Anluminum

ACopper

ARubber

Aviost plastics

Example®f brittle materiat

ACastiron
ACeramicsuchasglasscement,concrete, etc.
AStone

Ace




Hardnesdest
A) Rockwell method

U The Rockwellmethod measuresthe permanentdepth of indentation produced
by a force/load on an indenter First,a preliminarytest force (commonlyreferred
to as preload or minor load) is appliedto a sample usinga diamondor ball
iIndenter Thispreloadbreaksthroughthe surface to reducethe effectsof surface
finish. After holding the preliminary test force for a specifieddwell time, the
baselinedepth of indentationis measured

U After the preload,an additionalload, call the major load, is addedto reach the
total requiredtest 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 preliminaryload. After holdingthe preliminary test force for a
specifieddwell time, the final depth of indentationis measured The Rockwell
hardnessvalue is derived from the differencein the baselineand final depth
measurementsThisdistancels convertedto a hardnessaumber Thepreliminary
test forceisremovedandthe indenteris removedfrom the test specimen



A Preliminarytest loads (preloads)range from 3 kgf (usedin the a { dzLJS NJF A O
Rockwellscale)to 10 kgf (usedin the & w S 3 d2bdkwlE scale) Total test
forcesrangefrom 15kgfto 150 kgf (superficialand regular)to 500to 3000kgf
(macrohardnespg

A TestMethod Illustration

A =Depthreached by indenteafter applicationof preload (minofoad)

B = Position of indenter durinptalload, Minorplus Major loads

C =Finalposition reached by indenteafter elastic recovery adample
material

D = Distanceneasurementaken representingdifferencebetween preload
andmajorload position. This distance is used to calculateRbekwell
HardnessNumber.

Minor Load Minor Load




A A variety of indenters may be used conicaldiamond with a round tip for
harder metalsto ball indentersrangeswith a diameterrangingfrom 1/16¢ to
oy for softer materials

When selectinga Rockwellscale a generalguideis to selectthe scalethat
specifiesthe largestload and the largest indenter possiblewithout exceeding
definedoperation conditionsandaccountingfor conditionsthat mayinfluence
the test result Theseconditionsinclude 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

b) Brinellhardnesgest method

The Brinell hardnesstest method as usedto determine Brinell hardness,is
defined in ASTMELO. Most commonlyit is usedto test materialsthat have a
structurethat istoo coarseor that havea surfacethat istoo roughto be tested
usinganothertest method,e.g., castingsandforgings

_Brinelltestin%often useavery hightest load (3000kgf)anda 10mm diameter
Indenter so that the resultingindentation averages out most surfaceand sulb-
surfaceinconsistencies



The Brinell method appliesa predeterminedtest load (F)to a carbide ball of fixed
diameter (D) which is held for a predetermined time period and then removed The
resulting impressionis measuredwith a speciallydesignedBrinell microscope or
optical systemacrossat leasttwo diametersc usuallyat right anglesto each other
andtheseresultsare averagedd).

Although the calculation below can be usedto generatethe Brinell number, most
often achart isthen usedto convertthe averageddiametermeasuremento a Brinell
hardnessaumber

Commontest forcesrangefrom '@

50Ckgf often used for non- S ey
ferrous materials to 3000 kgf { [ _,,-T'}".
usuallyused l G .'l
for steelsand castiron. There i
are other Brinell scaleswith D = Ball diameter e |
load aslow as 1kgfand Imm d =impressiondiameter P
diameterindentersbut these F =load R
areinfrequently used HB = Brinell result HE = N




U Typically the greatessourceof errorin Brinell testingis the measurementf the indentation
Due to disparitiesin operatorsmaking the measurementshe resultswill vary evenunder
perfectconditions Lessthan perfectconditions can causethe variation to increasegreatly
Frequentiythe testsurfaces preparedvith agrinderto removesurfaceconditions

U Thejaggededgemakesinterpretationof theindentation difficult. Furthermorewhenoperators
know the specificationslimits for rejects, they may often be influenced to see the
measurements awaythatincreasesthepercentagef i g o tedtsandlessre-testing



c). Vickerdhardnesgestmethod

V TheVickershardnesdest method, alsoreferredto asa micro hardnesdest method,
IS mostlyusedfor smallparts, thin sectionsor casedepthwork.

V TheVickeramethodis basedon an opticalmeasurementsystem TheMicrohardness
test procedure, ASTME384, specifiesa range of light loads using a diamond
Indenter to make an indentation which is measuredand convertedto a hardness
value It is very usefulfor testing on a wide type of materials,but test samplesmust
be highly polishedto enablemeasuringthe sizeof the impressionsA squarebase
pyramid shapeddiamondis usedfor testingin the Vickersscale Typicallyloadsare
very light, ranging from 10gm to 1kgf, although"Macro" Vickerdoadscan rangeup
to 30kgor more.

V The Microhardnessmethods are usedto test on metals, ceramics, composites-
almostanytype of material

Sincethe test indentationis very smallin a Vickerstest, it is useful for a variety of
applications testing very thin materialslike foils or measuringthe surfaceof a part,
smallparts or smallareas, measuringindividualmicrostructures,or measuringthe
depth of casehardeningby sectioninga part and makingaseriesof indentationsto
describea profile of the changan hardness



V Sectioningis usually necessarywith a microhardnesgest in order to provide a small
enoughspecimenthat can fit intg the tester Additionally, the samplepreparation will
needto makethe & LJS O A svirfageshipothto permit a regularindentation shapeand
goodmeasurementandto ensurethe samplecanbe held perpendicularto the indenter.

V Often the prepared samples are mounted in a plastic medium to facilitate the
preparationandtesting Theindentationsshouldbe as largeaspossibleto maximizethe
measurementresolution (Erroris magnified as indentation sizesdecrease)The test

procedureis subjectto problemsof operatorinfluenceon the test results
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