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Introduction:

Material tesning 15 of 2 nypes.
i -Dlestructrve tesung
1it. Non-Diestructive testing

1. Destructive testing -

Testing up to fatlure & the sample will not be used further
e.¢ Hardness 1251, tensile test, Creep test, Fatiouse test

1. Non-Destructive 1ésting: -

The sample doesn 't damage dunng tesung & can be used
further.

e.g¢ Eddy current test, Ultrasound test, X-ray Radiogrephy
These tests are carned out on materials 1o determune the
mechanical properties like -

o Strength — Yield strength. Ultimate Tensile Strength
o Ductility

o Tﬂﬁg’hﬂﬁi

¢ Resihence

¢ Young s Modulus

* Hardness

* Impacttoughness

® Creep strength

* Fangue strength



1. TENSILE TEST

Stress: - Force acted upon unit area.
Stress=FA=Nm=Pa

Strain: Change i length to mitzal length. (Dimensionisss)

Stram = (L,—L0)L0 = AL/LD (for expansion)
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Deformation: - Chanige m shape of a matersal due to
application of load.

It 8 of 2 types
a Elastuc Deformation
b. Plastic Deformanon

a Elastic Deformation: - The sample 15 deformed on
applicanon of load but 1t comes back to 1ts origmal shape
once the load is removed Hence, it's a temporary
deformation
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b. Plastic Deformatizm: - The material dogsn’t come back
to 1ts enginal shape afier removal of load. Henee: 1tz 2

permanent deformation
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LTAS L= Gauge length
= A= Initial cress-sectional ares
e It 15 camm=d out on universal testing machine (UTM).

¢ The tensile test sample 15 gripped at both ends as shown

in the figure.



® The sampls 13 loaded by moving the cross head at a
consiant veloctv (sStrain rate).

* Asthe load F increases the length of the sample changes
fromL;to L.

¢ Change in leaoth or elonganon (AL)=L-La

Instantaneous load/ f oree

Engineering stress (g)=—— : =
' Inttial crosssectional area AU

Change inlength Al
Iiitial length “LD

Engineering strain (g)=

Engineering Stress-Strain Diagram: -

The stress stramn diagram provides valuable mformanon ke
how much forceload a material can withstand before
permanent deformation or failure.
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HOOKE s Law: -

Tt states that stress s directlv proporional o stram within the
elastic limat

oc=E.e
Where, ¢ = engmneenng stress
€ = Sngmeerne stram
E=Youngzg s modulus

¢ Here the proportional limist is shovmn as point A

o Younpgs modulus or modulys of elasncity shovm
stifiness or resistance to slaste deformation of a matenal

¢ Just bevond proporfional limit, there s the slastic limat
which shows that the deformation transmtion from elastic
to plastic,

¢ Pomnt C 15 the yield point or 0.2% proof stress or offset
vield strensth which shows the matenal Has been
deformed plastically by 0 2%

® Point D 15 the miaximum stress bevond which the stress
decraase 1s known as Ultimate tensile strength UTS. It
demoies the maximum stress the matenal can withistand.

e Yield strenoth = the value of stress at which a material
starts to deform plastically.

» TUTS = it 1s the maximum valu=s of stress a2 matenal can
withstand



Properties:

Ductility: - Tt 15 the ability of 3 smaterzal to deform plastically
Resilience: - It is the energy absorbed by a matersal dunng
alastic deformation It is represented by the area under the

elastic part of the stress-strain curve.

*E

Enginearing stress (o)

——— Resilience |

Englneering strain ()

Tougimess: - 1t 15 the energy absorbed by a matenal duning
deformation before fmlure It 1s tepresented by area under
siress-stram diagram.

=

Engineering stress (o)

Engineering strain (&)



« Small roughness (ceramics)

'Large tolghness {m=tals)

e

e

[palymer)

Brittle fracture — small toughness, Ductie fractiure —large toughness

True stress (Gy); -

e it 15 definsd as the load drided by the actual cross-
sectional area (mstantansous) as of the specimen at the

Very srpall toughness
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load.
ik = % —{1} A = Instantaneods cross-sectional area
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Now on putting the value of A in eguation (1), we get,
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True stramn (e):
e It 15 defined as the change i length divided bv the current
lensth

o Wi
True incremental strain = de; =

@ [y de, = [ T=[m Ll = ()

fﬁ"l’ﬂf

2 e =In(E=) = G2 + ) = In(1 + ¢)
L:'EI=1H{1+E}

Trua stress-strain curva

Engg. stress-strain curve

stress

strain



Yield pomnt phenomena:

¢ Durine tensiie deformanon materzals minally deforms
elastically & the wield point mark the start of plastic

deformation
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* For most of the material. the transition from elastic to
plastic deformation 1s ‘gradually s 1t 15 observed m the
firmre 1

o But in somes matenals like, muld steel the mansimen s
sharp and exhibited a phenomenon termed as yvield point
phenomena shown n figure 2.

o Metal particularly low carbon steel. Mo, €d, Zn, Al alloys
ghows a localized heterogenecus transition from elasne 1o
plastuic deformation which 15 ealled yield pomt elongation

® In such matenals plastic deformation starts locally in some
parts of the sample ar 2 stress kmown as upper vield point

¢ The load after upper vield pomnt suddenty drop to a

constant value known as lower vield pownt & then rise with
further stress

e The elansation which occurs at constant Ioad is cailed as
vield pomt elongation. which are hetercgeneous
deformations.
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e This vield pownt elongation s sppears ‘as Lider band
stretcher strain on sample surface

¢ 1 iider band are formisd at approximately 437 to tensile aus
dunneg vield poant elenpanon & slowly propagates over
the specimen.



LHAREDNESS TEST

Hardness:

e It s the resistance” to localised plastic deformation
{_mﬂﬂrraﬂnn},

Or

e I s the ability of a matenal to resist scratch orindentation.

o Hardness value can't be directly ussd for desioning
activities a5 hike tenstle test valus,

* However: it 1s.1important to evaluate hardness value as 1ts
refated to elastie & plastic properties of material (Young s
modules, yield stress, ductility, UTS etc ),

¢ Hardness test 1s very rapid & =asy to conduct.
¢ Hardness vaiue 15 verv sensttive to the surface of the
material.

¢ Dependmng upon the type of test, hardness of matenal s
categofised ito 3 tvpes.

» Elastic rebound hardness
» Scratch hardness

# [ndentation hardness



Elastic/rebound hardness: -

¢ The resistance offered by a material to impact and
resultant rebound of the mmparct = termed as elasuc or
rebound hardness.

¢ The device used to measure this typs of hardaess s called
Sclerpscope and the t2st1s kmovwn as Shore's hardoess test.

Shore hardness test/ Scleroscope tess: -

e The basic principle of this test 15 to measure relanve
hardness rom the rebound height from the surface of the
material under cons:dermation.

o In this case the metal plug that holds a diamond indenter
(sharp ponted obyect) 15 dropped from a certain height s
measured and accordinglv hardhness of the sampie 15
determined.

o In gen=sral sofier the matenai the indentation size will be
more & rebound haight will be less & vice versa

O indenter

scale
!:||||!I|I|- |I‘!|J_|J|I|J||-L

U

-

T T Y

[ ] indentation

Fig: Schemiane of Shore hardness test.



Appiication;

This 15 a portable device and very £asy to use, This 15 used to
measure

|

|

. Hasdness of pipeline & heavy machinery,
It can be used to measure thin section like razor blade &

thick s=ction as well

 J
ﬂ

It 13 used 10 measure the comprassive strength of concrete

surface.

Precaufion:

s

2
3
4

. Surface must be smooth, flatand clean.
Proper clamping should be done to avosd vibranon.
- Multsple test should not be conducted at one region

Number of tests should be camied out to get accurate

hardness valus.

Scratch hardness test: -

¢ This hamess test deternunes the resistance of 2 materal 1o
scratch or shrasion

e In this test, the matenal under obssrvation 1s scratched by
several zeries of standard materials for determination of
hardness.

¢ This hardness test was desvelopad by "Friedrich Moh™. So,
the hardness results from this test 1s expressad by Moh
scale

¢ In Moh scale, 10 siandard matenals are ammanged in the

order of increasing hardness value starting from softest
tale (1) 1o hardest diamond (10).
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¢ Suppose in the test the matenal 15 scratched by diamond
but couldn 't be scratched by corundum at a standard load.
Then the scratch hardnsss of the matenal wall be 1o
between 9-10.

Appiicanon: -

¢ This test 15 widely used in the Held of mineralogy for
finding relative hardness of rocks. matenials et

L. Tt 15 extremely sumple. low cost and required no technical
siall

2. Thas test is rapud and quick
3. The hardness scale 1s only from1-10
Disadvantages: -
o Thke hardhess scale is highly limited to find out the exact
hardness & find very Little use with metallurmst



Indentatton Hardness Test

Introduction:

Hardness 15 2 measure of matenal’s résistance fo localized
plastic deformanon. In this case it 15 the resistance-to
indentation or penetration by an indenter

Indentation hardness test 13 widely used by metallurgsst
dug to certain relstion between hardness no. and tensile
strength of metals:

Hardness techmaues by indentation have been developed
over the vears i which a small indenter 15 foreed 1nto the
surface of a matersal to be tested.

In this test an indemter of known geomewry and defined
applied load 15 impressed upon the sample surface,

The test result s expressed by a number which determined
from the depth of penetration of mdenter or the applisd
stress. depending upon the type of test

In general sofier the matenal higher will be the depth of
penstration of indeatsr or higher indentanion ar=sa and
represented by a lower hardness number and vice versa

The major indentation hardness tests are:
a) Brnell Hardness Test
b) Rockwell Hardness Test
c) Vickers Hardness test



a) Brinell Harduness Test
* Dr. J A Bnnell mvented the Brmell test in Sweden in
1900

* Thistest uses a sphencal mdenter which 15 forcad mito the
surfacs of the test sample at a certain load

* Due to the action of load a cuwcular impression 15 created
on the sample surface:

* The diameter of the indentation 15 of prime URPotance in
measunng the hardness number,

Tvpes of indenter:

1. Hardened steel ball of 1, 2.5, 5 and 10mm size diamester.
2 For vervy hard mmatenal. Tungsten carbidz ball 15 usad

Principle:

¢ The Brinsll hardness testing consists of indenning the test
materal with a 10 mm dmmeter hardened steel or carbude
ball subjected w a load of 200 to 3000 ko for 10 wo 30
second.

* The Wl load (3000 Kg) 15 normally apphed for iron and
steel for 10 to 15 seconds.

* The load can be reduced to 1500 ko or 300 ke for 30
second to avord excessive indentation for softer matenals.

* When the indenter s impressed into the test sample
surface icreates a circular impression after its removal



*+ The diameter of the indentation 5 measured by a
microscope For better accuracy at least two readinos of
the diameter 15 measurad.

* The Brinell hardneds number 1s caleulated by dividing the
appliad load with the curved surface area of the
indentation
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HB =

whare
o HB =Hfrinell Hardness Number (kqf/mm®)
o P =applied load in kilogram-farce (kgf)
o [ =diameter of indenter (mm)
o d=diameter of indantation (mm)

o A swell-structurad Brinell hardness number reveals the test
condions. and looks like thus, "73 HB 10/30030" which
means that a Bnnell Hardness of 73 was obtained usine a
10mm dmmeter hardened steel watha 300 kilogram load
zppliad for a peniod of 30 seconds.

Advauntages:

* This method is the best for achisving the bulk or macro-
hardness of a matenial particularly those -matenials with
heterogensous strctures.

* Due to large size of the mdenter the local inhomogeneity
15 averaged out

* It 15 less mfluencad by the surface. so extensive surface
preparanion 15 nol reguired.

Disadvantages:

* As_the Brinell imipression 15 large so sometimes 1t act as
z potential sit= for failure.

* Highertechnical skall 15 requirsd 10 perform the teat

* Helatively slow process.



Precautions:

Hardness of the steel ball must be sufficiently more than
specimen otherwise the ball stself may get deformed
(sinkine i)
Depending upon matenial undsr the test the combnanen
of the load and ball material 1s'chose ;
#» 300 kilograms for soft metals such as copper, brass
and thin stock:
# 1300 klogram load 1s used for alummiem castings,
#3000 knlogram load 1s usad for matenalssuch as won
and steel

Surface of the material (specimen and ball) must be
smoath & free from dirt or scale

Indemanon mark should be avoidsd at the edges and
comers of the matenialis difhcult 1o measurs.

The thickness of the metal undsr test should be at lzast 10
times of the depth of indentation.

The load must be apphed for specific ime penod



Roclkwell Hardness Test

o Hurch M Raoclwsll and Stanley P Rockwell eo-imventad
the "Rockwell hardness tester in 1910

Principle of testing

# It is an indentation hamess measurement method.

¢ In this test a diamond cone having an ncluded angle 120°
and 0 2mm radius of curvature or hardened stesl ball of
diameter 1.6mm or 3. 2mm 15 forced nto the rest surface

» In this t=st the load 15 applied 1n two steps 1 = minor load
and major load.
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Rackwell Hardoess Tostor 1y daiting
( Rrabe indenter |

U armond fndentey

A= Position of indenter under minor load.

8= Position of indenter under total( minor + major ) lead.

€= Pasition ﬁhﬁmﬁtmhnrhqﬂmunmﬂ of majortoad.
H = Permanent depth of indentation under minor load.

# = Blastic recovery fust after removal of major load.

The determunation of the Rockwell hardness of 2 matenal
tnvaives the apphicanon of a minor load of followed by a
major load.

The munor load establishes the zero positton The major
load 15 applied. then removed while stll maintaining the
minor load

The depth of penstration from the zero 1s measured from
a dial, on which a'karder matenal gives 2 higher number.
That 15, the penstration depth and hardness are inversely
proporiional

In Rockawell testing the munor load 15 10 ko and major load
(60, 100, or 130 kg) s used regardisss of the type of
mdenter,



Test method:
* Apply a munor load of 10 kz.
* Then the dial 15 set to zero and then major load 1s appliad.

* Thenapply major load of 60100 and 130 kg accordinz to
the scale usad for § seconds.

* Release the masor load only, machine will show the
Rockwell Hardress Number HR on the machine

* The Result 15 vnitten-as ex: 60HRC.

Tvpes of indenter and load:

o A 120° diamond cone with slightly roundsd np called
brale indenter 15 used for hard matenals:

o Hardened stesl ball of diameter 1 6mim or 3 2mm

* A major lead of 60,100 and 150kg 15 used along with a
minor load of 10ks

# The application of minor load in Rockwell machine
ensuies proper seaung of indenter on the spscimen

and alse removes anyv surface rregulanmes
(Minimize surface prepasanon)

Type of Scale:

A Scale: Tf:ua scale comesponds to braie indenter with 60Ks
ma;or load. This scale can major hardness of extremely soft
material like brags as well as hard cemented carbides



B Scale: This scale comresponds te brale indenter with 100Ke
major load This scale can major hardness of soff matenal like
on-ferrous metals, low and medum carbon steel

C Scale: This scals correspends to brale indentsr with 130Kg
major load. This scale s mostly used to measure the hardness
of hardenad steel

Representation of Rockwell hardness:

The hardness valus 15 nnﬂﬁnLJ\"GJ EF. C

Hardness value Rockwell — Scale
Hardnsss

Precautions:
* The indenter should be clean
* The test surface should be oxide free, clean, flat and

smooth
* The thickness of the specumen should be 10 fimes of the
depth of penetration.

. 'Epacmg between two indents should be 3-5 times the
diameter of indemier.



Vickers Hardness Test

® The Vickers hardmess test was developed in 1921 by
Fobert L. Smiuth and Ge=orze E. Sandland.

Principle of testing

¢ The test makes the use of a square-based diamond pyramud
mndenter with 136 anples betwesn the opposite fares is
impressed mmw the test camplie:

Vickers hardness testing machine Indenter
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e The leagth of the two diagonals are measured after
removal of load to calculate hardneas

Vickers hardness number

F

V.H.N = .
__2psinb /2

daz
F
= 1.854-4{!—.1

Where,

P=applied load in kg

A= surfacs area of indentation in sq mm-.

d= Average length of diagonal tin mm-

&= angie between opposite faces of diamond pyramad (136%)

Test Procedure
» Select the appropriats 1est load
* The test sample should be placed nghtly. And the area to
be tested should be mn focused condition
* Then the indenter 1s brought mto contact of the sample
surface and thesample 15 loaded for 10-30 séc

* The force 15 removed, and lenoth of the diagonals -are
measured and averagad out.



Representation of Vickers hardness:

* Vickers hardness numbers are reporied as eg
440HVI0N 20

Where:
440} 15 the hardness numbet,
BV orves the hiardness scale (Vickers),
30 indicares the load used in ko
20 indicates the loading ime
Precantions:

* The indenter should be cleanad.

* The test surface should be oxids free. cl=an flatand
smooth

» Spacing berween two mdears should be 3-3.5 tmes the
diameter of mdenter
Advantages:

* The hardness of hardened stes] or soft matersals can be
determined using large or small load respectively.

* This test 15 very useful for testinig hardness of polished or
nitrides surface due to small impression made on the test

* This test 15 accuraie and 1< sustable for metals as thun as
0. 15mm

* Hardness at elevated temperatores can be determined.
Disadvantages:
* Tt is a relatively slow process.

» It requires extensive surface preparation



* In place of square impression somenmes Pin-cushioned
or barreled indentation may form

iz

# Firsr foure b (1) shows the perfect mdentation
which 15 in the form ofa square.

# Eygure {11) shows Pincushion sndentation this 15
observed in soff matenals. This resulis m
verestimation of dunension of diazonals and shows
lower hardness.

#~ Figure (1) shows barrel type indentation, this 1
observed i hard matenals. This results i
underestimation of dimension of diagonals and
shows higher hardness.

Relanonshin between Hardness and Strensth

* Aswe can observe both BHN and VHN measures
force load reguire for indentation (plastic deformation ).
Which 1s sumilar to the task we do 1n case of tensile test

* So, thers exist 2 relationship between these hardness
value and UTS of that sample.

» Hardness of a material is 2.5-3 times higher than the
UTS of thar material




Chaprer 03
IMPACT TESTING
Impact or Impact Force?
» An mmpact 15 a high force or shock applied over a shont

tune period when two or more bodies collids.

Example- car crash, wind force, earthquake ete

Imipact strength: It 15 the resistance to fracture or failure of any
matenals under suddenhugh stram rate loading.

Oy

It 15 the touchnesss of a material (energv absorbed) under
sudden’'sheck loadmg

* Impact testing mcasures the resistance to fracturs or
deformation of a materals during sudden loading.

* This test 1s mostly used to determinie impact strenoth and
behavior of materials at low temperatare.

* These vaiues are important for the selection of materials
that will be used m applications that require the matenal
to underge verv rapid loadmeg processes such as in
vehicular collisions, including steel hull plate for ships,
nuclear plant pressure vessels. Aerospace. Automotive,
Nuclear etc.



Tvpes of Iinpact Testing
« The most common methods of perfornume tmpact test are

—

1. Charpy Test Method
» Izod Test Mathod

« Thes= tests are all sssenually determiine the same
characternistics of the material but ditfers 1n the onientation
of the test samipls

« Inthis test, a sample of matenial 1s held in ned fixture and
struck with a hammeér with predeiermined potential
energy, The energy absorbed 15 measuwred by measunng
how far the hammer swings in the opposite dirschon after
the impact.

« Initial potential energy can be varied by posihoning the
hammer:at different heights as well as varying the massof
the hammer,

« This s avery sumple test to conduct and provides valuable
mformaton regarding  fracthure resistance,  energy
absorbed dunng fracture, ductide to bnttle transstion by
varying test temperatures
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1. Charpy Test Method

* The Charpv mmpact test, also known as the Champy V-
notch test, s a standardized impact test which determines
the amount of energy absotbed by a matenal dunng
fracture This absorbed enerpv 15 a measure of 3 paven
material's impact tounghness and acts as a tool to study,

* It i3 widely applied in industry, since it s easy to prepare
and conduct and results can be obtammed quickly and
cheaply.

Charpy Impact Test Specimen:

* Charpv test specimens normally measure 353x10x]10mm
with 2mm deep notch at the muddle.of a specified surface.

« The noiches may be: V-shaped notch, 2mm deep, with 43°
angle and 0.23mm radius along the base.

« U-notch or kevhole notch — A Smm déep notch with lmm
radiis at the base of the notch.
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Izod test Method

e The test piece 15 a cantilever, clamped upright m an anvil
witha V-notch at the level of the top of the clamp.

¢ The test piece 15 hit by a sinker camed on 2 penduslum
which 15 allowed to fzll feely from a fixed height.

Frnal Tyt Rolup

Canmlilyrwnr Hkan sinpwe



Izod Impact Test Specimen

¢ The Standard Size of [zod mmipact test Specimen 1s (64mm
x12. 7mmx 5 2mm),

¢ The V notch Shaped bar 15 also used here.

¢ The Izod specimen 15 held nmdly in a vice tvpe hxture
with the notched side facing the dusction of tmpact The
centreline of the notch must be in the plane ofthe vice op

* Onec the specimen is in place the hammer 15 released from
2 pre-set hesght and allowed 1o strike the specimen thus
fracturing i atthe v-nowch

Procedure of impact test

Prepas the wameie

|

Flacs he sampls m posmion

l

Propare thie soangle

|

More the peadulinm to smiomg
hemtphi and weconid imiad roardsmg

l

Release the pendulum

— [

Feecanl the fmal readnz




Difference between Charpy & Izod test

¢ In Charpy method the Specimen set 15 hke a sumply
Supported beam On other hand:- 10 jzod method the
Specimen set 15 ke & Camilever

® The notch m the trod test 15 facmnp the striker, fastened 1n
pendulum_while in the Charpy test; the notch is positionsd
away trom the striker

» In the Charpy method, there are twoe kinds of notches. the
V-notch and the U-notch. while i the Izod method: there
15-onlv one kind of notch



Sirwin

Failure of Materials

Brittle Materials: - A maténal 15 sad to be bnttle, when
subjerted to stress. it breaks without sizmificant deformation
(strain)
Examples: glasses and eeramics matenals.

Ductile materials: - A matenal 15 said 1o be ductils, when
subjected to stress, itshows sigmbicant amoeunt of deformation
(strain) before failure
Examples Nicksl Copper. Carbon Stes! etc.
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. Ductle  fracture

Ductile Fracture

It invelsss  large
deformation. '

pieceded by the
localizad called

necking.

defonmation

: normally
obz=rved in FCC metaly

dull

condiderabls energy.

plastic |
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Britile Fracture

It is associated with very little |
of no plastic deformation.

4 It doesn't mvolvenecking

Britle fracture 15 nermaliv

ghserved 1n BCC and HCP
metals:

Vapml
ﬁ ﬂm.

. The fracture surface of ductile | 4. The fracture surface of bnottle
matenial 15 rough: and looks materal s flat and shiny
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Ductile to brittle sitlo

¢ Touzghness of metallic matenials depends on tempemmture.
Generally touzhness inereases with  imerease 1n
temperature as plasuctty of matenal mcreases and vice
VEEA.

» However in some materials such as carbon steels undergo
what is known as a "ductile to bnttle transitien’. In thas
phenomena the toughness decreases suddenly with

decresse in temperaturs.

¢ When mmpart energy 15 plotted as a Munchon of
temperature, The resultant curve will show a rapd
dropping. off of impact energy as the temperature

decreases.
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¢ If the impact energy drops off very sharply, a transition
temperature can be determuned. The temperature at which
the matenial changes from ductile nature 1o bottle natre
15 terimed as “Dhuctils to Britle transihon temperatore
(DBTT).



This 15 often a Eood mdicater of the minimum
recommended service temperature for & matenal The
mmpact tests are very useful i determinins the transihon
temperature while conducted over a range of temperaturs:

To estimate the DBTT of the srven matenial The matenal
15 undergone notched tmpact testing over a range of

temperatnres.

At high tempefatures imnpact ensrzy s relatively large, As
temperature drops the impact energv drops suddenly over
3 Very narrow temperature range:

Below that temperature, impact enerov has almost
constant bat very small value Ductile — britle ransiion
takes place over a range of temperature mstead of a sharp
value of temperature,

Therefore 1t 15 difficult to define 2 single temperature.

Usually DBTT is taken that temperature at which Charpy
V motch enerov value 15 20]
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o BCC metals have wansimon t=gmperamrs, but most ECC
and HCP metals do not undergo this transition,

Factors affecting Transition temperature
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¢ Largest change of DBTT m stest can be obsarved by
chanoing pércentaze of C and Mn The transition
temperature 15 razed by 14°C for =ach 1% wnerease in ©
and lowersd by 30°C for each 0.1%% inerease in Mn.

e Presence of P, Mo mereazes DBTT of steel whereas Ni
decreases DBTT

o Gram size hias a strong effect on DBTT. Decrease in prain
size inereases DBTT of low C steel




Fatigue Test

Definitior:: Fanigue is the type of test that i carried out under
flucfuating stress or vibration.
Ex: Automonve, atrcraft, compresser pump; turbine blade ete.

¢ The maximmum load dunng fluctuaton 1z well below the
ultimate tensile strenoth or even vield strencth. Failure
occoming under fuctnating joad & called fangue failure
Different Stress Cycles:

There are various types of load that 1s bemng expenenced by an
sugmesning material during its service peried. In case of fanisus
the load could fluctuate in resular or irregular manner. If the
load variss in regular manner, then it 15 called as stress cycle.

Various type of load that could cause fangue ars:

I Completely reversed eycie of stress (svuzoidal form)
In this type of stress eycle the maxsmum and minwmum
strésses are equal and are repeated with definite time
interval (as shown m -Ff-g,}_ makmeg the strezs cycle
completely smusoidal

Ji Inthis type of stress evele, the eyele is repeated 1n reoular
ume interval But the miaximum and minimum levels of
the stress are different.



[II.  This type of siress cycle 1s the most complex one as there
1s no particular trend that is being followed That means
the maxmnum and punimum stress 18 not constant with
respect to ume. I‘h:stvptnfﬁﬁﬁscycle&amubﬁmﬁm
the awcraft wing and automobile parts where the
components are subjectad to unprediciable uwre:!nads due
to various reason during their service life.

followng paramsters:
)R Minmmurmn stress
¢ AT SO Muoximum stress

3. e Mean stress; Oa ™ (O * Onw ¥2
4. oy Stress amphitude;. 0= (G - Ooin 12
5 R Stress mtio; R = Ouss’ i

6. Aa Stress range; A= s~ i

7. A A-ralio; A=0,/On



S-N curve
Pre&minm:l of Fangue Daia-

In general fatigue test results are presented by means of SN
curve (Le. Stress- number ﬂf;}des to fatlure).

Procedurs to plot S-N curve:

¢ To plot SN murve for a material, several samples are
prepared from the same matenal

¢ The first sample 1s tested at relanvely hipher stress, as
expected the sample fails at less number of strass oyele

¢ The next sample 1s tested ar 2 stress lower than the siress
value of the previous test. This 15 contmued till one or two
sample doesn't fail with in the specified no. of cycle.

& Then stress (o) is plotted against the number of cveles 1o
farlure (N) of the test specimen: The general shape of the
plot for different materials is shown below:




Endurance hinmt

o The concept of an endurance limig is used for safe strass
designs

e From the above plot it can be obsérved that, the number of
cyele a material can susiamn i mcreasing with decrease in
the applied stress.

o Out the abovefour curve the cunve A (Mild steel) shows a

distintet feature, The curve 15 getting parallel 1o X-awms:
That means below certain stress {avel mald stesl can with
stand infinite number of stress cyeie without Facturing.

e A stress leve! below which the material does not fail and
can be cycled mbinitely 1= called endurance i 1f the
apphied stress level is below the endurance limir of the
material or the structure 15 said to have an infimite life

o Many non-ferrous metals and alleys, such as aluminmum
magnesium_ and copper alloys, do not sxhibn well-
defined endurance limuts. These marenials mnstead display
a contimiously decreasing S-N response; similar o Curve
B in Fioure:

¢ In such cases a fatigue strength for a3 mven number of
cyeles must be specthed. An effective endurance limut for
these maierials 15 sometimes defined as the stress thai
causes failure ar 1x10° or 3x10° loading cycles.

Fatigue testing
Faugue test can be classihad mto two types:

(1) High Cycle Fangue (HCF)
(11) Low Cyele Faugue (LCF)



(1) High Cycle Fangue (HCF):
o Ifthe test 1s conducted for 10° cyeles or miore then
1t 13 termed as High Cyele Fatigue test
¢ The stress on the test sample 15 within the elastic
Lermist.
¢ Tt 15 said 1o be load 'stress conirolled test. That s
the te3t 15 conducted for specified load stress.

(11) Low Cycle Fatigue (LCF).
o If the test 15 conducted for less than19” cvele, 1t 13
termed as Low Cycle Fanous test
» The stress on the test sample 15 bevond vield stress.

® Tt 15 said to be strain controlled test. That is the test
15 conducted for specified strain or deformation.

Fatigue testing machine

e Fatioue testing mostly done on rotating beam fatigue
testing machme developed by Moors

e In this machine, a polished specimen (beaim) 13 placed az
simply supported beam & loaded i pure bonding by a
dead weight (W) This beam rotates in a ball bearing a1 a
speed ranging from 3000 to 10,000 rpm- A vanable spead
motor/ constant spésd motor with a2 gear box 15 used for
this purpose. The top mast layer of the rotating specimen
remams in compression while bottom most in tension
Thus. sinusoidal altemating stress 1= produced on the
surface of the spécimen during =ach revoluhon A
mechamcal revolution (counter) recordad the number of
cveies of stress reversal the machine automatcally went
off after the specimen broksn.



Factors affecting fatigue behaviour

Expenmentally 11 has been observed that ftigue crack usually
nucleates mitiate at the surface of the matenal under cyclic
loading Se, m general the factors which helps in formation of
surface crack will decrease the fatigue strength and vice versa
Following factors oreatly affsct fatigue propenty of metal and
allovs:

(@)  composition

(b)  stressconcenfration

()  size effect

(d)  surface condition

(g} residual stress

(f)  Metallurgical factors

(g)  Temperature

(a3} Composition The alloving elements which increass

the tensile strensth of 2 material are observed to increase
the fatigue strength-as well

(B)  Stress concentration” Presence of stress raisers like
notch, holes decrease the fatigue strength This siress
raisers are the location from which a fanigue erack starts.



(¢) Size effect As the size of the component mncreases
the fatigue sirength decrsases It has besn svident that as
the size increases the number of crack and the size of pre-
exisung crack mcreases,

(d) Surface copdinon- Fahgue sirength of ‘a material
strongly depend upon surface cendition As the fangue
crack alwavs start from the surface. Therefore, for better
fatigue strength the surface of the matenal should be
smooth.

(=) Eesidual stress: Presence of compressive residual
stress on the surface of the sample increases fatigue
strength as f closes the mnating cracks and vice versa.

o Compressive stress on the surface of a component
can be formad by shot peening, surface roiling etc

(f) Metallurowcal factors::

o Solid solution alloving mncreases the fatione strencth

¢ Finer'emialler the gramm size higher the fanoue
strength

¢ Hardening increases the fatigue stremoth as the
martensite perceniage INCIEases.

o Temperine afier quenching mersases the fanoue
strength.

¢ Carbunsing, nitnding, case hardening or any surface
hardeninie techmique increases fatigue strength
While decarburisine decreases the fatisus strength

() Temperature: Fatigue ‘strength mnereases with
decreass 1n temperature unliks impact strenpth. However,
there 1= nesudden increase mn fatioue strenoth with fzil of
temperature,




Creep Test
Introduction

® The deformation behaviour of a2 material at room and at
hioh temiperature are not same,

e In general a maiental becomes comparanively softer when
deformed at 2levatad temperaturs.

¢ Now a day s several mictal components have found thewr
use at hugh temperaturs application liks et engine. power
plants. antomobiles. chemucal plants stc.

e Hence 1t 15 therefore necessary to study the deformaton
behaviour of matenials at high temperature.

Definition and importance

o Creep is defined as. a time-deyendent plastic geformation
wndler a certanmt constet appliea load or stress.

® Generally, occors at high temperature (thermal creep), but
can also happen at room témperature tn Cerfamn materials
(e.z lead or glass).

o As a result. the matenal underosoes 2 time dependent
increase in length, which could be dangerous while
service in places hke: Indusmal belts, turbmme blades.
pistons. rockets 2w and mav lead o failure So, it 13
necessary to study the creep behaviour of matenials which
are bemyg used ar elevated temperatura.

® The term high temperature cannot be dafined smiversally
because for matersal hiks lead room temperature 15 aleo
high temperature.



e In ordsr to take care of this anomaly temperaturs 15 often
expressed as homologous temperature, It iz the ratic of
working temperature of @ materiol and it's melting
temperature both in kelvin scale unit,

Homologous temperature = 7/Tm

Wheare, T = working temperature in kelvin
Tm = Melting temperature it kelvin,

¢ Creep deformation generally occurs when Homologous
temperature = 0.5,

Creep Curve

e Az Creep defommanocn 1s 3 ume dependant procsss, =o the
total creep to5t may take few hours few days. 2w months
or aven few years according to the mportance and need.

¢ The total creep or elongation or stran (2) 15 measured for
the entire duration of the test. The plor af stram (£} versus
fime (1) az shown in_figure below i fnown as crees cunve

o The curve A in the ficure below represents an 1dealized
cresp curve The slope of the curve 1s termed as cr=ep rate.

¢ After an instantancous elonzaton the oreep rate decreases
with ume. then reaches a steady state durmg which thers
15 very little change in creep rate with time.

o Finally, the creep rate increases mpidly with nme nll
fracture occurs: [his phenomenon 15 divided o three
distinct stages such as:



| Stage I Pnimary Creep
2 Stage 11! Secondary Creep.
3. Stage 111: Ternary Creep.

1 Stace I

The first stage of the creep 1s known as primary creep or this
shows a recion of decreasing transient creep rate. Dunng this
ﬂage,ﬁgwgfﬁnsmnceniﬁlemanﬁaimﬂﬂsﬁduemsm
hardeminz At low temperaturs and stress. Stage 1 creep s
sigmificant while this zons vanislies as temperdture & swess
incTeases.

Tioea,p —#
B — R i
Curve Ar Cienrtan Hjﬁlﬁl“ S

2. Stage1l-
'I'hf:StEEEI[EIf:fymknmmﬁssetﬂndﬂt creep. Thus s the
peniod of nearly constant creep rate and is of great enginesnng
importance This censtant creep sate resulis from the balance
between the two competing processes that 15 strain hardenung
& recovery. For this reason secondaiy creep i3 known as Steady
Cresp



3, Stage I .

Third stage of the creep curve 15 known as Temmary Creep.
Tertiary creep occurs whan thére an effective raduction m
cross-sectional area of the specimen etther due to necking or
dus to formation of mternal voids. This l=ads to ultimate falure
of the material

Andrade’s analysis of creep Curve

* Andrade was the first to examunes the creep curvean detat]
and published his results i 1951,

® According to him the constami siress sieep cuive
represents the supenmposition of two separate creep
processes which oceur immediate after sudden strain (55
anid results from applyving the load.

o The first componert of creep corve 15 ‘transient cresp’
with a creep rate decrsasing with tune added to this 15 a
consiant raie ‘viscops eresp

Stage -

e The Stage | of the creep curve is known a transiemt cieep
or cold creep. This =ven occurs at low temperature hence
known as primary or cold creep.

Andrade's law for Transient Cresp 15

Parabolic law- Transieat creep for metals and alloys, g.= Ct".
Whers. C= constant, n Power index whose value 15 1.3, 1=
Time



Stage IT-

e This stage is known as secondary cresp of steady state
creep that result Creep from 2 balanes betwsen the
competing processes of swrain hardening and recovery

¢ This'stage of creep 15 also knownas a viscous ereep or hot
Py

e
Where. £1=The stramn intercept. v = The minimum or Viscous
creep rite.

Srage I
Third stage ﬂ:fcrﬁf_‘p 1s known as ‘terhary creep, durine which

the creep rate morease rapidly and finally results in fatlure-of
the matenal

The total creep stram. e =g+ g, + &
€ = steady-state creep stram
£, = primary of transient creep



Factors affecting Creep
e There arz mostly three parameters which affect creep:

stress, temperature and mucrostruciure.

» Buoth increase in temperature and stress wall increase creep
rate and the failure will be early as shown m figure

¢ However, we can tune the microstruciure to get good
Cresp fesistance.

Creep testing machine

¢ Measures dimensional changes accurately at constant
high temperature and constant load or siress.

o Useful for modelling long term applicanons which ars
stram lymted.

* Provides prediction of life expectancy before sermvice.
This 15 -important for example turbine blades.
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Measures strain v3. time at constant T and Load (Sumilar
to graph seen previcusly),
o Reiatrvely low loads and creep rate
Long duratien 2000 to 10,000 hours.
Not alvways fracture.
Strain typacally less than 0.3%.



Stress Rapture Test:

e The stress rapture test 15 basically sumibar to Creep test,
However. this test 15 alwavs conductad &t much higher
loads and alwavs centinued up to the failure unlike creep
test.

* As load s higher, the creep rates in case of stress rupture
test are alse higher compared to creep test

e Usually the total stramn dunng a cresp test 1s often less than
0.5% while 1n 3 stress rapture test the total strain may be
as hich as 50%.

¢ The basic informanon obtamed from the stress rupture test
15 the ime taken to cause failure for a grven nomanal stress
at-a constant temperature.

Equicohesive temperature

® The temperature at which the strength of grain boundary
equals to gramn intenor.

e (Or the temperature @t which the cohesive force ar gramn
boundary becomes equal fo grain mienor

It 15 the temperature at which there s transition of erack
propagation from intergranular to transgranular occurs.



