UNIT -V
MECHANICAL PROPERTIES AND DEFORMATION
MECHANISM

5.1 MECHANICAL PROPERTIES :

1. ELASTICITY:
It is the property of a material by virtue of which 1t is able to retain its original shape
and size after the removal of the load

E.g. Steel and rubber.

2. PLASTICITY :

It is the property of a material by virtue of which a permanent deformation (without
fracture)takes place, whenever it is subjected to the action of external forces is subjected to
the action of external forces.

E.g. Clay and lead.

3. DUCTILITY :
It is the property of material by virtue of which it can be drawn into wires
before rupture takes place.

E.g. Gold, silver, iron, copper, aluminium and platinum

4. MALLIABILITY :

It is the property of a material by virtue of which it can withstand deformation under

compression without rupture.
E.g. Gold, lcad

S. BRITTLENESS :
It is the property of a material by virtue of which it will fracture without
any appreciable deformation.

E.g.: Cast iron, glass
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6. HARDNESS :

It is the proper of a material by virtue of which it is able to resist abrasion,
intentation, machining and scratching,

E.g. Diamond, quartz, glass

7. TOUGHNESS :

It is the property of a material by virtue of which it can absorb maximum energy
before fracture takes place.

E.g. Mild steel, brass, iron

8. STIFFNESS :

It is the property of a material by virtue of which it resists deformation.

9. RESILIENCE :

It is the property of a material by virtue of which it stores energy and resists shocks or

impacts.
CREEP :

It is the property of a material by virtue of which it deforms continuously under

a steady load.
11. ENDURANCE :
It is the property of a material by virtue of which it can with stand varying stresses.

12. STRENGTH :

It is the property of a material by virtue of which it can with stand or support an

cxternal force or load without rupture,
13. IMPACT STRENGTH:
It is the property of a material by virtue of which it can resist or absorb shock
energy before it fractures.

14. FATIGUE :

It is the property of a material by virtue of which it deforms under the fluctuating or

rcpeated loads.
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5.2 TECHNICAL PROPERTIES :

1. MACHINABILITY :

It is the property of a material, which indicates the ease with which it can be cut
or removed In various machining operations such as turning, drilling, boring, shaping.
2. CASTABILITY :

It is the property of a material, which indicates the ease with which it can be cast
into different shapes and sizes.

3. WELDABILITY :

It is the property of a material, which indicates the ease with which two similar or

dissimilar metals are welded.

4. FORMABILITY (OR) WORK ABILITY :

It is the property of a material, which indicates the with which it can be formed into

different shapes and sizes.

FACTORS AFFECTED MECHANICAL PROPERTIES :
Grain size
Heat treatment
Atmospheric exposure

Low and high temperatures
5.3 MECHANISMS OF PLASTIC DEFORMATION :

The change that is produced in the shape of a metal piece due to the impact of forces acting

on it i1s known as Dcformation,
Deformation is of two basic types:

Elastic Deformation ;
Stress 1s below the clastic limit,
Plastic Deformation :

Stress is above the elastic limit.
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When a material is stressed below its plastic limit, the resulting deformation or strain is
temporary. Removal of stress or strain is temporary. Removal of stress results in a gradual
return of the object to its original position.

When a material is stressed above its elastic limit, plastic pr permanent deformation takes
place and it will not return to its original shape. All metal working such as forging, rolling,
spinning, drawing and extruding involve plastic deformation of metals. Various machining

operations such as turning, milling, shaping and punching also involve plastic deformation.

Plastic deformation is a function of
1.Applied stress
Temperature
Strain rate
Plastic deformation is also carried out in order to improve some mechanical properties of

metal and alloys.
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Fig 5.1 Permanent plastic strain
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{c) Elastic plastic deformation
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5.4 METHODS / MODES OF PLASTIC DEFORMATION :

Slip
Twinning
Deformation by slip :

It is defined as the shear deformation, which moves the atoms through many inter
atomic distances relative to their initial positions. The mechanism of slip is actually due
to the movement or dislocation in the crystal lattice. The slip mode of the surface of a
deformed crystal under microscope shows groups of parallel lines which correspond to
steps on the surface. They are called as slip lines. The mechanism of slip requires the

growth and movement of dislocation line.

E o L.ab?
— Young’s modulus

1 — length of dislocation
— Shear modulus

b — Unit slip vector
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It means that the dislocation having the shortest slip vector is the easiest dislocation to

generate and expand for plastic deformation by slip.

Slip
dirgction

Stip

{B}
Deformation by slip.
Surface before detormation EIDE sokd - surthen: siipy: tapny
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Fig 5.2 slip in a single crystal
A

D

Fig 5.3 A slip plane for crystal
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Fig 5.4 Critical resolved shear stress for slip

2.DEFORMATION BY TWINNING :

In addition to slip, plastic deformation is some materials occur by the formation of
mechanical twins known as twinning. A shear force can produce atomic displacements
such that on an one side of a plane, atoms are located in mirror image positions of atoms
on the other side. The amount of movement of each plane of atoms in the twinned region
is proportional to the distance from the twinned plane, so that a mirror image is formed.
Types of Twinning :

Mechanical Twinning

Annealing Twinning
Mechanical twinning occurs in metals that have BBC and HCP crystal structures at low
temperatures and at high rates of loading. Annealing Twinning are more common in FCC

metals.

FCC structure Twinning

Twinning
plan

O 00> 00>
>PO0OP>PODP>»O0O>P

Fig 5.5 Twinning process
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5.5 DIFFERENCES BETWEEN SLIP AND TWINNING :

Slip Twinning
1. It appears as thin lines It appears as broad lines
2. It occurs at low rates of loading It occurs at high rates of loading

3. All atoms in one block move the same | Atoms in each successive plane within a block

distance move different distance

4. There is a little change in lattice There is a great change in lattice orientation

orientation

5. It occurs along a single plane called the | It occurs between two planes called the “twin

“slip plane” plane”

5.6 TYPES OF FRACTURE :

Fracture is the separation of a body into two or more parts under stress. The applied

stress may be tensile, compressive, shear or torsional.
Fracture are classified into two types :

Brittle Fracture
Ductile Fracture
Brittle Fracture :
[t process involves two steeps crack formation and propagation. The mode of fracture is

highly dependent on mechanism of crack propagation.

Siress

Strain
Fig 5.6 Brittle Fracture
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Brittle fracture takes place without any deformation and by rapid crack propagation. In

single crystals, brittle fracture occurs by fracture along a particular crystallographic planes.

The failure in brittle materials was caused by many micro or fine elliptical cracks in the

metal. Brittle Fracture it may occur in boilers, ships, airplanes and pipe lines.

2. Ductile Fracture :

It is a plastic deformation in the crack propagations. Strain energy is required high.

Stress

Iitimate

strength

..ching

fracture
stress

strain
hardening

elastic
behavior

Strain

Fig 5.7 Stress strain curve for Ductile Fracture

Ductile Fracture (Cup and Cone) :

o
-~ r._._._.,:__.
Ductite shear Ductile fracture Brittle fracture in
fracture ir in stee steesl
ALUumimnum

Fig 5.8 Ductile Fracture for Cup and cone
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— Neck Formation

— Formation of crack

— Propagation of crack

— Final shear fracture at an angle 450 to the tensile direction.

Under tensile load, the neck formation first takes place. After necking, small cavities are
formed. Next, as deformation continuous, the crack continuous to grow in a direction parallel
to its major axis. Finally fracture occurs by the neck by shear fracture at an angle 45° to the
tensile direction. A factor having this type of surface countour is termed as cup and cone

fracture because one of the mating surfaces is in the form of a cup, the other is like a cone.

5.6.1 COMPARISON BETWEEN BRITTLE AND DUCTILE

FRACTURE:

Brittle Fracture

Ductile Fracture

1. It occurs with negligible plastic

Deformation

It occurs with large plastic deformation

2. Crack propagation rate is rapid

Crack propagation rate is slow

3. It follows the grain boundaries

It occurs through the grains

4. There 18 failure due to direct axial

stress

There 1s failure due to shear stress.

5. It is characterized by the separations

of normal to tcnsile stress.

It is characterized by the formation of cup

and cong

6. The tendency of brittle fracture is
incrcased with decreasing
temperaturc and increasing strain

rate.

The tendency of ductile fracture is increased

with dislocations and other metal defects

7. Materials that undcrgo brittle fracture

are glass, ceramics etc.

Materials that undergo ductile fracture arc

mild steel, brass etc.
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Fracture of a material by cracking may occur in many ways :
They are :

Slow application of external loads (tension).
Rapid application of external loads (Impact).
Repeated cyclic loading (Fatigue).

Time and temperature dependent failure under a constant load( creep).

5.7 Griffith Theory :
Griffith theorized that the failure in brittle materials was caused by the many micro

or fine elliptical cracks in the metal.

.

i L-zc-j
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5.8 TESTING OF MATERIALS :

Tension Test
Compression Test
Shear Load Test
1.Tension Test :
One of the most useful tests applied to metallic materials is the tensile test.
The test is conducted at room temperature by applying a gradual increasing tensile load

to a standard tcst specimen,
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Fig 5.9 Universal Testing Machine

To conduct the test, the specimen is gripped between fixed and movable headers of

universal testing machine.
In the test, load is increased gradually and corresponding stress —strain diagram is

obtained with the aid of instrument , attached to the machine.
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Stress —Strain diagram :

Stress

Strain

Fig 5.10 Stress-strain diagram for Tension test

A- Proportional
B- Elastic limit
C- yield point

D- tensile strength

E- Fracture

Proportional limit :

It is the maximum stress at which strain is directly proportional to the stress.
Elastic limit :

It is the maximum stress at which the specimen is deformed without fracture, under

tensile load .

Yield point :

It is the minimum stress at which the specimen is deformed without an increase in load.
Tensile strength :

It is the maximum stress that a material can with stand, without fracture, under tensile load
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3. Comprehension Test :

§l§

- 7/'_¥

Specimen ——> I>

l'lulcnﬂ

Fig 5.11 Compression test diagram

T compression

tension

\ J

e

Fig 5.12 Stress strain curve for compression test
The comprehension test reverse the direction of the forces used in the tension test. In this test

the stress increascs rapidly hear the end of the test, duc to an incrcasc in arca of the spccimen.,

The specimen selected depends upon the metal being tested. To determine
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compressive properties a specimen is usually chosen in which the length is three times the

diameter.

4. Shear test:

0.005 in. clearance

\ ,/--

0.005 in. clearance 7/

/- Specimen . Specimen

7

R L IR UMY TR AT AAR AV AN

Double Shear Testing

e R R A T I T I N AT Y

Single Shear Testing
Fig 5.13 Shear test
Shear strength is the force required per unit area to produce fracture when impressed

vertically upon the cross-section of a material. The methods of testing both single and

double shear strength.

The percentage elongation (8) :
It is defined as the radio of the increase in the length of the specimen after fracture to
its initial gauge length, cxpressed in pereent.

(1-10)
& | X 100 I- length of the specimen after fracturex  10-gavge

L 10)

length

The percentage reduction in area (D) :
It is defined as the ratio of reduction in area of the necked portion of the

fractured expressed in percent.

(A -A )
|—| A7 — cross —scction arca at fracture

D= | #100
L Ag

Ao — Initial cross —scction arca.
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The percentage reduction in area and the percentage elongation are the two parameters

to measure the ductility of the metal.

Stress — Strain diagram for various materials :

Mild steel

Cast won

Concrete

Stramn

Fig 5.14 Stress-strain diagram for various materials

Shear strength may be calculated as the amount of force needed to make the shear over a

given cross — sectional area.

Shear strength =

In double shear, the force and the area are doubled, resulting in the same shear strength.The

shear stress 1s defined as the valve of load applied tangentially to same shear it off across

the resisting scction,

Shear stress =t = % Shear strain, y = tan0

]

F — Shear force applied along the upper and lower forces.

Ao — Area of shear.

180



5.9 HARDNESS TESTS :

It is defined as the resistance to indentation. In this method of measuring the hardness. In
this method of measuring the hardness of metals is by determining the resistance offered to

the indentation.
They are three types of hardness test :

Brinell Hardness test
Rockwell Hardness test

Vicker’s hardness test
Types of hardness are :

Indentation hardness
Rebound hardness
Screen hardness
Cutting hardness
Abrasive hardness

5.9.1 Brinell hardness Test :

Microscope foer

Indenter

Anvil
Elevating screw

Hanger with loads

Hand wheel

Fig 5.15 Brinell hardness testing machine
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Load P

Ball

indenter $D

Test piece

% 7

od

Fig 5.16 Brinell hardness test
Brinell hardness test was introduced by J.A Brinell in 1900. After polishing the

surface the specimen is fixed on the plat form of hardness tester.

The test is carried out by pressing a hardened steel or tungsten carbide ball of
10mm diameter on the surface of the work piece.

A load of 3000 kg is applied for hard metals and a load of 500 kg for soft
metals. Brinell Hardness number (BHN)

BHN=£= P

A =D
Dol

P —Load applicd kgf,

D—Diameter of ball, mm
d—Diamcter of the Impression, mm

A—>Surface area of indentation
Limitations of Brinell test :

Sizc of impression is large
Not suitable for hard thin picces
casc — hardencd parts

Testing metals of low and medium hardncss
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5.9.2 ROCKWELL HARDNESS TEST :

The principle of Rockwell test differ from that of the others. In that the depth of the

impression is related to the hardness rather than the diameter of the diagonal of the

Impression
Scale N
Load 15, 30, 45 kg

Spherical diamond-tipped
cone of 120° angle

525
Q‘O

25
4»::’
828
2528
25

GRS
KRRXLERRS
oteteteledetele!
RRRIRKE
SSRGS

252588
SRS
252585
2525258
252585
$28252S

GHARXAXINS
(K
RRXRRRRRK

>

&
55
2
ode!

>

A

Fig 5.17 Rockwell Indenter

Depth of impression

. 3
T

Scale T
Load 15, 30, 45 kg

fine)

The Rockwell test uses a steel ball or a diamond cone with 120° apex angle.

It has a dial with different scales to read hardness numbers directly.

Rockwell B scales directly.

Rockwell C scales used for soft materials

Rockwell C scales used for hard material

It 1s more flexible

1/16 inch hardened steel ball load t 100 kg

Diamond cone ball load at 150

kg

5.9.3 VICKER HARDNESS TEST :

ol ks

Depth of impression

The vicker hardness 1s similar to the brinell test with a square based diamond pyramid

being used as the indentor.
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~— Pyramid
indenter ; < D

Ty

Shape of
indentation

Fig 5.18 Vickers indenter and impression

Appliedload 2P Sin )2
surface area of impression ab:
1.854P

VHN = ———  g=136"

It has an angle of 136° between opposite faces.

It is very suitable for testing polished and hardened materials with greater precision in
measurement

It is more expensive than Rockwell and Brinell hardness machines.

Diamond square pyramid load at 30 kg
5.10 IMPACT TEST :

Impact test are classified into two types:

[zod Impact test

Charpy Impact test

Impact test is performed to study the behaviour of materials under dynamic load (i.c.)
suddenly applied load. The capacity of the material to withstand blows without fracture is
known as impact strength or impact resistance. The impact test indicates the toughness of the
material, the ability of a material to absorb energy during plastic deformation. Toughness is a

mcasurc of both strength and ductility of the matcerial.
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Fig 5.19 Impact Testing Machine

5.11 FATIGUE TEST :

Fig 5.20 Rotating beam fatigue testing machine
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When a material is subjected to repeated stress, it fails at stress below the yield point,
stresses , such type of failure of a material is known as fatigue.

The capacity of material to with stand repeatly applied stresses.

An electric motor capable of running at 10,000 rpm

A large bearing whose purpose is to relieve the motor from the large bending moment
which is applied to the specimen

Collect chucks to hold the specimen

Revolution counter to count the number of revolution.

A rotating lever arms which is subjected to a downward force in order to give bending
moment to the specimen.

The specimen is in the form of a cantilever and loaded at one end through a ball bearing.
The upper surface of the specimen is under tension and lower surface of the specimen is

under compression.

5.12 S-N CURVE :

4 S-N curve (fatigue limit)

Stress S

Cvcles of stress . N

Fig 5.21 S-N Curve
where,

S — Stresses
N — Number of revolutions

Several specimens are tested one by one above, at gradually decreasing stress levels. The

number of ¢cycles to failure in each is noted. The results are presented as a graph, with the
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stress level (S) plotted versus the number of cycles to failure. Such as plot is known as S-N

curve.
Two important information are obtained from S-N curve :
Endurance limit
Fatigue life
i) Endurance limit:

It is defined as the maximum stress that can be applied repeatedly for infinite number
of times without failure of the material.
ii) Fatigue life:

It tells how long a component survives at a particular stress level.

5.13 CREEP TEST :

The continuous deformations of a metal under a steady load is known as creep. When a
material is subjected to static loads at higher temperatures for a long period, the materials
deforms under stresses well below the yield strength.

Constant force
apphied

Extension mesasured ' Heating
owver gauge length element

T hermocoupile

Constant force
applied

Fig 5.22 Creep test
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Fig 5.23 Creep curve

The specimen is subjected to a constant load by means of dead weights and levers. A tubular,
electrically heated furnace surrounds the specimen. The ends of the specimen are sometimes
fitted with thermo couple for the measurement of temperature or to maintain a constant
temperature. The total creep or percentage clongation can be measured by an extensometer

and the percentage elongation is plotted against time for the entire duration of the test.
Primary creep:

In this stage the creep is mainly due to dislocation movement the creep rate decreases with

time,
Secondary creep :

During this stage, the rate of work hardening and recovery are equal. So the material creep at

stcady rate.
Tertiary creep :

In this stage, creep rate increases with time until fracture occurs. Generally the tertiary creep
occurs. Generally the tertiary creep occurs duc to necking of the specimen or grain boundary

sliding .Creep curve is plotted between strain and time in hours.
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Factors affecting creep :
Grain size
Thermal stability of micro structure
Chemical reaction

Prior strain.
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UNIT - 5:
MECHANICAL PROPERTIES AND DEFORMATION MECHANISMS
PART: A
1. Define the term elasticity and plasticity.
Elasticity: It is the property of a material by virtue of which it is able to retain its original
shape and size after the removal of the load.
Plasticity: It is the property of a material by virtue of which permanent deformation takes
place, whenever it is subjected to the action of external force.
2. What are the factor affecting mechanical properties?
The numbers of factor affect mechanical properties, the following factors are:
Grain size
Heat treatment
Atmospheric exposure
Low and high temperature
Classify the different hardness testing methods. [N/D’16]
1.Rockwell hardness test
2.Brinell hardness test
3.Vickers hardness test
What are the different types of fracture?

5. Why impact specimen is notched?

The impact specimens are notched because the impact test also indicates the notch
sensitivity of material.

6. Define creep.

Creep is defined as the slow and progressive deformation of materials with time under a
constant stress at temperature approximately above 0.4 Tm.Where Tm is melting point of
metal in © K.

7. Define endurance limit in fatigue test.
The value of limiting stress below which a load may be applied repeatedly for an
indefinitely large of time is called as endurance limit for fatigue test.
Define toughness, modulus of toughness and ductility.
Toughness is the total amount of energy absorbed by a materials before its
failure.
Modulus of toughness is the total energy absorbed by the materials before
failure per unit volume. MOT = TOUGHNESS / VOLUME.
Ductility is the ability of a material to undergo plastic deformation under
tensile loading before fracture.
9.Distinguish between slip and twinning
It is defined as the shear transformation, which moves the atoms over a number of
interatomic distances relative to their initial position.
It is the plastic deformations which takes place along two planes due to set of forces
acting on a given metal.
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10. Distinguish between elasticity and plasticity. [M/J’16]

Elasticity plasticity
Deformation disappears when | Permenant deformation
external load is removed occurs.

Obeys hook’s law Does not obey hook'’s law

11. What are the factors affecting creep?
Grain size Chemical reaction
Thermal stability Prior strain

PART: B

Explain the two modes of Plasticdeformation.Describe the working of universal
testing machine with suitable diagram. [N/D’16]

%* In a tensile test of mild steel specimen, usually a round or flat bar is
gradually pulled in a testing machine until it breaks.

** Two points, called gauge points, are marked on the central portion. The
distance between these points, before the application of the load, is called
gauge length of the specimen.

“* The Load is applied gradually and at regular interval of loads extension is
measured.

** The strains corresponding to the recorded extensions are calculated by
dividing the extensions by the gauge length, while the stresses are calculated
by dividing the loads by the original area of cross-section of the specimen.

¢ Stresses so arrived at is called nominal stress to distinguish it from actual
stress which is obtained by dividing the load at a particular instant by the area
of the cross-section at that instant
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Write down the procedure for preparing Charpy and lzod specimens for impact
testing and also explain how testing is performed? (N/D2009)
Impact Test
Impact Testing, ASTM E23 and IS/ BS Standard
The impact test is a method for evaluating the toughness and notch sensitivity of
engineering materials. It is usually used to test the toughness of metals, but similar tests
are used for polymers, ceramics and composites. Metal industry sectors include Oil and
Gas, Aerospace, Power Generation, Automotive, and Nuclear.
The notched test specimen is broken by the impact of a heavy pendulum or hammer,
falling at a predetermined velocity through a fixed distance. The test measures the
energy absorbed by the fractured specimen.
Charpy Impact Test
A test specimen is machined to a 10mm x 10mm (full size) cross-section, with either a
—VII or —UIll notch. Sub-size specimens are used where the material thickness is
restricted. Specimens can be tested down to cryogenic temperatures.
Izod Impact Test
The test specimen is machined to a square or round section, with either one , two or
three notches. The specimen is clamped vertically on the anvil with the notch facing the
Hammer.
Keyhole Impact Test
The steel casting industry uses this type of specimen more frequently. The notch is
machined to look like a keyhole. It is tested in the same manner as the —VI and —UIl notch.
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Charpy Impact TestPRINCIPLEThe Charpy impact test is a dynamic test in which a test
piece U-notched or V-notched in the middle and supported at each end, is broken by a
single blow of a freely swinging pendulum (Fig.1). The energy absorbed is measured.
This absorbed energy is a measure of the impact strength of material.

S|
55+0.60 < |
- E )

} =
7N I
il }

X X

221° | 22140

10+0.11

}//'.T,‘

8+0.06

(b) Charpy V-notch impact test piece

PRINCIPLE

The Izod impact test is a dynamic test in which a test piece V-notched test piece, gripped
vertically, is broken by a single blow of a freely swinging pendulum (Fig.4). The blow is
struck on the same face as the notch and at the fixed height above it. The energy
absorbed is measured. This absorbed energy is a measure of the impact strength of

material.

Scale
Machine framework ——

Test piece

Supports \ \_\—- g

Axis of rotation

Friction pointer

Pendulum

),

7/[///////////4

Foundation
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(Dimensions in millimetres)

45° Direction of blow 10
\ A — 1
= 10
| i
 g—— 22 Hh““‘--—-.,_q iy =
. Striking distance
28
< 75 min.

(a) Single-notch square section test piece

450 Direction of blow

\yA .
P —\ 1 1 o i |
y — 1 ] !10
-‘-"""--
A& - - = Striking distance
45° 28 28
= ] o2
L 100 min.

(b) Two-notch square section test piece

Explain the mechanism of plastic deformation by slip and twinning with neat
sketch. [N/D’15]

Two modes of plastic deformation may
occur. They are slip and twinning.
Slip:

Slip is defined as a shear deformation that moves atoms b y mass inter atomic
distance in one crystal plane over the atoms of another crystal plane.The combination of
a slip plane and slip direction is known as slip system.

This slip system for FCC lattice.

" (b) After slip Slip line

' Mechanism of slip
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Mechanism of slip:

The mechanism of slip is actually due to the movement or dislocation in the crystal

lattice.
The slip mode of deformation is the common mode in many crystals at

elevated temperatures.
By examination of the surfaces of a deformed crystal under microscope
shows of parallel lines which corresponded to steps on the surfaces. They

are called as slip lines.
The mechanism of slip requires the growth and movement of dislocation line.
Therefore the energy required for this movement of dislocation line is given
by the relation.
Where , E — Young’'s modulus
L — length of dislocation line
G- Shear modulus
B- Unit slip vector
The energy required will be minimum when b vector and g are having the lowest
valve.
It means that the dislocation having the shortest slip vector is the easiest
dislocation to generate and expand for plastic deformation by slip.

Critical resolved shear stress for slip:

L == Slip plane

b | e

P P ——

e =

The stress at which slip starts in a crystal depends on the relative orientations of the
stress axis with respect to the slip plane and the slip direction.The resolved shear stress,
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which is in the actual stress operating on the slip system resulting from the application of
simple tensile stress.
F — externally applied forces perpendicular to the cross sectional area.
A — Area of single crystal sample.

This resolved shear stress should reach a critical valve called as cross for a
plastic deformation to start.

The important concept here is that the fundamental deformation mechanism is a
shearing action based on the projection applied force onto the slip system.
F — applied force along the crystal area
A — area of the crystal 197 @ — angle
between normal to slip plane and F
Angel between normal to the slip direction and F
A value of z to produce slip by dislocation motion is called as CRSS and is
given by
Mechanical twins:
As a result of mechanical deformation of crystals, twins may occur
and these twins that occur during mechanical deformation are called
mechanical twin.
Annealing Twins:
The twins that are produced by annealing are called as annealing
twins. Most of FCC metals form annealing twins.
Mechanism of Twinning :

In twinnig process, the movement of atoms is only a fraction of inter atomic
distance. The circles indicating the arrangement of atoms. The line AB and CD
represents the places of symmetry , from where the twinng starts and ends respectively.
These planes are known as twinning planes.

Where

’ (a) Before twinning (b) After twinning

Mechanism of twinning
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