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Flexure Shear

Flexure shear 1s produced due to
the action of shearing force
accompanying the bending of the ol |
beams under transverse loads. ‘ %

Consider a segment of the beam
shown. The shear load on the
vertical surfaces are generated by
shear stress that can be calculated
by the following process.

N b




Flexure Shear Stresses

To calculate the shear stress T generated
from the shear load V consider removing
the segment of the beam shown 1n red.

By symmetry of stress, shear stresses on
the cross section results in equal shear
stresses on the plane perpendicular to the
cross section as shown. This shear stress
results in a shear load ..




Flexure Shear Stresses

Therefore, equilibrium 1n the axial direction for this segment 1s

written as: . (M + AM)Y - My
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The integral 1n this expression 1s the first moment of the

area A" about the neutral axis. This first moment will be denoted
by (so that:



Flexure Shear Stresses

The shear stress can now be calculated from the shear load by
dividing it by the area 1t 1s applied on to get

Foo _AM ()

T=- -
bAX Ax b
.
Taking the limitas Ax —0 gives = _=
ﬂ?'
fj‘ Tlr"r -
where we note that === = I/
dx
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Calculating the first moment of the area Q

The first moment of the area can be calculated from the relation

. +:
=AY ad _ J_vc*

where A" is the area of the part of the cross section that is Heutral axis
considered, 1s the vertical distance from the centroid of the
cross sectionto the centroid of A"

For composite areas, the first moment of area can be calculated
for each part and then added together. The equation for () 1n this
case 1s »
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Distribution of flexure shear
stresses In standard sections
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Distribution of flexure shear

stresses In standard sections
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Distribution of flexure shear
stresses In standard sections
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Direct Shear stress

Types of Direct Shear
Direct Shear 1s called single shear if one critical
single cross section is subjected to shearing force.

Direct Shear 1s called double shear if two critical

cross sections are subjected to shearing fc;rce.

Single Shear

Shear Stress =4 . F/r. d-

Double Shear

Shear Stress =2 . F/1. d-

L I
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Plate Shear Lines
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Direct Shear stress

Bolted Connections

Bolted connections are made with
nuts and bolts. They can are either
be single or double shear
connections.

Single shear

Shear Stress =4 . F/x. d-

Sh

Double shear

Eort herr

ol free Body [iagm

ear Stress =2.F/m d-
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Direct Shear stress

Mode of Failure for Direct Shear

Direct shear tests are carried out on metals used in
making nuts and bolts where the bolts are going to be
subjected to direct shear during the normal use.

Fallure mode consists of (wo portions:

The first portion has a smneoth surface due to the
sliding of planes due to the shearing force.

The second portion is rough due to the sudden failure

of the cross section under the action of the concentrated
stresses.

18




Punching Shear

Punching Shear occurs when a hole 1s punched
under static load 1n a thin plate producing a pemCh
hole of diameter @ and a metal slug.

Punching shear stress is calculated as
1=P/(n.d.1)

where:

T = punching shear stress
@ = hole diameter

t = plate thickness

Punching shear 1s used in the steel structures
industry for plates thinner than 12mm.
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Introduction

Torsion is an important type of loading that can produce pure shear stresses in
engineering applications. Under only torsion moment. pure shear stresses are
produced while the stiffness under shear stress is called the Modulus of rigidity

G.(MPa) It 1s also called Shear Modulus.
Torsion may produce a sliding state due to the application of twisting moment

(Torque) TORQUE

Diameter D

TORQUE 21



Basic Theory of Torsion

1. We will derive the theory of torsion of circular shafts.
2. An example of torsion loading is shown here. In this example we load the

shaft by two equal and opposite forces acting on a bar perpendicular to the
shaft axis.
3. The moment generated Dy these forces is called a twisting momeni . The
magnitude of the moment due to this couple is given by
IT'=P*d
where, P is the applied force and d is the distance between the lines of action
of the forces. This twisting moment is also called the ‘Torque’.

22




Alternate representations of torgue

Two alternate wayvs of depicting torque are shown here.

1. In the left-hand figure the torque is shown as a loop with an arrow depicting
its direction.

2. In the right-hand figure the torque 1s shown as a vector moment. The direction
of the moment 1s parallel to the shaft. The sign of the moment, can be
understood using the right hand rule. 0

The right hand rule 1s that “if you rotate your right hand in the I r__i\ \

direction of the applied torque, then your thumb points -

in the direction of the vector indicated by two arrowheads
in the right-hand figure.

= .



Deformation due to torsion

« @ isthe angle of twist in radians
Y is the shear strain.
The horizontal line ab moves to ab

’

The shear strainis y=—

-

P s the radial distance to any point.

* e 4 ab
o - . From geometry ydx = pd¢

2 y _ AL +  So the strain y=pﬂ

| ; Tos dx

e '
*» Hence twist and strain are related as

Note: Relations here are based solely _po

on geometry and so they are valid for 7= T

circular shaft of any material, linear or
non-linear, elastic or non-elastic.
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Deformation due to torsion

S b
‘.
| ' 1 bL )
) .
The theory of torsion of circular shafis. \& - N
Look at a small section of length dx of a circular shaft under torsior o=
During twisting, one end of the shaft will rotate about the longitudinal axis with respect to the
other end. The magnitude of this rotation 1s measured in terms of the angle (in radians) by which
one end rotates relative to the other. This 1s called the ‘dnegle of Tvist’

It can be seen that the hine AB, which was mmitially horizontal, rotates through an angle v, and
moves to the line AB’. Here d ¢ 1s the “angle of twist”.

The “shear strain ', gamma 1s the angle between AB and AB'". It 1s found by the distance BB'
divided by the distance AB. Using geometry, the arc length:  y= pdg dx.

Let's assume that we are dealing with a shaft of unmiform cross section and materials, thus the total
twist, @ over a length L is simply y = p ¢/L. This 1s the relation of shear strain y to twist angle (
@), radial distance ( p), and shaft length (L).

All the relations here, are based solely on the geometry of the circular shatt. Hence they are valid
for any type of material. This 1s not so in what follows, the calculation of stresses based on linear
elastic material behavior. o5



Stresses In Torsion

ﬁ"l

For a linear elastic material, using Hooke’s law, we can
write the shear stress using Hooke’s law for a linear
elastic material as

T =(G * Y Shear strass
where, G 1s the Shear Modulus.
The shear strain on a small area of material situated at
a distance p from the center. the shear strain 1s

y=po/L
and the shear stress 1s

T=Gpeo/L

The torque, T, is calculated by integrating over the
cross section the product of shear stress, T, and the
distance, p, from the center of the shaft. The torque, T,
is found by integrating the shear stress along anv ring
“donut” of radius p * distance over the cross secfion,
S, of the shaft




Relation of torque & angle of twist

Using stress from previous relations and substituting the stress from previous
expressions, we find that torque is the integral of shear stresses over the cross
section of the shafi.
T = J rp d A
S

0o 0 . 0
T=[(62 p2a1=GL [ ndi-cL 7
J ! Lj ! I

5 5
where J is the polar moment of inertia “will discuss polar moment of inertia, J, on
the next slide”.

Using the above we find the relation between the angle of angle of twist and the

torque as: TL
T GJ
yali eIl Ip
And the we can write the shear stress as: GT - (’I I J
5 7 S -

'
The theory of torsion compatibility may be rearranged as follows; ¥ = 7 R
27



Polar moment of Inertia

Definition: The Polar “Solid circular cross section:

Moment of Inertia is defined as the integral T
T = {r = radus)
g _[ p-dA _ = .
S “Hollow Circular Cross Section:
.4 — ,04
If ‘O’ is the centroid of the area, J= (i, —1)
then # Is the distance from the point ‘O’ 2 L
to the element of area dA. Whera! = oda maamy]
5= immer radius)

4
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Torsion stress distribution In a
circular cross section

In a circular shaft shear stress varies linearly from center:

The shear stress distribution on a circular cross section under torsion loading.
The shear stresses are directly proportional to the distance from the center. For a
circular shaft. the shear stress would be maximum for an element which 1s
farthest from the center.

cenmer. 1 T T
. Iy N
T ‘jr
e - ___.-'-"'___\_'_"‘--._\_\_ Tom="Tmes
Ti=Tmin
" /
- F,. ~ | F |1
= 1 * :H"\r | )
A““-‘_ . fll '..
>/ T o /
— | -\-H-_‘"—\—.__.—'—"'-Py

The shear stress 1s zero at the center while 1t 1s the maximum at the surface. For
a hollow shaft the shear stress 1s munimum for on the mside suriace and

maximum on the outer surface.

Note: The shear stress is maximum for the outermost element
where the radii is maximum.



Performing of a torsion test

Torsion test is carried out by applying a twisting moment and measuring
the corresponding twisting angle.

The specimen used is a solid pipe of diameter D and length L fixed
from one end and attached to a pulley from the other end.

A mass “M” 1s hanged at a distance *“d = D/2” producing a twisting
moment “T = Mg * d”

The twisting angle 6 is measured using a proctor attached to the

specimen as shown. T=981xMxd
——— . . . " Vihera T=MNmm,
The twisting moment, twisting angle relation 1s drawn. M=k, d=rm

Torove v Argw

Distance

Turgu ey




Mode of Fallure
F p—

Figure 16.6 Failurc in torsion of a circular bar of bnttle cast iron, showing a tendency
to tensile fracture across a helix on the surface of the specimen,

1- Brittle Metals

The torsional failure of ductile materials occurs when the sheaning stresses attain the yield stress
of the material. The greatest shearing stresses in a circular shaft occur in a cross-section and along
the length of the shaft. A circular bar of a ductile material usnally fails by breaking off over a

normal cross-section, as shown in Figure 16.7.

Figure 16.7 Failure of torsion of a circular bar of ductile cast iron, showing a
shearing failure over a normal cross-section of the bar.

2- Ductile Metals

31
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Torsion Test - YouTube2.mp4
Torsion test - YouTube22.mp4
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Why do we perform a torsion test?

Many products and components are subjected to torsion forces during their
operation. Products such as switches, fasteners. and aufomotive steering columns
are Just a few devices subject to such torsion stresses.
By testing these products mn torsion, manufacturers are able to simulate real life
service conditions, check product quality. verify designs, and ensure proper
manufacturing techniques.

34



The mechanical properties after
torsion test.

* A torsion test can be conducted on most materials to determine the torsion
properties of the material. These properties include but are not limited to:

*While they are not the same. they are analogous to properties that can be
determined during a torsion test. In fact. the "torque versus angle" diagram looks
very similar to a “load v elongation" curve that might be generated by a tensile test.

et B STy

Breaking point —

Twisting
moment 1

Dwisting Angle 5




The mechanical properties after
torsion test.

Proportional Limit, Yield Shear Strength

Proportional limit 1s the maximum shear stress where shear stress 1s proportional
to the twisting angle.

Proportional limit torsion moment 1s defined as the end of the straight line. Thus,
if the proportional limit torsion moment 1s My, and the original polar moment of
inertia = J, then:

Proportional [imif torsion moment = Tp,

Proportional Limit shear stress = tp; = ITp; * R, ./ J

R .. =D,2 for circular cross sections.

J = n(D*, — D*)/32 for hollow circular sections.
=71 * D4 /32 for circular cross sections.

Proportional Limit shear stress = tp; = 16 * Tpp /7 * D7

36



The mechanical properties after
torsion test.

Shear Modulus, Modulus of Rigidity

The torsion moment — twisting angle “load-deformation” diagram for most
engineering materials exhibit a linear relationship between the applied twisting
moment and twisting angle within the elastic region. Consequently, an increase
10 stress causes a proportionate increase in strain.

The relation between rhe shear modulus. applied twisting moment, measured
twisting angle and the specimen property is given as follows;

G Tor R Ty

L J R 1
E G — TmmTTmmmmmTees \:-"L‘
ﬁ HPL # ] E = [ﬂdgpluu Jf‘ .."_ f1'-;1l4. i Fj _ ¢
&= Slope = v, Aol iffrerd ANAL
“;‘ Modulus of . LUN}% Gauies Sheel ROOCH,
o Rigidity & ' . .y l
ﬁ I:HF':I] G‘: ﬂl‘lclulhi ..‘if E'I.c}.h. l'hj Ellkﬁl:..

Shear Etrain (Radians)

ot F mg‘l‘aii
t} O 4-5 | i’r?[il?nq ‘]1

™ - aray
"__Tn;:gl ki‘L" f=ta
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The mechanical properties after
torsion test.

Modulus of rupture in Shear

Maximum Shear Strength is the stress of the extreme fiber of a specimen at its failure in the
torsion Test.

There 15 no close-form solution for the shear stresses beyond elastic limit. But there are
empirical formulae for the shear stress.

Thus, if the modulus of rupture in shear is calculated using the maximum applied torsion
moment 1s T, and the original polar moment of nertia = J, then:

Maximum applied torsion moment =T,,,,
Modulus of rupture in shear (brittle metals) = 5 poe = 7/8 * Tyare * Ry 7 J
Modulus of rupture in shear (ductile metals) = 15 5 = 34 ¥ Typr * Rypan /I

R,.. =D,2forcircular cross sections.
J = (D4, — D%)/32 for hollow circular sections.
=1 * D* /32 for circular cross sections.

Modulus of rupture in shear (brittle metals) = tp, =14 * Ty /7 *D?
Modulus of rupture in shear (ductile metals) = 15, =12 * Tp; /m *D,? 33



The mechanical properties after
torsion test.

Modulus of Resilience

A material's resilience represents the ability of the material to absorb energy
without any permanent damage to the material. In particular, when the load a
reaches the proportional limit, the strain-energy density, 1s calculated by and 1s
referred to as the modulus of resilience Ur. Mathematically it 1s the area under
the straight line “elastic region” of the load-deformation curve per unit volume.

TN
[

% |

Gp; 1s in radians NOT degrees.

AFad e .:. m—_— g

Applied Twisting Moment T
L

Twisting Angle &
39
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The mechanical properties after
torsion test.

Modulus of Resilience

A material's resilience represents the ability of the material to absorb energy
without any permanent damage to the material. In particular, when the load a
reaches the proportional limit, the strain-energy density, 1s calculated by and 1s
referred to as the modulus of resilience Ur. Mathematically it 1s the area under
the straight line “elastic region” of the load-deformation curve per unit volume.

TN
[

% |

Gp; 1s in radians NOT degrees.

AFad e .:. m—_— g

Applied Twisting Moment T
L

Twisting Angle &
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The mechanical properties after
torsion test.

Ductility

Is defined as the extent to which a material can sustain plastic deformation
without rupture. Maximum twisting angle 1s a common indices of ductility
measured 1n radians.

Ductility = 8

oy (IR TAdians).
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Introduction
What is Hardness?

Hardness 1s defined as *“ Resistance of metal to plastic deformation, usually by
indentation, or resistance to scratching, abrasion, or cutting”.

Principle of any hardness tfest method 1s “forcing an indenter into the sample
surface followed by measuring dimensions of the indentation 1.e. depth or actual
surface area of the indentation”.

It 1s the property to the metal surface. The greater the hardness of the metal s,
the greater its surface resistance has to deformation.

In mineralogy the property of matter commonly described as the resistance of a
substance to being scrarchied by another substance. In metallurgy hardness is
defined as the ability of a material to resist plastic deformation.

43



Introduction

Indentation Hardness

Indentation hardness as the resistance of a material surface to indentation. This
is the usual type of hardness test. in which a pointed or rounded indenteris
pressed mto a surface under a substantially sfatic load.

There are three types of tests used with accuracy by the metals industry:
The Brinell hardness ftest.
The Vickers hardness test. and
The Rockwell hardness test.

It can generally be assumed that a sfrong meialis also a frard metal

The way the three of these hardness tests measure a metal's hardness is to
determine the metal's resistance to the penetration of a non-deformable ball or
cone. The tests determine the depsli which such a ball or cone will sink into the
metal, under a given load, within a specific period of time.

44



Advantages of Indentation Hardness

l.

h

Most standard specifications dictates that indentation hardness may be used
as acceptance test to accept or reject metal products.

Indentation hardness method is one of the primary and important test
methods to determine and to compare metal hardness.

It 1s a primary method in quality control for metal products quality
assurance.

Indentation hardness method 1s an easy to perform method accompanied
with high accuracy and low cost.

Indentation hardness method 1s a non destructive testing method NDT.

Easy. Inexpensive . Quick. Non-destructive . May be applied to the samples
of vartous dimensions and shapes. May be performed in-situ

45



Hardness testing machine

» Theindenteris __, D ‘ ver
pressed into the
metal

o Softer materials
leave a deeper
Indentation

Position of
indenter

Adjusting
nut

LLERARRRLERLRLARL

- H
— ) / 5 ™
ll Most machines in use
zii: > are almost fully
g automatic aqd can
: carry out various
& hardness tests
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Brinell Hardness

A hardened steel ball of 1, 2.5, 5 or 10 mm in diameter l
hardened steel or tungsten carbide 1s used as indenter.
The loading force 1s in the range of :
30 kg for testing lead alloys. :
500 kg for testing aluminum alloys. . 8
1000 kg for copper alloys. and
3000 kg for testing steels

o . G
The indentation is measured and the Brinell Hardness _ 4 $
Number (HB) 1s calculated by the formula: Q“F

BHN=-F/(z*D*h) BHN =
where: ?TD(D o \/(DE o d‘ﬂ))

P=applied force (kg).

/1 =depth of indentation (mm),

D= diameter of indenter (mm), and

d= diameter of indentation (mm). 18




Brinell Hardness

Precautions for Brinell Hardness tests:

1.

-2

(4

A

The indentation diameter should be measured in two perpendicular
directions.

The large size of indentation and possible damage to test-piece,, =
limits its usefulness. -
Plastic deformations are not allowed around the indentation. iy
The ratio between d/D = (1/4 — %) = 3/8 where D 1s the
diameter of indenter (mm) and d 1s the diameter of
indentation (mm).

Brinell hardness test may not be performed on thin plates
where t < 10 h where: t 1s the plate thicness and h 1s the
indentation depth.

Test piece may be leveled. smooth. free of loose particles, debris. oil or
grease.

Test piece may not suffer any bulging or indentation on the opposite side.
Min edge distance 1s 2.54d

b)) measvremant of Moeacson
diarmeler

49



Brinell Hardness

Brinell Hardness Testing Machines

Brinell Hardness Manual C-
Clamp tester

Optics Digital Brinell hardness tester

Automatic Brinell Hardness
Tester 50



Brinell Hardness

Relation between Loading and Indenter diameter:

The indenter diameter should be picked up carefully not to make any permanent
deformation to the ball or flatten.

If BHN 1s greater than 500 the steel ball is deformed. if BHN i1s over 733. then
steel ball will flatten.

The relation between P/D- 1s given as:
P/D? = 30 for steel
P/D? =10 for brass and aluminum alloys

P/D? = 5 for cupper and aluminum, and
P/D? =1 for lead. tin and wood.

51



Brinell Hardness

Brielnell Hardness Number:

When quoting a Brinell hardness number (BHN). the conditions of the test used
to obtain the number must be specified.

The standard format for specifying tests can be seen in the example:

"HBW 10/3000". "HBW" means that a tungsten carbide (from the chemical
symbol for tungsten) ball indenter was used.

"HBS 10/3000". which means a hardened steel ball.

The "10" 1s the ball diameter in millimeters. The "3000" 1s the force in kilograms
force.

52



Brinell Hardness

BHN & UTS

There 1s no definite relationship between BHN and UTS for the metal. BHN can

NOT be used instead of “static tensile test™.

Yet, for ferrous metals, there is an approximate “imperical” relation beteen BHN

and UTS .

This relation 1s useful in determining an approximate value for the insitu UTS 1f

the portable Brinell Hardness tester 1s used.

UTS =36% BHN.

50000 T
bW Brags
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Brinell

Hardness

The Brinell Hardness Test

Brinell hardness testing: Surface preparation

This image shows sampe prepanation for Eninall hasdnass testing expanimest. Using @ small hand
guirder with 3 §00 mash abrasive dizo a flot area in the cantre of the raised doa= & ightly poished
A graat care has to ba taken by using ight praszure to ansurs that the zurface iz act defoimed or
ovarheated. Courtasy of Roger White and Demick Hurley, S:adford Cofege.

Brinell hardness testing: Calibration block

This image shows how [0 Jo calibranon daring Brineil hardness (estng. The Check Ihat the machine
is giving accurate results is done 0y Making a haxaness est on 3 standard Llock The hardness
value measured (= compared sgainst the certfied hardness of the siandard block. Courtesy of
Roger White and Demick Hurley, Bradford College.
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Brinell Hardness
The BI inell Har dness Test

Brinell hardness test. Ready for the test Brinell hardness test Load limits

This imags shows ths castng located o3 the support anvil ready to commencs the Brnall hawdnes: This image shows how 10 3pply 1030 during Brined hariness 1esting. By winding he hand whes! we
test Coartesy of Roger Whits and Darnek Hurdey, Bradiord Ceilege r3sa the 1est piece Up unbl e NaSnier JUSE TOUCHSS The 2aStng SuUrtscs Couttesy of Roga: TWhits 55
and Derrizk Hurley . S:adfond Coliege.



Brinell Hardness
The Brinell Hardness Test

Brinell hardness test: Applying load

Thiz image shows how to 3pply load cuning Banel hardness tesning by depraszing the 3ctuatng
1 - i lever The display screen ndicates when the load application is complete. A standard test isof 15
Brinell hardness test: Set DOSItIOﬂ s=conds dursticn. Courtesy of Roger White and Dewick Hurley, Biadford Colegs.
This image shows a set poaition for Brinell hardness testing. As the indenter tosches the metal 56
surfzce the dizplay window of the maching indicates that the start postion is “SET. Courtzsy of
Roger White and Derrick Furley, Eradiord Colege



Brinell Hardness

Brinell hardness test: Ball impression

This image shows the Impres3lon on the prepared area ot e casting In Brinell haraness tesing You w - . "

can see that it is circular and the edges are sharply defined. Courtesy of Roger White and Derrick Brinell hardness test Reading ball impression

Hurley, Bradford Callege. e . . , " .
This image shows how tC read ball impression duding Erirel haroness Lesting. A hand heid
MISTOSCope S usad to maasure the diameter of the imprEssion in two direcbons at nght angles.
Courtzsy of Roger White snd Derick Furdey, Bradford College

S7
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Vickers Hardness

The Vickers hardness test was developed as an
alternative to the Brinell method to measure the
hardness of materials.

The Vickers test 1s often easier to use than other
hardness tests as the indenter can be used for all .
. . . ~ BN, - b_"-.. ¥
materials 1rrespective of hardness. y NN
LN,

The Vickers test can be used for all and has
one of the widest scales among hardness tests. The
unit of hardness given by the test 1s known as the
Vickers Pyramid Number (HV) or Diamond
Pyramid Hardness (DPH).

The hardness number 1s determined by the load oV
the surface area of the indentation and not the areas
normal to the force.



Vickers Hardness

Advantages of VHT: Irrespective of speciien I F |

N 136 belween
S1Z¢. opposie faces

*The indenter shape 1s capable of producing
geometrically similar impressions.
*The impression have well-defined points of

measurement; / \/Cx
AN
» .

*The indenter have high resistance to self-

.
deformation. s ; 9;3&
A diamond in the form of a square-based pyramid e ) v
1s used. AN S
It had been established that the 1deal size of a N y4 g

Brinell impression was 3/8 of the ball diameter:
As two tangents to the circle at the ends of a
chord 3d/8 long intersect ar 136°. it was decided
to use this as the included angle of the indenter.
The hardness value obtained on a homogeneous
piece of material remained constant, irrespective
of load.




Vickers Hardness

1. The Vickers hardness test method consists of indenting the test material with
a diamond indenter, in the form of a right pyramid with a square base and an
angle of 136 degrees between opposite faces subjected to a load of 1 to 100

kgf. The full load 1s normally applied for 10 fe 15 seconds

2. The two diagonals of the indentation left in the surface of | ~~ " ' Oporatig
the material after removal of the load are measured using Py
a microscope and their average calculated.

3. The area of the sloping surface of the indentation is

calculated. The Vickers hardness is the quotient
obtained by dividing the kgt load by the square mm
area of indentation.

4. Accordingly. loads of various magnitudes are applied to a flat surface.
depending on the hardness of the material to be measured. The HV number is
then determined by the ratio 774 where

F1s the force applied to the diamond in kilograms-force and

2
A is the surface area of the resulting indentation in mm?. {— d
The area A can be determined by the formula e y, Sil‘l( 136° /2)
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Vickers Hardness
F N 1.8544F

HV = Vickers hardness HLJ‘ —
F=Load in kgf d?

d= Arithmetic mean of the two diagonals. d; and d>(mm) ~ '
Vickers hardness numbers are reported as XxxHVyy, e.g. 440HV 30, or
xxxHVyy/zz if duration of force differs from 10 s to 15 s, e.g. 440Hv30/20, where:
440 1s the hardness number, HV gives the hardness scale (Vickers),

30 indicates the load used in kg, 20 indicates the loading time if it differs from 10 s
to 15 s. Vickers values are generally independent of the test force.

Vickers Hardness Test

Micro-Vickers Examples of HV values for various mafterials
Load F {1 - 120 kaf) Load F (1 — 1000 gy Material Value
l PR . 316L stainless steel  140HV30
=T . H':tk — 347L stainless steel ~ 180HV30
VD | | )ik Carbon stel 55-120HVS

1
L
Y

Iron 30-80HV3 62




Vickers Hardness

The Vickers hardness test

Vickers diamond indentor: the end

This image shaws the end onview of the Vickars diamond indenter, The candition of the diamaond
Ingentar s extiemely imponant 1o ensure that the test resuit is accurate. Coutasy of Roger Whie and
Dermrick Hungy, Bradiord Collegs.

Vickers diamond indentor: the mount

This image shows the mount of 3 Yicksrs diamond indentar. The condition of the diamond indentar is
atremely imporiant to snsure that the 165t result is acourate. Courtasy of Roger Whits and Derrick
Hurley, Bradford College.
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Vickers Hardness

The calibration

Vickers hardness test: Calibration block

This rage shows the begnning of the calbrabion of = mea=uiing device dunng ickers hardness
te=1 In order fo check that the measurng dewce is calbraled an impression on a standard te=t block is
made N ihen checked Nat the Mmeasumsd result 1165 within the accaptancs rangs of e biock Courtesy
of Roger While and Dernick Hurley, Bradiord College
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Rockwell Hardness

Gives direct reading.
Two most common

Rockwell B (ball) used for indenters are
soft materials. Ball - B and
Cone - C

Rockwell C (cone) uses
diamond cone for hard
materials.

Flexible, quick and easy to
use.
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Rockwell Hardness

The Rockwell hardness test method consists of indenting the test material with a diamond cone
or hardened steel ball indenter.

The indenter is forced into the test material under a preliminary minor load FO(Fig. 1 A) usually
10 kg.

When equilibrinum has been reached, an indicating device, which follows the movements of the
indenter and so responds to changes in depth of penetration of the indenter is set to a datum
position.

While the preliminary minor load is still applied an additional major load (50 or 90 or 150 kg) is
applied with resulting increase in penetration (Fig. 1B).

When equilibrium has again been reach. the additional major load is removed but the preliminary
minor load is still maintained.

Removal of the additional major load allows a partial recovery, so reducing the depth of
penetration (Fig. 1C).

The permanent increase in depth of penetration, resulting from the application and removal of the
additional major load is used to calculate the Rockwell hardness number: HR = E - ¢

A B c
Rinor load FO ”'["";u"f:dﬂ Minr foad Fo
+ Mazjor Joad F1 = Total foad F

f
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Rockwell Hardness

Digital

Rockwell hardness tester R OCAWeg]]J"” dness tester p, twell hardness tester
ose up
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Rockwell Hardness

FO= preliminary minor load in kgf
F1=additional major load in kgf
F=total load in kgf
e= permanent increase in depth of penetration due to major load F1 measured in
units of 0.002 mm
E'= a constant depending on form of indenter:
100 units for diamond indenter, HRC=100—-e/0.002
130 units for steel ball indenter HRB =130—¢/0.002
HR = Rockwell hardness number. that is inversely proportional to the distance e
1.e. as e increases HR decreases.

A _ B cC
Minor load F0 an,:hEd Fo Minor load FO
* Major load F1 = Total load F

%




Rockwell Hardness

Rockwell Hardness Scales

Minor Load  Major Load Total Load

Scale Indenter Fo Fi F Value of
kgf kgt kgt £
A Diamond cone 10 50 60 100
B 1/16" steel ball 10 90 100 130
C Diamond cone 10 140 150 100

HRA Cemented carbides. thin steel and shallow case hardened steel.
HRB Copper alloys. soft steels. aluminum alloys. malleable 1rons. etc.

HRC Steel. hard cast irons. case hardened steel and other materials harder than
100 HRB.

Advanitages of the Rockwell hardness method:

The direct Rockwell hardness number readout and rapid testing time.
The small amount or load required.

It gives the metal hardness and not only the surface hardness.
May be used for thin sheets.
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Comparison

Hardness-testing Methods and Formulas

Shape of indentation

Test Indenter Side view Topview Load, P Hardness number
10-mm steel e O 00 HB 2P
Brinell or tungsten 1500 kg = Vp2-g2)
> D - 2.4g2
carbide ball _" d |e .l d - 3000 kg ( )(
Vickers | Diemondpyramid < ™ \?\ 1-120 kg Hv = 18540
o < X e
== :

K Di R e e o e 1 HK = 14.2P

noop iamond pyramid b =711 - 250-5kg iy =

b/t = 4.00 L_ L _,l
Rockwell
A 60kg  HRA |
C Diamond cone O 150 kg HRC } = 100 - 500t
D 100 kg HRD )
B . 100kg  HRB |
¢ 75" In. diameter O 60 kg HREF
G steel ball A 150 kg HRG ! = 130 - 500t
1 {

E "3"' in. diameter 100 kg HRE ) | 71

steel ball




Minimum distance from edge

'Cor Brinell, Rockwell and Vickers
esting D=215d minimum.

424
L
Vickers 3?20
D
: |<-—»
Rockwell d 3B
t
=

Brinell —Z——G
v




1Rockwell

Hardness
Test.mp4

Watching of the testings

2Brinell 3
Hardness
Test.mp4
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