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Commonly used for assessing (measuring) material properties
because they are quick and convenient.
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Variety of testing methods are appropriate due to differences in
hardness among different materials
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Most well-known hardness tests are Brinell and Rockwell Other
test methods are also available, such as Vickers, Knoop, and
durometer.
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The application of hardness testing enables .Jeaill (e g g9 g
you to evaluate a material's

properties, such as strength, ductility and wear resistance, and so
helps you determine whether a material or material treatment is
suitable for the purpose you require.
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It is defined as resistance of materials to permanent indentation.
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Good hardness generally means material is resistant to scratching
and wear.

. bl g Qhadll Basad) Lgtia glia it Balall Basad) 3ablall
Most tooling used in manufacturing must be hard for scratch and

wear resistance.
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Types of hardness Test sball b 4,5
a. Brinell Hardness Test(Ju s JLial)

Widely used for testing metals and nonmetals of low to medium
hardness.
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A hard ball is pressed into specimen surface with a load of 500,
1500, or 3000 kg.
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10-mm ball
(indenter) of steel
or cemented carbide

/— Shape of

indentation

5

Specimen

(a) Brinell

Brinell Hardness Number (BHN) = Load divided into indentation
surface area.

HB

2F
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where HB = Brinell Hardness Number (BHN),
F = indentation load, kg;
D, = diameter of ball, mm, and

D, = diameter of indentation, mm
b. Rockwell Hardness Test (cksSg sLis))
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A cone shaped indenter is pressed into specimen using a minor load of
10 kg, thus

seating indenter in material Then, a major load of 150 kg is applied,
causing indenter to
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Additional penetration distance d is converted into a Rockwell
hardness reading by the testing machine.
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F (minor) F (major)
Cone-shaped

indenter

Initial position Final position

1) 2

(b) Rockwell

c. Vickers Hardness Test (£ jLii))

This test, also developed in the early 1920s, uses a pyramid-shaped
indenter made of diamond.
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It is based on the principle that impressions made by this indenter are
geometrically similar regardless of load.

L s
where
F = applied load (kg)

D = diagonal of the impression made by the indenter (mm)

d. Knoop Hardness Test (et g4 sLis))

Developed by F. Knoop in 1939 uses a diamond indenter in the shape
of an elongated

pyramid, with applied loads ranging generally from 25 g to 5 kg.
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Because of the light loads that are applied, it is a micro-hardness test.
Therefore, it is

suitable for very small or very thin specimens and for brittle materials
such as carbides, ceramiacs,and glass.
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F = load (kg).

D = long diagonal of the indenter (mm).

Shape of indentation

Test Indenter Side view Top view Load, P Hardness number
10-mm steel ] D= O 500 kg — op
Brinell or tungsten 1500 kg = D
carbide ball T SlFle 3000 kg (nD)(D - VD2-d2)

1.854P

136° L
Vickers Diamond pyramid (,B/ @ 1-120 kg HV = =

[ — i
Knoop Diamond pyramid Lb=711 ;f = ¢ 25 g-5 kg HK = 1t§P
b/t = 4.00 | L A,I
Rockwell
A 60 kg HRA
(&) Diamond cone D O 150 kg HRC (» =100 - 500t
D ¥ 100 kg HRD
t=mm
B e 100 kg HRB
E 76" in. diameter S O 60 kg HRE
steel ball - =
G o e 150 kg HRG 130 - 500t
E - in. diameter 100 kg HRE

steel ball
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1. What is the hardness ? state the types of hardness tests ?

2. In a Brinell hardness test, a 1500 kg load is pressed into a specimen
using a 10 mm

diameter hardened steel ball. The resulting indentation has a
diameter of 3.2 mm.

Determine the Brinell hardness number for the metal ?

3. Soft sample tested by Vickers and Knoop hardness test with loads
(2.5, 5)kg, and the

diameter of square based pyramid diamond is (0.362)mm, find the
Vichers tests of the sample?

4. What is the difference between hardness and rigidity ?

5. What is the difference between indenter and indentation ?
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