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[bookmark: page2]1.	PURPOSE OF EXPERIMENT

The object is to determine the hardness of a material (steel, aluminum etc.) for different scales.

2.	THEORY

The hardness of a material can be defined as “The resistance to permanent plastic deformation”. There are three general types of hardness measurements depending on the manner in which the test is conducted. These are (1) scratch hardness, (2) indentation hardness and (3) rebound or dynamic hardness. Only indentation hardness is of major engineering interest for metals. Scratch hardness is measured according to Mohs’ scale. This consists of ten standard minerals arranged in the order of their ability to be scratched. The softest mineral in this scale is talc (Scratch hardness 1), while diamond has a hardness of 10. A fingernail has a value about 2, annealed copper has a value of 3 and martensite a hardness 7. The hardest metals fall in the Mohs’ hardness range of 4 to 8. In dynamic hardness measurements, the indenter is usually dropped on to the metal surface, and the hardness is expressed as the energy of impact.

In the indentation hardness measurements, the hardness of a metal is measured by forcing an indenter into its surface. The indenter material, which is usually a ball, pyramid or cone, is made of a material much harder than the material being tested. For example hardened steel, tungsten carbide, or diamond is commonly used. In this test, the indenter is forced into the surface of the material under a standard load at right angle (90). After the indentation has been made, the indenter is withdrawn from the surface. An empirical hardness number is then calculated or read off a dial, which is based on the cross-sectional area or depth of the impression.

Brinell Hardness Testing

In this test, a hardened steel ball is forced into the surface of material under a standard load at right angle. After the indentation has been made, the indenter is withdrawn from the surface and the diameter of spherical indentation is measured. The numerical Brinell Hardness (HB) number is equal to the applied load P, divided by the spherical surface area of the indentation A, expressed in kg/mm².
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4, DATA ANALYSIS (with sample calculation(s))

L EXPERIMENTAL PROCEDURE (in your own words 6-7 sentences)
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6.DISCUSSION & CONCLUSIONS




image1.jpeg




image2.jpeg




image3.jpeg
The empirical relation for this number is;

HBn

2P
(DD -d")
Where;
P . Applied load in kilograms-force (kgf)
D : Diameter of hardened ball in millimeters

.d . Mean diameter of indentation in millimeters

Number indicating the diameter of the ball used and the applied load gives the symbol HBn or HB. For
example, 226 HB 10/3000 indicates that a Brinell hardness number of 226 was obtained by using a 10
mm diameter ball with a load of 3000 kgf.

Relation of load to Ball diameter :
The choice of the load and ball diametar to be used in a Brinell test is determined by
wo factors : : .

1) The value of the ratio F/D*

ii) The size of indentation which will provide optimum accuracy.

The value of F/D? will depend on the nature and hardness of the material to be tested.
Four standard values of F/D" have been adopted, i.e, 30, 10, 5, and 1. In the table
below the appropriate, values of F/Dz for representative materials are shown.

187.5

Copper, copper alloys and Al alloys 30 o 200 i 0 | 250
Aluminum 15 to 100 i |

Lead, tin and their alloys 3 o 20 :

There are some limitations of Brinell Test.

1. It can not used on very hard or very soft materials.

2. The surface finish of test piece shall be such as to permit accurate measuremercs
of the diameter of the indentation. A high degree of surface finish is required
when the test is made wich a ball of small diameter. :

3. The distance of the center of an indentation from the edge of the test piece must
be at least 3 times the diameter of the indentation. The distance between the
centers of two adjacent indentations should be ar least 4 times the diameter of
indentation. :

4. The thickness of the rest piece should not be less than 8 times the depth of the
indentation, h. The depth is given by, h = P/{HBn x =D} .

5. The full load should be maintained for 10 to 15 seconds. _

6. The mean diameter of the indentation shall be determined from measurements
taken in two directions az right angles.
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Rockwell Hardness Testing: :

It is the most widely used hardness testing method. A small indentor, either a 1/16"
ball or a diamond cone of 120° apex angle is first seated firmly in the material by the
application of a “minor” load of 10 kg. (Fig. 1) causing a very small indentation. The
indicator on the dial of the tester is set at zero and a “major” load is then applied to
the indentor to produce a deeper indentation (Fig. 2). After the indicating pointer has
come to rest, the major load is removed (Fig. 3). Wich the major load removed, The
pointer now indicates the Rockwell hardness number on the appropriate scale of the
dial, still retaining the minor load.
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The dial on the tester is divided into 100 equal parts; _and every digit is counted as one
Rockwell Hardness Grade. Two scales are provided on the dial; one in BLACK, which
is used for Rockwell A, C and D grades, and the other-in RED, which is used for the
rest. The Rackwell hardness number can be conwned to-Brinell hardness number by
10% error. For HRc of 20 - 40,
' . HB= 25,000/(100 - HRc) in kg/mm
For HR.c over 40,
HB= 1,420,000/(100 - HRc)® in kg/mm’

Rockwell hardness number is shown as, 60 HR A, which indicates that a Roc!me!l
hardness of 60 was obtained for grade A.

Vickers Hardness Testing:
A diamond indenter, in the form of a right pyramid with a square base and an angle
of 136° benween opposire facss, is forced into the material under lead F as shown in

the Figure bélow.
=

136% berween
ey dET "---i\ cpoowte laces

-

/ Figagss LAV
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N

The owo di fagonals d; and ¢: of the penstrator left in the suriace of the material after

removai of the lcad-are measursd and ther arithmetic meas € calculated. The area c-'
slcpmg surface 'of the penstravion is calculated, the indentation bring considersd as 3
right pyramid’with a square base of diagonal d and & vertex angie ot 136°% The
numerical Vickers Hardness number is ebtained trom the formula below,

HV= 183 Fd in kg/mm’

where, F: Applied load {ky)

d: Mear diagonai {mm)

HV: Vickers Hardness
The magnitude of the load used is recorded after the hardness number and is shown
below,

1BAHV 10

which indicates that 2 Vicksrs hacdness aumber of 280 wax vbtuned by applaying a
ioad of 10 ky.
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3.

DESCRIPTION OF APPARATUS & EXPERIMENTALT PROCEDURE

Eseway Hardness Testing Machine, steel and aluminum plates, steel ball indenters, diamond indenter and
air compressor.

Procedure for all tests

L.
2.

ENi g

Connect air supply, set in preference to 4 — 4.5 bars,

Ensure that the optical lighting switch (1) is in the “off” position before the main switch (7) is
“on”. This is particularly important when a projector is used as the lamp will be burnt out
very quickly.

Ensure that the left-hand switch (3) is in the “set” position.

Switch on mains (7).

Place the table anvil centrally under the indenter, lock the slide into position and put the test
piece on the table anvil.

Rotate the capstan wheel clockwise until the component is in contact with the indenter.
Continue to rotate capstan wheel gently until the small hand (automatic zero hand) is about
half way along the red zero zone.

Procedure for Brinell / Vickers test

7

10.

For the 10 kgf test, the load is now applied. For this load only, the electronic timer is not
used and the operator has to control dwell time. For all other loads, the set/run switch (3)
should be in the “run” position and the electronic load dwell timer will start automatically
and switch off at the end of the pre-set time.

The fast lifting lever to be brought forward, the linear bearing table to be unlocked and
moved to the right towards the microscope or projector station,

Care to be taken before moving the table from the indentation position to the microscope
station that the microscope objective is high enough so as not to hit the test piece during the
transfer operation,

Measure the diameter of the indentation. Take two readings at right angle and calculate the
mean diameter. The microscope should be lifted or lowered in order to focus on the surface
of the component.

Procedure for Rockwell Test
Proceed by following steps 1 - 6 on this page;

7.

8.
9.

10.

The large hand should be on the black zero position. Should this not be the case, turn the dial

face until the hand is on black zero.

Repeat this operation and ensure that the hand stops at black zero position,

The preliminary (Minor) load is applied fully when the large hand reaches the black zero
position,

Left - hand switch (3) to be set to “run” position,

11. The electronic circuitry system will take over and apply the additional (Major) load (white light

(8) on) and will then remove the additional load (white light off, green light (2) on).

12. The Rockwell hardness value can now be read from the dial.
Calculate the hardness number of the tested material for each test using the related formulas given

above.

Comment on the results obtained. Is the material hard or soft? Compare the hardness value with the
values given in the next page.




