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Introduction

“Dr. J. A. Brinell invented the Brinell test in Sweden in 1900. The oldest of the hardness test methods in common use today, the Brinell test is frequently used to determine the hardness of forgings and castings that have a grain structure too course for Rockwell or Vickers testing. Therefore, Brinell tests are frequently done on large parts. By varying the test force and ball size, nearly all metals can be tested using a Brinell test. Brinell values are considered test force independent as long as the ball size/test force relationship is the same.” (Instron.com)
Objective

This experiment aims at determining the Brinell hardness of four different metals that are Cast Iron, Low carbon steel, High carbon steel, Heat treated carbon steel. From this value, we can get the Tensile strength of these metallic specimens. By comparing these values, we will be able to determine the mechanical differences between the materials, and know technical uses appropriate to each.
Problem Approach

To perform the experiment, we will use four metallic cylindrical specimens that must be thick enough not to bulge under the load. The test specimen is mounted on the Brinell Testing machine, and a load of about 3 tons is applied on the specimen for about 30 seconds. After releasing the load, the diameter of the indentation is measured. Two readings of the diameter are taken at right angle and their average is considered. From this value, we can get the tensile strength of the material.

“All Brinell tests use a carbide ball indenter. The test procedure is as follows:

· The indenter is pressed into the sample by an accurately controlled test force. 

· The force is maintained for a specific dwell time, normally 10 - 15 seconds. 

· After the dwell time is complete, the indenter is removed leaving a round indent in the sample. 

· The size of the indent is determined optically by measuring two diagonals of the round indent using either a portable microscope or one that is integrated with the load application device. 

· The Brinell hardness number is a function of the test force divided by the curved surface area of the indent. The indentation is considered to be spherical with a radius equal to half the diameter of the ball. The average of the two diagonals is used in the following formula to calculate the Brinell hardness.” (Instron.com)
Measured Values

Cast Iron:

First Reading: 4.4mm

Second Reading: 4.5mm

Low Carbon Steel:
First Reading: 4.3mm

Second Reading: 4.25mm

High Carbon Steel:
First Reading: 4.25mm

Second Reading: 4.3mm

Low Carbon Heat Treated Steel:
First Reading: 2.5mm

Second Reading: 2.6mm

Calculations
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The brinnel hardness of the material can be derived from the tables or using the relation:
 Cast Iron:
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TS (MPa) = 3.45 x 182.815=630.712MPa
Low Carbon Steel:
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TS (MPa) = 3.45 x 199.47=688.172MPa

In the low carbon steel experiment conducted two weeks ago, the ultimate tensile stress value obtained was 694.26MPa. There is a margin of error between the 2 values due error in measurements and calculations.
High Carbon Steel:
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TS (MPa) = 3.45 x 199.47=688.172MPa

From the high carbon steel experiment conducted last week, the ultimate tensile stress is 750.55MPa. The values are far and also not completely accurate.
High Carbon Heat Treated Steel:
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TS (MPa) = 3.45 x 577.712=1993.099MPa
Technical Discussion
The hardness of the material is defined as the ability of the material to resist deformation. The deformation is considered plastic, and the test is non-destructive. By comparing the values obtained by the test, we can compare the hardness of the materials. The test conditions should be the same in order to insure the validity of the results.

The indentation produced by cast iron is more than that produced for low carbon steel. This means that cast iron is less hard than carbon steel, and this explains the fact that the hardness of low carbon steel is more.
 For high and low carbon steel, the difference in hardness obtained is very near, although, theoretically the high carbon steel specimen should be harder since the presence of higher carbon content prevents dislocations making the specimen more brittle and hard. This shows that carbon content in these specimens is not accurate.
For heat treated high carbon steel, the hardness is much higher. The heat treatment and quenching makes the structure of the material more martensitic, a form of steel that possesses super-saturated carbon content in a deformed body-centered cubic (BCC) crystalline structure. This crystalline structure has a very high amount of internal stress. Due to these internal stress, heat treated steel is extremely hard but brittle, usually too brittle for practical purposes. These internal stresses cause stress cracks on the surface. This explains the crack we obtained in the specimen after the test. Quenched steel is approximately three (lower carbon content) to four (high carbon content) times harder than normalized steel. This makes this material inappropriate and impractical for in mechanical machines. (Callister)
To sum up, the hardness of the tested materials is arranged in the following order: Cast Iron < Low Carbon Steel < High Carbon Steel < Heat Treated High    Carbon Steel
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