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Objective
The objective of this lab is to observe the permanent deformations caused by the application of a force on different materials and to look at how the materials resist these deformations.

Introduction
When an object is subjected to a force that tends to reduce its volume, it is said that the object is subjected to a compressive force. This force is often applied on a certain area of the object. Pressure is defined as the force divided by the area on which it is applied. As previously stated, compressive forces tend to reduce the volume of the object on which it is applied. This change in volume is called a deformation. If the object does not return to its original shape when the force is removed, the deformation is called a permanent deformation. A material’s ability to resist a permanent deformation caused by a compressive force is referred to as the material’s hardness.  Hardness can be measured. One of the ways to measure it is the Brinell Hardness Test.  According to the lab manual, the Brinell Hardness Test, or the static indentation test, consists of pushing a steel sphere with a certain force into a smooth surface of a certain material for 15 seconds. Once the steel ball is removed from the surface of the material, the permanent indentation can be observed to find the hardness of the material. The hardness would be equal to the load applied onto the material divided by the steel ball in kilograms divided by the surface area of the indentation in millimeters squared. It is very important to know the hardness of materials because it is imperative to consider that objects can deform when designing something like a structure.  With this knowledge, we can predict if a material will fail and how it will fail when a specific load is applied onto it.

Procedure
See ENGR 244 Mechanics of Materials Lab Manual


Results
Results of Brinell Hardness Test on Aluminum and Steel
[image: ]
Where HB in the Brinell Hardness.
To calculate the d(average), the following formula was used: d= ½(dx+dy)
To calculate the load P in kg, the values of load P (N) was divided by the gravitational acceleration 9.81m/s2
To calculate the Area of indentation A, the following formula was used:

To calculate the Brinell Hardness (HB), the applied load P (kg) was divided by the area of indentation A (mm2).

Discussion
When looking at the results, it is clear that steel is a harder material than aluminum. We obtained an average HB of 103.85 kg/mm2 for aluminum and 162.90 kg/mm2 for steel. Knowing the hardness of a material is very important. It allows us to predict how a material will react to loading, collisions, wear, etc. Harder materials will resist more to the deformations caused by all of these.  The Brinell hardness test is not the only way to measure the hardness of materials. 1There are many other methods such as the Rockwell hardness test which is based on the increase in depth of the indentation as the load is increased, and the Vickers hardness test which is similar to the Brinell hardness test but uses a pyramid-shaped diamond to apply pressure on the material. This test is often used for very hard materials. When making the indentations in the materials, they must not be made too close to the edge of the material’s surface or too close to the other indentations because this would affect the data. When a compression force causes a deformation on an object, the material that was where the deformation occurs has to go somewhere. That material pushes on its surroundings increasing the inner pressure of those surroundings.  So if the indentation was made on the edge of the surface, one side of the indentation would have no material and therefore virtually no pressure. Therefore, when the force is applied, the pressure in the material would all go to that side since it is not obstructed by any material. As stated, it is also important not to make the indentations too close to each other because the surrounding area that is left after an indentation is made has a high inner pressure and is therefore harder. Thus, the size of an indentation made next to it would be influence by the harder material on one side caused by the previous indentation.  To get the best results, the indentations should be made on a completely uniform surface. Possible sources of error in this lab could include making a bad measurement of the diameter of the indentation or applying the load for a too short amount of time, preventing the full deformation from occurring. 
1. Material Hardness Center for Advanced Life Cycle Engineering University of Maryland.

Conclusion 
In conclusion, the hardness of aluminum and steel were successfully measured using the Brinell hardness test.
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Ball Diameter Diameter of Impression d (mm) Area of Indentation HB  Average HB

Sample No. of Trial  D (mm) dx dy d(average) Load P (N) Load P (kg)   A (mm^2) (kg/mm^2)  (kg/mm^2)

1 2.4 2.5 2.45 5002 509.9 4.787 106.52

Aluminum 2 10.00 2.5 2.5 2.50 5034 513.1 4.988 102.87 103.85

3 2.5 2.5 2.50 4999 509.6 4.988 102.16

1 2.7 2.8 2.75 9984 1017.7 6.056 168.05

Steel 2 10.00 2.7 2.8 2.75 10054 1024.9 6.056 169.23 162.90

3 2.9 2.9 2.90 10027 1022.1 6.750 151.43


