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Objectives

The main objective of this experiment is to test the hardness of four different steel specimens so that we can compare them together and link them to the microstructure and the physical composition of the material. 

We also want to 

· Determine the effect of wt% carbon on the hardness of material

· Correlate Brinell hardness to tensile strength 

· Find the effect of heat treatment on hardness

To find this we need to perform the Brinell Hardness Test.
Introduction:

Hardness is a very important property in materials that helps us selec. There is many test methods used to determine hardness of materials all methods measures either the materials resistance to permanent indentation upon application of a load on it, or they measure the materials resistance to scratching. 
We are to test for the Brinell hardness of four different metallic materials:

· Low-carbon Steel

· Cast iron

· High-Carbon Steel

· Heat-Treated Carbon Steel

We will then make a quantitative comparison regarding the hardness of the different test specimens, linking it to a qualitative comparison justifying the microstructure and the physical composition.
 Problem Approach

Choosing the best alternative

In order to test for hardness of the material, different hardness tests are available:

• Rockwell hardness test, indenter includes (spherical hardened steel balls and conical diamonds

• Brinell hardness test uses a hardened spherical ball as indenter.

• Knoop and Vickers micro hardness test uses a small pyramidal shaped indenter.
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However, in this experiment we decide to use the brinell hardness test because it's more practical and easier to apply compared to the other two which depend on the depth of the indentation. Moreover, Brinell is the only one available at AUB labs (or at least for this course)!

The Brinell hardness of the material to be tested is calculated from the measured indentation to the test piece by a known load applied through a ball contact.

Apparatus Settings

        •
Brinell Testing machine: consists of a test bed able to support the specimen and apply the indenting force to it via the indenter ball. The machine allows only vertical motion of the ball to avoid rocking and lateral sliding of the ball on the test specimen. The force applied is 500 Kg, 1500 Kg, or 3000 Kg according on the material to be tested. In this experiment, the convenient weight to be chosen was 3000 kg (specimen is thick and the test runs for only 30 seconds).
•
Brinell ball: the ball that transmits the indenting force is 10.000 mm in diameter. It is to be made of Tungsten Carbide and to be free of surface defects.

•

Measuring device: used to measure the diameter of the indentation. 

Test Specimen

There is no standard shape or size for a Brinell test specimen. The test specimen, however, must be thick enough not to bulge under the load (no signs of the load must appear on the opposite side). The test specimen is to be polished and cleaned to ensure accurate reading of the diameter.

Operation of Brinell Testing Machine

1. Turn on your brinell testing machine.

2.  Set the required load on the dial. 
3. Place the specimen on the anvil and apply a preload by bringing the specimen surface to     contact with the ball penetrator.

4.  Pull the load knob and apply the appropriate timing at that load level.

5.  Release the load by pushing the load knob back into the initial position.

6. Remove the specimen and measure the diameter of the indentation. The Brinell Microscope reads in millimeters. Take measurement for two orthogonal diameters (d1 and d2) and the average diameter, d, should be considered for calculating hardness

* Hardening procedure for the High-Carbon specimen (Treatment):

-
Heat up specimen (in oven) to a temperature of 600oC ( Time = 1hr)

-
Raise temperature to 800oC in 10 minutes

-
Keep specimen at 800oC for 25 minutes

-
Quench specimen in oil at a temperature of 30oC

Calculations:

We got the following measurements in the experiment

	Name of Specimen
	1st measurement (mm)
	2nd measurement (mm)

	Cast Iron
	4.35
	4.35

	Low Carbon Steel
	4.15
	4.18

	High Carbon Steel
	4.19
	4.20

	High Carbon heat treated Steel
	2.60
	2.60


By using the tables provided or by using the equation:
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We get the following results

	Name of Specimen
	Average diameter (mm)
	Hardness

	Cast Iron
	4.35
	192

	Low Carbon Steel
	4.17
	210

	High Carbon Steel
	4.20
	208

	High Carbon heat treated Steel
	2.60
	555


We know that for most steels the ultimate tensile strength (µ) can be approximated by
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So we get the following results

	Name of Specimen
	Hardness
	Ultimate Tensile Strength (MPa)

	Cast Iron
	192
	662.4

	Low Carbon Steel
	210
	724.5

	High Carbon Steel
	208
	717.6

	High Carbon heat treated Steel 
	555
	1914.75


If we compare with our previous results in experiments 1 & 2 

In experiment 1:
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In experiment 2:

For high carbon steel  [image: image7.png]u =750 MPa




The results do make sense for they are very close to the ones obtained in this experiment. (The percentage error is less than 5%)

Further we can observe that low and high carbon steels have approximately the same hardness and thus the same ultimate tensile strength. Also heat treatment increases the hardness of the material to a large extent.

Analysis

· Low carbon has the highest indentation diameter, however the lowest HBW. This is due to the low hardness of this material (HBW is inversely proportional to the indentation diameter d).

· On the other hand, treated carbon had the lowest indentation, however the highest HBW. This means that it is of high hardness.

· Error between calculated and tabulated values of HBW is very low and can be considered negligible (maximum = 0.089).

· Tensile Strength also varied among the different specimens. So, it had its lowest value for the Low Carbon specimen 629.28 MPa) highest value for the Treated High Carbon one (1158.165 MPa)

4. Observations:

  As stated before, the ball caused a different indentation diameter on each specimen, the highest on cast iron (4.35 mm) with the lowest hardness (192), and the lowest on High Carbon heat treated Steel (2.60 mm) with the highest hardness (555).
5. Conclusion:
Every material has its own hardness, that is affected by its composition and method of manufacturing, where the treated steel has the highest HBW and thus the highest hardness, and in the 2nd comes the cast iron, then the high carbon steel, and finally the low carbon steel having the lowest HBW and thus the lowest hardness.

