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Penetration Testing for Material Hardness 
 
Purpose 
The hardness of various materials, ranging from metals to plastics to rubber, can be an important 
design property.  Consider, for instance, a camshaft in an automobile.  The camshaft should be 
very carefully evaluated from the viewpoint of its ability to resist wear and the ease of production.  
A rubber tire should also perform a careful balancing act between the need for durability, 
governed largely by hardness, and traction. Hardness testing is used to quantify this important 
material characteristic. 
 
Hardness testing methods have also been heavily utilized as a non-destructive testing method 
offering a quick evaluation of production quality and tensile strength of various metals.  This 
strength evaluation is accomplished through the plastic deformation of a small volume of metal at 
the surface of a given sample. 
 
Experimental Methods 
In this laboratory session, we will be using the Rockwell, and the Brinell Hardness Tests to 
measure the hardness of three metals, some of which you tested in the Tension Testing lab. 
These are: Aluminum, Cold-Formed Steel, Hot-Rolled steel 
 

ROCKWELL HARDNESS 
For Rockwell hardness tests we use two main penetrators the B (ball) and the C (cone) 
penetrator.  The C penetrator is only used when HRB (Rockwell Hardness on the B Scale) 
exceeds 100.   
An indentation mass of 60 kg should be applied when using the B penetrator (for F scale), an 
indentation mass of 100 kg should be applied when using the B penetrator  (for B scale), and 
150 kg when using the B penetrator (for G scale).   
The following procedure details a given test: 

 

1. Place the on the test bed and apply the minor load by raising the sample against the 
penetrator. 

2. Apply the major load and wait 8 seconds for the dial reading to stabilize. 

3. Remove the major load and read the dial gage. 
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BRINELL HARDNESS 
 

 
 

1 Place the sample on the test bed and raise the sample against the penetrator (simply 
make contact). 

2 Apply the appropriate load (alluminum 500kgr, steel 2,000 kgr). Retain the load for 5 secs 
and unload. 

3 Use the Brinell microscope to measure the diameter of the indentation and calculate the 
hardness from the equation above. 
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SCLEROSCOPE HARDNESS TEST 
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Theory 
This test causes a plastic failure of limited extent in the region surrounding the penetrator.  As the 
material becomes harder, the extent of the failure becomes smaller and smaller, leaving a 
decreasingly deep indentation (see figure above).  It is important to note that this failure is 
confined solely to the surface of the specimen, and thus penetration tests have the very 
significant disadvantage of testing only a limited volume of the specimen, perhaps leading to error 
in evaluation. 
 
Using the extent of the yielded zone as a guide, a rough guess of the rupture tensile strength of 
the material can be made from published charts.  If extensive hardness data related to a 
particular alloy of a metal are available, a very accurate evaluation of the rupture strength can be 
made. 

Analysis 

Please include the following analysis in your short report: 

1. Please tabulate summary data from the hardness testing within the body of the report text.  
Please include a statistical summary with this data.  Attach any detailed data as needed. 

2. From the chart of hardness results found on the Web, please estimate the tensile rupture 
strength of the cold and hot rolled steel samples.  Compare these to the strength found in the 
Tension Testing lab of the previous laboratory. 

3. Comment on the relation of the hardness from the Rockwell, and Brinell tests. 

 
Main Assignment 

Big Bob’s Super Carnivals Inc. is designing a new Tilt and Whirl, a high-speed ride intended to 
spin its passengers around at previously unheard-of velocities.  The design engineers propose a 
main shaft of ASTM A36 with replaceable bearings made from the 1045 steel.  Big Bob, unhappy 
about the difficulty and expense of machining a steel shaft, thinks it would be OK to use the 1045 
bearings, but wants to make the shaft out of aluminum, which “my cousin can machine at his 
shop in his garage, like we did with all the other rides”.  Think carefully about the hardness, 
strength and ductility of the two materials available and write a one-page report to Big Bob’s 
Super Carnivals explaining your proposed solution to the shaft and bearing problem. 
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APPENDICES 
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