Hardness Testing -- Mechanical Properties

Laboratory Experiment #3

MET231Laboratory

Using the Rockwell Hardness Tester

Before coming to class go to http://www.hpcnet.org/virtual-lab, read all the material and view all the movies.  Then take the lab quiz, which is located on the WebCT class homepage.  If you wish to use the Rockwell Hardness Tester during the lab period you must have a passing grade on this quiz.

Report Requirement

Individual industrial style report is due after the completion of the Cold Rolling and Hardness measurements (experiments #2 & #3).

Objectives of Experiment #2 and #3

· Develop a global understanding of how FCC metals are sold based on hardness.

· Know the ASTM standards that apply to Rockwell hardness testing.

· Know how to use the Rockwell hardness tester.  

· Know which Rockwell hardness scales to use. 

· Know how to convert hardness scales from one scale to another.

· Know how to do regression analysis of data using Excel.  Compute relationship between Vickers hardness and the Rockwell B and F scales using data in ASTM E140 for copper alloys (this is a quadratic equation). Fit the log (HV) data as a function log (RA) using Excel (linear equation).

· Know how to compute and then report the value of the strain-hardening coefficient for C11000 copper.

Introduction
The majority of engineers favor the hardness testing methods called:  Rockwell, Brinell and Vickers.  The materials engineer typically thinks of hardness as a measure of a materials resistance to deformation.  In a more general sense, the word hardness has numerous connotations in science and industry.  Examples are:  “resistance to scratching, resistance to cutting, ability to cut softer materials, brittleness, and lack of elastic damping, wear resistance, magnetic retention and so forth.”

The hardness test produces permanent deformation (or change of shape) of the material.  The test is therefore destructive.  Because deformation of the material is controlled by dislocation motion, it is not surprising the hardness can be correlated with both yield strength and tensile strength. Typically, hard materials have high strength -- soft materials have low strength.

The true stress-true strain curve for an ideally plastic material can be approximated by a simple power function of the form:

, where  is the true stress,  is the true strain, K is the true stress at  = 1.0, and n is the slope of the log-log plot of  versus .  n is also called the strain-hardening coefficient and can have values ranging from 0 (no strain hardening) to approximately 0.7. When the Vickers hardness scale (HV) is used the relationship between the Vickers hardness number and ys is:  HV = (0.9272)(3.2)ys  or HV ys.
  A similar relationship can be developed for the Brinell test.  There is no linear relationship for the Rockwell test.

Basic Hardness Testing Models

As stated before, the majority of engineers favor the hardness testing methods called:  Rockwell, Brinell and Vickers.  The equipment available at SDSM&T is pictured in Figure 1.  Other specialty methods are discusses in Reference 1. 


The Rockwell Hardness Test


The basis for the Rockwell Hardness number is the measurement of differential depth of penetration produced by a specific differential load.  The magnitude of the differential load and the type of penetrator utilized define the Rockwell Hardness scale.


Table I defines the 15 standard Rockwell scales used by engineers to evaluate materials during processing and manufacturing of materials and parts.  The literature uses the capital letters HR(plus the scale symbol) preceding the hardness number.  For example, HRB 95 is an example of the Rockwell number using the “B” scale.
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Figure 1.
Left to right is:  Rockwell Hardness Tester, Brinell Hardness Tester and Vickers Hardness Tester.
__________________

Table I.
(After Vander Voort)
  Table 5-5 Rockwell test scales—standard tester.
Scale symbol
Penetrator
Load kgf
Dial gauge scale
A
Brale
60
Black

B
 1/16 - in ball
100
Red

C
Brale
150
Black

D
Brale
l00
Black

E
1/8 - in ball
100
Red

F
1/16 - in ball
60
Red

G
1/16 - in ball
150
Red

H
1/8 - in ball
60
Red

K
1/8 - in ball
150
Red

L
1/4 - in ball
60
Red

M
1/4 - in ball
100
Red

P
1/4 - in ball
150
Red

R
1/2 - in ball
60
Red

S
1/2 - in ball
100
Red

V
1/2 - in ball
150
Red

Source: From Lysaght and DeBellis, Ref. 8.

__________________


Because the Rockwell instrument uses a differential depth approach (penetration produced by a minor load followed by a major load) the sample surfaces must be flat and parallel and the surface finish must be as good as or better than that specified in the ASTM standard.  See ASTM E 18 and E 140.  The test sample cannot be potted in plastic -- a common practice in metallography.  The low modulus of elasticity (stiffness) of the plastic will produce errors in the differential depth measurement.


The Brinell Hardness Test


The Brinell test was developed about 1900 and is widely used throughout the world.  See ASTM E 10 and E 140.  The basis of this test is the computation of a number that is:  the applied force (kgf units) divided by the measured surface area of a spherical indentation.  The resulting number is called the Brinell Hardness number and is identified in the literature when the capital letters HB precede the hardness number.  For example HB 275.  The equation used to compute the Brinell Hardness number is presented below:




where L is the applied load in kgf, d is the measured diameter of the impression and D is the diameter of the spherical indenter.


The standard Brinell test uses a 10 mm diameter spherical indenter and a 500 kgf load for soft metals and 3000 kgf load for harder metals.  Many nonstandard ball diameters and loads are used depending on the application.  The hardness number for a specific material being tested, if ball diameter and load is varied is not constant.  It is therefore necessary to select the experimental parameters for the study at hand, and not change the ball diameter or load throughout a study.  If the intention is to compare your experimental results to the literature, the conditions specified in the literature must be duplicated.


The Vickers Hardness Test


The Vickers hardness test was introduced about 1925.
  See ASTM E 384 and E 140.  The diamond indenter is quite complex and is presented in Figure 2. The basis of this test is the applied force (kgf units) divided by the measured surface area of a diamond pyramid indentation.  The resulting number is called the Vickers Hardness number and is identified in the literature when the capital letters HV preceding the hardness number.  For example HV 275.  The equation used to compute the Vickers Hardness number is presented below:




where L is the applied load in kgf, d is the mean diagonal of the impression in mm,  and  is face angle (136o). 


The Vickers test is popular with research scientists.  It can be very sensitive to changes in the microstructure of materials.  Diamond pyramid indenters of various sizes are available.  Loads from 10 kgf to 0.010 kgf are commonly used.  In addition to the Vickers hardness tester pictured in Figure 1, the Metallurgy Department also has a Vickers Microhardness tester that can perform tests with loads between 0.010 to 0.500 kgf. 
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Figure 2.
Schematic illustrating the Vickers diamond pyramid indenter and the indentation produced.  After Vander Voort.

________________

The Laboratory Experiment

The equipment used during the laboratory experiment is the Rockwell hardness tester. 

The (Laboratory Exercise 2) annealed copper alloy C11000 was rolled various reductions in areas and samples saved for this study.  Measure the variation of hardness as a function of reduction in area and compare these data to those supplied in Laboratory Exercise 2 or other data you may find through you own research efforts.

Make a minimum of five measurements from each copper sample and compute the mean and standard deviation.  When presenting your graphical representation of these data show error bars.

Measure of Accomplishment of Objectives

Laboratory Report Requirements

The report is based on data collected from all laboratory sections.  Tables and figures can be presented in the body of the memorandum or at the end.  If presented in the body of the memorandum, they should be presented as soon as possible after the first reference in the text to the table or figure.  Citation of references shall be presented on a reference page to be placed after the conclusion section of the report.  Use a numbered superscript in the text to identify where you use references in the report.  A footnote style is also accepted.  If this is used a Bibliography must be placed after the conclusion section of the report.  The Bibliography presents the cited references in alphabetical order of the author’s names. 

· Individual industrial style report is due after the completion of the Cold Rolling and Hardness measurements (experiments #2 & #3).
· The report combines the data collected in the two experimental studies.

· In the introduction section of the report discuss the following.

· What is the stress state in a material subjected to rolling?  

· Why metals are are rolled?

· Why are metals annealed periodically during rolling?  

· Why metals are hot rolled?

· Why are metals cold rolled?

· Cite literature other than this laboratory handout for all of the above questions.

· Also in the introduction section discuss different methods of hardness testing with emphasis on the method used in this laboratory.

· Present any literature generated by researchers that was discovered that specifically present the hardness as a function of percent reduction in area during rolling (%RA) for a similar copper alloy(s).

· In the experimental procedure and results section discuss the following.

· Present information about the instruments used.

· Prepare a graph that shows the class experimental data, hardness (HV) as a function of %RA.  Plot onto the same graph data found in the literature using the HV hardness scale.  The report must provide the equations generated for hardness conversion of HRF and HRB scale data to HV data for copper alloys.  The needed data is located in ASTM E 140 [HV=f (HRF) and HV=f (HRB)].  

· Show the graph of log (HV) =f {log (RA)} and provide the equation and goodness of fit for your data.  Use regression analysis (Trendline) in Excel to generate these equations. 

· Identify the stain-hardening coefficient.

· Be careful to cite all published information used in this report.

· In the discussion section, discuss the following.
· Can you use any statistical methods to represent the data and if so do so?

· Discuss a comparison of the class data for C11000 copper and any data found in the literature.  Are there any of the class results that agree or do not agree with information found in published literature?

· Include in the report a discussion as to how these data would be used in engineering design.

· Discuss issues you confronted while attempting to understand the data.

· What conclusion can you state (either good or bad) in regards to the quality of data collected during this experiment?  

· Example of what not to conclude:  I think this was a great lab exercise.  

· Example of what to conclude:  The class data when compared to the work of Author of a Published Resultreference was different by some%.

Sample Data Collection Work Sheet
Sample
Percent


HRF/HRB Measurements

    #
Cold Work
1
2
3
4
5
Mean
Stdev
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


� George F. Vander Voort:  Metallography Principles and Practice, McGraw-Hill Book Company, 1984, p.334.  Hardness testing is presented in detail on pages 334 through 409.


� Ibid., p. 336.


� Ibid, p. 359.


� Ibid., p.350.


� Ibid., p.350.
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