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[bookmark: _GoBack]ENMAT101 Engineering Materials and Processes
Laboratory 1: Rockwell Hardness Test
AIM
· To give experience in the operating of the Rockwell hardness testing machine.
· To illustrate the advantages and limitations of using the various scales.
· To obtain comparative hardness values for different metals.
· To illustrate the effect of variation in hardness across a welded joint.
· To explore the link between hardness and tensile strength.

PROCEDURE 
· CAUTION - DO NOT TEST TUNGSTEN CARBIDE ON ROCKWELL C or B SCALES.
· Test the various metal specimens provided using the appropriate scales as recommended by the manufacturer. 
· Change the load and indenter as required.

REPORT (Refer Laboratory Guide)
1. Record the results on the work sheet provided.
2. Test the weld at about 5mm intervals starting 10-12mm on either side of the weld. Sketch the welded area full size and mark the hardness at the various points on your sketch using the approved notation. 
3. The results obtained are to be tabulated on the worksheet.
4. From standard tables obtain equivalent Brinell and Vickers hardness values for the specimens tested excluding the welded specimen.
5. Comment on the reasons for the caution note in the procedure.
6. Comment on the uses and limitations of the industrial application of the Rockwell hardness testing machine.
7. Comment on the results obtained making comparison between the results obtained for the three Rockwell scales with (a) published standard tables and (b) the manufacturer’s data sheets. Highlight any “dud” readings and state whether they are too high or low for that range – by analysing the indent.
8. Research for ways to convert the Rockwell numbers to an approximate tensile strength: Link: http://www.unified-eng.com/scitech/hardness/hardness.html
Another Hardness conversion link;
http://icrank.com/cgi-bin/pageman/pageout.cgi?path=/data/hardness/hardness.html&t=2
9.  Explain how the leverage system of the Rockwell Hardness Tester works with the aid of a diagram (sketch).


NOTES: ROCKWELL HARDNESS TEST
This hardness test uses a direct reading instrument based on the principle of differential depth measurement. Rockwell testing differs from Brinell testing in that the Rockwell hardness number is based on an inverse relationship to the measurement of the additional depth to which an indenter is forced by a heavy (major) load beyond the depth resulting from a previously applied (minor) load. Initially a minor load is applied, and a zero datum position is established. The major load is then applied for a specified period and removed, leaving the minor load applied. The resulting Rockwell number represents the difference in depth from zero datum position as a result of the application of major load. The entire procedure requires only 5 to 10 seconds. Use of a minor load greatly increases the accuracy of this type of test, because it eliminates the effects of backlash in the measuring system and causes the indenter to break through slight surface roughness.

[image: http://learneasy.info/MDME/MEMmods/MEM23061A/Hardness/Hardness_files/rockwell_hardness_tester.JPG]
The 1200 sphero-conical diamond indenter is used mainly for testing hard materials such as hardened steels and cemented carbides. Hardened steel ball indenters with diameters 1/16, 1/8, 1/4, 1/2 in. are used for testing softer materials such as fully annealed steels, softer grades of cast irons, and a wide variety of nonferrous metals. In Rockwell testing, the minor load is 10 kgf, and the major load is 60, 100 or 150 kgf. In superficial (used for testing case hardening and thin sheet) Rockwell testing, the minor load is 3 kgf, and major loads are 15, 30 or 45 kgf. In both tests, the indenter may be either a diamond cone (called the "brale")or steel ball, depending principally on the characteristics of the material being tested.
Procedure
The Rockwell test uses a pre-load to cancel out error. The test is fast, but it lacks the ability to cross-reference to other hardness tests and correlate to material strength as accurately.
The following diagram outlines the procedure of a Rockwell Hardness measurement.

[image: http://learneasy.info/MDME/MEMmods/MEM23061A/Hardness/Hardness_files/Rockwell_procedure.GIF]
How it Works
The key to the process is the uses of pre-loading and measurements taken before and after the big load is applied. This cancels out elastic effects -  which includes elasticity in the tester itself, and in the job.
[image: http://learneasy.info/MDME/MEMmods/MEM23061A/Hardness/Hardness_files/rockwell_how.GIF]

The leverage system: also includes a dashpot (damper) to let the load down smoothly.

[image: http://learneasy.info/MDME/MEMmods/MEM23061A/Hardness/Hardness_files/rockwell_leverage.gif]
Rockwell Hardness Scales
There are 30 different Rockwell scales, defined by the combination of the indenter and minor and major loads. The majority of applications are covered by the Rockwell C (hard materials) and B (medium materials) scales for testing steel, brass, and other materials.

Rockwell Scales and their Applications
[image: http://learneasy.info/MDME/MEMmods/MEM23061A/Hardness/Hardness_files/Rockwell_scales.GIF]
Choosing a Test Location on the Part
If indentation is placed too close to the edge of specimen, the workpiece edge will bulge, and the hardness number will decrease accordingly. 
· The distance from the center of the indentation to the edge of the specimen must be at least two and one-half diameters.
· An indentation hardness test cold works the surrounding material. If another indentation is placed within this cold worked area, the reading usually will be higher than the real value. Generally, the softer the material, the more critical the spacing of indentations becomes. Must also be five diameters from another test location.
· Specimen thickness must be at least 10 times the indentation depth.
· Small diameters cause errors in the reading. These can be adjusted by adding the factors shown in the following table;
[image: http://learneasy.info/MDME/MEMmods/MEM23061A/Hardness/Hardness_files/rockwell_curvature_correction.jpg]
http://www.thefabricator.com/TestingMeasuring/TestingMeasuring_Article.cfm?ID=191 

Procedure for Taking a Measurement
A selection of parts are to be measured using the Rockwell Hardness tester. Record you results, including any mis-readings and "off-scale" measurements (these occur when the wrong scale is used)
1. Choose the appropriate scale to suit the material to be tested (probably B or C)
2. Check the machine - especially after the indenter has been changed and has not "seated" yet. Use a calibrated block.
3. Select a location for the test (see notes). Remove oil or dirt, but the surface does not need to be polished etc.
4. Make sure the part can be held securely. Use the "V" anvil for round parts.
5. Raise the needle according to instructions
6. Apply the load and wait 
7. Remove the load
8. Take a reading. The C scale should be between 20 and 70. A and B scales may be 0 to 100.


[image: http://learneasy.info/MDME/MEMmods/MEM23061A/Hardness/Hardness_files/video_icon.gif]VIDEO: Rockwell Hardness Test. Part 1. Check Calibration
Checking B scale calibration in 2 minutes or less... http://youtu.be/5byS9Dx3cbQ
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Rockwell: How the scale works
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Diagrom A: Deod-Weight Rockwell Hordness Tester

Power Lever

Dial Gage I\ '
Lt o !
W

Indenter — "5

gl
Elevating Unit —»- i





image5.png
Scale Total| Dial | Typical applications
symboland| Indenter | load | Numerals of scales
prefix leter (g)

A |Diamond | 60 | Black |Cemented carbides, thin
cone sicel, shallow depth

case-hardened steel.

B |1588mm | 100 | Red |Copper alloys, soft
dia. steel steels, alumininm afloys,
ball malleable iron.

C  |Diamond | 150 | -Black |Steel, hard cast iron,
cone pearlitic malleable iron,

high depth case-
‘hardened steel.

D |Diamond | 100 | Black |Thin steel, medium
cone depth case-hardened

steel.

E  [3.175mm | 100 | Red |Cast iron, aluminium
dia. stoel and magnesium alloys,
ball bearing metals.

F [1588mm | 60 | Red | Anncaled copper alloys,
dia, steel thin soft sheet metals.
ball

G |1588mm | 150 | Red | Phosphor bronze,
dia. stee} beryllium copper,
ball ‘maileable iron.

H 175mm | 60 | Red | Aluminium, lead, zinc.
dia. steel
ball

K [347Smm | 150 | Red | Soft bearing metals.
dia. stecl

all
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