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TENSILE TEST
1) OBJECTIVE

To measure and observe the behaviour of a tensile specimen, while being tested to destruction, and determine:

(a) The yield stress of the material.
(b) The ultimate stress of the material.
(c) The percentage elongation.
(d) The percentage reduction in area. 
(e) The value of  modulus elasticity and poisons ratio of the material.

2) Preliminary Remarks
Write only on paragraph from ASTM E8
3) APPARATUS
1) Tensometer,2) Elongation gauge, 3)Reduction in area gauge, 4) callipers, tensile specimens.
4) PROCEDURE (Write Your own Procedure don’t copy paste it)
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5) Calculation 
Procedure for calculation
1) Prepare this table while performing the tensile test and fill the reading of gauges from the test.
Table 1:
	Reading
	Force
F (N)
	Elongation
Li-Lo=ΔL (mm)

	0
	
	

	1
	
	

	…
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



2) After you fill table 1 plot the Force versus Elongation.  

3) From the equations find the values for the nominal and true stress, and nominal and true strain.

Lo = ……….. mm, Ao = ……….. mm2

Table 2:
	Reading
	F (N)
	Li (mm)
	Ai
(mm2)
	ΔL
(mm)
	σnom
N/mm2
	σtrue
N/mm2
	εnom
	εtrue

	0
	
	
	
	
	
	
	
	

	1
	
	
	
	
	
	
	
	

	…
	
	
	
	
	
	
	
	



After you fill table 2 plot, 	a) Nominal stress versus Nominal Strain
						b) True stress versus True Strain  

4) Finally, using the true stress versus true strain curve determine 
a) Yield strength (σy), 
b) Elasticity modulus (E), 
c) Ultimate stress (σu) and 
d) Fracture strain. 
e) percent elongation and percent reduction.
Note: use this equations



Nominal Stress: , True Stress*:  ,     ()



Nominal Strain: εnom. =, True Strain*: 

*True stress and true strain are the corrected values due to specimen necking.  


Elasticity modulus (Young’s modulus):	 E = 

Yield stress:     σγ  = load at yield point
                                          Ao

Ultimate stress:   σu  = ultimate load
                                             Ao


Percent elongation =  100%, (LF: Final length)
		

Percent area reduction 100%, (AF: Final Area)
Discussion of Results:
Discuss your results using ASTM E8 source and Standards for metals if available.

5.	CONCLUSIONS
· Comment on each of the results obtained, how accurate they are, and how they compare to published values.
· What, if any, are the possible sources of error in your experiment?
· How important are these errors?
HARDNESS TEST

1. OBJECTIVE 
  Our primary aim is to measure the Rockwell Hardness values of materials and estimate ultimate tensile strengths by the aid of conversion tables. 
2. HARDNESS TESTING THEORY 
  Hardness is usually defined as the resistance of a material to plastic penetration of its surface. There are three main types of tests used to determine hardness: 
• Scratch tests are the simplest form of hardness tests. In this test, various materials are rated on their ability to scratch one another. Mohs hardness test is of this type. This test is used mainly in mineralogy.
• In Dynamic Hardness tests, an object of standard mass and dimensions is bounced 
back from a surface after falling by its own weight. The height of the rebound is indicated. 
Shore hardness is measured by this method. 
• Static Indentation tests are based on the relation of indentation of the specimen by a penetrator under a given load. The relationship of total test force to the area or depth of indentation provides a measure of hardness.  The Rockwell, Brinell, Knoop, Vickers, and ultrasonic hardness tests are of this type. 
For engineering purposes, mostly the static indentation tests are used. 






 BRINELL HARDNESS TEST: 
 This test consists of applying a constant load, usually between 500 and 3000 kgf for a  specified time (10 to 30 s) using a 5 or 10-mm diameter hardened steel or tungsten carbide  ball on the flat surface of a workpiece. 
[image: ]
Hardness is determined by taking the mean diameter of the indentation and calculating  the Brinell hardness number (BHM or HB) by dividing the applied load by the surface area of  the indentation according to following formula:
[image: ]
where P is load in kg; 
D ball diameter in mm; 
and d is the diameter of the indentation in mm. 
 Calculations have already been made and  are available in tabular form for various combinations of diameters of impressions and load. The Brinell hardness number followed by the symbol HB without any suffix numbers denotes standard test conditions using a ball of 10 mm diameter and a load of 3,000 kg applied for 10 to 15 s. For other conditions, the hardness number and symbol HB are supplemented by numbers indicating the test conditions in the following order: diameter of ball, load, and duration of loading. 
For example, 75 HB 10/500/30 indicates a Brinell hardness of 75 measured with a ball of 10 mm diameter and a load of 500 kg applied for 30s.
Lab Report:
Objective:
Write the objective only in one paragraph. (see ASTM A370)
1) Preliminary Remarks:
One paragraph (see ASTM A370)
2) Apparatus:
1) Brinell hardness tester (fig.2) 
2) Ball indenter. 
3) Test specimen
(write which specimen will be used in the test e.g.: aluminum, brass, steel……etc.)
4) Procedure. (Use your own procedure Don’t copy paste)
1.Load  to  be  applied  for  hardness  test  should  be  selected  according  to  the expected hardness of  the material.   However  test  load shall be kept equal  to 30 times the square of the diameter of the ball (diameter in mm) 
F=30.D 
2 .Where ball diameter, generally taken as 10 mm. For guidelines hardness range for standard loads given below 
[image: ]
2.Apply  the  load  for  a  minimum  of  15  seconds  to  30  seconds.  [if  ferrous metals are  to be  tested  time applied will be  15 seconds and  for softer metal 30 seconds] 
3.Remove the load and measure the diameter of indentation nearest to 0.02 mm using microscope (projected image) 
4.Calculate Brinell hardness number (HB). As per IS: 1500. 
5.Brinell hardness number 
[image: ]
where 
D is the diameter of ball indenter and d is the diameter of indentation. 
Hardness  numbers  normally  obtained  for  different  materials  are  given  below (under 3000 kg and 10 mm diameter ball used) 
[image: ]

Note:  Brinell test is not recommended for then materials having HB over 630. It is necessary to mention ball size and load with the hardness test when standard size of ball and load are not used. Because  indentation done by different size of ball  and  load  on  different  materials  are  not  geometrically  similar.   
Ball  also undergoes deformation when load is applied. Material response to the load is not  same all the time. 
6.Brinell hardness numbers can be obtained from tables 1 to 5 given in IS: 1500, knowing diameter of  indentation, diameter of the ball and load applied. 
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5) Calculation
[image: ]
6) Result and Discussion of Results
The Brinell hardness number of the specimen is ­­­­­­­
Compare the Results with standards, and write what does this number of brinell hardness means.
[image: ]
7) Conclusion
· Comment on each of the results obtained, how accurate they are, and how they compare to published values.
· What, if any, are the possible sources of error in your experiment?
· How important are these errors?




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 s. 
  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. 
In Rockwell testing, the minor load is 10 kgf, and the major load is 60, 100 or 150 kgf. In superficial 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 or steel ball, depending principally on the characteristics of the material being tested. 
[image: ]

  
1. Depth of indentation under preliminary load (10 kg) 
2. Increase in depth of indentation under additional load (140 kg) 
3. Permanent increase of depth of indentation under preliminary load after removal of additional load, the increase being expressed in units of 0002 mm 
4. Rockwell hardness HRC = 100—e 
  There are 30 different Rockwell scales, defined by the combination of the indenter and minor and major loads. The suitable scale is determined due to the type of the material to be tested. The majority of applications are covered by the Rockwell C and B scales for testing steel, brass, and other materials.  
[image: ]

1) Objective:
Write the objective only in one paragraph. (see ASTM A370)
2) Preliminary Remarks:
One paragraph (see ASTM A370)
3) Apparatus:
Rockwell hardness testing machine. 
Black diamond cone indenter, 
4) Test specimen
(write which specimen will be used in the test e.g.: aluminum, brass, steel……etc.)
5) Procedure. (Use your own procedure Don’t copy paste)
1.  Examine hardness testing machine (fig.1). 
2.  Place the specimen on platform of a machine. Using the elevating screw raise the platform and bring the specimen just in contact with the ball. apply an initial load until the small pointer shows red mark. 
3.  Release  the  operating  valve  to  apply  additional  load.  Immediately  after  the additional load applied, bring back operating valve to its position.  4.  Read  the  position  of  the  pointer  on  the  C  scale,  which  gives  the  hardness number.
 5.  Repeat the procedure five times on the specimen selecting different points for indentation. 
[image: ]
5) Calculation:
Hardness value based on the difference in depths of indentation produced by minor and major load. Diamond indenters are used mainly for testing materials such as hardened steels and cemented carbides. Steel-ball indenters, available with diameters of 1/16, 1/8, 1/4 and 1/2 in., are generally used for testing materials such as soft steel, copper alloys, aluminum alloys and bearings metals. Designations and typical applications of various indentors are listed in Tables 2 and 3.
[image: ]
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The minor load is always 10 kg in regular Rockwell hardness testing. No Rockwell hardness value isexpressed by a number alone. A letter has been assigned to each combination of load and indenter, as indicated in Tables 1 and 2. Each number is suffixed first by the letter H (for hardness), then the letter R (forRockwell), and finally the letter that indicates the scale used. For example, a value of 60 in the Rockwell C scale is expressed as 60 HRC, etc. One Rockwell number represents an indentation of 0.002 mm (0.00008in.).
Therefore a reading of 60 HRC indicates an indentation from minor to major load of (100 - 60) X 0.002 mm =0.080 mm or 0.0032 in. A reading of 80 HRB indicates an indentation of (130 - 80) X 0.002 mm = 0.100 mm.
The metal immediately surrounding the indentation from a Rockwell hardness test is cold worked thus multiplereadings cannot be taken at the same point on a material’s surface. If multiple tests are conducted on asingle part the indentations should each be a minimum of 3 indentation diameters apart. The depth of material affected during testing is on the order of ten times the depth of the indentations. Therefore, unless the thickness of the metal being tested is at least ten times the depth of the indentation,an accurate Rockwell hardness test cannot be expected. In addition to the limitation of indentation depth for a workpiece of given thickness and hardness, there is a limiting factor on the minimum material width. If the\ indentation is placed too close to the edge of a workpiece, the edge will deform outward and the Rockwell hardness number will be decreased accordingly. Experience has shown that the distance from the center of the indentation to the edge of the workpiece must be at least 3 times the diameter of the indentation to ensure an accurate test.
6) Result and Discussion of Result:
Rockwell hardness of given specimen is ­­­­­­­­­ 
Use the above tables and scales to comment on your results
7) Conclusion
· Comment on each of the results obtained, how accurate they are, and how they compare to published values.
· What, if any, are the possible sources of error in your experiment?
· How important are these errors?
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cradie, the pivoted arm 1s moved to the left, pushing the specimen until the arm reading is zero,
The left slide is then locked. Thus the original length is read. See Table 1 for different specimens.

3. Tightly lay the specimen in the cradle and make sure that the chucks are closed.
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Tensometer W Machine, Test specimens in the form of cylindrical bars, Reduction in area gauge, %
Elongation gauge.
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4. Attach graph paper to the recorder drum and set:
a) The Mercury column to zero

b) Point indicator to zero as a reference value for the graph paper to be used.
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to drive the recording drum. Apply force with the operating handle (Manually by rotating the handle or
working out the motor drive). Spring beams for different specimens can be selected from Table 3.
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To interpret the graph correctly it is necessary 1o make allowance for strains which take
place within the machine which in addition to the specimen strain, As shown in fig, I, over the
graph paper, line AB must be drawn first (The slope of the line AB. In Fig.1 represent the

characteristics of the machine, with steel specimens the distance is HB=4 1mm). For different
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pmnl subtract the extension r:-t the machine for that force, found from the line AB, from the

total extension recorded by the machine at that force. This will result a new graph, which will

show somehow the true measurements (probably shified to left). If this is done just below the

yield point, the true elastic slope can be obtained at the chosen magnification. The total

plastic extension of the specimen can be obtained from the graph by,

a. Drawing a line, f-g from the fracture point f, parallel to the line AB,

b. Measuring the distance, Ag, and dividing it by the selected magnification. This may then
be divided by the initial or gauge length of the specimen and multiplied by 100 to give the
percent elongation,
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During the rotations, plot the graph by manually following the variations in the height of the
mercury column with the cursor, pricking (pointing) the graph sheet at frequent intervals.
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After the fracture occurrence, remove the broken specimen from the chucks by removing the rings over
the chucks and using the * Universal Reduction in Area Gauge” and * Universal Elongation Gauge” read
% reduction in area and % elongation,
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Using the corrected graph to calculate the following:
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1.Yield strength o, of the specimen material
2 Yield strain, g, of the specimen material
3.Yield strain (ey) v of the specimen material in transverse direction

4 Ultimate strength oy of the specimen material
5.Modulus of elasticity E and Poisson’s ratio for the specimen material
6.Percent elongation,
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Comment on the results obtained by the experiment, Compare the percent elongation obtained in
results and calculations with the one measured during the experiment (Step 8)
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 Figure | Load-Extension diagram showing the specified points.
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Table 2 — Choice of Magnification Table 3 — Selection of Spring Beam
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Table 4
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TABLE(S)

Setting the % Elongation gauge

Specimen Gauge Length | Gauge Setting_

Brass, Steel and Aluminum 2225 mm | Band C

Brass 17.75 mm | A

(Brass [38 mm [A -
Table 1
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Figure 1. Brinell Hardness Test Schematic
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| Ball diameter | Load (kg) | Range of Brinell hardness

10 3000 96 to 600

1500 48 to 300

500 16 to 100
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Figure 2
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Figure .1
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Table 2 — Rockwell Hardness Scale Designations for Combinations of Type of Indenter and Major Load.
[Metals Handbook - Desk Edition, 1992]

1. Rockwell-hardness-scale designations for combinations of type of indenter and major load
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Table 3 - Typical Applications of Regular Rockwell Hardness Scales. [Metals Handbood - Desk Edition, 1992]

Typical applications

... .Copper alloys, soft steels, aluminum
alloys, malieable iron
Steel, hard cast irons, pearitic
malleable iron, titanium, deep case-
hardened steel and other materials
harder than 100 HRB
~Cemented carbides, thin sieel and
shallow casc-hardened stecl
D..........Thin steel and medium case-hardened
steel and pearlitic malleable iron
Cast iron, aluminum and magnesium
alloys, bearing metals
... Annealed copper alloys, thin soft
sheet metals
G......... Phosphor bronze, beryllium copper,
malleable irons. Upper limit is 92
HRG, 10 avoid flattcning of ball.
.. Aluminum, zinc. lead

.. Bearing metals and other very soft or
thin materials. Use smallest ball and
heaviest load that do not give anvil
effect

(@) The N scalcs of a superficial hardness esier are used for ma«
seials sl (o tose esied on e Rockwell C, A and I scacs,
bul of thinncr gage of case depth, The T scales ase used for materials

Smilar 1 those lesied on the Rockwell B, F and G scales bot of

hianer gage. When mizute identations st reguired, 3 superficial

adness tester should be used. The W, X aad Y scales see sed for
ey oft maerai
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3. DESCRIPTION OF APPARATUS & EXPERIMENTAL PROCEDURE
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1. Betore test, the unbroken specimen is placed in the “Reduction in Area Gauge” at zero reading;
the two arms are closed to touch it and are then locked. Thus the original area is red (set).

2. “Universal elongation gauge” is used to measure the percent elongation of the specimen. Before
pulling the specimen, the elongation gauge is set t B&C level, then the specimen is laid in the




