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Introduction:
“It is important to examine a material's reaction to short yet intense loads, because under such conditions the material may behave in a more brittle manner than is indicated from a simple tensile test. The Charpy impact tests are commonly used for this purpose. A notched bar is placed in the test machine, and then the hammer is allowed to fall and break it. The energy absorbed in fracturing the specimen is measured by the height to which the hammer rises. The principal result of the Charpy test is the energy absorbed in fracturing the specimen and this is denoted by Cv. The quantity Cv is a measure of the toughness of the material under impact loading.” ( lecture notes)
Objective:

This experiment aims at examining the material’s resistance and reaction to short and sudden loads and pulses because under such conditions, the material may behave in a more brittle manner than is indicated from a simple tensile test. This test reveals the maximum amount of energy a specimen sustains before it fractures. The purpose of impact testing is to obtain a measure of the specimen’s toughness under dynamic loading.

 We will relate our findings to the carbon concentration and temperature. The Charpy test is quick and inexpensive and provides information not attainable by other simple mechanical tests. We are going to use four metallic specimens Brass, Low Carbon Steel at room temperature, Low Carbon Steel at room temperature, Low Carbon Steel at temperatures between -50C to -60C.

Problem Approach:
The Charpy testing machine consists of a swinging arm that contains a striker and a gauge to read the value of the used energy to break the specimen. The used test specimens are are bars 55 mm long (or 64 mm) x (10 mm x 10mm Square) cross section, which has a 45 V notch, 2 mm deep with a 0.25 mm root radius. To begin the experiment, we mount one of our metallic test specimens in the appropriate position on the impact tester and move the arm to its starting position. We then release the swinging arm that hits our test specimen on the opposite side of the notch that we have earlier engraved. When the striker hits the specimen, it breaks and the gauge gives us a reading of the energy absorbed by the test specimen. Finally, we will measure the shear lip in each of our broken test specimens. Examination of the fracture surface can give an indication of the ductility of the material.

Calculations:

	Brass
	High Carbon Steel 
	Low Carbon Steel  Room Temperature 
	Low Carbon Steel  Room at                  -50C to -60C 

	Cv (Poundforce-foot)
	 x (mm)
	 y (mm)
	Cv (Poundforce-foot)
	 x (mm)
	 y (mm)
	Cv (Poundforce-foot)
	 x (mm)
	 y (mm)
	Cv (Poundforce-foot)
	 x (mm)
	 y (mm)

	7
	3.5
	3.5
	16.5
	4
	3
	124
	6
	5
	1.5
	3
	2


Potential energy = Initial energy = mass * Gravitational Constant * height = 120 ft.lb =162.7 Joules

Height = 120 cm = 1.2m

Gravitational Constant =9.81m/s2

( Mass =
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Final height:

Potential energy = Initial energy – absorbed energy = m*g*hfinal

Brass:

Cv = 7ft.lb = 9.45 Joules

The granular area has the following measurements:

 X= 3.5 mm

Y= 3.5 mm                                                                        

Shear lip percentage =
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Final height:  162.7- 9.45=13.82x 9.81x hfinal

(    hfinal = 1.13 m

High Carbon Steel:

Cv = 16.5 ft.lb = 22.37 Joules

The granular area has the following measurements:

X= 4 mm

Y= 3 mm

Shear lip percentage =
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Final height:  162.7- 22.37=13.82x 9.81x hfinal

(  hfinal = 1.035 m

Low Carbon Steel:

Cv = 124 ft.lb = 168.123 Joules

The granular area has the following measurements:

X= 6 mm

Y= 5 mm

Shear lip percentage =
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Final height:  162.7- 168.123=13.82x 9.81x hfinal

(   hfinal = 0.04 m

Low Carbon Steel Room at -50C to -60C:

Cv = 1.5 ft.lb = 2.03375 Joules

The granular area has the following measurements:

X= 3 mm

Y= 2 mm

Shear lip percentage =
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Final height:  162.7- 2.03375=13.82x 9.81x hfinal

(   hfinal = 1.185 m

	SPECIMEN
	Brass 
	High Carbon Steel
	Low Carbon Steel
	Low Carbon Steel Room at -50C to -60C:



	Cv (Joules)
	9.45
	22.37
	168.123
	2.03375

	Shear lip percentage
	84.6%
	85%
	62.5%
	92.5%

	Final height (m)
	 1.13
	1.035
	0.04
	1.185


Observations:

At the beginning of the experiment we wanted to see if the initial stored potential energy would be totally transferred to the specimen upon impact, so we let the arm to swing freely without hitting anything and found that there is a loss of energy due to friction which was around 1 lb-force and we had to subtract this value from our calculations.

We also noticed that the fracture surface may be fibrous (shear fracture), granular (cleavage fracture) or a mixture of both depending on whether the specimen was ductile or brittle. The fracture surface not only depended on carbon content but also on temperature as did Cv. 

Conclusion:

The toughness of a metal is its ability to absorb energy in the plastic range especially when subjected to dynamic loading. Temperature has considerable influence on the toughness as does the heat treatment which has been applied to the metal. The purpose of impact testing is to obtain a measure of toughness under dynamic loading. 

We can conclude that as the concentration of carbon in a metallic specimen increases, the less its toughness and thus the less it absorbs energy before failing. Thus we see that there exist a relation between toughness and ductility. 

We also notice that the temperature has an effect on toughness. If we hold the carbon concentration constant and we decrease the temperature of the specimen, the more brittle the specimen becomes and thus its toughness decreases.

Appendix
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Image of a Charpy testing machine.(a)
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 Image of a Charpy testing machine.(b)
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