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OBJECTIVES 
 
1. To investigate how the energy absorbed during deformation and fracture of metals 

during impact loading varies through changes in temperature. 
2. To determine a relative measurement on percent shear of the fractured metals. 
 
 
LEARNING OUTCOMES 
 
At the end of laboratory session, student should be able to: 
 
1. Identify the dependent and independent variables of the experiment. 

2. Record and tabulate the raw data nicely so that the experimental data can be neatly 
presented. 

3. Plot the histogram chart of hardness HRC vs quenching media on specimen given. 

4. Differentiate the influence of temperature to the impact energy of metals. 
5. Describe situations in which student should be knowledgeable about the ductile to 

brittle transition temperatures in metals. 
6. Describe how Charpy impact data can be used to predict brittle and ductile fracture 

of an engineering component. 
7. Provide good and strong conclusion based on the analysis constructed. 

8. Make use of suitable references and write them correctly. 
 
 
THEORY 
 
The purpose of impact testing is to determine the nature and extent of material 
deformation under rapid loading conditions as well as the energy absorbed during 
impact. Impact testing is performed for two reasons. First, impact testing is used to 
compare the dynamic response of several materials or batches. The results of impact tests 
are used to compare products manufactured by different processing routes as a quality-
control parameter for a given process. Second, impact testing is performed to simulate the 
end use conditions of a material or product so it can be manufactured to survive impact 
associated with its intended use. 
 
To test the relative brittleness of materials, along with the energy they may absorb during 
impact fracture, the Charpy impact test was developed. It consists of taking a specially 
machined, notched specimen and breaking it in two with a calibrated, swinging pendulum 
(Figure 1). The pendulum is locked into a high position then released to strike the sample. 
As the sample is struck, it undergoes the processes of plastic deformation (if it can) and 
then fracture. A scale on the Charpy machine records the amount of energy (ft-lbs or 
joules) associated with this deformation and fracture of the sample. The energy absorbed 
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is one measure of the impact toughness of the material. Toughness is a combination of 
strength and ductility. Ductility is simply the ability of a material to undergo plastic 
(permanent) deformation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1  Schematic of a Charpy impact test machine 
 

 
The Charpy impact test is used to determine the ductile to brittle transition behaviour of a 
metal. It's very important to realise that the ductile to brittle transition is defined in terms 
of the fracture energy. A brittle fracture is a low energy fracture and a ductile fracture is 
a high energy fracture. Figure 2 shows a schematic ductile to brittle transition curves for 
carbon steel and aluminum.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2  Schematic ductile to brittle transition curves 
 
 
The Charpy impact test is used to analyse the fracture surfaces of a metal. It can be shear 
fracture or cleavage fracture. The fracture surfaces of Charpy specimens can tell you a lot 
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about the process of fracture in that material at that temperature. The relative 
measurement of the percentage of shear fracture can be calculated by using equation: 
 

% shear  =   shear length   x 100%    (1) 
              total length 
 
 
EQUIPMENTS 
 
Copper alloy, Aluminum alloy, Abrasive Cutting Machine, Charpy Impact Testing Machine 
(Figure 3), PC Data Acquisition System, Digital Vernier Caliper, beaker(s), oven, gloves, 
tongs, thermometer, ice cube and salts. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3  Charpy Impact Testing machine 
 
 
PROCEDURES 
 
SAFETY PRECUTION:  
 
1. The person who places the Charpy sample into the tester must be the one who releases 

the pendulum. This is so that there is no chance of the pendulum being released while 
there is someone placing a sample in the Charpy tester. 

  
2. Raise the pendulum to its high position just before testing. It should not be locked in the 

high position any longer than necessary. 
 
3. Use gloves when testing the hot and cold metals. Remember that metals do not have to 

be glowing red hot in order for you to get burned. Make sure to apply 5 second rule 
during the measurement of impact energy. 

 
NOTE:  
5-Second Rule: you have 5 seconds from the time your hot or cold specimens leave their 
hot or cold environments and are fractured by the Charpy machine.  
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I. Specimen preparation 
 

1. Cut copper alloy and aluminum alloy as a notch specimen into 15 pieces per 
specimen by using abrasive cutting machine. The approximate dimension: 
diameter = 6 mm, length = 55 mm and height in notch root = 2 mm. 

2. You are going to determine impact energy of notch specimens and percent shear 
of fractured specimens by performing Charpy test at varying temperature as 
summarize in Table 1. 

 
Table 1 Charpy test for metals at varying temperature 

 

Specimen Quantity Test temperature (oC) Charpy test  

Copper alloy 

3 -7 

1. Impact energy 
2. Percent shear 

3 10 

3 25 (room temperature) 

3 60 

3 95 

Aluminum alloy 

3 -7 

1. Impact energy 
2. Percent shear 

3 10 

3 25 (room temperature) 

3 60 

3 95 

TOTAL 30  

 
 

II. Charpy Testing Procedures 
 
1. Lift the pendulum weight hammer to cocked position at a fixed height. 
2. Move the hand trigger from ‘release’ to ‘lock’ when the pendulum weight 

hammer is lifted to the correct position. For safety, make sure the pendulum 
hammer completely engage to the lock position. 

3. Grap the specimen with the tongs and get ready to place it into the charpy 
impact machine. Be sure to heed the 5 second rule. 

4. Place the specimen into the specimen holder with the notch facing away from the 
pendulum. Make sure the specimen is fit within stopper pin and specimen holder. 

5. Close the protective cover and lock it. 
6. Stand well clear of the swinging area of the pendulum. 
7. Pull the hand trigger from ‘lock’ to ‘release’ and allow the pendulum to swing. 
8. Press and hold the brake button as soon as the pendulum completes one full 

swing. 
9. Record the impact energy absorbed during deformation of your specimens. 

 
 

III. Measurement of impact energy  
 

NOTE: The laboratory instructor will give you a demonstration of the operation of the 
Charpy machine (without a specimen) prior to your group using it for your experiment. 
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[For room-temperature specimens] 
 
1. Test each of your room-temperature specimen (one at time) following the Charpy 

Testing Procedures detailed above. 
2. Place your fractured specimens on a sheet of paper where you can label the test 

temperature. 
 
[For cold-environment specimens (temperature: -7oC and 10oC)] 
 
1. Use beaker, thermometer, ice cube and salt to create the appropriate 

environment as specified above. 
2. Immersed the particular specimen into the beaker with appropriate temperature 

and soak it for 10 minutes. 
3. Test each of your cold-environment specimen (one at time) following the Charpy 

Testing Procedures detailed above. 
4. Place your fractured specimens on a sheet of paper where you can label the test 

temperature. 
 
[For hot-environment specimens (temperature: 60oC and 95oC)] 
 
1. Use oven to create the appropriate environment as specified above. 
2. Place the specimen into the oven and soak it for 10 minutes. 
3. Test each of your hot-environment specimen (one at time) following the Charpy 

Testing Procedures detailed above. 
4. Place your fractured specimens on a sheet of paper where you can label the test 

temperature. 
 

 
IV. Determination of percent shear from fracture surfaces 
 

1. Approximate the percent shear for each specimen. Remember that this is a 
relative measure.  

2. Use the small stereo microscope at your lab station to examine the fracture 
surfaces more closely.  

3. Make a neat and organized table of your data of test temperature, impact 
energy, and percent shear. 
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Name:________________________________  Matrix Number: ___________________ 
 
Section / Group: _______________________ Date of Experiment: _________________ 
 
 
 
EXPERIMENTAL DATA 
 
Produce two apropriate tables of charpy impact test data for copper alloy and aluminum 
alloy specimens, which is consist of test temperature, impact energy and shear length. Fill 
in the impact energy and shear length data from your tests on copper alloy and aluminum 
alloy in your suggested table. 
  
 
 
EXPERIMENTAL RESULTS 
 
Calculate the percent shear at each test temperature for the specimens. Fill in the data in 
apropriate tables.  
 
Calculate the average impact energy values for each temperature, the range of values of 
the impact energy and average percent shear values at each temperature.  Produce two 
apropriate tables of average values for copper alloy and aluminum alloy specimens, 
which is consist of test temperature, average impact energy, range of impact energy and 
average percent shear. 
 
 
 
DISCUSSIONS 
 
1. Make two plots: 

a. Average impact energy vs. temperature (include the range of impact energy 
values as second vertical bars on your plot at each temperature). 

b. Average percent shear vs. temperature. 
 

2. For each materials tested, is there a noticeable Brittle-to-Ductile Transition (BDT)?  
If so, estimate the BDT temperature accordingly to energy level half-way between 
upper and lower plateaus. 

 
3. What change in your results would you expect if: 

a. your specimens were unnotched? 
b. your specimens were thicker? 
c. the notches were sharper? 
 

4. How is the nature of the fracture surface (based on percent shear) related to the test 
temperature, within the range of temperature used? 
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QUESTIONS 
 
1. What is the purpose of the samples for Impact Test being ‘notched’? 
 
2. How do the impact energy from the Charpy Impact test correlates with the stress-

strain curve obtained from the tensile test? (Support your answer with aid of 
diagram). 

 
3. What is the difference between tensile test and impact test? 
 
4. What effect did temperature have on the ability of the specimens to absorb energy 

during impact? 
 
5. Suggest three conditions that can caused notches on materials in practice. 
 
6. What metallic lattice (BCC, FCC or HCP) shows the most marked change in notch 

toughness with temperature and which one do you think is the most suitable to be 
used in designing aircraft body and why? 

 
 
 
CONCLUSION 
 
Write down your conclusion based on the experiment objectives. 
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