IMPACT TESTING

Objective
To conduct Charpy V-notch impact test and determine the ductile-brittle transition
temperature of steels.

Equipment
* Coolants
* Standard Charpy V-Notched Test specimens
* Impact tester
* Furnace

Introduction

Notched-bar impact test of metals provides information on failure mode under high
velocity loading conditions leading sudden fracture where a sharp stress raiser (notch) is
present. The energy absorbed at fracture is generally related to the area under the stress-strain
curve which is termed as toughness in some references. Brittle materials have a small area
under the stress-strain curve (due to its limited toughness) and as a result, little energy is
absorbed during impact failure. As plastic deformation capability of the materials (ductility)
increases, the area under the curve also increases and absorbed energy and respectively
toughness increase. Similar characteristics can be seen on the fracture surfaces of broken
specimens. The fracture surfaces for low energy impact failures, indicating brittle behavior,
are relatively smooth and have crystalline appearance in the metals. On the contrary, those for
high energy fractures have regions of shear where the fracture surface is inclined about 45° to
the tensile stress, and have rougher and more highly deformed appearance, called fibrous
fracture.

Although two standardized tests, the Charpy and Izod, were designed and used
extensively to measure the impact energy, Charpy v-notched impact tests are more common
in practice. The apparatus for performing impact tests is illustrated schematically in Figure-I.
The load is applied as an impact blow from a weighted pendulum hammer that is released
from a position at a fixed height /4. The specimen is positioned at the base and with the release
of pendulum, which has a knife edge, strikes and fractures the specimen at the notch. The
pendulum continues its swing, rising a maximum height # ' which should be lower than %
naturally. The energy absorbed at fracture £ can be obtained by simply calculating the
difference in potential energy of the pendulum before and after the test such as,

E=mg.(h-h")

where m is the mass of pendulum and g is the gravitational acceleration. The geometry of
55mm long, standard Charpy test specimen is given in Figure-2. If the dimensions of
specimens are maintained as indicated in standards, notched-bar impact test results are
affected by the lattice type of materials, testing temperature, thermo-mechanical history,
chemical composition of materials, degree of strain hardening, etc.
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Figure-I: Apparatus for impact testing of materials.
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Figure-2: Specimen and loading configuration for Charpy V-notched impact test.

Body centered cubic (bcc) metals, particularly steels, often exhibit a decrease in impact
energy as the temperature is lowered. The temperature at which a sharp decrease in impact
energy occurs is called the ductile-brittle transition temperature (DBTT) as shown in Figure-3
schematically. This transition temperature is generally chosen as a lower limit for the
application of such metals.

Some steels may show transition characteristics in their failure mode from ductile to
brittle gradually as temperature is decreased, which is given in Figure-4 schematically. In this
case different approaches may be used in determining transition temperature but the average
energy concept is the most popular one. Determination of transition temperature can also be
done by examining the fracture surfaces of specimens tested at different temperatures. For
example the temperature, at which the fracture surface consists 50 percent cleavage
(crystalline) and 50 percent ductile (fibrous) types of fracture, is called fracture appearance
transition temperature (FATT). Another common criterion is to determine the transition
temperature on the basis of an arbitrary energy absorbed. For example 20 J transition
temperature 1s an accepted criterion for low-strength ship steels.
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Typical ductile-brittle transition curve for annealed low carbon steel.
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Figure-4: Various criteria of transition temperature obtained from Charpy tests.

Procedure
Note: Test one material with two specimens for each temperature,

1. Check the zero calibration of the impact tester.

2. First, test a specimen at room temperature.
3. Based on the room temperature result, decide whether to concentrate on

higher or lower temperature.
4. Test specimens over a selected range of temperatures, attempting to establish

a fully ductile test, a fully (or nearly) brittle test, and as many temperatures in

between as possible. .
5, Note fracture energy and estimate the % brittleness from the appearances of

fracture surfaces of the specimens.
Lab Report Requirements

1. Results
* Display the test data in a Table.
* Plot impact energy versus temperature and % brittleness versus

temperature.
* Find DBTT of the steel that you tested.



| 2. Discussion (the questions will be answered in the lab report)

1. Give the estimated values of DBTT for your steel. Suggest 2 ways in
which DBTT can be lowered.

. What are the 3 basic factors which contribute to brittle fracture of steels?
Do all 3 have to be present for brittle fracture to occur?

. Explain how a triaxial stress state can arise at the root of a notch. Would
this occur in thick or thin material? Thus, when does a biaxial stress state
occur?

. What are the main uses of the Charpy test?

. List the ASTM and TS specifications for the two impact tests with titles.

. Explain the relation between fracture toughness (Kjc) of steels and impact
energy.

7. Explain the effect of carbon content on transition behavior of plain carbon

steels in annealed condition.

8. Explain the effect of manganese on DBTT of steels.
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FATIGUE TESTING

Objective
To demonstrate how fatigue tests are conducted and how to interpret results.

Introduction

Fatigue failure accounts for the majority of mechanical failure of metallic materials
subjected to cyclic loads. Fatigue failures result from repeated applications of stress which is
usually well below the static yield stress. Fatigue cycles are often completely reversed state of
stress, i.e. tension and compression in a rotating beam but can also be tension-tension. In all
cases the number of cycles to produce failure increases with the lowering of the stress level.

There are different types of fatigue testing machines. The modem fatigue test frames are
servo-controlled -.electro-hydraulic or electro-mechanical devices, Rolary bending fatigue
testing machines are simple and low-cost practical machines which are used since 1850.

Equipment

* CJ Rotary bending fatigue testing machine
* Dartec 100kN servo-hydraulic testing system.

Determination Fatigue Limit on the Rotary Bending Machine
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Each point on the surface of the rotating specimen will go trough the points 1, 2, 3, etc. and
will be subjected to a dynamic stress. The stress - time curve is a sinusoidal curve with the
amplitude o, .

The load F can be adjusted by positioning the sliding piece with the weight G.

The number of rotations is determined by a counter and the machine is stopped at failure.

The "stress amplitude - number of cycles" curve can be determined by repeating the test at
different stress levels.



Fatigue Component Test on the Dartec Fatigue Tester

Here a component test is demonstrated. The fatigue loading of a spring is done in
stroke controlled mode and the number of cycles to failure is determined.
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Results

1. Plot all the available results on a S-N curve. Note the scatter.
2. Estimate the fatigue limit for this steel.

Discussion

Include in your discussion answers to the following questions.
1. What is distinctive about the surface appearance of a fatigue
fracture? What information can be obtained observing the fracture surface?
2. What are the stages in a fatigue fracture?
3. Where do most fatigue cracks start? Why?
4. What is the mean stress and the R-ratio?
5. What is the difference about behavior of steel and Aluminum?
6. Why does improving surface finish improve fatigue properties?
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CHECKLIST FOR FATIGUE TEST REPORT
1. Table of Contents with page numbers.
2. Report organized into appropriate sections. Abstract, Introduction, etc.
3. Introduction section:
. What are fatigue properties.. Why are fatigue properties important in
engineering and how are they used.
4. Experimental Procedure:
. Describe specimen and its preparation.
. Describe fatigue machine make and model number.
. Describe setup for test, starting and stopping.
5. Data Analysis:
. Show formula and sample calculation.
. Describe how you plot S-N curves. Estimate fatigue limit.
6. Results:
. Display measured values in a table of all results.
. Show S-N curves with proper labeling.
7. Discussion:
. See if you can find any published values to compare your data with.
8. Conclusion:
. A brief summary of what you did and the. result.
9. References



