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VISION
“To be a centre of excellence by producing high caliber, competent and self-reliant mechanical
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industries with ethical values and flair to research.”

MISSION
e To provide efficient engineers for global requirements by imparting quality education.

e To explore, create and develop innovations in various aspects of engineering through
industries and institutions.

e To emphasize on practical skills and socially relevant technology.



PREFACE

Properties of the materials are very important in the process of designing the
durable components / machines / structures etc. These properties include
mechanical properties, thermal properties, electrical properties, optical properties
or magnetic properties or deteriorative properties. Mechanical engineers are mainly
concerned with the mechanical properties like strength, ductility, hardness,
brittleness, toughness, creep, fatigue strength of the materials. These properties
play an important role for the structures and components that are intended to
sustain various type of loads under the given service conditions. Different
applications need specific mechanical properties. Sometimes hardness is required
at the surface of the components, like gears, to make them wear resistant and
sometimes toughness is required to resist impact loading.

This laboratory provides the know-how of the mechanical properties of the
materials through various experiments on testing machines and equipments.
Mainly destructive testing is used to determine different mechanical properties of
the given specimen.

These testing procedure include tensile testing, hardness testing, torsion testing,

fatigue testing, impact testing etc.

Dr. Sanjay Kumar
(ASSISTANT PROFESSOR)
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Duration of Exam: 02 Hours
Pre- Requisite: Strength of Materials

Successive: Strength of Materials -11, Design of Machine Elements-1, Design of Machine
Elements-11
Course Objectives:

The objective of the Strength of Materials lab is to give insight to the students about various
mechanical properties of the materials and perform such experiments on different machines/
equipments.
Course Outcomes (COs): At the end of the course, the student shall be able to:
CO 1- Understand the concepts of mechanical properties for materials and testing methods.
CO 2- Measure and interpret hardness of materials on different machines/ equipments.
CO 3-Analyze impact properties of materials.
CO 4- Assess tensile, shear, compressive and other properties of materials on UTM.
List of Experiments:
1. To perform the Brinell hardness test.
2. To perform the Rockwell hardness test.
3. To perform the Vickers hardness test on Universal Hardness Tester and compare with Rockwell
hardness.
To study the Erricson sheet metal testing machine & perform the Erricson sheet metal test.

. To perform the Impact tests (Izod&Charpy) on Impact Testing Machine.

4.

5

6. To perform the tensile test on Universal Testing Machine.

7. To perform compression & bending tests on Universal Testing Machine.
8. To perform the shear test on Universal Testing Machine.

9. To perform the torsion test on a Torsion Testing Machine.

10. To determine the Micro hardness of sample.

11. To study the fatigue testing of materials.

12. To determine the stiffness of helical spring.



Note: At least ten experiments are to be performed in the semester. Eight experiments are to be
performed from the above list and the rest may be designed/ conducted by the concerned
department/institution.



Experiment No. 1

Aim:
To perform the Brinell hardness test.

Apparatus:
Rockwell cum Brinell hardness testing machine, Brinell microscope, Test piece

Theory:

Brinell hardness test is an indentation hardness test using a verified machine to force a hardened
steel ball, called indenter, into the surface of the material specimen under test and thus producing
an indentation on it. Selection of indenter ball diameter (D) and corresponding load (F) is done
depending on the type of material to be tested for hardness and following thumb rule.
F/D? = 30 for steels and harder alloys
F/D? = 10 for copper and its alloys
F/D? = 5 for Aluminum and its alloys
Diameter of indentation (D;) so produced on the specimen surface is measured with the help of
Brinell microscope. Brinell hardness is calculated mathematically on the basis of applied Load,
Indenter diameter, Surface area of indentation produced by using following formula.
Brinell Hardness No. (BHN) = Load applied / Surface area of indentation

F

;ED(D—w/DZ—DiZ)

Where, F = load in kgf

D = is diameter of indenter ball

BHN =

Di = diameter of indentation produced on specimen surface as measured with the help of

Brinell microscope

Rockwell cum Brinell Hardness testing machine:

Hardness tester is of fabricated body. The vertical main screw, protected by the telescopic sleeve,
bears a hand wheel at its lower end to facilitate it up and down. At the upper end of the main
screw a flat circular anvil (test table) is provided on which the specimen is placed for testing. For

testing bigger specimens a clamping device may be used. Replaceable spherical ball indenter



facing vertically downwards is held by a holder. A load selector disc with load options (60, 100 ,
150, 187.5, and 250 kgf) is provided at the side of the machine. Digital display panel consists of
an LCD display, function (FN), enter and scale selection (ENT/SCL), Reset (RST) and Cycle
Start touch buttons. Two arrow keys are used to change the data values. The 2 line x 16 character
LCD, displays bar graph for initial loading on 1% line. Currently selected scale & digital dial
gauge readings are displayed on the 2" line.

The basic system consists of weights and levers. The weights under hydraulic dash pot time
control are applied on free end of the lever, which transmits the pressure on the plunger and
thereby on the work piece through indenter ball for creating an indentation on the specimen

surface.

Applied

Force F
Indenter
Diameter D ii o i
F
BHN = ——

D (D-4D°-D;)

Figure: Electronic Brinell-cum-Rockwell

hardness testing machine



Procedure:

1. Replace the ball indenter of selected diameter in the indenter holder.

Select corresponding load by using load selection disc.

Set the LCD showing HRB in the second line.

Confirm data entry like high limit, low limit, dwell time (10 -15 seconds), auto start (Yes/

L

No) and printer information and save data

o1

Place the smooth and flat specimen on the test table in upright position.

6. Apply initial load by manually moving the test table upwards with help of hand wheel
until LCD bar graph shows 300 points.

7. Loading and unloading is done automatically based on data entry and indentation is
produced on the surface.

8. Measure the diameter of indentation produced with the help of Brinell microscope.

9. Repeat the process at least three times and note the indentation diameter.

10. Calculate BHN by using formula.

Observations:

Indenter ball Load applied Indentation
> No. diameter (mm) (kgf) Diameter (mm) BHN
1
2
3
Average
Calculation: BHN = 2F = (ceeeecencencenenenens )

7D(D-D*-D)

Result: The average hardness of the given specimen is BHN...........................
Precaution:
1. Brinell hardness test should be performed on smooth, flat surface of specimen. Dirt and
Scale must be removed from the test sample.
2. Successive impressions made too close to one another tend to produce high reading
because of work hardening of the surface.
Indentation should not be made too close to the edge of the specimen

4. Brinell hardness test should not apply for the thin specimens.



Experiment No. 2

Aim:

To perform the Rockwell hardness test.

Apparatus:
Rockwell cum Brinell hardness testing machine, Metal Test piece

Theory:

Rockwell test methods are defined in the following standards:
e ASTM E18 Metals
e [SO 6508 Metals
e ASTM D785 Plastics

Types of the Rockwell Test

There are two types of Rockwell tests:
1. Rockwell: The minor load is 10 kgf and the major load is either 60 kgf (for scale A), 100
kgf (for scale B), or 150 kgf (for scale C).
2. Superficial Rockwell: The minor load is 3 kgf and major load is either15, 30, or 45 kgf.

In both tests, the indenter may be either a diamond cone or steel ball, depending upon the
characteristics of the material being tested. Scale A and C use diamond conical indenter with
included angle of 120° while Scale B uses hardened steel ball indenter of 1.6 mm diameter.

Rockwell Scales

Rockwell hardness values are expressed as a combination of a hardness number and a scale
symbol representing the indenter and the minor and major loads. The hardness number is
expressed by the symbol HR and the scale designation e.g. 25 HRC.

Principal of the Rockwell Test
1. The indenter moves down into position on the part surface
2. A minor load is applied and a zero reference position is established
3. The major load is applied for a specified time period (dwell time) beyond zero
4. The major load is released leaving the minor load applied


http://www.instron.in/wa/solutions/standards.aspx?Standard=838

A B c
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* Major load F1 = Total load F {

Zero Reference line . j_

Fig. 1.Rockwell Principle

The resulting Rockwell number represents the difference in depth from the zero reference
position as a result of the application of the major load.

HR=E-e

Fo = preliminary minor load in kgf

F1 = additional major load in kgf

F = total load in kgf

e = permanent increase in depth of penetration due to major load F1 measured in units of
0.002 mm

E = a constant depending on form of indenter: 100 units for diamond indenter, 130 units
for steel ball indenter

HR = Rockwell hardness number

D = diameter of steel ball

Rockwell Hardness testing machine:

(Please refer experiment no.1for machine details)

Procedure:

1.

Select the required scale HRA, HRB or HRC as recommended for specific material on
the second line of LCD.

Replace the right indenter (diamond cone with 120 degree included angle or spherical
ball of 1.6 mm diameter) corresponding to chosen scale in the indenter holder.

Select load corresponding to scale selected using load selection disc.

Confirm data entry like high limit, low limit, dwell time (10 -15 seconds), auto start (Yes/
No) and printer information and save data

Place the smooth and flat specimen on the test table in upright position.

Apply minor load by manually moving the test table upwards with help of hand wheel

until LCD bar graph shows 300 points.



Display prompts to press start button unless the machine is set to automatic mode.
Loading, dwell and unloading is done based on data entry conditions and indentation is
produced on the surface.

At the end, after unloading major load, the Rockwell hardness number is displayed on
LCD.

Result:
Hardness of the given specimenis..................ooeveennes HRA /HRB /HRC
Precaution:
1. Rockwell hardness test should be performed on smooth flat surface of a rigid specimen

2
3.
4

The test is not to be made on very thin specimen
Dirt and scale must first be removed from the test sample.

Machine should be reset before taking next reading by pressing RST key.



Experiment No. 3

Aim: To perform the Vickers hardness test on Universal Hardness Tester.

Apparatus:
Vickers/Universal Hardness testing machine, test piece, microscope
Theory:
Hardness is a characteristic of a material, not a fundamental physical property. It is defined as the
resistance to indentation. When using a fixed force (load) and a given indenter, the smaller the
indentation, the harder the material. Indentation hardness value is obtained by measuring the
depth or the area of the indentation using one of many test methods.
The Vickers (HV) test
The Vickers (HV) test was developed in England is 1925 and was formally known as the
Diamond Pyramid Hardness (DPH) test. The Vickers test is divided in two distinct force ranges,
(a) micro (10g to 1000g) and
(b) macro (1kg to 100kg), to cover all testing requirements.
The indenter is the same for both ranges and is 136° pyramidal diamond that forms a square
indent. Vickers hardness values are continuous over the total range of hardness for metals
(typically HV100 to HV1000). With the exception of test forces below 200g, Vickers values are
generally considered test force independent. In other words, if the material tested is uniform, the
Vickers values will be the same if tested using a

500g force or a 50kg force.

Applications
] . Micro-Yickers
Because of the wide test force range, the Vickers Loud F (1120 ke T
test can be used on almost any metallic material. Pyrmnicfifgzpeddlimond
of 136° angle
The part size is only limited by the testing / \ we LD

instrument'’s capacity.

. . . 3 i 5 : c f
Standards: Vickers test methods are defined in the D(‘“ag“na‘”f'“‘ie?}?? : :l: /5/(/‘1'a }mﬁ""my

following standards:

1. ASTM E92 — macro force ranges - 1kg to 100kg
2. ASTM E384 — micro force ranges — 10g to 1kg
3. 1SO 6507-1,2,3 — micro and macro ranges

Figure 1 Vickers indenter shape and

indentation



Vickers Hardness testing Machine

The basic system is one of weights and levers.. The
load is applied by standardized weights through a lever
having anti-frication bearing fulcrum and a knife
edged floating plunger system. Test loads of 50, 30,
20, 10, 5 and 1 kgf are selected through selection knob
at the side of machine. Optical device is provided for
projecting the impression on front screen with 70 X
magnification. The micrometer thimble is provided on
the front screen to measure the impression diagonal
with an accuracy of 0.001 mm. Load should be
selected for a given material specimen so as to have
about 0.5 mm diagonal size for better accuracy. Dwell
time is selected through corresponding knob near the
on/off switch.

Vickers Test Procedure:
1. Select the test load using weight selection knob
2. Dwell time, normally 10 — 15 seconds, is
selected.
3. Place polished specimen securely on the testing
table

4. Turn the hand wheel slowly so that the polished

lens on front screen.

5. Index the indenter head so that it comes exactly over the specimen surface.

Figure 2 Vickers Hardness
surface of specimen gets focused through objective testing Machine

6. Press start push button. Loading cycle starts gradually after release of start button. The

loading/dwell/unloading is fully automatic.

7. Index the indenter head back so that objective lens comes exactly over the specimen surface

and thus projecting the impression on front screen.

8. The size of the indent is determined optically by measuring the two diagonals of the square

indent using micrometer.



Observations:
The Vickers hardness number is a function of the test force divided by the surface area of the indent. The
average of the two diagonals is used in the following formula to calculate the Vickers hardness.

HV = Constant x test force / indent diagonal squared
The constant is a function of the indenter geometry and the units of force and diagonal. The
Vickers number, which normally ranges from HV100 to HV1000 for metals, will increase as the
sample gets harder. Tables are available to make the calculation simple. A typical Vickers
hardness is specified as follows:
356 HV0.5, Where 356 is the calculated hardness and 0.5 is the test force in kg.

Load applied Indentation Indentation Average Vickers
S. No. (kgD diagonal 1 (mm) | diagonal 2 (mm) _Indentatlon hardness from
diagonal (mm) | reference table
1
2
3
Average VHN
Result:

Vickers hardness of the given steel specimen =

Strengths

1. One scale covers the entire hardness range.

2. A wide range of test forces to suit every application.

3. Nondestructive, sample can normally be used.

Weaknesses

1. The main drawback of the Vickers test is the need to optically measure the indent size. This
requires that the test point be highly finished to be able to see the indent well enough to make
an accurate measurement.

2. Testing can take 30 seconds not counting the sample preparation time.




Experiment No. 4
Aim:
To perform the Impact tests (Izod & Charpy) on Impact Testing Machine.

Requirement: Impact testing machine, Charpy and 1zod specimen of mild steel.

Theory:

The Impact test machine is a rigid and strong structure of two columns on a heavy base. The
columns carry a heavy swinging pendulum at their top which swings on a frictionless pin, and
support platform at the bottom for the specimen. When the pendulum is in its vertical position,
the striking edge is level with the central cross section of the specimen. A circular disc scale
mounted concentric with the pin of the pendulum reads its position, but is often calibrated in
terms of the potential energy of the pendulum.

Procedure:

To perform the experiment, the specimen is first placed in position with the help of a centering
device, the pendulum is raised to and held at its extreme position and then allowed to fall. At its
extreme position (h1) from the specimen, the pendulum has potential energy Wh1, where W is the
weight of pendulum. In this position the arm of the disc scale is in its extreme position reading
total amount of energy stored in the hammer. The pendulum is smoothly released from its raised
position to let hammer strike the specimen. Under this condition, the specimen is forced to bend
resulting into instantaneous fracture. The pendulum continues its swing after fracturing the
specimen and rises to a height of h,. Thereafter, the pendulum swings back to oscillate about its
mean position. The height h is recorded by the scale by the position of the dead pointer which
does not swing back with the pendulum.

The disc scale is calibrated to read energy and the position of the dead pointer reads the
difference potential energies of the pendulum in two extreme positions corresponding to h; and
h.. Naturally, this difference of the energy is that which was absorbed in fracturing the specimen.

Thus, it denotes the impact toughness,

U|: = Wh1 — th



It may, however, be recognized that some energy loss may occur in the bearings of the pendulum
and also due to resistance of air offered to swinging pendulum. These two losses may be
determined by simple experiment in which the pendulum is allowed to fall from is extreme
position without placing the specimen in its path. The other extreme position to which pendulum
rises will be slightly lower than its initial position. The difference of the potential energies in two
positions, indicated by the position of the dead pointer, is the loss of energy due to bearing
friction and air resistance. This energy loss (Ur) has to be subtracted from Ur to obtain corrected
value of impact toughness, i.e.

Ur = Why - Why — UL

Pendulum
Hammer

\

Indicating needle

= E Frictionless pin
Circular Disc Scale %, T |
J%///kf,’//j/) e i ff{‘ -
A —

e ‘hﬁ Column

w i

I%I | <

Ll -
Brake handle S Safety grill

Support for specimen

Figure: Schematic diagram of Impact testing machine



Impact Testing Machine

Charpy Impact Test
The Charpy impact test is performed on a square cross section specimen, having a notch on one

side in the central cross section. The specimen is placed in a Charpy Impact testing machine such
that swinging pendulum strikes the specimen at the central cross section but on the opposite side

of the notch. The specimen is simply supported on the platform of the machine.

45°
10
\(:\/ |2 — Striking direction
-t

________ 110 l
) 55 | W

40

27.5 27.5

Fig: Charpy impact test Specimen Fig: Placement of simply supported specimen

Procedure:-



1. Position the hammer with respect to Charpy test and allow it to swing freely, measure

error, if any.

2. Place the specimen in the machine holder.

3. Again position the hammer to its extreme position with respect to Charpy Test and allow

the hammer to hit the specimen for rupturing.

4. Take the reading of energy absorbed for rupturing the specimen from the circular scale.

Observation table:

Sr. No. Energy Error Actual Energy Final Reading
Absorbed Absorbed (Average)
1
2
3
Result: Toughness value for Charpy test=................. J

Izod Impact Test:

Izod impact test specimen is square in cross section and contains a transverse V- notch at one

face. The position of notch is offset to middle unlike Charpy Specimen. The specimen is

clamped at the longer side as vertical cantilever beam with upper end free. Notch is adjusted just

outside the support as shown in figure. The swinging hammer strikes the free end at a distance of

22 mm from the notch. The general construction on Izod impact testing machine is same as that

of Charpy machine except the hammer. The mass of hammer in Charpy machine is distributed in

a vertical plane whereas in 1zod machine it is distributed in horizontal plane.

Procedure:
1. Change the anvil position for the Izod test and position the hammer with respect to 1zod
test. Now allow it to swing freely, measure error, if any.
2. Place the specimen in the machine holder
3. Again position the hammer to its extreme position with respect to 1zod Test and allow the

hammer to hit the specimen for rupturing.

Take the reading of energy absorbed for rupturing the specimen from the circular scale.



«—— Direction of strike

45° 10 striking edge
W f—i ‘T
110 22
< > g JL_
75 support
) 28 a 47 ' 77

Figure: 1zod Specimen and its placement for the Impact test

Observation table:
Sr. No.| Energy absorbed Error | Actual energy absorbed | Final reading (average)
1

2
3

Result:- Toughness value for Izod test=............... J



INTRODUCTION TO UTM

Universal Testing Machine is a hydraulically operated machine. It is used to perform various
destructive mechanical tests. It is comprised of two main units i.e. controlling unit and loading
unit. These two units are connected by oil pipes through which the oil is pumped under pressure
to move the cross-heads. Specifications of U.T.M installed in the lab are as follows:

Make: WOLPERT Germany
Max. Capacity: 10000 kgf.
Capacity Ranges: 1000 kgf, 2000 kgf, 4000 kgf, 10000 kgf

Operation: Hydraulic
Oil used: TL - 37 or SAE - 40
Capability:

Universal Testing Machine is called so, because it has a capability of performing a number of
mechanical tests with minor changes in its setup.

a) Tensile Test

b) Compression Test

c) Bend Test

d) Shear Test

e) Deep Drawing Test
Controlling unit of UTM:
This unit has the provision of controlling various actions. It has following components.

1. Casing for pump and motor
Pendulum

Dial and Pointer

Fine control valve

2
3
4. Quick Adjustment lever
5
6. Release valve

7

Dead weight



8.  Zero error correction
9. Indicator
Loading or stressing unit of UTM:
Here the specimen is actually loaded. It has following parts and accessories.
1. Cylinder with differential piston
2. Upper or Fixed Cross Head
3. Middle or Movable Cross Head with beam and support
4. Lower or Adjustable Cross Head
5. Column
6. Base and Foundation
Depending upon required capacity, loading of the machine is done by suspending various load
combinations on the pendulum rod. There are four load discs, which are marked as A, B, C, and
D.

Load combinations:

S. No. Loads Amount Scale Least Count /division
1. A 1000 kg 2
2 A+B 2000 kg 5
3. A+B+C 4000 kg 10
4 A+B+C+D 10000 kg 20

B R R R R o R R R R AR AR R R R R R R R R R R R R R R R R AR R R AR R R R



Columns

Upper cross head

Indicating dial
Middle cross head

Gripping wheel )

Lower cross head

Control buttons

ine control valve
Release Valve

Control Unit Base
Load unit base

Figure: Schematic Diagram of Universal Testing Machine
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Experiment No. 5

Aim: To perform the tensile test on Universal Testing Machine

Requirement: Universal testing machine, mild steel specimen, Vernier caliper, Graph paper etc.
Theory:

A tension test is a destructive test in the sense that the specimen is finally broken or fractured
into pieces. For performing a tension test, we need a machine capable of applying load to cause
fracture. The testing machine will have suitable devices or holders to hold the specimen so that a
perfectly axial load is applied on the test piece. The machine has to have device to measure the
load at any instance and facility for measurement of elongation of the test piece.

The test piece or specimen of the material is generally a straight piece uniform in the cross
section over the test length and often with enlarged ends which can be held in the machine
holders. Two fine marks are often made near the ends of uniform test section of the specimen
and distance between these points is termed as 'gauge length’, the gauge length of a specimen
bears a constant standardized ratio to the cross sectional dimension.

The specimen is placed in the machine between the holders and any measuring device to record
change in length is fitted onto the specimen between the gauge points. If such a device, often
known as extensometer, is not fitted, the machine itself can record the displacement between its
cross heads on which the specimen is held.

Once the machine is started it begins to apply a slowly increasing load upon the specimen. At
preset intervals the reading of load and elongation of specimen are recorded. It can be observed
from the specimen that as the load increases, the length of the specimen also increases. With
further increase in the load, the extension increases at increased rate and record of extension may
be obtained from displacement between the cross heads. At some level the load becomes
constant and the specimen either fails or begins to reduce in cross section rapidly. The latter
phenomenon is known as ‘Necking’ and is followed by reduction in load accompanied by further
extension until the specimen gets fractured into two pieces.

Specimen: Tensile test specimen has been prepared in accordance with Bureau of Indian
standards as shown in the figure below
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Procedure:
1. Measure the gauge length and diameter of the specimen given, after clearing the surface
of the specimen with a emery paper & calculate the area (A)

2. Fix the specimen between the upper and moving cross head of the UTM.



3. Switch on the hydraulic system and open the pressure valve slowly.

4. Measure the elongation and corresponding load after regular intervals.

5. Measure the load corresponding to the breaking point 'Py' (at which the specimen
fractures and also the maximum load 'Py'.

6. Calculate the breaking stress (ob= Pp /A) & ultimate stress (oy = Py /A).

7. Draw the graph between stress vs. strain for the first few observations (within elastic
limit) calculate the elasticity (Young's Modulus) by selecting a point within the straight

portion of the graph and then dividing corresponding stress value with the strain.

Calculation
Ultimate Tensile Strength=  Maximum Load
Original Cross-sectional area
Elasticity = Elastic Stress
Corresponding Elastic strain
% Elongation = Total stretch x100
Original length
% reduction in area = Original area — Area at fracture  x 100
Original Area
Yield strength = load at yield point
Cross—sectional area
Graph:-
Result:-

a) Elasticity of the material is E =
b) Ultimate strength of the material is oy =
c) Yield strength of the material =

d) Breaking strength of the material is op =



Experiment No. 6

Aim: To perform compression test on a wooden specimen.

Apparatus:

Universal testing machine, wooden specimen, slide caliper

Theory:

A compressive load is applied on the wooden specimen. A various increasing load
corresponding to compressive is noted and graph between stress & strain is plotted before

fracture.

Working of universal testing machine:

A 10,000 kgf hydraulics based universal testing machine as described in previous experiments
consists of two units. The indicating unit on the right contains the pumping and valve gear
together with the controls and mechanism for indicating the load. The straining unit on the left
has a hydraulic cylinder in its base which when operated, draws down the central cross head, so

that a specimen placed between this and the lower cross-head is loaded in compression.

The hydraulic pipes and electric cables necessary for operation connect the two units. In
addition, an automatic stress-strain recorder may be fitted which automatically draws a graph
showing the behavior of the material, similar to those shown in stress-strain diagram.

To apply load on test piece valve is opened at steady rate so that the rate of increasing load be
uniform. Compression is noted at regular interval corresponding to different load. When
specimen is broken the pressure is released by releasing valve.

Procedure:

Wooden specimen is held between platen and lower cross head and a continuous increasing

compression load is applied on the specimen

Observation:

S.N. Load (kgf.) Compression (mm)




Calculation
Find the angle of plane of the fracture and the maximum compressive load.

Precaution
The load applied should be continuous and at steady increasing rate. The no. of observation

should be large.



Experiment No. 7

Aim: To perform the shear test on Universal Testing Machine.

Requirements: UTM, mild steel Specimen, Shearing test attachments

Theory:

When the force is applied tangential to the surface, the corresponding stress so developed

is shear stress. Every material has got an ultimate value of shear stress and if the material

is subjected to a shear stress value more than that of the ultimate value, than the material

will fail under shear. If the intensity of the force is 'p' and the tangential area is 'A’ than

shear stress;

c=p/A

Procedure:

1.

Measure the diameter of the specimen to calculate the cross sectional area and place the
specimen in holder attachment.

Fix the specimen holder attachment with the fixed lower cross-head of UTM.

Touch the moving cross-head of the UTM with the attachment (specimen holder) by
moving mechanical system of the UTM

Now switch off the mechanical system and start the hydraulic system.

Open the hydraulic pressure valve slowly to built up pressure

Note the reading from the circular scale of the UTM corresponding to the force at which
specimen breaks in to three pieces.

As the specimen breaks in to three pieces hence there will be two sheared areas, thus
divide the total force value with twice the value of shearing area to get the value of shear

stress.

Observation:

Shear Stress Average Shear
S. No. Area 2 x Area | Force (N) (N/m?) Stressg(N/mZ) Result
1
: Shear
2
3 stress

value of the given specimen is =



Experiment No. 8
Aim:
To perform the torsion test on Torsion Testing Machine.
Requirement: Torsion testing machine, Specimen rod of circular cross section etc.
Theory:
A torsion test is performed in a torsion testing machine. Generally a solid specimen of
circular cross section, whose ends are machined according to machine grips and has a
specified gauge length, is subjected to gradually increasing torque until the fracture takes
place. At selected torque (T) the angle of twist (0) is recorded over the gauge length (1).
Torque twist diagram is then plotted from observations of torque and angle of twist.
T/Id=(C6O/l= -t/R
Where,
T= Torque applied
J=Polar modulus
C= Modulus of rigidity
0 =Angle of twist
I= Length of shaft
1= Shear stress at the outer layer of the shaft at radius R
Procedure:
1. Clear the specimen and take its length and diameter and hence find the radius.
2. Fix the shaft in the torsion testing machine and ensure that the angle measuring dial is at
zero reading, and fixed the lock key.
3. Load the torque wheel with load hanged in the belt and unlock the lock key.
4. Measure the twist and note the corresponding torque applied.
5. Again lock the lock key and increase the torque by increasing the load in the belt and
repeat the step (4).
6. Go on increasing the torque and note down the readings till the shaft breaks.
7. Plot the graph between torque vs. twist and select some points within proportionality
limit (i.e. with in the straight portion of the curve), and calculate the value of C from
equation above

Observation table:



Sr. No.

Torque

Angle of twist

HE GO\

20

Radius R =
Length | =

Calculation of C from graph:

Sr. No.

Torque

Twist

Modulus of rigidity C

Average C

1

2

3

Result: The modulus of rigidity of the given specimen =

Figure: Torsion testing machine




Experiment No. 9

Aim: To study the Fatigue Testing Machine and perform the Fatigue Test.
Requirement: Fatigue testing machine, test piece etc.
Theory:
Fatigue failure is the most unwanted failure occurring in a material, when a material is
kept under repeated cyclic stresses, It is found that the stress corresponding to which a
material fails under fatigue is much lower than that of normal stress value. During the
test, the specimen under stress is allowed to rotate at a high speed for a long period of
time by a high speed motor until it breaks. A similar test specimen under different stress
value is then allowed to rotate until it breaks and so on. In this way a number of
specimens of different stress value at different number of cycles corresponding to
fracture are noted and these values are plotted to obtain stress-cycle(S-N) curve.
Procedure:-

1. Measure the diameter and length of the specimen.

2. Fix the specimen in the fatigue testing machine.

3. Apply load to stress the specimen.

4. Switch on the motor and count the no. of revolutions until fracture takes place by

multiplying the rpm of the motor with no. of hours of revolutions till fracture.

o

Repeat the experiment with changed stress value.
6. Plot S-N Curve.

Flexible coupling

Colnter

—

Spec
pecimen High-speed

rotor

Bearing housing

Load Load

Figure: Schematic diagram for working of Fatigue testing machine
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