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HNC MECHANICAL
ENGINEERING

Materials: Tensile test to destruction

Micole Funning




This assignment describes the benefits of tensile testing, the ohjective of the test, the methad and
equipment used. The results were recorded through the lecturer shouting out the farce vs extension
results, and they were then displayed in a graphical form. The assignment then goes on to describe
the graphs in more detail and comparing two of the materials that were tested. The results from the
lab carried out in class are compared to a general data sheet from an online source, there was a few
properties that didn’t match as there could have been discrepancies such as the way the test was §
carried out. In the discussion the annealing process and the how the grain structures effect the
materials properties are explained and how hot working the material could enhance the materials
properties further. In the conclusian the benefits of the tensile test are stated and the properties

that can be enhanced through heat work.
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A tensile test was performed on 5 materials, 70/30 brass, 70/30 annealed brass, normalised copper,
0.1% carbon steel and 0.4% carbon steel. The results were recorded then represented in a graph.
The results were then used to calculate the UTS, lower yield strength, % of elongation and reduction
area ¥, using the results we could then use pracesses such as heat treatment and allaying to
enhance the materials properties or change the materials properties depending on the grain

structure to suit the materials end use.




The objective of the test undertaken was to test a range of materials and calculate the materials
properties. The properties measured during the tensile test are the following:

» Tensile strength-
MAXIMUM FORCE

ORIGINAL CROSS SECTIONAL AREA

ULTIMATE TENSILE STRENGTH =

o Lower yield stress-

LOWER YEILD FORCE
LOWER YEILD STRESS = ——

+ % ofelongation at fracture-

GAUGE LENGTH Al FRACTURE — ORIGINAL GAUGE LENGTH

FLONGATION % AT FRACTURE = - —
ORIGINAL CAUVGE LENGTH

&« % reduction area-

ORICINAL CROSS SECTIONAL ARFA — CROSS SECTIONAL AREA AT FRACTURE
ORIGINAL CROSS SECTIONAL AREA

REDUCTION OF AREA W =




The tensile test is the most commaon destructive engineering test to determing how strong a
material is, which can help select an appropriate material for an application. The results of the
tensile test can determine some of the materials properties, ultimate tensile strength is the

maximum force the test sample can with stand before fracture.

THE MODULUS OF ELASTICITY

The modulus of elasticity is an indication of how the material will behave under an application of a
force, this is measured in pascals. For example, using steel to build an arched bridge, the steel is

strong-enough to support a load such as traffic, but also retains its sha pe when the |oad is removed,

THE YIELD STRENGTH ~ @=%ypcsrncan Taadah Dar 2aa™ Ssheu Ban

Yield strength is the stress a material can take without permanent deformation, yield strength is

measured in megapascals. An example where yield strength is taken into consideration, when
manufacturing a car steel is often used for car panels because it absorbs the energy in car impacts
due to it being tough and strong.

DUCTILITY

Ductile materials can be stretched without breaking and drawn into thin wires. It can be measured
by fracture strain or percentage of elongation, another method used to measure ductility is the
reduction of area at fracture. Gold is very ductile; a single ounce of gold can be beaten into sheets
measuring roughly 5 metres on a side. These sheets of gold also known as gold leaf, are usually used
for gilding. : ity

HARDMNESS

Hardness is the ability of a material to resist a permanent change in shape when a compressive force
15 applied and is measured by the durometer, Diamond cutting tools such as diamond coated end
mills are a prime example for hardness, Diamond is the longest wearing surface of any material.
Diamond coated end mills last 12 to 20 times as long as bare tungsten carbide tools which decreases
production down time. It is also the lowest over cost of tooling and has the best edge retention for
consistent finish,

TOUGHMESS - i)

The toughness is the ability a material has to absorb energy and plastically deform without
fracturing. Toughness is measured in units of joule per cubic meter. If a rod is made from a piece of
high-carbon steel, under the impact of a hammer, if placed in a vice it would not shatter it would just

bend, this would be a useful technigue for bending flat steel bars.




BRITTLEMESS

A material is brittle, when it is subjected to a stress or a change in length it will break without any

significant strain. Brittle materials absorb very little energy prior to fracture, even those with a high

strength. Materials such as iran carbide can be useful in a composite, steels use structures of the

brittle iron carbide ta change the properties of the material such as iron a lot stranger.

Below is a stress vs strain graph that is produced by the tensile test results:

Sbrain Hargening - Mecking

o

/.\E
B I:‘.i\El'B’.i:'
A c Befayiny

O Proparfianal Limit

o "
g B Uipper Yiels Stness Ponl -
L= G Lower Yield Sbess Foint
0 A 3 Uitimale Seess Pom
E  Fraciure
/\'E'P;‘_$1i|':
Behaviaur f..-"

0 - Strain

Fognaee 1 siress vy sivaln groph soorte BTG feavve smlease coodenlies/merhanical-desian-

Losics/srress shemin-cuiee-ciogeom,

0-A is known as the proportional limit, it is a gradient which describes HUE@LEW, that stress and

strain are directly proportional.

\E)EB is the elastic limit, where the material deformed at its limit and will no langer return to its

original shape when the load is removed.

B is the upper vield point is where the maximum load applied to material to start the internal plastic

defarmation.

Cis the lower yield point is where the material has a required minimum load to maintain the plastic

behaviour .

S

D is the UTS, the maximum load it can withstand before fracture,

E is the point where the material fails and fractures.
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Each material has a lattice structure which also effects the materials properties, most metals are

Body-Centred Cubic (BCC) or Face-Centred Cubic (FCC) as shown in the images telow:
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The Body-centred cubic lattice structure is made up of 8 atoms in each corner of an imaginary cube
and ane in the centre. The atoms in this structure are not closely packed or stacked which causes the

material to be less malleable but harder and more ductile than other materials with a close-packed

atomic structure.

The Face-Centred Cubic lattice structure has an atom in each corner of the cube and an atom on the

centre of each face of the cube. Materials with FCC structures tend to be softer and more ductile,

Equipment

N3 ensde testomashme nn

Lispday soresn
When carrying out the tensile test, a Hounsfield test

machine was used as pictured above [Figure 3). Five

different material test samples were used to collect data,

2

which were 25mm in length and had a cross-sectional area of 20mm. The data was recorded by the

tester reading out the force and extension values and the students writing down the values with a




pen and paper. When the test sample fractured, the sample was removed from the machine and the

fracture area was measured with a reduction area gauge to record the % of area reduction.
Method

The method of the tensile test is as follows:

The test sample piece was loaded into the testing machine, then secured with grips and ensured the
reading for load and extension was 0. An increasing load was applied onto the sample, as the load
increased the extension was recorded at different load values. The sample eventually fractured and
the test ended. The sample was removed from the grips, using a tensometer the reduction of area
was measured. The process was repeated for each sample and the results were used to calculate the
UTS, lower yield strength and % of elongation. The results of the test were represented in a load vs

extension graph.
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Discussion of the result:
The tensile test is the most simple, popular and widely used mechanical test, as it measures the
force required to elongate a test sample until the sample fails and fractures. The test can determir::;
the selection of suitable materials and its mechanical properties needed for its end application and
how the material will behave under different loads. The heneijfrom using the tensile test is that it
provides accurate data on the safety of the material by knowing what the maximum load the
material can withstand before failing, this data then can be used to ensure the final application of
the material is fit for use. The data collected from the test can also be used to aid the design process,
reduce costs and aid lean manufacturing, The tensile test can also guarantee guality of materials
used in a range of different industries such as aerospace, automotive afid health and safety. The
main use in aerospace is tensile testing the fasteners used such as nuts, bolts and screws, for the

automotive industry to test the fittings such as airbags and Seathﬂﬂ and, in the health and safety

industry its main application is to test the safety of supports.

Comparing the values for the mechanical properties ebtained in the class lab to the standard

reference values (averages) as shown below for each material tested in the lab carried out in class:

CLARE LAR LHTIMATE TENGELE STRENGTH IMMA™| [LOWER YEILD 5TRESS (MM | LLOMGATION % A1 HALLURL
0.4% carban i s A50 - 17%
annealed copgper /;E.U S0 A%
J0f3annealed brass 315 tin T
70,30 brass 12,5 30 - 42%
0.1 normalised carbon skeel # 435 210 ma
{ovean e (o \ertn 1'[\ et -
A WD LLTIWATE TENSILE STREMGTH [MN/N7) ll CPWER YFH T STRESS [MMAAT [TLONGATION 3 AT FRACTURE
0.4% carbor ¢ oy GES 18.90%
annealrd coppas | r '._'li.;lE B B 333 0%,
70/30 annealed barss < 330 B
70720 brass 4315 ann 35%
1.1 ngrmalised carhan stesl L A "m'_i
Figuce B Cnmpaerson of closs resyilts aod gereca! dai

Possible discrepancies for the difference in data could be the machine may have needed to be
recalibrated, also the way the test was carried out- the lecturer was reading the results out, when in

practise the results would be recorded through a computer to ensure accuracy.
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Comparing the properties of 0.4% carbon steel to the properties of the 70/30 annealed brass, the

curve of the graph as shown below are very different.
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The annealed brass has an elongation of 76% which is considered to be a very ductile metal,
although the UTS is very low and relatively low maximum force of 6.9KN. As stated by S&D non

terrous (htip:/fwww.sdnonferrous.co.uk/70-30-cartridge-brass) “70/30 cartridge brass is a copper

alloy, further categorised as a brass, with the highest ductifity out of all the brasses, great strength
and impressive corrosion resistance in g number of applications, iden! for use in the automotive,

electrical ond plumbing industries. ” "/

Comparing the annealed brass to the properties of the 0.4% carbon steel, the materials behave very
differently when a load is introduced to the material. The carbon steel has a UTS of 875MN/MZ, 3
low % of elongation at 17% but can withstand a maximum force of 17.5KN which is almost 3 times

more that the brass. As suggested by Adam Rogers [https:/fwww metalex.co uk/carbon-steel-uses/)

the main uses for 0.4% carbon steel also known as “Medium carbon steef is o lot easier to machine
and adding small amounts of silicon and manganese improves the quality. Also called mild steel, it's
commaonly used structurally in buildings and bridges, axles, gears, shafts, roils, pipelines and
couplings, cars, fridges and washing machines.” Comparing these properties to the 0.1% normalised
carbon steel, the 0.1% is less ductile as the more carbon content the more ductile and harder the

material is.
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As you can see from the image below of the fractured test samples, the 0.4% carbon steel has a

brittle fracture as the other materials have a cup and cone like fracture, this is due to the material

lowy,

ion is very

heing very brittle as the % of elongat
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Annealing is a process where the material is heated up abave its recrystallisation temperature to
reduce the number of dislocations in the crystal structure then very slowly cooling the material. This
process is usually performed after the material has been cold warked as it prevents the material

from being brittle and failing. Below you can see the effect the process has on the materials Erain

structure:
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The effect of annealing temperature on the microstructure of cold-

worked metals : {3) cold worked, (b) afver recovery, {c) after recryscaliization, and {d)
after grain growth,
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Annealing a material increases the ductility, decreases brittleness and reduces the hardness. The
recrystallisation process is when the grains that have defects are deformed, these are then
transformed into a new grain structure which has no crystal defects. Hot or cold working the
material can further enhance the materials properties. . As shown in the image below, you can

identify the grain structure change when the material is hot rolled.
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Conclusior

In conclusion the tensile test is the most commonly used because it's a quick way to test any defects
in a material, it aids design engineers if a design needs to have a particular material property and it
also determines if a design will fail under a specific load. These factors are important when selecting
materials for a specific end use, it will tell you what the maximum force that can be applied to the
material, at what point the material will fracture and at what rate will the material deform. From the
results of the lab you can also see what benefits annealing can have on enhancing the materials
properties as the annealed 70/30 brass had nearly twice as much % of elongation as the non-
annealed 70/30 brass, this process will be useful when manipulating the grain structure to make the

material more ductile.
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