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Tom Ferguson  TF196540

This assignment has been conducted as a lab test analysis into the characteristics of different metal
samples. The main task was to test five samples using a destructive method called tensile testing.
Doing this the author relates the effect of a uniaxial tensile load {force) on the elongation (change in

length) of the test samples. '
et

The fgur different test piece metals are; 70/30 Brass, 70/30 Annealed Brass, Annealed Copper, 0.1%
Mormalised Carbon Steel and 0.4% Carbon Steel. The test pieces or specimens are the other
component parts of this lab experiment. These pieces are all standard dimensions, 25mm in length,

cross sectional area (C.5.A) of 20mm? and all we enlarged shoulders for the machine to grip.

Upon reviewing the graphs above the carbon steel tests show a well-defined discantinuous yield
point. However, this is not evident in the annealed brass and annaé/IEd copper samples. To find out
the yield point on these samples, an engineer would use the proof stress. The reason for the carbon
steel samples exhibiting what is known as a discontinuous yielding is to do with the fact that this
graph does not measure true stress and the f?natinn of Cottrell atmospheres around dislocations in

the |attice.

The main differences between the two carbon steel, copper and brass test results are discussed and
concluded that chemical campasitions havia/a massive influence on the mechanical and physical

properties.

This tensile test was considered as successful in identifying the test sample's properties but there

are some shortfalls in the fairness of this t??, as B5 EN |50 6892 was not completely followed.

Cﬂt-rt-k%mwwb B TN ﬂM\'\- Gortnn Rt Rt Ve o
Credh  Cong\mtient ‘wagw eeadad.
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Figure 1 - Stress-Strain Relationship under Uniaxial Tensile Loading (Harish, 2019)
Figure 2 - HoUnsield Tansile Toster) T o m e 0muBer . e it soeeeees s ieeesirseessseeeessssssseseeneesseeeessesssssanssssnees
FIBUTE 3 — TSt PIBCES/SPETIMENS L.1vecetieeseetisee et ceeme e oot et 1esassseaae s eeaeeasseesesessennesssesnnnsansseessasesesers
Figure 4 - Typical tensile specimen (ASM Internaltional, Z008) .. ..o iieeie et ee s en e
Figure 5 - Crystal structure of Cu-Zn brass (Bhadeshia & Honeycombe, 2017) oo
Figura 6 - Crystal structure of Copper (Whiting, 2016} ... it iesioies e b se s vasssnns
Figure 7 - Crystal structure of Carbon steel (Rewaon Engineering, 2008) ...
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This assignment will be conducted as a lab test analysis into the characteristics of different metal
samples. The main task is to test five samples using a destructive method called tensile testing. This
involves using a Hounsfield Tensile Tester or Tensometer (figure 1). The tests in this assignment

should be carried out to BS EN I1SO 6892-1:2016 (appendix 1) for accurate and fair results.

The aim of this assignment is to gather data from all the tensile tests in a force applied vs extension
graph, from these sets of data the author can work out a number of different properties from the

test materials. The set of test results is then discussed and concluded.
,f'

The experiment’s objective is to measure the mechanical properties of the test pieces. Doing this the
author relates the impact of a uniaxial tensile load (force) on the extension (change in length) of the
test pieces. Using this data, compiled by measuring the force required to elongate a test material to
failure, a designer or engineer can make decisions on which material is the best suited for an

application.

: o

Tensile testing is a method of establishing how a certain material reacts when a force is applied

trying to pull it apart. This type of material testing is one of the most popular and basic methaods that

. - o T
can be carried out mechanically on a &_,55:;} &;;g:; i
O
ezl * | imets tense swengtn " F7TE
: Fracture strengt Fracurs
As shown in figure 1, the results of how T o
much force is required to pull apart a L Neclang
; ' % i —
test specimen are plotted into one of 1 Fratehins Ypungsano i ;Z'ﬁg;ymw
these stress-strain graphs, the graphs
in this report are classed as 3 T oo
dhehorma Gt aelarm atan
engineering stress/strain graphs which R i T " strain
H sirain ; ._
is different to true stress/strain. & Vs s Tt ¢ Total strain
typical tensile test will produce a
similar graph as shown in figure 1. From , s ez B e e S o
these graphs a number of properties can be (7005 2015
o

identified.

Page 4 of 24




Tom Ferguson  TF196540

The tensile test is important for industrial quality assurance, especially for the materials use in
hazardous environments and materials used for components which undergo large stresses. By
preforming a tensile test the engineer can verify the certain material property values that are

' d

required,

As stated in Tensile Testing by W.F. Hosford, "The tensile test can only determine ane set af
properties of @ material at o specific temperature, o specific strain rate and the onisatropy” (Hosford,

1992). Meaning there are a number of factors that have an effect on the sha pe of the stress-strain

. . . ~
curve which an engineer must take into account.

Some key figures/data that would be observed and considered in discussions around the tensile test

are as follows;
Original Gauge Length — Length of the test material befare any force is applied.
Final Gauge Length — Length of the test material after fracture/destruction.

Ultimate Tensile Strength {UTS) — The maximum force the test material can withstand once the yield

point has been crossed. After this point the material would start to show signs of necking.

Lower Yield Force — This is the force applied to a material to begin to permanently deform its shape.

This is also called the elastic limit.

Yield Strength — This is a sign of the maximum stress that can be applied to a material without

causing irreversible deformation.

Fracture — When the test material has failed, just after the maximum elongation and the applied

farce is most likely zero.

% Elongation at fracture — Percentage of elongation at fracture is equal to the difference between

the final gauge length and the original gauge length divided by the original gauge length times 100%

% Reduction in area at fracture - When necking has occurred there is also a reduction in eross-
sectional area. This is calculated by the difference between the original cross-sectional area and the

area at time of fracture, divided by the original area times 100%. This can be an expression of how

ductile a material is, /
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4.0. Equipment & materials

There are two components to consider for this lab experiment, the main piece of equipment used
for this tensile test is the Hounsfield H20K-W Tensile Tester (figure 1). There are a range of different
types of tensile testers, this one is a horizontal style with a digital reader that shows the force

applied in Newtons and the resulting elongation of the test piece in Millimeters.

Flgure 3 Haunsfeld Tensile Tester/Tensamearser

Figure 2 — Test pleces/spe0means
The test pieces or specimens are the other component parts of this lab experiment. These pieces are
all standard dimensions, 25mm in length, cross sectional area (C.5.A) of 20mm’ and all have enlarged

shoulders for the machine to grip.

[ 3
e Zhoulder » Diameler, n'

-~ |—Giage Iang*h—-| Hzd I-n— =,

Fagure 4 - Tpaicg! tensile specimen [ASM Internaltiona), 20064
1] Background inTormation on test prece malerals usad

The four different test piece metals are; 70/30 Brass, 70/30 Annealed Brass, Annealed Copper, 0.1%

Mormalised Carbon Steel and 0.4% Carbon Steel,
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411, JO/30 Brass & Annealed Brass

70/30 Brass known as cartridge brass, this alloy is 70% copper and 30% zinc and

& L
’_' < is characterized by properties of high strength and ductility. At room
n 1
: - temperature 70/30 Brass is a single-phase substitutional solid solution of zinc in
“:_U pe the FCC {face centered cubic) copper structure (figure 4, this picture shows a

BCC but Brass is FCC). Annealing brass by heating and cooling suddenly makes

the material even more ductile,

4.1.2 Annealed Copper

Copper has a FCC structure that gives high ductility, Annealing copper
requires a high temperature as copper melts at 1357Kelvin and
annealing generally occurs at more than half the melting point. The

typical temperature is 400C, As Thomas Stoebe states, “Annealing

causes the structure to creote and grow new grains that are free of
jgurs § Crustal siructyes of - Strain, [Stoebe, 200717 Which gives the material a softer and even more

ductile property.

g

3. Carbon steel

/ F\L‘_"'_ !~ Carbon steel has an EFC structure that gives a low ductility or in other

*’,:"“-! l“v : f'. words brittle and high strength properties. Depending on the amount of
® 11T ;
R IT e/ carbon content the range of properties can be vast. As Terence Bell states;

LL;_._'_|+<- “steel is composed of iron and carben, although it is the amount of carbon,
as well as the level of impurities and additional alloying elements that

twre of - determine the properties of each steel grade.”
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The method of the tensile test is as fallows;

Firstly the test piece is loaded into the tensile testing machine according to the manual and calibrate
the tensile tester to make sure it is zeroed. A steady load is then put onto the test piece via the
Tensometer. Continuous readings are read out by the equipment operator and recorded by another

person into an excel spreadsheet,

The test piece load force and extension values are ohserved until the piece passes through the
elastic limit, into the plastic zone and up until the test piece fails. The cross sectional area at failure is
also recorded and inputted into the excel spreadsheet. Overall length is measured to indicate total

extension at failure point.

The test piece is then removed from the Tensometer and laid out on a piece of paper for further

inspection. This test is repeated for each test piece material.
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The results from the tensile tests conducted in the classroom have been plotted into stress verses

strain graphs:;
Force Vs Extension graph (70/30 Brass)

m

Yield or flow stress:

1
™
o 3a< WINE
Elastic Limit {Proof Stress)
(N} = 6900 = 345  MN/md
Original C.5.4. (mm?) 20 /
Tensile Strength:
Max Force (M) ” 8250 i 413 MM, 2
Original C.5.A. (mm?) - 20 B /
Elangation % at Fracture;
Extension at Fracture {mm) x 100% 10.47
= ; S = 41.9%
Original gauge length (mm) 25
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Yield or flow stress:
Elastic Limit {Proof
Stress) (M)

2600

Original C.5.A.
{mm?)

Tensile Strength:

_ Max Foree (M)

20

6300

Original C.5.A.
(mm’)

Elongation % at Fracture:

Extension at Fracture
{mm) _

Original gauge length
{mm)

%x100%

20

130 MN/m?*

345  MN/m’

19

= 76.0%
25
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Force Vs Extension graj ed Copper}
1500
4c00
520
I 12
Yield or flow stress:
Elastic Limit
{Proof Stress)
{N] = 2800 140 MN/m?
Original C.5.A.
{mm?) 20
Tensile Strength:
Max Force (M) 4600
Original C.5.A. = = MM/me
{mm?) 20 230
Elongation % at Fraciure:
Extension at Fracture
(mm) ¥ 100% 16.5 :
Original gauge length - Dae
{mm] 25

Tahle 3 - Annesled
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Yield or flow stress:

Elastic Limit
{Proof Stress)
(M) =
Criginal C.5.A.
(mm?)

Tensile Strength:

| Max Force [N)
Original C.5.A. =
{mm?)

Elangation % at
Fracture;

Extension at Fracture
{mm)

5000 = 250 MN/m’

Dr_i"ginal gauge length
{mm)

20

8700

= 435  MN/m’

20

doow 8 08

25

42.4%
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Force Vs Extension graph (0.4% Carbon
teel)
1300
:_ 0L
i

Yield or flaw stress:

Elastic Limit (Proof
Stress) (M)

Original C.5.A. {mm’)
Tensile 5trength:

Max Farce (M)

Original C.5.4. {mm?)
Elongation % at Fracture:

Extension at Fracture [mm)

Original gauge length (mm)

16700 835
20
17500
20 875
x100% 4.3
- 25

MM m?

MM m?

= 17.2%

adle & - OLads Dorbon Steel test va
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Upon reviewing the graphs above the carbon steel tests show a well-defined discontinuous yield
point. This is less so with the 0.4% carbon content but still visible. However, this is not evident in the
annealed brass and annealed copper samples. To find out the yield point on these samples, an

engineer would use the proof stress, /

The proof stress is an appraximation of the yield point fﬁr materials that do not have a well-defined
yield point. Comparing the 0.1% carbon steel graph with the two brass and copper graphs, there is a
discontinuation as the material travels past the elastic limit and into the plastic zone but on the
latter graphs it cannot be distinguished where the elastic limit is visually. To find this approximaticn
a tangent line is drawn 0:2% to the right of where the graph starts. Where this tangent intersects,

this value defines the proof stress of the material.

The reason for the carbon steel samples exhibiting what is known as
[Mislocation

a discontinuous yielding is to do with the presence of the carbon

Carbon

interstitial atoms and the fact that this graph does not measure true
Interstitial

stress. As shown on figure 4, “Carbon otoms, with a radius of 0.071

nm, fit nicely in the open spaces between the larger (0.124 mm) iron Iron Atams

gtoms.” {Advanced Technalogical Education, 2019). These

interstitial atoms create point defects in the lattice structure because Figure & - Corbon steel atoms
the size of the interstitial impurities is larger than the interstitial space between the iron atoms. Also
the yield point phenomenon occurs because of the formation of Cottrelf atmospheres around
dislocations. This causes a local compressive strain in the lattice. As stated by (Bhadeshia &
Honeycombe, 2017} “consequently dislocations can be locked in pasition by strings of carbon otoms
along the dislocations, thus substontially raising the stress which would be necessary Lo couse

dislocation movement”

The main differences between the two carbon steel test samples are shown on the result graphs and
2re as follaws: The 0.4% carbon steel sample has more than double the UTS of the 0.1% carbon steel
sample. Thus making it stronger, but what the 0.4% sample has gained in strength it has lost a lot of

its ductility in the process. This is evidence that the more carbon added to iron, the more brittle it

becomes.
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The two brass and copper result graphs are very similar as they are all relatively ductile and low
strength. Graph 6 shows that the annealed 70/30 brass is the most ductile, meaning that it can be
stretched the longest before fracturing. This type of property is useful in decorative purposes due to

its resistance to weathering.

The annealed copper is the second most ductile according to this graph but it has the lowest UTS
meaning it cannot withstand much stress before failing. Copper is also naturally resistant to
weathering which makes it ideal for use in plumbing materials for low pressure applications. Also
copper is a very good conductor of both heat and electricity which makes it useful for us in electrical

appliances,

The below graph shows all of the materials stress/strain graphs plotted into one graph for

Comparisan,
Combined graphs (Forces Vs Extension)
20000
T &0
o 8 Ef‘l/l
ulalH| # \
&
/Il" 1 ,’
. 1z000 &
:: aco ?I
= /
= 2000 $
2 v & . & e A ' Al .
i H] / - -8 ®
4000 ‘ - "
IlI ot
200C /“
0
2 1 2 g 10 12 14 18
Exterszion (mm]
70,30 Brass b= 70730 Brass [&nnealad) Annaaled Coppar
0 Arban Staz| Mo sl —i—1 4% Carbon St
e T e g Wi
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Graph 6 shows that 0.4% carbon Steel is the least ductile but has the highest UTS. These properties
would be great for components that are in high stress situations, for example stud bolts on pipe
flanges for high pressure processes. But this would not be used for a component that requires

ductility like wire.

Elengation and reduction in area comparison graph

(A% Carban Stee|

0.1% Carbon Stee

T30 Brass Annealed

70730 Brass

B Eiorgation [$of B Reduction in=iea | %]
0% 1005 20% 0% 10% s B3 E B0%

Graoh 7 - longation & reduction i gred comparisan gragh

The graph above is showing the elongation % alongside the reduction in area %. This is another piece

of evidence to show the ductility of the metal samples.

Ultimate Tensile Stength

0.4% CARBON STEEL 4 875
0.1% CARBON STEEL 435
AMNEALED COPPER 230 /
70/30 BRASS ANNEALED 345
70730 BRASS 412.5 |
| | | [ | |
a 100 200 300 400 500 600 DO 800 80O 1000
UTS (MN/m?)

Groph & UTS compansan graoh
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The graph above shows the UTS &f each sample, this shows which sample metal can take the maost
farce. From this an engineer can give a factor of safety, usually 3 so divide the UTS by 3 to get its

working stress limit.

It is safe to say the chemical compositions have influence on the mechanical and physical properties.
From the test results and background research the author can come to a conclusion that pure metals
have few uses due to the lack of properties that are required in industries. Alloys offer better
properties due to the inclusion of foreign atoms in the crystalline structures. Plastic deformation of
metals typically refines the microstructure and increases the strength, in the carbon steel sample
this is evident but in the brass samples this statement is quite the opposite. The annealed brass has

a lower UTS but it is more ductile.

This tensile test would be considered as successful in identifying the test sample’s properties but
there are some shortfalls in the fairness of this test. As BS EN IS0 6892 (British Standards Institution,
2016} was not completely followed, there are some variations of the test results in comparison to
others that have been researched (appendix 1). To have fairer results, the test should have been
done on maore than one sample per metal. This should iron out any samples that have

defects/impurities that they shouldn’t already have.

The graphs used in this report are calculated in engineering stress/strains which calculates the
stresses in relation to the original cross-sectional area. This could be seen as un-true results as the
true stressfstrains are not calculated. This can be done with taking the actual real-time cross-

sectional area into consideration.
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