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1. Summary

A tensile test is a simple test, yel can have some good information and results on a materials
properties. By carrying out this test on a test piece to destruction the result can be used to determine
the properties of the material such as the stiffness, hardness, strength, malleability and ductility. Wi
these properties it is also important to understand how the material is built up at the atomic level.
Some of the key areas to look at and understand, is how the structure of the material is built up. Thig

i$ [rom how the atoms bond to how the lattice siructure is formed.

Onee there is an understanding of the material properties, it is then possible to change the
pmpcni.es by cither heat treating a material, or by alloying a material. By heat treating a material the
grain structure can be changed. By changing the grain structure the properties can change from bein
a stiff hard material, to a softer more ductile material, or from a soli material (o a harder and stiffer

material if rapidly cooled.

When alloying a material two or more clements are added and mixed. With this mixture of
elements there will be defects added into the material such as puint detects. There are three main
defects that have been studied in this report, known as Substitutional & Interstitial and the Grain

Boundarics.
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4. Introduction

The tensile test is one of the simplest ways 1o test the strength of a material. - By measuring the
forces required to elongate a material it is then possible to determine the material properties. With
these results it is then possible to select a material with the correct propertics for the required design

specification,

The Assignment was (o carry out a lab tensile test on 5 different materials and compare the
results. These materials where 70/30 brass. 70/30 brass annealed, copper annealed, 0,1% carbon steel
and 0.4% carbon steel. With these result it is then possible to explore the material propertics of these
materials. Another area 1o be able 1o study is the affect anncaling has on the properties of the same
material. There will also be some rescarch into how the material bonds at the atomic level along with

the lattice structure and the affect alloying and heat treating has on the material properties,

Ln
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3. Objective

Tensile tests are performed for several reasons, The main reason is to understand the material
strengths and properties. With these results from a tensile test it is then possible to seleet materialy
engingering designs and applications. Tensile propertics arc frequently included in material
specilications to ensure that the correct quality is selected. Tensile propertics often are measured
during development of new materials and processes. Finally, the material properties are often used t

predict the behaviour of the malerial under forms of loading other than uniaxial tension,
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6. Background

Below (Figure 1) is a typical example of a force / extension graph of mild steel. On this graph
there are 4 point of interest of the material propertics. The points of interest can be best deseribed as:
Section |, the elastic ZONE. This is known as “Hookes law”. The second point of interest is known
as the yield point of the material. The third point of intcrest is known as the plastic zone and the [inal
point of interest is known as the ultimate tensile strength UTS H[.ltl the final break point. Witk these
points of interest, the following information can be determined on the material propertics. The vield

strenggth, the UTS, the elasticity and the ductility of the material.

yiald point sample breaks

"
\ e

\ port|
limit of proj anality
/ ;

Strain

stress

Figure |0 Bagie Stress Stracn Graph (ledrneayy, 2 13

The below graphs (Figure 2) shows a typical result for materials with difTerent properiies.
One graph is showing how ductile the material can be and the other is show how brittle a material

could be. 2

DLCTILE MATERML BRITTLE MATERIAL

ML r

CIFRTS Y
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7. Equipment

The equipment to be used in this lab test is a “Hounsficld H20K-W" Tensometer, and can be seen

below in (Figure 3 & 49,

i . I
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8. Method

Before using any testing cquipment, it is recommended to follow all manufacture instruction and guild

lines,

Step 1: To set up the testing machine as indicated in the manual.
Step 2: To load the lest sample into the chucks of the testing machine.
Step 3: Slowly apply a steady load until the sample fractures.

Step 4; Take readings as the load is being applied for the load and change in length at regular

intervals.

Step 5: Remove the sample and measure the final fracture cross sectional arca,

Step 6: Repeat steps 2-5 for all other test samples.

Step 7. Input results into excel to produce foree/extension graph results.
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9. Results

Below are the results from the lab test o 5 different materials.‘ The material tested were as
follows, 70/30 Brass, 70/30 Brass annealed, annealed Copper, 0.1% carbon Steel and 0.4% carbon
steel. With these results we are able to calculate the material propertics. By reviewing and studying
these graphs we are also able to see how strong or ductile a material is. We are also able to see the

difference between two of the same malterial but one has been annealed.

70/30 Brass
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8000 e .
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— 5000
: v
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2000
0
2 2 a 6 8 10 12
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Copper Annealed
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Combined of Results Graph

15000
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Force [N)

= 7030 Brazs

=——0.4% Carbon —

10
Extention (MMm)

~ Annealed Copper

“— Annezlad 7030 Brass
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By using-these results and values, the ful lowing can

be calculated by using

Lower yield force or Proportional limig {kIN)

Lower Yeild Stress = —

Lower Yield

Farce

Criginal Cross Sectional Areaq

Yield or flow stress (kN)

Flow Stress = —

Elastic Limit (Force)

Original Cross Sectional Areq

Tensile strength {MN/m?)

Tensile § frength =

Maximum Force

Original Cross Sect

tonal Avea

Reduction in area % at fracture

driginal Cross Fectional
RA% = 28

Aren—oOrigingg Lross Section
— T

il Area At Fracey re

Original frass 5o cHongal drog

Elongation % at fracture

the below Formulas,

&

X100

: 2 Lauge Len At Ar Fra CUre—Originagl o ¢ Length
Elongation % At Fracture = 54192 Lenght at Fracture ginal Gauge Leng X100

Uriginal Gauge

Length



Matthew Evans

S5GDM4003

Fl: ME204775

By using these equations, it is then possible to calculate the material properties. The

results of these tested materials can be seen in the table belaw. The original Cross-

sectional area for all samples was 20mm2. The length for all the samples was 25mm. All

Calculations are as per Appendix 14.3,

F0/30 70/30 Brass | 0.1% Carbon | 0.4% Carbon Annealed

Brass Annealed Steel Steel Copper
Lower Yield Force (kM) / B 2:25 5 155 1
Max Force (kM) // 8.25 6.9 27 17 4.6
Yield Stress (MN/m?) " ¥ 300 112.5 250 775 50
Tensile Strength (MN/m?) }7 412.5 345 435 850 230
Reduction in Area % ‘,/ a0 70 45 25 72
Elongation % at Fracture / 40 75.2 416 16.4 G545

A
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10. Discussion

10.1. Results and findings

From these results we are able to determine the material properties for the vield strength, the
the elasticity, the ductility and how mallcable the material 15. The most interesting result from 1h;

test is the difference belween the same materials “70/30 Brass” whilst one has been annealed as s¢

in (Figure 12),

Combined of Results Graph
10000
8000 e ——
= , SRR SR
= 000 e .
o \
g 4000
bk
2000
= 0
i 5 10 15 20
Extention (MM)
— 7030 Brass = fnnsgled 7030 Brass

From these results we are able to see that by annealing a material “70/30 Brass Annealed” it wi
become more Ductile and malleable with a lower Yicld strength and lower UTS whilst the normal
“70/30 brass™ is less ductile, harder and is stiffer. This has a higher vield strength and higher UTS.
To understand how this is possible between the same malerials it is important to understand the

matetials properties at an atomic level. e aMa e M. eNare  wequ\de ?

102, Atomic bonds and Structures of Materials Ty Lecian Wwadd
'\n..n_“.llr YL 8 Q..EHQH(IL

Tu be able to understand the material properties we need to look into how a material is made U
and its type of bond at an atomic level. (Ashby, 2005, p. 44). The way in which an atom bonds i5

imported 1o understand as this affects the materials propertics, Therc are primarily know as ionic
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bond, metallic bond and covalent bond. The ionic bond is the most abvious bond as this is the

altraction between + and — charges {Figure 13).

Q{Mhhmﬁ

lanic Bond or Electrovalent Bond
|____lonic Bond or ElectrovalentBond | Ow o dransd Rncon

s B N S S v
//’ :\‘.\.\" / T

| | | : | reusin- N O

K;‘Lj fa'l | |8 e tian eotd. Winan
i \\xﬂh

\
NG - | P i e 2xpaniced
| | mﬁ owd Teyu V.

An ionic bond is formed between two atoms by the transfer of one or more eleetrons from one
atom to the other, as a result of which the atoms complete their nearest outer shell conliguration. This
then will turn one atom to a positive charge and the other to a negative charge know as ions, With the
change in charge the atoms are then afiracted forming the ionic bond between atoms. “The electrons
are attracted to the nucleus by electrostatic forces and therefore have negative energies™ {Ashby,

2005, p. 45).

Another primary bond is known as the metallic bond. (Figure 14). This type of bond is the more
dominate type of bond between metals, Within a metal the highest energy electron will leave the
parent atom to form a “sea” of freely moving electrons. The higher the sea of clectrons the higher the

conductivity of the material will be. (Ashhy, 2003, p. 48),
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The final primary bond is known as the covalent bond, (Figure 15). This is when the atomg
an ¢lectron to form a complete outer shell. “The proximity of the two nuclei create a new electy
arbital, shared by the two atoms, into which the two electrons go. This sharing of electrons ey

reduction in energy, and a stable bond™ (Ashby, 2005, p. 47y,

polar covalénl bond

Another important factor to consider at the atomic level is the structure and how the atloms b
and form. These structures are the make-up of the material propertics to how malleable, ductile g

stiff they arc. The type of structure can be:

¢ Body centered cubic (BCC).
* Face centered Cubic (FCC).

* Hexagonally closed Packed (HCP).

Commaon metallic crystal structures

mnshy-carted cubn [bag) hemagonal clase-packat thon)

223 Ercyclopemaia Riitarnea Ing:
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Please Refer to Appendix 14.2 for full details on Structure Build up. {Structure and Classification of

Material, 2019)

10.3. Heat treating of Materiuls

By heat treating a material vou are able to change the material propertics by changing its grain
structure. By changing the materials grain structure at an atomic level, you can change the material

properties to make it harder, stiffer or more malleable and ductile. This is what is shown in the below

(Figure 17).

]
¥
I
¥
]
]

Strangth
Hardnass
& Duciibty

¥ Microstruciyre »
d Grain Slze,

.
E
]
o J ] A
Recovery iReerystal-  Grain Growth
(Graing Recover 1 lizatlon  * [Larger Grains Grow
Shghity From (Mo Grain & the Expanee of the
Cold-Working) Forni) Emailer Graina)

Cirwre 17 Heod rrentmegnl Fa5mt for=d {1y

EhlmEnl IOl on Srain Siructure (www.nde-ed,org, 20119}

There are three main stages to a heat treatment process.
*  Hecovery
@ Atthis stage you are heating the material up o an elevated temperature where the
strained atoms can [reely move to relief the strain between the atoms moving back
into a relaxed position. “Diffusion increases rapidly with rising temperaturc and this
allows atoms in severely strained regions to move to unstrained positions. In other

words, atoms are freer 1o move around and recover a normal position in the lattice

structure.” (www.nde-ed.org, 2019),
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*  Recryvstallization

o Al higher temperatures new grains can start to form, These new grains grow 10

replace the deformed grains produced by stain hardening.

*  Grain growth

& This is when the material is held at higher temperatures for longer to allow the new

grain growth to grow in size. By allowing the grains o grow this will change the

PI: ME20477

material propertics. Larger grains mean less strength and toughness and more ductj

{(www nde-ed.org, 2019).

‘There are two main type of heat treatment. These are known as annealing and the other is know

as tempering. Dependent on what method is used will determine the outcome ol the material

propertics. By annealing a material you will make the material properties more ductile, softer and

more malleable. This process is to heat the material up to a desired temperature, soak and then allo

to cool naturally. (Figure 18). This allows for larger grain growth.

7

By tempering a matcrial you will be making the material properties harder, stronger. stiffer and

less ductile but also fragile. This process is to heat the material up to a desired temperature, soak a

then rapidly cool the material down. This is then followed by another heating cycle. (Figure 18),

This keeps the grains to a smaller size with more boundary’s defects making the material propertics

harder.

Annealing Quenching
Coeling in the enil Cocling in air

Ouenching temperamre, 480 5

.55@“(_?.3 h 200 °C, 480 =

Temperiture

lenting rate: 0.3 Cis
Henting rife S\ s00°C,_ 4805

| Heatingrate: ~0.3 "L

Cooling rate: - 005 705 Cooling raee; ~3 *Cs

Tempring
Cooling in air

Tempering temperaturz, 2 h
Twice

I
T-Icﬂung rfe: 1"-0.3 L

Time

Cooling rate; ~3,°C/%
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Alloying is a mixture of two or more metals or one metal

made by taking a pure melal and adding other elements (the *

Examples are brass (Cu + Zn} and Monel (Ni + Cu)”. (Ashby, 1998)

PL: ME204775

and an element. “An alloy is a metal
alloving elements”) to it.

Examples of thesc metals

have been used in this lab test for this report. (ne metal was a 70 / 30 brass, made up of 70% copper

and 30% Zinc and would have a Substitutional
base metal being iron and the element being 0
When alloving a material

Hardness and yield.

When alloying a material, there are defecis being added into the material.

as Point defects,

defects (Figure 20,

Suhaﬁutionai
(e.g., Cu in Ni)

solid soln.

o

Qo000
oQpooo
oo

nOoG0
aooooo
o

oo
ocooo
o000

mix. The other test peace was carbon steel with the

1% of carbon and would have an Interstitial mix.,

A L I R Y PSR i | P S P
fadarsihiod Ailaving fe-education

Interstitial sol
(e.g., CinFe)

the properties will change along with the material strength, Ductility,

These are known

These point defect are substitutional and interstitial (Figure 19). And boundary
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11. Conclusion

By caring out a simple tensile test il is then pﬂssﬂ:ﬂc to calculate the malerial properties,
important to understand how a material will behave, 50 that the correct and suitable materia]
be selected when designing a product to a specification. It is also important to understand 1)¢
effects of alloying and heat treatment can have on the materials properties. When reviewing §
material test graphs and data it is visibly possible to see the effects of alloying and the effecty
treatment can have on the materials propertics. By understanding these affects it is then poss

to select the corrcet material for the design of a product.
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14.1, Properties of Generic Metals
Matal Cast Density Young's Yield Tensile
(UKE {US$) (Mg m™) modulus strength shengih
fenne') {GFa) {MFPa) {MPg)
[ron 100 [140) 7.9 211 30 200
Mild steel 200-230 [260-300) 7.9 210 220 430
High-carben steel 150 {200] 7.8 210 350-1400 650-2000
Low-alloy steels 180-250 (230-330) 7.8 203 290-1400 420-2000
Hig h-ulrﬂy steels 1100-1400 [1400-1800) 7.8 215 170-1400 460-1700
Cast irens 120 (140] 7.4 152 50-400 10-800
Copper 1020 [1330) 8.9 130 75 220
Brasses 750-1060 {980-1380) 8.4 105 200 350
Bronzes 1500 (2000) 8.4 120 200 350
Mickel 3200 [4200) 8.9 214 &0 300
Monels 3000 (3900) 89 183 340 480
Superalloys 5000 (6500) 7.9 214 800 1300
Alominium 910 {1180} 2.7 71 25-125 70-135
1000 Series 910 (1180) 27 71 28-165 70-180
2000 Series 1100 {1430} 28 71 200-500  300-600
5000 Series 1000 (1300 2.7 71 40-300 120-430
7000 Saries 1100 [1430) 28 71 350400 500-470
Casting alloys 1100 (1430) 2.7 71 65-350 130-400
Titanium 4630 [4020) 4.5 120 170 240
Ti=& Al4 W 5780 (7510) 4.4 115 800-700 FO0-1000
Zinc 330 [430) 7.1 105 120
Lead-tin selder 2000 {2600} 2.4 40
Diecasting alloy 800 (1040) 6.7 105 280-330

{Ashhy, 1998)
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14.2. Atomic Structure Body Details

Body Centred Cubic

A body centred cubie (b.c.c) structure hag an atom at
each corner of an imaginary cube and an atom in the
centre of this cube. A b.c.c structure generally
produces strong metals which are reasonably ductile.
Examples of b.c.c metals are tungsten, chromium and
‘alpha’ iron.

Face Centred Cubic

A face centred cubic structure has an atom at
each corners of a cube and an atom at the centre
of each face of the cube. Metals with f.c.c
structures tend to be soft and ductile over a wide
range of temperatures. An example of a f.c.c
metals are gold, silver, copper, aluminium and
gamma iron.

Hexagonally Closed Packed

Hexagonally closed packed (sometimes referred to as
“close packed hexagonal or cph”) structures have an
atom at the corners of an imaginary hexagonal prism
and an atom at the centre of each hexagonal face and
tree atoms in the centre forming a 'prism'. These
metals are relatively brittle such az cobalt and
magnesium.

{ Structure and Classification of Material, 2019)
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14.3. Data And Result Calculations
Farce [N) Ext (MM) |
0 0 0.4% Carbon Steal
1000 03
2000 0.6 20000
4000 038 -
S000 1 — 15000
=
2000 13 T .
S @ 10000
10000 16 o
= o
12000 1.8 | W 5000
14000 2
16000 2.4
17000 27 1 2 4
16500 3.5 )
15000 15 Extention {IMM)
15000 4.1
Dri;linl.l Cross Sectional Area 20 mim
Lower Yield force: 155 KM
Maximum Force: 17 KN
Reduction of Area at Fracture: 25% %
Yield or flow stress:
astic Limi 15500
. Elastic Limit 775 MNjm2
“Original c.z.a3 20
Tensile Strength:
rnnx_:n_-rum Farce _ 17000 st MNm2
Original c.z.3 20
Elongation % at Fractura:
50 4.1
Ert.e !‘I:IDI‘I at Fracture 1 16.4%
Original gauge length 25




Original Cros= Section 20 mm
Lower Yield force: 5 KN
Mazimum Force: 8.7
Reduction of Area at F  45% X

Yield or flow stress:

Elastic Limit G000
Origanal ¢.5.a h 20

Tensile Strength:

mazimum Fore 2700
Original 055 = 20

Elongation > at Fracture:

Eutension at Fractura

Crriginal qauge kength 210032

250 MBImz

435 MMIm2

Lo = e

Matthew Evana SGDM4003 PI: ME204775
Force [M] Ext [MIPA]
0 0
SO0 02
1500 04
e - 0.1% Carbon Steal
=000 0.3
5280 13
E200 17
BE00 2
T000 22
7400 25 z
FRO0 a7 e
Fa0n 3 B
5000 33 i
200 37
8300 ET]
5400 42
EHO0 4E
SEO0 E1 / 3
E700 B2 o - 4 a g 10 12
| 8700 7 Extention (MM)
BEGD 77
8600 81
8500 a5
2400 08
B200 a1
TEOO 98
TE00 9.3
o0 0.1
E000 04| /

27




Original Cross Sectional . 20 mm
Lawer Yield Force: ] KN
Mazimum Force: 4.6 KN
Reduction of Area at Frai 2% %
Tield or flow 5tress:

Elastic Limit 1000

Driginal ¢.z.a 20
Tensile Strength:
maimum Faree 4500

Criginal o.5.a 2l
Elongation > at Fractuare:

Extension at Frachure A0

Ciriginal gauge length

rARdIm

PARImE

Matthew Evans SGDMAD03 Pl: ME20477
[ Foree M) Ext (MM
F ] il
[ily] 0
1000 05 Copper Annealed
1500 1 B
000 15 5000
Z200 T 2540 e ——
2400 2 ADQo .\L
Z600 3 o \
2500 ZE = o
3000 3 i
2200 34 i
400 X 22
JE00 4z o
3800 3 000 ff
4000 BE s00 j
4200 E.4 o
4400 T8 s 0 15 20
4500 §3 Extention (MM}
4E00 03
4550 12
500 4
#400 (G
4200 171
Fa00 57
[ san0 2
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Force (M) Ent (M)
1]

] 1
300 0z
1500 ()
2200 0.7
2500 1
2800 13
3000 15
18
2.2
26
4000 3.1
4200 a5
4400 4
4600 4.4
400 4.8
SO0 5.3
S200 5.8
Sd00 6.3
2600 5.3
SE00 T.B
5500 []
G000 8.3
B0 8.7
G200 3.2
G300 3.6
B400 101
B500 10E
EE00 M2
G700 12
E500 13
GES0 123
G300 4.3
G300 4.5
B300 =
Ga00 T7.3
Eo00 17.3
E000 1.2
aE00 8.5
4500 15,5

SGDM4003

Pl: ME204775

7030 Brass Annealed

Force (N}

1a 1=

Extention (MM)

20

3200
H 3500
3700

Driginal Cros: 20 mm
LowerYield ik 2.25 KN
Magimum Fore« 59 KN
Reduction of 703 =

Yield or flow =

ElasticLin 2280

Origirad c.: 20

Tensile Swrength:

miasimearm Fe £300

Original .5 - 0

Elongation > at Fracture:

Extension at Fracturs

10022
Criginal gauge lergth "

e
P

T25 MNim2

345 MMImz

18.5

— = To.8%

25

29
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Faorce (M) E st (M X
[i] [i]
1000 0.3 7030 Brass
Z000 05 Tmm | Em
4000 oy 5000 {
] i 8000 : i e
] 14 7000 y""*’. i *
TZ00 18 — '
7200 77 £
7500 Z5 5
TE00 ] S
F700 32 o
Taa0 3.5
T300 q
B000 4.5 i ] = . . -
100 53 | - . - - =
50 55 | Extention (VM)
a0 5.4
[ 7.5
Bi00 5.3
2000 3.2
7700 96
TZ00 0

Original Cross Sectional A
Lower Yield force:
Maximum Force:

“Reduction of Area at Fract
Yield or flow stress:

Elastic Limit
Criginal c.s.a

Tensile Strength:

marimum Force
Origimal ¢.5.a

Elongation % at Fracture:

Extenszion at Fracture

20 mm

6 KN

8.25 KN
60

GO00

G250
20

w00

COriginal gauge length

300 MMimz

4125 MMImZ

= 40,0



