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‘Tensile tests provide an indication of tensile strength and other
propecties such as

2 toughness, impact steength and ductilty

b esiicac, comprosive steength and duciiy
@ toughness, proof siress and ductlty

4 harduess, compressive strength and clasticity,
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A material resists abrasion, surface penetration and scratching
What property does this material demonstrate?

(A) Hardness
(B) Malleability
(©) Swength

(D) Toughness
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A stress-strain graph for four materials is shown.
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‘Which line on the graph best represents a tough and ductile material?

Aa) A
(B)
©
(D)
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MATERIAL TOUGHNESS

is a measure of the ability of a
material to absorb energy up
to fracture
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The steel used to manufacture the winch cable was tested using  tensometer and
the resulting details are shown on the load-extension graph.
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() State the significance of the three key points identified on the graph.
X

Limit of Proportionality and Elastic Limit — maximum load before plastic deformation.
Ultimate Tensile Load ~ The maximum Load before necking occurs.

Failure Point —~ The load at which the specimen fals.
z
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The original gauge length of the steel test piece was 55 mm with a
cross-sectional area of 9.6 mu’.

Using data from the load-extension graph, calculate the value of
Young's Modulus for this steel.

551073
9etv 167C Fe PL
19%10° [from gr e

«Sro '3{9‘“"‘3‘”@7’\\ 19 %103% 55 fig>
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As the applied load is increased during a compression test, what changes occur to the
cross-sectional area and gage length of  copper specimen?

Cross-sectional area Gauge length

Increases Decreases
®) Decreases Tncreases. i
© Increases Increases
D) Decreases Decreases
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‘The results of & ension test on & sample of nommalised medium carbon siel e
provided in the table. The test piece was 200 mm long and 25 mm in diameter.
‘The original cross-sectional arca of the est piece was 491 ram’.

Toad | 0] 50100 [ 110 [ 150 | 175 | 200 | 215 | 220 | 215 | 205
N)

Extension| 0 | 0.1 02 [025[075| 15 | 29 | 45 | 62 | 70 | 77
(mm)

) Construct an appropriate diagram using the information given in the 2
able. Label the axes.
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An engineer can determine various mechanical properties of a sample 6
o b tcmaion i e . e o g i
part () ).

Caleulste the values of TWO soch properties, and explain how an
engineer would use them.

Mechanical properties can include the ultimate tensile sivength and the stiffness of the

materil.
The ultimate tensile strength is found atthe top-of the curve. Itis found by dividing the
macximum load with the original cross sectional area.

MexLoad _220x10°

_Max Load =448 MPa
Original CSA 491 g

The UTS s used to determine the tensile capacity of a structural element.

The stifness of the material i determined by the slope of the grapl up t0 the elastic limit.
The stecper the slope,the stfferthe material. This property is called the Modulus of
Elasticity.
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The stiffuess of a material is used in deiermining the deflection of a structural element under
load.

0.2 % roof tress - used to determine the strength 3t 3 certan stain —ofte referred 10,35

rogressive yield. Id 138xr0® e 3
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% Elongation - sed to determine th ductlty

e frongs ZL.

Stress at Fracture - used to determine the UTS for brittle material that have Itle of no yeld.
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Toughness - Area under the graph { count the squares) - used to Getermine impact srength of
materials
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‘The steel used in the chassis members was tested.

The load-extension graph represents the data collected during the testing of a
specimen of the sieel.
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Before testing, the specimen was 1020 mm long with a cross-sectional arca of
100 .

(i) Calculate Young's modulus for this sicel.
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Describe the physical changes that occur in the specimen tested in
part (i) when a 20 kN load is applied end then removed, compared t
when & 30 KN load is appled and then removed.

Elastic deformation occurs at 20 kN and on releasing the load, the specimen
returns to s orfginal shape. Pastic deformation and work hardening occurs at 30 kN
foad and, on release of the load, remains permanently deformed with increased strength

and hardnese

2




image18.png
Distance

between shoulders
“Reduced"” s-men_—1

Gauge fength
Oversl length

Tensile test
(a) What is meant by tensile strength of a material?

Tensile strength is the ability of a material to resist axial loads which tend to elongate the
material.

(b)  Describe the setting up and condlctivity of a tensile test.

— The test consists of the gradual application of an increasing uniaxial tensile load to
the specimen until rupture occurs.
A prepared specimen, usually of standardised size, is held ina
gripping device and a gradually increasing axial load applied to the
= specimen. The load is usually applied until fracture occurs, alternatively,
it may only be applied within the elastic limit, or up to the yicld point in
~ some tests.

‘The applied load is plotted, vsually antomatically, against the extension,
to produce a load-extension graph or curve.
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(c)  Listand explain the properties that may be determined from analysis of the graph
produced by this test.

‘The following data are usually calculated from tensile tests:

for ductile materials showing a definite yield point: proportional limit stress,
yield stress, ultimate stress, breaking stress, percentage clongation, and per-
centage reduction in area;

for brittle materials : only the ultimate stress, percentage elongation, and percen-
tage reduction in area are assessed.
Percentage reduction in area: the difference, expressed as a percentage, between the
original cross-sectional area of a tensile test specimen and the smallest area at the
point of rupture.
Ultimate tensile strength: the maximum value of engineering stress that a tensile
test specimen can withstand during the duration of a tensile test.
Proportional limit: the maximum stress that a material can withstand without
deviating from straight-line proportionality between stress and strain.
Yield strength: the stress at which a material exhibits some definite devnuon fmm
straight-line proportionality between stress and strai
Elasticity: the ability of a material to return to its original dimensions after being
subjected to stresses that caused or tended.to cause deformation.
Dudtility: the ability of a material to be plastically deformed by predominantly
tensile stresses; for example, as in wire-drawing.
Stiffness: the ability of a material to resist deformation under load.

Strength: the ability of a material or structure to withstand stress without failure.
Alternatively, the stress at which some previously specified end condition occurs.
‘Toughness: the ability of a material to absorb energy when being deformed and thus
resist deformation and failure.

Elastic limit: the maximum stress that a material can endure without taking a per-
‘manent set.
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On the axes shown below indicate the stress strain graph for the following materials:

cemented tungsten carbide
low carbon steel

.
o aluminium
e copper
o polymer
| ey
Heat eted bigh cxbon
e (strong. i)
soo
© Stress - l
S MPa /
@ / Lo carbon sl (tughes, ductil) ]
5 w
@  Aluminiom alloy (sof, weak)
! Copper (rmost ductile, weal)
I re—
300 IPuEmw_(:oumm;cyM:l:.w)
Wl e e
% Strain
Indicate which material is the:
o stiffist: Cemented Tungsten Carbide
* strongest: Cemented Tungsten Carbide
* toughest: Low Carbon Steel
*  Most ductile: Copper

Does not obey Hooke's Law: __ Polymer
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(d)

(c)

Why is it often necessary to compare a load extension graph to a stress strain graph?

Load-deformation verses stress/strain curves

To be able to compare different materials and similar or the same
materials, a standardised specimen is used, or better still the load-

deformation diagram is converted to a stress-strain diagram. This allows

comparisons to be validly made.

How is this done?

Load-extension diagram for 2 low carbon steel

Erom this test the magnitude of the load is plotted on
eraph against the corresponding extension of the test
piece. This graph is called a load-extension diagram.
By dividing the extension by the original length and
the load by the cross-sectional arca of the test picce we
obtain a stress-strain diagram which is characteristic of

the material being tested regardless of the size of the
test piece.

i

I
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(a)

(b)

What is meant by the term compressive strength?

Compressive strength is the ability of a material to resist axial loads that tend to shorten

or compress the material

How is a compression test conducted?

‘The compression test may be regarded as opposite to the tensile test in so far as the
uniaxial load applied is compressive rather than tensile. Although rarely used as an

acceptance test for structural metals, it is particularly useful for the evaluation of
the strength properties of brittle materials. Such materials are usually used in com-
pressionrather than in tension, so that this form of testing is often directly applicable
to design problems. Materials commonly tested in compression inchude cast iron,
concrete, mortar, brick, ceramics, and wood, the last being almost impossible to
test in direct tension due to the difficulty of designing suitable gripping devices.
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Hardness testing
Hardness Test
‘The most eommon form of hard-ness tests for metals is
some form of indenters being forced into the surface of the
metal; measure-
ments associated with the indenta-tion are then taken as a
measure of the hardness of the surface.

(a) Define the term hardness.

Hardness is a fndamental property which is closely related to strength. Hard-
ness s usually defined in terms of the ability of a material to resistscratching, abrasion,
indentation, or penetration.

(b) Hardness testing is described as anon-destructive test. Explain the meaning of non-
destructive test.

Non-destructive tests are many and varied aid are usually designed to test the
properties of the finished article or component, or to evaluate its properties at various
__ stages of manufacture. Such tests are therefore the very essence of the manufacturer’s
quality control. The most common type of non-destructive test is the hardness test,
— because of the close relationship between hardness and strength propertics. —
Another instance of non-destructive testing is the hardness test carried out on
" each autoaxle before it leaves the manufacturer. This provides a simple, inexpensive,
and thoroughly reliable check upon the effectiveness of the heat treatment process =
T which in turn deterniines the torsional strength of the axle,

(c) Name two (2) areas where hardness tests are used in industry.

i Hardness tests are non-destructive tests.” They are used in industry to

4 verify that the required properties have been produced following the heat
treatment of components during production. They are used for control or
production line testing, as well as for research, and comparison testing
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(d)  Two common methods of hardness testing are Rockwell and Brinel methods. Describe the
setting up and conducting of each of these hardness tésts.

(i) Rockwell Hardness Test:
In these tests @ standard indenter is pressed into the surface of the material bya
“dead” load of known magnitude, the index of hardness being obtained by measuring
the depth of penetration. A number of different scales are used, each scale being ——
suitable for certain classes of materials. It should be understood that each scale is
entirely arbitrary, the hardness number obtained having relevance to that particular ——

Rockwell scale onlv.
ROCKWELL HARDNESS SCALES —_—
Scale Indenter ‘Major Dial Typical Materials
Load (kg)* Numerals -
A Diamond cone 60 Black ‘Cemented carbides, thin steel,
- case-hardened surfaces. -
B 15 mim ball 100 Red Copper, aluminium, brass,
‘malleableiro, grey cast iron.
c Diamond cone 150 Black Hard cast ifon, deep case-
‘hardened surfaces, hardened
stesls.

D Diamond cone. 100 Black Thin steel specimens.
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(ii) Brinel Hardness Test:

‘The Brinell test consists of pressing a hardened steel ball into the surface of the
specimen ‘using a known Ioad, the surface area of the indentation so produced
becoming the index of hardness. Various combinations of loads and indenters are
used, the most common being a 3000 kg or 500 kg load with a 10 mm ball or a 750°%kg —__

load with a 5 mm ball. Mior loads are not employed, so the susface finish on the
specimen to be tested must be high.
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(e) List and explain the properties that can be determined from these tests.

Hardness tests are the most commonly used non-destructive testing procedures in
industry and research since they provide an easy and thoroughly reliable method of
evaluating the effects of various hot and cold working techniques and heat treatments
upon the basic properties of metals,

SHAPE OF INDENTATION

TEST INDENTER SIDE VIEW TOP VIEW
-D.
10 mm sphere of
Brinei stostor
‘tungsten carbide
e v
Aockel T 20
A Dismond
c} cone O
D
B Y In. (1.6 mm)
H Giometer O
G steel sphere
E Y% in. (3.2 mm)
Sameter
st sphere

Hardness numbers are used primatily as a basis for comparison of materials,
spcéxfieanqgs for ‘manufacturing and heat treatment, quality control, and cor-
relation with othet properties and behavior of materials, For example, Brinell

. Hardness correlates well with wear resistance. A material used to crush or
grind ore should be very hard to assure that the material is not eroded or
abraded by the hard feed materials. Similarly, gear tceth in a transmision or

drive system of a vehicle should be hard so that the teeth do not wear out.
Typically we find that polymer materials are exceptionally soft, metals have aq
intermediate hardness, and ceramics are exceptionally hard.
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The graph shows the result of atest.

Stress

Strain
What does the graph typically represent?

(A) Shear test for polyethylene
(B) Hardaess test for a composite
(C) Compression test for a ceramic

(D) Tensite testfor ow carbon scel
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