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ANSWER THREE OUT OF FOUR QUESTIONS

Equipment or materials required — None
Adnoddau neu ddefnyddiau sydd eu hangen — Dim

A formula sheet is provided for reference.
Calculators are permitted.

Assume ‘g’ = 9.81 m/s?.
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b)

ONE

(i)

Consider the bar below subjected to tension. Prove from first principles that
Pd

the extension, ¢, due to the load is given by; ¢ = A_ES where P is the load, ds is the

length of the bar, A is the cross sectional area and E is the Youngs Modulus.

(i)

(iii)

(i)

(iii)

[2 Marks]

e Mrea A

Hence prove that the strain energy, U, for a bar in Tension is given by;

2
U= PL [4 Marks]
2AE
: . PZL
What is meant by the term Resilience? Hence from prove from U = SAE
2
that resilience may be defined as Resilience = ;f—E
[4 Marks]

A steel rod has a square cross section 20mm x 20mm and a length of 4m.
Calculate the strain energy when a stress of 300MPa is produced by
stretching it. (E=200GPa)

[3 Marks]
The rod then has a metal collar fitted at the lower end, and a mass, m, is
dropped onto the collar. Show, by considering the energy transferred from the
falling weight to the rod, that the height, h, is related to the stress, o, by the
following relationship;

o oL

C2Emg E

Where V is the volume of the bar, and L is the length. Assume that the
extension of the bar is significant in the energy transfer.

[4 Marks]
If the stress must not exceed 75MPa, from what height could 200kg fall onto
the collar, without exceeding this?

[3 Marks]
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TWO

Two 300mm x 120mm I-section joists are united by 12mm thick plates as shown below to
form a 7m long stanchion. Given that the Youngs Modulus E = 200 GPa, compressive yield
stress is 320MPa and a constant a of 1/7500, assuming pinned ends, determine the
following;

- mrl y |+— 120mm
: 2 - Properties of ONE joist;
300mm
¢ | « | Le=96x10%m*
' ' lyy = 4.2 x 10°m*
A=6x10°m?
12m : D: - 1|
16:)mm T 160mm —J
a) Which axis will the strut buckle about?
[5 Marks]
b) What is the radius of gyration about this axis?
[2 Marks]
c) What is the slenderness ratio of this strut?
[2 Marks]
d) According to Euler theory, what load will this strut buckle at?
[3 Marks]
e) According to Rankine-Gordon theory, what load will this strut buckle at?
[3 Marks]

f) Comment on the results of (d) and (e), and with the use of a diagram explain the
difference between experimental results and buckling loads according to Euler
theory.

[5 Marks]
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THREE

FEA can be used to make the design process more efficient. Discuss this by considering the
following;

a) How this influences the building of physical prototypes and testing in product
development.
[6 marks]
b) How both conceptual designs and designs taken through to production are influenced.

[8 marks]

c) Using FEA as a verification tool and a design tool.
[6 marks]
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FOUR

Discuss the steps that you would undertake when carrying out some FE analysis. Your
discussion should include the following;

a) What 6 steps you should consider using the acronym ‘S.I.M.P.L.E, and what you
should consider in each of these steps.

[12 marks]
b) What is meant by pre-processing, processing and post-processing
[6 marks]
¢) How you would decide what type and size of element you should use.
[6 marks]
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FORMULA SHEET

Energy

" 2El
2
u_TL
2GJ
P.E. =mgh
K.E. =% mv?

Bending/Torsion
BD®
I = 12

Ina = lg + Ah?
7Td4
T 64

7ZD4
K7

Strain energy in tension
Strain energy in shear
Strain energy in bending

Strain energy in torsion

Potential energy
Kinetic energy

Second moment of area of a rectangle

Parallel axis theorem

The second moment of area of a circular shaft.

The polar second moment of area of a circular shaft

Page 6 of 7



Buckling
L

k
|1
A
7°El
P= >
2
P - T EZI
4L
A% El
e
272El
P, ==
O'yA

P=——2Y
R 1+a(L/k)?

Slenderness Ratio

Radius of gyration

Buckling: pinned-pinned

Buckling: fixed-free

Buckling: fixed-fixed

Buckling: fixed-pinned

Rankine Load

Diwedd/End
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