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Metals -
Shaping and Joining
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Aluminium-silicon alloys are often chosen for pressure die-casting processes.

Which of the following characteristies of aluminium-silicon alloys justifies this choice?

(&)
(B)
©
[

‘They have high melting poins.

‘They have low density and superior machinzbility.

They are more suitable to produce thick-walled castings.
They have high fluidity and a low coefficient of expansion.
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(€)The mechanical jack in part (2) is operated by a handle (shown below) that
‘connects ta the hexagonal head.

Identify an appropriate manufacturing technique for the steel sockel of this
handle. Justfy this manufacturing techrique.
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(b) The high tensile steel pivot point bolt is produced from round bar.
Describe a suitable process to manufacture:

+ the bolt head;
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* Bolt head

~ This would be manufactured by hot upset forging. End of bar induction heated, clamped
‘and impacted with a shaped dic

« Thread
~ CAM lathe — machined
~ Cold rolled between two ‘thread plates’ — rolled
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An old and a new racing car are shown.

CarY
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(i) Name and describe a process used to join the body panels in car X.

Gas welding

Arc welding

Riveiing

Folding

Nuts and Bolts

2

Edges of two panels brought together, heated with blow torch, filler
metal added, fuse both edges, allow o cool

As above - but using electric arc welder

Two panels overlap, holes drilled to suit rivet size. Rivet placed and
‘hammered over OR ‘pop’ rivets used in pop rivet gan

Two penels folded to form interlocking joint which is pressed together

Two penels overlap, holes driled to suit boit size. Nuts placed on bolis
and tightened with spanners.
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Gears in & winch aro manufactured by powder forming.

Descrbe this method of manfacturing and site ONE advantage of his method
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A steel section for a truss bridge has been cold rolled.

Outline thé changes in the mechanical propertics of the sicel section due to cold
rolling.
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(4 () Pressure die-casting is used to manufacture the lever for a brake 1
assembly. Identify a suitable material for this product.

Cable

(IR

Lever

Handlebar

(ii) Describe the process of pressure die-casting this brake lever. 3
_The mould cavity.in.pecmanent. steeldies.is
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A working process is shown.

Die

What is this process?

(&) Wire drawing
(B) Direct extrusion
(C) Indirect extrusion

(D) Injection moulding
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Flat steel members used for roof trusses could be produced by hot rolling or cold
rolling.

() Complete the diagrams by naming each process and labelling the grain 2
structure produced.

Grain structure Grain structure

Equaxed . grains Elongateat

grains

(i) Choose one of the processes named in part (i). 2

Explain how the change in grain structare caused by this process has
affected TWO different mechanical properties of the steel.

Name of process.

Hot Rolling ~ Smaller equiaxed grains after rolling increase strength due to increased grain
boundaries and alignment of non metallic inclusions.

‘Smaller refined grains after rolling increases hardness and reduces ductility of the previous coarse
grains.

Cold Rolling ~ Coarser grain structure flattened to produce stressed elongated grains leading to an

increase in mechanical strength and hardness and a decrease in ductility due to work hardening.
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A large reinforeing plate that supports a new attachment s to be welded
onto the chassis rail according to the manufacturer’s specifications.

Use the diagram below to draw and label the macrostructure of the weld
area, including the surrounding chassis rail and reinforcing plate.

Reioforcing plate

SuR pAce cit(uChassis il
GRAWS OF WEAD

EouAxEs
ARAINS
Column Rl PLATE AS,

aRAINS Rowen STRUCURE,

LRAW & RowTH CREcOVERY)

End of Question 25

Heat affected zone:

Equisxed grains

Columnar grains -
1 in opposite’
irection (o
the hest flow

Reerystalisation,

Grain growth

Weld mierostructurs
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Permanent metal moulds are used in:

die casting

shell moulding and investment casting,
die castng and investment casting
shell moulding.
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Powder forming s commonly used:
o asitis cheaper than oher ypes of forming
b becaus themaerisis don'tneed o b meled

(B o form hard mateils that rtoo dificul to machine

' on raw materials nommally found i powder form.
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{b)  Aspecial pin is to be developed to help heal a bone fracture.
Equiaged
qraias

Cram€low

‘The bio-engineer has 3 choice of investment casting or forging the pin.

() Compare and contrast the properties produced in the pin by these manufacturing
methods. .

Forging above the recrystallisation temperature produces a particular type of
grain structure known as grainflow or fibre which results in the development of
directional properties. This directional strength occurs because the metal flow
is parallel to the surface resulting in a favourable orientation of grains. The
elastic limit, untimate strength, ductility and toughness are all greater when
measured aiong the direction of the grainflow.

Investment casting would produce equiaxed grains throughout the structure.

(i) On the diagram above, draw the macro structure produced by both methods of forming.

i) Select the best method of manufacture and give reasons for ‘your choice by referring to
micro structure,

_—
The forged pin with its improved directional strength properties would be the

manufacturing method.  Although investment casting provides a high
dimensional accuracy and a very smooth finish forging provides significant
improvement in strength areas of high stress.
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llustrate and label the grain structure that could be expected if castings were made into
the following moulds.

(a)

Columnar grains
cnill grains

Chil grains ~

Sand

ectional grain growin

Grainstructure in 2 sand/sand mould and  sand)/metal mould

(b)  When using the correct casting temperature:
() what would be the expected grain structure?

Chill grains

Golumnar grains

Large equi-axed grains

‘Grain structure with correct casting temperature

() Why s this physically advantageous to the casting?

In order to strengthen the cast sample it would be best if te central core
- of the sample s able to cool at a slower, even rate thus allowing

equi-axed grains to grow. The term equi-axed refers to metallic grains
* that have similar axis lengths in all directions and therefore exkhibit

similax physical properties in al directions, .

‘When casting the formation of equi-axed graias can be managed by

carefully monitoring and controlling the casting temperature. This will

eliminate the shear planc §
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A polyethylene socket, titanium stem and ceramic head of an artificial hip joint are shown below:

(U]

(ii)

(i)

TN

Discuss two (2) reasons why commercially pure titanium is an appropriate material for the
socket of the prosthesis.

Polyethylene is used as the socket because it is corrosion resistant, has a low
coefficient of friction, high compressive strength, is relatively compatible with
body and body fluids, dimensional stability and easily formed by injection
moulding.

List two (2) disadvantages of titanium.

Commercially pure titanium is used for the stem because it is corrosion
resistant, bio-compatible, high compressive and tensile strength, dimensionally
stable and easily formed by forging and/or investment casting.

Discuss two (2) reasons why a ceramic is an appropriate material for the head of the
prosthesis.

A ceramic is used as the head because it is corrosion resistant, has a low
coefficient of friction, wear resistant, high compressive strength, compatible
with body and body fluids and dimensionally stable.
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A component of a knee prosthesis made from titanium
alloy and high density polyethylene (HDPE) is shown.

Describe a suitable test that would determine the tensile strength of the titanium
alloy.

A sample of the titanium alloy with fixed cross sectional area (or a sample is.turned to a
Standardised shape for a tensile specimen) is fixed to the jaws of a tensometer. The gauge length is
determined (or an extensometer is used) and then an axial load is applied to the specimen until it
fails. Details such as UTS, Toughness, Young's:moculus, yieldjprooffbreaking stress are determined
from the stress/strain graph produced by the tensometer during the test.

OR
Because indentation hardness correlates inearly with tensile sirength, a simple in-situ hardness
test by a hand held Rockwell hardness tester can be used if a non-destructive test is required.
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The assembly of modern bio-medical equipment relies on 2 broad range of technology to create 2
joint. These technologies are chosen depending on a number of factors such as :

° Strength of joint required
o Access

* Materials to be joined
o Required for disassembly
o Cost

Explain the following methods of joining materials and state their particular use in bio-
engineering.

(a)  Fusion welding

Fusion welding involves the heating of the
swfaces to be joined until melting and
intermixing at_the joint occurs to form a
“metallurgical’ bond. Heat may be provided by
gas, friction, eleetric resistance or electrode arc.

The joint formed is usually as strong as the Larger tbe
parent material and is probably the most widely
used method of fabrication in use today.—

(6)  Soldering and brazing

Soldering and brazing Smaller tube
Soldering and brazing are similar operations ~ Tubing brazed into the joins of a wheelchair

and iavolve the joining of two or more parts by
melting a filler metal with a heat source. The
molten filler metal flows into the joint and on
solidifying, holds the parts together, Theheat ___
source for soldering is usually  hot “iron* while

brazing is accomplished with the aid of an ~—————
oxyacetylene torch. .

- The primary difference between the processes
is the temperaturc at which the filler metal
solidifies. Soldering uses filler metals with a
solidification temperatures <500°C (e.g. Pb, Sn,
Sb cic) while brazing uses alloys with
solidification temperatures >500°C (c.g. Cu, Ni
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Adhesives

Adhesive bonding involves the introduction of

a thin layer of liquid polymer between the
surfaces o be joined. The adhesive undergoes

polymerisation in-situ. Adhesion to surfaces is
generally considered to be through the

interaction of van der Waals forces or polar

forces. -

(d)  Screws and nalls

Both screws and nails rely on physical
interaction with the material being joined.
Nails remain in place by the pressure of the
surrounding fibres. Removal requires frictional
contact forces to be overcome.

Screws derive their fixation strength from a
‘mechanical bond in which pull-out requires the
shearing of material contained between the
threads. As a screw is driven into an assembly,
the joint is placed in compression when the
head of the screw meets the surface. Many
screws used in the body for bone fixation are
cannulated, that is, they have 2 hollow bore
along their longitudinal axis. This allows the
screw to be guided down a positioning wire into
the correct position. Once the screw is position
the wire is removed through the cannula.
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Grainflow cceurs in:
@ hot forging
b sand casting
¢ machining

d injection moulding.

Permanent metal moulds are used in:

@ die casting
b shell moulding and investment casting
¢ diecasting and investment casting

d  shell moulding.

' The 'skin’ on a cast component is normally:
a  softer than the 'core’ of the component

b identical to the 'core’ of the component
@ harder than the 'core’ of the component

d  made up of large equiaxed grains.

Powder forming is commonly used:
a  as itis cheaper than other types of forming
b because the materials don't need to be melted
(©) 1o form hard materials that are too difficult to machine
d

on raw materials normally found in powder form.
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Gears used in lifting devices can be manufactared by powder-forming or by &
variety of other processes.

Identify an altemative manufacturing process, and contrast the properties of -
gears formed by this process with the propertics of the powder-formed gears.

for
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