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Laminating
This is quite an accurate method of shaping wood. It involves building up a curved
form with layers (‘lamina’). The layers may be thin veneers, thicker constructional
veneers or saw-cut strips. They are assembled so that the grain of each layer is
running in the same direction, following the curve (unlike plywood which has
interlocking grain).

The layers are glued
together with a strong
adhesive and are
sandwiched between the
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sandwiched between the
waxed faces of a former
or a jig using cramp
pressure. The layers bend
to the shape of the jig and
‘set’ together.

Laminated 
salad serversAnother way of producing curved laminates is to use a ‘bagpress’. The

process is similar to the one outlined above except that only one half
of the mould is required. The thin layers are glued together and
placed over the mould inside a bag from which all of the air is
removed, causing the material to be pulled around the mould.



Routing
Routing is a very versatile process. It can be used to cut joints,
produce a decorative edge on a piece of work (i.e. a table top or
cupboard door) and even to produce turned products using a lathe
attachment. Shown below is a hand-held power router. Routers are
also available attached to a router table over which pieces of work can
be run. Many different types of router ‘bit’ are available depending on
the job to be done.
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the job to be done.

A hand-held 
power router



Turning
The wood lathe can be used for turning in 2 ways – on the headstock or
between centres. Either side of the headstock is suitable for turning, using
a flat plate to produce such ‘flat’ products as bowls, dishes, formers and
bases. To handle longer pieces of work, such as legs and spindles, you need
to turn between centres. To do this, a drive centre is pushed into the
spindle to turn the work which is supported at the other end by a ‘dead
centre’ located in the tailstock.

Preparation 
for turning 
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Wood lathe

for turning 
between 
centres

Preparation 
for turning 
on a face 
plate



Metal processes

Press forming

Sand casting
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Die casting
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Press forming
Press forming involves squeezing sheet metal between two matched
metal moulds (dies). This gives a very strong shell-like structure. One die
is the mirror image of the other, apart from an allowance for the
thickness of the material being formed. The machining of these dies is a
specialised skill as they are complicated and therefore time-consuming
and expensive to produce.

Process
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Process

• A blank is cut out to the required
size.

• The blank is placed in a press.

• The product is formed using
immense force. (1 thousand
tonnes are required to manipulate
3.5mm thick steel plate.)

Uses

• Pans

• Kettles

• Kitchen sinks

• Car bodies

• Aircraft panels



Sand casting
A sand cast 
grate handle

Split pattern

This is the most frequently used metal casting
process. ‘Green’ foundry sand is a blend of silica
grains, clay and water. Oil-bound sand gives good
results but is difficult to reconstitute (re-use). The
quality of the casting depends on the quality of the
pattern, which is normally made of wood. The
pattern requires radiused corners, drafted sides
and a good surface finish. The sand mould is
produced around the pattern, which is removed to
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Sand casting 
in industry

and a good surface finish. The sand mould is
produced around the pattern, which is removed to
leave a cavity. Molten metal is poured into the mould
and solidifies. When cold, the mould is broken up to
retrieve the casting.



Die casting

Process

• A measure of molten metal is

This process is the equivalent of the plastic process of ‘injection moulding’, where
molten material is forced into a mould (die) to cool and set. The dies used are made of
special alloy steel and are very expensive to produce, being made in sections for easy
removal of the components. The high operating costs make this process viable for high-
volume production or ‘mass production’ where accuracy of shape, size and surface finish
is essential.
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• A measure of molten metal is
poured into the charge
chamber.

• An injection piston then
forces the metal into a
water-cooled die through a
system of sprues and
runners.

• The metal solidifies rapidly
and the casting is removed,
complete with its sprues and
runners.

This pencil sharpener has
been ‘die cast’. It has
ejector pin marks on each
corner.



Milling
This process, which can be computer controlled, uses rotational multi-
toothed cutters to shape metals, plastics and composites. Milling
machines are robust and powerful. There are two main types –
horizontal and vertical, so called because of the milling cutters’ axis
of rotation.

This picture shows
vertical milling
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Horizontal and vertical milling of vertical
flat surfaces – the horizontal machine is
using a side-and-face cutter which cuts on
its side and on its diameter.

This picture shows
vertical milling



Centre lathe turning
Centre lathes are used to make cylindrical components from metals and plastic materials. The
process is called turning – never use the term lathing. The principle of turning is
straightforward. Work is held firmly and is rotated whilst a single-point cutting tool, located in
the tool post, cuts the work using the familiar wedge-cutting action. The shape of the work
produced depends upon the path taken by the tool, the two principle shapes being cylindrical
and flat, produced by parallel turning and facing.

Centre lathes, like the one shown have four main
elements:
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• lathe bed – very rigid and usually made from cast
iron. The bed keeps the other parts in alignment.

• headstock – containing the gearbox, controls and
the means of holding the work, most commonly a
3-jaw or 4-jaw chuck.

• tail stock – for location of drills and drill chucks
and for supporting long work.

• saddle – travels along the bed and carries a cross
slide upon which is mounted the tool post.

Centre lathe



Plastics processes
Injection moulding

Extrusion

Blow moulding

Vacuum forming
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Injection moulding
Process

Plastic powder or granules are fed from a 
hopper into a hollow steel barrel which usually 
contains a rotating screw. 
The barrel is surrounded by a jacket of 
heaters which melt the plastic material as it is 
carried along the barrel by the screw towards 
the mould. This part of the process is similar 
to the heating and compacting stages in the 

Injection moulding is a highly automated 
production process for producing large quantities 
of identical items. Granulated or powdered 
thermoplastic material is heated, melted and then 
forced under pressure into a mould. Once in the 
mould the material cools, forming a component 
that takes on the shape of the mould cavity. 
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to the heating and compacting stages in the 
extrusion process. The screw is forced back 
as the melted plastic collects at the end of 
the barrel. Once a sufficient charge of melted 
plastic has accumulated a hydraulic ram 
forces the screw forward injecting the 
thermoplastic through a sprue into the mould 
cavity. The diagram (left) shows a typical 
injection moulding machine. This one is capable 
of exerting forces of up to 250 tonnes.  
Pressure is kept on the mould until the plastic 
has cooled sufficiently for the mould to be 
opened and the component ejected.



Extrusion

This process can be compared to squeezing
toothpaste from a tube. It is a continuous process
used to produce both solid and hollow products that
have a constant cross-section: for example, a
window frame, hose pipe, curtain track, garden
trellis.
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This extrusion is part of a window seal made from 
thermoplastic elastomer (TPE).



Blow moulding
Extrusion blow moulding is an automated process
that is used extensively to make bottles and other
lightweight, hollow parts from thermoplastic materials.

Process
The cycle starts with the mould open 
(1). A hollow length of plastic, called a 
parison, is extruded down between two 
halves of the mould (2). 

The mould closes and compressed air is blown
into the inside of the parison which inflates
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into the inside of the parison which inflates
it, pushing the soft plastic hard against the
cold surfaces of the mould (3). The plastic is
cooled by the mould, causing it to harden
quickly (4). The mould is then opened, the
moulding ejected and the waste (called flash)
is trimmed off with a knife (5).

(1) (2)

(3) (4) (5)



Vacuum forming

This process is used to manufacture a variety of
products in thermoplastic materials. These products 
range in size from garden-pond liners to food trays 
used in supermarkets. A typical industrial-size 
vacuum-forming machine is capable of producing 
vacuum formings up to 1.8m x 1.5m in size. 

A mould is attached to a platen (support plate). 
The platen and mould are then lowered and rigid
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Once the plastic sheet has cooled down 
to below its freeze point the air flow is reversed to lift 
the forming off the mould. If this is not done quickly 
the forming tends to grip onto the mould and 
attempts to prise them apart often result in damage 
to the forming. 

The platen and mould are then lowered and rigid
thermoplastic sheet material is clamped onto an air-
tight gasket and usually heated from above.

Once the thermoplastic sheet is softened enough (i.e. 
reaches a plastic state) then air is blown in to raise
the sheet in a slight bubble before the platen is 
raised bringing the mould into contact with the 
plastic.

Any trapped air remaining between the platen and the 
heated plastic sheet is then evacuated by a vacuum 
pump. Atmospheric pressure acting over the top surface 
completes the forming process by pressing the plastic 
sheet onto the mould.



Compression moulding
This is, historically, the oldest commercial plastics moulding
process and is mainly used to make products from
thermosetting materials. A combination of heat and pressure is
used to change the material's form and chemical structure.

Materials
Typical thermosetting 
plastics used in compression 
moulding are urea 
formaldehyde and phenol 
formaldehyde. These 
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formaldehyde. These 
materials are different from   
thermoplastics as they 
cannot be reheated and 
reshaped because a chemical 
change, called polymerisation, 
has taken place. Generally 
thermosets tend to be 
harder, stiffer and more 
resistant to the effects of 
heat and chemical attack 
than are thermoplastic 
materials.



Calendering

Plastic film, sheet and coated materials such as wallpaper and fabrics are produced by the
calendering process. It involves rolling out a mass of premixed plastics material between
large rollers to form a continuous and accurately sized film. The main material used
is PVC; others include ABS and cellulose acetate. PVC ranges from flexible to rigid and the
final product is composed of a number of basic materials which must be combined in a
uniform mixture of measured ingredients. These ingredients include a resin of a specified
molecular weight, stabilisers, lubricants, reinforcing materials, colorants and plasticisers.
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Line bending
Line or strip bending is used to form straight, small curvature bends in thermoplastic sheet
material. The process is quite straightforward. An electric element similar to that in an electric
fire, is enclosed in a channel which has an opening at the top.

Thermoplastic sheet is placed across supports
above the opening. By adjusting the height of
these supports the width of strip to be heated
can be altered. The supports are set to a low
height for tight bends and higher, which has
the effect of widening the heated area, if a
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the effect of widening the heated area, if a
more gradual bend is required. When using
machines which have a single heating element it
is necessary to regularly turn over the
thermoplastic sheet to ensure both sides of
the plastic are heated evenly. This will help to
avoid blisters appearing on the surface of the
plastic. Heating times will vary according to
thickness and colour of the thermoplastic.

Bending jigs are used to ensure that each bend is identical on every product.This removes the need
to measure and mark out each bend and therefore speeds up the production process.



Rotational moulding
Rotational moulding is a process used mainly to manufacture hollow-shaped products such as
footballs, road cones and storage tanks up to 3m³ capacity.

A measured weight of thermoplastic
is placed inside a cold mould like the
one below (Station 1). The mould is
then closed and moved into an oven
chamber (Station 2) where it
is heated to a temperature of 230-
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is heated to a temperature of 230-
400°C whilst being rotated
simultaneously around both vertical
and horizontal axes. Rotational
speeds are usually between 2 and 20
r.p.m.
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Permanent joints
Wood
The main permanent method of joining wood is through wood jointing.
There are many different types of joint that can be used depending on
the type of product. Below are some examples of joints used for box-
like structures and for frame structures. PVA (polyvinyl acetate) glue
is usually used in wood joints.
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Joints for box structures

Butt joint

Dowel joint

Mortise and tenon joint

Mitre joint

Joints for frame structures



Permanent joints
Metal
There are several methods of joining metal permanently: welding,
brazing, soldering, riveting and adhesives.

Welding

Soldering
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Welding
Welding offers a permanent method of fastening and fabricating products from a wide range of
materials. Welding is the joining of two materials (usually metal) in their liquid form which
solidifies and fuses together to form a joint that is as strong as the parent material.
Industrially there are many ways of achieving this fusion. Three of the most common are oxy-
acetylene, electric arc and spot welding.

Oxy-acetylene welding

In this type of welding a heat source of around 3500ºC is produced by burning acetylene gas in
oxygen. The ratio of gases can be adjusted on the hand-held blow pipe depending on how hot
the flame should be. A neutral flame is commonly used: this means there is an equal amount of
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the flame should be. A neutral flame is commonly used: this means there is an equal amount of
oxygen and acetylene. Heat is applied to the join area and a pool of molten metal is created. A
filler rod of the same type of material is dipped into this and fills the joint.



Welding
Electric-arc welding

In this type of welding an electric arc of low voltage but
high current of 10-120 amps is struck between a metal, a
metal electrode and the metal to be joined. The
electrode, as well as carrying current, is a flux-coated
filler rod. Very intense heat is produced at the end of
the arc, melting the electrode and the metals to be
joined to form a weld bead. Protection from oxidation is
given by the special flux. This generates a gaseous
shield, forming a molten blanket over the weld pool. As it
solidifies a brittle glassy slag is formed, which can be
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solidifies a brittle glassy slag is formed, which can be
chipped away very easily when cold.

Spot welding

Spot welding is used commercially to give
intermittent welds and some pre-tacking
may be required with long runs.



Soldering
Soldering makes a permanent joint between two pieces of metal. It can be used on most
metals but not aluminium. There are three types of soldering: soft soldering, silver soldering
and hard soldering (brazing). In each case heat is used to melt solder around a joint. The
three types of soldering use different types of metals as solder, which melt at different
temperatures. The higher the temperature used, the stronger the joint.

Soft soldering

This uses solder which is a mixture of tin and lead. It is
soft and melts around 230ºC. There are two types of soft
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soft and melts around 230ºC. There are two types of soft
soldering; one is used for joining pieces of sheet metal and
the other is used for fixing components onto circuit
boards.

Silver soldering

Silver soldering uses solder which is a mixture of
copper, zinc and silver. It melts at temperatures
between 600ºC and 800ºC, depending on how much
silver there is in it; the more silver there is, the lower
the melting point. Its main use is for strong joints on
copper and brass work. The process for using it is
exactly the same as for hard soldering (brazing).



Brazing (hard soldering)
Brazing is used only on ferrous metals. This is because the solder (a mixture of copper 
and zinc) melts at about 960ºC, which is above the melting point of non-ferrous metals. 
The process is as follows:

1. Make sure the joint is a good fit and
clean. It can be cleaned by filing, rubbing
with emery cloth or a wire brush.

2. Put flux on the joint. The flux is usually
in the form of a powder which is mixed
with water to make a thick paste.
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with water to make a thick paste.

3. Position the joint so there are fire
bricks underneath and around it.

4. Heat the joint gently at first to dry out
the flux.

5. Heat both pieces of metal until they are
bright red. Then touch the solder to the
joint; it should melt and flow around the
joint wherever the flux is.

6. Leave to cool for 30 seconds before
cooling in water.



Riveting
Rivets are used to fix sheet-metal parts together. They are meant to be permanent
but can be removed by cutting off the head or drilling down through the rivet. The
three main types are: countersink riveting, snap-head riveting and pop riveting.

Countersink riveting

1. Clamp the two pieces of material and drill a
hole the same diameter as the rivet.

2. Whilst they are still clamped, drill a
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2. Whilst they are still clamped, drill a
countersink into both sides.

3. Place the rivet in the hole and cut it to a
suitable length using a junior hacksaw or
side cutters.

4. Place the work on a solid metal surface and
hammer the rivet onto the countersink
using the ball end of a ball peen hammer.

5. Remove excess metal and leave a flat
surface using a file.



Riveting
Snap-head riveting

This is much the same as countersunk riveting except the
rivet head sticks up above the surface of the material. A
set-and-snap tool is used to form a neat head on the rivet.

Pop riveting

Pop riveting is quick and easy, and can be done from one 
side of the work only which can be an great advantage. A 
disadvantage is that it is not as strong a joint as normal 
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disadvantage is that it is not as strong a joint as normal 
riveting.

1. Drill the hole through both
pieces of material.

2. Insert the pop rivet.

3. Place the riveting tool over
the rivet and squeeze the
handles. This forms a head on
the rivet.

4. Open the handles and slide
down the steel pin to break it.



Adhesives
Metals are glued together when no other method can be used. This may be
because two different metals are being joined, or because any heat, bolts or
rivets would spoil the look of the work. A common type of adhesive used is epoxy
resin glue, for example ‘Araldite’. This will stick metal to other materials as well
as metal to metal.

1. Squeeze equal amounts of resin
and hardener onto a scrap piece
of material.
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of material.

2. Mix the two together really well
using a small piece of scrap
material.

3. Put the mixture onto the joint
and hold the joint firmly, in a
vice or cramp if possible, for
about 10 minutes.

4. Throw away the pieces of scrap
material used for mixing.



Permanent joins
Plastic
There are three main methods of permanent joining for plastic: adhesives, riveting
and welding.

Adhesives

Adhesives, or glues, are designed to bond material together. As there are many different types
of material to be bonded, a wide range of adhesives have been developed. The strength of a glued
joint depends on three things: the area to be bonded; the strength of the glue when set; and the
bond between the material and the glue. To achieve a strong glued joint the area to be glued
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bond between the material and the glue. To achieve a strong glued joint the area to be glued
should be as large as possible, the correct glue should be used and the surfaces to be glued
should be as clean as possible.

Here are some adhesives commonly used with plastics:

Epoxy resin (Araldite) – comprises two parts, a resin and a hardener. They are mixed in
equal amounts and can be used on most materials.

Acrylic cement (Tensol) – thick clear liquid with unpleasant fumes, specially made for acrylic.

Contact adhesive – thick brown rubbery glue commonly used to stick down plastic laminates.
When brought together the surfaces cannot be moved for adjustment.

Super glue – bonds on contact and is used on small surface areas.



Permanent joins
Plastic
Riveting

This is much the same as with metal. See the slide on riveting metal.

Welding plastic

Welding is a possible method of permanent joining with suitable non-flammable
thermoplastics, and comparisons can be made with welding metals. Two or more
pieces are joined using heat to give a joint of similar composition. There are
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pieces are joined using heat to give a joint of similar composition. There are
various techniques. Heated tool welding is used to seal plastic film or sheeting
such as polythene bags. The material is softened by a heated tool (even a
soldering iron can be used), then pressed together until it cools and solidifies.

In hot-air welding hot air is applied with a torch, heating the surfaces to be
welded and the filler rod. As shown below, a space is left between the surfaces
and the softened filler rod lies in the junction.



Non-permanent joins

Wood

Metal

© Learning and Teaching Scotland 2006

Metal

Plastic

Click on appropriate star



Non-permanent joins
Wood
The obvious method of non-permanent joining of wood is to use screws.
There is also the use of ‘knock-down fittings’. These knock-down
fittings offer opportunities to make self-assembly products, especially
large items such as kitchen, bedroom and other furniture. The term
‘knock down’ basically means the products can be assembled and
dismantled when necessary, i.e. flat-pack furniture. All screw assemblies
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dismantled when necessary, i.e. flat-pack furniture. All screw assemblies
and mechanical K-D fittings are especially suited for use with modern
manufactured materials such as M.D.F. and chipboard.



Non-permanent joins
Metal/plastic
Nuts and bolts are the most common method of joining metals and
plastics. These are used when a product/component needs to be
adjusted, taken apart or accessed.
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A screw can be used to 
join plastic to wood.

Nuts and bolts are used to join
metal to metal, metal to plastic
and plastic to plastic.


