S$3 Candle Holder - Independent Learning

HOMEWORK 1

DRILLING METAL
Metals are drilled by Jobber Drill Bits, made from Depth stop Depth adjustment

S

HSS.

The smaller diameter bits have a straight shank and
are held in a chuck. The larger diameter bits have a
tapered shank and are held directly in the pillar drill
spindle. The thin part at the end locks into the
spindle and cannot slip under pressure, like a

)

straight shank could in a chuck.

Straight shanked
drill bit

N\

Taper shanked
drill bit //
Locking
device = /
7
"
I Ve
spindle ﬁ

Up to 13mm Larger than
diameter 13mm diameter

A ‘Jacobs’ Chuck

Note: For efficient cutting - Small diameter bits
should turn at a fast speed. Large diameter bits

should turn at a slow speed.

Pilot Holes

For holes in metal of 8mm diameter or larger, it is
better to use a smaller drill bit first (4 or 5mm dia.).
The smaller drill is less likely to wander off the
centre punch mark. It also provides a hole that can

guide (pilot) the larger drill.

A pilot hole guiding
a larger drill bit

Pitlar Drill

nuts
The depth stop on a pillar

drill is useful for drilling Pepthstop

holes to a given depth and
for driling a number of
holes that have to be the
same depth. The adjusting
nuts hit the stop and cannot
move down any further.

Countersink Bit
The bit is made from
HSS. It is used to
widen a previously
drilled hole so that a
countersunk screw
head or rivet head
can lie level with the
surface.

Cone Bit

Used for cutting and enlarging holes
in thin sheet metal. This design does
not catch in the metal and gives
perfectly round holes.

Hand Vice

A hand vice should be used to safely hold thin metal
(up to 3mm thick), while it is being drilled.

KEY WORDS Shank: Chuck: Pilot hole: Depth

stop: Hand Vice: Cone bit:

1. What is the purpose of a chuck on a pillar drill?

2. What is the advantage of the taper shank
design for larger diameter drill bits?

3. Explain what a pilot hole is used for.

4. You need to drill three holes that are 6mm
diameter and 10mm deep. How can you be
sure that they will be identical?

5. A jobber bit will cut a near triangular hole in thin
sheet metal, instead of a round hole. How can
you deal with this problem?

6. lllustrate a way of holding thin metal safely for
drilling.
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Parting off

This is a way of cutting off a =
length of the rod. The diagram
shows the parting process half =
finished. :

LATHEWORK

A metalwork lathe is a machine used for a number
of turning processes.

chuck

headsfock
tool post tallstock

)it %\
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/ /

leadscrew

Thread cutting

By using a correctly
shaped tool, screw
threads can be cut.

 S——

Boring

Boring is enlarging a
<= hole by cutting away the
The cutting is done by a single point cutting tool. [——————=—=- inside wall.

The tool is made from HSS or from tool steel with a
hard wearing, tungsten carbide tip.

Drilling

. Holes drilled into the ends of rods are perfectly
HSS tool Tungsten tipped tool  centred and run along the axis of the rod.

Cutting edge

Note: The chuck revolves the work, while the drill
bit is held still in the tailstock.

Procasses

A lathe is a very accurate piece of machinery and
all turning processes can be carried out to an
accuracy of one 100th of a millimetre.

chuck

Centre drill
. The centre drill is used for .
Tulrnlng down _ starting a hole. It provides a Lﬁﬁ
This reduces the diameter short pilot hole for the main
of arod. — S — - drill bit.
o KEY WORDS Facing off: Parting off:

Boring: Centre drill:

Draw a labelled view of a metalworking lathe.
What materials are cutting tools made from?
How accurately can a lathe work?

lllustrate four turning processes.

Facing off

This shortens the length of a rod

and provides a smooth flat end at i e

right angles to the side. '

=== gntang What are the differences between drilling using
| a pillar drill and drilling using a lathe?

How do you start the process of drilling a hole,
‘when working with a lathe?

SahON=
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HEAT TREATMENT ° : '-

Work Hardening

When metal is bent or shaped by hitting with a
mallet, the area being reshaped becomes harder
and more brittle. This is why it is possible to break a
length of steel wire by repeatedly bending it
backwards and forwards. Each time it is bent it
becomes harder and more brittle until it breaks off.

One problem is that new metal products are likely to
have areas that have been shaped and are too
brittle. It is possible to get rid of the brittle areas by
annealing the metal.

Annealing
Annealing is the process of heating metal to soften
it and remove the brittleness.

METAL METHOD COOLING TIME
Put soap on the
Aluminium surface and heat with a waglfigg:) ?}f?o tr?ée:ozﬁ in
blowtorch until the soap cold walsr
turns black (400°C)
Steel Heal :?20511?:? red Cool slowly buried in sand
Copper Heat to dull red (500°C) Cool naturally in still air
Annealing steel
Cool slowly,
Heat to burled In sand
cherry

Hardening and Tempering
High Carbon Steel is the only common metal that
can be hardened by heat treatment.

It is hardened by heating to bright red and then
cooling it quickly by plunging it into room
temperature water. It is now very hard, but
unfortunately also very brittle, too brittle to use
without it breaking. It needs to be softened a little to
reduce the brittleness, this is done by the process of
tempering.

Tempering
1. Clean the area to be 2. Heat gently until the correct
tempered. colour appears and moves to the

tip. (see table)

3. Plunge the tip into water and swirl it around. It
is now the correct hardness and not too brittle. |

COLOUR TEMPERATURE USES

o - T
Light brown FEE D"L':iﬁ':;:'"g

(still brittle, not tough)
Scissors, knives
Dark brown | 270°C (quite tough)
» - 290°C "
Dark purple ] Screwdrivers,
(tough, not brittle) spanners

Case Hardening

Mild steel cannot be hardened and tempered
because it does not contain enough carbon for the
process to work. However, if mild steel is heated to
bright red heat and then buried in carbon rich
powder, the carbon melts and soaks into the
surface of the steel to a depth of up to 2mm.

The mild steel can now be hardened and tempered
in the same way as high carbon steel. This is known
as Case Hardening, because only the surface with
the extra carbon becomes hard, the inner core of
mild steel remains soft.

Hard outer case

Case hardened mild steel is
[|,— very tough, because any
cracks that start in the hard,
brittle outer case are stopped
by the soft core.

Soft inner core

KEY WORDS Annealing: Tempering: Case
hardening :

1. Explain how repeat bending of mild steel wire will

result in it breaking in two.

What is meant by the term ‘annealing’?

How would you anneal aluminium?

How would you anneal mild steel?

How can high carbon steel be hardened by heat?

Why does hardened steel need to be tempered?

lllustrate the stages of tempering a screwdriver

head. (State the colour that you need to heat the

blade to).

8. How is mild steel treated so that it can be

hardened?

9. Case hardened mild steel is tough. Why?

. Between the temperatures of 230°C and
300°C, steel can be said to have a built-in
thermometer. How can this be true?

e N SR
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FORMING METAL - BEATING

Beating is probably the oldest method of shaping
metals and relies upon metal's malleability (being
squashed and bent without splitting and cracking).

Hollowing is a procedure used to produce shallow
bowl shapes from circular sheet metal blanks.

1. A circular blank of metal

(copper or brass etc.) is prepared @
by annealing it to make it more

malleable.

Annealing

Annealing is carried out by heating the metal to a
dull red. The metal is now more malleable, so it will
not split when it is hit with the mallet.

The surface will now be black (burnt tarnish) and
this needs to be cleaned off before hollowing. Either
emery cloth can be used to clean it, or the still warm

disc can be placed into a bath of dilute sulphuric
acid.

Note: If the metal is aluminium, it cannot be heated
to red heat because it never glows red. Soap should
be rubbed onto the surface, and the metal heated
gently until the soap turns a dark brown, the correct
temperature has now been reached for annealing.
The burnt soap can be washed off with water.

To form the hollow shape, either a hollowed
hardwood block, or a leather sandbag can be used.

Sandbag

Forming block

2, The metal disc is
placed at a shallow
angle as shown and is
hit with an egg shaped
Bossing Mallet.

%

)

e

e o |

3. After each blow the disc should
be rotated one space, so the next
blow Ilands beside the first.
Starting from the outer edge,
spiral into the centre. The bowl
shape will form automatically.

Sinking is a procedure that can produce a shallow
bowl with a lip around the top edge and a flat base.

The metal disc, shown
in the diagram in
transparent form, is
placed against both

dowel pegs. The edge
on the top surface of
the
remains

sinking block
horizontal
and produces the lip.

A blocking hammer is then
used to create the hollow
shape.

Planishing is a procedure that is carried out after
hollowing or sinking, it is used:

a) to remove any unwanted bumps and to correct
the overall shape.

b) to harden the metal and make it more rigid.

A cut away view of a
Planishing Hammer being
used. The bowl is placed
over a Mushroom Stake.
Starting in the centre, the
bowl is revolved one space
after each blow. The blows
should spiral outwards to the
edge.

The surface becomes covered in little indents that
can be left to give a textured finish, or removed, by
smoothing the surface with an abrasive stone.

KEY WORDS Hollowing: Bossing Mallet:
Sinking: Planishing:

1. Describe how metal should be prepared for
hollowing.

2. What tools can be used to form a bowl shape?

3. lllustrate the hollowing procedure.

4. What is the difference between hollowing and

sinking?
5. Sketch a product made by hollowing and a
product made by sinking.
6. Why should a hollowed product be planished?
7. Give an illustrated description of the planishing

process.
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METAL FABRICATION - RIVETING )

The tools required for riveting with solid rivets are:

Rivet Set & Snap

The hole in this tool is used
to set up the joint by making
sure that the pieces of metal
and the head of the rivet are
pressed firmly together. The
hollow is used to form the
shank of the rivet into a
second ‘head’.

@
&
\- The snap

hollow

Luu e LACR LS LR L LA

Ball-peen hammer

The peen (also spelt
‘pein’) is used to
.. roughly form the
< second head of the
rivet.

The peen

Stage 1

Place the rivet in the joint
and mark a line 1%z times
the diameter of the shank
from the metal to be
joined. Remove the rivet
and cut the shank to the
line.

shank

1% times
diameter

Thick sheet
metal

Stage 2

|  Use two ‘Set & Snaps’.
Hold the lower one in the
vice and tap the upper one
with the normal face of the
. hammer. Make sure that
there are no gaps in the
joint.

Stage 3

Hammer rivet

the
shank into a rough

mushroom shape
using the Ball Peen
part of the hammer
head.

KEY WORDS Set: Snap: Ball Peen: Pop rivet

Stage 4

Use the snap part of the
upper snap & set to smooth
and shape the second head
by hitting it with the
hammer. The rivet is now
complete.

Countersink Riveting
Stage 1 and 2 are the
same as for a round head
\ rivet, except the head of
the countersunk rivet
should be placed on a
solid flat surface. The
shank is hammered by the

peen until it fills the
countersunk hole.
The rough mushroom Elled fiat & flush

shape is then filed until
the head is flat and flush
with the surface of the
metal sheet.

Lining up rivet holes

When more than one rivet is used it is important
that all the holes in one metal sheet line up with the
holes in the sheet to be joined to it.

To make sure the holes line up, mark out and drill

one pair of holes only. Rivet them together and then

line up the metal sheets.

The remaining holes can

then be marked out and
drilled.

Pop Riveting

Mark out, drilt and

rivet one hole first.

pin
Rivet body
Rivet

gun The pin is pulled by jaws in the
head qun. The pin head squeezes into
the tube of the rivet. The pin then
breaks away and leaves the head

s

1. lllustrate how the ball peen of a hammer may
be used, when riveting.

What is the purpose of the Rivet Set & Snap?
How can you make sure that all the holes line
up when using more than one rivet to make a
joint?

4. How is the second head formed on a pop rivet?
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METAL FABRICATION - MECHANICAL

Machine Screws

Machine screws have a parallel thread and need a
threaded hole to screw into. They come in a wide
variety of materials and sizes and are used for

semi-permanent joining.

Schematic drawing of a
thread cheese head
countersunk head pan head

Instead of  drawing a
complicated thread each time,
a simple schematic drawing
can be used.

Common machine screws

G]) GD . Clearance
holes in top
/ material

/ § /\)_LL/ //\:

A RN e
cheese countersunk  pan '\ ;a:tzrial
head head head
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socket head Grub screw (no head)

Clearance hole for the
screw to slide through.

VA7)

N AN

\

Pilot hole for the screw to
bite into.

faia)

SEES
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Self-tapping screw

The self-tapping screw is used on thin sheet metal.
It cuts its own thread into the pilot hole. This can
speed up the manufacturing process, cheaply.

Nut and bolt

A strong method of holding
two parts together

bolt

Washers are used to spread the
load over a slightly larger area
and to prevent damage to the
material as the nut is tightened.

Some washers are used to prevent vibration from
loosening the nut.

Spring washer Serrated washers

Rivets

Rivets are a quick and easy method of permanently
joining materials. However, they can be drilled out if
the materials need to be separated later.

Rivets are made from iron, aluminium and
brass and come in many lengths and
diameters.

royrdRead flathead
% Y,
N\ N

countersunk
head

Pop rivets are used when
it impossible to get to
both sides of the joint.

Pop rivets holding a sheet
of metal to square tubing.
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METAL FABRICATION - THREADING.

Metal can be held together by screws screwed into
threaded holes, and also threaded rod can be
screwed into a threaded hole. Cutting an internal
thread into the side of a hole is known as Tapping
the hole, because the tools used to cut the thread
are called Taps. Cutting an external thread on the
outside of a length of rod is known as Threading
and the tool used to cut the thread is known as a
Die.

Before a hole can be threaded,
the size of the thread must be
decided. In school, threads
from 2mm diameter to 12mm
diameter in Tmm jumps can be
cut. A tap and die have the
size stamped on them, e.g. M8

Xx 1.25. The ‘M’ stands for
Metric. The 1.25 is the
distance in millimetres,

plich
between the tip of each thread

tooth, this is called the Pitch.

When the size of the thread has been decided the
hole has to be drilled to the correct tapping size.
This is a hole that is smaller in diameter than the
thread diameter (nominal size), so that the thread
can be cut into its side. There are printed tables to
tell you which size drill bit to use.

Taps are normally sold in sets of three. If a blind
hole (a hole that does
not go all the way
through a piece of
material) is to be tapped
all three taps are used
in turn, starting with the
taper tap. The taper
allows the tap to start
with its tip firmly in the
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hole and the thread to 8§ L

be cut gradually deeper Taper -'[_-_Taper

into the side, with each s 1.25
threads threads . threads

turn.

tap wreqch

The diagram shows a
plug tap, held in a tap
wrench, completing the
threading of a blind hole.

Tap wrench viewed
from above

o :EG— E«?:H p——

An external thread on a metal rod is cut by using a

ool M

die held in a die stock. The die is /
adjustable so that threads that are
slightly smaller or larger than the
nominal size can be cut. This allows
for a loose or tight fit between the
external and internal threads. Adjustable

split die

Quter screws are
tightened to close

Centre screw is
tightened to open

the die \ / the die
{—Ilwl
Die stock /

It is a good idea to cut the thread with the die split
open as far as possible and then test the fitting of
the external and internal threads. If the threads are
too tight then close the die a little, re-cut and test
again. Repeat the process until the thread runs
smoothly.

Make sure that the die
stock is at right angles to

the rod to stop a
‘drunken’ thread being
cut.

Metal rod screwed
Into a metal base

i
§

True thread

Effect of drunken thread

KEY WORDS Tap: Die: Blind hole: Tap

wrench: Tapping size: Die
stock: Drunken thread:

What does the term ‘tapping a hole’ mean?
Where would you find M10x1.5 printed and
what does each part stand for?

How can you measure the ‘pitch’ of a thread?
What is a ‘tapping size’ hole?

lllustrate a ‘blind’ hole.

What are the three taps that make up a set?
How can you tell the difference between them?
Make a neat sketch of a Tap Wrench,

What is used to cut an external thread?

Explain the use of the three screws found on
the Die Stock.

10. With the help of diagrams explain the effect of a
drunken thread. How can this be avoided?

©oN




