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Introduction
For the learner
This resource will assist you in achieving the basic competency level required in
engineering measurements. The fundamental skills that you learn will be required in
other units within the qualification.
This resource has been developed for learning within an RTO (Registered Training
Organisation). You may acquire some of the skills on the job which will be taken into
consideration by your trainer.
The activities have been written with a view to industry related procedures.

Assessment
Assessment against the competency standard relies on you gathering enough
evidence to demonstrate that you can meet the requirements of each unit.
Your trainer will refer to the Assessment guidelines in the Metals and Engineering
Training Package (MEM05) policy document as the final authority for assessment
against competency.
Most of your assessment will be based on the successful completion of the exercises.
Further assessment of your underpinning knowledge may also be required.

Recognition of current competency or prior learning
If you can demonstrate the requirements of the assessment criteria within the
competency standard, or have completed similar training in this unit of competency,
you may be eligible for Recognition of Current Competency (RCC) or Recognition of
Prior Learning (RPL).
Eligibility of RCC or RPL will reduce your learning time or remove the need for you to
complete this unit. Contact your trainer to discuss this further.

For the trainer
The resource is a lead into other competency units, (but not necessarily a prerequisite)
of trade related activities that the learner will require to achieve competency.
Further skill development supporting this unit may be achieved in other projects within
the scope of qualification.
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Chapter 1 – Marking out tools
Measuring and marking out tools
The following marking out tools detailed in this section are found in engineering
workplaces and used in manufacturing and other general situations.
Marking out tools

Use

Chalk line

To draw lines over a large or long section.

Scratch or marking gauge

Manufactured and used in repetition cutting
and marking.

Straight edge

To mark straight lines.

Engineers’ try square,
combination set and sheetmetal
square

To draw angles and parallel lines.

Scribers

To make sharp clean lines on metal surfaces.

Dividers, common and odd leg

To scribe circles and arcs and to transfer
measurements. They are used to scribe large
diameter circles.

Trammel gauge or beam
compass

To measure distances and transfer
measurements.

In describing these tools and their applications only one or two tools in each category
are mentioned. Although there are many variations, in some cases similar tools are
used similarly. Try to reason why there are variations between tools and look for the
advantages of using a specific tool in a specific situation.
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Fig 1.1 – Measuring and marking out tools
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Marking out
Marking out is the process of laying out information such as centre lines, circles,
outlines etc. Marking out or lining out will:


show if there is enough material to perform a certain operation



help in setting up work on machines



show where material is to be removed



indicate the position of holes.

To mark out you need to understand and be able to explain the meaning of working
drawings, and to transfer this information to the work piece.
Before any marking out is done, study the drawing carefully. Examine the work and
decide whether marking out is necessary and how much is to be done.
The job should then be carefully measured to make sure that there is enough material
to perform all the required operations.
Check also that there are no defects that could cause problems later.
Work to be machined should be marked out with lines for setting up and guide lines for
machining. The lines are made permanent on the surface by light centre punch marks
called witness marks.
It is difficult to make fine clear markings on some surfaces. For this reason, some jobs
are coated with marking solution. Marking lines that are scribed (drawn) after this can
be seen clearly. For example:


castings and other rough surfaces are rubbed with chalk or painted with whiting
mixed with water.



steel and finished or polished surfaces are coated with a copper sulphate solution
or a specially made blue marking out stain.

Certain tools and equipment have been designed to allow marking out to be performed
on a variety of types and sizes of work.

Fig 1.2 – Preparation for marking out
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Fig 1.3 – Mark accurately

Specifications
Specifications include written requirements and drawings. The specification for a job
lays out exactly what its finished quality will be. By reading through the specification,
an experienced tradesperson will know what equipment and processes are needed to
make the article. A detailed specification will normally contain information on:


quality and accuracy of finish required



surface finishing requirements, eg painting



joining requirements, eg welding



testing needed to make sure that the final article is fit for its intended use.

Tolerance and errors
Tolerance is the allowed variation (deviation) from the specified dimensions in finished
work.
Making parts to within their stated tolerances (or limits) guarantees correct fit of parts
without the need for expensive and time consuming rework.
These limits are set out for the original manufacture of the article and are marked on
the template or drawing.
For example, if a part is to be 3 mm with a tolerance of 0.005 mm either way, the
dimension line on the template of the part can be written as:
3.005
2.995
or as:

3  0.005

When lengths are toleranced it is extremely important that each toleranced
measurement is separate.

4
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Similarly when a chain of holes is dimensioned, unless all the measurements are taken
from a single reference (the datum line or datum surface), an error will occur which
is cumulative. This means that the errors will gradually increase with each hole, each
measurement error adding on to the previous one.

Cumulative error – Incorrect dimensioning

One reference line – Correct dimensioning
Fig 1.4 – Tolerances

5
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Cumulative error
Cumulative error is more likely to be a problem when marking out large constructions.
This error occurs by continual re-positioning of the ruler/tape from one point to another,
in view of marking out intermittent points along a line.
In practise, its effects may be avoided by running measurements.

Geometric construction

Fig 1.5 – Geometric construction

Running measurement
Running measurements means taking all measurement from a common datum point or
reference.

Fig 1.6 – Running measurement
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Assembly growth
Making allowances for assembly growth in joined structures typically means making an
allowance of 0.5 to 1 mm for every joint when marking out.

Fig 1.7 – Assembly growth

Layout
The next step in the marking out process is decided by the quantity to be made.
If only one or a few items are required, it is worthwhile trying to identify a suitable
spare piece of material or offcut rather than cutting into a new length, sheet or plate.
However, as labour is normally the largest component of any small job, spending hours
searching through a scrap bin may not be cost effective.
If a large quantity is to be made then the tradesperson should attempt to minimise
wastage.

Nesting
One way to reduce wastage when many parts are to be cut from plate or sheet is to
nest the layout.
In large scale manufacturing, computer programs are used to work out the optimum
(best) layout position for each component. Use of a computer for jobs such as this is
termed computer aided manufacture (CAM).

Single row of circles

Four rows of nested circles – Circular blank layout
Fig 1.8 – Nested layout
7
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Using patterns or templates
The use of patterns or templates greatly speeds marking out for multiple quantities. It
is often worthwhile to make a template if more than three or four items of the one or a
similar design are called for.
Templates can be quite complex. A typical template and examples of the codes used
with it are shown in Fig 1.9. In many jobbing workshops however, templates will be
much simpler than in this example.

Fig 1.9 – Templates

Patterns or templates must always be correctly positioned to avoid unnecessary scrap.

Incorrect position

Correct position
Fig 1.10 – Patterns must be correctly positioned

At one level, templates are patterns used when cutting, shaping, profiling or marking
out for drilling or punching. Templates are also used as supports as well as for checking
the accuracy of the final shape, particularly when a curved product is required.
Templates can be made of steel, wood, or any other suitable material. Often they are
the same three-dimensional shape as the finished product, or the first run of a batch
becomes the template for the rest.
When using templates with sheet stock, the template must be held secure to the sheet.
This can be done by using a magnet, vice grips, G clamps, weights, panel pins or
dowels depending on the material from which the template is made. Tack welds are
sometimes used to secure templates to heavy plate.
8
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Once the template is secured, it is marked around with a suitable tool such as a scriber.
If using a scriber, be careful to place the point of the scriber correctly into the corner
between the template and the plate.

Identifying templates
Templates are marked with information needed to complete a job. Typically, this will
include:






a job number
the quantity required
drilling information
bending information
assembly or reference numbers.

Checking for square
Where sheet material is used, a great deal of material may be wasted by simply failing to
check that the stock is square before marking out.
One process is to mark a datum line and a 90° reference corner, and work from this.
Alternatively, light gauge sheets can be checked for square by using an engineers’
square of sufficient size, and if necessary, trimmed square with a guillotine before
proceeding with detailed marking out.

Unless work calls for extreme precision, in marking out for drilling only the hole
centres need to be marked.

Production drawing

Marking to a
line and 90°
reference

Final mark up
work

Fig 1.11 – Marking out from drawing reference
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Surface preparation
In order to see lines clearly, surfaces may first be prepared with a marking out medium
such as layout die or ink contained in a felt tip pen or marker.
Before the medium is applied, the surface must be clean. Oil or grease should be
cleaned from machined surfaces, rust or scale brushed from steel plate or angle, and
castings dressed to remove sand or irregularities. Edges which are to be used as
references should be free of burrs.

Fig 1.12 – Marking medium

Equipment for marking out
Straight-edges
A quality straight-edge is a strip of high grade, hardened steel with both edges straight,
parallel and smooth. One edge may be bevelled.
A piece of straight steel section or a piece of straight dressed timber can be used as a
straight-edge when a high degree of accuracy is not called for.

Fig 1.13 – Straight-edge

10
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Scribers
Scribers are used to mark sharp clean lines on metal and other surfaces. The main
types are:


those with disposable tungsten tips such as pocket scribers



engineers’ scribers.

Pocket scribers
Pocket scribers consist of a casing which holds a replaceable end or tip. The scriber
end can be removed and reversed to hold the point inside the casing for safe carrying.

Fig 1.14 – Pocket scriber

Engineers’ scribers
Engineers’ scribers may have one end set at right angles for marking through holes or
other parts which cannot be reached by a straight scriber.

Fig 1.15 – Engineers’ scriber

Line scribing technique


Guide the scriber with a straight edge, rule or square held firmly in the required
position.



Tilt the scriber 10° – 15° away from the square or straight-edge to bring the tip as
close to the edge as possible.



When using a square, draw the scriber away from the stock.



Tilt the scriber slightly in the direction of the stroke.



Draw the scriber with a single firm stroke to make a sharp, clean line.

Do not go over the line again as a second stroke will always blur it.
11

Chapter 1 – Marking out tools

Fig 1.16 – Using a scriber

Fig 1.17 – Scribing a line
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Trammels or beam compasses
The trammel or beam compass is commonly used in metal workshops for transferring
large measurements, or for scribing/drawing arcs or circles that are beyond the range
of normal dividers.
The tool consists of a main bar (often calibrated), which can be solid, telescopic or
hinged in the centre, and two adjustable legs fitted with scribing tips. Locking screws
are provided to fix the legs in any desired position along the bar.
A major advantage of the trammel gauge is that distances can be accurately measured
over uneven parts of the work.

Fig 1.18 – Trammels

13

Chapter 1 – Marking out tools

Dividers
Dividers are used for:


drawing arcs and circles



marking out equal spaces along a length of material.

Dividers have two sharp-pointed steel legs (usually) joined by a pivot and bow string.
For most precision types, the distance between the points is adjusted with a screw
and nut. Nuts may be solid or split. The latter type allows for quick resetting while still
retaining the fine adjustment feature.
How to use dividers to scribe an arc.


Establish the length of the radius or other distance required.



Set the dividers to this distance using a steel rule, vernier caliper, etc. If using a
rule, achieve greater accuracy by referencing (placing accurately) the points of
the dividers in the rule’s graduations.



Locate the dividers by setting one of its legs in a positive reference point or layout
mark on the work. This indented reference point can be made with a marking out
or small centre punch.



Swing the other divider leg around to scribe the arc required.

Sharpen dividers by stroking them lengthwise on a fine stone.

Fig 1.19 – Scribing an arc
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Engineers’ chalk
Engineers’ chalk is an ideal marking medium for many materials, eg sheet and plate,
when high accuracy is not needed. It is available in a form that leaves a thin, clearly
defined line on scaled or oil-darkened materials.
Sharpening the chalk in the form of a chisel point and tilting it slightly against the
straight edge or square will assist in forming distinct lines.

The chalk may also be used freehand for general marking.

Fig 1.20 – Engineers’ chalk

15
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Chalk lines
Chalk lines are made from lengths of tough, braided cotton line. Before use, the line is
‘loaded’ (coated) with soft chalk along its length. When the line is stretched between
two points and snapped down, it will deposit a straight line of chalk onto the surface of
the work.
Chalk line reels
The chalk line reel is often used because of its convenience. It consists of a plastic or
metal casing housing a reel of cotton chalk line. A chalk container is also built into the
casing and as the line is withdrawn, chalk is automatically deposited onto the line. The
line is then rewound by a winder which folds away when not in use.
Typical chalk lines are available in 15 and 30 metre lengths. Chalk powder in red,
white or blue, is available in convenient replacement quantities, eg in 30 or 100 gram
containers.

Chalk line reel
Fig 1.21 – Chalk lines

Cotton line on
a stick

How to use a chalk line


Establish the two fixed reference points.



Sweep the area between the two points free of dirt and dust.



Stretch the line tightly and lower it carefully between the two points. Secure it at
the points, or secure one point and hold the other.



Raise the line vertically, about 100 mm above the surface and midway between
the two points, then release it so it ‘snaps’. With practice you will be able to
achieve a thin, straight line.



Recoil the cotton line.

Fig 1.22 – Using a chalk line for marking out a plate
16
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Squares
Many forms of squares are used in the fabrication industry. Fixed types range from the
precision engineers’ square with a blade length of only 100 mm or so, to large plate
squares with blade lengths exceeding 1000 mm. Adjustable and combination types are
also widely used.
Try-squares are available in various sizes and are usually made from steel, although
aluminium alloys are now popular as a material for the stock.
They are made up of a stock and blade, usually constructed separately and joined
together to form the square.
Very small precision squares may be machined from the solid (made from one piece of
metal).
No matter what the square’s form, the blade is always accurately set at 90° to the
stock.
How to use an engineers’ try-square
An engineers’ try-square is a precision instrument used to:


guide a scriber when marking out a line or a series of parallel lines at right angle
to one edge of the work



check the flatness or evenness of surfaces



check the squareness of internal or external right angles (90° angles).

Fig 1.23 – Engineers’ try-square
17
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Combination square
A quality combination square is a versatile, accurate tool with many advantages. It can
be used as a:


rule or straight edge



try square and 45° mitre gauge



depth or height gauge



spirit level.

Fig 1.24 – Combination square

The combination square incorporates a graduated steel rule with a central groove
along one side. The rule may be locked to the body at any point along its length, by
means of a knurled clamping nut and screw mechanism.

Fig 1.25 – Lug location on a combination square
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To draw or scribe lines at 45° or 90° to the stock, use the tool in the same manner as a
try-square.

Scribing 45°

or

90° lines

Fig 1.26 – Scribe lines at 45° or 90° with a combination square

To use the tool as a depth or height gauge you must:


set the stock against the reference or master surface with the knurled nut
loosened



push the blade through the stock until the blade tip touches the surface to be
measured



lock the knurled nut and read the measurement.

Lengths taken from a reference surface may be checked and marked out by a similar
process.

Fig 1.27 – Uses for a combination square
19
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Flat square
The flat (plate) square is used for marking out on large flat plates and sheets. It is also
used in assembly. The tool is made from one piece and is much larger than a try or
combination square.
Large flat squares are not necessarily precision instruments. The accuracy of their
squareness for fine tolerance work cannot be relied on.

Fig 1.28 – Using a flat square

Fig 1.29 – Using a flat square to check the square of a welded part

Care of squares
When not in use, protect squares from damage. Keep try-squares in a box and hang
larger squares on a wall or tool board.
Do not drop or shock squares.
Check the accuracy of squares regularly against a master cylinder or precision square
kept exclusively for this purpose.
20
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Combination sets
A combination set square is a useful and accurate tool which has many uses.
It can be used as a:


rule or straight-edge



try-square and 45° mitre gauge



depth or height gauge



protractor gauge for drawing inclined lines



centre finding gauge



spirit level.

The combination set square is made up of a graduated steel rule with a central groove
along one side and three interchangeable heads:


a square head



a centre finding (sometimes called just ‘centre head’) head



a protractor head.

Fig 1.30 – Combination set

Protractor head
The protractor head is used to measure angles. It has been designed to measure
angles or tapers in degrees and/or parts of a degree.
The protractor consists of a graduated dial face with a straight slide blade (rule) which
can be swivelled to any angle then locked in position with the two locking screws.

Fig 1.31 – Protractor head
21
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To set the protractor head to draw parallel lines at 30°, you must:





loosen the two locking screws on the protractor
set the protractor at 30°
lock the two locking screws on the protractor
lock the slide rule in position.

Fig 1.32 – Setting a protractor head

To scribe parallel lines with the protractor head set at 30°, you must:




take the protractor head to the job and hold it firmly against the edge of the sheet
keep the blade flat on the metal surface
draw or scribe the 30° line or lines as required.

Fig 1.33 – Scribing 30° lines

Centre-finding head
To find the centre of a disc follow these steps.




22

Hold the centre-finding stock firmly against the disc.
Make sure that the steel blade is flat on the disc.
Draw or scribe a line approximately in the centre.



Move the head around the disc through approximately 90° and repeat the above
steps.



Where the two lines cross gives you the centre of the disc.
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Fig 1.34 – Centring a disc

Remember to draw along the edge of the blade passing through the centre
of the head.

23
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Protractors
Angular measurement is as necessary as linear (straight line) measurement.
Protractors have a dial face graduated in degrees with a straight blade that can be
swivelled to an angle then locked in position.
They are used for:


setting work to an angle



testing angles



marking out the position of holes.

A protractor also forms part of a combination set, an instrument based on the
combination square.

Fig 1.35 – Measuring an angle with a protractor
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Punches
Punches are used in the marking out process to:


permanently mark positions on work, eg by making ‘witness’ marks on centre
lines and reference lines



locate a centre position, eg for marking circles with dividers or to give a start for a
drill point (centre popping).

A punch with an included angle at the point of 60° (a marking out punch) should be
used for all marking out work, and 90° (centre) punches kept for use in starting drills.
Most punches are made from high carbon steel, with only the tip hardened, and the
striking end left soft. Some types are made with square shanks.

Fig 1.36 – Point angles

Using a punch


To place the punch accurately in position:






hold the punch between the thumb and forefinger while resting the little
finger on the work to steady the punch
incline the punch away from you and place the tip exactly on the marked
spot to be punched.

Bring the punch upright and hit it squarely with a clean, sharp (but not hard)
hammer blow.

For layout work, only a very small hammer is needed.

25
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Fig 1.37 – Use of a punch

Caution:
Always wear eye protection when using punches as they have the potential to
cause serious injury. For example, the head of a punch may shatter and send
pieces flying out when struck with a hammer.
Maintenance:
With extended use, punches tend to split (due to work hardening) and
‘mushroom’ at the striking end. For safety, this damaged material should be
ground away.

26
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Marking out review questions
1.

Before marking out is commenced, what are you required to do first?
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

2.

Some materials are difficult to mark clearly. What can be done to help highlight the
marked area?
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

3.

What is the appropriate use of each of the following tools?
a.

Chalk line

_________________________________________________________________
_________________________________________________________________

b.

Bevel gauge

_________________________________________________________________
_________________________________________________________________

c.

Flat square/plate square

_________________________________________________________________
_________________________________________________________________

d.

Trammels

_________________________________________________________________
_________________________________________________________________

27
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4.

State the use of each of these components in a combination set.
a.

Square head

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

b.

Protractor

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

c.

Centre head

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

d.

Rule

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

e.

Spirit level

_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

28
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Explain what is meant by the term cumulative error.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

6.

Why is it important to work within a tolerance limit?
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

7.

Templates can be used in a variety of applications. Name three uses of a template.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

29
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Chapter 2 – Measuring tools
Measuring tools
There are many forms of measuring tools used in industry. The accuracy of these tools
depends on the way they are used and treated.
Treat measuring tools as delicate precision instruments. Use them carefully and they
will keep their accuracy longer.
Have the measuring tools you use checked regularly to make sure of their accuracy.
Measurements may be taken by:


direct reading of a scale by eye when you ‘sight’ (view) graduations on a rule



the contact of the measuring tools on the work, for example, with calipers or
micrometers.

Imperial verniers and micrometers (which use measurements given in inches and
feet) are not described here, because their use is specialised (eg in the aircraft
industry). If your work requires you to know about these instruments, ask your trainer
about the procedure for recording measurements. The methods for use are similar to
those described here.

Fig 2.1 – Using measuring tools
31
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Reading scales accurately
To obtain accurate readings every time when taking a direct reading from a scale, take
care when sighting the scale.

Fig 2.2 – Possible sighting error

Parallax
An optical error called parallax must be avoided.
Parallax is the apparent change in the position of an object viewed against a more
distant object.
Parallax may be demonstrated as follows.


Hold a pencil vertically in each hand, directly in front of you.



Hold one pencil at arm’s length and about 150 mm in front of the other pencil.



Keep your hands steady and close one eye.



Move your head sideways until the two pencils are in line.



Now move your eye to the left and right of this position by moving your head
sideways.

Observe how the pencil nearest you appears to change position. This is the optical
illusion of parallax.
Avoid this illusion when taking readings from scales.

Fig 2.3 – Parallax principle

32
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Fig 2.4 – Look along rather than at the line

Avoiding parallax


Hold the scale so that its graduations are as close as possible to the part being
measured.



Sight the graduations squarely off the scale.

Fig 2.5 – Avoiding parallax

33
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Graduated steel rules
Graduated steel rules are used for measuring lengths to a moderate degree of
accuracy.
Most steel rules are marked with dual graduations, eg millimetres on one edge, and
inches and fractions of an inch on the other edge.
Rules are described by their length. Those used in metalworking range in length from
150 mm (6 in) to 2 m (approx 6 ft 6¾ ins).

Fig 2.6 – Steel rules

Many areas of engineering, such as the aircraft industry and the heavy machinery
sector, still use imperial measurements (feet and inches).

34
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Using a rule
Correct use of steel rules is necessary for accurate reading. Proceed as follows.


Place yourself and the article to be measured in the best reading light.



Position the rule at right angles to your eye so the graduations are clearly seen.
These graduations can be as fine as one millimetre or even half a millimetre.

Fig 2.7 – Positioning the rule

A way of checking squareness
Squareness of large assemblies can be checked to a reasonable degree of accuracy
by measuring the diagonal corner distances. If the distances are the same, the
assembly is square.

Fig 2.8 – Checking for squareness
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Measuring with a steel rule
End of rule method


Place the square end of the rule level with one edge of the metal – make sure the
rule is at 90° to this edge.



View the scale squarely so an accurate reading is obtained.



The measurement read from the rule is the measurement required.

Fig 2.9 – End of rule method

Edge of rule method
If the rule is worn on the end then the following method is suggested.


Steady the work with your left hand.



Hold the rule with your right hand and steady it with your right thumb against the
work.



Place the edge of the rule on the surface so that the face of the rule is at right
angles to the work and square across it.



Sight up the first numbered graduation with the left-hand edge of the work.



Sight up the nearest graduation in line with the right-end edge of the work and
take the reading.

This procedure is for right-handed people. Left-handers should adapt the positions.
Remember to subtract the first number graduation from your final reading to obtain
the accurate measurement required.
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Fig 2.10 – Edge of rule method

Other uses for the steel rule
A steel rule can also be used as a:


guide to draw or scribe a straight line



straight-edge to test the accuracy of a flat surface



scale for setting dividers and other marking out tools.

Fig 2.11 – Transferring measurements
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Measuring tapes
A measuring tape is made up of a flexible metal blade housed in a metal or plastic
case. The blade is coiled, usually under the control of a strong spring. Tapes are used
for measuring long distances with a reasonable degree of accuracy. They offer greater
convenience than that of a series of measurements made with a steel rule.
Common types are often in the range from three to ten metres long, however longer
lengths, eg 30 metres, are available.
Inside measurements are possible with many of the smaller varieties. This is achieved
by adding the length of the case (normally marked on it) to the measurement indicated
on the rule.

Fig 2.12 – Types of measuring tapes

Retracting mechanisms
Smaller tapes normally retract (pull back) under spring tension once their locking button
is released. Care should be taken not to do this without restraint as the tape can snap
back violently. Restraint may easily be provided by gripping the end of the tape with the
hand, and guiding the tape back up until it is fully coiled again.
Non spring-retract tapes are returned into the case by operating a turning mechanism.
The handle can be folded away when not in use.
Steel tapes
This tape is used for measuring long distances. They are usually 10 or 30 metres long,
however longer lengths are available.
Steel tapes are returned into the case by operating a turning mechanism. The handle
can be folded away when not in use.
Steel tape rules
Steel tape rules are available in two, three, five, seven, eight and ten metre lengths.
The three and five metre tapes are the most common.
Tape rules have a power return spring which automatically returns the tape blade into
the housing. Do not allow the tape to suddenly return as the hook will break off. A lock
is often included to hold the blade in the open position as well as slow its return into the
case.
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Looking after tapes
Measuring tapes will last for many years if the following cautions are observed.


Don’t abuse the blade or the tape housing.



Retract the blade gently.



Keep the blade free from grit and moisture.



Avoid leaving the tool exposed for long periods to the direct rays of the sun. This
can buckle the blade or degrade the housing.

Using tapes
Tapes can be graduated in either metric or a combination of metric and imperial (feet
and inches) measurements.
The steel tape can be used in most situations, but it is best used for on-site setting out
and for taking on-site measurements.
The fixed end hook on a steel tape compensates for the thickness of the metal when
taking inside or outside measurements, so it is important to place it correctly.
The tape rule is used for all types of measuring and setting out within the range of
its length. The main advantage in using a tape or a tape rule is to eliminate errors
which occur when a steel rule is used for distances longer than its length. Also, curved
surfaces can be measured accurately.

Typical tape ends

Fig 2.13 – Tape rule applications
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Calipers
Calipers are classed as either inside calipers or outside calipers.
An inside caliper is used with a rule to measure the internal dimensions (sizes and
shapes) of parts.
An outside caliper is used with a rule to measure the external dimensions of parts.
The type and construction of outside calipers is the same as the inside caliper except
the legs are turned inwards.
Common types of calipers are:


spring-joint calipers which have:







two legs
a circular spring
a pivot pin
an adjustment screw

fixed-joint calipers which are similar in construction to the spring-joint caliper
except for the adjustment screw and the circular spring, both are not fitted.

Fig 2.14 – Types of calipers
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Using calipers
Since calipers do not have a scale, they must be used with a steel rule to measure
the dimensions of a part. To measure the outside diameter of a piece of pipe using an
outside caliper and a steel rule:





open the caliper legs to a distance greater than the pipe diameter by turning the
adjustment nut anticlockwise
hold one leg against the pipe and turn the adjustment nut slowly clockwise
move the other leg backwards and forwards in a small arc directly across
the pipe
continue to turn the adjustment nut until a slight drag is felt as the leg moves
past the pipe.

Fig 2.15 – Adjust caliper

To measure the distance between the two legs with the steel rule:




place one leg at the end of the rule near the corner
place the other leg over the scale of the rule
sight and record the reading from the rule scale.

Fig 2.16 – Reading the measurement
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Measuring tools review questions
1.

Parallax error is a problem when working with tight tolerances. In your own words
describe what parallax error is and how you can avoid it.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

2.

3.

As a tradesperson you are required to select appropriate measuring tools. Which
device should you select to measure the following?
a.

12 m

__________________________________________________

b.

13.2 mm

__________________________________________________

c.

758 mm

__________________________________________________

d.

200 mm

__________________________________________________

State the difference between a steel tape and a steel tape rule.
a.

Steel tape __________________________________________________
___________________________________________________________

b.

Steel tape rule _______________________________________________
___________________________________________________________

4.

What is the recommended maintenance and storage procedure for steel tapes?
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
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Why is it recommended that you slow the tape when retracting it?
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

6.

How does the hook compensate for inside and outside measurements?
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

7.

What is the correct procedure to read a steel rule?
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

8.

How can the use of inside and outside calipers be used to assist in the measuring
of an object?
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
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9.

State which measuring device you would use to measure the drawings in Fig 2.17.
a.

___________________________________________________________

_________________________________________________________________
b.

____________________________________________________________

_________________________________________________________________
c.

____________________________________________________________

_________________________________________________________________

Fig 2.17
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Chapter 3 – Gauges
Gauges
The term gauge refers to a tool or device used in checking dimensions, angles or
shapes of objects to determine if they are within acceptable limits (or tolerances)
specified for the work. Gauges are fixed, specialised tools rather than adjustable tools,
however this term is also used in naming certain measuring and layout tools which
check or measure a particular dimension of an object such as thickness, depth or
diameter.
Parts must be the same size and tolerance in order to be interchangeable, so gauges
are absolutely necessary in the production of goods that require repairs or the
replacement of parts.

Types of gauges
Screw pitch and thread gauges
A thread gauge is used to determine the shape and pitch of an external or an internal
thread.
These gauges consist of a steel case with a number of folding thin steel alloy blades at
each end. Each leaf blade has teeth of a particular pitch, which is marked on the leaf
blade.
The case is marked to show the type of thread and the range of pitches.

The pitch of a thread is the distance from the point of one thread to the corresponding
point of the next thread.

Fig 3.1 – Thread gauge
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Fig 3.2 – Basic form of ISO metric threads

Checking the pitch of threads


Use a steel rule to find the pitch or teeth per inch of a thread.



Place the rule along the thread, parallel to its axis.



Line up the top of one tooth with a major division.



Count the number of teeth to match a whole number of divisions.



Calculate the number of threads per inch.

The pitch of a metric thread can be checked by direct measurement with a metric rule.

Remember 1 inch = 25.4 mm

Range of
pitches

Fig 3.3 – Screw pitch gauge
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Using a screw pitch or thread gauge


Select a gauge of the correct thread form.



Find and try a leaf blade that looks close the pitch of the thread.



Keep the leaf blade parallel to the thread axis.



Check that the gauge leaf blade fits the thread accurately. If not, try the next leaf
blade.



Read the required pitch directly from the leaf blade that accurately matches the
thread.

Threads with imperial dimensions have their pitches indicated indirectly as a given
number of teeth per inch. Gauges for such threads have the number of teeth per inch
stamped on the leaf blades.

Fig 3.4 – Use of screw pitch gauges
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Thread forms

Thread proportions
Fig 3.5 – Thread types

48

Thread starts

&Fabrication

Perform engineering
measurements

Radius gauges
The radius gauge is used to determine the radius of fillets and rounds on machine
parts, or as a template (pattern) when grinding form cutting tools.
The blades are usually grouped in sets, each set containing a range of sizes. They
are either housed in a holder similar to feeler or thread pitch gauge blades, or stored
separately in a pouch.
A rod that allows the individual gauge blades to be set at different angles is a useful
tool for checking in hard to reach places.

Fig 3.6 – Radius gauges

These gauge sets are made with blades which have convex and concave arcs of the
same radius on each blade.

Fig 3.7 – Using a radius gauge
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Feeler gauges
Thickness or feeler gauges are used in the workplace for:


setting the position of equipment



adjusting the clearance



checking wear between parts



measuring small slots or grooves.

They consist of hardened steel blades or leaves of various thickness held together at
one end between firm side plates. Each blade is marked with its size.
The blades are used singly or combined to build up the required size.

Fig 3.8 – Feeler gauges

Remember the number on the gauge is in hundredths of a millimetre, that is,
1 on the gauge means 0.01 mm and 100 means 1.0 mm.
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Fig 3.9 – Checking clearances with feeler gauges

Use feeler gauges carefully to avoid damage. Particular care is needed when using
the thinner blades.
Do not attempt to close thin blades separately. Fold them between several other
blades before closing them into the case.
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Marking gauges
Marking gauges (scratch stocks, scratch gauges) are used for accurate transfer of
measurements and repetition marking of metals in layout work.
There are two types of marking gauges:


adjustable marking gauges for metalwork are similar to those used in the
woodworking trades, except that they are made entirely of metal



fixed or scratch gauge used in mass production.

Fig 3.10 – Fixed gauge

Fig 3.11 – Adjustable marking gauge
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Adjustable marking gauges
There are many varieties of adjustable marking gauges.
The advantage of this type of gauge is that it can be adjusted and set to mark any
required distance within its capacity.
To set an adjustable gauge:


loosen the thumb screw



slide the stock along the stem to the required distance from the pin



partly tighten the thumb screw



check the distance and adjust if necessary by gently tapping the end of the stem
on a solid surface, such as a bench top



when set correctly, tighten the thumb screw by hand.

Fig 3.12 – Adjusting the gauge

To produce a line or lines parallel to the edge of a sheet:


hold the marking gauge firmly in the hand with the sharp point of the pin pointing
downwards



the thumb must be against the stem almost opposite the pin with the first finger
curved over the stock



roll the hand until the point of the pin is pointing slightly away from you



holding the gauge with its stock against the edge of the material, slowly draw it
towards you.

Fig 3.13 – Gauging a line
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Bevel gauges
A bevel gauge consists of a body with an adjustable sliding blade that may be set and
clamped at an angle to the body. They are used for transferring or checking angles in
many metalworking situations.
Use a bevel gauge as follows.


Set the blade of the gauge to the angle required.



Lock the blade to the body with the clamping screw.



Transfer the gauge on to the work.



Compare the setting of the gauge against the angle on the work.

Bevel gauge

Checking the cutting angles of a
twist drill with a bevel gauge
Fig 3.14 – Bevel gauge

Many additional precision instruments and tools, such as universal bevel protractors
and sine bars, are available for use in angular measurement or layout work.
Take note of these and any other shop methods used for accurate measurement of
angles, tapers or bevels in the place where you work.
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Gauges review questions
1.

Give a brief description of the term ‘gauge’.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

2.

Give two examples of where a gauge could be used.
a. ______________________________________________________________
_________________________________________________________________
_________________________________________________________________

b. ______________________________________________________________
_________________________________________________________________
_________________________________________________________________

3.

A screw pitch and thread gauge are used to determine the shape and pitch of an
external and internal thread. What is meant by the term ‘pitch’?
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
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4.

Name three uses of a feeler gauge.
a. ______________________________________________________________
_________________________________________________________________
b. ______________________________________________________________
_________________________________________________________________
c.

______________________________________________________________

_________________________________________________________________

5.

How would you use a feeler gauge to check the clearance between two objects?
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
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Chapter 4 – Precision measuring tools
Vernier calipers
A vernier caliper is used to accurately measure the internal or external dimensions of a
component (part).
The common vernier caliper consists of a fixed jaw and a frame or beam along which
an accurately graduated scale is engraved.
When you have finished using the vernier, it must be:


wiped clean



oiled with a suitable protective oil



stored in a protective box.

Fig 4.1 – Vernier caliper
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Using vernier calipers
External measurement
To use a vernier caliper to measure the outside diameter of a piece of pipe you must do
the following.


Open the caliper jaws by:


loosening the lock-screw



then moving the slide and the movable jaws away from the fixed jaws.



Insert the piece of pipe between the external caliper jaws.



Adjust the jaws to the pipe diameter by:


holding the fixed jaw against one side of the pipe



then sliding the movable jaw towards the other side of the pipe



then pressing the movable jaw against the side of the pipe while tightening
the lock-screw.



Withdraw the caliper from the pipe.



Sight and record the reading on the fixed and vernier scales.

Fig 4.2 – Taking an external measurement
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Internal measurement
To measure the inside (bore) diameter of a cylinder with a vernier caliper you must do
the following.


Close the caliper jaws by:


loosening the lock-screw



then pushing the slide bar towards the fixed jaws.



Place the internal jaws into the cylinder bore.



Adjust the jaws to the bore diameter by:


holding the fixed jaw against the bore



then moving the slide and movable jaw towards the other side of the bore



then applying a slight force on the slide and tightening the lock-screw.



Take the internal jaws from the cylinder bore.



Sight and record the reading on the fixed and vernier scales.

Due to the difficulty in aligning and proving the squareness in some locations, the
accuracy of internal jaw measurements may be poor.

Fig 4.3 – Measuring an internal diameter
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Reading a vernier scale
The vernier scale consists of two scales:


the main scale



the vernier scale.

The main scale is graduated into standard divisions similar to a graduated steel rule. In
a metric vernier, the main scale is graduated into millimetres, with each tenth millimetre
being numbered.
The vernier scale is made so that when its length is divided into a number of equal
parts, each part represents a proportional length on the corresponding main scale
division. In a metric vernier, the scale is made 49 millimetres long and divided into 50
equal parts.
The length of each division is one fiftieth of the total length of 49 millimetres which
equates to:
1
of 49 mm = 0.98 of a millimetre.
50

Main scale divided into millimetres with
each 10th numbered

Fig 4.4 – Metric vernier scales
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Reading the scales on a vernier caliper
To read the scales on a vernier caliper you must do the following.


Locate the zero (0) on the vernier scale and note the position of its graduation on
the fixed scale.




For those vernier calipers that do not have numbers marked on their vernier
scales, use the far left graduation.

Observe and record the number above the nearest large graduation on the fixed
scale to the left of the zero graduation on the vernier scale.




For those scales marked in millimetres (mm), write the full number. For
example; if the number is 10, then write 10 mm.
For those scales marked in millimetres (mm), drop one zero and write the
remaining number. For example; if the number is 100, then write 100 mm.



Count the small graduation between the large graduation and the zero
graduation.



Write the number on the right of the first number and then place a dot (decimal
point) on the right of the second number. For example, if there are seven (7)
small graduations, then 107.0 mm is written.



Carefully look along the vernier scale until one of its graduations is aligned with
one of the fixed scale graduations.

Generally, every five millimetres (5 mm) is marked with a medium graduation.

Fig 4.5 – Reading the scales
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Using the following chart, convert the vernier scale reading to a decimal fraction
of a millimetre.
Number of graduations on scale



Multiply reading by

Ten graduations (1/10 mm)

0.1

Twenty graduations (1/20 mm)

0.05

Fifty graduations (1/50 mm)

0.02

Add this result to the other numbers.
The example shows a vernier setting.
The main scale reads 60 millimetres.
The vernier shows the fifth line which represents 0.5 mm, plus
3 extra divisions which represent 3  0.02, that is 0.06 mm.
Total reading is

60
+ 0.5
+ 0.06
= 60.56 mm

Fig 4.6 – Vernier setting example
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Vernier calipers with dials
These are calipers with a dial face which replaces the vernier scale.
They will measure to the same accuracy as other verniers. The dial has the advantage
of providing quick and easy readings.
The dial is graduated to represent a proportion of the main scale division.
One complete turn of the pointer around the dial represents a distance of one main
division on the main scale.
Read a dial vernier as follows.


Note the number of main divisions to the left of the movable jaw.



Read the dial and add the additional readings to the main scale reading.

Fig 4.7 – Dial vernier
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Vernier height gauges
The vernier height gauge is similar to the vernier caliper.
The graduated frame is held in a vertical position by being attached to an accurately
ground base.
Vernier height gauges are read in the same way as vernier calipers, except that the
readings should be taken from the movable jaw to the base.
The height gauge would be used on a surface plate or table. It is designed for
accurate marking out or checking heights. A depth gauge and a scribing blade are two
attachments that may be clamped to the measuring bar of the height gauge.

Fig 4.8 – Vernier height gauge
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Vernier protractors
Vernier protractors are protractors that have a vernier on their graduated scale to allow
them to be set to a much greater accuracy.
Generally they give an accuracy of five (5) minutes which is one-twelfth of a degree.

Fig 4.9 – Vernier protractor

Fig 4.10 – Vernier protractor scales

The principle of a vernier protractor is explained as follows.


The main scale of the protractor is graduated into 360 degrees, reading 0 to 90 to
0, then 90 back to 0.



The vernier scale is made to cover an arc of 23 degrees of the main scale. It is
then divided into 12 equal parts.



The length or angle of each division is therefore one-twelfth of the total arc of
23 degrees.
1 of 23  23°
12
12
 11°
12



The length of the corresponding divisions on the main scale is two (2) degrees.
Therefore the length of the vernier divisions is one-twelfth of a degree shorter
than the length of the corresponding divisions on the main scale.
2 of 1

11
1°

12
12
60'

12
 5'
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Reading a vernier protractor
As shown in Fig 4.11, the vernier scale is duplicated to read either side of the zero.
If you read the main scale in an anticlockwise direction, continue reading the vernier
scale in an anticlockwise direction from zero.
If you read the main scale in a clockwise direction, continue reading the vernier scale in
a clockwise direction.
Always make sure the vernier reading is added to the main scale reading.
Read a vernier protractor to one-twelfth of a degree as follows.


Read the degrees of the main scale up to the zero of the vernier.



Continue reading on the appropriate vernier scale.



Note the number of the line on the vernier scale that is opposite a line on the
main scale.

As each line of the vernier scale represents an arc of five (5) minutes, multiply the
number of this line by five, and add the result in minutes to the degrees of the main
scale.

Fig 4.11 – Reading the vernier protractor scales: Example 1
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Fig 4.12 shows a vernier protractor set to an angle.
The main scale reads 52° up to the zero of the vernier.
The ninth line on the vernier is opposite a line of the main scale.
9  5′ = 45 minutes
Add this to the main scale reading of 52°.
Total vernier protractor reading is 52° 45′.

Fig 4.12 – Reading the vernier protractor scales: Example 2
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Metric micrometers
Micrometers are measuring instruments that allow accurate measurements to be taken.

Outside micrometers
Outside micrometers are used to measure:


outside diameters



thicknesses of material



lengths of parts.

They are available in various sized fames, however all sizes have a measuring range
limited to the length of the thread on the spindle.

Parts of the outside micrometer
An outside micrometer is made up of a U-shaped frame with an anvil fixed at one
end and a spindle, which can be turned through a fixed nut to control the opening
between the measuring faces of the anvil and spindle. The sleeve on which the major
graduations are marked is fixed to the frame. The thimble, fitting over the sleeve, is
fixed to the screwed end of the spindle. Better micrometers are fitted with a ratchet
to allow a uniform ‘feel’ to be obtained when measuring. The locking ring provides
a method of fixing the spindle after setting so that the micrometer can be used as a
gauge.
The principal parts of a micrometer are:


frame



anvils



spindle and thread



sleeve or barrel



thimble.

Fig 4.13 – Outside micrometer
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Using a micrometer


Select a micrometer with about the correct range.



Hold the micrometer in one hand by:



holding the thimble lightly between your thumb and first finger
then wrapping your third and fourth fingers around the frame and holding it
firmly.



Increase the gap between the anvils by turning the thimble anticlockwise until the
gap is large enough to allow the object to be inserted.



Hold the object to be measured firmly in your other hand, and place the object
between the anvils.



Adjust the anvils to the dimensions of the object by:


turning the thimble back and forth a very small amount until an even light
resistance is felt.



Remove the object from the anvils.



Lock the spindle with the locking device.



Read the scales on the micrometer.

Fig 4.15 – Holding the micrometer with one hand

Fig 4.16 – Holding the micrometer with both hands
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Graduations on a metric micrometer
The thread is ground with a pitch of 0.5 mm so that one revolution of the thimble
moves it and the spindle forward 0.5 mm.
The datum line is graduated in full millimetres above and half millimetres below the
line.
The thimble has 50 divisions and, as one revolution moves it forward 0.5 mm, one
division represents 1/100 mm or 0.01 mm.

Fig 4.17 – Graduations on a metric micrometer

Reading a metric micrometer
Read a 0-25 mm micrometer (nominal (smallest) size = 0.00 mm) as follows.


Read on the barrel scale the number of millimetres that are completely visible.



Add any half millimetres that are completely visible.



Note the number of the graduation on the thimble scale that is level with the
datum line.



Add the thimble reading to the other reading.



Observe and record the nominal size of the micrometer frame, that is; for a
0.25 mm micrometre, record 0.00 mm or for a 50-75 mm micrometer, record
50.00 mm.



Add the scales result to the nominal size of the frame to obtain the dimension of
the object being measured.
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Fig 4.18 – Reading a metric micrometer

The nominal size is the smallest size of the micrometer’s range. It is when the thimble
zero and the sleeve zero are together, and is sometimes called the zero size.
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Fig 4.19 shows a micrometer set to a reading.
There are five millimetres between the zero and the thimble. There is also one
graduation of 0.5 of a millimetre. The twelfth line of the thimble scale is level with the
datum line.
The reading of the micrometer would be:
+ 5.0 mm
+ 0.5 mm
+ 0.12 mm
Total reading 5.62 mm .

Fig 4.19 – An example of a micrometer set to a reading
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Inside micrometers
Inside micrometers are used to measure:


inside diameters of holes



distances between internal parallel surfaces



other inside dimensions.

Fig 4.20 – Inside micrometer

Inside micrometers are supplied with a series of extension rods to measure a range of
sizes. You would fit an extension rod to an inside micrometer as follows.


Select an extension rod which will cover the range required.



Loosen the clamping screw on the sleeve.



Remove any extension rod which may be in place and put it in its protective box.



Wipe the locating faces on the new rod and micrometer with a clean cloth.



Insert the rod into the body of the micrometer with the curved anvil outwards.



Press the locating face against the end of the micrometer.



Tighten the clamping screw to hold the rod in position.

Check the zero setting of the inside micrometer by measuring it with an outside
micrometer of the same size.
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Fig 4.21 – Preparing an inside micrometer
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Using inside micrometers
Use an inside micrometer to measure the diameter of a hole as follows.


Fit an extension rod to suit the size of the hole being measured.



Hold the body of the micrometer between the finger and thumb of one hand.



Support the other end with the thumb and finger of the other hand.



Rest this hand on the surface of the work being measured and hold the extended
anvil so that it just touches the surface just inside the hole.



With the extended anvil as a pivot, move the body of the micrometer through the
hole. (The ends of the anvils are curved to allow proper clearance in the hole.)



Turn the micrometer thimble with your thumb and finger until you feel the anvil
just touching against the surface.



Pass the anvil through the hole several times to make sure that a measurement
is being taken directly through the centre.



Continue to adjust the thimble until you feel a smooth light pressure against the
anvil as it passes through the hole.



When the ‘feel’ is satisfactory, lift the micrometer carefully from the hole.



Read the measurement shown on the barrel.

Add the micrometer reading to the length of the extension rod being used to obtain
the size of the hole.
The construction of an inside micrometer does not allow it to be used to measure a
hole smaller than the overall length of the micrometer barrel and its anvils.
To measure smaller diameter holes accurately, a telescopic bore gauge should be
used.

Fig 4.22 – Using an inside micrometer

Fig 4.23 – Using an extended handle
to measure a small deep bore
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Depth micrometers
Depth micrometers are special micrometers used to measure:


depths of holes



depths of grooves or recesses



heights of shoulders or projections.

Interchangeable extension rods
The measuring range of depth micrometers can be increased by using interchangeable
extension rods.
Change the extension rod of a depth micrometer as follows.


Hold the lower portion of the knurl on the thimble firmly between the thumb and
first finger.



Use the thumb and finger of your other hand to loosen the knurled clamp by
turning it anticlockwise.



Unscrew the clamp completely from the thimble.



Remove the existing rod by pulling it completely out of the thimble and place it in
its protective box.



Select a suitable length extension rod for the work to be measured.



Check carefully that the locating face on the end of the thimble and the shoulder
of the extension rod are clean.



Insert the rod into the thimble and push it down to the locating face.



Replace the knurled clamping cap.



Tighten the clamp to a firm finger-tight pressure.



Check the zero settings.

Fig 4.24 – Depth micrometer
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Using depth micrometers
A depth micrometer may be used to measure the depth of a recess as follows.


Check that the extension rod fitted is suitable for the depth to be measured.



Wipe clean the face of the micrometer frame and the area to be measured.



Support the frame across the edges of the recess.



Hold down the frame firmly on the top surface with the first or second fingers of
one hand.



Use the finger and thumb of your other hand to adjust the thimble until the end of
the extension rod touches the bottom of the recess.



Allow your finger and thumb to slip on the knurled part of the thimble to obtain the
correct ‘feel’.



Press down firmly on the frame with your hand. As the rod is screwed down, it
tends to lift the frame and give an accurate reading.



Remove your fingers from the thimble and carefully read the setting on the
micrometer scale.

The graduations on depth micrometers are reversed to the scale of outside
micrometers. This means that the readings are covered by the thimble as the
micrometer is extended.

Fig 4.26 – Measuring the depth of a recess

Fig 4.27 – Reading depth micrometers
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Types of micrometers
Special purpose micrometers
Some micrometers have anvils designed for specific purposes, such as the measuring
of:


the wall thickness of tubing



the thickness of paper sheet



the pitch diameter of screw threads.

Ask your trainer to show you any special purpose micrometers used.

Fig 4.28 – Tube micrometer and thread measuring anvils

78

&Fabrication

Perform engineering
measurements

Digital micrometers
Digital micrometers operate on a similar principle to other micrometers. They give a
direct numerical reading of size on a dial in the frame.
The figures on the dial:


make the micrometer quick and easy to read



accurately measure size



help eliminate reading errors.

Fig 4.29 – Digital micrometer

Care of micrometers
Micrometers are precision instruments. Their accuracy depends upon the way they are
used and treated.
Cleaning
Clean the face of the spindle and anvil before using the micrometer with a soft cloth or
by lightly closing the jaws on a piece of paper and then drawing the paper out.

Fig 4.30 – Clean and replace the micrometer and its extensions immediately after use
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Check the zero reading
The zero reading can be checked by closing the spindle gently and checking whether
the zero line on the thimble aligns with the zero on the hub. If they are not aligned,
make adjustments by following the manufacturer’s recommendations for this operation.

Gauge blocks are used to check micrometers other than 0-25 mm.

Fig 4.31 – Minimum measuring range of a micrometer
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Protecting a micrometer from damage
The following precautions should be followed when using a micrometer.


See that the work is clean and dry.



Do not attempt to measure over rough surfaces.



Make sure the work is stationary before attempting to take a reading.



Make sure the spindle clamp has been loosened before turning the thimble.



Do not screw the spindle beyond the barrel scale.



Handle the micrometer as little as possible and never allow it to be exposed to
heat.



Keep the micrometer square to the work during readings.



Never apply excessive force to the thimble.



Try to develop a light constant ‘feel’.



Do not put a micrometer down in a position where it could be knocked or
dropped.



Replace any attachments such as extension rods in their box immediately after
they have been used.



Do not attempt to make adjustments to micrometers unless you have been
trained to do this.



Have micrometers checked regularly over their range of size.



When you have finished using the micrometer, it must be wiped clean, oiled with
a suitable protective oil and stored in a protective box.

Fig 4.32 – Protect a micrometer from damage

81
81

Chapter 4 – Precision measuring tools

Precision measuring tools review questions
1.

Fill in the missing words to complete the sentence.
The common vernier caliper consists of a __________________________ and
a __________________________, along which an accurate graduate scale is
engraved.

2.

State three types of dimensions that can be measured using a vernier caliper.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

3.

4.

Name the two scales that are marked on the vernier.
a.

___________________________________________________________

b.

___________________________________________________________

State two types of vernier scales.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

5.

What is the correct way to sight/align and read a vernier scale?
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
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State the appropriate care procedure that you should use during and after using a
vernier.
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________
_________________________________________________________________

7.

Compare a metric vernier with that of a metric micrometer and state the finest
accuracy of each.
a.

Vernier

_________________________________________________________________
b.

Micrometer

_________________________________________________________________

83
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Chapter 5 – Methods of heating
Temperature measurement
The most commonly used temperature measuring devices are:


temperature sensitive crayons and paints



thermocouples



pyrometers.

Temperature sensitive crayons and paints
These crayons and paints are designed to measure a broad range of temperatures.
The job is marked with the crayon or paints and when the required temperature is
reached, the mark either melts or changes colour. Crayons come in sets, with each
crayon being sensitive to a particular temperature.

140

Temperature
sensitive crayon
Plate to be
pre-heated

Crayon mark
changes colour when
plate temperature
reaches 140 C

Unaffected crayon
marks mean that the
metal has not yet been
heated to the required
temperature

Colour change
indicates metal is at
required temperature

Fig 5.1 – Temperature sensitive crayons
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Thermocouples
A thermocouple consists of two wires of dissimilar composition joined at the ends and
attached to a voltmeter. The wires are made from dissimilar metals which change their
potential voltage as the temperature changes. The scale of the voltmeter is graduated
in degrees of temperature, giving a direct temperature readout.
For furnace heat treatment, the thermocouple is commonly attached to a chart that will
record the temperature cycle and give a printed readout.

Porcelain insulators

Connecting block

Hot junction
Lead wires
(a)

Instrument

(b)

Photograph reproduced with permission, Furnace Technologies Pty Ltd

Fig 5.2 – Thermocouple units (a) older style, (b) digital readout
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Optical pyrometers
An optical pyrometer is a temperature measuring device that employs the use of colour
comparison, either by chart or a wire through which electrical current is passed. The
chart or wire sits in line with an eyepiece, through which the item to be measured is
viewed. In the wire type, as the amount of current is increased, electrical resistance
causes the wire to glow more brightly. The chart or wire is then compared to the
surface colour of the object being measured. When they are the same colour, they are
at the same temperature. This method can only be used on steels which are below
approximately 800 °C, at which point the steel begins to glow red.
Optical pyrometers were once commonly used, but have now been superseded by
modern devices.

Fig 5.3 – Optical pyrometer

Surface pyrometer
Electronic surface pyrometers are now relatively cheap and reliable. These pyrometers
can be used to conveniently measure the surface temperature of any material. The
electronic pyrometer makes use of liquid crystal technology, which is sensitive to heat
and light variations. When exposed to heat by pointing the device at the surface of the
material, they display the temperature directly on a small screen.

Digital thermometer and non-contact thermometer
The use of non-contact thermometers with a larger sighting (refer Fig 5.5) or a digital
thermometer with probes (Fig 5.4) has introduced new technology into the industry.
Non-contact is by the use of a laser beam (8:1) distance, for a temperature range of
-50 °C to 550 °C. Digital probe-types temperature range is -50 °C to 1300 °C.
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Reproduced with the permission of Jaycar Electronics Pty Ltd

Fig 5.4 – Digital thermometer with probes

Reproduced with the permission of Jaycar Electronics Pty Ltd

Fig 5.5 – Laser beam digital thermometer
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Methods of heating review questions
1.

Describe the use of temperature sensitive crayons.

_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
2.

What is the temperature range of a digital thermometer?

_____________________________________________________________________
_____________________________________________________________________

3.

Discuss where in the metal industry, thermometers will be used.

_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
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Chapter 6 – Calculation and marking
out activities
Calculations to determine measurements
A

25

25

40

B

25

75
Fig 6.1 – Example 1

It can be seen in Fig 6.1 that the draftsperson will not include all of the measurements.
As long as there are sufficient dimensions for the tradesperson to calculate the missing
dimensions.
To calculate dimension A you must first determine the dimensions that are provided. In
this drawing you are given the length of the object width as 75, you are also given the
dimensions of the two top parts which are 25 each. To calculate the mid-section you
need to add the two dimensions together and subtract them from the overall length.
Example:

A

A = 25 + 25 = 50
A = 75 – 50 = 25
= 25

To calculate dimension B you must first determine the dimensions that you are
provided. In this drawing the height is given as 40 and the bottom of the recess is given
as 25. To calculate B you need to subtract 25 from 40.
Example:
B

B = 40 – 25 = 15
= 15

If there are insufficient dimensions on the drawing and you cannot work them out do
not make a guess or scale the drawing. Check with the supervisor or the drawing
office.
© Swan TAFE, reproduced with permission
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=

=

C

=

=

=

40

D

10

=

175
Fig 6.2 – Example 2

In this example all of the top recess are shown as equally sized or pitched (shown by
the = sign in the dimension). To calculate dimension C, you must first determine the
dimensions that you are given. In the drawing you are given the length of the object
which is 175, to calculate C you need to divide the length (175) by the number of
pitches (7).
Example:
C = 175 ÷ 7 = 25
C

= 25

To calculate dimension D you must first determine the dimensions that you are given.
In this drawing the height to the bottom of the recess is given as 40 and the depth of
the recess given as 10.
To calculate D you need to add 10 to 40.
Example:
D = 10 + 40 = 50
D

= 50

© Swan TAFE, reproduced with permission
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In the following example and work sheets, centre lines, hole pitch centres and
dimensioning drawings are used.
150

50

A

50

Fig 6.3 – Example 3

To calculate dimension A you must first determine the dimensions that you are given. In
this example you are given the centres of the two outside holes which are 150, you are
also given the dimensions of the other two holes which are 50 each. To calculate the
mid-section you need to add the two dimensions (50) together and subtract them from
the overall length (150).
Example:
A = 50 + 50 = 100
A = 150 – 100 = 50
A

= 50

© Swan TAFE, reproduced with permission
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Exercise 1 – Calculations
Calculate the missing dimensions.
200
A
B

25

=

=

25

=

Fig 6.4

A = ____________

B = __________

D
130
C

=

=

=

=

10

10
Fig 6.5

C = ____________

94

=

D = __________

© Swan TAFE, reproduced with permission
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250
125
100

G

F

=

15

=

E
Fig 6.6

E = ____________

F = __________

G = __________

175
100
60
40

H

=

=

=

=

I

J

Fig 6.7

H = ____________

I = __________

J = __________

© Swan TAFE, reproduced with permission
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Exercise 2
Calculate the missing dimensions.

70
A

10

B

70
110

Fig 6.8

A = ____________

=

B = __________

=

=

=

C
150

Fig 6.9

C = ____________
© Swan TAFE, reproduced with permission
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160

D

All equally pitched
Fig 6.10

D = ____________

25

25

25

25

E

Fig 6.11

E = ____________

© Swan TAFE, reproduced with permission
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Exercise 3
Answers to be in decimal.
212.50
A
B

24.70

=

=

24.70

=

Fig 6.12

A = ____________

B = __________
D
132.45

=

=

=

=

C

10.25

Fig 6.13

C = ____________

D = __________

© Swan TAFE, reproduced with permission

98

=
10.25

Perform engineering
measurements

&Fabrication
250
125
97.30

G

=

E

15.60

=
F

Fig 6.14

E = ____________

F = __________

G = __________

175
98.30
62.30

=

=

38.20

=

=

I

J

H
Fig 6.15

H = ____________

I = __________

J = __________

© Swan TAFE, reproduced with permission
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Exercise 4
Calculate the missing dimensions.
1

14

1

14

3
4

A

1

62
Fig 6.16

A = ____________

3

18

3

18

3

18

B

3

716
Fig 6.17

B = __________

© Swan TAFE, reproduced with permission
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Exercise 5 – Measuring and marking out exercises
1.

Tolerance ±1 mm.

2.

Make a list of all marking out equipment.

3.

Calculate all running dimensions.

4.

Mark out on 1 mm plate.

5.

Lightly centre punch. Do not drill.

The left hand side and bottom of the plate are to be used as your datum points.

52

52

27.5

25

90

5 equal pitches @ 25 mm

25

CL

6 equal pitches @ 15 mm

3 equal
pitches
@ 10 mm

30
180
Fig 6.18
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Exercise 6
1.

Tolerance ±1 mm.

2.

Make a list of all marking out equipment

3.

Establish two datum points.

4.

Calculate dimensions.

5.

Mark out on 1 mm plate.

6.

Lightly centre punch. Do not drill.
100
50
4 8 holes
equally placed
on 60 pcr

=

=

45

3 8 holes
equally placed
on 90 pcr

40

4 10 holes
equally placed
on 60 pcd
ø8

10

ø8

10

140

Fig 6.19 − Cover plate
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Exercise 7
Sub-floor plan activity
1.

Design a work plan for marking out the workshop floor.

2.

Make a list of all marking out equipment.

3.

Marking out the buildings sub-floor plan on the workshop floor (or a designated
area provided by your trainer).

4.

Check the dimensions and squareness of the layout.

5.

Using a dumpy level shoot the level of each pad. Your trainer will instruct you how
to use a dumpy level.

6.

Draw a sketch of the buildings layout and document the height of each pad.

7.

Calculate the packing required for each pad to make the pads level.

8.

If each pad was to be excavated to a depth of 1500 mm and 900 mm square, how
much concrete would you be required to order?

Tolerance ±1 mm.
8 000
=

=

3 000

=

200

Detail ‘A’

4 off M22
holding down bolts
(typ. 8 places)

200
Detail ‘A’
Fig 6.20 − Sub-floor plan
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Exercise 8 – Roof truss

A

Using trigonometry to calculate the height of the roof truss. Use the formula sheet in
Fig 6.22.

15
13 500
Fig 6.21 − Roof truss
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known

B

C

x
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Formula to calculate unknown sides and angles

A&B

C = A2 + B 2

X o = INV TAN (B÷A)

A&C

B = C 2 − A2

X o = INV COS ( A ÷ C ) Y o = INV SIN ( A ÷ C )

B&C

A = C 2 − B2

X o = INV SIN (B ÷ C )

Y o = INV TAN ( A÷B )

Y o = INV COS (B ÷ C )

A

Data
known

A &Y

o

B = A x TAN X

C = A ÷ COS X o

o

B = A ÷ TAN Y o

C = A ÷ SIN Y

o

Y o = 90o − X o
X

o

o

= 90 − Y

o

B & X o A = B ÷ TAN X o

C = B ÷ SIN X o

Y o = 90o − X o

o
B & Y o A = B x TAN Y

C = B ÷ COS Y o

X o = 90o − Y o

C & X o A = C x COS X o

B = C ÷ SIN X o

Y o = 90o − X o

C & Y o A = C x SIN Y o

B = C x COS Y o

X o = 90o − Y o

x

Example – Calculate angle X from the given two
sides. From the table:
x = INV SIN (B ÷ C)
ie x = INV SIN (500 ÷ 1000)
= x = 30o

Standard right triangle formuli

OPP
SIN (ANGo ) =
HYP
ADJ
o
COS (ANG ) =
HYP
OPP
o
TAN (ANG ) =
ADJ
To work out an arc length given the radius and angle A:

Arc length = S x DIA ÷ 360 x Angle A

10
00

500

A& X

Trigonometry ratio’s for a right triangle
o

Note: The sequence of buttons needed to solve
the above equation on the TYP calculator are:

500 ÷ 1000 = INV SIN
Also known as

SHIFT

or

2nd Func

2. – Make a right triangle by joining the mid-point of the chord to the
center of the arc.
1
2

Arc length

Chord

Chord
=

us
di
Ra

A

Ra

di

1
2A

us

=

Note: 1 A is half of angle A.

2

To work out a chord length given the radius and arc
length:
1. – Work out angle A

A = Arc length x 57.29578 ÷ radius

Mass of C/steel = 7850 kg/M3
= 0.000007850 kg/mm3
eg Find the mass of the Steel plate to the left.

300

300

10PL

3. – Solve the triangle and work out the chord length.

1
1
2 Chord = radius x SIN ( 2 A)
1
or Chord = 2 x radius x SIN ( A)
2

π=

3.1415927
Circumference of a circle = diameter x π
Area of a circle = radius2 x π

Elbow rotation = INV TAN [SIN (slope) + COS (elbow)]

Mass = 0.3 x 0.3 x 0.01 x 7850
= 7.065 kg

Fig 6.22 − Formulas and calculations for unknown sides and angles
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Universal beams
When universal beams or columns are manufactured, the position of the flanges are
not always central to the web. Therefore care must be taken when marking out the
structural component.
The transverse line measurements across the flanges are to generate from a datum
projected through the centre of the web, not from the edges of the flange.
CL
=

=

Correct

Incorrect

Fig 6.23 – Universal beams

Transverse measurements on channel an angle must be measured from the heel.

Fig 6.24 – Structural sections
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Marking out activity
1.

Mark out the beam’s length.

2.

Cut the 150 UB 18 to length.

3.

Calculate all required hole dimensions.

4.

Mark out hole positions on beam.

5.

Lightly centre punch hole position. Do not drill.

25

(450)

450

(425)

(375)

(75)

(25)

(0)

Drawings are sometimes drawn as the one below with dimensions originating from
a datum line at either end of the beam. It is advisable that a ‘running count’ of the
longitudinal dimensions are calculated from left to right and pencilled-in (as shown in
brackets on the drawing).

25
50

150 UB 18

30

CL

30

50

50

50

50

50

25

50
25

Fig 6.25
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Chapter 7 – Material allowances
Calculations for formed work
When a tradesperson prepares cutting lists from a drawing, a certain amount of
calculation is called for to ensure that the job will finish true to size.

Stretchout length
The drawing will state the requirements for the material to be used and its thickness, as
well as the finished size and final shape of the job. The tradesperson has to layout or
stretchout the job into a flat pattern or a blank, so that a cutting size can be calculated.
How this is done depends on the shape of the fabrication.
For example, if the job is cylindrical in shape then the true shape of the end is circular
and the stretchout length can be calculated using the basic formula: pi (written as the
symbol  and nearly equal to 3.142) times the length of the diameter ( x diameter).
This is the cutting length required to make the cylinder to the right diameter.
If the true shape is to be square or rectangular, then the stretchout length can be
calculated by adding together the lengths of the four sides.

Fig 7.1 − Stretchout length for a square
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The stretchout length for a simple bracket can be calculated by adding the length of
material between each bend. An allowance also has to be made for the thickness of the
material. For example, to make a bracket with one 90° bend (a zero bend radius); each
leg being 100 mm long, from 5 mm thick material, the cutting size would be calculated
by subtracting the material thickness from the length of each leg.
(100 – 5)  (100 – 5)
 190 mm
That is, the stretchout length, or length of material that has to be cut for the bracket is
190 mm.

The material thickness has been subtracted from the leg lengths each side of the
bend.

Fig 7.2 − Stretchout length for an angle

This principle is applied to all jobs no matter how many bends there are – in fact if an
allowance is not made for the thickness of material, then the cutting size will always be
incorrect.

Material allowance calculations
There are various ways/formulae to calculate cut sizes, this method should only be
used on material up to 5 mm in thickness. For 6 mm and above a different formula is
used, this will be explained later.
For ease of calculation and cutting size all examples are 150 wide.
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Example 1
Using the calculations for Fig 7.3, sketch your production piece in the space below.
Show the position of the fold line.



Dimensions are shown as Internal Dimension (I/D).



Material thickness 3 mm Plate (3 mm pl).



If dimensions are I/D then NO MATERIAL ALLOWANCE IS REQUIRED.

40

40

Fig 7.3

Production piece sketch

Calculation:40  40  80

Cut size: 80  150  3pl
© Swan TAFE, reproduced with permission
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Example 2
Using the calculations for Fig 7.4, sketch your production piece in the space below.
Show the position of the fold line.

Dimensions are shown as O/D.



Material thickness is 3 mm.



If dimensions are O/D then MATERIAL ALLOWANCE IS REQUIRED. This is
done by subtracting a material thickness for each bend.

40



40

Fig 7.4

Production piece sketch

Calculation: 40  3  37
40  3  37 
74

Cut size : 74  150  3pl
© Swan TAFE, reproduced with permission
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Example 3
This example is a channel but the method of calculation is still the same. Using the
calculations for Fig 7.5, sketch your production piece in the space below. Show the
position of the fold line.



The dimensions are I/D.



Material thickness is 3 mm



(Typ) means typical and this dimension applies to all areas of simularity.

40 (Typ)

100

Fig 7.5

Production piece sketch

Calculation 40  100  40  180

Cut size:180  150  3pl

© Swan TAFE, reproduced with permission
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Example 4
This example is a channel, but the dimensions are outside dimensions. Using the
calculations for Fig 7.6, sketch your production piece in the space below. Show the
position of the fold line.

40 (Typ)

Material thickness is 3 mm.

100

Fig 7.6

Production piece sketch

Calculations:

40  3  37
100  6  94
40  3  37 +
168
Cut size: 168  150  3pl

© Swan TAFE, reproduced with permission
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Example 5
This example is a combination of inside dimensions (I/D) and outside dimensions
(O/D). Using the calculations for Fig 7.7, sketch your production piece in the space
below. Show the position of the fold line.

Material thickness is 3 mm.

94

28

50 (Typ)

28

Fig 7.7

Production piece sketch

Cut size: 238  150  3pl
Calculations: 28  3  25
50  3  47 
94
50  3 47
28  3 25 
238
© Swan TAFE, reproduced with permission
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Example 6
Study this example very carefully as there are four different types of dimensions. Using
the calculations for Fig 7.8, sketch your production piece in the space below. Show the
position of the fold line.

Material thickness is 5 mm.

40

25

40

60

35

Fig 7.8

Production piece sketch

Calculations: 35 5  30
40  10  30 
40
60  5 55
25  5  20 
175
© Swan TAFE, reproduced with permission
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Exercise 1

Calculate the cut size for the following diagrams and show your calculations beside
each. Draw your production piece showing the positions of the fold lines.
100

75 (Typ)

5

Fig 7.9

Calculations:

Production piece sketch:

© Swan TAFE, reproduced with permission
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75 (Typ)

5

100
Fig 7.10

Calculations:

Production piece sketch:

© Swan TAFE, reproduced with permission
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50

50

3
Fig 7.11

Calculations:

Production piece sketch:

© Swan TAFE, reproduced with permission
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50

5

50
Fig 7.12

Calculations:

Production piece sketch:

© Swan TAFE, reproduced with permission
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25

65

5

Fig 7.13

Calculations:

Production piece sketch:

© Swan TAFE, reproduced with permission
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25

50

13

3
150
Fig 7.14

Calculations:

Production piece sketch:

© Swan TAFE, reproduced with permission
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110
25

25

60

5

Fig 7.15

Calculations:

Production piece sketch:

© Swan TAFE, reproduced with permission
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25
45

50

83

23

3

76
Fig 7.16

Calculations:

Production piece sketch:

© Swan TAFE, reproduced with permission
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Stretchout length for a tube
For jobs that have a large bend radius, and jobs that are circular in shape, the effect on
calculations can be significant if this rule is ignored.
For example, a cylinder is to be made with a 100 mm inside diameter from metal 3 mm
thick.
If the inside diameter was used in the calculations for cutting length, the metal would
need to be cut 314.2 mm long (using  × I/D = 3.142 × 100).
If the outside diameter (100  6 mm) was used, the cutting length would be 333.05 mm
(3.412  106).
The correct size is 323.6 mm – calculated using the ‘neutral line’ or mean diameter
(M/D) of 103 mm. This diameter is found using a knowledge of bending theory which
shows how to calculate the bend allowance.
O/D (outside diameter)

3

100

I/D (inside diameter)

314.2

323.6

333.05

Fig 7.17 − Effect of using different diameters in finding
stretchout lengths for a cylinder



The neutral line is an important concept in metalwork.



When calculating the length of material required in formed work, take all
measurements to the inside of square, sharp bends, and use the centre line
(neutral line) of material for curved work.

125
125

Chapt 7 – Materials allowances
Chapter

Bending theory
Bending puts the material at the bend under stress. The outside will be in tension
(the metal has been stretched) and the inside will be in compression (the metal has
been squeezed or shrunk). Any cracking will occur on the outside of the bend and any
wrinkling will occur on the inside of the bend.
Since the metal is under tension on the outside surface, and in compression on the
inside, then there must be a line where there is no stress at all. This is called the
neutral line.

Fig 7.18 − The neutral line

During bending, the outside of the metal has increased in length and the inside has
decreased in length. The length at the neutral line after bending is the same as the
original length, so all the calculations for bend allowances must be based on the
neutral line. The location of the neutral line will vary depending on the thickness and
type of metal and on the size of the radius of the bend.
For most bending calculations the neutral line can be taken to be in the middle of the
two metal surfaces.
The formula for calculating all bend allowances is:


bend angle multiplied by  multiplied by (diameter  or – thickness), all divided by
360°, or
BA  (D  t)
360
Caution
When calculating bend allowances if the drawing states an inside diameter
then add one metal thickness in the calculation. If the drawing states an outside
diameter then subtract one metal thickness in the calculations.
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Material allowance for complete cylinder
Fabricators at times will be required to roll a full cylinder. The calculations are identical
to the calculations that were used previously with the only difference being the bend
angle which has now increased to 360°.
Shown in Fig 7.19 below, the cylinder required is made out of 10 mm plate and rolled to
a radius of 200 mm with a length of 750 mm.

R200

10

Fig 7.19– Complete cylinder

Knowing that there are obviously no straight side, the calculations for the production
piece sketch are as follows:
BA = 360° (full circle)
I/D = Inside diameter (twice radius 200) = 400 mm
R = Material thickness = 10 mm
360 ´  ´ (400 + 10)
= 1288.05
360

(1288)

Cut size 1288  750  10pl

Depending on the forming process, you may be required to add approximately
300 mm to the circumferential measurement to allow for rolling.
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Example 7
Find the cutting size for the job shown in Fig 7.20.

O/D

Fig 7.20

Neutral line dia.  O/D  t  93  3
 90 mm
Bend angle (BA)  360° (a full circle)
Bend allowance 

BA p(O/D  t)
360

Cutting size  3603.14290 length
360
 283150 mm.
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Example 8
Find the cutting size for the bracket in Fig 7.21.


The first bend has a zero bend radius, so from (a) to (b), the first bend, is 50 mm
minus one thickness of material  48 mm.



From (b) to (c) is 100 mm minus one material thickness  98 mm.



Next, determine the large bend length.
Use:
BA (I/D  t)
360



Bend angle BA

 180˚ (half a circle)

I/D

 Inside diameter (twice 80 mm)  160 mm

t

 material thickness  2 mm
180(160  2)  254.47 mm
360



From (d) to the next bend at (e) is 100 mm minus one material thickness
 98 mm.



From (e) to (f) is 50 mm minus one material thickness  48 mm.



Starting at point (a) make a simple sketch and add all the dimensions together to
get the total cutting size:
48 + 98 + 254.47 + 98 + 48 = 546.47 mm
The answer could be rounded-off to the nearest millimetre, depending on the
tolerance stated on the drawing. Rounding-off makes the cutting size 546 mm.

80 I/D

Fig 7.21

Fig 7.21 − Sketch starting at (a) and
showing bend points
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Material allowance for 6 mm and above
When bending material 6 mm and over we have to look at how the size and shape are
formed. Generally most shapes are formed cold in a press. When bending mild steel,
a standard die ratio of 8:1 is used. This means that the bottom die or vee block is eight
times wider than the thickness of material being formed. In our example the material
thickness is 10 mm therefore a vee size of 80 mm is required. Using this ratio will give
us an inside radius equal to the material thickness and this is used in our calculation.
Fig 7.22 shows a piece of 10 mm plate bent at 90 degrees to form a bracket or a cleat
which has two sides of 100 mm O/D. The bracket is 75 mm wide.

100

10

R10

100
Fig 7.22 – 10 mm plate

© Swan TAFE, reproduced with permission
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To calculate the length of material for this bracket we must first look at how the bracket
is formed.
10

80

10

R10

80

90 BA

Fig 7.23 – A formed bracket

In the left-hand drawing a full circle has been drawn in to show that the bend is formed
as part of a full circle, in fact it’s a quarter of a circle or as shown in the right-hand
drawing 90 degrees. This is what we call the bend allowance. The bend allowance
forms part of our calculation and is the start point and end point of the bend.
The right-hand drawing also shows the other part of the calculation, the length of
straight (80) on both sides of the bend. Therefore to calculate the length to cut size of
the bracket we must perform two calculations and add them together.
1.

Calculate the bend allowance.

2.

Calculate the length of straight on either end of the bend allowance.

Example
To calculate the bend allowance we will use the formulae that were used previously.
The formulae is:
BA = 90° (Quarter circle).
I/D = Inside diameter (twice radius 10) = 20 mm
t = Material thickness = 10 mm.
90 ´  ´ (20 + 10)
= 23.56 mm
360
The second part of the calculation is to work out the length of straight either side of the
bend. It can be seen from Fig 7.24 that there is 80 mm of straight on either end. This is
because the bend allowance takes up a distance of 20 mm, that is 10 mm radius 
10 mm thickness. This is subtracted from the 100 giving a length of 80 mm of straight
on both sides of the bend.
© Swan TAFE, reproduced with permission
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80

10

20

R10

80

20

Bend allowance

Fig 7.24 – The length of straight either side of the bend

80

23.56

Fig 7.25

Add dimensions: 80  23.56 80  183.56 (184)
Cut size: 184  75  10 pl

© Swan TAFE, reproduced with permission

132

80

Perform engineering
measurements

&Fabrication
Exercise 2
Calculate the cut sizes for the following items.

Show all working out and draw a production piece sketch for each item.

80

10

10

R10

80
Fig 7.26

All items are 100 wide.
Show your calculations and production piece sketch below.

© Swan TAFE, reproduced with permission
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Exercise 3

75

12

R12

75

Fig 7.27

Show your calculations and production piece sketch below.

© Swan TAFE, reproduced with permission
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50

Exercise 4

R6
6
50

Fig 7.28

Show your calculations and production piece sketch below.

© Swan TAFE, reproduced with permission
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60

Exercise 5

R8
8
60

Fig 7.29

Show your calculations and production piece sketch below.

© Swan TAFE, reproduced with permission

136

&Fabrication

Perform engineering
measurements

Exercise 6 – Material allowance calculations
Calculate the cut sizes for the following items.
Show all working out and draw a production piece sketch for each item.

R10

R10

50 (Typ)

10

140

Fig 7.30

All items are 100 wide.
Show your calculations and production piece sketch below.

© Swan TAFE, reproduced with permission
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Exercise 7

R12

R12

150

Fig 7.31

Show your calculations and production piece sketch below.

© Swan TAFE, reproduced with permission
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Exercise 8

75

6

R6

R6

124

Fig 7.32

Show your calculations and production piece sketch below.

© Swan TAFE, reproduced with permission
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Exercise 9

75

6

R6

25

R6

120

Fig 7.33

Show your calculations and production piece sketch below.

© Swan TAFE, reproduced with permission
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Material allowance for designated radius
There are occasions when a fabricator is required to form a bend with a larger radius
than the material thickness. This is called working to a designated radius. The method
of calculation is identical to the method we have been using in the previous examples,
but some dimensions have changed.
The example that we will use is the same as the example used in the section ‘Material
Allowance for 6 mm and above’ EXCEPT the inside radius has changed to R40.
Shown in the example below is a piece of 10 mm plate bent at 90° to form a bracket or
a cleat which has two sides of 100 mm OD. The bracket is 75 mm wide.

100

10

R40

100

Fig 7.34 – 10 mm plate bent at 90º

© Swan TAFE, reproduced with permission
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To calculate the length of material for this bracket we must first look at how the bracket
is formed.
10

50

10

R40

90 BA
50

Fig 7.35 – Forming the bracket

In the left-hand drawing a full circle has been drawn in to show that the bend is formed
as part of a full circle, in fact it’s a quarter of a circle or as shown in the right-hand
drawing 90°. This is what we call the bend allowance. The bend allowance forms part
of our calculation and is the start point and end point of the bend.
The right-hand drawing also shows the other part of the calculation, the length of
straight (50) on both sides of the bend. Therefore to calculate the length or cut size of
the bracket we must perform 2 calculations and add them together.
1.

Calculate the bend allowance.

2.

Calculate the length of straight on either end of the bend allowance.

Example
To calculate the bend allowance we will use the formulae that were used previously.
The formulae is:
BA = 90° (Quarter circle)
I/D = Inside diameter (twice radius 40) = 80 mm
t = Material thickness = 10 mm
90 ´  ´ (80 + 10)
= 70.68 mm
360

© Swan TAFE, reproduced with permission
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50

70.68

50

Fig 7.36

Add dimensions: 50 + 70.68  50  170.68

(171)

Cut size: 171  75  10pl

© Swan TAFE, reproduced with permission
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The second part of the calculation is to work out the length of straight either side of the
bend.
It can be seen in Fig 7.37 that here is 50 mm of straight on either end. This is because
the bend allowance takes up a distance of 50 mm, that is 40 mm radius 10 mm
thickness. This is subtracted from the 100 giving a length of 50 mm of straight on both
sides of the bend.

50

10

50

R40

50

50

Fig 7.37 – Length of the straight

Always draw a production piece sketch it will help keep you on track.

© Swan TAFE, reproduced with permission
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Exercise 10
Calculate the cut sizes for the following items.

85

Show all working out and draw a production piece sketch for each item.

R30

5
85

Fig 7.38

All items are 100 wide.
Show your calculations and production piece sketch below.

© Swan TAFE, reproduced with permission
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Exercise 11

90

10

R30

110

Fig 7.39

Show your calculations and production piece sketch below.
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Exercise 12

53 (Typ)

3

R20 (Typ)

196

Fig 7.40

Show your calculations and production piece sketch below.
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Exercise 13

60 (Typ)

5

R25

R25

200

Fig 7.41

Show your calculations and production piece sketch below.
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Exercise 14
Calculate the bend allowance and draw a production piece sketch below highlighting
dimensions and positions of fold lines.

Plate width is 50 mm.
60

70

R10 (Typ)

50

120

10

Fig 7.42

Show your calculations and production piece sketch below.
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Exercise 15
Calculate the bend allowance and draw a production piece sketch below highlighting
dimensions and positions of fold lines.

50

R30

8
30 (Typ)

Fig 7.43

Show your calculations and production piece sketch below.

150

ENG1041 – Perform
engineering measurements

Book
Title

5. Methods of heating



Perform basic incidental heat/quenching temping and
annealing

MEM6.7B




Perform computation
Use hand tools







MEM12024A
MEM18001C

Perform engineering measurements
Apply fabrication, forming and shaping techniques
Use hand tools











Perform engineering measurements

MEM12023A
MEM05010B
MEM18001C

3. Gauges

Perform engineering measurements
Apply fabrication, forming and shaping techniques
Use hand tools
Interpret technical drawing

Perform engineering measurements
Mark off/out structural fabrication and shapes
Apply fabrication, forming and shaping techniques
Use hand tools

Competency
Title

MEM12023A

MEM12023A
MEM05010B
MEM18001C
MEM09002B

2. Measuring tools

4. Precision measuring
tools

MEM12023A
MEM12007C
MEM05010B
MEM18001C

Comp
Code

1. Marking out tools

Chapter
Title

Perform engineering measurements

Metals and Fabrication Competency Mapping
Full = 
Partial =

&Fabrication
Perform engineering
measurements

151

Book
Title

152

Comp
Code

7. Material allowances

MEM12023A
MEM12007C
MEM05010B
MEM18001C
MEM09002B
MEM09003B
MEM14004A
MEM14005A
MEM15002A
MEM15024A
MEM16006A
MEM16007A
MEM12024A

6. Calculation and
MEM12023A
marking out activities
MEM12007C
MEM05010B
MEM18001C
MEM12024A
MEM09002B
MEM09003B
MEM14004A
MEM14005A
MEM15002A
MEM15024A
MEM16006A
MEM16007A

Chapter
Title




























Mark off/out structural fabrication and shapes
Apply fabrication, forming and shaping techniques
Use hand tools
Perform computation
Interpret technical drawing
Prepare basic engineering drawings
Plan to undertake a routine task
Plan a complete activity
Apply quality systems
Apply quality procedures
Organise and communicate information
Work with others in a man, eng or related environment
Perform engineering measurements
Mark off/out structural fabrication and shapes
Apply fabrication, forming and shaping techniques
Use hand tools
Interpret technical drawing
Prepare basic engineering drawings
Plan to undertake a routine task
Plan a complete activity
Apply quality systems
Apply quality procedures
Organise and communicate information
Work with others in a man, eng or related environment
Perform computation



Perform engineering measurements

Competency
Title
Full = 
Partial =

Appendix – Competency mapping

&Fabrication

Perform engineering
measurements

Perform engineering measurements
This resource is specifically designed to provide basic underpinning knowledge related
to a number of competency units used in the Engineering Tradesperson Fabrication
(Heavy) pathway across TAFE WA from January 2009. This pathway was specifically
designed to meet the needs of the heavy metal fabrication industry after industry
consultation and TAFE WA moderation sessions held in 2008. This pathway is also
designed to be common across all colleges of TAFE WA (customisation to suit local
conditions are however encouraged). The pathway meets the requirements and
guidelines of the MEM05 training package.

Context of assessment
Assessors are reminded the individual units may be assessed on the job, off the job or
a combination of both on and off the job. Where assessment occurs off the job, that is
the candidate is not in productive work, then an appropriate simulation must be used
where the range of conditions reflects realistic workplace situations.

Project work, Integration
These units could be assessed in conjunction with mandatory units addressing the
safety, quality, communication, mathematics etc. Units may also be assessed with
other units requiring the exercise of the skills and knowledge.

Method of assessment
Assessors should gather a range of evidence that is valid, sufficient, current and
authentic. Evidence can be gathered through a variety of ways including direct
observation, supervisor’s reports, project work, samples and questioning. Questioning
should not require language, literacy and numeracy skills beyond those required
in this unit. The candidate must have access to all tools, equipment, materials and
documentation required. The candidate must be permitted to refer to any relevant
workplace procedures, product and manufacturing specifications, codes, standards,
manuals and reference materials.

Consistency of performance
Assessors must be satisfied that the candidate can competently and consistently
perform all elements of the units as specified by the criteria, including required
knowledge, and be capable of applying the competency in new and different situations
and contexts.
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