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[bookmark: _Toc75781097]Fitting using hand skills
WHAT ARE HAND FITTING ACTIVITIES?
These activities will include hand sawing, band sawing, filing, drilling, chiselling, threading, scraping, lapping and off- hand grinding.
[bookmark: _Toc75781098]Health and safety procedures
Before starting a fitting job, always make sure you:
· know what the regulations are for any equipment you may use
· know what specific safety precautions to take when using hand tools
· use protective clothing and equipment when appropriate
· Keep the work area clean and tidy.
Describe here any safety regulations you need to know when using hand tools:
	[bookmark: _Hlk74839448]Name of regulation
	What it means
	What you have to do

	Health and Safety at work Act 1974 (HASAWA74)
	
	

	Control of Substances Hazardous to Health. (COSHH)
	
	

	Reporting of injuries, Diseases and Dangerous Occurrences (RIDDOR) 
	
	

	Provisions and Use of Work Equipment Regulations
	
	



Hand tools are such a common part of our lives, but they can also be dangerous if misused incorrectly. Reduce the chance of an accident by following the below safety measures.
[bookmark: _Toc75781099]10 Basic Safety Rules For Using Hand Tools
· Inspect regularly 
· Regularly inspect your tools to make sure that they are in good condition.
· Wear gloves 
· Always wear appropriate personal protective equipment.
· Carry with care
· Never carry tools up a ladder.
· If you need to take tools up to a height use a bag or hoist them up in a bucket.
· Don't pocket sharp objects
· Never carry sharp or pointed tools in your pocket.
· Instead, carry them in a toolbox.
· Be aware of your surroundings
· Always be aware of the people around you when using tools.
· Use the right tools
· Always use the right tools for the job.
· Never use a tool for a different purpose than it was intended.
· You risk damaging the tools and injuring yourself.
· Follow instructions
· Only operate tools according to manufacturers' instructions.
· Clean and return
· After using a tool, clean it and return it to it's proper storage place.
· Oily hands are dangerous
· Don't work with greasy or oily hands.
· Protect your eyes
· Always wear eye protection.
	Tool
	Safety Precautions to take

	Files
	

	Hammer
	

	Pliers
	

	Screwdrivers
	

	Spanners
	



	Equipment
	When it is worn/used
	Reason for wearing/using it

	
Safety spectacles, eye shields, goggles
	

	

	
Protective clothing (e.g. overalls)
	

	

	
Protective footwear (e.g. safety boots
	

	


[bookmark: _Toc75781100]Housekeeping
You need to keep the workplace clean and tidy
· to prevent accidents
· to prevent the materials, tools, and equipment from being damaged or lost
· to ensure the finished components are not damaged.
Good housekeeping practices include:   
· leaving the work area in a safe condition
· cleaning the work area    
· disposing of waste  
· returning tools, equipment, and surplus materials to stores   
· labelling and recording completed workpieces.Describe the procedure used in the workshop area to keep it clean and safe:

[bookmark: _Toc75781101]Obtaining Information
Main sources of information are:
· verbal (e.g. discussion about a new job with your supervisor, telephoning a supplier with a query)
· written (e.g. manuals, work instructions & drawings, tool suppliers' data books, engineering pocketbook)
· electronic (e.g. computer programmes, intranet, internet, or flash drives).
Each of these sources of information has advantages and disadvantages:
	Information source
	Advantages
	Disadvantages

	Verbal
	Quick and easy to give
	No record of information given, maybe misunderstood

	Written
	Able to be referred to many times.  Record information used
	Time consuming to look up or write down details

	Electronic
	Up to date information available
	Need access to computer equipment and information may be lost if software gets corrupted or storage devices become damaged


Information can come from different places:
· your supervisor may give verbal instructions to make a simple item
· you might look up tapping size of a hole in a pocketbook
· you can find information on a CD-ROM based catalogue.
Before starting a job, make sure you can read, interpret, and understand:
· any safety instructions
· job instructions
· engineering drawings  
· quality control documents.
Always check you have the correct drawing number and that it is the latest issue.What information do you require when carrying out a fitting job?


Where is the information kept?


What procedures are used in your workplace for storing the information safely?






[bookmark: _Toc75781102]Planning fitting activities
[bookmark: _Toc36455513]Planning is important because you can make sure you know: 
· what to do
·  how you are going to do it
· the order of doing it
· what materials and tools you will need?
· how long it will take
· any help you might need.
When planning:
· check you have the right drawing number and it is the latest issue   
· read the drawing thoroughly - every line, dimension, tolerance, material specification and note
· decide the fitting method to use 
· identify the correct tools and work holding dances to use  
· identify the materials to be used  
· list the sequence of fitting operations
· decide what quality checks to make and they take place   
· identify any possible problems mat may arise   
· decide what safety precautions need to be taken.
If using drills: work out speeds and feeds.
To do this you need to know:
· the type of material
· the type of cutter/drill bit
· the diameter of the work, drill bit
Each type of material has a recommended cutting speed.  These numbers have been worked out to give the most efficient operation and for the least drill bit wear.
Put these details into your own planning sheet.Record here example headings and type of information required.

[bookmark: _Toc75781103]Obtaining materials, tools and equipment
You may need a range of materials, tools and equipment for the fitting task.
Materials could Include:
· materials to make the job
· other consumables (e.g. cutting fluids, sealants, locking compounds)
·  fastening devices (e.g. screws, nuts, botts, rivets, circlips, pins, dowels).
Tools could Include:	
· files
· hammers
· saws
· taps and dies
· screwdrivers
· pliers
· spanners
· wrenches	
Equipment could include:
· world holding devices (e.g. clamps, vices, vice Jaw protection plates)
· jigs and fixtures
· bench drills/pedestal drills   
· grinding machines
· measuring instruments (e.g. rules, tapes, callipers, gauges, micrometers, squares, and verniers, thread gauges, dial test indicators, slip gauges, surface comparison plates).
You need to know where and how to obtain the items you need for the job. (table below is an example, there might be many rows)
	Tools
	Where is it kept
	How to obtain it

	
	
	

	
	
	

	Materials
	Where is it kept
	How to obtain it

	
	
	

	
	
	

	Equipment
	Where is it kept
	How to obtain it

	
	
	

	
	
	


Learner notes:

[bookmark: _Toc75781104]Marking out
[bookmark: _Toc75781105]Deburring
Deburring is the process of removing sharp or rough edges from a piece of material. That material could be:
· stock material which carries sharp edges (burrs) produced by sawing
· a part worked or finish worked component, with burrs that have been produced by drilling, tapping or other similar operation.
Deburring is carried out using:
· a fine, flat hand file
· a needle file
· a scraper (half round or three square).
Deburring should create a smooth, clean edge not a large radius or chamfer. On a finished component, no evidence of deburring should be present.
When deburring, the file should be carefully drawn along the direction of the edge, rather than across it.
When deburring plastics, a sharp knife can be used (a file could produce more burrs than It removes).
Deburring of holes can be done a suitable scraper
[bookmark: _Toc75781106]Fluids for marking out
To make the scribed lines show up a marking fluid is applied to the component. Then when a line is scribed it will show up as a bright line. Different materials are used on different surfaces, they include: 
· blue
· copper sulphate solution
· chalk and whitewash.
[bookmark: _Toc75781107][image: A Strategy for Tolerancing Parts | McGraw-Hill Education - Access  Engineering]Datum PointsA

When marking out a workpiece it is necessary to identify a datum point. This is the first marked point and is the point from which all other measurements are made.
Choose the datum point carefully. It should be easy to locate accurately on the workpiece and should be situated at the point from which a maximum number of dimensions can be taken directly. The illustration shows a plate which has to be marked up with the location of four holes. The datum point should be the centre of hole A because each of the other four holes can be measured directly from this point.
Always work direct from the datum point for each dimension if at all possible. Working from dimension to dimension results in increasing error, When, you measure direct from the datum point, always use the minimum number of steps from the datum to the point being marked.
[bookmark: _Toc75781108]Datum Lines
[image: 2. Marking tools]In addition to a datum point it is necessary to identify a direction.
 When doing simple marking out on a workbench, the direction Is best identified by reference to a straight edge which can serve as a datum for direction, a datum line will have to be scribed. This datum line should pass through the datum point,
When working on a marking out table, a flat workpiece should be held vertically against an angle plate. The workpiece should be secured to the angle plate. The workpiece should be secured to the angle plate so that the reference direction is parallel to the surface of the marking out table. A scribing block can then be used to scribe a datum line on to the workpiece.
It is then easy to scribe lines parallel to the datum line and at any height using the scribing block.
By turning the angle plate and workpiece through 90° the scribing block can be used to scribe lines which are accurately at right angles to the datum tine.
[bookmark: _Toc75781109][image: ]Cutting and limit lines
These are lines which indicate the workpiece Is to be cut or the limit to which it is to be machined.
[image: ]Scribed lines are often marked with a dot punch. Small 'pop' marks are punched along the scribed lines to make them more visible. On straight cutting lines, space the 'pop' marks about 20 mm apart. On curves or complex contours, the 'pop' marks should be closer together. Make sure that the punch is accurately located on the scribed line when making 'pop' marks
'Pop' marks not only define lines more clearly, but abo serve as reference points to confirm the accuracy of the cutting or machining process. If the operation has been carried out correctly, exactly half of each 'pop' mark should remain on the cutting line when the cutting or machining is completed.  These are called witness marks.
[bookmark: _Toc75781110]Marking Holes
There are two common methods of marking the position of a drilled round hole:
· dividers are used to mark a circle of the correct diameter, with its centre on the intersection of the scribed lines
· a square is marked, with sides equal to the diameter of the hole and centred on the scribed intersection. This is called 'boxing' the hole.
Both types of marking can be punched at suitable intervals.
[bookmark: _Toc75781111]GuideLines
[image: ]Guidelines are marked parallel to the cutting lines and located on the waste side. They are removed during machining.
The purpose of guidelines is to enable the machine operator to check that the cutting tool is working parallel to the cuffing or limit lines. In some cases, two guidelines may be used: the first one for a coarse adjustment and the second one for accurate adjustment.
For a bore, the guideline is a concentric circle within the diameter of the hole to be produced
[bookmark: _Toc75781112]Witness llnes
[image: ]Witness lines are used to check the accuracy of the machining or cutting process after it has completed.
Witness lines are drawn parallel to the cutting lines on the workpiece side (on the opposite side of the cutting lines from the guidelines). They are used to check the accuracy of the cutting or machining process after it has been completed. The distance between the witness lines and the finished edge should be constant and equal to the distance from the cutting line which was used when marking outNOTE: A HOLE MAYBE MARKED WITH BOTH A CIRCLE AND A SQUARE, IN WHICH CASE THE SIDES OF THE SQUARE ACT AS WITNESS LINES.
 
[Cite your source here.]

[bookmark: _Toc75781113]Witness lines for round holes
[image: ]For round holes the witness line can be a concentric circle, larger than the hole diameter. 
Alternately a square marked out with sides equal to the diameter of the bore can be used. The accuracy of both size and position of the finished hole Will be 'witnessed' by the extent to which each of the lines has

[bookmark: _Toc75781114]Enhancing
On some surfaces the marking fluid may come off easily. In this case, the clarity of scribed lines and punch marks can be improved by rubbing-in a colouring substance, such as:
· engineer's blue to enhance the clarity of markings on bright metal
· Chalk to enhance black metal
· graphite, which can be obtained by crushing the 'lead' from a pencil, is particularly useful on non-metallic workpieces.
Doing this will make the marks more permanent.
[bookmark: _Toc75781115]Files
[image: ]A file is a hand tool used to remove material from a workpiece.  In the hands of a skilled fitter, very small quantities of material can be removed to finish a workpiece accurately to its required shape and size.
Various types of files are available, all are made from hardened and tempered high carbon steel
[bookmark: _Toc75781116]File Handles
[image: What are the basic parts of a file handle? - Wonkee Donkee Tools]Make sure there is always a suitably sized handle fitted to the tang. Most file handles are wooden and have a metal ring around the front called a ferrule to stop the handle splitting.
[image: What are the basic parts of a file handle? - Wonkee Donkee Tools]Safety:
· never use a file without a handle, the file tang can seriously injure your palm
· never use a file with a split handle, you could get splinters in your hand
· Never use a file on a centre lathe.
[bookmark: _Toc75781117]Selection of file
There is a wide range of files available.
Files are described by:
· the cut of their teeth 
· shape of the section
· length of the file.
Always choose the right file for the right Job. The choice is determined by the material being filed and the shape of the finished workpiece  
For example: 
· a long file would normally be used for large workpieces - shorter files are for smaller, intricate work
· a coarse file will remove material more quickly - smooth files are for finishing accurately to size.
[bookmark: _Toc75781118]Grade of file
Files are graded by the pitch (i.e. the spacing) of their teeth. The three most common grades and their uses are:
· bastard
·  heavy metal removal - leaves a rough finish
· second cut
· genera] purpose - leaves a reasonable finish
· smooth
· fine finishing of work - leaves a smooth surface finish.
When comparing two files they must be the same length, because the pitch of the teeth on the same grade of file varies with the length.

[bookmark: _Toc75781119][image: What is a file&#39;s size? - Wonkee Donkee Tools]Length of a file
The length of a file is measured as a distance from the tip to the heal of a file
[bookmark: _Toc75781120]



File shape
Common file shapes are shown below, write the uses for each one.
		hand file
[image: ]






	flat file
[image: ]
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[bookmark: _Toc75781121]Filling method
When using a file, first secure the workpiece into a suitable vice.  If the workpiece is set at the correct height it will be much easier to file a surface flat.
To file correctly:
· push the file over the work at an even and comfortable rate
· apply downward force on the forward stroke and remove force on the return stroke
· use the full length of the file whenever possible
There are number of different techniques are described below:
[bookmark: _Toc75781122]Straight filing
Straight filing involves:
· gripping the file in one hand and using the other hand to guide the file lengthways across the work to help remove swarf from the file
· apply the cutting pressure with the palm of the hand
· position the feet for comfort and balance
When finishing
· Apply pressure on the forward (away) stroke 
· Relieve the pressure on the return stroke
· [image: ]Avoid rocking the file during the stroke when filing flat.

[bookmark: _Toc75781123]Filing external curves and radii
· Stand in line with the vice jaws
· Rock the file as it passes over the workpiece.
	[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
	start stroke
mid-stroke
finish stroke
correct radius
radius too large
radius too small





[bookmark: _Toc75781124]Drawfilling
This technique is used to finish a surface to a high-quality surface texture (up to 0.8µm) by:
· Holding the file firmly at both ends
· Pushing and pulling the width of the file along the length of the work
[image: How to use a file card brush? - Wonkee Donkee Tools][image: ]Once the surface has been filled down almost to size, draw filling can give a fairly accurate and smooth finish.  Sometimes particles of material become embedded in the teeth of the file preventing a smooth finish being achieved.  Chalk maybe rubbed into the teeth to avoid clogging and to ensure as smooth a finish as possible.  Clogged files can be cleared using a file card. 




[bookmark: _Toc75781125]Filling flat
[image: ]To file flat an accurate flat surface takes much practice and patience.
It is done by cross filing:
· First smear marking blue on to the top surface of a surface plate
· Rub the work on to the ‘blued’ area.  The marking blue will be transferred to the workpiece at the points of contact, known as high spots.
· Mount the workpiece in a vice
· File at an angle of 45° to the workpiece
· Cover as large an area as possible with each stroke
· Do not lift up on the return stroke (to avoid filling up the file blade with swarf)
· After a few strokes, repeat filing at 90° to the original direction (opposite 45°)
This process is repeated until the blue marks on the surface appear evenly spread over the surface being filed flat, with no high spots
When finish filling a broad flat surface use a flat file because it is slightly barrelled in thickness, as this allows parts of the surface to be flattened without removing material from other areas.
[bookmark: _Toc75781126]Filing square
[image: ]Filing square involves filing the edges of workpieces square to one another, often to form a datum for marking out by:
· holding the workpiece and a try square up to the light and viewing the gap between the work and the try square's blade
· noticing where the light passes through and where the workplace makes contact with the try square's blade
· gripping the workpiece in a vice and lightly filling away the high spots (areas of contact) so the whole length of the try squares blade and stock are in contact with the workpiece.
[image: The Woodworkers Try Square]



Learners Notes:


[bookmark: _Toc75781127]Hammers
[image: ]





Hammers are important tools and must be used correctly and safely, their main uses are:
· tapping marking tools
· riveting   
· chiselling  
·  driving things into position.
Hammers are identified by their shape and weight.
Most hammers are available in a wide range of weights, typically between 225 gm (1/2lb) and 900 gm (2 lb) Bigger hammers than this are called sledgehammers and lump hammers. and used for very heavy work. Hammer handles are usually made from good quality ash or hickory wood
[image: ]Before using a hammer always carry out the following safety checks:
· Head is tightly on the shaft
· Shaft is not split
· Head is not cracked or mushroomed
· The handle is dry and not slippery

A hammer face should be kept free from burrs and blemishes by rubbing it on emery cloth.

Always hold a hammer firmly at the end of the shaft.
[image: ]

A hammer can be used in conjunction with another tool such as a centre punch or chisel




[image: ]

A hammer can also be used in direct contact with the work such as driving a key into position.  Sometimes a piece of softer material is held between the hammer and the work to prevent burring or damage.  Wood, brass, or aluminium is often used for this purpose.

Some types of hammer are shown here. Identify and record their uses of each one.
	
	


	
	[image: ]
ball pein hammer

	[image: ]
cross pein hammer

	[image: ]
straight pein hammer

	[image: ]
Soft faced hammer



	













	
	

	
	




[bookmark: _Toc75781128]Saws
[bookmark: _Toc75781129][image: ]HACKSAWS
A hacksaw is a hand saw mainly used for cutting metal.
[image: ]It consists of a frame and a blade. The frame may be adjustable in length. The blade is fitted into the frame with the teeth pointing away from the handle. The tension of the blade can be adjusted using the wing nut.

Junior hacksaws are not adjustable, and the blade is tensioned by the spring of the frame. The blades are carbon steel md flexible. They are used for small work where a conventional saw would be unwieldy.
 Before using a saw check
· the blade should not be twisted
· there should be no blunt or broken teeth
· the teeth should face the direction of the cut.
Take care - a new blade is likely to jam when put into an existing cut.
[bookmark: _Toc75781130]Hacksaw blades
Blades for a conventional hacksaw are made of high-speed steel.
They are available in two types: "all-hard' "flexible".
All-hard blades
These are hardened throughout. They are very rigid and in the hands of an experienced operator will give an accurate cut and a long blade life,
[image: ]Flexible blades
These blades are on the cuffing edge only. They are unbreakable in normal use and are intended for the inexperienced operator or where the awkward nature of the work is liable to cause breakage of the all-hard type. They give a less accurate cut than the all-hard type of blade (because of their flexibility) and they wear quicker.
[image: ]The teeth of a hacksaw blade are set so that the blade cuts a slot wider than itself.
The blade must be at the correct tension to keep the cut accurate and minimise the risk of blade breakage.

A hacksaw blade is classified by the number of teeth per unit length. This is usually stated as the number of teeth in a length of 25 mm. However, blades are sometimes marked with the number of teeth per inch, often abbreviated to TPI. As an inch is very nearly the same length as 25 mm there is no significant difference between the two systems of classification.
For hand hacksaws:
· coarse blades have 14-18 teeth per 25 mm
· fine blades have 24-32 teeth per 25 mm.
[image: ]Thick materials should be cut with a coarse blade and thin materials with a finer blade. Choose a blade which is fine enough to ensure that at least three teeth are in contact with the material when a cut is being made,
If the teeth of a blade become clogged use a coarser blade.
Soft materials such as aluminium are particularly likely to cause clogging.
[bookmark: _Toc75781131]Using a Hacksaw.
[image: ]The workpiece should be firmly held in a vice.
Hold the hacksaw at an angle of about 30° and make a few short backward and forward strokes on the workpiece to start the cut. Then, using both hands on the saw as illustrated, continue cutting with a steady rhythm using full length strokes.
The rate of sawing should be 40-50 strokes a minute and cutting pressure should only be applied on the forward strokes.
[image: ]When cutting thin material, the saw should be held at a shallow angle to the length of the cut to increase the number of teeth in contact with the materials. This stops the blade snatching. If a very thin material is to be cut, it is a good idea to sandwich it between two pieces of wood to prevent it from twisting or bending
[image: ][image: ]When cutting a pipework or tubing, mark a guideline round the workpiece and rotate it at intervals during the cutting process. 
With the blade in a normal position, the depth to which the hacksaw can cut is limited by the distance between the blade and the back of the frame. However, the pin holders at both ends of the frame can be rotated through a right angle and this enables the blade to be mounted at 90° to its usual position.
With the blade like this, it is possible to make unlimited lengths of cut provided that the width of the piece being cut off is not greater than the distance between the blade and the back of the frame.

[bookmark: _Toc75781132]Punches
Punches are used for marking indentations or dots in a workpiece.
[image: ]The indentations are used:

· for marking out
· as witness guides
· to guide and start the points of drills

Centre Punches
A centre punch has a point ground to an included angle of 90°, its main use is:
· [image: ]for marking the centre of holes to be drilled
· as a location for the drill point.


Dot Punch 
A dot punch has a point ground to an included angle of 60°, although an angle of 40° can be used for fine precision work.
It is used:
· [image: ]to emphasise lines in marking out 
· as a locator for the point of dividers when drawing arcs and circles
Using punches
To use a punch:
· hold the punch at an angle so the position of the point can be seen clearly set the point where the punch mark is required
· [image: ]bring the punch to a right angle to the surface to be marked, making sure the point does not move from the required position
· hold the punch securely and strike the end of the punch lightly with a hammer
· make sure the hammer hits the punch square
Always check:
· the point of the punch is sharp
· the head of the punch is not chipped or mushroomed.Learner notes:




[bookmark: _Toc75781133]Cutting screw threads
Taps
A tap:
· is a cutting tool used for making internal screw threads
· is made of hardened Steel
· has flutes along Its body to form cutting edges.
Taps intended to be used by hand have a square on the end of the shank to fit into a tap wrench.
[image: ]Taps are available for each size of all the standard thread forms. There are also ranges of taps available for cutting left-hand threads.
Care must be taken to keep taps in good condition. They are very brittle and easily damaged. After use a tap should be cleaned carefully and put into a suitable rack for storage.
Before using a tap examine it carefully - a tap that is chipped should not be used. 
[image: ]



There are three types of tap
Taper Tap
· this is tapered off for the first eight to ten threads at the leading end. 
· [image: ]It is used first and cuts gradually


Intermediate Tap
· this has a shot taper extending over three or four threads at the leading end. 
· This tap is used after the taper tap and is satisfactory for finishing open-ended holes which go through the material. 
· [image: ]This intermediate tap is sometimes called a second tap 
[image: ]Plug Tap
· this has a full-size thread right to the leading end. It is necessary to use a plug tap to cut a screw thread to the bottom of a blind hole.


Tapping drills
To cut an internal tread it is first necessary to have a hole of the correct diameter for the particular size and form of the tap to be used. This diameter is known as the "tapping Size" and a drill to make this size of hob is called a "tapping drill". You could, for example, refer to a tapping drill for an MIO x 1.50 thread.
[image: ]














Tap wrench
Hand taps are turned using a tap wrench.Threaded handle adjusts jaws

· [image: All-steel tap wrench or zinc die-cast tap wrench: Which is better?]A tap wrench has two handles, one on either side, the two handles enable the tuning force to be applied while holding tie tap in line with the hole.
· Never try to tap a hole using a spanner or some other single handled tool to turn the tap, unless the tap is held in line by some other means.Fixed jaw

· The square of the tap is fitted between the jaws of the tap wrench and the jaws tightened by turning the threaded handle - see illustration.Square end of tap

· make sure that the jaws seat firmly onto the comers of the square.
· Taps are brittle and easily broken. If a tsp breaks off in a workpiece It Is very difficult to remove and often results in the workpiece being scrapped. It is therefore important that the size of wrench is used for any tap so that it can be satisfactorily controlled.
Dies
[image: ]A die Is used to cut external treads by hand. The most usual type of die is a button die. These are made of high-quality tool steel, suitably heat treated.
· Dies are available for each size of all the different standard thread forms. There are also dies available for cutting left-hand threads. 
· Care must be taken to keep dies in good condition.
· They are very brittle and can be damaged easily.	
· After use, a die should be carefully cleaned and stored in a suitably partitioned box.
· Before using a die examine it carefully
· Do not use a chipped die.
Die stock
· [image: ]Button dies are held in a die stock A die stock, like a tap wrench, has two handles which enable the turning force to be applied while holding the die in line with the workpiece. The die should be inserted in the stock with the tapered lead away from the shoulder of the stock
· The die stock has three screws which are used to spring the die open or shut by a small amount If the two outer screws on the stock are slackened and the central screw is tightened, the die will be forced open. If the central screw is slackened and the two outer screws tightened, the die will close slightly.
· The button die should be fully open for the first cut and then reduced to the finishing size. For larger diameter threads it may be desirable to do a first cut, followed by one or more intermediate cuts, and then a finishing cut.
[image: ]
[image: ]




[bookmark: _Toc75781134]Screwdrivers
[image: ]There are several types of screwdrivers: 
· Engineers’ screwdrivers
· Electricians’ screwdrivers
· Crosspoint screwdrivers, Pozidriv
·  (also known as Philips)
· Torx
· Hex
[bookmark: _Toc75781135]Engineers screwdriver
[image: ]These are for use on slotted screws and usually have a flared tip on the end of either a round or square section blade. The edges of the flared tip are usually ground back see illustration and are slightly concave to prevent the blade from rising up out of the slot,
They are available with overall lengths up to 300 mm and with tip widths up to 10 mm. For general purpose engineers' screwdrivers, the wider the tip the longer the blade. However, screwdrivers with wide tips and short blades are available for use in restricted space and narrow tip screwdrivers with long blades for when a long reach is necessary.
[bookmark: _Toc75781136][image: ]Electricians screwdrivers




These normally have round blades and may have either parallel tips or flared tips. The handle is made of an insulating plastic and the blade is often sheathed in an insulating material so that only the tip of the blade is exposed
[image: ]Sometimes there is a neon indicator inside the handle which is connected between the blade and a metal ring on top of the handle.  Live high voltage sources can be detected with safety by touching the tip of the blade on the suspected source and earthing the top of the handle through the finger - If the source is live the neon will glow. 
[bookmark: _Toc75781137]Crosspoint (Philips) screwdriver
These are also called cruciform screwdrivers.
[image: ]There are several types of crosshead screw in use the two most common are "Phillips" and 'Pozidrive". These screwdrivers are made in a range of four-point sizes from No. 1 to No. 4 size No. 4 being the largest.  
It Is important that you use the correct type and size of screwdriver point for the screws in use, otherwise damage is likely to be caused to both the screw and the screwdriver point. Note that damaged crosshead is particularly difficult to remove,
Never try to tum a crosshead screw with a straight
[bookmark: _Toc75781138]Torx screwdriver
Torx (pronounced /torks/) is a trademark for a type of screw drive characterized by a 6-point star-shaped pattern, developed in 1967 by Camcar Textron. A popular generic name for the drive is star, as in star screwdriver or star bits.
Sizes
	Torx Size
	Imperial Point to Point (inches)
	Metric Point to Point

	T5
	.055"
	1.42 mm

	T6
	.066"
	1.70 mm

	T7
	.078"
	1.99 mm

	T8
	.090"
	2.31 mm


The Torx screw head system is shaped like a six-pointed star, and to many users is simply referred to as a star screw that requires star screwdrivers of star bits to install them.
[image: ][image: ][image: ]

[bookmark: _Toc75781139]Hex screwdriver
A hex key, also known as an Allen key or Allen wrench, is a small handheld tool that's used for driving bolts and screws with a hexagonal socket. Allen filed a patent for a cold-forming screw head featuring a hexagonal shape.
[image: ]Hex bits use a 1/4" hexagonal fitting. (There are also larger sizes sometimes seen used with impact drivers, but these aren't common.) Most screwdriving bits are 1" long. 2" & 6" are available for more reach or just straighter reach when the screw is close to some obstruction.
[image: ][image: ]



[bookmark: _Toc75781140]Using a screwdriver
Do not use damaged screwdrivers. A tip which is chipped or rounded will not seat properly in the screw head and is likely to damage both the screw head and the workpiece.
To use a screwdriver
· choose a screwdriver which is correctly shaped and the right size to fit snugly in the screw head 
· the tip of the blade should extend across almost the full width of slot in screw head (A). If the tip is not wide enough (B)) it will damage the slot.
A tip which is wider than the screw head (C) will damage the surrounding area of the workpiece when the screw is driven home 
· the tip should be thin enough to enter fully into the slot of the screw head (D), but it should not be so thin that there is excessive play (E).[image: ]













[bookmark: _Toc75781141]Pliers
Pliers are a gripping tool they are used to hold small components which would otherwise be difficult to hold and control.  Pliers are mad of forged or cast steel with the jaws hardened and tempered.  They are sized by overall length.
There are six common types of pliers
· flat nosed
· combination
· electrical
· snipe nosed
· round nosed
· special purpose
[bookmark: _Toc75781142]Flat nosed pliers
[image: ]These are basic pliers and used for:
· gripping
· holding components




[bookmark: _Toc75781143]Combination pliers
These are more versatile than flat nosed pliers and have a greater number of applications. 
[image: What are the parts of combination pliers? - Wonkee Donkee Tools]They incorporate:
· side cutters - useful for cutting locking wire and split pins to length.   
· [image: ]Joint cutters   
· a pipe grips.


[bookmark: _Toc75781144][image: Hand tool Needle-nose pliers Diagonal pliers - Plier PNG image png download  - 1116*656 - Free Transparent Hand Tool png Download. - Clip Art Library]Electrical Pliers
Like combination pliers but with heavily insulated handles to withstand high voltages (up to 10,000V).


[bookmark: _Toc75781145][image: ] Snipe nosed pliers
Delicate pliers used for holding small components. 

[bookmark: _Toc75781146][image: Long round nose pliers]Round nosed pliers

       Used for forming loops on the end of wires

[bookmark: _Toc75781147]Special purpose pliers
These include:
· Circlip pliers
· Wire strippers
· Side cutters
· Eyelet pliers
· [image: ][image: ]Crimping pliers


[image: ][image: ]




[bookmark: _Toc75781148]Using pliers
Pliers should be examined periodically for wear or damage and faulty tools discarded. The most common faults are:
· sloppy Jaws which tilt relative to each other caused by a worn pivot
· worn or damaged serrations which prevent proper gripping 
· sprung jaws prevent the faces of the jaws closing together over the full length 
· indentation or chips on the edges of the side
A finished surface should be protected when gripping with pliers to avoid the finish being damaged by the jaw serrations.
Never use piers to undo or tighten nuts or bolts pliers will cause considerable damage to the hexagon head by rounding the cornerspl'ers
cutters.













[bookmark: _Toc75781149]Knowledge check 1
1. What is the safety/fit for purpose checks you carry out on a hammer before use?
2. Explain how to select and establish a suitable datum; the importance of ensuring that marking out 
3. is undertaken from the selected datum, and the possible effects of working from a different datum?
4. Identify the various types of file that are available, and the cut of files for different applications?
5. Explain the importance of ensuring that file handles are secure and free from embedded foreign bodies or splits?
6. Describe how to file flat, square, and curved surfaces, and how to achieve a smooth surface finish (such as by draw filing)?
7. Describe how to select saw blades for different materials, and how to set the saw blades for different operations (such as cutting externally and internally)?
8. Describe how to cut external threads using hand dies, and the method of fixing and adjusting the dies to give the correct thread fit?
9. escribe how to determine the drill size for tapped holes, and the importance of using the taps in the correct sequence?
10. Explain the importance of using tools only for the purpose intended; the care that is required when using the equipment and tools; the proper way of storing tools and equipment between operations?
Please put your answers in supplied space, if you need extra paper then please ask.
Learners answers

[image: ]
[bookmark: _Toc75781150]Spanners
Spanners are used to hold or turn nuts and the heads of screws and bolts. There are many types of spanner, each intended for use in different circumstances.
They are usually made from high steel forgings and often kept in sets covering a range of sizes. Each spanner head is marked with its size and (except for some metric spanners) there will also be an indication of the screw thread system for which it is intended.
[bookmark: _Toc75781151]Using spanners
Accidents with spanners are nearly all caused by the spanner slipping from the nut. Accidents can be prevented by using spanners correctly:
· use the correct size of spanner for the job   
· never pack the gap with washers or other materials
· never use spanners with damaged jaws 
· use a rigid spanner rather than an adjustable spanner - there is less chance of it slipping   
· pull towards your body whenever possible  
· do not extend the spanner with lengths of tube to obtain extra leverage  
· use a steady pull, not a jerky action  
· do not hit the spanner with a hammer   
· ensure that your hands will not strike an obstruction if the nut turns unexpectedly.Research the following thread systems and describe and name:
UN/UNF.
NPT/NPTF.
BSPP (BSP, parallel)
BSPT (BSP, tapered)
metric parallel.
metric tapered.

[bookmark: _Toc75781152]



Types of spanner
There are six main types of spanner, which all have different adaption, i.e. rachet, angled, and split.
They are:
· Open ended spanner
· Ring spanner
· Combination spanner
· Adjustable spanner
· Hexagon socket wrench
· Box spanner
[bookmark: _Toc75781153][image: What is an open-ended spanner? - Wonkee Donkee Tools][image: Teng Tools 11 Piece Double Open Ended Spanner Set 6-32mm]Open ended spanner
These are the general-purpose spanner, widely used throughout engineering.  Most open-ended spanners are double ended, the two heads on the spanner each fitting a different size of hexagon nut or bolt head. 
[bookmark: _Toc75781154][image: Ks tools Ring Spanner-Set Angled 21 Pieces 6-32 mm Silver, Bikeinn]Ring spanner
[image: Clarke CHT809 5 Piece S-Type Ring Spanner Set - Metric 1801809 | Building  Supplies Direct][image: KS Tools 5170852 CLASSIC Double Ring Spanner Offset 19 x 24 mm:  Amazon.co.uk: Business, Industry & Science]These are gradually replacing the-open-ended type of spanner as a general-purpose tool it is easier and more convenient to use when the swing of the spanner is restricted. However, it will only fit nuts and bolt heads which are in good condition. If the corners of the hexagon are damaged it may be necessary to use an open-ended spanner.
[image: e.s.Double ended ring spanner set | Engelbert Strauss]The shaft of a ring spanner may be in line with the head, at a slight angle, or cranked as shown in the lower illustration. Each has advantages for particular applications. 
[bookmark: _Toc75781155][image: 14mm Combination Spanner 35386 8220MM | Draper Tools]Combination spanner
These have an open-ended spanner at one end of the and a ring spanner at the other and. The two ends usually fit hexagons of the same size.


[bookmark: _Toc75781156][image: FACOM UNITED KINGDOM | - New adjustable wrench series]Adjustable spanner
These can be used instead of an open ended or ring spanner.  The jaws are adjustable to accommodate various sizes of nuts and bolt heads within a certain range.

[bookmark: _Toc75781157][image: FLEX 115.460 Hexagon socket wrench SW 5 for changing the sanding pad -  online purchase | Euro Industry]Hexagon socket wrenches
These are also called Allen keys.  They are made from hexagon steel bent at a right angle and are use on hexagon socket head screws.
· [image: Hexagon socket wrench 265P 2,5 x 60 - DPV Elektronik-Service GmbH]They are identified by their size across flats and are available in metric sizes and in inch sizes.
· You must always take care to use the correct size of wrench otherwise both the wrench and the screw socket will become rounded.
· Do not use a hexagon socket wrench which has rounded edges - it will slip in the socket end is likely to damage the head of the screw, as well as possibly injuring you.
[bookmark: _Toc75781158]Box spanners
[image: BOX SPANNERS - Wealden Tool Online Resources][image: What are the parts of a box spanner tap wrench? - Wonkee Donkee Tools]These are usually formed out of steel tube, but sometimes they are made out of an alloy steel.  They are useful when the nut or bolt are in a recess.
Box spanners that are made out of steel tube are not very strong and easily become damaged.  Do not use a box spanner on which the hexagon end has become worn or rounded, or the corners have cracked or split.
[bookmark: _Toc75781159][image: Top 10: Best socket sets to suit all budgets | Honest John Kit | Honest John]Socket sets
Socket sets are made up of a range of socket heads with a selection of turning handles, extension pieces and universal joints. There is usually a handle with a ratchet which can be set to operate in either the clockwise or anti-clockwise direction.
[image: Gearbox Crossmember]The socket heads are forged out of alloy steel.
A socket set is invaluable when the nut or bolt is in an inaccessible position. By using the appropriate socket in conjunction with various other components from the set, you can make up a spanner to suit almost any application if there is sufficient headroom over the hexagon to locate the socket.

[bookmark: _Toc75781160]Wrenches
A wrench is used for gripping and turning pipes and similar objects. The grip of a wrench tightens as force is applied to bring rotation. Wrenches have deeply serrated jaws which bite into the workpiece - they should not be used on surfaces where marking is unacceptable
Here are the three main types of wrench:
· Pipe wrench
· Stillson wrench
· Mole wrench
[bookmark: _Toc75781161]Pipe wrench
[image: Kennedy 9" Adjustable Pipe Wrench KEN5882720K | at Zoro]A pipe wrench consists of two pieces held together with a pivot pin secured by a nut. The piece with the lower jaw is a tight U shape in section and enfolds the stem of the upper jaw. The pivot pin can be put into any one of a number of holes on the inner piece of the wrench and this enables the distance between the jaws to be varied for gripping sizes of pipe.
This pattern of pipe wrench is capable of gripping and turning pipes up to about 50 mm bore but the amount of leverage for turning pipes of this size is limited.
[bookmark: _Toc75781162]Stillson wrench
[image: 361-18 | Bahco Pipe Wrench, 457.0 mm Overall Length, 50mm Max Jaw Capacity  | RS Components]These are made from drop forged steel with special treatment to the jaws to make them tough and hard, the floating head principle of the design provides a great gripping force as the handle is turned.
Stillson are made in various sizes up to 900 mm overall length and can grip round objects of more than 100 mm diameter. 
[bookmark: _Toc75781163]Mole wrench
[image: ]Mole wrenches are made from pressed steel and are cadmium plated. They have serrated jaws which can be locked onto the workpiece with a powerful grip. The lock is released by a quick release lever.
The wrench can be adjusted to grip different sizes of object by turning an adjusting screw

[bookmark: _Toc75781164]Checking workpieces
It is important to check the components you are making or assembling at regular intervals.
You need to check:
· the quality of the component made - does it meet specification?   
· the quality of the assembly - do the parts fit correctly?
This helps to ensure:
· each stage of the fitting/assembly process is carried out correctly to specification
· the correct materials, tools and equipment are being used 
· the correct fitting techniques are used.
Quality checks can highlight:
· problems at specified stages of the fitting/assembly process   
· shortages of materials, tools, or equipment  
·  use of damaged tools or equipment,
Checking the quality at stages of the fitting process can prevent:   
· errors accumulating   
· unnecessary wastage and scrap.
Quality checks should be built into the work plan. Each interval should be indicated, and the expected outcome described.
Use a fitting task you have been given to list here the quality checks that are made at each stage during the fitting process. Describe what you look for at each stage.
	[bookmark: _Hlk75428500]Name of task
	

	Stage of quality check
	Expected quality outcome
	What the quality was actually like
	What problem needs sorting out.

	1

	
	
	

	2

	
	
	

	3

	
	
	

	4

	
	
	

	5

	
	
	

	6

	
	
	

	7

	
	
	

	8

	
	
	




[bookmark: _Toc75781165]Health and Safety procedures – Drilling and Grinding
Before using a drilling or grinding machine always make sure you:
· know what the regulations are for the machine you will use
· know what specific safety precautions to take
· use the correct PPE
· keep the work area clean and tidy
Describe below any safety regulations you need to know for drilling and grinding:
	Name of regulation
	What you have to do.

	Health and Safety at work Act 1974 (HASAWA74)
	

	Control of Substances Hazardous to Health. (COSHH)
	

	Abrasive Wheel regulations 
	

	Provisions and Use of Work Equipment Regulations
	



	Machine
	Safety precautions to take

	
Bench/Pedestal drill
	

	
	

	
	

	
Bench/Pedestal                            grinding machine
	

	
	

	
	



[bookmark: _Toc75781166]
Personal protective equipment
Personal protective equipment (PPE) is required machining activities. 
For drilling and grinding machines you may need to wear:
[bookmark: _Toc75781167]Safety spectacles, eye shields or goggles
· During the grinding process, eye protection is needed to protect against impacts and dust.  Safety spectacles can be fitted with prescription lenses if required and should incorporate side shields to give maximum protection to the eyes.  Some types of eye protection can be worn over ordinary spectacles if necessary.
· Lenses must be kept clean.  Dirty lenses restrict vision, this can cause eye fatigue and lead to accidents.
· Eye protection should be used only by the person they are issued to.  Lenses that are scratched or pitted must be replaced as they impair vision and their impact resistance may be reduced.
[bookmark: _Toc75781168]Protective clothing
· Overalls or coveralls must be worn during machining activities.  
· They should be clean, the correct size, have no loose or flapping parts.  
· In a good state of repair and discarded if too badly damaged.
[bookmark: _Toc75781169]Protective footwear (boots or shoes)
· Protective footwear should be worn at all times.
· Footwear should be maintained in a good condition
· Regularly checked and discarded if worn or deteriorated.
· Laces and stitching should be checked to ensure maximum protection is maintained.
[bookmark: _Toc75781170]Hand protection (hygiene)
· Barrier creams should be worn where there is a risk of coming into contact with substances likely to affect the skin.
[bookmark: _Toc75781171]Hand protection
· When doing rough or heavy grinding, gloves may be needed to protect against sparks and chips.
[bookmark: _Toc75781172]


Hair protection
· A cap or hair net should be worn when operating any machinery with rotating spindle. 
· If the above is not possible all long hair should be tied back with no loose strands of hair which could be caught in the rotating machinery.
	Equipment
	When it is worn/used
	Reason for wearing/using it

	Safety spectacles, eye shields, goggles

	



	

	Protective clothing (e.g. overalls)

	



	

	Protective footwear (e.g. safety boots)

	



	



[bookmark: _Toc75781173]Tools used in drilling operations
The tools most often used are:
· Drills
· Reamers
· Counterbores
· Countersinks
· Spot facing tools
[bookmark: _Toc75781174]







Drills
Twist drills are the most commonly used type of drills.
[image: twist drill nomenclature Cheaper Than Retail Price&gt; Buy Clothing,  Accessories and lifestyle products for women &amp; men -][image: Drill-bit geometry. (a) General geometry, (b) Point geometry, and (c)... |  Download Scientific Diagram]Twist drills can be made of different grades of steel, but by far the most common is high speed steel. The material from which the drill is made is usually engraved on the neck of the shank - high speed steel drills are marked HSS.



A twist drill has:
· a shank which is used to hold the drill in the drilling machine
· a body which gives the drill "reach" and determines the maximum depth of the hole which can be drilled
· a tip or point which cuts the hole.
Some drills, usually the larger sizes, have a neck.
[bookmark: _Toc75781175]Mounting drills
Safety – great care must be taken when mounting drills or using drilling machines
· the chuck key must always be removed and all guards in place before the machine is started
· there must be no loose clothing or long hair which could get caught up in the drill 
· Do not wear gloves, rings, watches, or bracelets while working with a drilling machine
· Do not hold work by hand when drilling holes; secure the work with clamps or vices. 
· [image: ]Do not place hands under the stock being drilled
[bookmark: _Toc75781176]


Mounting parallel shank drills
Parallel shank drills should be mounted only in a drill chuck
To mount:
· [image: ]Select the required size of drill   
· check that it is straight, the drill point is not worn or chipped and that the shank is not scored  
· clean the drill including the shank   
· open out the drill chuck until the drill shank will slide in between the chuck jaws   
· hold the drill centrally in position between the jaws with the minimum amount of the shank protruding and tighten the chuck using the chuck key   
· ensure that the drill is held securely   
· check that the chuck key has been removed and that the guards are in position   
· start the drilling machine and check that the drill is running true   
· stop the machine if the drill is out of true, remove the drill and check that the shank and the chuck jaws are clean and undamaged. Remount the drill. If It still runs out of true, discard the drill and use another
[bookmark: _Toc75781177][image: ]Mounting taper shank drills
Taper shank drills are not mounted in a chuck. The spindle of the drilling machine has an internal taper which will take the shank of the drill direct if they are both the same size. If they are of different sizes an adaptor is used. Use a sleeve if the drill shank is smaller than the spindle bore.
[image: Morse Taper]To mount:
· select the required size of drill and any adaptor sleeve or socket necessary 
· check and clean the drill (as for parallel shank drills) and the machine spindle socket 
· if an adaptor is necessary, examine and dean the adaptor and fit it on the taper of the drill
· insert the drill (with adaptor if fitted) into the spindle taper of the machine and turn it until you fed the tang locate in the slot 
· press the drill into position by tapping the end with a hide mallet or lowering the spindle so that the drill presses on to a wooden block 
· observe all the safety precautions on previous page, then start the machine and check that the drill is running true.

[bookmark: _Toc75781178]Removing a taper shank drillProduce a sketch of the end geometry of a twist drill, identify and label all features.


To remove:
· [image: ]place a block of wood or some other suitable soft material on the machine bed under the drill.
· [image: Chuck key? | Page 2 | MIG Welding Forum]Insert a drill drift into the spindle nose slot.  It is important you use the correct material as damage can occur if you use a material that is harder than the drill or machine sleeve.
· Support the drill with a gloved hand and strike the drift with a mallet 
· Remove the sleeve using the same method
· Clean the drill and adaptor and return to correct stowage.

[bookmark: _Toc75781179]Reaming
Holes are sometimes required to have a greater degree of accuracy or a better standard of finish than can be achieved by drilling alone. To do this, the hole is drilled slightly smaller than required and then finished to size by reaming.
Reaming cannot be used to correct inaccuracies in the position or direction of a drilled hole.
[bookmark: _Toc75781180]Types of reamers
There are two main types, hand reamers and machine reamers.
[bookmark: _Toc75781181]Hand reamers
· [image: Reamers and Reaming Tools - Grainger Industrial Supply][image: HSS Metric & Imperial Tapered & Spiral Reamers]Hand reamers normally have parallel shanks with a square on the end for fitting a wrench. This square end usually has a centre recess. Some hand reamers have helical flutes for special applications (e.g. bores with a keyway)
 



[bookmark: _Toc75781182]Machine reamers
· Reamers made use in power driven machines generally have Morse taper shanks, though smaller diameter machine reamers may have parallel shanks for holding in a chuck. They can have either parallel or helical flutes.
· When setting a machine reamer in a drilling machine, the spindle speed should be set at half the speed for the equivalent size of drill and special cutting fluid applied.
· [image: Reamers and Reaming Tools - Grainger Industrial Supply]After reaming the hole, the reamer should be withdrawn from the hole whilst the spindle is still rotating.
[image: Machine Reamers, Tapered Reamers - Sheffield Tooling Company]



[bookmark: _Toc75781183][image: Home Shop Machinist]Counterboring
· Counterboring Is a drilling process in which an existing hole is enlarged for part of its length. The most common use for a counterbored hole is to allow the head of a bolt or screw to be sunk below the surface of the work. 
· [image: 7Pcs/Set Counterbore Drill Bit Sets HSS Counterbore End Milling Cutter  M3.2-M12.4 Countersink Drill Bits Pilot Slotting Milling Cutter End Mill  Cutting Tool Set for Copper Aluminum Cast Iron: Amazon.co.uk: DIY & Tools]Counterboring is best done with a special counterboring tool. This is basically a fiat ended drill with a peg or pilot protruding from the end to locate it concentrically within the existing hole.


[bookmark: _Toc75781184][image: ]Countersinking
· Countersinking is a drilling process in which a conical recess Is formed concentrically at the top of an existing hole. The countersink is usually required to accommodate the head of a countersunk screw or bolt.
· [image: Diagram of Countersinking - Drilling operation - Manufacturing Processes - 2]A special countersinking tool is used.
· The angle of a countersink is usually 45° to the axis of the hole (an included 90°) but other angles may be required for special applications. The extent of the countersink is specified by stating the required outside diameter of the finished conical recess.
[bookmark: _Toc75781185]Spotfacing tool
· [image: FlipCut Back Spot Facing | Cogsdill]This is used to clean up uneven surfaces around holes.
· The counterboring tool can also be used for spotfacing.
· This is the process of levelling the area around the top of a hole to provide a flat seating at right angles to the axis of the hole. 
· This is usually necessary for bolt holes through castings and other items with rough surfaces.
[bookmark: _Toc75781186]Mounting and securing workpieces
There are several methods of securely clamping workpieces on a drilling machine.
These include:
· hand vices
· machine vices 
· angle plates 
· directly attached to the machine table.
[bookmark: _Toc75781187]Work holding
When using a drilling machine, it is important that workpiece is held securely. There are two reasons why this is necessary.
· for your safety - If the workpiece is not held securely it may break free and revolve at high speed with the drill. This is particularly likely when the drill breaks through on the underside of workpiece, also drill may break, allowing the workpiece to fly off and cause injury and damage 
· to drill holes accurately - if the workpiece moves while it is being drilled the hole may be in the wrong position, oversize oval, or even at a slight angle if the drill bends. Worst of all, the drill may break off in the workpiece and result in injury or damage.
[image: High Precision Table Flat Bench vice milling Machine Table Drill vice:  Amazon.co.uk: DIY & Tools]Small regular shaped workpieces can be held in a hand vice or a machine vice clamped to the worktable of the drilling machine. Lager or irregular shaped workpieces are often clamped direct to the worktable.
If several identical workpieces are to be drilled, it will be advantageous to set up stops on the workable for quick and accurate location.  If many identical workpieces are to be drilled, they may be held on the worktable using a custom-made jig.
[bookmark: _Toc75781188][image: ]Workholding with a machine vice
A machine vice can be bolted onto the machine worktable by using ‘T’ bolts located in the worktable slots.  When mounting the vice ensure that the table (including the slots) and the base of the vice are clean and free from burrs.
[image: Work Holding]To do this:
· position the maximum possible length and depth of the workpiece in the vice.  If holding a cylindrical workpiece, ensure that the centre line is lower than the top of the vice jaws
· if it is necessary to raise the height of the workpiece in the vice jaws, use parallel strips.  Check the strips will not foul the drill during the drilling operations.
· Close the vice jaws gently onto workpiece
· Tap the workpiece lightly down in the jaws using a soft hammer/mallet.  If the workpiece is not seated it will ring as it is struck, the sound changing to a dull thud as the workpiece seats onto the vice bed or the parallel strips.
· Use feeler gauges to check the workpiece is fully seated.  If parallel strips have been used check that they are tightly trapped.
·  Fully tighten the vice
· Adjust the position of the vice on the table, using the T-bolts, so that the position of the hole is in line with the drill spindle.
· Finally tighten the T-bolts.
[bookmark: _Toc75781189]Clamping flat on to the worktable
To do this:
· [image: Workholding – clamps and clamping | john f's workshop]Ensure that the drill table is free from swarf and dirt
· Select a matched pair of parallels and place them onto the table
· Place the work onto the parallels so that the position of the required hole is in line with the drill spindle.
· Position the parallels so that they are as close as possible to the opposite edges of the work and clear of the drilling area.
· Check the work is lying flat on the parallels
· Position T-bolts, clamps and packing material on both sides of the work.  The parallels should be directly below the clamps to avoid tilting the work.
· Tighten both clamps alternately and evenly
[bookmark: _Toc75781190]Clamping irregularly shaped workpieces
The method used to hold an irregularly shaped workpiece securely on the till table will vary considerably depending upon the characteristics of the workpiece and how it to be drilled. 
· choose a suitable size of angle plate and secure it to the drill table using T-bolts
· pre-position clamps in appropriate slots on the angle plate
· position the workpiece flat against the angle plate. If drilling close to the angle plate, build up the height of the workpiece with packing so that the drill chuck will not foul the top edge of the angle plate
· lightly tighten the clamps to hold the workpiece against the angle plate but still allow some movement
· place a spirit on the face to be drilled.  Tap the workpiece with a soft hammer/mallet until the surface becomes horizontal
· finally, tighten the clamps and check again with the spirit level to ensure that the workpiece is accurately positioned.
· adjust the position of the angle plate on the table the T-bolts so that the hole is in line with the drill spindle
· Firmly tighten the T-bolts
[bookmark: _Toc75781191]Clamping round work
The best way of a round bar on to the dill is to use a vee block. Longer workpieces may require two vee blocks.
Make sure you:
· ensure that the drill table is free from dirt and swarf
· position the vee block on the table parallel with the T slots
· measure the height from the drill table to the top of the work and select a similar height of packing for the clamp
· [image: V-Block and Clamp Set Hardened Steel 90 Degree Angle 1 5/8 x 1 1/4 x 1 1/4  Vee Block Set]put a strap clamp across the workpiece and packing and hold it loosely in position with the T-slot bolts
·  rotate the workpiece in the vee block to bring the marked-out position of the required hole to the top dead centre
· [image: ]Tighten the strap clamp taking care that the workpiece does not move out of position. 
When selecting a vee block, choose a size which will allow the workpiece to rest approximately midway on the faces of the groove. If using two vee blocks to support a workpiece at each end, ensure that they a matched pair.

[bookmark: _Toc75781192]Drilling and finishing holes
To obtain accurate positioning of the drill relative to the required hole position in the component, several methods are available including:   
· using a centre drill   
· pilot drilling
· boxed hole markings
[bookmark: _Toc75781193]Using a centre drill
Centre provides an enlarged centre to accommodate the larger chisel edge of larger diameter drills.
[image: ][image: ]Centre drill





[bookmark: _Toc75781194][image: ]Pilot drilling
Pilot drilling is a pre-drilling with a smaller size drill than the size finally required. This provides clearance for the centre of the main drill, which enables it to cut much more efficiently.

[bookmark: _Toc75781195]Boxing a hole
This process begins during the marking out period when a box is marked around the hole position, as described previously
· When starting to dill, carefully check to ensure that the hole being produced accurately lies within the "box" before the whole drill diameter is produced.
· If slightly out of position, the error can be corrected by a groove, causing the centreline of the drilled hole to move towards the grove when drilling is restarted.
[bookmark: _Toc75781196] Setting stops
Most drills will have a means of setting a stop to control how far the drill will go into the work. Look at the drills in your workshop and see if they have these, and practise setting them to various depths.

[bookmark: _Toc75781197][image: ]Using grinding machines
[bookmark: _Toc75781198]Safety
Grinding wheels can be very dangerous if proper precautions are not taken.
A dammaged or incorrectiy mounted wheel may break or burst while revolvng. Grinding wheels generally revolve at high speed and pieces which break off can be ejected with considerable force.
As with any other driven equipment, there is also a danger of loose clothing or hair becoming entangled in the movlng parts.
Before starting any grinding operation.
· wear suitable safety goggles - THIS IS ABSOLUIELY ESSENTIAL
· ensure that you have no loose clothing or hair which could get caught up in the grinding wheel 
· inspect the grinding wheel for surface defects and check that it has an even face and sides   
· check that the tool rest, the guards and the screen are in good condition and correctly positioned in relation to the grindlng wheel   
· stand to one side when starting the grinding wheel   
· check that the wheel is running true.
[bookmark: _Toc75781199]Abrasive wheel regulations (1970)
These regulations require that abrasive wheels (grinding wheels) may ony be mounted by persons who have received training in accordance with the Regulations and are appointed for the purpose.
Do not attempt to mount or replace a grinding wheel, or to adjust the tool rest, unless you have been trained and appointed for the purpose. If you have any doubt about the conditbn of a grinding wheel do not use it but report it to your superviser or instructor.
[bookmark: _Toc75781200]Grinding wheel material
The grinding wheel is made of abrasive particles bonded together. Most wheels used on off-hand grinders are made frorn silicon carbide
(carborundum), but aluminium oxide abrasives are sometimes used for fine grinding. Silicon carbide wheels have a dark grey appearance, aluminium oxide wheels are almost white in cobur.
[bookmark: _Toc75781201]Sharpening hand tools
Grinding machines are used to sharpen several hand tools, including:
· chisels
· centre punches
· drills
· scrapers
Safety-Goggles, guards, and screens to be used at all times when grinding
[bookmark: _Toc75781202]




Grinding a chisel
To do this:
· [image: Sharpening a cold chisel (Panel Beating) - YouTube]check the existing angles on the chisel to see that they are correct (a 60° cutting edge is normal)
· hold the chisel in one hand and support that hand against the tool rest with the cutting edge of the chisel at 60° to the grinding wheel
· hold the head of the chisel in the other hand and guide the cutting edge backwards and forwards slowly and lightly across the face of the wheel.
· Turn the chisel over and grind the other side of the cutting edge in the same way
· Check the angle of the cutting edge using a gauge.NOTE: THE CUTTING EDGE SHOULD BE KEPT COOL BY QUENCHING AT FREQUENT INTERVALS.  FOR CUTTING HARD MATERIALS CHISELS SHOULD BE GROUND TO A 65° POINT, FOR SOFT MATERIALS (E.G. ALUMINIUM) GRIND TO 30°.



[image: Chisel Maintenance and Care - Wonkee Donkee Tools]Mushroomed heads on chisels are dangerous and should be removed. The head of the chisel should be flat with a chamfer
[image: Bench-fitting Principles The Sheffield College Motor Vehicle]Caution – When grinding a mushroomed head quite large fragments of jagged metal can fly off.

[bookmark: _Toc75781203]Planning the assembly process
Before assembling components, make sure you understand the assembly drawings, and what is required in respect of: 
· accuracy and finish 
· component function 
· assembly function.
In planning the assembly procedure
· the sequence of assembly space required
· space required
· handling of parts and assembly
· special tools and equipment required.
To prepare the individual parts:
· Check the availability of parts and materials 
· check the parts against drawings or schedule
· Inspect the parts as required
· de-burr and dean the parts using a suitable method depending upon the job (e.g. filing, scraping, chiselling and hand grinding) 
· arrange further work on parts as required 
· mark out - additional work required to complete the individual parts ready for assembly 
· assemble - components should be fitted together in accordance with the drawing using appropriate fixing techniques 
· check performance.
[bookmark: _Toc75781204]Assembly methods
The engineering drawing will generally indicate the appropriate fixing methods to be used when assembling components
Before assembling components, surfaces to be joined together may need preparation. This may include: 
· filing - to remove burrs and sharp edges	
· lapping - to create a sealing face between two surfaces (e.g. valve and valve seats)
· scraping – to reduce high spots and achieve the required fit (e.g. big end bearings)
Components need to be:
· positioned correctly relative to each other
· joined using suitable fastening devices 
· checked for correct fit and size during the assembly process.
[bookmark: _Toc75781205]Fastening devices
· screws, nuts, botts and other locking devices  
· rivets   
· pins   
· circlips
· dowels   
· sealant/locking compounds.
Other items often used when assembling components are:
· washers
· shims
· as they can maintain the correct clearance fit between fastening devices and components. 


When positioning and holding components steady when joining together use:
· jigs
· fixtures
· clamps
and use suitable tools to tighten devices, such as: 
· torque wrenches
· spanners 
· screwdrivers
· allen keys 
· sockets.
[bookmark: _Toc75781206][image: ]Fastening devices
Screws
Screws are used for securing components and assemblies and are identified by head type, length, and thread type
Screws will normally be screwed into tapped holes or used with nuts
[image: ]

[bookmark: _Toc75781207]Nuts
Standard hexagon nuts are manufactured in two thicknesses
· Full nut – used singly with or without a locking washer
· Lock/jam nuts – used to lock another nut into a fixed position on a thread.


[bookmark: _Toc75529816]
[bookmark: _Toc75532097][bookmark: _Toc75778867][bookmark: _Toc75779337][bookmark: _Toc75781208]NOTE: SELF-LOCKING NUTS SHOULD NOT BE RE-USED UNLESS OTHERWISE SPECIFIED. IN MOST CASES THE RE-USE OF SPLIT PINS IS PROHIBITED.

[bookmark: _Toc75781209]Locking compounds
Locking compounds can be used to provide a permanent lock to a fixing point The compounds should be applied to the point where the thread emerges from the nut, using a small brush or the nozzle of the container.
[image: ]


[bookmark: _Toc75529818][bookmark: _Toc75532099][bookmark: _Toc75778869][bookmark: _Toc75779339][bookmark: _Toc75781210]Lock/jam nut
Full nut



[bookmark: _Toc75781212][image: What is a locknut? - Types and How does it work | Engineering Choice]Bolts
Holes for standard mild steel bolts are drilled up to 1.5 mm greater than the bolt diameter. Flat and tapered washers are used to prevent bolt distortion. Spring lock washers are used under nuts to prevent them loosening under vibration

[bookmark: _Toc75781213]Washers
[image: Seastrom Manufacturing][image: Hohe Zug-Set Schraube + Unterlegscheibe + Mutter ZP M12 x 50 mm Blister 4:  Amazon.de: Baumarkt]Ensure that washers are correctfy fitted against both the nut and the fixture. They should be of the correct type, and set in the correct order.



Rivets
[image: Rivets vs. Bolts][image: ]These are a permanent fixing.  Drill a hole in the two sheets to be joined.  Insert rivet, support the head and use a hammer and rivet set to close up the two sheets. 
[image: Milwaukee M12 Rivet Tool Review]Now strike the rivet head squarly with a hammer face to swell the rivet in the hole and partly form the head.  Place the rivet snap over the partly formed head and strike with a hammer.  Lift the snap between each blow to see how the head is forming.
 Alternatively you can now use pop rivets for more common uses, such as car body work or thin metal sheeting joining.
NOTE: IN MANY CASES, THE RE-USE OF TAB WASHERS AND CERTAIN LOCKING WASHERS IS PROHIBITED.

[bookmark: _Toc75781214]


Locking wire
[image: Locking Fastener Methods: Additional Materials | Proven Productivity][image: Laser Tools 6869 Safety Locking Wire 0.8mm x 30m: Amazon.co.uk: Car &  Motorbike]The wire passes through a hole in the head of the bolt. Take care not to overtighten the wire, and form a loop at the end to prevent it catching on hands or clothing.


[bookmark: _Toc75781215]Circlips
[image: Knipex 4611A1 Precision Circlip Pliers for external circlips on shafts -  online purchase | Euro Industry][image: Circlips]These spring steel clips fit into machined grooves that must be the width and depth for the circlip being used.
There are two types, intemal and external. Circllps need special tools to insert or remove them - do not try to remove them with pliers or  as this will damage the component.


[bookmark: _Toc75781216][image: ]Dowels
These are used in addition to nuts and bolts when two parts may have to come apart, and then reassembled in the same position. The dowels form an interference fit in one part, and a push fit in the other.
[bookmark: _Toc75781217][image: ]Pins
These perfom a similar functlon to dowels, but are used where the two parts are more frequently disassembled. Types of pins are: 
· taper pins
· roll pins.

[bookmark: _Toc75781218]Knowledge Check 2
1. What is the ‘cut of the file’ and why do we have different numbers of teeth per inch?
2. What are the names of the THREE taps in a set of taps?
3. Give THREE methods of checking a filed flat surface?
4. Why do we use chain drilling?
5. How are spindle speeds changed on a pedestal drilling machine?
6. Describe the process for marking out holes on a pitch circle?
7. Name FOUR types of pins/dowels?
8. Name FOUR methods for locking nuts, bolts, and screws?
9. What is meant by torque setting?
10. Why are holes reamed?Learner answers

[bookmark: _Toc75778878][bookmark: _Toc75779348][bookmark: _Toc75781219]Learner answers

[bookmark: _Toc75781220]Checking component assembly
When the assembly is completed, you need to check that it meets the specification
Check:
· visually
· using calibrated test equipment
Check aspects such as:
· whether the parts fir together correctly
· whether moving parts operate correctly
· the torque settings for tightness or critical fastenings
· the end float on shafts
· the operating clearance on actuators
· assembled dimensions
Record the outcome on the relevant test documentation
[bookmark: _Toc75781221]Preparing to measure
[bookmark: _Toc75781222]Safety
Before you start to measure any component:
· if it is hot, allow it to cool down
· remove any burrs or sharp edges
If the component is part finished and still held in a machine tool:
· isolate the machine
· move cutting tool well out of the way
· remove any swarf away from the area being measured
· clean off any coolant
[bookmark: _Toc75781223]Choose your measuring system
The two systems of linear measurement used in engineering are the:
· metric system – most common
· imperial system – used in some circumstances
[bookmark: _Toc75781224]The metric system
All measurements are made in millimetres and decimals of a millimetre
A millimetre is a:
· a thousandth part of a metre
· written using the abbreviation mm
[image: Convert CM to MM, Millimeters to Centimeters, 10 mm in 1 cm]Do not use fractions of millimetre – instead of    use 0.25mm.
Very small dimensions are expressed in micrometres or microns (µm).  This is a millionth of a metre – a thousandth part of a millimetre.  This is often used as a unit of surface finish
[bookmark: _Toc75781225]The Imperial system
For most engineering applications the most important units are the foot and the inch.
· An inch is approximately 25.4mm
· A foot is approximately 305mm
· There are 12 inches in a foot
Dimensions are expressed in
· Whole feet and inches, e.g. 3 feet 4 inches (or 3’4”)
· Just inches
· Fractions of an inch, e.g. 3/16”
· Decimals of an inch e.g. 0.1875”

[bookmark: _Toc75781226]Check the measuring equipment
Before you start to measure, check the equipment and make sure:
· The equipment is within current calibration dates
· The instruments are correctly zeroed
· The equipment is not damged
If you find that the equipment is faulty or damaged, report this to your supervisor, do not attempt to adjust it yourself.
Store measuring tools safely in their original case, and in a clean dry place when not in use.
[bookmark: _Toc75781227]Digital electronic measuring instruments
Advantages
· Easy to use
· Metric/imperial conversions at a toutch of a button
· Easy to zero
· Generally more reliable
· Digital instruments can be pre-set to a false zero, useful when measuring steps
· They can be connected to computers to record and analyse statistical inspection data.
Disadvantages
· If the instrument has been incorrectly zeroed, all measurements will be out by that amount
· If used to measure a moving dimension, e.g. run-out on a lathe, all the user sees is a confusing mass of constantly changing numbers.  An analoque instrument such as a Dial Test Indicator (DTI) is better equiped for this type of reading.
[bookmark: _Toc75781228]Using measuring equipment
[bookmark: _Toc75781229]Rules
They:
· [image: CNC, Metalworking & Manufacturing SHARS 12" Flexible Steel Rules NEW P}  Business & Industrial msgtours.com]are made from tempered stainless steel and have a non-glare satin chrome finish
· usually have both metric and imperial graduations engraved on alternate sides
· have edges ground flat to measure straightness
· are the quickest way to measure components to within about 0.5 mm (0.02 in) and are used extensively for making rough measurements.

[bookmark: _Toc75781230]Tapes
Roll-up tapes are used for measuring long lengths up to a maximum of 30 m (100 ft)
Measuring tapes are made with imperial and metric scales painted on to a steel blade. Shorter tapes of about 3 m (10 ft) may be graduated in 0.5 mm (1/32in) Intervals, while longer tapes may be calibrated in 1 mm (1/16 in) intervals.
[image: The 12 most important metrics to measure in manufacturing]It is difficult to read a tape over a long distance accurately as the tape may sag, expand, or not be held straight.
A tape rule would be suited to measuring items such as:
· length of steel bar stock on delivery
· the length of pipework systems.

[bookmark: _Toc75781231][image: Calipers - Wikipedia]Callipers
Callipers are tools which:
· have two high quality steel arms with rounded ends
· are used to measure features which are inaccessible with other tools.
[image: a caliper All products are discounted, Cheaper Than Retail Price, Free  Delivery &amp; Returns OFF 69%]The distance between the ends of the arms can be adjusted to fit the size of a components (either externally or internally). The size is then transferred to a suitable measuring tool (e.g. a rule or a micrometre) and a reading taken, accuracies of about 0.5 mm (1/64 in) can be achieved.
[image: Calipers - measuring tools | Craftsmanspace]Both Internal and external callipers are made as either spring or firm-joint type.
Common uses of external callipers are for measuring: 
· diameters of pipes 
· recessed bores
· undercuts which would otherwise be inaccessible.
[bookmark: _Toc75781232]Transferring measurements with callipers
When transferring a measurement, the calliper legs are set to touch the work's maximum dimension. The size is then transferred to a rule or micrometre and checked.
[bookmark: _Toc75781233]Feeler gauges
[image: Made from Brass 0.5 mm Length 100 mm 8 Pieces Precision Feeler Gauge  Measuring Range 0.05 konozsigns.com]Feeler gauges are generally supplied as sets of shims (very thin pieces of high-quality steel), Each shim has a different thickness and can be inserted into a small gap to check its width.
[image: Feeler Gauge Set of 20 - Lee Valley Tools]To use feeler gauges:
· put a thin feeler gauge into the gap being measured
· insert a thicker gauge if the thin gauge goes in easily.
Repeat the process until the thickest possible gauge is found which can be inserted - this indicates the size of the gap.
Feeler gauges can be used with squares to a right angle for accuracy. 
[bookmark: _Toc75781234]Profile gauges
[image: How does a radius gauge work? - Wonkee Donkee Tools]Profile gauges are used to check the accuracy of shapes.  
The most common profile gauges are:
· radius gauges
· screw pitch gauges
· point angle gauges,
[image: What is a radius gauge with multi function blades at each end? - Wonkee  Donkee Tools]To use, select each gauge in turn from the appropriate set and compare with the work. The gauge is held against the job and viewed with daylight in the background. The (differences in profile can easily be seen and assessment made as to the shape of the work surface.
[bookmark: _Toc75781235]Plug gauge
[image: Plug gauges set H7 3-12 mm]This gauge is used for checking that holes and bores are within specified tolerances
AS typical plug gauge has two machined diameters, one at each end.  The ‘go’ end of the gauge is machined so that it will just fit into the hole equal to the low limit required and the ‘not-go’ end is machined so that it is slightly larger than the high limit required. 
For the hole to be within tolerance it must:
· accept the ‘go’ end of the gauge
· not accept the ‘no-go’ end.
[bookmark: _Toc75781236]Screw thread gauges
These are limit gauges made especially for checking screw threads.  They are more complex than the gauges used for plain dimensions since they have to check the form of the thread as well as the size.
The three main types are:
[image: Unified Thread Ring Gauges by Graphica Gauges and Tools, Unified Thread  Ring Gauges | ID - 1456986][image: ] 
Ring thread gauges – a ring gauge for checking external threads


[image: ][image: Thread plug gauge Tr22x2-7H (GO+NOGO) - mikromierz.pl]
Plug thread gauges – a double ended plug gauge for checking internal screw threads

[image: All About Snap Gauges - Definition, Sizes, and Uses][image: Thread Caliper Gauge for sale | eBay]
Calliper thread gauge – screw thread calliper gauges


[bookmark: _Toc75781237][image: ]Protractors
Protractors measure angles. One complete rotation is 3600. One degree can be subdivided into 60 minutes of angle.
[image: ]


Angles can be measured using an adjustable protractor.  Place the base the other side.  Read the angle from the circular scale.  A plain adjustable protractor is capable of measuring angles with an accuracy of half a degree (30 minutes of angles)
[image: ]A vernier protractor has a vernier scale and can measure angles to an accuracy of one twelfth of a degree (5 minutes of angle)
The scale in the illustration shows a reading of 34 degrees 20 minutes.


[bookmark: _Toc75781238]



Vernier callipers
A vernier callipers consists of two basic parts:
· [image: ]a beam with a jaw at right angles (the beam jaw)
· a moveable jaw which slides along the beam.
There may also be a clamping block. This can be clamped to the beam so that the fine adjustment wheel can be used to adjust the position of me moveable jaw accurately,
[image: How to Use a Vernier Caliper: 10 Steps (with Pictures) - wikiHow]For measuring internal dimensions use the nibs on the ends of the jaws and remember to make an allowance for the thickness of the two nibs.
Some vernier callipers have 'internal’ jaws that will give direct measurements of bores and groove widths.

[bookmark: _Toc75781239]Micrometer
[image: How to Use Micrometers - Mega Depot]Micrometers can normally measure to within 0.01 mm (0.0005 in). although some are more accurate. Always check the zero reading before using a micrometer and see that the anvil and spindle are clean. If the zero reading is inaccurate, Inform your supervisor.
The range is normally 25 mm, and the common sizes are: 0-25 mm, 25-50 mm and so on.

[bookmark: _Toc75781240][image: How to Read a Metric Micrometer - YouTube]The metric micrometer
Each time the thimble is rotated the spindle moves by 0.5 mm. The barrel is marked with a line for each tum of the thimble.
The bevelled edge of the thimble is marked with 50 divisions, so each one represents a movement of the spindle of 0.01 mm,


[bookmark: _Toc75781241]Surface texture comparison plate
Surface texture comparison plates are sometimes called scratch blocks. Each plate contains several samples of surface textures produced by various machining methods to varying degrees of surface roughness, each surface will represent a specified roughness average (Ra) value.
To use, select an appropriate plate and compare with the roughness of the work by visual examination and comparative scratching using a fingernail. When the surface on the plate most like the work is found, its surface texture can be read off as a number. The number is the Ra value, given in micrometres (mm).
The ranges of Ra values for common processes are:
	Process
	Ra value of finish (µm)

	Grinding
	0.05 – 0.8

	Finish machining
	0.4 – 1.6

	Rough machining
	3.2 – 12.5

	Forging/casting
	1.6 – 50



Surface texture comparison plates are available for checking the surface texture of most machining.
[bookmark: _Toc75781242][image: Slip Gauge Set Ceramics ( Zirconia ) ( Make Trusize ), Gauge Blocks, Gage  Block Set, Gage Blocks, Precision Gauge Blocks, गेज ब्लॉक सेट - Bhagwati  Hardware &amp; Mill Store, Delhi | ID: 7195191855]Slip gauges (gauge blocks)
Slip gauges are extremely accurate blocks of hardened steel.  They are kept in sets, and the blocks can be built up to form a pack of almost any required size.  They are used to check the accuracy of measuring equipment.  Checks are usually done at approximately 10%, 50% and 90% of the range of the instrument.  On a 0 – 150 mm vernier calliper for example, checks would be done with a slip gauge packs of 15mm, 75mm and 135mm.
[image: ]Some sets have a pair of ‘protractor’ blocks.  These are two identical blocks made from wear resistant material (such as tungsten carbide) that are used as two outside blocks of a pack, this way errors caused by wear on the blocks are reduced.
[bookmark: _Toc75781243]Dial Test Indicators (DTI’s)
[image: Standard Dial Gauge DI-1058 | NIIGATA SEIKI (SK) | MISUMI South East Asia]DTI’s Have a spring-loaded plunger (or lever) connected to a pointer that rotates round a dial.  A plunger type has a typical range of 0 – 12mm, and the divisions can be as fine as .002mm.  Typical uses are to check parts for concentricity, roundness, or alignment.  Lever types tend to have a smaller range and would be used to check things like the ‘run-out’ of bores.
[image: Precision Measuring For The At-Home Mechanic - DIY Moto Fix]





[bookmark: _Toc75781244]Knowledge Check 3

1. Outline how to mount the workpiece (such as in a machine vice, clamped to table, clamped to angle brackets); techniques of positioning drills to marking out, use of centre drills and taking trial cuts and checking accuracy, and how to correct holes which are off centre
2. Outline how to prepare drilling machines for operations (such as adjustment of table height and position; mounting and securing drills, reamers, countersink and counterbore tools in chucks or morse taper sockets; setting and adjusting spindle speeds; setting and adjusting guards/safety devices)
3. Explain how to prepare the materials in readiness for the marking out activities, in order to enhance clarity, accuracy and safety (such as visually checking for defects, cleaning the materials, removing burrs and sharp edges, applying a marking out medium)
4. Describe the health and safety requirements and safe working practices and procedures required for the hand fitting activities undertaken
5. Explain the importance of wearing appropriate protective clothing and equipment (PPE), and of keeping the work area safe and tidy
6. State the hazards associated with the hand fitting activities (such as use of power tools, trailing leads, or hoses, damaged or badly maintained tools and equipment, using files with damaged or poor fitting handles), and how they can be minimised
7. Outline the setting and adjusting tools (such as squares, protractors and verniers)
8. Identify the following, label and describe how they are used and what for?
[image: High Precision Table Flat Bench vice milling Machine Table Drill vice:  Amazon.co.uk: DIY & Tools][image: Hand tool Needle-nose pliers Diagonal pliers - Plier PNG image png download  - 1116*656 - Free Transparent Hand Tool png Download. - Clip Art Library][image: ]A                                                                          B                           C                                                                                                                


[image: Calipers - measuring tools | Craftsmanspace][image: Machine Reamers, Tapered Reamers - Sheffield Tooling Company][image: ]D                                                                                   E                                                                         F                                            

Learner answers

Learner answers

[bookmark: _Toc75781245]Example planning sheet
	Job Title

	



	PPE
	

	RISK ASSESSMENT
	

	HEALTH & SAFETY
	

	COSHH
	



	
	LIST OPERATIONS USED TO PRODUCE COMPONENT 

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	

	10
	

	11
	

	12
	

	13
	

	14
	



	TOOLS/EQUIPMENT
	REASONS FOR USE

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	




[bookmark: _Toc75781246]Bevel Gauge Component Check
Measure the components, record the results, and compare to drawing specification.                          
	COMP   DIM’S
	LIMITS
	ACTUAL SIZE
	ERROR

	140.5mm radius to start of 45° angle.
	± 0.25
	
	

	121 x 6mm slot
	± 0.25
	
	

	25mm width
	± 0.25
	
	

	3mm thickness
	± 0.25
	
	

	6mm slot central to blade width
	± 0.25
	
	

	12.5mm radius
	± 0.25
	
	

	45° angle
	± 1°
	
	

	1.6µ surface finish
	Or better
	
	




	COMP   DIM’S
	LIMITS
	ACTUAL SIZE
	ERROR

	112.5mm overall length
	± 0.25
	
	

	25mm width
	± 0.25
	
	

	3mm thickness
	± 0.25
	
	

	12.5 radius
	± 0.25
	
	

	Square end
	± 1°
	
	

	6.5mm diameter hole, 100mm x 12.5mm
	± 0.25
	
	

	4mm Ø H7 reamed hole, 12.5 x 12.5mm
	± 0.00
	
	

	3 off holes 3.2mm Ø on 22mm PCD
	+ 0.1
	
	

	3 off holes 3.2mm Ø, csk 90° x 6.5 Ø
	+ 0.1
	
	

	1.6µ surface finish
	Or better
	
	





· 
	COMP   DIM’S
	LIMITS
	ACTUAL SIZE
	ERROR

	112.5mm overall length
	± 0.25
	
	

	25mm width
	± 0.25
	
	

	3mm thickness
	± 0.25
	
	

	12.5mm radius
	± 0.25
	
	

	Square end
	± 1°
	
	

	M6 tapped hole, 100mm x 12.5mm
	± 0.25
	
	

	4mm Ø H7 reamed hole, 12.5 x 12.5mm
	+ 0.25
	
	

	3off M3 tapped holes on 22mm PCD
	+ 0.1
	
	

	1.6µ surface finish

	Or better
	
	



· 


	COMP   DIM’S
	LIMITS
	ACTUAL SIZE
	ERROR

	12.5mm end to start of angle
	± 0.25
	
	

	25mm width
	± 0.25
	
	

	3mm thickness
	± 0.25
	
	

	45° angle
	± 1°
	
	

	1.6µ surface finish
	Or better
	
	











	CRITERIA
	   YES
	   NO

	Are items B C & D flush to each other?
	
	

	Are items B C & D square to each other?
	
	

	Does item A fit centrally to items C + D when closed?
	
	

	Does item A slide freely about item E?
	
	

	Does item E sit squarely to face of item C? 
	
	

	Is finished assembly free of sharp edges and burrs?
	
	



[bookmark: _Toc75781247]Drill and Tap gauge measurement check
[image: ]
	 COMP   DIM’S
	LIMITS
	ACTUAL SIZE
	ERROR

	200mm overall length
	± 0.25
	
	

	75mm width
	± 0.25
	
	

	5mm thickness
	± 0.25
	
	

	95mm radius
	± 0.25
	
	

	45º angles and dimensions
	± 1° ± 0.25
	
	

	Clearance holes dimensions
	± 0.25
	
	

	Tapped hole sizes and depth
	± 0.25
	
	

	Dimension holes
	± 0.25
	
	

	Hole positions and alignment
	± 0.25
	
	

	1.6µ surface finish
	Or better
	
	


[bookmark: _Toc75781248][image: ]Fixing Block Drawing










[bookmark: _Toc75781249]Conversions
[image: mm = inches Conversion Chart | Bead size chart, Conversion chart, Chart]



1mm = 0.03937008 inches. To convert mm to inches you should divide your figure by 25.4.
1 inch = 25.4mm. To convert inches to millimeters multiply your figure by 25.4. ...
1 1/2 inches = 38.1 mm. To make this calculation, we simply multiply: 25.4 × 1.5.






[image: ]










[bookmark: _Toc75781250]Quick guide on how to read a vernier calliper
A quick guide on how to read a vernier calliper. A vernier calliper outputs measurement reading in centimetres (cm) and it is precise up to 2 decimal places (E.g. 1.23 cm).
Note: The measurement-reading technique described in this post will be similar for vernier callipers which output measurement readings in inches.
[bookmark: _Toc75532138][bookmark: _Toc75778910][bookmark: _Toc75779380][bookmark: _Toc75781251]Measurement Reading Technique for Vernier Calliper
To read the measurement readings from vernier calliper properly, you need to remember two things before we start. For example, if a vernier calliper output a measurement reading of 2.13 cm, this means that:
· The main scale contributes the main number(s) and one decimal place to the reading (E.g. 2.1 cm, whereby 2 is the main number and 0.1 is the one decimal place number)
· The vernier scale contributes the second decimal place to the reading (E.g. 0.03 cm)

[image: caliper 1]
Let’s examine the image of the vernier calliper readings above. We will just use a two steps method to get the measurement reading from this:
· To obtain the main scale reading: Look at the image above, 2.1 cm is to the immediate left of the zero on the vernier scale. Hence, the main scale reading is 2.1 cm
· To obtain the vernier scale reading: Look at the image above and look closely for an alignment of the scale lines of the main scale and vernier scale. In the image above, the aligned line corresponds to 3. Hence, the vernier scale reading is 0.03 cm.
To obtain the final measurement reading, we will add the main scale reading and vernier scale reading together. This will give 2.1 cm + 0.03 cm = 2.13 cm.
[bookmark: _Toc75531671][bookmark: _Toc75531827][bookmark: _Toc75531983][bookmark: _Toc75532139][bookmark: _Toc75778911][bookmark: _Toc75779381][bookmark: _Toc75781252]In a nutshell
Use the following formula:
Obtained reading=Main scale reading Vernier scale reading Obtained reading=Main scale reading Vernier scale reading
Let’s go through another example to ensure that you understand the above steps:
[image: caliper 2]
Main scale reading: 10.0 cm (Immediate left of zero)
Vernier scale reading: 0.02 cm (Alignment of scale lines)
Measurement reading: 10.02 cm		
[bookmark: _Toc75781253]Quick guide on how to read a Micrometer
· A quick guide on how to read a micrometer screw gauge. Similar to the way a vernier calliper is read, a micrometer reading contains two parts:
· the first part is contributed by the main scale on the sleeve
· the second part is contributed by the rotating vernier scale on the thimble

[bookmark: _Toc75531829][bookmark: _Toc75531985][bookmark: _Toc75532141][bookmark: _Toc75778913][bookmark: _Toc75779383][bookmark: _Toc75781254]Measurement Reading Technique for Micrometer
[image: A typical micrometer screw gauge]
A typical micrometer screw gauge
The above image shows a typical micrometer screw gauge and how to read it. Steps:
· To obtain the first part of the measurement: Look at the image above, you will see a number 5 to the immediate left of the thimble. This means 5.0 mm. Notice that there is an extra line below the datum line, this represents an additional 0.5 mm. So, the first part of the measurement is 5.0+0.5=5.55.0+0.5=5.5 mm.
· To obtain the second part of the measurement: Look at the image above, the number 28 on the rotating vernier scale coincides with the datum line on the sleeve. Hence, 0.28 mm is the second part of the measurement.
· You just must add the first part and second part of the measurement to obtain the micrometer reading: 5.5+0.28=5.785.5+0.28=5.78 mm.
· To ensure that you understand the steps above, here’s one more example:
[image: Micrometer-5]
· First part of the measurement: 2.5 mm
· Second part of the measurement: 0.38 mm
· Final measurement: 2.88 mm
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