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A Myford lathe dating from the mid-twentieth century, as supplied to Gamages, a London department store.

























Introduction





The lathe is often called the King of machine tools. It is very versatile and can be used to make all sorts of engineering components. Henry Maudslay, who made his first screwcutting and metal-working lathe in England shortly before 1800, was one of the first engineers to incorporate the slide rest, a leadscrew and change gears into one machine. This made it possible to make interchangeable screw threads, which, in turn, revolutionized the production of machines and machine tools.


This book is for you, the practising or aspiring engineer. Whether you are working in an industrial environment or a home workshop, this book will help you to acquire important new skills and give you insider tips you won’t find elsewhere.


Perhaps you don’t have a knowledgeable friend to teach you or you aren’t able to join a club. It does not matter what previous experience you have, this book will teach you the basics of lathe work from first principles to advanced turning techniques. You will find all you need to know within these pages.


During more than thirty years in the engineering industry I have worked with many engineers, both beginners and experts, and have taught many young people during their first steps into engineering. Working as a self-employed engineer, I learnt quick and accurate ways of working, both from my own experience and from other engineers. Since 2008 I have edited Model Engineer and Model Engineers’ Workshop, the two main UK magazines for machining in the home workshop, and this has given me an insight into what amateur (and sometimes professional) engineers are looking for. I have also been able to advise many amateur engineers on how to solve their workshop problems or just to get them started on the right lines.
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Model Engineers’ Workshop, introduced in 1990, is a relative newcomer to the model engineering scene. It deals mainly with tools and processes and is now published every four weeks.
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Model Engineer, which currently appears every fortnight, has been published continuously since 1898. It is mainly about making precision models but often includes techniques for turning in the lathe.








I would like to pass on some of this knowledge. This book, Metal Turning on the Lathe, is the first of three for Crowood Press on aspects of workshop engineering; it will be followed by Milling and Introduction to Workshop Tools and Techniques. Each book will be a comprehensive guide for both the amateur and professional engineer.


A lathe is essential to all but the most basic of workshops. It enables you to produce turned components to a high degree of accuracy with the minimum of effort.
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The basic Myford model, the ML7, was manufactured for many years. Tens of thousands are still to be found in garages, factories and home workshops around the world. This is the prototype ML7 Lathe as rebuilt by Myford Ltd.
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The later ML7R and Super 7 models were fitted with a clutch as standard. This saves wear and tear on the electrical components and the motor. They also had more speeds. Later versions of the Super 7 can be found with a power cross feed. The illustration shows the prototype Super 7 lathe; again it has been rebuilt to factory standards by Myford Ltd.
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The A to Z of a lathe: (A) Change wheel guard; (B) Countershaft pulley guard; (C) Drive belt guard; (D) Countershaft; (E) Belt tension lever; (F) Oiler; (G) Motor; (H) Tumbler gear operating lever; (I) Headstock; (J) Back gear operating lever; (K) Mandrel nose; (L) Left-hand leadscrew bearing; (M) Leadscrew; (N) Half nut operating lever; (O) Tool clamp; (P) Top slide; (Q) Cross slide; (R) Saddle; (S) Apron; (T) Carriage handwheel; (U) Screw thread indicator; (V) Lathe bed; (W) Rack; (X) Tailstock; (Y) Tailstock handwheel; (Z) Right-hand leadscrew bearing.











[image: ]

An early Myford lathe. Although very basic, it can do a lot of useful work in the workshop, especially if time is spent on making a few simple accessories.








This book will show you how to use the lathe safely and effectively in your workshop, but first you should ensure that you are familiar with the main parts of the lathe and their terminology, which may be found on page 9.


Chapter 1 of this book is about choosing a lathe, what size of lathe to buy, the different types available, desirable features, and whether you should buy new or second-hand.


Chapter 2 covers installing a lathe, how to lubricate it and maintain it in good condition, and advice on general safety in your workshop with particular emphasis on how to use a lathe safely.


Chapter 3 will look at the materials from which cutting tools are made, as well as their basic shape and geometry. Then we will look at selecting suitable speeds and feeds.


Chapter 4 deals with sharpening lathe tools and how to set them up in the lathe.


Chapter 5 covers the different types of chucks, how to use them and set work up accurately in them.


Chapter 6 teaches you basic turning between centres and then introduces turning with the work mounted on the lathe faceplate.


Chapter 7 is about holding work in a collet, and how you can make and use several different types of mandrel for workholding.


Chapter 8 explains how to turn a taper using the top slide, the use of fixed and travelling steadies and making a form tool.


Chapter 9 explains how to use drills and reamers in the lathe, including how to select the correct speeds and feeds.


Chapter 10 shows the different ways to bore holes in the lathe: with the work held in a chuck, mounted on the faceplate or held on the cross slide.


Chapter 11 explains how to use knurling tools and radius turning tools, as well as making simple form tools and basic production methods.


Chapter 12 shows you how to use taps and dies to cut internal and external threads in the lathe. It also explains how to set up a simple gear train and cut a screw thread with the help of a screwcutting dial indicator.



















1 Buying Your First Lathe





WHAT SIZE OF LATHE DO I REQUIRE?


The first thing to consider when buying a lathe is the size of the work that you want to do. What is the largest diameter you will want to turn on it and what is the longest length you will need to turn? A 3½ × 18in (90 × 457mm) lathe will allow a maximum diameter of 7in (178mm) to be turned over the lathe bed; the latter figure is known as the swing. In practice, though, this is a theoretical maximum as it is still necessary to hold and clamp the article being turned. The swing over the cross slide is usually much smaller, typically 2in (50mm).


Many lathes, however, are manufactured with a gap bed at the headstock end to enable short items of a large diameter, such as locomotive or traction engine wheels, to be turned.


Lathes are also sometimes available as standard and long bed lathes. The long bed lathe, as the name suggests, allows longer material to be turned within the capacity of the lathe. When turning longer material, the diameter will be limited by the swing over the cross slide. This will be a lot smaller than the swing over the bed.


If building a model such as a traction engine or a locomotive, the deciding factor for the size of lathe is likely to be the diameter of the largest pair of wheels that need to be turned. Before deciding on the size of lathe required you should determine the size of the largest diameter and the longest length of material that needs to be turned. Another factor in determining what lathe to buy is the availability of spares and accessories: is the company still trading, will it still be trading in the future, and are there large amounts of second-hand parts and accessories available from tool dealers or on eBay?
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A typical inverter to convert 240 volts single phase to 240 volts 3 phase.








LATHE ELECTRICS


Single phase electric is where the lathe plugs into the mains supply in your house. The motor will have the usual live, neutral and earth leads. Lathes supplied for factory use usually have three phase motors and require three live wires, each of a different phase. Think of a phase as an incoming wave on the seashore; three successive waves make up the three phases needed. Each phase is the same as the preceding one but they are out of sync and all peak at a different time.
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A forward/reverse control box for an inverter.








Converters and inverters


You can run some 3 phase motors from a single phase supply via a converter or an inverter. The motor information plate will usually say 240 volts/440 volts if it is capable of running on an inverter. Inside the motor there will be changeover tags to change the motor from 440V down to 240V. Follow the converter/inverter manufacturer’s instructions for further information. It is not usually very complicated to run a 240V 3 phase motor from an inverter and this will give a quieter and smoother running motor than a single phase supply can provide. This usually requires some simple programming, explained in the inverter’s instructions, and it usually takes five minutes to get the motor working properly.
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This motor is part of the inverter package shown in the previous illustration. No wiring is involved as the motor lead plugs straight into the inverter box.








The inverter runs at a constant voltage but the speed of the motor will change as the frequency is raised or lowered. I suggest limiting your inverter from full speed to half speed so that the fan still cools the motor and stops it from overheating; you can then use the belts to change the main speed steps as usual. (If you must use very slow running it is possible to add a separate fan, such as a computer cooling fan, to give constant airflow.) Most inverter suppliers offer a forward/reverse and speed control box that can be set up in a convenient position on the machine. These are well worth fitting for convenience in use.
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This inverter is designed for mounting on the front of the lathe.








While inverters are designed to run only one machine, you can get converters to power more than one machine at a time. Depending on the size and power output, converters cost about three to four times as much as an inverter.


There are two main types of converter. Rotary converters are designed to run more than one motor at a time. This is ideal if you want to run more than one machine or two motors on one machine, for example the main machine motor and perhaps an auxiliary motor that drives the machine’s coolant pump or power feed system.
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A rotary converter capable of powering more than one 3 phase motor.








The second type is the static converter, which is designed to run one motor at a time. There is, of course, nothing to stop you using the static converter on more than one machine by fitting a suitable female electrical connector to the static converter and matching male connectors to the individual machines. This way you can connect the static converter to only one machine at a time.
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This static converter is suitable for powering one 3 phase motor. If you fit a socket on the output, however, different individual machines can be plugged into it, one at a time.








The electrical loading on rotary or static converters must not exceed their maximum rating. If in doubt on the load capacity needed to run your machine(s), you should consult the manufacturer or supplier of the converter.
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An earth leakage trip is ideal for quickly eliminating a motor where the electrical insulation is breaking down. It is useful for detecting certain electrical earthing faults but should not be used as a guarantee of electrical safety.








Simple electrical testing and safety


When buying a small single phase second-hand lathe, take with you an earth leakage tester of the type used for lawn mowers and other garden tools. I once bought a Unimat 3 lathe, took it home and plugged it in. It kept blowing the earth leakage trip in the fuse box, even though it had worked perfectly at the seller’s house. I sold it on at a loss but the buyer did know there was a problem with the electrics.


It is most important that the metal parts of any lathe are connected to the earth wire, which is in turn connected to earth. Make sure that the motor frame is also connected to earth as some motors have dampening rubber mounts that insulate them from the machine itself. If in doubt about any aspect of electrical installation, please consult a qualified electrician.
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A continuous bed is ideal when working with the faceplate or with collets.








LATHE BED


The lathe bed is the backbone of the entire lathe and is the part that is mounted on the bench or stand. There are two main types of lathe bed: the plain bed and the gap bed. The plain bed is usually continuous all the way along its length while the gap bed has, as its name suggests, a gap in the bed. This is not a literal gap but a stepped section that allows bigger diameters to be turned than you would otherwise be able to turn on a plain bed lathe. This gap is a means of making a lathe smaller than would be required for a plain lathe able to turn a similar size of component.


Some continuous lathe beds have a section next to the headstock that can be removed to increase the diameter that can be turned. This feature is usually only fitted to larger lathes such as are mostly found in factories.


Some lathes have hardened beds although most are just plain cast iron. There are three main types of bed ways, called shears: the plain flat bed with square ways, a bed with a flat top and a 60 degree dovetail at each side, and a bed with raised and inverted Vee ways. On the last of these the tailstock usually runs on one set of Vees and the carriage on a different set of Vees, resulting in less wear to the main slides. Wide beds are better and more accurate, as the lathe carriage is less likely to twist on a wide bed.
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Close-up view of a typical lathe bed with a gap. A gap bed lathe has a larger turning diameter capacity than the equivalent sized continuous bed lathe.








Some very early lathes, such as those made by Drummond, had a round bed. Although they worked well, there is no adjustment for wear in the lathe bed.





[image: ]

The Myford range of lathes has a square form of bed.
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This type of bed has a flat top with an inverted Vee at each side. The Vees are usually set at 60 degrees but can vary with different makers.








The Unimat SL lathe was sold for many years and many second-hand examples are still available. This model differs from most lathes in that it has two steel bars as a bed. This is not a problem, however, as the Unimat is intended only for very small and lightweight model-making work and there is the advantage that the bed can be replaced by fitting new bars.


When buying a second-hand lathe, it is most important to check the condition of the bed. You need to make sure the bed is reasonably free from dings, rust and hacksaw marks. Hacksaw marks near the headstock are often caused by sawing off work while it is held in the chuck; dings are usually caused by dropping the chuck on the lathe bed when screwing it on or off the mandrel. A simple chuck board placed on the bed while fitting or removing the chuck will protect the bed. It is also ideal for protecting the bed when filing or hacksawing work in the chuck.
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A lathe bed with raised and inverted Vees. The carriage usually slides on one set of Vees and the tailstock slides on the other.
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A modern Chinese lathe bed with an inverted raised Vee. The carriage and tailstock usually slide on the same Vee.








Wear is most commonly found at the headstock end of the lathe as a result of machining many short components and relatively few long ones. Make sure the lathe carriage is properly adjusted at the headstock and then run it along as far as you can towards the tailstock. The carriage should be reasonably free but not loose all the way along the bed.
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Old round bed Drummond lathes are still available second-hand. This particular example is treadle driven.








A flat bed lathe with square bedways, such as a Myford, can be checked for wear on the lathe bed using a micrometer or vernier. Check over the working part of the lathe bed on which the carriage slides rather than the part that is not used for guidance. Check both the width and the thickness of the bed ways.


The tailstock should also be a good sliding fit on any guiding surfaces. Wear is most likely to be found on the tenon that slides between the bed ways. A worn tenon could probably be replaced, but there is not much you can do if the tenon guides are worn. The only way to fix a worn bed requires a complete bed regrind. This is likely to be expensive so it would be better to look for an unworn lathe. Decent unworn lathes are out there, since many model engineers may have bought them new forty or fifty years ago and hardly used them.
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The Unimat SL is a very popular small lathe. Its bed consists of two steel bars that can be replaced very easily with silver steel if they get worn or, more likely, when they get rusty.
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A simple wooden chuck board will protect the lathe bed from dings and hacksaw marks.








LATHE HEADSTOCK


The headstock is the large component mounted at the left-hand side of the lathe bed. It needs to have good bearings. An all-geared head will almost certainly have ball or roller races while the older type of lathe for amateurs may well have plain bearings, either phosphor bronze or whitemetal. These are perfectly adequate but you should make sure there is no wear in them. Some lathes also have a mandrel that runs directly in bored holes in the cast iron headstock casting. Plain bearings will be perfectly satisfactory as long as adequate lubrication is used.
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Close-up view of a Myford headstock on an ML7R. Note the large bronze bearing at the front. The earlier ML7 lathes had white metal bearings, although the C7 capstan had bronze bearings and a hardened lathe spindle.








To check for wear in the lathe’s bearings, fit a chuck to the mandrel and put a dial test indicator on top of the chuck. Gently try levering the chuck up and down by using a steel bar or similar held in the chuck. You are looking for minimal movement here, especially on a headstock fitted with ball races.
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Checking the lathe bearings for wear. Any movement up and down indicates wear in the bearing.








The mandrel is mounted in the headstock and is usually threaded to take a chuck or faceplate. The lathe’s mandrel should not move back and forth in the bearings. If it does, however, it will probably be possible to adjust it to correct any endwise movement. The mandrel should not be too stiff but should turn easily by hand.


When testing a lathe, make sure the headstock bearings are correctly adjusted so that, where possible, there is no play. Set a tool up, take a trial cut along a length of bar and check for chatter. If you are using a correctly set tool and a suitable speed, chatter is a sure sign of worn bearings.
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Many lathes have a three- or four-step drive pulley as the second stage of the drive chain.








POWER DRIVE


Many lathes have a three- or four-step pulley on the mandrel to take the drive from a similar pulley on the countershaft. The countershaft is in turn driven from the motor, which is often mounted at the back of the headstock and completes the integral drive system that is so popular on most amateurs’ lathes.
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This particular lathe has a two-step motor pulley and countershaft, which doubles the available speeds.
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Speed chart on the belt guard of a Myford ML7R lathe.








A few lathes have a clutch fitted as standard or as an optional extra. The clutch saves having to start and stop the motor while it is running. This helps to stop wear and tear on the motor and electrical system.


A different type of clutch system, the TriLeva speed selector, was only fitted to Myford ML7 or C7 lathes. This has three levers for setting three different speeds. Depending on the lever you depress, you get a high, medium or low speed. If you press one of the levers down while another is right down, the first lever will disengage the second, so stopping the mandrel from going round. If the lathe is switched off and all three handles are depressed, the mandrel is locked, preventing rotation. This is useful if filing or hacksawing in the lathe.
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The clutch is normally mounted inside the large countershaft pulley. It is usually operated by a lever at the right-hand side of the headstock, attached to a push rod that passes right through the countershaft.
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The Myford TriLeva attachment will only fit ML7 and C7 lathes and is not suitable for ML7R or Super 7 lathes.








There has been a trend in recent years to do away with the countershaft and pulley system and to replace the motor with a variable speed one with an electronic controller. This is acceptable, except that at low revolutions it does not provide the torque that can be obtained from a countershaft system. There is also the disadvantage that there is no way to drive the lathe if the controller circuit board fails, whereas you can just fit a new one if the belt breaks. The board could, of course, be fixed provided that a circuit diagram is available and the electronic components can be identified. Sometimes the components are marked with internal house numbers rather than commercially recognized part numbers that can be ordered as a replacement from a catalogue. Some boards might even have the identification marks removed to make repairs almost impossible.
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The threaded end of a lathe mandrel is designed so that the chuck backplate runs true. If the chuck mounting face of the backplate is machined in situ, the chuck should run true as well.








CHUCK MOUNTING SYSTEMS


The threaded lathe mandrel nose is not, by itself, a suitable location for a chuck or faceplate so the nose is usually given a turned register on which to locate the chuck. The chuck is screwed right onto the mandrel, over the register, and butts up to a turned collar to keep the chuck running true. The other side of the mandrel collar butts up against the main headstock bearing, which usually acts as a thrust face.


The mandrel is usually bored through and machined to take a Morse taper centre for turning between centres. Do not put your finger in either end of the mandrel to clean it while the lathe is running. An easy way to clean the taper in the headstock is with a bottle brush, often sold in chemists to clean babies’ bottles. An alternative is a soft felt shotgun brush; do not use one made from wire.
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This lathe has a plain register. Accuracy relies on the lathe chuck being a good fit on the register.








There are various systems of chuck mounting in use, especially on the larger lathes. The problem with the screw-on type with a register, mentioned above, is that the chuck or faceplate can unscrew when the lathe is running in reverse. The only time you should run this type of mandrel in reverse, very slowly and without taking a cut, is if you need to return the screwcutting tool to the start of the thread you are cutting.


Alternative spindle noses can be a plain disc with a register to bolt the chuck on to, or a cam lock where the chuck is held on tightly by turning studs to lock the chuck onto the mandrel. The plain disc with register relies on having chucks with a mating register to work properly.
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An American standard Cam Lock chuck mounting backplate and Cam Lock chuck plate fitted to a chuck. They are usually fitted to larger industrial lathes.








The American D style Cam Lock system either takes a chuck or faceplate directly or it has a backplate that can have a register turned on it to suit the required chuck. Although many lathe mandrels with Cam Lock fittings have six holes, the matching chuck or faceplate often has only three locking pins.


The advantage of both of the last two systems is that they can be run in reverse without the chuck coming off the mandrel.
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The leadscrew is driven from the mandrel via a gear train.








SCREWCUTTING GEARS


The left-hand end of the mandrel will often have a gear mounted on it to drive the changewheel gears and leadscrew.


The mandrel gear usually drives a pair of gears called tumbler gears, which are mounted on a lever at the left of the headstock. The direction of the leadscrew can be changed by bringing either one or the other into gear by raising or lowering a lever. There is usually a central neutral position where neither gear is in mesh. This saves wear on the lathe changewheels and leadscrew bearings as well as reducing noise while working. Mandrel and tumbler gears will be discussed further in Chapter 12 when we set up a screwcutting gear train.


A set of changewheels usually comprises about a dozen gears, but this can vary depending on the manufacturer. These changewheels, which take the drive from the tumbler gears down to the leadscrew, are mounted on moveable studs to ensure the gears are in mesh with each other. Depending on the number of gears in the train, the leadscrew will turn either clockwise or anti-clockwise. The direction of the leadscrew can be reversed using the tumbler gears to enable right-hand or left-hand threads to be cut.
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Often there are tumbler gears in the gear train that can reverse the direction of the leadscrew.








You can usually set the gears to cut a very fine pitch so that the leadscrew acts as a self feed when turning from the saddle. If you anticipate the need to do any screwcutting, check that the supplied screwcutting gears will do the range of pitches you require. It has been known for certain lathes to be unable to handle some common pitches, a typical example being 26 TPI (teeth per inch). A pitch of 26 TPI is often needed to repair motorcycles and bikes made before the introduction of metrication.
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Make sure that a full set of change gears is included with the lathe. If not, they are readily available second-hand.








LEADSCREW


The leadscrew is mounted at the front of the lathe; there are usually bearings to support the leadscrew at either end of the lathe bed. It is used to move the lathe saddle along the bed, either for a self acting feed or for screwcutting. Some lathes also have a graduated handwheel mounted at the right-hand end of the leadscrew for turning the mandrel by hand.


Some of the larger lathes also have a separate feed shaft, which is usually a plain round shaft with a keyway cut along it to drive the saddle using a fine feed. This saves wear and tear on the leadscrew, which is then only used for screwcutting.
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Most leadscrews can have a graduated handwheel mounted on the right-hand end of the leadscrew.








SCREWCUTTING FACILITIES


A useful feature on any lathe is the ability to cut screw threads of different pitches. Leadscrews come in different pitches, a common one being 8 TPI, but many variations are fitted to different lathes including leadscrews with a metric pitch. It is awkward to machine metric screws with an imperial leadscrew and vice versa. Sometimes metric conversion sets are available but they can be hard to find, are usually expensive and require the lathe to be changed over, often using 127 tooth gear wheels. This figure is derived from multiplying the metric equivalent of 1in (25.4mm) by five; a 127 tooth wheel is thus a direct conversion to a metric thread on a lathe with an imperial leadscrew. A 127 tooth gear is usually very large if it matches the pitch of the remaining screwcutting gears, but you could use smaller gears with a smaller DP (diametral pitch) but still with 127 teeth. You would also need a matching gear of, say, fifty teeth to give you a 2.54:1 ratio.
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This lathe has both a leadscrew for screwcutting and a drive shaft for the saddle and cross slide feeds.








A screwcutting dial indicator, usually mounted to the right of the carriage, is a useful feature. This is a small dial, with divisions marked on it, mounted on a shaft. The other end of the shaft has a gear that meshes with the leadscrew and makes the dial go round. When the clasp nuts are engaged the carriage moves and, as the gear moves at the same speed as the carriage, the dial stops going round.


When you engage the clasp nuts on the leadscrew, the position where you engage depends on the pitch of the thread being cut. Some thread pitches allow you to engage at any division of the dial while others need to be engaged at a particular position of the dial. The use of the screwcutting dial indicator will be covered in Chapter 12. When using the fine feed, you can engage the clasp nuts at any marked position on the dial, so avoiding wear to the clasp nuts.
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A typical screw thread dial indicator. This one is engaged and disengaged by loosening the bolt and engaging the drive gear with the leadscrew.








LATHE SADDLE AND APRON


The saddle is the part that slides on top of the lathe bed and usually has the cross slide and top slide mounted on it. The apron is mounted to the front of the saddle. You should make sure there is no play in the saddle, either sideways or up and down, and that it travels freely from one end of the lathe bed to the other with no tight spots. At the front, nearest the operator, there is usually a pair of clasp nuts (these are split nuts). These can be engaged or disengaged from the leadscrew for screwcutting or moving the saddle along with the leadscrew. On cheaper lathes there is usually a solid nut that cannot be disengaged.
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The lathe saddle slides along the lathe bed. The apron is bolted to the front of the saddle.








There is often a rack at the front of the lathe bed that matches up with a handle and gears on the lathe apron. This can be used to move the carriage along the bed without wearing out the leadscrew. Some lathes have the carriage feed wheel on the right but others have it on the left, where hot swarf can fall onto your hands. The cheaper lathes have no rack and rely on the leadscrew to wind the carriage back and forth.
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A Tee-slotted cross slide makes the small lathe more versatile.








CROSS SLIDE


On top of the carriage is the cross slide, which can be wound back and forth across the lathe bed. When using the cross slide for facing across the work, the carriage should be locked to stop it moving along the bed. Lathes for amateur use are more likely to have a Tee-slotted cross slide, while larger commercial lathes are unlikely to have this facility. The Tee-slotted cross slide is very useful, especially if you don’t have a milling machine. You can bolt work to the cross slide for machining using a cutter in the chuck or for boring workpieces that are too large to swing in the chuck.


Zero setting dials are desirable for both the cross slide and the topslide. They allow you to set the dial to zero, which makes it easier to measure the amount you are taking off with one cut. In use, wind the tool up to the work and touch on, set the dial to zero and wind the tool back off from the work. You now know where zero is on the tool and can take the required depth of cut without having to work it out.
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