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A Note on the Technical Review
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—Paul Fiege
CNC Machinist Faculty
Minneapolis Community and Technical College





Preface


The center-lathe is by far the most versatile machine tool that we have – there is very little that it cannot do. Indeed, a considerable number of books have been written – going back nearly 200 years – explaining how to carry out work other than ‘turning’ on the lathe, and many of the now common machine tools owe their derivation to it. Even when using it for its proper purpose, however, problems arise as soon as we depart from plain turning between centers – and diﬃculties can arise even then. These are almost universally concerned with ‘how to hold the work’. This book is intended to go some way to meet these problems.


Much that I have written is ‘well-known’, but I have included it because everyone has to begin somewhere, and when writing a book the beginning is no bad place to start! More important, many common practices are ‘much used but little understood’ and I hope that the explanations I have given as to WHY these methods are used may help the reader to overcome the diﬃculties he faces when the odd out of the ordinary workpiece appears. If the principles behind the various methods are understood, then it becomes a simple matter to invent new methods to do the old jobs better.


Most of the book is concerned with the actual holding of the workpiece, but I have added a short chapter covering the setting up of the lathe itself. No matter how carefully the workholding arrangements are made, if the lathe is not correctly aligned in the first place accuracy cannot be expected. Again, I have tried to explain why the machine must be set up as well as how, for there may well be better and simpler methods come to mind.


There is one area which I have NOT attempted to cover – that of ‘Ornamental Turning’. This, the most highly developed form of the ‘Art and Mystery of Turning’, stretches the versatility of the lathe right to the limit – some would say well beyond that! The workholding devices needed are special in the extreme; if you are an Ornamental Turner you will have them or have made them, but if you are not, the mere sight of some of them would frighten you to death. So, I have directed my efforts solely to holding the work which any contracting or amateur center-lathe turner may expect to meet. I hope that what I have written will be of help to you.


Tubal Cain
Westmorland, Cumbria
August, 1986.





CHAPTER 1


Between Centers Work


‘The work should be supported between centers’ says one of my old textbooks. But what do we mean by ‘support’ – for this is the crux of the matter? See Fig. 1a. Here we have a ‘something’ in free space. It can move in the direction AA, sideways, BB, back-tofront, or CC, up-and-down. In technical terms it has ‘three degrees of freedom’. It can be held still, of course, by ‘gripping’ it; in a vise or chuck, or with clamps, but this is not ‘supporting’ it. This term implies NO grip, and it is partly the absence of grip which makes between centers work so accurate. To ‘support’ the work free from movement we must apply stops as shown in Fig. 1b. If these no more than touch the work, then no translatory movement along any of the three axes can occur. We have ‘supported’ it. Note that we need six supports to cope with the three degrees of freedom.


Unfortunately this is not the whole story – see Fig. 1c. As well as moving in ‘translation’, as Fig. 1a, the object can rotate, and rotate abut the three axes we had before. It has three more degrees of freedom which we must cope. At first sight the stops of Fig. 1b. might prevent this rotation, but in fact it would be very unstable – especially with some more extreme shapes. So, we must provide supports in addition to those in Fig. 1b, as shown in Fig. 1d. You will see that three of each of the original stops is opposed by two stops, in the same plane, but spaced. Thus A and a1, a2, prevent rotation about the axis CC as well as restraining lateral movement along the axis AA; and so on. We now have nine stops to constrain six degrees of freedom; this is the minimum number of constraints which will hold a free body exactly in place, and they can do this without exerting any pressure at all (other than that due to the body’s weight, of course). The piece will not be subject to any distortion due to clamping or gripping – a property that jig & tool designers make use of all the time.


To hold a body rigidly in place without gripping is, therefore, simply a matter of proper support. However, what happens if we want it to move, but in one axis only? In lathe work we are not concerned with moving the work in translation – along the axes – but we do require it to rotate or we could not machine it. Let AA be the axis of rotation; very well – we must obviously remove the constraints b1, b2, c1 and c2, and B and C as well. It can now rotate about AA, but unfortunately we have left it free to move in translation along the TWO axes B and C, and it can also rotate about C. This clearly will not do! So we must find a device which still applies support against five of the six degrees of freedom which offers no constraint in the sixth – the axis AA. There are a number such. Bearings, for example. But if we are to use a bearing surface on the workpiece we must first machine it, and this we can not do until we have ‘supported’ it.
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Fig. 1








Fortunately a very elegant and mathematically sound method was discovered many thousands of years ago – long before the mathematicians had analyzed the problem. (Before any such existed, indeed, as so often happens in engineering!) If we apply a pointed support, engaging in a small hole in the workpiece at each end of the desired axis of rotation – Fig. 2 – this will do the trick. The two points – centers – acting together can, without exerting any force, effectively prevent translation in any direction, and resist the rotation of the workpiece on the other two axes. Further, provided the points fit the holes in which they are engaged, the work can be removed and replaced with absolute exactitude – the setting is ‘repeatable’, and almost perfectly so. More than that. Provided the two points are identical in shape, and fit the holes properly, the work can be turned end-forend in the machine and it will still revolve about exactly the same axis as before. The problem is solved.
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Fig. 2 The two points working in conical holes constrain all movement except rotation about AA
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Fig. 3 An early form “Dead Center” headstock drive. The pulley (A or A1) runs on the pin (B) which carries the center (c). (Holtzapffel Vol. IV fig. 39)








Dead Centers


This is the term given to an arrangement where both centers (points) are held stationary in their supports – headstock and tailstock. The work revolves about both, being driven from the headstock end by means of a driver which rotates on a bearing surrounding the center. Fig. 3 shows an early example, with the cone pulley rotating on a fixed spindle. (Note that – as was common on early machines – the center is screwed in place instead of having the now more usual taper socket.) This system, much refined, is used today on all precision cylindrical grinding machines, and for very delicate work on watchmaker’s lathes, but seldom on the ordinary engineer’s lathe. A very high degree of both accuracy and repeatability is obtainable, but the complexity of the driving arrangement at the headstock makes it very expensive.


The Live Center


In this arrangement the center rotates with the work. In the normal centerlathe (with a few special exceptions, where the work is very heavy indeed) only the headstock center revolves, that at the tailstock still being a ‘dead’ or stationary center. We immediately come up against the fact that (a) unless the live center runs exactly true the work will rotate eccentrically; further, (b) if we take it out of the machine and replace it, true repeatability will be impossible. The problem increases considerably in cases where both centers revolve. We shall return to this again later.


The important point to remember is that the centers should be no more than ‘supports’ as defined earlier, exerting pressure only when the machine is cutting and the tool-force has to be resisted. Care and judgement is needed when adjusting the fixed center at the tailstock; the work must be free, but with no shake. If pressure is exerted in the axial direction (in the absence of cutting load) then the workpiece will be stressed axially. Inevitably some distortion will result, especially if the work is slender. Now, as the machining proceeds, work is done on the metal and a fair amount of heat will be generated, so that the work will expand endways. If the principle of ‘support’ is to be maintained this must be compensated for – by readjustment of the tailstock. If this is not done there will be two consequences; first, the work will tend to spring into the shape of a bow (very slightly, perhaps, but this is a common cause of tool chatter) and, second, the pressure on the tailstock center will drive out the lubricant and, in the extreme case, overheat and draw the temper.


Conditions For Accuracy


(1) Live, or Headstock center. This must run true, as has already been mentioned. Fig. 4 shows the effect. The work and center rotate together, and the effect of an offset center will be as shown at ‘a’. The work will still be truly circular, but the center of the workpiece A-A will not coincide with the axis of the center itself. If we now turn the work end-for-end, then the work will rotate eccentrically at the tailstock – see ‘b’. This being so, the fixed center is always unhardened, and it must be corrected for truth every now and again – they always suffer some damage, if only from storage. It is also clear that the accuracy of the center will depend on the accuracy of the taper hole in the headstock spindle. The lathe manufacturer can be depended upon to see that this is right (if not, then do not buy that sort of lathe!) but the user must play his part. The taper socket must be kept scrupulously clean and no, absolutely no, accessory should be fitted in the headstock taper which can rotate within it and so cause scoring. A drawbar should always be used with, e.g., boring heads, drill chucks, and so on. If by some mischance the taper socket has been so damaged – with a very old lathe, for example – then it must either be rebored or, as an alternative, the headstock center must be retrued every time it is replaced. It is fairly important that the angle of the point of the center be correct – or at least uniform from one to another. As we shall see later, almost all such are made with a 60 deg. included angle, and some lathes I have seen had dowel pegs for setting over the topslide to exactly the right angle. Most modern machines have a scale of degrees which can be used instead, but some care is needed in the setting.
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Fig. 4 Effect of an untrue live center (a) The headstock center is offset, but the work is still truly round about the axis AA (b) Transferred to the tailstock the work rotates about BB, and is eccentric.








The headstock center should always be very slightly oiled when fitting, and it should be pressed home, not driven in with a mallet. The first application of the tailstock pressure should be used to drive home both centers – it will be found that they almost always retreat a little when pressure is applied; a movement axially of about a sixteenth of an inch is needed to squeeze out an oil film half a mil thick on a No. 2 Morse Taper.


(2) Dead, or Tailstock center. This is, of course, hardened, to withstand the wear involved. Like the headstock center, it must be truly axial, and the same remarks apply so far as the taper socket is concerned. Here, however, it is a comparatively easy matter to replace, so that drill chucks and even drills may be used without drawbars. On the other hand, it is not easy to re-form a damaged center point unless one has access to grinding equipment. Careful storage to avoid chipping the point is, therefore, essential. More common causes of damage, however, are overheating and grooving. The former kind of damage can be reduced by using High-speed Steel centers – my own practice – or even those with tungsten carbide tips. HSS is not harder than hardened carbon steel, but it does withstand heat better. Scoring is almost always caused by dirt in the center hole, though it can be the result of lack of lubrication.


Opinions differ as to the best lubricant. For over forty years I used common tallow – cheap and effective. When heavy cuts were expected I used to sprinkle powdered graphite on as well, to give some additional ‘dry’ lubricating qualities. More recently I have been using the molybdenum disulphide ‘additive’ which some misguided people put in their car engine sumps, used neat. I am not sure that I have noticed any advantage! The main point is to keep the center well lubricated – after all, it takes only the odd second to relax the tailstock between cuts and apply a little more oil; this is also an opportunity to adjust the tailstock pressure. In which connection, note that it is just as necessary to close up the tailstock if the work cools down – say when changing from roughing to finishing cuts.


(3) Center Alignment. This is a matter for the tailstock, but I am going to deal with it nevertheless. When handrest turning it does not matter very much if the head- and tailstock centers are not truly aligned to the axis of the bed, but when the tools are held rigidly in a slide rest which is guided by the bed, then it is imperative that they be true. See Fig. 5. If the two centers are not in line in the horizontal plane the effect is to turn the work taper, the taper on the diameter being twice the offset of the two centers. We can make use of this when we want to turn a tapered workpiece, of which more later, but it is otherwise a nuisance. I shall deal later with the methods of setting up a lathe to turn truly, (See Chap. 9).


Misalignment in the vertical direction is very uncommon indeed, but I have met this case in a very old machine. It is diﬃcult to correct but fortunately has little effect on the diametral accuracy; a vertical error of 1/64 in. may cause a taper of about 0.0004 in. per foot on a 1 in. dia. workpiece. There is, however, another consequence of misalignment, equally serious whether lateral or vertical. If the tailstock axis is not exactly in line with that of the headstock, any combination center drill (Slocombe drill) used from the tailstock is likely to be broken off at the point, and normal drills will tend to ‘wander’. (4) Fit of center profile. The last of the conditions required to ensure accuracy is that the shape of the centers should correspond to that of the holes into which they operate. This is much more important when doing re-machining work than when starting from the beginning; a 90 deg. point, for example, will soon ‘bed down’ into a 60 deg. hole, and any shift of the axis of the workpiece in the process will be corrected as the machining proceeds (we shall deal in more detail with this later). However, on repair work – e.g. truing up a worn shaft and similar – it is desirable to check that the centers match. My own practice, if in doubt, is to use female centers and to fit a hard steel ball between them and the workpiece center.
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Fig. 5 Effect of offset tailstock center. The work is round, but taper, so that D = d + 2e.
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Fig. 6 Types of center; left to right – a. Hard center, with spanner flats for removal, b. Normal hard orsoft center, c. Square center, producing a 60° countersink, d. Female center, e. “Pin and ring” tailstock center for wood-turning, f. Hollow tailstock center for wood turning. A drill can be passed through the hole. g. Prong or driver center for wood-turning. h. Home-made pipe center, which fits over the normal cone center.








Given the above precautions, work turned between centers must be round, truly concentric to the axis of rotation, and the work can be turned end for end as often as the need may arise. Provide bearings are in order, the bedways are accurate, and the saddle properly adjusted, it should be possible to turn the full length of a shaft with no detectable difference in diameter along the length.
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Fig. 7 Half center in use, facing the end of a bar.








Types of Centers


The earliest type (so far as metal turning is concerned) was a 90 deg. cone engaged with a punched hole – hence the name ‘Center-punch’. If a 60 deg. punch is used this will give satisfactory results on modern centers provided the center itself has no true ‘point’; if it has, this will certainly bottom on the punched hole. The SQUARE center, still listed in catalogues, was used as a crude cutter to form a deeper center once the punched one was established in the correct position. I still use it. It saves a lot of fuss trying to center-drill awkward objects! Those sold today produce a proper 60 deg. hole. The FEMALE center is used for workpieces which have a male point on the end (and with steel balls, as mentioned earlier). This applies mainly to watch and clock work, where spindles tend to have pointed pivots. Its limitation is that it is not easy to ensure accuracy of the hole and a worn center cannot be rectified without a great deal of trouble. The HALFCENTER, (Fig. 7) is used to enable the end of a shaft to be faced while still between centers. The flat does not go to the center of the point, so that at the last there is still a small support to the work. The PIPE CENTER is, as its name implies, a large cone, usually at 90 deg., to engage within large hollow workpieces. A useful variant has a slot down one side, thus enabling the end of a pipe to be machined completely. However, it is an awkward device to use, as the tailstock barrel must be advanced as metal is machined away from the point of contact between work and center.


REVOLVING CENTERS (sometimes called ‘running centers’) are arranged so that the center itself revolves with the work – it becomes a ‘live center’. The cone is supported on a more or less sophisticated bearing system from the part which fits into the tailstock. Their advantage is that they need less adjustment than the normal center, and will withstand greater end-loads. Time is saved in readjustment and they need no lubrication. However, they do put more stress into the workpiece with consequent risk of distortion. They are bulkier and can get in the way of the topslide at times. Most important – it is a live center and as has already been pointed out it will cause eccentricity if it is not absolutely true; there is now a possible source of error at both head-and tailstock ends. Those made by reputable firms will be found to be very accurate, if not perfect, but it must be remembered that if, for any reason, the center does go out of truth it is almost impossible to correct; the part must be replaced.
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Fig. 8 Jacobs No. 100 “Center-chuck”. The end of this dynamo shaft has been damaged, but the commutator still can be turned true.








Finally, a centering device which is seldom seen – I am not even sure of its proper name – I call it a CHUCKING CENTER. Fig. 8. This looks like a drill-chuck but the ‘jaws’ are made of bronze. It is used to support shafts which have damaged centers or no center at all. (The classic case is the lawnmower rotor). Naturally, the other end of the work must be held in the three- or four-jaw chuck, as even if it has a usable center the work must be constrained endways. That shown in the photo is by the Jacobs Company (their No. 100) and accepts work from ¼ in. up to ¾ in. The jaws are adjusted to a close slide fit on the shaft and can then be locked.


Centering the Workpiece


When starting from the rough bar exact centering is not (as a rule) essential, as the part is to be machined, but reasonable truth saves unpleasant machining of an eccentric object as well as avoiding out-of-balance running. Old books always gave a number of methods of marking out the end of the shaft – see Fig. 9. Most of these are self-explanatory, but note that it is not necessary to adjust the scriber or dividers to strike the exact center. The crossed lines form a little enclosure and the eye is so precise a measuring instrument that no diﬃculty is found in setting the point of the center-punch fairly accurately. Once the center found is lightly punched the work is set in the lathe and checked for truth. Any adjustment can then be made by ‘drawing’ the punched hole. Not, however, as recommended in some books, by knocking the workpiece with a mallet! This is certain to damage the centers. The punch-hole is then deepened and if a 60 deg. punch is used this may well suﬃce for light work or where extreme accuracy is not needed. Otherwise, a hole is first drilled, either with the hand-drill or in the machine, using a short 3/32 in. drill followed by a 60 deg. countersink cutter. Alternatively, the work may be set in the lathe and each end in turn treated with a combination center-drill held in the tailstock drill-chuck.
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