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SECTION 1


Introduction


It has been said that lathe screwcutting cannot be taught from books, which seems to imply that students must learn this particular skill from trial and error after gathering a few basic facts from an instructor. However, this outlook may arise partly from the fact that few general engineering books can spare the necessary space, and partly because writers seldom take the trouble to make any specialized study of lathe screwcutting, with the result that the same few scraps of information are handed down from generation to generation without any attempt at sorting the wheat from the chaff; perhaps to disguise this deficiency it is sometimes remarked that too much emphasis can be placed upon the ability to cut threads in lathes. However, in this respect, while ordinary turning calls for the use of little more than common sense, efficient and time-saving lathe screwcutting cannot be undertaken on the same basis, and if a lathe operator is not in possession of all the relevant facts he may not be able to avoid wasting time: time which on small batch production can sometimes amount to whole working weeks, not just the odd 30 minutes. For example, it is not always necessary to follow the time-wasting instruction: ‘For all other threads, reverse the lathe’ (an instruction referring to tool repositioning between threading passes). Moreover, the adverse conditions for which lathe reversal is supposed always to be necessary can sometimes be turned to advantage for indexing the starts of multiple-start threads by a method whereby, after an initial setting, indexing takes place between every single threading pass without additional attention from the operator, and having the advantage that all starts (individual helices) are machined to identical proportions to close limits.


Having said that, it would only be fair to add that on deciding it might be a good idea to commit to paper the results of my researches, I had no idea that the describing of what is basically a simple process would call for such a plethora of writing, (and I have not used two words where one will serve) or indeed that the project would lead to two Patent Applications, one for an independently retractable and swing lathe toolholder (No. 1335978 – now lapsed), and one for a simple thread tool sharpening jig (No. 1417351 – not ‘Sealed’ although printed by the Patent Office), or that I would be devising formulas for the design of leadscrews of special lead for the automatic indexing of the starts of multiple-start threads when these cannot be auto-indexed from standard English or metric leadscrews.


In general, despite the rapid advancement in fully automatic machine control, the ordinary center lathe is likely to remain with us for a long time for the reason that it does not pay to set an automatic machine for only one or a few threaded components such as those required for jig and tool-making, or for experimental and prototype work. And in many instances, even when the quantity of components reaches the 50 to 150 total, a center lathe can offer a saving when compared with the cost of a more specialized machine and the time taken to set it.


On the other hand, automatic and semi-automatic threading attachments can now be obtained for use with standard center lathes, and such attachments can be fairly quickly set. However, the initial cost can be high, and this has to be weighed against the quantity of threading likely to be called for.


In contrast to the foregoing, I have heard it remarked that screwcutting facilities are not really necessary on center lathes these days, as all threads can be cut with taps and dies. Now although modern taps and die-heads are capable of cutting clean bright threads to close limits, their use sometimes calls for very high torques, whereas a center lathe always forms threads in easy stages, admirably suited to those components which by nature of their design could not be gripped with sufficient security to withstand the high torques imposed when tap or die running. Moreover a lathe will cut a thread of any pitch on any diameter: for example it is as easy to cut 16 tpi on a diameter of 4 in. as on a diameter of ½ in. or less, whereas the use of taps and dies limits one to standard sizes, and when only a few special threads are called for one obviously would not wish either to pay the high cost of special taps or dies, or to await delivery when such threads can be lathe screwcut for the trifling cost of a single-point threading tool and a few minutes of a lathe operator’s time. Similar remarks of course apply if a standard size tap or die is not in stock.


There is also the point that bores to be threaded are sometimes very short or shallow, a total depth being limited to say 3/16 in. or so (4.8 mm) with an abrupt shoulder or completely closed base. These threads are impossible to cut with a tap simply because the tap would ‘bottom’ before the necessary tapered lead had fully entered, whereas such threads are easily lathe screwcut with a single-point tool. I have also encountered external threads that were required to continue inside a recess – where of course no die could operate, and these had to be cut by the use of a special cranked threading tool. Another point in favor of lathe screwcutting is that threads so produced are concentric and symmetrically disposed about a component axis to close limits – i.e. are ‘square’ to axis.


METRICATION


Those brought up entirely with metric units will have no difficulty in following the recommendation that, with metrication, designers and engineers should work entirely from metric concepts. However, those of us long accustomed to working to English imperial measure tend to feel uncomfortable until we have converted metric figures into English units having a satisfactory meaning to us. For example, for a time we will not have a clear idea of the implication of a thread pitch error of, say, minus 0.003 mm until we have converted to inch measure and found that 0.003 mm equals 0.000118 in, or just 10 over 1/10 thou/inch. In this respect, too, many center lathes will probably remain in use with English feed dials graduated in thousandths of an inch, and metric thread sizing will have to be carried out to inch standards. The object here therefore is to deal with these problems of change in such a way that the reader may choose a line of action best suited to his particular need, and simple formulas are given to facilitate working to either metric or English units. As a matter of fact, partial metrication has led to the writer often having to lathe screwcut batches of 50 or 100 components with an English thread at one end, and a metric thread at the other end.



CONVERSIONS



Fortunately these days it is possible to buy a good basic electronic calculator for a very modest sum, so it is no longer necessary to occupy valuable space with conversion tables. Indeed, with a basic formula and a calculator, any necessary figures can be obtained far more pleasantly, quickly and accurately than by thumbing through fully tabulated data.


 


GENERAL FORMULAS


The following formulas will be useful for general reference:


1 To convert inches to millimeters, multiply inches by 25.4.


2 To convert millimeters to inches, multiply by 0.03937, or divide by 25.4.


3 Given the pitch of a thread in millimeters, find the threads/inch:


[image: Illustration]


4 Given the threads/inch, find the pitch in mm:


[image: Illustration]


5 Given the inch pitch, find the metric pitch in mm:


Metric pitch (mm) = Inch pitch x 25.4


6 Given the pitch in millimeters, find the inch pitch:


Inch pitch = 0.03937 x Metric pitch in mm


or


[image: Illustration]


7 Given the threads/inch, find the pitch in inches:


[image: Illustration]


8 Given the pitch by inch measure, find the threads/inch:


[image: Illustration]


9 Given the metric pitch (mm), find the threads per centimeter:


[image: Illustration]


10 Given the threads/inch, find the threads/cm:


[image: Illustration]


NOTE: The notation ‘threads/centimeter’ is not ordinarily used or recognized, but is sometimes useful for explanatory purposes associated with lathe leadscrew gearing.
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The International Standardization Organization (ISO) metric screw thread form. 60 deg. included thread angle.


Screw thread crests may be rounded inside the maximum outline: rounding is optional. Root radius = 0.1443 x Pitch. (Also optional)
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Unified & American screw thread form. 60 deg. included thread angle.


Thread crest may be flat, or given a radius of 0.108253 x Pitch.


Root radius =0.144338 × Pitch. (Also optional)
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The Whitworth & British Standard Fine (BSF) screw thread form. 55 deg. included thread angle.


Crest and Root radius = 0.1373292 x Pitch A The true form. B as lathe screwcut with a single-point tool.





QUICK REFERENCE THREAD INFORMATION SUMMARY


DEPTH OF THREAD. (SCREW). BASIC DESIGN DEPTH


ISO Metric 60 deg.


By mm


D = Pitch (mm) x 0.6134


By inch measure:


D = Pitch (mm) x 0.0241*


* This figure is a close approximation.


WHITWORTH & BSF 55 DEG.


By inch measure:


[image: Illustration]


UNIFIED 60 deg.


By inch measure


[image: Illustration]


By mm:


[image: Illustration]


WHITWORTH & BSF 55 DEG.


By mm:


[image: Illustration]



NUT BORE (MINOR DIAMETER) SIZING. RECOMMENDED MINIMUM


ISO Metric. 60 deg. By inch measure.


BORE = Major nominal screw dia (by inch measure) minus (Pitch (mm) x 0.0426)


ISO Metric. 60 deg. By millimeters.


BORE = Major nominal screw dia (mm) minus (Pitch x 1.0825)


UNIFIED 60 deg. By inch measure.


BORE = Major nominal screw dia. minus [image: Illustration]


UNIFIED 60 deg. By millimeters.


BORE = Major nominal screw dia. (mm) minus [image: Illustration]


WHITWORTH AND BRITISH STANDARD FINE 55 deg.


By millimeters.


BORE = Major nominal screw dia. (mm) minus [image: Illustration]


WHITWORTH AND BRITISH STANDARD FINE 55 deg.


By inch measure.


BORE = Major nominal screw dia. (mm) minus [image: Illustration]


NUT BORE SIZING BY PERCENTAGE OF FULL THREAD


BORE = Major nominal screw dia. minus [image: Illustration]


where d = standard basic depth of corresponding SCREW thread. % required = percentage of full thread engagement required.


NUT THREAD DEPTHS


(Nut thread depths are taken from the surface of bores slightly larger than would be given by major screw diameter minus twice the depth of thread of the corresponding screw, hence basic nut thread depths are less than corresponding screw thread depths, and are really only useful as a guide. Actual nut thread depths may be greater or less than calculated).


ISO Metric. 60 deg. Depth of NUT thread by mm:


D = Pitch (mm) x 0.5418


Depth of NUT thread by inch measure:


D = Pitch (mm) x 0.0213


UNIFIED. Depth of NUT thread by inch measure:


[image: Illustration]


Depth of NUT thread by millimeters:


[image: Illustration]


WHITWORTH AND BRITISH STANDARD FINE


Depth of NUT thread by inch measure:


[image: Illustration]


Depth of NUT thread by millimeters:


[image: Illustration]
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The Acme screw thread form. 29 deg. included thread angle.





THE ACME FORM THREAD 29 deg.


DEPTH OF THREAD – SCREW


By inch measure:


[image: Illustration]


By millimetres:


[image: Illustration]


NUT BORE (MINOR DIAMETER) SIZING


BORE = Major nominal screw diameter minus pitch. (Nut thread depth is the same as screw thread depth)


BASIC DESIGN DEPTH


plus 0.010


plus 0.254


NOTE: For the Acme thread (and for the trapezoidal form) the standard clearances between screw and nut appear to be extraordinarily liberal. Taking as an example a thread of 5/8 in. dia. x 8 threads/inch. the screw-thread depth is 0.0725 in. leaving a root diameter of 0.480 in., yet the recommended nut bore is 0.500 in., showing that a screw thread depth of about 0.064 in. (1.63 mm) would be sufficient, unless, of course, contrary instructions are received. Similarly, the major diameter of a 5/8 in. dia x 8 threads/inch ground thread tap is 0.654 in., i.e. 0.029 in. in excess of major screw diameter, thus offering an ‘annular’ thread clearance of 14.5 thou./inch (0.37 mm) which, to say the least, appears to offer a somewhat excessive space ‘for lubrication’, especially when compared with the much smaller clearances recommended for plain shafts and bearings.



THE TRAPEZOIDAL METRIC THREAD 30 deg. (Similar to the Acme form)


[image: Illustration]


NUT BORE (MINOR DIAMETER) SIZING


For nut bores the most practical approach appears to lie in use of the percentage-of-full-thread formula, unless instructed otherwise.


THE SQUARE THREAD FORM.


Thread flank angle: 90 deg.


DEPTH OF THREAD: SCREW – By English or metric measure:


D = 0.5 x Pitch


WIDTH OF THREAD SPACE – (Screw) W =0.5 x Pitch.


NUT BORE SIZING (Minor diameter) By English or metric measure:


Bore = (Major screw dia. minus Pitch) plus C


where C = a clearance allowance varying with Pitch.


(Without a “clearance allowance” the crests of a nut thread would contact or interfere with the root of a correspondingly basic sized square thread screw)


NUT THREAD DEPTH


As sized from the inner surface of (a slightly enlarged) minor nut diameter, nut thread depth will be the same as the screw thread depth.


The clearance allowance may be any amount felt desirable for lubrication, unless of course, precise instructions are given.




[image: Illustration]


The Square thread screw form.





For side (flank) clearance, the thickness of the body of a nut thread will also be slightly less than the 0.5 x P. space dimension of the corresponding screw thread.




[image: Illustration]


The British Association (BA) screw thread form.


47 ½ deg. included thread angle.


Radius at Crest and Root = 0.1808346 x Pitch.


Depth of thread 0.6 x Pitch.








SECTION 2


The Principles of Lathe Screwcutting


The drawing, Fig. 1, shows in an elementary way the principles of thread cutting by means of a master screw: a leadscrew (pronounced ‘leed’, by the way). Points to note are that the spindle, which is revolving with the chuck and component to be threaded, drives the leadscrew through gearing: in this example by two gears each having 45 teeth and therefore giving a ratio of 1:1. By this means the leadscrew will revolve at exactly the same speed as the piece to be screwed, and at the same time will cause the nut (which is prevented from rotating) to move from right to left by a certain distance for each revolution of the leadscrew. If the leadscrew has 8 threads to the inch, or a pitch of 1/8 inch, each exact revolution of the leadscrew will cause the nut to advance 1/8 inch. If the nut is made to carry a suitable holder provided with a pointed tool, and this is brought into contact with the truly cylindrical workpiece, then a helix will be circumscribed thereon, and the distance between any two adjacent helices will be 1/8 in., quite regardless of the actual diameter of the workpiece and regardless of the actual speed of rotation, because if the work speed is altered, so is the leadscrew speed in the same proportion.




[image: Illustration]


Fig. 1 Illustrating the basic principles of lathe screwcutting.







[image: Illustration]


Fig. 2. Inside view of the carriage apron of a small lathe. The pinion at the left engages with a rack fixed to the lathe bed. The half-nuts may be seen at the right, and leadscrew indicator is fitted at the left.


(The plummer-block type bearer held a non-standard anti leadscrew deflection bush. This became unnecessary with a change to the square thread form leadscrew.)





In practice the nut is split into two pieces or “halves” each provided with a slideway backing, mounted in corresponding guideways so that by means of a hand-lever and cam-type mechanism each half can be moved radially outwards, thus disengaging the leadscrew. The leadscrew nut thus becomes known as “the half-nuts”, “the clasp nut”, or the “split nut”.


The photograph Fig. 2 is an inside view of the apron of a small lathe and will give an idea of the arrangement. The half-nuts are shown in the disengaged position. The small pinion at the left engages with a rack for hand traversing the lathe carriage when required.


A pair of half-nuts suitable for the apron shown may be seen in the photograph, Fig. 3.


Referring again to our basic diagram, Fig. 1, the initial helix circumscribed on the workpiece may be regarded as the first of a series of “cuts” or “threading passes” as may be seen again at the foot of Fig. 4 which, if read upwards, shows how a screw thread is formed by a succession of passes each a little deeper than the previous one, until the thread is complete. The diagram, of course, indicates only a few of the greater number of passes required before a full depthing and sizing is reached.




[image: Illustration]


Fig. 3. A pair of half-nuts for use in a small lathe.







[image: Illustration]


Fig. 4. Showing how a screw thread is formed by a succession of cutting passes of progressively increasing depth.





ALTERING THE PITCH.


CALCULATIONS


From what has already been said it follows that if the leadscrew (Fig. 1) can be caused to revolve at exactly one half the speed of the component, and the leadscrew has 8 threads to the inch, then for each half revolution of the leadscrew the component will make one complete turn and one complete helix will be circumscribed. One complete helix for each half revolution of the leadscrew equals 16 complete helices for 8 revolutions of the leadscrew. For each 8 revolutions of the leadscrew the tool will move through a distance of one inch: accordingly 16 helices or threads to the inch would be formed on the component.


In our basic example (Fig. 1) the leadscrew could be made to rotate at half the speed of the component by removing the two 45 teeth gears, A and B, and fitting a driver of 30 teeth at A, and a driven of 60 teeth at B, on the leadscrew.


Actually, of course, it is not possible to so relate the distance between the lathe spindle and the leadscrew that no more than two gears of equal or different size may be arranged to meet all ratio needs, so what is known as a “quadrant” or “change gear arm” is provided, upon which intermediate gearing may be assembled and adjusted not only for desired ratios, but to bridge the gap between the lathe spindle or tumbler reverse and the leadscrew gear.


The photograph Fig. 5 shows a typical arrangement for a small lathe of the instrument type. Each of the slotted quadrant arms carries a movable “stud” for the intermediate gearing, and the whole quadrant may be pivoted about the leadscrew axis by releasing the locking handlever. This illustration also shows a tumbler reverse mechanism which may be seen in its three positions in the diagram Fig. 6.




[image: Illustration]


Fig. 5. Showing the tumbler-reverse and change-gear quadrant on a small lathe. This all-steel quadrant with a single front locking lever is the author’s own design.





Some earlier lathes of this kind were sold without a tumbler reverse mechanism, but when one is fitted, suitable driving wheels for the quadrant gearing are mounted on an extension spigot S which is integral with the final driven gear G of the tumbler reverse. For later explanations it will be convenient to refer to gears fitted to this spigot as “first gear drivers” and to call the spigot itself “the tumbler reverse output spigot”.




[image: Illustration]


Fig. 6. A tumbler-reverse mechanism shown in three positions: neutral above, forward and reverse below.





Normally on lathes of this kind, the first gear driver will rotate at exactly the same speed as the lathe spindle. The tumbler reverse is used either to cause the leadscrew to revolve “backward” for cutting left-hand threads, or to correct the direction of rotation of the leadscrew in the event of a gear train being of a nature that makes a correction necessary.


For a simple lathe of the type illustrated, a set of gears is provided, and with them it is possible to assemble a great variety of ratios between the lathe spindle and the leadscrew. These gears are known as “change gears”. Special mention is made of these because of certain differences in the way in which sets are sometimes made up. For this particular lathe it is customary to provide a set of gears as follows: Two having 20 teeth, and one each of 25, 30, 35 and so on up to 75 teeth together with one of 38 teeth for reasons which will be explained later. However, in future such a set will be referred to as “20-75 by fives” or merely as a “set rising by fives”. Change gears rising in size by four teeth at a time, say 24, 28, 32 and so on are not unknown and, of course, such a set would be referred to as “rising by fours”. But what should be noted is that for example, a gear of 32 teeth would be “special” to a set rising by fives while a 55 teeth gear would be “special” to a set rising by fours and a gear of 33 teeth would be “special” to both sets.


Before giving a general formula for change gear calculations it will be helpful to consider the basic requirements for cutting a thread of 24 to the inch with a leadscrew of 8 threads to the inch.


If we wish to cut, over a given length, three times as many helices on a component as are contained in the same length of leadscrew, the leadscrew must rotate at one third the speed of the component. This can be arranged by using a 20 teeth gear as a first gear driver and a 60 teeth gear on the leadscrew, but as these two gears will be positioned too far apart for direct meshing, the gap is bridged with spare change gears, which for this purpose become temporarily known as “idle gears”, or “idlers”. Any number of idle gears may be interposed without affecting the ratio between the first driver and the last given gear although design limitations usually restrict the possible number of idlers to two. The diagrams, Fig. 7, will give an idea of the necessary 1:3 ratio, the left hand drawing showing the gearing “straightened out” for clarity, and the right hand drawing showing the gearing as it would be assembled on the lathe.


The idlers A and B, Fig. 7, are shown as a 65 and 40, but their actual size is of no importance provided they are capable of bridging the space between the first 20 driver and the last 60 driven.


Some find it difficult to understand that the interposition of one or more idle gears cannot affect the ratio between the first driver and the last driven gear. One way of looking at the question is to consider that the teeth velocities of the intermediate idlers must be exactly the same as the teeth velocity of the first driver, therefore the effect of meshing the leadscrew gear with the idler gear cannot differ from the effect of meshing the leadscrew gear directly with the first gear driver. Again, idle gears can no more affect the ratio between the first driver and the last driven than could a chain, or the number of links in a chain that may be needed to couple the first and last gear. What does happen is that small idlers will revolve more quickly and large idlers more slowly relative to the first driver, but as a drive is not being taken from the hub of the idle gear, or gears, their speed of rotation can be of no consequence. It is worth noting, however that in a manner similar to that of the tumbler reverse, with the interposition of one idle gear the direction of rotation of the last driven gear will be the same as that of the driver, and the interposition of two idle gears will reverse the direction of rotation of the final driven gear relative to the first driver.




[image: Illustration]


Fig. 7. An example of a simple gear train. Gearing shown is for 24 tpi with an 8 tpi leadscrew.


At the left the gear train has been ‘straightened out’ for clarity. At the right the same gearing is shown as assembled on a quadrant. The tumbler-reverse (TR) although shown, plays no part in the ratio.





That the leadscrews of some of the smaller lathes have left hand threads may be explained by the fact that a handwheel, which can be fitted to the leadscrew at the right-hand end, may be turned clockwise to feed the carriage toward the chuck.


Before continuing with details of a general formula, it will be convenient to mention that although a leadscrew of 8 threads to the inch appears to be the standard today for the range of smaller lathes, an earlier machine may be found to have a leadscrew of 10 threads/inch. With larger industrial lathes having leadscrews of 4 or even 2 threads/inch we are not really concerned at this stage because they will be fitted with selective gearboxes and calculations will not normally be required. Accordingly, to keep explanations within reasonable bounds it was felt best to deal chiefly with calculations for leadscrews of 8 threads/inch. Metric leadscrews will be dealt with later.


The simple examples already given for 8,16 and 24 tpi with a leadscrew of 8 tpi showed that gearing was required in the ratios 1:1, 1:2 and 1:3, or, in terms of the number of threads to the inch of the leadscrew to the number of threads to the inch for which the lathe was to be geared, 8:8, 8:16, and 8:24, and finally in terms of the number of teeth in the driving and driven gears: 45:45 (or any two of equal size), 30:60, and 20:60.
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