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Threading a hole in a steel plate, using a tap held in an auto-reversing tapping head mounted in a drilling machine.
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Introduction


This book is about the theory and practice of threads and threadmaking, whether that be threading a hole using hand tools, or cutting a thread using a lathe.


The contents include details of the major threadforms, such as metric, Whitworth and Unified threads, as well as the British Association (BA) and Model Engineering (ME and MME) series, the smaller metric and Unified threads, pipe threads, and specialist threads such as ACME, trapezoidal and RMS microscope threads. Specialist reference books provide details of every size of every thread you could imagine, but this book provides a comprehensive reference for the types and sizes of threads you are most likely to meet in the workshop.


This is a practical book, with instructions on how to thread manually, and screwcutting in the lathe, either using a conventional lathe tool or an accessory such as a thread mill, with enough information to allow you to cut accurate, well finished threads of all sorts using a variety of machining techniques. Measuring methods are included so that you can be sure you have created male and female threads of the right size and shape, to an appropriate tolerance to fit mating threaded holes or fasteners.


The basics of screwcutting are not difficult to master, but this book aims to help you produce fine, accurate and well finished work, which is repeatable and quite beautiful to behold. This is the kind of work you will be proud to display, as it demonstrates your mastery of the considerable skills involved in work at this level.


PRE-REQUISITE SKILLS


This book assumes you have a lathe and know how to do basic turning to a good standard, so there are no explanations about how to do things such as turn a plain diameter, turn a shoulder or a groove, drill from the tailstock, or centre work accurately. Nor are there explanations about common lathe accessories for plain turning, such as centres, faceplate, cross-slides, top-slides, toolposts or any of the information you will find in a basic lathework book. The focus is on screwcutting, rather than on turning.


Manual screwcutting assumes you have a place to work – normally a bench with a vice. Some operations assume you have a means of drilling a hole accurately, and that usually means a drilling machine. As with basic lathe operation, there is no explanation of the basic use of a pillar or bench-mounted drilling machine. As with the lathe, this book assumes that if you have a drilling machine you know how to use it.


Producing threads is an everyday activity in the workshop or on site. It is an activity from which one can take pleasure, as the thread appears as if by magic, a screw fits a special nut just as it should, or the quality of finish on a thread flank brings tears of joy. A well finished, accurate thread is a thing of beauty and much to be admired.


However, as with all mechanical processes, there are dangers, so we need to take care as we go about our work. A little forward planning and good working practices help assure safety.


BE SAFE


Have a safe place to work: in the workshop, manually threading a shaft or a hole demands that you have sufficient clear space in which to work. Slips and trips are largely avoidable if there is room to work, and there are appropriate tools for the job. Greasy hands make for an insecure grip on tools, particularly where the gripping surface is polished steel, as it is with many tap wrenches and die holders, and clean hands make for safer work, as well as a more digestible lunch.


Take particular care when using powered machines: powered machines such as a drilling machine or a lathe bring their own dangers, but one of the most basic precautions is to make sure the machines are in good working condition. Whether in a factory or a home workshop, all machines should be subject to a detailed safety inspection at regular intervals, as well as a more cursory check before beginning any job. Electrical safety is essential, but some of the simpler checks are life critical, such as making sure the chuck key is not still in the chuck before switching the machine on. These are elementary checks, but they must never be omitted, as the consequences can be injurious and potentially fatal.


When screwcutting in the lathe, there are particular dangers arising from the operation itself. At any speed, co-ordinating the movements of eyes, hands and arms with the relentless spinning of the lathe headstock and the movements of a powered carriage demands absolute concentration, and any potential distractions must be designed out of the workshop environment before beginning these tasks. Take steps to deal with likely interruptions such as unexpected loud noises, callers ringing the doorbell, phones ringing, emails beeping, the house alarm going off, dogs or cats entering the workshop, and the less likely outbreak of fire, air-raid sirens or fog horns. You should have definite ways of dealing with all these interruptions to your concentration, and while you may have dealt with any of these on an ad hoc basis up until now, screwcutting demands practice in the seamless management of all of them. At the very least be sure to do the following:


	Turn off phones and computers



	Designate someone else to deal with callers at the door



	Train potential visitors to avoid sudden noises or loud speech designed to catch your attention, perhaps by arranging that they flash the room light instead of making a noise



	Close the workshop door to dogs, cats and unintended waifs and strays



	Train yourself to hear, but not react to, loud noises; while you may need to react to a fire alarm, do that in a calm and deliberate manner, having practised the procedure beforehand



BE PREPARED


In all of this, arrange your workspace and machinery in such a way that you can always reach the emergency trip switch to power off the machine quickly and safely. Also, make sure you have a means of summoning immediate assistance if you need help: this is especially true if you are alone in the workshop. It’s a bit like being alone on a hill climb in winter, in a gale and driving rain, in sub-zero temperatures: someone needs to know you are out there, and you need to be able to call out the rescue team quickly, if necessary.


Seconds count, if you are bleeding profusely – sharp tools, rotating shafts which catch and tear, chuck key impaled in the chest – or knocked unconscious – hit by a flying object thrown from the drilling machine, struck on the temple by a chuck key, knocked out as you slip and hit the corner of the bench or the concrete floor. These are serious matters, and you will want to be assured that when you have been revived or repaired by whoever assists and treats you, you are able to return to the tranquillity of the workshop once again.


No-volt and overload release switches are essential on all powered machinery. They may add to the cost, but where a fault develops they not only shut off the power but, importantly, prevent the machine from restarting when the power is reconnected.


Foot-level safety switches are useful. Some operate when pressed or kicked, and allow you to kick the power off even if your hands are occupied. Others demand that your foot press the switch to allow power to flow to the machine, and act as a 'dead man's switch', cutting the power when released by removing your foot. If the lathe grabs your sleeve, and you cannot reach the off switch with your other hand, you will be grateful that you can move your foot and save yourself from further injury.


Knee-level mushroom-headed 'OFF' switches are also useful. In a commercial workshop, overhead trip wires and drop strings with prominent red balls allow anyone to reach up and pull to trip the power off, even if they are not near the machine. They are just as useful in a home workshop.


Modern no-volt and overload switches are designed so that if they are tripped off you must take positive action to reset the switch and restore power. There is usually a recessed green 'ON' button and a protruding mushroom-headed 'OFF' button. When the unit trips and power is cut off, the red button pops out and must be manually pressed and turned to reset the switch, before further use. That's a reminder to think about what caused the trip to operate.


You will not, of course, want to wear loose clothing, unsecured belts or, worst of all, neck ties or scarves, in a workshop: not ever.
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Screws have been used since early times, and a screw can create enough pressure to squeeze oil from olives. © KATE NICHOLSON.







1 From Beginning to End


The helical groove and ridge form the basis of the screw thread, and, like the wheel or the lever, the origins of this device have been lost in the mists of time. Some historians say wooden screws were in use as early as 400bc, but metal screws did not appear until the 1600s, echoing developments in materials and especially cutting tools capable of machining metals.


The lathe has an older history, dating back some 3,000 years to early applications shaping rotating pieces of wood with a hand-held chisel. Threads lent themselves to being cut on a lathe, using a chisel guided by hand.


Although wood is soft, a great deal of skill is required to cut a thread with sufficient accuracy that the screw will turn in a mating nut. Despite that, some woodworkers still cut threads by hand in the present day, although more as an exercise of skill than as a commercial proposition.


Early applications made use of the fact that a screw rotating in a fixed nut causes the screw to move through the nut, converting rotary motion to linear motion and providing some mechanical advantage. Whereas it may be difficult to push a rod forwards against a load, rotating a screw is easier, even if it does demand a greater rotary movement in many cases. Applications include wine pressing (from earliest times) through the printing press (fifteenth century) to present-day fasteners and precision movements of machine parts such as tables and slides.


Despite being a simple device, the screw thread has been of critical importance in the development of industrial processes and applications. As the industrial revolution dawned and techniques of mass production were developed, thread production not only moved towards the use of standards and the production of interchangeable parts, but, many would argue, drove key developments in manufacturing technology.


In 1568, the French mathematician Jacques Besson invented the first screw-cutting lathe by using pulleys to co-ordinate the longitudinal movement of the tool with the rotation of the spindle.


In the mid-1700s, Antoine Thiout improved on Besson’s method by adding a screw drive instead of pulleys to control longitudinal movement of the toolpost and carriage on a lathe. This was a significant development, laying the groundwork for the kind of accurate tool movement imparted by the modern-day lead screw. To extend the range of movement available with a single pitch screw, Thiout used a system of levers to vary the effective pitch of the main screw. An example of Thiout’s machine can be seen in Paris, in the Musée des Arts et Métiers.


In the 1770s, Jesse Ramsden (1735–1800), the English mathematician and renowned instrument maker, improved the lathe as a screwcutting machine, and that led ultimately to Henry Maudsley’s screwcutting lathes incorporating increasingly accurate leadscrews as well as change gears. That led to his ability to cut accurate micrometer screw threads, creating a simple means of making accurate measurements.


Once accurate screwcutting lathes became available, manufacturers began producing threads to their own specifications, with little interchangeability between systems.


To address this problem, Joseph Whitworth proposed a system of standardized threads based on a 55-degree flank angle and a standard number of threads per inch for each diameter of thread. This led to the British Standard Whitworth system of threads being adopted in Britain in 1841, which proved to be a critical moment in the development of standards for the interchangeability of parts in mass production.


In the USA, William Sellers proposed a similar system based on a threadform with 60-degree flank angle, and that led to the Unified Thread Series standard on which the popular Unified series of threads is based.


In more recent times the almost universal adoption of ISO thread standards, and of ISO Metric threads has given the world a range of universally interchangeable threads.


Thread cutting by a variety of methods is an important industrial process responsible for the creation of increasing numbers and types of fasteners that not only secure component parts of an assembly, but, crucially, allow disassembly without damaging the individual parts. From complex machines, to simple flat-packed furniture, the humble screw has certainly proven its use.
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A versatile, compact and powerful car jack, based on concentric square threads.







2 Threadforms
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Fig. 2.1: A plain shaft can slide along the common axis inside a plain hole.





A plain hole constrains a shaft of similar size so that the shaft can slide in and out of the hole, and can rotate (Fig. 2.1), but the axis of the shaft and the axis of the hole must remain co-incident.
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Fig. 2.2: Cross-section of a helically-ridged shaft inside a hole carrying a matching helical groove.
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Fig. 2.3: A shaft carrying a helical ridge can only move into or out of a hole carrying a matching helical groove if the shaft rotates.





Creating a uniform helical groove in the wall of the hole, and a matching helical ridge on the shaft (Fig. 2.2), means that if the nut remains stationary, the only way to slide the screw in and out of the hole will be to rotate the shaft (Fig. 2.3). This feature also means that rotating the shaft will force it to move in or out of the nut. Several useful consequences follow from this arrangement.
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Fig. 2.4: A micrometer makes use of the fact that rotating a shaft with a helical ridge inside a hole with a matching helical groove causes precise movement of the shaft.





Rotating a shaft with a uniform helical ridge in a hole with a mating groove will provide a uniform and predictable linear movement of the shaft for a given rotation, allowing precise control over the movement of the shaft (Fig. 2.4).
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Fig. 2.5: In this boring head, the shaft carries a helical ridge and can rotate but is prevented from moving along its axis. The hole in the slide contains a matching helical groove, so turning the shaft forces the slide to move a distance related to the rotation of the shaft.
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Fig. 2.6: In this topslide, the body contains a hole with a helical groove, and the slide holds a captive shaft with a helical ridge. The body is held stationary in the lathe, so rotating the shaft makes the slide move.





Constraining the shaft so that it can rotate but make no linear movement (like the feedscrew on a lathe cross-slide), and preventing rotation of the hole, will force linear movement of the hole (like the threaded hole or captive nut in the moving part of a cross-slide). This is a widely used principle (Figs 2.5 and 2.6).
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Fig. 2.7: Compression and friction between flange and body and between the helices locks the shaft in the hole.





Rotating the shaft until a flange butts against the material surrounding the hole will tend to lock the shaft and hole in that position because of compression and friction between flange and body, and between the helical ridge and the groove (Fig. 2.7).


These properties make the uniform helix an extraordinarily useful device to connect a shaft and a hole – so useful that it has become a key engineering device and forms the basis of the screw thread in all its forms.
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Fig. 2.8: A regular helix has a consistent radius and pitch.





A helix is a curve in three-dimensional space (Fig. 2.8), and a circular helix has the same radius of curvature at all points, making this the most useful form of helix for use with a cylindrical shaft and hole.


The pitch of a helix is the distance between two identically positioned points on adjacent turns of the helix, and a uniform (or ‘regular’) helix has the same pitch between all adjacent turns of the helix.


The helix is a mathematical concept, and is a line with no thickness; so creating a practical helix around a shaft and hole in the real world means creating a ridge around the helix on the shaft, and a matching groove that follows the helix in the hole. The shape of the ridge and groove, and the pitch and diameter of the helix, define the threadform, which is, literally, ‘the form (or shape) of the thread’. The pitch and diameter of the screw thread are the pitch and diameter of the helix.
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Fig. 2.9: Two intertwined helices. The darker represents the projections above the surface of a shaft, and the lighter represents the groove cut into the shaft.
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Fig. 2.10: A sectional view of a meshed V-shaped nut and screw. The red lines define the edges of the pitch cylinder pitch.





It would be possible to create a thread by wrapping a wire with a semi-circular section around a shaft (Fig. 2.2) and machining a matching semi-circular groove in the wall of the corresponding hole so that the projecting thread fits into the groove. But symmetry, together with the cunning of engineers, allows the shaft to carry both a projection and a groove (Fig. 2.9), while the hole contains a matching groove and projection to provide a greater depth of engagement in a practical thread. The whole arrangement is then symmetrical both on the shaft and in the hole (Fig. 2.10).
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Fig. 2.11: This shaft has a helical projection above its surface, and a groove cut into the shaft. The cylinder represents the pitch diameter of the thread.





Fig. 2.11 shows a shaft with a projection and a groove. The projection stands above the shaft, and that is inconvenient to manufacture, as it requires an addition to the shaft.
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Fig. 2.12: A more practical manufacturing solution creates the projection and groove by cutting a single deep groove in a shaft. The cylinder represents the major diameter of the thread.





Fig. 2.12 shows a more practical solution, where the whole of the projection and groove are below the surface of the shaft, so cutting a deep groove creates both the projection and the groove simultaneously. The groove and projection form a ‘thread’, and its key dimension is the diameter of the cylinder at which the projection and groove meet. This is the ‘pitch diameter’, and Chapter 4 explains its importance.
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Fig. 2.13: The plain section of this shaft is at the same level as the bottom of the thread, and represents the minor diameter of the thread.





Fig. 2.12 shows the cylinder whose surface is aligned with the tops of the thread, which represents the ‘major diameter’ of the thread. Fig. 2.13 shows a shaft surface aligned with the bottom of the groove, so that the groove as well as the projection stand above the surface of the shaft. That represents the ‘minor diameter’ of the thread.


Although the major diameter and the pitch give an indication of the overall size, it is only by measuring and controlling the pitch diameter that we can be sure of producing a thread which has a particular quality of fit with a standard nut, screw or threaded hole.


Threaded shafts and their matching threaded holes are so commonly used as fasteners to hold other parts together that the threaded shaft is termed a ‘screw’, and where the threaded hole is a separate individual part it is called a ‘nut’.
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Fig. 2.14: A stud is a length of shaft threaded at both ends and with a plain unthreaded section in between.
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Fig. 2.15: Some nuts have integral flanges to spread the load when the nut is used to squeeze a component against the underside of the head of a mating screw.





A screw normally has a head which can be gripped and turned to insert or retract, tighten or loosen the screw. A headless screw, usually a portion of rod threaded at both ends and with an unthreaded section in between, is called a ‘stud’ (Fig. 2.14). A screw usually has an integral head which provides a flange and is shaped to allow it to be gripped and turned, while the nut containing the hole has some material around the outside which is shaped so that it, too, can be gripped and turned. The nut also acts as a flange, so that other parts can be squeezed between the flanges on the screw and the nut. In cases where a larger flange is needed to spread the load, the nut may have a larger integral flange (Fig. 2.15).




SCREW, BOLT, NUT AND HOLE


Opinions vary, as does the use of the terms associated with screws, nuts, bolts and threaded. In this book we use the following terms:


Screw: A threaded fastener that has a head and a body threaded right up to the underside of the head. Screws may have different styles of head.


Bolt: Like a screw, but, particularly in the longer sizes, the end section is threaded, but there is a plain unthreaded section under the head. A 100mm-long bolt may have 35mm threaded and the rest is unthreaded. The term ‘bolt’ is used in the Standards specifications for Whitworth threads, largely for historical reasons. Like screws, bolts may have different styles of head.


Nut: A threaded hole in a body not attached to anything else. Nuts are very often hexagonal shaped so they can be gripped and turned by a spanner or wrench, but they could be circular or any other convenient shape. Nuts allow screws and bolts to be independent fasteners used to hold things together.


Threaded hole: A threaded hole in a workpiece, which allows a screw or bolt to be used to attach something to the workpiece.


Stud: A length of rod threaded at both ends, and usually having a plain, unthreaded section in the middle.


Threaded rod: A length of rod threaded right along its length.
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Fig. 2.16: The blue lines represent the basic triangular outline of a V-shaped thread, and the black lines are the shape of a typical thread as manufactured.





Threadforms begin life as mathematical concepts which define the characteristics of the shapes of external and internal threads, and in Fig. 2.16 the blue lines are the basic triangular outline of the flanks of a V-shaped thread. This is the cross-section of the helix, which would be cut all the way round the circumference to make a threaded fastener (Fig. 2.12). The axis of the thread would be the same as the axis of the fastener. Halfway between the peaks of the thread is the pitch line, which represents the outer edge of the pitch cylinder. The pitch is the distance between two adjacent identical points on the outline, and the distance across each triangle at the pitch line is equal. The V is not the only shape used for a thread, but it is by far the most common. Others can be found later in this chapter.


Threads with a V-shaped form are perhaps the most common in everyday use, particularly for fasteners, and their history reaches back to the early work in standardization carried out by Whitworth, who created the specifications for a V threadform with a thread angle of 55 degrees. Later standardized threadforms in the USA (the Unified thread series), as well as metric threadforms, adopted a 60-degree V shape.


The basic mathematical concept is modified in the light of the need to be able to manufacture and assemble threads in the real world, bearing in mind that threads from a variety of manufacturers must be interchangeable. Some threaded parts are supplied as cut, while others are plated after manufacture. Some will spend their lives in a clean environment, while others will live with considerable dust and dirt. Some applications require threaded components that fit together very snugly, while in other applications the fit can be fairly loose. All these factors must be taken into account when determining the dimensions to be used for any particular threaded component.


Although at least one early threadform was based on full triangles, most were simplified to make them easier to manufacture, and the black outline in Fig. 2.16 is similar to present-day metric and Unified threadforms. Others may use a different shape.




[image: image]


Fig. 2.17: The basic theoretical thread profile defines male and female threads.





Fig. 2.17 shows how the outline of the threadform produces male (external) and female (internal) screws and nuts, as well as terms used to refer to parts of these threads.





	Feature


	Explanation and definition





	Nominal diameter


	The notional diameter across the crests of a theoretically perfect male thread (Fig. 2.17). This is the same as the basic major diameter. The nominal diameter is used to indicate the size of the thread, eg M6, 1/4UNF and 1/2in Whitworth have nominal diameters of 6mm, 1/4in and 1/2in respectively, but actual diameters across the thread crests are usually a little less than these sizes, because in a real-life thread there is an allowance for clearance between the theoretical peaks and the actual tops of the threads.





	Crest


	Thread peak (Fig. 2.17).





	Root


	The bottom of a thread groove (Fig. 2.17).





	Major diameter


	Largest diameter of a thread, measured over the crests of a male thread or across the roots of a female thread (Fig.2.17). These coincide on a theoretical threadform, but differ in a real-life thread because of clearances and tolerances.





	Minor diameter


	Smallest diameter of a thread, measured over the roots of a male thread or the crests of a female thread (Fig. 2.17). These coincide on a theoretical threadform, but differ in a real-life practical thread because of clearances and tolerances.





	Pitch diameter


	If a thread takes the form of a cylindrical shaft which carries a projecting ridge and a groove, the diameter of the plain cylindrical shaft, before adding projections and grooves, is the pitch diameter (Figs 2.17 and 2.11). On a real threadform, the pitch diameter of the thread will be where half the pitch of the screw equals half the pitch of the nut.





	Effective diameter


	Pitch diameter.





	Helix


	A mathematical concept and a particular kind of smooth curve in 3-dimensions (Fig. 2.8). A circular helix has the same radius of curvature at all points, and tangents to the helix always lie at the same angle in relation to the axis of the helix.





	Helix angle


	The angle at which the thread helix is tilted, compared to a line perpendicular to the axis of the helix (Fig. 2.19). If the helix is shaped like a coil spring, lying horizontally, the angle between each coil and the vertical plane is the helix angle.





	Pitch


	
The distance between two identical points on adjacent turns of the helix, measured parallel to the longitudinal axis of the thread (Figs. 2.8 and 2.17).


Metric thread pitches are stated as a distance, in millimetres (mm), eg 8mm.


Imperial pitches are normally stated in threads per inch (TPI), eg 12TPI. This is the number of pitches per inch.


TPI and pitch are related by: TPI = 1/pitch


So for a thread with a 0.125in (1/8in) pitch distance, TPI = 1/0.125 = 8


If the TPI is known,


Pitch(inches) = 1/TP


So for a thread with 40TPI, Pitch(inches) = 1/40 = 0.025in.






	Thread angle


	The included angle between the flanks (or sides) of a thread (Fig. 2.17).





	Lead (pronounced like the strap attached to a dog’s collar)


	
The most common form of thread is a single helix wrapped round a cylinder (typically, to form a screw). This is called a single ‘start’ thread. If the screw is in a matching nut, turning the screw exactly one revolution moves it forwards the pitch distance, and the lead would be the same as the pitch distance.


A two-start thread would have two parallel helices wrapped around the thread (Fig. 2.18). In this case, turning a two-start thread one revolution (in a matching two-start nut) would move it forwards twice the pitch distance, and the lead would be twice the pitch distance. This situation arises because pitch is measured between adjacent identical points on the threadform, but those points do not need to be on the same helix.






	Clearance


	A modification of specific parts of a threadform to create space between particular features. Clearance may involve rounding of roots and/or crests, moving roots and crests apart, applying fundamental deviation (see below) and/or tolerance (see below).





	Screw


	A threaded fastener that has a head and a body threaded right up to the underside of the head.





	Nut


	A threaded hole in a body not attached to anything else. Nuts allow screws and bolts to be independent fasteners used to hold things together.





	Fundamental deviation (USA: Allowance)


	A modification of a threadform to create additional space between crests, roots or flanks so that mating external and internal threads can be assembled in typical working conditions, especially when dust or dirt are present. Fundamental deviation is a defined amount applied to specific aspects of a particular threadform, typically the pitch diameter of screw and/or nut.





	Tolerance


	An amount by which a specific dimension, typically the pitch diameter, of screw and/or nut may vary due to manufacturing processes.







Table 1: Useful terms associated with threads.


Table 1 gives definitions of useful terms used to describe important features of threadforms. Practical V threadforms are modified firstly to allow working clearances so that small amounts of dust or dirt will not prevent a thread from being assembled, and secondly to allow ease of manufacture. Whitworth’s threadforms provided working clearances and have nicely rounded crests and roots, but Unified and metric threadforms not only include clearances but omit the rounded sections, making them easier to manufacture. (Full details are given later).


Designed-in clearance, termed the fundamental deviation from the theoretical threadform (called the allowance in the USA), is a deliberate modification of the threadform to allow additional space for dirt so that matching external and internal threads can be assembled in typical working conditions.
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Fig. 2.18: A two-start thread has two helices wrapped around the same axis.
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Fig. 2.19: The helix angle is the angle of the thread compared to a line perpendicular to the axis of the helix.
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Fig. 2.20: Fundamental deviation creates clearance between mating male and female threads.





Fig. 2.20 shows that fundamental deviation has the effect of reducing the diameter of the screw while increasing the diameter of the nut, to provide a designed-in gap between the mating threads.
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Fig. 2.21: In addition to the fundamental deviation, tolerance zones, shown in dark grey for female and dark gold for male threads, allow for manufacturing variation.





Tolerance recognizes that in mass production there will be some variation in the dimensions of supposedly identical threads, and refers to the allowable deviation from an intended size. When a thread is machined to a specific size it may be that the machining process leaves the thread a little larger or smaller in some dimensions than was specified. But it would be inconvenient if a thread with a small deviation in size had to be rejected if it still worked, so a tolerance can be specified on each dimension of the thread, stating how much deviation, either larger (+) or smaller (–), can be tolerated and still have the thread work as intended. Whatever the tolerance on nut or screw, any of the manufactured dimensions should not exceed the size of the basic (theoretical) threadform. That means the tolerance on a nut must specify the nut as having the basic profile, or a profile which creates more clearance between the nut and a basic size screw (Fig. 2.21). The tolerance on a screw must also specify the screw as having the basic profile, or a profile which creates more clearance between the screw and a basic size nut.


In effect, this means the thread in the nut or the screw can be cut a little deeper or wider. However, depending on the job the nut and screw must do, the allowable tolerance might be greater or smaller. A bolt and a nut supplied from a DIY store for a simple assembly of non-critical parts in a wooden gate could have a considerable tolerance and still do its job. But a screw or nut for use on a highly stressed aircraft wing might require a smaller tolerance to ensure a tighter fit between screw and nut, to keep the loading within acceptable stress limits. Some other threadforms are designed to provide a hydraulic seal, and tolerance must not be so great that leaks can occur.


So clearance is deliberately designed into the threadform, while tolerance is the allowable deviation from the intended sizes of the threadform which may occur during manufacture.


60-DEGREE V THREADFORMS


The Metric V Threadform
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Fig. 2.22: Basic metric 60-degree threadform.





The International Standards Organization (ISO) have specified the Système International (SI) metric threadform (known as the ISO Metric threadform), and the basic mathematical definition of the shape of the thread is shown in Fig. 2.22.




DENOTING DIMENSIONS


Standards documents use a consistent set of symbols to denote thread dimensions:





	H –


	height from peak to peak of the fundamental triangle defining the basic profile of a vee thread







D, D1, D2 – basic diameters (internal thread)


d, d1, d2 – basic diameters (external thread)


D and d – basic major diameters


D1 and d1 – basic minor diameters


D2 and d2 – basic effective (pitch) diameters


(This book uses the full terms, rather than the symbols D and d.)





	P –


	pitch





	T –


	tolerance, annotated to denote the particular tolerance. TD1, for example, is the tolerance related to the basic minor diameter of an internal thread





	R –


	root radius of an external thread










A Metric threadform is defined by its basic major diameter, and its basic pitch (P), so M6 × 1 has a basic major diameter of 6mm and basic pitch of 1mm, while M4 × 0.7 has a basic major diameter of 4mm and basic pitch of 0.7mm. The metric threadform has a symmetrical 60-degree shape, and the height of the threadform H is related to the pitch P, so that if the pitch is known, the height can be calculated from the formula:
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