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Introduction


We are all familiar with grinding in some form or another and to anyone involved in mechanical engineering it is a subject that is essential. The process could in its simplest form be described as rubbing one surface against another in order to wear one, or in some cases both, down. The wear may be in order to reduce an object to a required size, to shape, to produce a smooth or polished finish or, as is more often the case for an engineer, to sharpen a tool. The amount of friction and therefore wear involved will depend on the materials used to actually do the grinding and the material that is being ground. It will also depend on the reason that material is being ground.


It is not known when the human race first discovered the use of the grinding process but it has certainly been in use for many thousands of years. Stone Age man is known to have polished items for use as jewelry and the sharpening of weapons has seemingly been going on almost since the human race first evolved.


Sharpening of tools and weapons has always been a major use for grinding and this means that the material used for grinding must be harder than the material being sharpened. If the grinding medium is too soft it will take a very long time indeed to sharpen the tool and a great deal of the abrasive material will itself be worn away. All the materials regularly used for grinding are indeed very hard but that in itself is not the final answer. How rough they are will also be a major factor. The rougher the abrasive material used for sharpening, the quicker the process will be, but also because of its coarseness the finished result will be in itself rough. Such a finish might well be suitable for a cold chisel or an axe, whether the latter is used for felling trees or in battle, but is not likely to be suitable for a fine edged sword or a surgeon’s knife. Using a smoother material will mean a longer time is taken to sharpen the object but the finished result will be a much finer finish and therefore a sharper edge. The obvious solution is to use a coarse grinding material first, followed by a finer one and in many instances a progression of grinding material is used to obtain the required finish.


If we take this a little further and use an ultra fine medium for the grinding process, the sharpening process will take a disproportional amount of time, but by using such a medium the material can be highly polished. For example, to polish an object such as a brass button, a polishing material is applied. That material might well contain a solvent of some kind to remove tarnish but it will also contain a mild abrasive. It was not unusual in the days when soldiers were required to wear uniforms with brightly polished buttons for the motif on the button to be gradually worn completely away as a result of the polishing. This demonstrates that grinding and polishing are in fact identical processes, differing only by the medium used and possibly the amount of time involved in completing the process.


We are not concerned here with sharpening weapons, or with polishing buttons either, but we are interested in sharpening tools and applying a polished finish to various objects, processes that in many ways are similar. In addition to sharpening simple tools and polishing metal this book is concerned with precision grinding by machine, the precisian grinding machine having become an indispensable machine in most engineering workshops, no matter what their class of work. It makes very little difference whether it be work demanding the closest accuracy or fine finish. By the use of grinding machines instead of older types of machine, processes can often be simplified and greater accuracy obtained. That said it should be pointed out that grinding machines are not necessarily the best for repetition work. Most are very simple to operate and in many cases require less setting up than other machines. This means less time switching from one job to another. As well as grinding and polishing we will also go into lapping and honing, two very similar processes, both of which rely on a form of grinding.


The replacement of a steel tool by a grinding wheel was first adapted to deal with the problem of hardened work and when it was necessary to correct pieces that had been distorted by heat. The advantages of using a machine to grind work instead of one to turn or mill it was soon realized and has resulted in big improvement in engineering standards. For example, on an ordinary motor car there are now numerous parts that are ground to size and shape, with the result that modern cars need far less maintenance and run much smoother than vehicles built fifty or more years ago.


At one time although grinding gave more accurate results than turning and produced a superior surface, the time taken by the process did not make it worth while and was generally confined to work needing a very high degree of accuracy and finish. With the introduction of better quality grinding wheels and improved machines the process became transformed and it is now used in instances where at one time turning and milling would have been the order of the day.


This applies particularly to cylindrical grinding where the lathe just cannot compete for accuracy or quality of finish with the cylindrical grinding machine. Duplication of work such as crankshaft journals is far easier on a grinding machine than it is with a lathe. The same can be said for the machining of flat material where the finish obtained by surface grinding will invariably be far better than could ever hope to be obtained when using a normal milling machine. Yet another advantage of grinding machines is the fact that on the whole they are easier to set up than the more usual machine tools.


We must not forget the various other operations involving the grinding process, albeit they generally call for far less accuracy than does the use of a grinding machine. Nevertheless, the use of mounted points, sandpapers and all the various other operations that are dealt with within these pages are all most important and form a valuable part of general engineering practice. At one time grinding materials were invariably natural ones. Modern technology now means that most are artificial and generally far more efficient that the older materials. The range available is now vast and it is hoped to introduce the reader to most.


One strange anomaly when dealing with the subject of grinding material is that the name given to many tools is a sanding something or other,’ when often the operation involved does not involve the use of sandpaper or cloth of any kind, which is mainly used by woodworkers. Readers should therefore take note that although the name of a tool might be preceded by the word sanding, that does not mean that it can only be used for woodworking.


Processes such as honing and lapping will also be dealt with. These are fine grinding processes used as a means of getting as near a perfect fit to two mating parts as possible, the most common example being the fitting of a piston in a cylinder. If a cylinder is not bored accurately and with a good smooth finish to the bore it will be ineffective and wasteful of fuel. Tiny ridges remain after normal boring operations are complete and these provide a means of the propulsion gas or liquid to escape along the sides of the piston. Honing takes out those ridges, providing a much smoother bore to the cylinder and so there is less chance of an escape.


Finally it should be noted that most of the photographs in the book show grinding operations apparently taking place without suitable safety guards being in position. The photographs were staged for the purpose of clarity and at all times any use of a grinding wheel requires an adequate guard to be in position.
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Chapter One


Materials


As mentioned in the introduction, within reason almost any material can be used for grinding or polishing although the material must be harder than that which it is used on. For example, a knife can be honed to a fine edge on a piece of concrete or a paving stone. The same material could be used to impart a polish but when it comes to polishing a softer material is sometimes used. Cooking pots are often scoured with nylon scourers; the scourer is not just removing unwanted remains of the cooking process, but is actually imparting a polished finish to the utensil as well. We are all aware that the nylon will rapidly wear away but in doing so it is removing minute pieces of utensil in order to give it that polish. The nylon therefore can just as easily be used to impart a polished finish to a piece of metal, even though it is apparently softer than the piece being worked on. The principal of grinding, polishing, etc therefore is that the work is done by friction, the medium used is an essential aid to that process and by careful selection of material it is possible to carry out these operations with the maximum efficiency.


The best materials to use for various grinding and polishing operations have been established over the years and have also been allied to other materials to improve their efficiency. These abrasive materials may be formed into grind stones by bonding them in various ways as well as stuck to paper or cloth or simply mixed with some form of liquid (usually but not always oil) in order to form a suitable grinding paste. Knowledge of the material means that the various grinding processes can be carried out with the maximum efficiency so let us have a look at some of them at least. There are hundreds of different types of abrasive and describing every type and what it is best used for is not possible, so only those likely to be used in the home workshop, some of which are common and some of which are not so common, will be dealt with.
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These small grindstones are called grinding points and are available in a wide variety of shapes, sizes and materials. The three shown here because they clearly demonstrate how various types of material can be recognized by their color.









With a few exceptions, such as the nylon scourer, all of the various substances used for grinding are crushed to form, or manufactured as small grains and each has its own peculiarities, some of the grains being harder than others. Having obtained grains of the required size, a lot of care is then taken to stick them all back together, one way or another. Details of how they are stuck together or bonded will be given in due course. In use the grains are designed to break away from the bonding material leaving new ones continually exposed. Because of this they are described as friable and the fact that they do break away means that new sharp ones are constantly replacing those that have become blunt. This effect is particularly useful when working on hard materials such as carbide and high-speed steel. In order to remove the grains that have been used, some form of lubricant is usually desirable when grinding. This not only cools the work and the stone but also washes away the spent particles, leaving sharp ones exposed.


Some of the materials are natural but mostly modern abrasives are of manufactured materials. Grindstones work on this principal of continually exposing small sharp particles of the material to the item being sharpened. Where grinding material is allied to paper and cloth, the process of replacement with sharp material is not always the case. Many inexpensive papers and cloths have only a single layer of material and once this is used the cloth or paper is discarded. Some of the better quality sheets may have a second or third layer but needless to say the life of any paper or cloth is inevitably limited.


Sandstone


Sandstone is well known as a building material and contains quartz as well as silica. The content of the latter can be quite high and the higher it is the better, as it will work as a grinding material. At one time sandstone was extensively used for making millstones etc. It was also used for grinding wheels used to sharpen farm implements as well as woodworking tools. Grindstones made of sandstone were to be seen in blacksmiths’ forges and carpenters shops, they also found their way into engineering factories. Most of this type of grindstone were manufactured from solid sandstone rather than from grains; almost invariably the stones were of a large diameter, frequently rotated by hand in a bath of water.


Many were very roughly made - the shaft that went through the center was often nothing more that a piece of wrought iron forged to shape running in holes cut in thick steel plates that formed the sides of the set up. This hardly resulted in an accurate machine. The plates would have a strip welded to them and this would form the bath into which water was poured. The fact that the stone was running in water washed away worn particles and kept new sharp pieces on the surface to do their job. However it was usual for the water to remain in the trough and the grindstone was therefore constantly wet on one edge. No doubt because of the bad form of construction, the stone would be out of balance and every time it was left out of use exactly the same part of the stone would remain soaking in water. Sandstone is a material formed by nature and as the name suggests it is merely sand that has been compressed. This continual immersion in water tended to undo nature’s work and soak out some of the natural binding of the stone. The result would be that some sections were hard and others soft and uneven and so not capable of doing the job the stone was intended for. Nevertheless it was good enough for sharpening scythes and similar implements but was not under those conditions a great deal of good for sharpening machine tools.


These types of grindstone are usually now obsolete and more likely to be seen in a museum, although it may be possible some do remain on farms where they may be convenient in situations a long way from electrical supplies.


Glass


At one time paper and cloth layered with grains of fine glass were used, generally for woodwork (the material being less suitable for use on metal). Readers will not be surprised to learn this was known as glass paper; manufactured in this way it is now extremely rare. The name however persists and we do find papers sold for woodworking as glass paper even though the abrasive material is not necessarily glass.


Flint


A type of quartz found in rocks, flint was used as an abrasive material as long ago as the Stone Age. In more recent times it has been used in conjunction with flexible materials to make sandpaper. Although still popular for use in woodworking it has little real place in metalworking.


Emery


An impure form of corundum with a high degree of hardness, emery is possibly the best known of all abrasive materials. There is one problem and that is the fact it is not consistent in its hardness and two apparently identical examples are likely to behave in a completely differently manner.


Corundum


A popular abrasive for coating papers and cloth and also for making into wheels, this material is naturally occurring and is closely allied to hard jewel stones of various types.


Garnet


Another naturally occurring material that is widely used for coating paper and making disks, garnet is also commonly used in powder form mixed with some form of lubricant as a grinding paste, as well as for honing and polishing.


Aluminum oxide


Made from bauxite, aluminum oxide consists of blunt shaped grains and is very tough in its lowest refined form. During the melting stage in the production of aluminum oxide, the crystalline structure and its chemistry can be controlled, allowing the manufacturer to produce a family of products that perform differently. Aluminum oxide is produced in a variety of types, and its versatility makes it the most commonly used abrasive. Many forms also contain a small quantity of titanium making it particularly effective when used with very hard materials.


White fused aluminum oxide


White Fused Aluminum Oxide is softer, or more friable, than ordinary aluminum oxide or many other abrasives. It has high chemical purity that gives it a cool, fastcutting action; a particular asset is the fact that it holds its form well. It is particularly useful for grinding heat-sensitive metals. This is because of the fact that it generates less heat than other grinding materials it is often favored for grinding heat-treated tool steels and high speed steels. It is also useful when grinding internally such as in cylinders because of the fact that less heat is generated.
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