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CHAPTER 1


TOOLS OF THE BLADESMITH’S FORGE


THE FORGE


The basic tools that the bladesmith uses to shape hot steel into a blade are the forge, the anvil and a hammer.


We will start by looking at the forge, the means by which fire is used to heat steel to a temperature at which it glows and becomes plastic enough for the smith to forge it into shape.


At Bushfire Forge, the bladesmithing school I run in south-east London, there are two types of forge installed: solid-fuel forges and gas forges. Both types have advantages over the other, but also their disadvantages.
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The author with hammer, anvil and forge.








Solid-fuel forges


Solid-fuel forges that run on fuels such as coke, coal and charcoal tend to run hotter than a gas forge. This means that steel will heat up more quickly in a solid-fuel forge and so it can be brought up to the right temperature for forging in less time than it takes with a gas forge. For example, it may take 30 seconds to heat a piece of steel to forging temperature in a coke forge, but 90 seconds to heat the same bit of steel in a gas forge. This does not sound like a great difference, but that extra minute every time you heat the steel soon adds up to more than a hour or so over a whole day.
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Solid-fuel forge.








All types of forge that burn fuel produce combustion gases, including the toxic gas carbon monoxide (CO), and I always have one or two CO monitors set up at the correct height in my forge area. It is therefore very important that your forge area is fitted with good extraction and ventilation equipment. A well-designed chimney, for example, should be enough for a solid-fuel forge, but in order to expel smoke and stale air up the chimney it is necessary to ensure that fresh air can enter the forge building to replace it.


A side blast forge fitted with a water-cooled bosh and tue-iron to regulate how much air is allowed to enter is the mainstay of a modern British industrial forge. A jacket of water surrounding the tue-iron prevents the fire from burning the tue-iron away. I would recommend using a cast-iron, water-cooled tue-iron since these can last for at least half a century if they are treated well and kept topped up with water. A cheaper bosh and tue-iron made from mild steel should last for more than a decade before it eventually rusts away. They are quite easy to make if you are able to fabricate steel. If you do not have the facilities, however, some good-looking fabricated forges are now available online.


Coke


I often use a coke forge when demonstrating forging techniques because it means that the steel can be brought up to heat more quickly. The high working temperatures that can be achieved with coke or other solid fuels, however, can also bring problems. The centre of a coke forge reaches a temperature of about 2,200° Celsius and, since most of the steel used for making knife blades burns at around 1,450°C, you have to be very careful when working thin steel in a solid-fuel forge. If your attention wanders or you do not keep moving the steel around, you will inevitably burn your steel.


You can tell if the steel has burned because the material will spark like a sparkler. When using modern carbon steel this can be a fatal mistake, since it is very risky to incorporate burned steel into a finished knife blade.


When you heat up a piece of carbon steel, it first becomes red hot and then turns orange. I like to do most of my forging at an orange heat and stop before the steel cools in air to red. As the steel continues to heat up into bright orange and then yellow, the surface starts to look slightly slick, as if it is covered in hot honey. This indicates that the surface is melting and at this point the steel will start to spark. Sparks are a definite indication that the steel is burning, but by then it is already too late just to pull the steel from the fire since they show that the carbon steel is ruined.
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When steel burns it’s like a sparkler.








If the steel being used to forge a knife has been burned it should be considered as ruined. Remove the whole burnt area and a little more to make sure burnt steel has not been incorporated into a finished piece. In practice this often means starting afresh with a new piece of steel.


If you have some experience forging with mild steel or wrought iron it is worth remembering that carbon steel and mild steel behave quite differently at high temperature. Mild steel is a lot more forgiving than carbon steel. You can often get away with burning mild steel or wrought iron as they will hammer weld (forge weld) back together quite happily without any real detriment to their structure. This is not the case with carbon steel. When it is brought near burning temperature it undergoes changes that have a detrimental effect on its structure, since the loss of some of its carbon as it burns will affect the steel’s hardenability and how it performs as a blade.


An even more important factor is that as carbon steel overheats its grain becomes more pronounced. This is known as blown grain. As the steel nears its burning point, this happens to such an extent that oxygen from the fire starts to combine with the steel. As the temperature increases it can oxidise the grain boundaries of the steel. This oxidation turns the steel to something resembling mushy yellow hot cottage cheese. (For more information about grain growth, see Chapter 5.) If you were to hammer weld the steel back together at this temperature it would most likely weld up, provided you did it correctly, but you would still have oxygen ingress at the grain boundaries of the steel. This means you would be forging oxidised steel into your blade with the almost inevitable result that at some point this internal oxidation would cause the blade to crack.


It is far safer to assume that if carbon steel is heated to the point of burning it is ruined, especially when making something such as a knife, which relies so much on the integrity of the materials from which it is made.


It is worth remembering that solid-fuel forges can be very oxidising in front of the air blast or tue-iron.


A solid-fuel fire is split into three zones. The area in front of the air blast is marked by an excess of oxygen from the air coming into the forge. Since this area is very oxidising it is also the hottest part of the forge, so you should avoid digging the blade into this area of the fire or you will most certainly burn it.
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The temperature within a solid-fuel forge varies depending on the proportion of air being burned by the fuel.








Around the oxidising area is a neutral zone, where the incoming air is equal to the burning fuel. Around the neutral zone is a reducing zone where the hot fuel does not get enough air to burn completely. Above the reducing zone there is another oxidising zone where the burning fuel mixes with the air surrounding the forge.


If possible the steel should always be placed in the neutral or reducing zones of the fire. In practice this means having the steel just under the surface of the burning fuel and constantly making sure that you are rotating the steel to get it evenly hot.




[image: image]




If possible the blade should be placed in the fire just under the coals.








You really can’t leave a knife blade in a coke forge for any length of time. Instead you have to pay full attention to the temperature of the steel and the fire as long as the blade is in the fire.


Coal


Regulations concerning smoke-free zones mean that the option of burning coal is out of the question in many areas due to the large amount of acrid smoke it produces. Many smiths who live in areas where these regulations do not apply, however, choose to use it. If you find yourself in a similar situation it may be a suitable fuel for your needs. Make sure that a smithing coal is chosen that it is very low in sulphur. Some coal burns very brightly and its bright white glare can temporarily blind you, so be careful not to look at the fire for too long when burning coal. You will often get a much better idea about the temperature of the steel by quickly removing it from the fire and looking at it in ambient light.


Unlike coke, which goes out when the air blast is stopped, coal (and charcoal) will keep on burning when the forge’s air blast is turned off, so make sure the coal is extinguished when you have finished forging. It is also a good idea to keep a long-handled water sprinkler at hand when forging with coal in order to dampen down the area around the fire and keep its size in check. One of the great things about coal as a fuel is that it cokes down as it burns and sticks to itself. This makes it possible to create a wonderful hollow cave with burning walls that radiate heat into the ‘cave’.


Charcoal


I occasionally use a charcoal forge or mix some of this with the coke. Most of the knives that have ever been made were forged on a charcoal forge, as it was the smithing fuel used from the Iron Age all the way until the Industrial Revolution. Charcoal burns at quite a high temperature, but it is not a dense fuel and it can be hard to achieve a good hot fire. When using charcoal I tend to build a little brick trough in my forge to contain some of the heat. Charcoal produces quite a soft fire and I like it as a fuel, but you should be aware that the sparks given off by charcoal like fireflies can cause a nasty burn. Charcoal produces a lot of ash in the bed of the fire and it is necessary to keep on top of this by raking out the burned charcoal ash or the fire will become blocked up.
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Charcoal can be added to coke to vary the quality of the flame.












Gas forges


Most of my forging work is carried out in a gas forge. I was initially taught on coke and coal forges, but as the years have passed my coke forge forging has been reduced to forging demonstrations and the rare occasion when I am unable to get a strangely shaped object into the gas forge.
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When using a gas forge a temperature can be maintained so that the steel does not burn.








Unlike a solid-fuel forge, a gas forge does not get too hot and it is possible to set it to a temperature well below the burning point of steel. Most of my gas forges at Bushfire Forge run at temperatures of about 1,250 to 1,300°C, although I also have hot gas forges that run in excess of 1,400°C for when making Damascus steel.


Gas forges come in many different types, including both naturally aspirated designs, with a venturi device pulling air into the burner, or blown air types, with the air supplied by an electric blower. I use gas forges that I have made as well as ones that I have purchased.
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A well-used gas Swan Portaforge.
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One of the author’s homemade forges.








Gas forges also produce combustion gases, so it is important that the forge area is well ventilated. In fact I would say that when working with gas this is even more important than with coal and coke forges. Carbon monoxide is a particular problem with gas forges that are running rich (that is, they have more fuel than air in their mix). Although this often provides an ideal setting for heating steel as it reduces oxidation, extra care has to be taken to make sure that a gas forge is ventilated. The exhaust fumes from a gas forge are not visible, unlike coal smoke, and the carbon monoxide produced is both invisible and odour free. Always install a CO monitor when using a gas forge and make sure the area is well ventilated. Carbon monoxide is known as the ‘silent killer’ and requires serious consideration: my gas forges have been set up under cover outside the building and not inside.


The disadvantage of a gas forge is that it takes longer for the steel to heat up. In order not to waste time I normally work on two pieces of steel in the forge together. This is a much less risky proposition when using a gas forge than it would be in a coke forge, where you could find yourself juggling the pieces of steel to stop them burning by literally having too many irons in the fire.


The secret to using a gas forge is to forge hot and fast. Since the steel will only heat up to the maximum temperature of the forge, you can allow it to reach the same temperature as the forge. This is evident when the steel is the same orange colour as the forge lining. The orange steel can then be worked at the anvil for a short time before being put back in the gas forge while the steel is still orange.
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When steel is ready for working it will be the same colour as the lining of the forge.











Thermocouple


A thermocouple is a really useful tool that gives a spot temperature reading in the forge. This makes it very handy for checking the temperature when heat-treating or helping to confirm your visual judgement of the temperature in the gas forge. The most common type of these digital thermometers is the type K thermocouple, which is reliable and can be bought cheaply online.
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The probe connected to this type K thermocouple gives an instant reading of the forge’s temperature.












HAMMERS AND ANVILS


The basic tools of every blacksmith and bladesmith are the hammer and anvil, although the techniques with which they are employed in each craft can differ a little. If you are coming at bladesmithing from a background as a blacksmith, there are a few things that you may need to alter in your set-up.


There are two main construction methods for anvils. The older traditional anvils are made by forge welding a wrought iron body made up from multiple pieces to a steel face; more modern anvils are cast steel. Both types of anvil are quite usable, although I have a fondness for the older wrought anvils as they are such a strong piece of our working heritage.
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The basic tools of every bladesmith are their hammer and an anvil.








Anvils


Most of the forging that a bladesmith performs is done on a very small area of the anvil, about 15 square centimetres on the section of the anvil face next to the projecting bick or beak. As a result there is really no need for a traditional London pattern anvil. If you are looking for an anvil it is worth remembering that you may be able to get away with a large block of steel instead of an expensive anvil. That being said, an anvil is a wonderful tool, it has unparalleled longevity and provides a great focal centre for a forge. Anvil prices in the UK have increased in recent years, but it is still possible to find second-hand examples online, although I would advise examining an anvil in person before purchasing it. Look for signs of severe wear, delamination and nicks and gouges. I would not buy a heavily painted anvil as this can often disguise a flaw of some kind.
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London pattern anvil.
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Portsmouth pattern anvil.
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Sheffield toolmaker’s anvil.
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Bladesmith’s anvil.








There are several types of anvil suitable for bladesmithing:


London pattern anvil. The typical traditional tool of the blacksmith: look for one with a step between the anvil face and the bick.


Portsmouth or dockyard anvil. These double-bicked anvils are much sought after and are really useful for making sockets and forging the insides of eyes on axes.


Saw doctor’s anvil. Blocky flat anvils of this type with four usable corners are very useful for bladesmithing. In the UK they are often much cheaper than the standard London pattern anvil.


Bladesmith’s stump anvil. Because of the small area used for the majority of bladesmithing, a stump anvil can be a perfect alternative to a full-sized anvil. The important thing is to have a lot of weight under the face, so a piece of hydraulic piston rod or large machine spindle can make a great stump anvil. Stump anvils are now available that are both economic to buy and easy to move around, while also giving a really good forging surface and great usable shaped formers. I use these anvils in my knifemaking school.


Traditional Sheffield bladesmith’s anvil. The traditional Sheffield bladesmith’s anvil is now somewhat of a rarity in the UK, although the European variants are widely available in Europe. These are industrial anvils with replaceable pallets that can be changed over from one job to the next and replaced when worn out, which can happen to even an anvil – eventually. My current forging anvil for teaching is one of this type.


Mounting your anvil


For the purposes of bladesmithing I mount my anvils a little higher than I would as a general blacksmithing anvil. The forging done when bladesmithing requires much more repetitive hammer flattening than the scrolling and bending done by a decorative smith. Because of this I mount my bladesmithing anvils a good 5 to 10 centimetres higher than the prescribed height for a blacksmithing anvil, which is recommended as being at the height of one’s knuckles when you stand by the anvil with your fist held down by your side.
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Judging the correct height of the anvil by the position of your knuckles when standing next to it.








As always there will be an element of personal taste when judging anvil height. I mount my anvils on wooden stands, with spacers to adjust the anvil height for students. Metal stands or a good solid stump, the traditional way to mount an anvil, both work well. It is important that the anvil is prevented from walking off its stand as it is being forged on. In order to hold the anvil in place I screw lengths of 47 × 22mm timber around it.


Before forging it is worth checking the anvil for any cracking or mushrooming around the edges. This should be removed and then dressed in with an angle grinder. I have noticed that this can particularly be a problem with cast steel anvils such as those made by Brooks.
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