DIE CASTING
The process of die-casting was used some years ago by Boosey & Hawkes to produce keywork for the clarinet, in particular the wooden bodied Regent. At the time it was a bold attempt to use a low cost, high volume production method to producing keywork.

The clarinet was not a complete success due to the limited range of materials that were available for die-casting at the time. Most tend to have low strength, will not stand bending and cannot be soldered if broken. They did however make thousands of clarinets using this method and quite a few are still in use today.  These are this instruments we refer to as having Mazack Keywork. Mazack was a trade name for a low melting point zinc alloy similar to that used for die cast toys (such as Dinky and Matchbox) and much of the bright work on cars at the time. There are still cheap clarinets being made abroad and imported with die cast keywork.

The basic process consists of a split steel die into which molten metal is forced under high pressure and allowed to solidify. The die is then opened and the casting removed. This process is then repeated again and again.

There are various methods used for die casting depending on 

a) Material to be cast

b) Weight of material to be cast at one time

A whole range of materials has been specially developed for die-casting. The problem is to combine a low melting point with a reasonable strength.

The melting point creates problems with the dies and the machinery used to introduce the metal into the dies. The metal is forced into the dies under pressure and the hot metal scours the dies gradually wearing metal away, especially any sharp corners. The machinery used is also affected by the hot metal. In the system used for very high volume production rates the material is heated within the casting machine, which has to withstand the heat. This is only possible using low melting point alloys.

Two basic methods are used to fill the die cavity

1) Gravity die casting

2) Pressure die-casting

Gravity die casting

Used for larger castings with thicker sections (5mm) and higher melting point alloys. Since only gravity is used to fill the cavity, more space is required to allow the metal to flow into the die under its own weight. The metal is melted away from the actual casting so the higher melting point alloys such as magnesium and aluminium can be employed. The dies are generally made from close-grained cast iron. The split dies are clamped together and pre-heated with gas jets to ensure the metal does not solidify before the die is completely filled. The pouring gates through which the metal is introduced to the dies are usually inclined to minimise turbulence. Maximum casting temperature is 650(C. Maximum weight using this method approx. 15Kgs. Due to the simple equipment used; this process is suitable for low production batches of 500 minimum. Alloy wheels for high performance cars are cast using this method.
Pressure Die Casting

Pressure die-casting uses pneumatic or hydraulic pressure to force molten alloy into the die cavity. Two types of casting machines are used 

1) Cold chamber 

2) Hot chamber

Cold chamber machines have molten metal poured into the injecting cylinder at the start of each cycle. The melting of the alloy is done separate from the injecting, which allows the use of the higher melting point alloys. Alloys such as Brass, aluminium and bronze melting at temperatures of up to 950(C can be cast using this method. Dies for high temperature casting are made from a better quality of steel than is used for low temperature alloys. Die life is also considerably reduced with the higher temperatures. Complete engine cylinder blocks have been cast using this method.
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Hot chamber casting machines combine the melting and injecting of the alloy into one unit. These machines are usually fully automated, with very high production rates. Due to the melting temperature, these machines are limited to the low temperature zinc base alloys. Extensive use is made of “cast in” metal parts such as bronze bearings, steel studs and nuts. These parts are located in the dies before casting and then the metal is injected around them. The process can produce very fine surface finishes equal to a fine-machined finish 100 CLA. Thin sections and fine detail is possible with zinc based alloys, 0.075mm minimum thickness. Also a consistent size and quality with accuracy’s of + / - 0.025 over 25mm . Because of the expense of making the dies and the machinery used, this process is only economical for large production, minimum of 20,000 parts. Die life with zinc base alloys usually 50-100,000 castings.

To speed up the production rate the dies are water cooled. Several small components may be cast at one time linking between the shapes with runners. The keywork for a clarinet would probably fit into two pair of dies. The sides of the castings must have a taper or draft of 1( minimum to ensure the casting leaves the dies cleanly. The dies are vented with grooves to allow the air to escape; the vents are made too small for the alloy to flow through. The dies are built with ejector pins which ejector the casting as the dies are opened. 

The sequence of operations in a typical hot chamber machine as shown schematically above is:

1) The piston is raised uncovering the charge hole allowing the molten metal to flow into the cylinder and the moving platen closes the dies.

2) The piston is lowered covering the charge hole and pressurising the molten metal trapped within the cylinder. The metal is forced into the die and the pressure is maintained for a few seconds to allow the metal within the dies to solidify.

3) The cylinder is raised sucking back any remaining molten metal and uncovering the charge hole, the dies are opened and the casting is ejected by pins built into the dies

4) The above cycle is repeated adding extra metal to the melting pot as required. 

In recent years the use of high strength injection moulded plastics has replaces some of the applications of zinc die-casting but it is still very extensively used. The average home and car has numerous parts produced by this process, most are plated or plastic coated making them harder to identify. Food processors, vacuum cleaners, electrical fittings, dinky toys, carburettors, water/fuel pumps, door handles, etc, etc. 

The hot chamber process was used to make the clarinet keys in a material called "Mazak". This is a general name used in this country for zinc based alloys. The name is derived from the initial letters of the elements used, Magnesium, Aluminium, Zinc and Copper. In the U.S.A the alloys are called "ZAMAK". Typical alloy would contain 4% aluminium, 1.0% copper, 0.05% magnesium and the remainder zinc. The copper is added to increase the strength but it also increases shrinkage and for this reason it is not always added.  

I have never heard an official reason why Boosey and Hawkes stopped using this method but from a repairers point of view they were a disaster. As mentioned at the start of this article low melting point alloys have several serious drawbacks. The main one is they break if bent, you can bend them once, but any subsequent attempt to bend the key and it will break.

Assuming all the keys are made the correct shape it is possible when new to regulate the clarinet by thinning cork. If the clarinet is played/abused several keys could get bent out of correct position, remember they will bend once. The normal procedure would be to just bend the keys back and regulate as required. This is the second bend, which would almost certainly result in broken keys. The zinc alloys cannot be soldered; the only option is to replace the broken keys.   

Wear in keys cannot be swaged out as normal because swaging bends the metal, which then breaks. Today it is fairly rare to find a B & H clarinet with die cast keys that has a complete intact set of original keys. Think of all the keys that you have to straighten or bend on a clarinet and these are all the keys that are usually replaced. The first key usually broken is the F#/C#, the crowsfoot falls off.

The main thing you need to know is how to tell if a keywork is made by zinc die-casting. Some of the keys have a different look to them. Because you cannot solder the zinc alloy all the keys had to be cast in one piece with cups and barrels etc. The shapes have been modified slightly to enable the casting to be removed from the die.

The safest way to identify the keys is by looking for raised numbers cast into the rear of the keys and cups. The main point here is the numbers are raised and not sunk. The numbers were stamped into the dies and show in relief on the keys. Several other makers have stamped identification Nos. on nickel silver keys. These are sunk into the key because the number was stamped directly into the key.

These keys can be bent and soldered as normal. 
The other way they can be identified is with the colour. The keys were nickel silver plated after casting but if the plating has worn through then the base metal will show through as a dull grey. Some of the imported clarinets with die cast keys can be identified by the colour of the nickel plating it looks odd and has a slight colour bloom.  

Note! When keys have been replaced on an instrument most will have been replaced with nickel silver keys. You could have both materials fitted onto the same clarinet, so check with more than one key before assuming it is safe to bend.

As stated before it was a brave attempt to harness the benefits of mass production techniques when Boosey and Hawkes first tried die-casting. Today with the new advances made in materials such as nylon and plastics it might be possible to die cast keys accurately and cheap enough not to have to worry about repairing them just throw the worn one away and replace with a new one. I doubt that it will ever happen though, the musical industries and musicians are not noted for embracing new and innovative ideas.

POWER FORGING

Power forging is the modern equivalent of the traditional hand forging. Using 200 tonne presses and precision die sets the metal is squeezed into the required shape. The original hand forged keys were formed using little more than a steel plate into which the key shape had been cut using a hammer and chisel. The metal would have been forced into the using a hammer or a hammer and punch.

Oboe key making was once a very large cottage industry in France. The keys were hand forged by families, each would probably specialise in making one or two particular keys. The keys were used by the French oboe makers and also thousands of sets of keys were exported for use by foreign makers. The machine forged and cast keys of today cannot match the elegance and style of the early hand forged keys.

Modern power forging is not a cheap method of producing keys due to the high cost of the machinery and dies and is best suited to high volume production where thousands of items are required. Depending on the actual key shape the correct amount of material is first blanked out from sheet or cut off from bar. The material would then be part formed, possibly two or three times to position the material in the correct orientation for the final pressing. An intermediate annealing would possibly also be required between each stage.

The material would then be squeezed to shape between the final dies under great pressure. The amount of material originally used is critical and they always ensure that there is a slight excess of metal. This excess ensures that during the final press the material is subjected to the full force and completely fills the die cavity and producing a frill of waste around the edge. This excess is removed by shearing using dies or by hand with a belt linisher. 

 If you look at the Photographs of the stages that Yamaha keys undergo during forging. The top key shown is a clarinet speaker key and they use four forging operations and a final shearing operation. The lower key is an Eb/Ab which they use three forging operations and a final shearing operation.  Then each would have several machining operations before the key is completed.
This should give you a good idea why forging keywork is expensive. Each operation requires machinery dies and tooling to complete just one key.

Drop forging is a metal shaping process in which a heated workpiece is formed by rapid closing of a punch and die forcing the workpiece to conform to a die cavity.  A workpiece may be forged by a series of punch and die operations (or by several cavities in the same die) to gradually change its shape.  Drop forging is also called impression die or closed die forging, or rot forging.

Process Characteristics
	
	Gradually forms heated metal by singular or repeated blows in a sequence of individual or multistage die cavities
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	Produces a parting line and flash on the workpiece; flash must be removed
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	Typically requires machining to obtain dimensional tolerances and good surface finish


