SPRINGS

There are three basic types of springs fitted to Woodwind instruments:
1) Blued needle springs

2) Wire springs

3) Flat springs 

1)
NEEDLE SPRINGS
Blued needle springs: The use of this type of spring enabled the development of many different key mechanisms. The crisp snappy key action produced by needle springs is not possible with flat springs. This action is due to the small contact area between the spring and hitch reducing the friction or drag. The other benefit is that needle springs are available in a standard range of sizes to cover all instruments. Flat springs tend to be purpose made for one key only. Due to the way needle springs are fastened in place they can be fitted into confined areas, where the flat spring screw fastening could not.

STANDARD BLUE NEEDLE SPRING SIZES

SPRING SIZE


ACTUAL SPRING DIAMETER

3/0




1.60mm

2/0




1.40mm

1/0




1.30mm

1




1.20mm

2




1.10mm

3




1.00mm

4




0.90mm

5




0.80mm

6




0.73mm

7




0.68mm

8




0.60mm

9




0.55mm

10




0.50mm

11




0.40mm 

The sizes 3/0, 2/0 & 1/0 are only used on the larger saxophones. The sizes 1 - 11 cover other woodwind instruments. The springs are made a generous length to allow for cutting down to the required length. 

Needle springs as the name suggests were once made from sewing needles tempered back to a blue spring temper. Today the springs are purpose made. They are mass-produced and heat treated in bulk in a furnace. The temper is the same but the colour is produced artificially with chemicals. The blue colour gives a slight protection from rusting. 

 Most springs on clarinet are either No 7 or No 8. The reasons for two different sizes on the same instrument are that closed keys where the pad is held shut by the spring must have a stronger spring to keep the key closed and air tight during playing, while the normally open keys only need a light spring to return the key to its open position.

Heavy and light springs opposing one another are used in several different key mechanisms. Usually the key is kept closed by the stronger spring but opened by the light spring. The effort of the heavy spring is removed by the player depressing a lever and the light spring then opens the key. The oboe contains two examples of heavy and light springs, the G# mechanism uses needle springs and the Eb mechanism uses flat springs. This same type of mechanism can be found on the Saxophone G#.
A range of special needle springs called Norton Springs are made for use on saxophones. The spring is made with a threaded end and a screwdriver slot. The spring is screwed into a threaded hole in the pillars. Buescher Saxophones were once fitted only with Norton springs. Using this mounting avoids the problem of making a fishtail on the spring and pulling it into place, which can be quite difficult with the large size springs used on saxophones. Norton springs are quite expensive though £1.04 each. 
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A range of five different sizes is available to cover Alto, Tenor & Baritone saxophones.  

1)  30mm long x 8swg

2) 40mm long x 12swg

3) 50mm long x 16swg

4) 65mm long x 20swg

5) 85mm long x 24swg

* swg = standard wire gauge.
2)
WIRE SPRINGS
Wire springs are very similar to needle springs except that they are cut from a length of wire. This is why they don't have a tapered end. The main difference in the springs is the materials used for the wire. Stainless steel, gold, platinum, beryllium copper, phosphor bronze are all used by different makers.

There are two main reasons why makers sometimes use wire springs and not needle springs.

a) On some clarinets etc they are fitted because they are cheaper, 

E.g.: a No 8 spring costs approx. 4.5p a similar length of stainless wire costs 0.15p a saving of 67.5% on one spring. A typical clarinet has eleven springs giving a saving of 47.85p. This would produce a saving of several thousand pounds per year for a large manufacturer. 

b) The other reason makers use them is because of their soft action which is more suited to certain instruments than the crisper action of needle springs.

This soft action is due partly to the materials used for the springs and also the way the wire is hardened. Most materials used for wire springs are not capable of being heat treated to produce any great hardness. The hardness is produced by WORK HARDENING* the material during its manufacture. This work hardening doesn't produce the same degree of temper in the wire as a needle spring which is made from better quality steel and hardened and tempered to give it spring. 

*work hardening as a process will be covered in a later set of notes which will also cover heat treatment and tempering.
Flutes are the main instrument to which wire spring are fitted. The soft action of wire springs gives a light delicate feel to the flute, which is difficult to produce with the stiffer needle springs.

The stainless spring wire is available as standard in 6 sizes to cover most applications. 

1) 0.56mm diameter

2) 0.61   

3) 0.66 

4) 0.72

5) 0.77

6)  0.82 

On better quality hand made instruments gold springs are fitted. The gold used is not pure but an alloy of 9 parts gold to 15 parts copper (9 karat gold). The copper is added to give an alloy that will work harden, Pure gold re-crystallises (anneals) at normal room temperatures and will not work harden.   

Both blue needle springs and wire springs are fixed into the pillars in the same way. 
A fish tail is formed on the end of the spring by hammering. This widened section is then pulled into the hole in the pillar wedging the spring in place.  The fish tail should always be fitted at right angles to the axis of the pillar to ensure that the spring does not gradually work out. 
See drawing:
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Hammering the fish tail on the spring makes it wider but it also thins it. The whole in the pillar is round and when the spring is fitted it binds on the edges of the fish tail not on the sides. If the spring is incorrectly fitted the thinned area allows the spring to flex side ways. When the key is operated it tends to gradually wiggle the spring out of the pillar.

The main problem with needle springs is that the repeated fitting of springs gradually increases the size of whole in the pillar to a point where it is impossible to hammer a large enough wedge on the correct size of spring. Increasing spring size will overcome this problem but will give a stiffer feel to the key and could cause problems with some keywork designs. Bushing the hole or replacing the pillar may be the best solution.    

The other problem is removing broken springs from pillars.  Various special pliers etc are sold for the purpose of extracting broken springs but a sharp punch and a lead block is usually the best method.  

3)
FLAT SPRINGS
Flat springs were the first kind of springs to be fitted to instruments. For simple mechanisms they can work quite well, and are still fitted where needle springs are not suitable. The action of even a well-fitted flat spring seems sluggish when compared to a needle spring. This sluggish action together with the ease of fitting needle springs and standard sizes available has made makers fit needle springs where possible.

Flat springs are not made in standard sizes; however they can often be modified to fit other instruments. Originally flat springs were made from brass and nickel silver which was cold worked to work harden it and make it springy.

Today other materials are used such as, steel, beryllium copper, phosphor bronze and stainless steel. The best crisp action is provided with steel springs but they can rust. This is why other materials that are non-ferrous or rust resistant are used, though these tend to lack the stiffness of steel and give a rather sluggish action. Replacement flat springs are available from the manufacturers for most current instruments. 

On early instruments the flat springs were usually riveted to the keys, to day they are fastened to the key by means of a small screw. This allows broken springs to be easily replaced. The screws are very small and this can present other problems, for instance the threads can easily be “striped” if over tightened or the small screw head can easily be damaged by a badly fitting screwdriver. 

 In certain applications the spring can be fastened to the body and not the key. The Eb key of an oboe uses a flat spring fastened to the body to close the key.

