CLARINET BORE DESIGNPRIVATE 

The bore design used for the Bb clarinet has changed radically over the last fifty years. Today with the acoustical theory and modern harmonic analysers it is possible to explain most of the clarinets problems. Unfortunately the problems still remain and as yet no universally acceptable clarinet design exists. The problem is striking the best balance between tone, tuning, flexibility and response, etc.

The English style of clarinet was a large bore clarinet, with large tone holes without undercutting. The bore was basically parallel down to where the flare starts in the bottom joint. The term "large bore" is a loosely used description for any bore size near or above 15mm. The 926 and 1010 clarinets produced by Boosey and Hawkes were good examples of large bore designs (15.15mm & 15.3mm) and were considered to be two of the best instruments available for the professional players of the day. Boosey and Hawkes no longer make this style of clarinet, since purchasing Buffet Crampon they ceased producing clarinets in England and when the production in this country ceased so too did this style of clarinet. Peter Eaton is probably the only commercial maker of the English large bore clarinet today, unless of course you count the students and Newark and Sherwood college.  

The German clarinets have always been different in both design and tone. While the Boehm system has been almost universally adopted, the Germans still retain the Oehler system clarinet. The bore is large, up to 15.3mm, and parallel for most of the length with a short flare in the bell. They make extensive use of undercutting to give the type of sound they prefer. 

The French have made both small and large bore clarinets with a wide range of bore sizes. For years the French undercut tone holes on large bore clarinets, probably just because they had always undercut tone holes on small-bore instruments. Around 1920 Henri and Alexandre Selmer produced large bore clarinets with a minimum of undercutting. These instruments had a bore of 14.8mm-14.85mm and were some of the best larger bore clarinets produced. Selmer produced them until about 1960. Buffet Crampon also made large bore clarinets in the early 1900 but they still insisted on heavy undercutting and were not as popular as the Selmer clarinets.   

The main tuning problems of the Bb clarinet stem from the inability of the clarinet to overblow a true twelfth. The amount of error varies with the bore size, for a clarinet of 14.5mm-15.00mm the twelfths will be close. With clarinets it's usual to talk about twelfths as being wide or close instead of giving the tuning as being sharp or flat. As the notes for the first and second registers are tied together, with close twelfths if you make the 1st register note correct then the 2nd register will be flat and in reverse, if you make the 2nd register correct the 1st register will be sharp.

The choice of bore size used also dictates the amount of undercutting possible. The smaller the bore the greater the amount of undercutting possible and the larger the bore the smaller the amount of undercutting possible. The degree of undercutting has a marked effect on tone colour. A separate set of notes on undercutting where you will find out more about this, will be your next project in Class Server.
The other main acoustical problem of the clarinet comes from the use of one speaker hole and its dual role as a tone hole for throat Bb and as a register key. To satisfy both functions a compromise has to be made in size and position of the speaker bush. This results in a less than ideal solution to either role. To be of use for throat Bb the speaker bush must be positioned approximately 80-90mm down from the top of the barrel and sized to give Bb.

Ideally the clarinet would be better having lots of speaker bushes, one positioned in the correct place for each note in the second register. On bass clarinets it's usual to fit two speaker bushes, but traditionally the Bb has only one.

Several mechanisms have been designed to allow extra venting for the throat Bb such as the SK and Mazzeo mechanisms. These enable the speaker bush to be correctly sized for its role as a register key. At the present time non-of these mechanisms are widely used. A system using two octave bushes was produced by Selmers called the MARCHI system but it changed several standard fingerings and proved unacceptable to players.

If we accept one register hole positioned to serve both functions, then we have to overcome the adverse effect it has on the tuning of the twelfths. The accepted position for the register bush is almost correct for the centre part of the clarinet, but it is too low for the top of the clarinet and too high for the lower part. This out of position widens the twelfths at the top and bottom of the clarinet but is acceptable for the centre.

The effect of the above problems would result in a clarinet having the tuning shown on the following diagram.   
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The above diagram shows the combined effects of speaker key and bore size on 2nd register, assuming 1st register is tuned correctly

Clearly this tuning is unacceptable and it is these inherent tuning problems that makers have to overcome.

In 1945 Buffet employed as designer and plant manager Robert Carree. The first basic acoustical improvements made to the Bb clarinet in this century can be attributed to Robert Carree.

To allow the use of undercutting tone holes to give the sound players wanted Carree reduced the bore in size to approximately 14.6mm. But the bore was not parallel. Carree made careful use of expansions in the bore to control the tuning of the twelfths. He described his bore as a "polycylindrical" bore - a tier of three successively smaller cylinders. Using this bore Carree developed the R13 clarinet, which has been the most successful and largest selling clarinet of this century. This design has dictated the trend in clarinet design since its introduction in 1950 and it is still the clarinet against which others are judged. Almost all other top clarinets use small bores and their own version of reverse cones.
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The effects of changes in the bores of woodwind instruments have been very extensively researched by A Benade who has written countless papers on it. He also made several recommendations on how to improve the clarinet, culminating in his own design for an improved clarinet. Sadly no manufacturer to my knowledge has ever incorporated any of his ideas in an instrument. Most of his published papers are highly technical and difficult to follow. However they confirm that even though early makers may not have known at the time why something happened, they had actually been making use of acoustical effects which Benade can now explain and predict. 

The effects of the step bore of Carree are explained by Banade as follows: A tube whose cross section decreases away from the closed end has a lower fundamental frequency than a uniform pipe, and its normal mode frequencies are spaced more widely than the 1,3,5... sequences of a uniform pipe. The reverse is true for a pipe that increases in cross section away from the closed end.

In essence what Benade was saying is that the expansion in the top joint tends to lower the first register and widen the twelfths. The expansion in the lower joint has the opposite effect of raising the lower register and closes the twelths. The reduction in the throat of the bell is introduced to also help the twelths in the lower section, but it can also make the bell tone stuffy if overdone.   

Using Benade's information, for every note there is a point in the bore where an expansion will widen and a contraction will close the twelfths. In practical terms this point is approximately 1/3 of the way from the top of the bore in the mouthpiece to the hole in question. This point is the position of the upper of the two antinodes formed when the clarinet plays in the upper register.

This point is called a PERTURBATION point.

Carree used the above effect to improve the tuning as follows. The reverse tapers in the top joint are used to widen the twelfths of the middle section. The expansion in the lower joint is to close the twelfths in the lower section, also helped by undercutting tone holes and reduction in bell throat size. The top section twelfths are closed using undercutting.

Undercutting tends to sharpen the fundamental note, which closes the twelfths. This closing of the twelfths is used to good effect at the top and bottom of the clarinet to correct the effects of the speaker hole. It can aggravate the tuning if used elsewhere for correcting undervented and dull notes. See file on undercutting
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The remaining tuning problems are mainly caused by the fingering system used on modern Boehm clarinets, certain notes could benefit more by changing the mechanism than the bore etc. One example is B&F# produced with the fingering 
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This always tends to be a stuffy note undervented due to fingering.

It could be improved with the extra vent key mechanism that was fitted to the B&H 1010 and also to the German reform Boehms. This widens the twelfths and improves the high Eb.

Even with all the information available today regarding bore design and the effects changes make, it is still not an exact science. The changes that can be brought about using bore sizes, reverse cones, hole size, position, undercutting, etc unfortunately tend to over spill and affect other areas of the clarinet. The final design will always be a compromise trying to obtain the most acceptable balance.

Most manufacturers also develop their own mouthpiece for use with their clarinet. Large discrepancies in tuning can be produced by using mouthpiece and also barrel combinations that differ from the makers recommended ones. This can cause serious problems for players that don't want to change mouthpieces when they change clarinets.                     

