THREAD SYSTEMS USED FOR MUSICAL INSTRUMENT MAKINGPRIVATE 

Over the years most of the various thread systems available have been used at some time by the makers. Several have become almost standard but their is no universally accepted preferred system. In the engineering industry metrification started 20 years ago but it is only now starting to be adopted by the musical instrument makers.

PILLAR THREADS

The main problem with pillar holes is the limited thickness of wood available to drill and thread. Clarinets today have an approximate wall thickness of 5-7mm which is just adequate, but several instruments have been made in the past with considerably less wall thickness. The diameter of flange used on the pillar is another factor affecting the strength of the pillar. A large flange spreads the load on the body surface and makes the pillar more stable and resistant to knocks and bangs.

The way several large makers have tried to minimise the problems is to use a very coarse pitch, sharp vee thread which gives a thicker thread root. This is probably the best solution but several makers used such a coarse pitch that it only gave one or two complete turns on the pillar. As the pitch of the thread increases the helix angle also increases and this makes the pillars easier to screw out. Most of these threads are non standard and peculiar to that maker, taps and dies would have to be made specially for them.

Our largest maker Boosey and Hawkes used for many years a buttress thread for pillars in wood, ebonite and plastic bodies. The buttress thread is a peculiar looking thread used in engineering to resist high axial load in one direction. I can only assume that an engineer within B & H decided it would be a good thread to use because of this feature to resistance axial loading. In reality it proved a failure due to several reasons. The diameter of thread selected was only 1/8" (3.175mm) which is rather small and the 36 TPI pitch of thread was also quite fine, they combined this with a small flange diameter of 4.7mm. B & H must have thought it worked well because they used it for many years but for the repairman it proved a nightmare. The sharp buttress form  (see drawings  showing forms of threads sheet No 4) made them very weak and easy to screw off when fitted in solid materials such as ebonite and plastics. In wood the sharp buttress form was too fine and sharp giving little strength. Both materials jammed in the thread form and if a pillar was removed then most of the thread in the body came out with the pillar. The small flange size gave very little support to the pillars and they lean over very easily. When they B & H took over Buffet they adopted their thread form which is far superior.

The problem with all these thread is that special taps and dies are required non of them are standard. For repairs where due to value of instrument etc it is necessary to re-bush loose pillars then it is economical to screw cut a length of silver steel and make a tap. This is a time consuming process and for most applications not economically viable.

The simplest method is to select a pillar on the instrument that is not usually at risk due to it's location and preferably one held with a rod screw. The rod screw makes it more stable and less likely to work loose. Using this pillar file three equally spaced flats on the thread until the flats almost meet at the corners. Using this pillar held in pillar pliers a thread can be cut down a pre-drilled hole. For very dense examples of wood the pillar can be heated which makes the wood more pliable and easier to cut. After use this pillar can be replaced in it's original position where it should still be secure. Heating pillars during normal fitting or removal of pillars is a useful technique for stiff or stubborn ones.

Some makers have adopted standard thread sizes such as the 4mm ISO thread that we use, the American companies sometimes use the UNC  series threads which gives a good coarse thread.

OTHER THREADS USED 

The other main use of threads in instruments is for rod and point/pivot screws. For many years the main thread system used has been the BA thread (British Association Thread) which is based on the Swiss or Thury thread. This thread was recommended by the British Standards Institute for all screws below 1/4" diameter.

Due to the range of sizes from 0 largest to 23 smallest  BA thread have proved popular for a multitude of uses in a wide range of industries.

The sizes used in musical instruments are :

4,6 & 8 BA used for point, pivot screws on bassoons & saxophones.

8 BA used for adjusting screw on clarinet

9 BA used for regulating screws on flutes and oboes

9 BA used for point, pivot screws on clarinet, flute and oboes.

12 BA used for flat spring screws on flute and clarinet.

13 BA used for clutch screws on oboe.  

To a large extent the use of any particular thread is dictated by the available space and the makers preference.

Today the BA system is slowly being replaced with the coarse series ISO (International Standards Organisation) Metric Coarse Thread.

SCREW THREAD SYSTEMS AVAILABLE  

A multitude of thread forms and systems have existed over the years, many developed for a particular application have ceased to be used. Several different methods can be used to classify the various system.

1) Thread form

a) Vee thread, either flat truncated or rounded




b) Square, usually used for power transmission




c) Buttress




d) Acme, usually used for power transmission

VEE THREADS
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Flat truncation



Rounded truncation

SQUARE THREADS
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Used for many years  on  machinery to transmit power,  lathe lead screws 

BUTTRESS THREAD
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Due to thread form screw will withstand a high axial load in one direction. Used as pillar thread by Boosy & Hawk for many years. Now discintinued. 

ACME THREAD
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Replaced square thread for power transmission. Due to thread form easier to cut with taps & dies but still needs a minimum of 5 taps.

Most of the common thread systems have a standard range of pitchs for all the diameters the system covers. As the diameter increases the pitch gets progressively larger and the thread form increases according to a standard formula.

Different thread systems are available using a fixed pitch system, where the pitch remains constant regardless of diameter changes. The American 8,12 & 16 pitch series had a different pitch for three types of work. The British Standard Brass thread 26 T.P.I, had a 55( Whit form and was used on most brass screws and electrical fittings covering a size range from 1/8-1”
. Model engineers use a 32 & 40 T.P.I, pitch series with a Whit form.

The use of a fixed pitch system had it's benefits when threads were hand cut on lathes using thread chasing tools, only one set of tools was needed to cut any size thread. There use on small diameter work was limited due to the depth of cut remaining constant while the outside diameter reduced, giving a weaker and weaker screw.

The main thread systems used in this country today are:

B.S.W (British Standard Whitworth) 55( thread form used for most items needing a coarse series thread. The whit 55( form is used on several other thread systems. Available from 1/16"- 2" although many of sizes are now supplied only to order. The 1/16"  is the size recommended for use in crack pinning. The 3/8" size has a 20 T.P.I and is the form used as a fixed pitch system for screwed shank cutting tools such as end mills and slot drills.

Today this thread is classed as a non-preferred thread series, But it is still in use.

B.S.F (British Standard Fine) uses the same 55( Whit form and supplemented the whit series for applications requiring a finer pitch thread. Today this thread is classed as a non-preferred thread series but still used for some applications. 

BA (British Association Thread) 47( now classed as a non-preferred thread series but was originally recommended for sizes below 1/4". As mentioned above, still used by a lot of instrument makers but gradually being replaced.

U.N.C (Unified National Coarse or Unified Coarse) is a 60( thread with the same proportions as the ISO metric thread. This is an American thread system used for automotive parts etc which has superseded the Whit thread system for certain applications.

U.N.F (Unified National Fine or Unified Fine) as for U.N.C this is the American fine pitch equivalent of the B.S.F series.

THREAD SERIES USED ABROAD

France,  Germany and several other countries have had their own individual preferred metric thread systems for many years. These have now been rationalised into two main series covering most applications.

ISO - Metric Coarse series, is a 60( thread form covering a range from 1mm - 56mm for most general applications. This is now the recognised universal standard thread and is the preferred system to be used where ever possible.

ISO - Metric Fine series, this is the fine series of the above having the same form. Recommended for applications requiring a finer thread, available from 8mm - 64mm.

MEASURING THREADS
Determining the size of any thread without the necessary equipment can be very difficult. Various methods have been developed over the years for measuring threads. Most are expensive and can only be justified for specialist use.

The problem with measuring threads is that to be absolutely sure about the thread system involves measuring and comparing: 

1) The thread form (shape of thread)

2) Pitch of thread (distance between crests of thread)

3) Effective or pitch diameter of thread

Most of the above involve the use of special tools or equipment to check accurately. The thread form is best checked using an optical comparator. The thread to be checked is placed under a microscope which can also view pre-drawn screens of various forms and pitches of screw at the same time. The operator can move the pre-drawn screens over the view of the screw under test until the best match is found. For the small threads that we use this is the best method because without magnification the threads are difficult to see.

A cheaper method suitable for larger threads is the thread gauge. This consists of a series of thread pitches ground into metal strips which can then be used to compare to the thread being measured. They are available for most thread series. This gives a quick check but it will only confirm pitch and form but not the effective diameter.

When measuring threads the maximum outside diameter is only an indicator to the likely size and not a definite check. The problem with the outside diameter is that depending which method is used to cut the thread it is possible for the outside diameter to vary tremendously. With screw cut threads, any thread form can be cut providing the material is physically large enough to accommodate the thread.

If you look at the screwed shank cutters we use, they all have the same pitch and form yet the shank sizes increase in steps from 1/4"-5/8". All the cutters have a 20 T.P.I Whit form thread, yet a standard thread of that pitch was designed for used on 1/4" diameter material.

The safest diameter check for screw threads is the effective diameter, this checks the diameter at a point halfway down the the thread height. Using this dimension the diameter and thread angle can be assessed. Several methods can be been used to check effective diameter:

1) Special micrometers are made with a shaped anvil and spindle. 

2) A system of measuring involving the use of three wires can be  used. The wires are placed into the pitches of the thread and  then a standard micrometer is used to measure the size over  the wires. A standard formula is used to calculate the correct  size for that thread, the size of wire required changes with  each different thread.

3) For testing threads in industry during production a hardened gauge is sometimes used. This consists of a correct example of the thread usually precision ground to ensure correct form. They are often made double ended having the minimum and maximum allowable sizes ground on opposite ends. The gauge can be for testing the male or female thread and is simply tried onto or into the thread being checked.

All of the above methods involve expensive tools and equipment which most small workshops are unlikely to have at their disposal. Checking threads without the correct equipment is always at best a guess but with experience it becomes a guesstimate.

The problem with sizes of threads we mainly deal with is that several of the sizes are almost the same in the different systems. The size 4.7mm is the correct outside diameter for 2BA, it is also very close to 3/16" ( 4.67mm) making it possible to be any of the BSW, BSF, UNF, UNC series.

The popular 9BA size is very close to the 1.8mm & 2.0mm ISO coarse thread size. If the thread was cut by hand using a split button die on an incorrect size of material it would be difficult to identify the correct thread size with any degree of certainty.

Measuring the outside diameter will give an indication of the thread size but not a definite one. Generally threads produced by hand are very rarely larger than correct size and usually smaller. The taps can be used down female threads to gauge size, but threads produced with old or worn taps will give false readings.

Checking the pitch of a thread can sometimes help to identify a particular thread. Select a No of complete pitches say 10 and measure distance using vernier callipers, divide measured distance by ten  and compare to pitch from tables of the nearest thread. To compare imperial threads it is first necessary to calculate the pitch from the T.P.I. The T.P.I is an abbreviation of threads per inch, to convert this to pitch use 1/T.P.I.

The final selection is usually made by what is the nearest size you already have taps and dies for. 

TAP AND DIE MATERIALS AND AVAILABILITY
Hand taps and split button dies are made in two qualities.

1)
Cut thread-Carbon steel, manufactured from cheaper material and cut using taps and dies. The form is not guaranteed due to production method used and  are only intended for light use. They are suitable for our class of work.

2)
Ground thread - High speed steel, manufactured in a high quality material by a process called thread grinding. The form is more accurate and they are intended for heavy use or close tolerance applications.

The choice of quality used is determined by personal finances and also availability. The price difference varies with size and manufacturer but a 9BA tap in carbon steel will cost approx £5 and a high speed tap the same size £30. For all the thread series classed as NON-PREFERRED the manufacturers are discontinuing the carbon steel range and only making high speed steel. Certain sizes of threads are becoming increasingly difficult to obtain from stock in either quality and are only available to order.

The odd sized B A threads are more difficult to obtain than the even sizes. This is why the 9 B A taps are more expensive than the smaller 10 B A.

USING TABLES OF THREAD INFORMATION

Most published tables contain a bewildering array of figures, most of which are irrelevant for our type of use. The tables give sufficient information to enable the threads of male (screw) and female (nut) to be produced to the correct standard size. They also give the information necessary to check the sizes. When using hand taps and dies to produce threads most of this information is not necessary as most of the sizes are built into the tools. It is only when producing threads by screw cutting or grinding that the other information becomes relevant. 
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1.4 0.30 1.400 1.205 1.032 1.075 1.10 1.45
1.6 0.35 1.600 1.373 1.170 1.221 1.25 1.65
1.8 0.35 1.800 1.573 1.370 1.421 1.45 1.85
2 0.40 2.000 1.740 1.509 1.567 1.60 2.05
2.2 0.45 2.200 1.908 1.648 1.713 1.75 2.25
2.5 0.45 2.500 2.208 1.948 2.013 2.05 2.60
3 0.50 3.000 2.675 2.387 2.459 2.50 3.10
3.5 0.60 3.500 3.110 2.764 2.850 2.90 3.60
4 0.70 4.000 3.545 3.141 3.242 3.30 4.10
4.5 0.75 4.500 4.013 3.580 3.688 3.70 4.60
5 0.80 5.000 4.480 4.019 4.134 4.20 5.10
6 1.00 6.000 5.350 4.773 4.917 5.00 6.10




FROM THE ABOVE TABLE:

Nom.dia is an abbreviation of nominal diameter and is the same as major diameter in tables. This is a legacy from the old imperial system where they would give the nominal dia as a fractional size 1/16" or its identification No 2 BA and then give the major diameter as the decimal equivalent 0.3125". The major diameter is the correct outside diameter of material on which the thread should be cut.

The recommended tapping drill size is the diameter of the hole to drill before using a tap. Most tables give a diameter which will only give a partial thread of approximately 65-75% full thread. This is standard practise to avoid breaking taps in the hole and also because most people do not have the full set of three taps which would be necessary to safely produce a full thread. The 65-75% thread is more than strong enough for most applications.

The reason why they give sizes for male and female parts is to ensure both will easily fit together. The dimensions give a slight clearance between the threads. When using hand taps and dies the clearance is obtained by closing the die down in the die stock with the three screws provided.  

The clearance drill size is the diameter necessary to clear the outside diameter of the thread. 
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