FORM TOOLSPRIVATE 

There are three basic ways of turning on a centre lathe,

1) Generating the shape using tool movement

2) Forming the shape using tool shape

3) Combination of 1 & 2 

If we look at each of the three methods then it will give a better understanding of form tools and their application.

Generating: When generating surface the resultant shape is determined by the movement of the tool and not by the shape of the tool. If you look at the following sketch showing a plain surface, it could have been produced by a whole range of tool shapes. Some tool shapes would possibly give a better finish but the shape would be exactly the same.

GENERATING USING THE MOVEMENT OF THE TOOL 
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Forming: When producing a shape by forming it is the shape of the tool that produces the shape and not the movement of the tool. The tool has to move into the work to produce the shape but the movement only controls size not form. If you look at the sketch the shape is produced purely by tool shape and any side movement would destroy the shape.
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Generating and Forming: A combination of the two methods can sometimes be used to produce a shape in one operation. By using this technique tool changes can be avoided and awkward shapes such as blending straight surface into curves etc become easy. 
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    DIRECTION TOOL MOVES 


-----Surface formed


-----Surface generated
The use of form tools allows complex shapes to be turned and repeated. The only other method of producing these shapes would be on automatic or CNC machines which would be very expensive and require production rates of several thousand to make them viable.

The actual number and design of the form tools required to produce a given shape is determined by the shape required and the  rigidity of the work piece or machine.

When generating a surface with a lathe tool the cutting edge in contact with the work is quite small and is dependent on depth of cut, but it will not usually be greater than 0.1-1mm. During forming the contact area could be as large as 10-15mm and this increased area exerts a far greater load on work and machine.

For small or simple forms the shape can often be turned using only one tool, as the required shape increases in size and complexity then breaking the shape down into smaller bits may be necessary. The required shape may it self suggest the best position to divide the shape, sudden changes in shape, corners, decorative bands etc are all places where tool changes can be positioned.

Depending on the shape required, the actual cutting tools can influence the division of the form. The tools have to be shaped to the correct profile for the form and unless you have access to precision grinding equipment the shape you can grind on the  tool by hand is limited. Breaking a form into two or more bits can make  certain shapes possible that would have been extremely difficult in one tool. Where possible avoid joining tools on a straight surface because it's very difficult to hide the blend successfully.

With most of our pillars it possible to arrange the tool changes at position where the pillar shape changes suddenly, but the last operation in turning a pillar is the exception. Forming the last half of the ball and parting off is always a difficult one due to the joint between the two halves of the ball. The worst example of all is the side lever pillars where we have a straight side blending to a half ball, this is the hardest to join successfully.

Sequence of operations in turning pillar

1) Side of first tool is used to position the work at the correct distance out from chuck.

2) First tool turns flange diameter to size

3) Second tool turns threading size, thread pillar using tailstock die holder

4) Third tool turns neck

5) Turns bottom half of ball 

6) Turns top half of ball and parts pillar off 

In general form tools are made flat with 0( rake this makes the grinding easier because the rake would distort the shape. In the example shown next the form tool is ground to cut a tapered section of 60(included angle. The tool has a 0( rake angle and 15( clearance angle ground on the front faces. The dotted line in the side view shows the tool as if ground with  15( of top rake. 


The side clearance makes the tool tapered in section. Any top rake lowers the top of the tool progressively from the tip to the rear. Lowering the top reduces the width of the top face. 

The enlarged section shows the effect on the tool width at plane xx. The length of the tool is not affected by the rake . The effect is to reduce the angle from the original 60( ground. The plan view shows the effect, actual angle with rake would be approximately 54(.

Change of shape illustrated with a straight sided shape for clarity, but curves etc would also be distorted in a similar manner. 

It would be possible to allow for this distortion and grind the tool to produce the correct form with rake but for any shape other than straight sided it would be very complicated. The rake has another  adverse effect, to cut correctly the tool point or leading edge should be set to centre height. As the form tool is advanced into the work, it cuts along it's ENTIRE FACE and not just the tip which a tool generating a surface would. Any top rake ground on the form tool lowers the cutting edge below centre height. This below centre counteracts the effects of the rake angle. For an explanation of this see Yr 2 File note on CENTRE HEIGHT.

Fortunately for us leaded nickel silver is free machining and turns well with a zero rake angle. Due to the large contact between tool and work the speed should be reduced by approximately 50% from the recommended turning speed for that diameter material with a single point tool.

The main use we make of forming is for turning pillars and cups. With clarinet pillars we have the choice of turning the pillar two different ways.

1)
Turn and thread shank first, part off slightly over length, screw into holder and finish turn rest of pillar.

2) Turn and thread shank, turn rest off pillar and part off while finishing ball.

Both ways are possible but the second way is more rigid, the pillar still being attached until the very end. When turning flute pillars I find it better to turn the ball first. Flute pillars only have a plain shank which can be formed last. Turning the ball first gives a better shape because the work is  more rigid and is not being parted off at the same time, as in a clarinet pillar. Form tools must have a very good surface finish. Due to the way the shape is produced any imperfections in the tool edge will show on finished work, no matter how slow or deep the tool is fed into the work. Slight marks in the tool will be quickly worn into large grooves by the material squeezing past the mark in the tool.    

MAIN POINTS 

1)
Keep tool & work overhangs to a minimum, where possible hold work in a collet chuck. It is a lot more rigid. 

2)
Reduce speed by approx 50%, actual amount could vary depending on shape and length of cut.

3)
Don't grind top rake on tools. 

4)
Keep area of tool in contact with work to a minimum.

5)
Position overlap of tools at changes of shape if possible.  
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