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LATHE TURNING TOOLSPRIVATE 

Lathe turning tools are available in a wide range of standard, shapes, sizes and materials to cover most turning requirements.

HIGH SPEED STEEL TOOLS 

Available in 3 basic forms

1) Butt-welded (This is the type we usually use in the woodwind workshop on the three big lathes)
2) Solid (This is the type we usually use in the woodwind workshop on Myford lathes)
3) Loose insert (The thin parting tool we sometimes use on the Myford lathes is an example of this type of tool)
Each type is available in various grades of HSS to suit the application. The grade of HSS most used is H5 this is suitable for general engineering proposes.
1) BUTT WELDED

Tools consist of a small piece of HSS welded to a low carbon shank. The two pieces are usually welded together in a high frequency induction coil. This method provides rapid localised heating, without any contamination of the weld.

Advantages:

1)  Relatively low cost due to small amount of HSS


2) Low waste, only the cheap shank is waste when the tool ends its useful life.

3) Available in pre-formed shapes


4) Very rigid, no loose parts

Disadvantages:
1) Not suitable for grinding into different shapes because  most of the HSS tip is wasted in during grinding thus exposing the mild steel shank which is not hard enough to be used for cutting. 
2) SOLID HSS

The tool consists of one solid piece of HSS throughout. 

Advantages:

1) Longer tool life


2) Available in pre-formed shapes
3) Able to grind the tool to various shapes without the loss of HSS cutting tip.               (e.g. The specially shaped tools we use for turning the pillars for the clarinet)
4) Very rigid
Disadvantages:

1) Expensive due to amount of HSS in tool


2) Greater proportion of tool value is wasted when it becomes too short to grip
                    (When the tool is too short to be used, it is an expensive piece of HSS that is thrown away.)

3) Expensive to change tool shape from original (Though it is possible to grind different shapes on these tools it does reduce their length and therefore their life. Different shapes can only be generated by removing expensive HSS)
3) LOOSE INSERT

The tool consists of a piece of HSS clamped in suitable holder. (The narrow parting tool we often us on the Myford Lathes is an example of this group)
Advantages:

1) Due to small size of HSS cutting bit, shape can be changed to suit application


2) Tool overhang can be varied to suit job


3) Grinding of tool reduced by building angles into holder or by the shape of HSS  
blade

Disadvantages:

1) Tends to be less rigid than solid tool


2) Tool holder can be bulky compared to solid tool

TUNGSTEN CARBIDE TOOLS

Tungsten carbide is produced by the powder metallurgy process. Minute particles of tungsten and carbon are mixed with cobalt and compressed into the required shape and then heated in a furnace; the lower melting point cobalt cements the particles together. Tungsten Carbide is very hard but also very brittle, Tungsten Carbide tools cannot be “shock loaded”. This means that certain processes are not suitable for this type of tool, for example the turning of a square bar to round. The corners of the bar would “shock load” the tool, even if the material were not hard it would be likely to break the tip of the tool.
Tungsten Carbide tools are available in two basic forms: 

1) Brazed tip

2) Loose insert and holder 

Both types are available in different grades to suit different applications.
1) BRAZED TIP

This consists of a small piece of tungsten carbide brazed to a low carbon shank. The “braze” is very similar to silver soldering except brass is used for the solder which requires a higher temperature and produces a stronger joint. The construction is similar to that of a welded tip HSS tool but Tungsten Carbide cannot be welded.
Advantages:

1) Ability to cut at much higher speeds


2) Ability to cut at much higher feeds


3) Ability to cut harder materials

Disadvantages:

1) Difficult to grind, diamond wheel or green grit wheel is required.

2) Low shock strength, not suitable for intermittent cutting.


   Certain grades are better.


3) Difficult and wasteful to change shape of tool from the original form.
2) LOOSE INSERT

This consists of a small piece of carbide clamped to a low carbon shank. Carbide tools can make use of a different type of cutting action to HSS tools. To cut correctly the work is pushed at the tool at a very high rate 3-4 times faster than HSS. 

The tool tip will be glowing red but it will still cut without losing its cutting edge. Due to this cutting action carbide tools can be made with a negative rake angle giving a stronger tool tip. The negative rake allows the insert to be turned over to give another set of cutting faces. 

Advantages:

1) As for brazed tools

2) Certain shapes of tips can be indexed in holder to present new cutting face without grinding. E.g. a diamond shape can be rotated through 180 degrees and also turned over thus providing 4 cutting edges before the tip is replaced. Triangular tips in this way produce 6 cutting edges.

3) Angles can be built into the holder to simplify and reduce the grinding.


4) Chip breaker can be pre-formed in the insert without grinding 

Disadvantages:

1) As for brazed tools 


2) Most types of tip are throwaway and can't be reground


3) Holders can be bulky compared to other types of tool.

To the casual observer carbide tools seem like a dream come true. In reality they do not offer our particular type of work any real advantage over HSS tools so this is why we don’t use them. The difficulty grinding the tools and the power you need to take advantage of the higher speed and feeds make them more suitable for mass production machining than the one off jobbing machining we do.

Other types of materials are used for cutting tools. They are quite expensive and mainly used where very high production rates are required or for machining hard or difficult materials.

DIAMONDS are used to turn a range of materials from soft to hard. The diamonds used are industrial grade and do not look at all like the faceted and polished diamonds used in jewellery. Diamonds cut best at high speed with light depth of cut. Cutting non-metallic material such as soft, hard rubber and ceramics, diamond tools can increase production over carbide tools by as much as 20 to 50 times. Diamonds can take minute cuts, 0.012mm depth of cut producing a very fine finish often eliminating the need for further finishing.  

CERAMICS (cemented oxide) have been developed for use as cutting tools. The ceramic is made from a form of aluminium oxide and can be combined with titanium oxide and zirconium oxide to increase its strength and cutting properties. Cutting speeds as high as 650 m/min are possible for certain materials. In general speeds are 50-200% faster than tungsten carbide. While ceramic tools are not yet widely used they are probably the cutting tools of the future.

NOTE! Please ask to see example of any type of tool you are not sure about. 
Any point you are not sure about ask me and I will go through it with you.  
       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 A SHAPE 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 easier. 
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    DIRECTION TOOL MOVES 

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. Apart from bending or breaking the work-piece these increased loads can also produce other undesirable affects on cutting such as “chatter”; this can be reduced by ensuring rigidity of the tool and work as much as possible and reducing cutting speed.
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 its ENTIRE FACE and not just the tip. Any top rake ground on the form tool has the effect of lowering the cutting edge below centre height of any part of the tool except the very tip. This below centre counteracts the effects of the rake angle as explained in the previous notes 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 (rather like our pillar T from the top joint) 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 producing the shape. With our clarinet pillars the last tool is a compromise between a good and clean parting off operation and the accurate formation of the ball. 

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. (If you don’t know what a collet chuck is, ask, I will be happy to show you one and explain how it works.)
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.  

CUTTING SPEEDSPRIVATE 

The cutting speed is defined as the rate at which the surface of the work passes the tool. This is usually expressed as Feet per Minute or Meters per Minute. 
The recommended cutting speeds have been calculated to give the optimum balance between tool life and material removal.

	RECOMMENDED CUTTING RATES

	MATERIAL
	CUTTING SPEED M/MIN

	MILD STEEL
	25 - 35

	SILVER STEEL
	15 - 25

	NICKEL SILVER UNLEADED
	25 - 45

	NICKEL SILVER LEADED
	90 - 200

	ALUMINIUM
	65 - 100

	EBONITE
	75 - 100

	BLACKWOOD
	100 - 150

	MAPLE
	100- 200


The lower value would be used for roughing with a heavy cut.

The higher value for finishing with a light cut.

The table gives the recommended cutting speeds for a range of materials. This list is not definitive as most tool manufacturers publish figures for there own tools, but it gives a good guide for HSS tool bits.

Given the recommended cutting speed for a particular material and knowing its diameter the correct lathe spindle speed can be found from the calculation.
Sorry but this contains Maths again, I’m afraid it can’t be avoided.


SPINDLE SPEED (REV/MIN) = CUTTING SPEED( MT/MIN)   







  CICUMFERENCE OF WORK

The circumference of the work can be found from  ( x Ø

 Both the diameter and cutting speed must be expressed in the same units either Metres or Millimetres. To convert cutting speed to MM multiply figure from table by 1000. 

(( should be taken as 3.142, but if a rough calculation is to be done in your head it is often close enough to approximate the speed by using 3)
Therefore the calculation will be:

SPINDLE SPEED (REV/MIN) = CUTTING SPEED(MT/MIN) X 1000






   ( X DIA OF WORK

Substituting the value of 100 MT/MIN for leaded nickel silver bar with a diameter of 25 mm in calculation


SPINDLE SPEED (REV/MIN) = 
100 X 1000







3.142 X 25


SPINDLE SPEED

    = 
1273.24  REV/ MIN
Same material but with a diameter of  2.5 mm


SPINDLE SPEED

    = 
100 X 1000







 3.142 X 2.5


SPINDLE SPEED

    =
12732.40 REV/MIN
From the values calculated it can be seen that the speed change is inversely proportional to the change in diameter. 

i.e. as the diameter of work increases the speed decreases and as the diameter of work decreases the speed increases.

The value calculated for the 2.5 mm diameter is only for ref as most centre lathes have a top speed of around 2000 rev/ min. (many of ours are much lower than that)
When calculating the spindle speeds for a range of materials providing they are the same diameter it is only necessary to work out the speed for one. The other values can be calculated using the ratio between the two cutting speeds given in the table.   

EXAMPLE   From the original calculation 25 mm Ø nickel silver 100 mt/min cutting speed requires a spindle speed of 1273.24 rev/min

If material is changed to silver steel of same diameter


Silver steel cutting rate  = 20 MT/MIN


Nickel silver cutting rate = 100 MT/MIN

Ratio between values is  1:5  therefor spindle speed is given by 


SPINDLE SPEED =
1273.24
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SPINDLE SPEED for SILVER STEEL = 254.6 REV/ MIN
Another factor to consider when turning is the rate of feed. 

The feed is the amount the tool advances for each revolution of the lathe spindle.

For most applications a feed of 0.25 - 0.40mm for roughing and a feed of 0.7 - 0.12mm for finishing. The actual rate used will be governed by rigidity of machine, rigidity of work  and depth of cut.
Depth of cut is determined by similar factors to feed rate and also the available machine power. The most economical way of removing waste material is with heavy cuts and slow feeds. Final cut should not be less than .1mm to ensure the material is cut and not rubbed. (A tool which is “rubbing” has detrimental effects on finish and accuracy and the life of the tool is greatly reduced.)
As can be seen from the above information cutting speed, feed rate and depth of cut are all linked together.

The cutting rates recommended are for use under ideal conditions. For mass production the manufacturers operate with the machines using as much power as possible to remove material as fast as possible. Each machining operation would be calculated to achieve this.

The ability to work at that level is controlled by several factors:
1)
Condition and age of machine 

2)
Size and shape of tool

3)
Rigidity of work-piece

4)
Type of machining operation

5)
Type of coolant used

6)
Machine power

To illustrate the possible scale of variations, the use of high tech coolants can double or triple the cutting rates possible using traditional soluble oil coolants. 
Parting off would reduce rate by 50%. (Because of the tool width, same applies to form tools.)
For our level of production while it must be economical, it does not demand working on the machine/tool limits that some industries require.      
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