Conventional Turning

Introduction:

 Manufacturing in its broadest sense is the conversion of raw materials into finished products. Machining plays a vital role in manufacturing. Machining has become indispensable in the modern age where machines are playing an important role in human life. Machining has its origin right from the Stone Age when early man used to make round holes in stones. As the technology progressed man started producing wooden components using foot driven lathes. Use of water power and horse power for driving lathes started in the late eighteenth century. The requirements for mass production sprouted during the first industrial revolution, which made it necessary to use machines to produce machines. Machine tool technology has grown rapidly in the twentieth century in order to meet the ever-growing demands of the industry. This growth of technology can be clearly seen in the advanced tool materials and the special purpose machines. 

Turning is one of the most important machining processes. The principle of machining is to generate the surface required by providing relative motions between the cutting tools and the work-piece. The cutting edge of the tool removes the undesired material of the work-piece in layers also known as chips. Flat surfaces, Cylindrical surfaces (external or internal) are the simplest surfaces that can be generated. Mainly two kinds of motions are provided by the metal cutting machine tool. They are known as the primary motion and the feed motion. The primary motion is the main motion provided by the machine tool or manually to cause relative motion between the tool and workpiece so that the face of the tool approaches the workpiece material .The feed motion is the motion that may be provided to the tool or workpiece by a machine tool which, when added to the primary motion leads to a repeated or continuous chip removal and the creation of a machine surface with the desired geometric characteristics. International Organization for standards employed a system of machine tools axes to describe the machine tool motions. It can be adopted as a general system for all machine tools .The system is a right hand coordinate axes system in which three axes X,Y and Z refer to possible linear motions of the tool  and the motions A,B and C refer to the possible rotary motion of the tool about these axes respectively. A particular machine tool can move the tool in only a few of the possible directions as shown in the figure. However, before the actual motion in a machine tool can be labeled, it is necessary to orient the co-ordinate system relative to the machine tool. The co-ordinate system is oriented as follows: 


The Z axis of motion is arranged parallel to the axis of the machine spindle, which provides primary motion. If the machine has no spindle, the Z axis is arranged perpendicular to the work-holding surface. Positive Z motion increases the distance between the work-piece and the tool holder.  Where possible the X-axis is parallel to the work-holding surface. On machines with no main spindle the X-axis is parallel to and positive in the in the principal direction of cutting. On machines with rotating work-pieces, the X motion is radial and parallel to the cross slide. 

Machine tools are divided into mainly three categories and those are

1.Machine tools using single-point tools.

2.Machine tools using Multi-point tools.

3.Machine tools using Abrasive wheels.

Lathe is the most common type of machine tools that uses single point cutting tools. Single point cutting tools are the tools that have one cutting edge and they are commonly used in lathes, turret lathes, planers, shapers, boring mills and similar machine tools. 

Turning is generally done on a lathe. The lathe is probably the oldest machine tool stemming from the early tree lathe, which was turned by a rope passing around the work a few times and attached to a springy branch overhead. The work was supported by two dowels stuck in adjacent trees. The operator’s foot supplied the motion, which was intermittent and fluctuating. The tool was held in the operator’s hand. Later a strip of wood called ‘lath’ was used to support the rope and hence named as Lathe.From this crude beginning and over a period of more than two centuries, the modern engine lathe has evolved. Until about 1770,lathes were useless for metal cutting because they lacked power and a holding device strong and accurate enough to guide the tool. For its development to the form in which we know it now, we owe much to Henry Maudsley, who developed the sliding carriage and in 1800 built a screw-cutting lathe. Nowadays, it has become a general-purpose machine tool employed in production and repair work, because it permits a large variety of operations to be performed on it. 

Lathe removes undesired material from a rotating work-piece in the form of chips with the help of a tool which can be fed deep in the work. The tool material should be harder than the work-piece and the latter held securely and rigidly on the machine. The tool may be given linear motion in any direction .The most common operations which can be performed on the lathe are turning, facing, taper turning, eccentric turning, boring, drilling, reaming, threading, knurling and scroll cutting etc. [9,10]

Different types of lathes are 

1.Speed lathe

2.Engine lathe (Center lathe)

3.Turret lathe or Capstan lathe

4.Toolroom lathe

5.Bench lathe.

6.Special purpose lathes

Physics of the process:

Machining of the metal involves forcing of cutting tool through the excess material of the workpiece. In the form of chips this excess material is progressively separated from the workpiece, thereby rendering workpiece to a desired shape and size. It may be emphasized here that the cutting tool never peals off chips or the excess material from the workpiece, but the chips are generated because of plastic deformation of metal just ahead of the cutting edge of the tool.

Although the workpiece can be effectively shape by a large number of other manufacturing processes, yet the process of machining plays an important role in production as it is one of the most versatile processes of the manufacturing. Its versatility can be attributed to so many factors some of which are as follows:

1.Machine tools do not require elaborate tooling.

2.The process of machining can be employed to all engineering materials.

3.The wear of tool is not costly if it is kept within limits.

4.A large number of parameters which comes in to play during machining can be suitably controlled inorder to overcome technological and economical difficulties.


Any cutting process involves workpiece, tool, chip and cutting fluid. In any cutting operation, the following observations can be made.

a). Metal is cut by the removal of the chips which may be in the form of continuous ribbon or discontinuous chips composed of individual segments. The chip is thicker than the actual depth of cut and is correspondingly shortened.

b). There is no flow of metal at right angles to the direction of chip flow.

c). Flow lines are evident on the side and back of a chip, which suggests that cutting, involves a shearing mechanism. On observing the flow lines on the surface of a chip it will be obvious that chips are formed by blockwise slip of metal. However, the front surface is usually smooth due to a burnishing action.

d). A lot of heat is generated in the process of cutting due to friction between the chip and the tool. The friction can be reduced by having a sharp cutting edge and better tool finish, increased sliding speed, improved tool geometry, use of low friction work or tool materials and use of a cutting fluids. The temperature of the cutting tool reaches a high value when taking a heavy cut at high speed.

e). In figure ------, line AB is dividing line between the work and the chip .The material above this line is deformed by an internal shearing process and comes out in the form of chip. The rate at which the material is deformed is high. The material below this line is undeformed. Shear plane is the plane along line AB and perpendicular to the plane of paper. 

f). In front of the cutting tool point, generally no crack is observed. Due to the strain hardening, the hardness of the metal in chip, the built up edge and near the finished surface is usually greater than that for the metal.

g). Sometimes a built up edge is formed at the tip of the tool and it significantly alters the cutting process. It deteriorates the surface finish and the rate of tool wear is increased.

h). The inclination of plane AB with respect to surface of work is known as shear angle. This angle increases when the tool friction is decreased and increase of shear angle means that the shear plane will be of smaller length and the thickness of the chip will also be less. If the shear stress on the shear plane be assumed to remain constant, then the force along the shear plane will also vary as the area of the shear plane. Further the amount of plastic deformation to which the chip is subjected also decreases as the shear angle increases.

i. In any cutting process three areas of interest requiring due consideration are shown in the figure ------by circles I, II and III.The first one is along the shear plane, second is the interface between the chip and the tool face, and the third is the finish or machine surface and the material of the tool adjacent to that surface.

Geometry of Single Point Tool:


A single point tool has only one cutting edge and is most widely used in industries. Such a tool is available in two forms. In one form it is a solid tool and in another form it is tipped tool. The tip is either brazed or mechanically held on an alloy steel shank.

Shank: It is the body of the tool or that part on which cutting edge is formed. If the tool is of insertion type, then shank is that part in which cutter is inserted.

Nose: Sometimes it designates the cutting edge, but particularly it relates to the top of cutting edge which is usually given a radius and seldom it is like a sharp point.

Face: It is that part against which chips are beared.

Base: It is the support of tool shank.

Flank: It is the end surface that is adjacent to the cutting edge and below it, when the tool is in horizontal position.

Nominal size of the tool: It is expressed by width and height of the shank and the tool length.

Tool angles:


In a single point tool, there are various angles and each of them has a definite purpose. They are listed as:

1). Rake angle

2). Clearance angle

3). Cutting angle

4). Lip angle.

Rake angle: It is the most important angle of the tool. The nominal rake angle is the angle made by the face of the tool and the plane parallel to the base of the cutting tool. If the rake angle is measured in the direction of the tool shank, it is called as back rake angle and if measured in the direction at right angles to it then it is called side rake angle.The effective rake angle depends upon the position of tool relative to the job axis.The purpose of this angle is to allow the chips to flow plastically over the tool face , so that smoother action can take place.Rake angle is the only angle on which the strength of the tool depends.

Negative rake angle: In brittle materials like brass, zero rake angle is provided, but in tougher materials like copper, negative rake angles are used because of the tougher characteristics of the materials. The tougher characteristics have a tendency to cause the cutting edge of the tool to dig into the material and spoil the job surface. Carbide tipped tools usually have negative rake angles. The main purpose of using negative rake is as follows.

a). To increase the strength of the cutting tool point

b). To give better finish

c). To decrease the temperature rise at the tool tip because more heat flows to chip from tool.

Clearance angle: It is angle of the end of side surfaces which are below the cutting edge. When the tool is in horizontal position, the normal clearance angle is measured from the plane perpendicular to the base of tool shank. The effective clearance depends upon the position of tool relative to the job. The purpose of this angle is to avoid any frictional drag of the tool on the job and prevent the tool from rubbing on the surface already cut. Its magnitude depends upon the shape of the surface being cut, and is kept as small as possible to avoid the weakening of the tool. 

Cutting angle: The true cutting angle is the angle between the face of the tool, and the line tangent to the machined surface at the cutting point.

Lip angle: It is the angle between the tool face and the ground end surface of flank. It is usually between 600-800.

Nose radius: Side and end cutting edges can be joined to form a point but that is not desirable as it leads to high heat concentration at a sharp point. Joining side and end cutting edges by an arc is the common practice. Provision of nose radius improves tool life, surface finish and reduces cutting force. However, large nose radius result in chatter and that too is not desirable. Therefore the nose radius should be selected properly.

Tool Signature: It is the numerical method of identification of tool standardized by the American Standards Association (ASA) according to which the seven elements comprising the signature of a single point cutting tool are always stated in the following order: back rake angle, side rake angle, end clearance angle, side clearance angle, end cutting edge angle, side cutting edge angle and nose radius. Symbols of degrees for angles and units for nose radius are omitted and only numerical values of those components are indicated.

Chip Formation:


In any machining operation, the material is removed from the workpiece in the form of chips, the nature of which differs from operation to operation. As the form and dimensions of a chip from any process can reveal lot of information about the nature of the process, the analysis of chip formation is very important. Chips are formed due to tearing and shearing.


In the process of chip formation by tear, the workpiece material adjacent to tool face is compressed and a crack runs ahead of cutting tool and towards the body of the workpiece. The chip is highly deformed and workpiece material is relatively undeformed. Cutting takes place intermittently and there is no movement of the workpiece over the tool face. In chip formation by shear, there is general movement of the chip over tool face. 


As the tool advances into the workpiece, the metal ahead of the tool is severely stressed. The cutting tool causes internal shearing action in the metal, such that the metal below the cutting edge yields and flows in the form of chip. Firstly the compression of the metal under the tool edge takes place and then follows separation of metal, when compression limit of that metal has been exceeded. Plastic flow takes place in a localized region called shear plane, which extends from the cutting edge obliquely upto the uncut surface ahead of the tool. When the metal is sheared the crystals are elongated, the direction of elongation being different than from that of the shear.


It may be mentioned that the deformation of the metal in the process of separation of chip, does not occur sharply across a shear plane. The grains of a metal ahead of the cutting edge of the tool start elongating along the line AB and continue to do so until they are completely deformed along the line CD. The region between the lines AB and CD is called Shear zone. After passing out the shear zone, the deformed metal slides along the tool face due to the velocity of the cutting tool. For all the mathematical analysis the shear zone is treated as a plane and is called a shear plane.


The angle made by the plane of shear with the direction of tool travel is known as shear angle ((). Its value depends on the material being cut and the cutting conditions. If (() is small, path of shear will be long, chips will be thick, and force required to remove the layer of metal of given thickness will be high and viceversa.

Fig-------------------

Types of chips:


Every machining operation involves the formation of chips, the nature of which differs from operation to operation, properties of workpiece material in the cutting condition. Chips are formed due to cutting tool which is harder and more wear resistant than workpiece material, interference between the tool and workpiece, relative motion between tool and workpiece sufficient force and power to overcome resistance of work material. The chip is formed by deformation of the metal lying ahead of the cutting edge by a process of shear. Basically, there are four types of chips:

1). Discontinuous chip: These chips are small segments, which adhere loosely to each other and form slightly larger length. Discontinuous chips are formed when the amount of deformation which the chips undergo is limited by repeated fracturing.

It has been found that segments are regularly formed due to rupture of the metal ahead of the tool. Due to rupture taking place when the material directly above the tool face is compressed to such an extent that the deformed metal starts sliding along the face and the magnitude of compression force reaches the fracture limit of the metal.

This type of chip is obtained by machining hard and brittle metals like bronze, brass and cast iron. Sometimes, cutting of ductile materials at very low feeds with small rake angle of the cutting tool and high speeds and high friction forces at the chip tool interface also result in the production of discontinuous chips. Discontinuous chips in ductile materials are formed when the hydrostatic pressure near the cutting edge is tensile or the shear energy reaches a critical value. The formation of this type of chip in brittle materials imparts good finish, increases tool life and consumes less power. Presence of discontinuous chips in ductile materials results in poor finish and excessive tool wear. Smaller chips are easier to dispose off.

If discontinuous chips are produced from the brittle materials, then the surface finish is fair, power consumption is low and tool life is reasonable. However, when these are produced with the ductile materials, then finish is poor and tool wear is excessive.

2). Continuous chip: In continuous chip formation, the pressure of the  workpiece builds until the material fails by slip along the slip plane. The inside of the chip displays steps produced by the intermittent slip, but outside of the chip is burnished smooth by chip rubbing on tool surface. It has its elements bonded together in the form of long coils and is formed by the continuous plastic deformation of metal without fracture ahead of the cutting edge of tool and is followed by smooth flow of chip up the tool face. The chips so obtained have same thickness through out. This type of chip is obtained machining ductile materials at very high cutting speed. Mild steel and copper are considered to be the most desirable for obtaining continuous chips.


Sometimes, continuous chips are produced at low cutting speed if effective cutting fluid is used because this type of chip is associated with low friction between the chip and the tool. Since finish is best, power consumption is low and tool life is high with this type of chip, this is the most preferred type. The only problem is of chip disposal which to some extent can be tackled by the use of chip breakers on the cutting tools.

3). Continuous chip with built up edge: This type of chip is very similar to that of continuous type with the difference that it is not as smooth as the previous one.

It has a built up edge, adhering on the nose of tool. The built up edge changes the effective geometry of cutting. It is obtained by machining ductile metals with high speed tools at ordinary cutting speeds,thus introducing high friction between the chip and tool face. The form and size of such an edge depends largely on the cutting speed, being absent at very low and very high cutting speeds. This type of chip is associated with poor surface finish, but protects the cutting edge from wear due to moving of chips and the action of heat, causing an increase in tool life. 

The main factors that are responsible for the formation of the built-up edge are cutting speed, rake angle of tool, condition of cutting edge, coarse feed, insufficient cutting fluid etc. The formation of built-up edge can be reduced by machining metals at higher cutting speeds, because it slows down the formation of built up edge due to low friction at the tool chip interface. The formation of built up edge can also be reduced by making the tool face smooth, by using a material with a low coefficient of friction with the work piece material and by using an effective cutting fluid. Tendency of welding can be reduced by using nonmetallic tool material. The back of the chip gives a fairly good indication of the built up edge condition. If no built up edge is there, then back of chip should be clean, smooth and highly burnished. Following points may be noted regarding built-up edge.

i). Built up edge may be formed initially by high friction forces existing on the rake face which may cause adhesion to occur. These friction forces cause the material to reach its shear flow stress along a line inclined to the rake face; a velocity discontinuity occurs and wedge shaped particles are left on the rake surface. Built-up edge may also formed by bluntness of the tool edge i.e., wear at point of the tool which may result in the formation of a dead metal zone. The subsequent growth of built-up edge at a given speed depends on the work hardening properties of the metal.

ii). Adhesion can be inhibited by using a polished tool or under certain conditions by the application of a cutting lubricant.

iii). The shape of built up edge is a function of temperature and hence cutting speed.

iv). Positive rake angles on tools decrease built up edge at low cutting speeds and negative rake angles decrease built-up edge at high cutting speeds.

v). At low cutting speeds, dimensions of built-up edge increase with increase in feed. At higher speeds, built-up edge first increases with increase in feed but after a particular value it decreases.

4). Inhomogeneous strain chip: This type of chip is produced by machining hard alloys like titanium, which suffer a marked decrease in yield strength with increase in temperature.

Chip breaker:


It is a small step or groove ground into face of tool and sometimes separate piece is also fastened to the tool or tool holder to act as chip breaker. These devices cause the chip to curl and break into pieces of short sections. Continuous chip is not desirable.

Essential features of metal cutting:

For metal cutting to be effective, it is necessary that the tool takes the form of a long angled wedge. This tool must be driven asymmetrically into the work material to remove a thin layer from a thicker body. The layer must be thin so that the imposed stress on the tool and work is within limits. Further a clearance angle must be provided on the tool to ensure that the clearance face does not make contact with the newly formed work surface. The included angle of the tool edge can vary from 550 to 900 to enable chip to divert by an angle of at least 600 as it moves away from the work, across the rake face of the tool. The whole volume of the removed layer of the work gets plastically deformed and a large amount of energy is needed for its formation and to make it move across the tool face. The knowledge of the formation of chip is thus essential. 


The formation of chip involves shearing of the work material in the region OA. A very large amount of strain takes place in the region OA in very short interval of time, which results in the fracture of metal. The cross-section of the chip is not rectangular because the metal is free to move in all directions as it formed into the chip. The chip tends to spread side ways and as a result the maximum width t2 is greater than the original depth of cut t1.  The chip spread is small with harder metals, but with soft metals when cutting with a small rake angle tool, t2/ t1> 1.5 can be observed. Usually the chip thickness is greatest near the middle and it tapers of somewhat towards the sides. The upper surface f the chip is always rough usually with minute corrugations or steps. Even with a strong, continuous chip, periodic cracks are often observed, breaking up the outer edge into a series of segments. As any volume of metal like abcd passes through the shear zone, it is plastically deformed to a new shape a’ b’ c’ d’. The amount of plastic deformation or shear strain is related to the shear plane angle the rake angle as shown in the figure. It may be noted that shear strain = b/a in Fig--------.

From figure it will be noted that for each rake angle there is a minimum strain when the mean chip thickness is equal to feed. For zero rake angle it occurs at shear plane angle of 450. Also at zero rake angle the minimum shear strain in 2 and becomes less as the rake angle is reached. Fig--- shows how the change of shape of a unit cube after passing through the shear plane occurs for different values of the shear plane angle.

Effect of various factors on metal cutting characteristics: 

i). Velocity: It directly affects the temperature at tool point. If velocity is so low that the temperature at tool point is below the recrystllisation temperature of the material, then work hardening in the chip will be retained and the built-up edge will be formed. On ductile materials, high velocity can lead to formation of less distorted and longer chips and the use of artificial chip breaker is must. It has been found that the direction of chip flow is not affected by velocity. 

ii). Size of cut: Increasing of depth of cut has not that much effect on chip as the feed. Increasing the feed widens the area of contact and changes the force per unit length resulting in great distortion of chip. In case of ductile materials it is possible to found segmented chips by increasing feed and depth of cut, but increasing them too much may lead to chatter, poor surface quality if the machine is not rigid enough. Deep turning cuts on smaller diameters have a greater percentage change in velocity along the length of the cutting edge and this may lead to erratic built-up edge behavior with poorer surface quality. It is noted that the direction of chip flow changes with change in size of cut.

iii). Tool Geometry: This changes the shear angle and ultimately the chip thickness. The smaller the rake angle, lesser the shear angle and greater the chip distortion and more the resistance to chip flow. At low rake angles, the built-up edge is bigger in size and produces rough and more work hardened surfaces, but the chip being highly distorted breaks up into short lengths. The side rake angle is found to have much more effect than the back rake angle. Increasing of side cutting edge and nose radius reduces the chip thickness thereby reducing the chip contact width to thin out the built-up edge. Too much nose radius, however, may lead to chatter in non rigid setups.

iv). Tool Material: It should be able to sustain high cutting velocities and the coefficient of friction between the chip and the tool material must not change.

v). Ductile materials produce continuous chips where as brittle materials produce segmented or discontinuous chips. In the latter case the cutting forces are also lower. Low friction, high cutting velocities and materials of low work hardening capacity are desirable features for getting less distorted chip. Addition of lead, sulphur and phosphorus to low carbon steels help to break up chips, reduce built-up edge and improve surface quality.

vi). Cutting fluid: By using cutting fluid effectively during machining operation, the tool life increases considerably. Carbon steel tools that have less heat resistance have maximum increase in tool life (nearly 50%). In case of high speed steel tools, the increase in tool life is nearly 25%. Carbide tools may show slight improvement in tool life but may also be damaged by thermal chipping. The effect on tool life for different tool materials is represented on a log-log graph (fig----) between cutting speed and time for a desirable amount of tool wear. 

vii). Inspite of large theories put forward, it is still not possible to predict precisely the forces involved in metal cutting, because of the extreme complexity and the lack of geometrical constraint which is the characteristic of metal cutting.

Geometry of chip formation:


When a wedge shaped tool is pressed against the workpiece, chip is produced by deformation of material ahead of cutting edge because of shearing action taking place in a zone known as shear plane. Shear plane separates the deformed and undeformed material.

 When the tool moves with the velocity ‘V’ against the work, it shears the metal along the shear plane AB. The depth of cut ‘t’ which is actually the feed in turning operation changes into the chip thickness ‘tc’. This experiences tool velocity components Vc and Vs (Velocity of the chip relative to the tool, and velocity of the chip relative to the workpiece along the shear plane). The former is acting along the tool face and the latter along the shear plane.

In accordance with the principle of kinematics, these three velocity vectors form a closed velocity triangle ABD as shown in fig-----. It may be noted that the vector sum of cutting velocity V and the chip velocity Vc is equal to the velocity vector Vs .

FIGURE
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The relationship between chip thickness ratio (r) and the shear angle can be obtained from the figure. The chip thickness ratio is defined as the ratio of the depth of cut (t) to the chip thickness (tc). It may be noted that in figure, AF which is perpendicular to tool-chip interface represents tc i.e., chip thickness.

From the right angle triangle ABG in fig------, AB = (t/sin() and from the right angle triangle ABF, AB = tc /sin (( - ()

Comparing these two equations, we have the chip thickness ratio 

r = t/ tc = sin(  / cos(( - () = sin(/(cos( cos( +sin( sin(); or 

(r cos(cos() /sin( + (r sin ( sin()/ sin(  = 1 or

r cos( = (1-rsin( )tan(
and the shear angle ( is given by the equation given below

tan( = r cos(/(1-r sin()

The cutting ratio or chip thickness ratio is always less than unity and can be evaluated by measuring the chip thickness and depth of cut. But actually it is very difficult to measure the chip thickness precisely due to roughness of the back surface of chip. 

Since the volume of metal removed = volume of chip.

We have tbl(= tcbclc(c.

It is found that the width of the chip is same as that of the workpiece and that the densities are also the same.

Chip thickness ratio or the cutting ratio r = t/tc = lc /l.

It is easier to measure the length of chip than the thickness of the work. Cutting ratio can also be defined as the ratio of chip velocity Vc to the cutting speed V. This ratio can be determined by mathematically by finding the kinetic forces acting in the chip. The forces acting on the chip are static normal force N and tangential force F. Normal force N is balanced by the centrifugal kinetic force mV2/r = m V d( /dt

And the tangential force F is balanced by the kinetic force is –m (dv/dt).

Since F = (*N

-m (dv/dt) = (mV d( /dt or (dv/dt)= (V(d( /dt)

Integrating both sides within limits of cutting speed V and the chip velocity Vc
 Vc/V = e-(( = e-(((/2 - ()  

Cutting ratio = e-(((/2 - () 

The shear angle can be measured by measuring the chip thickness, depth of cut and the rake angle of the tool. When ( is small tc is large compared to t which gives low cutting ratio and long shear plane. On the contrary when ( is large tc is small and hence high cutting ratio. In other words it approaches unity. It is always desirable to obtain the shortest possible shear plane, because for a fixed shear strength, reduction in shear plane area reduces the shearing forces required to produce sufficient stress. It has been observed that with carbide tools better cutting conditions can be achieved with negative rake tools and high cutting speeds.

Thermal aspects of metal machining:


Considerable heat is generated at the cutting edge of the tool due to friction between tool and work, and the plastic shearing of metal in the form of chips, when the tool is machining metal on a machine tool. The heat is evolved at three zones A, B and C as shown in the figure. In zone A (shear zone) maximum heat is generated because of the plastic deformation of the metal and practically all of this heat is carried away by the chip as machining is rapid and continuous process. A very minor portion of this heat (5 -–10%) is conducted to the workpiece. In zone B known as friction zone, the heat is generated mainly due to the friction between moving chip and the tool face and partly due to secondary deformation of the built up edge. In zone C known as work-tool contact zone, the heat is generated due to burnishing friction and the heat in this zone goes on increasing with time as the wear land on the tool develops and goes on increasing. The direction of maximum heat flow form these zones to chip or workpiece is indicated by the arrows in figure, of course, some heat always flows in other directions also.


It will be noted that each of these zones leads to rise of temperature at the tool chip interface and it is found that the maximum temperature occurs slightly away from the cutting edge, and not at the cutting edge. This temperature plays a major role in the formation of crater on the tool face and leads to failure of tool by softening and thermal stresses. The temperature at the tool chip interface can be determined either by tool work thermocouple or by calorimetric setup. 

Q = The heat generated in metal cutting * tangential cutting force/ 427 kcal/min

And the heat dissipated per minute by the chip (Qc)

Qc = weight of chips *specific heat of work material *increase in         

                                                                                  temperature/1000 kcal/min

 
The ratio (Qc/Q) is indication of percentage of heat that can be dissipated by the chips. This ratio is fairly independent of cutting speed except at very low speed (of the order of 4000C) but the temperature of the tool rake face or tool-chip interface increases with increase in cutting speed and is about twice the temperature of the chips. 

The distribution of heat in chips, tool and work versus cutting speed is shown in the figure and it is found that distribution of heat in chips, workpiece and tool is in the ratio of 80:10:10, when cutting with carbide cutters at speed over 30 m.p.m.

The various factors, which lead to maximum tool temperature, are cutting speed, feed, properties of materials etc. These machining variables effect the size of the shear zone and thereby the area over which the heat is distributed. Shorter length of contact of chip with tool results in severe temperature rise. 


Cutting temperature depends upon several factors like workpiece and tool material, cutting conditions, cutting fluid and tool geometry. If a material has high tensile strength and hardness, more energy is required for chip formation and more heat is generated. If the thermal conductivity is high then the temperature developed will be lower. Cutting temperature is also dependent on cutting condition, cutting speed, feed and depth of cut. At very high speeds the cutting fluid is not able to reach the tool-chip interface and as such the cutting fluid does not affect the tool-chip interface temperature. The speed at which the cutting fluid becomes ineffective decreases as the depth of cut increases. Temperature variation of 200C has only been noticed for rake angle change from –100 to +300. It increases with increase in approach angle and radius of tool.

Factors affecting temperature: The various factors influencing cutting temperature are:

i). Workpiece and tool material: Tensile strength and hardness of workpiece material have considerable influence on cutting temperature. Materials with higher thermal conductivity produce lower temperature than tools with lower conductivity.

ii). Cutting conditions: The cutting speed has predominant effect on the cutting temperature. Feed has little effect, and least depth of cut.

iii). Cutting fluid: At high speeds, such as employed for carbides, cutting fluid has negligible effect on tool chip interface temperature. The fluid is carried away by the outward flowing chip more rapidly than it could be forced between the tool and the chip. 

iv). Tool Geometry: While rake angle has only a slight influence on the temperature, it increases considerably with increase in approach angle.

Friction in metal cutting:

     
The behavior of chip on rake face of the tool caught the attention of many investigators because it was found that the value of coefficient of friction at tool chip interface is very high. It has been established that the normal stress on the interface due to the cutting force reaches such a high value that yielding occurs and the chip material flows into the aspirates on the ground face of the tool. The frictional force on the rake face over the areas where yielding occurs is then equal to the force necessary to cause shearing of either the body of the chip or the surface contaminants, and accordingly the coulomb’s laws of friction can not hold. Zorev in 1948 established that the sliding of chip on tool face behaves differently in different zones. Probably two zones called sticking region and sliding region as shown as in the figure-----could be considered. The texture of stacking zone is different from sliding zone which is composed of longitudinal scratches. Due to different types of contacts with respect to sticking and sliding, the laws for the variation of coefficient of friction principally differ very much. Coulomb’s laws o f friction holds good for sticking region and accordingly shear contact stress increases in this region on reaching a maximum value, it remains constant in sliding region. The measured value of coefficient of friction is the average of the coefficient of friction for the two zones.

The Chip-Tool interface:


The study of the movement of the chip and of the work material across the faces and around the edge of the tool deserves great attention to understand the machinability aspect. Modern experimental work has proved that the old concept of assuming frictional forces at chip tool interface, tending to restrain movement across the tool surface, is inappropriate to most metal cutting conditions. It has been established that contact between the tool and work surfaces is so nearly complete over a large part of the total area of the interface, that sliding at the interface are interlocked or bonded to such a degree that sliding is not possible. The strength of bond generated is however dependent on the tool and work materials and the conditions of cutting. Over the areas of bonded contact the tool and work materials effectively become one piece of metallic material. The undersurface of the chip and the new machined surface on the workpiece are generated by a process of fracture, which may take place at the interface or within the work material at some distance from the work interface. The bonding at tool / workpiece is promoted by plastic deformation of the surfaces and the absence of contaminants. The condition where the two surfaces are bonded is called the condition of seizure. 

The behavior of the work material at interface is more like that of an extremely viscous liquid than that of a normal solid metal. This region is therefore sometimes described as flow zone. When cutting of a metal with more than one phase in its structure, strain hardened work material accumulates, adhering around the cutting edge and on the rake face of the tool, displacing the chip from direct contact with the tool. The built-up edge is a dynamic structure being constructed of successive layers greatly hardened under extreme strain conditions. It is generally observed with cutting of steel and cast-iron, that sliding occurs at extremely slow speed, built-up edge at intermediate speed and sliding at extremely high speed. 

Stress distribution on tool during cutting:


In the absence of the built-up edge, sticking or seizure occurs at the interface near the tool edge and sliding takes place beyond the sticking region. Figure shows the distribution of compressive and shear stress. The compressive stress is maximum at the cutting edge and falls to zero where the chip breaks contact with the tool. The shear stress shows a lower maximum at the cutting edge and falls to zero where the chip breaks contact with the tool. The shear stress shows a lower maximum at the cutting edge and falls to zero where the chip breaks contact with the tool. The real situation at tool / work interface is highly complex. 

Heat and temperature at tool/chip interface:


Figure shows the temperature distribution on the tool rake surface. It will be seen that the hot spot occurs. It is observed that with increase in cutting speed, the maximum temperature on the rake face of tool rises but location of hot spot remains unchanged. It may also be noted that cold cutting edge of the tool enables it to withstand high compressive stress. The cutting edge remains cool by the continual feeding of new work material. It is also seen that with increase in cutting speed, the cutting force decreases but temperature increases. The most important heat source responsible for raising the temperature of tool is the flow zone where the chip is seized to the rake face of the tool. 

Temperature rise in machining:


In plastic deformation the energy spent is converted mainly into heat. With machining of ferrous and other high strength materials, heat generation is significant which leads to the high rise in temperature, decreased tool strength and fast wear and failure. During a machining process there can be three sources of heat generation.

a). By plastic deformation in the shear zone.

b). By sliding motion of the chip on the rake surface of tool.

c). By rubbing of job against the flank surface of the tool. With sharp tools, this is, of course negligible.

Thus total power consumption =Heat in above mentioned first and second source.

The temperature rise in primary deformation zone is proportional to heat generated in this zone.

Measurement of Tool Temperature:


Measurement of tool temperature is important as the temperature distribution on the rake face of tool decides the tool wear and tool life. It can be measured by one of the following techniques:

i). Thermocouple formed between tool and workpiece: The hot end of tool and workpiece and their cold ends act as thermocouple and emf proportional to the temperature difference is produced. The workpiece is insulated from the chuck and tailstock center. The end of workpiece is connected to a copper wire which dipped in mercury cup enables further connection serving as cold end. This point and a connection from tool provide output for connection to a milli voltmeter. It is possible to obtain a calibration curve between tool temperature and emf by laboratory methods. 

ii). Embedded thermocouples: The thermocouples are implanted in fine holes eroded in HSS tool from bottom face upto a fixed distance from the rake face, enabling measurement of temperature at several points along the rake face of tool.

iii). Infrared photographic technique: This technique is based on taking photographs of side face of tool/chip while cutting and comparing them with strips of known temperature.

MATERIALS OF WORKPIECE AND TOOLS

The steady, but slow, advancement of civilisation over

 the past thousands of years has been the result of great progress in design of tools and the materials from which they are fashioned from stone to copper, then to bronze and then to iron and after a long period to carburised iron(steel) which was the most important of all and finally to high speed steel, other alloy steel tools and sintered hard carbides which made possible great reduction in cost of finished structures and machines.

Characteristics of Tool Materials: These are several characteristics that a satisfactory tool material must possess. The most important of these are discussed below. 

1. Hot Hardness. It is the ability of the cutting tool to withstand high temperatures without losing its cutting edge. This item becomes increasingly important as the high temperature strength of the metal cut becomes greater, The red hardness of the tool materials can be increased by adding chromium, molybdenum, tungsten and vanadium, all of which form hard carbides. 
2. Wear Resistance. It is the ability to resist wear. During the process of machining, tool is affected by the abrasive action of workpiece. If the wear resistance of the failure of cutting edge which may result in poor finish on the work. The welding and strain hardening characteristics of the tool relative to those of metal cut must be such that excessive wear does not occur in the operating range of speed.
3. Toughness. This property poses limitation on the hardness of the tool, because with high hardness tool becomes brittle and weak in tension. This is particularly important in the operating range of speed and feed.
4.  Favourable Cost. The increased cost of a new material and its fabrication into an improved tool must not be more than offset by the savings involved in increased production, decreased costs of labour and overhead, and increased tool life.
Cutting Tool Materials: Prior to 1900, carbon-steel was the only type of tool steel in existence. Since then major changes have taken place in the cutting tool field. With the new materials developed, previous ones are not outdated completely because of an outstanding good quality. 

Major types of cutting tool materials are :

1. Plain high carbon tool steels 
2. Low alloy carbon tool steels
3. Semi-high speed or finishing tool steels
4. High speed steels : tungsten and molybdenum type, cobalt type
5. Cast tool alloys : cobalt, chromium, tungsten, stellite 
6. Cemented carbides(sintered carbides)
7. Minerals.

(. Silicon-carbides 


(. Aluminium oxide 


(. Diamond sapphires.

Plain High Carbon Tool Steels: Before 1900, all types of tools were made of carbon tool steels are low hot hardness and poor hardenability. They are usually quenched into brine and even then only a thin layer can be fully hardened with the attended risk of developing quenching cracks. The carbon steels are limited in use to tools of small section which operate at relatively low speed. Small tools are frequently made from carbon steels. The typical composition of the plain carbon steel is given below.


C = 0.8 to 1.3 %


Si = 0.1 to 0.4 %


Mn = 0.1 to 0.4 %


The higher the carbon content, the greater will be wear resistance of the tool. Actually when a hardened plain carbon steel tool having a tempered martensite structure is hardened plain carbon steel tool having a tempered martensite structure is heated, the smaller particles of cementite will dissolve and a corresponding amount of cementite will precipitate on the larger particles of cementite will precipitate in the larger particles as soon as carbon in the vicinity of these particles has time to migrate into position. The net result is fewer and coarser carbide particles dispersed in the ferrite matrix and hence a softer structure. This is overcome  in high speed steels by adding tungsten and molybdenum, which combine with iron carbide to form complex  carbides.

Low Alloy Carbon Tool Steels: In order to increase hardness of tools, simple addition of carbon content makes it brittle. Small amounts of chromium and molybdenum are frequently used to improve hardenability of tool steels. Typical compositions of some medium alloy-steels are given in Table 1. Upto 4% of tungsten is sometimes added to these steels in order to improve their wear resistance. These types of materials are used where wear resistance. These types of materials ate used where wear resistance. These types of materials are used where wear resistance is required. These steels are widely used for drills, taps and reamers. Their hot hardness is about the same as that of the carbon steels and are not satisfactory for high speed turning and milling. 

Table 1.

Typical Composition of Low Alloy Carbon Tool Steels
	C
	S
	Mn
	Cr
	Mo
	W
	Fe

	1.2
	0.3
	0.6
	0.5
	-
	-
	Balance

	1.2
	0.3
	0.7
	0.5
	0.5
	-
	Balance

	1.2
	0.3
	0.3
	0.7
	0.3
	1.5
	Balance

	1.3
	0.3
	0.3
	0.7
	-
	4.0
	Balance


High Speed Steels: The introduction of high speed steel made possible a significant increase in machining speed, which accounts for its name. The chief characteristics of these steels are superior hot hardness and wear resistance. The high speed steels are of two major types, viz., tungsten and molybdenum type, and cobalt type. Under the first category, the most common type of high of speed steel is 18-4-1 tool steel, which is typical of the high tungsten class of high speed steels. 18-4-1 means that this tool steel contains 18 parts of tungsten, 4 parts of chromium, and one part of vanadium. During World War I, a shortage of tungsten was faced, and realising that tungsten and molybdenum behave in the same general way, attempts were made to substitute tungsten by molybdenum; thus giving rise to two more types of HSS in the first category. It may be noted that only half as much molybdenum as tungsten is required on a weight basis to achieve the same effect. The composition of three popular high speed steels of the first category is given in Table 2. 

Table 2.

Typical Composition of W.Mo Type HSS

	Type
	W
	Cr
	V
	Mo
	C
	Fe

	High Tungsten
	18
	4
	1
	-
	0.7
	Balance

	High Molybdenum
	1.5
	4
	1
	8.5
	0.8
	Balance

	Tungsten-Molybdenum
	6
	4
	2
	5
	0.8
	Balance


All the alloys in Table 2. Contain about 0.025% sulphur as an impurity and 0.25% manganese, which will combine, with sulphur to form manganese sulphide and thus prevent embrittlement.


Sometimes cobalt (in 4, 8 or 12% ratio) is added to any of the three types of high speed steels listed in Table 2. ; The addition of which results in increase of hot hardness of the steel even beyond that of 18-4-1.




All the three elements-tungsten, molybdenum and cobalt help in achieving high hot hardness; the first two do so by forming complex carbides, and the cobalt forms an alloy by going into solid solution in the ferrite matrix and thus raises the recrystallisation temperature so that the material can retain the hardness it obtains pronounced superiority of high speed steel tools containing cobalt, particularly on high roughing cuts, is due to their tendency to strain harden at the surface when abraded or scratched.


Vanadium in high speed steels forms very hard carbides (vanadium-iron-carbide being the hardest constituent in HSS) and thus increases the wear resistance of the tool at all operating temperatures. Vanadium also helps to inhibit grain growth at the high temperatures required in heat treatment. Due to above reason, increased vanadium content in tools is used for machining a highly abrasive material such as a high carbon high chromium die steel containing chromium and vanadium as the major constituents. These are mostly desirable tools for machining highly abrasive stock.


As the cobalt and molybdenum have a tendency to promote decarburisation, steels containing these elements should be ground to a greater depth in finishing to remove the decarburised layer which will not become fully hardened. Such steel should also be packed in carbonaceous material when being heat treated.


The chromium and cobalt have the tendency to promote retention of austenite which has further tendency to transform into martensite at a low temperature when the tool is subjected to shock of cold work as by grinding or in use of cutting. Due to this, large internal stresses are set up which frequently cause cracks to develop in the tool, resulting in the premature breakdown of the cutting edge in use. Such steels should, therefore, be tempered twice, or treated at very low temperature in order to reduce the amount of retained austenite to about 5%.

Cast Alloy Tools: A number of non-ferrous alloys (usually known as stellites0 high in cobalt have been developed for use as cutting tool materials. These materials cannot be heat treated and are used as cast from a temperature of about 12600C. These contain about 40-50% cobalt, 27-32% chromium, 14-29% tungsten and 2-4% carbon.


Though the cast alloys are not as hard as the tool steels at room temperature, but they retain their hardness to higher temperatures. Under certain conditions, the cast alloy tools give somewhat better life than the high speed steels, but they are not in wide use, due to their fragile nature. Like all cast materials, these alloys are relatively weak in tension and hence tend to shatter when subjected to a shock load or if not properly supported. 

Cemented Carbides: Though it had been discovered long back that tungsten carbide is very hard material but difficulties were faced in joining fine crystals of tungsten carbides into tool bits by sintering (prolonged heating of the compressed material just below the melting point) because the required temperature was found that tungsten carbide crystals when mixed with cobalt powder could be sintered at a temperature neat the melting point of cobalt (19800C) to provide a strong material for use in certain machining operations.


Cemented carbides are very effective in machining cast irons and certain abrasive non-ferrous alloys, but as such are not good for cutting steel because wear craters are developed on the face of the tool. This can be avoided by adding titanium and tantalum carbides to the mixture before sintering. 


According there are two general grades of metal cutting cemented carbides found in use today. These are:

(. The C-grade consisting of tungsten carbide with cobalt as a binder, for use in machining cast iron and non-ferrous metals. In this grade, cobalt concentration is varied from 3-16%. Higher is the content, greater is the resistance to shock.

(. The S-grade consisting of tungsten, titanium and tantalum carbides with a cobalt binder, for use in machining steel (Tantalum carbide:0-10%,Tic:0-16%). In this steel grain size also exerts great influence on properties of steel. The coarser grain produces soft metal but more resistance to shock.


The cemented carbides have high hardness over a wide range of temperature; are very stiff (Young’s modulus is nearly three times that of steel) ; exhibit no plastic flow (yield point) even on expressing stresses of the order of 33300 kg/cm2  ; have low thermal expansion compared with steel ; relativity high thermal conductivity ; and a strong tendency to form pressure welds at low cutting speeds. However, these are weak in tension than in compression.


These unusual properties of the cemented carbides call for special consideration in the design of carbide tipped tools. Due to the very high stiffness of the cemented carbides, they should be well supported on a shank of sufficient thickness. The tool should be so proportioned that tensile stresses are kept small. The relatively small coefficient of expansion of the cemented carbides, makes it necessary to use a relatively thin layer of braze metal so that the braze will not crack upon cooling as a result of the carbide and the braze metal. In view of the adverse pressure welding characteristics of cemented carbide tools, they should be operated at speeds considerably in excess of those used with high speed tools. 

Diamond Tools: It is a well known fact that diamond is the hardest known substance which burns to CO2  when heated to about 8100C. In addition it has lowest thermal expansion (12% that for steel), high heat conductivity (2 times that for steel), very low coefficient of friction against metals and is poor electrical conductor. Due to these properties, diamond tipped tools are sometimes used for special applications such as the production of surfaces of high finish on soft materials that are difficult to machine.


Since very high hardness is always accompanied  by brittleness, a diamond tool must be cautiously used to avoid rupturing of the point. This usually limits the use of diamond tools to light continuous cuts in relatively soft metals, and low values of the rake angle are normally used to provide a stronger cutting edge.


The very low coefficient of friction and high heat conductivity provide a low operating temperature and make it possible to use high speeds (>150 surface metre per minute) inspite of the fact that a diamond will decompose in air at temperature above 8100C. 


The relatively high cost of diamonds that are satisfactory for tools is partially responsible for their limited use. Diamonds are commercially divided into four classes : carbons, ballas, boarts and ornamental stones. The first two of these are less dense, less hard than perfect diamonds and are satisfactory for some industrial uses but not for cutting points. Diamond cutting tools are usually made from boarts, which are single crystals, less clear and fault free.


Abrasives: The abrasive grains are used in grinding wheels, abrasive belts, sand papers, sand blastings and other similar operations. These  operations actually involve cutting in which the abrasive grains produce tiny chips from  the work material.


The abrasives commonly used may either be natural of artificial (manufactured). Natural abrasives include corundum, emery, quartz, garnet and diamond. Manufactured abrasives include aluminium oxide, silicon carbide and boron carbide.



Aluminium oxide and silicon carbide are by far the most widely used of all grinding abrasives. Silicon carbide is harder than aluminium oxide but is, in general, more friable. Hardness is of importance chiefly in the grinding of very hard materials. The choice between silicon carbide and aluminium oxide lies in balancing the attrition resistance with the body strength, which determines the ability to fracture when dulled. 

UCON: It is a nitrided refractory metal alloy having composition of 50% columbium, 30% titanium and 20% tungsten with no carbide. It has excellent thermal shock resistance, high hardness, and toughness. It exhibits excellent resistance to diffusion and chip welding. It is available in the form of throwaway inserts having 3-5 times more edge life than conventional carbides. It operates in the speed range of 250-500m/min on steels of 200 BHN.

 CBN(Cubic Boron Nitride): It consists of atoms of nitrogen and boron, with a special structural configuration similar to diamond. It has high hardness high thermal conductivity. It is chemically inert. It is used as a grinding wheel for HSS tools and stellites. These are available in the form of indexable insert and are capable of machining hardened tool steel, chilled cast iron, High strength alloys. It is hardest material nest to diamond.

Sialon: The word Si Al ON stands for silicon nitride-based materials with aluminium and oxygen additions. It is produced by milling Si3N4,                                                                                             aluminium nitride, alumina and yttria. The mixture is dried, pressed to shape and sintered at 18000C. This tool material is tougher than alumina and thus suited for interrupted  cuts. Aerospace alloys and nickel-based gas turbine discs can be machined using sialon tool bit at a cutting speed of 200-300m/mt. 

Workpiece Materials: Although steel is the one of the most common materials, there are various other materials extensively used in machining. Other common materials include alloy steels, cast iron, and nonferrous metals, The following survey indicates the machinability characteristics of common machining characteristics that you will encounter for these common materials.

Low Carbon Steel : Low carbon or mild steel is one of the most common free machining materials. It may be machined using a coolant consisting of soluble ail and water. Chips will be bright and curly assuming that the cutting tool geometry is correct. If chips become smaller and discolored, this will indicate tool wear and a poor surface finish on the workpiece will result.

Medium carbon and cast steels: These materials are much tougher than mild steel. Work-hardening may occur because of cutting tool pressure against the workpiece. Chips are often produced as short broken pieces and may be colored brown or blue. Surface finish may be glazed, and tools should be kept sharp. Dull cutters will form a hard skin on the workpiece.

High carbon and alloy steels: This material will machine easily at relatively low cutting speeds. Chips will often be brown or blue in color.

Cast iron: Cast iron is a fairly free cutting material. A hard crust or skin from the casting process may be found. The first cut taken should be deep enough to get under this crust so as not to dull the cutters. Cast iron chips are black and crumbly. Light cuts will produce a fine black powder dust. Cast iron should be machined dry and the surfaces should be wiped clean before taking any measurements on the workpiece.

Brass: Brass, a copper and zinc alloy, is very free cutting. Sharp tools should be used. A high cutting speed is recommended and the chips produced will come off the workpiece in a fine spray. Brass may be machined dry. Cast brass is slightly darker in color than bar stock and the chips produced are crumbly.

Bronze: Bronze, a copper and tin alloy, is a free cutting material, but very tough. High-speed cutters may be employed for heavy roughing cuts, but close tolerance machining will be better accomplished by using carbides. A glazed surface finish and hard to remove burrs are the result of using dull cutters. Machining bronze will be facilitated with coolants of soluble oil and water. When reaming in bronze, exercise care that the reamer does not bind in the hole.

Aluminium: Aluminium is a very free cutting material and can be rapidly machined with high speeds and feeds. Care should be exercised in clamping or chucking this material to prevent marring or distortion. The metal is quite soft. Various alloy heat treatments will greatly improve machinability. Cutting tools should have a large top rake (upto 40 degrees). Chips produced will be in a thin continuous ribbon. Cutting speeds should be sufficiently high so that the heat is retained in the chips rather than in the workpiece. When a smooth surface finish is required, paraffin of kerosene may be used as a coolant. Stoning a very small radius on the cutter will also improve surface finish characteristics. Aluminium has a high thermal conductivity, and parts should be allowed to cool before precision measurements are taken.

Magnesium alloys: Magnesium is a Very light and free machining metal. Speeds and feeds for magnesium are much the same as those use for aluminium. Magnesium may be machined dry with appropriate cautions taken to prevent chips from igniting. The metal will burn vigorously. Ordinarily there is little risk of fire since the percentage of magnesium in the alloy is small. Chips produced will be in powder form or small particles depending on the depth of cut.

Plastics: Most plastics are free cutting, but many are very tough. A high-speed steel cutter may be dulled quickly. Cutters must be kept sharp. High speeds and feeds will give the best results. High speeds and course feeds will throw chips away from the cutter and reduce the rubbing action that dulls cutter rapidly. Plastics may be machined dry. However, a water jet or air jet may be used to prevent melting of the material. Soapy solutions may also be used. Speeds and feeds that avoid excessive heating should be determined by actual test.

Drills tend to cut smaller holes. This tendency may be overcome by grinding tips slightly off center. Digging in may be overcome by stoning the cutting edge and giving it a very slight negative rake.

MATHEMATICAL MODELS

[image: image1.png]



Cutting Force In Turning: The cutting forces experienced in turning operation can be resolved into three components, viz.

(. Tangential component (Ft).

(. Radial component (Fr).

(. Axial component (Fa).

Tangential component acts in the direction of cutting velocity vector and is mainly responsible for the cutting power needed. It can be expressed as 

Ft =  K1fx1dy1kgf

Where K1 = constant = 162 for 0.2% carbon steel and 124 for brass.  


F and d are feed and depth in mm and x1 and y1 are constants and their values are 0.85 and 0.96 for 0.2% carbon steel and 0.81 and 0.96 for brass.


The radial force plays no part in h.p. requirement and is given by  

Fr = K2 fx2 dy2
Where K2 = 34 for 2% carbon steel and 22 for brass, x2 and y2 are 0.8 and 1.46 for 0.2% carbon steel and 0.91 and 1.43 for brass.


Axial force Fa acts in the direction of longitudinal feed. The power required on account of this is very less compared to Ft

It is given by the relation

Fa = K3fx3dy3
Where K3 = 40 for 0.2% carbon steel and 57 for brass, x3 and y3 are 0.67 for 0.2% carbon steel and 0.97 and 0.38 for brass. 

Cutting Forces and Power during Cutting: The determination of the magnitude and direction of cutting forces during machining is important for design and selection of proper machine tool, cutting tool and accessories.

Whenever a single –point tool is cutting the metal, the resultant cutting forces P acting in oblique directions can be resolved in three directions at right angles.

(i) Vertical chip pressure (main or tangential component Pz).

(ii) Horizontal work pressure across lathe (axial component Px).
(iii) Horizontal feeding pressure across lathe (radial component Py).
Out of these three, the first one i.e Pz is most predominant as regards power absorbed and the other two although absorbing some power, are generally neglected. In order to account for these two and account for the friction to be overcome, generally 30% of the power is added to the power calculated on the basis of  Pz.


From the numerous experiments performed, the following relation for the cutting pressure on a single point tool has been established.

P = Cdafb
Where 
P = pressure, d = depth of cut, f = feed, C = constant and a and b are constants depending upon the metal being cut and other factors. But generally for most of the practical purposes, it has been observed that the following relation also gives very good results:

P = K.df = K ( (Area of cut)

 Where K is constant, i.e. pressure on the tool in kg per square cm of cut area and depends upon the metal being cut and its value for various metals is tabulated below:

	Metal being cut
	Steel

100-150
	Steel

150-200
	Steel

200-300
	Steel

300-400
	Cast iron
	Brass
	Bronze
	Aluminium

	K
	11,000
	15,300
	22,000
	26,700
	8,600
	12,000
	16,000
	6,700


If S is the cutting Speed of the tool in metres/minute, then work done per minute will be P ( S and the 

H.P. =  P ( S / 4500

MAIN CUTTING PARAMETERS AND THEIR INFLUENCE

The cutting forces depend upon several factors like work material, cutting speed, feed rate, depth of cut, approach angle, side rake angle, nose radius and tool wear. The influence of each factor is discussed below in brief.

Work Material. The cutting forces vary to a great extent depending upon the physical  and mechanical properties of the material. Tangential force can be determined by multiplying the chip cross-section with the specific cutting resistance offered by the work material, which is found to be decreasing with increasing chip thickness and increases with increase in tensile strength and hardness if the material being cut.

Cutting Speed. It will be noted that  the cutting forces first increase with increase in cutting speed and on further increase in speed reach a maximum value and start decreasing and become fairly stabilised at higher speed ranges. The initial rise in cutting force upto about 70m/min is due to the effect of built-up edge which does occur at high speeds. The cutting force at high speeds beyond 70m/min decreases because of high temperatures involved which tend to make the material plastic.

Feed. The tangential component of cutting force is greatly influenced by the feed rate. It has been observed that cutting force changes linearly with feed at higher speeds, but at slower speeds the change is exponential.

Depth Of Cut. The tangential component Pz increases in the same proportions as  the depth of cut, if the ratio of depth and feed is more than four.

Approach Angle. The chip size is dependent upon the approach angle. The tangential component Pz is more or less constant within the range 900  to 550 and increases slightly for approach angles less than 550. Axial component Px is maximum for approach angle of 900 and decreases with decrease in approach angle. Radial component Py is minimum for approach angle of 900 and increases with decrease in approach angle. 

Side Rake Angle. All the three components of cutting forces decrease as side rake angle changes from –ve value to +ve value; the tangential component alone being predominant for +ve side rake angles and other two being neglible. However for higher –ve values, both Pz and Px are considerable and thus result in vibrations. For negative side rake angles, components Pz  increases due to higher plastic deformation of chips and increased friction in the tool-chip interface. This type of variation is not so marked at higher speeds as at lower speeds.

Back Rake Angle. It controls the direction of chip flow either away from or towards the workpiece depending upon whether it is +ve or –ve. The vertical component Pz increases slightly as the back rake angle increases from –ve value  to  +ve value.

Nose Radius.  The effect of increasing nose radius is similar to as that of reducing the approach angle. Radial component Pz increases for bigger nose radius resulting in tendency for increase in tool chatter, but tool life and surface finish are improved at higher feeds and depth of cut.

Tool wear: Tangential force Px as well as Pz and Py increase considerably with increase in flank wear.

Machining Variables and Surface Roughness: The most important machining variables influencing surface roughness are as follows:

(i) Geometry of chip formation,

(ii) Cutting speed, feed and depth of cut,
(iii) Cutting fluids,
(iv) Tool geometry.
In the following paragraphs above mentioned machining variables will be discussed with reference to results from metal cutting experiments during turning operations.

 Geometry of chip formation. Chip formation during machining operations may be classified under 3 main groups as follows :

(a) Continuous chips without built up edge 

(b)  Continuous chips with built up edge 
(c) Discontinuous chips 

In the case of chips of group (a) the material passing through the plane of shear during cutting flows in a continuous chip which has a smooth burnished layer of highly compressed material, that slides in contact with the tool face. This type of chip formation is generally found to occur when machining ductile material with fine feed and comparatively high cutting speeds along with an efficient cutting fluid.


The group (b) chips are generally found to occur when machining ductile materials of high hardening type at comparatively low cutting speeds without the use of a cutting fluid. During the operation, a built up edge is formed, some fragments of which are carried away on the chip while others become part of the surface of workpiece rendering the machined surface considerably rough in the direction of cutting.


The discontinuous chips of group (c) are found to occur while machining brittle materials. In this case, the roughness of machined surface is believed to depend on the size of the chips.


Surface finish will be poor if friction between chips and tool is high. Finish is also poor if the metal has high strain hardenability.

Cutting Speed, Feed and Depth of Cut. It is found that in most of the cases surface roughness decreases with increase in cutting speed and decrease in feed and depth of cut.


 In the case of turning mild steel with cemented carbide tools, the roughness is found to decrease rapidly upto some critical value of speed after which there is very little improvement. This is explained to be due to the reduction in the size of built up edge with increase in cutting speed, which becomes insignificant after some value. But in the case of finish turning on extruded aluminium alloys with carbide tools.


At the optimum cutting speed at which the effect of built up edge is negligible, the profile of the cutting edge of tool is reproduced on the work surface and this ideal surface roughness is mainly dependent on cutting feed. It may be noted that the size of the chip cross-sectional area has a large effect on surface finish. Surface finish is poor for large cut, which is desirable from consideration of high tool life and power consumption. Large feed is more detrimental to surface finish from consideration of high tool life and power consumption. Large feed is more detrimental to surface finish than a large depth of cut.

Cutting Fluid’s effect on Surface Roughness. The use of cutting fluids during machining operations in many instances results in an improvement in surface finish. This is because of the reduction in the coefficient of friction and a lessening in the size of built-up edge. 


It is further explained that the cutting fluid penetrates into the chip tool interface by a capillary action. Following this penetration, most effective cutting fluids reduce adhesion between chip and tool face by a chemical reaction with the newly formed chip surface resulting in the formation of a physically stable compound of a lower shear strength at the interface. 


The extent to which this reaction takes place is dependent on the time available for the formation of the new compound and, therefore, upon the cutting speed. Hence at low cutting speed the action of cutting fluids is more complete that at higher speeds.

Tool Geometry. The important tool characteristics considered here are the nose radius, rake angle tool plan contour. In general, an increase in tool true rake angle improves the surface finish considerably as it reduces the size of built up edge. A change in relief angle of tool has a very slight effect on surface finish.


An increase in the side cutting edge angle ordinarily improves the surface finish. Since increase in end cutting edge angle increases the height of the feed ridges on the work surface, it makes the finish worse. 


In finish turning aluminium alloys with carbide tools indicates that roughness decreases as the nose radius is increased. Tools with very small nose radii produce surfaces with much sharper irregularities than tools with larger ones. Moreover, sharper pointed tools are subjected to rapid deformation. Generally a radius of not less than 1.00 mm is recommended if the feed is greater than 0.50 mm.


In case of mild steel with carbide tools shows that at slow speeds roughness decreases as the positive rake angle increases, whereas at high speeds the roughness decreases as the negative rake angle increases. These variations are said to be due to the effect of speed and rake angle on the formation of the built up edge.

Effect of Tool Material. A material, which permits high cutting speed, will produce better surface finish. Thus the order would be carbon steel. HSS, Cast alloy, Sintered carbide tools. Diamond produces best finish due to smaller built up edge as a result of low friction of the metal on the face of the diamond. 

Effect of Work Material Variables. High hardness and strength and low ductility result in good surface finish. 

Chemical Composition. Addition of sulphur, selenium or lead to steel or lead to brass ordinarily results in improved surface finish.

Effect of Roughness on Tool Life. In machining operations the profile of the tool will be duplicated on the machined surface. Hence the poorly finished tool only reproduces its ragged profile on the machined surface. Examples are given where the number of pieces per grind is increased by 4 to 5 times when the tool was ground and lapped to maintain a good surface at the cutting edge. 

Summary. Surface finish is one of the important criteria to be considered for proper functioning of many machine parts, as it has a great influence on both friction and wear.


The surface roughness is directly dependent on  the square of the feed and inversely proportional to the size of the nose radius of tool. Slow cutting speed results in formation of built-up edge and thus poor finish. Rake angle also has a noticeable effect at low speeds, but its effect is small at speeds used for finish machining. Cutting fluid, in so far as it inhibits build-up edge, has also some effect at low cutting speeds used for finish machining. Cutting fluid in so far as it inhibits build-up edge has also some effect at low cutting speeds. Depth of cut does not have much influence till it is large enough to cause chatter.


It is found from results of metal cutting experiments that machining variables like cutting speed and feed, geometry has a marked influence on the quality of surface produced. But, in practice the machining variables are often adjusted so as to five dimensional accuracy only and further, if the finish is unsatisfactory, the set up is adjusted until this difficulty is eliminated.


However, by giving due consideration before hand to the cutting variables a better and satisfactory control over the finish produced may be obtained, eliminating method of trial and error. 

FACTORS AFFECTING THE ACCURACY OF THE MACHINED SURFACE IN TURNING
In general the accuracy is affected by.  

(i) static alignment (leveling of machine, alignment of slideways and spindles),

(ii) steady-state effects due to the elastic forces set up in the machine structure and workpiece during cutting, and,

(iii) Dynamic machining considerations (forced vibrations or induced vibrations).

Proper levelling of machine tool and alignment of various parts needs to be tested properly. The rigidity of machine tool and work-piece combination should be increased by proper selection and setting of tool to minimize deflection due to overhang and by proper clamping and support of the workpiece. Forced vibrations are caused by unbalanced rotating masses or by periodic force vibrations caused by the teeth of milling cutter while engaging workpiece. If these cyclical force vibrations match with resonant frequencies of machine structure, these can be troublesome. These can be taken care of by reducing/increasing the spindle speed. 

Factors Affecting Temperature: The various factors influencing cutting temperature are:

(i) Workpiece and Tool material - Tensile strength and hardness of workpiece materials with higher thermal conductivity produce lower temperature than tools with lower conductivity.

(ii) Cutting Conditions – The cutting speed has predominant effect on the cutting temperature. Feed has little effect, depth of cut the least.
(iii) Cutting Fluid – At high speeds, such as employed for carbides, cutting fluid has negligible effect on tool-chip interface temperature. The outward flowing chip carries the fluid away more rapidly than it could be forced between the tool and the chip.
(iv) Tool Geometry  - While rake angle has only a slight influence on the temperature, it increases considerably with increase in approach angle.
Effect of various factors on Metal Cutting Characteristics.

(i). Velocity. It directly affects the temperature at tool point. If velocity is so low that the temperature of the material, then work hardening in the chip will be retained and the built-up edge will be formed. On ductile materials, high velocity can lead to formation of less distorted and longer chips, and the use of artificial chip breaker is must. It has been found that direction of chip flow is not affected by velocity.

(ii). Size of cut. Increasing depth of cut has not that much effect on chip as the feed. Increasing of feed widens the area of contact and changes the force per unit length, resulting in great distortion of chip. In case of ductile materials, it is possible to form segmented chips by increasing feed and depth of cut, but increasing them too much may lead to chatter, poor surface quality if the machine is not rigid enough. Deep turning cuts on small diameters have a greater percentage change in velocity along the length of cutting edge and this may lead to erratic built up edge behaviour with poorer surface quality. It is noted that direction of chip flow changes with change in size of cut.

(iii). Tool geometry. This changes the shear angle and ultimately the chip thickness. The smaller the rake angle, lesser the shear angle and greater the chip distortion and more the resistance to chip flow. At low rake angles, the built up edge is bigger in size and produces rough and more work-hardened surfaces, but the chip being highly distorted breaks up into short lengths. The side rake angle is found to have much more effect than the back rake angle. Increasing of side cutting edge and nose radius reduces the chip thickness, thereby reducing the chip contact width to thin out the built-up edge and nose radius the chip thickness, thereby reducing the chip contact width to thin out the built-up edge. Too much nose radius, however, may lead to chatter in non-rigid setups.

(v) Tool material. It should be able to sustain high cutting velocities and the coefficient of friction between chip and tool material must not change.

(vi) Ductile materials produce continuous chips (normally with built-up edge) whereas brittle materials produce segmented or discontinuous chips. In latter case the cutting forces are also lower. Low friction, high cutting velocities and materials of low work-hardening capacity are desirable features for getting less distorted chip. Additions of lead, sulphur and phosphorous to low carbon steels help to break up chips, reduce built-up edge and improve surface quality.
(vii) Inspite of large theories put forward, it is still not possible to predict precisely the forces involved in metal cutting, because of the extreme complexity and the lack of geometrical constraint, which is the characteristic of metal cutting.

The Grinding Wheel. A grinding wheel is a multitooth cutter made up of many hard particles known as abrasives, which have been crushed to leave sharp edges, which do the cutting. The abrasive grains are mixed with a suitable bond, which acts as a matrix or holder when the wheel is in use. The wheel may consist of one piece or of segments of abrasive blocks built up into a solid wheel. The abrasive wheel is usually mounted on some form of machine adapted to a particular type of work.  

Abrasives. An abrasive is a substance that is used for grinding and polishing operations. It should be pure and have uniform physical properties of hardness, toughness, and resistance to fracture to be useful in manufacturing grinding wheels. 


Abrasives may be classified in two principle groups: (a) natural, and (b) artificial or manufactured.

Natural: The natural abrasives include sandstone or solid quartz, emery, corundum, and diamond.

Sandstone or solid quartz is one of the natural abrasive stones from which grindstones are shaped. The quartz or cutting agent is relatively soft so that materials harder than quartz cannot be abraded or ground rapidly.

Emery  is a natural aluminium oxide. It contains from 55 to 65 percent alumina, the remainder consists of iron oxide and other impurities. 

Corundum is a natural aluminium oxide also. It contains from 75 to 95 percent aluminium oxide; the remainder consists of impurities.

Both emery and corundum have a greater hardness and better abrasive action than quartz.

Diamonds of less than gem quality are crushed to produce abrasive grains for making grinding wheels to grind cemented carbide tools and to make lapping compound.

As a result of the impurities in and lack of uniformity of these natural abrasives, only a very small percentage of grinding wheels are produced from natural abrasives.

Artificial: Artificial or manufactured abrasives include chiefly (a) silicon carbide, and (b) aluminium oxide.

Silicon carbide (SiC) abrasive is manufactured from 56 parts of silica sand, 34 parts of powdered coke, 2 parts of salt, and 12 parts of saw dust in a long, rectangular electric furnace of the resistance type that is built up of loose brickwork. Sand furnishes silicon, coke furnishes carbon, sawdust makes the charge porous, salt helps                        

Recommendations for Turning Processes

Turning Machines

Power drive lathe or engine lathe is truly the father of all machine tools. With suitable attachments the engine lathe may be used for turning, threading, boring, drilling, reaming, facing, spinning, and grinding, although many of these operations are preferably done on specialized machinery. Sizes range from the smallest jeweler’s or precision lathes to the massive lathes used for machining huge forgings.

Engine lathes are used by machinists to produce one-of-a-kind parts or a few short run production. They are also used for tool making, machine repair, and maintenance. 

Some lathes have a vertical spindle instead of a horizontal one with a large rotating table on which the work is clamped. These huge machines, called vertical boring mills, are the largest of our machine tools. A 25-foot diameter table is not unusual. Huge turbines, weighing many tons, can be placed on the table and clamped in position to be machined. The machining of such castings would be impracticable on a horizontal spindle lathe.

A more versatile and higher production version of the boring mills is the vertical turret lathe. It does similar work to the vertical boring mill, but on smaller scale. It is arranged with tool holders and turret with multiple tools much like that on a turret lathe, which gives it flexibility and relatively high production.

Turret lathes are strictly production machines. They are designed to provide short machining time and quick tool changes. Two types of semiautomatic turret lathes require an operator in constant attendance, the ram type and the saddle type. Small, precision, hand operated turret lathes are used to produce very small parts. Automatic chuckers require little operator action.

Fully automatic machines such as automatic turret lathes and automatic screw machines are programmed to do a sequence of machining operations to make a completed product. Automatic turret lathes are programmed by peg board or by numerical control (NC) on punched tape. Automatic screw machines, used for high production of small parts, are typically programmed with cams, although some are numerically controlled. There are several types of automatic machines: the single spindle machine, the sliding head, the multiple spindle, and the revolving head wire feed type. Multiple spindle bar and chucking machines are high production turning machines that can do a variety of operations at different stations. 

Tracer lathes follow a pattern or template to reproduce an exact shape on a workpiece. Tracing attachments are often used on engine or turret lathes.


Lathes that are numerically controlled (NC) by programming and punching tape produce workpieces such as shafts with tapers and precision diameters. NC chuckers are high production automatic lathes designed for chucking operations. Similar bar feeding NC types take a full-length bar through the spindle and automatically feed it in as needed. Some automatic lathes operate as either chucking machines or bar feed machines.

Lathes are also used for metal spinning. Reflectors, covers, and pans, for example, are made by this method out of aluminum, copper, and other metals.

Manufacturing methods for spinning heavy steel plate are entirely different. Hydraulic operated tools are used to form the steel. The method is called Floturn process. 

Digital readout systems for machine tools are becoming more common. They have a completely self guided rack and pinion that operates on the cross slide. The direct readout resolution is 0.001 in. on both the diameters and the cross slide movement. This system can also be converted to metric measure.

Turning Machine Safety:

The lathe can be a safe machine only if the machinist is aware of the hazards involved in its operation. In the machine shop as anywhere, one must always keep his mind on the work in order to avoid accidents. One should develop safe work habits in the use of setups, chip breakers, guards, and other protective devices. Standards for safety have been established as guidelines to help eliminate unsafe practices and procedures on lathes. Some of the hazards are as follows.

Pinch points due to lathe movement:

A finger caught in gears or between the compound rest and a chuck jaw would be an example. The rule is to keep your hands away from such dangerous positions when the lathe is operating.

Hazards associated with broken or falling components:
Heavy chucks or work pieces can be dangerous when accidentally dropped. Care must be used when handling them. If a threaded spindle is suddenly reversed, the chuck can come off and fly out of the lathe. A chuck wrench left in the chuck can become a missile when the machine is turned on. Always remove the chuck wrench immediately after using it.

Hazards resulting from contact with high temperature components:

Burns usually result from handling hot chips (up to 8000F or even more) or a hot work piece. Gloves may be worn when handling hot chips or work pieces, but never worn when the machine is running.

 Hazards resulting from contact with sharp edges, corners and projections:

These are perhaps the most common cause of hand injuries in lathe work. Dangerous sharp edges may be found many places: on a long stringy chip, on a tool bit, or on a burred edge of a turned or threaded part. Shields should be used for protection from flying chips and coolant. These shields are usually made of clear plastic and are hinged over the chuck or clamped to the carriage of the engine lathe. Stringy chips must not be removed with bare hands; wear heavy gloves and use hook tools or pliers. Always turn off the machine before attempting to remove the chip. Chips should be broken and 9-shaped rather than in a stringy mass or a long wire. Chip breakers on tools and correct feeds will help to produce safe, easily handled chips. Burred edges must be removed before the work piece is removed from the lathe. Always the tool bit should be removed when setting up or removing the work pieces from the lathe.

Hazards of Workholding devices or driving devices:

When workpieces are clamped their components are often extend beyond the outside diameter of the holding device. Guards, barriers and warnings such as sings or verbal instructions are all used to detect the hazards. The operator should have the knowledge of potential pinch points between the wokpiece and workholding device on power chucking devices. To safely hold the workpiece it should be checked whether the jaws are exerting sufficient gripping force. Geared scroll chuck should never be run without having something being gripped in the jaws. Centrifugal force on the jaws can cause the scroll to unwind and the jaws to come out of the chuck. Hence tools, files and micrometers should be kept off the machine. They may vibrate off into the revolving chuck or workpiece.

Spindle Braking:


The spindle or workpiece should never be slowed or stopped by hand gripping or by using a pry bar. Machine controls should be used to stop or slow it.

Workpieces extending out of Lathe should be supported by a Stock Tube:

If a slender worpiece is allowed to extend beyond the headstock spindle a foot or so with out support, it can fly outward from centrifugal force. The piece will not only bend but also it will present a very great danger to anyone standing near.

Other safety conditions:
When polishing rotating work the abrasive cloth strips should be held in each end. The hands should be kept atleast a few inches away from the work. Rags, brushes and fingers should be kept away from the rotating work especially during knurling. Roughing cuts tend to quickly drag in and wrap up rags, clothing, neckties, abrasive cloth and hair. The carriage should be moved back out of the way and the tool should be covered with a cloth when checking a boring work. When removing or installing chucks or heavy workpieces, a board should be used on the ways i.e., lathe bed so that it can slid into place. To lift heavy workpieces or chucks cranes are preferred. During this operation, the tool should be removed or turned it out of the way. Neither the gears should be shifted nor the measurements are made while the machine is running or workpiece is in motion. The file should never be used without a handle as it may cut hand or wrist if the file is struck in the spinning chuck jaw or lathe dog. Left hand filing is considered as safest in the lathe i.e., the left hand grips the handle while the right handle holds the tip end of the file 

For Super finishing Hardened Steel:

Substitution of abrasive processes for super finishing processes with hard turning leads to a significant improvement in material removal rate.
Process comparison between conventional machining and hard turning
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Hard turning is capableref. 1,2,3 of producing the same surface texture (or finish) as abrasion-based superfinishing, to as good as 1.5(-in. (Ra), without producing thermal damage. Hard turning also induces a broad range of compressive residual stresses in the surface layer that are functions of the machining parameters. It is a latest technology that enables single-step finishing of roller bearings; potentially leading to significant savings due to reduced work in process and concurrently provides manufacturers with a means for improving customer service by cutting manufacturing lead-time. The surface finish required for precision roller bearings could be generated in any one of several different combinations of speed, feed and depth of cut. The ultimate selection of the correct combination of machining parameters to be used should be governed by a predetermined optimization criterion relevant to the domain.

The current method of finishing hardened steel components requires the application of abrasive processes, such as grinding, superfinishing etc., all using randomly oriented abrasives for metal removal. The surface integrity of these components are ‘born’ inconsistent, varying from one spot to another, and are difficult and costly to control. Since many sequential processes are required, the production is very inefficient. Therefore, it is most desirable that the needs for grinding and superfinishing can be satisfied by single-point machining, a deterministic process. It has been recently shownref. 2 ​​​​​​​​ that the feasibility of eliminating grinding and superfinishing by a single-step hard turning on hardened steel, of 64 Rc, to an Ra of 2(-in. 

To increase the fatigue life of components machined:

Conventional turning followed by grinding increases the fatigue life of the components machined.


Conventional machining processes such as grinding and turning, harden materials to depths ranging from 40 to 180 (m. Turning increases the hardness of TiAlRef. 4 to approximately 500 VHN in the outer 20 (m, and hardness increase at least 50 VHN to a depth of 180 (m.  The deformed layer formed during machining recrystallizes after 1 hour at 760(C. Axial fatigue tests are performed by step loading every 106 cycles through a fixed set of stress levels until failure. At room temperature, mean fatigue strength is not affected by surface condition. At 760(C, turning improves the fatigue strength by 5%, and the average life at the final stress level by about 1.5 orders of magnitude. Fatigue resistance of the turned samples is due to the formation of a continuous, crack initiation resistant, recrystallized layer in the outer 30-50 (m. 

CNC turning for high accuracy of workpiece ref 5:

Achieving workpiece high accuracy at low cost is one of the greatest challenges in the manufacturing industry. Most of the error compensation schemes do not consider the errors that are a function of the machining process. The error sources attributable to the process can be listed as:

· Tool wear.

· Tool deflection.

· Workpiece deflection.

They are independent of the machine tool itself so that they can be measured using the machine tool through an on-machine measurement technology. A repetitive error measurement and compensation scheme can be used to improve the workpiece diameter accuracy for machining processes. The workpiece diameters are measured along the workpiece length by using a fine touch sensor. The workpiece diameters in the compensation program are modified for implementation of next pass error correction. The technology is realized on a CNC turning centre. This method works well in hard machining and turned workpieces with large length-diameter ratios where the machining process induced errors are significantly greater than errors from other sources. It demonstrates that the workpiece can obtain maximum possible machining accuracy by this repetitive measurement and compensation technique. 

Using CNC Machines and Coated Insert Tools:
Conventional Turning Process can machine jobs of some specified hardness, which should be lower than that of the hardness of the tool material. So, materials with high hardness and stiffness can not be easily machined with the ordinary turning process. They demand for a high-hardened material, which can cut them and bring them to a shape. Besides these, manufacturing specialists feel that introduction of control of systems will result in high precision machining. Hence, CNC
turning has grown rapidly to meet the industrial demands.


To machine hard materials hard turning is introduced. It can machine metals of very high hardness. Hard turning also supplements for finishing operation that is done after the turning process to meet the dimensional tolerances. Technology is improving in this side to obtain a super finish. Hard turning is very similar to that of the conventional turning but in this process a very high surface finish is obtained. Precision hard turning is used as a substitute for superfinishing. Surface roughness less than 7(in, surface waviness less than 60(in and residual stresses that are suitable for fatigue life can be obtained by the single step hard turning processref. 2. The variations in cutting pressures and chip-tool interface temperature that occur when machining a medium carbon steel and an austentitic stainless steel with TiC, TiN, Tic/Al2O3/TiN coated inserts were studied by keeping mainly in view their mechanical and thermal aspects. From the series of machining experiments conducted with coated natural and restricted contact tools, it is found for some coating structures the reduction of cutting pressure are achieved immediately and in case of steels and materials like TiC the reduction is reached to 20%. The average tool-chip interface temperature and the fraction of heat transferred into the tool-chip interface are influenced by thermal properties of the work piece material and the coating. The selection of work piece material with low thermal conductivity and low heat capacity and a coated material with low thermal conductivity leads to a reduction in contact length resulting in the effect of thermal barrier. As a result the heat generated during turning will concentrate only on the thin top surface of the tool that avoids the tool from diffusion and wearref. 7. People have applied so many techniques to measure the heat generated during the single point cutting operations. But researches were made to develop an accurate mathematical model, which can explain the actual cutting temperature and its consequences. Finite Element Model analysis is given priority to explain the different heat effected zones and the temperatures related to them. A good relation was found with chip surface interface.
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