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MACHINE TOOLS
UNIT-I
ELEMENTARY TREATMENT OF METAL CUTTING THEORY
Introduction:

A machine tool is a power driven device in which energy is utilized in deformation of material for shaping, sizing or processing a product to a desired accuracy by removing the excess material in the form of chips.
The machine tools are generally used for two purposes:

(i) To Produce certain form

(ii) To produce finished surfaces
Functions of Machine Tools:
1) To hold & Support the job (or) Work. 
2) To hold & Support the Cutting tool in Position
3) To move the Cutting tool, Work (or) both of them in a desired direction.
4) To regulate the cutting Speed& provide the feeding movement to one of these. 
The form of Surfaces produced depend upon the
· Shape of  Cutting tool

· Relative motion between the Cutter& WorkPiece 

· The relative motion can be obtained Either by the motion of the work piece (or) Cutting tool(or) by a Combination of both
Machine Tools classification.
· Machine Tools for Cylindrical work: Work piece is rotated about an axis,(or) alternatively the work may be at rest and the tool is rotated as well as traversed.
Ex: Lathe, Boring Machines, Cylindrical Surface Grinding machines..Etc
· Machine Tools for Flat surface work: 
Ex: Planing, Shaping, Slotting..Etc
Machining process(Metal Cutting):
· Machining Process are metal removal operations in which desired shape and surface finish are obtained by removing the unwanted material from given work piece.
Ex: Turning, Drilling, Shaping, Milling, Broaching, Drilling, Grinding..Etc...
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Fig:Metal Cutting Processes
Basic Elements of all Machining Operations are as follows:
1. Work piece
2. Tool
3. Chip
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Fig: Basic Elements of all Machining
The Conditions which have important influence on Machining are:
1. work material
2. Cutting tool material, Geometry
3. Cutting speed, feed, depth of cut, Cutting fluid used.
PRINCIPAL ELEMENTS OF METAL MACHINING:

1) Cutting Speed

2) Feed

3) Depth of cut

Cutting Speed: It can be defined as the relative surface speed between the tool & the job .It is expressed in (m/min)
	Cutting speed (V) =
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Where 

D = Diameter of work piece in mm

N=Speed in R.P.M


Importance of Cutting Speed:

a) It affects tool life & efficiency of machining.
b) If cutting Speed is too high, the tool gets overheated & its cutting edge may fail.
c) If it is too low, too much time is consumed in machining & full cutting capacities of the tool & machine are not utilized properly.
Feed: The rate at which cutting tool advances in to the work surface, and is expressed in mm/revolution (or) mm/stroke.
Factors influencing Cutting speed& feed of cutting tool:
a)  Material being machined, 
b) Material of the cutting tool,
c) Geometry of cutting tool,
d)  Required degree of surface finish, 
e) Type cooling/coolant being used.
Depth of Cut:  It can be defined as the thickness of the layer of material removed in one cut (or) in one pass, measured in a direction perpendicular to the machined surface and is expressed in (mm)
	Depth of Cut:  [image: image6.png]



D=Intial Diameter of wok piece in mm
d= diameter after turning in mm


Cutting Tool:
· A cutting tool is any tool that is used to remove metal from the work piece by means of shear deformation.
· It is one of most important components in machining process
· It must be made of a material harder than the material which is to be cut, and the tool must be able to withstand the heat generated in the metal cutting process. 
· Classification of cutting tools
All the cutting tools used in metal cutting can be broadly classified as:

1) Single point cutting tool

2) Multiple point cutting tool
1) Single point cutting tool: The tool having only one cutting edge on its point.
Ex: Lathe, Shaper, planer, boring tools. Etc
2) Multi point Cutting tools:The tool having two or more than two cutting edges. 
Ex: Milling cutters, Drills, Grinding wheel..Etc.

According to the motion Cutting tool are classified as
a. Linear motion tools:  Lathe, boring, planing,shaping tools..Etc
b. Rotary motion tools:  Milling cutters, grinding wheels Etc
b. Linear and Rotary tools: Drills, honing tools,boring heads Etc…
· Depend up on the direction of feed& shape single point tools may be classified as two types.

1.Right Hand cut Tool: 

Example: In lathe, right hand tool cuts from right to left i.e. tool is fed from tail stock to head stock.
      
 2. Left Hand cut Tool: The tool will cut when fed from left to right
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Single Point Cutting Tool
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Geometry of Single Point Cutting Tool:

· Shank: Main body of tool, it is part of tool which is gripped in tool holder.

· Face: Top surface of tool between shank and point of tool. Chips flow along this surface
· Base: Bearing surface of tool on which it is held in a tool holder..
· Point: Wedge shaped portion where face & flank of tool.

· Cutting Edge: It is the edge on the face of the tool which removes the material from the work piece.

· Flank: The surface (or) surfaces below &adjacent to the cutting edge is called flank, when tool lies in a horizontal position
· Nose radius: Cutting tip, which carries a sharp cutting point. And also it is the point where side cutting edge and end cutting edge intersect. Nose provided with radius to enable greater strength, increase tool life & surface life. 
PRINCIPAL ANGLES OF SINGLE POINT TOOLS:
The most significant terms in the geometry of a cutting tool angles are:
· Rake angle

· Back Rake angle
· Side Rake angle
· Relief angle
· Side relief
· End relief
· Cutting edge angle
· Side Cutting edge angle
· End Cutting edge angle
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1.Rake angle:

· It is the angle formed between the face of the tool and a plane parallel to its base
a) Backrake angle:. If this inclination is towards the shank, it is known as back rake (or) top rake angle.
b) Side Rake angle: When it is measured towards the side of the tool, it is called the side rake angle.

c) These rake angles guide the chips away from the cutting edge, thereby reducing the chip pressure on the face and increasing the keenness of the tool. So that less power is required for cutting. 
d) It is important to note that an increased rake angle will reduce the strength .of the cutting edge. With the result, the tools used for cutting hard metals are given smaller rake angles whereas those used for softer metals contain larger rakes.
e) When no rake is provided on the tool, it is said to have ZERO rake. When the face of the tool is so ground that it slopes upwards from the point is said to contain a negative rake. It obviously, reduces the keenness of the tool and increase strength of the cutting edge. Such rake is usually employed on carbide tipped tools when they are used for machining extra-hard surfaces, hardened steel parts and for taking intermittent cuts.
2. Relief angle:  It is the angle formed between the flank of the tool and a perpendicular line drawn from the cutting point to the base of the tool.
a) Side relief angle: It is the angle between the portion of the side flank immediately below the side cutting edge and a line perpendicular to the base of the tool, and measured at right angle to the side flank.
b) End relief angle: It is the angle between the portion of the end flank immediately below the end cutting edge and a line perpendicular to the base of the tool, and measured at right angle to the end flank.
· Tools with increased values of relief angles penetrate and cut the work piece material more efficiently and this reduce4s the cutting forces.

· Too large relief angles weaken the cutting edge and there is less mass to absorb and conduct the heat away from the cutting edge.

3. Cutting edge angle:
a) Side cutting edge angle: It is the angle between the side cutting edge and the side of the tool shank.

b) End cutting edge angle: It is the angle between the end cutting edge and a line normal to the tool shank. This angle provides a clearance or relief to the trailing end of the cutting edge to prevent rubbing or drag between the machined surface and the trailing part of the cutting edge.

TOOL SIGNATURE:
The term tool signature or tool designation is used to denote a standardized system of specifying the principal tool angles of a single point cutting tool. 
Some common systems used for tool designation or tool nomenclature are the following

1) American Standard Association (or ASA) System: It defines the principal angles like side rake, back rake, nose, etc.Without any reference to their locations with regard to the cutting edge. 
· As such, this system of nomenclature does not give any indication of the tool behavior with regard to the flow of chip during the cutting operation. 
· The three reference planes adopted for designating different tool angles are similar to those used in conventional machine drawing, i.e., X – X, Y – Y and Z – Z, the last one containing the base of the tool and the two planes being normal to this plane, as well as mutually perpendicular. 
2) The orthogonal system: In this system of reference planes it is assumed that the cutting tool is operating against the work piece.
· As usual, there are three main reference planes. One of these, the horizontal plane, contains the base of the cutting tool and is known as the Base Plane. The second plane, which is perpendicular to the base plane, contains the principal cutting edge (c) and is called the Cutting Plane.
·  The third plane, which is peipendicular to both the above planes, is known as Orthogonal Plane. 
· This set of reference planes is known as Orthogonal System of Reference Planes.
TOOL GEOMETRY IN COORDINATE SYSTEM:
This system, having been adopted by American Standards Associan (A.S.A), is also known as A.S.A system of tool signature. Also, because of the nomenclature of reference planes as X, Y and Z, some authors describe it as X — Y — Z Plane System. This system is quite convenient in describing the tool angles of a single-point cutting tool. This system of reference planes, together with the principal angles of a single point cutting tool, is shown in Fig. The various tool angles shown in the figure are.
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Tool anglevs in coordinate system (A.S.A system).
o = Top rake/Back rake angle
o, = Side rake angle ;
By = End relief/Clearance angle
Bx = Side relief/Clearance angle
¢. = End cutting edge angle




	αy-αx--- βy-- βx—φe—φs--R


αy = Top rake/Back rake angle

αx = Side rake angle

βy = End relief/Clearance angle

βx = Side relief/Clearance angle

φe = End cutting edge angle
φs = Side cutting edge angle
R= Nose radious
Example: Describe a tool with 8, 10, 6, 6, 6, 10, 2 signature in A.S.A system.

Solution:
Back rake(αy ) = 80

Side rake (αx) = 10°

End relief angle (βy) = 6°

Side relief angle (βx) = 60o

 End cutting edge angle (φe) = 60o 

Side cutting edge angle (φs) = 10°

Nose radius
= 2 mm
TOOL GEOMETRY IN ORTHOGONAL SYSTEM
This system is also known as Orthogonal Rake System (0.R.S.) or International System. Many tool parameters are variable in this system and their actual values are effected by the tool position with regard to the workpiece in actual operation. The different tool angles in this system, as shown in Fig. are the following.
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Tool angles in Orthogonal (O.R.S.) or International System.




	λ- α- γ- γ1-φ1-φ0--R


λ = Angle of Inclination or Inclination angle 
α = Orthogonal rake angle
γ = Side relief angle
γ1= End relief angle
φ1= Auxiliary cutting angle or Secondary cutting edge angle 
φ0= Approach angle (or) Principal Cutting edge angle.
α= rake angle
Example: Describe a tool with system 0 - 10 - 5 - 5 - 8 - 90 - 1 signature in O.R.S System

Solution:

λ = 0° (Inclination angle)

α = 100 (Orthogonal rake angle)

γ = 5° (Side relief angle)

γ1= 5° (End relief angle)

φ1= 8° (Auxiliary cutting angle)

φ0= 90° (Approach angle)

R = 1 mm (Nose radius).
 INTER-RELATIONSHIP BETWEEN ASA AND ORS SYSTEMS:
Several times we are required to convert some tool parameters in ASA system to ORS system and vice versa. The following relationships will help in such conversions
	tan α = tan α y. Cos  φ0+ tan α x. Sin  φ0
tan λ=tan α y. . Sin  φ0-tan α x. Cos  φ0
tan α x= Sin  φ0tan α- Cos  φ0. tan λ

tan α y= Cos  φ0. tan α+ Sin  φ0. tan λ


ORTHOGONAL AND OBLIQUE CUTTING:
In the metal cutting operation the tool is wedge-shaped and has a straight cutting edge.Basically, there are two methods of metal cutting, depending upon the arrangement of the cutting edge with respect to the direction of relative work-tool motion:

1. Orthogonal cutting (or) Two Dimensional cutting

2. Oblique cutting (or) Three Dimensional cutting
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                      Fig: Orthogonal cutting (or) Two Dimensional cutting
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Fig: Oblique cutting (or) Three Dimensional cutting
Comparison between Orthogonal cutting' and 'Oblique cutting'

	S. No.
	Aspects
	Orthogonal cutting
	Oblique cutting

	1.
	Inclination of the cutting

edge of the tool.
	Perpendicular to the direction

of tool travel,
	Inclined at an angle with the

normal to the direction of tool

travel.

	2.
	Clearance of the workpiece

width by the cutting edge.
	The cutting edge clears the

width of the workpiece on

either ends.
	The cutting edge may or may not

clear the width of the work-

Piece.

	3.
	The chip movement.
	The chip flows over the tool

face and direction of chip flow velocity is normal to the cut-ting edge. The chip coils in a tight flat spiral.
	The chip flows on the tool face making an angle with the

normal on the cutting edge. The chip flows sideways in a long curl.

	4.
	Number of components of

cutting force acting on the

tool.
	Only two components of the

Cutting force act on the tool.

These two components are per-pendicular to each other and can be represented in a plane.
	Three components of the forces

(mutually perpendicular) act at the cutting edge.

	5.
	Maximum chip thickness

occurrence,
	Maximum chip thickness

occurs at its middle.
	The maximum chip thickness

may not occur at middle.

	6.
	Tool Life.
	Less
	More.


 TYPES OF CHIPS:
The chips produced during machining of various metals can be broadly classified into the following three types. The production of any particular type will largely depend upon the type of material being machined and the cutting conditions used(Tool geometry, cutting speed, feed and depth of cut, cutting fluids).

1.Discontinuous or segmental chips: 
· This type of chips is produced during machining of brittle materials like cast iron and bronze.These chips are produced in the form of small segments, as illustrated in Fig. 
· In machining of such materials, as the tool advances forward, the shear-plane angle gradually reduces until the value of compressive stress acting on the shear plane becomes too low to prevent rupture.
· At this stage, any further advancement of the tool results in the fracture of the metal ahead of it, thus producing a segment of the chip.
· With further advancement of the tool, the processes of metal fracture and production of chip segments go on being repeated, and this is how the discontinuous chips are produced. 

· Such chips are also sometimes produced in the machining of ductile materials when low cutting speeds are used and adequate lubrication is not provided. 

· This causes excessive friction between the chip and tool face, leading to the fracture of the chip into small segments. 

· This will also result in excessive wear on the tool and a poor surface finish on the workpiece. 

· Other factors responsible for promoting the production of discontinuous chips are smaller rake angle on the tool and too much depth of cut.
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Fig: Discontinuous chip
2. Continuous chip. 
· The presence of separated segmental elements is totally eliminated in this case.
· This type of chip is produced while machining a ductile material, like mild steel, under favourable cutting conditions, such as high cutting speed and minimum friction between the chip and [image: image1.jpg]MILLING

% %/

TURNING SHAPER AND PLANER MILLING
BROACH /DRILL GW#EE'EG
”,
’%A//////,
3 RAIN
/7,
2 ////

7/,

BROACHING DRILLING GRINDING

(GREATLY MAGNIFIED)

Fig. 3-4 Chip cutting in typical machining operations.



the tool face. If otherwise, it will break and form the segmental chip. 
· The friction at the chip-tool interface can be minimized by polishing the tool face and adequate use of coolant. 
· Also, with diamond tools the friction is less. The basis of the production of a continuous chip is the continuous plastic deformation of the metal ahead of the tool, the chip moving smoothly up the tool face (Fig).Other factors responsible for promoting its production are bigger rake angle, finer feed and keen cutting edge of the tool.[image: image16.png]WORK '\, PIECE
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Fig: continuous chip

Continuous chip with built-up edge. 

· This type of chip is usually formed while machining ductile material when high friction exists at the chip tool interface. The upward flowing chip exerts pressure on the tool face. 
· The normal reaction NR of the chip on the tool face (below Fig) is quite high, and is maximum at the cutting edge or nose of the tool. 
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Fig: Continuous chip with built-up edge
· This gives rise to an excessively high temperature and the compressed metal adjacent to the tool nose gets welded to it. 
· The chip is also sufficiently hot and gets oxidised as it comes off the tool and turns blue in colour. The extra metal welded to the nose or point of the tool is called built up edge. 
· This metal is highly strain hardened and brittle. With the result, as the chip flows up the tool, the built up edge is broken and carried away with the chip while the rest of it adheres to the surface of the work piece, making it rough. Due to the built-up edge the rake angle is also altered and so is the cutting force. 
· The common factors responsible for promoting the formation of built-up edge are low cutting speed, excessive feed, small rake angle and lack of lubricant.
Adverse effects of built-up edge formation
a) Rough surface finish on the work piece.
b) Fluctuating cutting force, causing vibrations in cutting tool.
c) Chances of carrying away some material from the tool by the built-up surface, producing crater on the tool face and causing tool wear.
For avoiding the formation of-built-up edge the following precautions are      required
a) The coefficient of friction at the chip-tool interface should be minimised by means of polishing the tool face and adequate supply of coolant during the operation.
b) The rake angle should be kept large.
c) High cutting speeds and low feeds should be employed, because at high speeds the strength of the weld becomes low. Similarly, at very high temperature also the strength of the weld becomes low.
CHIP THICKNESS RATIO

· During the cutting action of a metal it will be observed that the thickness of the deformed or upward flowing chip is more than the actual depth of cut.
·  It is because the chip flows upwards at a slower rate than the velocity of the cut. The velocity of the chip flow is directly effected by the shear plane angle. 
· The smaller this angle the slower will be the chip-flow-velocity and, therefore, larger will be the thickness of the chip. Refer to Fig.
 Let,
 t= Chip thickness before cut

 tc= Chip thickness after cut
and φ=Shear angle, α=Rake angle
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The above discussion leads to the result that tc> t 
· The chip thickness ratio 'r' is given by
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Since tc is always greater than t the value of chip thickness ratio 'r' is less than unity. The higher the value of 'r' the better is supposed to be the cutting action. The reverse of 'r' is known as chip reduction coefficient. If 'k' is the chip reduction coefficient, then
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· Now, in orthogonal cutting the width of the chip equals the width of the cut. Considering the specific gravity of the metal as constant, the volume of the chip produced will be equal to the volume of the metal cut. 
· Widths of both being equal, the product of the chip thickness and its length will, therefore, be equal to the product of the thickness and the length of the metal cut. If L1 and L2 are the lengths of the metal cut and the chip respectively, it follows that 
. 
t.L1=tc.L2
	    tc
r =    —

     t    


In the given Fig. we have two right angled triangles ABC and ABD. Considering the right angled triangle ABC, we have 
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Now, considering the right angled triangle ABD, we have 
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Now, by equating the above equations
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Divide above Equation both Sides by Sin[image: image45.png]
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Then,
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CHIP CONTROL AND CHIP BREAKERS:
The chips produced during machining, specially while employing higher speeds in machining of high tensile strength materials need to be effectively controlled. 
· This requirement is more pronounced if carbide tipped tools are being used for machining, because in that case higher speeds will be used and, therefore, due to high temperatures the resulting chip will be continuous, of blue colour and take the shape of a coil. 
· Such a chip, if not broken into parts and removed from the surroundings of the metal cutting area, is likely to adversely effect the machining results in one or more of the following ways :
1) It may adversely effect the tool life by spoiling the cutting edge, creating crater and raising temperature.
2) Its presence may lead to a poor surface finish on the workpiece.
3) If the chip gets curled around the rotating workpiece and/or the cutting tool, it may be hazardous to the machine operator.
4) If a large and continuous coil is allowed to be formed, it may engage t1P, entire machine and even the workplace. It is quite dangerous.
5) Very large coils offer a lot of difficulty in their removal.

Such difficulties are, however, not encountered while machining materials like brass and cast iron, because in their machining continuous chips of the above type are not produced. But, in case of continuous chips some means must be used to overcome the difficulties and adverse effects mentioned above. 

For this purpose the chip breakers are used. These chip breakers break the produced chips into small pieces. The work hardening of the material of the chip makes the work of the chip breakers easy.

The following types of chip breakers are commonly used:

1.Groove type: It consists of grinding a groove on the face of the tool, behind the cutting edge, leaving a small land near the tip, as shown in Fig.
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2.Step type: It consists of grinding a step on the face of the tool, adjacent to the cutting edge, as shown in Fig.
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3.Secondary rake type: It consists of providing a secondary rake on the tool through grinding, together with a small step, as shown in Fig.
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4.Clamp type: This type of chip breaker is very common with the carbide tipped tools. The chip breaker is a thin and small plate which is either brazed to or held mechanically on the tool face, as shown in fig:
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VELOCITY RELATIONSHIPS:

The relationship of different velocities for orthogonal cutting is shown in below Fig.  

Let the velocities depicted in the diagram be as follows:
V= Velocity of tool relative to work, or the cutting velocity, VS= Shear Velocity
    Vf = Chip flow velocity and ϕ=Shear angle, α=Rake angle
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From standard trigonometrical ratios, we get
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From these relations the values of VC and VS can be derived in terms of the known velocity V as follows

Vs=V.  [image: image80.png]CosQ.
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Vc=V.[image: image82.png]sing
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But, we know the Chip thickness ratio equation
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Therefore, by substituting ‘r’ value in equation in Vc, we get

	Vc=V.r


Forces in Metal Cutting: 

The knowledge of the forces involved in cutting operations is required to avoid excessive distortion of machine elements, to maintain the dimensional tolerances for the finished components and to determine whether the work piece is capable of withstanding the cutting forces without excessive distortion.
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Where   
FH= Cutting Force (or) Horizontal Force



Fv= Vertical (or) Tangential Force

F=Frictional force



N=Normal force



Fs=Shear force
     
Ns= Normal Shear Force
Relation of Orthogonal Cutting Forces (Merchant Theory)
In orthogonal cutting, the tool approaches the work piece with its cutting edge parallel to the uncut surface and at right angles to the direction of cutting.

· The relationship among the various forces had been found out by Merchant with a large number of assumptions.
The following are the assumptions listed in merchant’s circle diagram:

1) The tool is perfectly sharp and there is no contact along the Clearance face

2) The shear surface is plane extending upward from the cutting edge

3) The cutting edge is a straight line, extending perpendicular to the direction of motion and generates a plane surface as the work moves past it. 

4) The chip does not flow to either side.

5) The depth of cut is constant.

6) Width of tool is greater than that of work piece.

7) The work moves relative to the tool with uniform velocity.

8) A continuous chip is produced with no built up edge.

9) Plain strain conditions exist i.e. the width of the chip remains equal to the width of the work piece.

10) Chip is assumed to shear continuously across plane on which the shear stress reaches the value of shear flow stress.
Merchant’s circle Force diagram:
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Fig: Composite cutting force circle
a) Shear plane forces:
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Fig: Shear plane forces
	FS=FH Cos[image: image89.png]
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Ns=FHSin[image: image97.png]




 QUOTE [image: image98.png]


 [image: image99.png]


 +FVCos[image: image101.png]




 QUOTE [image: image102.png]


 [image: image103.png]





From Merchant’s Circle
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......... (2) 
Substitute Eq.(1) in Eq.(2)
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And also,             [image: image115.png]sin(¢p +p — a)
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By substituting (R) Eq.1in above
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b)Tool planes Forces:
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Fig: Tool planes Forces
F=FH Sin[image: image122.png]
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Equation (3) from Shear plane forces also 


be written as
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TOOL LIFE:


Tool life can be defined as the time interval for which the tool works satisfactorily between two successive grindings (sharpenings).  
· The tool life can he effectively used as the basis to evaluate the performance of the tool material, assess machinability of the workpiece material and know the cutting conditions.

There are three common ways of expressing tool life:

1. As time period in minutes between two successive grindings.

2. In term of number of components machined between two successive grindings. This mode is commonly used when the tool operates continuously, as in case of automatic machines.
3.In terms of the volume of material removed between two successive grindings. This mode of expression is commonly used when the tool is primarily used for heavy stock removal.
The life of a cutting tool is affected by the following factors
1. Cutting speed

2. Feed and depth of cut

3. Tool Geometry

4. Tool material

5. Work material

6. Nature of cutting

7. Rigidity of machine tool and work

8. Use of cutting fluids.
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EFFECT OF CUTTING SPEED

Out of all the abovefactors, the maximum effect on tool life is of cutting speed. The tool life varies inversely as the cutting speed, i.e., the higher the cutting speed the smaller the tool life. Based on the pioneer work of F.W. Taylor, the relationship between cutting speed and tool life can be expressed as:
V Tn= C
V = Cutting speed (m/min)

T = Tool life (minutes)

n = An exponent, whose value largely depends on the material of the tool, called tool life index. Upto a certain extent, its value is also influenced by some other variables like tool material, cutting conditions, etc.

C = A constant, called machining constant, which is numerically equal to the cutting speed in Metres per minute that would give a tool life of one minute.
Generally, the reduction in tool life corresponding to an increase in cutting speed is parabolic, as shown in below Fig
[image: image133.jpg]cutting
speed

m/min

tool life
min




FEED AND DEPTH OF CUT


Feed rate and depth of cut are the other important cutting variables which also effect the tool life appreciably. An increase in the feed rate and depth of cut has a similar effect, i.e. reduction in tool life, as is experienced by the tool when cutting speed is increased.
TOOL GEOMETRY


Many geometrical parameters (tool angles) of a cutting tool influence its performance and life. 
a) For example, the Rake angle has a mixed effect. If it is increased in a positive direction the cutting force and the amount of heat generated are reduced. Obviously, this should help increase the life of cutting tool. But, if it is very large the cutting edge is weakened and also its capacity to conduct heat is reduced.
b)  Thus, a considerable increase of the positive rake results in reduction of mechanical strength of the tool and, hence, lowering of tool life. Since the above two effects are opposite to each other, for an effectively economical tool life it is necessary to strike a balance between the two, for which the optinum value of rake angle needs to be used. This value varies from — 50 to + 100. The minus sign indicates a negative rake, i.e., a rake angle made by the cutting edge sloping upwards from the tip. 
c) Tools carrying negative rake provide a stronger cutting edge and, hence, a stronger tool. Cemented carbide and ceramic tools are generally provided negative rake.
d) Similar contradictory effects are observed with the variations in relief angles or clearance angles. These angles are provided on the cutting tools to prevent rubbing of tool flank against the machined work surface. 
e) They, thus, help in lowering the amount of heat generated and, therefore, increasing the tool life. 

f) But, a very large relief angle results in weakening of tool and, hence, reduction of tool life. Again, therefore, a balance needs to be struck and only an optimum value should be used. 
g) These angles normally vary from 5° to 8°, but in special cases, such as in carbide tipped tools, a higher value up to 10° can be used to prevent rubbing of shank.
h) The two cutting edge angles also have their influence on tool performance. The front cutting edge angle, also known as end cutting edge angle, effects the tool wear.
i)  Upto a certain optimum value an increase in this angle permits the use of higher speeds without an adverse effect on tool life. But, an increase beyond that value will result in reduction of tool life. It generally varies from 50 to 8°.

j) The side cutting edge angle or the plan approach angle has a complex effect on tool life. If this angle is smaller, higher speeds can be employed. A larger end cutting edge angle increases tool life.
Some other geometrical parameters effecting the tool life are

(i)Inclination angle. Tool life increases with the increase in this angle up to an optimum value.

(ii)Nose radius. While it increases abrasion, it also helps in improving surface finish and tool strength and, hence, the tool life.
TOOL MATERIAL

a) The main characteristics of a good cutting tool material are its hot hardness, wear resistance, impact resistance, abrasion resistance, heat conductivity, strength, etc. 
b) What is important to tool life is the likely changes in these characteristics at high temperature because the metal cutting process is always associated with generation of high amount of heat and, hence, high temperatures. 
c) We have already seen that the cutting speed has the maximum effect on tool life, followed by feed rate and depth of cut. All these factors contribute to the rise of temperature. 
d) That is why it is always said that an ideal tool material is the one which will remove the largest volume of work material at all speeds.
e)  It is, however, not possible to get a truely ideal tool material. We, therefore, can say that the tool material which can withstand maximum cutting temperature without losing its principal mechanical properties (specially hardness) and geometry will ensure maximum tool life, and, hence, will answer the most efficient cutting of metal.

f) We, therefore, conclude that the higher the hot hardness and toughness in the tool material the longer the tool life.
WORK MATERIAL

a) The microstructure of the work material plays a significant role because it directly effects the hardness of the material. 
b) For example, presence of free graphite and ferrite in cast iron and steel imparts softness to them. 
c) Pearlitic structure is harder than this and the martensitic structure is the hardest. Similarly, scale formation and presence of oxide layer on the work surface serve as abrasives and, therefore, have a detrimental effect on tool life.

d) The increase in cutting temperature and power consumption vary directly as the hardness of workpiece material. Consequently, higher the hardness of the work material greater will be the tool wear and, therefore, shorter will be the tool life. 
e) Adverse effects on tool life are also experienced in machining of pure metals because of their tendency to stick to the tool face, specially at high temperature. 
f) This results in more friction and, hence, high amount of wear on tool and, therefore, a shorter tool life.

NATURE OF CUTTING

a) Tool life is also effected by the nature of cutting, i.e., whether it is continuous or intermittent. In the latter case, the tool is subjected to repeated impact loading and may give way much earlier than expected until it is made substantially strong and tough. In continuous cutting, a similar tool will have a relatively longer life.

RIGIDITY OF MACHINE TOOL AND WORK
a) Both the machine tool and the workpiece should remain rigid during the machining operation. 
b) If not, vibrations will take place and then the cutting tool will be subjected to intermittent cutting instead of continuous cutting. 
c) This will result in impact loading of tool and, therefore, a shorter life.
USE OF CUTTING FLUIDS

a) Cutting fluids are used in machining work for helping the efficient performance of the operation. 
b) They are used either in liquid or gaseous form. They assist in the operation in many ways, such as by cooling the tool and work, reducing friction, improving surface finish, helping in breaking of chips and washing them away, etc. 
c) These factors help in improving tool life, permitting higher metal removal rate and improving the quality of surface finish. 
d) Details of the functions, properties and types of various cutting fluids are given separately in latter chapters.
CHARACTERISTICS OF CUTTING TOOL MATERIALS 
The materials used for the manufacture of cutting tools should possess the following characteristics

1. Ability to retain its hardness at elevated temperatures, called hot hardness.
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Ability to resist shock, called toughness.

3. High resistance to wear, to ensure longer tool life.

4. Low coefficient of friction, at the chip — tool interface, so that the surface finish is good and wear is minimum.

5. Should be cheap.

6. Should be able to be fabricated and shaped easily.

7. If it is to be used in the form of brazed tips, its other physical properties like tensile strength, thermal conductivity, coefficient of thermal expansion and modulus of elasticity, etc., should be as close to the shank material as possible to avoid cracking.

TYPES OF CUTTING TOOL MATERIALS

The following materials are commonly used for manufacturing the cutting tools. Selection of a particular material will depend on the type of service it is expected to perform.

1. High Carbon Steel,

2. High Speed Steel,

3. Cemented Carbides,

4. Stellite,

5. Cemented Oxides or Ceramics, and

6. Diamond.
1. High carbon steel: Plain carbon steels having a carbon percentage as high as 1.5% are in common use as tool materials for general class of work. They are used mainly for hand tools. They are, however less costly, easily forgeable and easy to heat treat

a) .High carbon medium alloy steels are found to be more effective than plain high carbon steels. These steels, in addition to the carbon content at par with that in the plain high carbon steels, are provided better hot hardness, higher impact resistance, higher wear resistance, etc., by adding small amounts of tungsten, chromium, molybdenum, vanadium, etc., which improves their performance considerably and they are able to successfully operate up to cutting temperatures of 350°C.

2. High speed steel: It is a special alloy-steel which may contain the alloying elements like tungsten, chromium, vanadium, cobalt and molybdenum, etc. up to 25 per cent. These alloying elements increase its strength, toughness, wear resistance, cutting ability and ability to retain its hardness at elevated temperatures in the range of 550°C to 600°C. On account of these added properties the high speed steel tools are capable of operating safely at 2 to 3 times higher cutting speeds than those of high carbon steel tools.
3.Cemented carbides: Cemented carbides possess a very high degree of hardness and wear resistance. Probably diamond is the only material which is harder than these carbides. They are able to retain this hardness at elevated temperatures up to 1000°C. With the result, the tools tipped with cemented carbide tips are capable of operating at speeds 5 to 6 times (or more) higher than those with the high speed steels.
4. Stellite: It is a non-ferrous alloy consisting mainly of cobalt, tungsten and chromium. Other elements added in varying proportions are tantalum, molybdenum and Boron. It has good shock and wear resistances and retains its hardness at red heat upto about 920°C. On account of this property, it is advantageously used for machining materials like hard bronzes, and cast and malleable iron, etc. Tools made of stellite are capable of operating at speeds up to 2 times more than those of common high speed steel tools. 
5. Cemented Oxides or Ceramics: Tools made of ceramic material are capable of withstanding high temperatures, without losing their hardness, up to 1200°C. They are much more wear resistant as compared to the cemented carbide tools. But, at the same time, they are more brittle and possess low resistance to bending. With the result, they cannot be safely employed for rough machining work and in operations where the cut is intermittent. However, their application for finishing operations yields very satisfactory results.


Ceramic tool material is used in the form of tips which are either brazed to the tool shank or held mechanically on them as the cemented carbide tips. Usually no coolant is needed while machining with ceramic tools.

6. Diamond. Diamond is the hardest material known and used as cutting tool material. It is brittle and offers a low resistance to shock, but is highly wear resistant. On account of the above factors diamonds are employed for only light cuts on materials like bakelite, carbon, plastics, aluminum and brass, etc. Because of their low coefficient of friction they produce a high grade of surface finish. However, on account of their excessively high cost and the demerits narrated above, they find only a confined use in tool industry. They are used in the form of bits inserted or held in a suitably designed wheel or bar. Diamond particles are used in diamond wheels and laps.

MACHINABILITY


Machiability of a material gives the idea of the ease with which it can be machined. The parameters generally influencing the machinability of a material are:

1. Physical properties of the material,

2. Mechanical properties of the material,

3. Chemical composition of the material,

4. Micro-structure of the material, and

5. Cutting conditions.

Since this property (machinability) of the material depends on various variable factors, it is not possible to evaluate the same in terms of precise numerical values, but as a relative quantity. The criteria of determining the same may be as follows.


1. Tool life — The longer the tool life it enables at a given cutting speed the 


better is the machinability.

2. Surface finish — It is also directly proportional, i.e., the better the surface finish 


the higher is the machinability.

3. Power consumption — Lower power consumption per unit of metal removed 


indicates better machinability.

4. Cutting forces — The lesser the amount of cutting force required for the removal 
of a certain volume of metal or the higher the volume of metal removed under 
standard cutting forces the higher will be the rnachinability.
5. Shear angle — Larger shear angle denotes better machinability.

MACHINABILITY INDEX

. The machinabilities of different materials are compared in terms of their machinability indexes. For this purpose the machinability index of free cutting steel serves as a datum, with reference to which all other machinability indexes are compared. The machinability index of this steel is taken as 100. For computing the machinability index of any other material the following relationship is used.
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But, this is only one method out of many methods used for determining mac/inability ratings of different materials. The selection of a suitable criterion or method for evaluating the machinability will depend upon the type of cutting operation. For example, a comparison between the cutting forces required for machining a particular material and those required for a standard material may form the basis of evaluating relative machinability. Similarly, a comparison between the rate of wear on a cutting tool while machining certain material with that obtained with a standard material under similar conditions may also form a basis for evaluating machinability. However, all these methods fail to provide standard ratings due to the involvement of several variable factors and, hence, not considered very reliable.

Considering that the machinability index for free cutting steel is 100% the relative machinability indexes for some materials are given in Table 5.2 as representative figures.

Table 5.2. Representative machinability indexes for some materials
	Material
	Machinability

Index (%)
	Material
	Machinability

Index (%)

	Stainless steel
	25
	Red brass
	180

	Low carbon steel
	55-65
	Aluminium alloys
	300-1500

	Copper
	70
	Magnesium alloys
	500-2000

	
	
	
	


UNIT-2

LATHE

Introduction: The lathe is one of the most important machines in any workshop. Its main objective is to remove material by rotating the work against a cutting tool. Though a lathe is used to produce cylindrical work, yet it may also be used for many other purposes such as drilling, threading, grinding, milling etc.
Lathe Working Principle:
· In a lathe, the work piece is held in a chuck or between centers and rotated about its axis at a uniform speed. The cutting tool held in tool post is fed into the work piece for desired depth and in desired direction (i.e., in linear, transverse or lateral direction).

· Since their exists a relative motion between the work piece and the cutting tool, therefore the material is removed in the form of chips and the desired shape is obtained.
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         Fig: Working principle of a Lathe

· For producing cylindrical surface, tool is fed linearly in a direction parallel to the axis of rotation (axis of worpiece).Fig.1

· If the tool is fed normal to the work piece axis, a flat surface is produced.Fig.2

· When the feed motion of tool is at angle is at an angle to the work piece axis, a tapered surface is produced.Fig3.
ENGINE/CENTRE LATHE
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Fig: Lathe
Principle parts of a lathe:


Lathe major parts are

1. Bed.

2. Headstock.

3. Tail stock.

4. Carriage.

5. Feed mechanism.
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Fig: Line diagram of a centre a lathe.

1. Bed: 
· It is the base or foundation of the lathe.

· It is a heavy rigid casting made in one piece. In majority of cases the beds are made of grey cast iron-nodular cast iron, or high strength, wear resistance cast iron. The cast iron offers the following advantages over other materials

(i) It is self lubricant: It can be hardened by induction hardening process.

(ii) It has better compressive strength.

(iii) It has excellent shock absorbing capacity.

(iv) It can easily be cast and machined.

· It holds or supports all other parts of the lathe. The top of the bed is planed to form guide ways for the carriage and tailstock. [image: image139.jpg]Ribs spaced
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· The guide ways are of two types: (a) Flat guideways (or) inverted Vee guideways. Generally, the combination of both the flat and inverted Vee guideways is used 

2. Head stock: 

· The headstock permanently fastened on the inner ways at the left-hand end of the bed. It serves to support the spindle and driving arrangements. 

· All lathes receive their power through the headstock, which may be equipped with a step cone pulley or a geared head drive.

It consists of the following main parts:

1. Cone pulley,

2. Backgears and backgear lever,

3. Main spindle or head stock spindle,

4. Live centre, and

5. Feed reverse lever

· The modern lathes are provided with all-geared headstock to get large variation of spindle speeds.

· The head stock spindle is made hollow, in order to allow the long bar or work holding devices to pass through.

· The front end of the hole is tapered for holding for holding centers and other tools having a standard Morse tapered shank. The threaded nose enables the chucks, driving plates and faceplates to be screwed.
3.Tail stock: 

· The tailstock is the counter part of the headstock and is situated at the right hand end of the bed. 

· It is used for supporting the work when turning on centers or when a long component is to be held in a chuck. 

· It is also used for holding and feeding the tools such as drills, reamers, taps etc.The body of the tailstock is a casting and placed on its base, which is shaped to fit the inner ways of the bed.

· The tail stock body is adjustable and can be moved towards or away from the operator.
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Fig:Tail stock
4. Carriage: 

It is located between the headstock and tailstock. The carriage serves the purpose of supporting, guiding and feeding the tool against the job during the operation on lathe.
· The carriage moves on the ways of the bed, therefore its motion parallel to the rotational axis of the spindle. The carriage has following major parts.
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Fig: Carriage

· Saddle: It is a H-shaped casting fitted over the bed and slides along the bed ways and supports cross slide, compound rest and tool post. It is always move in a direction normal to the axis of the main spindle.
· It provides cutting tool motion which is perpendicular to the centre line of the lathe it self. It can either be operated by hand, by means of the cross-feed screw, or may be given power feed through the apron mechanism 
. [image: image142.jpg]



  Fig: Saddle

b.Compound rest: It is mounted on top of the cross slide and carries a graduated circular base, called the swivel pate. It can be swilled in to any desired angle in a horizontal plane and its base is graduated in degrees to indicate its angular setting.

C.Tool post: It is the topmost part of the carriage and mounted above the compound rest. It is used for holding the tool (or) tool holder in position. 


Three types of tool posts are commonly used:

1. Ring and rocker Tool post

2. Quick change Tool post

3. Square head tool post
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Fig: Square Head Tool post

a. Apron: It is fasted to the saddle and hangs over the front of the bed. It contains gears, clutches and levers for operating the carriage by hand and power feeds. The apron hand wheel can be turned to move the carriage longitudinally back and forth by hand. It carries the clutch mechanism and the split half nut (or) halfnut.Out of these two,the former(clutch mechanism) is used to transmit motion from the feed rod where as the latter,in conjuction with the lead screw,moves the whole carriage in thread cutting.
6. Feed mechanism: 
· The feed mechanism of a lathe is employed for imparting various feeds (longitudinal, cross and angular) to the cutting tool. 

· The gear mechanism operated by means of the feed reverse lever is called the tumbler reversing mechanism.

· The feed mechanism consists of feed revere lever, tumbler-reversing gear, feed rod, apron mechanism and half nut mechanism.

· The feed is said to be longitudinal when the tool moves parallel to the work. It is obtain by the movement of the carriage, which can be operated by hand, or power.

· The feed is said to be cross when the tool moves perpendicular to the work. It is obtained with the help of a cross slide, which can be operated by hand, or power.

· The feed is said to be angular when the tool moves at an angle to the work. It is obtained by swiveling the compound slide, which can be operated by hand only.
Size and specification of a lathe:

The size of a lathe is determined by

1) The height of the centers measured over the lathe bed.

2) Swing or maximum diameter that can be rotated over the bed ways.

3) Swing or diameter over carriage, This is the largest diameter of work that will revolve over the lathe saddle.

4) Maximum job length in mm that may be held between the centers(Headstock and tail stock)

5) Bed length in meters which may include the Headstock length also.

6) Diameter of the hole through lathe spindle for turning bar material. 
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Fig: Lathe specifications

In addition to the above, the following specifications are necessary to provide while ordering a lathe:

(i) The length, width and depth of bed.

(ii) The depth and width of the gap, if it is a gap lathe.

(iii) The swing over gap.

(iv) The number and range of spindle speeds.

(v) The number of feeds.

(vi) The lead screw diameter.

        (vii)The number and range of metric threads that can be cut.
Types of lathe:
The fundamental principle of operation of all lathes is same and performs the same function, yet they are classified according to the design, type of drive, arrangement of gears, and purpose. The following are important type of lathes.
1. Speed lathe: 

· It is driven by power and consists of a bed, a headstock, a tailstock and an adjustable slide for supporting the tool.

· It has no gear box, lead Screw& Carriage. Head stock my have a step-cone pulley arrangement or may be equipped with a variable Speed Motor. 

· Various speeds are obtained by Cone pulley. Since the tool is fed into the work by hand and cuts are very small, therefore this type of lathe is driven at high speeds usually from 1200 to 3600 rpm. 

· Usage:It is mainly used for woodworking, centering, metal spinning, polishing etc.
2. Engine or Center lathe: 

· It is a general-purpose lathe and is widely used in workshops. 

· The main parts of engine lathe are the bed, headstock, tailstock, carriage, lead screw and feed change gear box.

· It differs from a speed lathe that it has additional mechanism for controlling the spindle speed and for supporting and controlling the feed of fixed cutting tool. 

· The cutting tool may be fed both in cross and longitudinal direction with reference to the lathe axis with the help of a carriage. 

· The engine lathe, depending upon the design of the head stock for receiving power, may be classified as belt driven lathe, motor driven lathe and geared head lathe. 

· In Belt driven lathe, Power from motor is transmitted to spindle by belt drive, In Geared head lathe power from motor is transmitted to spindle by gear drive.

· The speed changes in belt drive are obtained by shifting the belt to different steps of cone pulley. 

· In geared-Head lathe the gear ratio (Spindle speed to motor speed) is changed by Speed-Lever.

Usage: It is used for producing cylindrical components. By using the attachments and accessories, other operations such as taper turning, Drilling, milling and grinding may also be performed.
3.Bench lathe:

· The bench lathe is so small that it can be mounted on a bench. 
· All the types of operation can be performed on this lathe that may be done on an ordinary speed or engine lathe. 
· This is used for small work usually requiring considerable accuracy such as in the production of gauges, punches and beds for press tools.
4.Tool room lathe: 

· The tool room lathe is similar to an engine lathe and is equipped with all the accessories needed for accurate tool work.

·  It has an individually driven-geared headstock with a wide range of spindle speeds. 

· Since this lathe is used for precision work on tools, gauges, dies, jigs and other small parts, therefore greater skill is needed to operate the lathe.
5. Capstan and turret lathe: 

· The capstan and turret lathes are the modification of engine lathe and is particularly used for mass production of identical parts in a minimum time.

· These lathes are semiautomatic and are fitted with multi tool holding devices, called capstan and turret heads. 

· The advantage of capstan and turret lathe is that several different types of operation can be performed on a work piece without resetting of the work or tools.

6. Automatic lathe: 

· The automatic lathes are so designed that the tools are automatically fed to the work and withdrawn after all the operations are completed to finish the work.

· Since the entire operation is automatic, these lathes require little attention of the operator. 

· These lathes are used for mass production of identical parts.
7.Special purpose lathes: 

· The works, which cannot be conveniently accommodated or machined on a standard lathe, the special purpose lathes are used. 

· The gap bed lathe which has a removable section in the bed in front of the headstock tom provide a space or gab, is used to swing extra large diameter jobs.

a) Crankshaft lathe: is especially used for turning crankshafts.

b) Wheel lathe: is which is of large design, is especially used for finishing the      journal and for turning the locomotive driving wheels. 

c) Axle lathe: is used for turning car axles.

d) Precision Lathe: Precision turning of previously rough-turned work pieces.

e) Facing Lathe: Used to machine the end faces

f) Vertical lathe: It is used for turning and boring very large and heavy rotating parts which cannot be supported on other types of lathes.
Lathe Tools:

· In lathe, for general-purpose work, the tool used is a single point (tool having one cutting edge) cutting tool, but for special operations multi-point cutting tools are used. The commonly used material is high carbon steel; high speed steel, cemented carbides, diamond tips and ceramics.

The lathe tools, depending upon the nature of operation done by the tool, are classified as follows:

1) Turning tool(left hand or right hand)

2) Facing tool (left hand or right hand)



3) Chamfering tool(left hand or right hand)

4) Form (or) Profile tool



5) Parting tool



6) External and 

7) internal threading tool

8) Boring tool



9) 8.Knurling tool
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(Vii) Internal Threading tool     (viii) Boring Tool

  (IX) Knurling Tool

 Lathe Operations:

All the operations performed on a lathe can be divided into two groups:

1. Standard(or) common operations: They include facing, plain and step turning,Taper turning,knurling,threading,drilling,boring,reaming,Chamfering,forming Etc

2. Special (or) rare operations: They include grinding, milling, copying (or) duplicating, relieving, spherical and elliptical turning, spinning, tapping, dieing Etc.
Common lathe operations which can be carried out on a lathe are enumerated and briefly discussed as follows

1. Facing
2. Plain turning
3.Step turning

4. Taper turning
5. Drilling
6. Boring

7. Reaming
8. Undercutting or grooving
9. Threading

10. Knurling
11. Forming

1.Facing : 


This operation is essential for all works

· [image: image273.png]


“Facing” is an operation of machining the ends of a work piece to produce a flat surface square with the axis. 
· It is also used to cut the work to the required length.

· The operation involves feeding the tool perpendicular to the axis of rotation of the work piece.

· A properly ground facing tool is mounted in the tool post. A regular turning tool may also be used for facing a large work piece.
·  The cutting edge should be set at the same height as the centre of the work piece.
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Fig: Facing
2.Plain turning: 
· It is an operation of removing excess material from the surface of the cylindrical work piece.

· In this operation, the work is held either in the chuck or between centers and the longitudinal feed is given to the tool either by hand or power.
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Fig: Plain Turning

3.Step turning: 

· In this type of lathe operation various steps of different diameters in the work piece are produced.

· It is carried out in the similar way as plain turning.
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Fig: Step turning
4. Taper turning :

Taper turning means to produce a conical surface by gradual reduction in diameter from a cylindrical work piece.

· The tapering of a part has wide applications in the construction of machines. Almost all machine spindles have taper holes which receive taper shanks of various tools and work holding devices.
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Fig: Taper turning
 The taper angle a can be found by using the following relationship

	Tan α= (D-d)/2L


Where, D = Large diameter of taper in mm,

d = Small diameter of taper in mm,

L = Length of tapered part in mm, and  α = Half of taper angle.

Taper turning methods: Taper turning can be carried out on lathes by the following methods
(i) By setting over the tailstock centre.

(ii) By swiveling the compound rest.

(iii) By using a taper turning attachment
1.By setting over the tailstock centre:
This method is used for small tapers only (the amount of set over being limited).
· It is based upon the principle of shifting the axis of rotation of the work piece, at an angle to the axis, and feeding the tool parallel to the lathe axis. 
· The angle at which the axis of rotation of the work piece is shifted is equal to half angle of taper. 
· This is done when the body of the tailstock is made to slide on its base towards or away from the operator by a set over screw as shown in (Fig)
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Fig: Turning taper by tailstock set-over method.
· By setting tailstock centre to the back (away from the operator) the taper will have bigger diameter towards the tailstock. If the tailstock centre is taken in the front, bigger diameter will be on the headstock side. The reduction in diameter will be twice the offset of tailstock centre if entire length is turned.
· The major disadvantage of this method is that the live and dead centres are not equally stressed and the wear is non-uniform. Also, the lathe carrier being set at an angle, the angular velocity of the work is not constant.
·  It is useful for turning very long tapers up to about 5°. This method should be avoided if possible.
2.By swiveling the compound rest:

· It is the best method as it does not affect the centering of the job or centres. In this method of taper turning the work piece is rotated on the lathe axis and the tool is fed at an angle to the axis of rotation of the work piece.
·  The tool mounted on the compound rest is attached to the circular base, graduated in degrees, which may be swivelled and clamped at any desired angle as shown in Fig. 9.14. After the compound rest is set at the desired half taper angle, rotation of the compound slide screw will cause the tool to be fed at that angle and generate a corresponding taper.
· The setting of compound rest is done by swiveling the rest at the half taper angle, if this is already known. However, if the diameters of large (D) and small (d) ends are known, the half taper angle can be calculated as follows
	Tan α= (D-d)/2L   


  




α = Half-taper angle.

   



D= Larger diameter of the taper in mm.





d =Smaller diameter of taper in mm,






L = Length of the tapered Part in mm
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Fig: Taper turning By swiveling the compound rest

· Owing to the limited movement of the cross-slide, this method is limited to turn a short taper; a small taper may also be turned.

· Short lengths of tapers not exceeding 45° included angle are usually turned by this method.

· This method gives a low production capacity and poor surface finish because the move​ment of the tool is completely controlled by hand. This method is tiring if the traverse is lengthy.

3.By using a taper turning attachment:
· This method provides a very wide range of taper.

· In this method of taper turning a tool is guided in a straight path set at an angle to the axis of rotation of the work piece, while the work is being revolved between centres or by a chuck aligned to the lathe axis.
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Fig:Use of Taper Turning Attachment
· A taper turning attachment consists of a frame or bracket which is attached to the rear end of the lathe bed and supports a guide bar pivoted at the centre. 

· The bar having graduations in degrees may be swiveled on either side of the zero graduation and is set at any desired angle with the lathe axis.

· When taper turning attachment is used, the cross slide is first made free from the lead screw by removing the binder screw. 
· The rear end of the cross slide is tightened with the guide block by means of bolt.
· When longitudinal feed is engaged, the tool mounted on the cross slide will follow the angular path, as the guide block will slide on the guide bar set at an angle to the both axis. 

· The required depth of cut is given by the compound slide which is placed at right angles to the axis of the lathe.

· The guide bar must be set at half taper angle and the taper on the work must be converted in degrees. The maximum angle through which the guide bar may be swivelled is 100 to 12° on either side of the centre line.
· After every cut, the feed to the tool is given by moving the compound rest which is positioned parallel to the cross-slide (i.e., at 90° to the axis of the job).
· The required angle (i.e., angle of swiveling the guide bar) can be found out from the following relation;
	Tan α= (D-d)/2L   


  




α = Half-taper angle.

   



D= Larger diameter of the taper in mm.





d =Smaller diameter of taper in mm,






L = Length of the tapered Part in mm.
Advantages of using a taper turning attachment

1. Easy and quick setting.

2. The operator may not be highly skilled.

3. Accurate tapers can be easily obtained in a single setting.

4. Very steep taper on a long work piece may be turned which is not possible with any other method

5. If is quite suitable for internal taper as well.

6. It provides a better finish.

7. It ensures an increased rate of production because it is possible to employ longitudinal power feeds easily.

8. During the operation, normal set-up and alignment of the lathe and main parts are not disturbed (as is the case with the other methods).
5. Drilling 
· It is an operation of producing a cylindrical hole in a work piece by the rotating cutting edge of a cutter known as the drill.

· For this operation, the work is held in a suitable device, such as chuck or face plate, as usual, and the drill is held in the sleeve or barrel of the tailstock. The drill is fed by hand by rotating the hand wheel of the tailstock.
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Fig: Drilling

6. Boring 

· It is the operation of enlarging and turning a hole produced by drilling, punching, casting or forging.
· In this operation, as shown in Fig. a boring tool or a bit mounted on a rigid bar is held in the tool post and fed into the work by hand or power in the similar way as for turning.

· Boring cannot originate a hole.
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Fig:Boring
7. Reaming: 


Reaming is the operation which usually follows the earlier operation of drilling and boring in case of those holes in which a very high grade of surface finish and dimensional accuracy is needed.
· The tool used is called the reamer, which has multiple cutting edges. The reamer is held on the tailstock spindle, either direct or through a drill chuck and is held stationary while the work is revolved at very slow speed. The feed varies from 0.5 to 2 mm per revolution.

· For reaming tapered holes, taper reamers are used.
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Fig: Reaming:
8. Undercuttitig/grooving: 
· It is the process of reducing the diameter of a work piece over a very narrow surface. It is often done at the end of a thread or adjacent to a shoulder to leave a small margin.

· The work is revolved at half the speed of turning and a grooving tool of required shape is fed straight into the work by rotating the cross-slide screw.
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Fig: Undercuttitig
9.Threading: 

· Threading is an operation of cutting helical grooves on
the external cylindrical surface of the work piece.
· In this operation, as shown in Fig., the work is held in a chuck or between centers and the threading tool is fed longitudinally to the revolving work. The lon​gitudinal feed is equal in the pitch of the thread to be cut.
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Fig: Threading:

10. Knurling: 
· It is an operation of embossing a diamond shaped pattern on the surface of a work piece.

· The purpose of knurling is to provide an effective gripping surface on a work piece to prevent it from slipping when operated by hand.
· The operation is performed by a special knurling tool which consists of 1 set of hardened steel rollers in a holder with the teeth cut on their surface in a definite pattern. The tool is held rigidly on the tool post and the rollers are pressed against the revolving work piece to squeeze the metal against the multiple cutting edges, producing depressions in a regular pattern on the surface of the work piece.
· Knurling is done at the slowest speed available in a lathe. Usually the speed is reduced to 1/4th of that of turning, and plenty of oil is flowed on the tool and work piece.
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Fig: Knurling
11.Forming: 
· It is an operation of turning a convex, concave or any irregular shape.

· Form-turning may be accomplished by the following methods: 
· (i) Using a forming to& (ii) Combining cross and longitudinal feed, (iii) Tracing or copying a template.
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Fig: Forming
WORK HOLDING DEVICES:

The work holding devices must be capable of:
(i) Locating the work relative to the spindle axis

(ii) Rotating the work at required speed without slip

(iii) Giving additional support to long work pieces

(iv) Holding the work firmly so as to prevent the deflection of work by the cutting force.
The following work holding devices are commonly used on engine lathe.

1. Chucks

(a) 3-jaw chuck

(b) 4-jaw chuck

(c) Combination chuck

(d) Magnetic chuck

e) Collet chuck

2. Centres

(a) Live centre

(b) Dead centre

3. Drive (catch) plate

4. Face plate

5. Angle plate.

6. Carriers (lathe dogs)

7. Mandrels

8. Rests (steadies)

(a) Steady rest (fixed rest)

(b) Follower rest

Chucks

(i) 3-jaw chuck
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Fig: 3-jaw chuck

· In 3-Jaw universal chuck (or) self centering chuck all the jaws move together in equal amounts to clamp the work.i.e the job is

 automatically centered and reduce the time of set-up.

· The jaws are not reversible, and separate internal is soon lost due to wear. The chuck is used for holding cylindrical (or) hexagonal work.

· This chuck is unsuitable for irregular shaped work pieces which demands the use of four jaws chuck
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Fig: 3-jaw chuck
4- Jaw chuck:
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· In these chucks each jaw moves independently of the others so that wok pieces may be trued to run completely.

· It has superior gripping power than self centering chucks, and used for holding square, octagonal (or) large irregular components.

·  Jaws of 4-jaw chuck can be reversed for holding externally on the work piece and, therefore, separate internal and external jaws are not required. 

· The other advantage of4-Jaw chuck is that work can be set to run concentrically (or) eccentrically, and there is no loss of accuracy due to wear.However,the chuck is bulky and setting time is more.

[image: image166.emf]
(iii)Combination chuck: 

· It carries the combination of both 3-jaw chuck and4-jaw chuck principles

· Normally it is provided with 4-jaws which can be operated either by the scroll disc, (or) individually by separate screws.

· In addition to these, slip jaws are provided on the same to enable holding of irregular jobs.

(iv)Magnetic chuck: 
· Magnetic chucks are used to hold the steel work pieces (or work pieces made by magnetic material) that are too thin to be held in an ordinary chuck.

· The face of the chuck is magneted by permanent magnets contained with in the chuck. Due to magnetic effect, the work pieces are held on face of the chuck. This type of chuck is suitable for the work that requires only light cuts.
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Circular Type

(V)Collet Chuck:

· Collets are used when smooth bar stock, or work pieces that have been machined to a given diameter, must be held more accurately than normally can be achieved in a regular three or four jaw chuck. 

· Collets are relatively thin tubular steel bushings that are split into three longitudinal segments over about two thirds of their length. 

· The smooth internal surface of the split end is shaped to fit the piece of stock that is to be held. The external surface at the split end is a taper that fits within an internal taper of a collet sleeve placed in the spindle hole. 

· When the collet is pulled inward into the spindle, by means of the draw bar that engages threads on the inner end of the collet, the action of the two mating tapers squeezes the collet segments together, causing them to grip the work piece.
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2.Centres:.

· They act as solid bearings to support the work during the operation.

· Cast steel or high grade tool steel is the common material used for their manufacture. 

· They are then hardened and ground to correct angle. Sometimes, when very high speeds are to be employed, tips made of some other materials like cemented carbide or high speed steel are used which are fitted into usual types of shanks.

· The centre which is used in the headstock spindle revolves with it and it is known as live centre, whereas one fitted in tailstock remains stationary and is called dead centre.
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(a) Ordinary centre

- used for general work

(b) Half centre

· used for facing the end of a bar with out removing the centre.

(c) Ball centre

- used to support the work during taper turning by set over method

(d) Antifriction ball bearing centre

· it eliminates the friction and permits work to be turned at high speed. It revolves with the work.
3. Driving plate: 
· It is a cast circular disc having a projected boss at its rear. The boss carries internal threads, so that it can be screwed on to the spindle work. It also carries a hole to accommodate a pin which engages with the tail of a lathe dog or carrier when the job is held in the latter. When a bent tail dog is used, thin pin is taken out and bent portion of the tail inserted in the hole which serves the same purpose, or else the bent tail can be engaged in the slot made in the plate opposite to the pin hole.
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4.Face plate:
· It is usually a circular cast iron disc, having a threaded hole at its centre so that it can be screwed to the threaded nose of the spindle.

· It consists of a number of holes and slots by means of which the work can be secured to it. A number of other things like bolts, nuts, washers, clamping plates and metallic packing pieces, etc., are required for holding the work properly on a face plate.
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 5.Angle plate

· It is used for holding work in conjunction with a face plate.

· When the size or shape of the work is such that it is not possible to mount the work directly on the face plate the angle plate is secured to the face plate and the work mounted on it.
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Fig: Angle plate
6. Lathe carriers or dogs: 
· These are used in conjunction with the driving plate.

· The two common forms are straight tail and bent tail.

· The work to be held is inserted in the V' shaped hole of the carrier and then finally secured in position by means of set screw.
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7.Lathe mandrels:

· A "mandrel" can be described as a solid steel shaft or spindle which is used for holding bored parts for machining their outside surfaces on lathe. They are also known as arbors. 

· Mandrels are usually employed for those jobs (relatively small) which have a finished hole which is concentric with the outer surface that is to be machined.

· The common types of mandrels are:(Fig.)  Solid or plain, collar, stepped, expanding and double cone mandrels.
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8. Rests:

· When a very long job is to be turned between centers on a lathe, due to its own weight it provides a springing action and carries a lot of bending moment. The result is that the turning tool is spoiled very soon and may even break sometimes.

·  To avoid this, such jobs are always supported on an attachment known as 'steady rest or centre rest (Fig. a) [image: image178.jpg]D Hinge
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· Sometimes, when the job is too flexible, it becomes necessary to support the job very close to the cutting edge of the tool throughout the operation. In such cases a 'follower rest' (Fig.b), is used instead of the steady rest. 

· It is attached to the saddle of the lathe carriage and thus travels along with the tool throughout the operation.

9. Jigs and fixtures:
· Jigs and fixtures are used in conjunction with the face plate on a lathe for supporting and holding odd shaped and eccentric jobs during the operation.

· This specific use is in the mass production of identical parts otherwise, if only a single item is to be made, the cost of production of the jigs(or) fixtures itself will be too high, preventing their use.
TURRET AND CAPSTAN LATHES

 Introduction


Although centre/engine lathe is very useful and versatile yet it is not suitable for batch and 
mass production since the time taken for changing and setting the tools and time required 
for making measurements on the work piece is quite large. Moreover, a skilled machinist is 
required to run to the centre lathe. Consequently. Turret, Capstan and Automatic lathes 
which reduce or eliminate the amount of skilled labour and reduce production time were 
developed and are widely used in producing the goods in large quantities.

 Limitations of a Centre Lathe

The main limitations of a centre lathe are

1. Only one tool can be used in the normal course (sometimes the conventional tool post can be replaced by a square tool post with four tools).

2. Large setting time of the job (in terms of holding the job)

3. The idle times involved in setting and movement of tools between the cuts is large.

4. If proper care is not taken by the operator, it is difficult to achieve precise movement of the tools to destined places.

The above limitations are taken care of in the various modified lathes such as turret and capstan lathes and semi-automatic and automatic machines by achieving improvements basically in the following areas

(i) Multiple tool availability.

(ii) Work holding methods.

(iii) Automatic feeding of the tools.

(iv) Automatic stopping of the tools at precise locations.

(v) Automatic control of the proper sequence of operations

Differences Between a Turret Lathe and a Centre Lathe

	S. No.
	Aspects
	Turret lathe
	Centre lathe

	1.
	Nature of production work
	Adapted to quantity production work ; classed as a production machine tool.
	Primarily used for miscellane‑ous jobbing, tool room or single
Operation work.

	2.
	Constructional difference

(Turret head or tailstock)
	Hexagonal turret (no tailstock),upon which are bolted various tool holders for knee turning, roller box

turning, drilling, boring and reces‑sing.
	It has a tailstock

	3.
	No. of tools that can be handled

at a time
	Can hold a number of cutting tools at a time : the tools can operate on the job simultaneously.
	One tool cuts at a time.

	4.
	Set-up of tools
	Tools may be permanently set-up in

the turret in the sequence in which they need be used.
	No such provision is available

in a centre lathe.

	5.
	Provision of rigidity in the holding of work and tools
	Extreme rigidity to permit multiple and combined cuts.
	No special provision available.

	6.
	Machining time and handling

time,
	Use of a turret lathe can often cut machining time by 25 to 75% and handling time by 25% to 50%.
	Consumes more time cornparatively.

	7.
	Lead screw
	Thread cutting is generally per-formed by tops and die heads. Hence no lead screw is provided for thread cutting.
	Always provided on a centre lathe to enable thread cutting

by a single point tool.

	8.
	Degree of automation
	Semi-automatic.
	Very normal.

	9.
	Rate of production
	Higher.
	Lower.

	10.
	Labour cost
	Lower, because after tools and ma-chine setting the operations can be performed by unskilled or semi-

skilled operators only.
	Higher, because of the 
Re-quirement of highly skilled workers.

	11.
	Overhead charges
	Higher because of higher initial investment
	Lower comparatively.


 Differences between a turret lathe and a capstan lathe
	S. No.
	Aspects
	Turret lathe
	Capstan lathe

	1.
	Turret position
	Turret (head) is mounted directly

on the saddle,
	Turret is mounted on an

auxiliary slide, which moves on the guide ways provided on the saddle.

	2.
	Feeding of tools
	For feeding the tools entire saddle is moved.
	The saddle is fixed at a convenient distance from the work and the tools are fed by moving the slide.

	.
	Extent of rigidity
	Very high rigidity because all the cutting forces are transferred to the lathe bed.
	Because of the overhung of the slide or ram, the tool support unit is subjected to bending and deflection, resulting in vibrations.

	4.
	Capability to handle jobs
	Can handle heavier jobs 
involving heavy cutting forces and severe cutting
Conditions.
	Since this type of lathe cannot withstand heavy cutting loads, therefore its use is confined to relatively lighter and smaller jobs and precision work.

	5.
	aximum bar size that can be handled
	Up to 200 mm diameter.
	Up to 60 mm diameter.

	6.
	  Tool travel
	Almost full length of the bed (since the turret saddle directly rides over the bed way).
	Limited tool travel (since the tool feeding is done by the traverse of the slide).

	7.
	    Rate of tool feeding
	Relatively slower and as such provides more fatigue to the operator's hands.
	The tool traverse is faster and offers less fatigue to the operator's hands.

	8.
	Type of carriage
	Reach-over type or side hung type.
	Usually equipped with the

reach-over type only since it is employed for relatively smaller jobs and therefore, does not require a large swing over bed ;moreover this type of carriage

provides better rigidity.

	9.
	Other provisions
	Heavier designs are usually provided with pneumatic or hydraulic chucks to ensure a firmer grip over heavy jobs. Provision for cross feeding of the hexagonal turret (in some designs) to enable cross feeding of turret head tools.
	These lathes do not have such provisions.


Main Parts of a Turret or Capstan Lathe

Refer to Figs. The main parts of a Turret or Capstan lathe are

1) Headstock 

2) Carriage or chaser saddle

3) 
Turret saddle

4) Bed

5) Legs
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 1. Headstock. The headstock of a turret and capstan lathes houses a speed 
gear box similar in construction to the same unit as in a centre lathe but 
providing a narrower range of spindle speed variation and fewer speed steps.

The following types of headstocks are commonly used

(i) Cone pulley type

(ii) Direct motor driven headstock

(iii) All geared headstock

(iv) Preoptive type headstock.

2. Carriage or chaser saddle. It carries a cross-slide over it, on which are 
mounted two 
tool posts, one at the front and the other at the rear. Both these tool 
posts are usually square tool posts in which each is capable of holding four 
tools at a time. Tools in the rear 
tool post are mounted in an inverted position

· Both hand and power feeds can be employed to the saddle as well as the cross-slide, but the common practice is to use hand feed for the cross-slide until and unless a very heavy job is to be machined. 
· When power feeds are in operation, stops and trip dogs are used for controlling the longitudinal and cross feeds of the saddle and cross-slide respectively. These stops and trip dogs make the power feed to disengage as soon as the required tool travel is complete.

The cross-slide carriage is of following two types

(i) Reach over (or bridge) type: Its construction is more rigid and allows a 
second tool holder to be mounted at the rear.

(ii) Side hung type: This type of carriage is generally fitted with heavy duty 
turret lathe where the saddle rides on the top and bottom guideways on the front of 
the lathe bed.

3. Turret saddle. It is mounted directly on the lathe bed on the same side as a 
tailstock in the centre lathe.

The turret head mounted on the slide or the saddle, as the case may be, is usually 
hexagonal in turret lathes and circular or hexagonal in capstan lathes, having 
six holes, one each on each flat face or equal faced along the periphery of the 
circular head.

The indexing of the tools is in a clockwise direction. After indexing, the automatic 
feed can be engaged.

4. Bed. The bed is a box shaped grey iron casting with a system of well developed 
internal stiffening ribs. The turret saddle and cross-slide travel along the ways on 
the top of the bed.

5. Legs. In each lathe there are two legs, one below each end of the bed. These 
legs are hollow castings which bear entire load of the bed, of the sliding and 
stationary parts mounted over the bed and also of the tooling and work holding 
devices or mechanisms.

Types of Turret Lathes

Turret lathes may be classified as follows

1. Horizontal turret lathe

(i) Ram type

(ii) Saddle type

2. Vertical turret lathes

3. Numerically-Controlled (NC) turret lathes.
1.Horizontal Turret

(i)Ram type

· 
The turret is placed on a slide or ram, which moves back and forth on a saddle clamped to the lathe bed. This arrangement permits quick movement of the turret. Speeds may be from 50 to 4000 r.p.m. depend​ing on the size of lathe. Larger lathes have lower speeds.
· 
Trip stops are there to stop the feeding motion of the turret at any predetermined point. Ram type machines do not require the rigidity of chucking machines, because bar tools can be made to support the work.
· 
It is recommended for bar and light-duty chucking work.
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Fig:Ram type Turret Lathe
(ii) Saddle-type turret lathe:
Here the turret is mounted directly on a saddle that moves back and forth with the turret. Since chucking tools overhang and are unconnected with the work through some sort of support; greater strain on both work and tool support results. Chucking tools must have rigidity.

· The stroke is longer, which is an advantage in long turning and boring cuts, and saddle mounts assist the rigidity.

· Speed may be from 20 to 1500 r.p.m. depend​ing upon the size of the machine.

· It is used for chucking work.

2. Vertical turret lathe. Vertical turret lathe resembles vertical boring mill, but 
it has the characteristic turret arrangement for holding the tools.

It consists of a rotating chuck or table in the horizontal position with the turret mounted above on a cross rail. In addition, there is at least one side head provided with a square turret for holding tools.

All tools mounted on the turret or side head have their respective stops set so that the length of cuts can be the same in successive machining cycles.

A vertical lathe, shown in Fig. 9.43, is pro​vided with two cutter heads: The swivelling main turret head and the side head. Another side head is possible. The turret and side heads function in the same manner as the hexagonal and square turrets on a horizontal lathe.

· To provide for angle cuts both the ram and turret heads may be swivelled 30° right or left of centre.

· The side head has rapid traverse and feed independent of the turret and, without inter​ference, provides for simultaneous machining adjacent to operations performed by the turret.

The ram provides another tool station on the machine, which can be operated separately or in conjunction with the other two.

· Vertical lathes are utilised solely for complex chucking work, particularly for boring operations, and are not adapted to bar work.

3. Numerically-controlled (NC) turret lathes. A numerically-controlled lathe is de​signed especially for heavy-duty production. Such lathes are now available in considerable vari​ety and have proven to be for more productive than manually operated machines.

· The control in this type of lathe provides automatic functioning of spindle speed, slide movement, feeds, turret indexing, and other auxiliary functions. The slant bed, inclined rearward from the vertical, provides maximum rigidity and operator accessibility to the work area.
· This machine can be set up quickly for small-lot jobs, normally changing only jaw chucks, control tape, and possibly one or two cutters.

Size and Specifications of Turret Lathe

The size of a turret lathe can be specified by

1. Maximum diameter of the bar that can be passed through the machine spindle.

2. Swing diameter of the work piece.

3. Spindle speeds.

4. Feeds.

5. Chuck size.

6. Capacity of the drive motor.

7. Cost etc.
Common Tools and Attachments used on Turret and Capstan Lathes Following tools are common to both the turret as well as capstan lathe

1. Work stops or bar stops.

2. Centering and chamfering tools.

3. Drill and reamer holders.

4. Turning tools.

5. Tap and die holders.

6. Box tools.

7. Boring tools.

8. Reaming tools.

9. Knurling tools.

10. Centres and supports.

11. Attachments used on cross-slide.
· Following special attachments are mainly used on turret lathes

1. Pilot bar

2. Multiple turning head
Cutter holders

3. Adjustable slide tool

4. Taper attachment

5. Screw cutting self-opening die head.

· Commonly used work holding devices are :

1. Collet chucks.

2. Jaw chucks.


(i) Three jaw self-centering chuck


(ii)Four jaw independent chuck


(iii)Two jaw box chuck

(iV)Power chucks.

3. Arbors.

4. Fixtures.
Turret Lathe Operations

Various operations performed on turret lathe are

1. Cylindrical turning
7. Reaming

2. Taper turning
8. Threading

3. Form turning
9. Recessing

4. Facing
10. Chamfering
5. Boring
11. Knurling

6. Drilling
12. Parting off.

Turret Lathe Tooling Layout

The following factors should be considered while deciding turret lathe tooling layout.

1. Number of components to be made.

2. Set-up time.

3. Work handling time.

4. Machine controlling time.

5. Machining time.

6. Tool cost.

7. Set-up labour rate

8. Lathe operator labour rate.

 AUTOMATIC LATHES

Automation

· Automation is defined as any means of helping the workers perform their tasks more efficiently.

· Automation is a technology of working in which handling methods, process and design of products are integrated to utilise economically justifiable mechanisation of thought

and effort to achieve automatic and self is regulating chain of process.

· The aim of automation is cost reduction in large scale production technology. Automation entails the following "advantages"

(i) Increased productivity.

(ii) Reduced unit cost (since a large number of components can be manufactured in shorter time).

(iii) Better utilisation of the resources.

(iv) Improvement in accuracy.

(v) Floor space, maintenance and inventory requirements are reduced.

Single-spindle automatic screw machine

· This machine has a cross-slide capable of carrying tools both front and rear and a turret mounted in a vertical position on a slide with longitudinal movement.
· The tools used in the machine are mounted around the turret in a vertical plane in line with the spindle. Usual machining operations such as turn​ing, drilling, boring and threading can be done on these machines.

Multi-spindle automatic screw machines (Refer to below Fig:)
These machines, however, are not usually spoken of as screw machines, but  rather as multi spindle automatics.
In these machines a large number of spindles usually 4, 6 or 8 are provided. These spindles are carried in a rotatable drum that is indexed in order to bring each spindle successively into a different working position. Each spindle carries a bar of material.

A non-rotating tool slide holds the same numbers of tools as there are spindles in order to provide a cutting tool for each spindle. A cross-slide is provided at each spindle position so as to feed a tool from

the side to carry out operations like facing, grooving, knurling and cutting off.
The bars are loaded into hollow spindles. The tool slide is moved forward and cross- slides moved inward so that the various tools cut simultaneously. All the motions are controlled automatically.

On completion of a particular operation the tool slide and cross-slides are moved back​ward and spindles indexed by one position by rotating the spindle drum so that the next operation can be carried out.

· Owing to errors in indexing of the spindles and large number of fittings, these machines seldom maintain accuracy as good as single speed machines.

· These machines are suitable when a very large number of components (say from 2000 to 5000 in a lot) are to be manufactured.
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Fig:Multi-spindle automatic screw machine

.

Swiss Automatic Screw Machine

These machines are called "Swiss" because their development began in Switzerland 
(a land noted for the production of watches).

This machine has been developed for precision turning of small parts.

· The single-point tools used on this machine (see Fig.) are placed radially around the carbon-lined guide bushing through which the stock is advanced during machin​ing operations.
· Most diameters turning is done by the two horizontal slides, whereas the other three are used principally for knurling, chamfering, cutting off, and recessing.


· Spindle The stock is held by a rotating collet in the headstock back of tools, and all longitudinal feeds are accomplished by a cam that moves the headstock forward as a unit. This for​ward motion advances the stock through the guide bushing and to the single-point tools,which are controlled and positioned by cams. By coordinating their movement with forward movement of the stock, small diameters on slender parts can be held to toler​ance ranging from 0.005 mm to 0.013 mm.
Prepare tool layout for the component shown in fig:
Fig: COMPONENT
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Fig:TOOLING LAYOUT
The sequence of operations and tooling arrangement are given below :

1. Feed the bar to bar stop No. 1, set to a required length

2. Face and centre with combined facing and centre tool (turret 2)

3. Drill 10 throughout the workpiece (turret 3)

4. Drill 4 18 x 24 mm deep using drill bit at (turret 4)

5. Turn 32 mm diameter for a length of 63 mm long (turret 5)

6. Turn 26 mm diameter for a length of 48 mm (turret 6)

7. Part-off (1 mm cut) with parting tool to complete the machining of the component (rear tool post 7)
UNIT-3

SHAPER

Introduction

The shaper is a reciprocating type of machine tool used for producing small flat surfaces with help of a single point cutting tool reciprocating over the stationary work piece. The flat surface may be horizontal, inclined or vertical. The reciprocating motion of the tool is obtained either by the crank and slotted lever quick return motion mechanism, whit worth quick return motion mechanism or Hydraulic mechanism.

Working principle: 

In a shaper, a single point cutting tool reciprocates over the stationary work piece. The tool is held in the tool post of the reciprocating ram and performs the cutting operation during its forward stroke (working stroke). It may be noted that during the back ward stroke of the ram, the tool does not remove the material from the work piece. Both these strokes form one working cycle of the shaper.

For shaping in horizontal direction, the clamped work piece is fed against the tool after the every cycle. The depth of cut is adjusted by moving the tool towards the work piece. 

For shaper in vertical direction, the tool is fed vertically towards the work piece. After every cutting cycle. The depth of cut is adjusted by moving the work piece side ways. 
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Fig: Working principle of a Shaper
Principle parts of a shaper, as shown in fig, are as follows.

1. Base



2. Column



3. Ram



4. Tool head


5. Cross rail



6. Table

7.Clapper Box
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Fig: Principle parts of a shaper

1. Base:


•It is made of cast iron to resist vibration and takes up high compressive load.


•It is so designed that it can take up the entire load of the machine and the forces set up 
by the cutting tool over the work.

2. Column:
· It is a box like casting mounted upon the base.
· It encloses ram driving mechanism.
· It is provided with guide ways on its top to enable the ram to slide on it.
3. Ram:

· It is a reciprocating member which reciprocates on the guide ways provided above the column.

· It carries a tool-slide on its head and a mechanism for adjusting the stroke length.
4. Cross-rail:

· It is mounted on the front vertical guide ways of the column.
· It has two parallel guide ways on its top in the vertical plane that is perpendicular to the ram axis. The table may be raised or lowered to accommodate different size of jobs by rotating an elevating screw which causes the cross-rail to slide up and down on the vertical face of the column.
5. Table:

· It is made of cast iron and is rectangular in shape.
· It has T-slots on its top surface.
· The table can be moved upward, downward or sideward with the help of elevating screws and other feed handle.
6. Tool Head: The tool of a shaper holds the tool rigidly provides vertical and angular feed movement of the tool and allows the tool to have an automatic relief during its return stroke.
7. Clapper box: The clapper box (tool block) is hinged to the tool head. It swings outward on the return stroke so that the cutting tool lifts slightly and clears the work. The cutting tool is held in the tool post on the clapper box. The action of the clapper box is shown in Fig
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Fig: ACTION OF CLAPPER BOX
Classification of Shapers

1. According to the type of mechanism used for giving reciprocating motion to the ram:

(i) Crank shaper:
· In this type of shaper, a crank and a slotted lever quick return motion mechanism is used to give reciprocating motion to the ram.

· The crank arm is adjustable and is arranged inside the body of a bull gear (also called crank gear).

(ii) Geared shaper
· In this shaping machine, the ram carries a rack below it, which is driven by a spur gear.

· This type of shaper is not widely used.

(iii) Hydraulic shaper:
· In this type of shaper, a hydraulic system is used to drive the ram.

· This shaper is more efficient than the crank and geared type shapers.

2. According to position and travel of ram:

(i) Horizontal shaper:
· In this shaping machine, the ram moves or reciprocates in a horizontal direction.

· This shaper is mainly used for producing flat surfaces.

(ii) Vertical shaper:
· In this shaper, the ram reciprocates vertically in the downward as well as in upward motion.

· This type of shaping machine is very convenient for machining internal surfaces, keyways, slots or grooves.

(iii) Travelling head shaper:
· A travelling head shaper has a reciprocating ram mounted on a saddle which travels sideways along the bed. The ram carries the tool slide.

· Heavy duty jobs which cannot be held on the standard shaper table,are kept stationary on the base travelling head shaper and machined as the ram reciprocates.

3. According to the type of cutting stroke

(i) Push-cut shaper:
· In this shaper, the ram pushes the tool across the work during cutting operation. In other words, forward stroke is the cutting stroke and the backward stroke is an idle stroke.

· This is the most general type of shaper used in common practice.

(ii) Draw-cut shaper:
· In a draw-cut shaper, the ram draws or pulls the tool across the work during cutting operation. In other words, the backward stroke is the cutting stroke and forward stroke is an idle stroke.

4. According to the design of the table:

(i) Standard or plain shaper:
· In this type of shaper, the table has only two movements namely horizontal and vertical, to give the feed.

· It cannot be swivelled or tilted.

(ii) Universal shaper:
· In this shaper, in addition to the above two movements, the table can be swivelled about an horizontal axis parallel to the ram and the upper portion of the table can be tilted about a horizontal axis perpendicular to the first axis.

· A universal shaper is mostly used in tool room.

Specification of a shaper

1. Maximum length of stroke in mm.

2. Size of shaper. i.e. Length, width and height.

3. Maximum vertical and horizontal travel of the table.

4. Maximum number of strokes per minute.

5. Power of the drive motor.

6. Type of quick return mechanism

7. Floor space required

8. Weight.

Shaper Drive Mechanism:

A shaper cuts only in the forward stroke and retun stroke is idle stroke. To reduce the machining time, it is necessary to minimize the time required for completing the return stroke. The driving mechanism provide faster return stroke than the cutting (forward) stroke. This mechanism is called quick return mechanism.

Types of quick return mechanism: The quick return mechanism may be obtained by any one of the following methods:

1. Crank and slotted lever quick return motion mechanism, 

2. Whit worth quick return motion mechanism

3. Hydraulic system.

.

Crank and Slotted Lever Mechanism :


The crank and slotted lever mechanism is shown in below Fig. and its main features are driving gear (bull gear) and slotted link (rocker arm). An electric motor drives the bull gear by means of a pinion through a gear box. A crank pin which is fastened to the bull gear moves a sliding block which is located in a slot of slotted link. One end of slotted link is pivoted at the bottom, and other end is connected to the ram. The up and down movement of slider causes the slotted lever to oscillate about its pivot as the bull gear rotates. Thus the oscillating motion of slotted lever imparts a reciprocating motion to the ram.
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Crank and slotted lever mechanism enables the ram to move faster during returning (idle) stroke than during forward (cutting) stroke. The principle of quick return motion is illustrated in below  Fig. 
The cutting stroke is made less rapidly than the return stroke because crank pin produces the working stroke 'DE' during its travel through major arc 'ABC' and through minor arc `CA' it produces the return stroke. As the speed of rotation of the bull gear is constant, this will causes the return stroke to complete in a shorter time. The ratio between cutting time and return time may be given as,
Cutting time
=    Angle subtended by arc ABC
Return time            Angle subtended by arc CA
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Fig: PRINCIPLE OF QUICK RETURN MOTION

This ratio is usually 3:2, and slightly changes with length of stroke. The disadvantage with this mechanism is that the quick return effect is diminishes with smaller strokes.

Adjustment for length of stroke and position of stroke:


The length of stroke of the ram is depends on the radial distance of crank. As the pin is moved near to the centre, the stroke becomes shorter and if it is moved away from the centre the stroke become longer. Thus the length of stroke can be obtained by adjusting the radial position of crank pin.
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Fig: STROKE LENGTH ADJUSTMENT

Shaper operations:

A shaper is a machine tool primarily designed to generate a flat surface by a single point cutting tool. The different operations which a shaper can perform are as follows:

1.
Machining of horizontal surfaces

2.
Machining of vertical surfaces

3.
Machining of angular surfaces

4.
Machining of curved surfaces

5.
Machining of irregular surfaces

6.
Machining of slots, grooves, and keyways etc.
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SLOTTING MACHINE

Introduction:


The slotting machine falls under the category of reciprocating type of machine tool similar to a shaper. It operates almost on the same principle as that of a shaper. The major difference between a slotter and a shaper is that in a slotter is that in a slotter the ram holding tool reciprocates in a horizontal axis. A vertical shaper and a slotter are almost similar to each other as regards their construction, operation, and use. The only difference being, in case of a vertical shaper, the ram holding tool may also reciprocate at an angle to the horizontal table in addition to the vertical stroke. The slotter is used for cutting grooves, keyways and slots of various shapes,  for making regular and irregular surfaces both internal and external, for handling large work pieces, for cutting internal or external gears and many other operations which cannot be conveniently machined in any other machine tool.
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Fig: Working principle of Slotting

Types of slotting machine
Slotting machines are mainly of the following three types:

1. Punch Slotters

2.  Production Slotters    3.Tool room Slotters

Slotter size:

 The size of a slotter is specified by maximum length of stroke of the ram, expressed in mm. The size of a general purpose or precision slotter usually ranges from 80-900mm. To specify a slotter correctly the diameter of the table in mm, amount of cross and longitudinal travel of table expressed in mm. Number of speeds and feeds available, h.p. of the motor, floor space required etc.

Slotting machine parts:

 The different parts of a slotting machine are

1. Base

2. Column
3. Saddle
4. Cross slide

5. Rotating table

6. Ram and tool head assembly
7. Ram drive mechanism
8.Feed mechanism
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Feed mechanism: In a slotter, the feed is given to by the table. A slotting machine table may have three types of feed movement

1. Longitudinal
     2. Cross
3. Circular

· If the table is fed perpendicular to the column toward or away from its face, the feed movement is termed as longitudinal.

· If the table is fed parallel to the face of the column the feed movement is termed as cross.

· If the table is rotated on a vertical axis, the feed movement is termed as circular.

Slotting operations:

The operations performed in a slotter are

1. Machining flat surfaces.

2. Machining cylindrical surface

3. Machining irregular surface and cam machining.

4. Machining slots, key way and grooves.

SLOTTER OPERATIONS:

The following operations are performed on a slotter :

1. Machining flat and cylindrical surfaces.

2. Machining a rectangular slot, keyways and grooves.

3. Machining irregular surfaces and cam profiles.

4. Machining blind holes.

1. Machining a flat cylindrical surfaces: For machining a flat surface the work is mounted on a parallel strip such that the tool will not touch the work table at the end of the cut. Metal is removed as the tool travels past the work. The cross feed is given at the beginning of each cutting stroke.

For machining cylindrical surfaces the tool is set radially on the work. The feed is given by rotary table at the beginning of the cut.

2. Machining a rectangular slot, key ways and grooves: Internal and external grooves and keyways are cut conveniently using slotter. For cutting equally spaced grooves on a periphery of work, feed is given by the rotary table. The graduation on the rotary table facilitates the indexing the work.

3. Machining irregular surfaces and cam profiles: For machining irregular contours and cam profiles the work is fed simultaneously in three directions i.e. by combining cross, longitudinal and rotary feed movements of table.
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(a) Machining A Flat Surface (b) Machining A Rectangular Slot (c) Machining A Blind Hole 

PLANING MACHINES

Introduction: Planing is primarily intended for machining large flat surfaces. These surfaces may be Horizontal, vertical or inclined.

Working principle of a Planer: In this the work is rigidly held on the worktable or platen of the machine. The tool is held vertically in the tool-head mounted on the cros-rail.The work past the vertically held tool. The index feed, after each cut is given to the tool during the idle stroke of the table.
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Fig: Working principle of a Planer
TYPES OF PLANERS:

Planers are classified according to the type of housing, and the type of work they can accommodate. The following list gives the various types of planers which are most commonly used.

1. Double housing planer,

2. Open side planer,

3. Pit type planer,

4. Edge (plate) planer, and

5. Divided table planer.

1. Double housing planer: Double housing planer is a standard type planer and most widely used in workshops. This planer is extremely massive and has a bed at the sides of which two vertical housings (columns) are arranged. The table moves along the ways of the bed. The housings support the cross-rail and the tool heads. The cross-rail can be moved vertically along the ways on the housings and carries two tool heads to carry the tools for planing horizontal sutfaces. For planing vertical surfaces two tool heads (one in each column) are mounted upon the vertical faces of housing. The tools may be fed either by hand or by power. The planer table may be driven by mechanical or hydraulic drives.
1. Bed:

· It is a big cast iron structure.
· The upper part of the bed is provided with precision Vee-type 
guide ways on which the table slides.
2. Table:

· It is made of cast iron and its top surface (flat) is machined accurately.

· It reciprocates along the ways of the bed and supports the work.

· Its top surface is provided with slots to clamp the workpiece.
· It may be driven by rack and gear, by rack and double helical gear or by hydraulic system.
3. Column or Housing:

· The columns or housings are rigid column-like castings placed on each side of the bed.
· The front vertical surface of the column has guide ways to enable movement of the cross-rail vertically up and down.
4. Cross-rail:

· It is mounted on the precision machined ways of the two housings.
· It may be raised or lowered on the housings to accommodate work of different heights on the table and to allow for the adjustment of the tools.
5. Tool heads:

· These are mounted on the cross-rail or housings by means of a saddle which slides along the rail or housing ways. 
· The saddle may be made to move transversely on the cross-rail to give cross feed.
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Fig: DOUBLE HOUSE PLANER
2. Open side planer : The open side planer is made with only one supporting column (housing). The open side makes it possible to plane work far wider than the table. In open side planer the cross-rail is mounted in the form of cantilever, and only three tool holders (two on cross rail air one on column) are mounted. The tool feeding and driving mechanism for table are same as double housing planer.
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Fig: OPEN SIDE PLANER
Advantages of planer. The following are the advantages of a planer as compared to shapers and millers:

1. Can take much heavier cuts.

2. Larger work can be handled.

3. The work is mounted on a table which is supported throughout its entire movement, so a maximum support is obtained.

4. No work or tool deflection or distortion (since there are no overhanging parts such as a ram).
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Fig: Components manufactured by planing/shaping processes.

Difference between Planer and Shaper
	SI.
No.
	Planer
	Shaper

	1. 
	t is a heavier, more rigid and costlier
	It is a comparatively lighter and

	2. 
	           machine,

  It requires more floor area.
	cheaper machine.

It requires less floor area.

	3. 
	It is used for machining large flat
	It is also used for the same purposes

	
	surfaces—horizontal,
vertical
and

inclined.
	but for relatively smaller surfaces.

	4. 
	The work is usually clamped directly
	The work may be clamped directly

	
	on the machine table by means of suitable fixtures or clamping devices.
	on the table or held in a vice or chuck.

	5. 
	Cutting takes place by reciprocating
	Cutting takes place by moving the

	
	the work under the tool.
	cutting tool over the job.

	6. 
	Indexed feed is given to the tool during
	Indexed feed is given to the work

	7. 
	the idle stroke of the work table, Heavier cuts and coarse feeds can be
	during the idle stroke of the ram. Very heavy cuts and coarse feeds

	8. 
	employed,
Several tools can be mounted and
	cannot be employed.

Usually only one tool is used on a

	
	employed simultaneously, usually four as a maximum, facilitating a faster rate of production.
	shaper.

	9. 
	Because of its larger stroke length and
	This is not possible on shaper until

	
	table size a number of jobs, requiring
	and unless the job and surface sizes are

	•
	machining of identical shapes, can be
	too small, which can be conveniently

	
	held
in
series
and
machined

simultaneously in a single setting.
	held on the table, say in a vice.

	10. 
	The tools used on a planer are larger, heavier and stronger than those used on a shaper.
	The tools used on a shaper are smaller and lighter.


UNIT-4

Drilling Machine

Introduction

Drilling is an operation through which holes are produced in a work piece by means of a revolving tool called Drill.. The drill is fixed in a rotating spindle and can be fed towards the work piece, which may be fixed to the table or to the base of the spindle. The speed of the spindle and the feed can be adjusted according to the work piece.
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Fig:Drilling Operation

Types of drilling Machine: Drilling machines are manufactured in various sizes and varieties to suit the different types of work

The different types of drilling machines are:

1. Portable drilling machine



2. Sensitive drilling machine

a. Bench mounting

b. Floor mounting

3. Up right drilling machine

a. Round column section
b. Box column section

4. Radial drilling machine

a. Plain

b. Semi universal
c. Universal

5. Gang drilling machine

6. Multiple spindle drilling machine

7. Automatic drilling machine

8. Deep hole drilling machine

a. Vertical 
b. Horizontal.

Principle parts of drilling machine:

The different parts of a radial drilling machine are as follows:

1. Base

2. Column
3. Radial arm
4. Drill Head

5. Spindle speed and Feed mechanism
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Fig: Radial Drilling Machine

1) Base:The base is of heavy casting made up of cast iron. It supports the column and other parts of machine In certain cases, T-slots are provided on top surface for clamping the work directly so that it will serve the function of table.
2) Column: It is a cylindrical casting mounted directly to the base. It supports the table, spindle head, motor and the driving mechanism. And also supports radial arm which can slide vertically up and down.
3) Radial arm: Radial arm is mounted horizontally on column. It is provided with accurate guideways on which drill head slides.The radial arm slides up and down, and also swung around the column.
4) Drill Head: It is mounted on the radial arm.It my be slide along the arm to locate the drill spindle with respect to work.After proper adjustment of spindle the drill head is locked on radial arm.It is provided with mechanism to drive the drill at required speeds and feeds.
5) Spindle speed and feed mechanism:The drill spindle is driven by a motor fitted directly over the drill head.Through the gearbox multiple speeds and feeds can be obtained.
Specification of drilling machine:

1. Size of the drilling machine table

2.  Largest drill bit holding capacity of machine

3. Maximum size of the hole that can be drilled

4. Maximum size of the work piece that can be held

5. Power of the motor, Spindle speed and feed

Work holding Devices:

The devices commonly used for holding the work in drilling machine are:

1. Drill press vise 

2.T- bolt and Strap clamps


3. Step block

4. V- Block


5. Angle plate




6. Drill jigs.

Tool Holding Devices: The revolving spindle of drilling machine can hold different cutting tools for different operations. The different methods used for holding tools in a drill spindle are:
1. By directly fitting in the spindle

2. By a sleeve

3. By a socket

4. By chucks

5. By special attachments
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Twist Drills:

 The most common type of drill in use today is twist drill. The material for manufacturing of   

 Twist drills are H.S.S., carbon steel, cemented carbide tipped bits. Twist drill is an end-cutting  Tool. The following figure shows different parts of a drill bit.
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Fig: Twist drill nomenclature 

Drilling operations: The most common operations which can be carried on a drilling machine are as follows

1)Reaming 2)Boring 3) Counter boring 4)Counter sinking 5)Spot facing 6)Trepanning 7)Tapping
1. Reaming: Reaming is the operation of finishing an existing hole very smoothly and accurately in size. The accuracy to be expected is within ± 0.005mm.
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Fig: Reaming

2. Boring: It is an operation of enlarging a pre existing hole, with a single point cutting tool
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Fig: Boring

3. Counter boring: It is an operation of enlarging a drilled hole partially, that is for a specific length.Counter bore forms a large sized recess (or) a shoulder to the existing hole The mouth of a drilled hole to set bolt heads and nuts below the surface so that they may not project out from the surface level.
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Fig: Counter boring

4. Counter sinking: It is an operation to level the top of a drilled hole for making a conical seat for flat head screw.
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Fig: Counter sinking

5. Spot facing: It is an operation to finish off a small portion of rough surface around a drilled hole to have smooth seat for bolt head.
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Fig: 5 Spot facing
6. Tapping: It is an operation of producing internal threads in a hole by means of a tool called tap.
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The hand taps illustrated in fig. are usually made in sets of three. 

They are 1.Taper Tap or Rough Tap (First Tap) 2.Plug Tap or Semi finish Tap (Second Tap) 3. Bottoming Tap or Finish Tap (Third Tap)

1. Taper Tap: The taper tap is used for easy starting and has provided with taper end for a length of 6 threads.The purpose of taper is to ensure that the tap enters the hole and maintains the correct alingnment.

2. Plug Tap: The plug tap has a tapered end for a length about 3 to4 thraeds and is used after the taper tap.

3. Bottoming Tap: The bottoming tap is used, along with taper and plug taps for threading blind hole to the very bottom of the hole.

Tap Drill Size: Before tap is used for cutting internal threads a hole is to be drilled. This hole diameter should be such that it should have sufficient material for tap to cut the thread.

The drill size can be obtained by using the relation:

	Dt = D-P

Where D=diameter of tap, in mm

P=Pitch of the thread,in mm


Boring and Boring Machines
Introduction: Boring defines enlargement of a pre existing hole. This hole can be due to previous drilling or produced in casting or forging.
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Fig: Principle of Boring

Classification of Boring Machines: They can broadly be classified into the following three types.
· Horizontal Boring Machines

· Vertical Boring Machines

· Jig Boring Machine
1. Horizontal Boring Machines:
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Fig: Horizontal Boring Machines
1) In Horizontal boring machine the spindle is arranged horizontally. These machines are designed such that the workpiece is stationary and the tool revolves. 
2) These machines are designed such that the wok piece is stationary and the tool revolves. 
3) The primary cutting motion is the rotation of spindle and the feed motion is imparted to either tool work depending upon the type of machining being done.
4) The table for holding the workpiece may be adjusted and fed in two coordinate (longitudinally and transversely) ditrections.The head carrying the spindle may be adjusted upward and downward on the heavy column along the end support. The spindle can be rotated and also can be fed in either direction parallel to its axis.
5) Horizontal boring machines are designed to machine relatively large and heavy work pieces.
6) The operations that can be performed on this machine are boring, drilling, counter boring, threading and milling.
Vertical Boring Machine: The vertical boring machine I designed such that the workpiece rotates about a vertical axis and the tool is stationary expect the feed movements. It is used for machining large and heavy workpieces.It is particularly adapted for symmetrical jobs as locomotive wheels, large gear blanks and flanges, turbine rotors and fly wheels.
Types of vertical Boring Machines:
1) Standard vertical boring machines
2) Vertical turret lathe

1) Standard vertical boring machines: In this work is clamped on a horizontal table which rotates about a vertical axis. The tool heads are mounted on cross-rail and on the vertical column. They can be set for angular cutting. The feed is provided by the cutting tools which are held in the tool heads. The rotation of work against cutting tool results in circular cuts. The machine is used for boring large symmetrical objects such as turbine castings, locomotive wheels and pressure vessels. It may be note that the maximum size of the work is limited by the diameter if the table. The constructional features of standard vertical boring machine is illustrated in below fig:
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FIG: Standard Vertical Boring machine
2) Vertical turret lathe: Vertical turret lathe is a smaller size vertical boring machine which is provided with index able turret. 
· Turret mounted on a saddle can be moved crosswise on the cross-slide. It can also be adjusted vertically for different operations.
· The vertical turret lathe is used for machining rail road wheels, piston rings and gear blocks.
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FIG: Vertical Turret Lathe

3) Jig Boring Machines: A jig boring machine (Jig borer) may be considered as vertical boring machine with high precision and accurate spindle bearings. 
· Its table can be moved precisely in two mutually perpendicular directions in a plane normal to the spindle axis. 
· The machining accuracy of jig borer is very high within a range of 0.0025mm.The high accuracy of jig borers is due to rigid construction, use of low expansion metals and the use of precise methods of measuring the movement of the table in two coordinate directions. 
· To prevent the influence of a ambient temperature on machining accuracy, jig boring machines should be installed in as special environmental enclosures with temperatures mainted at a level of 200C.
· The jig boring machines are adapted for producing jigs, fiuxtures, precision dies and gauges. They can also be used as measuring machines to inspect the accuracy of the components made in other machines. The features of Jig boring machines illustrated in below figure:
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Fig: Jig Boring Machine
UNIT-5
Milling

Introduction:

Milling is defined as a machining process for re moving excess material from a work piece by feeding the work against a rotating multipoint cutting tool. The rotating cutting tool called the milling cutter is having the shape of a solid of revolution with cutting teeth arranged either on the periphery or on end face or on the both.
Working principle of Milling:
 
The work is rigidly clamped on the table of the machine (or) held between centres, and revolving multiteeth cutter mounted either on a spindle (or) an arbor. The cutter revolves at higher speed and the work fed slowly past the cutter.The work can be fed in vertical, longitudinal (or) cross direction. As the work advances,the cutter teeth remove the metal from the work surface to produce the desired shape. 
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Fig: Principle of Milling (Peripheral Milling)

Size and Specifcations:

· Size of the milling machine is usually denoted by the dimensions (length &breadth) of the table of the machine.

· Number of spindle speeds

· Taper of spindle nose.

· The maximum length of longitudinal, cross and vertical travel of the table.

TYPES OF MILLING MACHINES:

            The broad classification of these machines can be done as follows

1. Column and knee type milling machines.

2. Fixed bed type or manufacturing type milling machines.

3. Planer type milling machines.

4. Production milling machines.

5. Special purpose machines
COLUMN AND KNEE TYPE MILLING MACHINES.

These machines are all general purpose machines and have a single spindle only. They derive their name 'Column and knee' type from the fact that the work table is supported on a knee like casting, which can slide in vertical direction along a vertical column. These machines, depending upon the spindle position and table movements, are further classified as follows

(a) Hand milling machine,

(b) Plain or horizontal milling machine,

(c) Vertical milling machine,

(d) Universal milling machine, and

(e) Omniversal milling machine.

 FIXED BED TYPE OR MANUFACTURING TYPE MILLING MACHINES.

a) Plain Type (having single Horizontal Spindle)

b) Duplex Head (having Double Horizontal spindles)

c) Triplex Head (having two Horizontal and one Vertical spindle)

D) Rise and fall type (for profile milling)

PRODUCTION MILLING MACHINES

a) Rotary Table or Continuous type

b)Drum Type

c) Tracer controlled

SPECIAL PURPOSE MILLING MACHINES

a) Thread Milling machines

b) Profile Milling machines

c) Gear Milling or Gear Hobbing Machines

d) Cam Milling machines

e) Planetary type Milling machines

f) Double end  Milling machine

g) Skin Milling machine

h) Spar Milling machine

1.Plain or horizontal milling machine:
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2)Vertical milling machine:
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In general, all milling operations can be grouped into the following two types:

1. Peripheral milling: The finished surface is parallel to the axis of the cutter and is machined by cutter teeth located on the periphery of the cutter.

2. Face milling: In face milling, the finished surface is at right angle to the cutter axis and it is obtained by the teeth on periphery and the flat end of the cutter. 

Surface generation methods: There are two methods of milling flat surface with plain milling cutters depending on the relative direction of feed of the work table and the rotation of the cutter.

Conventional (Up) Milling: 
1. The direction of feed of the worktable is opposite to the direction of rotation of the cutter. 
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2. Climb (down) Milling: The direction of the worktable feed and the rotation of the cutter is same.
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Types of milling cutters:

1. Plain milling cutters: These cutters are cylindrical in shape and have cutting teeth on the periphery only. They are used for milling plain or flat surfaces.
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     Fig: Plain milling cutters 

2. Plain Side milling cutter: These cutters have teeth around the periphery and also on one or both sides. Plain side milling cutters have straight teeth the outside and side teeth on both sides. These cutters normally used for cutting slots or in Face millng.
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Fig: Plain side milling cutters
3. End milling cutters: End mills have cutting teeth on the end as well as on the periphery. They are employed for making deep grooves; slots profile recesses, steps, irregular shaped surfaces etc. End mills can be used on a horizontal milling machine, but it is better to use them on a vertical milling machine.
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Fig: Taper shank End Mill


Fig: Shell End Mill
4. Face milling cutters: Face milling cutter, with teeth on the end face is used for machining large, flat surfaces. The cutter is mounted on an arbor or rigidly clamped on the nose of the machine spindle.
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5. Metal Slitting Cutters: For cutting thin deep slots, splines and narrow grooves on work piece and also for cutting materials metal slitting saws are used. 
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Fig: Metal Slitting Saw
6. Angle milling cutter: These carry sharp angular teeth which are neither parallel nor normal to their axes. These cutters are made as single or double angle cutters. Some of the common cutters are the 45( and 60( single angle cutter and the 45(, 60( and 90( double angle cutters. The specific uses of these cutters are milling V-grooves, notches, Dove tails, Reamer teeth and other angular surface. They find the widest application in tool production for milling chip flutes on various cutting tools.
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Fig: Single angle cutters

Fig: Double angle cutters


7. Form Milling cutters: They are also known as form relieved milling cutters or radius cutters. This category includes a fairly large variety of milling cutters used for producing different shaped contours. Their teeth are provided with a certain angle of relief so that their form and size are retained even after resharpening. The following are the common types of form relieved cutters:

a) Corner rounding cutters: These cutters are used for milling the edges and corners of the jobs to a required radius. 
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Fig: R.H. Corner

Fig: L.H. Corner
Fig: Double rounding

                  rounding cutter.                    rounding cutter

cutter.
b) Concave and convex cutters. These cutters are very commonly used types of form relived cutters. They are used for milling convex and concave surfaces of circular contours of half circle or less. 
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                 Fig:  Concave cutter.
Fig: Convex cutter.
C) Gear cutters: They are also designed as In-Volute gear cutters. They are used for milling gear teeth on a milling machine. The two common grades are roughing and finishing.
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Fig: A Form relieved gear cutter


Fig: A Form relieved gear cutter




(roughing).




(finishing).
8. Woodruff-key milling cutter: It is a small type of end milling cutter which resembles with plain and side mills. Smaller sizes, say up to 50 mm diameter, are made to have solid shank, to be fitted in the machine spindle, whereas the larger sizes are provided with a hole for mounting the same on an arbor. 
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Fig: A Woodruff key-seat cutter
9. T-Slot-milling cutter: It is a single operation cutter which is used only for cutting T- slots. In smaller sizes it is made to have the shank integral with the cutter, as shown fig. In operation, the narrow groove at the top is first milled by means Of a slotting cutter or end milling cutter. The T-solt milling cutter is then employed for milling the wider groove. 
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Fig: T-slot milling cutter.
MILLING OPERATIONS


A large variety of components are machined on a milling machine involving various types of operations. These operations are broadly classified as follows:

1. Plain or slab milling
2. Face milling

3. Angular milling

4. Form milling

5. Straddle milling

6. Gang milling

1. Plain or slab milling: It is the process which is employed for machining a flat surface, parallel to the axis of the cutter, by using a plain or slab milling cutter, as shown in below Fig. When a very wide surface is to be machined, it is advisable to use the interlocking teeth plain milling cutters instead of simple slab mills. In using them, they should be so arranged that the axial forces are directed towards each other so as to force the cutters closer as the operation proceeds.
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Fig: Plain or slab milling.
2. Face milling: This milling process is employed for machining a flat surface which is at right angles to the axis of the rotating cutter. The cutter used in this operation is the face milling cutter (See below Fig :)
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 Fig: Face milling
3) Angular milling: It is the milling CUTTER process which is used for machining a flat surface at an angle, other than a right angle to the axis of the revolving cutter. The cutter used may be a single or double angle cutter, depending upon whether a single surface is to be machined or two mutually inclined surfaces simultaneously
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Fig: Angular milling

4.Form milling: This milling process is employed for machining those surfaces which are of irregular shapes. The cutter used, called a form milling cutter, will have the shape of its cutting teeth conforming to the profile of the surface to be produced. (See below Fig)
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Fig: Form milling


5) Straddle milling. It is a milling operation in which a pair of side milling cutters is used for machining two parallel vertical surfaces of a work-piece simultaneously.
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Fig: Straddle milling 
6) Gang milling: It is the name given to a milling operation which involves the use of a combination of more than two cutters, mounted on a common arbor, for milling a number of flat horizontal and vertical surfaces of a work-piece simultaneously. This combination may consist of only side milling cutters or of plain and side milling cutter both.  Below Fig. shows the gang milling operation.
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Fig: Gang milling
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 Fig: End milling
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Fig: Key way milling
INDEXING (OR) DIVIDING HEADS

These Heads, as already described, help in changing the angular position of the component in relation to the cutter. With their use, it is possible to divide the periphery of the work piece into any number of equal parts. These Heads are generally of the following three types:

· Plain Dividing Head

· Universal Dividing Head

· Optical Dividing Head

Out of these, the last one i.e., the Optical dividing head is the most precision attachment and is, therefore, used for very Precision Indexing work or for checking the Indexing accuracy of the other types of Dividing heads.
1) Plain Dividing Heads:
These Dividing Heads are mainly of two types. The first type carries the Indexing Plate directly mounted on its Spindle and has no use of the worm, and worm wheel .It is the simplest of all the dividing heads and is used in Direct Indexing. The Index Plate carries 12 or 24 equi spaced Slots on its periphery. Below Figure; shows such a Dividing head. The job is held between two centres, one on the Dividing head Spindle and the other on the Tailstock. The Hand lever is used for locking the spindle in position. In operation, a lug engages the desired e Indexing plate. By means of this Dividing heads 2, 3, 4, 8, 12 and 24 divisions can be when 24 Slots Plate is used and 2, 3, 4, 6 and 12 divisions when a 12 Slots plate is e Plate, together with the spindle, can be rotated by means of the Handle provided on the left side of the Dividing head.

Another useful form of the Plain Dividing Head is the one used in Simple Indexing. It consists of a cast Body, carrying the spindle. On the front end of the spindle are the Carrier and the Centre. On its rear side is mounted the Index Plate, which is having different Hole circles on its face and Teeth on its periphery. The plate gets movement through a worm by rotating the handle. The Crank, carrying the pin, is mounted on a bolt about which it can be swung to any desired position to bring the pin in front of the desired hole. Usually, Plates having 3 circles of 16, 42 and 60 or 24, 30 and 36 holes are provided on these Heads. Other plates of different hole circles may also be available in the market. The Job is held between centres are usual.
Universal Dividing Head
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The spindle carrying the worm, which meshes with the Worm wheel, carries a Crank at its Outer end.The Index pin works inside the spring loaded Plunger, This Plunger can slide radially along a slot provided in the crank in order to adjust the pin position along a desired hole circle on the index plate. The index plate is also mounted on the same spindle as the crank, but on a sleeve such that work spindle, and hence the crank, can move independent on the index plate. The sector arm provided on the Index plates is usually of detachable type and can be set at a desired angle with one another in order to set a definite distancenalong a desire hole. The index plates are available in a set of two or three, with a number of hole Circles usually On both sides on them. The spindle, carrying the Worm wheel iS provided with a job carrier(driving device) and a Centre at its front end. On the back side of the Dividing head is provided a bracket which carries a slot along its length. One or two studs, according to requirement, can be fitted in this slot and predetermined set of change gears can be mounted on them.
The Universal Dividing Head performs the following operations:

1. It sets the work piece in a desired position in relation to the machine table.

2. After each cut, it rotates the Job through a desired angle and., thus, indexes the periphery of the work
3. It provides a continuous rotary motion to the job during    
milling of helical grooves.
4. It, in conjunction with a Tailstock (Fig), acts both as a holding as well as supporting device for the work during the operation,

Using the dividing Head

As described above, the Dividing Head provides support to the job, holds it in position and rotates it through a desired angle after each cut is over. The index crank is rotated to provide the rotary motion to the e job and the Index plate enables this rotation to take place always through a desired angle. When the crank is rotated, the worm rotates which, in turn, rotates the worm wheel. Since this wheel is mounted directly on the spindle the latter rotates along the former. The job being secured to the spindle by means of a suitable holding device, also rotates as the spindle rotates. The angle, through which the job will rotate, for each revolution of the crank, depends up on the velocity ratio between the worm and worm wheel. This ratio is usually 40 to1, i.e, for 40 revolution of the worm, or of the crank, the job will make one revolution.

Obviously, if the Worm is single start the Worm wheel will have 40 teeth along its periphery. However, some Dividing Heads carry a different velocity ratio of these two and the same should be known before performing the actual Indexing-Operation.

 A set of Change gears can be incorporated to connect the Worm shaft and the Spindle.  These gears are mounted on the left hand side of the Dividing head, as shown in Fig. The Index plates, which are normally two or three in number, are provided with a number of circles on each face. Each of these circles carries a definite number of holes on them. The standard and Sharp Index plates have the following circles:
	No. 1.
	15,
	16,
	17,
	18,
	19,
	20.

	No. 2.
	21,
	23,
	27,
	29,
	31,
	33.

	No. 3.
	37,
	39,
	41,
	43,
	47,
	49.


Some German made Dividing heads, which are now quite commonly supplied with a large number of Milling machines manufactured in our country, are supplied with a set of 3 Index Carrying hole circles are follows:
	
	One side
	13,
	16,
	18,
	20,
	23
	
	
	

	Plate No. 1
	
	
	
	
	
	
	
	
	

	
	Other side
	15,
	17,
	19,
	21,
	24
	
	
	

	
	One side
	27,
	28,
	31,
	37,
	37,
	41,
	47
	

	Plate No. 2
	
	
	
	
	
	
	
	
	

	
	Other side
	29,
	33,
	39,
	43,
	44,
	49
	
	

	
	One side
	18
	,19,
	20,
	23,
	29,
	33,
	39,
	43, 49

	Plat No. 3
	
	
	
	
	
	
	
	
	

	
	Other side
	15,
	17,
	19,
	21,
	31,
	37,
	41,
	47

	
	
	
	
	
	
	
	
	
	


This obviously, provides a much wider range for Indexing as compared to the Brown and sharp type.

Some Dividing heads, used for Simple Indexing, are provided with a single plate only. It holes on its both sides as follows:
	Front :
24,
	25,
	28,
	30,
	34,
	37,
	38,
	39,
	41,
	42,
	43.

	Back :
46,
	47,
	49,
	51,
	53,
	54,
	57,
	58,
	59,
	62,
	66.

	
	
	
	
	
	
	
	
	
	
	


There is, however no standard practice followed internationally for this purpose. The r of Plates supplied may differ with different manufacturers. As such, you may come across several other combinations of hole circles. The only thing to remember is that whatever the number of Plates, or that of the Hole circles on them, the principles of indexing the same. Also, higher the number of plates and more the number of the different hole circle them, wider will be the range of indexing obtained through that Dividing head.
Indexing: The indexing is the operation of dividing the periphery of work into any number of equal divisions by using special attachment known as dividing head(or) Indexing head. It involves the rotation of work through a required angle between two successive cuts so as to divide the circumference into equally spaced divisions.

The following methods of Indexing are commonly used:

1) Direct Indexing

2) Plain (or) Simple Indexing

3) Compound Indexing

4) Differential Indexing

5) Angular Indexing
To facilitate indexing to fractions of a turn, index plates are used to cover practically all numbers.  Index plates with circles of holes patented by the Brown and Sharp manufacturing company are as follows: 

                 Plate No: 1-15, 16, 17,18,19,20
                  Plate No: 2- 21, 23, 27, 29, 31, 33

                 Plate No: 3-37, 39, 41, 43, 47, 49
These plates have also been accepted as standard index plates by the Indian machine tool manufacturers. With the three index plates supplied, simple indexing can be used for all divisions upto 50 , even numbers upto 100, except 96, and many others.                  

The index plate used on Cincinnati and Parkinson dividing heads is of larger diameter than the Brown and Sharp index plates. The different series of holes are provided on each side of the plate. The numbers of holes in each side of the plate are as follows: 

              First side:
 24, 25, 28, 30, 34, 37, 38, 39, 41, 42, 43

              Second side:   46, 47, 49, 51, 53, 54, 57, 58, 59, 62, 66
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Direct Indexing:

It is the simplest case of Indexing in which a Plain Dividing Head is used. The Index plate is directly mounted on the spindle and rotated by hand. It can be used only when the number of divisions to be obtained is such that the number of slot on the periphery of the Index plate is a multiple of the former. The Indexing ratio is obtained by:
	Required ratio= N/n


Where, N = No. of slots on the periphery of the index plate

                               and
    n = No. of divisions required to be obtained.

For example, if the circumference of a job has to be divided into 6 equal divisions and the Index plate has 24 slots, then the required ratio will be:

= 24/6= 4/1     

 i.e; the index plate will be required to move 6 

through 4 slots after each cut is over.
Plain or Simple Indexing:

This method of Indexing is used when the direct method of indexing cannot be employed ting the required number of divisions on the work. For example, if the work is required to be divided into 22 equal divisions the Direct Indexing cannot be used, because 22 is not divisible into any of the hole circles on the Direct Indexing Plate. For such cases, Simple Indexing can easily be used.


For this, either a Plain Indexing Head (or) a Universal Dividing Head can be used This method of indexing involves the use of the crank, worm, worm wheel and Index plate. As already described, the Worm wheel carries 40 teeth and the worm is single start. The worm directly mounted on the spindle.
In case of Plain (or) Simple Indexing For n divisions on the work, the crank will make 40/n turns.

Example:1 It is required to divide the periphery of a job into 60 equal divisions. Find the Crank movement.
Sol:



Required movement=40/60=2/3



Selecting 18 holes circle on Plate No.1,we get,







2/3=2/3*6/6=12/18
i.e; 12 Holes on 18 Holes Circle.
Compound Indexing

This method of Indexing is employed when the number of divisions required is outside the range that can be obtained by Simple Indexing. It involves the use of two separate simple indexing movements and is performed in two stages:
1. By turning the Crank a definite amount in one direction in the same way as in simple Indexing.

2. By turning the Index plate and the Crank both, either in the same or reverse direction, thus adding further movement to (or) subtracting from that obtained in the first stage.
Procedure: In order to obtain the required number of divisions through compound Indexing proceed as follows:

1) Factorise the number of divisions required

2) Factorise the standard No.40
3) Select for trial any two circles on the same plate and on its same side. Factorise their difference

4) Factorise the number of holes of one circle

5) Factorise the number of holes of the other circle

After obtaining these factors place them as follows;

	Factors of divisions required X Factors of difference of holes circles

Factors of 40 X factors of first circle X Factors of second circle



UNIT-6

GRINDING
Grinding: Grinding is a process of removing material by the abrasive action of a revolvi9ng wheel on the surface of a work piece, in order to bring it to the required shape and size. The wheel used for performing the grinding operation is known as ‘Grinding Wheel’. It consists of sharp crystals, called abrasives, held together by a binding material or bond. The wheel may be a single piece or solid type may be composed of several segments of abrasive blocks joined together. In most cases, it is a finishing operation and a very small amount of material is removed from the surface during the operation.
WHEEL MATERIALS — ABRASIVES AND BONDS
A grinding wheel essentially consists of the following two materials:

1) Abrasive: 
It is that material of the grinding wheel which does the cutting action.

2) Bond: This material of the grinding wheel acts as a binder to hold the abrasive

grains together.

ABRASIVES

These are extremely hard materials consisting of very small particles called grains, which carry any a number of sharp cutting edges and corners. The abrasives are of two types:

(a)
Natural

(b)
Artificial or manufactured. 
(a)Natural Abrasives

These are obtained directly from mines. The common natural abrasives are sand stone, emery, corundum, quartz and diamond. Almost all of the natural abrasives, except diamond, are now considered obsolete. The sand stone is used only for sharpening some wood-working tools. Emery and corundum are the materials which were formerly used widely but have now been replaced almost completely by the artificial abrasives. Diamond, however, still retains its place even in modern grinding processes. It is largely used for dressing the grinding wheels and as an abrasive for grinding hard materials.

(b) Artificial Abrasives

 The main artificial abrasives are:

1. Silicon carbide (SIC). It is made from silicon dioxide (or pure white quartz), coke, sawdust and salt. These constituents are mixed together and piled up around the carbon electrical conductor of a resistance type electric furnace. A heavy current is switched on and a temperature of about 2600°C is generated. The mass, under the action of intense heat, fuses and the following chemical reaction takes place :

Si02 + 3C = SiC + 2C0

The silicon of the quartz and combines with the carbon of coke to form silicon carbide. The salt vaporises to from chlorides with the metallic impurities present and thus helps in removing them. The sawdust burns and provides porosity to the mass to allow the escape of gases. After the reaction is complete, the furnace is cooled down and the mass, consisting of an outer shell of unfused or partially fused material and a core of silicon carbide, is removed from there. The outer shell is then removed and the core of silicon carbide crystals broken into grains. 
2.Aluminium oxide (Al203): This abrasive carries very hard and tough grains having

sharp cutting edges. It is obtained by fusing the impure aluminium oxide, called Bauxite, in an electric arc furnace. For this, the dry bauxite is mixed with ground coke and iron chips. This mixture is charged into the furnace and a heavy current passed through it. The mass fuses on account of the excessive heat generated in the furnace and a block of aluminium oxide is formed. The iron scrap acts as a flux, collects up the impurities and settles at the bottom of the furnace. As soon as the bloc.k is formed, the furnace is switched off and allowed to cool slowly. When the temperature goes down sufficiently, the block is removed from the furnace. It is then crushed and the powdered grains, thus formed, screened through standard meshes. These grains are not as hard as those of silicon carbide but, on account of being less brittle than the latter, are preferred for grinding metals of high tensile strength. The common trade names for this abrasive are 'Alundum', 'Aluminium oxide', 'Aloxite' and 'Borolon'.

Uses of abrasives

	
	Material to be ground,
	Recommended abrasive

.,

	1. 
	Cast Iron
	Silicon carbide

	2. 
	Soft brass and bronze
	Silicon carbide

	3. 
	Glass and stone
	Silicon carbide

	4. 
	Aluminium
	Silicon carbide

	5. 
	Copper
	Silicon carbide

	6. 
	Rubber
	Silicon carbide
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	Leather
	Silicon carbide

	7. 
	Plastics
	Silicon carbide
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	Heat treated carbon and alloy steels
	Aluminium oxide

	8. 
	Malleable Iron
	Aluminium oxide

	9. 
	Hard brass and bronze
	Aluminium oxide

	10. 
	Mild steel and Wrought Iron
	Aluminium oxide


BOND MATERIALS OR BONDS


In order to give an effective and continuous cutting action, it is necessary that the grains of abrasive material should be held firmly together to form a series of cutting edges. The material employed for holding them is known as bond.
The principal bonds are:

· Vitrified
· Oxychloride
· Shellac


· Silicate
· Resinoid
· Rubber
SYMBOLIC REPRESENTATIONS OF BONDS
Different types of bonds used in grinding wheels are represented by different alphabets as given below:

The following bond material are generally used

· Vitrified bond

---   V
· Oxychloride

---   O
· Shellac


---   E
· Silicate


---   S
· Resinoid

---   B
· Rubber


---    R
Grit size: The term ‘Grain’ or ‘Grit’ denotes the approximate size of the abrasive particles and gives an idea of the coarseness or fineness of the grinding wheel. A grinding wheel may have the abrasive particles of same size or different sizes.

 The range of grit sizes is as follows 

Coarse
:
6-24

Medium:         30-60

Fine:                 80-180
Very fine:
220-600
Grade: The term Grade indicates the strength of bond in a wheel, i.e; the power of the abrasive particles to hold together and resist disintegration under the cutting pressure.
The wheel grades are:

Soft -----    
A to H
Medium   -----     I to P
Hard         -----     Q to Z
STRUCTURE: This term denotes the spacing between the abrasive grains, in other         words the density of the wheel.The proportion of the bond in a certain volume of the wheel effects the structure. If two wheels of same grit and grade are used on the same material, one is having an open structure and the other close structure.
Dense:  1-8

Open:    9-15

Grinding wheel designation:

A grinding wheel carrying the markings 250X 25 X 32W A 46 L 4 V 17 will conform to the following specifications:

Wheel diameter= 250mm

Thickness of wheel= 25mm

Bore diameter = 32mm

W-Manufacturer’s prefix to abrasive. It is optional

A-Abrasive (Al203)
46-It is grain size (medium)
L-It is again a medium grade

4-Represents a dense structure

V-Stands for vitrified bond

17-It is the the suffix denoting the ‘bond type’ of the manufacturer.
Selection of Grinding Wheel: Selection of proper grinding wheel is a vital necessity to obtain the best results in grinding work.

1) Properties of the material to be machined,i.e,its hardness,toughness,strength,etc

2) Quality of surface finish required.

3) Grinding allowance provided on the wokpiece,i.e the amount of stock to be removed.

4) Dimensional accuracy required.

5) Method of grinding,i.e wet(or) dry

6) Rigidity, size and type of machine

7) Relative sizes of wheel and job

8) Types of grinding to be  done

9) Speed and feed of the wheel

Glazing: Glazing means the wheel becomes dull or glazed. That is the cutting points of the abrasives have become dull and worn down to the bond. Glazing takes place when a wheel is too hard or revolves at too fast a speed. The remedy for glazing is to decrease the speed or use a softer wheel.

Loading: Loading means the cutting face of the wheel has particles of the metal being ground adhering to it, thus preventing the wheel from cutting freely. Loading may be caused by taking cuts that are too deep and by not using the right cutting fluid. The remedy for loading is to increase the speed of the wheel or use a softer wheel.
Truing: Truing is the process of changing the shape of the grinding wheel as it becomes worn an original shape, owing to the breaking away of the abrasive and bond. Truing and dressing are done with same tools, but not for the same purpose

Dressing:  dressing removes the loading and breaks away the glazed surface so that sharp abrasive particles are again presented to the work. A common type of wheel dresser known as star dresser. Abrasive wheel dressers operating at high speeds are frequently used to dress other wheels. For precision and high finishing grading diamond points are used for dressing.

The following are the common devices used for dressing of grinding wheel:
1) Wheel dressers,

2) Abrasive sticks,

3) Abrasive wheels

4) Diamond

5) Crush dressing fixtures

USE OF COOLANTS

The cutting fluids or coolants perform the same function in grinding as in other operations. Mostly used coolants include the water solutions and emulsions. Oils are also used. The use of a suitable coolant is needed in grinding for the following reasons:

1. To reduce the excessive heat generated during the operation and avoid its extreme localisation.

2. To maintain uniform temperature, in order to prevent distortion of the job and breakage of the wheel.

3. To prevent the metal chips from clogging into the grain spaces and, thus, avoid loading the wheel face.

4. To drive away the broken abrasive grains and chips, so that they may not scratch against the finished surface and spoil it.
TYPES OF GRINDING MACHINES

Various different types of grinding machines have been designed and are being used. Some of these are for roughing work, some are for precision work and some are for special purpose, i.e., to perform a specific type of operation. The varieties of grinding machines are probably larger than any other type of machine tools. However, the most commonly used types can be broadly classified as follows:
· Roughing or Non-precision Grinders
·  Precision grinders.
ROUGHING (OR) NON PRECISION GRINDERS
The main purpose of these grinders are to remove more stock than can be easily removed by other types of grinders. The quality of surface finish is, obviously, of a secondary importance.

This class of grinders includes the following machines:

(i) Bench, Pedestal or Floor grinders

(ii) Swing frame grinders

(iii) Portable and flexible shaft grinders

(iv) Belt grinders
· Precision grinders are used for finishing the work pieces to a very accurate size can be categorised as
1. Cylindrical grinders

a) External cylindrical grinders
i. centre type



a) Plain, and (b) Universal



    ii.Centre-less type

b) Internal cylindrical grinders

i.Chucking type




ii.Planetory type

                        iii.Centre-less type

2. Surface grinders

a) Vertical spindle

i.Reciprocating table

 ii.Rotating table

b) Horizontal spindle

i.Reciprocating table

ii.Rotating table
3. Tool and cutter grinders

4. Special grinding machines
CYLINDRICAL GRINDERS


The principle of cylindrical grinding, as illustrated in Fig., involves holding the rigidly on centres, in a chuck or in a suitable holding fixture, rotating it about its ceding a fast revolving grinding wheel against the same. If the work surface to be longer than the face width of the grinding wheel, the work is traversed past the he wheel past the work. Traversing of wheel or work is done either by hydraulic or mechanical power or by hand. Feed is given to the work or the wheel at the end of each traversing movement. In case the width of wheel face is more or equal to the length of the work surface to be ground, the wheel may be fed in with no traversing movement of it or that of the work. This is known as plunge grinding. The simplest and quite commonly used type of cylindrical grinder is a tool post grinder used on lathes. 
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Fig: Principle of Cylindrical Grinding
Cylindrical grinding machines are mainly of the following three types:

1. Plain cylindrical grinders

2. Universal cylindrical grinders
3. Centre less grinders.

Plain cylindrical grinders:
On these grinders, the work piece is usually held between two centres. One of these centres is in the headstock and the other in the tailstock. In operation, the rotating work is traversed across the face of the rotating grinding wheel. At the end of each traverse, the wheel is fed into the work by an amount equal to the depth of cut. While mounting the work between centres, the head-stock centre is not disturbed. It is the tailstock centre which is moved in or out, manually or hydraulically, to insert and hold the work.Tailstock and headstock both can moved along the table to suit the work. The table is usually made in two parts. The upper re carries the tailstock, headstock and the work piece and can b,: swiveled in a horizontal ne, to a maximum of 100 on either side, along the circular ways provided on the lower table. s enables grinding of tapered surfaces. The lower table is mounted over horizontal guide ways to provide longitudinal traverse to the upper table, and hence the work. Table movements can be both by hand as well as power. Hydraulic table drives are usually preferred.

The wheel head is usually mounted on horizontal cross ways on the bed and travels along these to feed the wheel to the work. This movement is known as infeed. The wheel and work so adjusted that the grinding force is directed downwards to ensure proper stability. An plain cylindrical grinder is shown by means of a block diagram in below Fig:
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Fig: Cylindrical grinders
UNIVERSAL CYLINDRICAL GRINDERS

A Universal cylindrical grinder carries all the parts and movements of a plain cylindrical grinder and, in addition, carries the following advantageous features:

1.
Its headstock can be made to carry a live or dead spindle, as desired, the former being needed when the work is held in a chuck.

2.
The headstock can itself be swivelled in a horizontal plane.

3.
Its wheel head can be raised or lowered and can also be swivelled to ± 90° to grind tapered surfaces having large taper angles.

CENTRELESS GRINDERS


These grinders are also a type of cylindrical grinders only, but the principle of centreless g differs from centre type grinding in that the work, instead of being mounted between;, is supported by a combination of a grinding wheel, a regulation wheel and a work rest 'he relative movements of the work-piece and the two wheels are shown in below Fig; Principle of centreless grinding is used for both the external grinding as well as internal grinding. Many hollow cylindrical and tapered.workpieces, like bushes, pistons, valves, tubes ills, etc., which do not or cannot have centres, are best ground on centreless grinders.
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Fig: CENTRELESS GRINDER
a) It carries a heavy base and two wheel heads,one carrying the grinding wheel(larger one) and the other regulating wheel(Smaller one) the work piece rests on the blade of the work rest between these two wheels. Each head carries a separate wheel trueing mechanism for the wheel it carries. A housing is provided on one side of the machine body to house the main driving motor. There are two control panels on t he front. The left hand panel carries controls for speed adjustment of the two trueing mechanisms and the infeed grinding mechanism. The right hand panel carries controls for hydraulic mechanism. Speed adjustment of the regulating wheel, automatic working cycle switch, start and stop switches,etc.
Reciprocating Table Type Surface Grinders


The principle of grinding, as applied to reciprocating table type surface grinders, is illustrated by means of the diagrams of relative movements in Figs. 12.21 and 12.22. A reciprocating table type surface grinder may have a horizontal spindle of the grinding wheel (See below Fig.) or a vertical spindle of the same, as shown in  below Fig. The former will carry a straight wheel and the latter a cup type wheel. Hydraulic drives are commonly used in all such grinders. Cutting is done on the periphery of the straight wheel, in case of horizontal spindle type, and on the revolving edge of the cup wheel on vertical spindle machines. The horizontal spindle machines are widely used in tool rooms. The workpiece is usually held on a magnetic chuck on these machines. They are vastly used for grinding flat surfaces. The machine size is designated by the dimensions of the working area of the table. 
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Fig: Working principle of a Horizontal Spindle
Fig: Working principle of a 

Reciprocating table surface grinder


Vertical Spindle







Reciprocating table surface grinder


In case of vertical spindle reciprocating table grinders the table, along with the workpiece, reciprocates under the wheel. The wheel covers all or a major portion of the width of the job, as shown in Fig: Crossfeed to the work can be given as usual by moving the saddle. A manual or power feed can be employed to feed the wheel-head vertically. An individual motor drive is usually provided to rotate the wheel.
Rotary Table Surface Grinders: Rotary table surface grinders are also made in two types, i.e., either having a horizontal heel spindle or a vertical wheel spindle. The relative movements of the wheel and table of a horizontal spindle type are shown in below Fig: Usually a circular shaped magnetic chuck is mounted on the circular table to hold the jobs. The workpiece are normally arranged in a circle, concentric with the round chuck. If it is a single piece, it can be mounted centrally on the chuck. The table is made to rotate under the revolving wheel, both rotating in opposite directions. The vertical feed to the wheel is given by moving the wheel-head along a column and the cross feed by the horizontal movement of the wheel spindle. .A straight wheel is used on these machines, which cuts on its periphery. Some machines carry the provision to raise or lower e table also and also to incline the same.
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Fig: Relative movements of different parts   Fig: Relative movements of different parts 
of a Horizontal Spindle Rotary Table 

of a vertical Spindle Rotary Table 

Surface Grinder. 



Surface Grinder.
 
Above second Figure illustrates the relative movements of the wheel and table of a Rotary table vertical spindle surface grinder. A cup wheel has to be used on these machines, as shown in the diagram. Vertical feed to the wheel is given by moving the wheel-head. The work pieces are mounted on the round chuck in the same way as in the horizontal spindle type. The table rotates in a direction opposite to that of the wheel and brings the work pieces one after the other under the rotating wheel. The table is usually mounted on a slide so as to give cross feed. Some rotary table surface grinders are provided with two tables instead of one so that, while pieces are being ground on the table, the other table can be used for loading the fresh batch of work pieces.
 Universal Tool and Cutter Grinder :

The universal tool and cutter grinder is used for grinding of various shapes by special accessories and grinding wheels. The shape of grinding wheel depends on the s the cutter to be sharpened. The parts of universal tool and cutter grinder are shown in below Fig:
[image: image250.jpg]WHEEL HEAD

GRINDING

WHEEL GRINDING
WHEEL
L TABLE
COLUMN —— ] /
I B
l T
N
ik SADDLE
e BASE





Fig: UNIVERSAL TOOL AND CUTTER GRINDER
1. Base: It is a heavy box like structure and is made of cast iron. The top of the b accurately machined to provide the ways for saddle. The base contains the gears and mechanism for controlling the table movements.

2.Table: The table is composed of two units. The lower table is mounted on the ways. The upper table (work table) is fastened to the lower table and may be swivelled grinding tapers.

3.Saddle : The saddle is mounted on hardened ways and provides the means form the work forward and backward.

4. Wheel head : The wheel head is mounted on a column at the back of the base. It be raised or lowered and may be swilled on the base for various setups.

5. Headstock and Tailstock : The headstock and tailstock are mounted on either side of work table (upper table) and supports the work for certain grinding operations. The distance between headstock and tailstock can be adjusted along the table.

6. Grinding wheel : Grinding wheels used on universal tool and cutter grinding depends on the shape of the cutter to be sharpened.

The three type of grinding wheels are in common use. These are: 
1. Straight wheels,
2. Cup type wheels, and

3. Dish type wheels.

Advantages of centre less grinding over center type grinding
· The need for centering and use of fixtures,etc;is totally avoided.

· It can be applied equally to both external and internal grinding

· Once asset-up has been made, it is faster method than centre type grinding

· Since there is no end thrust, there are no chances of any springy action or distortion in long work pieces

· The operating conditions automatically provide a true floating type centre for the workpiece and as such, the common errors normally associated with the centres and centre holes are automatically eliminated.

· Avery little maintenance is need for the machine

· Very highly skilled operators are not needed for operating centre less grinders

· A fairly wide range of components can be ground.

UNIT-7

LAPPING HONING BROACHING

The parts produced through turning, drilling, boring, shaping, milling, etc,have fairly accurate in size, but do not carry a very high degree of surface finish. As such,in good many cases, they do not readily suit the service they are intended for and are to be subjected to one or more further operations to obtain the desired surface finish on them. These precision surface finishing operations, employed for producing extremely high surface finish, are called micro-finishing operations for the reason that the surfaces finished through these processes are specified in micro-units, such as microns or micro-inches. Where very close dimensional accuracy is required, in addition to highly finished surface, the operations performed for the above purpose include:

· Some grinding operations,

· Lapping

· Honing

· Super finishing

LAPPING: It is an abrading process employed for improving the surface finish by reducing roughness, waviness and other irregularities on the surface. It is used on both heat-treated and non-heat-treated metal parts. It should, however, be noted that where good appearance of the job surface is the only requirement, it should not be employed, since there are other finishing methods which will give the same desired result with low cost. It should be used only where accuracy is a vital consideration in addition to the surface finish. The basic purpose of lapping is to minimise the extremely minute irregularities left on the job surface after some machining operation.
In brief, we can say that Lapping is basically employed for removing minor surface imperfections, obtaining geometrically true surfaces, obtaining better dimensional accuracy and, thus, facilitate a very close fit between two contacting surfaces.




The material to be selected for making a lapping tool or lap largely depends upon the individual choice and the availability, and no specific rule can be laid for the same. The only consideration that has to be made is that the material used for making a lap should be soft so that the abrasive grains can be easily embedded in its surface. In case a hard material is used for making the lap, the abrasive particles will quickly go out of their places. The commonly used materials are soft cast iron, copper, brass, lead and sometimes hardwood.

Abrasives: All the abrasives, i.e., natural as well as artificial are used for lapping. Aluminum oxide is preferred for lapping soft ferrous and non-ferrous metals. Silicon-carbide and natural corundum are used for hardened steel parts. Powdered garnet is used for lapping soft ferrous and non-ferrous metals, emery for hardened steel components and diamond for extremely hard materials like cemented carbides.


Vehicle: The term 'Vehicle' in lapping denotes the lubricant used to hold or retain the abrasive grains during the operation. To some extent it also controls the cutting action of the latter. Some common vehicles used in lapping include the vegetable or olive oil, lard oil, water soluble oil, mineral oil, kerosene mixed with a little machine oil, alcohol, and heavy grease. For cleaning the laps, naphtha is commonly used. No specific recommendations can, although, be laid for the selection of a particular vehicle, still the vehicle used should possess the following qualities:

1. It should be able to hold the abrasive particles uniformly during the operation.

2. Its viscosity should not be considerably affected by temperature changes.

3. It should not evaporate quickly.

4. It should be non-corrosive.

5. Its viscosity should suit the operating speeds.
Lapping allowance: As already described earlier, the lapping operation is not primarily meant for removing metal. As such, enough care should be taken to ensure that too much material is not left on the work surface to be removed by lapping. The endeavour should always be to obtain as good surface finish through earlier machining operations as it is possible so that a very negligible amount of stock remains to be removed by lapping. It should be borne in mind that smaller the amount of stock left, quicker will be the lapping process and higher will be the dimensional accuracy obtained. Keeping in view the above discussions, the recommended range of lapping allowance to be left is as follows:

1. General lapping work

Allowance on surface
0.0075 mm to 0.0125 mm

Allowance on dia or thickness
0.015 mm to 0.05 mm

2. For lapping the work which has been finish ground

Allowance on surface
0.005 mm

Allowance on dia.
0.01 mm

Pressure and Speed for lapping

The following magnitudes of pressures are recommended for lapping :

For soft materials
0.07 —0.2 kg/cm2
For hard materials
0.7 kg/cm2
Normal speed range used in rotary lapping, i.e., when the work and lap have a rotary motion relative to each other, varies from 1.5 m/sec to 4.0 m/sec.
TYPES OF LAPPING OPERATIONS:
Lapping operations can be broadly classified into the following two main groups :

> Equalising Lapping 
> Form Lapping

1. Equalising lapping

It is the operation of running two mating parts or shapes together with an abrasive between them. When two such surfaces run together in constant contact with the abrasive, their surface finish is improved and any deviation of shape corrected. Those results can be easily seen during seating of tapered valves in their seats or when gears are rotated together with these objectives.

2. Form lapping


As is clear from the name itself, it is not merely rubbing of surfaces together but it is the shape of the lap that is responsible for finishing a corresponding work surface. Obviously, the lap used in the operation will be a form lap, i.e., containing the shape to be lapped.
LAPPING METHODS AND MACHINES


Lapping is done in the following two ways:

· By Hand-called Hand Lapping

· By Machine-called Machine Lapping
Hand Lapping:
In hand lapping, either the lap or the work-piece is held by hand and the motion of the other enables the rubbing of the two surfaces in contact. This method is widely used in lapping press work dies; moulding dies and metal moulds for casting, limit gauges, etc. In some cases the lapping compound is placed between the two surfaces and the two are rubbed together by moving one of these by hand, the other remaining stationary. A few examples of this method are lapping of surface plates, engine valve and valve seat, etc. Whatever may be the method used, out of the above two, it is necessary that the work and lap are not rigidly guided with regard to one another and that their relative movement is kept along an ever changing path, i.e., not repeated along the same path. For example, Fig. shows the bottom surface of a hardened steel piece being lapped on a cast iron plate. The top surface of the plate is made perfectly plane, finely finished and checkered by providing cross grooves, as shown. These grooves help in collecting excess abrasive grains and removed chips.
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Fig: An Example of Hand Lapping

Before commencing the operation, the lapping compound (fine grained abrasive) is spread over the top surface of the plate. Grey cast iron, which is porous and soft, is the material used for the plate. It is, therefore, able to retain the abrasive grains (lapping medium). The workpiece is placed over the lapping medium and rubbed over the same. As already indicated above, the movement of the workpiece has to be along an irregular path, not just to and fro. In this case, the workpiece is shown moving along t path taking a shape of English numeral '8'.

Machine Lapping


Machine lapping is performed for obtaining a highly finished surface on many articles like races of ball and roller bearings, gears, crankshafts, machine bearings, pistons, pins and gauges, gauge blocks, various automobile engine parts and micrometer spindles, etc. Many different types of machines are used in lapping. A typical vertical spindle machine consists of two wheels (circular plates), one above and the other below. The work pieces are placed between the two and the loose abrasive grains with vehicle are fed. A modification of this machine consists of two bonded abrasive wheels in place of the above rotating wheels. Obviously, no loose abrasive is required in this case. In both the machines, the lower wheel rotates and the upper one does not, but floats over the work pieces. These two machines can be used only for circular and flat work.
The working principle of a typical Vertical Spindle Lapping Machine is shown in below Fig. The work pieces are loaded in conditioning rings or cages on the rotary lower plate, which rotates about a vertical axis, as shown. At the same time, the conditioning rings also rotate along with the work pieces in their own positions. The combination of these two rotary motions provides a gyratory motion to the work pieces, due to which the entire surfaces of the two plates are covered. This results in an even wear of the plate surface and, therefore, its flatness is maintained. The upper plate just provides a floating action and helps in maintaining parallelism. Most of the commonly used engineering materials can be lapped by this type of arrangement. In case of slender jobs, a work holder is incorporated between the two lap plates to keep the work pieces in proper alignment with the plates.
Some modern lapping machines are provided with vibratory motion instead of rotary motion, the lower plate carrying an abrasive paper fixed on its top surface. Work pieces are held over this paper by providing light pressure from the top plate. The lower table is vibrated and, as a result, the work pieces flow on the emery paper for lapping.
For lapping crank shafts and pins, etc.an abrasive-belt machine is commonly employed. This machine is a horizontal spindle machine, of which the spindle carries the crank shaft. During the operation, the crankshaft gets a small reciprocating motion. This machine neither uses the embedded abrasive laps nor the bonded wheels. Instead of them, coated abrasive like paper or cloth are used.

A centreless grinding machine can be conveniently adopted to perform lapping operation for round objects. The bonded wheels used in this case will be sufficiently large so that the work piece is subjected to the abrasive action of the wheel for a longer period on each pass. Another special feature of these wheels will be that they will have their grains of a much finer girt. Rest of the setting and operation will be quite similar to centreless grinding.
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Fig: Working principle of a vertical spindle Lapping machine

HONING

Honing: It is also an abrading process, used for finishing previously machined surfaces. It is mostly used for finishing internal cylindrical surfaces such as drilled or bored holes. The tool used, called a hone, is a bonded abrasive stone made in the form of a stick. Although honing enables the maximum stock removal out of all the surface finishing operations, still it is not primarily a metal removing operation. However, this higher stock removing capacity enables application of honing for correcting slight out of roundness or taper. Hole location cannot corrected through it. The usual amount of stock left for removal by honing is form 0.1 mm 0.25 mm, although it is capable of removing the stock up to 0.75 mm. Honing is performed at relatively slow speeds in the range of 10-30 metres/min.


The honing tool works more or less in the same way as an expanding reamer. The honing stones are so held in a holder or mandrel that they can be forced outwards by mechanical or hydraulic pressure against the surface of the bore. Aluminum oxide, silicon carbide or diamond grains of suitable grit are bonded in resinoid, vitrified or shellac bond to form the honing stones, usually carrying impregnated traces of sulphur or wax for longer tool life and better cutting action. Both internal cylindrical and flat surfaces can be honed. But, the process of honing is largely applied to internal cylindrical surfaces only. A hand honing tool is shown in below Fig:
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Fig: A hand honing tool and honing process
Hand Honing Process

Honing is a 'wet' process and it is necessary that a suitable coolant be used in ample quantity during the operation. In small parts, honing can be done by hand. In this, the hone is rotated and the work piece moved over rotating tool back and forth by hand. The length of stones used is about half of that of the hole and the over travel at the end of each stroke is about one-third of the stone length.

Machine Honing

The process of honing can be done on many general purpose machines also, such as lathes and drilling machines. Where the stationary type of machines do not suit the nature of work, a portable electric drill can be used for this purpose by fitting a hone in place of the drill the reciprocating motion being given by hand. In production work, where honing is to be done on a large scale, such machines will fail to give satisfactory and economical results. In such cases, the use of regular machines only will give the desired results. These honing machines are made in various types and sizes. The most common classification of these is as follows:
1. Horizontal Honing Machines

These machines are mostly used for honing comparatively longer jobs, such as gun barrels. All such machines carry a horizontal spindle, on which is mounted the honing tool. On some machines the work piece is mounted on a table which reciprocates hydraulically to move the work to and fro on the hone, which rotates about its own axis and also, simultaneously, oscillates a little. The oscillating motion of the hone may be controlled hydraulically or mechanically. In some machines the work is held in a horizontal position and rotated about its own axis. No reciprocating motion is given to it. Against this, the honing tool, which is mounted on a travelling head, is rotated and reciprocated to give the same result as above. The latter type of machine is used for extremely long jobs. A suitable gauge is always provided to indicate as to whether the correct size has been reached or not. These machines may carry single or double spindles.

2. Vertical Honing Machines

These machines hold the work as well as the tool in vertical positions. They are available in both single and multiple spindle types. Usually, the spindle heads, and hence the tools, reciprocate and not the work pieces. Suitable fixtures are usually employed to hold the work pieces in position. Most of the modern machines carry a hydraulic drive for their spindle heads and the tools. These machines are best suited for shorter jobs. In appearance these machines resemble the drilling machines. In honing work the vertical machines are more widely used than the horizontal ones. A honing tool head used on Vertical honing machines is shown in below Fig:
[image: image254.jpg]Stones

A T B2 T PR







Fig: Honing head for vertical machines

SUPERFINISHING

Super finishing is more or less like a lapping process with a specific difference that the abrasive used is a bonded abrasive. The abrasives are used in a particular way under controlled conditions to produce a high quality surface finish on the work surface. It should be particularly noted that it is not essentially a metal removing operation and it is necessary, therefore, that in order to have a rapid rate of production, all the components to be super finished should first be finished, through other operations, very nearly to the final size. On an average the best results can be obtained by leaving only 0.0025 mm to 0.005 mm stock to removed by supper finishing to bring the work to the correct size, although up to 0.025 mm can be removed through this operation. In order to bring the work to such a close dimensional accuracy, grinding is usually employed prior to super finishing.

BROACHING AND BROACHING MACHINES

Broaching is a machining operation in which a tool, having a series of cutting teeth, called Broach, is either pulled or pushed by the broaching machine past the surface of a work piece. In doing so, each tooth of the tool takes a small cut through the metal surface. The surface to be cut may be external or internal. When the operation is performed on internal surface it is called Internal or Hole Broaching and in case of external surface External or Surface Broaching. Most of the cutting is done by the first and intermediate teeth whereas the last few teeth finish the surface to the required size.
TYPES OF BROACHES

There is a fairly large variety of broaches in use in industry, but all of them can be classified-is follows:

1.
According to the method of operation — Push, pull or stationary.

2.
According to the kind of operations they perform — internal and external.

3.
According to their construction — Solid, built up, rotor cut, inserted tooth, 
overlapping tooth, progressive, etc.

4.
According to their use — Single purpose or combination.

5.
According to the functions — Keyway, spline, burnishing, roughing, sizing, 
serration, rifling, surface, spiral, etc.

Push Broaches (Fig.1) are shorter in length than the pull broaches of the same cross-section in order to ensure adequate stiffness to resist bending. The former type is usually employed where a shorter length is to be-broached and less material is to be removed.
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Fig: A push Broach


 Where a considerable amount of metal is to be removed and a longer surface is to be broached a pull type broach, which carries more number of teeth and is longer, and hence removes more material, is preferred. Internal broaches are generally made of solid construction, but where chances of wear are more and high accuracy is desired a shell type construction is always preferred, which consists of several replaceable shells mounted on a bar. They are known as built-up broaches. External or surface broaches are generally of built up type having replaceable sections or teeth. The broaches which are used to produce a single surface, viz.,a round hole, are known as single purpose. Against this, many broaches, called combination broaches, are designed to take two types of cuts simultaneously and produce two different surfaces or perform two different operations, such as sizing and burnishing a hole or sizing a hole and cutting splines in it. Both the operations are done in a single pass of the tool. A burnishing broach is used for producing a highly finished and glazed surface. In general, it is the tool (broach) which moves while the work remains stationary, but in certain cases the broach remains stationary whereas the work pieces are moved past it as in Continuous broaching machine. A broach made in a single piece is known as a solid broach.

The internal broaches which are normally of solid type, are commonly employed for en1arging and sizing an existing hole and/or providing specific shapes to the existing holes. These holes in the components exist due to earlier operations on them, such as drilling, casting, forging, punching, etc. Rotor cut broaches are usually employed for heavy stock removal in castings and forgings.
TOOL MATERIALS AND HEAT TREATMENT

Broaches used for very light work can be made of high carbon steel, but they are not suitable for production work. High speed steel is the most commonly used material for the manufacture of broaches. H.S.S. broaches give a very satisfactory performance in mass production and heavy duty work. They give a fine surface finish and have a fairly long life. Broaches having their teeth tipped with sintered carbide are also used, but only for very hard metals and abrasive materials like hard rubber and cast iron, etc. However, their use is mostly confined to mass production work, specially in surface broaching.Proper heat treatment and subsequent grinding are two very important aspects of broach manufacturing. Long broaches are heated in vertical type of electric furnaces so that there is a uniform distribution of heat throughout the entire length of the tool and the distortion is minimum. This is followed by cooling in air under pressure. The broach is hung vertically during air cooling also in order to avoid warpage. Short broaches are heat treated in horizontal furnaces. Specially designed grinders are then used to grind and finish the teeth of the broach.
DETAILS OF BROACH CONSTRUCTION
Below Figure illustrates the details of a pull type hole or internal broach for producing a cylindrical hole. The puller grips the broach at the shank end. Before the teeth, the front pilot enters the hole to keep proper alignment. The cutting teeth, which follow the front pilot, gradually increase in size. The first set of cutting teeth, called roughing teeth, does most of the cutting. 
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Fig: Broach terms

They are followed by semi-finishing teeth, which remove comparatively less stock than the former. The variation in their sizes will obviously be smaller than the roughing teeth. They bring the size of the hole to roughly the required size. The finishing teeth, which follow after the semi-finishing teeth, do not practically remove any appreciable amount of stock. They are all of the same size and shape as the required size and shape of the hole, so as to produce the hole of required size and shape having a smooth finish. When the first finishing teeth are worn out, those behind them start doing the sizing operation. The rear pilot supports the broach and keeps it aligned after the cut is over.
PRINCIPLE OF BROACHING

The operation of broaching involves the use of a multitooth cutter, called broach. The teeth of the broach are so designed that the height of cutting edge of the following cutting tooth is slightly more, equal to the feed per tooth, than that of the preceding tooth. Thus, when the broach is fed in a straight line, either over an external surface or through an internal surface, the metal is cut in several successive layers by successive teeth of the broach. The thickness of each layer is same and is known as feed per tooth. The sum of thicknesses of all the layers taken together is called the depth of cut. During the operation, either the broach is fed past the stationary work piece or the work piece past a stationary broach, the former practice being more common. The surface produced carries an inverse profile to that of the broach teeth. A specific point regarding broaching is that out of all the basic machining processes it is the only process in which the feed is in-built in the tool (broach). This feed is equal to the chip thickness. This aspect is amply clear in the given diagrams (Figs).
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Fig: A push type broach in use for

Fig: A pull type broach in use for

 Machining an external surface.

Internal broaching on a vertical pull-down





machine


Figure shows a push type broach being fed past the stationary work, on a horizontal broaching machine, to machine an external surface on the work piece. Figure shows a pull type broach being fed into a hollow work piece, on a vertical pull-down type machine, to machine an internal surface of the work piece. In this case also, the work piece will remain stationary. Both the operations are performed in a single linear stroke of the broach. After the end of the stroke in both the above operations the broach is retracted to the original starting position, the finished part replaced by a new work piece and the operation repeated as usual.

TYPES OF BROACHING MACHINES

There are a number of different designs available of broaching machines in different sizes and capacities. A few of them, like arbor press, are manually operated and the rest all are power operated. Manually operated machines are used normally where only a few pieces are required to be broached and the components are small in size. Where broaching is to be done on mass scale, a power driven machine is always used. The common types of broaching machines can be classified as follows
1). According to the power employed — Manually operated or power driven.
2) According to the direction of broach movement in cutting —Horizontal or vertical.
3) According to the method of cutting — Pull, push or continuous.
4) According to the condition of movement of the tool relative to the work — Moving or Stationary broach.
5) According to the type of drive — Mechanical or hydraulic drive
6) According to the number of pull heads — Single or multiple pull-head.
BROACHING PRESSES

Various types of presses have been developed which are used for broaching. As stated later in the last article, a small number of jobs can be easily broached on a manually operated arbor press, shown in below Fig. This is the simplest and lightest of all the presses used in broaching work and is manually operated.


Modern power press, used for broaching on mass scale, usually carries a hydraulic drive. Push type broaches are commonly used on these machines. Both internal as well as external broaching can be done, but the former is more commonly performed on these machines. These machines are made in various different sizes,ranging in capacity from 250 kg to 35 tonnes pressure. These machines are generally available in the vertical type. 
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Fig: An arbor press being used to broach a key in a gear

The work piece is placed on the machine table and the vertical ram of the machine, carrying the broach, pushes the latter past the work. The main advantage of using presses for broaching is that they are relatively less expensive as compared to other broaching machines. Another advantage with these presses is that they can easily be switched over to perform other operations like bending, swarf cutting or trimming and drawing,etc., when broaching is not being done Thus; their idle time is fully utilised. It is for these reasons that presses are mostly preferred over other regular types of broaching machines in those shops where broaching is not a regular requirement
HORIZONTAL PULL TYPE BROACHING MACHINES

Almost all the modern horizontal pull-type broaching machines carry a hydraulic drive for reasons of getting the required power and efficient drive. A pressure-gauge is always fitted which readily indicates the pull being applied on the tool. As indicated by the name of the machine, a pull-type broach is always used. These machines are used both for internal as well as external broaching. Those used for hole or internal broaching carry a bed quite similar to that of a lathe and the broach moves like the tailstock on the bed ways. The other class, which is used for external or surface broaching, carries the guide ways on a vertical surface, normal to the bed, along which the broach moves. Fixtures are invariably used on these machines. In addition to this, the cutting pressure, or to say the pull, exerted on the broach further helps in clamping the work in position. The broach is pulled by a horizontal ram, which is driven by a hydraulic piston and cylinder mechanism incorporated in the body of the machine. The mouth or front part of the ram carries a hole to receive the shank of the broach puller. The shank of the broach is passed through the initial opening of the job and connected to the broach puller or pulling head. The rear end of the broach is usually held in a supporting slide, which travels along with the broach during the operation, just like a travelling steady on a lathe. These machines are manufactured in both fully automatic and semi-automatic types. In both the types, automatic stops or limit switches are provided to control the length of stroke of the ram.
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Fig: A schematic diagram showing Principle of




Surface Broaching on a Pull type horizontal machine.
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Fig: Showing Principle of Internal Broaching performed on a Horizontal pull type 
broaching machine.
Principles of both surface broaching and internal broaching operations, as
performed on a horizontal pull-hype broaching machine are shown in Figs. The relative movement of the broach with respect to the stationary workpiece while broaching an external surface. Figure illustrates the movement of the broach against the workpiece, held stationary, while broaching internal splines in the boss of a gear (workpiece). The pull ends of both these broaches are held in suitable pulling heads and then are pulled past the work.
VERTICAL PULL TYPE BROACHING MACHINES

Vertical broaching machines, using the method of pull-broaching, are of two types :
1) Pull down type

2) Pull-up type

Both these types are used for internal or hole broaching. An additional advantage with these machines is that more than one broaches can be mounted and made to operate simultaneously. A single ram sometimes carries as many as four broaches. Single ram machines cut in one-stroke only and the return stroke is idle, which is 2 to 3 times faster than the cutting stroke.

The pull down type machine carries an elevator at the top from which the broaches are suspended in an upside down position, the tail being gripped in the elevator. The workpiece is mounted over the table and broach lowered to pass its front pilot through the work. This pilot is gripped by the pulling head attached to the top of the ram, which is enclosed in the bed. The ram pulls the broach down through the workpiece to produce the desired hole. After the cut is over, the work piece is removed and the broach pushed up by the ram so that the elevator again grips the rear end of the broach to take it back to the starting position. The workpiece is removed and a fresh workpiece loaded to start the next operation.
In pull up type machine the ram is provided at the top which carries the pulling heads at its bottom. The elevators are provided inside the bed to hold the broach in vertical position. The workpiece is clamped to the underside of the table and the elevators raised to pass the front pilots to the broaches through the workpiece and the table, where they are gripped by the pulling head. The ram, then, starts its upward or cutting stroke and pulls up the broach through the workpiece. After the end of the stroke the workpiece falls down and is removed and the ram lowered. The rear ends of the broaches are again gripped by the elevators and the former brought down to the starting position.

MACHINE SIZE:

The size of a broaching machine is given by the length of stroke of ram in millimeters and the pressure applied on the broach in kilograms or tonnes. Other main specifications of the machine will include:
1) Range of speeds and feeds
2) Type of drive
3) Power rating of electrical motors.
METHODS OF BROACHING:

Different broaching methods can be broadly classified as follows:

1.
Internal or hole broaching: In this, normally the work remains stationary and the broach is either pushed or pulled through the same to produce a hole of desired shape and size. 

2.
External or surface broaching: In this, either the work or the broach is moved past the other to produce a groove or surface of desired shape and size on the external surface of the work. 

3.
Pull broaching: Mostly adopted for internal broaching. In this, the work remains stationary and the broach is pulled through the same to produce the hole of desired shape and size.

4.
Push broaching: Adopted mostly for internal broaching of relatively lighter jobs. The workpiece remains stationary and the broach is pushed through the same. However, it can be used for external broaching also;
5.
Continuous broaching: It is a method suitable and largely adopted for broaching of identical components on large scale. In this method, the broach remains stationary while the work pieces move continuously past the same along a horizontal or circular path.
BROACHING APPLICATIONS


A wide variety of shapes, internal and external, regular and irregular, including complex contours, can be produced through broaching. Flat surfaces and marked contours can be easily produced by external broaching. Similarly, through internal broaching, regular geometrical shapes as well as irregular shapes can be broached. Also, several shapes which are difficult to be machined on other machine tools can be easily machined through broaching.
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Fig: Representative Shapes produced through Internal Broaching.

Some typical examples of applications of broaching include the machining of bearing caps, bearing bodies, cylinder blocks, connecting rods, cylinder heads, crank cases, rotors, toothed sprockets for chain drives, gears, turbine blades, sleeves, bushings, aircraft engine parts, to name a few of a large number of such applications. A few representative shapes produced through internal broaching are shown in above Fig. 
UNIT-8

JIGS AND FIXTURES

Introduction:
In any machining operation, the positioning the work with respect to cutting tool is a time consuming activity. This set up time is drastically reduced with the help of jigs and fixtures Further each part is held in same position. Thus the identical parts with consistent quality are produced. Therefore, the interchangeability of parts is achieved by using jigs and fixtures
Advantages of Jigs and Fixtures:


Jigs and Fixtures are production devices usually associated with mass production. The following are the main advantages of jigs and fixtures.

i) Reduction in setup time of work pieces on machine tool; they can be easily loaded and positioned on the machine tool.

ii) Ensures higher accuracy and surface quality because the work pieces are automatically located without any manual adjustments
iii) Unskilled operator can do the job. Thus, saving in labour cost
iv) Identical parts with uniform quality can be produced so as to ensure interchangeability of parts.
v) Higher productivity is possible by using jigs and fixtures which reduces the overall cost of the product
vi) Work pieces are rigidly held on a machine due to high clamping pressure of jigs and fixtures. This enables the machining of heavy and complicated work pieces at high speed and feed rates
vii) Use of jigs and fixtures improves the safety at work, thereby lowering the rate of accidents.
Differences between Jig and Fixture:

	Jigs
	Fixtures

	1.Hold and locate the work-piece and guide the cutting tool
	Hold the workpiece, but not guide the cutting tool

	2.Lighter in construction, usually not clamped on the table
	Heavier and clamped on the machine table

	3.Used for holding the work and guiding the tool in drilling, reaming and tapping
	Used for holding work in milling

turning, grinding and welding


PRINCIPLE OF LOCATION AND CLAMPING:

Jigs and fixtures are critical devices in' the manufacturing of interchangeable The design of jigs and fixtures is more flexible, and largely depends on the experience designer. In the conventional design of the jigs and fixtures, the following two facto be considered.

1.
Locating, and

2.
Clamping.


Locating refers to orienting and positioning the part or workpiece in the machine with respect to the cutting tool whereas clamping refers to holding the part in that location machining.

The basic principles of location and clamping are considered below.

Principle of Location:
Below Fig: Shows a body in space. It has a six degree of freedom. It can rotate a have linear movement along each of three axes, XX, YY and ZZ.
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Fig: Body in Space

The body is not constrained or prevented from moving in any direction. A locating system should constrain the body from moving in any direction. The workpiece located in jig must be constrained from Moving in any direction so as to complete the machining with required quality. This can be achieved by six locations suitably applied as shown in below Fig: and is known as the six point location principle. The base of the component is resting on three location pins which is the minimum number of points upon which it will firmly seat. In conjunction with clamping system all the six degree of freedom have been removed as described below:

Pins 1, 2 and 3 prevent linear motion along 'Y — Y' and rotation about 'Z — Z' and - X'. Pins 4 and 5 prevent linear motion along 'Z — Z' and rotation about 'Y —.Y.' and Pin 6 prevents linear motion along 'X — X. Thus, all the six degrees of freedom have been removed. This is generally referred as '3 — 2 —1' principle of location.

If more than six points are used for location, the additional points will be surplus and un necessary. This system of location is called redundant location.
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Fig: PRINCIPLES OF LOCATIONS
The following factors are to be considered for location

· Ensure that workpiece is given desired constraint
· Make sure that the location is fool proof i.e., workpiece can only be lo correct position.
· Location points should be visible to the operator at working position.
· Locations should be such that swarf will not cause mal-alignment

· Location points to be as far apart as possible to minimise in accuracies
Principle of Clamping:
Clamping will influence the accuracy and quality of the component and will influence substantially the speed and efficiency of the operation being carried° component. The main principle to be observed when designing any clamping system should be strong enough to withstand forces developed during operation, but clamp should not damage the workpiece or component. The clamping should be applied where the workpiece has the solid support of the fixture body.
The following factors are to be considered for efficient clamping of the 

workpiece


Use rapid action clamping devices to minimise clamping time.
· Must have positive clamping action to prevent undue movement.
· Clamps should withstand rough usage.
· Clamps should be simple to handle and easy to control without danger to operator.
· Clamping force should be exerted on positively supported points of workpiece.
TYPES OF CLAMPS:


The following types of clamps are generally used


1. Screw clamp,
2.Strap clamp,


3. Cam clamp,
4.Toggle clamp,


5. Hydraulic and pneumatic clamps.

1. Screw clamp: These are threaded parts with knurled collar or head (square or hexagonal) for rotating and tightening the screw. To increase the clamping area pads are provided. The use of pad prevents damage to the workpiece by allowing the screw to rotate at the point of clamping without scoring the workpiece. Screw clamp is simple, but the clamping force is not uniform and requires more time for its operation.
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    Fig: Screw clamp

2.Strap clamp: Strap or plate clamps are most popular devices for clamping. The various types of strap clamps are shown in below Fig: The toe and heel of the strap are shaped to ensure adequate clamping over a workpiece. The clamp stud must be nearer to the toe-end than heel-end of the clamp. The clamp is tightened by turning hexagonal nut one stud. The spring, provided below the clamp, lifts the clamp as nut is loosened. Thus the workpiece become free.
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Fig: Clamp with heel pin


Fig: Clamp with adjustable heel pin




Fig: Types of Strap clamp

3.Cam clamp: Cam clamps are quick action devices for clamping, but they tend to loose due to vibration. Below Fig. shows a simple cam-operated clamp. It is operated by actuating the handle.
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Fig: Cam clamp
4.Toggle clamps: Toggle clamps are quick action clamps and their operation depends upon the movement of rigid link. They are widely used for holding sheet-metal parts in position. Toggle clamp gives ample clearance for loading and unloading of work pieces, and provide heavy clamping force.
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Fig: Toggle clamp
5. Hydraulic and pneumatic clamps: Hydraulic and pneumatic clamping devices are widely used in mass production, and ensures reliable clamping of

work pieces with uniform and equalized clamping pressure.
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Fig:Fluid power clamp
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Fig. 9.43. Vertical turret lathe.
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Fig. 23.4 Honing tool head for Vertical machines.
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Fig: Single-spindle automatic�	screw machine.











Fig. 23.2	Working principle of a Vertical


spindle Lapping machine.
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Fig:Swiss automatic screw�machine.
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