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GRINDING MACHINE 

INTRODUCTION 
Grinding is a metal cutting operation like any other process of machining removing metal in 

comparatively smaller volume. The cutting tool used is an abrasive wheel having many numbers of cutting 

edges. The machine on which grinding the operation is performed is called a grinding machine. 

Grinding is done to obtanin very high dimensional accuracy and better appearance. 

The accuracy of grinding process is 0.000025mm. The amount of material removed from the work is very 

less. 

 

TYPES OF GRINDING MACHINES 
According to the accuracy of the work to be done on a grinding machine, they are classified as 

1. Rough grinding machines 

2. Precision grinding machines 

Rough grinding machines 
The rough grinding machines are used to remove stock with no reference to the accuracy of results. 

Excess metal present on the cast parts and welded joints are removed by rough grinders. The main types of 

rough grinders are 

1. Hand grinding machine 

2. Bench grinding machine 

3. Floor stand grinding machine 

4. Flexible shaft grinding machine 

5. Swing frame grinding machine 

6. Abrasive belt grinding machine 

Precision grinding machines 
Precision grinders are used to finish parts to very accurate dimensions. The main types of precision 

grinders are: 

1. Cylindrical grinding machines 

2. Internal grinding machines 

3. Surface grinding machines 

4. Tool and cutter grinding machines 

5. Special grinding machines 

GRINDING WHEEL 
A grinding wheel is a multi-tooth cutter made up of many hard particles known as abrasives having 

sharp edges. The abrasive grains are mixed with a suitable bond, which acts as a matrix to manufacture 

grinding wheels. 

According to construction, grinding wheels are classified under three categories. 

1. Solid grinding wheels 

2. Segmented grinding wheels 

3. Mounted grinding wheels 
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ABRASIVES 
Abrasives are used for grinding and polishing operations. It should have uniform physical properties 

of hardness, toughness and resistance to fracture. Abrasive may be classified into two principal groups. 

1. Natural abrasives 

2. Artificial abrasives 

Natural abrasives 
The natural abrasives are obtained from the Earth’s crust. They include sandstone, emery, corundum 

and diamond. 

Sandstone is used as abrasive to grind softer materials only. Emery is natural alumuna. It contains 

aluminium oxide and iron oxide. Corundum is also a natural aluminium oxide. It contains greater percentage 

of aluminium oxide than emery. Both emery and corundum have a greater hardness and abrasive action than 

sandstone. 

Diamond is the hardest available natural abrasive. It is used in making grinding wheels to grind 

cemented carbide tools. 

Artificial abrasives 
Artificial abrasives are of two types. 

1. Silicon carbide abrasives 

2. Aluminium oxide abrasives 

Grinding machine operations 
The process of grinding is the operation of removing excess material from metal parts by a grinding 

wheel made of hard abrasives. The following operations are generally performed in a grinding machine. 

1. Cylindrical grinding 

2. Taper grinding 

3. Gear grinding 

4. Thread grinding 
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SHAPER MACHINE 

Operations Performed In A Shaping Machine 

Different types of operations are performed in a shaping machine. They are broadly classified as  

1. Regular operations    2. Special operations. 

1. REGULAR OPERATIONS 

 

Machining horizontal surfaces: 

A shaper is mostly used to machine a flat, true surface on a workpiece. Horizontal surfaces are machined by 

moving the work mounted on the machine table at a cross direction with respect to the ram movement. The clapper 

box can be set vertical or slightly inclined towards the uncut surface. This arrangement enables the tool to lift 

automatically during the return stroke. The tool will not drag on the machined surface. 

Machining vertical surfaces: 
A vertical cut is made while machining the end of a workpiece, squaring up a block or machining a shoulder. 

The feed is given to the tool by rotating the downfeed screw of the vertical slide. The table is not moved vertically for 

this purpose. The apron is swiveled away from the vertical surface being machined as shown in the diagram. 

Machining angular surfaces: 

If the surface to be machined is neither horizontal nor perpendicular, the surface is called inclined surface. 

Machining ‘V’ grooves and dovetail grooves are some examples for angular machining. Machining the inclined 

(angular) surfaces can be done in several ways. They are 

a) Taper strip method: The taper strip is positioned on the table and fixed. On the taper strip, the job is fixed and 

machined. The angular surface is obtained. 

b) Layout method: Slanting surface is marked on the work piece. The job is positioned by suitable arrangement in 

such a way that the marked line is either horizontal or vertical. If the machining is carried out, the required angular 

surface is obtained. 

c) Degree parallel method: Degree parallel block is a wedge-shaped precision block for a particular angle. The 

degree parallel block is placed first on the table. Over and above that, the workpiece is positioned and the machining is 

done as usual to obtain the required angular surface. 

d) Universal vice method: The job may be fixed in the universal vice and then the vice is swiveled to the required 

angular position. If the machining is carried out, the required slanting (angular) surface will be obtained. 

e) Universal table method: If the universal table is available in the shaping machine, then the table can be tilted to 

the required position and the work is fitted on that. The machining is done as usual to obtain the required angular 

surface. 

f) Swivel tool head method: An angular cut is made at any angle other than a right angle to the horizontal or to the 

vertical plane. The work is set on the table and the vertical slide of the toolhead is swiveled to the required angle either 

towards left or towards right from the vertical position. The apron is then further swiveled away from the work to be 

machined.  

 

2. SPECIAL OPERATIONS: 

 Apart from machining horizontal, vertical and vertical flat surfaces, the shaping machine can do some special 

machining operations. 

Machining dove tail groove: 
 Dove tail joint is machined on two separate pieces of work as male and female elements. The required shape 

is marked on the face of the work and the unwanted metal is first removed by the round nose tool. A special form tool 

is used to finish the machining. 

Machining a ‘V’ block: 
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The required shape of a ‘V’ block is marked on the face of the work and machining is done by any suitable 

method of angular machinin 
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Machining a tongue and groove joint: 

The male and female elements of the tongue and groove joint having vertical surfaces is machined after the 

exact shape is marked on the face of the work. 

Machining external keyways: 

Machining external keyways refers to the cutting of long slots along the length of cylindrical rods. Initially a 

round nose tool is used and then a square nose tool is used to finish the operation. A hole of depth equal to the depth 

of the keyway is made at the blind end to leave a clearance to the tool at the end of the stroke. When a keyway is cut at 

the middle of the shaft, holes are drilled at both ends of the keyway. 

 

CUTTING SPEED, DEPTH OF CUT AND FEED 

 Cutting speed: 
 The distance an object travels in a particular period of time is known as speed. In a shaper, the cutting speed 

is the speed at which the metal is removed by the cutting tool in a period of one minute. In a shaper, the cutting speed 

is considered only during the forward cutting stroke. This is expressed in meter per minute. The cutting speed differs 

to suit different different machining conditions like work material, the finish required, the type of the tool and the 

rigidity of the machine. 

Depth of cut: 
 Depth of cut (t) is the thickness of metal that is removed during machining. It is the perpendicular distance 

measured between the machined surface and the uncut surface of the workpiece. It is expressed in mm or in inches 

Feed: 
Feed (S) is the relative movement of the work or tool in a direction perpendicular to the axis of reciprocation 

of the ram per double stroke. It is expressed in mm per stroke. 
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MILLING MACHINE 

FUNDAMENTAL MILLING PROCESSES 
 

The various milling processes may be grouped under two headings:  

1. Peripheral milling    2. Face milling 

Peripheral milling: 

 The machining is performed by the cutting edges on the periphery of the milling cutter. It is classified under 

two headings 

 1. Up milling     2. Down milling 

 

Up milling: 

 In this method, the workpiece mounted on the table is fed against the direction of rotation of the milling 

cutter. The cutting force is minimum during the beginning of the cut and maximum at the end of cut. The thickness of 

chip is more at the end of the cut. As the cutting force is directed upwards, it tends to lift the workpiece from the 

fixtures. A difficulty is felt in pouring coolant on the cutting edge. Due to these reasons the quality of the surface 

obtained by this method is wavy. This processes being safer is commonly used and sometimes called conventional 

milling. 

 

Down milling: 

 The workpiece mounted on the table is moved in the same direction as that of the rotation of the milling 

cutter. The cutting force is maximum at the beginning and minimum at the end of cut. The chip thickness is more at 

the beginning of the cut. The workpiece is not disturbed because of the bite of the cutter on the work. The coolant 

directly reaches to the cutting point. So the quality of surface finish obtained is high. Because of the backlash error 

between the feed screw of the table and the nut, vibration is setup on the workpiece. 

 

Face milling and end milling: 

 During face milling, the machining is performed by the peripheral cutting edges. The surface obtained by the 

processes is perpendicular to the axis of rotation of the cutter. End milling is a process of the machining by milling 

cutters which have cutting edges both on the end face and on the periphery. 
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INDEXING HEAD 

 
Indexing is the method of dividing the periphery of a piece of work into any number of equal parts. The 

attachment used for performing indexing is known as indexing head. The indexing operation can be adapted for 

cutting gears, ratchet wheels, keyways, fluted drills, taps and reamers. The indexing head serves as an attachment for 

holding and indexing the work in doing the above tasks. There are three different types of indexing heads namely 

 1. Plain or simple dividing head  2. Universal dividing head  3. Optical dividing head. 

 

CONSTRUCTION OF INDEXING HEAD: 

 

The construction of a universal dividing head as shown in Fig. 5.29 & 5.30 is explained below: 

 

Base: 

The base of the indexing head is fitted in the ‘T’ – slots of the milling machine table. It supports all the other 

parts of dividing head. 

Spindle: 

The spindle is situated at the centre of the dividing head. It has a taper hole to receive a live center. The 

spindle is supported on a swiveling block, which makes the spindle to be tilted through any angle from 5º below 

horizontal to 10º beyond vertical. A worm wheel is mounted on the spindle. While doing direct or rapid indexing, the 

index plate is directly fitted on the front end of the spindle nose. 

Worm shaft: 

It is situated at right angles to the main spindle of the dividing head. A single threaded worm is mounted on 

the worm shaft, which meshes with the worm wheel. An index plate is fitted on the front end of the worm shaft and 

with the help of a handle the worm shaft can be rotated to a predetermined amount. 
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Index plate: 

It is mounted on the front end of the worm shaft. It is a circular disk having different numbers of equally 

spaced holes arranged in concentric circles. The crank is positioned in the required hole circle and rotated through a 

calculated amount while indexing. The sector arm is used to eliminate the necessity of counting the holes on the index 

plate each time the index crank is moved. 

Driven shaft: 

It is parallel to the spindle and perpendicular to the worm shaft. 

Dead center: 

The work is held between the center of the spindle and the dead center. It can be made to slide and positioned 

at the required location. 

 

WORKING PRINCIPLE OF DIVIDING HEAD 

 

When the crank is rotated with help of a handle through the required number of holes in the index plate, the 

work is rotated to required amount. This is possible because of the worm and worm wheel mechanism. A gear train is 

arranged between the main spindle and the driven shaft when indexing is done by differential indexing method. The 

work is rotated as usual when the handle is rotated. At the same time, the index plate is also made to rotate a small 

amount through the gear train. When indexing is by this differential indexing method, the index plate is released from 

the lock pin. 

Indexing methods 

There are several methods of indexing and they are  

1. Direct or rapid indexing  

2. Plain or simple indexing  

3. Compound indexing  

4. Differential indexing  

5. Angular indexing 
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CNC MACHINES 
 

Now a day’s NC & CNC machines are performing an important role in manufacturing industry.Numerical 

control (NC) may be defined as controlling of a machine by means of numbers,letters & symbols. In NC numbers 

form a program of instructions designed for a particular work part or job. 

           By the rapid development in the field of electronics has made easy to build efficient and reliable control, now a 

day’s control system built with microprocessors with dedicated software consist heart of CNC machines. 

        During manufacturing of parts in a machine tool the required size and shape are achieved by performing relative 

motion between work piece and tool.For getting the identical most accurate product continually the relative motion is 

not achieved by the hand operation by the operators. More over which is taken more time and require high skill.These 

factors ultimately lead to low production rates on conventional machines.To overcome these problems CNC machines 

are used. 

         In the case of CNC machines the movements are obtained by DC/AC servomotors or DC stepper motors.The 

selection of right tool for various operation is performed by an indexing device called ATIT (Automatic tool indexing 

turret) inorder to minimize the cycle time various machine activities are executed simultaneously by CNC control 

            A full flanged CNC machines is expensive and machine hour rates very high,hence it is uneconomical to use it 

for training also any mistake of the learner may lead to the damage of machine.Thus, operator has to be familiar to 

CNC system for increasing his level of confidence,before operating the full flangedCNC machines. It is achieved by 

use of CNC trainer lathe. 

              The CNC machine in our institution is a two axis(X,Z) trainer lathe with FANUK based program. 

 

CNC PROGRAMING 

 
PART PROGRAMMING: 

The part programming method include a variety of procedures ranging from highly manual to highly 

automated. The types of part program are 

1. Manual part programming. 

2. Computer assisted part programming. 

3. Computer automated part programming. 

4. NC programming using CAD/CAM. 

 
MANUAL PART PROGRAMMING: 

 In Manual part programming the programming instructions are documented on a form called a part 

programming manuscript. The manuscript is a listing of the positions of the tool relative to the work piece that the 

machine must follow in order to perform the processing. 

COMPUTER ASSISTED PART PROGRAMMING:  
 In Computer, assisted part programming much of the tedious computational work required in manual 

part programming is performed by computer. For complex work part jobs with many processing steps, use 

of the computer results in significant savings time. When computer assisted part programming is used, the 

programmer prepares the set of processing instructions in a higher-level computer language. The high level 

language commands are interpreted by the computer and the required data calculations and data processing 

are accomplished to prepare the NC program. 

 
NC PROGRAMMING USING CAD/CAM: 

 NC Programming using CAD/CAM is an advanced form of computer assisted part programming in which an 

interactive graphics system equipped with NC programming software is used to facilitate the part programming task. 

In this method the programmer works on a CAD/CAM workstation to enter the machining commands are displayed 

on the graphics monitor, which provides visual feedback to the programmer. 
  

COMPUTER AUTOMATED PART PROGRAMMING: 
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 Computer automated part programming extends the notion of automating certain portions of the NC part 

programming procedure to its logical conclusion. It automates the complete part programming task using software that 

is capable of making logical even quasi intelligent decisions about how the part should be machined. 

 
With CNC, the program is entered once and then stored in the computer memory.It is required to feed the 

instructions/programs in the form of letters and numbers which represents some information’s or operations. 

For example: - 

 

 

 

 

CNC TRAINER LATHE – T100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

1. KEY BOARD    2. DISPLAY PANEL 

 

3. TAIL STOCK    4. X Y DRIVING SYSTEM 

 

5. SADDLE & CROSS SLIDE  6. BED 
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7. HEAD STOCK    8. SPINDLE DRIVE SYSTEM 

 

 

 

 

 

 

 
 

1.        N -      NUMBER OF BLOCK 

2.       G -       REPARATORY FUNCTIONS (G CODES) 

3.       X -       LINEAR X-AXIS MOTION 

4.       Z -       LINEAR Z-AXIS MOTION 

5.       K -      CANNED CYCLE AND CIRCULAR OPTIONAL DATA 

6.       F -       FEED RATE 

7.       T -       TOOL SELECTION CODE 

8.       S -        SPINDLE SPEED COMMAND 

9.       M -      M CODE MISCELLANEOUS FUNCTIONS 

10.      C -      FIFTH AXIS ROTARY MOTION 

11.      B -      LINEAR B-AXIS MOTION 

 

 

In CNC programming the information’s about an operation which would be necessary to be conveyed to the 

controller for the machine tool operation would consist of the following 

1 Operation number 

2 Operation code 

3 Coordinates for position or motion 

4 Tool information  

5 Speed and feed for operation 

6 Miscellaneous information’s like spindle rotation(clockwise/anticlockwise) coolant on/off etc. 

In a programmer, this entire information is called ablock. 

 

There are two types of programming according to tool indexing 

1     Absolute programming (G90) 

2     Incremental programming (G91) 

              In absolute programming, only one reference or origin for tool indexing. In this case not consider the current 

position of tool. 

              In incremental programming, no specific reference point or origin for tool indexing. Here the current position 

of the tool is to be considered. 

 

 

In CNC programming the information’s about an operation which would be necessary to be conveyed 

to the controller for the machine tool operation would consist of the following 

1 Operation number 

2 Operation code 

3 Coordinates for position or motion 

4 Tool information  

5 Speed and feed for operation 

6 Miscellaneous information’s like spindle rotation(clockwise/anticlockwise) coolant on/off etc. 

In a programmer, this entire information is called block. 
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There are two types of programming according to tool indexing 

1     Absolute programming (G90) 

2     Incremental programming(G91) 

              In absolute programming, only one reference or origin for tool indexing. In this case not consider 

the current position of tool. 

              In incremental programming, no specific reference point or origin for tool indexing. Here the 

current position of the tool is to be considered. 

 
 

 

 

 

 

 

FRONT PANEL OF CNC 2LX CONTROLLER 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1. G CODE AND FEED CHART.    8. FEED HOLD. 

 

2. EMERGENCY STOP KEY.    9. FEED OVER RIDE. 
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3. FUNCTIONL KEYS.     10. START KEY. 

 

4. FUNCTIONL KEYS.     11. SPEED OVER RIDE. 

 

5. OVER LOAD INDICATION.    12. MASHROOY SWITCH 

 

6. RS 232 C PORT.       13. KEY ROCK SWITCH. 

 

7. INCH INDICATION. 
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COORDINATE SYSTEM 

                         All CNC machines move tools to specific locations described by coordinate systems. With 

lathes the coordinate system can be simply described as two number lines that intersect. The figure shows 

two number linesthat intersect at a location described as reference zero orAbsolute Zero.With lathes the 

vertical number line is called the X-axis. The horizontal number line is called the Z-axis. The up and down 

motion or X-axis corresponds to the vertical number line. The Z-axis or side to side motion corresponds to 

the horizontal number line. The intersection of the two lines is Absolute Zero. When programming lathes X0 

is always the centerlineof the part you are workingon. It is the X position on the Z axis that the part rotates 

around. Z0 normally is the front finished faceof the part. 

G CODES 

G00-Point to point positioning 

G01-Linear inter relation 

G02-Clock wise circular interpretation 

G03-Counter Clock wise circular interpretation 

G04-Dwell 

G05-Hole 

G17-X, Y Plane section 

G18-z, x Plane section 

G19-YZ Plane section 

G33-Thread cutting 

G63-Tapping 

G78-Milling 

G81-Turning cycle or Drill cycle 

G91-Incremental 

G90-Absolute datum 

G92-Absolute preset 

M CODES 

M00-Program stop 

M02-End of program 

M05-Spindle off 

M06-Tool change 

M39-Auto cycle 

M03-Spindle direction in clock wise 

M13-End of program 

ADVENTAGES OF CNC MACHINES 

1  Reduction in lead time of starting production, 

2  Avoiding of operator error, 

3  Reduction In operator activity and fatigue, 

4  Lower labor cost, 

5  Economic production for small and medium batch, 

6  Long tool life, 

7  Flexibility in change of component design, 

8  Reduction in inspection, 

9  Reduction in rejection, 

10  Accurate costing and scheduling, 

11  Semiskilled operator can work, 

12  High repeatability and accuracy. 

AIMS FOR CNC TRAINING 

01  To be familiarwith operations of CNC machines 

02  To learn theatrical concepts of programming 
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03  To increase the confidence level of operators 

04  To edit and execute programmers on the machines 

05  To know requirements and peripherals for optimum CNC machining 

06     To understand the basic of CAD/Command FMS compatibility. 

 

 

 

 

 

 

 

X-Z AXIS LATHE 
 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


