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SAFETY PRECAUTION

1. Always wear uniform, shoes and gloves for safety

2. Never operate any machines until you have been instructed properly

3. Always wear goggles to protect your eyes from flying chips.

4. Never hold the job when the machine runs.

5. Never give heavy cut on longer job

6. Never change the gear and belt when the machine is running

7. Always use the correct size spanner and tool for fitting and removing of tool

8. Never try to clear the chips when the machine is running

9. To prevent accident, clean the spilled oil and grease immediately

10. Always clear the area around the machine and machine tool surface

11. Leather shoes or boots with steel toes are recommended. 

12. No open toed shoes or sandals are allowed in the shop.

13. Do not wear loose clothing. Cotton clothes are best to wear.

14. Remove all jewelry and tie back long hair.

15. Do not operate any machine equipment unless you have been instructed on its 
proper use and the safety risks involved with the machining operation.

16. Do not leave any machinery or power tools running and unattended.

17. Clean up metal shavings, oil, etc. from machine tools after use; pick up after 
yourself and return tools to their proper storage area.

18. Wear closed toe shoes and appropriate clothing.
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19. Don’t run, push or surprise other students. No horse play will be tolerated

20. Don't eat, drink, or smoke, in the laboratory

21. Always listen carefully to the teacher and follow instructions.

22. Do not run in the workshop, you could ‘bump’ into another pupil and cause an 
accident.

23. Know where the emergency stop buttons are positioned in the workshop. If 
you see an accident at the other side of the workshop you can use the 
emergency stop button to turn off all electrical power to machines.

24. Always wear an apron as it will protect your clothes and hold loses clothing 
such as ties in place..

25. When attempting practical work all stools should be put away.

26. Bags should not be brought into a workshop as people can trip over them.

27. When learning how to use a machine, listen very carefully to all the 
instructions given by the teacher. Ask questions, especially if you do not fully 
understand.

28. Do not use a machine if you have not been shown how to operate it safely by 
the teacher.

29. Always be patient, never rush in the workshop.

30. Always use a guard when working on a machine.

31. Keep hands away from moving/rotating machinery.

32. Use hand tools carefully, keeping both hands behind the cutting edge.

33. Report any damage to machines/equipment as this could cause an accident.
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STUDY Ex. No : 1

Date    : 

Aim 

  To study about the lathe .  

STUDY OF LATHE

Introduction
Centre Lathe
Cutting Tools Used on the Lathe
Holding the Work Piece in the Chuck and Centering
Taper Turning
Profile or Form Turning

INTRODUCTION
In previous chapters, we have seen that with the help of forging and casting processes, we can 
manufacture machine parts of different shapes and sizes. However, parts so manufactured have poor 
geometry and size control (i.e., tolerance on dimensions) and their surface finish is not very good. 
Hence, in most cases, castings and forgings undergo machining before these parts can be assembled 
with other parts to form a complete machine like cycle or motor car etc.
In machining, we use a machine tool like lathe or shaper and a cutting tool made of a much harder 
material than the material of the part to be machined. Material removed from the part is achieved by 
the relative movement between the cutting tool and the part. The cutting tool is given a sharp cutting 
edge and it is forced to penetrate inside the work piece surface to a small depth. The relative motion 
between the tool and work piece results in a thin strip of material being sheared off from the work 
piece reducing the thickness of the work piece. This process has to be repeated several times before 
the entire surface of the work piece can be covered and reduced in depth. The thin strip of the material 
sheared from the work piece is called ‘chip’. It must be understood that chips are produced by shearing 
action and not by cutting. Substantial amount of power is required for machining. The function of the 
machine tool is to provide this power and the required motion of work piece relative to the tool.
In some cases of machining, motion is given to the work piece and tool remains stationary. In some 
other cases, the work piece is stationary and the machine tool provides motion to the cutting tool. In 
yet other cases, motion is given both to tool as well as the work piece.
Cutting tools are made of material which can be hardened by suitable heat treatment. During 
machining, lot of heat is generated and the temperature of the cutting edge of the tool may reach 650–
700°C. The tool must maintain its hardness even at such elevated temperatures. This property of 
retaining its hardness at elevated temperatures is called ‘red hardness’. Cutting tools develop the 
property of red-hardness due to addition of tungsten and molybdenum to high carbon steel. These 
days, cutting tools are made of high speed steel, or tungsten carbide. Tools made of ceramic materials 
(like Al2O3, SiC), and polycrystalline diamonds are also used for special applications.
Cutting speed:
Readers must understand the concept of “cutting speed”. Cutting speed means the linear speed at 
which cutting takes place. If the tool is stationary, the speed at which the work material approaches the 
cutting edge of tool is the cutting speed. It is measured in meters per minute.
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The optimum cutting speed depends upon the tool material, the material to be cut and whether a 
cutting fluid is being used or not. The purpose of using cutting fluid is to remove heat from the cutting 
area and to lubricate the tool face so that the friction between chip and tool surface reduces. Use of 
cutting fluid makes cutting process more efficient. Similarly, cutting at recommended cutting speed 
results in improved tool life and performance. Recommended cutting speed for machining cast iron 
and mild steel with high speed tools is 35 metres per minute. However, if tungsten carbide tools are
used, cutting speeds of 65–70 meters per minute may be used. For non-ferrous material, much higher 
cutting speeds are permissible. 
CENTRE LATHE
A centre lathe is also called an engine lathe or simply a lathe. It is one of the commonest and oldest 
machine tools. It is also one of the most versatile and widely used machines. Its main function is 
production of cylindrical profiles.
A centre lathe is shown in Fig. 1.1.

The main parts of a centre lathe are: 
1. Machine bed: 
It is usually made of cast iron. It holds or supports all other parts of the lathe. The top of the machine 
bed is flat and is machined to form guide ways on which the carriage slides along the length of the 
lathe. 
2. Headstock: 
It is fixed at the extreme left hand of the bed and contains shafts and gears immersed in lubricating oil. 
The driving shaft inside is driven by an electric motor. The driven shaft, which is in the form of a 
hollow spindle can be driven at various r.p.m. by changing gears, projects out of the headstock, A 
chuck (either three jaw or four jaw), is screwed on this spindle. The work piece can be held in the jaws 
of the chuck. When the spindle rotates, the chuck as well as the work piece held also rotate about the 
longitudinal axis of the spindle. 
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3. Tailstock: 
A tailstock is provided at the right hand end of the bed. It can slide along the guide ways provided on
the bed and may be brought nearer to the headstock, if so desired. It can then be clamped or fixed on 
the bed in that position. The tailstock has a spindle in the upper part of the tailstock, the axis of which 
coincides with the axis of the headstock spindle, both being at the same height above the bed. This 
spindle can be moved forwards or backwards by rotating a hand wheel. The front portion of tailstock 
spindle carries a ‘dead ‘or ‘live’ centre. When a long work piece is held in the chuck at the headstock 
end, it is supported at the tailstock end by moving forward the tailstock spindle. Of course, there has to 
be a small conical hole in the centre of the work piece, in which the tailstock centre may be inserted to 
provide support. If the centre (being carried in its own bearings) rotates along with the work piece, it is 
called a live centre. However, if the tailstock centre remains stationary and work piece alone rotates, 
the centre is called ‘dead centre’ and the conical tip of centre has to be lubricated with grease to reduce 
the friction between the tailstock centre and the work piece.
A typical tailstock is shown in Fig. 1.2. 

4. Carriage: 
A carriage is shown in Fig. 1.3. The carriage can slide along the length of the machine bed from the 
tailstock end to the head stock end. This movement is controlled by manually operating the hand 
traversing wheel. It can also be imparted this traversing motion at different speeds automatically by 
engaging into the feed rod or feed shaft.

The carriage carries a cross slide, which can independently move in a crosswise direction at right 
angles to the bed. The cross slide can also be moved either manually through a smaller hand wheel or 
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through an automatic device. Mounted upon the cross slide is another small slide, called the com-
pound rest (or tool post slide) which can be rotated in a horizontal plane. Its normal position at 
0°rotation is parallel to bed. Its angle of rotation can be read off on a protractor. This compound rest is 
used during taper turning to set the tool for angular cuts. The compound rest can be moved only 
manually. The cutting tool is clamped in the tool post which is mounted on top of the compound rest.
The gears, clutches and other mechanism required for giving movement to the carriage and cross slide 
etc. is hidden from view by means of an apron (thin steel plate) screwed upon the front face of the 
carriage. Half hidden in the front are two long shafts, (the screwed one is called the lead screw 
shaft/rod and the plain one is called feed shaft/rod) extending from the headstock to the tailstock end. 
These two shafts can be engaged one at a time to give longitudinal movement to the carriage. Lead 
screw is only used during the screw cutting operation. Feed shaft is used in other operations like 
turning.
Size of a lathe is specified by the distance between headstock chuck to tailstock centre. This is the 
length of the longest job which can be accommodated or machined on the lathe. In addition the swing 
of the lathe (i.e., the vertical distance between chuck centre and the lathe bed) is specified as this is the 
radius of the largest work piece which can be turned on the machine. 
CUTTING TOOLS USED ON THE LATHE
In a centre lathe, the work piece is held and fastened in a chuck. If a component is manufactured out of 
a round bar, the bar passes through the hollow spindle of the headstock, and the required length of bar 
is pulled out and then clamped in the jaws of the chuck, free end of the bar projecting towards the tail 
stock end. Mostly the movement of tool is from right to left. This is known as right hand working. 
Sometimes, it becomes necessary to do some work while moving tools from left to right, i.e., left hand 
working. The tools for right hand lathe operations are quite different than tools for left hand working. 
In fact they are mirror images of each other .
Many different kind of operations are carried out on lathes such as
(I)Turning
(ii)Facing Lathe
(iii)Taper turning
(iv)Profile turning or form turning
(v)Parting
(vi)Boring
(vii)Threading
(viii)Knurling.
The tools used for these operations all different. Some of the right hand tools are shown in Fig. 1.4. 

HOLDING THE WORK PIECE IN THE CHUCK AND CENTERING
All jobs have to be securely clamped in the chuck and centered before any of the above listed 
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operation scan be performed on a lathe. 3-jaws chuck is a self centering device and is used for 
clamping round bar sets. A four jaws chuck is for clamping irregularly shaped jobs. In 4-jaws chuck 
each jaw moves in radially independent of other jaws. Centering means that the centre line of the work 
piece should nearly coincide with centre line of machine spindle. It is not enough to hold the job 
centrally in the chuck, the portion of work piece projecting out of chuck should also be centrally 
placed. Collet chuck, face plate sets. are some other holding devices for the work piece. 
Turning: 
In this operation, the work piece is rotated at a suitable r.p.m., so that metal cutting may take place at 
the recommended cutting speed. If ‘d ’ is the diameter of work piece and N the r.p.m., the cutting 
speed can be calculated as πdN. A cutting tool is clamped in the tool post taking care that the tip of the 
tool is at the same height as the centre of job. In the turning operation, the job rotates and the cutting 
tool is inserted in the surface of work piece by moving the cross slide, starting at the right hand end of 
the work piece. The depth of cut of 1–1.5 mm may be taken and then the tool is steadily moved from 
right to left by sliding the carriage on the machine bed. The operation of turning is shown in Fig. 1.5.

Feed is given to the tool. Feed is measured in mm/rev of work piece. Since work piece r.p.m. is N , 
feed per minute will be N × feed/revolution (mm).
Obviously, it may not be possible to achieve the desired reduction of diameter in one pass of the tool, 
the tool will have to be brought back to the right side, again advanced by 1–1.5 mm by moving the 
cross slide and then traversed again from right to left side. This process will have to be repeated 
several times until the desired diameter is reached.
In the process of turning, a cylindrical shape is generated as a result of the combined movement of the 
work piece and the tool.
Facing: In this operation, the work piece is rotated as before, but the tool is moved across by cross 
slide. The carriage remains fixed in one position. The result is production of a flat circular section at 
one end of the cylinder. All lengths can be measured taking this surface as datum during further 
machining operations. 
TAPER TURNING
Taper turning means production of a conical surface by gradual reduction in diameter as we proceed 
along the length of the cylinder. A conical surface will be produced, if the cutting tool moves along a 
line which is inclined to the longitudinal axis of the work piece instead of moving parallel to it. A 
taper is defined by the half angle (α) of the cone as shown in Fig. 1.6.
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Following methods are used for taper turning on lathe:
1. By swivelling the compound rest.
2. by offsetting tailstock.
3. By using a taper turning attachment.
4. By using a form tool. 

Taper turning by swivelling compound rest
In this method the compound rest is swivelled i.e., rotated in a horizontal plane by half cone angle 
(α).The work piece is rotated as usual, but instead of using the carriage to traverse the tool, the tool is 
moved forward by the compound rest slide hand wheel. Since the compound rest has been swiveled to 
an inclined position with respect to the longitudinal axis of lathe, the tool moves at an angle to the 
longitudinal axis of lathe generating a conical surface accurately. 
By setting over the tailstock centre: 
In this method, the tailstock centre is shifted in a direction at right angles to the longitudinal axis of the 
machine. The tailstock base guide ways have some clearance and it can be shifted laterally by a 
limited amount on the machine bed. The calculation of the taper angle can be under-stood from Fig. 
1.7.

If length of job is Land set over of tailstock is ‘f’ then half taper angle =−sin1f/ L. It will be
appreciated that in this case tool will traverse parallel to machine centre line but the work piece has 
taken an inclined position with respect to the longitudinal centre line machine. This method can only 
be used, if taper angle is small. Since the set over cannot be accurately measured, this method is not 
accurate, but in this case, work pieces with long length can be tackled, which is not possible with 
compound rest method. 
By using taper turning attachment
This method allows accurate production of a wide range of tapers. A taper turning attachment is used 
on the backside of the cross slide. In this case the cross slide moves a certain distance for a given 
amount of longitudinal traverse by the carriage. That is the tool gets a simultaneous movement in two 
perpendicular axes. The angle of taper cut will depend upon the ratio of movement of tool in the two 
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axes. 
Taper turning by form tool
In this case, tapers of only very short length are cut. The front profile of the form tool is such that 
when the tool is pushed against the work piece, the taper is produced. This method is illustrated inFig. 
1.8. 

PROFILE OR FORM TURNING
The basic principle of this lathe operation has become clear from the example of taper turning with the 
help of a form tool. Various other forms like a specified radius, semicircular shape etc. can be 
generated in a similar manner with a suitably shaped form tool and taking a plunge cut (i.e., only cross 
slide will be used while carriage will remain locked in position).Form tools should have a short 
profile, otherwise the work piece and the tool tend to vibrate and chatter. 
Parting off: 
This operation is performed with a parting tool. This also requires a plunge cut. Gradually the diameter 
of work piece at the tool contact surface will reduce and will become smaller and smaller as the tool is 
fed in. Ultimately as the tip of tool will reach the centre line of job, the job will be parted in two 
pieces, the left hand piece will remain clamped in the chuck, while the right hand piece of requisite 
length will separate out. 
Boring: 
Boring means enlarging an existing hole. For initial drilling of a hole on the lathe machine, tailstock 
centre is removed and in the tailstock spindle a drill is inserted. The tailstock is brought closer to the 
work piece, which is held in the chuck and rotated. Now using the hand wheel of the tailstock, the drill 
is advanced. The advancing drill comes in contact with end face of the work piece and drills a hole 
through it. After the hole has been drilled to required depth, the drill is withdrawn. This hole can then 
be enlarged in diameter by using a boring tool. The operation of boring is shown in Fig. 1.9. It is a 
delicate operation. The diameter of the boring tool or boring bar fitted with a tool bit has to be smaller 
than the hole in the work piece. The boring operation is really an internal turning operation but not 
being able to see the actual cutting, makes the operation tricky and delicate. 
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Threading: 
Threading is an operation of cutting threads or helical grooves on the external cylindrical surface of 
the job. In this process, the carriage is connected to the lead screw. The pitch of threads to be cut 
equals (r.p.m.ofleadscrew/r.p.m.of workpiece)× Pitch of lead screw. Thus there should be an 
arrangement to change the ratio of r.p.m. of work piece and the r.p.m. of lead screw. This is done by a 
system of gears, which give the required ratio. Threads have a standard profile. The cutting tool profile 
should match with this profile. Now the threads can be cut in the usual manner by traversing the tool 
by engaging the clutch between carriage and lead screw. Such screw cutting lathes are provided, with 
reversible motors. The r.p.m. of spindle is kept very low for thread cutting. 
Knurling: 
For providing better grip, some work pieces are provided with a shallow diamond shaped pattern on its 
circumference. Knurling rollers, which have a similar pattern cut on their surfaces, is hardened. When 
a work piece surface is required to be knurled, the work piece is held in a chuck and rotated and the 
knurling roller is clamped in the tool post and by moving the cross slide, the roller is pressed into the 
surface of the work piece. As the roller and work piece surface rotate together, the pattern is etched 
into the surface of the work piece.

Conclusion:
There are many accessories and fittings, which, if provided greatly improve the performance and range 
of work which can be carried out on a lathe. 

STUDY Ex. No : 2

Date    : 

Aim 

  To study about the Milling machine .  
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STUDY OF MILLING MACHINE

Introduction
Basic Milling Process
Types of Milling Processes
Peripheral Milling
Face Milling
End Milling
Milling Machines
Horizontal Milling Machine
Questions

INTRODUCTION
Milling is a machining process which is performed with a rotary cutter with several cutting edges 
arranged on the periphery of the cutter. It is a multiple point cutting tool which is used in conjunction 
with a milling machine. This process is used to generate flat surfaces or curved profile and many other 
intricate shapes with great accuracy and having very good surface finish. Milling machines are one of 
the essential machines in any modern machine shop. 
BASIC MILLING PROCESS
Generally, there are two types of milling processes. These are called (a) Up milling or conventional 
milling process, and (b) Down milling or climb milling process. Both these processes are illustrated in 
Fig. 4.1.
In up milling, the direction of rotation of milling cutter and the direction of work piece feed are 
opposite to each other; whereas in down milling, they move in the same direction at the point of 
contact of the cutter and the work piece. In up milling, the thickness of chip at the start is nil and is 
maximum when the cutting teeth leave the surface of the work piece. In down milling, it is vice-versa. 
In up milling, the cutting teeth try to up root and lift the work piece from the machine table, in down 
milling, reverse happens. Technically, down milling is a superior process, but up milling is commonly 
used. Down milling is not used unless the milling machine is fitted with a backlash eliminator.
From Fig. 4.1, basic milling operation can also be understood. The milling cutter is circular and a large 
number of cutting edges (or teeth) are arranged along its circumference. The cutter is rotated at a speed 
of N r.p.m. If the cutter diameter is D, then cutting speed at the tip of teeth can be calculated as
π DN meters/minute and it should conform to the recommended values. The depth of cut is clearly 
shown in the figure and the thickness of the work piece will reduce by this amount in one pass. 
Usually, the width of the milling cutter is more than the width of the work piece; hence one pass is all 
that is required.
Feed of the work piece is measured in terms of mm/minute. Actually, the correct measure of feed is 
movement of work piece per revolution of cutter per teeth. If a milling cutter has z number of teeth 
and if the table feed is ‘f’ mm/minute, feed per rev per teeth will be f / NZ mm. It should therefore be 
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clear that metal removal rate in milling operation is much higher than in shaping or planing operations.

However, as in shaping or planing operation, the stroke length is always a little more than the length of 
the job, in milling operation also, the minimum table traverse required is L+ D, where L is the length 
of job and D is the milling cutter diameter. D /2 are the minimum overlap required on either side of 
job, so that the cutter becomes clear of the job.
Unlike turning, the milling process involves intermittent cutting and the chip cross-section is not 
uniform. The high impact loads at entry as well as fluctuating cutting force make milling process 
subject to vibration and chatter. This aspect has great influence on design of milling cutters. 
TYPES OF MILLING PROCESSES
The milling process is broadly classified into peripheral milling and face milling. In peripheral milling, 
the cutting edges are primarily on the circumference or periphery of the milling cutter (in Fig. 4.4, 
cutters shown are peripheral cutters) and the milled surface is generally parallel to cutter axis. In face 
milling, although the cutting edges are provided on the face as well as the periphery of the cutter, the 
surface generated is parallel to the face of the cutter and is perpendicular to the cutter axis. Refer to 
Fig. 4.2; in which both these process have been illustrated.
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The peripheral milling cutters are supported on a long arbor. The deflection of arbor restricts the 
dimensional and form accuracy of this process. In face milling, the overhang of the cutter is limited 
resulting in better dimensional control and flatness. Peripheral milling cutters are normally used with a 
horizontal milling machine whereas the face cutters are used in conjunction with a vertical milling 
machine. Milling cutters are made of solid high speed steel, or have high speed steel inserts. The 
cutters are also made, with tungsten carbide blades (either brazed or with throw away inserts). 
1.PERIPHERAL MILLING
Peripheral milling is adopted for the following machining operations:
1. Slab milling to produce flat surfaces.
2. Slot milling to produce precision slots.
3. Side and face milling to machine adjacent horizontal and vertical surfaces simultaneously.
4. Form milling to produce prismatic shape of any form,
e.g., involute form in gear cutting.
5. Straddle milling to machine two parallel vertical faces.
6. Gang milling to machine a number of surfaces simultaneously with a set of cutters. The various 
peripheral milling operations are illustrated in Fig. 4.3
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A number of milling cutters of peripheral milling type are shown in Fig. 4.4. The hole and the keyway 
provided in the centre of all peripheral cutters are for mounting them on the arbor of a horizontal 
milling machine.

2. FACE MILLING
Face milling is widely used for milling operations involving high metal removal rate. The operation of 
face milling with a face milling cutter having coated tungsten carbide inserts is shown in Fig. 4.5.
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Face milling is a combination of up cut and down cut milling operation. The points discussed earlier 
about up and down milling operations in peripheral milling, apply equally well to the face-milling 
operation (refer to Fig. 4.6) 

2. a.Down and up cut in face milling
In face milling, the position of the cutter with respect to the work piece is of considerable significance. 
Three possibilities are there. Either the cutter may be symmetrically placed on the work piece or it 
may be asymmetrically placed, offset slightly towards the entry side or it may be asymmetric, offset 
slightly towards the exit side. All three positions are shown in Fig. 4.7.
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16Asymmetric milling with larger chip thickness at entry and smaller chip thickness at exit (Fig.4.7 
(b)) is ideal and should be adopted. 
3. END MILLING
End mills perform a combination of peripheral as well as face milling operations simultaneously. It 
has got cutting edges on the bottom face as well as on its periphery. End mills are extremely useful 
and are used for machining edges, shoulders, grooves, slots and keyway pockets. They are also widely 
used for die-sinking and generation of sculpted surfaces. Today, end mills are available in many tool 
materials:
1. Cobalt high speed steel (super H.S.S.)
2. Coated H.S.S.
3. Solid carbide
4. Micro grain solid carbide
5. Index able inserts of cemented carbide or coated carbide. A solid carbide end mill and its 
applications in shoulder and pocket machining are shown in Fig.4.8. End mills have a taper shank 
which fits into a taper sleeve provided in the spindle of a vertical milling machine. 

MILLING MACHINES
All the milling cutters described above are used in conjunction with milling machines, which provide 
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rotary movement to the cutters, and feed to the work piece and arrangement for clamping, automatic 
feed etc. Milling machines come in three basic models:
1. Horizontal milling machines,
2. Vertical milling machines, and
3. Universal milling machines (This is also of horizontal type with a few special features).
Other configurations of the milling machine have been developed for special applications, but above 
three are most common. 
(1).HORIZONTAL MILLING MACHINE
The most common type of milling machine is the horizontal knee type; so called, because of the over-
hanging ‘‘knee’’ which can slide up and down the front of the machine and which carries the cross 
slide and the table. A diagram of the horizontal milling machine is given in Fig. 4.9.
Horizontal milling machines may be either plain or universal type. The main difference between the 
two is that the table of the universal type is mounted on a turn table and may be swiveled in a 
horizontal plane. This feature permits the cutting of helix. In addition, the standard accessories 
provided on the universal machine include a ‘dividing head’ for indexing. There are some other minor 
refinements, which make the universal horizontal machine very useful for tool room work.
The plain version of the horizontal machine is much more robust and more suitable for production 
work. In the diagram, the arbor on which peripheral cutters are mounted is not shown. It is fitted in the 
spindle nose ‘C’ and extends a little beyond arbor supporting bracket ‘B’.
Even end mills, face milling cutters and drills etc. can be used with this machine. In such a situation, 
arbor is removed and the taper shank of these cutters is fitted into the hollow spindle ‘C ’.With such an 
arrangement the vertical faces of the work piece may be milled without any difficulty.
The table of the horizontal milling machine can be given either hand feed or auto feed. It is also 
capable of being traversed at high speed.
With these features, the machine proves really useful. 

(2).Vertical milling machine: 
The application and technique of this machine differ from that of a horizontal milling machine. It does 
not have an arbor and instead has a vertical spindle into which the taper shank of end mills and facing 
milling cutters and drills etc. can be fitted. The arrangement and movement of table are similar to the 
table of a horizontal milling machine.
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This machine used for making, flat surfaces, grooves, slots, pockets and guide ways etc. in work 
pieces using end mills and facing mills etc. 
(3).Universal milling machine: 
Its features have already been described under the heading of horizontal milling machine. 

Conclusion:
There are many accessories and fittings, which, if provided greatly improve the performance and range 
of work which can be carried out on a milling machine.

STUDY Ex. No : 3

Date    : 

Aim 

  To study about the shaping machine .  

STUDY OF SHAPEING MACHINE

Introduction
Shaping Machines or Shaper
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Drive
Cutting Tools Used in Shaping
Operations Performed on Shapers
questions

INTRODUCTION
Both shapers and planers are machine tools which produce a flat surface. They are capable of 
machining a horizontal, vertical or inclined flat surface. They employ single-point cutting tools which 
are essentially similar to single-point cutting tools used on lathe. In both these machine tools, the 
cutting tool is subjected to interrupted cuts, the tools cuts in forward direction and is idle in the return 
direction.
NOTE:1.cutting tool is in moving condition where as workpiece is stationary
2.small length work piece only workable in shapers
these are the main difference between planer and shaper
SHAPING MACHINES OR SHAPER
Principle of Working
principal parts of shaper are shown in fig.2.1

Shaper consists of a hollow machine bed made of cast iron which rests on the ground. Inside the 
hollow portion the machine drive mechanism is housed. This mechanism is called slotted lever quick 
return mechanism and it drives a horizontal ram which reciprocates in the guide ways provided on the 
top surface of the machine frame. In the front face of the ram, a tool post is fitted. This is a very 
special kind of tool post. It carries a slide which can be operated by a hand wheel and the entire tool 
post can be lowered or raised. Besides, the tool slide can be swiveled in a vertical plane and its 
inclination to the vertical (amount of swiveling) can be read off on a scale marked in degrees. The tool 
is inclined, when an inclined surface has to be machined. In the front portion of the base, a table is 
fitted. The table can be raised or lowered to vary its height. It can also be moved horizontally to left or 
right. A vice to hold the work piece is provided on the table top. The tool does useful work i.e., cutting 
only in the forward stroke of the ram. It does not cut i.e.; it is idle during the return stroke of ram. In 
order that while returning, the tool may not rub and spoil the strip of the metal machined in the 
forward stroke, a special device called the “clapper box” is provided in the tool post. It lifts the tip of 
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the tool during the return stroke. 
DRIVE
Since useful work is done only during the forward stroke of ram, the mechanism driving the ram is so 
designed that the return stroke is completed in much less time than the forward stroke. The slotted 
lever quick return mechanism is illustrated in Figs. 2.2(a) and 2.2(b).

The crank AB (of adjustable length R) rotates with a uniform angular speed. The crank pin B is in the 
shape of a die block which is free to slide inside the slot in the slotted lever OBC. This slotted lever is 
pivoted at O and the other end C is connected to the ram by a short link arm as shown in Fig. 2.2 (a). 
When the crank AB rotates clockwise from position AB1to AB2, the ram moves forward from left to 
right and when it rotates from position AB2to AB1the ram returns back to its original position. Clearly 
the time taken to complete forward stroke is proportional to angle α(refer to Fig. 2.2 (b))and the return 
stroke is completed in less time which is proportional to angle β. 
CUTTING TOOLS USED IN SHAPING
The cutting tools for shapers are generally made of H.S.S., either solid or with brazed tips. Due to 
interrupted cuts, tungsten carbide tools are not preferred for shaping work. These tools are made sturdy 
with fairly generous size for shank and tip. Various types of tools useful for shaping are shown in Fig. 
2.3. 
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OPERATIONS PERFORMED ON SHAPERS
On a shaping machine, relatively small jobs can be machined. The size of a shaper is denoted by the 
maximum length of stroke of its ram and work pieces longer than the maximum stroke cannot be 
machined. The first step in machining a job is to mount the job on the shaper-table and clamp it tightly 
in the vice or on the table by means of T -bolts etc. The second step is to adjust the stroke of ram 
according to the length of work piece. The ram stroke is kept about 60–70 mm longer than job. The 
stroke can be reduced or increased by altering the length of the crank AB (refer to Fig. 2.2). Now by 
changing the position of the location where short link arm is connected to the ram, the stroke is made 
to overlap the job, so that the stroke starts 30–35 mm before the job and covers the whole length of 
work piece and ends 30–35 mm beyond it. A tool is now selected and clamped in the tool post. The 
depth of cut is given by rotating the hand wheel and lowering the tool slide. Depth of cut is not given 
by raising the table height. Table height is adjusted only at the time of fixing the job according to the 
height of job. Feed is given by shifting the table laterally. The feed to the table can be given either 
manually or automatically. The feed is given during the return stroke of ram. Operations performed on 
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a shaper can be easily understood from Fig. 2.4.

Contour cutting is a very skillful job as it calls for simultaneous operation of horizontal table feed as 
well as vertical hand feed of the cutting tool. It can be performed only by a very skilled operator. 

Conclusion:
There are many accessories and fittings, which, if provided greatly improve the performance and range 
of work which can be carried out on a shaping machine. 
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Ex. No.: 1

FACING & PLAIN TURNING

JOB DRAWING

     

Ø23      2 X 45º

100

All dimensions are in mm

Materials Supplied: Mild Steel Rod Ø23x 102mm

Tool material: High speed steel (H.S.S.)
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FACING AND PLAIN TURNING

Ex. No.: 1

Date :

Aim:

To machine the given cylindrical rod as per the diagram, by using the lathe machine.

Tools required:

 Chuck Key

 Tool post spanner

 Turning tool

 Chamfering tool

 Vernier caliper

 Steel rule

Procedure:

1. The work piece is held in the lathe chuck

2. The cutting tool is held in the tool post and it’s cutting point is set to lathe axis

3. The carriage is moved to the bed and it is clamped at the required place

4. By giving cross feed, the tool is feed perpendicular to lathe axis

5. The facing operation of the work piece is machined to the required dimensions

6. By repeating the same procedure the next face of the work piece is machined

7. Then the tool is feed parallel to lathe axis with suitable depth of cut

8. Two or more cuts are given to obtain the required size diameter

9. Both ends of the work piece are chamfered by using chamfering tool

Result:

The given work piece machined as per the diagram by using the lathe.
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Ex. No.: 2

STEP TURNING

JOB DRAWING

2X45º Ø23 Ø20 Ø15

         40                            30                30

All dimensions are in mm

Materials Supplied: Mild Steel Rod Ø25x 102mm

Tool material: High speed steel (H.S.S.)
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STEP TURNING

Ex. No.: 2

Date :

Aim:

To machine the given cylindrical rod as per the diagram, by using the lathe machine.

Tools required:

 Chuck Key

 Tool post spanner

 Turning tool

 Chamfering tool

 Vernier caliper

 Steel rule

Procedure:

1. The work piece is held in the lathe chuck

2. The cutting tool is held in the tool post and it’s cutting point is set to lathe axis

3. The work piece is rotated about lathe axis

4. The facing and plain turning operations are carried out to the required dimensions

5. After the plain turning operations is completed the tool is fed parallel to lathe axis to 

the particular length of the work piece

6. Two or more cuts are given to obtain the required diameter

7. Now the first step is machined 

8. By repeating the same procedure the second and third steps are machined to the 

required dimensions

9. Both ends of the work piece are chamfered by using chamfering tool

Result:

The given work piece machined as per the diagram by using the lathe machine.
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Ex. No.: 3

TAPER TURNING 

JOB DRAWING

            2X45⁰   Ø23

30         30                 40

All dimensions are in mm

Materials Supplied: Mild Steel Rod Ø25x 102mm

Tool Material: High Speed Steel (H.S.S)

Model Calculation:

Compound Rest Method:

              D-d
Tan Ө = -----

    2L
                   D-d
       Ө = tan-1   -----

            2L
Where:

D = Major diameter of the work piece

d = Minor diameter of the work piece

L = Length of the work piece
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TAPER TURNING
Ex. No.: 3

Date :

Aim:

To machine the given cylindrical rod as per the diagram, by using the lathe machine.

Tools required:

 Chuck Key

 Tool post spanner

 Turning tool

 Chamfering tool

 Vernier caliper

 Steel rule

Procedure:

1. The work piece is held in the lathe chuck

2. The tool is set at lathe axis

3. The work piece is rotated about lathe axis

4. The facing and plain turning operations are carried out to the required dimensions

5. The step is machined at the end of the work piece

6. The carriage is clamped on the bed at required place.

7. The compound rest base is swiveled to the required taper angle and it is tightened

8. By moving the cross slide the angular feed is given the required dimensions.

9. The taper cylindrical surface is machined

10. Then both ends of the job are chamfered by chamfering tool.

Result:

The given work piece machined as per the diagram by using the lathe machine.
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Ex. No : 4

BORING

JOB DRAWING

All dimensions are in mm

Materials Supplied: Mild Steel Rod Ø50 x 102mm

Tool material: High speed steel (H.S.S.)

. 
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BORING
Ex. No.: 4

Date :

Aim:

              To perform boring on a cylindrical work piece. 

Tools required 

 Lathe 

 Three-jaw chuck 

 Chuck key 

 Vernier caliper 

 Cutting tools 

Procedure 

1. First loosen the jaw in the chuck key to position the work piece, and then tighten the 

jaws. 

2. Fix the cutting tool in the tool post. 

3. Switch on the lathe and move the carriage near to the work piece. Give it a small cross 

feed, and then move carriage longitudinally to the required length slowly. 

4. Bring the carriage to the original position, give a small cross feed and move carriage 

longitudinally. Repeat this step until required diameter is obtained. 

5. To  get  smooth  surface  give  a  very  small  feed  when  the  diameter  is  nearing  the 

required value. 

6. The drill bit is fixed in the tail stock. 

7. The hole is made by moving the tailstock through over the bed. 

8. By rotating the hand wheel which is in the tailstock, the tailstock is move. 

9. The  drill  bit  is  removed  .Then  the  boring  bar  is  fixed  in  the  tailstock.  The 

boring operation is done in the drilled work piece. 

10. Finally the dimensions of work piece are again checked.

Result:

                 Thus the required size and shape of the given work piece is obtained.
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EXTERNAL THREAD CUTTING

Ex. No.: 5

JOB DRAWING

2X45º   Ø23

Ø13 Ø8

                                                                                                               2

                                                                                                        

30         30       10                       30

All dimensions are in mm

Materials Supplied: Mild Steel Rod Ø25x 102mm

Tool Material: High Speed Steel (H.S.S)

Parting diameter calculation

Parting diameter = Major diameter – 2 x 0613 x pitch

15 = 2 x 0.613 x 2
15 = 2.452 mm

= 13 mm
Change Gear Calculation:

Driver teeth Pitch of the Work 5
----------------- = -------------------------------- =  --- x 4 x 2 pitch
Driven teeth Pitch of the lead screw 127

5   20 x 2 40
= --- x 4 x 2       = --------- =      ----

127      127 127
Driver teeth    40
----------------- = ----
Driven teeth      127
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EXTERNAL THREAD CUTTING
Ex. No.: 5

Date :

Aim:

To machine the given cylindrical rod as per the diagram, by using the lathe machine.

Tools required:

 Chuck Key

 Tool post spanner

 Turning tool

 Chamfering tool

 Vernier caliper

 Centre gauge

 Steel rule

Procedure:

1. The work piece is held in the lathe spindle and it is rotated about lathe axis

2. By adopting usual procedure the facing and plain turning operations are carried out to 

the required dimensions.

3. Next the taper turning operation is carried out to the required dimensions by compound 

rest method

4. Then both ends of the job are chamfered by chamfering tool.

5. Remove the chamfering tool and insert the parting tool. Then calculate parting diameter 

and remove the material as per dimension.

6. The gear ratio is calculated and the suitable size gears are fitted in the change gear train

7. The “V” tool is clamped in the tool post and it is set perpendicular to lathe axis

8. The tool is moved away from job end. After giving suitable depth of cut the half nut is 

engaged.

9. The required depth of cut is given and the cycle is repeated to obtain the required depth.

Result:

The given work piece machined as per the diagram by using the lathe machine.
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INTERNAL THREAD CUTTING

Ex. No.: 6

JOB DRAWING

                                                                                                Ø40

2

1. 5

                        20

30

All dimensions are in mm

Materials Supplied: Mild Steel Rod Ø40x 50mm

Tool Material: High Speed Steel (H.S.S)
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INTERNAL THREAD CUTTING

Ex. No.: 6

Date :

Aim:

To machine the given cylindrical rod as per the diagram, by using the lathe machine.

Tools required:

 Chuck Key

 Tool post spanner

 Turning tool

 Chamfering tool

 Boring tool

 Vernier caliper

 Drill bit  

 Steel rule

 Thread Cutting Tool (Internal)

Procedure:

1. The work piece is held in the lathe spindle and it is rotated about lathe axis

2. The tool is held in the tool post and it is set to lathe axis

3. The facing and turning operations are carried out to the required dimensions

4. Insert drill bit in the tail stock

5. Then tail stock is moved and positional in a particular place.

6. Then the tool is moved towards the work piece to carriage out the drilling operations 

7. Remove the turning tool and insert boring tool and carring out boring operation 

8. Remove the turning tool and insert the thread cutting tool

9. Calculate the change gear and to set it

10. Make the thread cutting pitch using internal thread cutting procedure

11. Remove the work piece from the chuck and check the dimension

Result:

The given work piece machined as per the diagram by using the lathe machine.
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KNURLING

Ex. No.: 7

JOB DRAWING

2X45º   Ø23

Ø13 Ø8

                                                                                                               2

                                                                                                        

30         30       10                       30

All dimensions are in mm

Materials Supplied: Mild Steel Rod Ø25x 102mm

Tool Material: High Speed Steel (H.S.S)

www.rejinpaul.com

www.rejinpaul.com



39

KNURLING 
Ex. No.: 7

Date :

Aim:

To machine the given cylindrical rod as per the diagram, by using the lathe machine.

Tools required:

 Chuck Key

 Tool post spanner

 Turning tool

 Chamfering tool

 Vernier caliper

 Centre gauge

 Steel rule

 Knurling tool 

Procedure:

1. The work piece is held in the lathe spindle and it is rotated about lathe axis

2. By adopting usual procedure the facing and plain turning operations are carried out   to the 

required dimensions.

3. Next the taper turning operation is carried out to the required dimensions by compound rest 

method

4. The turning tool is replaced by knurling tool. The knurling tool is parallel against the 

rotating job

5. Then both ends of the job are chamfered by chamfering tool.

Result:

The given work piece machined as per the diagram by using the lathe machine.
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ECCENTRIC TURNING

Ex. No.: 8

JOB DRAWNG

Ø24

  

Ø8

40 30

All dimensions are in mm

Materials Supplied: Mild Steel Rod Ø25x 102mm

Tool Material: High Speed Steel (H.S.S)

  3
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ECCENTRIC TURNING

Ex. No.: 8

Date :

Aim:

To machine the given cylindrical rod as per the diagram, by using the lathe machine.

Tools required:

 Chuck Key

 Tool post spanner

 Turning tool

 Chamfering tool

 Vernier caliper

 Drill bit ø 10mm

 Steel rule

Procedure:

1. The work piece is held in the lathe spindle and it is rotated about lathe axis

2. The tool is held in the tool post and it is set to lathe axis

3. The facing and turning operations are carried out to the required dimensions

4. Then the axis of the work piece is shifted to the required eccentricity

5. The longitudinal feed is given to the required length and job is eccentrically turned.

6. Two or more cuts with suitable depth of cut are given to obtain required diameter

7. Then both ends of the job are chamfered by chamfering tool.

Result:

The given work piece machined as per the diagram by using the lathe machine.
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SQUARE HEAD SHAPING

Ex. No.: 9

JOB DRAWNG

All dimensions are in mm

Materials Supplied: Mild steel: 40mmX 40mmX40mm

Tool Material: High Speed Steel (H.S.S)
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SQUARE HEAD SHAPING

Ex. No: 9

Date:

Aim

To machine the given rectangular block in the shaping machine

Tools Required

 Round nose tool - 1 No

 Vernier caliper                         -        1 No

 Steel Rule - 1 No

 Hammer, Punch, Scriber     -         1 No

 Try square - 1 No

 Vernier height gauge - 1 No

Procedure

1. The given raw material rectangular block  is measured. The machining allowances are 
noted. Then the job is coated with white chalk for marking purpose.

2. The job is position in the marking table. The vernier height gauge is set to the correct 
dimensions as per the part drawing dimensions

3. After, the height -- mm is corrected in the vernier height gauge; the vernier scriber is 
marked in the face sides of the rectangular block.

4. To identify the dimensions of the job, the marking lines are punched 
5. The work piece is placed in the shaping machine work holding device in correct 

position. Tool is held in the head in suitable position.
6. The stroke length and initial cutting position are corrected by adjusting the ram and 

table manually
7. The tool is held in the tool post in vertical position
8. Now, the machine is switched ON. The tool moves over the work, the materials is 

removed from the work by the tool cutting force. 
9. By giving cross-feed movement to the table, the total length of work is machined, after 

completion of one cut, the depth of cut is adjusted in the tool head. Then the next cut is 
taken.

10. By repeating the above same procedure, the other faces are machined to the required 
dimensions

11. After completion of six faces, the work is removed from the vice, cleaned and 
inspection is carried out. The job No / Roll No are punched in the face side of the work.

Result

     
                    The given work piece rectangular block is machined as per the dimension in the 
                      shaping machine.

www.rejinpaul.com

www.rejinpaul.com



44

HEXAGONAL HEAD SHAPING

Ex. No.: 10

JOB DRAWNG

      

                    

All dimensions are in mm

Materials Supplied: Mild steel: 40mmX 40mmX40mm

Tool Material: High Speed Steel (H.S.S)
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HEXAGONAL HEAD SHAPING

Ex. No: 10

Date:

Aim :  

         To machine a hexagon in the given work piece to the dimensions as shown in the figure using    

           Shaping Machine

Tools Required :  

 Shaping Machine, 

 Scriber, Divider, 

 Steel Rule, 

 Chalk piece, 

 Bevel Protractor.

Procedure :  

1. The given work piece is measured for its initial dimensions.  

2. With the help of scriber, mark the hexagon dimensions in the work piece.

3. Fix the work piece in the vice of the shaping machine.

4. After fixing the work piece and the shaping tool, allow the ram to reciprocate.  

5. Start the shaping process by giving the required depth by lowering the tool. 

6. Slowly  increase  the depth  of  cut  and  repeat  the  procedure  to  make  the hexagon 
shape. 

7. The work piece is now checked for final dimensions.  

Result:  

                      Thus,  a  hexagon  is  machined  in  the  given  work piece  to  the  dimensions                 
as  shown    in the figure using Shaping Machine.
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