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DEPARTMENT OF MECHANICAL ENGINEERING

VISION OF THE DEPARTMENT

Department of mechanical engineering is committed to prepare graduates, post graduates and
research scholars by providing them the best outcome hbeaekinglearning experience
and scholarship enriched with professional ethics.

MISSION OF THE DEPARTMENT

M-1: Prepare globally acceptable graduates, post graduates and research scholars for their
lifelong learning in Mechanical Engineering, MaintenanEmgineering and
Engineering Management.

M-2: Develop futuristic perspective in Research towards Science, Mechanical Engineering
Maintenance Engineering and Engineering Management.

M-3: Establish collaborations with Industrial and Research organizatioftsntostrategic
and meaningful partnerships.

PROGRAM SPECIFIC OUTCOMES (PSOs)

PSO1 Apply modern tools and skills in design and manufacturing to solve real \
problems.

PSO2 Apply managerial concepts and principles of management and drive |
economic growth.

PS03 Apply thermal, fluid and materials fundamental knowledge and solve prc
concerning environmental issues.

PROGRAM EDUCATIONAL OBJECTIVES (PEOS)

PEOL: To apply industrial manufacturing design system tools and necessary skiiis
field of mechanical engineering in solving problems of the society.

PEO2: To apply principles of management and managerial concepts to enhance
economic growth.

PEO3: To apply thermal, fluid and materials engineering concepts in solving prot
concerning environmental pollution and fossil fuel depletion and work tow
alternatives.
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PROGRAM OUTCOMES (POS)

Engineering knowledge Apply the knowledge of mathematics, science
engineering fundamentals, and an engineering specialization to the solutiol
complex engineering problems.

Problem analysis Identify, formulate, review research literature, and analyz
complex enginaing problems reaching substantiated conclusions using fit
principles of mathematics, natural sciences, and engineering sciences.

Design/development of solutionsDesign solutions for complex engineering
problems and design system components or processes that meet the spe
needs with appropriate consideration for the public health and safety, and
cultural, societal, and environmental considerations.

Conduct investigations of complex problemsUse researchased knowledge
and research methods including design of experiments, analysis and interpret
of data, and synthesis of the information to provide valid conclusions.

Modern tool usage Create, select, and apply appropriate techniques, resourc
and modern engineering and IT tools including prediction and modeling
complex engineering activities with an understanding of the limitations.

The engineer and society Apply reasoning informed by the contextual
knowledge to assess societal, health, safety, legal and cultural issues anc
consequent responsibilities relevant to the professional engineering practice.

Environment and sustainability: Understand thempact of the professional
engineering solutions in societal and environmental contexts, and demonstrat
knowledge of, and need for sustainable development.

Ethics: Apply ethical principles and commit to professional ethics an
responsibilities and norms of the engineering practice.

Individual and team work: Function effectively as an individual, and as ¢
member or leader in diverse teams, and in multidis@pji settings.

Communication: Communicate effectively on complex engineering activitie
with the engineering community and with society at large, such as, being abl
comprehend and write effective reports and design documentation, m
effective presentations, and give and recelear instructions.

Project management and finance Demonstrate knowledge and understandin
of the engineering and management
work, as a member and leader in a team, to manage projects anc
multidisciplinaly environments.

Life-long learning: Recognize the need for, and have the preparation and abi
to engage in independent and {img learning in the broadest context of
technological change.



MACHINE SHOP PRACTICE
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COURSE OBJECTIVES:

1. To impart practical and working knowledge of Machine Tools and operations.
2. To develop machining skills withppropriate selection of tools.

Preparation of three models on lathe involving Plain turning, Taper turning, Step turning, Thread

COURSE CONTENT

PARTT A

cutting, Facing, Knurling, Drilling, Boring, Internal Thread cutting and Eccentric turning.

Cutting of V Groove/ dovetail / Rectangular groove using a shaper. Cutting of Gear Teeth using

Milling Machine.

COURSE OUTCOMES:

PART 1 B

Upon completion of this course, students should be able to:

CO1 Demonstrate practical and working knowledge of Machioels and operations.
CO2 Demonstrate machining skills with appropriate selection of tools.
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1. MACHINE SHOP

1.1Introduction to Machine shop

A place where hantbols and powerdriven tools are used for making, finishing, or
reparing machines or machine partsiorother wordsa facility that has machirsg machine
tools for working with metal other relatively hard materials such as some ferrous and non
ferrous, composites, polymers, etc,. Various kinds of machine shops make and repair all
types of metal objects from machine tools, dies and molds etc

1.2 Introduction to Machining:
The machining is the broadest technological process used in manufacturing.

Generally, in the field of manufacturing, the term of Machining means removal of material
from a raw material, by cutting small chips, in order to obth® desired shape and
dimensions for final part. The machining is strictly necessary when finished Part has to have
very tight tolerances of Dimensions or when the roughness of surfaces Need to be very
smooth.

Machining Types

v Non Traditional
TraditionalMachining Machining
Cuttingwith Cuttingwith Non Machining by the
GonventionalTools GonventionalTools following Process

| |
v

—
—
—
l—
—
l—
l+—

Turning
Milling
Drilling
Grinding
Honning
Lapping
WaterJet
LaserBeam
Ultrasonic

Slotting / Shaping |¢—
Electrd Chemical
Erosion

Fig.1 Synoptically Classification

1.3Machine Tool:

Machine tool is a noportable power operated device in which the energy is utilized
to producejobs of desired shape and size and surface finish by removing excess material
from the formed blanks in the form of chips with the help of cutting tools moved part the

work surface.

It is machining equipment that cuts, shears, punches, presses, diglsgrods,
sands, or forms metagdlastic or wood stock. It may be automatic or seautomatic.
Machine tools are generally powelriven metal cutting or forming machines used to
shapeametals by:
1 The removal of chips


http://www.itcourses.org/plastic.html

Pressing drawing or shearing

Controlled electrical machining process

Any machine tool has generally has capability of

Holding and supporting the work piece

Holding and supporting a cutting tool

Imparting a suitable moveme(rbtating or reciprocating) to the cutting tool or the

work

1 Feeding the cutting tool so that the desired cutting action and accuracy will be
achieved

1 The performance of any machine lisagenerally stated in terms of its metal removal

rate, accuracy anepeatability.

= =4 =4 -8 48 -9

Classification
of
Machine Tools

Machine Tools Machine Tools for Prismatic
For Revolution parts Parts
9 Lathes 1 Milling Machines
1 Turning Machining Centers 1 Machining Centers for Drilling /Milling
1 Round Grinding Machines 1 Planar Grinding Machines

1.4 Cutting Tool

A tool is a device or a piece of equipment which typically provides a mechanical
advantage in accomplishing a physical task, or provides an ability that is not naturally
available to the user oftaol. These tools are haietld, portable powers, or manual tools.

The differences are stated below:

Cutting Tools Machine Tools

1. Toolis a portable device 1. Itis a stationary device

2. Tool is a nompowered device | 2. Itis a powered device

3. Tool can only powered b|3. Itis powered by a power source or
humans people if properly setup.

Examples: Examples:

Turning, shaping, drilling,milling | Lathes, shapersplaners, power drills 0

tools Hammes, wrenchessaws ang drill presses, milling machines, grindir

shoves, pens, pencils and knives g machines, power saws, and presses (

tools punch presses).




1.5Tool Materials
The various tool materials used in today's manufacturing operations areahiigin steel, higspeed
steel, cemented carbides, ceramics, diamond & cubic boron nitride (CBN)

Types of Tool Materials:
V' High Carbon steels V High Speed Steels ~ V Cemented Carbides

V Medium Alloy steels V Abrasives V Diamonds
V Stellite Ceramics

1.5.1High Carbon Steel

This material is one of the earliest cutting materials used in machiming. however now
virtually superseded by other materials used in engineering because it starts to temper at @out 220
This softening process continues as the temperages. IAs a result cutting using this material for
tools is limited to speeds up to 0.15 m/s for machining mild steel with lots of codight.carbon
steels are oilor waterhardened plain carbon steels with 0.9 to 1.4 percent carbon content. They are
used for hand tools such as files and chisels, and only to a limited extent for drilling & turning tools.
They impart such properties to tools made from them that such tools maintain a keep edge & can be
used for metals that can be used for such metalpithdtice low tockhip interface temperaturésr
example, aluminum, magnesium, copper, and brass. These tools, however, tend to soften at
machining speeds above 50 feet per minute (fpm) in mild steels.

1.5.2 High Speed Steel (HSS)

This range of metal containdaut 7% carbon, 4% chromium plus additions of tungsten,
vanadium, molybdenum and cobalt. These metals maintain their hardness at temperature up to about
600, but soften rapidly at higher temperatures. These materials are suitable for cutting mild steel at
speeds up maximum rates of 0.8 m/s to 1.8 High-speed steel may be used at higher cutting
speeds (100 fpm in mild 20 steels) without losing their hardness-dpiegd steel isometimesised
for lathe tools when special tool shapes are needed, egpémidioring tools. However, highpeed
steel is extensively used for milling cutters. These cutters usually have a longer working life.

1.5.3 Cast Alloys
These cutting tools are made of various nonferrous metals in a cobalt base. They can withstand
cuttingtemperatures of up to 7600C and are capable of cutting speeds about 60% higher than HSS.

1.5.4Stellite

This is a cast alloy of Co (40 to 50%), Cr (27 to 32%), W (14 to 19%) and C (2%). Stellite is
quite tough and more heat and wear resistive tharbasic HSS (18 4 7 1) But such stellite as
cutting tool material became obsolete for its poor grindability and especially after the arrival of
cemented carbides.

1.5.5Cemented carbides (Cermets or Sintered Carbide)

Carbide, generally, is a chemicmpound of carbon and a mefbhis material usually consists
of tungsten carbide or a mixture of tungsten carbide, titanium, or tantalum carbide in powder form,
sintered in a matrix of cobalt or nickéThe term Carbide is commonly used topresent to
cemented carbides, the cutting tools composed of tungsten carbide, titanium carbide, or tantalum
carbide & cobalt in various combinations. A typical composition of cemented carbide is 85 to 95
percent of tungsten & the remainder a cobalt binder for thgstan carbide powder. Cemented
carbides are extremely hard tool materials (above RA 90), have a high compressive strength & resist
wear & rupture. Coated carbide inserts are often used to cut hard or diffioodichine work pieces.
Titanium carbide (TiC)coating offers high wear resistance at moderate cutting speeds and
temperatures. Aluminum oxide (#)3) coating has high resistance to crater wear and reduces
friction between the tool face and the chip, thereby reducing the tendency farpbedge.

Cemented carbides are the most widely used tool materials in the machining industry. They

are particularly useful for cutting tough alloy steels, which quickly break downspigad tool



steels.As this material is expensive and has low rupture strengghnibrmally made in the form of
tips which are brazed or clamped on a steel shank. The clamped tips are generally used as throw
away inserts.

1.5.6 Coated Carbides

The cutting system is based on providing a thin layer of high-vessstant titanium carbide
fused to a conventional tough grade carbide insert, thus achieving a tool combining the wear
resistance of one material with the wear resistance of another. These systems provide a longer wear
resistance and a higher cutting speed compared to convermi@ohiles.

1.5. TCeramics

Ceramic or Afcemented oxideo tool sCemamies arena d e
made by powder metallurgy from aluminium oxide with additions of titanium oxide and magnesium
oxide to improve cutting propertieSome manufaaters add titanium, magnesium, or chromium
oxides in quantities of 10% or less. The tool materials are molded at pressures over 4000 psi and
sintered at temperatures of approximately 3800 his process partly accounts for the high density
and hardness aemented oxide toolhese have a very high hot resistance and wear resistance and
can cut at very high speed. However they are brittle and have little resistance to shock. Their use is
therefore limited to tips used for continuous high speed cuttingboationfree machinesCemented
oxides setups are rigid and free of vibration and are used as a replacement for carbide tools that are
wearing rapidly, but not to replace carbide tools that are breaking.

1.5.8 Diamonds Tools

Diamonds have limited application due to the high cost and the small size of the Jtoegsre
used on very hard materials to produce a fine finish and on soft materials especially those inclined to
clog other cutting materials. They are generally wusedery high cutting speed with low feed and
light cuts. Due to the brittleness of the diamonds the machine has to be designed to be vibration free.
The tools last for 10 (up to 400) times longer than carbide based hodistrial diamonds are
sometimesused to machine extremely hard work pieces. Only relatively small removal rates are
possible with diamond tools, but high speeds are used and good finishes are obtained. Diamond tools
are particularly effective for cutting abrasive materials that quialdar out other tool materials.
Nonferrous metals, plastics, and some nonmetallic materials are often cut with diamond tools.

159 Cubic Boron Nitride (CBN)

CBN is next to diamond in hardness and therefore can be used to machine plain carbon steels,
all oy steel s, and gr ay RCaasd abover GBNsinsevwd dorsist bfaar d n e
cemented carbide substrate with an outside layer of CBN formediategral part of the tool. Tool
life, finishes, and resistance to cracking and abrasion make CBN a superior tool material to both
carbides and ceramics.

1.5.10 Abrasive:

Abrasive grains in various forms loose bonded into wheels and stone and embedded in
papersand cloths find wide application in industry. They are mainly used for grinding harder
materials and where a superior finish is desired on hardened or unhardened materials.

1.5.11Elements of an Effective Tool:

V High hardness at elevated temperatures Wear resistance

Strength to resist bulk deformation Consistent tool life

\Y
\Y \
V Adequate thermal properties V  Correct geometry
\Y \%

Consistent tool life Chemical stabity



1.5.12There are 2 types of cutting tools

a)Single Point Cutting Tool:

The tool generally refers to a nemotary cutting tool used in metal lathes, shapers,
and planers. Such cutters are also often referred to by Hphreeste name ddinglepoint
cutting tool The cutting edge is ground to suit a particular machining operation and may be
resharpened or reshaped as needed. The ground tool bit is held rigidly by a tool holder while
it is cutting. Singlepoint tools are used in turninghaping and planning operations and
similar operations to remove material by means of one cutting edge.

Cutting tools 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 thlecoténg process. Also,
the tool must have a specific geometry, with clearance angles designed so that the cutting
edge can contact the work piece without the rest of the tool dragging on the work piece
surface. The angle of the cutting face is alsoartgnt, as is the flute width, number of flutes
or teeth, and margin size. In order to have a long working life, all of the above must be
optimized, plus the speeds and feeds at which the tool is run.

SINGLE POINT CUTING TONOMENCLATURE

END CLEARANCE ANGLE OF
SIDE CUTTING

/\EDGE ANGLE MOUNTED CUTTER BIT
ENO CUTTING
EDGE ANGLE

NOSE

TOP VIEW
[ CUTTING EDGE
SIDE RAKE — BACK W,
ANGLE MGL‘EKE
END SIDE SHANX
PELES \J | NHEEL BASE 7

SIDE CLEARANCE END CLEARANCE
ANGLE ANGLE
END VIEW SIDE VIEW
Fig.2 Showing parts &mportant angles cut on single point cutting tool

Single point cutting tool terms and definitions:

(1) Shank The shank is the main body of the tool.

(2) Nose The nose is the part of the cutter bit which is shaped to produce the cutting edges.

(3) Face The face of the cutter bit is the surface at the upper side of the cutting edge on
which the chip strikes as it is separated from the workpiece.

(4) Side The side of the cutter bit is the neaartical surface which, with the end of the bit,
forms the profié of the bit. The side is the leading surface of the cutter bit used when
cutting stock.

(5) Base The base is the bottom surface of the shank of the cutter bit.

(6) End The end of the cutter bit is the naaartical surface whichyith the side of the bit,

formsthe profile of the bit. The end is thailing surface of the cutter bit when cutting.



(7) Heel The heel is the portion of the cutter bit base immediatelyl&lswpporting the
face.

Important angles of aSingle Point Cutting Tool:

Angle Details
It is also called a¥op RakeAngle. It is the slope given to the face
BackRake : L
Angle the surface of the toolThis slope is given from the nose along

length of the tool.

Side Rake It is the slope given to the face or top of the tobhis slope is give
from the nose along the width of the todlhe rake angles help et

Angle ' fow of chips

These are the slopes ground downwards from the cutting €
Relief These are two clearance angles namely, side clearance angle
Angle clearanceangle. This is given in a tool to avoid rubbing of the jok

the tool.

There are two cutting edge angles namely side cutting edge ant

Cutting Edge, end cutting edge angleSide cutting edge angle is the angle, the
Angle cutting edge makewith the axis of the toolEnd cutting edge anc

is the angle, the end cutting edge makes with the width of the to

It is also called cutting angldt is the angle between the face and

Lip Angle | ¢ rface of the tool.

Nose Angle | It is the angldetween the side cutting edge and end cutting edge

Tool Signature

Top view

R Tool signature 10 20 7 6 8 15 1/32(0.8)
Back-rake angle, © ———- i H i H i E
Side-rake angle, ° ——————— 4 i H i i H
End-relief angle, © ——————————4 E H H 5
Shank . Side-relief angle, * ——————————~— i E E !
End-cutting-edge angle, * —————————4 H i
Side-cutting-edge angle, ° ——————— H
\ Nose radius, in. (mm) —m—m™m™m™m™m™m™m™——————————— -
Face —{
e Side-cutting-edge angle (15°)
—— Nose radius, 1/32 in. (0.8 mm)
End-cutting-edge angle (8°)
Front view Right side view

SR (200 Back-rake angle (10°)

Lip angle

End-relief E \ i
angle (7°)
'

Heel ¥ \ w

Flank Base
*/ l~4— Side-relief

angle (6°)
Fig.3 Tool Signature of Single Point Cutting Tool




Shapes of Tool Bits

The overall shape of the lathe tool bits can be rounded, squared, or another shape as
long as the proper angles are included. Tool bits are identified by the function they perform,
such as turning or facing. They can also be identified as roughing tobfgsbing tools.
Generally, a roughing tool has a radius ground onto the nose of the tool bit that is smaller
than the radius for a finishing or general purpose tool bit. Experienced machinists have
found the following shapes to be useful for differerthéaoperations.A righhand turning
tool bit is shaped to be fed from right to left.

The cutting edge is on the left side of the tool bit and the face slopes down away
from the cutting edge. The left side and end of the tool bit are ground with sufficient
clearance to permit the cutting edge to bear upon the work piece without the heel rubbing on
the work. The righthand turning tool bit turning tool bit is ideal for taking light roughing
cuts as well as general -alhround machining. The rousrbse turnig tool bit is very
versatile and can be used to turn in either direction for roughing and finishing cuts. No side
rake angle is ground into the top face when used to cut in either direction, but a small back
rake angle may be needed for chip removal. Téeemadius is usually ground in the shape
of a halfcircle with a diameter of about 1/32 in¢hleft-hand turning tool bit is the opposite
of the righthand turning tool bit, designed to cut when fed from left to right. This tool bit is
used mainly for mehining close in to a right shoulder.

The righthand facing tool bit is intended for facing on right hand side shoulders and
the right end of a work piece. The cutting edge is on thééaftl side of the bit and the nose
is ground very sharp for machiginnto a square corner. The direction of feed for this tool
bit should be away from the center axis of the work, not going into the center axis: A left
hand facing tool bit is the opposite of the rigjaind facing tool bit and is intend to machine
and facehe left sides of shoulders.

THIS WILL HELP YOU TO IDENTIFY A RIGHT-CUT ANDO A LEFT-CUT TOOL.

LEFT MAND

MEADSTOCK

FACING THE LATHE
= 3 e - e
ROUGHING FINISHING SIDE FACING 20UND SIDE FACING FINMISHING ROUGHING
—— LEFT QU7 ———— NOsE ——— RIGHT LUT——

COMMON CUTS MADE BY DIFFERENT CUTTING TOOLS.

KNURLING
EXTERMAL PARTING TAPERING

NECKING
THREADING FACING TURNING

INTERMNAL
THREADING

g e T ™ curven P # runtaoing
Toou CUBTOFF TO CUTTING FOoRM YOOL
L] TOOL oL oR HKNURLING YoOLS
hpdod RIGHT LEFT SQUARE TOOL
PARTING cuT cur l!o:’.rsuzo -

TOOL SIDE SIDE TooL on
FacinG FACING END
TOCL ToOL CurTiNG

FOOL

Fig. 3 Left T Hand & Right-hand Cutting tools



1.5.13Multi Point Cutting Tool

Fig.4 Multipoint cutting tools

In multi point cutting tool the multiple edges are used to remove the material. Multi
point cutting tools are used in Milling, drilling, reamers, slotting tool, wood ruff cutter, etc.
most important thing to remember is the cutting tools must be madaateaial harder than
the material which is to be cut, and the tool must be able to withstand the heat generated in
the metalcutting processGrinding tools are also multipoint tools. Each grain of abrasive
functions as a microscopic singbeint cutting ege
A multi-point cutting tool is regarded as a series of two or more cutting elements (chip
producing elements) secured to a common body. The term such as face, flanks, and cutting
edge, defined earlier for singpmint tools, are applicable to mufibints tool as well. The
commonly used muHpoint cutting tools are drills, reamers, milling teus, broachesyood
ruff cutter, reamersetc.

=, - LEND WETH 3
(@) [_;\_ " raren s Jr s
= — 11 ~ "r\t‘ it b DH'LL
Dllll\l- ER
TANG DRIVE- el - CLEARZNCE DUMETER
[]r T \._ —? PENT ANGLE + \V chrDL.. [v] F.njrwr ff
A L SELEF s, CHSELEDGE AVGLE "X' i
b HELIX SMELE 5. A= e
: HEGK- - W A
e $0 e T
SHNE s STRAKHT 2 fo N2
DOAMETER | T -
ETER | sH \HI k\%m = < : y
% T din L
S L
i UTE LENGTH | 3
LENGTH L BODY 7

F OVER=-ALL LENGTH =

—
FAGE WioTH } " CARBIDE SIDE CONGAVE ANGLE

CHIP FORMING SURFACE —— | CARBIDE PRIMARY CLEARANCE WIDTH
CUTTING EDGE — WHEN CARBIDE FRIMARY CLEARANGE ANGLE
. ; CARBIDE SECONDARY
SIDE-FACE MILLING 'll._ CLEARANGE APLE
STEEL CLEARANCE ANGLE
TOOL DIAMETER —\ c.l.mlnE THICSNERS

STEEL CLEARANCE

‘BURFACE

HUB DIAMETER
CAABIDE SECONDARY
GLEARANGE SURFACE
WORKFIEGE CARBIDE PRIMARY
CLEARANGE SURFACE
GLUTTING EDGES / CUTTING EDGE

DRIVE KEYWAY

POBITIVE RADIAL
RAKE ANGLE

CARBIDE SI0E
|| RELIEF ANGLE

CARBIDE SIDE
RELIEF SURFACE

Fig.5Showing parts & important anglesof Multi Point Cutting Tools



1.6 ORTHOGANAL CUTTING (Two DimensionalCutting)

(N [

\ : ::". | ] '
\}/\ SR .

I
Tangential :
cutting force |

Fig.6 Orthogonal Cutting

1.70BLIQUE CUTTING (Three Dimensional Cutting)

Liaal

— =

. ;} ; force
Y = e |
Tangerdial ‘ \l\ !
cutting fonce W, ,
[t

Fadial i-:m:e

'I

Fig.7 Oblique Cutting

Orthogonal Metal Cutting Oblique Metal Cutting
Cutting edge of the tool is perpendiculi The cutting edge is inclined at an angle le
to the direction of tool travel. than 90 to the direction of tool travel.
The direction of chip flow is The chip flows on the tool face making ar
perpendicular to the cutting edge. angle.
The chip coils in a tight flat spiral The chip flows sideways in a long curl.

For same feed and depthaift the force The cutting force acts on larger area and
which shears the metal acts on a smal| tool life is more.
area. So the life of the tool is less.

Produces sharp corners. Produces a chamfer at the end of the cut
Smaller length of cutting edge in For the same depth of cut greater length
contact with the work. cutting edge is in contact with the work.

Generally parting off in lathe, broachin| This method of cutting is used in almost &
and slotting operations are done in this madining operations.
method.



1.8 Cutting Fluids:

Cutting fluids are used in metal machining for a variety of reasons such as improving tool
life, reducing work piece thermal deformation, improving surface finish and flushing away
chips from the cutting zone.

1.8.1Types of cutting fluids:
Practically all cutting fluids presently in use fall into ondheffour categories:

1. Cutting Oils
a. Straight oils
b. Compounded
2. Water Base Cutting Fluids
a. Soluble oils
b. Chemical (Synthetic) fluids
c. Semi Chemical(SemiSynthetiq fluids
3. Gases
4. Paste & Solid Lubricants

1.8.2Functions of cutting fluids:

Reduce friction between tool & material
Reduce temperature of cutting zone
Wash away chips

Improve surface finish

Reduce power required

Increase tool life

Prevent weldingf chip to tool

Prevent corrosion

N~ WNE

1.8.3Desired Properties of Cutting Fluids:
Harmless to the operator
Harmless to the machine

Good heat transfer characteristics
Non-Volatile

Non-forming

Good lubricating properties
Inexpensive

NookrwhE
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2.LATHE

2.1 Introduction

A lathe is a machine tool which spins a block of material to perform various
operations such as cutting, sanding, knurling, drilling, etc. or deformation with tools that
comes in contact with the work piece to create an object which has symmetry about an axis
of rotation. Lathes are used in woodturning, metalworking, metal spinning, and in glass
working. Lathes can be used to shape pottery as well. Most suitably metalworking lathes can
be used to produce most solids of revolution, plane surfaces and screw thréadises.
The material can be held in place by either one ordsrders at least one of which can be
moved horizontally to accommodate varying material lengths. Ornamental lathes can
produce threelimensional solids of incredible complexity. Machinesipersonnel must be
thoroughly familiar with the lathe and its operations to perform various tasks.

2.2 Principal of Operations

The lathe is a machine tool used principally for shaping articles of metal (and
sometimes wood or other materials) by caushegwork piece to be held and rotated by the
lathe while a tool bit is advanced into the work causing the cutting action. The basic lathe
that was designed to cut cylindrical metal stock has been developed further to produce screw
threads, tapered work, iled holes, knurled surfaces, etc. The typical lathe provides a
variety of rotating speeds and a means to manually and automatically move the cutting tool
into the work piece.

Spindle speed

selector Spindle Tool post
\ (with chuck) /—-Corncge
Headstock \ Compound  / Ways
ossembly X rest
\ / /—-Tcustock quill

Cross ,— Tailstock assembly

Feed
selector

Split - nut | | - —
utch
control — | Lead screw

'\ Longitudinal & Feed rod
~transverse feed control

Clutch

Fig.8 Engine Lathe
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2.3Lathe and its Parts

Headstock

Spindle

Chucks

Tool Post

CrossSlide
Table

CrossSlide
Gib

Tail Stock
spindle

Tail Stock
L ocking Screw

Bed

Saddle

Saddle Gib

Lead Screw

Tail Stock Gib

Lathe Base

Drawbolt

Contains the spindle in two preloaded ball bearings

The spindle is inside the headstock and is driven with a belt runninc
the motor pulley to a pulley on the rear end of the spindle shaft. The
of the spindle is treaded dhe outside to receive chucks and tapere:
the inside to receive other accessories.

A 3-jaw or 4jaw chuck threads onto the spindle nose to hold your v
a drill chuck are used on the tailstock to center drill your part.

Attaches tdhe lathe table and holds a 1/4" square cutting tool

Also sometimes spelled "cross slide," it is the table with tvatols that
holds the tool post.

A tapered plastic wedge that is held in place by a gib lock. Ibét&eer
the angled surfaces of the dovetail and is used to adjust for wear. A
occurs and the table develops "slop," the lock is loosened and the
pushed further into the gap, taking up any play. This allows the me
to always be kept in peadjustment.

Has a #0 Morse internal taper for holding chucks and other tools. A
wheel noves it in and out for drilling

Locks the tailstock in place on the bed to keep it from moving.
When loosened, thiilstock can be slid up and down the bed.

The dovetailed steel bar that the saddle and tailstock are moved be
forth on.

The part that supports the csadide table and is moved up and down
bed using the leascrewhandwheel.

Functions like the crasslide gib to keep the saddle in tight adjustm
against the dovetailed bed.

The threaded screw under the bed that controls movement of the :
A "saddle nut" underneath attaches the bed to the leadstuemng the
leadscrewhandwheel moves the saddle down the bed.

A brass part attached to the base of the tailstock that runs on one
bed dovetails. The brass part is expected to wear rather than the
expensive bed and can &djusted for tightness as it wears.

The cast metal base upon which the lathe bed and headstock sit.

Goes through the hole in the spindle to draw chucks and other acce
into the headstock taper inside the spindle. A special wistetes it or
center in the spindle hole.

12



#1 Morse
Arbor

Dead Centers

Tommy Bars

Faceplate

Drive Dog

Head Stock
Locking Screw

Alignment Key

V-belt

2-Position
Pulley

Variable Speed
Control Knob

The tailstock drill chuck normally has a #0 Morse arbor threaded int
back of it for use in the tailstock spindle. That arbor can be remove
replaced with the #1 Morse arbor so the driluck can be used in tl
headstock.

#1 and #0 Morse arbors have a 60° point and are used to locate al
work "between centers" on the lathe. The #1 Morse arbor rotates w
headstock, but because the tailstock spindle does not, riftateear #(
Morse arbor is called a "dead" center. This needs to be kept lubt
because it creates friction with the moving part it is locating. |
machinists eventually replace this with a "live" center that turns on .
bearing.

Round steel bars used to tighten and loosen chucks and other ¢
accessories. Sometimes called "Spindle Bars."

A castplate that threads onto the spindle nose. A waidce can be
bolted to it as an alternative to using a chuck. It has glate to drive ¢
drive dog.

Also called a "Lathe Dog," this part is attached to a piece of bar stc
means of a screw that goes through the side and the long point is
into one of the slots in the faceplate. The part is located betivedathe
centers (live or dead) and when the faceplate turns, the dog a
drives the piece to rotate it for cutting. It also acts as a universal
when turning a part between centers when the headstock is rotat:
slight angle, allowing a taed part to be cut.

Holds the headstock in place. The screw is a pointed set screw. Th
engages a tapered groove in the pin that sticks up out of the latr
When the screw is tightened, it pulls the headstock down tre
alignment key and holds it tight against the lathe bed.

A precision ground key that fits in slots in the top of the bed and b
of the headstock to keep the headstock aligned straight with the tai
Removing this key and rotatirige headstock allows tapers to be cut.

A Kevlar-reinforced Urethane belt that drives the spindle by means «
pulleys.

The motor turns a maximum of about 6000 RPM. Putting the drive
the normal (rear) position gearse motor down about 2:1 for a maximi
speed of about 2800 RPM. The "High Torque" position (closest t
headstock) gears it about 4:1 for lower speed but macgeowher
needed for heavy cuts.

Controls motor speed from 0 2800 RPM

13



2.4Lathe Dimensions

Lathe size is determined by the swing and length of bed. Swing indicates the largest
diameter that can be turned over the ways (flat-shaped bearing surface that aligns and
guides moveable parts of machines). Beagth is entire length of the ways. Bed length
must not be mistaken for the maximum length of the work that can be turned between
centers.

The longest piece that can be turned is equal to the length of the bed minus the
distance taken up by the head&taad tailstock.

When comparing the size and working capacities of metal lathes there are several key
dimensions to consider:

MAX ITNIUA
DISTANCE

BETWEEN
CENTERS

+
LATHE SWING I :q]

1

Fig.9 )

q
—

LENGTH OF BED

!
Y

Dimensions of Lathe

Swing over bed:
The diameter of the largest workpiece that can be rotatedon the spindle without
hitting the bed. This is the first ofthe two numbers used to describe the size of a
metallathe.

Distance between Centers:
The longest piece of work that can be held betweemtar in the headstock and a
center in the tailstock. (Seeglossary below for more information). This is the
secondof the two numbers used to describe the lathe size.

Swing over the Carriage:
The diameter of the largest workpiece that can rotate oveati@ge without hitting
it. On the 9x lathes this isabout 5"

Diameter of Spindle through hole
The diameter of the hole that passes through the spindle.On the 9x lathes (or any
lathe having a #3 Morse Taperspindle) it is about 3/4". When faelagvely long
stock,the free end of the stock can pass through the spindle if itis no larger than the
throughhole diameter.

14



2.5Types of Lathes:

1. Engine Lathe
The most common form of lathe, motor driven and comes in large variety of sizes
andshapes.

2. Bench Lathe
A bench top model usually of low power used to make precision machine small work
pieces.

3. Tracer Lathe
A lathe that has the ability to follow a template to copy a shape or contour.

4. Automatic Lathe
A lathe in which the work piece is antatically fed and removed without use of an
operator. Cutting operations are automatically controlled by a sequencer of some
form.

5. Turret Lathe
Lathes which have multiple tools mounted on turret either attached to the tailstock or
the crossslide, which dows for quick changes in tooling and cutting operations.

6. Computer Controlled Lathe
Highly automated lathes, where cutting, loading, tool changing, and partunloadingare
automatically controlled by computer coding.

2.6 Machining Parameters

Cutting Speed:
The speed in surface feet per minute or meters per minute at which the metal may be
machined efficiently

Lathe Cutting Speed:
It may be defined as the rate at which a point on the work circumferences travels past
the cutting tool. When wrk is machined in a lathe, it must be turned at a specific
number of revolutions per minute(r/mint), depending on its diameter, to achieve the
proper cutting speed.
Cutting speed is always expressed in feet per minute (ft/mint) or in meters per
minute (m/mint).

Lathe Feed:
The feed of a lathe may be defined as the distance the cutting tool advances along the
length of work for every revolution of spindle.
Feed of the lathe is dependent on the speed of the lead screw or feed rod. Speed is
controlled by the&ehange gears in the quickchange gear box.

Cutting Speed:
Cutting speed is how fast the metal comes into contact with the tool at thecutting
point. On a lathe, it is the rate at which the surface of the job passesthe cutting tool.
This takes into accaou the diameter of the job.The general formula for a cutting
speed is as follows:

Feed:
The feed of a lathe may be defined as the distance the cutting tool advances
along the length of the work for every revolution of the spindle.
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2.7 Various operationsperformed on Lathe machine

Turning : Produces straight, conical, curved, or grooved work pieces
Facing ; Produces a flat surface at the end of the part

Boring ; To enlarge a hole

Drilling : To produce a hole

Cutting off To cut off a work piece

Threading To produce threads

Knurling : Produces a regularly shaped roughness

Profiling : To turn cylindrical work pieces with rough and finished cuts
Grooving : To make furrows or channels

2.8 Operations ona Lathe:

Turning:
cutting tool is moved parallab the axis of the
work piece to produce a cylindrical surface | |~
removing the unwanted material in the form
chips. Here depth of the cut is given by movil
the tool perpendicular to the lathe axis.

Fig.10 Plain Turning

FaCI n g : . HORIZONTAL
It is an operation t@roduce flat surface on the cutting  CONTER LINE

ends of the work piece.Here the cutting tool ~ TeoLHOLoER \/rk/
fed against the rotating work piece perpendicu \__ 1
to the lathe axis and the depth of the cut is giv

by moving the tool parallel to the lathe axis. _"L\

WORKPIECE

TODL POST

Fig.11 Facing operaion
Taper Turning :
It is an operation to produce conical surface on the work piece.
Methods for taper turning.

By swivelling the compound rest

By offsetting the tail stock =

By taper turning attachment

< < < <

By using form tool
Fig.12 Swivelling of Compound Rest

NORMAL LATHE AXIS S —_—
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Fig.13 Using Offsetting
the Tail stock Fig.14 Using Taper

Turning Attachment jg.1

5

Usi

ng

For

m

Tool

Thread Cuting:

A thread is a helical groove formed on a cylindrical surface of the work piece. The shape of
the groove will be normally v or shape which are called astheead or squarThread
cutting cannot be done in single pass. It will be carried out in many passes with incremental
depth, till the required thread is formed. A typical thread cuttingadiose is shown in the
figure. Thread cutting can be performed both on external and internal surfaces.

Left Hand Thread " /‘\ RightHand Thread ,\ "

———————— o fol=—"1¢

Fig. Left Hand Tread curring Fig. Right Hand Treaad cutting

Fig.16 Threading Operations

Drilling:

Drilling operationis performed byfixing twist drill bit on the tail stock and advancing the
tool towards the workpiece and making hole to the desired le@jtier operations like
Boring, Centre Drilling, Counter Boring, Counter Sinking, Reaming, Tapping, etc can also
be performed usingugtable tools

s =

Drilling Borling Reaming

Fig.17 Types of Drilling operations performed on Lathe Machine

Profile Turing:

Profile turning is performed when curve surfaces ¢

required on the given job. The skills of the operai /
plays a very important role as this operation is ve

difficult to be performedHere carriage assembly an

17



compound rest are simultaneously moveddtthe givenprofile.

Fig.18 Profile Turning

Parting/Cutting Off/slotting/grooving operation:

This operationis used to culff the finished part from

the lengther workpieceor to make groove on the- =
workpiece.Flat cutting tool is used for this opeartion.

Fig.19 Profile Turning

Forming Opeartion:

A tool which is in the shape of the impression to
made on the work piece is fixed to the tool post anc
advanced towards the work piece. This operation sz
time and is costly.

L=

Fig.20 Forming Operation

Knurling Operation:

Knurling is an operatiorperformed on the lathe tc
generate serrated surface on the work piece. Thit
used to produce a rough surface for griping like t
barrel of the micrometer.

This is done by a special tool called knurling toc
Which has a set of hardened roller with tthesired
serrations.There are 3 different knurling operations suui:
as diamond, angled and straight. Fig.21 Knurling Operation

_Workpiece

2.9Work Holding Devices

The selfcentering chuck (3i Jaw Chuck) 9
This is the most convenient and most used method of w |
holding. This can take wide range of diameters. When adjus
jaws move equal amount light cuts should carry out, because
work may slip in the jaws. In addition, the work should be firmiy
round to fix in this chuck. Fig.22ThreeJaw Chuck
The independent centering chuck (4 Jaw Chuck)

Each jaw is individually adjust and moves along its own slot. C
advantage of this foyaw chuck is that work can be located in tt
centre to run true or off centre. One of the most useful applicat |
of this type is to hold square or rectangular material positior
eithercentrally or off centre. Setting time is greatly increased wt
compared to thremw chuck. However, for highly accurate worl.,
this is the most suitable method. Fig.23Four Jaw Chuck
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Fig.24Magnetic Chuck Fig.25Collet Chuck

Faceplate

- Lathe dog

Fig.28Follower rest Fig.29Steady rest

Other Cutting Tool Holders are:

U Tool holderdor the Lathe Carriage:
Quick-change tool postjovetail type
Turningtool holder
Threadingool holder
Drill tool holder
Boringtool holder
Tailstock turret
Quick change cutotiool holder
Quick change knurling and facitigol holder
A four-tool turrettool holder(it can hold facing, turning, threadjror boring tools)

cooooococcc

Tool Holders for the Lathe Tailstock:
0 Drill chuck
Tailstock turret
Standaretype tool post
Straight shankool holder
Right handool holderfor carbide tool bits
Left handtool holder
Right handool holder
Cutoff tool holdergR.H offset, straight, L.H offset)
Boring bartool post(light boring tool holder heavyduty boringbatool holder
medium boringool holde)

coocococ oo
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DOe s &N&SFORTHE LATHE

DOes

V Do BecomeAcquainted with the function of the important parts of lathe

V Do keep your machine properly lubricated

V Do keepmachinesclean and orderly. A dirty machine is not conducivegtmd
workmanship

V Do thoroughly understand & plan the job befstartingto workon machine

V Do keep the cutting tool sharp, dull cutting tools require a longer time to do the same
job and give a poor finish and put the machine undemararrantedtrain.

V Do take as heavy a cut as a machine, work and cutting tool will permit. A series of
light cuts wastes time and make necessary work for the operator.

V Do take interest in your work with responsibility.

DONeTS

UDondét wear | oose fitting shop coats or

UDondot ever Ivrerehinghe thbck. c huc k

U Do n 6t anplever br turn any handle on a lathe unless you know what will happen
as a result.

U Dondét wear | ong ties, finger rings whil

UDonot try to run a machine & engage 1in
talk thenshut down the maate.
Donét be afraid to wear goggles when t u

UDondét attempt to check the hole when bo
guard against arm and hand injuries.

UDondét put your hand wonkortollatgngetimse. on any r

UDondét go away and | eave your machine rul

UDonoét drop chucks, face or drive pl ates

UDondét offer excuses when yoilityasdctrympo a |

better the next time.

20
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Turning Operations

Model EI

Performed on a Given Mild Steel Work Piece

Aim:

To performvarious tirning operatios on the given Mild Steel Work pieaes per the

/2 mm Pitch R_H . V Threod Z25 nyél:hL H .V Threod

\
<

given drawing

R
5 \Q\‘ ]

i

A

Ty
S

¢ 1
¢n

150

ALL DIMENSIONS ARE IN MM

Tools Required:

Lathe MachineSingle Point Cutting Tool, Drill bit, Wrk piece Vee Tool, Surface
gauge, surface plate-Block, Centre Punch,

Tool kit (Chuck key, Tool post keynside & outsideCaliper, Steel Scale, Packing
pieceg Brush)

Sequence of Operations:

1)
2)

3)
4)

5)

6)

Using the Outside Calipers the diameter of the given work piece is measured.
The facing operation is carried out on both sioiethe work piece and @unterhole
is drilled at the center.

The work piece is placed in the 3 jelwck.

The tail stock isnoved so that the wk piece is held between the dkuand the dead

center

The tool aligned by placing such that, the tip of the tool is perpendicular to the tip of

the deactenter The tool post is tightened usiafign key.
The tool is made to touch theork piece & the depth of the cut is adjusted to get the

diameter of 23mm using a micrometer providedompoundest or in the carriage.

21



7)
8)
9)
10)

11)

12)

13)

14)

15)

16)

17)

18)

Cutting parameters like speed, feed, depth of cut, etcare selected before the machine
is turned on.

Plainturningoperation is carried out for required length 60dm.

Markings are made to perform step turning operation.

Step turning operations are made to get the desired shape of the workypipaeg

depth of cut oreach run.

Groove turning operations are maieget the desired shape of the work piece by
giving depth of cut on each run

Taper turning angle is calculated using the taper angle formula and the compound
rest is swiveled to the angi®o in degrees (as per the calculation) with the help of
align key. The taper turning at this angleperformed for a length of 2&m and

depth of cut of Inm on each run

P HT
|
Where q = Swivel the compound rest to the calculated angle.
D = Major diameter.
d = Minor diameter.

a = Length ofthe taper.
Knurling operation is carried obly using special knurling tool.
To carry out thread cuttingequiredpitch is noted down & depth of cut is calculated
using formula Using a standard chart the auto feed varying mechanism is set for
2mm pitchfor the right hand thread cuttingperation & 2.5mm pitch for left hand
thread iscarried outby engaging lead screwhich rotates at required speed &
direction for the mentioned threatbng with suitable gears in gear train
The procedure is repeated fifies with an increment in depth of cut B2 mm
divisionseach time. In case ofght hand thread cutting operation feed will fo@m
right to left.
The procedure is repeated 16 times with an increment in depth of cut by 0.2 mm
divisions each time. lcase of left hand thread cutting operation feed will be from
left to right.
For 1idahedd cuttingAngle of thread is 60 According to the I1ISO staiadd
metric thread depth 0.65X pitch (60 to 65%)
After turning with the help of pitch gauge check tleewmacy of the thread pitch and
with the help oVerniercaliper, check the diameter of turned part.
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19) Finishing operation is done by giving very small depth of cut (say 0.2mm) on

medium feed.

Result:

Observations &Calculations:

© 0 N o g b~ wDdhPRE

e
= O

The required turning operations are carried out ongthen work piece as @ the

figure givenwith the dimensional accuracy.

Work piece material
Cutting Tool Material
Feed

Depth of Cut

Selected Cuttingpeed

Plain Turning
Step Turning
Taper Turning
Thread Cutting
Profile Turning

Knurling operation

,,,,,,,,,

,,,,,,,,,

eeéeeéececté
eeeééeéeeece
eeeééeéeeece
eeéeeéecé
eeéeeéececté
eeeééeéeeece
eeeéééeeece
eeéeeéececté
eeéeeéececé

mm/ r
mm

m/ mi
m/min
m/min
m/min
m/min
m/ mi

m/ mi

evol

=]

=]
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Model EIl

Eccentric _Turning

Aim:
To perform various turning operations on the given Mild Steel Work piece as per the

givendrawing

D

ES
¢

S0

ALL DIMENSIONS ARE IN MM

Tools Required:
Lathe MachineSingle Point Cutting Tool, \Wk piece Left hand single point cutting
Tool, Surface gauge, surface plateBWwck, Centre Punchverner heightgauge
Tool kit (Chuck key, Tool post key, inside & outside Caliper, Steel Scale, Packing
pieces & Brush)

Procedure
1) Using the Outside Calipers the diameter of the given worlepgemeasured.
2.The work piece is placed in the 4 jaw chuck and centering operation is performed

using the surface gauge. .

2) The facing operation is carried out on both sides of the work piece

3) The tool is made to touch the work piece & the depth of thascatljusted using a
micrometer provided in compound rest or in the carriage

4) Cutting parameters like speed, feed, depth of cut, etc are selected before the machine is
turned on

5) Now the work piece is removed and required marking on circular face of the wor
piece is made with the help of marking device likeblgck, vernier height gauge,

scriber, surface plate, etc

24



6)
7)
8)

9)

Markings are made to perfortcentricturning operation.

The marked line is punched with the help of center punch.

Fix the work piece to the faw chuck & centering operation is carried out such that
center of the circular face is exactly coinciding with axis of the lathe..

Eccentricturning operations are made to get the desired shape of the work piece by

giving depth of cuiimm on each run

10).Taper turning angle is calculated using the taper angle formula and the compound rest

is swiveled to the angl@ q 0 in degrees (as per the calculation) with the helpligh
key. The taper turning at this angle is performed for a length of 30mm and depth of cut

of 0.5mm on each run.

[ ]

p I HT T

||
q = Swivel the compound rest to the calculated angle.
D = Major diameter.
d = Minor diameter.
a = Lengh of the taper.

11.Step turning operations are made to get the desired shape of the work piece by

giving depth of cut on each run.

Result:

The required turning operations are carried out on the given work piece as per the

figure given with the dimensional accuracy.

Observations & Calculations:

© © N o g b~ W DdhPRE

N
= o

Work piece material : eééeeéécee

Cutting Tool Material : eeéeéeéeéeéeeé

Feed : eééeeééeémm/revol ut i
Depth of Cut : eeeeéeéééémm
Selected Cutting Speed : eeeeeéééém/ min.
Plain Turning : eéeééeééééém/ min
Step Turning : eéeééeééééém/ min
Taper Turning : eeeeéeéééém/ min
Thread Cutting : eeeeéeéééém/ min
EccentricTurning : eéeééééééém/ min
Knurling operation eéeééééééém/ min
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Dimensional Accuracy:

Given
Diameter in mm
Obtained
Given
Lengthin mm
Obtained
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Model Elll_

Turning Operations Performed on a Given Mild Steel Work Piece

Aim:
To perform various turning operations on the given Mild Steel Work piece as per the
givendrawing
2mm Pitch Right hand Thread
i
i
58 ™ [Ln
LN | I - - Cs=H M
© aia
Y
¥
5 25 _
- i0 _

ALL DIMENSIONS ARE IN MM

Tools Required:
Lathe MachineSingle Point Cutting Tool, Drill bit, Wrk piece,Vee Tool, Surface
gauge, surface plate-Block, Centre Punch,
Tool kit (Chuck key, Tool post key, inside & outside Caliper, Steel Scale, Packing
pieces & Brush)

Sequence of Operations:
1) Using the Outside Calipers the diameter of the given work pieneasured.
2) The facing operation is carried out on both sides of the work piece and a counter hole
is drilled at the center.
3) The work piece is placed in the 3 jaw chuck and centering operation is performed
using the surface gauge.
4) The tool aligned by plang such that, the tip of the tool is perpendicular to the tip of

the dead centre. The tool post is tightened using alin key.
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5) Cutting parameters like speed, feed, depth of cut, etcare selected before the machine
is turned on.

6) To carry out thread cutting reged pitch is noted down & depth of cut is calculated
as shown in the formula. Using a standard chart the auto feed varying mechanism is
set for 2mm pitch & the right hand thread cutting operation is carried out by
engaging lead screw which rotates atursgfd speed & direction for the mentioned
thread along with suitable gears in gear train.

7) The procedure is repeated 10 times with an increment in depth of cut by 2 divisions
i.e. 0.1mm each time. In case of right hand thread cutting operation feed frdhibe
right to left & vice versa for the left hand thread.

8) For idahead cuttingAngle of thread is 60) According to the 1ISO standard
metric thread depth = 0.6 to 0.B5pitch (60 to 65%)

9) Similarly for Square thread (flat side of the single point ngttobol is used)Depth =
0.5 to 0.55X pitch (50 to 55%)

10) After turning with the help of pitch gauge check the accuracy of the thread pitch and
with the help of vernier caliper, check the diameter of turned part.

11) Finishing operation is done by giving vegmall depth of cut (say 0.2mm) on
medium feed.

12) f8Drill Bitis fixed to the dead centre and advanced towards the prede.

13) Dirilling is carried out to a depth of 20mm on one circular face of the work piece.

14) Tapping operation is carried out on the ottiecular face of the work piece with the
help of 3 tapping tools used as rough, medium and fine internal threadindepth
of 30mm

15) Knurling operation is carried out by using special knurling tool.

Result:
The required turning operations are carried out on the given work piece as per the

figure given with the dimensional accuracy.

Observations & Calculations:

1. Work piece material : eéeéeéeéeéeéeeé

2. Cutting Tool Material : eééeeééece

3. Feed : eeeeeéééémm/revol uti ol
4. Depth of Cut : eeeeeéeééémm

5. Selected Cutting Speed : eéeééééééém/ min.
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6. Plain Turning

7. Step Turning

8. Taper Turning

9. Thread Cutting
10. Eccentric Turning

11. Knurling operation

Dimensional Accuracy:

,,,,,,,,,

,,,,,,,,,

,,,,,,,,,

,,,,,,,,,

,,,,,,,,,

,,,,,,,,,

m/

m/
m/

m/

mi
mi
mi
mi
mi

mi
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Given
Diameter in mm
Obtained
Given
Lengthin mm
Obtained
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3. SHAPING MACHINE
(THE SHAPER)

3.1lIntroduction:

A shaperis a type of machine tool that uses linear relative motion between thepveaek

and a singlgoint cutting tool to machine a linear tool paflhe shaper is a relatively simple
machine. It is used fairly often in the tool room or for machining one orgisces for
prototype work. Tooling is simple, and shapers do not always require operator attention
while cutting.A shaping machine is used to machine flat surface. It can cut grooves, angles
and many other shapes. The Main Function of shaper is toagenarflat surface by
combination of linear movement of cutting tool and work piece.

Shaping is where the work piece is fed at right angles to the cutting motion between
successive strokes of the to8haping anglannersamong the oldest techniquasedand
Shayers are where the workpieceis fed at right angles to the cutting motion between
successive strokes of the tobl.Plamersthe workpieceis reciprocated and the tool is fed
at right angles to the cutting motiom.heseprocessesequire skillel operators and for the
most part have been replaced by other processes

The horizontal shaper is the most common type and its principal components are
shown below and described as follows:

TOOL FEED HANDLE
—_—

GRADUATED

COLLAR
iy ~— RAM CLAMPING NUT

CLAPPER BOX ‘
TOLLPOST — ____, £ U \ SCALE INDICATOR
VICE\ J _ CLUTCH HANDILE
4/
TABLE .\
' )
ADJUSTABLE SLIDING U ’
SUPPORT /
CROSS TRAVERSE
g +— HANDLE
| b

Fig.30Horizontal Shaper Machine

3.2Parts of Shaper:

Base:
It is a heavy and robust cast iron body. The base supports the column or pillar which
supports all the working parts such as ram, walkite, drive mechanism etc.

Column or Pillar:

The column is a ribbed casting of cellular construction. The ram slide wapsoarded

on the top of the column while the table slide ways are machined on the front. The crank
and slotted link mechanism that drives the ram is contained within the column. The
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driving motor, variable speed gear box, levers, handles and other carftsblaper are

also contained in the column.

Ram:

Ram is a rigidly braced casting and is located on the top of the coltirerram slides

back and forth in dovetail or square ways to transmit power to the cutter. The starting
point and the length of thetroke can be adjustaing stroke positioning mechanism

and the down feed mechanism.

Tool head

It is the device which holds the tool. The tool head slides in a dovetail at the front of the
ram by means of -bolt sand isfastened to the ram on a citauplate so that it can be
rotated for making angular cutg.can swivel from 0° to 90° in a vertical plane. The tool
head can be raised or lowered by hand feed for vertical cuts on thepigodby its

hand crank for precise depth adjustments.

Clapper Box:

The clapper box is needed because the cutter drags over the work on the return stroke.
The clapper box is hinged so that the cutting too] will not dig in. Often this clapper box

is automatically raised by mechanical, air, or hydraulic action.

Cross Rail:

The Cross rail is a heavy casting attached to the column at its front on the vertical guide
ways. It carries the horizontal table slide ways. The cross rail can be raised or lowered by
means of an elevating screw in order to compensat#fferent thicknesses of work

Table: It is made of cast iron and has box type construction. It holds and supports the work
during the operation and slides along the cross rail to provide feed to the wsldts Tare
provided on its top and sides for sgng the work to it.The table is moved left and right,
usually by hand, to position the work under the cutter when setting up. Then, either by
hand or more often automatically, the table is moved sideways to feed the work under
the cutter at the end or beginning of each strok

Saddle:
The saddle moves up and down (Y axis), usually manually, to set the rough position of
the depth of cut. Final depth can be set by the hand crank on the tool head.

Tool holders:

Tool holders are the same as the ones used on at enginehatlgh often larger in size.

The cutter issharpenedith rake and clearance angles similar to lathe tools though the
angles are smaller because the work surface is usually flat. These cutters are fastened
into the tool holder.

Work holding:

Work holding is frequently done in a vise. The vise is specially designed for use in
shapers and has long ways which allow the jaws to open up to 14" or more, therefore
quite large workpieces can be held. The vise may also have a swivel base so that cuts
may be made an angle. Work that cannot be held in the vise (due to size or shape) is
clamped directly to the shaper table in much the same way as parts are secured on
milling machine tables.
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3.3Classification of Shapers:
According to the reciprocating motion tothe ram:
Crank type
Geared type
Hydraulic type

3.3.1 Quick Return Mechanism

This is the most common type of shaper in which a single point cutting tool is given a
reciprocating equal to the length of the stroke desired while the work is clamped in
position on an adjustable table. In construction, the crank shaper employs a crank
mechanism to change <circular motion of a
the machine to reciprocating motion of the ram. The bull gear receives power either from
an individual motor or from an overhead line shaft if it is a belt driven shaper.
shaping machine is used to machine flat metal surfa¢esreciprocating motion of the
mechanism inside the shaping machine can be seen in the diagram. As the disc rotates
the top of the machine moves forwards and backwards, pushing a cutting heol. T
cutting tool removes the metal from work which is carefully bolted down.

Fig.31 Quick return mechanismfor shaper

3.3.2 Geared Type

The reciprocating motion of the ram in some type of shaper is affected by means of a
rack and pinion. The rack teeth which are cut directly below the ram mesh with a spur
gear.The pinion meshing with the rack is driven by a gear train. The speed
and the drection inwhich the machine will traverse depend on the number of gears in
the gear train. This type shaper in not very widely used

Fig.32Gear Shaping Machine
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