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Industrial Safety
1.1 Introduction |

A safety programme should always include engineering -safety at the design and-
equipment hti’stgllation stage, education 0}&' employees in saff: practices, concerns T.he attfic:lude
of employees and management. It should motivate all the industrial employees in accl ent
prevention and safety consciousness. It must provide all safety instructions and training
essential for the employees to think, act and work safely s0 that the number of accidents cari
be minimized. Safety education must give knowledge about s_afc ar.ld unsafe _rncchfamca
conditions and personal practices. Safety training must involve u?ductlon. and orientation of
new recruits to safety rules and practices, explaining safety function, Eiunng their 11::1t1a1 job
training through efforts made by the first level supervisors. Formulating employee’s safety
committees, holding of employee’s safety meeting, display of charts, posters, film etc. are
very much essential in each industry for stressing the need to act safely. It educates
employees to develop their safety consciousness.

1.2 Objectives of Industrial Safety:

The objectives of industrial safety are as follows:

1. Industrial safety is needed to check all the possible chances of accidents for preventing
loss of life and permanent disability of any industrial employee, any damage to machine and
material as it leads to the loss to the whole establishment.

2. It is needed to eliminate accidents causing work stoppage and production loss.

3. It is needed to prevent accidents in industry by reducing any hazard to minimum.

4. Tt-is needed to reduce workman’s compensation, insurance rate and all the cost of
accidents.

5. It is required to educate all members regarding the safety principles to avoid accidents in
industry.

6. It is needed to achieve better morale of the industrial employees.

7. It is required to have better human relations within the industry.

8. Tt is needed to increase production means to a higher standard of living.

:

Site office

Figure 1.1 Samples of Safety Signs
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1.3 Causes of Accident i _
The accidents may take place due to human causes, environmental causes and mechap,
causes. These causes are discqssed as under.

es ] |
1'31-1 Eclcl:ilc:lléz (f;al;s occur unsafe or dangerous equipments o

machineries possessing

while working on :
rotating, reciprocating and moving parts.

9. Accidents occur while operating machines without knowledge, without safe

precautions, without authority, without safety devic.:cs. 5
Accidents generally occur while operating or work.mg at unsafe s;feed. t |
Accidents may occur while working for long duration of work, shift duty etc. |

Accidents commonly occur during use of improper tools. o [
ing with mental WOITIES, ignorance, carelessness |

Accidents may occur while workin
nervousness, dreaming etc.
7. Accidents occur because of not us

SR B of o

ing personal protective devices.

e — — 3 -t

1.3.2 Environmental Causes — _ | .
1. Accidents may occur during working at improper temperature and humidity causes
fatigue to the workers so chances of accidents increases with workers having fatigue.
2. The presence of dust fumes and smoke in the working area may causes accidents.
3. Poor housekeeping, congestion, blocked exits, bad plant layout etc. may cause

accidents.
4. Accidents occur due to inadequate illumination.
5. Improper ventilation in the plant may also leads to industrial accidents.

1.3.3 Mechanical Causes

1" Continued use of old, poor maintained or unsafe equipment may result in accidents.
5. Accidents commonly occur due to use of unguarded or improper guarded machines or

equipments.
3. Unsafe processes, unsafe design and unsafe construction of building structure may

lead to accidents in the plant. :
4. Accidents occur due to improper material handling system and improper plant layout.
5. Accidents may occur due to not using of safety devices such as helmets, goggles, |

gloves, masks etc.

However the other general causes of accidents in workshops are listed

under:
1. Bcc;ausc of ignorance to work with equipments, hand tools, cutting tools and machine
tools.
2_. Operating m-achine and equipments without knowledge.
3. Extra curiosity to work without knowing,.
4. Due to poor working conditions.
5. Because of speedy work.
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6. Improper method to work.

7. Due to use of improper tools.
8 .Because of lack of discipline.

9. Uninterested in work.

10. Due to carelessness.

11. Due to over confidence.

12. Bad working environment.

'13. Because of excessive over times duty by industrial workers.
14. Dangerous materials with which to work.
15.Lack of cleanliness.

16. Due to poor planning.
A large number of accidents can be avoided if proper safety measures and safety rules

are adopted in manufacturing areas. Some of the important causes of accidents involve
violation of safety rules, not using of safety devices, improper use of gadgets and machine
controls, non-development of safety working habits, ignorance of the operation of tools,
machine and equipments operation, unsafe working conditions, monotony and work-relating
stresses, wear and tear of the functional components,. explosive and inflammable material

etc.

1.4 Common Sources of Accidents

A large number of revolving, rotating, recip
be said as the sources of danger and require guarding for protection against accidents.

Extensive studies reveal that some characteristic groups of dangerous parts are acting as

common sources of accidents in workshops. Many such major sources are as under.
1. Revolving parts, pulley, flywheels, worms, WOIT wheel, fan, gears, gear trains, gear

rocating and moving parts of machinery can

wheels etc.
2. Projecting fasteners of revolving parts; like bolts, screws, nuts, key heads, cotters and
pins etc.
feed of a shaper, ram feed of

3. Intermittent feed mechanisms, tool feed of planer; table
power presses and similar other applications.

4. Revolving shafts, spindles, bars, mandrels, chucks, followers and tools like drills, taps;
reamers, milling cutters, and boring tool etc. ' ' X

5. Rotating worms and spirals enclosed in casings, such as in conveyors and revolving
cutting tool, like milling cutters, circular saw blade, saw band, circular shears and
grinding wheels, etc.

6. Reciprocating tools and dies of power presses, Spring hammer, drop hammers, and
reciprocating presses, reciprocating knives and saw plade such bow saw, shearing and
perforating machines and the cutting and trimming mac :ne and power hacksaws etc.

7. Moving parts of various machines, like those of printing machines, paper-cuters Bt
trimmers, etc. ’

8. fuz]g}gg drums a'nd cylinders without casing, such as concrete and other

9. High and tumbling barrels, etc.

. speed rotating cages such as in hydro-extractors.

mixers,
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10.Revolving weights, such as in hydraulic accumulator or 1n slotting machines f,,
counter-balance.

11.Nips between meshing racks and pinions of machine parts

12.Nips between reciprocating parts and fixed components, Suc}_l as between shaper tap),
and the fixture mounted on it or a planer table and table reversing stops, etc.

13. Nips between crank handles for machine controls aﬂ_d ﬁxed_p I .
14. Projecting nips between various links and mechanisms, like cranks, connecting rods,

piston rods, rotating wheels and discs, etc. . ]

15. Projecting sharp edge or nips of belt and chain drives; via belt, pulleys, chains sprockets
and belt fasteners, spiked cylinders efc.

16. Nips between revolving control handles and fixed parts traverse gear handles of lathes,
millers, etc.

17.Moving balance weights and dead weight, hydraulic accumulators, counter-balance
weight on large slotting machines, etc. .

18.Revolving drums and cylinders uncased, tumblers in the foundry, miXers, varnish
mixers etc.

19.Nips between fixed and moving parts such as buckets or hoppers of conveyors against

——— " Tipping bars, stops or parts of the framework. )

20.Nips between revolving wheels or cylinders and pans or tables, sand mixers, crushing
and incorporating mills, mortar mills, leather carrying machines, etc.

21:Cutting edges of endless band cutting machines, wood working, and log cutting metal

find stone-cutting band saws, cloth-cutting band knives, etc.

utions while Working in a Werkshop
machine ON even after the power is OFF and until it has
ot notice that the machine is still in

1.5 General Safety Preca
1. One should not leave the
stopped running completely. Someone else may n

motion and be injured.
Operator should not talk to other industrial persons when he is operating a machine.

One should not oil, clean, adjust or repair any machine while it is running. Stop the

machine and lock the power switch in the OFF position.
4. One should not operate any machine unless authorized to do so by the authorize

person in the shop. _
Always check that work and cutting tools on any machine are clamped securely

before starting.

The floor should be kept clean and clear of metal chips or curls and waste pieces.
Defective guards must be replaced or repaired immediately.

One should not operate any machinery when the supervisor or instructor is not in th®

ol ad

6.
7.
8
T hould be of flush
9. All set screws sho e of flush or recessed iecti
dangerous because they catch on sleeves or cloﬁig?n Prnjecting seb screws 610 4
10. One should not try to stop the machine with hands or body
11.Only trained operator should operate machine or switches as far as possible

12. Always take help for handling long or heavy pieces of :
13. Always follow safe lifting practices material.
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14.No one should run 1;1 tclllc shcc)lp :lit t\;rork time.
_Always keep your body and clothes away from movin " ]
15 ﬁm c)éiatelf)?for any injury. ‘ g machine parts. Get first aid
16. Never talk o anyone while operating the machine; nor allow anyone to come near you
or the machine.

17. Stop the machine before making measurements or adjustments,

18.Operator should concentrate on the work and must not talk unnecessarily while
operating the machines.

19.Never wear necktie, loose sweater, wristwatch, bangles, rings, and loose fitting
clothing while working in workshop.

20. Always wear overcoat or apron.

21. Stop machines before attempting to clean it.

22.Make sure that all guards are in their place before starting to operate a machine.

23.Do not attempt to operate a machine until you have received operating instructions.

24.Be thoroughly familiar with the ‘stop’ butfton and any emergency stop buttons
provided on the machines.

25.Remove burrs, chips and other unwanted materials as soon as possible.

26.Do not leave loose rags on machines.

27.Wash your hands thoroughly after working to remove oils, abrasive particles, cutting

fluid, etc.
28.Report all injuries to the foreman, howsoever small. Cuts and burns should be treated

immediately.
29.Keep the work area clean.
30.Keep your mind on the job, be alert, and be ready for any emergency.

31. Always work in proper lighting.
32.0n should not lean against the machines.

1.6 Safety Precautions while Working with Different Hand Tools

1.6.1Screw Drivers
1. When working on electrical equipment use only a screw driver with an approved

handle.

2. One should wear goggles when re-sharpening screw-driver tips.
3. Screws with burred heads are dangerous and must be replaced or the burrs removed

with file or an abrasive cloth. . .
4. One should use the correct tip of screw drivers while screwing. Too arrow or too wide

tip will damage the work.
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Figure 1.2 Screw Drivers

1.6.2 Wrenches unless the tool
1. One should not hammer a wrench to loosen 2 stubborn fastener, hag
been specially designed for such treatment. se culling 1
2. Alwayrs, pull zn a \ﬁ-lcnch. One can have more control over the tool if pulling instead
of pushing and there is less chance of injury. - 1 .
3. It'is dangerous practice to lengthen the wrench handle for, additional leverage. Use a
larger wrench. . .
4. Choose a wrench that fit properly. A loose fitting wrench may slip and round off the
corners of the bolt head and nut. _
5. When using wrenches clean grease or oil from the
reduce the possibility of slipping and losing balance.

floor in the work area. This will

Figuré 1.3 Wrenches

1.6.3 Hammers . .

1. One should not operate the hammer unless its head is tightly fixed to the handle.

2. Place the hammer on the bench carefully. A falling hammer can cause serious foot
injuries.

3. Never strike two hammers together. The faces are very hard and the blow might cause 2

chip to break off.
4. Never hold the hammer too far on the handle when striking a blow.

5. Unless the blow is struck squarely, the hammer may glance of the work.
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o | Figure 1.4 Hammers

.1_.7.S=ife'ty Precautions while Working with Different Cutting Tools

1.7.1 Files
1. One should always use a file card to clean the
may penetrate in hand and cause a painful infection.

2. One should not use a file without a handle.

3. Short burns formed in filling may cause serious cuts. Always use a piece of cloth to

wipe the surface being field.

4. Files are highly brittle and s

break.
5. Never hammer on a file. It may shatter and

file. Never use your hand. The chips

-

hould never be used as a hammer otherwise the file will

chips fly in all directions.

Figure 1.5 Files

1.7.2 Chisels

1. One should always hold the chisel in such a manner that the hammer blow may not miss
the chisel to injure your hand.

2. Edges of metal cut with the chisel are often sharp and cause bad cuts.

3. Flying chips are dangerous. Wear transparent plastic safety goggles and use a

shield, when using a chisel, to protect yourself and those working near you.

4. Sharp edges of chisels are removed by grinding or filing.

5. Mushroomed head of the chisel should be removed by grinding.
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1.7.3 Reamers
1. One should remove all bars from the reamed holes.

2

Figure 1.6 Chisels

d cutting fluids from the reamer and work.

Never use your hands to remove chips an
One should use a piece of cotton waste.

Figure 1.7 Reamers

1.7.4 Taps and Dies
1. One should use a brush to clean away chips formed by hand threading. Never use

y

your hand.
One should always wear goggles if the tap, die or threaded piece is to be cleaned with

* compressed air.

3.

Tap operator should also be careful that other person working in the area also wearing

goggles. _
Handle broken taps as you would handle broken glass. They are sharp edges and are

dangerous to handle.
Wash your hands after using cutting fluid. Skin-rashes caused by some cutting fluids

can develop into a serious skin disorder if they are left on the skin for a long period

10
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6. Take care of any cuts immediately. Infection may occyr When injuri
properly treated. €s are not

Figure 1.8 Taps and Dies

1.7.5 Abrasives

1. If the lathe is used for polishing make sure that the machine is i)rotected from the
abrasive grains that fall from the polishing wheels during polishing. They can cause
rapid wear of the precision parts.

2. One should not rub fingers or hand across a piece that has just been polished by
abrasive.

Cuts and burns should always be treated immediately by using first aid facility.

One should remove all abrasive particles by washing them thoroughly after the
polishing operation.

nalih e

Figure 1.9 Abrasives

1.8 General Safety Precautions while Working in Machine Shop:
_ The following safety precautions or guidelines are generally adopted for every metal
cutting or machining shop. They must be strictly followed for safety. Specific safety

11

Scanned by CamScanner



\

guidelines for some of the machine process like lathe, drilling, shaping, planning slotti,
grinding, milling, and finishing operatlzons are also described in thfe following sections. &
1. One should use the correct tools and work holding devices recommended for ,
process. : - -
One should hold the work piece and tool securely on the machine.
3. One should clamp the tool correctly. An overhanging tool may cause catastrophj,
failure of the tool, work piece or the machine tool.
One should not try to remove chips from the machine with your hands.
Never use compressed air from mouth. Use brush. - . :
One should not touch a job-piece with bare hands while doing inspection or removing
it from the machine. Use gloves always. .
One should operate the machine at recommended operating conditions based on work
material and tool material combination and other cutting conditions specified.
9. One should use recommended coolant depending upon work-tool materia]
combination. |
10. During machining ductile materials, use chip breakers and chip guards.
11. One should re-sharp the tools immediately when it starts producing rough surface; on
the job-piece or produces chatter. T
“12.0ne should not run the machines at speed higher than recommended. It may produce
vibrations and chatter and damage job-piece, tool, or both.
13. Provide sufficient approach and over travel distances wherever necessary.
14.In case of power failures, switch off the machine and retrieve tool from the
workpiece.
15. One should wear goggles to protect eyes from flying chips.
16. Machines are governed by the old clinch garbage input, garbage output. The skill of
the operator is often the limiting factor for the machining operation.
17. Stop machine before attempting to clean, removing tool or workpiece.

g

% N oA

1.9 FIRST AID o

In case of fatal injury first aid provider should call the doctor as soon as possible or to
arrange the ambulance for taking the victim to the hospital. He should dea] the victim with
full sympathy and make early arrangement to call the family member or some responsible
member so that adequate arrangements can be made in hospital for the due care of the
victim. If breathing has stopped, he or she should be provided artificial respiration
immediately. For first aid services, a first-aid box containing the following items is always
kept ready during working hours in the shops or nearby working places where there are
chances accidents to occur.

12
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Questions

Note : Support your answ

T
er by neat sketches

Ql

‘1. Human Causes 0

in briefly the following:
Explain briefly the £ accidents, 2. Environmental Causes of accidents,

3. Mechanical Causes of accidents, 4. Safety Precautions,
What are the main causes of accidents?

Q2

List the types of common accidents.

Q3

What are the main objectives of industrial safety?

Q4
Q5

Which of the following Statement is Corre_ct? .
1. A large number of accidents can be avoided if proper safety measures and safety

rules are adopted in manufacturing areas. ) L
2. Unsafe processes, unsafe design and unsafe construction of building structure may

lead to accidents in the plant. _
3. The presence of dust fumes and smoke in the working area may causes accidents.
4. A large number of revolving, rotating, reciprocating and moving parts of machinery

can be said as the sources of danger and require guarding for protection against
accidents.

5. A suitable layout and proper working conditions play an important role in preventing

accidents which would have otherwise occurred.
6. In safety plan ,moving path or passage ways should be clearly marked and never be

obstructed.

7. Accidents occur because of not using personal protective devices.
8. Accidents commonly occur during use of improper tools.

9. Eyes can be damaged by intense light.

Workshops should be ventilated to remove any fumes.

13
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Materials and Their Properties

2.1 Introduction: ¢ copineeting design and anal
Materials are an important aspect ol engince g design and analysis. The importance of
materials science and engineering can be noted ﬂ.'om.t-he fact.that historical ages have been
tomer driven competitive business environment, the product

named after materials. In the cus _
quality is of paramount importance. The product quality has been _found to be influenced by
the engineering design, type of materials selected and the processing technology employed.

Therefore, the importance of materials and their processing techniques cannot be
undervalued in today’s world. Materials form the sfuff of any engineering application or
product. It has been found that the engineers do not give adequate attention to this important
subject. Moreover, it has not been adequately represented in the course curriculum of various
universities. Therefore, it becomes imperative to highlight the importance of engineering

materials for all engineers related to the various aspects of engineering applications.

2.2 Classification of Materials: _
The first modulé deals with the classification of the engineering materials and their
als can broadly be classified as:

processing techniques. The engineering materi
a) Metals

b) Polymers.

¢) Ceramics.

Figure 2.1 Classifications of Engineering materials

15
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]
1/
2.2.1 Metallic Materials |
These materials are inorganic substances
element and may also contain some non-metal g
are steel, copper, aluminum and iron. Non-metallic ele .
oxygen maypglso be contained in metallic materials. Metals have a crystalline structure in|
which the atoms are arranged in an orderly manner. Metals are extrcglely good conductorg
of electricity and heat and are not transparent to visible light; a polished metal surface
lustrous appearance. Many metals are relatively strong and ductile at room temperature, ang
many maintain good strength even at high temperature. !

which are composed of one or more Metaljj,
lic elements. Examples of metalh.c elemepg,
ments such as carbon, nitrogen ang

2.2.2 Polymeric Materials i
Most polymeric materials consist of organic long molecular cha.ms or petworks_
Structurally, most polymeric materials are non-crystalline but some consist of .rmxtures. of
_crystalline and non-crystalline regions. The strength and ductility of polymeric materialy
vary greatly. Because of the nature of their internal structure, most polymeric materials are
poor conductors of electricity. Some of these materials are good insulators and are used for
electrical isolative applications.

Figure 2.2, Plastic materials

2.2.3 Ceramics Materials

Ceramics materials are inorganic materials which consist of metallic and non-metallic
elements chemically bonded together. Ceramics materials can be crystalline, nom
crystalline, or mixture of both. Most ceramics materials have high hardness arid high"
temperature strength but tend to have .mcchanical brittleness. Lately, new ceramics materials
have been developed for enginc_ applications. Advantages of ceramic materials for engin®
applications are light weight, high str_ength and hardness, good heat and wear resistancé
reduced friction, and insulative properties.

16
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he inaltiv property slong with high hea and wear esstanc of sy o
e il T i Tning o Hightmparse T oS i

: lications. : i the ceramics til
. space applications for t.:eramlc.s are es for the space sh cel :
(?oncrctc, Cement, Ferrites, Granite etc., are ceramics. P uttle. Silica, Glasses, "

2.2.4 Composite Materials

, Composite materials are mixtures of two or more materials. Fiber glass is a familiar
example, in which glass fibers are embedded within a polymeric material. A composite is
designed to display a combination of the best characteristics of each of the component
materials. Fiber glass acquires strength from the glass and flexibility from the polymer.
Another example of the use of composites is glass-reinforced polyphenylene sulfide (PPS)

for oil field fitting. This application utilizes the excellent corrosion resistance of this
material. - s ;
Figure 2.3 Example for Composite material
— b roperties of major Classes \
Metals Chargeteris™ Pmole ers Hard b }? Ftlt.lamics J
efa : ard but brittie
: ble
Hard but mallcable ]S)tll]flf“f e Shiny if glazed
Ellltltlnz color Colorless yﬁi;i:torl:;fﬁng temp
Intermediate melting temp-. Low melting iemp- Nonconductive '
P Nonconductive ’ ]
H?;h 1(1;; l:Iz_cctncll“y Low density Intermediate density
Difficult tclmt{)um _______M Hot Tammahe
17
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-3 T(];]em’:‘ra.] Properties of Engineering Materials o
€ principle properties of materials which are of importance to the engineer in selectiIla

materials. These can be broadly divided into: - - - . ca |

2.3.1 MECHANICAL PROPERTIES:

. Under the action of various kinds of forces, the behavior of the material is studied thy
measures the strength and lasting characteristic of a material in service. The mechanicg
properties of materials are of great industrial importance in the design of tools, machines an
structures. Theses properties are structure sensitive in the sense that they depend upon th
crystal structure and its bonding forces, and especially upon the nature and behavior of th
imperfections which- exist within the crystal itself or at the grain boundaries.

The mechanical properties of the metals are those which are associated with the ability
of the material to resist mechanical forces and load. The main mechanical properties of the
metal are strength, stiffness, elasticity, plasticity, ductility, malleability, toughness,
~brittleness, hardness, formability, castability and weldability. These properties can be well
understood with help of tensile test and stress strain diagram. The few important and useful
mechanical properties are explained below.

2.3.1.1 Elasticity

It is defined as the property of a material to regain its original shape after deformation
when the external forces are removed. It can also be referred as the power of material to
come back to its original position after deformation when the stress or load is removed. It is

also called as the tensile property of the material.

2.3.1.2 Strength
Strength is defined as the ability of a material to resist the externally applied forces

with breakdown or yielding. The internal resistance offered by a material to an externally
applied force is called stress. The capacity. of bearing load by metal and to withstand
destruction under the action of external loads is known as strength. The stronger the material
the greater the load it can_withs@d. This property-of material therefore determines the
ability to withstand stress without f:a1lure. Streng!h varies af:cording to the type of loading. It
is always possible to assess tCI.ISIIc, compressive, shearing and torsional strengths. The
aximum stress that any material can withstand before destruction is called its ultimate
strength. The tenacity of the material is its ultimate strength in tension.

18
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Figure 2.4 Tensile test
2.3. 1 3Plast1c1ty

Plasticity is defined the mechanical property of a material thch retains the
deformation produced under load permanently. Plastic deformation takes place only after the
elastic range of material has been exceeded. Such property of material is important in
forming, shaping, extruding and many other hot or cold working processes. Materials such as
clay, lead, etc. are plastic at room temperature and steel is plastic at forging temperature.
This property generally increases with increase in temperature of materials.

Astress o=F/A

yield ,/—Et%tu re

non-(inear area
o=f{¢)

linear area i €
= - Strain
0=E¢& =

Figure 2.5 Material behaviors under the Tension Load
19
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o be drawn into wire yj

Ductility is terme operty O . z
the applicaﬁotg of tensil:;l f:agﬁglﬁztgz material must be stron® anddl:l{:ﬁ::'i}h aieiuglln?sy'i;‘.
usually measured by the terms, percentage clongation and Percent re o more th chij,
often used as empirical measures of ductility- The materials those poss ¢ an 5?,
elongation are called as ductile materials. The ductile n:latcrlal commo. yl used j;
engineering practice in order of diminishing Juctility are mild steel, copper, aluminuy

nickel, zinc, tin and lead.

© 2.3.1.4 Ductility

f a material enabling it t

Ductility

End Point

Figure 2.6Ductility of Materials

2.3.1.5 Malleability
Malleability is the ability of the material to be flattened into thin sheets unde

applications of heavy compressive forces without cracking by hot or cold working means. ]

is a special case of ductility which permits materials to be rolled or hammered into thii

sheets. A malleable material should be plastic but it is not essential to be so strong. Th
malleable materials commonly used in engineering practice in order of diminishin
malleability are lead, soft steel, wrought iron, copper and aluminum. Aluminum, copper, tin

lead, steel, etc. are recognized as highly malleable metals.

Figure 2.7 Malleability of Materjals
20
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“"2.3.1.8 Formability

2.3.1.6 Hardness

B Hardness is defined as the ability of a metal to cut another metal. A harder metal can

always cut or put impression to the softer metals by virtue of its hardness. It is a very
important property of the metals and has a wide variety of meanings. It embraces many
different properties such as resistance to wear, scratching, deformation and machinability etc.

‘Brinell Hardness Test

Applicd load F
w ? Indenter diameter

Indentation diameter

Figure 2.8 Hardness Test

2.3.1.7 Creep
When a metal part when is subjected to a high constant stress at high temperature for a

longer period of time, it will undergo a slow and permanent deformation (in form of a crack
which may further propagate further towards creep failure) called creep.

tals which denotes the ease in its forming in to various shapes
and sizes. The different factors that affect the formability are crystal structure of metal, grain
size of metal hot and cold working, alloying element present in the parent metal. Metals with
small grain size are suitable for shallow forming while metal with size are suitable for heavy
forn:fing. Hot working increases formability. Low carbon steel possesses good formability.

It is the property of me

2.3.1.9 Brittleness _ 3 .
Brittleness is the property of a material opposite to ductility. It is the property of

breaking of a material with little permanent distortion. The materials having less than 5%
elongation under loading behavior are said to be brittle materials. Brittle materials when

21
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subjected to tensile loads snap off without giving any sensible elongation, Glasﬂ
brass and ceramics are considered as brittle material. e

Iy

| Jdd _
S A T o

2.3.1.10 Toughness . N -
It is the ability of the materials to withstand bending.

Figure 2.10 Toughness of Materials

2.3.1.11 Castability

. Castability is defined as the property of metal, which indicates the ease with it can b
casted into different shapes and sizes. Cast iron, aluminum and brass are possessing good
castability.

22
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2.3.1.12 Weldability
Weldability is defined as the property of a metal which indicates the two similar or

dissimilar metals are joined by fusion with or without the application of pressure and with or
without the use of filler metal (welding) efficiently. Metals having weldability in the
descending order are iron, steel, cast steels and stainless steels.

2.3.2 PHYSICAL PROPERTIES
The important physical properties of the metals are density, color, size and shape

(dimensions),
specific gravity, porosity, luster etc. Some of them are defined as under.

2.3.2.1 Density
Mass per unit volume is called as density. In metric system its unit is kg/mm3.

Because of very low density, aluminum and magnesium are preferred in aeronautic and

transportation applications.
mass ()

1 =
denstly (p) volume (V')
Density of the material
Relative density (d) =
Density of pure water at 4°C

2.3.2.2 Color
" It deals the quality of light reflected from the surface of metal. Many metals have

specific colors that distinguish them from others. For example, brass and gold are yellow,
silver is white, copper is reddish brown, aluminum is white, Tin is silvery white. Grey Cast

Iron is grayish black.

~

gter: It is the ability of a metal to reflect light when finely polished. It is also known as
brightness of surface. Lusters of some metals/alloys are as under:

Aluminum, Antimony, Zinc, Gold Bright

Silver, Stainless Steel, Chromium Shining

Tin, cobalt, manganese Metallic

Copper, Chilled cast iron Bright Metallic :
\Grcy cast iron Dull : Y
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" liquid. Pure metal possess a specific value of melting point. Low melting po.

2.3.2.3 Size and shape teri
Dimensions of anypmetal reflect the size and shape glfa?: s[;:cig::' ﬂ%:ligth’
.. height, depth, curvature diameter etc. determines the size. o ORETES TG Tectay
square, circular or any other section.

2.3.2.4 Specific Gravity )
" Specific gravity of any metal is the ratio of the mass of a given volume of the metg %
the mass of the same volume of water at a specified temperature. |

2.3.2.5 Porosity . e s
A material is called as porous or permeable if it has pores Wi 1.

2.3.2.6 Melting Point (M.P.) }

Melting point of metal is that temperature at which a solid material is changed Eui
int metals

used in safety devices like fuse plug, fuse wires, boiler safety devices etc.

~ Melting Point of some common metals
Tin =232°C Nickel =1452°C
Lead =327°C Cobalt = 1480 °C
Aluminum =659 °C Tron —1535°C
Silver =960 °C Chromium =1615 °C ~ 1
Copper =1083°C Tungsten =13410 °C j

2.3.3 Chemical Properties

“““The study of chemical properties of materials s necess f i
. . . ost 0
engineering materials, when they come in contact with other subs?nce?&ﬁivh?ch they @

react, suffer

from chemical deteri'oratim} of the surface of the meta], Some : cties O
the metals are corrosion resistance, chemical composition and a‘;ic-lglyeoihemxc_al- groggmsi ”

is the gradual deterioration of material by chemical reaction with its environment

24
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2.3.4 Thermal Properties

The study of thermal properties is essential in order to know the
. - thermal changes . lowering or raising, of temperature. Different © Fesponse of metal o
el sonductviy,thermal xpansion, specii het,meling poin, thermal o
1vity,

2.3.5 Electrical Properties
The various electrical properties of materials are conductivity, tem
. . . . et » lemperature coeffici
resistance; dielectric strength, resistivity, and thermoelectricity. These properties :Iff;fgs :;' |

as under.

2.3.5.1Conductivity
© Conductivity is defined as the ability. of the material to pass electric current through it
easily ie. the material which is conductive will provide an easy path for the flow of

elqctricity through it.

2.3.5.2 Temperature Coefficient of Resistance
It is generally termed as to specify the variation of resistivity with temperature.

2.3.5.3 Dielectric Strength
" It means insulating capacity of material at high voltage. A material having high

dielectric strength can withstand for longer time for high voltage across it before it conducts
the current through it.

2.3.5.4 Resistivity
Tt is the property of a material by which it resists the flow of electricity through it.

2.3.5.5 Thermoelectricity

If two dissimilar metals are joined and then this junction is heated, a small voltage (in
the milli-volt range) is produced, and this is known as thermoelectric effect. It is the base of
the thermocouple. Thermo -couples are prepared using the properties of metals.

2.3.6 Magnetic Properties
Magnetic properties of materials arise from the spin of the electrons and the orbital

motion of electrons around the atomic nuclei. In certain atoms, the opposite spins neutralize
one another, but when there is an excess of electrons spinning in one direction, magnetic
field is produced. Many materials except ferromagnetic material which can form permanent
magnet, exhibit magnetic affects only when subjected to an external electro-magnetic field.
Magnetic properties of materials specify many aspects of the structure and behavior of the
matter. Various magnetic properties of the materials are magnetic hysteresis, coercive force
and absolute permeability which are defined as under.
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uestions i s i
I?otc : Support your answer by neat sketches \E‘
Q1 | Explain briefly the following: Y

1. Elasticity. 2. Plasticity. 3. Brittleness. 4. Toughness. ‘

Q2 | What are the-main classes of engineering materials? 1

'Q3 | Define a composite material. Give an example of a composite material. :

Q4 | Define polymeric materials. Give examples of polymeric materials. -3
Q5

|4. Toughness: It is the ability of the materials to withstand bending. - T

Which of the following Statement is Correct? ng
1. Elasticity: It is the ability of a material to deform under load and return to its origi
size and shape when the load is removed.
2. Plasticity: This property is the exact opposite to elasticity, while the ductility and
malleability are particular cases of the property of the plasticity.
3. Brittleness: It is the property of a material that shows little or no plastic deformatioz
before fracture when a force is applied.

5. The melting temperatures and the recrystallisation temperatures have a great effedt
on the materials and the alloys of the materials properties and as a result on ifs
applications.

6. Luster: It is the ability of a metal to reflect light when finely polished.

7. Castability is defined as the property of metal, which indicates the ease with it can be
casted into different shapes and sizes.

8. A ductile material must be strong and plastic.
9. Composite materials are mixtures of two or more materjals.
10. Formability: It is the property of metals which denot

es the ease in its forming in t0

various shapes and sizes.
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W/

Casting

3.1 Introduction - _ _

*” Casting process is one of tl_le earliest metal shaping techniques known to human bej
eans pouring molten metal into a refracto.ry mold cavity and allows it 1o so“difym%:;t
colidified object is taken out from the mold either by breaking or taking the molq apa.ﬂ:. The
solidified object is called casting and the technique followed in method is known as castinz

process-

Pouring
ladle

Molten metal Sprue and runner
(to be trimmed)

Downsprue Parting

line

Solid casting

Mold
(sand)

(1) G
Figure 7.1 Sand Casting

A mold is formed into the geometric shape of a desired part. Molten metal is then
poured into the mold; the mold holds this material in shape as it solidifies. A metal

casting is created.
Although this seems rather simple, the manufacturing process of metal casting is both a

science and an art. Let's begin our study of metal casting with the mold. First, molds can be
classified as either open or closed. A closed mold is a container, like a cup, that has only the
shape of the desired part. The molten material is poured directly into the mold cavity which

is exposed to the open environment as shown in figure 7.2.
This type of mold is rarely used in manufacturing production, particularly for metal

- castings of any level .of quality. The other type of mold is a closed mold; it contains a
... delivery system for the molten material to reach the mold cavity where the part will ha_rden
within the mold. A very simple closed mold is shown in figure 7.3. The closed mold is by

far, more important in manufacturing metal casting operations.
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] Figure7.2 Open mold Figure 7.3 Closed mold '
Thex:e is expendable mold casting and permanent mold casting. As the name implies
expendable molds are used for only one metal casting while permanent molds are used for

1‘:13‘;11)’- When considering manufacturing processes there are advantages and disadvantages to
oth.

Expendable Mold Permanent Mold
1. Can produce one metal casting only 1. Can manufacture many metal castings-
2. Made of sand, plaster, or other similar 2. Usually made of metal or sometimes a
material. Binders used to help material refractory ceramic
hold its form. ' 3. Mold has sections that can open or
3. Mold that metal solidifies in must be close permitting removal of the
destroyed to remove casting casting
4. More intricate geometries are possible 4. Need to open mold limits part shapes
for casting
3.2 Patterns

Expendable molds require some sort of pattern. The interior cavities of the mold in
which the molten metal will solidify are formed by the impression of this pattern. Pattern
design is crucial to success in manufacture by expendable mold metal casting. The pattern is
a geometric replica of the metal casting to be produced. It is made slightly oversize to
compensate for the shrinkage that will occur in the metal during the casting's solidification,
and whatever amount of material that will be machined off the cast part afterwards. Although
machining will add an extra process to the manufacture of a part; machining can improve
surface finish and part dimensions considerably. Also increasing the machine finish
allowance will help compensate for unknown variables in shrinkage, and reduce trouble from
areas of the metal casting that may have been originally too thin or intricate.

3.2.1 Pattern Material

The material from which the pattern is made is dependent upon the type of mold and
metal casting process, the casting's geometry and size, the dimensional accuracy required,
and the number of metal castings to be manufactured using the pattern. Patterns can be made
from wood, like softwood, or hardwood, various plastics, or metal like aluminum, cast iron,
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or steel. In most manufacturing operations, patterns will be coated with a parting agent to
ease their removal from the mold.

3.3 Cores

For metal castings with internal geometry cores are used. A core is a replica, (actually an
inverse), of the internal features of the part to be cast. Like a pattern the size of the core is
designed to accommodate for shrinkage during the metal casting operation, and machine
allowance. Unlike a pattern a core remains in the mold while the metal is being poured.
" Hence a core is usually made of a similar material as the mold. Once the metal casting has_
hardened the core is broken up and removed much like the mold. Depending upon the
location and geometry of the core within the casting, it may require that it is supported
during the operation to prevent it from moving or shifting. Structural supports that hold the
core in place are called chaplets. The chaplets are made of a material with a higher melting
temperature than the casting's material,

When manufacturing by metal casting consideration of the mold is essential. The pattern
. is placed in the mold and the mold material is packed around it. The mold contains two parts,
- the drag (bottom), and the cope (top). The parting line between the cope and drag allows for
the mold to be opened and the pattern to be removed once the impression has been made.

DRAG PARTING LINE

Figure 7.4The pattern

The core is placed in the metal casting after the removal of the pattern. Figure 7.5 shows the
pattern impression with the core in place.

Figure 7.5 The pattern impression

mold contains all the geometry of the part to be cast. This metal

Now the impression in the L _
not complete. In order for this mold to be functional to

casting setup, however, is
30
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ression of the part, the mold cavity will 4

manufacture a casting, in addition to t:ne impressi system will be cut by hand or i, .
need to include a gating system. Sometimes the gating ¥ orated into the patter ;lll Oy

ting system will be incorp _
the g:tenf fﬁncﬁons during the metal casting operatj,, :

al into the mold cavity.

adept manufacturing proceduref;
with the part. Basically a gating SYS
facilitate the flow of the molten materi

3.4 Elements of a Gating System

Fig. 7.7 shows a mold with all its features, ready for metal casting.

This is where the molten metal employed to_ manufactl_}re the pay
have a projection with a radius around it to redyc,

3.4.1 Pouring Basin:
enters the mold. The pouring basin should
turbulence.

3.4.2 Down Sprue: From the pouring basin the molten metal for the casting travels
through the down sprue. This should be tapered so its cross-section 1s reduced as it goes
downward.

3.4.3 Sprue Base: The down sprue ends at the sprue base. It is here that the casting's
inner cavity begins.

3.4.4 Ingate/Choke Area: Once at the sprue base the molten material must pass through the
ingate in order to enter the inner area of the mold. The ingate is very important in flow
regulation during the metal casting operation.

3.4.5 Runners: Runners are passages that distribute the liquid metal to the different areas
inside the mold.

3.4.5 Main Cavity: The impression of the actual part to be cast is often referred to as the
main cavity. :

3.4.6 Vents: Vents help to assist in the escape of gases that are expelled from the molten
metal during the solidification phase of the metal casting process.

3.4.7 Risers: Risers are reservoirs of molten material. They feed this material to sections
of the mold to compensate for shrinkage as the casting solidifies.

There are different classifications for risers.

a. Top Risers: Risers that feed the metal casting from the top.

b. Side Risers: Risers that feed the metal casting from the side,

c. Blind Risers: Risers that are completely contained within the mold

d. Open Risers: Risers that are open at the top to the outside enviromhent
Figure 7.6 illustrates the difference between top risers and side risers. .
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Figure 7.6 Difference between top and side risers

TG BASIN _spRUE

INGATE
(Celox®)

opENjisgr  PARTING LINE

. RUNNER

Figure 7.7 Gating system For Casting

3.5 Pouring of the Metal:

When manufacturing

by metal casting, pouring refers to the process by which the

molten metal is delivered into the mold. It involves its flow through the gating system and
into the main cavity (casting itself). : _ . -
Goal: Metal must flow into all regions of the mold, particularly the casting's main

cavity, before solidifying.
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3.5.1 Factors of Pouring

-

erature refers t0 thc. initial temperaty, "
the mold: This temperature iy 2 |
f the metal. .

3.5.1.1 Pouring Temperature: Pouring temp
molten metal used for the casting as it is poured into
obviously be higher than the solidification temperature 0 K
3.5.1.2 Pouring Rate: Volumetric rate in which the liquid metal 18 mn.oduc.cd Into the Moy .I
Pouring rate needs to be carefully controlled during the metal casting operation, since jt hyg
certain effects on the manufacture of the part. If the pouring rate it too fast then turbuleng, 1

can result. If it is too slow the metal may begin to solidify before filling the mold.

3.5.1.3Turbulence: Turbulences is inconsistent and irregular variations in the speed ang
direction of flow throughout the liquid metal as it travels though the casting.

3.5.1.4 Fluidity: Since pouring is a key element in the manufacturing process of meta]
casting, and the main goal of pouring is to get metal to flow in to all regions of the molq
before solidifying. B |
— ——__ e e i — —- e N - —*-—‘_ﬁ
3.5.1.5Shrinkage: Most materials are less dense in their liquid state than in their so]jd!
state, and more dense at lower temperatures in general. Due to this nature a mep|
casting undergoing solidification will tend to decrease in volume, during th
manufacture of a part by casting this decrease in volume is termed shrinkage. Shrinkage |

of the casting metal occurs in three stages:
a. Decreased volume of the liquid as it goes from the pouring temperature to the
freezing temperature.

TEMPERATURE TEMPERATURE
POURING FREEZING
b. Decreased volume of the material due to solidification.

SHRINFAGE
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c. Decre
temperature.

ased volume of the material as it goes from freezing temperature to room

TEMPERATURE
FREEZING (SOLID) _ ROOM

3.6 Porosity -

One of the biggest problems caused by shrinkage, in the manufacture of a cast part, is
porosity. It happens in at different sites within the material, when liquid metal can't reach
sections of the metal casting where solidification is occurring. As the isolated liquid metal
shrinks a porous or vacant region develops.

3.7Cavities

Any cavities in the material, angular or rounded, internal or exposed fit into this
category. Cavities as a defect of casting shrinkage would be included here.

3.8 Discontinuities

Cracks, tearing, and cold shuts in the part qualify as discontinuities. Tearing occurs
when the casting is unable to shrink naturally and a point of high tensile stress is formed.
This could occur, for example, in a thin wall connecting two heavy sections. Cold shuts
happen when two relatively cold streams of molten metal meet in the pouring of the casting,
The surface at the location where they meet does not fuse together completely résulting in a
cold shut,

3.9 Defective Surface: :

Defects affecting the surface of the manufacturéd part. Blows, scabs, laps, folds, scars,
blisters, ect.

3.9.1 Incomplete Casting:

Sections of the metal casting did not form. In a manufacturing process causes for
incomplete metal castings could be; insufficient amount of material poured, loss of metal
from mold, insufficient fluidity in molten material, cross section within casting's mold cavity
is too small, pouring was done too slowly, pouring temperature was too low. |
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3.9.2 Incorrect Dimensions or Shape:

The metal casting is geometrically incorrect. This could be g‘;‘;gg cu:spf"*dil:ted
contractions in the part during solidification. A warped casting. S'thhl uthﬂcagmanufacunbng gy
have, been miscalculated. There may have been problems Wi e € of

pattern.

3.9.3 Inclusions

Unwanted particles contained within the material act as stress raisers compromising the

casting's strength. During the manufacturing process, interacti01.1 of the molfen me_ta.l with the
environment including the atmosphere, (chemical reactions with oxygen 1n particular), anq

the mold itself can cause inclusions within a metal casting. As with most defects good molq
maintenance is important in their control casting.

—

3.10The Effect of Gases, and Material Selection in Metal Casting

3.10.1 Gases during the Manufacture of a Casting

The molten metal used during the casting process may trap and contain gases. There
are various reasons that gases are absorbed into the metal melt during manufacture,
Turbulent flow of the casting material through the system may cause it to trap gas from the
air. Gases may trapped from material or atmosphere in the crucible when the melt is being
prepared. Gases may be trapped from the reaction between the molten metal and the mold

material.
Since liquid metal has a much higher solubility than solid metal, as the casting

solidifies these gases are expelled. If they cannot escape the casting, they may form
vacancies in the material; increasing the casting's porosity.

3.11 Sand
Sand: Product of the disintegration of rocks over long periods of time. Most sand

casting operations use silica sand (SiO2). A great advantage of sand in manufacturing
applications is that sand is inexpensive. Another advantage of sand to manufacture products
by metal casting processes is that sand is very resistant to elevated temperatures. In fact sand
casting is one of the few processes that can be used for metals with high melting
temperatures such as steels, nickel, and titanium. Usually sand used to manufacture a mold
for the casting process is held together by a mixture of water and clay. A typical mixture by
vo]gn?e coulf:ll be 1819% sand, 4% water, 7% clay. Control of all aspects of the properties of
sand 1s crucial when manufacturin 1 i
il SHackeit 10 s St 8 parts by sand casting, therefore a sand laboratory ¥
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ments of Good Moulding Sand:

ow the fee passage of air and gases generateq when in ——

Require
3'112‘ 1t must all

_ metal: o Ctain the Shpe GIVEItd it and st gt o s -
. When rammed It it ik and resist the pressurs ofy,
mcta.l-

3, Itmust

molten

. € molten
be able to withstand high temperature without fusing,

tions of Casting _
S'ISFI;TE:\Icing methods are employed to insPcct the casting.

1. Destructive inspection m'ethod. In t]ns type of inspection the casting sample is
destroyed during inspection. This method is used to test mechanical properties, e.g, tensile
strength, hardness etc. These tests are performed on the test bars or pieces cut from the
casting sample. '

2. Nondestructive inspection method.

Following are the various methods of non-destructive inspection:

a) Visual inspection.

b) Dimensional inspection.

¢) Pressure testing.

d) Radiographic inspection.

¢) Magnetic particle inspection.

f) Fluorescent penetrate.

g) Eddy current inspection.

3.14 Types of Casting
1. Sand casting: Commonly used method involves pouring molten metal into a cavity in
a mass of packed sand.
2. Shell mould casting:
Precision investment casting: It employs techniques that enable very smooth, highly
accurate casting to be made from both ferrous and non ferrous metal.
Plaster mould casting:
Permanent mould casting:
Die casting:
Centrifugal casting:

w

N

3.14.1 Centrifugal Casting ;

The manufacturing process of centrifugal casting is a metal casting technique g
the forces generated by centripetal acceleration to distribute the molten material in the mold.
Centrifugal casting has many applications in manufacturing industry today. he prticess. 23
several very specific advantages. Cast parts manufactured in industry mclud? various pixt’hez
and tubes, such as sewage pipes, gas pipes, and water supply lines, also bushings, crlm‘gs,uuc
liner for engine cylinders, brake drums, and street lamp posts. The molds used in e
centrifugal casting manufacture are round, and are typically made of iron, steel, or grapaiic.
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¢ used for the inner surface of the ]

Some sort of refractory lining or sand may be use q
Centrifugal casting. Inltiis casg, several casting cavif1es arc l;z?;cfh :rg::tgcth:i tcl,lttre: iﬁorﬁ
of a mould, and metal is fed to these cavities by radial gates trom th cen’tri fugal fogle o |
stack can be used. The mould cavities are filled under pressure | TCe of |
the metal as the mould is rotated. |
Mold Free roller Mold
| _%_-F Pouring basin
[
il 0 °
— _| ,
Drive roller —
T777777777777777777777777
Side view
Figure 7.9 Centrifugal casting unit

The casting will harden as the mold continues to rofate.

Tt can be seen that this casting process is very well snited for the manufacture of hollow
cylindrical tubes. The forces used in this technique guarantee good adhesion of the casting
material to the surface of the mold. Thickness of the cast part can be determined by the
amount of material poured. The outer surface does not need to be round, square or different

polygonal and other shapes can be cast.

3.15 The Recommended tests for the sand casting:
Fineness test or Sand grain size test.
Permeability test.

Strength test.

Moisture content test.

Clay content test.

Mould hardness test.

3.15.1 Fineness test. This test determines the size of grains and the distribution of grains of
different sizes in the moulding sand. -

3.15.2 Permeability test. Permeability (or porosity of the mouldin ; »
its ability to permit air to flow through it. ty ulding sand) is the measure of
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3.15.3 Strength test: The §trength of moulding sands can be carried out on the universal
sand strength testing machine. The strength can be measured in compression, shear and

* awpregims @ w

3.15.4 Moisture content test. Moisture content may be determined by loss of weight, aﬁc,_-
evaporation.

Dry-Sand Molds:
Dry-Sand molds are baked in an oven, (at 300F - 650F for 8-48 hours), prior to the casting

operation, in order to dry the mold. Dry-Sand molds are manufactured using organic binders
rather than clay.

3.16The Pattern
In sand casting a few different types of patterns may be used in the process.

3.16.1 Solid Pattern
This is a one piece pattern representing the geometry of the casting. It is an easy pattern

to manufacture, but determining the parting line between cope and drag is more difficult for
the foundry worker.

SOLID PATTERIN

Figure 7.10 Sold pattern

3.16.2 Split Pattern
The split pattern is comprised of two separate parts that when put together will represent

the geometry of the casting. When placed in the mold properly the plane a which the two

_parts are assembled should coincide with the parting line of the mold. This makes it easier to
manufacture a pattern with more complicated geometry. Also mold setup is easier since the
patterns placement relative to the parting line of the mold is predetermined.

Figure 7.11 Split pattern
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3.17 Cope and Drag Pattern i

. The cope and gd:ag pattern is also typical in casting manufacture fotrt hlgl} productiorl

industry runs. The cope and drag pattern is the same as the match Platc_Pa ern in that itjg

. two piece pattern representing the casting and divided at the parting line. Each of th :
halves are mounted op a plate for easy alignment of the pattern and mold. The differe,

between the cope and drag patt d the match plate pattem is that in the match
Nelves s monied tos i the cope and drag pattern the

Plagy
in

pattern the two halves are mounted together, where as L
halves are separate. The cope and drag pattern enables the cope section of the mold, and g,
drag’section of the mold to be created separately and latter assembled before the pouring of

the casting, ,

COPE SECTION FLATE

Figﬁre 7.12 Cope and Drag pattern

In manufacturing industry a gating system (not shown) is often incorporated as part of the
pattern particularly for a cope and drag pattern. Patterns can be made of different materials,
and the geometry of the pattern must be adjusted for shrinkage, machine finish, and

distortion. Pattern basics are covered in detail in the patterns section.

3.18 Cores
Cores form the internal geometry of a casting. Cores are placed in the mold, and remain

there during the pouring phase of the manufacturing process. The metal casting will solidify
around the core. Core basics are covered in detail in the cores section. Cores are made of the
highest quality sand and are subject to extreme conditions during the casting operation.

Cores must be strong and permeable; also, since the metal casting will shrink onto the core, |

cores must have sufficient collapsibility.

3.19 The Sand Casting Operation
The sand casting operation involves the pouring of the molten metal into the sand

mold, the solidification of the casting within the mold, and the removal of the casting. The
casting operation is covered in detail on the Metal Casting Operation page.

Of specific interest to sand casting would be; the effect and dissipation of heat through
the particular sand mold mixture during the casting's solidification, the effect of the flow of
liquid metal on the integrity of the mold, (mold sand mixture properties and binder issues)
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o the escape of gases through the mixture. Sand usually has the ability to withstand

S remely 1}1gh t?mperamre h?vcls, and gcnerally.allows the escape of gases quite well
Jfacturing w1th sand cas”@_:% allows_ t_he creation of castings with complexq eome -

sand cast::tg manufacture, however, only imparts-a fair amount of diineﬁsional écgcuracﬁc; |

t .

the ﬁsﬁé the sand casting is removed from the sand mold it

otherwise removed from the castil_:lg, and the gating system is

then undergo further manufacturing processes such as heat

shaping. Inspection is always carried out on the finished p
and satisfaction of its manufacture.

is shaken out, all the sand is
cut off the part. The part may
treatment, machining, and or
art to evaluate the effectiveness

3.20- Melting Equipment

The main types of furnaces used in foundries for melting various variéties of ferrous and
non-ferrous metals and alloys are:

1- Crucible furnace:

e Fomore

N
2| iy
T e
. R B
(d
Support block

Figﬁre 7.13 Lift-out-crucible  Figure 7.14 Stationary pot Figure 7.15 Tilting pot

2- Induction furnace:

Caver

|

[« R ¢
. d P
- e X CT Ll 0 {—— Copper induction coils
o(F l:
Molten metal q . J } g
(arrows indicate I BT ERR R 4
mixing action) g () LJ o8
= I )P
R ~|~—— Refractory material
Figure 7.16 Induction furnace
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3- Arc furnace.
4- Open hearth furnace.

5- Cupola.

3.21ADVANTAGES AND DISADVANTAGES OF CASTING PROCESSES:

3.21.
1.
2
3
4.

5.

6.
7.

1 Advantages:
Cheapest method of fabrication.
Objects of large size can be produced easily.

. The objects having complex and complicated shapes, which cannot be produced by

another method of production, can usually be cast. - _
Castings with wide range of properties can be produced by adding various alloying
elements.

By proper selection the type of moulding and casting process, required dimensional
accuracy in casting can be achieved.

Almost all the metals and alloys and some plastics can be cast.

The number of castings can vary from very few to several thousands.

3.21.2 Disadvantages

1.
2.
3.

4.
5

3.22

The time required for the process of making casting is quite long.

Metal casting involves melting of metal which is a high energy consuming process.
The working conditions in foundries are quite bad due to heat, fume etc., compared to
other processes.

Metal casting is still highly labor -intensive compared to other processes.

. The productivity is less than other automatic processes.

Safety Precautions while Working in Casting shop
Similar to other manufacturing processes, the following safety precautions need to be

taken in the casting shop also.

1.

2.

el

o N o

One should use mask to avoid excessive inhalation of the dust, which may cause

serious problem to health.

Always wear protective clothes to keep safe from the heat radiating from the melting
rocess.

ill foundry men should wear protective clothes, glasses, shoes, and gloves while

handling molten metal for casting process.

One should be alert as severe burn injury can result from spillage of the molten metal:

Always use proper ventilation to protect from molten metal fumes and gases that

evolve from the mould during pouring.

One should not touch hot moulds and castings.

Always use earplugs to safeguard against the heavy noise.

One should always keep clean the work area.
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Questions _ ~~ ~

Note: Support your answer by neat sketches

QI: | List the various methods of non-destructive inspection.

Q2: | What are the main requirements of good sand moulding?

Q3: | List the main advantages and disadvantages of casting processes.

Q4: | Explain briefly the following: 1.Expendable Mold, 2. Permanent Mold, - 3. Open

Mold, 4.Close mold, 5. Centrifugal casting, 6. Patterns, 7.Core, 8. Chaplets, 9.

Shrinkage, 10.G.E.N, 11. Split pattern,

Q4 | Which of the following Statement is Correct?

1. Casting process is one of the earliest metal shaping techniques known to human
being. It means pouring molten metal into a refractory mold cavity and allows it to
solidify. ' . ’

2. The pattern is a geometric replica of the metal casting to be produced.

3. Patterns will be coated with a parting agent to ease their removal from the mold.

4. A core is a replica, (actually an inverse), of the internal features of the part to be
cast.

5. If the pouring rate it too fast then turbulence can result. If it is too slow the metal
may begin to solidify before filling the mold.

6. The objects having complex and complicated shapes, which cannot be produced by
another method of production, can usually be cast.

7. The time required for the process of making casting is quite long.

Metal casting is still highly labor -intensive compared to other manufacturing

processes.

o9
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Forging
4.1 Introduction : . . . .

Forging is an oldest shaping process used for the producmg small a_rtlclcs for Whicy
accuracy in size is not so important. The parts are shaped by heating them in an open fire (,
hearth by the blacksmith and shaping them through _applymg_ compressive forces ugj,
hammers. Thus forging is defined as the plastic deformation of metals at elevateq
temperatures into a predetermined size or shape using compressive forces exerted throygy
some means of hand hammers, small power hammers, die, press or upsetting macpine_,. It
consists essentially of changing or altering the shape and section of metal by hammering at ,
temperature of about 980°C, at which the metal is entirely plastic and can be easily deformeg
or shaped under pressure. The shop in which the various forging operations are carried out is
known as the smithy or smith’s shop. A metal such as steel can be shaped in a cold state but
the application of heat lowers the yield point and makes permanent deformation easier,
Forging operation can be accomplished by hand or by a machine hammer. Forging processes
may be classified into hot forging and cold forgings and each of them possesses their specific

—————characteristics, merits, demerits and applications

Figure 5.1 Hand Forging

Hand forging process is also known as black-smithy work which is commonly employed
for production of small articles .using hammers on heated jobs. It is a manual controlled
process even though some machinery such as power hammers can also be sometimes used
Black-smithy is, therefore, a process by which metal may be heated and shaped to ifs
requirements by the use of blacksmith tools either by hand or power hammer. -

Forging by machine involves the use of forging dies and is generally employed for mass
production of accurate articles. In drop forging, closed impression dies are used and there iS
drastic flow of metal in the dies due to repeated blow or impact which compels the plastic
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to conform to the shape of the dies. The final shap

e of the
m;jt_a:vc 4 in a number of steps. There are ;omc advantages, disad?r:a‘ig;tcf :n’l:l rawlmatcrial is
ac . : . . srnnat
: tions which are given as under. pplications of
forging Operations T IS e _
4.2 Cold and Hot Working
4.2.1. Cold Working

Wwhen plastic deformation of metal is camied out at
recrystallisation temperature the processes performed on metals are
The various cold working processes are:

temperature below the
termed as cold working,

4.2.1.1 Advantages of cold working

1. Handling of material is easy.

2. Good surface finish and better dimensional accuracy.

-3. Energy saving since heating is not required.
4. Strength, fatigue and wear properties are improved.

‘5. Minimum contamination because of low working temperature,
6. No possibility of de-carbonization of the surface.
7. Economical for smaller sizes.

8. Highly suitable for mass production and automation, because of low working tempera-
tures.

9. The physical properties of metals that do not respond to heat treatment can be
improved by cold working.
10. Thin gauge sheet can be produced.

4.2.1.2 Disadvantages
1. Ductility of metal is reduced.

2. Deformation energy required is high, so more powerful equipment is required, thus
cost is high.

3. Severe stresses are set up, this requires stress relieving, which increases the cost

4. Owing to limited ductility at room temperature, the complexity of shapes that can be
readily produced is limited. it

3. Cold working, for large deformation, requires several stages with inter stage annealing,
which increases the production cost. :

Components each as shaft components, flanged components, finished gears and bearing, etc.

4.2.2. Hot Working

When_ plastic deformation of metal is carried out at temperature above the
fecrystallisation temperature the processes performed on metals are termed as hot working.

4.2.2.1Rec isati
"~ rystallisation :
Itis a process by which distorted grains of cold worked metal are replaced by new strain

1 isation
"¢ grains during heating above a specific m num temperature called recrystallisa
temperatme.
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;' i}ccfystallisation temperature is a function of particular metal.
3 urity of metal: Soluble impurities raise the recrystallisation temperature.
+ Metal/Alloys: Recrystallisation usually occurs at a temperature of about 0.3 T _,
pure metals and about 0.5 T, in alloys, where Ty, is the melting temperature, " in

1 Microstructure ¥ |

L
L]

and Grain Size,

-
bt
-..‘-;]

A ol
ER g

Rk

ot ¥l

ey
S
WA 20 %

{SGE;ahhg Il?eco'.-er jization * (Larger Grains Grow
Tom {New Cigin gt the Expense of the
Cold-Working) Form) Smaller Grains)

Figure 5.2 Recovery, recrystallisation and grain growth

Amount of prior deformation.
Annealing time: The longer annealing time decreases required temperature for

recrystallisation.
6. Grain size: The final grain size of cold worked metal depends on recrystallisation

temperature.

S

4.2.2.2 Advantages of hot working
1. High production rate (since the process is faster).
2. Very high reduction is possible without fear of fracture.
3. Deformation energy required is low, hence, less powerful equipments 2
4, Structure can be altered to improve the final properties, quipments are  required.
5. The process does not change hardness or ductility of the metal sj . .

soon change into new undeformed grains. since distorted grains

6. Annealing and stress relieving are not required.
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isadvantages
4'2'2.}3{311:1);1ing of material is not so easy.
Heat resistant tools {equirec_l (which are expensive).
High temperature may promote undesirable reactions.
Close tolerances cannot be held because of non-uniform cooling and thermal

contraction.
Surface finish is poor because of scale formation.

Metallurgical structure may be non-uniform because of cooling after deformation.

e

o\ L

4.3 Forgeable Materials

Forgeable metals are purchased as hot-rolled bars or billets with round or rectangular
cross the sections. Forgeable materials should possess the required ductility and proper
strength. Some forgeable metals are given as under in order of increasing forging difficulty.

Some Forgeable Materials

1. Aluminum alloys 8. Titanium alloys
2. Magnesium alloys 9. Columbium alloys
'3. " Copper alloys. 10. Tantalum alloys
4. Carbon and low alloy steels 11. Molybdenum alloys
5. Martensitic stainless steels 12. Tungsten alloys
6. Austenitic stainless steels 13. Beryllium.

4.4 Heating Devices

Forgeable metals are heated either in a hearth or in a furnace. The hearths are widely
used for heating the metals for carrying out hand forging operations. Furnaces are also
commonly used for heating metals for heavy forging. The forging job is always heated to the
correct forging temperature in a hearth or in a furnace located near the forging arrangements.
Gas, oil or electric-resistance furnaces or induction heating classified as open or closed
hearths can be used. Gas and oil are economical, easily controlled and mostly used as fuels.
Electric heating is the most modern answer to tackle scaling and it heats the stock more
uniformly also. In some cases, coal and anthracite, charcoal containing no sulphur and
practically no ash are the chief solid fuels used in forging furnaces. Forge furnaces are built
raise temperatures up to 1350°C in their working chambers.

4.4.1 Rotary-hearth furnaces

These are set to rotate slowly so that the stock is red to the correct temperature during
one rotation. These can be operated by gas or oil fuels.

4.4.2 Continuous or conveyor furnaces

These furnaces are of several types and are preferred for larger stock. They have an air
or oil-operated cylinder to push stock end-to-end through a narrow furnace. The pieces are
charged at one end, conveyed through the furnace and moved at other end at the correct

temperature for the forging work.
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4.4.3 Induction furnaces _
~ These furnaces are very popular because induction greatly decreases scale formation ang
* often be operated by one person. The fiimace requires less maintenance th-an-.ml OF gag.f;,
furnaces. In induction furnaces the stocks are passed through induction coils in the furnage,
Delivery to forging machine operator can be effected by slides or automatic haﬂdlmg
equipment

4.4.4 Box or batch type furnaces | 5
These furnaces are the least expensive furnaces widely used in forging shops for heat;

small and medium size stock. There is a great variety of design of box-type furnaces, eaq,
differing in their location of their charging doors, firing devices and method, employed f,
.charging their products. These furnaces are usually constructed of a rectangular steel frame,
lined with insulating and refractory bricks. One or more burners for gas or oil can b
provided on the sides. The job-pieces are placed side by side in the furnace using a slo
through a suitable tong, It is therefore sometimes called slot type furnace.

Hood

Sank. /ﬂf”mfé S
L,/ (Cj@ ’ ———

dearth—4

Figure 5.3 Typical hearth

4.4.5 Resistance furnaces

Ther:e furnaces are faster than induction furnaces, and can be automated easily. In resistant®

heating furnace, the stock is connected to the circuit of a step-down transformer. Fixtures &°

&}lllso equipped along with furnace for holding different length, shape, and diameter of stock
owever, the fixtures are often quite simple and can be adjusted to handle a family of part*
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4.4.6. Open fire and stock fire furnace

: important part on the efficient heatj i
 The fire itself plays an 1mpo _ ; nt heating of stock and it t

clean, free from excess dust or clinkers. Work- which is laid on top of the ﬁrel,Il ;?11 bgt::tk 1?;:; |
undemeath and remain colder on the top use it is exposed to the atmosphere, and uneven

heating will result.
4.5COMMON HAND FORGING TOOLS:

For carrying out forging operations. manually, certain common hand forging tools are |
employed. These are also called blacksmith’s tools, for a blacksmith is one who works on the
forging of metals in their hot state. The main hand forging tools are as under.

1. Tongs. - 2. Flatter 3. Swage. 4. Fuller. 5. Punch. 6. Rivet
header

7. Hot chisel. 8. Hammers. 9. Anvil. 10. Swage block.  11. Drift. 12. Set-
hammer

14. Brass scale. 15. Brass. 16. Black smith’s gauge. ' 17. Heading tool.

Some of the hand forging tool and their applications are described as under.

1. Tongs: The tongs are generally used for holding work while doing a forging
operation.

2. Flatter: Is shown below .It is commonly used in forging shop to give smoothness
and accuracy to articles which have already been shaped by fullers and swages.

3. Swage: Swage is used for forging work which has to be reduced or finished to
round, square or hexagonal form.

4. Fuller: is used in forging shop for necking down a forgeable job. It is made in top
and bottom tools as in the case of swages.

5. Punch: Punch is used in forging shop for making holes in metal part when it is at
forging heat. '

6. Rivet header: Rivet header is used in forging shop for producing rivets heads on
" parts.

7. Chisels: Chisels are used for cutting metals and for nicking prior to breaking. They
may be hot _
or cold depending on whether the metal to be cut is hot or cold.

8. Hand hammers: There are two major kinds of hammers are used in hand

forging: (1) the hand hammer used by the smith himself and (2) the sledge hammer used

by the striker. Hand hammers may further be classified as (a) ball peen hammer, (b)
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ammers m
Classi ed as (a) Double face hammer, (b) straight p o catls e B P
claasmsmlﬁ asmmn ds made of cast steel and, the ned
hammer. Hammer heads arc The weight of a hand hammer“ﬁ“

triking face is made slightly convex. _ ; .
gnﬁirggugg‘; sto 2 kgg where as the weight of a sledge hammer Varies from 4 to 10 kg

N < -
Siraight-fp fuled longs  Rivetorring ongs  Gad fangs Flat longs Swage
Rivet header

<]

Hmmmuj'

CFater]] ¥

o  Miteuker
Figure 5.4 Hand forging tools
i =
, Cross peen Ium.:mir Siaight peen hammer Ball peen hammer
Straight peen Cross peen
Eye 7 '
- i
Fac-{‘) Double face - (b) Straight peen (c) Cruoss peen
Fiéure 5.5Types of hammers

9. Anvil: An anvil is a most commonly tool used in forging shop .It acts as a suppot

for blacksmith’s work during hammering. The body of the anvil is made of mild st_ﬂd

_ with a tool steel face welded on the body, but the beak or homn used for bendi

curves is not steel faced. The round hole in the anvil called pritchel hole is gcncralb
used for bending rods of small diameter, and as a die for hot punching operations-
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square hole is used for holding square shanks o

shop may vary up to about 100 to 15.0 kg and th

face about 0.75 m. from th? floor. This height m
+ - awooden or cast iron base'in the forging shop, -

f various fittip ils i

€S- Anvils in fore;
ey shOUIc} always stanq with tzlt;glt];g
ay be attamed by resting the anyjj oﬁ

Figure 5.6 Anvil

Figure 5.7 Swage block
4.6 Forging Operations:
The hand forging operations are:
dL Upsetting. 2.Bending. 3. Drawing down. 4. Cutting, 5. Setting
own. .
6. Punching. 7.Flattening. 8. Fullering. 9.Forge Welding.  10.
. Swaging,
4.7 Drop Hammers:

dr Drop hammers are operated hydraulically and are widely used for shaping parts by
°P hammering a heated bar or billet into a die cavity. A drop forging raises a massive

Weight and allows it to fall under gravity on close dies in which forge component is allowed
tobe Compressed.
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Steam bammer Open fame sieam hammer Board or graviy hammer
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" Fig. 5.8 Hammers

Comprassive forze /:_E.fib.

Dia —Flashig
Heated | [/ e (Seal)
biflat
L LA
Dia | Forged part
Loading of billat Chsed dies

Figure 5.9 Close dies forging.

4.8 Advantages of forging:
Some common advantages of forging are given as under.
1. Forged parts possess high ductility and offers great resistance to impact and fatigue
loads.
2. Forging refines the structure of the metal.
3. Itresults in considerable saving in time, labor and material as compared to the
production of similar item by cutting from a solid stock and then shaping it.
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 Forging distorts the previous}y crcatet.i uni.dircctional fiber as created by rolling and
4 A rgcas es the strength by setting the direction of grains. i :

5. Because of intense working, flaws are rarely found, so have good reliability.
‘6. The reasonablé degree of accuricy may be obtained in forging operation.-
7. The forged parts can be easily welded. :

4.9 Disadvantages of forging:

Few disadvantages of forging are given as under.

1. Rapid oxidation in forging of metal surface at high temperature results in scaling
which wears the dies.
The close tolerances in forging operations are difficult to maintain.
Forging is limited to simple shapes and has limitation for parts having undercuts etc.
Some materials are not readily worked by forging.
The initial cost of forging dies and the cost of their maintenance is high.
The metals gets cracked or distorted if worked below a specified temperature limit.
The maintenance cost of forging dies is also very high.

Nk wb

4.10 Applications of forging:

Almost all metals and alloys can be forged. The low and medium carbon steels are
readily hot forged without difficulty, but the high carbon and alloy steels are more difficult to
forge and require greater care. Forging is generally carried out on carbon alloy steels,
wrought iron, copper-base alloys, aluminum alloys, and magnesium alloys. Stainless steels,
nickel based super-alloys, and titanium are forged especially for aerospace uses. Producing
of crank shaft of alloy steel is a good example which is produced by forging. Forging
processes are among the most important manufacturing techniques utilized widely in
manufacturing of small tools, rail-road equipments, automobiles and trucks and components
of an airplane industries. These processes are also extensively used in the manufacturing of
the parts of tractors, shipbuilding cycle industries, railroad components, agricultural
machinery etc.

4.11 Defects in Forged Parts:

Defects commonly found in forged parts that have been subjected to plastic deformation
are as follows: _—
Defects resulting from the melting practice such as dirt, slag and blow holes.

Ingot defects such as pikes, cracks scabs, poor surface and segregation.

Defect due to faulty forging design.

Defects of mismatched forging because of improper placement of the metal in the die.
Defects due to faulty design drop forging die.

Defects resulting from improper forging such as seams cracks laps, etc.

Defects resulting from improper heating and cooling of the forging part such as burnt
metal and decarburized steel.

NO B W

-
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4.12 SAFETY PRECAUTIONS:

: ing in forging sh .
Some safety precautions generally followed while working 10 10TEINE SUOP are giy, "

under:

Always avoid the use of damaged hm;rds- < tool

Never strike a hardened surface with a hardene? " oo oinbinets

No person should be allowed to stand in Ht‘f “t;;h tg;gg:;g ObJects-

Always use the proper tongs according to th¢ © ot

The anvil should always be free from mois;urc aﬂﬁf' ease while in use.

Always wear proper clothes, foot-wears and goggie>- . .

The handle of the hammer should always be tig_,hﬂy fitted in ﬂ;]e head of the hammpe,

Always put out the fire in the forge before leaving the forge shop.

. Always keep the working space clean. :

10. Proper safety guards should be provided on all revolving parts. .

11.Head of the chisel should be free from burrs and should never b_c owed to spreaq.

12. During machine forging, always observe the safety l:lllﬂs prescnbefl for CaCh. machips

13.One must have the thorough knowledge of the working of the forging machine befor,
. operating it.

1000 NG W N

S

Questions

No

te : Support your answer by neat sketches

Ql

Explain briefly the following: 1. Forging, 2. Tongs, 3. Flatter, 4. Swage, 5.Anvil

Q2

‘What are the main advantages of Cold & Hot Working?

Q3

Compare between Hot & Cold working.

Q4

)

Explain in brief the defects in forging?

Q5

I

Which of the following Statement is Correct?
1. Forged parts possess high ductility and offers great resistance to impact and
fatigue loads.

2. Forging refines the structure of the metal.

3. It results in considerable saving in time, labor and material as compared the
production of similar item by cutting from a solid stock and then shaping it

4. Forging distorts the previously created unidirectional fiber as created by
rolling and increases the strength by setting the direction of erains

5. The close tolerances in forging operations are difficult to i:llﬁtam

6. Forging is limited to simple shapes and has limitation for parts having
undercuts etc. P

7. Some materials are not readily worked by forging

_/
/
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Measuring Devices

51 Introduction

‘Measurement techniques. have ‘been of immense im .
human civilization, when measurements were first needed tcf) :;:lﬂ;:e E’:l;rslnc; the start 91‘
parter trade to ensure that exchanges were fair. The industrial revoﬁilt?oer c:if goods in
nineteenth century brought about a rapid development of new instruments andtin uring the
techniques to satisfy the needs of industrialized production techniques. Since mateﬁa;uée':ﬁcm
nas been a large and rapid growth in new industrial technology. This has been parﬁc;ulaiic
evident during the last part of the twentieth century, encouraged by developments ;
electronics in general and computers in particular. This, in turn, has required a parallel
growth in new instruments and measurement techniques.

5.2 Systems of measurement

The main two systems of measurements are:

1. The METRIC system: The basic unit of length in the metric system is the meter.

2 The IMPERIAL system: The basic unit of length in the Imperial system is the yard.
The METRIC system nowadays is used in most countries.

5.2.1 Steel Rules

Most metric rules are divided into millimeter or half millimeter graduations.
They are numbered every 10 mm as shown in Fig. 3.1.

The measurement is determined by counting the number of millimeters.

PR

| I
?‘j = ..’ :;?:‘Zﬁ o

B

T R G R RS

Figure 3.1 Metric rules

Using the steel rule
Always look straight down at 90° to the rule. Using the datum edge to help you measure

correctly. If you look from the side, you can get inaccurate measurements.
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workpiece

Figure 3.2 Using the steel ruler

Other uses of steel rule
The edge of the rule is ground flat. You can use
workpieces edges are flat.

the edge of the rule to check that the

- - —
; ao[ :l: -u-l i L 2e b i
NN N
Figure 3.3 No gap between the Figure 3.4 Gap between the workpiece
workpiece and and the
Rule means the workpiece edge is Rule means the workpiece edge is NOT
FLAT FLAT

Care of the steel rule

The steel rule is an accurate instrument, treat it with care.
1. Keep the rule clean and lightly oiled.

2. Protect it from damage.

3. Never use it as a screwdriver.

4. Never use the end as a scraper.

5. Never bend or twist a steel ruler.

5.2.2 Vernier Calipers

The Vernier caliper is a measuring instrument with a sliding scale used
. . - t Uﬁm
measurements of inside, outside, and depth dimensions. s 0 carry out acs

5.2.2.1 The main parts of the Vernier Caliper
The Vemier caliper has 6 parts: as illustrated in fig. 3.5:
1. Outside jaws: used to measure external lengths.

57

_

|

Scanned by CamScanner



2. Inside jaws: used to measure internal lengths.
3. Stem: used to measure depths .A
4. Mainscale, = -
5. Vemier scale
6. Screw clamp: used to block the movable jaw to allow the easy transferring a
measurement.

PO TG Mt | ey ey
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Parts of a vernier caliper:
1. Outside Jows: used to measure extornal diameler / width of an object
2 inside Jaws: used lo measure internal gaps / internal diameters of an object
3. Depth probe: Extendable, vsed fo measure depths of an object or a hole or liquid
4. Motric scale: glves measurements of up lo one decimal place(in mm/cm).
5. Inch scale: gives maeasuroments in fraction (in inches)
& Vemier Scale gives measurements up fo lwo decimal places (In mm / cm)
7. Verior Scale gives moasurements In fractions (in inches)
8 Knob: used to alow the easy movemont of the Jaws,

Figure 3.5 The main parts of Vernier caliper

Types of Vernier calipers:

A - Standard Vemier caliper.

B - Dial Vernier caliper.

C - Digital Vernier caliper which is easier to read than the other mrm
two types.

5.2.2.2 The accuracy of Vernier calipers

The Vemier consists of a main scale engraved on a fixed ruler and a Vernier scale
engraved on a movable jaw. The movable Vemnier scale is free to slide along the length of
the fixed ruler. This main scale is presented in centimeters with the smallest division in
millimeters. The actual length of the Vernier scale is 9 mm. The 9 mm are divided into 10
divisions.
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According to the number of divisions the accuracy values are
determined.

1. The Vernier caliper with 10 divisions in Vernier scale is accurate to (1/10) 0.1y,
2. The Vemnier caliper with 20 divisions in Vernier scale is accurate to (1720y £0.05",
3. The Vernier caliper with 50 divisions in Vernier scale is accurate to (1/50) +0.02
S.2.2.3 Using Vernier Calipers
Vemier calipers can be used to measure:

L. The outside diameter or width of an object.

2. The inside diameter or width of an object.

3. The depth of an object.

5.2.2.4 Re.ading Vernier Calipers

In Fig. shown below, the Vemier scale (below) is divided into 10 equal divisions ang
thus the least count of the instrument is 0.1 mm. Both the main scale and the Vernier scale
readings are taken into account when measuring. The main scale reading is the first readin

g
on the main scale immediately to the left of the zero of the Vernier scale (3 mm), while the—
Vernier scale reading is the mark on the Vernier scale, which exactly coincides, with a mark |
on the main scale (0.7 mm). The reading is therefore 3.7 mm. |

Enlarged view

The reading is: 37 mm + 0.46 mm = 37.46 mm.

Figure 3.6 The reading of Vernier |
5.2.3 Micrometers

The micrometer screw gauge is used to measure even smaller dimensions than the
Vernier calipers. The micrometer screw gauge also uses an auxiliary scale (measuring

hundredths of a millimeter) which is marked on a rotary thimble. It is a screw with an
accurately constant pitch. The

micrometers in our laboratory have a pitch of 0.50 mm (two full turns are required to clo$*
the jaws by

_ 1.00 mm). The rotating thimble is subdivided into 50 equal divisions. The
thimble must be rotated through two revolutions to open the jaws by 1 mm.
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Carbide tipped measiting Faces Vemier Scate

Figure 3.7 Micrometer

3.2.3.1 Reading the micrometer

Molric Miccomeler

Fig
Figure 3.8 Reading the micrometer
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:de micrometer reads like an outside micrometer however the scales are just the
An inside m1

opposite and reads left to right.
Parts of an Inside Micrometer

LockingKnob syl Ratchet Stop

Figure 3.9 Inside Micrometer

When a micrometer is at its minimum reading (.200) the horizontal line on the sleeve
should line up with the ‘0’ on the thimble. To see if this is the case you must use the standard
that is supplied with the micrometer.

Ifthe 0 does not line up then it will be necessary to calibrate the micrometer by rotating
the sleeve. Each micrometer comes with a half moon adjusting wrench for this purpose. To
make the adjustment simply puzzle the wrench to the side of the spindle and insert the small
tip into the leverage hole. If the 0 does not line up then it will ?e necessary to cal_lbrz.lte the
micrometer by rotating the sleeve. Each micrometer comes with a half moon adjusting .
wrench for this purpose. To make the adjustment simply puzzle the wrench to the side of the
spindle and insert the small tip into the leverage hole.
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5.2.3.2 Examples of micrometer reading:

The rcag in is 7 .mm. '

prenTE O

i 7.72 mm.

L' C re

5.2.4 Caliper
Calipers are generally of two types inside and outside to make internal or external

meastirements. They do not have direct scale reading. They transfer the measurement from
jobs to scale or vice versa. Fig. 3.10 shows a simple outside caliper. The caliper is held in a
rule as shown in Fig. 3.11 to read the size. It is used to make external measurement such as
thickness of plates, diameter of sphere and cylinders. Fig. 3.12 shows the standard spring

joint outside caliper.

Figure 3.10 A simple Figure 3.11 Inside c_a]ipcr Figure 3.12A standard spring

outside joint caliper
caliper

5.2.5 Dial Indicators

The dial indicators are also known as dial gauges and are shown in Fig. 3.13. It is
generally used for testing flatness of surfaces and parallelism of bars and rods. They are also
used for testing the machine tools. They are available in both metric as well as in inches

measuring accuracy is in commonly used but they are

units. Inches dial indicator of 0.001"
also available up to an accuracy of 0.0001". The commonly used metric dial indicator has an
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accuracy of 0.01 mm. Those having 0.001 mm accuracy are also available; however they are
used in highly precision measurement work.

Figure 3.13 Dial indicators

3.2.6 Feeler gauge

The set of feeler gauges and the gauges themselves need not conform to the illustration;
only the dimensions specified must be complied with. This standard contains feeler gauges
and sets of feeler gauges which are met with most frequently in practice and commerce.
Other lengths, widths and summary of sets are also available commercially for special
purposes, but which are not included in this Standard on account of their variety. Only a
tolerance quality was standardized, since in the case of larger permissible variations than are
specified in this Standard, overlapping can occur in the lower range of nominal thickness.

Figure 3.14 A feeler gauge
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‘Questions

Ql

Explain briefly:
1- Vernier Calipers,
2- Micrometers,
3~ Calipers ,
4- Dial gauge

Q2

What are the main parts which Consist the (Vernier/Micrometer)?

Q3

What are the types of (Vernier/ Micrometer)?

Q4

Explain briefly: The proper use of:
1- Rulers.
2- Vemier,
3- Micrometer
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Welding

6.1 Definition:

A weld is made when separate pieces of material to be joined combine and form one piece
when heated to a temperature high enough to cause softening or melting. Filler material is
typically added to strengthen the joint. '

.Welding is a dependable, efficient and economic method for permanently joining similar
metals. In other words, you can weld steel to steel or aluminum to aluminum, but you cannot
weld steel to aluminum using traditional welding processes.

-weiding is used extensively in all sectors or manufacturing, from earth moving equipment
to the aerospace industry.

6.2 CLASSIFICATION OF WELDING AND ALLIED PROCESSES:
There are different welding, brazing and soldering methods are being used in industries
today. There are various ways of classifying the welding and allied processes.
Welding Processes:
1. Oxy-Fuel Gas Welding Processes
a. Air-acetylene welding
b. Oxy-acetylene welding
c. Oxy-hydrogen welding
d. Pressure gas welding

2. Arc Welding Processes
a: Carbon Arc Welding.
b. Shielded Metal Arc Welding.
c. Submerged Arc Welding.
d. Gas Tungsten Arc Welding.
e. Gas Metal Arc Welding.
f. Plasma Arc Welding.
g. Atomic Hydrogen Welding.
h. Electro-slag Welding.
i. Stud Arc Welding.
j. Electro-gas Welding.

3. Resistance Welding
Spot Welding.
Seam Welding.
Projection Welding.
Resistance Butt Welding.
Flash Butt Welding.
Percussion Welding. -
High Frequency Resistance Welc-lmg.
High Frequency Induction Welding.
66

g e RO TR

Scanned by CamScanner



4. Solid-State Welding Processes
a. Forge Welding.
"b.” Cold Pressure Welding.
c. Friction Welding.
d. Explosive Welding.
e. Diffusion Welding.
f. Cold Pressure Welding. _
g. Thermo-compression Welding.

S. Thermit Welding Processes
a. Thermit Welding.
b. Pressure Thermit Welding.

6. Radiant Energy Welding Processes
a. Laser Welding
b. Electron Beam Welding

- 6.3 Welding Processes oL ) .

Welding is a process for joining two similar or dissimilar metals b.y fusxcn?. It joins
different metals/alloys, with or without the application of pressure and with or without the
use of filler metal. The fusion of metal takes place by means of heat. The heat may be
generated either from combustion of gases, electric arc, electric resistance or by chemical
reaction. During some type of welding processes, pressure may also be employed, but this is
not an essential requirement for all welding processes. Welding provides a permanent joint
but it normally affects the metallurgy of the components.

6.4 Edge preparations

. For welding the edges of joining surfaces of metals are prepared first. Different edge
preparations may be used for welding butt joints, which are given in Fig 8.1.

Sin}:{ ' S-trnighl I
L1 £ >
Single - JJ 1 — L’ ‘b

Single bevel

L 3 T 1

Double - §

|
Figure 8.1 Butt welding jo Double beve] |

ints edge preparations |
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6.5 Welding joints: Some common welding joi o
« 1 Jomts are shown below. Welding joints are of
ge:;:.ally of two major kinds namely lap joint and butt joint. The main types are 'liescﬁbed as
1. Lap weld joint: ™ ' TV
Single-Lap Joint
This joint, made by overlapping the ed .
work. The single lap has very 8 ges of the plate, is not recommended for most

> little resistance to bending. It can be used satisfactorily for
joining two cylinders that fit inside one another, ® d

Double-Lap Joint

This is stronger than the sin
much welding.
2. Tee Fillet Weld

_ Thiiltype of joint, although widely used, should not be employed if an alternative design
is possible.

gle-lap joint but has the disadvantage that it réquii‘és twice as

Figure 8.2 Five basic types of weld joint designs.

3. Single-V Butt Weld

It is used for plates up to 15.8 mm thick. The angle of the vee depends upon the
technique being used, the plates being spaced approximately 3.2 mm.
4. Double-V Butt Weld

It is used for plates over 13 mm thick when the welding can be performed on both sides
of the plate. The top v angle is either 60° or 80°, while the bottom angle is 80°, depending on
the technique being used.

6.6 Welding Electrodes . .

An electrode is a piece of wire or a rod of a metal or alloy, with or without coatings.
An arc is set up between electrode and workpiece. Welding electrodes are classified into
following types:
(1) Consumable Electrodes
(a) Bare Electrodes

() Coated Electrodes : :
Consumable electrode is made of different metals and their alloys. The end of this electrode

d workpiece. Thus consumable
Starts meltin s struck between the electrode an onsun

electrode itseglf‘:l:;nasm: &Sn:r metal. Bare electrodes consist of 2 metal or alloy wire without
a0y flux coating on them. Coated electrodes have flux coating which starts melting as soon

68
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as an electric arc is struck. This coating on melting performs many functions like p

e Vent;
of joint from atmospheric contamination, arc stabilizers etc. Chtion
(2) Non-consumable Electrodes:

(a) Carbon or Graphite Electrodes
(b) Tungsten Electrodes ) ) N
Non-consumable electrodes are made up of high melting point materials like Carbop, Pie

tungsten or alloy tungsten etc. These electrodes do not melt away duﬂn.g welding
practically, the electrode length goes on decreasing with the passage of time, by
oxidation and vaporization of the electrode material during welding.

Byt
€ of

6.7 Welding Positions
There are four types of welding positions, which are given as:
1. Flat or down hand position.
2. Horizontal position.

3. Vertical position.

—— 4, Overhead position.

AAUHCLCEACLECCOTS

i,

LV

Flat Harzanlal Yartical Oyer heed |

Figure 8.3 Welding positions.

1. Flat or Down-hand Welding Position: The flat position or down hand position is 01}; g
which the welding is performed from the upper side of the joint aIfd the fa_c.c of the wliling-
approximately horizontal. This is the simplest and the most copven{el}t position fcta‘rf\;: o
Using this technique, excellent welded joints at a fast speed with minimum risk of fatig

the welders can be obtained. .
2. Horizontal Welding Position: In horizontal position, the plan?-of e
vertical and the deposited weld head is horizontal. The metal deposition rate i oiton o
welding is next to that achieved in flat or down-hand weldn.lg position. This P
welding is most commonly used in welding vessels and reservoirs. e ertical @
3. Vertical Welding Position: In vertical position, the plane of the workpiece 15 s

. we
the weld is deposited upon a vertical surface. It is difficult to produce satisfactory
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this position due to the effect of the force of gravity on the

constantly control the metal so that it does not %run o?drop ﬁoﬁc;gzr:w‘;;tal. The welder must
4. Ox_rerhead Welding Position: The overhead position is probably even more difficult to
weld than the vertical position. Here the pull of gravity against the molten metal is much -
greater. The force of the flame against the weld serves to counteract the pull of gravity. In
overhead position, the plane of the workpiece is horizontal. But the welding is carried 'out

from the underside.

6.8 Main Components of Electric Arc Welding

Electrode holder

FElectrode (consumable
or nonconsumable)

Electrode cable

Filler metal

Directon of ravel <— | '\ (sometimes) yf Weiding machine
Work gc?t\::;
Molten weld metal Clamp Work cable

Figure8.4 Electric Arc Welding Components.

1. Transformers: The transformers type of welding machine produces A.C current and is
considered to be the least expensive. It takes power directly from power supply line and
transforms it to the voltage required for welding. Transformers are available in single phase

and three phases in the market.

Motor generators: These are D
mounted on the same shaft to pro
are designed to produce D.C curre

.C generators sets, in which electric motor and alternator are
duce D.C power as pert the requirement for welding. These
nt in either straight or reversed polarity. The polarity

d the material to be welded.

selected for welding depends upon the kind of electrode used an .
containing an electrical device which
of power (A.C ot

Rectifiers: These are essentially transformers,

changes A.C into D.C by virtue of which the operator can us€ both types :
D.C, but only one at a time).In addition to the welding machine, certain accessories are
needed for carrying out the welding work.

2. Welding cables: Welding cables are required for conduction of current from !‘.he power
source through the electrode holder, the arc, the workpiece and back to the welding power

source. These are insulated copper or aluminum cables.
I S -0
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3. Electrode holder: Electrode holder is used for holding the electrode manua]], g
conducting current to it. These are usually matched to the size of the lead, Which
matched to the amperage output of the arc welder. Electrode holders are availab]e in sizey

that range from 150 to 500 Amps.

S. Hand Screen: Hand screen used for protection of eyes and supervision ‘?f.“’ eld beag,

6. Chipping hammer: Chipping Hammer is used to remove the slag by striking.

7. Wire brush: Wire brush is used to clean the surface to be -wcld.

8. Protective clothing: Operator wears the protective clothing such as apron to keep aWway
the exposure of direct heat to the body.

6.8.1 Advantages:
1. Welding is more economical and is much faster process as compared to other Processes
(riveting, bolting, casting etc.) .
2. Welding, if properly controlled results permanent joints having strength equal o
sometimes more than base metal.

3. Large number of metals and alloys both similar and dissimilar can be joined by welding,
4. General welding equipment is not very costly. T
5. Portable welding equipments can be easily made available.
6. Welding permits considerable freedom in design.

6.8.2 Disadvantages:

1. It results in residual stresses and distortion of the workpieces.

2. Welded joint needs stress relieving and heat treatment.

3. Welding gives out harmful radiations (light), fumes and spatter.
4. Edges preparation of the welding jobs is required before welding
5. Skilled welder is required for production of good welding

6. Heat during welding produces metallurgical changes as the structure of the welded jointis
not same as that of the parent metal.

6.9 GAS WELDING PROCESSES:

‘A fusion welding process which joins metals, using the heat of combustion of &
oxygen /air and fuel gas (i.e. acetylene, hydrogen propane or butane) mi is
referred as ‘gas welding’. The intense heat (flame) thus produced melts and fuses togethe” |
the edges of the parts to be welded, generally with the addition of a filler metal. The fcl & |
generally employed is acetylene; however gases other than acetylene can also be used 0
with lower flame temperature. Oxy-acetylene flame is the most versatile and hottest of all ¥
flames produced by the combination of oxygen and other fise] gases. Other gases such &

Hydrogen, Propane, Butane, Natural gas etc., may be used for some welding and bror?®
applications.
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PRESSURE
sl  GAUGE

Yy

NEEDLE VALVES

OXYGEN HOSE
BLUE 7/ BLACK

ACETYLENE HOSE
RED

_ Figure 8.5 Schematic sketches of oxyacetylene welding torch and gas supply

6.9.1.1Torch tips: It is the portion of the welding ap;_aaratus T:hrough which the gases pass
just prior to their ignition and burning. A great \.ranety of mtcr(iha.ngeable v.vcld_mg tips
differing in size, shape and construction are ?wzulable commercially. The tip sizes are
identified by the diameter of the opening. The diameter of the tip opening used for welding

depends upon the type of metal to be welded.

. ipes: i ly of gases from the pressure
6.9.1.2 Hose pipes: The hose pipes are used .for the. supp r
regulators. The most common method of hose pipe fitting both oxygen and acetylene gas 1s
the reinforced rubber hose pipe. Green is the standard color for oxygen hose, red for

acetylene, and black hose for other industrially available welding gases.

6.9.1.3 Goggles: These are fitted with colored lenses and are used to protect the eyes from

harmfii] heat and ultraviolet and infrared rays.
6.9.1.4 Gloves: These are required to protect the hands from any injury_ due to the heat of
- Welding process. .

69.15 Spark-lighter: It is used for frequent igniting the welding torch.

) . eldin
5-?.1.6 Filler rods: Gas welding can be done with or without usmgfuﬁncrtll_ﬂd :Fglvl?:ole havi
Vith the filler rod, it should be held at approximately 900 to the ‘::i Mcgmlfﬁrgical properties
ofe ﬂiame or nearly the same chemical composition as thchl;?i: 1:; filler rod. Most of the filler

® Weld deposit can be controlled by the OPtlmlglcthc oxygen content of weld pool.

for gas welding also contain deoxidizers to con

gy
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6.9.1.7 Fluxes: Fluxes are used in gas welding 0 rcrllzl?!‘l’e ﬁ'eaﬁlx;iz _ sy My, |
clean surface. These are usually employed for 835 ?veth . arket in thumt: onless Stee%‘ 1
iron, brass and silicon bronze. They are a"aﬂab]_? m the I i Of dry pgl{.:"igt

paste, or thick solutions. = | | .

6.9.2 Types of Welding Flames: s
In oxy-dcetylene welding, flame is the most 1mportant. mcan:nt? a;:o?h'ol the Weldingjo-
and the welding process. The correct type of flame 15 €S Or the progye @ |

satisfactory welds. The flame must be of the proper SIZC shape and conditiop i, 01_““ o
operate with maximum efficiency. There are three basic types of oxy-acetylene flape, ¥
1. Neutral welding flame (Acetylene and oxygen In equal proportions).

2. Carburizing welding flame or reducing (excess of acetylene).

3. Oxidizing welding flame (excess of oxygen).

out Acatyleng

s e, =
e bigtueom W
{pointed) inner cane envelops .
(2) Neutral flame (b) Oxidizing flame {¢) Carburizing (reduicing) flame |

Gas mixturg

Flama

Solidifizd
weld metal

Welding arch 1

Figure 8.6 Three types of flames in oxyacetylene welding

6.9.3 Advantages and Disadvantages of Gas Welding:

6.9.3.1 Advantages: |
1-The oxy-acetylene torch is versatile. It can be used for brazing, bronze welding, solderi%%
heating, heat treatment, metal cutting, metal cleaning, etc.

2-It is portable and can be moved almost everywhere for repair of fabrication work. ,
3-The oxy-acetylene flame is easily controlled and not ag piercing as metallic arc weldind
hence, extensively used for sheet metal fabrication work. 3
4-Welder has considerable control over the temperature of the metal in the weld zone: Wh
the rate of heat input from the flame is properly coordinated with the speed of del.ng,thﬂ
size, viscosity and surface tension of the weld puddle can be controlled, permiti’é
pressure of the flame to be used to aid in positioning and shaping the weld. X
5-The cost and maintenance of the gas welding equipment is low when compared 10 tha
some other welding processes.

... m /
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6-The rate of heating and cooling is relatively 1
7.Good weld quality. y low. In some cases, this js an advantag,
: e.

6.9.3.2 Disadvantages:
welding, it takes considerably longer time for the metal to h
eat up.

{-As compared to arc
d heating harmful thermal effects are aggravated which resul
results is a

2-Owing 10 prolonge

Jarger heat affected area, increased grain growth, distortion and 1 . .

3-Oxygen and acetylene gases are expensive. ess of corrosion resistance.

.. 4-Flux applications and the shielding provided by the oxy-acetylene flame are not so positiv
c

as those supplied by the inert gas in TIG, MIG or C02 welding.
ring of gas necessitate lot of safety precautions.

5.The handling and sto
i t be joined economically.

6-Heavy sections canno
7.Flame temperature is less than the temperature of the arc.

g-Skilled operator required.
9. Difficult to prevent contamination.

10- Large heat affected zone.

6.9.4 App'h'cationé of Gas Welding
Following are the applications of gas welding:
1. To join most ferrous and non-ferrous metals, €.8., carbon steels, alloy steels, cast iron,

aluminum, copper, nickel, magnesium and its alloys,

2. To join thin materials.
ase excessively high temperatures would

3, To join materials in whose ¢
elements in the metal to escape into the atmosphere.
tures or rapid heating and

4, To join materials in whose case excessively high tempera
cooling of the job would produce unwanted or harmful changes in the metal.

5. Automotive and Aircraft industries.
6. Sheet metal fabricating plants.

etc.
cause certain

610 RESISTANCE ELECTRIC WELDING:

It is the method of uniting twWo pieces of metal by the passage of a heavy electric
current while the surfaces aré pressed together. The fusing temperature is obtained by
P_[aciﬂg the surfaces to be joined in contact with one another, and passing a current of two 10
. cight volts, at a high amperage through them. The heat is developed around the point to

which they touch, forcing them together (by pressure mechanically applied), and at the same

time switching off the current, completes the weld.

6.10.1 Resistance Spot Welding:
canicdsp ot welding is the simplest and most commonly used resistance-vyelding process. Is
- betwee out by overlapping the edges of tWo sheets of metal and fusing them together
CunenLn copper electrode tips at suitably spaced jntervals by means of a heavy electn
The resistance offered to current as it passes through the metal raises the temperafure
t-off and mechanical

of th :
¢ metal between the electrodes to welding heat. The current 1S CU
the welds. Finally the electrodes open-
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Current off, Pressure released
pressure onl
Electrode
(b) Electrode tip
Indentation
Sheet
Weld nugget separation

|

[ N |
| \— Heat;aé;;& 1;1;74 1

Figure 8.6 Resistance Spot Welding

When sheets of unequal thickness are joined, the current and pressure setting for the

thinner sheets are used. Similarly four thickness may be welded, using the same settings
for two thickness

6.10.1.1 Applications:

Spot welding is widely used for fabricating sheet- les of it
applications range from attaching handles to Sta'mlgss_ metal products. Examp _

] . st : el
of automobile bodies, using multiple electrodes. eel cookware to rapid spot W

6.10.1.2 Advantages:
_1..High production rate.

2. Very economical process.
3. High skill not required.
4. Most suitable for welding sheet metals,
5. Dissimilar metals can be welded.
6. No edge preparation is needed.
7. Operation may be made au : .
8. ch:pendabi]jt; tomatic or Semi-automatic,
9. Small heat affected area.
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10.More general elimination of warping or distortion of parts

" 1. Suitable for thin sheets only.

9. High equipment cost. e
A special feature of resistance welding is the rapid heating of the surface being welded (i
mn

pundredths of 2 second) due to application of currents of high amperage.

6.10.1.5 The various resistance welding processes are:
1. Resistance spot welding.
9 Resistance seam welding.
3. Resistance projection welding.
4. Resistance butt welding.

611 Friction Welding
In this welding process, often termed as “inertia welding”, the two surfaces to be

welded are rotated relative to each other under light normal pressure. When the interface
temperature increases due to frictional rubbing and when it reaches the required welding
temperature, sufficient normal pressure is applied and maintained until the two pieces get

welded.

Figure 8.7 Friction Welding
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an be welded by this process, e .
er

binations €
etal com and welds can be made v; t
a

es are not required,

butt welding of round bars or tubeg

e A wide variety of metals and m
metals, fluxes, or shielding gas
minimum of joint preparation.

e The method is most suitable for circular parts, that is,

WELDING ]
Tungsten ArC Welding (GTAW) as shoyy,

metal is provided by a very inteng,
umable tungsten electrode and mety)
f the weld. On joints where fille;

6.12 TUNGSTEN INERT-GAS (TIG)

This welding process is also called Gas
below. In this process the heat necessary t0 melt the
electric arc which is struck between a virtually non-cons

workpiece. The electrode does not melt and become a part 0 é 4
metal is required, a welding rod is fed into the weld zone and melted with base metal in the

same manner as that used with oxyacetylene welding. The weld zone is shielded from the
atmosphere by an inert-gas (a gas which does 1ot combine chemically with the metal being

welded) which is ducted directly to the weld zone where it surrounds the tungsten.

e . e
Inert-gas
ﬂ‘il- Cooling- 7 supply ac or de welder
Flectrical conductor water supply - -
Gas Filler T
rod Torch

Workpiece
Foot pedal \ —H
Solidified (optional) < 7,

weld metal

Figure 8.8Tungsten inert-gas (TIG) welding
The major inert gases that are used are argon and helium.

6.12.1TIG process offers the following advantages
a. TIG welds are stronger, more ductile and more : .

with ordinary shield arc welding. corrosion resistant than welds made

b. Since no granular flux is required, it is possible t . ‘ . .

than in conventional shield arc welding or stick ele?:t‘rlzsl: v?:l(fﬁ variety of joint designs

ing.

c. There is little weld metal splatter or weld
s in traditional shield arc welding, sparks that damage the surface of the bas®
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1. The TIG process lends itself ably to the fusion welding of aluminum and its alloys

stainless steel, magnesium alloys, nickel base alloys, copper base alloys, carbon steel
and low alloy steels. ’
2. TIG welding can also be used for the combining of dissimilar metals, hard facing, and

the surfacing of metals.

6.13 METAL INERT-GAS (MIG) WELDING - - :
The inert-gas consumable electrode process, or the MIG process is a refinement of the

TIG process, however, in this process, the tungsten electrode has been replaced with a

consumable electrode. The electrode is driven through the same type of collect that holds a

nngsten electrode by a set of drive wheels. The consumable electrode in MIG process acts as
 asource for the arc column as well as the supply for the filler material.

Solid wire
) ekctrode (b)
Shielding gas
Current conductor
Feed control Wire Shielding-
Teavel . Control system B &
Wire guide and Gas out v s
contad tube Workpiece  Gun control
Nozk Solidified
” " weld metal

Molten weld
metal

Figure 8.12 Metal inert-gas welding (MIG)

MiG welding employs the following three basic processes.
L. Bare-wire electrode process
g- Magnetic flux process
- Flux-cored electrode process.
* Driving wheels

\ 78
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e. Consumable electrodes
f. Arc

g. column

6.13.1 Advantages
1-It provides higher deposition rate.

2-It is faster than shielded metal-arc welding due to continuous feeding of filler meta],
3-Welds produced arc of better quality.

4-There is no slag formation.

5-Deeper penetration is possible.

6-The weld metal carries low hydrogen content.

7- More suitable for welding of thin sheets.

6.13.3 Applications .
1. Practically all commercially available metals can be welded by ﬂ.us method.
—2.It-can be used for deep groove welding of plates and castings, just as the submerged ay

process can, but it is more advantageous on light gauge metals ‘where high speeds-grs
possible.

6.14 CHARACTERISTICS OF GOOD WELD
1. The weld should not crack in the bend test.
2. It should not contain scum or slag imbedded in the well.
3. Its appearance should be ripple like and not spongy.

4. It should not have cavities, and the grain size should be uniform.
5. The contour of the weld should be even.

6. The weld should have even width.

7. Over current tries to dissolve scum

in the weld while undercurrent tries to give cracks
in the weld. _
8. If electrode distance from the weld is varying this will cause the unevenness of the
weld.

6.15 Safety Precautions while Working in Welding shop

6.15.1 Gas welding

1. One should not use a leaking gas cylinder. '

2. One should not handle oxygen cylinders, valves, regulators, hoses or fittings with oily
hands.

3. Welder should not mix the gases in one cylinder,

4. No one should transfer the gas from one cylinder to another. |

5. One should clearly mention on the cylinders the type of gas in it (ie. OVE"
acetylene, etc.). :

6. One should use nose masks where

« ble
- the local exhaust ventilation is not P"acucab
Insist the safety officer to provide Proper ventilation system.

9
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7. Always avoid skin contact with fluxes, which contain fluorj
" the skin, they produce severe irritation. vorides. If th
3. No one should weld the parts, which are coated with toxic materi
e o e . s et at
cadmium, zinc, -mercury, or paint containing toxic before mai::ilal?fgf pin
coatings must be removed prior to welding. <“Any such
9. Acetylene gas should not be brought in contact with the unalloyed co "
(except in torch) which may result in a violent explosion. g pper dircetly

ey will penetrate

6.15.2 Arc welding
1. One should use protective clothing and eye protection devices while performing arc

welding operation, otherwise radiation from electric arc will damage the retina of
eyes. One has to be sure that other people standing nearby also uses eye-protection

devices from ultraviolet rays.

2. Always use ear protection devices such as muffler bec

. during the process of arc welding may cause temporary or permanent hearing loss.
Welder should keep clothing and gloves dry.
Always keep welding cables free of grease and oil.
One should prevent the non-insulated portion of the electrode holder from touching
the welding ground or job-piece when the current is on.
6. Always keep the body insulated from both the work and the metal electrode holder.
7. One should carry out the welding process by standing on the insulating material like

dry wood rather than on a grounded metal structure.
8. Ttis easier and safer to establish an arc on a clean surface than on a dirty or rusty one.

9. Always turn the welding machine off when it is not in use.

10.One should not change the polarity switch when the machine is under use. This will
burn the surface of the switch and the resulting arc can cause injury to the welder.

11. Always avoid using electrode holders with defective jaws or poor insulation.

ause excessive noise caused

© oW
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Questions - . ]
Q1 | What are the types of welding flames? —— e
Q2 [ List the various resistance WGIMS—GS—'-;’/_ T
Q3 | What are the main types of welding W T
Q4 | What are the main applications of Gas weldng © T
Q5 | Explain briefly the following: umable Electrodes, 3. Welding 4

1. Consumable Electrodes, 2. Non-cons s
Electrode holder, 5. Wire brush, 6. Goggles, 7. Flux, 8. Spot welding,

*-.‘-_\-

Q5

—{-equipment to the aerospace industry.- : —
‘4.Welding can join welding jobs through spots, as continuous pressure tight

12.  The resistance welding is possible to weld

Which of the following Statements is Correct? _ . . .
1.A weld is made when separate pieces of material to be joined combine apq

form one piece when heated to a temperature high enough to cause softening o
melting. .

2.Filler material is typically added to strengthen the joint. _ :
3.Welding is used extensively in all sectors or manufacturing, from earth moving

seams, end-to-end and in a number of other configurations.

5.Welded joint needs stress relieving and heat treatment.

6.Welding gives out harmful radiations (light), fumes and spatter.

7.Heat during welding produces metallurgical changes as the structure of the
welded joint is not same as that of the parent metal

8.Fluxes are used in gas welding to remove the oxide film znd to maintain a clean
surface.

9.The rate of heating and cooling is relatively low. In some cases, this is an
advantage for the gas welding.
10. Gas welding used to join most ferrous and non-ferrous metals.

11. Friction welding is most suitable for circular parts, that is. butt welding of
round bars or tubes. ?

dissimi
metal plates of different thicknesses. tssimilar metals as well &
13. In the resistance welding: Heating

of workpiece j
part which results in less distortion. kpiece is confined to a very smal
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Machining

g 1102 Safety Precautions while Working on Lathe Mﬁcﬁiﬂe ‘
1. One should always be sure that all guards are in place before running the machine
7. Always clamp the work and tool properly with correct size of work ang tool hol-ding

device. 7
Always keep the machine clear of tools.

i Machine should be stopped before making measurements or adjustments.
5. Wear an apron or a properly fitted shop coat. Goggles should also be used.
6. One should remove necktie, wrist watch and jewellery while working.

7. One should not operate the lathe until he knows the proper procedure.

8. One should check the work frequently when it is being machined.

9. One should check the face-plate or chuck by hand to be sure that there is no danger of

the work striking any part of the lathe.
10. Stop the machine and remove chips with pliers. One should not remove the chips by

hand.

carria

b Y B

T e ey I A A Rt e

Figure 9. 1 Lathe Machine

>1Lathe Machine

” ‘The lathe is a machine too] used principally for shaping articles of metal, wood, or other
magq - All lathes, except the vertical turret type, have one thing in common for all usual
f hinin d and rotated around a horizontal axis while being

§ Operations; the workpiece is hel X
Tneq o size and shape by l;pcutﬁng tool. The cutter bit is held either by hand or by a

SN— ”
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rkpiece. Principal capa-bilities of the lathe
W:uﬁ?ned cylindcrs, ] fac-mg or r.adial nlrn?;e
and boring or enlarging internal diameterg. i
ds and suitable manual and automatic Controg

mechanical holder, and then applied to the
forming straight, tapered, or irregularly
cylindrical sections, cutting screw threads,
typical lathe provides a variety of rotating spee
for moving the cutting tool.

9.2 Types of Lathes

Lathes can be conveniently classified as engine lafhes, turr ei :;the]:’ and Specia)
purpose lathes. All engine lathes and most turret and special purpose 1a €s have horizonty)
spindles and, for that reason, are sometimes referred to as horizontal lathes. The smyjje
lathes in all classes may be classified as bench lathes or floor or pedestal lathes, the

reference in this case being to the means of support.

e SPINDLE LOCK KNOB: For keeping the spindle from rotation when tightening or
. loosening collets.
TAILSTOCK: For accurately holding the tailstock spindle.
o TAILSTOCK HAND ‘WHEEL: For moving the tailstock spindie toward Or away
from the workpiece.
TAILSTOCK SPINDLE: For holding drill chucks or lathe centers in the tailstock.
SPINDLE SPEED DISPLAY: Shows the spindle speed in Rotations per Minute
(RPMs).
e SPINDLE SPEED KNOB: For adjusting the speed of the lathe spindle.
o CARRIAGE: Moves the tool post, cross slide toward or away from the chuck.
EMERGENCY STOP SWITCH: For shutting off the spindle rotation and feeds in
case of an emergency. _

e COLLET CHUCK: For holding small diameter work pieces in the spindle of the
lathe.

o- TOOL POST: For holding and quickly changing between different Tool Holders.

e TOOL HOLDER: For holding lathe bits and other lathe cutting tools.
COM‘POUND. SLIDE HAND WHEEL: For manually feeding cutting tools at an
angle to the spindle.

e CROSS SLIDE HAND WHEEL: For manu
spindle (the X axis).

e CARRIAGE HAND WHEEL: Form
spindle (the Z axis).

ally feeding cutting tools across the

anvally feeding cutting tools in line with e

' the . d off.
e SPINDLE ON/OFF & DIR. LEVER: F(gu- auto f;]:cd for the carriage Ondmt}or
setting the rotation direction. lng the spindle on or off an

FEED DIRECTION KNOB: To determine ¢he direction of the carriage " ]

_—
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slide auto feed.

9.3 Three important elements ~. - .. .~ T PP
In order to get an efficient process, good surface finish and correct geometry on the
lathe, it is important to adjust the rotating speed (RPM), a cutting depth and a feed speed.

Please note that these important elements cannot be decided easily, because these suitable
values are quite different for each material.

Work - New surface
' } Speed motion (work)

S,

Feed motion
(tool)

Cutting tool
(a)

1. ROTATION SPEED: It is the number of rotations per minute (rpm) of the chuck.
When the rotating speed is high, higher removal rates are possible. But when too high,
too much friction could be generated. However, since a little operation mistakes may lead
to the serious accident, it is better to set lower rotating speed at the first stage.

2. CUTTING DEPTH: The cutting depth of the tool affects to the processing speed and
the roughness of surface. When the cutting depth is big, the processing speed becomes
quick, but the surface temperature becomes high, and it has rough surface. Taking off too
much material can break the tool or your workpiece. If you do not know a suitable cutting
depth, it is better to set to small value. Always remove a very small amount of material

on your final pass to assure a good surface finish.

3. FEED SPEED: The feed speed of the tool also affects to the processing 5pee& and the

roughness of surface. When the feed is high, you can remove a lot of material quickly.
When the feed is low, the surface improves. There are automatic feeds on these

machines that can move the feed handles for you at a very accurate feed. These auto
feeds maintain a consultant speed and result in nicer finishes. A beginner must always

use the manual mode, until they have enough experience. A user should hold the handle
of the automatic feed until the operation is complete and never walk away. Serious
accidents may occur if the tool bit or any part of the post or the cross slides touch the

chuck!

9.4 Cutting Speed
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Cutting speed for lathe work may be defined as the rate in IEXSTE e Tinute gt .
the surface of the job moves past thc)::utting tool. M?Chmmg atl a correct cuting Spet:;i
highly important for good tool life and efficient cutting. TOO_S oW cutling speeds redu:
productivity and increase manufacturing .costs whereas. t00 high cutting SPeeds. regy)y in
overheating of the tool and premature failure of the cutting edge of the tool. The f°u°W1'ng '
factors affect the cutting speed:

Calculation of cutting speed Cs, in meters per minute
Cs = ((22/7) x D x N)) /1000

Where

D is diameter of job in mm.

Nis in RPM

9.5 FEED

Feed is defined as the distance that a tool advances into the work during one revolution
of the headstock spindle. It is usually given as a linear movement per revolution of the
spindle or job. During turning a job on the center lathe, the saddle and the tool post moye
along the bed of the lathe for a particular feed for cutting along the length of the rotating job,

L] THEN —
You increase the feedrate too much You risk taking too big a “bite” and will break the cutter,

. T3 ™) tti 1 d -
You decrease the feedrate too much You risk “rubbing” (not cutting) and will wear out the

cutter.

You increase the spindle speed too much | You will not cut, but instead burn up the tool with friction.
You decrease the spindle speed too much | Your cut will be very slow.

9.8 Lathe Operations

(a)Facing: The tool is fed radially into the rotating work on one end to create a flat surface
on the end. |

(b)Taper turning: Instead of feeding the tool parallel to the axis of rotation of the work, the
tool is fed at an angle, thus creating a tapered cylinder or conical shape.

(c)Contour turning: Instead of feeding the tool along a straight line parallel to the axis of
rotation as in turning, the tool follows a contour that is other than straight, thus creating 3
contoured form in the turned part.

(d)Form turning: In this operation, sometimes called forming th hape that s
imparted to the work by plunging the tool radially into the Workg.' e tool has a shap

(¢)Chamfering: The cutting edge of the tool is used ¢ f the
cylinder, forming what is called a “chamfer.” O cut an angle on the comer ©

() Cutoff: The tool is fed radially into the rotatin work . . to

cut off the end of the part. This operation is some & e re?etr::(ﬁe locatlor{ along 1ts length

(g)Threading: A pointed tool is fed linearly acr O as parting.

workpart in a direction parallel to the axig

creating threads in the cylinder, -

(h)Boring: A single-point tool is fed linearly, paralle] to the axis of rotation. on e insid‘
of rotation,
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:.ameter of 20 existing hole in the part.
g; prilling: Drilling can be performed on a lathe by feeding the drill

along i
g
matcnal.-
pattern 1

into the rotating work

s axis. Reaming can be performed in a similar way.
ling: This is not a machining operation because it does not:in o

Instead, it is a metal forming operation used to produce a regula‘ioggsiltﬁutlghof
the work surface atched

ﬁonto_ur tumning Chamfering

Drilling

Threading Boring Knurling

Figure 9.2 Lathe operations

Theé main factors which influence the selection of a proper cutting
" Speed are:

1. Material of the cutting tool.
2. Hardness and machinability of the metal to be machined.
3. Quality of heat treatment, if it is a HL.S.S. steel tool.
4 W_hcﬂler machining is to be done with or without th
3. Rigidity of the tool and the work. '
6. Tool shape, -
;' Depth of cut,
9. F?efi to be given to the tool.

- Rigidity of the machine.

e use of a coolant.

ol advances into the work during one

ssed in mm/revolution.
fe is reduced.

I;:d may be defined as the distance that a to
Olution of the headstock spindle. Feed is expre

Larger feegs reduce machining time, but the tool i

—_ .
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The values of speed, feed and depth of cut, in general, depeng Upop
the following factors:
.. 1-Type of workpiece material;-
2-Type of tool material;
3-Type of surface finish required.
4- Material Removal Rate (MRR).

10.1 SHAPING MACHINE (SHAPER) _ .
Shaper is a reciprocating type cgf machine tool in which the rttl_mhmoves 1-_‘n<i1 cutthg tqol
backwards and forwards in a straight line. The basic components O Shaper aré Shown in Fig,
10.1. It is intended primarily to produce flat surfaces. These surfaces may be hO.llzonEa],
vertical, or inclined. In general, the shaper can produce any surface comp osed of straight-line

elements. A shaper is used to generate flat (plane) surfaces by means of a single point cutting
tool similar to a lathe tool.

Figure 10.1 Principal components of a shaper

A shaper is a reciprocating type of machine too] jnt
vertical or inclined flat surfaces (up to 1000 mm long)

10.2 Principle of working

In the shaper, the cutting tool has a
forward stroke only. The work is held in a

ended primarily to produce horizont2»

- . i c
reciprocating motion, and it cuts only qurin® ;
vice bolted

15
to the work table. The regular fcfgnﬂ
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angle as desired.
Most shaping machines usually work with one cutting tool, and cutting is done in the
forward stroke only, but the .exceptions exist where more than one tool is used for

... -~gimultaneous cutting or cutting on both (forward and return) strokes.- - - -

10.3 Specification of A Sharper

The size of a shaper is specified by the maximum length of stroke or cut it can make.
Usually the size of shaper ranges from 175 to 900 mm. Besides the length of stroke, other
particulars, such as the type of drive (belt drive or individual motor drive), floor space -
required, weight of the machine, cutting to return stroke ratio, number and amount of feed,
power input etc. are also sometimes required for complete specification of a shaper.

10.4 Surfaces Produced on Shaper
Horizontal plain surface.

Vertical plain surface.

Inclined surface.

Grooved surface.

Slotted surface.

Stepped surface.

O i W b

10.5 Advantages, Limitations, and Applications of Shapers:
10.5.1 Advantages:
1. The set up of shaper is very quick and easy and can be readily changed from one job to

another.

2. The work can be held easily.

3. The single point tools can be easily grounded to any desired shape.

4. Lower first cost.

5. The cutting stroke has a definite stopping point.

6. Because of lower cutting forces, thin and fragile jobs can be conveniently machined on

shapers.

10.5.2 Limitations:

1-A shaper, by nature, is a slow machine, because of its straight line, forward and return
(idle) stroke. The single point tool requires several strokes to complete a work. :

" 2-The cutting speeds are not usually very high since difficulties are encountered in designing

machine tools with high speeds of reciprocating motion due to high inertia forces developed
in the motion of the units and components of the machine. Owing to these reasons the shaper

does not find ready adaptability for assembly and production line.

the tool during the cutting stroke in

- Cutting speed: is defined as the average linear speed of _
: ram cycles) per minute and the

m/min, which depends on the number of ram strokes (or
length of the stroke.
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1.1 prilling Machine
operation of making a circular hole by removing a volume of metal fr
om

Drilling is an
the job by. cutting
" cutting lips and usually one or more

tool called drill. A drill is a rotary end-cutting tool with one or
flutes for the passage of chips and tlie"admissicr:xllogef.

_ A drilling machine as shown in fig. 11.1 is a machine tool designed for drilling

tals. It is one of the most important and versatile machine tools in a workshop

holes in me
Besides drilling round holes, many other operations can also be performed on the drillin
boring, countersinking, honing, reaming, lapping, sanding etc. &

machine such as counter-

Pulley .Guard Bel

Hond
feed

Depth
adjusiment

Spindle _—%,
clamp
Spindle

Chuck

Regular
work fabl

Base,
hbra“\

]

Figurell.1 Construction of drilling machine

Speed motion (tool)

Feed
motion
(tool)

___\——Work

(b)

Figurell.2 Drilling operation
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11.2 SIZE OF ADRILLINGMACHINE @ of drilling magy

Different parameters are being considered ! achine is decided by the pyo.. > 0
determine their size. The size of a poﬂablc.c!nllmgdm right drilling machines an::n
.~ “diameter of the drill that it can hold. The sensitive and up -

Um
Specif

: d und . ed
by the diameter of the largest workpiece which can be centere er the drill Maghy,

spindle. A radial drilling machine is specified by the 1611%;11 Oiflthg ﬂ?;lpfrlgrif Qiamete; of
the column. To specify a drilling machine completely, following °IS may g1,
be needed:
1. Table diameter
2. Number of spindle speeds and feeds available
3. Maximum spindle travel
4. Morse taper number of the drill spindle
5. Power input
6. Net weight of the machine
- 7. Floor space required, etc.

¢

11.3 Cutting Speed .
______The cutting speed in a drilling operation refers to the peripheral speed-of-a point on the—
surface of the drill in contact with the work. It is usually expressed in meters/min. The
cutting speed (Cs) may be calculated as:

Cs = ((22/7) x D x N)/1000

Where, D is the diameter of the drill in mm and

N is the rpm of the drill spindle.

11.4 Feed

The feed of a drill is the distance the drill moves into the job at each revolution of the
spindle. It is expressed in millimeter. The feed may also be expressed as feed per minute.

The feed per minute may be defined as the axial distance moved by the drill into the work
per minute. The feed per minute may be calculated as:

F=FrxN

Where, F = Feed per minute in mm.
Fr = Feed per revolution in mm.

N =R.P.M. of the drill.

Drilling is a process of making hole or enlarging a hole ; : : & g rotatio?
tool called “Drill™. - g In an object by forcing

The drill is generally called as ‘twist drill, since it has a sharp twisted edges formed arousd

a cylindrical tool provided with a helical groove along its len ut material ©
escape through i The sharp edges of the conical surfaces gt;lmtlczlaliog ﬂ;gv(;er end of %0
rotating twist drill cut the material by peeling it cir &r at the ot

. . cular] ed 32
a workpiece. The removed material chips get curled and ;:Zaereb A Wt]]::l}lg?ir:al gro0™
provided in the drill. A liquid coolant is generally used Whilepdril rough © o the heat©
friction and obtain a better finish for the hole, ling to remo
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11.5 Specifications of a Drilling Machine
A drilling machine is specified as follows: .
. Size of the drilling machine table.
Largest bit the machine can hold.
Maximum size of the hole that can be drilled.
Maximum size of the workpiece that can be held.
Power of the motor, spindle speed or feed.

VR W

12.1 Milling Machines
A Milling Machine is a machine tool that removes metal as the work is fed against a
rotating multipoint cuiter. The milling cutter rotates at high speed and it removes metal at a
le cutting edges. One or more number of cutters can be

very fast rate with the help of multip
mounted simultaneously on the arbor of milling machine. This is the reason that a milling

machine finds wide application in production work.

. (" 2 Speed motion
Rotation l
Milling cutter -
Milling cutter S
3 2% New surface d : /—- New surface
fead e UF=—
motion * Feed motion__{&5
(work) (work) ™ |5 =
Work
(d)

Figure 12.1 Job surfaces generated by milling machine

92

Scanned by CamScanner



Column

Feed”

(b)
12.2 TYPES OF MILLING CUTTERS

Fig. 12.2 illustrates some types of milling cutters along with workpieces. Milling cutters
are made in various forms to perform certain classes of work, and they may be classified as:

1. Plain milling cutters,
2. Side milling cutters,
3. Face milling cutter,
4. Angle milling cutters,
5. End milling cutter,

6. Fly cutter,

7. T-slot milling cutter,
8. Formed cutters,

9. Metal slitting saw.
Milling cutters may have teeth on the periphery or ends only, or on both the periphery and

ends. Peripheral teeth may be straight or parallel to the cutter axis, or they may be helical,
sometimes referred as spiral teeth.

T

Plain milling cutter Shell eqd mill Side milling cutter Metal- slitting s2%
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End milling

Angle milling cutter Form milling

Figurel2.2 Types of milling cutters

12.3 Milling machine
Milling Machine is a machine tool in which metal is removed by means of a revolving
tooth having a cutting edge which removes metal from a
methods on the workable,

cutter with many teeth, each
e the work is supported by various

workpiece. In a milling machin
-and may be fed to the cutter longitudinally, transversely or vertically.
Electric mofor Ming cutter
‘ Overam Ardor / Overam
Spindie Duboard
nosé bearing and
grbor support

Figure 12.4 Vertical column and knee type Fig. 12.3 Horizontal Milling Machine

milling machine

12.4 Size of Milling Machine

0 T."IJIG size of the column and knee type

(2) Itse dimensions of the working surface of th
maximum length of longitudinal, cross an

milling machine is specified by:
e table, and
d vertical travel of the table.
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12.5 Indexing and dividing heads _ _

Indexing is the operation of dividing the periphery of a piece of work into any numpe; (¢
equal parts. In cutting spur gear equal spacing of teeth on the gear blaDk}S_ performeq p,
indexing. Indexing is accomplished by using a special attachment known as'dividing heaq B
index head as shown in Fig. 12.5. The dividing heads are of three types:

(1) Plain or simple dividing head,
(2) Universal dividing head and
(3) Optical dividing head.

Figure 12.5 Dividing head
12.6 Operations Performed on Milling Machine:

RS E: '

r | R T =
): ’\\\‘1

.

Plane Milling Face Milling Side Milling
_%_ Form miling cufle
Ei = N\
A Job Job
Angular Milling Gang Milling ' Form Milling
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nin 1 ,

E".?.;EL- a F E
B

i B B =

End Milling Profile Milling Saw Milling

MiEng

— Job
illi Gear cutting milling
T- Shot Milling Key way Milling - g
Figurel2.6 Milling operations
milling processes:

12.7 Generally there are two types of
1. Up milling (or conventional _mlllmg) process
2. Down milling (or climb milling) process.

- 12.8 Classification of Milling Machmes. |
The milling machines are broadly classified as follows:
1- Column and knee type :

2- Horizontal milling machine.
3-Vertical milling machine.

4- Universal milling machine.

3 Manufacturing or fixed bed type :
6-Simplex milling machine.

s Dl}plex milling machine.

8- Triplex milling machine.

9- Planer type .

96

SN—

Scanned by CamScanner



12.9 Types of Milling Cutters are:
a. Plain milling cutters.

b. Side milling cutters.

12.10 Advantages of a planer as compare

Ut venar

. ﬂﬂf‘""”.ﬂi‘*
ﬁjf’?"(-/
D= = [ “Einglie-poid Lultng tash

sg..u,al-t._...d-;-d supari-opowm-f o & oot
.f.,l-h—mhl!—h'

Figure 12.7 Types of Milling

d to shapers and millers:

1. Can take much heavier cuts.

2. Larger work can be handled.
3. The work is mounted on a table whi

4. No work or tool deflection or distortion (since

ich is supported throughout its entire movement, 50

a maximum support is obtained.
there are no overhanging parts suchas2

ram).

Figure 12.8 Components manufactured by planning/shaping processes

1.13.1 General Safety Guidelines while Working on Grinding
Machines

1.
2.
3.

4;

o W

Grinding wheels badly worn or cracked should be replaced

The grinding wheel should be properly balanced while mcu;ntin

One should ensure that no combustible or flammable material = arby that could

be ignited by sparks gene_rated by grinding wheels during gri d;"nare Ifraﬁ g’ns

One should allow the grinding wheel to reach full speec%rl])n foro clopping it

grinding position. Faulty wheels usually break at the start of efore s eI_meg

Always use the face of the grinding wheel that is meant f; of an operation.

One sh_ould slowly move job-pieces across the f: or gnnd.mg. _ 400t

This will keep the wheel sound. ace of wheel in a uniform

Grinding wheels should be ch . ¢

wheel on a string and tap it, Ifth?\l;;ieliﬁﬁeﬂy, t_lmely for soundness. Su5pend ‘h
8S, 1t 1s probably sound.
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8. One should not use a grinding wheel that has been dropped or dealt with a heavy

blow, even if there is no apparent damage.
9. Before using a new grinding wheel, let it run for a few seconds at the full speed to

' chéck and make sure that it is perfectly balanced. :
10. One should not operate the grinding wheel beyond its bursting speed.
11. Follow the manufacturer’s instructions for the correct use of the grinding wheels.

12. Always wear goggles during grinding or allied processes.

Figure 13.1 Grinding Machines

13.1 GRINDING AND FINISHING PROCESSES

Grinding is a metal cutting operation performed by means of a rotating abrasive tool,
called “grinding wheel". Such wheels are made of fine grains of abrasive materials held
together by a bonding material, called a “hond’. Each individual and irregularly shaped grain
acts as a cutting element (a single point cufting tool).
— A magnified view of a grinding wheel and its cutting operation is shown below. The
projecting grains of the abrasive material are held firmly by the board. The grains during
rotation of the wheel remove very thin chips whose cross-section is similar to that obtained
in milling. For this operation high wheel speeds are normally employed (up to 75 m/s). As
the section of the chip removed during the process is small, and high cutting speeds are

involved, this operation results into very good finish and high accuracy.

——

Figure13.2 Grinding
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common one is surface grinding. This process 15 accoumi_ll 25 jm 10 0.25 um, Of megy
removal. This process can give a surface finish in a range Of -

m()st

-For many applications, grinding cannot meet the accuracy and surface finish requiremeyy,

For such applications workpieces are subjected to final operations. Two such operationg 4,
honing and lapping.

-Grinding is done on surfaces of almost all conceivable shapes al-JddeEaterizls of all kmds
The grinding operation can be : (i) Rough (or non-precision) grinding an () Precisiop
grinding.

a. “Rough grinding” is a commonly used method ot removing excess material frop
castings, forgings and welding etc.

b. “Precision grinding” is the principal production method of cutting materials that are to -
hard to be machined by other conventional tools or for producing surfam.as on parts to higher
dimensional accuracy and a finer finish as compared to other manufacturing methods.

13.2 Classification of grinding machine,
In accordance with the type of surface to the ground, is classified as:
1. External cylindrical grinding.
2. Internal cylindrical grinding.
3. Surface grinding.
4. Form grinding.

a. External cylindrical grinding. It produces a straight or tapered surface on a workpiece.

The workpiece must be rotated about its own axis between centers as it passes lengthwise
across the face of a revolving grinding wheel.

b. Internal cylindrical grinding. It produces internal cylindrical holes and tapers. The
workpieces are chucked and precisely rotated about their own axes. The grinding wheel or,

in the case of small bore holes, the cylinder wheel rotates against the sense of rotation of the
workpiece.

c. Surface grinding. It produces flat surface. The sher the
. " . work may b by either
periphery or by the end face of the grinding wheel. The wogkp'e grpund_ ¥omted at

constant speed below or on the end face of the 1CCS 13 Kecip

- . " grinding wheel
d. Form grinding. This operation is done wj . : oo . d
the formed surface as in grinding gear teeth, tht?e :peclally shaped grinding wheels that %

ds, splined shafts, holes etc.
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Grinding
. o~ Wheel -
5 ) Chuck
&
L oty ]
‘\ :
Waorkpiece
(i) External cylindrical gindng (i) Intemal cylindrical grinding (i) Surface grinding
Figurel3.3Three basic kinds of precision grinding

13.3 Advantages of Grinding Process Over Other Cutting

Processes:

1.1t is possible to achieve very accurate dimensions and smoother surface finish in a Very
short time. :

i . 1 from materials after hardening.
the grinding wheel it is possible to produce

d bearing surfaces by grinding operation.

3. Owing-to large num
th relatively inexpensive turning/tem-

extremely smooth surface
4. Complex profiles can

plates.
5. Grinding unlike conventional machining need not cut through

etc. :
6. Since the grinding wheel has considerable width therefore no marks as a result of feeding

are there. :
7. In this process little pressure is required, thus permitting its use on very, light work that

would c.)therwisc tend to spring away from the tool. This characteristic permits the use of
magnetic cluck for holding the work in many grinding operations.

desirable at contact an
be produced accurately wi

the hard skin of forgings

13.4 Following are the special features of grinding process:
duces discontinuous chips.

;" %e gl'lndlng operation is intermittent in nature, and pro
orin di:? grinding wheel has a self sharpening character (L.¢., the dull or worn out grains of the
g wheel during the operation are removed either by fracture or tearing of the bond,

glus T;Xplosing fresh new grains).
e load acting on individual cutting grains is non-uniform.
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! in is highly random and the time of contact between the chip, a
4. The geometry of the grain 1s

an abrasive grain is very small. acteristics of the grinding whee],
5. The gl‘m%lrng action depends strongly upon the ChS:C are usually encountered in gringi,

6. High temperatures to the tune of 1000°C to 140 -

ative.
7. The effective rake angle of abrasive grains is highly neg

ed to that enco
8.Grinding is associated with high specific cutting energy as compar untered jp
conventional cutting operations.

13.5 Grinding Machines:
The grinding machines are classified as follows:

A. According to the quality of surface finish :
1. Roughing or non-precision grinders :

a- Bench, pedestal or floor grinders.

. b- Swing frame grinders. I I I
c- Portable and flexible shaft grinders.
d- Belt grinders.

2. Precision grinders.

B. According to the type of he surface
1. Cylindrical grinders ;

a, Plain cylindrical grinders.

b. Universal cylindrical grinders.

c. Centerless internal grinders.

d. Universal internal grinders,

e. Planetary internal grinders

generated or work done :

2. Internal grinders :
a. Plain internal grinders,
b. Chucking internal grinders.
c. Centerless internal grinders.

3. Surface grinders :

(1) Reciprocating table :
a. Horizontal spindle,
b. Vertical spindle.

(i) Rotating table :

- (a) Horizontal spindle,
(b) Vertical spindle.
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4, Tpol and cutter grinders :
a. Universal
b. Speci_al.

Surface grinders . :
Surface grinding is the method of grinding designed to carry out the removal of

metal from a part or parts less expensively and with greater precision than could be achieved
by machining processes with cutting tools of steel, or by hand or machine filing.

14.1 Sawing
Sawing is a process in

of narrowly spaced teeth. Sawin
to cut off an unwanted portion of a part. These operations are often referred to as cutoff

“operations. Since many factories require cutoff operations at some point in the production
sequence, sawing is an important manufacturing process.

which a narrow slit is cut into the work by a tool consisting of a series
g is normally used to separate a workpart into two pieces, or

# Saws
One should not test the sharpness of the blade by a running a finger across the teeth.
our hand.

One should not brush away the chips with y
All hard blades can shatter and produce flying chips. Wear yo

One should be sure that the blade is properly tensioned.
Store the saw so that you will not accidentally reach into the teeth when you pick it

ur toggles.

D N

stroke, your hand may strike the works

up.
6. If the blade breaks while you are on cufting
hould work carefully.

and cause an injury. Therefore saw operator s

f
Blade frame : ) i
: ot drocts Speed mofion
) ade direction Saw blade
lFeed > 1 ' \
Cutiing stroke Power =v==
n— 0 drive ' s B
Feed —
i ’"."é —_— \ —-& -:.- Ik "
e Wik Retm sicks : ' Bt
sesiborie I y=— Saw blade
[\% @bﬂ
(@@ ®) ' (c)

Flgllnl;et}il_'lhere are three basic types of sawing, shown according to the type of blade
otion involved: (a) hack sawing, (b) band sawing, and (c) circular sawing.
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14.1.1 Hack sawing: Involves a linear reciprocating motion qf th? SaW against the Wo
This method of sawing is often used in cutoff operations. Cuiting 15 accommp lished Unlyr;;
the forward stroke of the saw blade, Because of this intermittent cutting action, hack g,y
is inherently less efficient than the other sawing methods, both of Whldll;arc Continuoys,
hacksaw blade is a thin straight tool with cutting teeth on one edge- (I;Iac Sawing can be done
either manually or with a power hacksaw. A power hacksaw provides a drive mechanjgy, to

operate the saw blade at a desired speed; it also applies 2 given feed rate or sawing Pressure,

14.1.2 Band sawing : involves a linear continuous motion, using a band saw blade made i,
the form of an endless flexible loop with teeth on one edge. The sawing maChJI_le is a bang
saw, which provides a pulley-like drive mechanism to continuously move and guide the banq
saw blade past the work. Band saws are classified as vertical or horizontal. The designatiop
refers to the direction of saw blade motion during cutting. Vertical band saws are used for
cutoff as well as other operations such as contouring and slotting.

—_—

14.1:3 Circular sawing: uses a rotating saw blade to provide a continuous motion of the tool
past the work. Circular sawing is often used to cut long bars, tubes, and similar shapes to
specified length. The cutting action is similar to a slot milling operation, except that the saw
blade is thinner and contains many more cutting teeth than a siot milling cutter. Circular

sawing machines have powered spindles to rotate the saw blade and a feeding mechanism to
drive the rotating blade into the work.
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02

Questions

Note : Supporty - :
07 | Explain briefly the following: 1-Tuming, 2-Grinding, 3 - Milling, 4- Shaping,

.

our answer by neat sketches

5-Sawing

57 [ Which of the following statement is (correct/ incorrect)?

1. The cutting depth of the tool affects to the processing speed and the roughness of
surface.
2. When the cutting depth is big, the processing speed becomes quick, but the

surface temperature becomes high, and it has rough surface.
3. The feed speed of the tool also affects to the processing speed and the roughness

of surface.
4. When the feed is high, you can remo

low, the surface improves.
5. Cutting speed for lathe work may be defined as the rate in meters per minute at

which the surface of the job moves past the cutting tool.
6. Machining at a correct cutting speed is highly important

efficient cutting.
7. Too slow cutting sp
8. Too high cutting speeds result in overheating of the too

the cutting edge of the tool.
9. Feed is defined as the distance that a tool advances into the work during one

revolution of the headstock spindle.
10. When the tool is fed radially into the rotating work on one end to create a flat

surface on the end the process called Facing.
11. When the tool is fed at an angle to create a tapered cylinder or conical shape, the

process called Taper turning.
12. Contour turning: the tool follows a contour that is other than straight, thus

creating a contoured form in the turned part.
13. The cutting edge of the tool is used to cut an angle on the comer of the cylinder,

forming what is called a “chamfer.”

14. When the tool is fed radially into the rotating work at some location along its
length to cut off the end of the part. This operation is sometimes referred to as parting
or cutgff.
15." Boring: A single-point tool is fed linearly, parallel to the axis of rotation, on the
inside diameter of an existing hole in the part.
16.  Knurling is not a machining operation
material, Instead, it is a metal forming operation use
hatched pattern in the work surface

}7- Larger feeds reduce machining time, but the tool life is reduced.
8. Shaper is a reciprocating type of machine tool in which the ram moves the cutting

ve a lot of material quickly. When the feed is

for good tool life and

eeds reduce productivity and increase manufacturing costs
1 and premature failure of

because it does not involve cutting of
d to produce a regular cross-

_tool backwards and forwards in a straight line.
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19.  In the shaper, the cutting tool hasa Tt eciprocatil
the forward stroke only.

2(;.k The size of a shaper is specified by the
make. . '

21. The set up of shaper is very quick and easy _and ¢
one job to another. )
22.  Because of lower cutting forces, thin
machined on shapers. '

g motion, and it cutg only g
Wing

maximum length of stroke or cut j -

an be readily changeg o
m |
and fragile jobs can be °°nveniemlyi

is a slow machine, because of its straight line, forwarq i)

23.
A shaper, by nature, ol requires several strokes to complete ,

return (idle) stroke. The single point to
work. _
24.Drilling is an operation of making a circular hole by removing a volume of mety]
from the job by cutting tool called drill.
25.Feed of a drill is the distance the drill moves into
spindle.
26.A milling machine is a machine tool that removes me
a rotating multipoint cutter. . ;
27.Indexing is the operation of dividing the periphery of a piece of work into any

the job at each revolution of the

tal as the work is fed againgt

number of equal parts. ) .
28.Grinding is a metal cutting operation performed by means of a rotating abrasive
tool, called “grinding wheel". ] _
29.Grinding operation is the only method of removing material from materials aﬁet‘
hardening. . .
30.The grinding operation is intermittent in nature, and produces discontinuous
chips. - |
03 | Classify Grinding machines. _
04 | What are the special features of grinding process? |
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