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Preface

Material” is the word which is associated with every object existing in the universe. The

knowledge of material enhances our understanding of physical world.

The aircraftdesignis based onthe suitability of material considering the various factors such
asweight, strength, cost, reliability and easy availability. The knowledge of aircraft material
Is essential for aspirant of Aircraft maintenance engineering to get through their DGCA

Licence papers and translate this knowledge on their day to day work in aviation field.

This book is prepared by L.N.V.M. Society Group of Institute, with the dedicated efforts by
it's experienced faculty and staff with the view to sumup the vast material details under single

covertoimpartthe essential knowledge to AME trainees to succeed in their aspired carrier.

My thanks are due to those who helped me to bring out this valuable edition.

I would very much appreciate criticism, suggestions and detection of errors from the readers

which will be grate fully acknowledged.

Arjun Singh
Senior Instructor

NV M. Soriety Group of Institutes Dated : March. 2008
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CHAPTER : 1
GENERAL SHOP SAFETY

11 GENERAL

An accident in a machine shop can be a messy and painful experience. Most accidents in a machine shop are the result
of carelessness. The victim knows at the time that he should not do what he is about to do; he takes a chance. Sometimes
he is lucky and gets away with it. Accident statistics prove that he who takes a chance most often loses. The result:
pain; loss of time and money; broken tools and equipment; spoiled work. To these could be added the possibility of
permanent disfigurement and disablement.

Ittakes time and experience to develop a skilled machinist. A skilled machinistis seldominvolvedinaccidents. He knows
that he cannot take chances with the certainty of the machine's timing, nor with the power of its movement. There are
basic rules for the development of safe working habits. The rules must first be understood, then practiced until they
become a habit. Each machine has individual hazards to the safety of a careless and thoughtless operator. The careful
operator, however, quickly observes each potential danger and sets up a pattern of work habits that will keep him clear
of involvement with any dangerous practice.

12 RULES FOR WORKSHOP SAFETY

The skilled machinist dresses safely. He wears nothing that could get caught on the moving job or machine. He is aware
of the danger of flying chips and minute particles from abrasive wheels and of the horrible damage that flying particles
from drills and cutting tools can do to the human eye. He wears his safety glasses from the time he enters the shop until
he leaves it. The skilled machinist handles sharp cutting tools with care. He keeps the floor around his workplace free
of oil and short pieces of stock. He stacks the rough castings and the finished workpieces separately and neatly. The
stacked material is not permitted to interfere with his movements around the machine, and because of this it is not a hazard
to his safety.

When a workpiece or amachine attachment is too cumbersome or too heavy for one man to handle comfortably, the careful
worker asks for assistance.

The wise student or apprentice is one who observes and profits from the skilled machinist's example. Each workman or
student in a machine shop is aware of the dangers that surround him; he has been warned of these dangers and has been
instructed in the safety rules that apply to his shop activity. This is not sufficient to make a safe worker. Each worker
in a machine shop, whether he be a machinist, student, or helper, must develop his own awareness of the importance of
avoiding accidents, and his own awareness of the possible hazards to safety that his job involves. He also must develop
safe working techniques. He must be alert to possible dangers, and he must be energetic in correcting conditions and
habits that could lead to accidents and injury.

He should remove his necktie, wristwatch, and jewellery such as identification bracelet and rings. Sleeves are out of
danger when they are rolled up. The machinist should wear an apron, shop coat, or coveralls. Apron strings should be
tied at the back, and bulging pieces of cotton waste should not be carried in the pocket.

The strands of the wool that go into the making of a sweater are long unbroken. One strand caught on a revolving dog
or job can bring the machine operator much closer to danger. Machine tool spindles, whether on a lathe or a drill press,
turn many revolutions in a second, and much damage can be done before the machine is brought to a stop.

The soft material from which the upper part of the canvas shoe is made offers no resistance to a hard object, whether it
is falling or stumbled against. The rubber soles are easily penetrable by steel chips and sharp-edged machined surfaces.
Strongly made safety shoes having steel toe caps offer goods insurance against injuries.

Gloves should be worn when the worker is moving sheet metal or large pieces of stock, especially when stock edges are
sharp or ragged. Gloves should also be worn when the worker is pouring liquids that are injurious to human skin and
whenever it is necessary for him to handle metal chips of any size or shape.

Injury to the eye can be caused by flying particles of metal that result when the workpiece resists the cutting tool. These
flying pieces of metal do not single out the man behind the cutting tool. Chips can fly in any direction to hit anybody
in the shop. Everybody in the shop needs the protection of safety glasses.
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A tucked-in tie can slip out of a buttoned shirt. A loose tie can very quickly become caught in a moving machine part;
the results are painful.

When the ends of long or short apron tie-strings become loose, they can be easily caught on the moving parts of any
machine.

Rolled-up sleeves present far less a hazard to safety than buttoned sleeves. A button can unfasten because of a worn
buttonhole, or a button may be lost. The sleeve can then easily become caught ina moving job, with serious consequences
to the machine operator.

Don't attempt to lift a job or machine attachment by yourself if it is too heavy or too awkward for one person to handle.
Before lifting, be sure that you have a firm footing; keep your feet about 8 to 12 inches apart, and get a good balance.
Keep your feet close to the job being lifted. Bend the knees; squat down but keep your back straight. When you are
ready to lift, push your body up with the strength in your legs. Keep the job close to your body until you have it in the
normal and convenient carrying position. Walk with firm steps; don't twist your body to change your direction, but change
the position of you feet. Breathe normally; don't hold your breath. When lifting with another person's help, talk it over
first, then move and lift together.

Although it is often easier to carry long pieces of stock on the shoulder it is not a safe way. We tend to watch where
we are going and forget what happens to the part we are not watching. Stock should be carried vertically so that all of
it can be watched at the same time.

Men do not walk through a machine shop with their eyes looking at the floor; therefore a workman is apt to step on a small
piece of stock left on the floor. A fall can cause serious injury. A fall that carries the victim into a moving machine can
be fatal.

Greese can be hazardous when it drips or is dropped on the shop floor. An oil slick under a quick-moving foot may result
in a serious accident. Wipe up grease and oil that is dropped on the floor. Clean off the excess grease that is left near
bearings and grease cups.

The things that contribute to a safe shop are floors, passageways - aisles and space around machines - kept clean and
clear of small pieces of metal and machine attachments and accessories. There should be plenty of disposal can in
designated places to receive waste, scrap materials, and floor and machine sweepings. The aisles of passage between
machines should be clearly outlined.

There should be a place for each tool and each must be replaced after it has been used.

Because metal chips have sharp edges, which cut and penetrate skin, chips should never be handled. Machines can be
kept clear of chips by periodically sweeping (or brushing) them away.

Remove the fuse controls the flow of electrical power to the motor of the machine. This should be done before the guards
areremoved or any part ofthe mechanism is touched. Many men who have neglected this safety practice have lost fingers
because somebody pressed the starting button.

Guards removed to repair a machine, or to enable the machinist to make operative changes, should be replaced before
the power is turned on. Operating unguarded machines is hazardous not only to the operators, but also to other workers
who may come in contact with moving gears and other machine parts. Do not operate a machine until all guards have
been replaced.

The term good house keeping indicates cleanliness and neatness, a place for everything with everything in its place.
The result is a good housekeeping : a safe shop.

GENERAL SAFETY PRECAUTIONS WHILE WORKING WITH

Electricity

Electricity is a good servant but a bad master. Even non-fatal shocks can cause severe and permanent injury. Shocks from
faulty equipment may lead to falls from ladders, scaffolds or other work platforms. Those using electricity may not be the
only ones at risk; poor electrical installations and faulty electrical appliances can lead to fires which may also cause death
or injury to others. Most of these accidents can be avoided by careful planning and straightforward precautions.

This topic outlines basic measures to help you control the risks from your use of electricity at work. More detailed guidance
for particular industries or subjects is given further.
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WHAT ARE THE HAZARDS?
The main hazards are:

1. Contact with live parts causing shock and burns (normal mains voltage, 220 volts AC, can kill);
2. Faults which could cause fires;
3. Fire or explosion where electricity could be the source of ignition in a potentially flammable or explosive atmosphere,

e.g. in a spray paint booth.

ASSESSING THE RIK
Hazard means anything which can cause harm.

Risk is the chance, great or small, that someone will actually be harmed by the hazard.

The first stage in controlling risk is to carry out a risk assessment in order to identify what needs to be done.
REDUCING THE RIK (SAFETY MEASUREYS

Once you have completed the risk assessment, you can use your findings to reduce unacceptable risks from the electrical

equipment in your place of work. There are many things you can do achieve this; here are some.

Ensure that the eectrical installation is safe

1. Install new electrical systems to a suitable standard, e.g. BS 7671 Requirements for electrical installations, and then
maintain them in a safe condition;

2. Existing installations should also be properly maintained;

3. Provide enough socket-outlets-overloading socket-outlets by using adaptors can cause fires.

Provide safe and suitable equipment

1. Choose equipment that is suitable for its working environment;

2. Electrical risks can sometimes be eliminated by using air, hydraulic or handpowered tools. These are especially
useful in harsh conditions;

3. Ensure that equipment is safe when supplied and then maintain it in a safe condition;

4. Provide an accessible and clearly identified switch near each fixed machine to cut off power in an emergencys;

5. For portable equipment, use socket-outlets which are close by so that equipment can be easily disconnected in an
emergency;

6. The ends of flexible cables should always have the outer sheath of the cable firmly clamped to stop the wires
(particularly the earth) pulling out of the terminals;

7. Replace damaged sections of cable completely;

8. Use proper connectors or cable couplers to join lengths of cable. Do not use strip connector blocks covered in
insulating tape;

O. Some types of equipment are double insulated. These are often marked with a 'double-square' symbol (O] The

supply leads have only two wires - live (brown) and neutral (blue). Make sure they are properly connected if the plug
is not a moulded-on type;

10.  Protect lightbulbs and other equipment which could easily be damaged in use. There is a risk of electric shock if they
are broken;

11.  Electrical equipment used in flammable/explosive atmospheres should be designed to stop it from causing ignition.
You may need specialist advice.

Reduce the voltage
One of the best ways of reducing the risk of injury when using electrical equipment is to limit the supply voltage to the
lowest needed to get the job done, such as:

1. Temporary lighting can be run at lower voltages, e.g. 12, 25, 50 or 110 volts;

2. Where electrically powered tools are used, batter operated are safest;

3. Potable tools are readily available which are designed to be run from a 110 volts centre-tapped-to-earth supply.
Works Safely

Make sure that people who are working with electricity are competent to do the job. Even simple tasks such as wiring a plug
can lead to danger - ensure that people know what they are doing before they start.

Check that :

1. Suspect or faulty equipment is taken out of use, labelled 'DO NOT USE' and kept secure until examined by a
competent person;

2. Where possible, tools and power socket-outlets are switched off before plugging in or unplugging;

3. Equipment is switched off and/or unplugged before cleaning or making adjustments.
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More complicated tasks, such as equipment repairs or alternations to an electrical installation, should only be tackled by
people with a knowledge of the risks and the precautions needed.

You must not allow work on or near exposed live parts of equipment unless it is absolutely unavoidable and suitable
precautions have been taken to prevent injury, both to the workers and to anyone else who may be in the area.

Underground power cables

Always assume cables will be present when digging in the street, pavement or near buildings. Use up-to-date service plans,
cable avoidance tools and safe digging practice to avoid danger. Service plans should be available from regional electricity
companies, local authorities, highways authorities, etc.

Overhead power lines

When working near overhead lies, it may be possible to have them switched off if the owners are given enough notice. If
this cannot be done, consult the owners about the safe working distance from the cables. Remember that electricity can
flash over from overhead lines even though plant and equipment do not touch them. Over half of the fatal electrical
accidents are caused by contact with overhead lines. More detailed guidance on avoidance of danger from overhead
electric lines is available from HSE.

Safety Precautions while working with gases like oxygen

Oil grease or similar substances must not be allowed to come into contact with compressed oxygen or liquid oxygen.
Contact of this substance with oxygen may result in an explosion. Personnel working in an area of possible oxygen
concentration, such as near an oxygen vent or a liquid oxygen spillage, or in a trench where oxygen seepage and concentration
might occur, must ensure that their clothing is free from contaminations of oxygen before lighting a cigarette or approaching
a naked flames. It is essential that the clothes be dries for at least 15 minutes before approaching a flame after any such
contamination.

The following precautions must be strictly observed at all times :

1. Thoroughly wash all oxygen fittings, valves and parts with clean Tricolor Ethylene (TCE) / Carbon Tetra Chloride
(CTC) before installation. Never use petrol, kerosene or other hydrocarbon solvents for this purpose. All tubing,
lines valves etc. to be used in oxygen service, must be of an approved type and must be thoroughly degreased and
blown out with clean oil-free compressed air or Nitrogen before being placed in service.

2. Do not permit the release of Acetylene or other flammable gases in the vicinity of the plant air intake. A concentration
of Acetylene exceeding 5 parts per million in liquid oxygen may explode with extreme violence. Strict supervision is
essential to minimize the possibility of contamination.

3, The plant and plant vicinity must be kept clean and free from abstractions at all times. Any oil leak within the plant
surrounding must be rectified without delay. Oil spillage must be cleaned up immediately using rag and Carbon Tetra
Chloride.

4. Do not lubricate oxygen valves, regulators, gauges or fitting with oil or any other substance.

5. Ensure that insulation removed from the Air Separator jacket is not contaminated with oil or other inflammable

materials. Personnel carrying out maintenance on the Air Separation Plant equipment must wear clean overalls and
their hands and tools must be free of oil. This ensures that the insulation and equipment within the jacket is not
contaminated with oil. Should contamination take place the affected materials must be discarded and replaced by

clean new material?
6. Do not fasten electric conduits to the plant or its pipelines.
7. Do not use oxygen as a substitute for compressed air, spark present in an atmosphere of oxygen will immediately
burst into flame.
8. Do not fill any container or pipe line with oxygen unless it has been thoroughly degreased with clean CTC or TCE.
9. When discharging liquid oxygen or rich liquid from drains, valves or pipe lines, open valves slowly to avoid the

possibility of being splashed. In particular ensure that liquid does not run into shoes or gloves. Contact with liquid
oxygen rich liquid will cause frostbite evidenced by whiteness and numbness of the skin. The affected parts must
be batched at once in cold (not box) water and seek medical attention immediately.

10. Do not breathe cold oxygen vapour. The temperature of the vapour rising from liquid oxygen is approximately 181°C.
A deep breath of vapour at this temperature can result in frost-bitten lungs with resultant serious illness and
permanent disability or death.

11. Do not experiment with liquid oxygen by putting solids or liquids into it for the purpose of watching the effect of the
cold liquid. The object placed in the oxygen may catch fire or explode.

12. Do not pour liquid oxygen on the floor of the shop or around any object that can catch fire. As the liquid oxygen
vaporizes, the cold vapours may be swept along ground into contact with combustible material. The whole floor of
an office is known to have caught fire when oxygen vapours contacted a lighted cigarette butt. Spillage of liquid
oxygen must be avoided especially in the vicinity of lubricated machinery, asphalt paving, concrete surface containing
bitumen joints or where the liquid oxygen can flow into drains or sewers.
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13.

14.

15.

16.

Do not use any pipe jointing on oxygen pipe threads except approved for oxygen service. Ordinary pipe jointing
contains grease as a lubricant and will catch fire.

Compressor and expander lubricating oil consumption must be regularly checked any excessive consumption must
be investigated immediately and the cause rectified.

The use a of a flame (e.g. for welding or cutting) in the immediate vicinity of the Air Separation plant or oxygen piping
must be permitted only when the plant has been shut down and de frosted and when the oxygen content of the air
within the equipment concerned does not exceed the atmospheric normal of 21%. Do not attempt repair until all
pressure is released from the section to be dismantled.

Remember that pressure alone is not dangerous. A Boiler at 0.7 Kg/cm?g may be more destructive in the event of an
explosion than a small container at 220 kgs/cm? owing to the greater mass of metal involved. In general, fluid at high
pressure and moving at a high velocity are the most dangerous. Use a face shield or chemical type safety goggles
when using the oxygen or nitrogen test set to prevent possible injury to the operator in the event of a blow-back of
the reagent.
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CHAPTER : 2
HAND TOOLS

21 HAND TOOLS

A machinist must be skilled in the use of the numerous hand tools, which have been designed to make his work easier.
In addition to knowing how to use hand tools properly, the machinist must also know the various types of tools available
to do a particular job, how to select the best type and size for a given job, and how to care for and store tools when not
inuse. A skilled craftsman takes great pride in his ability to use tools correctly. Because most of these tools are finely
made and expensive the ownership of a good tool kit is a never-ending source of satisfaction and pleasure. This chapter
describes and explains many common hand tools used by machinists and tool and diemakers.

22 CLASSIFICATION

There is a fairly large number of hand tools used in Workshop Practices. A broad classification of these tools, according
to their use, is given below:

Marking and Measuring Tools.

Cutting Tools.

Striking, Benchwork & Fitting Tools

Precision Measurment Tools & Gauges.

Work Holding Tools

Thread Cutting Tools

Miscellaneous Tools.

NN R W=

221 MARKING AND MEASURING TOOLS

The common operation performed by these tools include marking, measuring, setting out angle and parallel lines and
testing. All tools do not perform every operations but all those tools which do one or more ofthese operations are grouped
together in this category. The tools included in this group are described below.

I. Steel Rules (Fig. 2.1)

Steel scales or rulers are essential to have in both six inch and 12 inch lengths. This type of measuring device is typically
used for sheet metal layout, and for taking measurements where extreme precision is notrequired. Scales are made of either
atempered carbon steel or a satin-finished stainless steel, and are available in both flexible and rigid form. The flexible scale
typically has a thickness of about 0.015 inch, while a rigid scale is about 0.040 inch thick.

Fig. 2.1, The proper use of a steel scale requires that the end of the scale not be used to make a measurement. Instead, the one inch
mark is used as the starting point. However, you must remember to subtract one inch from the final measurement.

Scales are graduated in exact portions of either a metric measurement, or a fractional measurement. Scales with fractional
graduations are typically divided into increments of 1/32 inch on one side and 1/64 inch on the other side. A decimal scale
is usually divided in tenths or fiftieths of an inch on one side while the other side is divided in increments of 1/100 inch.
Metric graduations are measured in centimeters and millimeters, and are often included on the same scale. Since it is
sometimes necessary to convert from metric to fractional or decimal form and vice versaitis a good idea to keep a conversion
chart with your layout tools.

Because the end ofametal scale is not precisely cut, the cut, or factory end should not be used as a measuring guide. Instead,
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you should always begin measuring somewhere after the first few markings on a scale to ensure a correct measurement.
The one inch mark is typically used as the starting point because it is easily subtracted from the final measurement.

[I. Combination Set (Fig. 2.2)

Itisavery useful instrument having a combination of five different instruments in one, thus facilitating a fairly wide range
ofuses, It consists of a steel scale graduated in inches and its parts or centimeters and millimeters. Itis available in varying
lengths from 20 cm to 60 cm. A groove, midway between its width, runs along its full length. At its one end is provided
a flat square which enables its use as an engineer's try square in testing and setting right angles and also as a depth gauge.
Abevel protractor provided at the middle carries a spiritlevel. The latter enables its use for testing trueness of flat surfaces
and the former as a bevel protractor for setting, testing, marking, measuring and duplicating different angles. A centre-
square provided at the other end is used for locating centres at the end faces of round bars, avoiding the use of V-block,
etc. All these attachments can be used simultaneously or separately, or as a combination of two or more, depending upon
the requirement. All the attachments are provided with nuts and screws to lock them in position. These nuts carry knurls
at their outer surfaces, as shown in the diagram, to provide a firm grip during screwing and unscrewing. A combination
set is shown in Fig. 2.2, and a few typical applications of it are shown.

Fig. 2.2, Combination Set

[ll. Bevel Protractor (Fig. 2.3)

A bevel protractor (Fig. 2.3) is a tool for measuring angles within one degree. It consists of a steel rule, a blade, and a
protractor head. The protractor head has a revolving turret graduated to read from 0° to 180° in opposite directions. The
head may be a reversible type with shoulders on both sides of the blade or a nonreversible type with a single shoulder.
Most bevel protractors contain a spirit level, which is useful when measuring angles in relation to a horizontal or vertical
plane. A plain steel protractor may be more convenient to use for laying out and checking angles on some types of work.

Fig. 2.3, Bevel Protractor
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IV. Indde & Outsde Calipers (Fig. 2.4)

Calipers are a type of measuring device typically used to measure diameters and distances or for comparing sizes. As an
aviation maintenance technician you must be familiar with three types of calipers. They are the inside caliper, the outside
caliper, and the hermaphrodite caliper.

Calipers are very similar to dividers in that they have two legs with some type of pivot. Inside calipers are used to measure
the inside diameter of a hole, and have legs that point outward. Outside calipers, on the other hand, are used to measure
the outside diameter of an object and have legs that point inward. When using either type of calipers you adjust the caliper
until it fits snugly across the widest part of an object, and then measure the distance between the caliper leg points with
a steel scale.

OUTSIDE
CALIPERS

INSIDE
CALIPERS

Fig. 2.4 (a), Inside calipers have legs with ends that curve to the outside, whereas outside calipers have legs
with ends that curve to the inside.

V. Hermaphrodite Caliper

Hermaphrodite calipers are used to scribe marks that are a specific distance from a radius edge. These calipers have one
sharp-pointed leg, and one leg that curves to the inside. To use hermaphrodite calipers, the material being worked on is
first covered with layout dye, and the distance required is adjusted between the two caliper point is then moved along the
radius edge as the sharp point is drawn across the surface.

Fig. 2.4 (b), Hermaphrodite calipers are used to mark distances away from edges. These calipers have the straight leg of a divider
and a leg that curves inward similar to an outside caliper.

VI. Angle Plates (Fig. 2.5)

Are precision tools made of cast iron, tool steel, or granite (Fig. 2.5). They are widely used as fixture for holding work to
be laid out, machined, or inspected. The faces are at right angles and may have threaded holes, slots, and fitted clamps
for holding workpieces. Tool-makers’s clamps and C clamps are also used to hold the work. Angle plates are generally
used on surface plates and machine tool tables. Cast iron plates are surface ground and hand scraped to a high degree

of accuracy. Hardened tool-steel angle plates are surface-ground very accurately and may be lapped for accuracy and
finish.
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Fig. 2.5, Angle Plates.

VII. Surface Plate (Fig. 2.6)

Itis a cast iron plate having a square or rectangular top perfectly planned true and square with adjacent machined faces.
This top is finished true by means of grinding and scraping (Fig. 2.6). This plate carries a cast iron base under it and the
bottom surface of the base is also machined true to keep the top surface of the plate in a perfect horizontal plane. Its specific
use is in testing the trueness of a finished surface , testing a try square, providing adequate bearing surface for V-block
and angle plates, etc., in scribing work.

L,

Fig. 2.6, Surface Plate
VIII. Try Square (Fig. 2.7)
It is better known as engineer's try square and is a very common tool used for scribing straight lines at right angles to a
true surface or testing the trueness of mutually normal surfaces. They are made in different sizes out of steel pieces. In
construction they are similar to a carpenter's try square but are comparatively more accurate. They can be made either in
one piece or in two pieces. The most commonly used type is the one shown in Fig. 2.7. It consists of a steel blade fitted
into a steel stock of rectangular cross-section.

They are well hardened and tempered to suit the need. Some more accurate types of try squares are made with their blades
having bevelled edges properly ground and finished square. Both inner and outer surface of the blade are kept truly at right
angles to the corresponding surfaces of the stock. In order to maintain this trueness this tool should be handled with
sufficient care and should never be used as a striking or supporting tool. The accuracy of this tool should be frequently
checked to ensure the trueness as it effects the accuracy of the finished job to a considerable extent.

o} sTOoCK

— BLADE

A Il 2 ¢ Vv ¢

Fig. 2.7. Try square.

IX. Surface Gauge (Fig. 2.8)

Itis a principal marking tool in a fitting shop and is made in various forms and sizes. It consists of a cast iron sliding base
fitted with a vertical steel rod. The marker or scriber is fitted into an adjustable device carrying a knurled screw at one
end, as shownin Fig. 2.8. By means of this screw the scriber can be loosened or tightened to setitatany desired inclination,
moved to and fro inside the hole accommodating it or adjust its height along the vertical pillar. Normally it is used in
conjunction with either a surface plate or marking table. Its specific use is in locating centres of round rods held in V. Block,
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scribing straight lines on work held firmly in its position by means ofa suitable device like angle plate and also in drawing

a number of lines parallel to a true surface. The instrument just described is a very simple form of surface gauge. It has
now largely been replaced by a more accurate instrument called universal surface gauge.

STEM
SCRIBER /

Fig. 2.8, Surface Gauge

X. Universal surface gauge(Fig. 2.9)

Itis an improved variety of the simple scribing block described above. (Fig. 2.9). Itis so designed that appreciably finer
adjustments can be made very quickly. It consists of a cast base, perfectly machined and planed at the top, bottom and
all sides. This base usually carries a V-shaped slot at the bottom so as to render it suitable for use on round objects. Two
guide pins are provided at the rear end of the base which can be pressed down to project below the base. The pins can
be used against the edge of the surface plate of any other finished surface for guiding the instrument during scribing.
A swivel bolt is provided at the top of the base in which the spindle is fitted. This spindle can be swung and locked in
any desired position by means of the adjusting screw which is provided with a knurled nut at its end for this purpose.
The scriber is fitted in a adjustable screw on the spindle and is capable of being adjusted at any inclination and height
along the spindle. A rocker is provided at the top of the base and it carries an adjusting screw at its rear end.

SPINDLE
\\‘-’

SCRIBER
SCRIBER NUT

ROCKER
ADJUSTMENT

SCREW
ROCKER

SPINDLE NuT

BasE GUIDE
PINS ~

Fig. 2.9, Universal Surface Gauge
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In operation the spindle is secured in the swivel bolt and is set at a desired inclination. The scriber is swivelled and set
at approximately required height. Finer adjustments, to bring the point of the scriber at the exact correct height, are then
made by means of the adjusting screw provided on the rocker. This instrument is used for scribing parallel lines at desired
heights from a plane surface, comparing the trueness of two similar heights, setting out a desired height and similar other
operations, and forms an indispensable instrument of bench work.

XI. Scribers (Fig. 2.10)

Dimension layout on metal parts, regardless of the accuracy, is typically accomplished by using layout dye and a marking
tool called a scriber. Scriber have needle-sharp points and are usually made of hard steel or are carbide tipped. To use a
scriber, a layout dye is typically applied to the metal first and the scriber is used to scratch through the dye. However, this
procedure will causes stress concentrations on the surface of a bend and, therefore, it is not acceptable to use this method
to indicate bend lines. Instead bend lines should be marked with a soft tipped marker.

Fig. 2.10, A Scriber is typically used with layout dye to mark reference points on a material. However, scriber marks should never be
used for bend lines as they cause stress concentrations that can lead to component failure.

XII. Dividers (Fig. 2.11)

Dividers are very useful instruments employed in marking work. They are similar in construction to the calipers but their
legs are not bent. Also, the free ends of the two legs are sharp points. They may have either a friction-joint or a spring
arrangement, as shown in Fig. 2.11. Their principal use is in measuring distance between two point or parallel lines on flat
surface, dividing a given length in a definite ratio, drawing circles and arcs and transferring dimensions from scales to
objects. The spring type dividers are more accurate and are widely used. Trammel is a useful alternative to dividers,
particularly in large work. Essentially it consists of two adjustable vertical legs, mounted on a common rod called beam,
which can be brought closer or opened out, as desired. These vertical legs are usually provided with a slot at the top so
as to mount them on the beam, and at the bottom they are shaped to have a sharp point.

Fig. 2.11, Spring dividers

XIl.  Punches

Punches are used to start holes for drilling; to punch holes in sheet metal; to remove damaged rivets, pins, or bolt; and
to align two or more parts for bolting together. A punch with a mushroomed head should never be used. Flying pieces might
cause an injury. Typical punches used by the aircraft mechanic are shown in Fig. 2.12.

Prick punches are used to place reference marks on metal. This punch is often used to transfer dimensions from a paper
pattern directly on the metal. To do this, first place the paper pattern directly on the metal. Then go over the outline of
the pattern with the prick punch, tapping it lightly with a small hammer and making slight indentations on the metal at the
major points on the drawing. These indentations can then be used as reference marks for cutting the metal. A prick punch
should never be struck a heavy blow with a hammer because it may bend the punch or cause excessive damage to the material
being worked.
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CENTER PUNCH

PRICK PUNCH

STARTING PUNCH

—

PIN PUNCH

I

ALIGNING PUNCH

HoLLow SHANK GASKET PUNCH

Fig. 2.12, Typical punches

Large indentations in metal, that are necessary to start a twist drill, are made with a center punch. It should never be struck
with enough force to dimple the material around the indentation or to cause the metal to protrude through the other side
of the sheet. A center punch has a heavier body than a prick punch and is ground to a point with an angle of about 60°.

The drive punch, which is often called a tapered punch, is used for driving out damaged rivets, pins, and bolts which
sometimes bind in holes. The drive punch is therefore made with a flat face instead of a point. The size of the punch is
determined by the width of the face, which is usually 1/8 inch to % inch.

Pin punches, often called drift punches, are similar to drive punches and are used for the same purposes. The difference
inthe two is thatthe sides of a drive punch taper all the way to the face while the pin punch has a straight shank. Pin punches
are sized by the diameter of the face, in thirty-seconds of an inch, and range from 1/16 to 3/8 inch in diameter.

In general practice, a pin or bolt which is to be driven out is usually started and driven with a drive punch until the sides
of the punch touch the side of the hole. A pin punch is then used to drive the pin or bolt the rest of the way out of the
hole. Stubborn pins may be started by placing a thing piece of scrap copper, brass, or aluminum directly against the pin
and then striking it with a hammer until the pin begins to move.

Never use a prick punch or center punch to remove objects from holes, because the point ofthe punch will spread the objects
and cause it to bind even more.

The transfer punch is usually about 4 inches long. It has a point that tapers, then turns straight for a short distance in
order to fit a drill-locating hole in a template. The tip has a point similar to that of a prick punch. As its name implies, the
transfer punch is used to transfer the location of holes through the template or pattern to the material.

222 CUTTING TOOLS
The various cutting tools in the various shops in workshop practices are discussed below :-
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[.  Hack Saw

The hacksaw is the chieftool used by the fitter for cutting rods, bars and pipes into desired lengths. It consists of a metal
frame, which may be solid, as shown in Fig. 2.13 (a), or adjustable, as shown in Fig. 2.14 (b). The blade fits over two pegs
which project from the pins sliding in the ends of the frame. The wing nut at the front end to the frame is for tensioning
the blade. The blades are made of carbon or high-speed steel and may be finished with the cutting edge only hardened
or they may be hard all over. The soft-backed blades are tougher and less liable to break then the all-hard blades. The
blades are specified by its length and the point or pitch. The length of the blade is the distance between the outside edges
of the holes which fit over the pins. The most usual balde for hand work is 250 mm long and 12.5 mm wide. The point
or pitch is measured by the number of teeth per 25 mm length.

&Solid frame

—== = :

Wing

i nut
[jade /PII'I-\

tand

P

(a) Solid frame hacksaw

(b) Adjustable frame hacksaw

Fig. 2.13, Types of hacksaws.
The points of the teeth are bent, as shown in Fig. 2.14 (a), to cut a wide groove and prevents the body of the blade from
rubbing or jamming in the saw cut. This bending of the teeth to the sides is called the setting of the teeth as shown in
Fig. 2.14 (b). Usually alternate teeth are set to right and left, every third of fifth tooth left straight to break up the chips

and help the teeth to clear themselves. The fine-toothed blades for cutting thin metal are sometimes made with a wavy
set to minimize stripping of the teeth from the blade.

Pitch
y # LI e e e s e S e ™

(a) Pitch of teeth (b) Set of teeth

Wrong, only one tooth Correct, more than two
in contact teeth in contact

Fig. 2.14, Position of teeth.

The choice of the blade for any particular class of work depends upon the pitch of the teeth and at least two or three teeth
should be in contact with the surface being sawn, as shown in Fig. 2.14 (c). Ifthis isnot attained, the teeth will be stripped
from the blade and sawing too sharply over a corner will also result in teeth being torn off.
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The best all-round blade for hand use is one with 16 to 18 teeth per 25 mm. For other special classes of sawing, the following
blades should be used :

a. 14 teeth per 25 mm, for solid brass, copper and cast iron.

b. 24 teeth per 25 mm, for silver, steel and thin cast steel rods.

c. 32 teeth per 25 mm, for sheet metal and tubing e.g., steel, copper and conduit tubing.

The following should be kept in mind while using a hacksaw :

.. The blade must be strained tightly in the frame and steady strokes (about 50 per minute)should be used.
The breakage of blades may be due to the following reasons :

rapid and rratic strokes,

too much pressure,

blade held too loosely in the frame, and

work not held firmly in the vice.

iii. Solid metals should be cut with a good pressure and thin sheets and tubes with light pressure.

po o g

II. Chisels

Thereis a fairly good variety of chisels used for chipping work by a fitter. Some very commonly used forms are Flat, Cross-
cut or cape, Round nose and Diamond point chisels (Fig. 2.15). All the chisels are forged from bar stock of carbon steel,
usually of octagonal or hexagonal cross-section to the desired shape and the cutting edge ground to the correct angle.
The forgoing operation is followed by annealing, hardening and tempering to make chisel body tough and obtain a sharp
cutting edge. Full length of the chisel is never hardened, only a small length above the cutting edge (say about 20 to 30
cm) is subjected to this treatment so that the remaining length if left tough and comparatively softer. The included angle
at the cutting edge varies between 40 degree and 70 degree depending upon the material on which it is to be used.
Approximate cutting angles for common materials are as follows:

Brass and copper : 40°
Wrought iron : 50°
Cast iron and general cutting work : 60°
Steel (cast) : 70°

a Flat Chisel

It is a general purpose chisel which is most widely used in cutting work, chipping large surfaces, cutting metal sheets,
rods, bar stocks and similar other purposes. Since it cuts the metal in cold state it is also frequently known as cold chisel.
In grinding, its cutting edge is given a slight rounding so as to prevent the corners from digging into the metal.

b. Cross Cut Chisd or Cape Chisd
It is a comparatively narrow chisel having its cutting edge slightly broader than the blade. It is done to keep the blade

free when the chisel is used to cut deep into the metal. Normal widths of the cutting edge vary from 3 mm to 122 mm. This
chisel is used to cut parallel grooves on large surfaces before chipping by means of a flat chisel cutting key ways etc.

@/

FLAT CHISEL CROSS CUT CHISEL ROUND NOSE DIAMOND POINT

Fig. 2.15, Types of Chisels

c. Round Nose Chisd

Itisused for drawing the eccentric hole back to correct centre which has run-off centre during drilling operation. Another
specific use of this type of chisel is in cutting oil grooves and channels in bearing and pulley bushes and cleaning small
round corners.
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d. Diamond Point Chisd
It is a special purpose chisel used for chipping rough plates and cutting cast iron pipes, cutting ‘V’ grooves, chipping
sharp corners, to square up corners of previously cut slots and cleaning angles.

Other chisels can be made in desired shapes to suit the work. A particular form known as side chisel, is very useful in
cleaning and finishing up slots which have been previously drilled such as cotter ways etc. Chisels which are used in
electric or pneumatic hammers have similar cutting edges but their heads are made to have a parallel shank so as to suit
the socket of the hammer.

1. Files

Files of different types are the principal hand tools used by a fitter. Allthe files, irrespective of their shape, size and grade
essentially consist of two main parts, viz., a toothed blade and a pointed tang which is fitted in a wooden handle. Details
of parts of a file are shown in Fig. 2.16. Files are generally forged out of high carbon steel or Tungsten steel followed by
cutting of teeth hardening and tempering etc. These files are manufactured in different varieties and their classification
is governed by the following factors:

a. Effective length - i.e. excluding the length of tang.,

b. Shape or form of the cross-section.,

c. Depth, spacing and cut of teeth.

HANDLE

le LENGTH d

Fig. 2.16, Different parts of File
Length of the files
It varies according to the need but the most commonly used lengths range usually from 10 cm to 40 cm and they cover
almostall sorts of filing work done by hand. Lengths between 10 cmand 15 cm are generally used for fine work, between
15 cmand 25 cm for medium sized work and above 25 cm for all general and large sized jobs.

Cross-Section

Files are manufactured having different shapes of their cross-sections to suit the variety of shapes which they have to
work on. The most commonly used shapes of the cross-sections are shown in fig. 2.17. At no. 1 is shown the section
of a square file which carries double cut teeth in all the four faces and is normally made tapered for about one-third of
its length near the end opposite to the tang, although square files without this tapered length are also available At no
2 is shown a three square or triangular file which normally carries single cut tecth on all the faces and is made tapered
towards the end for about two third of its length near the tip. The cross-section is an equilateral triangle.

N A0 =

§§
7 8

5 6

Fig. 2.17, Cross-sections of files.
1. Square 2. Triangular or three square 3. Round 4. Half round
5. Rectangular-1 6. Rectangular-2 7. Knife edge 8. Diamond file.

A round file has a circular cross-section as shown in Fig 2.17 at no. 3 and carries single cut tecth all around its surface.
Itisnormally made tapered towards the tip and is frequently known as Rat-tail file. Parallel round files having same diameter
throughout the length are also available. AtNo. 4 is shown the cross-section of a half-round file. It normally has single
cut teeth on the curved surface and double cut teeth on the flat surface.

Cross-Sectionsof FlatandHand Filesare shown respectively at No. 5 and 6. Both these files have arectangular cross-
section and the difference between them lies in the way they are tapered. A flat file is tapered towards the tip both in its
length as well as thickness whereas a hand file is tapered in thickness only. The former carries double cut teeth on both
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the flat faces and single cut teeth on the edges. In a hand file the flat faces carry double cut teeth and one of the edges
single cut. One edge, known as safe edge, does not have normally any teeth and hence this file is also known as safe
edge file. It is very useful in filing a surface which is at right angles to an already finished surface. The face edge is kept
facing the finished surface during the operation so that it is not spoiled. Pillar filesare also of rectangular cross-section
but are narrower in width and carry double cut teeth on all the surfaces. They can be tapered as well as parallel.

AtNo. 7 is shown the cross-sections of a knife edge file which carries double cut teeth on the two broad faces and single
cut teeth on the edge. Itis specifically used in filing narrow and intricate sharp corners having an included angle of less
than 90 degree. Cross-section of a diamond shaped file, used for special purpose work is shown at No.8.

There are a number of other types of files is use which are all special purpose files and are not in general use. A ward
fileis a thin flat file having fine cut teeth, about 10 cm long, used for fine work. Needlefilesare thin small files having
a parallel tang and a thin, narrow and pointed blade made in different shapes of its cross-section to suit the particular
needs of the work. They are used for filing very thin and delicate work. Rifflersare spoon shaped double ended files
having double cut teeth on the curved faces and are used for filing curved surface in the interior. Flat files are sometimes
bent, by heating to a dull red heat then hammering by a soft material such as lead or wood etc., followed by re hardening
to give them desired shapes and are then used for filing deep surfaces. They are then known as set files.

Teeth

Type of teeth and spacing between teeth, known as pitch, play an important role in the selection of files for a particular
work. According to the type of teeth the files are classified as 1) single cut and ii) Double cut. In a single cut files the
teeth are cut in parallel rows running across the faces and are normally inclined at an angle of 60° with the centre line of
the face. Float is the term frequently used for these files and they are particularly used for hard metals. They give a better
finish as compared to the double cut files but at the same time remove the material at a comparatively slower rate.

In a double cut file there are two sets of teeth; one similar to those of a single cut file and the other running diagonally
across the first set and inclined at an angle of about 10 degrees, to the centre line of the face on which the teeth are cut.
All the teeth are having anegative rakei.e., slopping backwards and thus cut only in the forward stroke. The angles given
above are suitable for general work in steel and for softer materials, these angles are changed, e.g., 30 degree and 60° for
wrought iron. The second or up cut angle is increased sometimes upto 90 degree even, for non-ferrous metals like brass
and bronze etc.

Depending upon the pitch of the teeth the files are classified as:

1. Rough having 8 teeth per cm.

2. Middle or coarse having 10 teeth per cm.

3. Bastard having 12 teeth per cm.

4. Second cut having 16 teeth per cm.

5. Smooth having 20 to 24 teeth per cm.

6. Dead smooth having 40 or more teeth per cm.

The above grade of files are respectively used for filing after chipping a casting effecting heavy reduction of stock, filing
huge bulk of work, making the surfaces smooth after the application of any of the above files and finishing purposes. All
the above grades of files may have either single cut or double cut teeth. Pitch of the teeth varies directly as the size of
the files. Smaller the file finer the pitch and larger the file coarser will be the pitch.

Filing

Filing is the most important operation that a metal worker has to learn. Filing is usually an after-treatment and usually
done after chipping. It serves to remove the burr from cuts and clean the face of the cuts, and to finish the final shape
ofaworkpiece. In general no more than 0.6 mm tooling allowance should be left for filing. Filingallows work to be made
accurate to 0.05 mm, in some cases to 0.02 mm, and even to 0.01 mm.

Working with the file requires some skill. Normally the work is held in a vice and should be level with the operator’s elbow.
He should place his left foot in the direction of the file stroke, and his right foot should be placed at an angle of 90° in
relation to his left foot.

The proper handling of the file is also an important condition for satisfactory filing work. In principle, the worker should
grip the file handle with his right hand, which is to guide the file. When working with large files, the ball of the left thumb
should be placed on the end of the file blade which is clasped by the fingers. The left hand exerts an increasing pressure
on the file in the forward motion.
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Fig. 2.18, Cross filing

Therighthand s to guide the stroke also when working with medium-size files, while thumb and forefinger of the left hand
exert the necessary pressure. For very light work with small files it is better to point the first finger along the top of the
handle to give more sensitive control and file is pressed against the workpiece with several fingers of the left hand.

It should be noted that the file cuts only on the forwards stroke, hence if required the file can be lifted off the work for
the return on the work during the return stroke, but the pressure from the left hand is released. Filing should always be
carried out with the file making the longest possible strokes so that all the teeth of the file receive even wear. The file should
also be moved across the work with slow steady strokes (50 to 60 per minute), taking care to keep it horizontal, and covering
the whole of the filing area at each stroke.

Methods of Filing
Generally speaking, there are three main methods of using a hand-flat file

In cross- filing the file strokes run alternately from the right and from the right to the left as shown in Fig. 2.18. This is
the common most form of filing and the one used for general shaping. In this method the possibility of rounding is
minimized, and the score marks made in the work by the file teeth are crisscrossed so that maximum amount of metal is
removed. The aim in cross-filing is always to move the whole of the file surface across the whole of the work surface in
one stroke.

In straight-filing the file is pressed forward approximately at right angles to the length of the work. On the back stroke,
the file should be lifted clear of the work in order not to blunt the teeth. Straight-filling is specially useful on long and
narrow pieces of work whose width is less than that of the file.

In draw-filing the handle of the file is not held. Instead, both hands are placed to close together on the blade. The file is
placed at right angles across the work while the hands, and especially the thumbs, grip the file and move it up and down
the length of the metal. It does not move much material, but a smoother cutting action is achieved than with cross or
straight-filing.

Careof Files

Files are very brittle and should be placed thoughtfully in the bench well in such a way that they do not rub or knock
against other tools, especially those of cast steel. Similarly, the file should never be used on hardened steel, or hard surface
scale such as cast iron skin, or allowed to strike against the hardened vice jaws. When not in use, the files are protected
from rust by coating them lightly with machine oil. Before using the file, the oil should be removed with carbon tetrachloride
or caustic soda. Make sure that the handle is firmly fixed to the file . New files are generally first used on copper, brass,
and later on wrought iron and mild steel. Filing, especially the filing of soft metals, causes the file teeth to become clogged
with particles of metal. This is known as pinning and, unless the obstructions are removed they will make deep scores
across the work and also the file will be unserviceable. Vigorous rubbing with a file brush or file card down the lines of
the teeth will clean the file. After brushing the file, chalk may be rubbed into the teeth. Rubbing the file teeth with chalk
will help to prevent pinning.

Worn files may be reused to a certain extent by dipping in hydrochloric acid but of course there is a limit to the number
of times this etching process can be carried out. Worn files are useful for making scraper, punches, chisels, etc. They are
also useful on the soldering bench when re-tinning soldering irons.

V. Scrapers

Scraping means shaving or paring off thin slices or flakes of metal to make a fine, smooth surface. This is done with tools
called scrapers which have very hard cutting edges. The material is a good quality forged steel and the cutting edge is
usually left very hard. Old files make excellent scrapers. The teeth of the file must first be ground off on all sides. They
are then heated and bent to the desired shape and ground to have the cutting edge, followed by hardening and tempering.
Scrapers are fitted with short, round handles that fit the hand snugly.
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HALF ROUND SCRAPER

Fig. 2.19, Type of Scrapers

Since a scraper removes very thin chips, the scraping allowance should be small. These allowances depends on the width
and length ofthe surface to be scraped or on the diameter and length of the hole to be scraped. Table gives the allowances
for scraping the plane surfaces and holes.

Surface Wt. (mm) Scraping allowance (mm) for the surface lengths (mm)

100 - 500 500 - 1,000 1,000 - 2,000 2,000-4,000 4,000 -6,000
Upto 100 0.10 0.15 0.15 0.25 0.30
100 - 500 0.15 0.20 0.25 0.30 0.40

Scrapers are made in a variety of lengths from 100 mm upwards and in many shapes, as shown in Fig. 2.19, depending
on the work to be done. These are : triangular, and half-round.

a Flat Scraper

The flat scraper is the most common and also the most easily made. The cutting edge is at the end. It should be curved
a little, looking at the broad side. This is done to keep from taking too broad a cut and to pre broad a cut and to prevent
the corners of the scraper from coming in contact with the surface being scraped and making deep scratches. A flat scraper
isused for producing a perfectly flat surface. Flat single-ended scrapers vary in length from 100 to 250 mm, double ended
scrapers having no handles can be 350 to 400 mm long. Scraper for rough work are 20 to 30 mm wide, and for extra-accurate
work they are made 16 to 20 mm wide, and for extra accurate work 5 to 10 mm wide. The thickness at the cutting end varies
from 1 to 3.5 mm. The lip angle of scrapers for rough scraping is 60 to 75 degrees, for finish scraping 90 degrees.

b. Triangular Scraper
The triangular scrapper has three cutting edges and is made from a triangular file. It is used to scrape round or curved
surfaces and to remove sharp corners and burrs. The blade is usually 150 mm long.

c. Half Round Scraper
A half- round scraper is, in shape, like a half-round file. In fact, they are often made from old half-round files. They are
used to scrape round or curved surface. The length of the blade from the handle should be at least 150 mm.

Care of Scraper

Scrapers have very sharp cutting edges. When, not in use, therefore, these scrapers should be stored so that the blades
are protected from damage. Either it should be kept in a special case or wrapped in a piece of cloth. Ifthe edges of scraper
require sharpening, the blade must be ground on the grinding wheel and then finished on the oilstone.

Scraping

Scraping is used for obtaining a truer flat surface than can be produced by machining or filing. So scraping often follows
filing. Having got the surface of the block reasonably flat with the file, the block should first be tested on the surface
plate, which is of cast iron and has a perfectly flat upper surface.

The top of the surface plate is covered with a very thin film of Prussian blue. Red lead may be used instead of Persian
blue. The surface to be scraped is then laid on the surface plate and moved back and forth. Thus the high spots on the
work will be marked with Prussian blue. Ifa thick coat is put on the surface plate, the low spots on the work will be marked
as well as the high ones. The high spots are scrapped down, the scraper being worked with a small circular motion . The
work is wiped clear of scraping before each testing. The process is repeated until the colour is spread evenly over the
surface.
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During scraping the handle of the scraper is held in the right hand with the first finger extended. The left hand is placed
on the lower end of the scraper and controls the cutting action.

Forscraping cylinder surface of a bearing either the curved or triangular scraper is used, with the handle in the right hand
and the left controlling the cutting edge.

V. Snipes
Hand snips serve various purposes, straight, curved, hawksbill, and aviation snips are commonly used (Fig. 2.20). Straight

snips are used to cut straight lines when the distance is not great enough to use a squaring shear, and to cut the outside
of'a curve the other types are used to cut the inside of curves or radii. Snips should never be used to cut heavy sheet metal.

STRAIGHT HAND SNIP

=" N é

CIRCLE SNIP HAWKS-BILL SNIP
2 TROJAN SNIP AVIATION SNIP

Fig. 2.20, Various types of snips.

Aviation snips are designed especially to cut heat-treated aluminum ally and stainless steel. They are also adaptable for
enlarging small holes. The blades have small teeth on the cutting edges and are shaped to cut very small circles and irregular
outlines. The handles are the compound-leverage type, making it possible to cut material as thick as 0.051". Aviation snips
are available in two types, those that cut from right to left and those that cut fro, left to right.

Unlike the hacksaw, snips do not remove any material when the cut is made , but minute fractures often occur along the
cut. Therefore, cuts should be made about 1/32" from the layout line and finished by hand-filing down to the line.

223. STRIKING, BENCHWORK & FITTING TOOLS

[. Hammers

Hammers were one of man’s earliest tools. The types of hammers used by machinists are limited, but they are available
in many sizes. Machinist’s hammers are classified as hard or soft hammers.

a Hard hammer

It is one that is made of carbon steel and forged to shape and size. It is heat-treated to make the striking face hard. A soft
hammer [Fig 2.21(a)]. may have the entire head made of a soft metal such as lead, babbitt, copper, or brass. Soft-faced
hammers have only their striking surfaces made of plastic, rubber, or rawhide. The faces are either clamped or press fitted
on the metal hammerhead [Fig2.21 (b)]. A hard hammer is used for striking punches, cold chisels, steel letters, and figures.
It is also used for forging hot metal, riveting, bending, straightening, peening, stretching, and swaging.

Fig. 2.21 (a), Soft hammers with brass head. Fig. 2.21 (b), Plastic faced soft hammer.
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b. Soft hammers

The are used when striking finished or semifinished workpieces to prevent marring the finished surfaces. For example,
soft hammers are commonly used for seating a workpiece in machine vise or tapping finished work being set up for a
machining or layout operation.

Various types of hard hammers most commonly used by machiniss and identification of their parts

The hammers most commonly used by machinists are the ball-peen (Fig. 2.23). the straight-peen (Fig 2.24). and the cross-
peen (Fig 2.22). The flat face of the ball-peen is used for general work such as striking punches; the rounded (ball) end
is used for riveting and peening. The straight-peen, which has peen-end parallel to the axis of the handle, is used for
stretching and drawing out metal when forging. The cross-peen, which has a peen-end at right angles to the hammer
handle, is used for riveting, stretching and drawing metal.

CROSS PEEN

Fig. 2.23, Ball-peen hammer

STRAIGHT PEEN

Fig. 2.24, Straight peen hammer

a Sedge hammer

Sledge hammers are comparatively 3 to 4 times heavier than the hand hammers. They are available in varying sizes and
weights from 3 kg to 8 kg. They are employed when heavy blows are needed in forging and other operations done on
heavy jobs. Sledge hammers can be of straight peen, cross peen or double faced typed as shown in figs. 2.25, 2.26 and
2.27 respectively. The straight peen hammer is one which carries the peen formed parallel to the axis of the eye at one
end and a flat face at the other end. Cross peen hammer is similar in construction to the former except that the peen runs
at right angles to the axis of the eye. If the hammer has no peen formation and instead carries flat faces at both ends, it
is known as a Double Ended or Double faced hammer.

STRAIGHT
PEEN CROSS /FACE
PEEN
CHEEK
NECK
EYE
EYE
CHEEK
FACE FACE

Fig. 2.25, Straight peen sledge hammer. Fig. 2.26, Cross peen sledge hammer. Fig. 2.27, Double faced sledge hammer.
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b. Claw hammer

[Fig. 2.28] It is made of cast steel and carries the striking face at one end and the claw at the other. The face is used to
drive the nails into the wood and other striking purposes and claw for extracting nails out of the wood. Its size is designated
by its weight and it varies form 0.25 kg. to 0.75 kg.

+— CLAW HEAD

WEDGE

Fig. 2.28, A claw hammer

c. Mallet
It is made of hard wood and is rectangular or round in shape, provided with a wooden handle. It is used for striking the
cutting tools, which have a wooden handle. A typical form is shown in Fig. 2.29.

Fig. 2.29, A Mallet.

d. Peening, or Swaging
Peening, or swaging, is stretching or spreading of metal by hammering. Examples of peening include flattening the end
of a rivet, spreading babbitt metal to fit tightly in a bearing, and straightening a bar by stretching its short side.

A hammer handle should be gripped near the end so the full leverage may be obtained when swinging the hammer. A
solid blow is difficult to deliver when the handle is gripped too close to the head of the hammer. The amount of force
with which the hammer strikes depends, in part, on the length of the handle and the weight of the head. To get the most
advantage of the handle’s length it should be held as far from the head as possible.

Size of hammers

The size of a hard hammer is specified by the weight of the head without the handle. Ball-peen hammer size ranges from
2 0z. to 3 1b. Size of soft-faced hammers are specified by the diameter of the face and the length of the head and range
from 5/8- in. diameter to 3-in. Faces are specified in degrees of hardness from supersoft to extra hard.

Il. Screw Drivers

The screwdriver is a tool for driving or removing screws. Frequently used screwdrivers include the common, crosspoint,
and offset. Also in use are various screwdriver bits that are designed to fit screws with special heads. The shank of
screwdriver is made of steel set into a wooden or plastic handle. The blade is shaped or flattened to fit recesses in the
heads of screws or bolts. Screwdrivers are made in many sizes.

A common screwdriver must fill at least 75 percent of the screw slot (Fig. 2.30). If the screwdriver is the wrong size, it will
cutand burr the screw slot, making it worthless. A screwdriver with a wrong size of blade might slip and damage adjacent
parts of the structures. The common screwdriver is used only where slotted head screws or fasteners are used on aircraft.
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COMMON
SCREWDRIVER

Square shank

Screw holding
driver

Compression of spring holds
screw firmly against tip of driver.

i Reed & Prince
— driver

Phillips head driver

Offset driver

=i = s D

Ratchet and spiral driver

Fig. 2.30, Screwdrivers and their uses.
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The two common recessed head screws are thePhillipsand theReed and Prince. As shownin Fig. 2.30, the Reed and Prince
recessed head forms a perfect cross, the Phillips screwdriver is blunt on the end. The Phillips screwdriver is not
interchangeable with the Reed and Prince. The use of the wrong type of screwdriver results in mutilation of the screwdriver
and the screwdriver results in mutilation of the screwdriver and the screwhead. A screwdriver should not be used for

chiselling or praying.

Figure 2.31 shows a set of jewelers' screwdrivers. Fig. 2.32 shows the correct way to hold this screwdriver. A stubby

screwdriver (Fig. 2.33) helps to start screws where space is limited.
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Fig. 2.32, Correct way to use a jewelers screwdriver.

Fig. 2.33, A stubby screwdriver.

A heavy-duty screwdriver (Fig. 2.34) is of average length but is made with a heavy blade and a square shank. The shape
of the shank permits the use of a wrench to assist in tightening a screw. Heavy (thick) material is used so that the blade
and shank will resist being twisted when a wrench is used.

&f@

Fig. 2.34, Heavy-duty sguare-shank screwdriver.

A Phillipsscrewdriver (Fig.2.35)is specially designed to fitthe heads of Phillips screws. It differs from other screwdrivers
in that the end of the blade is fluted instead of flattened. It is made in several sizes. Each size is numbered and relates the
diameter of the blade with the point number. For example, a No. 2 point has a %-in-diameter shank.

Fig. 2.35, Phillips screwdriver with No. 2.
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A double-ended offset screwdriver (Fig. 2.36) is used for turning screws in awkward places where there is not enough room
to use a regular screwdriver.

Fig. 2.36, Double-ended offset screwdriver.

A screwdriver blade should be ground so that the faces will be almost parallel with the sides of the screw slot. The end
of the blade should be made as thick as the slot in the screw will permit. A lade ground to a chisel point has a tendency
to slip out of the screw slot and, also, to leave a ragged edge on the slot.

Excessive heat at the time of grinding, indicated by a blue color appearing on the blade, will draw the temper of the steel
and cause the blade to become soft. This will result in the end of the blade being bent out of shape when a heavy pressure
is applied to tighten a screw.

When reconditioning a screwdriver blade, grind the end of the tip first to square it with the shank. Next, grind the blade
to the thickness required by holding it on the grinding wheel. Usually, the radius of the grinding wheel will produce a
satisfactory end on the blade.

I1l. Spanners & Wrenches

A wrench or a spanner is a tool for turning nuts or bolts. It is usually made of steel. There are many kinds of wrenches.
They may consist of a slot, socket, pins or movable jaws for grasping the nut, with the rest of the tool serving as a handle
for applying pressure.

Various types of wrenches

a. Single-endedwrench

(Fig. 2.37,a) A single-ended wrench is one that is made to fit one size of nut or bolt. This is the most inexpensive type
of wrench and is quite efficient in ordinary situations.

b. Double-endedwrench
(Fig.2.37, b) It has two openings, one at each end of the handle to fit two different sizes of nuts or bolt heads.

c. Closed-endwrench

(Fig.2.37,c) It is similar to a single-ended wrench, but, because it entirely encloses anut, there is little danger of the wrench
slipping off the nut or of the jaws spreading apart. For these reasons, it is preferred for some jobs. It is also known as a
box wrench.

d. Adjustable wrench

(Fig.2.37,d) It has a movable jaw, which makes it adjustable to various sizes of nuts. A heavy type of adjustable wrench
is the monkey wrench. When using this type of tool, point the jaws in the direction of the force applied. This will prevent
the jaws from springing apart, and the wrench will be less likely to slip off a nut. The movable jaw should be adjusted so
that it is tight against a flat surface of the part to be turned. It is not good practice to use a wrench as a hammer.

(a) Single-ended wrench

(b)
(c)
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(d) Adjustable Wrench
Fig. 2.37, Types of wrenches.

e. Lever-jawwrench
[Fig2.38 (e)]. It is a combination gripping tool with adjustable jaws, which may be locked in place. It may be used as a
wrench, clamp, pliers, or vise.

f.  Combination wrench

[Fig2.38 (f)] It has two types of openings of the same size. One end has a box type opening with the opposite end designed
as an open end. It is a very practical wrench because it can be used in places where the space for movement is limited;
if one end will not work conveniently, the other end will.

g. Check-nutwrench

[Fig.2.38(g)]. Itisathin, single - ended or double-ended wrench used for turning check or jam nuts. The thinness of these
nuts, often used in narrow spaces, requires the use of a thin wrench. These wrenches are not intended for hard use. The
openings are offset at an angle of 15°.

h. Tool-post wrench

[Fig.2.38 (h)]. It is a combination box and open-end wrench. The open end is straight rather than offset. The square box
end is designed to fit tool-post screws and setscrews on lathes and other machine tools. It is ruggedly designed to
withstand wear and hard use.

i. Squarebox wrench
[Fig.2.38 (1)]. Itisasingle-head closed-end wrench having arather short handle. It is widely used for square-head setscrews
on tool-holders for the lathe and other machine tools. The square opening is made at an angle of 22.5° for convenience.

e. Lever Jaw Wrench f. Combination Wrench

P =0

g. Check nut Wrench h. Tool post wrench
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i. Square Box Wrench j. T-handle Tap Wrench

Fig. 2.38, Types of Wrenches

j. T-handle tap wrench (sometimes called a T-tap wrench)

Itisused to hold and turn small taps up to about %2- in. [Fig. 2.38(j)] [t usually has two inserted jaws, which can be adjusted
to fit the square end of the tap. The chuck when tightened holds in tap securely. This type of wrench is made in several
size, each size having a capacity for several sizes of taps. This wrench may also be made with a long shank for tapping
holes that are difficult to reach. It is also useful for turning small hand reamers.

k. 12- point box wrench
[Fig. 2.39(k)] It is designed with 12 notches, or points, inside a closed end. The points of a nut may be gripped by any
one of the notches of the wrench, which permits the turning of a nut where only a short pull of the wrench is possible.

I. Adjustable tap wrench

[Fig.2.39 (1)] It isastraight type of wrench having a solid V-shaped opening in the centre. A sliding member, or adjustable
jaw, operated by one of the handles makes it possible to hold taps of various sizes. This type of wrench is made in many
sizes to turn tap and reamers of all sizes.

m. T-socket wrench

Itis made in the form of a T, as shown in [Fig. 2.39(m)] The hole, or socket, in the end is made in a variety of shapes such
as square, hexagonal, or octagonal. It is generally used on jobs where there is insufficient space to permit the use of an
ordinary wrench. The handle may be removed from the hexagon-shaped head of the wrench to permit the use of another
wrench to turn it when more pressure is required than can be applied with the handle.

n. Offset socket wrench
[Fig.2.39(n)]. Itis made with the same variety of sockets as a T-socket wrench. It is designed to be used on nuts requiring
great leverage or in places where a T-socket wrench cannot be used.

0. Pinhook spanner wrench
It is designed, as shown in Fig. [2.39(0)] to fit around the edge of large round nuts, which have holes in them to fit the
pins of the wrench.

p. Adjustable-hook spanner wrench
[Fig. 2.39(p)] It is used on round nuts having notches or slots cut on their periphery to receive the hook at the end of
the wrench. Being adjustable, it will fit many sizes of nuts.

g. Adjustable pin-face wrench

[Fig.2.39(q)] Itis designed, with two arms, each having a pin in one end. This tool is used to adjust nuts that are enclosed
so that an ordinary wrench cannot be placed around them. A nut in this situation is made with holes around the face to
accommodate the pins in the ends of the adjustable legs of the wrench.

r. Strapwrench
[Fig.2.39(r)]. It is used for turning cylindrical parts or pipes, removing bezels, or holding or revolving any job on which
the surface finish must be preserved.

s Stillson- type pipe wrench
[Fig.2.39 (s)]. It is designed with adjustable jaws that are serrated, making it possible to grip round pipe and other
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cylindrical parts. The serrated edges tend to cut into the metal being gripped, so care should be used to protect plated
or finished surfaces being turned with this kind of wrench.

t. Hexkeywrench
It is sometimes called an Allen wrench and is made of hexagon-shaped stock to fit the holes in the head of setscrews
or socket-head screws. They are available in many sizes. [Fig. 2.39(t)]

u. Socket wrenches
They are round box type wrenches having two openings. One opening is a square hole into which the various driving
attachments used for turning the socket wrench are plugged.[Fig. 2.39(u)]

The socket end has an opening with angular notches to fit bolt heads and nuts. This notched opening is made with either
4,6,8,0r 12 points. The 6 and 12-point sockets are used for hexagon-headbolts and nuts, while the 4- and 8- point sockets
are used for square-head bolt and nuts.

v. Ratchetwrench

[Fig.2.39(v)] may be either of the socket type or the open-end type. The handle turns the interchangeable sockets through
aratchet mechanism. This mechanism may be adjusted to operate in the clockwise or the counter clockwise direction so
that the ratchet wrench may be used to tighten or loosen nuts or bolts . The sockets may be standard or extra deep sockets.
For hard-to-reach nuts or bolts, extension bar sockets can be used .

Socket have a lock-on feature in the form of a small hole on the side of the square hole into which a small spring-loaded

ball in the driving attachment fits. When the socket is pushed on the drive attachment and the hole and ball are aligned,
the ball is forced into the hole, thus preventing the socket from dropping off.

B

k. 12 point box wrench |. Adjustable tab wrench

<

m. T-socket wrench n. Offset socket wrench.

0. Pin hook spanner wrench p. Adjustable hook spanner wrench

g. Adjustable pin-face wrench r. Strap wrench



L.N.V.M. Society Group of Institutes, Palam Extn., Part-1, Sec.-7, Dwarka, New Delhi - 77 33

t. Hexkey wrench

u. Socket wrench v. Ratchet wrench.

Fig. 2.39, Types of wrenches

X. Torqguewrenches

They are used when it is necessary to know the amount of turning or twisting force being applied to a nut. The amount
of force is usually indicated on a dial or scale, which is mounted on the wrench handle [Fig. 2.41(b)] On some models
the amount of torque required can be preset on the dial, and an indicator will signal when that amount of force is reached.

—
—
—— %7 ol (( |

Fig. 2.40 (a) Extension bars Fig. 2.40 (b) Torque wrench.

The three most commonly used torque wrenches are the flexible beam, rigid, and ratchet types (Fig. 2.41). When using the
flexible-beam and rigid-frame torque wrenches, the torque value is read visually on a dial or scale mounted on the handle
of'the wrench. To ensure that the amount of torque on the fasteners is correct, all torque wrenches must be tested at least
once per month (or more often, if necessary).

OPEN END WRENCH

BOX-END WRENCH

é}—:—z@

COMBINATION WRENCH
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SPEED HANDLE

RATCHET HANDLE

N

N - HINGE HANDLE
SOCKET AND SOCKET G'mm

UNIVERSAL JOINT COMBINED EXTENSION BAR

Fig. 2.41, Wrenches and Sockets

V.  Pliers

The most frequently used pliers in aircraft repair work include the slip-joint, longnose, diagonal-cutting, water-pump, and
vise-grip types as shown in Fig. 2.42 and Fig. 2.43. The size of pliers indicates their overall length, usually ranging from
5to 12 inches. In repair work, 6-inch, slip-joint pliers are the preferred size.

SLIP-JOINT PLIERS WATER-PUMP PLIERS

Fig. 2.42, Types of pliers

LONGNOSE PLIERS VISE-GRIP PLIERS

DIAGONAL-CUTTING PLIERS

Fig. 2.43, Types of pliers

Slip-joint pliers are used to grip flat or round stock and to bend small pieces of metal to desired shapes. Long-nose pliers
are used to reach where the fingers alone cannot and to bend small pieces of metal to desired shapes. Long-nose pliers
are used to reach where the fingers alone cannot and to bend small pieces of metal. Diagonal-cutting pliers or diagonals
or dikesare used to perform such work as cutting safety wore and removing cotter pins. Water-pump pliers, which have
extra-long handles, are used to obtain a very powerful grip. Vise-grip pliers (sometimes referred to as a vise-grip wrench)
have many uses. Examples are to hold small work as portable vise, to remove broken studs, and to pull cotter pins.
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The flat noseplier, as shown in Fig. 2.44 (a) has flat jaws with small grooves. It is used for forming and holding work.

Fig. 2.44 (a) Flat Nose Plier Fig. 2.44 (b) Round Nose Plier

The round noseplier, as shown in Fig. 2.48 (b), has long jaws rounded on the outside. It is used for holding and forming
the various shapes and patterns.

Pliers are not an all-purpose tool. They are not to be used as a wrench for tightening a nut, for example. Tightening a nut
with pliers causes damage to both the nut and the plier jaw serrations. Also, pliers should not be used as a prybar or as
ahammer.

V. Crimping Tool

The precise form of the crimp is determined by such factors as the size and construction of the conductor, the materials,
and the dimensions of the termination. It is, therefore, most important that only the correct type of die and crimping tool
should be used, and that the necessary calibration checks have been made to the tool.

CABLE SIZE RANGE
STAMPED HERE

INSULATION CRIMPING
ADJUSTMENT PIN

RATCHET

—_ COLOUR CODED
HANDLES

Fig. 2.45, Example of a hand operated crimp tool.

Hand crimping tools (see Figure 2.45) normally have a self-locking ratchet which prevents opening of the tool until the
crimping action is complete. Some tools are equipped with a nest of various size dies to allow for a range of different sizes
and types of terminations, while others are suitable for one size and type only. In addition, many of the tools and /or dies
are colour coded to correspond with the colour marking used on some terminations. Itis essential that the recommendations
and instructions of the relevant aircraft or equipment manufacturer should be strictly complied with when undertaking work
of this nature.
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224. PRECISON MEASUREMENT TOOLS & GAUGES
The precision instruments are those which have ability to measure parts with an accuracy of 0.001 mm or better.

[. Micrometers (Insdde & Outside)

Figure 2.46 illustrates the typical standard type of micrometer for the measurement of external dimension. The main
components of the instrument are the frame, anvil, barrel, sleeve (or thimble) and the spindle. The jaws of the frame are
suitable machined to receive the anvil (which is usually a press fit), and the barrel, which is frequently fitted into the
frame with a fit which permits rotational adjustment by spanner or special key. The barrel is engraved with a graduated
scale equal in length to the measuring range of the instrument (usually 1 in. or 25 mm.), and is bored and internally screwed
with a fine and accurate right-hand thread. This thread accommodates the spindle which is machined with a matching male
thread. An integral sleeve on the spindle surrounds the barrel when the spindle is inserted and screwed into the assembly,
and this is usually knurled at the outer end to facilitate easy finger operation. The inner end of the sleeve is bevelled to
prevent barrel scale shadows, and the bevelled portion is graduated into equal divisions around its periphery.

Some micrometers may have a fixed barrel and a removable or adjustment anvil which might be located by a grub screw
orapin. Others may be equipped with a spindle locking device (as illustrated) which, when used, ensures that the instrument
remains set any specific dimension or reading . The spindle attachment containing a spring loaded ratchet (also illustrated)
is a common fitment, and this produces preset “feel” to the operation of the instrument. Many micrometers are provided
with tungsten or carbide tipped anvils and spindles to reduce wear on the measuring faces.

Note
British Standard 870 prescribes that when a friction or ratchet attachment is fitted to the spindle, the force it exerts between the measuring
faces shall be between 172 to 2% 1b.

The details of micrometers for the measurement of British dimensions are given in paragraph below, whilst those for
measurement of Metric dimensions are covered in paragraph under topic Metric system.

ANVIL SPINDLE LOCKING DEVICE SLEEVE OR THIMBLE
01 % /
nommfrrrrmrrrmnm
BARREL RATCHET
ATTACHMENT
FRAME

Fig.2.46, Typical Standard External Micrometer.

Note
Some instruments not to British Standard, although quite accurate, may not be provided with the general means of adjustment. Due
allowance for “zero” error must therefore be made, and the error must be added to all measurements made.

Note

The British Standard prescribes that micrometer frames upto 4 in. shall be of a suitable quality of steel, those above 4 in. and up to
12 in. may be of a suitable quality of steel or malleable cast iron, and those above 12 in. may be of suitable steel, malleable cast iron
or light alloy. The Standard recommends that suitable heat-insulating grips should be attached to the frame in convenient positions,
and that frames should be heat-treated to avoid secular changes that might take place in the material.

a Insde Micrometer

Aninside micrometer (Fig. 2.47) is designed with the same graduations as an outside micrometer and is adjusted by revolving
the thimble in the same way. It is used for taking internal measurements where greater accuracy is required than can be
obtained with inside calipers of telescoping gages. It is available in many sizes.
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Fig. 2.47, Inside Micrometer.
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FIG. C READING .2507"

Fig. 2.48, Reading the vernier scale of a micrometer.

T

Fig. 2.49, Vernier scale on the sleeve of a micrometer.

b. Screw Thread Micrometer
The thread micrometer (Fig. 2.50) is used to measure the pitch diameter of threads. The spindle has a 60° conical point,

and the anvil has a matching groove.

INTERCHANGEABLE ANVIL

CLAMPING SCREW RATCHET SCREW

FrAamE

Fig. 2.50, Thread Micrometer.

c. Depth Micrometer
These instruments (Figure 2.51) have a similar application to the vernier depth gauge . They consist of the standard type
barrel, sleeve and spindle, and the barrel is attached to, or is integral with a base plate having hardened contact faces, which
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are ground and lapped square to the spindle axis. Some of these instruments are available in combination sets with
detachable spindles, to cover various ranges of measurement and to widen the application and others may be provided
with detachable base plates of various dimensions and shapes.

RATCHET ATTACHMENT

SLEEVE
OR
THIMBLE

BARREL

"
yay /////\//7/‘

BASE PLATE m-\'— SPINDLE

Fig. 2.51, Typical Depth Micrometer.

d. Tube Micrometers

These micrometers are similar to the standard type except for the frame and the anvil. The frame is usually of single jaw
semi-horseshoe” shape, and the anvil is a vertical shouldered and ground spindle-post, fitting into the frame at 90° to the
spindle axis. Generally, these instruments are supplied with several anvils which differ in the diameter of the measuring
tip, and this feature gives the instrument a wider range of tube thickness measurement.

NIBS

e

STATIONARY MOVING JAW JAW SLEEVE
JAW JAW/SPINDLE BRACKET OR
el

O i
WEAR/_.-

ADJUSTMENT SCREW SPINDLE

Fig. 2.52, Typical Calliper Micrometer.

e. Calliper Micrometers

This type of micrometer (Fig. 2.52) is particularly suited to the measurement of small internal diameters. It consist of the
standard barrel and spindle assembly, with an offset pair of jaws located by a bracket attached to the inner end of the barrel.
The stationary jaw is located on the outer end of a ground spindle, and this is recessed into the barrel bracket at its inner
end. The moving jaw slides on the outer jaw spindle with a precision fit,and a split lug on the jaw clamps a split bush bearing
in arecess machined in the end of the micrometer spindle. Some of these instrument are available with sets of removable
jaws with differing nib widths, which stage and widen the measuring range of the calliper instrument

Note
It should be borne in mind when taking internal measurements, that with instrument which give a zero reading with the jaws closed,
the dimension over the nib must be added to the micrometer readings.

f. Veeblock Micrometers

Drills, taps, reamers and certain cylindrical lapping tools, are manufactured with three, five or seven flutes, and these
micrometers are necessary for the accurate measurement of the cutting or lapping dimensions of these tools. The
micrometers are similar to the standard type, except thatthe anvil is integral with the frame, and, adjustmentto the spindle,
the anvil is vee-shaped to the appropriate angle to facilitate measurement of three, five or seven-fluted tools.
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II. Vernier Based Instruments
Vernier System
A brief description of the vernier system as a means of defining linear dimensions is as follows.

Assuming two lines of equal length, each divided separately so that the total number of divisions in one is greater by one
division than the number of divisions in the other, the displacement or reading is equal to the linear difference between
any two divisions. For example, one of the most commonly used scales is where the main scale is divided into 20ths (0.050)
of'an inch and the vernier scale comprises 50 divisions over a distance of 2.45 in., each division equalling 0.049 in. Thus
the difference between any division on the main scale and any division on the vernier scale is 0.001 in. This principle is
illustrated in Figure 2.53.

6 7
12 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8
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[« 2.450 in. >

Fig. 2.53, The Vernier Scale.

One other widely used scale is where the main scale is divided into 40ths (0.025) of an inch and the vernier scale is divided
into 25 equal divisions over a distance of 1.225 in., each division equalling 0.049 in. The same principle as described in the
previous paragraph applies but, with this type, the vernier scale is read on alternative lines of the main scale, the two
divisions together equalling 0.050 in.

There are two other types of scales in use but these have largely been superseded due to the necessity of having to use
some form of magnification to obtain a true reading. In one, the main scale is divided into 40ths (0.025) of an inch and the
vernier scale is divided into 25 divisions over a distance of 0.60 in., each division equalling 0.024 in. In the other the main
scaleis divided into 50ths (0.020) of an inch and the vernier scale has 20 divisions over adistance 0f 0.380 in., each division
equalling 0.019in.

In addition to the decimal inch scaled instruments described above, vernier instruments graduated to the metric system
are obtainable. Some of these are composite types with inch and metric scales on opposite sides, whilst others read inches
or metric dimensions only.

Readingthel nch-Unit Vernier

To read measurement registered by this vernier, the number of inches and subdivisions of an inch that the zero line of the
vernier scale has moved over the main scale should be noted, and to this reading should be added the thousandths of an
inch, which is indicated where a line of the vernier scale is coincident with a line on the main scale. For example, in Figure
2.53, the scale registers the following settings. Main scale : inches = 5, tenths = 1 and the 43rd line of the vernier scale is
coincident with a line on the main scale. The reading thus obtained is 5.000+0.100+0.043=5.143 in.

Reading the Metric-Unit Vernier

This instrument reads in a similar manner to the inch-unit vernier, has main scale graduation of centimetres, millimetres and
halfmillimetres. The vernier scale (equal to 24 half millimetres) is divided into 25 equal divisions, producing a difference
between main scale and vernier scale graduations 0o 0.5 x 1/25=1/50 mm. (0.02mm.).

In some instances difficulty may be experienced in deciding which two lines are in fact coincident. In such cases a decision
may be helped by the fact that the lines on either side of the most nearly coinciding lines appear to be equally stepped (see
Fig.2.53). Itshould be borne in mind that it is a fundamental of the vernier system that not more than one line of the vernier
scale can be truly coincident with a line on the main scale.

Measuring Capacity

The measuring capacity of a vernier instrument is its graduated length minus the length of the vernier scale. Thus an
instrument having a scale such as that described in paragraph 2.1 may have, for example, a graduated scale of 14.450 in.
minimum but would be supplied as having a measuring capacity of 12 in.
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a Vernier Callipers

This instrument consists of abeam, on which is marked the main scale, and two jaws between which the item to be measured
isplaced. Onejaw is integral with the beam whilst the other, upon which is mounted the vernier scale, slides along the beam
(Figure 2.54). The measuring faces of the jaws are accurately machined to be straight and parallel.

With precision calliper gauges the movable jaw is connected to a clamping device (termed the “fine adjustment clipper”)
by means of the fine adjustment screw assembly. The clipper can be locked on to the beam at any position by means of
a locking screws, the accurate setting of the measurement being achieved by rotating the knurled wheel of the fine
adjustment screw assembly in the required direction.

A Vernier calliper is used where insufficient accuracy would be obtained with ordinary callipers. However, some degree
of'skill is necessary (unless the instrument is provided with a friction lock) to obtain the correct “feel”, otherwise inaccurate
readings will be obtained and, if over tightened, the instrument may be permanently damaged. Thus, the jaws should always
be closed gently on to the work piece, no attempt being made to alter the measurement by force.

When setting the callipers to a given measurement, the caliper should be securely locked at the approximate measurement
and the final adjustment made by means of the fine adjustment screw. After setting the instrument, the jaw locking-screw
should also be tightened before the calliper is used.

The parts to be measured should be perfectly clean, since foreign matter will not only affect the reading obtained but may
damage the accurately finished faces of the jaws.

For the measurement of internal dimensions, some instruments are provided with a pair of “knife-edge” jaws mounted
immediately above those used for external measurement. Other instruments have the outside lower portion of the external
measuring jaws rounded (the “nibs” shown in Figure 2.54), the overall dimension ofthe nibs with the calliper closed usually
being some convenient figure (e.g. 0.3 in). Which must be added to the indicated reading. The allowance to be made for
the width of the nibs is usually indicated on the fixed jaw (see Figure 2.54). No attempt must be made to force a locked calliper
between two surfaces, otherwise wear or out-of-parallelism may result.
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Fig. 2.54, Vernier Calliper.

Some makes of callipers are marked with two spots, or “targets”, one on the fixed jaw and one on the movable jaw, from
which dividers or trammels may be set after the calliper has been set.

Before use (in particular, before using a particular instrument for the first time) the calliper should be checked by closing
the jaws and holding the instrument up to the light, checking for full contact of the measuring surfaces. Without disturbing
the jaws, the reading of the calliper should then be checked to ensure that the zero lines of the main scale and the vernier
scale are concident.

b. Vernier Height Gauge
In principle the vernier height gauge is an adaptation of the vernier calliper gauge but instead of the measurement being
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based on the distance between fixed and movable jaws, it is calculated on the distance between amovable jaw and the surface
on which the instrument stands (usually a surface table). See Figure 2.55.

The instruments is provided with a relatively heavy base having a lapped underface; the upper surface of the movable jaw
(termed the measuring jaw) is the surface of the base. The measuring jaw is provided with a detachable scriber to permit
the accurate marking out of work pieces. The scriber itselfis produced within fine tolerances, it being a requirement of B.S.
1643 that the measuring faces must be flat and parallel to within 0.0002 in.

The main scale of the instrument does not commence at zero, since as the measurement is taken from a surface table, this
surface, is, in fact the zero (see Figure 2.55).

Since it is the top of the measuring jaw from which measurements are taken, it is necessary to fit the scriber for external
measurements, but for internal measurements the scriber may be removed. However, in some instances the measuring jaw
may not project sufficiently to permit an internal measurement to be taken, in which case the scriber may be fitted to the
measuring jaw as shown in Figure 2.56. When so used the thickness of the measuring jaw (usually marked on it) must be
subtracted from the indicated reading. Ifthe scriber is fitted to the top of the measuring jaw for internal measurement (again
in an upside down position), the thickness of the scriber (usually marked on it) must be added to the indicated reading.

When assessing external measurements it is advisable not to preset the height gauge, otherwise the scriber may ride over
the work piece, giving an incorrect reading. The scriber should be lowered gently on the surface to be measured, care being
taken to hold the base firmly on the surface table, and the setting locked. Conversely, when making internal measurements,
the measuring jaw should be raised gently to the surface to be measured to avoid lifting the work piece.

LOCKING SCREWS

SCRIBER

MOVING JAW

WORKPIECE

CURSOR

CURSOR
SCRIBER

BASK

Fig. 255 & 2.56, Vernier Height Gauge.
Note
It is particularly important to hold the base down firmly when using the fine adjustment screw.

When setting the instrument to an external flat surface the use of the lighting method described in this paragraph may be
found useful in checking the final setting.

It is essential that at all times the base of the instrument, the surface table, any ancillary measuring equipment used and
the work piece itself should be kept perfectly clean to ensure accuracy of measurement. Ita height gauge is left on a surface
table but is not in immediate use, steps should be ensure that it is not knocked over and damaged.
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c. Vernier Depth Gauge

This instrument is again based on the vernier calliper principle, except that in this case the beam carrying the main scale
passes atright-angles through a jaw on which is mounted the vernier scale. The jaw is placed over the depth to be measured
(e.g. ablind hole) and the beam is lowered into the hole until contact is made with the bottom or some other predetermined
point of contact, when the indicated measurement is read in the manner described for the vernier calliper.

. [ ""L'"'o'”l!é“é%" !
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Fig. 2.57, Depth Gauges.

d. Vernier Bevel Protractors
A typical bevel protractor consists of a solid base or “stock”, one face of which is machined flat so that it can be laid

accurately on a flat surface, e.g. a surface table. An adjustable straight edge attached to the instrument can be set to any
angle relative to the base.

Fig. 2.58, Vernier Bevel Protractor

Angular movement of the straight edge rotates a die on which is mounted a circular protractor scale (graduated in degrees)
which, in conjunction with the vernier scale, permits the units (minutes) to be read in a similar manner to the vernier calliper.
Thus, the number of whole degrees which have been passed by the vernier zero mark should be noted and then, continuing
toread in the same direction (this is important as the scales are identical to the right and left of the zero lines), add the number
of minutes indicated by the coincidence of a line on the vernier scale with a line on the main scale, in the example shown
in Figure 2.59, the reading is 14°20".
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Fig. 2.59, Vernier Protractor Scale.

In the scale shown in Figure 2.59, a length of 23° of the main scale is divided into twelve equal parts to form the vernier
scale. Thus one division ofthe vernier scale equals 23°/12, or 1°55', the difference between one division of the vernier scale
and two divisions ofthe main scale being 5'. The instrument can, therefore, be read to an accuracy of 5', but if greater accuracy
is required, the angle should be measured by the sine bar method.

In order to facilitate the reading of the protractor, some manufacturers provide a magnifying glass or eyepiece which can
be mounted on the instrument.

IIl. Ring Gauge

The ring gauges are used to check the diameter of shafts or studs. These are cylindrical in shape and has a hole of the exact
size specified for the part to be checked. In using a ring gauge, it should fit over the part being checked without the use
of force and without any noticeable side movement. A standard ring gauge commonly used is shown in Fig. 2.60. The
limit ring gauges with 'Go' and 'Not go' ends are also available. The 'Go' and 'Not go' ended are identified by an annular
groove on the periphery of the gauge.

b & & ¢
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Fig. 2.60, Ring Gauge.
IV. Plug Gauge
Aplug gage (Fig.2.61)isused to test the accuracy ofholes. Itshould engage the hole to be checked without using pressure
and should be able to stand up in the hole without falling through, just bale to slowly slide through. The shape of the plug
(Fig. 2.62) may be conical, as gage A and C; square, as gage D; hexagon, as gage H; or one of the several others shown.

Fig.2.61, Plug Gages
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Fig. 2.62, Various shapes of plug gages.

V. Filler Gauge

The filler gauge, as shown in Fig.2.63, is used to check the clearances between two mating surfaces. It consists of a series
of thin steel strips (known as leaves) hardened and ground to various thicknesses. Each leafis marked with its thickness
which varies from 0.05 mm to 1 mm. The leaves are pivoted in holder of knife shape.

Fig. 2.63, Filler Gauge.

VI. Snap Gauge

A snap gage (Fig. 2.64) ismade with openings to fit over a part to be checked. The part may be cylindrical or flat. Snap gages
are made double-ended for measuring two dimensions, and also singled-ended. An adjustable type of snap gage is shown
inFig.2.64. They are made in many sizes, with openings ranging from 1/4 to 12 in. The lower anvils of the gage may be adjusted
asmuch as 1/4 in. to a required dimension. Gages with two anvils are sometimes referred to as go and not-go gages. When
this is the case, the inner anvil is raised slightly higher than the front one. For example, to measure a shaft with a dimension
of 1.500 and a 0.003 limit more or less would call for the inside opening to be 1.498 and the outside opening to be 1.503.

In order to pass inspection, the shaft should go through the outer setting of the gage, but should not go through the inner
setting.

Fig. 2.64, Snap Gauge
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VII. Radius Gauge

The radius or fillet gauge, as shown in Fig. 2.65, is used to check the radii of curvature of concave or convex surfaces. It
consists of a number of steel blades having standard radii ground and lapped on the ends and sides. The size of the radius
of'the curve is stamped on the blade for ready reference. The blades on one end of the gauge are used to check the concave
surfaces and those on the other end are used for the convex surfaces.

Fig. 2.65, Radius or fillet gauge

VIII. Wire Gauge

A wire gauge is a flat, circular steel piece having slots all along its periphery. These slots have different standard sizes which
are engraved near their bottom. The size of each slot represents the correct diameter of the wire of which it represents the
gauge. The gauge number varies inversely as the size of the wire. That is, the higher the gauge number the thinner the
wire and vice versa.

Fig. 2.66, A Wire Gauge

IX. Dial Test Indicator

An indicating gage exhibits visually the variations in the uniformity of dimensions or contour; the amount of variation is
indicated by a lever on a graduated dial. There are many types of indicating gages, and new uses for them are constantly
being devised.

The most common type of indicator is shown in Fig. 2.67 (A). While itis generally referred to in the shop as a dial indicator,
it is more properly called a test set. It consists of a sturdy steel base with T-slots on its top and bottom surfaces, a steel
column, which may be securely fastened to the base, an adjustable clamp, which fits on the column, an indicator-holding
rod, and a dial indicator. This is a general-purpose gage used in all departments of a toolroom. One of the most common
uses for it is in setting a piece of work in a four-jaw lathe chuck accurately.

Dial indicators are made in five standard sizes, ranging from 1% to 3% in. in diameter. The size of the graduations on the
face of the dial may vary from 0.00005 to 0.001 in. Some dials are of the balanced type, as in Fig. 2.68. In this case, the
graduations are numbered consecutively on both sides of zero. Continuous dials have the graduations numbered
continuously around the dial, as in Fig. 2.69. Indicators usually have arange of2'42 revolutions of the indicator hand. Some
indicators have a revolution counter built in, which indicates how many revolution the indicator hand has made (from one
to ten) on the face of the continuous dial. Another desirable feature is a double dial, which permits setting zero at any
required position around the edge of the dial, independent of the revolution center.
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Fig. 2.68, Dial indicator test set. Fig. 2.69, Continuous dial with revolution counter and double dial.
X. Gauge Blocks

Johansson-type gage blocks are the standard of precision measurement for the world. They measure accurately in
millionths of an inch, an accomplishment considered impossible before their introduction.
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Fig. 2.70, Gauge Block

Precision gage blocks of the Johansson type are rectangular pieces of tool steel, approximately % in. by 1 % in. The

blocks are hardened, ground, stabilized, ad finished to an accuracy within a few-millionths part of an inch from the specified
size. Gage blocks are sized according to their thickness.

Precision gage blocks embody in their commercial manufacture the solution of four universally recognized metallurgical
and mechanical problems-flat surfaces in steel, parallel surfaces in steel, accuracy as to dimension in steel, and effective

heat treatment and seasoning of steel.

Making a flat surface in steel is one of the most remarkable achievements in mechanics. A flat surface with an extremely
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high finish, having the appearance of burnished silver, is produced by the Johansson method; it approaches nearer the
perfect plane than any other surface produced by the hand of man. These flat-lapped surfaces, when thoroughly cleaned
and slid one on the other with a slight in-ward pressure, will take hold as though magnetized. They have been known to
sustain a weight of 200 1b on a direct pull, although the contacting surfaces are less than /4 sq. in. Scientists have offered
atmospheric pressure, molecular attraction, and a minute film of oil on the lapped surfaces as explanations of this
phenomenon.

The degree of parallelism attained in the manufacture of the Johansson gage blocks is demonstrated by the fact that any
block in a given combination may be turned end for end, at will, without affecting the parallelism of the two extreme surfaces
of the combination.

The making of one steel surface parallel with another is good, but to make one surface a predetermines parallel distance
from another surface with an accuracy in millionths of an inch is a more remarkable achievement. This accomplishment
is proven by the way in which an equivalent combination of precision gage blocks checks against one solid block.

Animportant operation in making gage blocks is the seasoning of the metal. This must be done so that the internal stresses
and strains within the metal are relieved. The molecules of the steel may be said to be at rest, and because of this, the usual
warping or growing is checked.

A full set of gage blocks consists of 81 blocks that have surfaces flat and parallel within 0.000008 in. In addition to the
regular blocks, many accessories have been designed to be used with them. A group ofaccessories including a foot block,
straightedge, scriber, trammel points, adjustable holder, and jaws of various sizes.

Another style of precision gage block is the Hoke type; a complete set is in the first three rows. These blocks are
approximately 0.950 in. square and vary in thickness. The hole through the center of each block permits the use of internal
tierods, by means of which rapid, compact assembling of various attachments is possible without the use of clamps. Many
of these attachments are in the back of the box of gage blocks.

Some types of gage blocks have holes near the ends; they may be joined together by an eccentric clamp after the ends
have been wrung together.

Precision gage blocks and an Electro limit height gage are being used to check the location of a hole in a master railroad
gage.

The first series consists of nine blocks, ranging in size from 0.1001 to 0.1009 in. by steps of 0.0001 in.
The second series consists of 49 blocks, ranging in size from 0.101 to 0.149 in. by steps 0f 0.001 in.
The third series consists of 19 blocks, ranging in size from 0.050 to 0.950 in. by steps of 0.050 in.

The fourth series (Fig. 2.71) consists of four blocks measuring 1,2,3 and 4 in.

Series No. Of Increments Sizes
Blocks (inch)
1 9 0.0001 0.1001, 0.1002, 0.1003, 0.1004
0.1005, 0.1006, 0.1007, 0.1008,
0.1009
2 49 0.001 0.101, 0.102, 0.103, 0.104, 0.105,

0.108, 0.107, 0.108, 0.109, 0.110,
0.111, 0.112, 0.113, 0.114, 0.115,
0.116, 0.117, 0.118, 0.119, 0.120,
0.121, 0.122, 0.123, 0.124, 0.125,
0.126, 0.127, 0.128, 0.129, 0.130,
0.131, 0.132, 0.133, 0.134, 0.135,
0.138, 0.137, 0.138, 0.139, 0.140,
0.141, 0.142, 0.143, 0.144, 0.145,
0.146, 0.147, 0.148, 0.149

3 19 0.050 0.050, 0.100, 0.150, 0.200, 0.250,
0.300, 0.350, 0.400, 0.450, 0.500,
0.550, 0.600, 0.650, 0.700. 0.750,
0.800, 0.850, 0,900, 0,850

4 4 1.000 1.000, 2.000,3.000, 4.000

Fig. 2.71, Precision gage-block series.
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XI. Sine Bar

A sine bar (Fig. 2.72) consists of a hardened and ground steel bar in which two hardened and ground-plugs of the same
diameter are set. For ease in making calculations, the center distance between the plugs is 5, 10, or 20 in. The edges of
the bar must be parallel with the center line of the two plugs. A sine bar is always used in conjunction with a true surface
such as a surface plate (Fig. 2.73), from which measurements are taken. The sine bar receives its name from the fact that,
in setting a sine bar to a required angle, as in Fig. 2.80, dimension AB is calculated by multiplying the sine of the required
angle by the length of the sine bar.

Fig. 2.72, Sine bars. Fig. 2.73, A granite surface plate.

The sine bar may be used to set a piece of work to arequired angle. InFig. 2.73, the plug at one end of the sine bar is elevated
above the other plug a distance equal to the sine of the required angle, multiplied by the length of the sine bar. For example,
if the angle is 32°29"' and the sine bar is 5 in. long, the distance of one plug of the sine bar above the other plug equals the
sine 0f32°29', which is 0.53705, multiplied by 5, which equals 2.68525 in A sine bar may be set in position by the use of
gage blocks or with the aid of a vernier height gage. Figure 2.75 shows four gage blocks being used to set a sine bar.
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Fig. 2.74, The distance AB is equal to the sine of the angle multiplied by the length of the sine bar.

The sine bar may also be used to determine the size of an angle. The vertical distance between the plugs of the 5-in., sine
barinFig.2.76 is foundtobe 3.3131 in. By dividing the distance by 5, it is found that the sine of the required angle is 0.66262,
which is shown in a table of sines to represent an angle of 41°30'".

Fig. 2.75, A sine bar may be set to an angle using precision gage blocks.
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Fig. 2.76, The angle at which a sine bar is set may be determined Fig. 2.77, Diagram for sine bar problem.

by the vertical distance between the two plugs of the sine bar.

A precision angle has always been difficult to set because of the trigonometric calculations used with the sine bar. The
chiefdifficulty lies in the dimension X of Fig.2.77, which often results in a figure with many decimal places. Gauge blocks
can only approximate this value. For example, to measure 44°30' by the sine-bar method, the following steps are required
when using a 5-in. sine bar.

Find the sine 0f44°30' from the trigonometric tables.
0.7009093
Multiply by 5 to find dimension X.
3.5045465
Determine the combination of gage blocks necessary to make this dimension.

0.1005
0.104
0.300
3.000

3.5045

Residual error (the difference between the calculated and actual values).

3.5045465
-3.5045000

0.0000465

This error cannot be eliminated in sine-bar procedure. However, it can be eliminated with the use of angle gage blocks.
With angle gage blocks, a 45° block is wrung on a 30' block so that the plus end of the 45° block contacts the minus end
of'the 30" block which forms an angle 0f44°30'. This is a simple procedure, and more important, it is absolutely accurate.

A complete set of 16 angle blocks yields 356,400 angles in steps of one second, with an accuracy measured in millionth
parts of acircle. At first glance, the ability of a few blocks to measure hundreds of thousands of angles seems impossible.
However, angles can be measured by subtraction as well as by addition, which allows a few blocks to perform this surprising
job.

XII. Screw Pitch Gauge

Itisavery effective, fool-proofand fairly accurate instrument used to check the pitch of the threads cut on different items.
It consists of ametal case carrying anumber of blades which have teeth of different pitches, cut on their edges and markings
corresponding to these pitches on their surfaces. In operation, different blades are tried on the threads one after the other
and when any one of them is found meshing with the cut teeth, the relevant reading is read directly from the marking on
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the matching blade surface. A typical form of this gauge is shown in Fig. 2.78. It can be used to measure and check the
pitches of both external and internal threads. It is for the same reason that the free ends of the blades are made narrow to
enable them to enter the hollow parts easily while checking the internal threads. In some instruments the blades are made
to have markings both for the pitches as well as a value equal to double the depth of the threads. The latter quantity helps
in readily determining the drill size to be used before tapping.

©

Fig. 2.78, Screw-pitch gauge.

225. WORK HOLDING TOOLS

I. Clamping and Holding Devices

Many devices have been designed to hold work securely while it is being measured or machined. Some of them are for one
specific piece of work; others are of more general nature. These include many types of clamps and vises.

a C-Clamp
A C-clamp (Fig. 2.79) is an all-purpose clamp, made in the shape of the letter C. In general use for all kinds of work, it is

made in many sizes.

Fig. 2.79, C-clamp.

b. Paralle Clamps

A toolmakers' clamp (Fig. 2.80) consists of two flat steel jaws, which may be adjusted to fit a piece of work by mans of a
screw passing through the center of each jaw. Another screw in the end of one jaw is used to exert pressure on the other
jaw. This pressure tightens the opposite ends of the jaws. It is used by toolmakers for holding small parts both at the bench
and at machines. This tool is also known as a Parallel Clamp. Care must be taken to keep the jaws in a parallel position.
Otherwise the clamp screws may seem to be tight but will not be holding the work tightly because they are just being
tightened one against the other (Fig. 2.81).

Fig. 2.80, Toolmakers' parallel clamps.



L.N.V.M. Society Group of Institutes, Palam Extn., Part-1, Sec.-7, Dwarka, New Delhi - 77 51

RIGHT WRoONG
Fig. 2.81, Right and wrong way to use toolmakers parallel clamps.

Il. Vices & V-Block

Vices are the most suitable and widely used tools for gripping different jobs in position during the various operations
carried out in a fitting shop. There is a fairly good number of different types of vices which are in engineering use such
as parallel jaw vice, swivel vice, machine vice, hand vice, pipe vice and tool maker’s vice.

a Pin Vice

A pinviceis used for holding very small pieces like wire nails and pins etc. It is nothing but a small form of collect chuck.
It consists of a handle and a tapered nose carrying a small collet chuck at its end. The collet carries three hardened steel
jaws which are operated by rotating the handle. The piece to be held is inserted between the jaws, the handle rotated
and thus it is gripped in the collet. Now the operation can be done by the other hand as shown in Fig. 2.82.

HANDLE

Fig. 2.82, Pin Vice.

b. Hand Vice

For gripping very small object a hand vice Fig. 2.83. is usually employed. These vices are made in various shapes and
sizes and a commonly used type is shown in Fig. This vice in appearance is similar to a leg vice. It consist of two steel
legs hinged together at the bottom and carrying the hardened steel jaws at the other end (top). A spring attachment is
provided between the two legs which always tends to keep the jaws separate. A screw is fastened to one leg and passes
through the other. At the free end ofthe screw a wing nut is provided. The piece to be held is gripped between the serrated
jaws by tightening the wing nut. The vice as whole, together with the gripped piece, is held in one hand and the required
operation performed by the other hand. Evidently, therefore, the manipulation of the work is more or less similar to that
when it is directly held in the hand.

WING NUT

Fig. 2.83, Hand Vice.
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c. Bench Vice

The parallel jaw vice is most commonly used in general fitting work. Itis shown in full section in Fig. 2.84 and swivel type
bench vice in 2.85. These vices are available in different trade sizes and the selection of a suitable size will depend upon
the maximum size of the work it is expected to grip. The width of the jaws determines the size of the vice.
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Fig. 2.84, Paralled jaw bench vice.

In fixing it on the fitter’s bench it is held with the help of bolts passing through the planks of the bench and the holes
provided in the base of it. These bolts are tightened by means of nuts and thus the vice is held firmly on the bench. The
jaws of the vice are usually kept overhanging the edge of the bench.

It essentially consists of a cast steel body carrying a fixed jaw, a movable steel jaw, square threaded screw and a fixed
nut under the movable jaw piece. The threaded screw which is made to pass through the movable jaw at the outer end
carries ahandle atits outer end a collar inside so as to prevent it from coming out of the jaw when revolved. It runs through
the fixed nut longitudinally under the movable jaw. Separate cast steel plates, known as the jaw plates, are fixed to the
jaws by means of set screws which are made flush with the working faces of these plates. The holding faces of these plates
are provided with serrations to increase the gripping power of the jaws. Finished surfaces should be protected when
placed in the vice by using brass or copper jaw caps as in Fig. 2.86.

Fig. 2.85, Swivel-type bench vise. Fig. 2.86, Protective jaw caps for vise.

For gripping the work in the vice the jaws are opened out by withdrawing the movable jaw by rotating the screw, the work
is held between the jaws by one hand and the screw tightened by rotating the handle by other hand. This brings the two
jaws closer and pressure on the work is attained by tightening or loosening screw depending upon the need. The work
to be held in this vice may be of any regular or irregular shape and a desired amount of grip can be applied. The parallel
jaws of the vice enable the work to be held square so that the filing, scrapping and chipping operations can be performed
accurately. On account of the serrations on the gripping faces of the jaw plates there is always a likelihood of the work
surface getting damaged when gripped tightly between these jaws. To avoid this, soft plate liners, such as those of copper
or tin, are interposed between the work and the jaws. This prevent the work surface from coming in direct contact with
the indented jaws.

d. Machine Vice or Toolmaker's Vice

For holding very small tools and other work a very simple type of hand operated vice is used by the tool makers, known
as tool maker’ svice. It consists of a U-shaped body carrying a screw in one limb. A metal block is placed between the
end face of the screw and the other limb of the body. The piece is gripped between the surface of this block and the free
limb of the body, by the tool makers, for small machining operations like drilling or tapping etc. Itis shown in Fig. 2.87.

Similarly for holding pipes and tubes etc., a special type of vice known as pipe vice, is used.
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Fig. 2.87, Toolmaker's vise.

e. V-Block

A “V’ block, serves as a very useful support to the work in marking and drilling etc. It usually works in conjunction with
aU-clampsas showninthe Fig. 2.88. Round bar can be very successfully held init. The bar length is placed longitudinally
in block and the screw in the clamp tightened. This grips the rod firmly with the latter’s axis parallel to the V-groove.
Its specificuseis in holding the round bars, during marking and centre drilling their end faces, which are to be held between
centres on the lathe. Also it is very suitable for holding round bars in drilling operation when the axis of the drill is to
be kept normal to the axis of the bar.

l 1))

Fig. 2.88. V-Block



CHAPTER : 3
TAPS, DIES, DRILLS AND REAMERS

INTRODUCTION

This chapter deals with the various thread cutting tools and various types of drills and reamers that are used for making
and finishing holes. This chapter will also give a brief introduction of boring operation and at the end we will find out the
difference between drilling, reaming and boring.

31 THREAD CUTTING TOOLS

Thread cutting tools are used to cut internal as well as external screw threads. Threads can be cut of any form or type
depending upon the usages. They may be V-threads or square threads, of British Standard or American Standards, all the
threads can be cut either using hand tools or machine tools. Various threads forms are discussed in the later chapters. In
this chapter we will just discuss the thread cutting tools.

I. Dies

A tool used for cutting external threads on bars or tubes is called a die. It consists of a nut having portions of its thread
circumference cut away and shaped to provide cutting edges to the remaining portions of the threads. After hardening
and sharpening of the cutting edges, this is screwed on to the bar upon which the thread is to be cut. In order to hold and
manipulate the die it is carried in the centre of a pair of operating handles called stocks.

a Solid die
Asolid dieis one which has fixed dimension and cannot be adjusted for larger or smaller diameter (Fig. 3.1).

Fig. 3.1, Solid Die
b. Split die
The split dies, as shown in Fig. 3.2 (a), consist of a pair of dies or jaws which fit into the stocks, as shown in Fig. 3.2 (b),
and are clamped by a screwed ring. These dies slide and may be adjusted by screws which bear against their outer faces.
This permits the dies to be set a small amount open while the first cut is taken down a bar and closed into the correct size
for the final finishing cut.

SPLIT DIE STOCK FOR SPLIT DIE

Fig.3.2, (a) Split die Fig.3.2 (b) Stock for split die.

c. Adjugtable die

Adjustable means that it can be set to cut larger or smaller diameter. A circular adjustable split die as shown in fig is very
common. The die is split through one side and a slight adjustment is made by means of the setscrew shown. If this screw
is tightened up the die is opened up slightly, whilst unscrewing will cause the die to spring in. Another common type
is the two-piece rectangular die. In this type the dies are fitted into a special stock and they are closed by means of the
adjusting screw (Fig. 3.3).
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Fig. 3.3 Adjustable die.

The size of a die is specified by the outside diameter of the thread to be cut and pitch of the thread.

II. Taps

The hand operated taps used in fitting shop are employed for cutting internal threads in cylindrical holes or for cleaning
damaged threads in similar parts. A tap consists of a toothed body having flutes (usually 4) cut on its surface, a round
shank and a square formation at the end of the shank. The flutes are provided for the same purpose as in case of a twist drill
and square formation at the top enables a firm grip by tapping handle or wrench. All the hand taps of different sizes are
available in a set of three taps of each size known as Taper, Second and Plug or bottoming taps respectively as shown in
fig. 3.4. In the threading operation they are used in the same order as taper, second and plug.

In a taper tap last five or six threads are ground out to produce a tapered surface such that diameter at the end of this tap
becomes slightly less than or equal to the diameter of the hole to be tapped. This enables the tap to enter the holes without
any difficulty and as the tap advances into the hole each successive tooth of the body increases the depth of threads
until the entire tapered portion has entered the hole. After this, with the further advancement of the tap in the hole, the
remaining teeth on the body of the tap gradually increase the depth of the threads to the required value. It is evidently
the first tap to be employed during the operation.

After full length of the toothed body of the tap has been screwed down in the hole, this tap is withdrawn and then follows
the second or intermediate tap. Second tap is entered into the hole and screwed down its full length in the same fashion
as taper tap and thus the threads are cut and finished to the required size. If, however, the threads are to be cut in a blind
hole where it is not possible to pass the second tap through the hole, a plug or bottoming tap is used after the second
tap to finish the threads right upto the bottom of the hole as the cutting teeth in the plug tap extend right upto its bottom
end.

TAPER SECOND PLuG
Fig. 3.4, Taps.
32 REAMERS

When an accurate hole with a smoother finish is required a reamer is used to remove a little metal from the hole and to
bring it to the correct size. The reamers are supposed to remove minimum amount of metal from 0.1 to 0.15 mm for rough
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reaming and 0.05 to 0.02 mm for finish reaming. Holes with a diameter less than 25 mm should be first rough reamed and
then finished reamed. Holes over 25 mm in diameter are first enlarged with a counterbore. They are then rough reamed
and finally brought to size with a finishing reamer.
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TANG SHANK  NECK EDGE NECK SET SCREW

(C) EXPANSION

Fig. 3.5, Type of reamers.

There are two kinds of reamers namely, those which are turned by hand, called hand reamers, and those which are used
on the machine, called machine reamers. There are also reamers which can be expanded which means that they can be
made larger to cut a little oversize. These are called expanding reamers. An expanding reamer is specially made so that
its size can be changed by 1.6 mm.

They are obtainable in cast steel or in high speed steel, with parallel or tapered cutters, with straight or spiral flutes. The
standard tapered reamers are 1 in 50 and then there is a range of reamers for morse tapers.

The hand reamer in Fig. 3.5 has a square shank for holding in a tap wrench or similar tool. This is a parallel reamer, and
it has a series of straight flutes cut along its length. The number of cutting edges varies according to the make and size
of the reamer. The cutting edges of reamers have a small amount of land along their top edges. When the reamer is
sharpened it is ground in the flute, and top of the land must not be touched. Some hand reamers are slightly tapered at
the end so that a gradual © lead in’ to the hole may be obtained. The taper extends for approximately a quarter of the total
length. This type of reamer is useful for starting the reaming operation. Hand reamers are also obtainable with spiral flutes.
The spiral is left- handed. If the reamer had a right-hand spiral it would tend to screw itself into the hole too quickly as
the reamer was turned and produce an irregular hole.

TYPES OF REAMERS
The reamers are of the following types :

I. Hand Reamers

Hand reamers are usually provided with a parallel shank and square tang, as shown in Fig. 3.5. The tang is made so in
order to hold it in a handle. The flutes may be straight or spiral. In both cases the reamer carries a taper towards the end
of'its flutes, for a length about equal to its diameter, in order to have an unrestricted entry into the previously drilled hole.
It should be noted that these reamers are not to be used for machine reaming in any case. Before starting the operation,
the reamer should be held true and straight and in operation it should always be rotated in one direction only. In case
of hand reaming the material to be removed should not be more than 0.127 mm.

[I. Chucking or machine reamers
This category includes two types of power driven reamers, namely fluted reamers and rose reamers. The latter class may
have straight or taper shank. The teeth are bevelled at the end and cutting takes place only there. No relief is provided
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on the lands, which are almost as wide as the grooves. The fluted part of this reamer is slightly tapered towards the shank.
This is not a finishing tool and is usually followed by hand reamer. As such, its size is normally kept from 0.076 mm to
0.127 mmbelow the nominal size.

; Morse Taper

s == =

R.H. Cutting
straight flutes

Fig. 3.6, A rose reamer.

The fluted reamer differs from the rose reamer in that, for the same diameter, it carries more number of teeth than the rose
reamer. Another difference is that its lands are narrower than the grooves (flutes) and are relieved for the entire length.
The shank may be tapered or straight. Due to inconvenience in holding, itis advisable that reamers below 12 mm diameter
should not have taper shank and those above 25 mm diameter the straight shank. Two typical forms of rose and fluted
machine reamers are shown in Figs. 3.6 and 3.7 respectively.

[MUMSE TAPER

t R.H. CUTTING
L.H. HELIX : 8°TO 12°

Fig. 3.7, Fluted machine reamer.

I1l. Adjustable reamers
These reamers are available in both straight shank as well as taper shank. The main body is made to have parallel grooves

in which are fitted adjustable blades. These blades can be made to project outward or drawn in so that the same reamer
can easily be adjusted to suit different sizes of holes within a fairly wide range over or under the nominal size. This is
a specific advantage of this type of reamer over other types. Another valuable feature is that its blades can be easily
sharpened and adjusted and, therefore, have longer life. All the above factors compensate the extra cost of this kind of
reamer as compared to the solid type. These reamers are available in different sizes and in both typesi.e., hand and machine.
The body may be in one piece with shank or shell type (Fig. 3.8).

SHELL

@ ©
O ©

ADJUSTABLE
BLADES

Fig. 3.8, Shell type adjustable reamer.

IV. Expansion reamers

The whole body of an expansion reamer consists of mainly two parts. The main body, which carries the cutting teeth,
carries a slightly tapered hole inside and is slitted longitudinally to allow expansion. A tapered plug is fitted at the end
which, when screwed on, creates the desired expansion. The flutes may be straight or spiral. The former type is shown
in Fig. 3.9. It should, however, be carefully noted that this tool should not be confused with the adjustable reamer as it
is not meant for reaming oversize or undersize holes. The provision for slight expansion is simply to make the life of the
tool longer for reaming the standard size holes.
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Fig. 3.9, Straight flute expansion reamer.

V. Taper reamers

Taper reamers are made in sets of two, one for roughing and the other for finishing. They are available in all the different
standard sizes. Hand taper reamers are provided with a square formation at the end of the shank so that they can be held
inwrench. Their shank is parallel. The machine taper reamers may have a straight or taper shank and the tang is bevelled
as usual. The notches provided on the lands of roughing reamers help in breaking the chips. The flutes are straight or
spiral. The latter form is very common in machine reamers. A pair of hand taper reamers is shown in Fig. 3.10.

= s -

BODY PARP}_LEL SHANK

Fig. 3.10, Hand taper reamers.

VI. Taper pin reamers
This is a standard form of taper reamers which carries a standard taper of about 20 mm per metre along its body. These

reamers are used for finishing taper pin holes of standard sizes. They may have helical or straight flutes. A straight flute
taper pin reamer is shown in Fig. 3.11.

TANG SHANK CUTTING EDGE FLUTE

| i

Fig. 3.11, Straight flute taper pin reamer.

VIl. Shell reamers

These reamers are manufactured both in rose type as well as fluted type. They are mounted on an arbor. The same arbor
canbeused for different reamers. This effects a considerable saving in material, particularly in case of large size reamers.
That is why these reamers are generally available in comparatively larger sizes only. The arbor may have a straight or
taper shank. Two standard types of arbors and a straight fluted shell reamer are shown in Fig. 3.12.
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Fig. 3.12, Shell reamer with arbors.
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VIII. Carbide tipped reamers

In mass production work, where reaming is a regular operation, ordinary high speed steel reamers will not prove
economical. In such cases a preferable practice will be to use carbide tipped reamers which will withstand heavy loads,
retain cutting edges under high temperatures, have more resistance to abrasion and employ higher cutting speeds. All
these factors will jointly contribute towards a cheaper and at the same time a high quality production. Particularly in
castings and other hard metals, their use will give very good results. In these reamers small bits or tips, made of cemented
carbides, are inserted in the lands. In order to have full advantage of these reamers, it is necessary that sufficient stock
of material should be left to be removed by reaming. Some representative forms of carbide tipped reamers are shown in
Figs.3.13,3.14and 3.15.

[
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Fig. 3.13, A parallel shank carbide tipped reamer.
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Fig. 3.14, A taper shank carbide tipped reamer.

|

Fig. 3.15, A carbide tipped shell reamer.

IX. Jobber's reamer
A Jobber's Reamer (Fig. 3.16) is a taper-shank machine reamer having flutes about the same length as a hand reamer; it

is used as precision finishing reamer.

Fig. 3.16, Jobber's reamer

SOME OTHER IMPORTANT FORMS OF REAMERS

I. Socket reamer for Morse Taper

A large number of standard parts carry Morse Tapers and also the shanks of a number of tools like drills, reamers, etc.,
carry this taper. The socket M.T. reamers are made and used for finishing the tapered holes to one of the six standard
morse tapers, numbering from 1 to 6, as required. They may carry parallel shanks or taper shanks and can be hand type
or machine type. The cutting edges on the body of such a reamer are tapered to conform to the required morse taper. The
flutes may be parallel or helical. A parallel shank socket reamer for Morse Taper, carrying parallel flutes is shown in Fig.
3.17.

Fig. 3.17, A parallel shank socket reamer for Morse Taper.
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[I. Machine Bridge Reamers

These reamers are also known a structural reamers because they are mainly used in structural work, such as ship building,
bridge making, etc. In such fabrications, a large number of steel plates, stays and similar other parts carry punched or
drilled holes, which require sizing and finishing at site in order to obtain proper alignment while assembling and to facilitate
the use of standard size bolts and rivets in the assembly. Since the operation is carried out at site, usually portable electric
drills or pneumatic tools are used to hold and rotate these reamers. These reamers carry mores taper shanks and are
availableina fairly wide range of diameters. Two common varieties of these reamers, namely a straight fluted and a helical
fluted machine bridge reamers are shown in Fig. 3.18 and 3.19 respectively.

— —
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Fig. 3.18, A straight fluted machine bridge reamer.

Fig. 3.19, A helical fluted machine bridge reamer with square tang.

[ll. A stub screw machine reamer
This reamer carries spiral flutes and right hand cut. It is provided with a parallel
shank which carries a hole. This hole enables its fitting into a floating holder. Such a reamer is shown in Fig. 3.20.

-

Fig. 3.20, A spiral fluted R.H. cut stub screw machine reamer.

IV. Die maker's reamers
These are fluted chucking reamers carrying three flutes with a large helix angle. This helps in quicker cutting required
in die making. That is why they are largely used in die making work. Such a reamer is shown in Fig. 3.21.

Fig. 3.21, A die maker's reamer.

V. Burring reamers

These are hand reamers, which may have straight or spiral flutes. Their principle applications are inremoving burrs from
cut pipe pieces or conduits, but in thin jobs they can be used for enlarging holes also. A straight fluted burring reamer
is shown in Fig. 3.22.

Fig. 3.22, A straight fluted Burring Reamer.

Machine reamers are made parallel along their length with a slight taper in the same way as hand reamers, but they are
mostly made with a taper shank. These, too, have left-handed spiral flutes.

33 DRILLS

Drilling is an important operation carried out in a fitting shop for producing different types and sizes of holes in different
materials. There are many forms of drills used for this purpose. The simplest form is a Flat Drill which has a flat section
at the cutting edge and can have a parallel tapered or square shank according to the requirement. It is very easy to be
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manufactured and is the cheapest of all forms. It has many disadvantages too, such as:

1. Deep holes cannot be drilled by means of it as it does not have any suitable means of excavating the cut material
out of the hole during the operation.

2. Due to the presence of the metal chips inside the drilled holes its cutting edges are spoiled very soon, necessitating
very frequent grinding of these edges.

3. It is unsuitable for being used at the high speeds as its cutting edges are spoiled owing to the heat generated due
to friction at these speeds.

4. Speaking in the strict sense of accuracy it is not very accurate and dependable.

The other important and most widely used form of drills is a fluted twist drill. It has a cylindrical body carrying the spiral
flutes cut on its surface. Twist drills are usually made of highspeed steel, of course some cheaper varieties are made of
high carbon steel also. They are made in different forms to suit the work but the most commonly used types are

i Those having parallel shank and

il. Those having tapered shank as shown in fig. 3.23.

Parallel shank is provided on small sized drills (say upto 12.7 mm) only and those above this size are usually provided
with a tapered shank which normally carries the Morse taper. Other types of shanks used on twist drills are the bit shank
and ratchet shank, but they are not so commonly used as the above. It is important to note the different terms applied
to twist drills as shown in fig. 3.23.

The twist drill essentially consists of two main parts, a shank which is gripped in the chuck of the drilling machine
and the body which forms the main cutting unit. Tapered shank drills are provided with a tang at the end of the shank
to ensure a positive grip, as this tang fits a slot provided in the socket and enables an easy removal from the socket when
required. Main advantages of using twist drills are:

1. The chips and the cutting of the metal are automatically driven out of the hole through the spiral flutes.

2 Cutting edges are retained in good condition for a fairly long period, thus avoiding the frequent regrinding.

3. Heavier feeds and speeds can be quite safely employed.

4 For the same size and depth of hole they need less power as compared to other forms of drills.
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Fig. 3.23, Twist drill
Drill sizes
There are three methods used to indicate drill sizes : the number, fractional, and letter. Number drills range in size from 0.0135
inch for the number 80 to 0.2280 inch for the number 1 drill. Fractional drill are available in sets from 1/64 inch (0.0156) to
1/2 inch (0.500). Drill sizes larger than 1/2 inch are typically available individually and are not normally available in sets.
Letter drill sizes are all larger than number sizes and range from A (0.2340) to the Z (0.4130). The only drill size available
in two sets is the 0.2500 inch drill which is the letter E drill and the 1/4 inch drill. (Fig. 3.24).
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Fig. 3.24, Drill siz es are given in number, fractional, and letter form. Notice that the 0.2500 decimal equivalent is the only size that

has both a letter and a fractional form.

Since it is often difficult to tell the exact size ofa given drill there are several commercially produced gauges available that
simplify this task. (Figure 3.25)
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Fig. 3.25, Most drill gauges have holes in which you insert a drill in the appropriate hole. The gauge illustrated above also indicates
tap sizes so you can drill the proper size hole for a tap.

Combined Drill & Counter Sunk

A combined drill and countersink (Fig. 3.26), more commonly referred to in the shop as a center drill, is used to produce
both a short drilled hole and a countersunk hole in one operation. The angel on these drills is always a 60° included angle.
Itisused largely for drilling center holes in work to be turned between centers in the lathe and for starting holes in the correct
location on a drilling machine.

Fig. 3.26, Countersink and countersunk hole. Fig. 3.27, Combined drill and countersink.
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3.4 BORING

Boring illustrated in Fig. 3.28 is performed to enlarge a hole by means of an adjustable cutting tool with only one cutting
edge. This is necessary where suitable sized drill is not available or where hole diameter is so large that it cannot be
ordinarily drilled. The other reasons for performing the boring operations are :-

1. To finish a hole accurately and to bring it to the required size.

2. To machine the internal surface of a hole already produced in casting.

3. To correct out of roundness of the hole.

4. To correct the location of the hole as the boring tool follows an independent path with respect to the hole.

g

ROUGH BORING TOOL

(F—

FINISH BORING TOOL
SINGLE POINT SOLID BORING TOOLS

Fig. 3.28, Boring

3.4.1 Difference between Drilling, Reaming and Boaring

Drilling is the operation of producing a cylindrical hole by removing metal by the rotating edge of a cutting tool called the
drill whereas Reaming is an accurate way of sizing and finishing a hole which has been previously drilled and Boring is
the operation performed to enlarge a hole by means of an adjustable cutting tool with only one cutting edge.



CHAPTER : 4

METAL CUTTING AND CUTTING TOOLS

INTRODUCTION

In the metal-working industry workpieces of most different shapes and dimensions and of different materials are worked.
The various working processes fall into two groups, the group of non-cutting shaping, e.g. forging, pressing, drawing,
etc. These two groups may be sub-divided as shown in Fig. 4.1.

Machine tools take
all aspects of this
branch

Metal working

Chip-forming process
(Metal cutting)

Chip-less process
{Metal forming)

Generation of cylin-
drical and conical sur-
faces of revolution

Generation of straight-cut || Continuous ¢ontact| | Intermittent con-
plane surfaces with or with-] | (Rolling, spining tact (Forging,
out rotation of work-pieces | | etc.) Stamping etc.)

Continuous Intermittent |1 iob held, cutter reciprocates || Tool held, || Job and tool
contact cutting || contact cutting || (Shaping, Broading, Slotting,|| job moves || moves (gear
Key seating, Sawing) {planing) cutting}
1 | |

Parallel to the Non parallel to the Sizable chips Ground chips
axis of rotation axis of rotation {(Milling) (Filing, Grinding)

External || Internal Straight but || Complex || Cutter axis Cutter axis
(Turning, || (Boring, intersecting shap_es perpendicular to [|perpendicular to

Necking, || Threading, | | (Plating, Sur- || (Copying, [|generates surface ||generates surface
Screwing, || Grooving) | |facing, Taper || contour |]|(Surface grinding, ||(Surface grind-
Grooving) turning) forming) Face milling) ing, Face milling)

Fig. 4.1, Metal working process.

The process of metal cutting in which chip is formed is affected by a relative motion between the workpiece and the hard
edge of a cutting tool held against the workpiece. Such relative motion is produced by a combination of rotary and
translating movements either of the workpiece or of the cutting tool or of both. Depending on the nature of this relative
motion, metal cutting processes are called by names example : turning, planing, boring etc. Nature of relative motion for
various continuous cutting operation is listed in Table 4.1.

Table4.1, Natureof Relativemotion for VariousCuttingoperations

Operation Motion of job Motion of cutting tool

Turning Rotar Forward translation

Boaring Forward translation Rotation

Drilling Fixed Rotation as well as translatory feed
Planing Translatory Intermittent translation

Milling Translatory Rotation
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41. TYPES OF CUTTING TOOLS
A cutting tool may be used either for cutting apart, as with aknife, or for removing chips. Parts are produced by removing
metal mostly in the form of small chips.

Chip removal in the metal-cutting process may be performed either by cutting tools having distinct cutting edges or by
abrasives used in grinding wheels, abrasive sticks, abrasive cloth, etc. These abrasives have a very large number of hard
grains with sharp edges which remove metal from the workpiece surface in such operations as grinding.

All cutting tools can be divided into two groups. These are :
1. Single-point tools
2. Multi-point tools

Single-point cutting tools having a wedge-like action find, a wide application on lathes, and slotting machines. Multi-
point cutting tools are merely two or more single-point tools arranged together as a unit. The milling cutter and broaching
tool are good examples of this type.

The simplest form of cutting tool is the single-point tool. The cutting process as performed by multi-point tools closely
resembles machining as performed by single-point tools. In this text the cutting action of a single-point tool is dealt with
elaborately.

42. ORTHOGONAL AND OBLIQUE CUTTING

The two basic methods of metal cutting using a single-point tool are the orthogonal or two-dimensional, and the oblique
or three-dimensional. Orthogonal cutting takes place when the cutting face of the tool is 90° to the line of action or path
of the tool. If, however, the cutting face is inclined at an angle less than 90° to the path of the tool, the cutting action
is known as oblique. Orthogonal and oblique cutting action are illustrated in Fig. 4.2, which shows two bars receiving
identical cuts. The depth of cut is the same in both cases, and so is the feed, but the force which cuts or shears the metal
acts on a larger area in the case of the oblique tool. The oblique tool will, thus, have a longer life as the heat developed
per unit area sue to friction along the tool-workpiece interface is considerably small. Alternatively, the oblique tool will
remove more metal in the same life as an orthogonal tool.

p— Depth of cut

i Rake Feed
Feed 4] T Rake
8051 Knife edge 60 Roughing
Orthogonal Oblique

Fig. 4.2, Orthogonal and oblique cutting

Fig. 4.3. shows the chip flow in orthogonal and oblique cutting. In orthogonal cutting shown at (a) where the cutting
edge of the tool OC is at right angles to the direction of the relative velocity V of the work, the chip coils in a tight, flat
spiral. In oblique cutting as shown at (b) and at (¢) where the cutting edge of the tool is inclined at the angle | , the chip
flows sideways in a long curl. The inclination angle j is defined as the angle between the cutting edge and the normal
to the direction of the velocity V of the work. An angle of interest in oblique cutting is the chip flow angle n,, which is
defined as the angle measured in the plane of the cutting face between the chip flow direction and the normal to the cutting

edge. In orthogonal cutting, j =0,n,=0.

Orthogonal cutting in the machine shop is confined mainly to such operations as knife turning, broaching and slotting,
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the bulk of machining being done by oblique cutting. But orthogonal cutting is the simplest type and is considered in
the major part of this Chapter. The principles developed for orthogonal cutting apply generally to oblique cutting.

A
(b)

(a)

Fig. 4.3, Direction of chip flow in orthogonal and oblique cutting.

43 MECHANICS OF CUTTING AND CHIP FORMATION

In Fig. 4.4 the tool is considered stationary, and the workpiece moves to the right. The metal is severely compressed in
the area in front of the cutting tool. This causes high temperature shear, and plastic flow if the metal is ductile. When
the stress in the workpiece just ahead of the cutting tool reaches a value exceeding the ultimate strength of the metal,
particles will shear to form a chip element which moves up along the face of the work. The outward or shearing movement
ofeach successive element is arrested by work hardening and the movement transferred to the next element. The process
isrepetitive and a continuous chip is formed having a highly compressed and burnished underside, and a minutely serrated
top side caused by the shearing action. The place along which the element shears is called the shear plane. Thus the
chip is formed by plastic deformation of the grain structure of the metal along the shear plane as shown in Fig. 4.4.

Chip
S,
o Y
%,
770 \
L < AARISSSSS
el Ll 1T TIYY
B A
T i
Workpiece B
Fig. 4.4, Shear plane in metal cutting. Fig. 4.5, Shear zone during metal cutting.

Actually, the deformation does not occur sharply across the shear plane, but rather it occurs along a narrow band. The
structure begins elongating along the line AB below the shear plane and continue to do so until it is completely deformed
along the line CD above the shear plane in Fig. 4.5. The region between the lower surface AB, where elongation of the
grain structure begins, and the upper surface CD, where it is completed and the chip is born, is called the shear zone or
primary deformation zone.

InFig. 4.5 the shear zone is included between two parallel lines AB and CD. Actually, however, these two lines may not
be parallel but may produce a wedge-shaped zone which is thicker near the tool face at the right than at the left. This is
one of the causes of curling of chips in metal cutting. In addition, owing to the non-uniform distribution of forces at the
chip-tool interface and on the shear plane the shear plane must be slightly curved concave downward. This also causes
the chip to curl away from the cutting face of the tool.
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Work piece _g

Fig. 4.6, Geometry of chip formation in orthogonal cutting.

44. TYPES OF CHIP
The form and dimension of a chip in metal machining indicate the nature and quality of a particular machining process,
but the type of chip formed is greatly influenced by the properties of the material cut and various cutting conditions.

In engineering manufacture particularly in metal machining processes hard brittle metals have a very limited use, and
ductile metals are mostly used. Chips of ductile metals are removed by varying proportions of tear, shear, and flow. This
results in three general types or shapes (Fig. 4.7):

1. The discontinuous or segmental form

2. The continuous or ribbon type.

3. The continuous with built-up edge.

F / /

Continuous Built-up Segmental
Fig. 4.7, Basic chip forms

Discontinuous or segmental chips consist of elements fractured into fairly small pieces ahead of the cutting tool. This
type of chip is obtained in machining most brittle materials, such as cast iron and bronze. These materials rupture during
plastic deformation, and form chips as separate small pieces. As these chips are produced, the cutting edge smoothes
over the irregularities, and a fairly good finish is obtained. Tool life is also reasonably good, and the power consumptions
low. Discontinuous chips can also be formed on some ductile metals only under certain conditions particularly at very
low speeds and if the coefficient of friction is low. With ductile metals, however, the surface finish is bad and the tool
life is short.

Conditions tending to promote its formation include : brittle metal, greater depth of cut, low cutting speed and small rake
angle.

Continuous chips consist of elements bonded firmly together without being fractured. Under the best conditions the
metal flows by means of plastic deformation, and gives a continuous ribbon of metal which, under the microscope, shows
no signs of tears or discontinuities. The upper side of a continuous chip has small notches while the lower side, which
slides over the tool face, is smooth and shiny. The continuous form is considered most desirable for low friction at the
tool-chip interface, lower power consumption, long tool life and good surface finish.

Factor favourable to its formation are : ductile metal, such as mild steel, copper, etc., fine feed, high cutting speed, large
rake angle, keen cutting edge, smooth tool face and an efficient lubrication system.
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The term built-up edge implies the building up of a ridge of metal on the top surface of the tool and above the cutting
edge. It appears that, when the cut is started in ductile metals, a pile of compressed and highly stressed metal forms at
the extreme edge of the tool. Owing to the high hetand pressure generated there, this piled up metal is welded to the cutting
tip and forms a "false" cutting edge to the tool. This is usually referred to as the "builtup edge". This weld metalis extremely
strain hardened and brittle. So the weaker chip metal tears away from the weld as the chip moves along the tool face. The
built-up becoming unstable, breaks down and some fragments leave with the chip as it passes off and the rest adheres
to the work surface producing the characteristic rough surface. The built-up edge appears to be a rather permanent
structure as long as the cut is continuous at relatively high speeds and has the effect of slightly altering the rake angle.
At very high speeds, usually associated with sintered-carbide tools, the built-up edge is very small or nonexistent, and
a smooth machined surface results.

Conditions tending to promote the formation of built-up edges include : low cutting speed, low rake angle, high feed, lack
of cutting fluid and large depth of cut.

45 CHIP BREAKERS

A continuous-type chip from a long cut is usually quite troublesome. Such chips foul the tools, clutter up the machine
and workplace, besides being extremely difficult to remove from the swarftray. They should be broken into comparatively
small pieces for ease of handling and to prevent it from becoming a work hazard., Hence chip breakers are used to reduce
the swarf into small pieces as they are formed. The fact that the metal is already work-hardened helps the chip breaker
to perform effectively. Various types of chip breakers are made, but all of them consist mainly of a step or groove ground
into the leading edge of the tool or a piece of cutting-tool material clamped on top of the cutting-tool (see Fig. 4.8)

STEPTYPE GROOVE TYPE CLAMP TYPE

Fig. 4.8, Chip breakers

In normal shop practice common methods of breaking the chips are summarized as follows :

1. By clamping a piece of sheet metal in the path of the coil.

2. By a stepped type breaker in which a step is ground on the face of the tool along the cutting edge.

3. Byagroove type breaker in which a small groove is ground behind the cutting edge.

4. By aclamp type breaker in which a thin-carbide plate or camp is brazed or screwed on the face of the tool.

Effective control of the chip, as it moves across the face of the tool, may also be achieved by proper selection of tool angle,
feed, depth of cut and cutting fluids used. A large positive front rake gives rise to a looser chip formation, which flows
down the face of the tool, and away from the workpiece, leaving the newly cut surface unscratched. A small positive or
negative side rake has the effect of decreasing the radius at which the chip coils. Hence the tendency to produce short,
easily managed chip. Slightly increased feed gives a thicker chip which breaks more quickly. A small depth of cut with
afine feed allows the chip to form into comparatively small pieces or direct it into the swarftray. The use of a good stream
of coolant that acts as a quenching medium causes the hot chip to become harder and break into small pieces.

4.6 CUTTING-TOOL NOMENCLATURE

Cutting-tool nomenclature means systematic naming of the various parts and angles of a cutting-tool. The surfaces on
the point of a tool bear definite relationship to each other that are defined by angles. The principles underlying cutting-
tool angles are the same whether the tool is a single-point tool, amultipoint tool, or a grinding wheel. Since a single-point
tool is the easiest to understand, it will be discussed in greater detail. The basic angles needed on a single-point tool may
be bestunderstood by removing the unwanted surface form an oblong tool blank of square section. However, the complete
nomenclature of the various parts of a single-point tool is shown in Fig. 4.9. These are : shank, face, flank, heel, nose,
base, back rake, side rake, side clearance, end cutting edge, wide cutting edge, and lip angle. These elements define the
shape of a tool.

The Shank is that portion of the tool bit which is not ground to form cutting edges and is rectangular in cross-section.
The face of the cutting-tool is that surface against which the chip slides upward.

The flank of a cutting-tool is that surface which face the workpiece.
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END CUTTING EDGE ANGLE
Z
Z

NOSE RADIUS

\Z.
SIDE CUTTING EDGE ANGLE

SIDE RAKE ANGLE BACK RQKE ANGLE - TOP FACE
-
J—"""-‘
L FLanK LIP ANGLE
HEEL SHANK
LIP ANGLE ~) L— END RELIEF ANGLE

44— SIDE RELIEF ANGLE

Fig. 4.9, Tool nomenclature and tool angles.
The heel of a single point tool is the lowest portion of the side-cutting edges.

Thenose ofatool is the conjunction of the side- and end-cutting edges. A nose radius increases the tool life and improves
surface finish.

The base of a tool is the under-side of the shank.

The rake is the slope of the top away from the cutting edge. The larger the rake angle, the larger the shear angle and
subsequently the cutting force and power reduce. A large rake angle is conducive to good surface finish. Each tool has
a side and back rake. Back rake indicates that the plane which forms the face or top of a tool has been ground back at
an angle sloping from the nose. Side rake indicates that the plane that form the face or top of a tool has been ground back
at an angle sloping from the side cutting edge. Side rake is more important than back rake for turning operations.

The side clearance or side relief indicates that the plane that forms the flank or side of a tool has been ground back at an
angle sloping down form the side cutting edge. Likewise, the end clearance or end relief indicates that the nose or end
of a tool has been ground back at an angle sloping down from the end cutting edge.

The end cutting edge angle indicates that the plane which forms the end of a tool has been ground back at an angle sloping
form the nose to the side of the shank, whereas the side cutting edge angle indicates that the plane which forms the flank
or side for a tool has been ground back at an angle to the side of the shank. In the main, chips are removed by this cutting
edge.

The lip or cutting angle is the included angle when the tool has been ground wedged-shaped.

Multipoint Tools

Cutters like twist drills, reamers, taps, milling cutters have two or more tool points each. They differin overall appearance
and purposes, but each cutting blade acts as and has the basic features of a single-point tool. The milling cutter, and
drill like asingle pointtool, have various angles of importance. A milling cutter has clearance ; it often has both a secondary
andaprimary clearance. A land also exists onamilling cutter and adrill. This is the narrow surface resulting from providing
aprimary clearance. A land also exists on a milling cutter and a drill. This is the narrow surface resulting from providing
a primary clearance. They may have different rakes depending on the intended use. These kinds of tools have been
described in more detail in connection with these machines in later chapters.

4.7. CUTTING SPEEDS AND FEEDS
The cutting speed of a cutting tool may be defined as the speed at which the cutting edge passes over the material. Cutting
speed is ordinarily expressed in metre per minute, often referred to a surface speed in meter per minute.
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The feed of a cutting tool is the distance the tool advances into or along the workpiece each time the tool point passes
a certain position in its travel over the surface. In the case of turning on a lathe, the feed is the distance that the tool
advances in one revolution of the workpiece. On a shaper, the feed is the distance the work is moved relative to the tool
for each cutting stroke. Forsingle-points tools, feed is specified in millimeters per revolution, millimeters per stroke, etc.
it also may be expressed as millimeters per tooth for milling cutters and broaches.

Since so many factors are required to be considered, it is difficult to state definitely what the speed and feeds for a given
material should be. In general, the speed and feed are determined by the following factors :

1. Kindof amaterial beingcut: The harder the material, the more force required to remove the chip and the more rapid
the wear on the tool. For this reason, hard materials are to be machined at lower cutting speeds and smaller feeds than
soft materials.

2. Kind of material and life of the tool : An increase in cutting speed will result in more intensive heat generation,
consequently, more heat resistant tool materials should be used when machining at high cutting speeds. Carbon steel
tools can take about one halfthe cutting speed of a high-speed steel tool. Stellite and carbide and carbide tools will stand
still greater speeds. These heat resistant ools ma be used under heavier feeds than other tool materials.

3. Shape(angles) and dimension of thecutting elements: A change in the chiefangles of the tool will correspondingly
change the forces due to the cutting action, as well as the conditions for heat transmission through the cutting elements
of the tool. The heavier the cutting elements, the easier the heat will flow to the body of the tool. Therefore, tool wear
will vary for various shapes and dimensions of the cutting elements and even of the body of the tool. Forming tools, taps,
and other tools that are expensive and difficult to sharpen should be operated at speeds and feeds that insure long life.

4. Size of Chip Cross-section : The size of chip cross-section affects the forces due to cutting and, consequently the
amount of heat generated. Tool wear is more rapid with an increase in cutting speed than with an increase in chip cross-
section. For this reason, an increase in production capacity at a given tool life can be provided by increasing the
cross-section of the chip removed and not the cutting speed. In such cases, the cross-section of the chip should be
increased by increasing the depth of cut and not the feed.

5. Typesof finish desired : In general, high cutting speeds and fine feeds give the best finish.
6. Rigidity of the machine: No work should be done at speeds and feeds that cause vibration in the machine.

7. Typesof coolant used : Cooling with cutting fluids is not only for carrying away the heat generated, but also because
of the lubricating affect of the fluid on the working surface of the tool. When a cutting fluid is used in machining tough
material, the productivity may be increased from 15 to 30 % and more in comparison with dry operation. So higher cutting
speeds and larger feeds may be given using a suitable cutting fluid.

48 TOOL LIFE AND WEAR
The tool life is an important factor in a cutting tool performance since considerable time is lost whenever tool is ground
and re-set.

A tool cannot cut for an unlimited period of time. It has its definite life. Ifa cutting tool is to have a long life itis essential
that the face of the tool be as smooth as possible. Tool life is the time a tool will operate satisfactorily until it is dulled.
A blunt tool causes chatter in machining, poor surface finish, increase in cutting forces and power consumption,
overheating of the tool.

Tool Failure

The failure of cutting tools may be the result of :

1. Wear ontheflank of thetool (Fig. 4.10) : Flank Wear is a flat portion worn behind the cutting edge which eliminates
some clearance or relief. Flank wear takes place when machining brittle materials like C.I. or when feed is less than 0.15
mm/rev. The worn region at the flank is called the wear land. The wear land width is measured accurately with a Brinel
microscope. Increased wear land means that frictional heat will cause excessive temperature of the tool at its cutting point;
it will rapidly loose its hardness, and catastrophic failure of the tool will be imminent. In the meantime, the burnishing
action of the tool at its wear land will mean poor surface finish on the workpiece.

A quantitative term setting the limit of the permissible value of wear is known as "criterion of wear". The criterion of wear
for different tool materials is given below in Table 4.2.
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Fig. 4.10, Common types of tool failure.

2. Wear atthetool-chipinterfaceoccurs in the form of a depression or crater (Fig. 4.10). This is caused by the pressure
ofthe chip as it slides up the face of the cutting tool. Both flank and crater wear take place when feed is greater than 0.15
mm/rev at low or moderate speeds. Actually a limited amount of cratering or depression improve the cutting action. But
as the crater is further enlarged, some material which supports the cutting edge is removed. This eventually will cause
the cutting edge to be weakened so that it will break. This type of failure occurs when high speed steel, stellite, or sintered-
carbide tools turn ductile metals.

Table4.2,Criterion of Wear in Cutting T ools

Tool Material Job Material Cutting Predominant Criterion of wear
Condition Wear
h.s.s. C.L Semi-rough flank 1.5t0 2 mm
h.s.s. Steel Semi-rough flank 0.6 to 1.0 mm
Cemented carbide Steel S>0.3mm flank 1.4 to 1.7 mm
Cemented carbide C.L S <0.3mm flank 0.8 mm to 1.0 mm
Ceramic tool C.l., Steel flank 0.6 mm

3. A combination of flank wear and cratering.

4. Thespallingor crumblingofthe cutting edge (Fig. 4.10) as when cutting extremely hard material. A cuttingtool that
has improperly ground relief angles will either rub on the material or be weak because of excessive clearance angles. If
the cutting edges are not well supported, they will be subject to cracking and spalling. The proper setting of the tool is,
therefore, an important consideration.

Other factors that cause the tool to chip or spall are excessive chip loads, intermittent heating and cooling, and interrupted
cutting. Excessive chip loads are cased by too fasta feed or too deep a cut. Intermittent heating and cooling result because
the cutting fluid is not able to cover the cutting point constantly, and because the tool keeps entering and leaving the
material. Interrupted cutting is caused by a tool entering and leaving the work as in milling or planing. Hard grades of
carbide are likely to chip under these conditions.

5. Thelossof hardnessbecause of excessive heat but under cutting conditions when the temperature and stresses are
high, plastic deformation may cause loss of "form stability", i.e. cutting ability of the tool. Various tool materials can
withstand various heating temperatures (critical temperatures) before they lose the required hardness - 200° to 250°C for
carbon tool steels, 560°C for high-speed steels and 800° to 1,000°C for cemented carbides.

6. Fractureby aprocessof mechanical breakage when the cutting force is very large or by developing fatigue cracks
under chatter conditions.

Frequently in the formation of chips, high-frequency vibration occurs when the tool or work is not supported rigidly,
because of the sliding of the chip elements into sections, because of the flank wear, or because of the periodic sloughing
offofthe built-up edge. These work, or even the whole machine, which is tun may cause a disagreeable noise called chatter.
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Factors affecting tool life

The life of a tool is affected by many factors such as : cutting speed, feed, depth of cut, chip thickness tool geometry,
material of the cutting fluid and rigidity of the machine. Physical and chemical properties of work materials influence tool
life by affecting form stability and rate of wear of tools. The nose radius also tends to affect tool life. Researchers have
identified a number of factors which are established by experimental verification. Some of them are briefly described in
the subsequent paragraphs.
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Fig. 4.11, Tool life vs cutting speed.
Cutting speed
Cutting speed has the greatest influence on tool life. As the cutting speed increases the temperature also rises. The heat
is more concentrated on the tool than on the work and the hardness of the tool matrix changes so the relative increase
in the hardness of the work accelerates the abrasive action. The criterion of wear is dependent on cutting speed because
the predominant wear may be wear for flank or crater if cutting speed is increased. It has been found thatat cutting speeds
greater than 100 m per min in carbide turning of steel, crater wear may become predominant.

The relation of the cutting speed to the tool life is expressed by the formula :

VT"=C
where, V = Cutting speed in m per min
T = toollife in minutes
n = exponentwhichdependsonthe tool and the workpiece. The value of exponentn is about
0.1 for high-speed steel tool, 0.20 to 0.25 for carbide tools, and 0.4 to 0.55 fro ceramic tools.
C = constant which is numerically equal to cutting speed that gives a tool life of one minute.

A typical V vs. T relationship is shown in fig. 4.11 which indicates that as cutting speed increases, tool life decreases.
Obviously, ifavery low cutting speed is used, the tool will last along life. In case of carbide tools very low cutting speed,
usually below 30 m per min, may reduce tool life. However, an intricate cutting tool that is difficult to sharpen should be
run at a low speed so that it does not have to be sharpened again.

Feed and depth of cut

The tool life is influenced by the feed rate also. With a fine feed the area of chip passing over the tool face is greater than
thatofa coarse feed fora given volume of swarfremoval, but to offset this chip will be greater. Hence the resultant pressure
will nullify the advantage; it is, however, possible to balance the two opposing influences to obtain an optimum feed rate.

The effect of feed and depth of cut on tool life is given by :
_ 257
- TO19, 5036 , £0.08

where, s = feedinmmpermin,
and depth of cut in mm

m per min

,_,
I
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Another relation between cutting speed for a given tool life, depth of cut and feed is given by :

— \"
LY

mpermin.

where, V, = cutting speed for a given tool life in m per min,

C,= acoefficient depending upon machine and workpieces variables,
X,y= exponents which depend on the mechanical properties of the material being machined.

The above relation shows that for a constant tool life cutting speed decreases with the increase of feed and depth of cut.

Tool Geometry

The tool life is also affected by tool geometry. A tool with large rake angle becomes weak as a large rake reduces the
tool cross-section and the amount of metal to absorb the heat. Itis-5°and +10° for turning austenitic steel by a carbide
tool. The nose radius tends to improve tool life and is evident from the relation :

\/T 0.0927 — 331 ROA244
where R =noseradius of h.s.s. tool. But the size ofthe radius is limited by vibration. The effect of clearance is to improve
tool life at first and then tool life decreases because of decreased strength. The optimum clearance is between 10°to 15°.

Side cutting edge angle ( ¢, ) may improve tool life under non-chatter conditions :

VT =78 (¢4 +15°)***

where ¢,= side cutting edge angle of h.s.s. tool cutting steel. With cemented carbide, side cutting edge angle varies

between 3° to 25°. The effect of end cutting edge angle is to improve surface finish, rigidity and equivalent speed. The
optimum end cutting edge angle is 4° to 10°. Similarly, the clearance is seen to be optimum for 12° to 15°.

Tool material

The effect of tool material on tool life is shown in Fig. 4.12 which indicates that higher cutting speed is not the only criteria
considered forremoving large volume of metal. Whatis most desirable is the high rate at which the stock will be removed
per cutting edge or tool-life. An ideal tool would remove the same amount of metal per cutting edge at any speed.
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Fig. 4.12, Stock removed vs cutting speed.
Physical and chemical properties of work materials influence tool-life by affecting form stability and rate of wear of tool.
Cutting fluid

Cutting fluids affect tool-life to a great extent. A cutting fluid does not only carry away the heat generated and keep the
tool, chip and workpiece cool, but reduces the coefficient of friction at the chip-tool interface and increases tool-life.
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Measuring tool-life

Tool-life is the time elapsed between two successive grinding ofa cutting tool. Tool-life may be measured in the following
ways :

Number of pieces machined between tool sharpenings.

Time of actual operation viz., the time the tool is in contact with the job.

Total time of operation.

Equivalent cutting speed.

Volume of material removed between tool sharpenings.

SAEER S S .

In practice it is more profitable to assess the tool-life in terms of the volume of metal removed because the wear is related
to the area of the chip passing over the tool surface. The volume of metal removed from the workpiece between tool
sharpenings for a definite depth of cut, feed, and cutting speed can be determined as follows :

Notation :
t = depth of cut in mm
S = feedinmm perrev
d = diameter of the workpiece in mm
V = cutting speed in m per min
T = timetotool failure in min
n = revolution per min of the workpiece
L = tool-lifeinterms of metal removed until tool fails in mm?.
Cross sectional area of chip = ts mm?
Length of chip in one revolution = nd mm
.. Volume of metal removed/rev = 7 dts mm?

1t dtsn mm?®/min
1t dtsn T mm?

Volume of metal removed / min
Volume of metal removed until tool fails

L = gndtsnT
ndn )
vV = _1’ 000 m/min
Too-life,L = 1,000ts VT mm?®/min

49. CUTTING TOOL-MATERIALS

Characterigtic :

The characteristics of the ideal material are :

1. Hot hardness: The material must remain harder than the work material at elevated operating temperatures.

2. Wear resistance: The material must withstand excessive wear even though the relative hardness of the tool-work
materials changes.

3. Toughness: The term 'toughness' actually implies a combination of strength and ductility. The material musthave
sufficient toughness to withstand shocks and vibrations and to prevent breakage.

4. Cost and easinessin fabrication : the cost and easiness of fabrication should have within reasonable limits.

Type of Tool Materials
The selection of proper tool material depends on the type of service to which the tool will be subjected. No material is
superior in all respects, but rather each has certain characteristics which limits its field of application.

The principal cutting materials are :

1. Carbon steels 5. Cemented Carbides
2. Medium alloy steels 6. Ceramics
3. High-speed steels 7. Diamonds
4. Stellites 8. Abrasives

1. Carbon Steels

Carbon steels contain carbon in amounts ranging from 0.08 to 1.5 per cent. A disadvantage of carbon tool steels is their
comparatively low-heat and wear-resistance. They lose their required hardness at temperatures from 200° to 250°C.
Therefore, they may only be used in the manufacture of tools operating at low cutting speeds (about 12 m/min) and of
hand operated tools. But they are comparatively cheap, easy to forge, and simple to harden.
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2. Medium alloy steds

The high carbon medium alloy steels have a carbon content akin to plain carbon steels, but in addition there is, say, up
to 5 per cent alloy content consisting of tungsten, molybdenum, chromium and vanadium. Small additions of one or more
of these elements improve the performance of the carbon steels in respect of hot hardness, wear resistance, shock and
impact resistance and resistance to distortion during heat treatment. The alloy carbon steels, therefore, broadly occupy
a midway performance position between plain carbon and high speed steels. They lose their required hardness at
temperatures from250°to 350°C.

These tool steels are of two types ;
1. Type - O tool steels,
2. Type - A tool steels.

Type - O tool steels are oil quenched for hardening. Ithas C-0.90%, Mn-1.00%, W - 0.5% and Cr- 0.5%. Punching dies
are generally manufactured from this steel.

Type - Atool steels are hardened by slow cooling in a current of air after heating it to a high temperature (1100°C to 1300°C).
The composition of this type of steel is C - 1.0%, Cr - 5%,. It is mainly used to manufacture thread rolling dies, coining
dies and gauges.

3. High-speed steels

High-speed steel (h.s.s.) is the general purpose metal for low and medium cutting speeds owing to its superior hot hardness

and resistance to wear. High-speed steels operate at cutting speeds 2 to 3 times higher than for carbon steels and retain

their hardness up to about 900°C. It is used as a popular operations of drilling, tapping, hobbing, milling, turning etc.

There are three general types of high-speed steels; high tungsten, high molybdenum, and high cobalt. Tungsten in h.s.s.

provides hot hardness and form stability, molybdenum or vanadium maintains keenness of the cutting edge, while addition

of cobalt improves hot hardness and makes the cutting tool more wear resistant. Three general types ofhigh-speed steels

are as follows :

a. 18-4-1 high speed steels (T-series) : This steel containing 18 per cent tungsten, 4 per cent chromium and 1 per cent
vanadium, is considered to be one of the best of all purpose tool steels. In some steels of similar composition the
percentage of vanadium is slightly increased to obtain better results in heavy-duty work.

b. Molybdenum high -speed-steel (M-series) : This steel containing 6 per cent molybdenum, 6 per cent tungsten,
4 per cent chromium and 2 per cent vanadium have excellent toughness and cutting ability.

There are other molybdenum high speed steels now marketed, having various tungsten-molybdenum ratios, with
or without cobalt, or with variations in percentages of the minor alloys chromium and vanadium.

c. Cobalt high-speed steels : This is sometimes called super high-speed steel. Cobalt is added from 2 to 15 per cent
to increase hot hardness and wear resistance. One analysis of this steel contains 20 per cent tungsten, 4 per cent
chromium, 2 per cent vanadium and 12 per cent cobalt.

Table 4.3 shows the compositions of selected types of h.s.s.

Table4.3, Compositionsof H.S.S.

Designation Percentages of contributions

Cc w Mo Cr Vv Co
T-1 0.75 18.00 - 4.00 1.00 -
T-2 0.85 18.00 - 4.00 2.00 -
T-5 0.80 18.00 - 4.25 2.00 8.00
T-15 1.50 12.00 - 4.50 5.00 5.00
M-1 0.80 1.75 8.50 3.75 1.20 -
M-2 0.85 6.00 5.00 4.00 2.00 -
M-10 0.90 - 8.00 4.00 2.00 -

M -45 1.25 8.25 5.00 4.25 1.60 5.50
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4. Stellites

Stellite is the trade name of a nonferrous cast alloy composed of cobalt, chromium and tungsten. The range of elements
in these alloys in 40 to 48 per cent cobalt, 30 to 35 per cent chromium, and 12 to 19 per cent tungsten. In addition to one
or more carbide forming elements, carbon is added in amounts of 1.8 to 2.5 per cent. They can not be forged to shape,
but may be deposited directly on the tool shank in an oxy-acetylene flame, alternately, small tips of cast stellite can be
brazed into place. Stellites preserve hardness up to 1000°C and can be operated on steel at cutting speeds 2 times higher
than for high-speed steel. These materials are not widely used for metal cutting since they are very brittle, however, they
are used extensively in some non-metal cutting application, such as in rubbers, plastics, where the loads are gradually
applies and the support is firm and where wear and abrasion are problems.

5. Cemented carbides

Cemented carbides are so named because they are composed principally of carbon mixed with other elements. The basic
ingredient of most cemented carbides is tungsten carbide which is extremely hard. Pure tungsten powder is mixed under
high heat, at about 1500°C, with pure carbon (lamp black) in the ratio of 94 per cent and 6 per cent by weight. The new
compound, tungsten carbide, is then mixed with cobalt until the mass is entirely homogeneous. This homogenous mass
is pressed, at pressures from 1,000 to 4,200 kg/cm?, into suitable blocks and the heated in hydrogen. Boron, titanium and
tantalum are also used to form carbides. The amount of cobalt used will regulate the toughness of the tool. A typical
analysis of a carbide suitable for steel machining is 82 per cent tungsten carbide, 10 per cent titanium carbide and 8 per
cent cobalt.

Carbide tools are made by brazing or silver-soldering the formed inserts on the ends of commercial steel holders. The
most important properties of cemented carbides are their very high heat and wear resistance. Cemented carbide tipped
tools can machine metals even when their cutting elements are heated to a temperature of 1,000°C. They can withstand
cutting speed 6 per cent or more than 6 times higher manufactured material and has extremely high compressive strength.
However, it is very brittle, has low resistance to shock, and must be very rigidly supported to prevent cracking.

The two types of cemented carbides are the tungsten and titanium tungsten varieties. The tungsten-type cemented
carbides are less brittle than the titanium-tungsten type ; they contain 92 to 98 per cent tungsten carbide and from 2 to
8 per cent cobalt. These cemented carbides are designed chiefly for machining brittle metals such as cast iron, bronze,
butthey may also be used for non-ferrous metals and alloys, steel, etc. The titanium-tungsten type are more wear-resistant.
They contain 66 to 85 per cent tungsten carbide, 5 to 30 per cent titanium carbide and 4 to 10 per cent cobalt. These cemented
carbides are designed for machining tougher materials chiefly for various steels.

6. Ceramics

The latest development in the metal-cutting tools uses aluminium oxide generally referred to as ceramics. Ceramics tools
are made by composing aluminium oxide powder inamould atabout 280 kg/cm? or more. The partisthen sintered at 2200°C.
This is known as cold pressing. Hot pressed ceramics are more expensive owing to higher mould costs. Ceramic tool
materials are made in the form of tips that are to be clamped on metal shanks. Other materials used to produce ceramic
tools include sillicon carbide, born carbide, titanium carbide and titanium boride.

These tool have very low heat conductivity and extremely high compressive strength. But they are quite brittle and have
a low bending strength. For this reason, these materials can not be used for tools operating in interrupted cuts, with
vibrations as well as for removing a heavy chip. But they can withstand temperatures up to 1200°C and can be used at
cutting speeds 4 times that of cemented carbides, and up to about 40 times that of high-speed cutting tools. They are
chiefly used for single-point tools in semi-finish and finish turning of cast iron, plastics, and other work, but only when
they are not subject to impact loads. To give them increased strength often ceramic with ametal bond, known as "cermets"
is used. Because of the high compressive strength and brittleness the tips are given a 5 to 8° negative rake for carbon
steel and zero rake for cast iron and for non-metallic materials to strengthen their cutting edge and are well supported by
the tool holder. Heat conductivity of ceramics being very low the tools are generally used without a coolant.

7. Diamond

The diamonds used for cutting tools are industrial diamonds, which are naturally occurring diamonds containing flaws
and therefore of no value as gemstones. Alternatively they can be also artificial. The diamond is the hardest known material
and can be run at cutting speeds about 50 times greater than that for h.s.s. tool, and at temperatures up to 1650°C. In
addition to its hardness the diamond is incompressible, is of a large grain structure, readily conducts heat, and has a low
coefficient of friction. Diamonds are suitable for cutting very hard materials such as glass, plastics, ceramics and other
abrasive materials and for producing fine finishes. The maximum depth of cut recommended is 0.125 mm with feeds of
say, 0.05 mm.

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

For most grinding operations there are two kinds of abrasives in general use, namely aluminium oxide (carborundum) and
silicon carbide. The aluminium oxide abrasives are used for grinding all high tensile materials, whereas silicon carbide
abrasives are more suitable for low tensile materials and non-ferrous metals.

9. Cubic boron nitride (CBN)

This material, consisting atoms of boron and nitrogen, is considered as the hardest tool material available next to diamond.
It is having high hardness, high thermal conductivity and tensile strength. In certain application a thin layer (0.5 mm)
of CBN is applied on cemented carbide tools to obtain better machining performance. It can also be made in terms of
indexable inserts in standard from and size. This material is traded in the name of 'BOROZON'".
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Fig. 4.13, Hardness profiles of cutting tool materials
The variations of hardness of a few of the tool materials with the temperatures are shown in fig. 4.13.

411 CUTTING FLUIDS

Cutting fluids, sometimes referred to as lubricants or coolants are liquids and gases applied to the tool and workpiece
to assist in the cutting operations.

Purpose of Cutting Fluids

Cutting fluids are used for the following purposes :

1. Tocool thetool : Cooling the tool is necessary to prevent metallurgical damage and to assist in decreasing friction
at the tool-chip interface and at the tool-workpiece interface. Decreasing friction means less power required to
machine, and more important, increased tool life and good surface finish. The cooling action of the fluid is by direct
carrying away of the heat developed by the plastic deformation of the shear plane and that due to friction. Hence,
ahigh specific heat and high heat-conductivity together with a high film-coefficient for heat transfer is necessary
for a good coolant. For cooling ability, water is very effective, but is objectionable for corrosiveness and lack of
friction reducing wear.

2. To cool theworkpiece : The role of the cutting fluid in cooling the workpiece is to prevent its excessive thermal
distortion.
3. To lubricate and reducefriction :-

a. The energy or power consumption in removing metal is reduced

b. Abrasion or wear on the cutting tool is reduced thereby increasing the life of the tool;

c. By virtue of lubrication, less heat is generated and the tool, therefore, operates at lower temperatures with the
tendency to extend tool life; and

d. Chips are helped out of the flutes of drills, taps, dies, saws, broaches, etc.
An incidental improvement in the cutting operation is that the built-up edge will be reduced, which, in turn, will
decrease friction at the tool-workpiece area and contribute toward a cooler tool. It is, therefore, evident that the
proper choice of lubricant is important to give the optimum cooling effect and lubrication condition in metal cutting.
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4. Toimprove surfacefinish.

S. To protect the finished surface from corrosion. To protect the finished surface from corrosion, especially in
cutting fluids made up of a high percentage of water, corrosion inhibitors are effective in the form of sodium nitrate
ortricthanolamine.

6. To causechipsbreak upinto small partsrather than remain as long ribbons which are hot and sharp and difficult
to remove from the workpiece.

7. To wash the chipsaway from thetool : This is particularly desirable to prevent fouling of the cutting tool with
the workpiece.

Properties of Cutting Fluids
A cutting fluid should have the following properties :
1. High heat absorption for readily absorbing heat developed.

Good lubricating qualities to produce low-coefficient of friction.
High flash point so as to eliminate the hazard of fire.

Stability so as not to oxide in the air.

Neutral so as not to react chemically.

Odourless so as not to produce any bad smell even when heated.
Harmless to the skin of the operators.

Harmless to the bearings.

R A S B B i

Non-corrosive to the work or the machine.

_
I

Transparency so that the cutting action of the tool may be observed.

—_
N =

Low viscosity to permit free flow of the liquid.
Low priced to minimized production cost.

Chaoice of cutting fluids
The choice of cutting fluid depends upon the following factors.
Type of operation.

The rate of metal removal.
Material of the workpiece.
Material of the tool.
Surface finish requirement.

o R o

Cost of cutting fluid.

Type of Cutting Fluids

The type of cutting fluid to be used depends upon the work material and the characteristic of the machining process. For
some machining processes, a cutting fluid which is predominantly a lubricant is desirable. With other machining
processes, a cutting fluid which is predominantly a coolant should be used. Cutting fluids are classified in seven main
groups. These include water, soluble oils, straight oils, mixed oils, chemical additive oils (sulphurized and chlorinated),
chemical compounds and solid lubricants.

1. Water
Water, wither plain or containing an alkali, salt or water-soluble additive but little or no oil or soap are sometimes used
only as a coolant. But water alone is, in most cases, objectionable for its corrosiveness.

2. Soluble oils
Soluble oils are emulsions composed of around 80 per cent or move water, soap and mineral oil. The soap acts as an
emulsifying agent which break the oil into minute particles to dispose them throughout water. The water increases the
cooling effect, and the oil provides the best lubricating properties and ensures freedom from rust. By mixing various
proportions of water with soluble oils and soaps, cutting fluids with a wide range of cooling and lubricating properties
can be obtained.

3. Straight oils

The straight oils may be (a) straight mineral (petroleum) oils, kerosene, low-viscosity petroleum fractions, such as mineral
seal, or higher-viscosity mineral oils, (b) straight fixed or fatty oils consisting animal, vegetable, or synthetic equivalent,
lard oil, etc. They have both cooling and lubricating properties and are used in light machining operations.
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4. Mixed oils

This is a combination of straight mineral and straight fatty oil. This blend makes an excellent lubricant and coolant for
automatic-screw-machine work and other light machining operations where accuracy and good finish are of prime
importance.

5. Chemical-additive ail

Straight oil or mixed oil when mixed up with sulphur or chlorine is known as chemical additive oil. Sulphurand chlorine
arcused to increase both the lubricating and cooling qualities of the various oils with which they are combined. Sulfurized
mineral oils are commonly used for machining the tough, stringy, low-carbon steels. Chlorinated mineral oils are
particularly effective in promoting anti-weld characteristics.

6. Chemical compounds

These compounds consist mainly of a rust inhibitor, such as sodium nitrate, mixed with a high percentage of water.
Chemical compounds have grown in favour as coolants, particularly in grinding and on machined surface where formation
of rust is to be avoided.

7. Solid lubricants
Stick waxes and bar soaps are sometimes used as a convenient means of applying lubrication to the cutting tool.

Table 4.3 shows different types of coolants and lubricants and lubricants used for different machining operations.

Theory of Cutting Fluid

The basic function ofan effective cutting fluid is to reduce kinetic coefficient of friction, Dr. Merchant, one of the pioneers
in the theory of metal cutting, has suggested a theory to explain the penetration of cutting fluid. Itis assumed that minute
capillaries exist at the tool-chip interface as shown in Fig. 4.14 on a submicroscopic scale. As the chip move up the tool
face, it contacts mainly the tops of the asperities in the point contact zone creating capillaries between the chip and the
tool. These capillaries draw in the cutting fluid which chemically reacts to produce a solid low-shear strength film. Under
the condition of high pressure and temperature at the "nascent" chip surface the highly reactive chemical action produces
relatively weak solid providing a "sandwich filling" to keep the chip and tool apart thereby reducing friction. It is well
established that small change in tool temperature can produce considerable change in tool life. Cutting fluids directly
control the amount of heat at the chip tool face and thereby increase tool life.

Fig. 4.14, Penetration of cutting fluid



CHAPTER : 5
MACHINE SAWS

INTRODUCTION

Metal cutting by means of a hand hacksaw, though being a common and widely employed method, is not commercially
sound as itinvolves alotoflabour and time. Also, its use is confined to small work only and that too where a small number
ofpieces are to be cut. The increasing demand of high production has led to the introduction of power driven metal cutting
saws. Itis more so for the reason that, except castings and forgings, which are very nearly finished to the required size
and shape, most of the stock materials are received in standard sizes and shapes. Itis obvious, therefore, that every stock
materials is required to be cut to convenient length before being fed to the machine tool for further operation. No only
in length, but quite often we may have to cut the bar stock in all directions to bring it roughly to the required shape. This
will effect a lot of saving in further machining time. All these requirements and the economic considerations have made
the power driven metal cutting saws almost indispensable in modern workshops. In this chapter we will discuss these
machines in detail.

51 THE DIFFERENT TYPES OF METAL CUTTING SAWS ARE BROADLY CLASSFIED AS:
1. Reciprocating saws (Power hacksaws)

2. Band-saws

3. Circularsaws

1. Reciprocating Saw (Power Hacksaw)

This machine carries areciprocating frame, in which is mounted the cutting blade. This blade is in the form of a steel strip,
on one edge of which the teeth are cut. This blade moves forward and backwards with the frame. Cutting takes place
in one direction only, the other stroke being idle.

2. Band-Saws

These machines carry an endless steel blade, having the teeth cut on its one edge. This blade passes over two large wheels,
one at the top and the other at the bottom. As the wheels rotate, the blade also rotates along with them and, thus, provides
a continuous cutting action. Also, it enables sawing along a premarked contour.

3. Circular Saw
This machine carries a disc type rotating blade which provides a continuous cutting action. These machines are of two
types, one being the cold sawing machine and the other high speed abrasive disc machine.

52. THE POWER HACKSAW

The machine is designed and constructed to provide means for clamping the work and a reciprocating action to the saw
blade by mechanical power. During the cutting stroke the blade bears down on the work, whereas in the idle stroke it
is lifted up so as to be clear of the work. Since the cutting is not continuous, this machine cuts the metal ata comparatively
slowerrate than the other metal sawing machines. On the other hand, it carries an advantageous feature also in that several
bars or flats, etc., of the stock material can be clamped at a time and cut simultaneously. Another advantage is that its
operation does not need a continuous attention as the machine stops automatically as soon as the cut is over. With the
result, a single operator can handle more than one machines at a time. Most of these machines are designed in draw-cut
type, i.¢., they cut during the backward stoke. Every machine carries a means to lift the blade during each idle stroke so
that the blade is clear of the work and its teeth are prevented from being damaged due to dragging over the work. A
hydraulic lifting mechanism is very common in all the modern power hacksaws.

53. DETAILS OF A POWER HACKSAW

The main parts and controls of 'COBRA' No. 9, power hacksaw machine, manufactured by M/s. The Mysore Kirloskar
Ltd., Harihar (India), are shown in Fig. 5.1. In this machine, the cutting takes place during he backward stroke. It should,
therefore, be ensured while fixing the blade that its teeth point in abackward direction. The forward stroke is an idle stroke
and the frame is lifted up, to make the blade clear of the work, in this stroke by means of a hydraulic device. On the top
of'the frame is provided an adjustable weight, which can be adjusted to different positions to regulate the saw feed. When
pipes or other thin sections are to be cut, the adjustable weight should be placed behind the moving centre of the frame
to adjust the cutting force. It may, sometimes, be required to remove the weight totally from the machine frame when
very light work is to be cut.

The machine carries a quick action vice. The movable jaw can be swivelled to 45° on either side to clamp material of different



82 Workshop Practices

sizes and at desired inclination. Inside the main body of the machine is housed the coolant tank made in two parts. A
sufficiently wide slot is made in the bed, through which the used coolant falls into the sump and the swarf is collected
inaseparated tray. A self-priming centrifugal type coolant pump is fitted to feed the coolant in sufficient quantity during
the operation. Ample amount of coolant is always needed for efficient operation and longer life of the blade. Sometimes,
however, when sawing is to be done dry or when hard metals are being sawn, which need the application of heavy cutting
pressure, oil should be applied on the blade by means of an oil can.
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Fig. 5.1, A Power Hacksaw Machine.

The main driving motor is also housed in the body of the machine. It is suspended on a hinge by means of a spring to
avoid noise and vibrations and maintain proper belt tension. The motor shaft carries a two step pulley, which is connected
to the pulley on crankshaft by means of V-belts to transmit power to the latter. The pulley diameters enable two speeds
of'the saw frame, i.e., 75 and 110 strokes per minute. For automatic cut-off of the motor at the end ofthe cut a cam is fitted
on the main shaft. This cam carries the cut-off switch which actuates a roller operated limit switch by pushing out the
contactor. To restart the motor, use the push button which restores the whole circuit. Limit switch can also be used to
adjustthe depth of cut. Length of stroke can be adjusted by making necessary displacement of the crank pin centre towards
or away from the centre of rotation of the crank.

54. HACKSAW BLADES

Hacksaw blades are made of thin strips of high carbon steel or high speed steel. They are made in two varieties, namely
all hard and hard teeth with soft back. The latter class has a more flexible body than the former and the chances of breakage
of the blade are less, whereas the former class cuts more speedily and has more life of teeth. The H.S.S. blades enable
the application of higher cutting speeds and more depth of cut. The teeth of these blades are arranged for cutting in one
direction only; usually in moving towards the machine, i.e., the pull stroke. Remember that the hand hacksaw blade cuts
in the push stroke.

Setting of teeth

It is the term that denotes bending of alternate teeth of the saw blade in opposite directions. It is done to make the width
at the cutting edges more than the actual thickness of the blade. The result is that the width of the slot produced is more
than the blade thickness, so that the body of the blade is clear of the side walls of the slot as the cut proceeds and the
teeth do not clog into the material. There are three common methods of setting :

1. Regular alternate
In this method, one tooth is bent to one side and the next one to the other side. This bending ofteeth alternately in opposite
directions continues for the whole length of the blade. This is a common method for most of the blades.
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2. Double alternate
In this system, alternate pairs of teeth are bent in opposite directions instead of single alternate teeth. This method is
commonly used in fine-teeth blades.

3. Alternate centre
In this style of setting, one tooth remains straight, the next bent to the right, the next bent to the left, followed by the next
one as straight, and so on.

There is one more style of setting, known as wavy set. It is exclusively used in blades used for cutting very thin sheets
and tubes. In this, the teeth are set exactly as regular alternate, but in addition to that the edge of the blade is also crimped
right and left.

Number of teeth

The blades for power hacksaw machines are made in lengths from 30 cm to 60 cm and width from 25 mm to 32 mm. The
thickness usually varies from 0.6 mmto 1.6 mm. The standard number ofteeth per cm are approximately 1.5,2.25,3,4, 5,
5.5and7.

Enough care should be taken in selecting adequate number of teeth for sawing a particular metal and to suit the section
to be cut. Coarse teeth should be used for cutting mild steel, cast iron and bronze, medium teeth for annealed high carbon
and high speed steel and fine teeth for solid brass, iron pipes and heavy tubes. Wavy set blades should be preferred
for thin tubes and metal sheets.

There is no hard and fast rule or formula to decide the number of teeth in a blade suitable for sawing a particular section.
As a general rule, for guidance, it is a common practice, while selecting blade, that the number of teeth selected should
meet the following conditions :

1. Thin section - At least one tooth will always ride on the surface of the metal.
2. Thick section - Coarse pitch blade should be used in order to provide sufficient clearance for the chips.

The correct and wrong conditions of sawing and the results thereof are shown in Fig. 5.2, which should be carefully
studied.

Blade length
The following table (No. 5.1) will serve a useful guide in selecting a proper blade length for a particular job.

RIGHT WRONG RIGHT WRONG
Corse teeth ample Teeth too small no chip Two teeth or more Corse teeth straddle
chip clearance clearance teeth clog on work strip out
RIGHT WRONG RIGHT WRONG

W -

Two teeth or more Corse teeth straddle Several teeth Teeth strike
work strip out contact work sharp edge

Fig. 5.2, Correct and wrong sawing conditions.
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Table5.1, Suitablebladelengths

Stock size Suitable length of blade
up to 100 mm 300 mm
100 to 150 mm 350 mm
150 to 225 mm 425 mm
225 to 300 mm 525 mm
300 to 375 mm 600 mm

Blade specifications
To fully specify a power hacksaw blade the following details should be mentioned :

L.

2.
3.
4

Length
Width
Thickness

Number of teeth per cm.

55. MACHINE SIZE AND SPECIFICATIONS
The size ofa power hacksaw machine is usually designated by the maximum size of the bar stock (round or square or both)
that it is capable to cut. Other details required to specify it fully are the following :

SO INS .

56. BLADE FAILURES AND THEIR PREVENTION

Maximum and minimum length of blade to be fixed

Maximum length of stroke of the blade
Number of strokes per minute, maximum and minimum

H.P. or kW of motor

Type of drive and lift.

Workshop Practices

The power hacksaw blade may be broken due to many reasons. The possible causes of blade failures and their remedies
are given in Table 5.2. They need a careful study.

Tableb.2, Causesof bladefailuresand their remedies

Causes

Remedies

Blade teeth point in wrong
direction

Put a new blade with its teeth pointing in
correct direction, i.e., towards the crank

Wrong blade chosen

Correct blade size and number of teeth
should be selected to suit the type of material
to be cut and the thikness of the section of the
stock

Work held loosely

The work should be properly clamped. Loose
work will result in chatter and ultimately
breakage of the blade.

Improper tension in blade

The blade should neither be too tight nor too
loose. Both will result in breakage of the blade

Abrupt falling of blade on the
job.

The frame should be lowered slowly and put
gently over the job.

Leaving the blade tight when
the machine is not in
operation

The blade tension should be released when
the machine is to remain idle for a longer
period.

Using a new blade on an
unfinished cut.

It is for the reason that a new blade is always
thicker than the old one. So, in case of breakge
in the middle of the cut another old blade
should be used.

Improper pressure on the job

Apply a medium pressure in the beginning,
increase it to a maximum in the middle and
reduce to a minimum in the end.

Improper speed and feed used

Use a light feed and high speed for light
sections and vice versa for thicker sections.

10.

Blade teeth worn out and
setting becomes inadequate

Sharpen the worn out blade and set the teeth
properly before further use.
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57. HEAVY DUTY POWER HACKSAWS

They are also known as Production hacksaws. These are heavier in construction and are provided with some additional
accessories. In production type heavy duty hacksaws, the work table is hydraulically operated. A number of rods, bars
or other sections, which are to be cut, are grouped together and clamped. Then they are cut together to the required length
inasingle setting. An adjustable workstop is provided in the table and stock is fed each time to this top to set the desired
length, avoiding the measurement and setting of this length every time. In these machines, most of the operations like
moving the stacked stock to required length each time, clamping of stacked material, raising of saw frame after cutting
is over, circulation of cutting fluid, etc., are hydraulically controlled.

OVERHUNG LENGTHS
OF STACKED BARS
BAR REST
THREADED
NECK/ SPINDLE

/'BODY

BASE

Fig. 5.3, A floor stand to support the overhanging bars.

The long and overhanging lengths of the stacked bars are supported in these machines over a floor stand of the type
shown in Fig. 5.3. The stand consists of cast body, which carries internal threads inside its upper neck. This neck acts
as anut, inside which works a vertical screwed spindle. A barrestis provided on the top of the screwed spindle. By rotating
the screwed spindle, the height of the bar rest can be adjusted anywhere according to requirement. The stacked bar lengths
are placed and supported over this bar rest.

58 THE VERTICAL BAND-SAW MACHINE

Band-saws are made in various different sizes. If proper tools are used, these saws, in addition to the metal cutting
operation, can perform other operations also, viz., filing and polishing. The main parts, illustrated in Fig. 5.4, of a vertical
band saw are the following :

1. Column

Itis a heavy vertical cast iron structure, which is hollow from inside. Inside it is housed the coolant pump assembly and,
sometimes, the electric motor. The motor may be fitted separately outside also. On the outside of it are fitted the starter
and other controls. Its top part is made projecting outwards to accommodate the upper wheel. It is fitted with a cover
on its one side, which is hinged to it to open or close according to the need. It is known as Head.

2. Bed

It is also a heavy cast iron structure and is generally cast integral with the column. It, in conjunction with the column,
forms the main supporting member of the machine. It is also made hollow. Its one sidewall carries the bearing and the
driving shaft, on which is mounted the lower wheel. The other sidewall carries a hinged cover, which can be opened and
closed as and when desired. At its top, it carries the machine table.
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3. Table

It is also made of cast iron and carries a long slot at its centre, through which passes the saw blade. The table may be
of fixed type or tilting type, the latter being more useful. The tilting type of table is mounted on trunnions to enable its
inclination to either side. It is this part of the machine on which the work is supported during the operation.

HEAD (FRONT
/ COVER REMOVED)

L~ UPPER WHEEL

r— GUIDES

«—r— BLADE OR
CONTROLS BAND
| |
,/—\l R _TABLE
v | b LOWER WHEEL
I
[ e
¥
COLUMN Y I K
\~ o"' "—/— BED

Fig. 5.4, A Vertical Metal band saw.

4. Wheels

Two wheels are provided, one at the top and the other below it. They are mounted on two different shafts and are connected
by means of an endless saw blade called band. The centre distance between the two wheels can be varied a little, by raising
or lowering the upper wheel, to adjust the tension in the band. The periphery of both the wheels is lined with vulcanised
rubber or similar other material to provide enough friction between the saw band and the wheel, so that no slipping of
the former takes place. Another, equally big, advantage of this lining is that there is no wear on the saw teeth and they
last for a longer time.

5. Guides

These guides are provided to keep the band straight while it penetrates into the work. As such, they should be kept as

near to the work as possible. In absence of these guides, due to the cutting pressure, the band may be twisted to the

side which will result in the breakage of the band or a spoiled work or both. The guides used are of three types :

1. Roller guides: They are mainly used to reduce friction when very high cutting speed is to be employed.

2. Inserttypeguides: They are used in general work where and when slow speed is to be employed, as is needed in
precision work.

3. Filebandtype: They are used when a file band is employed.

6. Blade or Band

It is that part which does the cutting operation. The blades used are of three types :
a. Saw band - for metal cutting

b. File band - for filing

c. Polishing band - for polishing.

59. DETAILS OF BAND TOOLS

The main parts ofaband tool are shown in Fig. 5.5. The face forms the main bearing surface against which the chip strikes.
Gullet helps to remove the chips from the cut. The saw bands are made in two varieties, flexible and all hard. The former
class carries hardened teeth with flexible back. The latter class is hardened all over. These bands are made endless by
welding their two ends together.
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Fig. 5.5, Main parts of a band.

Teeth setting

The band teeth are also set in the same way and for the same purposes as those of the power hacksaw blade. Fig. 5.5
shows the following styles of teeth setting :

a. Alternate set or straight set

b. Alternate and centre set or Racker set

c. Wave-set

- —
@
Sy e "] ey
{b)
"]
8 5 O O
(c)

Fig. 5.6, Setting of band saw teeth
Types of Bands
The following types of saw bands are in common use :

1. Precision Band
It is a flexible-back type band and can be used both for ferrous and non-ferrous metals and alloys. Sometimes it is used
for cutting wood and plastics also. It normally runs at slow speeds.

2. Friction Band

It is made of a special type of steel to withstand high temperature. It is specifically used for cutting very hard alloys and
castings. What happens actually in cutting with this band is that, due to friction between the band and the metal, as it
runs atavery high speed, a very high amount of heat is generated making the metal soft, which is removed by the advancing
band. It is rather a latest technique of metal cutting.

3. Buttress Band
It has a coarse pitch and deep gullets and runs at slow speed. It is extensively used in sawing wood, plastics and non-
ferrous metals. The blade is made in flexible back type.

4. Claw Teeth Band
Used commonly for light metals and alloys and wood, this band is comparatively less in width than others and its teeth
carry a positive rake.

5. Scallop-Edge Band
Its teeth carry a souble bevelled cutting edge. This band is commonly used for cutting soft materials and gives a smooth
finish.

6. Knife-Edge Band
It carries a straight cutting edge, instead of teeth, and is used for cutting soft materials. Its specific use is incutting soft
fibrous materials like paper.



88 Workshop Practices

7. File Bands

A file band consists of a number of short file segments which are fastened to a flexible steel band, by means of clips, so
that it can freely pass over the rotating wheels. Each of these segments carries a snug at one end and a hole at the other.
Snug of one segment fits into the hole os the next one and thus a series is formed to give continuous filing action. The
two ends of the flexible band are joined by means of a latch, so that they can be separated as and when needed. The file
bands are quite frequently needed for filing dies and form tools and burrying, etc.

8. Spiral Blade

Because of their shapes, these blades are capable of cutting in any direction without disturbing the work. When these
blades are used, special types of saw guides are to be employed to allow their free running. They are mainly used in sawing
wood and plastics.

9. Diamond Tooth Blade
Itconsists ofa series of cylindrical segments, carrying diamonds bonded in a sintered tungsten alloy. This blade is chiefly
used to cut very hard materials like ceramics.

10.Grind Band

Itis made almost in the same way as a file band with the difference that the file segments are replaced by abrasive segments.
These segments are welded to a flexible steel band. A specific difference is that the cutting takes place on the edge instead
of the flat surface of the band.

Cutting Speed
The cutting speed in a bandsaw largely depends upon the material to be cut. For common metals, the following average
cutting speeds are recommended, when using a high speed steel band.

Tableb5.3, Recommended cutting speedsfor band sawingwith HSSbands

SI. No. Material to sawn Cutting speed m/min
1. Cast iron 30
2 Mild steel 45
3. Bronze 75
4, Brass 20
5 Thin sections, pipes and tubes, etc. 20

5.10. HORIZONTAL BAND SAWS

This type of machine is also known as a cut-off band saw or cut-off band machine. In general appearance they look like
a power hacksaw, but the cutting mechanism of these saws is quite different. The frame of these machines carries two
wheels, with their axes horizontal, which are connected together by means of an endless saw band. A tension control
mechanisms always maintains proper tension in the blade, so that it runs continuously when the wheels rotate. One of
the wheels is the driving wheel, connected to the motor, while the other wheel (driven wheel) acts as an idler wheel. There
are two guides provided on the path of the band. These guides turn the blade such that it runs vertical between the two
guides to cutthe workpiece vertically. The principle of sawing on this machine is schematically shown in Fig. 5.7, in which
the vertical cutting of the workpiece due to turned band by guides is quite clearly visible. The frame of the machine is
normally hinged so that it can be swung in a vertical plane to raise it after cutting or lower it before starting sawing. A
hydraulic or pneumatic system controls the cutting fluid supply and many other mechanisms of the machine.

The adjustable supports and guides incorporated at the cutting area support the band to enable it to bear the applied
cutting force and turn it to become vertical to saw the workpiece in a vertical plane, as shown in the diagram. Cutting
takes place due to continuous feed in go the band into the work, since the saw band continues to run in the same direction
always. These machines always operate at higher cutting speeds than those used for reciprocating power hacksaws. A
few important points to be borne in mind while operating these machines are :

Band tension should be correctly adjusted

Wheel guards should be locked before starting sawing

Proper saw blade, speed and feed should be used

Proper coolant, if required, should be used and in abundance.

The band supports and guides should be adjusted as close to the workpiece as possible.

The workpiece(s) should be tightly clamped.

SERAEE N
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Fig. 5.7, Principle of operation of a horizontal bandsaw machine.

5.11. USE OF CUTTING FLUIDS
Irrespective of the type of machine used for metal sawing, a good cutting fluid is use in most cases due to the following

reasons :

1. For minimising friction between the saw teeth and chips.

2. For washing away the cut material and, thus, preventing it from depositing at the cutting edges of saw teeth or
around them.

3. For dissipating the heat generated over the saw teeth.

4. For preventing development of high temperature in the cutting area and, thus, preventing the cutting teeth from
softening.

5. To increase the life of the saw teeth and, thus, increase productivity.

The common types of cutting fluids used include sulphurised oils, soluble oils and synthetic chemical fluids.



CHAPTER: 6
LATHE MACHINE

6.1 CONSTRUCTION, ACCESSORIES, WORKING & OPERATIONS PERFORMED ON THE FOLLOWING
MACHINE TOOLS

6.1.1 Lathe machine

The lathe can be defined as a machine tool which holds the work between two rigid and strong supports called centres
or in a chuck or face plate while the latter revolves. The chuck or the face plate is mounted on the projected end of the
machine spindle. The cutting tool is rigidly held and supported in a tool post and is fed against the revolving work. While
the work revolves about its own axis the tool is made to move either parallel to or at an in inclination with this axis to cut
the desired material. In doing so it produces cylindrical surface, if it is fed parallel to the axis (Fig. 6.1) or will produce a
tapered surface if it is fed at an inclination.

TOOL

TOOL

Fig. 6.1, Working principle
Types Of Lathe
Lathes of various designs and constructions have been developed to suit the various conditions of metal machining.
Butall of them employ the same fundamental principle of operation and perform the same function. The types generally
used are as follows.

i. Speed Lathe

Itis the simplest of all the lathe and consists basically of a bed, headstock, tailstock and tool post on an adjustable slides.
The headstock is very simple in construction and the maximum number of spindle speeds is 2-3. The feed of cutting tool
is done purely by hand controls and operate at high speed. The type of machine is used only for simple surface finishing
operations and the percentage of accuracy is negligible.

ii. Engine Lathe

This is the most common type of lathe machine. The basic components are similar to the speed lathe. In this type the
head stock is very large in size. The cutting tool is mounted on the tool post with an additional arrangement that is a
lead screw and carriage. By this arrangement the cutting tool can be fed either by hand or automatically. The amount
of metal cut or removed is considerably more than the speed lathe. Based on the power supply construction of head stock
spindle, this lathe is again classified into three types: (a) Belt driven lathe (b) Independent motor driven lathe (c)
Gear head lathe.

iii. Bench Lathe
This machine is smaller when compared to the engine lathe. The lathe is mounted on a bench. It is very small in
construction. These are generally used for small precision works in small production workshops.
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iv. Tool Room Lathe

Other than the attachment of the engine lathe the tool room lathe is provided with three more extra arrangements, thread
gauge, chuck and taper arrangement pump for coolant etc. Tool room lathe is basically used for mass production and
surface finishing process such as cutting tools, dies and gauges.

v. Capgan And Turret Lathe

This is wholly different from a standard lathe machine. Ina standard lathe machine, the cutting tool is mounted on a carriage
by means of a tool post. The cutting tool is fed into the work piece by operating the carriage. In a capstan and turret
lathe, the carriage arrangement is dispensed with a turret attachment provided to the tail stock of the lathe machine. The
turret, hexagonal in shape can be fitted with anumber of tools which can be fed into the work in proper sequence. A numbers
of operations can be set up of the workpiece and cutting tool.

vi. Special Purpose Lathe

The scope of this types of lathes are very limited, it can be used continuously for single type of operation, once the required
type of operation attachment is fitted when the operation is continuous. This is used in mass production shops where
a single types of operation is done on a large number of workpiece.

vii. Automatic Lathe

As the name indicates, the machining processes are done automatically in the set up of workpieces, cutting tool, change
of gears and cutting tools and similar operations are done in a minimum time. An operator needs only look to the general
maintenance of the machine and to remove the finished products from time to time.

Lathe Specification and Sizes

Thessize ofalathe is designated in many different ways. The practice usually differs with different countries. For example
a S.S.S.C. (Sliding, surfacing and screw cutting) lathe is specified in U.S.A. by its swing. The term swing denotes the
maximum diameter of the work which can be accommodated on the lathe. This swing is specified at different positions
on the lathe as shown in Fig. 6.2 It will be observed that the swing is specified in the gap (in case of gap bed lathe), over
the carriage and over the bed. These measurements indicate the maximum diameter of the work which can be safely
accommodated over these positions during the operation.

<« C—b,
|
<—

LATHE SIZE

A-Maximum length that can be accommodated between centres. B-Swing in gap.
C-Height of centres. D- Swing overcarriage. E- Swing over bed.

Fig. 6.2, Lathe Size.

In England the practice of specifying the lathe is different. There the swing is not mentioned and instead of this they specify
the lathe by the height of centres (or of the spindle axis) over the bed. The dimension is exactly half of the swing over
bed as specified in U.S.A. It would be interesting, therefore, to observe here that the same lathe will be designated in
two different ways depending upon in country of manufacture. For example, a 13" swing-over -bed lathe of U.S.A. will
be designated asa 64" lathe in England, the former indicating the maximum diameter and the latter the maximum radius
of the job (or height of centres over the bed) that can be accommodated over the bed.

In U.S.S.R the term swing is not used though they designate the lathe by the same dimension, i.e., by giving the maximum
diameter that can be turned above the bed. They also give the height of centres above the bed. Thus they have a sort
of combination of both the above conventions. In our country also a combination of the above two methods is followed.
Most of the manufacturers in our country specify the swing and the height of centres over the bed.
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The important dimensions required to be mentioned for a S.S.S.C. lathe can be summarised as follows :

Height of centres over bed,

Maximum swing over bed,

Maximum swing over carriage,

Maximum swing in gap- in case of gap bed lathes only,

Maximum length of work that can be mounted and turned, or in other words the maximum distance between centres,
and

6. Length of bed.

SN

However it may be noted that by giving only the above dimensions the lathe cannot be fully specified. The complete
specifications of alathe will include various other data also. This, itis hoped, will be more clear through a concrete example.
Given below, for this purpose, are the complete specifications of a Harihar D-1 lathe, manufactured by M/s. The Mysore
Kirloskar Ltd., Mysore (India).

Height of centres over flat bed ways 165mm.
Maximum swing over carriage 210mm.
Maximum swing over bed 330mm.
Maximum distance between centres 600mm.
Width of bed 238mm.
Hole of through the spindle (Diameter) 35mm.

Morse taper of centre No. 3.

Spindle Nose, Type and size- Threaded 2-3/8" dia x 8§ TP 1.

Face plate diameter 300mm.

Max. size of tool holder-Single tool post 15SmmX*32mm.
Square tool post 12.5mm.sq.
No. of spindle speeds 8

Range of spindle (Approx.) 22t0750r.p.m.
Metric Threads, Pitch range (33 pitches) 0.2t0 6.0 mm.
Inch Threads, T.P.1. range (23 pitches) 41040

Lead screw diameter 254mm.

Lead screw threads 8T.P.1.
Motor—I. H.P., 3-phase, 400/440 V. 50 cycles.

I.  Parts of Lathe Machine
The lathe carries the following main parts as illustrated by ablock diagram in Fig. 6.3 Detailed mechanical features of the
lathe are shown in Fig. 6.5.

i. Bed

The bed ofalathe acts as the base on which he different fixed and operating parts of the lathe are mounted. This facilitates
the correctrelative location of the fixed parts and at the same time provides way for a well guided and controlled movement
of the operating part (carriage). Also it has to withstand various forces exerted on the cutting tool during the operation.
It must, therefore, be of a very rigid and robust construction. Lathe beds are usually made as single piece casting; the
material ‘Cast Iron’ facilitating an easy sliding action . However, in case of extremely large machines the bed may be in
two or more pieces, bolted together to form the desired length. Bed castings are usually made to have a box section
incorporating cross webs as shown in Fig. 6.4.
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Fig. 6.3, Block Diagram of lathe. Fig. 6.4, Lathe Bed.

There is always a likelihood of distortion taking place due to cooling stresses set up during solidification of the casting.
To avoid this a very common practice of natural seasoning, called ageing, is prevalent. For this the bed castings are rough
machined and then left in open for considerable time, usually a couple of years or so, and then machined to the required
size for final assembly. The ways which come in contact with the sliding parts are very accurately and finely finished.

All-flat ways are not very popular now, although it is easy to produce them. The prismatic, or inverted ‘V’ ways, are now
preferred over the flat ways for the reason that their construction totally disallows the entry of chips and dirt, etc. between
the saddle and the bed, thus preventing the contact surfaces from being spoiled due to scratching. Also they provide
very efficient guiding surfaces and the wear of the bed, does not have any appreciable effect on the overall alignment
of the lathe. Most of the countries adopt a combination of the flat and prismatic shapes .

In this the flat ways act as support, i.e., taking the maximum portion of the load and the stresses, whereas the prismatic
shapes act as guide ways. Tail stock is usually guided along the bed by a combination of one prismatic and one flat way.

An important point to be borne in mind is that an accurate location and proper levelling of the bed, during installation
and afterwards, plays an important role. Even very strong beds are observed to have been distorted if they are placed
onunlevelled foundation. This twisting of beds affects the accuracy of the work very seriously. The bed should, therefore
be tested for level both lengthwise as well as crosswise.

Gap Beds
Though it is not a very common practice, some beds are made to have a gap just adjacent to the front of the head stock.
Such beds are known as Gap beds. They provide an advantage that the lathe having such a bed is capable of
accommodating jobs which are larger in diameter than the provided swing over the bed. But, this is true for jobs of shorter
length only.

On the other hand, it offers an equally great disadvantage when short and precision work is to be done. For such work
the saddle is required to be brought closer to the headstock and the gap of the bed makes the saddle to project over it
unsupported. The gap bed is therefore never adopted for precision lathes.

ii. Head Stock

The headstock is that part of the lathe which serves as a housing for the driving pulleys and back gears, provides bearing
for the machine spindle and keeps the latter in alignment with the bed. It consists of the following parts :

a. Cone pulley, b. Back gears and back gear lever,
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c. Main spindle, d. Live centre, and
e. Feed reverse lever.

* g

A- Belt tension release lever, B- Half nut lever, C- Feed engaging lever, D- Star wheel,

E- Hand feed wheel, F- Hand wheel for cross feed screw, G- Hand wheel for compound rest,
H- Tailstock spindle locking lever, I- Tailstock handwheel, J- Reversing switch, K- Back gear
engaging lever, L- Coolant delivery pipe, M- Lead screw, N- Electric motor, P- 'V belts,
Q- Countershaft bracket, R- Countershaft cone pulley.

Fig. 6.5, The Engine lathe.

The back-geared headstock consists of a casing accommodating the main spindle, the three or four step-cone-pulley and
the back gears. The internal mechanism of this type of headstock is shown in Fig. 6.6. In this a step cone-pulley is mounted
on the main spindle, which carries a spur gear G, at its one end and pinion P at the other. Gear G, is firmly keyed to the
spindle so that it can never revolve free of the same. The spindle carries a sleeve over it which is a loose fit. The cone
pulley is firmly secured to this sleeve. Also the pinion P, is firmly keyed to this sleeve. This arrangement force the opinion
P, to revolve with the cone pulley under all conditions. A spring knob K engages the gear G, with the cone pulley. The
cone pulley is driven by means of a belt, through a countershaft, by an electric motor as shown in Fig. 6.6. This arrangement
enables 4 different speeds of the spindle.

Use of back Gears

The back gears are used for effecting reduction in spindle speeds, thereby facilitating a wider range of speeds as shown
in fig. 6.7. The back gears are mounted on an eccentric shaft which is operated by means of a hand lever known as back
gear engaging lever. The back gears consists of a spur gear G, (opposite pinion P, ) and a pinion P, (opposite gear G, ).
When speed reduction is desired the knob is pulled out to make the cone pulley free of gear G, and hence of the spindle.
The back gears are put into mesh with the spindle gears by pulling in the eccentric shaft. Now the sequence of transmission
of motion and power is such that the cone pulley revolves. This, being in mesh with gear G, transfers the motion to the
latter which in turn, revolves the eccentric shaftand hence the pinion P, . This, further being in mesh with gear G, transmits
the motion to the latter and hence to the spindle.
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Fig. 6.6, Cone Pulleys. Fig. 6.7, Use of back gears.

Speed Ratios

Let us take a concrete example to illustrate as to how the spindle speeds change with the engagement of back gears. Fig.
6.7. illustrates different combinations of belt positions on the spindle cone pulley and the counter-shaft cone pulley.
Suppose the countershaftrevolves at a constant speed of 300 R.P.M. and the diameters of the steps of the two cone pulley
are25cm, 20 cm 15 cm, and 10 cm respectively

Using the different combinations of the cone pulleys we get:
Belt in position A - spindle revolves at 120 R.P.M.

Belt in position B - " " at 225 R.P.M.
Belt in position C - " " at 400 R.P. M.
Belt in position D - " " at 740 R.P.M.

Now suppose the number of teeth in gears G, and G, are 100 each and in pinions P, and P,36 and 40 respectively. On
meshing the back gears the corresponding spindle speeds to the above positions will be as follows :

Belt in position A - Spindle revolves at
120x36x40/100x100=17.3R.P.M (approx.)

Belt in position B - Spindle revolves at
225x36%x40/100x100=32.4R.P.M.

Belt in position C - Spindle revolves at
400%x36x40/100x100=57.6 R.P.M.

Belt in position D - Spindle revolves at
750%x36x40/100x100=108R.P.M.

TheSpindle

The main spindle of the lathe is in the form of a hollow shaft and revolves in two bearings fixed one each of the front and
rear ends of the head stock. The inside hole runs through entire length of the spindle and at the front end it is made tapered
to accommodate the live centre. Also, at the front end, the outside surface of the spindle is made threaded to receive the
jobholding devices such as chuck, face plate or driving plate, etc. However some other methods are also adopted in place
of making the spindle end threaded. One of these is to provide a flange at the end of spindle and secure the job holding
device toit. Another method is to provide a draw nut at the end which receives the extended rear screwed part of the chuck
or face plate. The advantages of using these methods are that the accuracy of the spindle is maintained for longer time,
likelihood of the chuck and the face and strength and stiffness of the spindle is increased. Trueness of the spindle has
a considerable effect on the accuracy of the job, and hence it should always be in perfect alignment.

Live Centre
It is the centre support which is fitted into the tapered inside portion of the spindle nose while using a driving plate or
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face plate. No such centre is required when the work is held in chuck. It acts as a bearing support for the work during the
operation. It is usually softer than the ‘dead centre’ fitted in the tail stock for reason that there are no chances of any wear
occuring on its surface as it always revolves along with the work. It is only due to its revolving with the work that the
name ‘Live Centre’ has been given to it.

Feed Reverse Lever

This lever is primarily used for providing power feeds to the carriage. It is fitted on the left hand side of the head stock
and has three position; central, top and bottom. In central position it is disengaged and the feed to the carriage is given
by hand. In top and bottom positions it engages the power feeds to the carriage. In one position the carriage is moved
from right to left and in the other in reverse direction. Such a change in the direction of feed is usually called for while
cutting the left hand and right hand threads. An important point to note is that this lever should never be operated while
the spindle is running. The machine should be stopped before operating this lever. This lever, in fact, effect the said change
by changing the direction of rotation of the lead screw through a set of gears, while the spindle continues to revolve in
the same direction always. If, however, the direction of the spindle is required to be altered this is done by means of
reversible switch which makes the driving motor to revolve in a reverse direction, and hence the spindle.

Feed M echanism and Change Gears

The gear mechanism operated by means of the feed reverse lever is called the tumbler reversing mechanism. This, as stated
above, is used for providing power feeds to the carriage. This mechanism is shown by means of a diagrammatic sketch
inFig.6.8. It will be seen that the motion from the spindle to the lead screw or feed rod is transmitted through this mechanism.
ReferFig.6.8. Gear G, ismounted on the rear end of the spindle S. The feed mechanism consists of gear G,, G,and G,, and
is operated by means of feed reverse lever P. When the lever F is moved from the central position to either the top or the
bottom position one of the gear G, and G, will mesh with gear G, whereas these two gears always mesh with each other
mutually, Thus, it will be seen that in the top position of lever F motion is transmitted from gear G, to G, through gear G,
and gear G, playsnorole. With the result gear G, will have the same direction of rotation as the spindle [Fig 6.8 (a)] . Against
this, in the lower position of the lever F motion from G is transmitted to G, through G, and G, respectively as shown in
Fig 6.8 (b). This will enable G, to rotate in a direction opposite to that of the spindle S. It will be evident that when the
lever F will be in its central position neither of the gear G, and G, will be meshing with G, and thus the feed mechanism
will be disengaged. The above mechanism is usually enclosed in the headstock except the lever F which is kept projecting
outside.

STUD

Fig. 6.8, Feed mechanism and change gear.

On the same end as the above mechanism, but outside the headstock, there is another set of gears called change gears.
This consists of gears G, G, G,,G , etc. Gear G, is mounted on the same spindle as G, and thus rotates at the same speed
as the latter. This transmits motion to gear G , through G ;and G, which further transmits it to the lead screw or the feed
rod. These four gears are known as change gears for the reason that they can be removed and replaced by other gears
having different number of teeth. A desired speed of lead screw or the feed rod can be obtained by selecting the suitable
change gears having proper number of teeth. Gears G, and G are usually mounted on a stud are known as stud gears.
A quadrant is provided and the stud can be shifted along its straight slot to enable proper meshing of change gears. Also
this quadrant can be swung vertically along the slot P to enable meshing of gear G and G, . When proper mashing has
been acquired the quadrant is locked in position. Gear G, is mounted directly on the lead screw on those lathes which
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do not have a feed gear box, where as it is mounted on the gear box driving shaft in those lathes which carry the gear
box.

Geared head Stock

As discussed earlier, a lathe spindle may be required to operate at various different speeds. For this the head stock may
be equipped with either a cone pulley drive and back gears, discussed earlier in this article, or an all geared head stock.
The latter method is very commonly used in all modern lathes. In this method the desired speeds are obtained simply by
shifting the position of sliding gears. These gears are actuated by two or more speed change levers. The main driving
motor runs always at a constant speed and the desired variations in spindle speeds are provided through the above shifting
of gears. The head stock has a rigid construction, compact design and incorporates a number of sliding clutches and
breeds, etc. Some lathes sometimes are provided with a two speed motor in order to have a wider range of spindle speeds
from the same head stock. This type of head stock is used not only in lathes but in almost all the other types of modern
machine tools.

The common method of designing such a gear box is to arrange the spindle speeds in a Geometrical progression, which
means that each spindle speed when multiplied by a constant number gives the next higher speed. For example if S be
the first or lowest speed and C the constant number, then :

2"speed =SC
3"speed =S.C.C.=SC?
n™speed =SC™"'
Now, if n be the total number of speeds and N be the maximum speed, then :

N = SC!
or C = ™(N/S)

Internationally the standard values of C have been fixed as 1.12, 1.25, 1.4, 1.6 and 2.

A simple design of a nine speed all geared head stock is shownin Fig. 6.9. It consists of asplined shaft S , an intermediate
shaft S, and the lathe spindle S,. Shaft S, carries the fast and loose pulleys on its outside end, thorough which it receives
power from the driving motor. Gear G, G, and G, are mounted on shaft S , gears G,, G,and G, on shaft S, and gears G,
G,and G, the spindle S.. The spindle body is also splinded, as shown. Gear G is called translating gear. It is fitted on
the main spindle for transmitting motion to the lead screw and feed shaft. The gear box shown in Fig.6.9 is said to have
the sliding gear mechanism because the changes in spindle speeds are obtained by sliding a set of gear over a splined
shaft to bring it in mesh with a cluster (combination) of gears mounted on the other shaft.

LIVE
CENTRE

EAST AND
LOOSE
PULLEYS

Fig. 6.9, Gear Box

In the above gear box the power is transmitted to shaft S, from the driving motor through the fast pulley mounted on the
shaftextension. Gear G,, G,and G, can be brought in mesh respectively with gears G,, G, and G by sliding the former over
splined shaft S by means of a lever. Similarly another lever can be used to slide Gears G, ,G,and G oversplined spin-
dle S, to bring these gears in mesh respectively with gears G,, G and G,. The power is, thus, transmitted from S to S and
thento S, . Gears G,, G,and G, rotate freely on shaft S, in their own positions, but they cannot be shifted axially. The above
shifting of gear enables nine different gear combinations to give nine different spindle speeds as follows :

L. G, /G,xG,/G, 2. G,/G,xG,/G, 3. G,/G,*xG,/G,

4. G,/G, xG,/G, S. G/G,xG,/G, 6. G,/G, xG,/G,

7. G,/G,x G/G, 8. G/G.xG/G, 9. G,/G, xG,/G,

An all geared drive has the following advantages over the cone pulley drive :
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1. It provides a more compact design and enables a wider range of spindle speeds

2. The power available at the tool is almost constant for all the speeds, whereas in a cane pulley drive it varies with
the speed.

3, The spindle speeds can be easily changed by simply moving a few levers, which is relatively safer and much quicker
than shifting of belt in a cone pulley drive.

4. No line shaft or countershaft is required since the power is obtained from an independent motor housed in the
machine itself.

5. Less vibrations are observed in the machine spindle since the driving pulley is not mounted directly over it. This

type of drive , however, carries the following disadvantages also :
a. The lathes incorporating this drive are costlier.
b. There is some loss of power due to friction in gears.
c. This being a positive drive, the chances of prevention of damage due to overloading are very bleak.

iii. Tailstock

Itis also sometimes called the loose head-stock or puppet head. It is mounted on the bed of the lathe such that it is capable
of'sliding along the latter maintaining its alignment with the head stock. On common types of medium size and small lathes
it is moved along the bed by hand, whereas in heavier types of lathes it is moved by means of a hand wheel through a
pinion which meshes with the rack provided on the front of the lathe bed. The main function of the tail stock is to provide
bearing and support to the job which is being worked between centres. To enable this the tail stock is made to possess
a number of parts which collectively help in its successful function.
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SLEEVE OR COLLAR
BARREL
N
DEAD CENTRE
BEARING
INSERT SCREWED
e SPINDLE ~ HAND WHEEL
CLAMPING BOLT
SCREW FOR TAIL
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i 1
i o
: [ |
! 1
I I
BOTTAM PLATE
! i
H 1
BEDWAYS I---JI.__.,. ==1  CLAMPING PLATE
1 1 : !
i =, :
L j_ -
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Fig. 6.10, Tail Stock of lathe.

A Simple design of tail stock is shown in Fig. 6.10. It illustrates all the principal parts of the tail stock and their working
can be best understood with the help of this diagram. The body is a single piece casting to which is fitted a separate plate
at the bottom, called the bottom plate. This plate carries a projection which fits into the corresponding slot in the body,
as shown, in order to prevent the relative longitudinal movement of the two. Just above this projection is provided the
screw for adjusting the tail stock set over for taper turning. Usually the front end of the bottom plate, / i.¢., the one facing
the head stock carries graduations and a mark is provided on the corresponding face of the body. With the help of these
graduations the required set over the tail stock is adjusted. This whole is held over the bed by means of a single clamping
bolt which carries a clamping plate at its bottom. When it is required to be clamped in position the nut is screwed up and
the clamping plate is secured to the underside of the bed ways.

The upper part of the body is made hollow which carries a sleeve or barrel inside it. At the rear end of the sleeve a bush
(usually of bronze) is provided which acts as a bearing for the screwed spindle inside it. This bush carries inside threads.
On the front end of the sleeve is fitted the dead centre. The underside of the sleeve carries a slot (or key way), to a limited
length, in which an insert (such as a set screw) is made to project from the bottom so as to prevent the rotation of the
sleeve. The screwed spindle carries square threads along its stem with a collar at the rear end of the threaded portion.
This collar limits the inward motion of the sleeve to a desired extent. A bushed bearing is provided at the rear end between
the back plate and the collar. The back plate is firmly secured to the body by means of screws S and S,. This arrangement
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prevents the axial movement of the spindle. At the extreme rear end of spindle is provided a hand wheel for rotating the
former.

In operation, when the hand wheel is rotated the spindle rotates about its own axis inside the nut N and in doing so it
draws in or pushes forward the sleeve, depending upon the direction of rotation of hand wheel. It is so because the axial
movement of the spindle has been prevented, as described above, while the sleeve is free to move longitudinally. After
the sleeve has been made to project a desired length outside the body it can be secured in position by means of the clamping
handle H.

iv. Carriage
The lathe carriage (Fig 6.11). serves the purpose of supporting guiding and feeding the tool against the job during the
operation on the lathe. It consists of the following main parts.

T - TOOL POST
COMPOUND REST 1] /
COMPOUND

REST FEED SCREW

CROSS-SLIDE SWIVEL PLATE

CROSS
FEED SCREW

Fig. 6.11, The Carriage.

Saddle
It is that part of the carriage which slides along the bed ways and supports the cross-slide, compound rest and tool post.

Cross Slide
It is mounted on the top of the saddle and always moves in a direction normal to axis of the main spindle. It can either
be operated by hand by means of the cross-feed screw or may be given power feed through the apron mechanism.

Compound Regt

It is known as tool rest. It is mounted on the cross-slide and carries a graduated circular base called the swivel plate. The
latter is graduated in degree and enables the former to swivel to any angle in a horizontal plane. The upper part known
as compound slide, can be moved by means of the compound rest feed screw.

Tool Post
It is topmost part of the carriage and is used for holding the tools holder in position.

Apron

It is the hanging part in front of the carriage . It serve as housing for a number of gear trains through which power feeds
can be given to the carriage and the cross-slide. Also it carries the clutch mechanism and the split half nut. Out of these
two the former (clutch) mechanism is used to transmit motion from the feed rod whereas the latter, in conjunction with
the lead screw, moves the whole carriage in thread cutting. For efficient operation of the machine it is important to
understand the apron mechanism and its working in detail. The same will now be discussed fully in the following
paragraphs.

Apron Mechanism

Fig. 6.12 illustrates the apron mechanism of lathe. The gearing mechanism is completely enclosed inside the apron and
the controls for operating the same are shown in Fig. 6.12 (a), which is the Front (outside) view ofthe apron. H is the hand
wheel for providing the longitudinal hand feed to the carriage .Similarly H, is the hand wheel for providing hand feed to
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the cross-slide. Lever L, is for engaging or disengaging the power feed. Star wheel S is operated when power feed is to
be engaged. Lever L operates the spilt halfnut N to engage or disengage the same from the lead screw L. D is the chasing
dial used in thread cutting. In order to make clear the relative positions of the internal gear . Further details of teeth, etc.
of the gears have deliberately been avoided in all the views in order to make the diagrams simple . We will now discuss
the mechanism in detail.

(c) (d)

Fig. 6.12, Apron mechanism of lathe.

Inside the apron there are 5 spindle S, ,S , S, S, and S, (see plan Fig. 6.12 (b). Spindle S, carries gear G, at its rear end
and hand wheel H at the front. G, is in mesh with gear G, mounted on spindle S, . Spindle S, carries another gear G, at
its rear end, outside the apron , which meshes with the rack provided at the front of the lathe . This can be clearly seen
in the rear view [Fig.6.12 (d)]. Spindle S, carries gear G, which is operated by lever L . This lever has three positions 1,2
and3[SeeFig6.12 (a)]. Inposition 1 i.e. lowest, itengages gear G, with G, mounted on spindle S,. In position 2,i.e. middle,
gear G, is free and does not mesh with any other gear. In position 3 i.e. , top, gear G, meshes with the gear G, . Spindle
S,, in addition to the gear G,, carries another gear G, at its rear end. It is always in mesh with gear G, which is mounted
on the screwed spindle of the cross-slide. Spindle S, is just below the spindle S, and it carries gears G and G,. G,is in
mesh with G, and G, is not rigidly secured to S, . Instead of this a clutch or pushed out by rotating the spindle by means
of the star wheel S. On account of the same, whenever it is desired to transmit motion from the lead screw to the spindle
S, the clutch is drawn in. This enables a temporarily rigid fastening between S, and G, with the result that S, is driven
by the lead screw through the worm W and gear G, .Whenever we want to disengage the same the star wheel is rotated
in areverse direction to push the clutch out of G, the transmission is stopped. Working of the split half nut mechanism
will be described later.

In operation, when hand feed is required to be given , whether to the carriage or the cross-side, lever L, is put in position
2 so that gear G, is neither engaged with G, nor with G,. When power feed is to be given to the carriage lever L, is put
in position 3 so that G, meshes with G, and G, simultaneously. Star wheel is tightened to connect G, with S_. Motion is
transmitted from the lead screw to G, through the worm, and hence to S, and G,. Itis further transmitted to G, and hence
to G, they being on the same spindle. G, meshes with the fixed rack and therefore the carriage is moved.

To give power feed to the cross-slide, lever L, is put in position 1, so that gear G, meshes with G, . Now the transmission
of motion from the lead screw is to the worm, then to G, with G, and finally to G, through G, and S.. Note that the mechanism
explained above is not capable of providing power feeds both to carriage as well as the cross-slide simultancously.

Split Nut

It has already been described above that the split nut is engaged to the lead screw to give power feed to the carriage when
threads are cut. Its construction and working can be clearly understood with the help of Fig.6.13. The nut is made in two
halves carries a pin at its back (P, and P,) which engages into the cam slots provided in the plate at their back. When this
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plate is rotated by means of the lever L it, depending upon the direction of rotation of the lever, engages or disengages
the split nut with the lead screw.
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Fig. 6.14

Animportant feature of aapron mechanism is the provision of a foolproofarrangement to avoid the simultaneous operation
ofthe splitnut and the automatic feed to the carriage. To avoid this clash alever is provided inside the apron which engages
with both the mechanisms and acts in such a way that when automatic feed is given to the carriage the split nut will not
close and when the latter will be engaged the automatic feed will not act.

v. Legs
They are the supports which carry the entire load of the machine over them. The prevailing practice is to use cast legs.

Both the legs are firmly secured to the floor by means of foundation bolts in order to prevent vibrations in the machine.
One ofthese legs, usually on the left hand side of the operator, serves as a housing for the electric motor and countershaft,
etc. Both these legs should be of robust construction.

vi. Drive of the feed rod and the lead screw

Fig. 6.15 shows acomplete driving arrangement of a feed rod and lead screw. The motion is transmitted from the spindle
gear through the tumbler gears and change gears to the shaft 5 on which twelve gears are keyed. Twelve different speeds
may be obtained by the shaft 7 by the sliding gear. With the use of the sliding key and four additional gears on shaft
7 and 12, the shaft 12 canreceive 12 x 4=48 speeds, i.c. 48 different feeds. The clutch enables the lead screw to be engaged
or disengaged only one at a time.

Feed Rod

The feed rod is a long shaft that has the keyway extending from the feed box across and in front of the bed. The power
is transmitted from the lathe spindle to the apron gears through a feed rod via large number of gears. The feed rod is used
to move the carriage of cross-slide for turning, boring, facing and all other operations except thread cutting.

Lead screw

The lead screw is a long threaded shaft used as a master screw, and is brought into operation only when threads have
to be cut. In all other times the lead screw is disengaged from the gear box and remains stationary, but this may be used
to provide motion for turning, boring, etc. in lathes that are not equipped with a feed rod.
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Fig. 6.15, Layout diagram of feed drive.
[l. Lathe Accessories

i. Chucks
The commonly used chucks are three-jaw universal chuck, four-jaw independent chuck, and magnetic chuck.

Three jaw universal chuck

(Fig.6.16) holds cylindrical or hexagonal work. All three jaws move together to bring the work on centre. Two sets of
interchangeable jaws are provided because the jaws are not reversible. These are called inside and outside jaws. One set
is used to grip the work on the outside.

The slots on the chuck are numbered 1, 2 and 3. Each jaw has a corresponding number. Remove the jaws from the chuck
by backing them out with the chuck wrench. Turn the chuck so that slot No. 1 is at the top. Turn the wrench until the top
thread of the scroll plate is just short of entering the No. 1 slot. Insert the No. 1 jaw and set it down against the scroll thread.
Turn the wrench to catch the thread into the thread or groove the jaw. Turn the wrench just enough to meet slot No. 2,
no further. Insert and catch the No. 2 jaw. Repeat for the No. 3 jaw.

CHUCK BODY

CHUCK
INSIDE KEY
JAWS SOCKET

OUTSIDE JAWS

CHUCK KEY OR
WRENCH

Fig. 6.16, Three jaw universal chuck.

Four-jaw independent chuck

(Fig.6.17) is used to hold most of the work for which a chuck is required. The hardened steel jaws are reversible and will
hold work of different sizes and shapes. Each jaw may be moved independently of the others so that workpieces may be
trued to run accurately.

A four-jaw independent chuck has several circular grooves around the face of the body. The jaws may be approximately
centered by adjusting the jaws to these grooves. The workpiece is then inserted and the jaws tightened just enough to
hold the work in place .Reverse the toolholder, tighten it finger-tight only, and turn it in until it just touches the workpiece.
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Revolve the chuck by hand to locate the high or low spot of the workpiece. Adjust the jaws until the workpiece runs true.
If greater accuracy is required use a test indicator.

Fig. 6.17, Four jaw universal chuck.

Combination chuck

Itis usually a four-jaw chuck in which the jaws may be adjusted either independently, as in a four-jaw independent chuck,
or together, as in the three-jaw universal chuck. It is useful for holding duplicate workpiece. The first piece is located
accurately by adjusting each of the jaws. The following piece are then positioned like the first piece and the self-centering
socket in the chuck body is used to tighten the work in the chuck Figure 6.18 shows a six-jaw combination chuck.

Fig. 6.18, Six jaw combination chuck.

Magnetic chuck

(Fig 6.19) holds steel workpieces by means of permanent magnets contained within the chuck. The face of the chuck is
magnetized by inserting a key in the chuck and turning it 180°. The amount of magnetism may be controlled by turning
the key only part of the required distance. In this manner, a workpiece may be held lightly on the face of the chuck while
it is being adjusted or trued to the required position. Then, the full power of the magnet may be turned on. This type of
chuck is suitable for work that requires only light cuts. The magnetic chuck is especially good for holding parts that are
too thin to be held in an ordinary chuck. The size of a chuck is specified by the diameter of the chuck body.

Fig. 6.19, Magnetic chuck.



104 Workshop Practices

ii. Mandrels

A lathe mandrel is ahardened and tempered steel work-holding device. Itis used for the further machining of a workpiece
between the centers after it has been bored or reamed while held in a chuck. The mandrel is ground to a taper of 0.006
inch per foot. It is pressed or driven into a finished hole tight enough so the work will not slip while it is being machined.
The mandrel size is stamped on the large end.

An expanding mandrel consists of a solid tapered piece and a slotted tapered sleeve, which expands in diameter when
forced onto the solid tapered mandrel. Usually made in sets, each mandrel can be used for a variety of hole sizes. The

amount of expansion is from about 1/16 in. for the smaller size mandrels up to % in. for the larger size mandrels.

A nut mandrel is a straight mandrel threaded at one end so that a number of workpiece may be mounted and securely
held for turning between centers.

While pressing mandrels into a finished hole, Lubricate both the mandrel and the hole to prevent the mandrel from freezing
in the hole without the use of a lubricant both the hole and the mandrel may be damaged. Use an arbor press to drive
and remove mandrels from workpieces.

| —

Fig. 6.20, Plain mandrel.

| __ /-MANDREL

Fig. 6.21, Facing and turning a pulley held on a mandrel between centers.
iii. Dogs
Lathe dogs are devices attached to the workpieces to be turned between centers (See Fig. 6.22). A set screw, or two

clamping screws, holds the dog securely to the workpiece. The bent tail fits loosely into one of the drive-plate slots to
drive the work-piece.

N 7
oY ;

Fig. 6.22, Incorrect setup, Lathe dog tail is bearing on bottom of drive-plate slot, throwing work off center.

Bent-tail lathe dogs (Fig. 6.23) the most commonly used, are made in several styles and many sizes. The clamp-type dog
is used for driving square or rectangular workpieces. Dogs with safety set screws are preferred.
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Fig. 6.23, Bent-tail lathe dog. Fig. 6.24, Clamp-type dog.

Lathe dogs are devices attached to the workspieces to be turned between centers. A set screw, or two clamping screws,
holds the dog securely to the workpiece. The bent tail fits loosely into one of the drive-plate slots to drive the work-piece.

SOFT METAL SHIM

Fig. 6.25, Bent-tail dog with safety set screw. Fig. 6.26, A soft metal strip between dog screw and workpiece prevents
damage to work.

iv. Face and Angle Plates

Faceplate

A faceplate (Fig. 6.27)is similar to a drive plate but larger in diameter. It contains more open slots or T slots so that bolts
or T bolts may be used to clamp the workpiece to the face of the plate. Many type of work that cannot be held in chucks
may be machined conveniently when mounted on a faceplate.

Place the faceplate on the bench face up. Set the workpiece on the plate. Arrange the bolts, washers, and nuts in the slots
for suitable clamping. Arrange the clamps and step blocks or packing piece. Centre the workpiece by eye and tighten the
clamping nuts just securely enough to hold the workpiece in place. Mount the faceplate on the spindle.True up the
workpiece. Tighten all clamping nuts. Arrange and clamp the counterweights to balance the workpiece if necessary.

Counterweight are used to balance the faceplate when workpieces are mounted off-centre. They aid in distributing the
weight evenly so that the face-plate will turn smoothly while machining takes place.

AnglePlates

An angle plate is simply a cast iron plate with two faces planed at right angles to each other and having slots in various
positions for the clamping bolts. It is always used with the face plate for holding such parts which can not be clamped
against the vertical surface fo the face plate.
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FACEPLATE

r BALANCE WEIGHT
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CLAMPING NUT FOR
ANGLE PLATE

ANGLE PLATE

Fig. 6.27 & 6.28, Angle Plate

v. Taper Turning attachment

The Taper Attachment (Fig 6.29) is a fixed casting attached to the back of the lathe carriage. It is used to turn and bore tapers.
Into the fixed casting is fitted a sliding part on top of which is guide bar. Either the guide bar or the sliding part is graduated
in degrees at one end, and inches per foot of taper at the other. A clamp holds the sliding part to the ways of the lathe in
a fixed position. When the guide bar is set to the desired taper, the cross-feed containing the cutting tool follows the set
angle, or taper, and in turn produces this taper on the workpiece.

CROSS SLIDE CLAMP

GUIDE BAR

CLAMP BOLT BOTTOM PLATE ADJUSTING NUTS

TAPER PER FOOT

GRADUATIONS
[ 100
DEGREE | CARRIAGE BED CLAMP
GRADUATIONS BRACKET o
[ 4
rd
)y

o~
L~V

| CROSS-FEED BOLT

Fig. 6.29, Construction and parts of a lathe taper attachment.

[11. Lathe Operations

Facingis the operation of machining the end of a workpiece to make the end square with the axis, or center line. Work
may be faced while being held between centers, in a chuck, on a face plate, in a collet, or while being supported by a steady
rest.
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Fig. 6.30, Facing

Straightturningis the process of producing a cylindrical piece of work on which the diameter is uniform in size throughout
its entire length. When the diameter at one of a cylinder differs from the diameter at the other end, it is said to be tapered.

Straight turning may be done while the work is held between centers, in chucks, in collets, or when using the steady or
follower rests.

Rough turningis the operation of removing excess stock rapidly and efficiently, leaving enough stock for finishing to
the specified size.

Fig. 6.31, Squaring the corner of a shoulder. Fig. 6.32, Turning a shoulder radius, or fillet.

CHAMFER

Fig. 6.33, Under cutting, or necking, a shoulder. Fig. 6.34, Chamfering with the tool bit set at an angle.
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Fig. 6.35, Method of rounding a corner with a form-ground tool bit.

Finishturningisthe operation of machining a work-piece to the required dimensions within the tolerance specified. The
surface finish may be specified or may result from the machinist's judgment.

Shoulders are turned when two or more diameters are cut on a workpiece. The shoulder is formed at the point where the
size changes from one diameter to another.

Taper turning : A taper may be defined as a uniform increase or decrease in diameter of a piece of work measured along
its length. In a lathe, taper turning means to produce a conical surface by gradual reduction in diameter from a cylindrical
workpiece. This tapering of a part has wide applications in the construction of machines. Almost all machine spindles have
taper holes which receive taper shank of various tools and work holding devices.

Knurlingis a process of rolling depressions or indentations of various shapes into metal by the use of revolving hardened-
steel wheels pressed against the work. The design on the knurl will be reproduced on the work. A knurling tool (Fig. 6.36)
held in the tool post is used for this operation. Knurling is done to provide a grip on handles, screw heads, and other
cylindrical parts to be gripped by hand.

Knurls are classified according to patter- for example, diamond pattern or straight pattern-and according to pitch. Commonly
used knurls are generally classed as coarse, medium, or fine (Figs. 6.37 and 6.38).

REVOLVING
HEAD
KNURLING
TOOL

WORKPIECE

Fig. 6.36, Knurling open
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Fig. 6.38, Coarse, medium and fine straight-pattern knurling.

Position the knurling tool in the tool post so that it is at right angles to the work. The center of the knurling rolls should
be setatthe height of the work center to permit the knurling rolls to center themselves on the work and equalize the pressure
oneach oftherolls. The speed depends on the kind of material being knurled. Soft metals such as aluminum can be knurled
at faster speeds than the hard alloy steels. The surface to be knurled should be machine finished. Force the knurling wheels
slowly into the revolving work until a good impression is obtained; then feed the tool across the length to be knurled. After
each pass, feed the tool in until a clean, clearly shaped knurl is obtained. Use a cutting lubricant while knurling.

Screw cuttingisa very interesting and commonly performed operation on a lathe. It calls for a fairly high skill on the part
of the operator. It is evident, therefore, that this process should be very carefully understood. Before we actually take
up this operation practically on the lathe it is necessary that we should be fully conversant with the different types of
threads used in engineering practice, their detailed specifications and use, various terms used in relation to them, their
shapes and similar other relevant details. Such details can be obtained from any standard hand book. However, a brief
outline of these is given in the appendix at the end of the book.

Threads can be produced by means of taps and dies also but the commonly used method on lathe is to cut threads by
means of the cutting tool. One important point to remember is that, irrespective of the shapes and sizes, etc., there is one
common factor in all threads that the basis of generation of all the threads is helix. All the threads are formed on the principle
of helix which calls for a specified relative longitudinal movement of the cutting tool as the work revolves. Another
prerequisite of thread cutting is that the tip or cutting edge of the tool should have an included angle corresponding to
the included angle of the particular type of thread to be produced.

Both external and internal threads can be cut on lathe. For both of these the main requirement is to have a proper system
of gearing between the lathe spindle and the lead screw so as to establish the required ratio of speeds between the two.
For this some lathes are provided with quick-change gear box which enables the establishment of the required speed ratio
very quickly. This is done by simply shifting the position of the gear change lever. Such gear boxes are made to have a
number of gear inside them, mounted on two, three or more shafts, and the different combinations of these gears provide
different speed ratios. These combinations are obtained by shifting the gear change lever to different positions. A chart
is provided on the gear box which carries the complete information of speed and recommended feed corresponding to
a particular position of the said lever. Whenever a certain ratio of speeds is to be obtained the relevant position of the
said lever is readily noted from this chart and the lever shifted to that position in order to make the internal gears to have
the proper combination.

In the absence of such a gearbox the change gears, provided at the left hand side of the head stock, are used to obtain
the said ratio of speeds. The calculation of proper change gears and other details will be dealt with later in this article.
Before proceeding on to the actual calculation work it would be certainly advisable to note a few important terms related
to the threads. These terms are usually known as elements of threads. The chief elements of all the screw threads are the
following: (Referto Fig. 6.39).
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i. Pitch (P)
Itis the distance from one point on one thread to the corresponding point on the adjacent thread. This distance is measured
parallel to the axis of the job and expressed in millimetres in metric threads and in inch for other threads.

ii. Major diameter (D)
It is the largest diameter of a screwed part, measured at right angle to the axis of the piece.

iii. Minor diameter (d)
It is the smallest diameter of the screwed part, measured normal to the axis of the piece.

iv. Pitch diameter (Pd)
For cylindrical screwed parts this dimension represent the diameter of that imaginary cylinder of which the surface will
intersect the threads at such points where the widths of the threads equal the adjacent widths of the space between them.

v. Depth of threads (t)
It is the distance, measured normal to the axis of the part, between the crest and root of the thread. Mathematically it can

be expressed as, t=(D-d)/2.

vi. Thread angle (@)
It is the total included angle between the flanks of a thread or two adjacent flanks of two threads.
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Elements of external threads. Elements of internal threads.

Fig. 6.39

Grooving or necking is the operation through which a groove of approximately same width is produced on the job as that
of the cutting edge of the tool, although larger grooves can also be made. For this, the reduction in diameter is effected by
cross feed of the tool. Longitudinal feed is very rarely employed as the width of the groove generally corresponds to the
cutting edge of the tool. The tool shape is similar to the one used for cutting square threads and a side relief angle of 1° to
2° is provided, so that the tool can cut freely without rubbing against the surfaces produced on the sides of the groove. For
other shapes of groves, the tool cutting edges have to be shaped accordingly. In that case, it is very nearly a forming
operation [Fig. 6.40 (b) and (c)]

Toot TOOL
T 4 TOOL

(@ (b} (c)

TOOL FEED

Fig. 6.40, Grooving on lathe (a) Square groove (b) A V-groove (c) A round groove.
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Boring is the operation of enlarging a hole previously made by drilling, casting, or some other means. Usually a single-
point tool is used to remove the stock as it is fed against the revolving work. Holes are bored to make them accurate in
size and concentric with the outside surface. Tapered holes may be bored by adjusting the compound slide or the taper

attachment in the same manner as for taper turning.

FINISH BORING TOOL
SINGLE POINT SOLID BORING TOOLS

ROUGH BORING TOOL

Fig. 6.41, Single point solid boring tools.
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Fig. 6.42, Use of boring bars.

Drilling: Holes are drilled on a lathe in a manner opposite to the way holes are drilled on a drill press. On a lathe the work
revolves and the drill is held stationary. Small sizes of drills are held in a drill chuck of the same design as those used on
adrill press. The chuck is held in the tailstock spindle. Larger drills are held in a drill holder, which is supported by the
toolholder on the left side of the handle, and by the dead center of the tail-sock on the right side.

Fig. 6.43, Small straight-shank reamers may be held in a drill chuck.
Caution : Care must be taken to prevent the holder from slipping off the dead center.

When a drill holder is not available, a dog may be used. Holes may be reamed by holding a straight-shank reamer in the
drill chuck (Fig. 6.43) or by inserting a taper-shank reamer in the tailstock spindle and feeding it slowly into the drilled hole.
A cutting lubricant should be used when drilling and reaming all metals except cast iron.

Parting, or cutting-off, is the operation of separating a piece of finished work from the bar stock from which the piece was
machined. A parting tool with a long narrow blade is used. For small-diameter work, parting tools may be ground from
astandard tool bit (Fig. 6.44). Parting tools are ground to cut on the end only (Fig. 6.45) as they are fed into the workpiece.
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Fig. 6.44, Tool bits can be ground for cutting off small-diameter workpieces after machining.
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Fig. 6.45, (A) Side-relief angle on parting tool blade prevents binding. (B) Slight back-rake aids the cutting action.



CHAPTER : 7
MILLING MACHINE

7.1.  MILLING MACHINE

Milling is the name given to the machining process in which the removal of metal takes place due to the cutting action of a
revolving cutter when the work is fed past it. The revolving cutter is held on a spindle or arbor and the work, clamped on the
machine table, fed past the same. In doing so, the teeth of the cutter remove the metal, in the form of chips, from the surface
of the work to produce the desired shape.

Milling machine has acquired an indispensable position in all modern production workshops. Its specific significance lies
in its capability to perform a large number of operations which no other single machine tool can perform. At the same time,
it gives production at a fairly high rate and within very close limits of dimensions. That is why, in many cases, it has largely
replaced other machine tools like shapers, planers, slotters, etc., but for small and medium size jobs only; as it will prove to
be too slow for machining very long jobs. For small and medium jobs, the milling machine gives probably the fastest
production with very high accuracy. For this reason, it has gained a very wide application in mass production work.
Obviously, therefore, it is a very versatile machine tool.

Working principle in milling

The working principle, employed in the metal removing operation on a milling machine, is that the work is rigidly clamped on
the table of the machine, or held between centres, and revolving multiteeth cutter mounted either on a spindle or an arbor.
The cutter revolves at a fiarly high speed and the work fed slowly past the cutter, as shown in Fig. 7.1. The work can be fed
in a vertical, longitudinal or cross direction. As the work advances, the cutter-teeth remove the metal from the work surface
to produce the desired shape.

CUTTER

Fig. 7.1, Working principle on a milling machine.

Size and specifications

Size of a milling machine is usually denoted by the dimensions (length and breadth) of the table of the machine. Different
manufacturers, however, denote these sizes by different numbers 0, 1, 2, 3, 4, 5, 6, etc. Each of these numbers indicates a
particular standard size adopted by the manufacturer and the relevant literature from the manufacturer should be thoroughly
consulted before ordering for a particular number. The corresponding dimensions to a particular number should be known
before ordering for it so that it can meet the requirement fully. Other main specifications of the machine to be considered at
the time of placing orders are the horse power of driving motor, number of spindle speeds, feeds, drive, taper of spindle nose,
required floor area, gross weight, etc.

I. Types of Milling Machines
A large variety of different types of milling machines is available and it is really difficult to account for all these types in this
small chapter. The broad classification of these machines can be done as follows :

a. Column and kneetypemilling machines.

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

[ | Hand milling machine,

[ | Plain or horizontal milling machine,
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b.

Vertical milling machine,
Universal milling machine, and
Omniversal milling machine.
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Fig. 7.2, Column and knee type milling machine.

Fixed bed typeor manufacturing typemilling machines.

These machines, in comparison to the column and knee type, are more sturdy and rigid, heavier in weight and larger in size.
They are not suitable for tool room work. Most of these machines are either automatic or semi-automatic in operation. They
may carry a single or multiple spindles. The common operations performed on these machines are slot cutting, grooving,
gang milling and facing. Also, they facilitate machining of many jobs together, called multi-piece milling. Their further
classification is as follows :

Plain type (having single horizontal spindle).
Duplex head (having double horizontal spindles).

Triplex head (having two horizontal and one vertical spindle).

Rise and fall type (for profile milling).
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Fig. 7.3, Fixed bed type plain milling machine.
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¢. Planer typemilling machines.
They are used for heavy work. Upto a maximum of four toolheads can be mounted over it, which can be adjusted vertically
and transverse directions. It has a robust and massive construction like a planer. Its detailed description will follow in latter

articles.

MoTtor

I SIDE OR
HORIZOMTAL
l MILLING HEAD
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+—— +—>
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MILLING MILLING
HEAD HEAD

MILLING CUTTER

MoTor

SIDE OR I
HORIZONTAL
MILLING HEAD l

CoLOMN

TABLE

©

FIXED BED

CoLOMN

Fig. 7.4, Planer type milling machine or plan mill.

II. Parts of Milling Machines
Main parts of all the column and knee type milling machines are similar, although the movements of the moving parts differ
in them, as described earlier. All these machines essentially consist of the following main parts (Fig. 7.5 & Fig. 7.6).

115

MoTor



116 Workshop Practices
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1. Table 2. Hand wheel for selection of spindle speeds 3. Adjustable stop for longitudinal movement 4. Table stop 5. Hand wheel for
feed selection 6. Terminal box for mains connection 7. Motor for automatic feed 8. Lever for vertical and cross feed 9. Hand wheel for
longitudinal table feed 10. Overam 11. Cover for the main drive 12. Arbor 13. Longitudinal feed changing lever 14. Hand wheel for
cross traverse 15. Handle for vertical traverse of knee 16. Base.

Fig. 7.5, Universal milling machine.
a. Base
It is a heavy casting provided at the bottom of the machine. It is accurately machined on both the top and bottom surfaces.
It actually acts as load bearing member for all other parts of the machine. Column of the machine is secured to it. Also, it
carries the screw jack which supports and moves the knee. In addition to this, it also serves as a reservoir for the coolant.

OVER ARM

,,YOKE ARBOR

COLUMN

Fig. 7.6, Main parts of a plain milling machine.
b. Column
It is a very prominent part of a milling machine and is produced with enough care. To this, are fitted all the various parts and
controls. On the front face of the column are made the vertical parallel ways in which the knee slides up and down. At its
rear side, it carries the enclosed motor drive. A cover (No. 11. Fig. 7.5) is provided on this side, which can be opened to
enable accessibility to the drive. Top of the column carries dovetail horizontal ways for the over arm.

c. Knee
It is a rigid casting, which is capable of sliding up and own along the vertical ways on the front face of the column. This
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enables the adjustment of the table height or, in other words, we can say the distance between the cutter and the job
mounted on the table. The adjustment is provided by operating the elevating jack, provided below the knee, by means of
hand wheel or application of power feed. Machined horizontal ways are provided on the top surface of the knee for the
cross traverse of the saddle, and hence the table. For efficient operation of the machine, rigidity of the knee and accuracy
of its ways play an important role. On the front face of the knee two bolts are usually provided for securing the braces to it
to ensure greater rigidity under heavy loads.

d. Saddle

It is the intermediate part between the knee and the table and acts as a support for the latter. It can be adjusted crosswise,
along the ways provided on the top of the knee, to provide cross feed to the table. Atits top, it carries horizontal ways, along
which moves the table during the longitudinal traverse.

H
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Fig. 7.7, Vertical milling machine with fixed head.
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Fig. 7.8, Vertical milling machine with swivelling head.
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e Table

It acts as a support for the work. The latter is mounted on it either directly or held in the dividing head. It is made of cast iron,
with its top surface accurately machined. Its top carries longitudinal T-slots to accommodate the clamping bolts for fixing
the work or securing the fixtures. Also, the cutting fluid, after it is used, drains back to the reservoir through these slots and
then the pipe fitted for this purpose. Longitudinal feed is provided to it by means of a hand wheel fitted on one side of the
feed screw. Sometimes the hand wheels are provided on both sides or alternatively a detachable handle is provided, which
can be engaged on either side. Cross feed is provided by moving the saddle and vertical feed by raising or lowering the
knee. Both hand feed and power feed can be employed for all these movements. When power feeds are employed the
adjustable stops should be used to trip out the same at the correct moment.

In addition to the above feeds, most of the modern milling machines carry mechanisms to provide rapid traverse in all the
three directions to effect saving in time. In universal milling machines the table is made to have a graduated circular base
resting on the saddle. Such a table can be swivelled in a horizontal plane around the centre of its base and the graduations
on the latter help in adjusting the required swivel.

f. Overarm

It is the heavy support provided on the top of both plain and universal milling machines. It can slide horizontally, along the
ways provided on the top of the column, and adjusted to a desired position in order to provide support to the projecting
arbor by accommodating its free end in the yoke. If further support is needed, to have additional rigidity, braces can be
employed to connect the overarm and knee. Such a requirement is always there when many cutters are employed
simultaneously.

g. Front Brace
The front brace is an extra support that is fitted between the knee and the overarm to ensure further rigidity to the arbor and
the knee. The front brace is slotted to allow for the adjustment of the height of the knee relative to the overarm.

h. Spindle

The spindle of the machine is located in the upper part of the column and receives power from the motor through belts,
gears, clutches and transmit it to the arbor. The front end of the spindle just projects from the column face and is provided
with a tapered hole into which various cutting tools and arbors may be inserted. The accuracy in metal machining by the
cutter depends primarily on the accuracy, strength, and rigidity of the spindle.

Arbor
Spindle Block /

Locknut
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Fig. 7.9, Arbor assembly.

i. Arbor

An arbor may be considered as an extension of the machine spindle on which milling cutters are securely mounted and
rotated, the arbors are made with taper shanks for proper alignment with the machine spindles having taper holes at their
nose. The taper shank of the arbor conforms to the Morse taper or self release taper whose value is 7 : 24. The arbor may
be supported at the farthest end from the overhanging arm or may be of cantilever type which is called stub arbor.
According to the Indian standard specification, arbors with Morse taper shanks are available from 13 to 60 mm in diameter
and arbors with self release type from 16 to 100 mm in diameter. The stub arbors are available from 13 to 16 mm in diameter.
The arbor shanks are properly gripped against the spindle taper by a draw bolt 1 which extends throughout the length of the
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hollow spindle 3. The threaded end of the draw bolt 1 is fastened to the tapped hole of the arbor shank 5 and then locknut
2 is tightened against the spindle. This causes the arbor shank to be pulled inside gripping it firmly against the taper hole
ofthe spindle. The spindle has also two keys 4 for imparting positive drive to the arbor in addition tot he friction developed
in the taper surfaces. The ejection of the arbor is effected by unscrewing the locknut 2 and then rapping the draw bolt 1
lightly. The cutter 8 is set at the required position of the arbor by spacing collars 7 or spacers of various lengths but of equal
diameter. The entire assembly of the milling cutter and the spacers are fastened to the arbor by a long key. The end spacer
9 on the arbor is slightly larger in diameter and acts as a bearing bush for bearing support which extends from the overarm.
The whole set up is locked from the end by the arbor nut. Fig. 7.9 illustrates an arbor assembly the draw bolt arrangement
for locking the arbor with the spindle.

I1l. Operations performed on Milling Machines

a. Plain Milling or Slab Milling

It is the process which is employed for machining a flat surface, parallel to the axis of the cutter, by using a plain or slab
milling cutter, as shown in Fig. 7.10. When a very wide surface is to be machined, it is advisable to use the interlocking teeth
plain milling cutters instead of simple slab mills. In using them, they should be so arranged that the axial forces are directed
towards each other so as to force the cutters closer as the operation proceeds.

]—— SLAB MILL

_

Fig. 7.10, Plain or slab milling

b. Face Milling
This milling process is employed for machining a flat surface which is at right angles to the axis of the rotating cutter. The
cutter used in this operation is the face milling cutter (See Fig. 7.11).

CUTTER

Fig. 7.11, Face milling.

c. Side Milling

In this operation, a side milling cutter is used to machine a flat vertical surface on a side of the workpiece. When two parallel
vertical flat surfaces are required to be machine, the usual time saving practice is to use a pair of two side milling cutters to
machine both the surfaces simultaneously. The space between the two cutters can be easily adjusted as per requirement by
suing the spacers. This operation is then known as 'straddle milling' and is already explained earlier.
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Fig. 7.12, Producing a single flat surface by using an End mill cutter.

d. Straddle Milling
It is a milling operation in which a pair of side milling cutters is used for machining two parallel vertical surfaces of a work-
piece simultaneously.

Fig. 7.13, Form milling.
e. Angular Milling
It is the milling process which is used for machining a flat surface at an angle, other than a right angle to the axis of the
revolving cutter. The cutter used may be a single or double angle cutter, depending upon whether a single surface is to be
machined or two mutually inclined surfaces simultaneously. (See Fig. 7.14).

Fig. 7.14, Angular milling

f. Gang Milling

It is the name given to a milling operation which involves the sue of a combination of more than two cutters, mounted on a
common arbor, for milling a number of flat horizontal and vertical surfaces of a work-piece simultaneously. This combination
may consist of only side milling cutters or plain and side milling cutters both. Fig. 7.15 shows the gang milling operation.
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Fig. 7.15, Gang milling

g. Form Milling
This milling process is employed for machining those surfaces which are of irregular shapes. The cutter used, called a form
milling cutter, will have the shape of'its cutting teeth conforming to the profile of the surface to be produced. (See Fig. 7.16)

STRADDLE MILLING

Fig. 7.16, Form milling.

h. Profile Milling

It is the operation in which the profile of a template or the shape of the cavity of a master-die is duplicated on the work
surface. The movement of the cutter is guided by a tracer control unit which carries a contact finger. This finger runs in
contact with the outline to be duplicated and the tracer mechanism guides the tool movement accordingly.

POWER CONNECTION BETWEEN
TOOL AND TRACER

ENDMILL

TRACER
CONTOURRED

PROFILE

MASTER DIE

Fig. 7.17, Profile Milling

i. End Milling

In this operation, an end mill cutter is used to machine and produce a flat surface or a pair of parallel flat surfaces. When the
operation is performed at the end of a workpiece, as shown in Fig. 7.18, a single flat surface is produced. If however, the
operation is performed in such a way that cutting of metal takes place on both sides of the cutter, two parallel flat surfaces
are produced, as happens in milling a plain slot. The surfaces produced may be horizontal, vertical or inclined with respect
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tot eh top of the machine table. For producing a horizontal surface, the axis of rotation of the cutter has to be horizontal, for
vertical surface it remains vertical and for inclined surface it is to be set at proper inclination with the table top.

y =

END MILL

Fig. 7.18, End Milling

j. Saw Milling or Slitting Milling

A slitting saw or slitting cutter is used for many purposes on a milling machine, such as parting off a solid workpiece into
two, cutting of narrow slots and grooves, etc. An important factor in any slitting operation is the rigidity of the workpiece.
If the component has such across-section that no deflection is likely to be produced during cutting, it can be safely gripped
in a vice such that the portion to be cut-off extends beyond the jaws of the vice. In other cases, the workpiece may be
clamped directly on the machine table using suitable job holding devices. An important precaution in his case is to keep the
line of cutting in the centre of a T-slot and running along its length. This will allow the slitting saw to project safely into the
free space in the slot to prevent its teeth from being damaged. A parting off operation, being performed by means of a
slitting saw, is shown in Fig. 7.19.
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Fig. 7.19, A dlitting saw being used for parting off operation.

k. Milling Keyway, groove & slots

Milling of a keyway is a commonly performed operation on a milling machine in which a groove is milled, usually on shafts
and spindles. This groove is known as key seat. The groove can be open or closed, depending upon the type of key to be
used and the position in which it is to be used. Fig. 7.20 shows the three common forms of key seats. At (a) is shown a
woodruff key seat milled with a woodruff keyseat cutter. Itis a closed groove with a rounded bottom. At (b) is shown a plain
keyseat milled with a single plain or side milling cutter. It is an open groove. At (c) is shown the operation of milling a
keyseat for a sunk key with the help of an endmill cutter. Itis a closed groove with rounded ends. This type of key seat can
be produced anywhere along the length of the workpiece. Same is the case with woodruff key seat.
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Fig. 7.20, Keyway milling
(a) A woodruff key seat (b) A plain (open) key seat (c) a sunk (closed) key seat.

Slot milling is the operation of producing slots in solid workpieces on a milling machine. These slots can be of varied
shapes, such as plain slots, T-slots, Dovetail slots, etc. Similarly, groove milling is the operation of producing grooves of
different shapes, such as plain grooves, curved grooves, V-grooves, etc. The cutter to be used is chosen according to the
shape of the groove or slot to be produced. Milling of a V-groove. The same result can be obtained with two single angle
cutters of opposite angles, used one after the other. Similarly, plain grooves or slots can be milled by means of a plain milling
cutter, an end mill, a slitting saw or a side milling cutter (See Fig. 7.21).

END MILL O

CUTTER

PLAIN SLOT \

WORK

®

Fig. 7.21, Milling a plain slot by means of an End Mill Cutter.

Milling of T-slot and Dovetail slot is carried out in two or three stages. In the first stage an open slot, from one end of the
solid workpiece to its other end, is first sage an open slot, from one end of the solid workpiece to its other end, is first milled
with the help of a suitable cutter, say a plain milling cutter or an end mill. Then the slot is milled to the required shape by
suing a special cutter- a T-slot cutter for T-slots and Dovetail milling cutter for dovetail slots. The operation of finish milling
a T-slot is shown in Fig. 7.22. Production of a Dovetail slot in three stages is shown in Fig. 7.22. At (a) is shown a rectangular
slot produced through rough machining by means of a plain milling cutter. The required angles of the dovetail re then rough
machined by means of a form angle cutter and a rough machined dovetail slot obtained, as shown at Fig. 7.22 (b). The slot
is finally finished by machining the base and sides of the slot with the help of a dovetail milling cutter.
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Fig. 7.22, Milling a T-dot, using a T-slot milling cutter
(a) Work having milled plain slots. (b) Milling T-slots with T-slot milling cutter.
ROUGH MACHINED ROUGH MACHINED
RECTANGULAR SLOT DOVETAIL SLOT
b
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D DOVETAIL
/ CUTTER
(c)
Fig. 7.23, Milling a Dovetail slot. (a) Rough machined rectangular slot, (b) Rough machined dovetail slot
(c) Finish machining the dovetail sot with the help of a dovetail milling cutter.
[. Gear Cutting

This operation, often referred to as Gear cutting, involves cutting of different types of gears on a milling machine. For this,
either a end-mill cutter or a form relieved cutter is used, which carries the profile on its cutting teeth corresponding to the
required profile of the gap between gear teeth. For dividing the periphery of the gear blank into required number of
equispaced parts an indexing mechanism or dividing head is used, which is described later in this chapter.
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(a) (b)
Fig. 7.24, Negative rake milling Vs positive rake milling.

m. Helical Milling

The helical milling is the operation of production of helical flutes or grooves around the periphery of a cylindrical or conical
workpiece. The operation is performed by swivelling the table to the required helix angle and then y rotating and feeding
the work against rotary cutting edges of a milling cutter. The usual examples of work performed by helical milling operations
are : the production of helical milling cutters, helical gears, cutting helical grooves or flutes on a drill blank or a reamer.

n. Cam Milling

The cam milling is the operation of production of cams in a milling machine by the use of a universal dividing head and a
vertical milling attachment. The cam blank is mounted at the end of the dividing head spindle and an end mill is held in the
vertical milling attachment. The axis of the cam blank and the end mill spindle should always remain parallel to each other
when set for cam milling. The dividing head is geared to the table feed screw so that the cam is rotated about its axis while
itis fed against the end mill. The axis of the cam can be set from zero to ninety degrees in reference to the surface of the table
for obtaining different rise of the cam.

In the first case, when the dividing head spindle or the cam axis is set perpendicular to the table, as the table advances and
the blank is turned, the centre distance between the dividing head spindle axis and the cutter axis is gradually reduced. This
causes the radius of the cam to be shortened, and produces a spiral lobe with a lead which is same as that for which the
machine is geared. The perpendicular setting of the dividing head spindle is shown in Fig. 7.25.

DIRECTION OF
SPINDLE ROTATION

!
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SPINDLE ROTATION

DIRECTION

oF FEED > oFFeeD P
(A) PERPENDICULAR SETTING (B) HORIZONTAL SETTING OF
OF DiviDING HEAD DivIDING HEAD

Fig. 7.25, Cam milling - perpendicular and parallel setting.

In the second case, the setting of the dividing head spindle and the cutter axis is made horizontal and parallel to each other.
If the cam, which is mounted at the end of the dividing head spindle, is now rotated and fed against the cutter, the centre
distance between the two spindle axis will remain unaltered. This would result in the milling of a circle and the lead of the
spiral would be zero. The horizontal setting of the dividing head is shown in Fig. 7.25.

It follows from the above two conditions that if the dividing head spindle or the cam axis is et at any angle between zero to
ninety degrees, the amount of lead given to the cam will change from zero to the maximum lead for which the machine is
geared. The angular setting of the dividing head spindle is shown in Fig. 7.26.
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Fig. 7.26, Cam milling - angular setting.

Thus with one set of change gears only, the production of cams having different leads are possible by simply setting the
dividing head spindle to the required angle.

0. Thread Milling

The thread milling is the operation of production of threads by using a single or multiple thread milling cutter. The operation
is performed in special thread milling machines to produced accurate threads in small or large quantities. The operation
requires three driving motions in the machine : one for the cutter, one for the work and the third for the longitudinal
movement of the cutter.

THREAD MILLING CUTTER
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THREAD MILLING CUTTER

( A ) EXTERNAL THREAD MILLING OPERATION ( B ) ENTERNAL THREAD MILLING OPERATION

Fig. 7.27, Thread milling operation.

When the operation is performed by a single thread milling cuter, the cutter head is swivelled to the exact helix angle of the
thread. The cutter is rotated on the spindle and the work is revolved slowly about its axis. The thread is completed in one
cut by setting the cutter to the full depth of the thread and then feeding it along the entire length of the workpiece.

When the thread is cut by a multiple thread milling cutter, the cutter axis and the work spindle are set parallel to each other
after adjusting the depth of cut equal to the full depth of the thread. The thread is completed by simply feeding the revolving
cutter longitudinally through a distance equal to the pitch length of the thread while the work is rotated through one
complete revolution. Fig. 7.27 illustrates the thread milling operation.



CHAPTER : 8
TOOL GRINDING

Todoagood jobofgrinding, one must be able not only to operate the machine but also to understand abrasives and grinding
wheels. This portion will begin with a description of natural and manufactured abrasives - the bonds and abrasives used
in making grinding wheels, the different grades and shapes of grinding wheels, and the selection of the proper grinding
wheel for different types of work.

Abrasive

An abrasive is any material that can wear away a substance softer than itself. Sand and sandstone are perhaps the oldest
abrasives known to mankind. Prehistoric man used sand and sandstone to form or shape edges of tools. Astools became
more and more important for preservation of life, he became more dependent on natural abrasives for the maintenance of
sharp tools.

Natural Abrasives

Emery and corundum are two natural abrasives commonly used in industry to sharpen tool edges. They occur as a mineral
deposit in the earth's crust. These abrasives, formed into wheels, are superior to the old sand grindstones. Although they
can cut faster and be made coarse or fine, they cannot meet the demands of modern manufacturing because they contain
impurities that are difficult to extract and because the percentage of the important cutting element, aluminum oxide, is not
constant. The only other element known to be harder than emery or corundum is the diamond, but its cost was prohibitive
for industrial usage.

In 1891, Dr. Edward G. Acheson set to the task of trying to produce artificial diamonds by combining powdered coke and
corundum clay at extremely high temperatures. He discovered that after the mass cooled it contained brightly colored
crystalsthat cold cut glass and had aslight cutting effect on diamonds. Dr. Acheson called the new substance Carborundum
because it was formed from carbon and corundum. Subsequent research established that its components are silicon and
carbon, so it was called silicon carbide (chemical symbol SiC).

Silicon carbide was considered the answer to the quest for a better abrasive, but cost and limited methods of manufacture
keptit from beingused exceptas alapping compound for finishing precious jewels. With the development of hydroelectric
generators and cheap electric power, the cost of production was cut to a point where all industries could afford to used
it.

About the same time that Dr. Acheson was experimentally producing silicon carbide, Charles P. Jacobs, an engineer in
Ampere, New Jersey, was attempting to produce a better grade of emery. He used a small electric furnace to extract the
impurities of sand, iron, and titanium oxides from clay deposits rich in aluminum oxide. The result was a product that
consisted of about 95 percent pure aluminum oxide (chemical symbol ALO,).

Although these two excellent abrasives are similar in some respects, their significant properties differ widely. Silicon carbide
is extremely hard; it is rated at 9.87 on the 10-point Mohs scale, which is based on the hardness of the diamond. Itis easily
fractured by impact, and its excellence depends upon the purity of the ingredients used in making it. Aluminum oxide is
less hard (9.6 on the Mohs scale), but it is much tougher than silicon carbide.

Silicon carbide is best suited for grinding materials that have low tensile strength but are very hard, such as ceramics, pottery,
and tungsten carbide.

Because of'its toughness aluminum oxide is resistant to shock and therefore suitable for grinding materials of high tensile
strength such as tool steel and high-speed steel.

Man-made abrasives have a distinct advantage over natural abrasives because purity and grain size can be readily
controlled. Grain size is important because undersize grains cannot do their share of work, and oversize grains give work
a poor finish.

Electric furnaces are used to produce both types of abrasives. Silicon carbide is made in an open, trough like furnace by
fusing a mixture of coke, saw-dust, sand, and salt. Afterthe masshas cooled, the sides ofthe furnace are let down, exposing
abigclinker. This clinker is broken with a drop weight, and the pieces are put through a crusher machine. As the abrasive
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particles leave the crusher, they are washed and magnetically cleaned. They then pass on to shaker screens, which have
from 4 to 220 meshes to the lineal inch. By vibrating action the screens sort the grains according to size. Ifthe abrasive
passes through a screen with 30 meshes to the lineal inch, but is retained on a screen of 36 meshes, it is called a No. 30
abrasive. Abrasives finer than 220 are graded for size by hydraulic or sedimentation methods. After the abrasive has been
graded to size, it is dried and placed in storage bins or hoppers for future use. Figure 8.1 shows various grain size
classifications.

Very Coarse | Medium Fine Very Flour
Coarse Fine Sizes
8 12 30 70 150 280

10 14 36 80 180 320
16 46 90 220 400

20 60 100 240 500

24 120 600

Fig. 8.1, Grain-Size Classification.

Hardest Abrasve

Diamonds are the hardest known materials produced by nature. Chemists and laboratory technicians tried for 125 years
to develop the combination of elements that would produced a man-made diamond. In 1955, the General Electric Company
announced success in producing artificial diamonds suitable for industrial use. The diamond abrasive wheel has become
a necessary tool in all production shops where cemented carbide cutting tools are used.

Grinding Whedls

Grinding wheels are formed by using a suitable material to cement, or bond, the abrasive grains together in the desired
shape. The hardness of the wheel is dependent upon the amount and kind of bonding material used. Because the hardness
rating ofthe abrasive is constant, the bond cannot have an effect on its rating. The hardness ofa wheel is always understood
to mean the strength of the bond.

There are many different kinds of bonds. Those most commonly used are vitrified, silicate, shellac, rubber, and resinoid.
The vitrified and silicate are used more frequently than the others.

The vitrified bond has the strength and porosity to enable it to remove a considerable amount of stock from a job for each
inch of wheel wear. Itis notaffected by water, acids, or ordinary temperature changes, and it is free from hard or soft spots.
Inthe vitrified process, glass, feldspar, flint, or other ceramic substances are mixed with the abrasive and subjected to heat,
which causes the bond to form a glasslike structure between each abrasive particle. The vitrified bond isused in 75 percent
of all grinding wheels.

The silicatebond is made from sodium silicate. The hardness of a silicate-bond wheel is governed by the amount of bond
material used, and by the amount of tamping or pressing. This kind of bond produces a wheel that is milder acting than
the vitrified wheel. Because the abrasive grains are released more readily they do not heat up so fast. Silicate wheels can
be made in larger diameters than vitrified wheels. They are generally used for grinding edged tools such as drills, reamers,
milling cutters, and so forth.

Rubber wheels are made of a mixture of abrasive, rubber, and sulphur. The mass is then pressed into shape and given a
mild vulcanizing treatment. Wheels ofthis bond are used for high-speed grinding operations. Because of their high safety
factor rubber-bonded wheels can be made very thin for use in cutting off steel stock.

Shellac-bonded wheels are made by mixing the abrasive and the bond in a heated machine, which completely coats the
abrasive with the bonding material. Afterthe wheels are formed, they are placed in an oven, covered with sand, and baked
forashorttime at approximately 300°F. Wheels ofthis bond are used extensively for grinding mill rolls, and for jobs where
a high-luster finish is required.

Resinoid-bonded wheels are made by mixing powdered resinoid with the abrasive particles and adding a plastic substance
so that the wheels can be molded. The mold is then placed in an electric oven and heated to approximately 300°F, for a
period ranging from a few hours to three or four days, depending on the size of the wheel. Upon cooling, the wheel becomes
very hard. Wheels of this bond are generally used in foundries for snagging castings or for cleaning up steel billets.

Diamond wheels are made in three kinds of bonds : resinoid, metal, and vitrified. Each gives the wheel unique characteristics.
The diamond wheel with the resinoid bond has a very cool and fast cutting action.
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The metal-bonded wheel has unusual durability and a high resistance to grooving.

The vitrified-bonded diamond wheel has the fast cutting action of the resinoid-bonded wheel and the durability of the metal-
bonded wheel.

The term wheel structure refers to the spacing of the abrasive grains. Two wheels of the same grade and grain size but
of different grain spacing will have different cutting actions. Wheels with wide grain spacing should be used on soft
materials or when stock is to be removed rapidly. Wheels with close spacing should be used on hard materials or when
a fine finish is to be given to the work. Wheel life can often be increased without sacrificing grinding quality by using the
same grain and grade of wheel but with a different structure, depending upon the job to be done.

Numbers are used to indicate wheel structure. The smaller the number, the closer the structure. In general, the ranges are
0 to 3 for close structure, 4 to 6 for medium structure, and 7 to 12 for coarse structure.

Asnoted previously, the amount of bond used in making a grinding wheel determines its hardness. Letters of the alphabet
indicate the degree of hardness. Norton and several other companies use letters at the beginning of the alphabet to indicate
soft wheels and letters at the end to indicate hard wheels. This lettering system for the grade of bond and the relationship
to hardness in shown in Fig. 8.2. Figure 8.3 shows the grain sizes commonly used with various grades of bond. The
Carborundum Company uses a letter system in the reverse order.

Very Soft Medium hard Very
Soft Hard
E H L P T
F I M Q u
G J N R w
K 0 S z

Fig. 8.2, Grade of bond according to hardness.

Surface Internal External Cutter
Grades FGHIJKP IJKL JKLMP* IJKL
Grain Sizes | 36-46-60-80 34-46 46-60-80 36-46
120 60 -120 120 60

Fig. 8.3, Commonly used grades and grain sizes.

Inthe Norton system, a wheel marked 3860-K5BE has the following characteristics : 38 indicates the kind of abrasive, which
in this case is alundum (aluminum oxide); 60 is the grain size, which is medium, K indicates the grade of the bond, which
issoft(See Fig. 8.2); 5 indicates the wheel structure, which is medium; and BE indicates the kind of bond, which is vitrified.
Other bond symbols are ; S, silicate bond; T, resinoid bond; R rubber bond; and I, shellac bond.

Several factors affect the selection of a grinding wheel : (a) the kind of material to be ground, (b) the amount of stock to
be removed, (c) the accuracy as to size, (d) the kind of finish required, (¢) the area of contact between the wheel and the
work, and (f) the kind of grinding machine to be used.

The nature of the material to be ground affects the selection of the wheel because, generally speaking, hard, dense materials
require wheels possessing a soft bond with silicon carbide abrasive; soft and tough materials require a hard bond with
aluminum oxide abrasive.

The amount of material to be removed is important in selecting grinding wheel because, when a considerable amount of
material is to be removed, the grains of a wide-spaced coarse-grain wheel will take a bigger, deeper cut without heating the
work, but with aslight sacrifice as to surface finish. When the amount of stock to be removed is slight, a wheel of fine grain
and narrow spacing will take a smaller bite and give a good finish.

Other factors affect the grinding operation- for example, the speed of the wheel, the speed of the work, the condition of
the grinding machine, and the knowledge and skill of the machine operator.

Grinding is the act of dressing, shaping, or finishing surfaces with a rotating abrasive wheel. In modern machine shop
operation, grinding costs vary as much as 100 percent on the same work with the same kind of machine in the same factory.
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This is because some operators handle the machine more skillfully than others. A good machinist takes into consideration
the factors involving the mounting, movement, size, and speed of the work and the mounting, movement, size, speed, and
dressing, or truing, of the grinding wheel.

For precision grinding, the work must be held rigidly to avoid vibration and to produce a good finish. If the work is held
between centers, the center holes must be free from nicks, burrs, or dirt. The machine centers must be held securely and
be free from nicks. Ifheld in a chuck or fixture, the work must be solidly supported and clamped so as to put the least strain
onit. After the work is correctly mounted, the work speed must be selected so that it will move at approximately the right
number of surface feet per minute to prevent distortion and excessive wear of the wheel face, and, at the same time, the
traverse movement must be at a constant speed to prevent high and low spots on the work. The mechanism for moving
the wheel must work smoothly and freely, without play or bind, to ensure an accurate depth of cut.

The grinding wheel mounting is important because it must give steady and true motion to the wheel. After itis trued, the
wheel

a. Will be free from vibration

b. Will have steady cutting action

c. Can be accurately dressed

d. Will be able to produce a good surface finish.

The operations of truing and dressing are usually accomplished by using one of the following implements : (a) acommercial
diamond or a piece of tungsten carbide inserted in the conical point of a piece of cold-rolled steel; (b) a diamond dust
impregnated cement formed into a stick and encased in metal tubing; or (¢) a piece of silicon carbide mounted as a small
wheel on an axle and placed in a cast iron base. In using any of these implements, the point of the dresser is brought into
contact with the face of the wheel by means of a special holder, and then moved mechanically or by hand across the face
of the wheel at a rate of speed tat will produce the desired form or surface on the cutting edge.

A clean, true wheel of the proper bond and abrasive size is a very efficient cutting tool, but it can cause the work to heat
up rapidly. Inthe case of the lathe tool, there is only one cutting point acting on the work, but even so, it is a well-known
fact that the cutting tool, work, and chips get quite hot. In the case of a grinding wheel, there are thousands of cutting
points, each doing its share of the work but all acting at the same time. The action of a grinding wheel generates a much
greater heatthan alathe. A flood oflubricant-coolant at the point of contact between the wheel and work is often necessary
to carry off the heat and to keep the temperature of both the wheel and work as nearly constant as possible. This is true
on rough or finish grinding.



CHAPTER: 9
WELDINGANDALLIED PROCESSES

WELDING INTRODUCTION
Thischapter givesgeneral guidance on the welding of ferrous and non-ferrous metals by various process. It should be
read in conjunction with the approved drawings and any related instructions for the welding operation (s) concerned.

THE OXY-ACETYLENE WELDING PROCESS

In the oxy-acetylene welding process, oxygen and acetylene gases are fed through awelding ‘blowpipe’, the pressures
and quantitiesof each being separately adjustable. Thejet of mixed gasisignited, and producesaflamewithatemperature
of approximately 3100°C (5600°F), which isused tomelt theadjacent materia of thepartstobejoined. Filler rodsarenormally
used for materialsof 0.9 mm (20 s.w.g.) and thicker, and aflux isgenerally used to remove oxidesfrom the surface of the
metal s and to ensure a sound weld; different materials require different filler rodsand\ or fluxes.

The oxy-acetylene welding process should not normally be used for welding magnesium or high-nickel aloys, andisnot
recommended for stainless steel; inert gas or plasmaarc welding are more suitable for these materials.

Therelevant approved drawings and any related instructions on the wel ding operations should be closely followed. The
following details are generally provided on the drawing(s) : -

Specification of the material (s) to bewelded.

Specification of filler rod.

Typeof flux.

Details of joint preparation and cleaning procedure.

Welding instructions (e.g. tack weld, clamp, starting position).

Heat treatment and removal of flux.

Inspection and any related tests.

@roo0ope

OXY-ACETYLENE GAS WELDING EQUIPMENT
Paragraphs below contain information of ageneral nature on the control, use and care of welding equipment.

Gas Cylinders

Special precautions are taken with oxygen and acetylene cylinders to ensure that confusion of identity cannot occur.
Oxygen cylindersarepainted black and have aright-handed val vethread, whil st acetylene cylindersare maroonin colour
and have aleft-handed valvethread. In addition, the cylindersare produced in distinctive shapesas shownin figure9.1.
Gas cylinders should be stored in the upright position in well ventilated rooms. Those standing in the open should be
protected from extremes of temperature and should not be placed on wet soil.

OXYGEN (BLACK) ACETYLENE (MAROON)
Fig. 9.1, Cylinder I|dentification

Oxygen cylinders, valves, etc., should not be handled with greasy hands or greasy gloves, neither should any part of the
welding equipment be [ubricatedwith oil or grease, sincethesematerial signite spontaneously whenin contact with oxygen
under pressure.

Acetylene can form explosive compounds when in contact with certain metals and alloys (e.g. copper and silver), itis,
therefore, important that all fittings through which actyleneisto flow have been designed specially for that purpose.

Gas Generators
Whereacetylenegasgeneratorsareinuse, adaily check for gaspurity isnecessary. Blotting paper soakedinal0 % aqueous
solution of silver nitrate should show no darkening when placed in the gas stream .

Gas Feeding System
Oxygen vigorously supports combustion, but sinceit hasno smell itisdifficult to detect. Conversely, acetylene hasan
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unmistakable smell andwill igniteand burninstantly from aspark or even apieceof heated metal . Itisclear that adangerous
condition could arise as aresult of leakage in equipment, particularly in confined spaces, and the feed system should be
checked periodically to ensurefreedom fromleaks. Testsfor |eaks should be made with soapy water and abrush, and not
withanakedflame.

Pressure gauges should be checked periodically against a master instrument to ensure accuracy, and arecord should be
kept of these checks.

To avoid any possibility of confusion, it isusual for black hoses fitted with right-hand threaded connections to be used
with oxygen equipment and red hoses fitted with left-hand threaded connections to be used with acetylene equipment.

Blow pipes

Theselection of the proper blowpi penozzlefor thework inhandislargely amatter of experience. Thevariousfactorswhich
govern thesize of the nozzleinclude the nature of the work, the thickness and type of material and the skill of thewelder.
Theinstructionsissued by the manufacturer of the equipment givethe best guidancein thisrespect, but itisrecommended
that nozzles be checked periodically to ensure that they continue to conform to nominal dimensions.

LightingtheBlowpipe
Before lighting the blowpipe the regulators must be set to the correct pressures and the light must be applied only when
aflow of gasis properly established, otherwise aflash-back may occur. The use of aspark lighter isrecommended.

Itisimportant that theinstructionsgiven by themanufacturer regarding thecorrect procedurefor lighting up and operating
the equipment, and the safety precautions to be taken in the event of acylinder becoming heated due to a flash-back or
other incident, should be followed. Failureto comply with such instructions and precautions may cause the cylinder to
heat up and burst.

If the flame goes out when the blowpipeisin use, it may be caused by the regulator pressure and \ or the gas flow being
incorrect, obstruction of the nozzle, the nozzle being held too close to the work or to overheating of the nozzle. When
this occurs both blowpipe valves should be closed. Only when the condition has been rectified should the blowpipe be
re-lit. However, if thebl owpipenozzlehasbecomesoverheated it should be plungedinto cold water with theoxygenvalve
slightly open prior to re-lighting.

Manipulation of the Blowpipe

The essential factorsin the manipulation of the blowpipe are careful adjustment to give the required types of flame and
hol ding the blowpipe and welding rod at the most suitable anglesfor thework in hand. Other factorsto be observed are
the control of the heating period to obtain a neat and uniform weld bead, adequate penetration without excess heating
or burning (especially with thin sheets of non-ferrous metals) and good fusion of the materials being joined.

OXIDIZING FLAME
(Excess oxygen)

NEUTRAL FLAME

(Correct proportions
of oxygen and
acetylene)

CARBURIZING FLAME
(Excess acetylene)

Fig. 9.2, Flame Adjustment
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OXYACETYLENEFLAMES

A neutral flameshould beusedinall instance, except when copper-zinc, copper-zinc-silicon or copper-zinc-nickel-silicon

filler alloysareemployed, when aslightly oxidising flameisnecessary.

i. Anoxidising flameisproduced by excess oxygen giving aconsiderably smaller inner flame than that obtained inthe
neutral condition.

ii. A neutral flameiscomposed of an equal amount of both oxygen and acetylene, giving aclearly-defined inner flame.

iii. A reducing, or carburizing, flameis produced by an excess of acetylenein proportion to oxygen, giving afurry edge
totheinner flame.

The appearance of the various flamesis shown in Figure 9.2.

MATERIALS

Because of thewidechoiceof availablematerial sitisimpracti cablewithinthescopeof thischapter togivealist of weldable
metals. It isalwaysessential to ensurethat the material to be welded and the welding procedure used are those specified
on the drawing.

Filler Rods

In general, filler rods are made of the same material composition asthe metal to be welded but there are exceptions, thus
thewelding of aluminiumalloyscomplyingwith different specificationswithfiller rodsof thesamecomposition couldlead
tocracking. Unlessotherwise stated filler rods should comply with BS 1453 entitled ‘ Filler Materialsfor GasWelding'.

Filler rodsshouldbestoredinawarm, dry atmosphere, to prevent the pick-up of moisturewhich can causeporosity inwelds.

Fluxes

Withmost metal s, except steel, the melting temperature of the metal ismuch bel ow the melting point of the oxidesformed
by heating and thereforethe oxidesremain assolid particles. Flux reducestheeffectsof oxidation, floats oxidesand other
impurities to the surface of the weld where they do no harm, and produces a stronger weld. Fluxes are not used for the
welding of carbon steel s because the oxides of the various elementsunite and form aslag at atemperaturelower than that
of the molten metal, the slag floating to the surface of the weld.

Theoxides of different materialsvary considerably in physical and chemical propertiesand no onetype of flux issuitable
forusewithall materials. Unlessotherwisespecified, itisusual to usetheflux recommended by thefiller rod manufacturer.

Most wel ding fluxesabsorb moisture readily andtheir efficiency isreduced accordingly; damp flux will al so cause porosity
intheweld. Itisessential thereforethat fluxesare kept in airtight containers. Containers made of aluminium or glassare
suitable but steel or brass should not be used as these material s cause contamination of the flux.

Cleaning Surfaces for Welding

All scale, grease, dirt, paint or other extraneous matter should beremoved for aminimum distance of 25 mm (1inch) each
side of the edgesto be welded. The methods of cleaning will vary with the material concerned. Sometypical cleaning
methods are given in following paragraphs.

Notes

1 When apickling process is required for cleaning purposes, it is essential that the processto be used isapproved
by the Design organisation concerned.

2 It isimperative that suitable safety precautions are observed when handling the types of acid used in the pickling
processes.

WELDING JIGS
The accurate assembly of welded parts may necessitate the use of special jigs which will be unaffected by changesin
temperature.

Thetype of joint, the nature of metal to be welded, and accessibility are factors which influence the design of jigs. The
jigs should permit free accessto the areato be welded. Thejig assembly should befairly rigid, but not so rigid that the
parts become stressed during cooling, and clearance should, therefore, be allowed for the expansion and contraction of
the parts.

Where clamping or locking devices are incorporated in the jigs to control distortion, they should align the components
to adegree of accuracy which does not permit the overall distortion to exceed the following:-

a 0.075mm (0.003in) in material thinner than 0.7 mm (22 sw.g.).

b. 0.125mm (0.005in) inmateria of thickness0.7to 1.2 mm (22to 18 sw.g).

C. 0.25mm (0.010in) in materiasthicker than 1.2 mm (18 s.w.g).
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Whentubular sectionsareto bewel ded, thepartsshould becorrectly fittedintothejiginrelationto another. Thejigshould
be so constructed that thereisno possibility of misplacing the tubes from the intended position, otherwise uneven joints
and unequal distribution of stresses may result.

WELDING ALUMINIUM ALLOYS
Theoxy-acetylenewelding processisused mainly for aluminiumalloy sheet whichislessthan approximately 2.0mm (14
s.w.g.) thick; sheets of greater thickness are normally welded by the inert gas arc welding process.

Themelting point of aluminiumislow and heat isconducted rapidly through the material. Thereisvery littleindication,
by physical or colour change, that the material i sapproaching the melting point and when thisstageisreached the material
suddenly collapses. Thematerial isvery weak at temperaturesnear the melting point and collapses. Thematerial isvery
weak at temperatures near the melting point and adequate support should be provided. However, rigid clamping should
be avoided whenever possible, to reducetherisk of cracking dueto contraction on cooling. Whererigid clamping cannot
be avoided, awelding technique must be employed which will keep the stresses to a minimum.

Application of Flux

Theflux may bepreparedfor applicationby mixingitwithmethylated spirit to afree-flowing consistency, and then applying
itwithabrushor dippingthefiller rodintothemixture. Themethylated spiritwill dry off rapidly and will haveno del eterious
effects.

When it is necessary to apply dry flux to thefiller rod, the end of the rod should be heated and dipped into the powder.
The deposit of powder adhering to the rod should be melted and allowed to run over therod surface for about 150 mm
(61in) of itslength.

Whenwelding alloys containing magnesium, itisrecommended that, in addition to applying flux totherod, alayer of flux
paste should be applied to the edges of the work before welding iscommenced. If possible, the flux should be applied
to the underside also to ensure a smooth, oxide-free, penetrating bead.

The Welding Process

A dlightly carborising flame shoul d be used since an excess of oxygen will causetherapid formation of aluminium oxide.
However, theexcessof acetyleneshould not betoo great asit will beabsorbedinto themolten metal and resultinaweakening
of thejoint. A low gas velocity; giving off aquiet hissing sound should be used. Frequent checks should be made to
ensure that the correct type of flame is maintained.

The blowpipe nozzleisusually comparableto that used for steel of similar thickness, any increase or decreasein nozzle
size being determined by the gauge and bulk of material involved.

To minimise the possibility of cracking and to reduce the effects of expansion, sheet material should be pre-heated by
playing the flame over the joint area before welding. With thin sheetsit is advisable to start the weld inside one edge
of the work and to weld the short unwelded portion in the opposite direction later.

When starting to weld, the two joint edges shoul d begin to melt beforethefiller rod isadded. Thework must bewatched
carefully for signs of melting, experience determining the proper timefor adding thefiller metal. The filler rod should be
heldinadirect linewith theweld, with the flame near the material being welded. Both edges of the weld should receive
anequal amount of heat, and the metal from thefiller rod should fuse with the parent metal.

The blowpipe should be held at an angle of about 30° to the plane of the weld, the angle being decreased as the end of
the weld is approached. The tip of the inner cone of the flame should be held closely over the weld and should not be
moved up and down. Thispracticeresultsin heating asmaller areaof thejoint and minimisesthe possibility of * blowing’
through, especially when welding thin sheets.

Any tendency to partial collapseor excessive penetration should berectified by instantly lifting theflamewell clear of the
material and not by a gradual withdrawal, since thiswill only worsen the condition.

Oneof themaindifferencesbetween aluminiumwel ding and steel wel dingisinthespeed of working withaluminiumwelding,
astheweld progresses and the metal becomes hotter, the rate of welding should beincreased, but in any case thewelding
speed should be as fast as possible. Where practicable it is better to complete the weld in one operation.

Whenweldinglong seams, thematerial should betack welded at frequentintervals, e.g. for material of 1.6 mm (16 s.w.g.)
andthinner at 25to 38 mm (1to1.5inintervals, andfor materialsbetween1.6and 2.5mm(16and 12s.w.g.) at 75mm(3in)
intervals. Tack welds should fully fuse the metal.
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WELDING PLAIN CARBON AND LOW ALLOQOY STEELS
A neutral flame should be used and the inner cone should be held closeto the material being welded. The blowpipe
and welding rod should be held at angles of about 60° and 30°, respectively, to the plane of the weld.

Note

A completely neutral flameisdifficult to recognise, and in order to avoid the detrimental effects of an oxidising flame, a
flamecarrying theslightest trace of excessacetyleneshould beused. Thisconditionisobtained whenthe blueconenearest
thejet hasaslight fringeor ‘haze' of white flame.

Good fusion should be obtained evenly on each side of the weld; the rod should be fed into the molten metal and not
melted off by the flameitself, otherwise too much material may be run and thiswill result in areduction of temperaturein
the weld with consequent unsatisfactory fusion.

Theweldingrod should beof thecorrect sizefor thework inhand; if toolargeit will melt too slowly and produceexcessive
build up and poor penetration; if too small the rod will melt too quickly and cause difficulty in building up the weld.

WELDING CORROSION-RESISTING AND HEAT-RESISTING STEELS

Theheat conductivity of corrosion-resisting steel isapproximately 50% lessthanthat of mild steel, whilst its coefficient
of expansionisapproximately 50%greater. Therefore, correspondingly greater allowance should bemade duringwelding
to prevent distortion.

A welding flame showing afaint haze of excessacetylenearound the cone shoul d be used to ensurenon-oxidising condition
ismaintained. Excessive oxygen will produce aporousweld, while excessive acetylene will produce abrittleweld. A
blowpipe nozzle comparabl e to that used for mild steel isrecommended for light gauge sheet, and up to two sizessmaller
than that used for comparable mild steel when welding thicker sections.

Asthe rate of heat conduction through the material islessthan that of mild steel, the heat islocalised and, to minimise
the possibility of burning the material, the flame should be played over alarger areathan usual. Thetip of theinner cone
of theflame should be kept very closeto the surface but * puddling’ should be avoided. Careisnecessary to prevent the
flame penetrating thin gauge sheets. Thewelding rod should be kept in the flame throughout the welding operation, and
on completion of the weld the flame should be withdrawn slowly to avoid cracking of the material.

REMOVAL OF FLUX
Unlessthe flux is specifically approved as being noncorrosive, it is essential that all traces should be removed.

Ferrous Metals

Wheresize permits, flux canberemoved fromferrouspartsby immersing themin boilingwater for aperiod of not lessthan
30minutes, thewater being changed frequently to avoid contamination. Whereimmersionisnot practical, thepartsshould
bewashed until all tracesof flux areremoved. If theflux residueisbrittleitsremoval issometimesmadepossibleby lightly
tapping it withahammer.

HEAT TREATMENT

In general, steelshaving acarbon content in excess of 0.26% areliableto crack after welding unless suitable pre-welding
and post-welding heat treatment procedures are employed. It isessential that when such steelswelded the heat treatment
prescribed in the relevant specification or drawing isfollowed.

Where heat treatment of a welded part is necessary, the part, or a control sample heat treated with the part, should be
mechanically tested to ensurethat the physical propertiesof thematerial still comply with the requirementsof the material
specification or the drawing.

Thelocal application of heat for the purpose of final heat treatment is not permitted, neither should attempts be made to
correct distortion by the application of local heat without the agreement of the Design Organi zation.

Parts made from carbon and low alloy steels, which can beusedinthe‘aswelded’ condition, are sometimes normalised,
i.e. heat treated after welding with the object of refining the coarse grain structure in the weld and heat-affected areas.

INSPECTION

The production of satisfactory welded joints depends on close supervision of the welding process and careful inspection
of the completed weld. The depth of inspection of aparticular weld will depend to alarge extent on the use for which the
partisrequired, and may include visual inspection, pressuretests, radiography, fluorescent or dye penetrant, or magnetic
flaw detection. The types of inspection or tests to be carried out should be as stated on the appropriate drawings or
manufacturer’ sinstructions.
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Visual Inspection
All welds should be subjected to avisual inspection, and thismay be all that is required on structures which are neither
highly stressed nor critical from fatigue considerations. A visual inspection should ascertain the following:-

a That fusion is satisfactory. Adhesion (i.e. as aresult of the weld metal flowing on to the un fused parent metal
outside the weld bead) may be caused by the use of too large aflame or careless manipulation of the blowpipe.

b. There should be no undercutting where theweld metal joinsthe parent metal. Thewelded part must not be reduced
in thickness by the welding operation.

C. With butt welds, penetration should be obtained right through the joint; an under bead should appear through the
full length of theweld.

d. Thebuild up of theweld should be satisfactory; aconcave surface on the face of theweld will indicate lack of metal
with consequent weakness.

e The weld should show regular surface ripples of close texture; it should be free from indentations, porosity, scale,
dlag or burn marks.

f. The dimensions of fillet welds should be correct, especialy the leg length (spread of the weld on each side of the
joint) and the throat thickness (depth of theweld at theangled joint). Lack of corner fusion or * bridging’ isacommon
fault in fillet welds and can result in a weak joint; penetration of the weld through both sheetsis also considered
undesirable.

0. A weld which has been inspected and subsequently dressed by filing, grinding or machining, as specified on the
drawing, should be re-inspected on completion of these operations.

Notes

1 Weldsin certain alloys are improved by hammering during cooling, but this should only be doneif specified on the
drawing or in the process specification.

2 A visual examination may be carried out using alensof low magnification.

Additional Tests

Thetype of examination applied to aweld subsequent to the visual inspection depends on the effect afailurewould have,
and whether the part is highly stressed or subject to fatigue. Any of the following examinations may be prescribed:-

a Fluorescent dye or penetrant dye are used to reveal surface defectsand are an amplification of thevisual examination.

b. Magnetic flaw detection isused on magnetic materialsin preference to dye penetrantsasit ismore selective and will
reveal defects not reaching the surface.

C. Radiography, using X-raysor gammarays, isused to reveal defectswhich are contained within the material and do
not break the surface.

d. Alternative methods of detecting hidden defects, including ultrasonic and eddy current, may also be specified.

Note
In each case atechnique suitablefor theweld and the defects normally expected will have been decided upon, and should
be carefully followed when carrying out an examination.

Pressure Tests
Pressuretestsshould beused on all welded pressurevessel s, ductsand similar parts. Thepressuretobe usedinaparticular
case should be as stated on the appropriate drawing.

SAFETY PRECAUTIONS
Becauseof theintensity of theflame usedinwelding and thefumesgiven off by certainalloysat high temperatures, special
precautions are necessary to safeguard operators. These precautions include the following:-

a All operators should wear protective clothing as a safeguard against burns from splashes of molten metal.

b. All operators should wear protective face masks or goggles and should ensure that they are kept in a satisfactory
condition.

C. The precautions outlined in H.M. Factory Inspectorate Code of Practice for Health Precautions with regard to the
welding of leaded steels, should be observed, as necessary.

d. The heating of steelscontaining certain alloying elements can result in potentially dangerous fumes, and Department
of Employment Technical Data Note 2\73 should be taken into account when welding these materials.

In addition to the precautions necessary during welding, the use of X-ray or gammaray inspection methodsalso callsfor
the careful attention to safety precautions. These precautions are outlined in the Radioactive Substances Act and in the
lonising radiations (Sealed Sources) Regulations. Radiographic inspections should be carried out by, or under the
supervision of, a person who has satisfactorily completed a course of instruction in radiography and is acceptable to the
CAA inaccordancewith BCAR.
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ELECTRICARCWELDING

Itisafusionwelding processin which no mechanical pressureisapplied for joining the metals. Inthis, the metal pieces
to bejoined are heated locally to the melting temperature, by crating an electric arc, and then allowed to solidify to form
theweldedjoint. Insomecasesonly themetal of the piecesto bejoinedismadetoformthejoint whileintheothersadditional
metal isprovided by melting awireintotheweld metal. Theweld metal obtained from thework piecesisknown as parent
metal whiletheadditional metal provided by meltingthewire, asdescribed above, isknownasFiller metal. Thisadditional
material isprovided by the corewire of the electrodein cases of metal arc welding and by afiller rod in case of carbon arc
welding.

Theelectric arc welding process are divided into the following two main kinds :
1 Metallicarcwelding
2 Carbonarcwelding

METAL ARCWELDING

In this process a metal electrode is used and the arc is maintained between this electrode and the workpiece, which
respectively formthetwo terminals. The electrode used can be either bare or coated type. Bare electrodeshavethe same
or nearly the samecomposition asthat of theparent metal. They havethedisadvantagethat their surfacesmay besubjected
tooxidation. Coated electrodes may either havealight coating of somematerial, which preventstheir surfacefrombeing
exidised, or may carry astrong coating of flux. For welding of ferrous metalsthe core of the electrodesis usually made
of mild steel and the coating around it is made such that it acts as aflux as well as provides the necessary constituents
totheweld metal.

ARCWELDINGPRINCIPLE(SHIELDEDMETAL-ARC)

The principle of shielded metal arc welding consists of establishing an electric arc between a metal electrode and the
workpieceto bewelded. Thearc can be described asastream of incandescent vapour which actsasaconducting medium
for electric current from oneterminal to the other to completethe circuit. Theelectric current hasafairly high voltageto
overcome the extraresistance offered by the vapour.

ELECTRODE COATING

CORE WIRE
GAS SHIELD
MOLTEN POOL

CRATER

Fig. 9.3, Schematic diagram of shielded metal-arc welding.

Theprocessisillustrated by means of aschematic diagramin 9.3. The metal of theworkpieceto bejoined iscalled base
metal or parent metal, andthat provided by theel ectrodeasfiller metal. Themetal el ectrodeiscoated withflux which performs
the following functions:

1 It produces a gas which provides a shield around the arc to protect it from atmosphere.

2 It forms slag by mixing with impurities of the molten metal and, thus, refinesthe metal.

3 Theslag, being lighter, floats over the surface of the molten metal and on solidification formsathin layer over the
weldment, which helpsin gradual and uniform cooling of weld and preventsits oxidation during cooling.

4 In some cases, it also carries necessary aloying elements which are added to the molten metal.

5. It promotes conduction of electric current across the arc and helps in stabilizing the arc.

6. It also helps in controlling the bead shape by providing necessary materials for this purpose.

Arccrater

This term refers to the depression caused by the penetration of electric arc into the parent metal. Its depth
depends on the thickness of the parent metal. By observing this crater depth a welder can have an idea of arc
penetration during welding. It should, however, be noted that if such a depression remains in the bead after
welding the same is considered a defect. This defect (crater) occurs where an arc is broken. Care should,
therefore, be exercised during welding to prevent the occurrence of this defect.
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ARCBLOW

Itisatypical characteristicsof D.C. arc welding, whichisnormally not found whenusing A.C. During D.C. arcwelding
it isquite often observed that the arc fluctuates occasionally or isunstable. Itisdueto the magnetic forces acting on the
arc on account of the magnetic fields set-up around it. When the el ectric current flowsthrough the el ectrode, workpieces
and the ground cable, magnetic fields are set up in planes perpendicul ar to the direction of flow of current. When these
magnetic fields around the electrode or the workpiece are unbalanced they tend to bend the arc away from its intended
path. Thisdeflection of the arc fromitsintended path iscalled arc blow. Thiseffect is more pronounced wherethereis
agreater concentration of magneticfields, that iswherethereid more crowding of linesof magneticflux, causing agreater
magnetic forceto act on thearc to deflect it fromitsnormal path. Sincethisconcentration isawaysmore at the endsthe
chances of arc blow are always greater at the beginning and the end of the weld. The reason of this phenomenon being
present mainly in D.C. welding isthat, dueto thefixed polarity, theinduced magnetic fields are constant in direction. In
A.C. welding thereisno fixed polarity and direction of current flow goeson changing . Therefore, thereis no constant
direction of magnetic fields and, hence, no chances of an arc blow.

The deflection of arc, or arc blow, can bein the following directions:

1 Inthedirection of electrodetravel - called Forward blow.

2 Oppositeto the direction of electrodetravel - called the Backward blow.
3 Towardsaside - called the Side blow.

Out of the above three, the chances of arc blow towards the side are very rare. The deflection is normally forwards or

backwards. Backward blow occurs while welding towards the end of the joint, into a corner or towards the ground

connection. Forward blow occurswhilewel ding away from theground connection or thebeginning of thejoint. Thisresults

inincompletefusion of parent metal and excessiveweld spatter. This, inturn, particularly incaseof el ectrodeshaving thick

coatings, allowsheavy slag deposit in weld crater which runsforward under thearc. These factors sometimesbecome so

troublesome that it becomes impossible to make a satisfactory weld. The problem is more severe at the end of the weld

than at the start. I1n case of severe arc blow the following corrective measures may be adopted :

1 If possible, A.C. may e used instead of D.C.

The effect can be minimised by reducing the current and the arc length.

Arc blow can also be minimised by welding towards aheavy tack weld or an already existing weld.

The ground connections should be placed as far as possible from the joints to be welded.

If the problem is of backward blow the ground connection should be placed at the start of the weld and welding

should proceed towards a heavy tack weld.

If forward blow is the trouble-maker the ground connection should be placed at the end of the weld.

7. Theground cable may bewrapped around theworkpiecessuch that thecurrent flowinginit setsup amagneticfield
inadirection which will counteract the arc blow.

8 On long welds, back stepping may be used.
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ARCWELDINGEQUIPMENT

Bothalternating current (A.C.) anddirect current (D.C.) areusedfor arcwelding. WhenD.C. arcweldingistobeemployed
the current isgenerated by aD.C. generator. Thisgenerator can be driven by means of an electric motor or by means of
apetrol or diesel engine. Whether itisamotor generator set or an engine generator set, both can be either of portabletype
or stationary type. With the result the D.C. arc welding processes can be employed irrespective of the fact whether the
main A.C. supply isavailable or not. In absence of the same an engine driven D.C. generator set can easily by used.

For A.C. arc welding astep down transformer is used which receives current from the supply mains at 400-440 voltsand
transformsit to the required voltage for welding, i.e., 80 - 100 volts.

Apart fromtheabovemain egqui pment anumber of other equi pments, particularly for saf ety and clamping thework, holding
the electrodes etc. arerequired asillustrated in Fig. 9.4. A brief list of thisequipment is give below :

List of equipment

Well insulated electrode holders.

Wire cables and cable connectors.
Welding Helmet and hand screen or shield.
Safety goggles.

Welder’ schipping hammer.

Earthing clamps.

o g wWwpNPRE
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7. Cablelugs.
8 Hand gloves.
9. Aprons and sleeves, etc.

10. Wire brush.

N\
s, 2
- u,r,” g

HAND SHIELD CABLE LUG
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AL A
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E CHIPPING
HAMMER

EARTHING CLAMP LIGHT
TYPE

Fig. 9.4, Arc welding and safety equipment

USEOFA.C.ANDD.C.FORWELDING

Asalready describedintheforegoing articleswereceiveA.C. supply from power mainsat 400 - 440 voltswhereaswerequire
amuch lessvoltagefor welding. We, therefore, use a step-down transformer which lowers the voltage to about 80 - 100
volts. Thisvoltageisactually required only for striking thearc and for maintaining the samewerequireastill lower voltage,
say bout 30 to 40 volts. Thisisaccomplished by means of the current regul ator, through which we can adjust the flow of
current and also the resistance and hence can obtain the desired voltage.

Thereisnofixed polarity at theterminalswhenusing A.C. andthey interchangeinevery cycle. Alsothealternating current
acquireszero valuetwicein each cycle. Withtheresult, at these particular moments, the potential difference between he
terminalsis also zero and hence a higher voltage is required to maintain the arc at this moment.

UnlikeA.C.inD.C.weldingtheel ectrodeactsasoneterminal andthejobtheother terminal (either +veor -ve). Thepotential
differencecan beso adjusted that the heat devel oped at the positiveterminal ishigher, nearly 2/3rd and that onthe negative
terminal lower, nearly 1/3rd of thetotal heat evolved. Hereagainthetemperatureof thearcis3700°Cto4000°C. Thevoltage
required in case of D.C. welding is 60 to 80 voltsfor striking the arc and 15 to 25 voltsfor maintaining thearc. Polarity
isavery significant factor in all D.C. welding works. Thispolarity can be of two types:

1. Straight polarity : Inthis, the electrode forms the negative terminal and the workpiece positive.

2. Reversepolarity : Inthis, the electrode forms the positive terminal and the workpiece negative.

These two polarities are known as Electrode negative and Electrode positive respectively. Selection of correct polarity
playsasignificant rolein obtaining asuccessful weld. Itisonly dueto thisfactor that almost al the metal s can bewelded
by using D.C. as many metals require more heat to acquire the fusion state than the el ectrode used e.g. copper, and itis
possible only through different polarities to have more heat on the job and less on the electrode.
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RELATIVEMERITSANDDEMERITSOFA.C.ANDD.C.WELDING
Both A.C. and D.C. welding sets have their own advantages and disadvantages as shown in Table 9.1 below :

Table9.1, Comparisonbetween A.C.andD.C.

Use of A.C. in arc welding Use of D.C. in arc welding
1. An A.C. welding transformer is A D.C. generator set is costlier and
cheaper and simpler in operation more cumbersome in operation

2. Maintenance of an A.C. transformer | A D.C. generator carries many moving
is easier and more economical since it | parts and its maintenance cost is higher.
has no moving parts.

3. It is less suitable for use at low It is better suited for use at low
current with small dia electrodes. amperages with small dia. electrodes.
4. Except in case of iron powder Maintenance of short arc is easier with
electrodes, maintenance of a small D.C.

arc is difficult.

5. It is preferred for welding at very In D.C. the voltage drop is relatively
large distances from the power supply,| higher and, therefore, only short cables
because voltage drop in long leads is | are used, prohibiting its use for welding

much less as compared to D.C. at long distances from power supply.
6. Striking of arc, particularly with In D.C. it is easier to strike an arc, even
electrodes, is relatively difficult. with thin electrodes.

7. Bare electrodes cannot be used in Both bare and coated electrodes can be
A.C. only specifically designed coated | used.

electrodes with coverings containing
stabilizers can be used.

8. Though it can be used for welding It is easier to use D.C. even for out-of-
positions but selection of proper position welding and for thicker sections

electrode has to be made carefully and | because lower currents can be used.
used of a better skill is needed.

9_ It is generally not preferred for It is more preferred because starting of
welding of sheet metal due to the arc is easier and the arc remains steady.
difficulty in starting the arc.

10. There is hardly any problem of With D.C. there is always a likelyhood
Arc-blow in A.C. of arc-blow, unless proper corrective

measures are not adopted.

11. Different fixed polarities are not Distinct fixed polarities can be used for
available. Hence it is not suitable for | welding almost all metals and different

welding all metals, particularly non- thicknesses.
ferrous ones.

12. It can be used only when A.C. An engine driven D.C. generator set can
mains supply is available. be US[ed even in absence of A.C. mains
supply.

CARBONARCWELDING

Only D.C.isusedin carbonarcwelding. Thenegativeterminal of the supply isconnected to the carbon electrode and the
positiveterminal totheworkpiece. Theuseof A.C.isnot advisablefor thereason that nofixed polarity can be maintained.
The reason of connecting the carbon electrode to the negative terminal isthat the heat generated at the electrodetip is
lessthanthat at thejob so that the carbon content of theelectrodeisnot carried over tothejob. If thishappenstheresultant
weld will be very brittle and unsound.

Thismethodissuitably used for joining steel sheetsand repairing steel castings. Electrodeholdersused for holding carbon
electrodesare usually provided with amagnetic coil insidewhich directsthe arc properly and keepsit concentrated at the
desired place. Thisprocessis carried out both by hands aswell as machines. A flux isusually employed to prevent the
weld metal from picking up carbon from the fused electrode.
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ARCWELDINGELECTRODES

Electrodes commonly used are generally of two types :

1 Bare electrodes

2 Coated electrodes

Bare electrodes are cheaper but the welds produced through these are of poor quality and their use callsfor avery high
degreeof skill onthepart of welder if satisfactory resultsareto beexpected. They are, therefore, very rarely usedinmodern
welding practice. However, in coil formthey are used withinert gasesin aspecial welding process called I nert gas metal
arcwelding(MIG).

Morepopularly usedin metal arc welding arethe coated el ectrodeswhich carry acore of baremetallic wire provided with
acoating or covering on the outside surface. Mild steel isthe most commonly used material for corewire, but electrodes
with core of other metals and alloys are also manufactured to suit welding of different metals and alloys under varying
welding conditionsand requirements. Some of the other metalsand alloysused ascorewirematerialsarelow alloy steel,
nickel steel, chromium-molybdenum steel, manganese-molybdenum steel, nickel-manganese-molybdenum - steel, nickel -
molybdenum vanadium steel, aluminium, Albronze, |ead-bronze, phosphor bronze, etc. Practically all themild steel coated
electrodes are almost similar in composition but differ in the type of covering and flux used onthem. The coveringsare
provided by either dipping the wire coresin abath or during extrusion. About 20 to 25 mm length at one end isleft bare
where the electrode is held in the electrode hol der.

ElectrodeCoverings

It has been discussed in the earlier articlesthat the flux coating provided on the el ectrodes perform, may functions, such
as providing areducing atmosphere to prevent oxidation, forming slag with metal impurities, stabilising arc, providing
necessary alloying elementsto the weld metal and so on. To meet these requirements, many different materials are used
for making electrode coverings. The common ingredients of aflux which help in slag formation and metal refining are
asbestos, mica, silica, flourspar, stealite, titanium dioxide, iron oxide, magnesium carbonate, cal cium carbonateand different
aluminas. Ingredientsused for producing the reducing atmosphereinclude cellul ose, cal cium carbonate, dolomite, wood
floor, starch, dextrin, etc. Iron powder providesahigher depositionrate. Ferromanganese and manganese oxide provide
aloying elements. Thelatter also helpsin slag formation. Potassium silicate and potassium titanate are the principal arc
stabilizers. Arc stability isalso helped by titanium dioxide, feltspar and mica.

Normal thicknesses of these coverings on all commonly used light and medium coated el ectrodesvary from 10 percent to
55 percent of the total diameter of the coated electrode. However, in some heavy coated electrodesit may be ashigh as
100 percent and above.

Electrodesize

Electrodesarecommonly manufacturedinstandardlengthsof 250 mm, 300 mm, 350 mm, and450 mm. Similarly, thestandard
sizesof theel ectrodesbeing commonly manufacturedinthiscountry are 1.6 mm, 2mm, 2.5mm, 3.2mm, 4mm, 5mm, 6 mm,
7mm,8mmand9mm.

ELECTRODECLASS FICATIONANDCODING

According to 1Sl coding system an el ectrodeis specified by six digitswith aprefix letter M, whichindicatesitssuitability
for metal-arc welding. Thesesix digitsstand for thefollowing:

1. FirstDigit

Numbering from 1 to 8. Each number standsfor a particular type of covering provided on the el ectrode.

2. Second Digit
It also carries numbersfrom 1 to 6 and each number represents a particular position or positions or welding in which the
electrode can be used.

3. ThirdDigit
May carry any number from O to 7. Each number represents a particular current condition suitable for that particular
electrode.

4. Fourth Digit
Itindicatesthe miniumtensilestrength of theweld metal. It may carry any number from 1to 8 and each number represents
aparticular tensile strength in kg/cm2.

5. FifthDigit
It indicates the percentage elongation of deposited weld metal in tensiletesting. Different percentages are represented
by numbersfrom 1to 5.



142 Workshop Practices

6. SixthDigit
It indicates the minimum impact value of theweld metal. Different values are represented by numbersfrom 1to 5.

SELECTIONOFELECTRODES

It isevident from foregoing discussionsthat welding hasto be performed in various different conditions and selection of
aproper electrodeto suit those conditionsisavital factor for successful welding. Thefactorswhichinfluencethe selection
of particular electrode for metal are welding can be summarised asfollows:

Availability of current - A.C. or D.C.

Composition of the base metal.

Thickness of the base metal.

Welding position - flat, horizontal, vertical or overhead.

Fit-up of the components to be welded.

Expected physical properties of welded joints - i.e., strength, ductility, soundness, appearance, etc.

Amount of penetration required in welding.

Skill of theweldersin using particular types of electrodes under specific conditions.

Economic considerations - Welding costs are largely effected by deposition rate and also by electrode costs.
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L owHydrogen electrodes

Hydrogen adversely effectsall oy-steels, causing intergranul ar underbead cracks. It isknown ashydrogen embrittlement
and leadsto low strength and reduced fatigue resi stance of welded joints. To avoid thislow hydrogen el ectrodes are used
inwelding of such alloys. The coverings of these electrodes are made from such materialswhich will provide minimum
or no hydrogen deposit intheweldment, such ascellul ose, asbestos, iron powder, clays, lime, titania, etc. Theseelectrodes
should not be allowed to remain exposed to atmosphere for along period otherwise they may absorb moisture. Also, as
aprecaution they should be stored in closed boxes and redried at atemperature of 120°C before using.

Carbonelectrodes. Theseelectrodesareusedincarbon-arcweldingand cutting. They areavailableintwo varieties- carbon
electrodesand graphite electrodes. Thelatter typeisabetter conductor and has more uniform structure. Bare carbon and
graphite el ectrodes become hot during wel ding dueto the resi stance of fered by the material tot he current flow. Their hot
surfacestartsoxidising by comingincontact with atmosphericair, and thisleadstoareductioninelectrodesize. Toprevent
this oxidation these el ectrodes are sometimes coated with copper.

INERT GAS-ARCWELDING

Itis established that in any type of welding the quality of weld is effected to a considerable extent on the effectiveness
with which the formation of oxidesand the accumul ation of these oxidesand other contaminants on the metal surfacecan
beprevented. Theeffort should aways, therefore, beto keep atmosphericair and contaminantslikedirt, dust, metal oxides,
etc., away fromthemolten pool inwelding operation. Intheconventional arc welding processesthefluxesarerelied upon
for providing the shielding atmosphere around the molten pool to prevent the atmosphere from coming in contact with
molten metal and prevent contaminantsfrom outside to mix with molten metal.

Ininert gas-arc welding processesinert gases, such asargon, helium, carbon dioxide, areused for surrounding theelectric
arcand, thus, keeping theatmosphericair and other contaminantsaway fromthemolten metal pool. Thispreventsoxidation
and eliminatesimpuritiesfromtheweld. It not only resultsin production of sound weldsbut al so enableswelding of such
metal swhich are otherwise difficult to weld or impracti cable through the conventional arc-welding processes. To meet
these requirements various inert gas-arc welding processes have been developed. Some of these are manual, semi-
automatic and some automatic. Some common ones of these will now be discussed in the forthcoming articles.

INERT GASTUNGESTEN-ARCWELDING(TIGWELDING)

Thisprocess wasfirst introduced for industrial purposesin early 1940's. Itisbasically an arc welding processinwhich
thearcisstruck between anon-consumabl e tungsten electrode and the base metal. Theelectrodeisheldinaspecial type
of electrode-holder whichisso designed that apart fromhol ding theel ectrode, it al so carriesapassagearound theel ectrode
for flow of inert gasto provide the protective shield around the arc. This gaseous shield protects the electrode, molten
metal, the arc and adjacent heated areas of base metal from atmospheric contamination. Theelectrode holder also carries
aprovision for water cooling or air cooling. This process can be adopted for both manual and automatic operations.

Thisprocessis capable of producing continuous, intermittent or spot welds. Dueto non-consumable nature of electrode
nofiller metal isprovided by it. However, if needed, additional filler metal can be provided from outside by fusing afiller
rod under thearcinthe sameway asin gaswelding. Thisprocessissuitablefor weldinginall positions. Thin metal foils
uptoaminimumthicknessof 0.125 mm can beeasily welded with thisprocess. Itissuitablefor welding of most metalsand
alloysexceptlead and zinc, which havevery low melting points. Itsspecificapplicationsincludewelding of Al-alloys, Cu-
alloys,Mg-alloys, Nickel aloys, Zirconiumalloys, Titaniumalloys, Berylliumalloys, Refractory metals, Carbon steels, alloy
steelsand Stainless steels,. It isadvisableto use manual welding for complex and irregular shapes and difficult to reach
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sections since manipul ation of manual torch iseasier in such cases. For regular shapes automatic welding can be easily
adopted.

TIGwedingEquipment

Thefollowing equipmentisrequiredin TIGwelding :

Aninert gas cylinder.

Aninert gasregulator and flowmeter.

Inert gas hoses and hose connections

An inert gas shut-off valve.

Anarc-welding machine.

Welding cables for electrode and ground connections.
A welding bench.

Electrode holder (water cooled or air cooled).

Water supply with inlet and outlet hoses (if water cooled holder is used).
Non-consumable tungsten electrodes.
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In most of the casestheinert gashose, welding cablefor electrode and the water hose are all enclosed in acommon jacket
toformwhat lookslikeasinglecable. Apart from theabove equipment thewelder should use proper eye-shieldto protect
hiseyessincethearcin TIG welding isfully exposed.

Weldingcurrent

BothA.C.andD.C. areusedin TIGwelding. Animportant point to ensureisthat astable current be maintai ned throughout
theoperation particularly at lower ranges. D.C. welding machinesare manufactured with thischaracteristicincorporated
inthem. But, itisnecessary to useahighfrequency generator in conjunctionwithan A.C. welding machine (transformer).
Thisgenerator superimposesahighfrequency current onthearctore-establishit after the* zero’ periodineach A.C. cycle.

A.C. enablesgood penetrationand|esssurfaceoxidation. Itispreferredforwelding of aluminium, magnesiumandberyllium
copper. D.C. withstraight polarity ismost widely usedin TIGwelding. Itissuitablefor ailmost all thecommon metalsand
aloys. It enables deeper penetration but isincapable of removing surface oxides. D.C. with reverse polarity isthe least
used because it provides less penetration, enables flat and wide bead and needs maximum skill. A specific advantage
associated with it isthat it enables better removal of oxidesfrom work surface.

Welding-procedure

beforestating wel dingthejoint should be prepared well and thoroughly cleanedtoremovedirt, grease, oil, oxides, etc. from
thework surface. Edges of thicker sections should be bevelled and lighter gauge metal should be provided with suitable
backing. Theworkpiecesshould befirmly held, preferably in suitablefixtures.

Select asuitable electrode size, hold it firmly in the holder, set the current and proper polarity, if using D.C., turn on the
cooling water or air, turn on the gas and adjust the flowmeter and then switch on the power supply.

After striking the arc makeasmall puddle of molten metal, at the placewherewelding isto commence, using avery small
circular motion of the electrode. The electrode should be held at an angle of 60° to 80° with the workpiece and thefiller
metal (if used) at 15° to 20° withtheworkpiece. Then thewelding may proceed almostinthesameway asin oxy-acetylene
welding. After the desired length has been welded the el ectrode holder should be lifted quickly to break the arc and the
current flow switched off. However, the inert gas flow should be continued till the electrode cools down.

INERT GASMETAL-ARCWELDING(MIGWELDING)

Thisprocess, popularly known as Metal-Inert Gas (M1G) welding, involveswel ding of metal s using aconsumable metal
electrodein an inert gas atmosphere. Thearcisstruck between the metal electrode and the workpiece. The electrodeis
intheform of acontinuouswirewhichisfedintothearc, by an adjustabl e speed el ectric motor, at the same speed at which
itismelted and deposited in theweld. A specially designed electrode holder is used which, in addition to a passage for
wire electrode, also incorporates passages for supply of inert gasfor shielding the electrode, molten weld metal, arc and
the adjacent hot area of base metal from atmospheric contamination.

Thismethod can be employed for welding carbon steels, low alloy steels, stainless steels, aluminium and al-alloys, heat
resisting alloys, magnesium alloys, copper and Cu-alloys. With special techniques, like preheating of base metal, amore
close control of inert gas, in some cases post-heating of parent metal and use of backing gas, etc., it is possible to weld
castiron, titaniumanditsalloys, refractory metal s, magnanesebronze, etc., also. Itisnot suitablefor welding of low melting
point metal slikelead, tinand zinc and a so those metal swhich carry coatingsof theselow melting point metals. Economically
welded metal thicknesseswiththismethod rangefrom 0.5 mmto 12.5mm. Althoughlarger thicknessescan also bewel ded,
but other processesprove moreeconomical. Thisprocesscanbeusedfor weldinginall welding positions. However, best
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results are obtained in flat and horizontal positions. The main equipment needed in this processis asfollows:
An inert gas cylinder.

Gasregulator and flowmeter.

Gas hoses and connections.

A power source and welding leads.

MIGweldinggun.

A spool of electrode wire,

Electrodewirefeeder.

Water supply with water hoses.
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Usually, D.C.withreversepolarity isusedinMIGwelding. A.C.isnotusedinthismethod. EvenD.C. withstraight polarity
isnot oftenused. Itisused only sometimeswhenavery small penetrationisrequired. Useof D.C. reversepolarity enables
a deeper penetration and a clean weld surface.

InMIG weldinginert gaseslikeargon, helium, carbon-dioxide or amixture of these gasesare used for providing theinert
gasshield. Formerly only argon and helium were used, but now CO, is more widely used, both as asingle gas and also
in mixturewith other inert gases.

Beforestartingwelding asimilar joint preparation and cleaningisnecessary inMIGweldingasindonein TIGwelding. Two
principal M1G welding methodsarethefollowing:

1. Sprayarcmethod

Thismethod usesaheavy flow of D.C. reversepolarity causing theelectrodeto melt intheform of asteady stream or spray
of very minute droplets, which aretransferred acrossthe arc to the joint without interfering the stability of arc. Itisused
for good fit-up joints and faster welding.

2. Shortcircuitingmethod.

Itisalso known as Dip transfer method. 1nthismethod the melted filler metal from the electrode separatesin the form of
largedropswhichtouchthebase metal beforeseparating fromtheelectrode. Asaresultthearcisshort circuitedtemporarily
for aninstant, and as soon as the drop is separated and proper gap between the electrode tip and workpiece restored the
arcisre-established. This processis used for poor fit-up joints and thin sections.

Advantagesof M1 Gwelding

It isfaster than shielded metal-arc welding due to continuous feeding of filler metal.
Thereisno slag formation.

It provides higher deposition rate.

Theweld metal carries|low hydrogen content.

Deeper penetration is possible.

More suitable for welding of thin sheets.

Welds produced are of better quality.
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Disadvantags

1 Equipment used is costlier and less portable.

2 Itisless adaptable for welding in difficult to reach portions.

3 Itisless suitable for outdoor work because strong wind may blow away the gas shield.

CO,-MIGWELDING

Itissimilar tothe standard M1 G wel ding described above except that in this processthe el ectrode used is either flux cored
or magnetized flux coated. CO, isused asashielding gas. In either case thefiller wireor electrodeisfedintothearcin
thesameway asin MIG welding. Theflux coredwireisatubular metal electrodefilled withflux inside. Thearcisstruck
between the el ectrode and the workpiece and shielding is provided by the gas evolved during combustion of flux plusthe
CO, gasfed around the arc for this purpose.

Whilewelding with flux coated el ectrode amagnetized grannular flux isfed into the arc through the gun nozzle, and there
it attachesitself to the electrode. The coating so provided protectsthe el ectrode agai nst atmospheric contamination. The
arc and the weld are protected against the atmospheric contamination by the shield of CO, gas. The method of feeding
the electrode wireinto the arcisagain similar to that in standard M1G welding process described in above. Thus, it will
be observed that the CO, MIG welding process is exactly similar to the standard MIG welding process except that the
electrode wire uses either magnetized flux coating or asits core.

Main advantages of CO, MIG welding process are :
1 It isafast welding process.
2 The deposition rate is quite high.
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3 Penetration of the arc is deep.
4, Minimum edge preparation isrequired, particularly in butt joints.

SUBMERGED-ARCWELDING

Itisbasically an arc-welding processinwhich thearcisstruck between aconsumable metal el ectrode and theworkpiece.
Theprocessderivesitsnamefromthefact that thearc remainssubmerged (shielded) insidealayer of agranular andfusible
flux. Thisblanket of flux, apart from shielding the arc, also protects the molten puddle and base metal near the welding
against theatmospheric contamination. Thearcisnot visibletothewelder. Other namesgiventothisprocessarehidden-
arcwelding, submerged-melt wel ding, subarc welding andflux covered arcwel ding. Theprocesscan beautomatic or semi-
automatic.

Both D.C. and A.C. can be used in this process. Whileusing A.C. thetransformer should have a standard range of open
circuitvoltage. Itsvaluevariesfrom 65to 75 voltsfor transformerswith lower current capacitiesand from 80to 100 volts
for those having higher current capacities. A proper remote control unitisalwaysincorporatedinthe power supply source
withaswitch near thewelding head, so that power supply can becut off or put on at will and thewel ding stopped or started
as desired.

For starting welding, the piecesto be joined are placed in position. Flux from the hopper isthen fed on to joint through
aflux feeding tube The electrode wireisfed into thisblanket of flux and the arc struck. The heat generated melts the
surrounding flux granulesand thefiller metal. Thelatter formsthe weld bead and the former fusesto form a covering of
the slag over the bead. It protectstheweld against atmosphere until it coolsdown. The process continuesasthewelding
head advances along thejoint with aproper speed, the flux hopper unit sliding ahead of thearc. Theentireflux fed by the
hopper isnot melted. Thisunused part of theflux is collected by another unit, following the welding head, and fed back
to the hooper for further use. After the weld cools down the slag isremoved. Therate of feeding of electrode wire and
flux grannulesand thewel ding speed areautomatical ly controlled in automati c-submerged arc wel ding machines, whereas
in semi-automatic machinesthewelder hasto manually guide awel ding gun (which carriesan attached flux hooper) and,
thus, control all the feeding operations and welding speed manually.

Thisprocessissuitablefor welding of plainlow carbon steels, medium carbon and low-alloy steel, stainless steel, copper
and copper aloys, nickel and nickel alloys. Itisnot suitablefor lead, zinc, aluminium, al-alloys and magnesium alloys.

A specificlimitation of application of thisprocessisthat it can beperformed only inflat and horizontal welding positions.
Some other disadvantages associated with this process are :

Flux may get contaminated and lead to porosity in weld.

Slag removal is an additional follow-up operation. In multipass beads it hasto be done after every pass.

To obtain good weld the base metal hasto be cleaned and made free of dirt, grease, oil, rust and scale.
Itisnormally, not suitable for welding of metal thicknesseslessthan 4.8 mm.
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Advantagesof submer ged-ar cwelding process

1 Asthearciscompletely submerged no shielding is needed against the same, although it isadvisableto protect the
eyes as a precautionary measure.

Shallow grooves can be used for making joints, requiring less consumption of filler metal. In some casesno edge
preparation isat all needed.

Higher welding speeds can be employed, effecting saving in welding time.

Deposition rateis very high.

Thereisno chance of weld spatter, since the arc is always covered under flux blanket.

Flux acts asadeoxidiser to purify theweld metal.

If required, the flux may contain alloying elements and transfer them to the weld metal.

It can be used with equal success for both indoor and outdoor welding work.
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ELECTROSLAGWELDING

Through thismethod fairly thick metal plates can be welded without any edge preparation. Inthisprocessthejointisput
inavertical positionwith alittlegap between theabutting endsof theworkpieces. Fig. 9.5 illustratesaschematic diagram
of this process. Theweld iscompleted in asingle pass. In thisprocessthereisno arc. Itisthe heat of the molten flux
which melts the consumable metal electrode and the surface of the base metal to create the weld puddle.

Theequipment basically consists of source of apower supply (A.C.) asuitable mechanism for feeding the electrode wire,
ahopper to carry flux with atubeto feed thisflux into thejoint, avertical rail alongwhichtheentireweldingunit cantravel
inavertical direction inside proper guides.
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For commencing welding theflux isfirst fed into the joint and then the current is switched on, which passes through the
layer of flux viathe electrodewire. Theresistance offered by theflux to theflow of thiscurrent createsheat and meltsthe
flux which, inturn, heats and melts the electrode wire and the base metal. The molten metal pool so created is contained
inthejoint between two water-cool ed copper slides, called shoes. Onesuch shoeislocated oneach sideof thejoint. Molten
metal puddle being in contact with both these shoes, solidifies between the base-metal pieces and formstheweld. The
solidificationisadirectional oneand non-metallic substancesare pushed upwardsinto themolten flux (slag) pool. Asthe
solidification of weld metal proceeds upwards, moreflux isadded from hopper, more melting of electrode wire and base
metal takes place and more molten puddle isformed, both the shoes also slide upwards simultaneously so that the weld
area, molten slag and weld puddle all remain confined within the mould formed by them. Thus, the process continues
upwardstill the whole length of the joint iswelded.

Flux
hopper

Guide tube

Electrode

ke,

N~ Electrode
obye fe‘,\' wire

&”9{ Molten slag

Molten weld
metal (Puddle)]
copper shoe

Completed
weld

Fig. 9.5, Schematic diagram of electroslag welding. The copper shoe at the front side is shown in section to show
the welding details.

In his process, according to requirement, one, two, or three electrode wires can be fed simultaneously into thejoint. The
electrodewireused can be of solid typeor flux cored. Thisprocessisquitefast and needs no edge preparation on the base
metal. Thisprocessiscommonly used for welding metal plate thicknessesfrom 25 mm to 350 mm, although with special
arrangements higher thicknesses al so be successfully welded. Most common arc the butt joints to be made through this
process. With use of modified shapes of shoes and techniques, however, it is possible to make other joints also, like
circumferential joints, cornerjoints, T-joints, etc. Specificapplicationsof thisprocessareinwelding of heavy steel forgings,
large steel castings, thick steel plates and heavy structural members.

RESI STANCEWELDING

It isthe process of joining metal pieces together by raising the temperature of the piecesto fusion point and applying a
mechanical pressureto jointhem. Inthis, the piecesto bejoined are held together and astrong electric current (A.C.) of
high amperage and low voltage is passed through them. This current comes across a certain resistance in passing from
one pieceto the other and it isthisresistance offered to the flow of current which resultsin raising the temperature of the
two piecestofusion or melting point at their junction. Themechanical pressureapplied at thismoment completesthewel d.
Thismethod of welding iswidely usedin modern practi cefor making welded jointsin sheet metal partsand barsand tubes
etc. Thistype of welding isfurther sub-divided into six main methods as given below :

1 Spot Welding 2 Butt Welding
3 Flash Welding 4 SeamWelding
5. Projection Welding 6. Percussion Welding

Successful application of a resistance welding process depends upon correct application and proper control of the
followingfactors:
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1. Weldingcurrent
Enough current is needed to bring the metal to its plastic (or sometimes molten) state for welding. It should be properly
adjusted on the current control device on the machine.

2. Weldingpressure

In resistance welding mechanical pressureisrequired to be applied at two stages - first to hold the metal piecestightly
between the electrodes, whilethe current flowsthrough them, and secondly when the metal has been heated toits plastic
state, to forge or squeezethe metal piecestogether to formtheweld. Theformer isknown asweld pressure and the latter
forge pressure.

3. Timeof application

It can also be described as cycletime and isthe sum total of thefollowing time periods allowed during different stages of
welding:

a. Weldtime: Itisthetimeperiod during whichthe current flowsthrough the metal piecesto raisetheir temperature.

b. Squeezetimeor forging time: It isthetime period during which the forge pressure is applied to the metal pieces
to squeeze them together to form the weld.
C. Hold time: It isthetime period during which the metal pieces are held together under forge pressure for a short

whileto enablethe weld to solidify. It can, therefore, be called cooling time also.
d. Off-time: After cooling of weldtheel ectrode pressureisrel eased and themetal piecesremoved for thenext operation
cycle. Thetime period between thisrelease of electrodes and the start of next welding cycleiscalled off-time.

4. Contact areaof electrodes

The weld size depends on the contact area of the face of the electrodes. It can be varied by selecting suitable sets of
electrodes to provide the desired area of contact at their tips.

RESISTANCESPOT WELDING

Itisthesimplestand probably themost commonly used method of makinglapweldsin thin sheets(upto amaximum thickness
of 12.7 mm) using the principle of resistance welding. It owesits popularity to the fact that it can quite suitably replace
riveting in sheet metal products without altering the design of the article.
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Fig. 9.6, Principle of Spot welding Fig. 9.7, Spot welding machine

The principle of spot welding isillustrated in Fig. 9.6, where atransformer coreis shown having primary and secondary
windings P and C respectively. Oneend of the secondary windingsis connected to the upper electrode E, carried inthe
movable copper or bronzearm A and the other end to thelower electrode E, mounted on thefixed arm B. In operation, the
metal sheetsS, and S, are held and pressed between the el ectrodes and astrong current at low voltageisswitched on. Due
totheresistance offered by the sheet metal to theflow of thiscurrent thetemperature at the contact surfacesrisestofusion
point and the weld is completed under the contact pressure of the electrodes.

Spot welding machines are manufactured in various shapes and varying designs but they all work basically on the same
principle as explained above. A simple but common type of these, known as Pedestal type spot welder, isshownin Fig.
9.7. It consistsof ametallic casing having thetransformer housedinit. Thelower arm, calledthefixedarm,isrigidly fixed
to the machine body and the upper arm (or movablearm) ispivoted about apoint insidethe case. A pedestal at the bottom
operates the upper arm through a spring. When this pedestal is pressed downwards the inside end of the upper armis
raised up and the outside projecting end, carrying the upper electrode, is brought down-wards to apply pressure on the



148 Workshop Practices

sheets held between the electrodes. Thefoot lever (pedestal) in being pressed downwards al so simultaneously switches
onthecurrent, thusenabling the production of theweld. Thespring, described above, enablestheapplication of aconstant
pressure so long asthe current isflowing. After aweldiscompletethe pressure onthefoot lever isreleased and thework
moved to the next position where it isto be welded.

Gunwelding

Many atimesit is not feasible to use a stationary type of spot welding machine either due to difficulty in bringing the
workpieceto the machine, difficulty inthe manipulation of theworkpiece or dueto odd shapes of theworkpieces. Insuch
casesaportabl etypeof spot wel ding machine, called the Gun Welder, isused, which can beeasily transported tosite. Also,
mani pulation of itselectrodesinto different positionsisquite easy, which facilitateswelding evenin odd positions. Spot
welding carried out with this machineis known as Gun Welding.

Thespecificuseof thismethodisinwelding of irregular surfaces, such asnormally neededinthefabrication of automobile
bodies. The electrodes are actuated either hydraulically or pneumatically. The equipment consists of a transformer
(supported by an overhead rail), flexible leads connecting the transformer to the welding gun, the welding gun unit
comprising of two electrodes and atrigger switch. Leadsand the gun assembly are also supported by the overhead rail.

Shotwelding

Thistermisused to denote aspecific application of spot welding principle, wherein avery carefully controlled amount of
electric current isallowed to flow through the metal piecesfor avery small period of time. Such arequirement normally
arisesinspot welding of aluminium, aluminiumalloysand stainlesssteel. Usually electronictimersareusedfor controlling
the current flow because the flow interval isvery brief. The purpose of keeping the current flow interval small isto heat
and cool themetal piecesat afaster rate and, thus, minimise the disadvantages associated with oxidation and heat treating
of metal.

SPOTWELDINGELECTRODESANDEL ECTRODEHOLDERS

All resistance spot welding electrodes have to perform three major functions:

1 They conduct the electric current to the workpieces.

2 They hold theworkpiecestogether and transmit the required amount of forceto thework areato completetheweld.
3 They have to dissipate heat from the weld zone as quickly as possible.

Also, during the process of welding these el ectrodes are subjected to high compressive stresses at el evated temperatures.
For successful welding the electrodes should be capable of resisting these stresses without much deformation in order
toconfinetheconducted current to afixed areawithintheworkpieces. A frequent inspection of electrodetips, their regular
dressing and, as and when needed, their replacement should, therefore, be maderegularly. Inorder to perform the above
functions successfully these electrodes should possess the following characteristics.

1 They should be good conductors of electricity.

2 They should be good conductors of heat.

3 They should possess high mechanical strength and hardness.

4 They should not have atendency of alloying with the metal of the workpiece.

Electrodematerials

Copper - base alloysand refractory metal -alloysare commonly used for manufacture of all resistancewelding el ectrodes.
Inspite of its good thermal and electrical conductivities pure copper is not used because it lacks in mechanical strength
and tends to soften at elevated temperatures.

In all copper - base aloysthe principal alloying element is copper and other elements are added in varying proportions.
A few typical compositions of these alloyswith their applicationsare givenin Table 9.2.

Thecommonrefractory-metal alloysused asel ectrodematerial sare Cu-tungsten mixture, puretungsten, puremolybdenum,
etc. Thesematerialsarepreferredwherethereisalikelihood of deterioration of el ectrodesmadeof Cu-basealloysonaccount
of long welding time, excessive heat, insufficient cooling or application of high pressures. A typical example can bethe
spot welding of stainless steel which has a high electrical resistance.

A few other combinations of Cu-base alloys, like copper-zirconium and copper-cadmium-zirconium are also used as
resistancewelding el ectrodematerials. Their propertiesand applicationsaresimilar to those described at serial nos. 1 and
2intable9.7.
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Table9.2, Characteristicsand applicationsof Cu-basealloys

Sl. | Alloy Composition
No.

Main Characteristics

Recommended Application

1. | Cadmium 1%
Copper 99%

High strength and hardness
with high thermal and
electrical conductivities.

Used for making electrodes for
spot welding of galvanised iron,
brass, bronze, aluminium alloys,
magnesium alloys, hot-rolled
low carbon steel.

2. Chromium 0.8%
Copper 99.2%

Better mechanical properties
than the former, but inferior
thermal and electrical
conductivities. Regarded as
a better general purpose
electrode material and suits
for a wider range of metals
and welding conditions.

For spot welding of low carbon
steel, low alloy steels, nickel
plated steel, stainless steel,
nickel alloys, monel metal,
copper base alloys.

3. Beryllium 0.5%
Nickel 1.0%
Cobalt 1.0%
Copper 97.5%

Better mechanical properties,

but inferior thermal and
electrical conductivities than
the above two types. Goed
wear resistance.

Specifically suitable for electrodes
used in spot welding in such
conditions where pressures and
workpiece resistance are high.
Used on stainless steel, inconel,

monel, thick sections of mixed-
steel etc.

ElectrodeHolders

Spot welding electrodetips are held in suitable electrode holders. These holders are attached to the ends of the two arms
of the spot welding machine. Most of these holdersarewater cooled, and so arethe el ectrodetipswhich are made hollow
for thispurpose. Holderscarry hoseconnectionsfor supply of water for cooling. Ejector mechanismsareusually provided
in holdersfor easy removal of electrodetips, when needed. 1n most of the spot welding machinesthese el ectrode hol ders
can be adjusted for length and position. Multiple-electrode holders are al so available which facilitate making of two or
morespot weldssimultaneously. All theel ectrodeholdersaremadeof copper alloyscarrying good el ectrical conductivity
andrigidity.

RESISTANCEBUTTWELDING

Also known as upset welding, it isused to join the metal piecesendto end. In thisprocessthe metal pieces, usually bars
and rodsof the same cross-section, areheldin suitable clampsor viceswith their previously squared ends abutting against
each other. The projecting lengths of the pieces between the clamp are adjusted according to their cross-sectionsand the
corresponding materials of which they aremade. A longer projection will offer more resistance and ashorter length will
provide lessresistance. Abutting ends of the pieces having equal cross-section should be kept exactly in the middle of
the clamps. The endeavour should be to adjust the projected lengths in such away that the resistance offered by them
totheflow of electric currentissufficient enoughto generatethedesired amount of heat at therespectiveends. Theclamps
hol ding the pieceseither formtheel ectrodesthemsel vesor arefitted with separate el ectrodesin them. Oneof theseclamps
isrigidly fixed to the frame of welding machine and the other is mounted on amovable slide operated by ahand lever in
case of large machines and a spring in case of small machines having welding capacity upto 12.7 mm.

After abutting the ends together the current is switched on and the contacting surfaces heated to the fusion point. At this
moment additional mechanical pressureisapplied by meansof thehand lever or the spring attachment and thiscompl etes
theweld. Thispressureshould bemaintained for afew seconds, actual timedepending uponthe cross-section of the pieces,
to allow the metalsto join together. In hydraulic type machinesthe hand lever isreplaced by ahydraulic plunger. The
butt-welding method is very suitable for joining end to end the itemslike bars, rods, tubes and wires etc. Itisshownin
Fig.9.8.
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Fig. 9.8, Principle of Butt Welding

Application of correct pressure at right moment playsavital rolein making of agood quality weld. For welding of wires
and rods upto 12.7 mm diameter the machine amy be spring operated. After clamping the partsin position the springis
released to forced the end forces against each other, current is switched on to heat the endsto plastic state and the spring
pressureitself is sufficient enough to squeeze the ends and form thejoint. A trip switch automatically breaksthe circuit
as soon as the upsetting is over.

For larger sizes of stock abetter practiceisto start theweld with alower pressuretolocalisethe heat at thejoint. Thiscan
be accomplished by employing ahand wheel or lever in place of the spring. When molten metal isseen flowing fromthe
outer surfacetheweldisconsolidated by application of higher pressure, preferably hydraulically or pneumatically. Enough
care should be taken in gripping very thin wiresto ensure that the grip is at the edge of the clamp. Failing this, thewire
may bend, instead of being upset, when the pressure is applied. Also, in such cases, it isausual practice to mount the
movableclamp onaswinging arminstead of theslide, whichinturnismounted onaball bearinginorder toreducefriction
and prevent the chances of application of excessive pressure. Too much pressure may damage the wire by overheating.

But welding can be employed for welding of tubes, increasing lengths of wires and rods, making chains and in welding
of those metals which have high electrical conductivity such as copper, brass, aluminium, etc.

RESISTANCEFLASHWELDING

Flashweldingisalso usedfor joining metal piecesendtoendbutit differsfromthebutt-welding process, described above,
inthe method of heating and sequence of operations. It haslargely replaced the butt-welding method for welding articles
having thin cross-sections. Of course, it is used for thick sections also with equal advantage.

FIXED MOVABLE
CLAMP CLAMP

\“f PRESSURE

i

|50URCE 0F|
POWER

SUPPLY

Fig. 9.9, Principle of Flash Welding

Inthismethod, first the current is switched on and then the ends of the piecesto bewelded are slowly brought closer until
they finally come in contact with each other. This forces the heat generated to localise at the ends and thus raises the
temperature of the ends quickly to the welding heat. The ends, after they have acquired the contact with each other, are
then pressed against one another by applying mechanical pressure. Thisforcesthe molten metal and slag to be squeezed
out in theform of sparksenabling the pure metal to form the joint and disallowing the heat to spread back. (SeeFig. 9.9)
Singlephase A.C. machinesare most commonly used for flash welding. The main advantagesand disadvantages of flash
welding over simplebutt-welding are asfollows:
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Advantageof theProcess

1 Itiscomparatively much quicker than butt-welding.

2 On account of only asmall portion of the metal being heated the current consumption isless as compared to butt-
welding.

3 A flash-welding joint is stronger than the butt-welding joint. It is also reckoned that the strength of the weld
produced is comparable to or even more than that of the base metal.

4 The end faces of the metal pieces need not be squared which isa primary requirement in butt-welding.

5 Lengths and alignment of workpieces is maintained to a high degree of accuracy.

Disadvantagesof theProcess

1 During flashing particles of molten metal are thrown out, which may enter into the slideways and insulation, etc.
This needs periodic maintenance of machine and replacement of insulation.

2 Operator has to take enough care against possible fire hazard due to flashing.

3 Additional stock hasto be provided to compensate the loss of metal during flashing and upsetting. Thisaddsto
the cos to product.

4 Cost of removal of flash and upset metal by trimming, chipping, grinding, etc. further addsto the product cost.

Limitationsof theProcess

1 The upsetting pressure and power availablein the machine limit the size and cross sectional are of the workpiece
to be welded .

2 Opening between the jaws of the gripping clamps also limits the size of the workpiece.

3 For proper heat balance between workpieces it is necessary that their abutting ends should have same shape and
size

4 Surface of the workpieces, particularly where they come in contact with the gripping surfaces, should be clean
otherwisethey will restrict the flow of electric current.

M etalswhich can bewelded

Asagenera ruleit can be said that any metal which can be forged can also be flash welded. Also, itispossibleto weld
anumber of dissimilar metalsby controlling the welding conditions carefully. Metalscommonly welded arelow carbon
steels, low-alloy steels, tool steels, stainless steel, copper aloys, aluminium alloys, nickel aloys, molybdenum alloys,
magnesium alloysandtitaniumalloys. Thisprocessisunsuitablefor welding of lead, tin, antimony, zinc, bismuth and their
aloys.

Someapplications

This processiswidely used in automobile industry, welding of tubular and solid structural assemblies, etc. in air-craft
industry, welding of band saw blades, welding of tool steel drills, reamersand tapsetc. tomild steel of alloy steel shanks,
welding of pipesandtubestoincreasetheir lengths, injoiningwireendsfor producing coilsof wires, and many other similar
jobs.

—_ / ELECTRODE

~
|: \éfWORK
| /
Y )
N WELD
I )
VN ELEGTRODE

Fig. 9.10, Principle of Seam Welding.

RESISTANCESEAM WELDING
Inprincipleitisvery similar to spot welding except that in this processthe spot welding tips are replaced by continuously
rotatingwheel typeelectrodes(seeFig. 9.10). Withtheresult, theweld producediscontinuousinstead of beingintermittent;
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yielding gas, air, water and steam light joints. A seam weld can best be described as consisting of a continuous series of
spot welds produced by passing the workpieces between the revolving electrodes. In operation, the current is switched
on and the metal pieces pushed together to travel between the revolving electrodes. The metal between the electrodes
gets heated to welding heat and welded continuously under the constant pressure of rotating electrodes as it passes
between them. Thisisaquicker operation than spot welding and givesastronger joint than that. The surfaceto bejoined
should be cleaned before being subjected to this process.

Thisprocessisemployed with equal advantage for making tap weldsaswell asbutt welds. Inwelding thick sectionsthe
useof an‘ Interrupter’ isnecessary. Itisfor thereason that if acontinuous current isallowed to flow, the amount of heat
generated. On account of the high resistance offered to its flow by the thick section, will be too much and the metal will
get melted on its surface which will stick to the contacting surface of the electrodes. For thin sections, say upto 20 W.G.
there is no need of using any interrupting device.

SEAM WELDINGMACHINES

Thesemachinesare similar to spot wel ding machinesexcept that they employ the use of disctyperotating electrodes. The
work pieces are held between these electrodes and fed forward. The weld pressure is provided either hydraulically or
pneumatically. Most of these machineswork on single-phase A.C., although afew of them are designed to operate on 3-
phase supply also. These machines are available in both - The stationary type as well as portable type. The essential
equipment required for ssam welding isasfollows:

Power supply - to supply high-amperage low-voltage current.
A means of feeding the workpiece.
A means of rotating the electrode wheels.
A suitable support for electrodes and workpiece.
A means of providing weld pressure.

Proper controlsfor regulating timing, current flow, rate of work feed and application of weld pressure.

ok, wWwpNPE

Thefollowing four types of resistance seam welding machines are popular :

1. Circular type

Inthistypethefacesof electrodewheelsare parallel to the plane of machinethroat. Thistypeiswidely used for welding
of circular jobs or such flat jobs which need long seams.

2. Longitudinal type
Inthistypethefacesof electrodeswheelsare parallel to the plane of machinethroat. Thistypeisusedinwelding of short
longitudinal seams.

3. Universaltype
Inthistypethefacesof el ectrodewheel scan beset either parallel or perpendicul ar to the plane of machinethroat according
toneed. To facilitatethis, the operating head is made swivel type and the lower arm interchangeable.

4. Portabletype
It facilitates seam welding of objects at site. That is, instead of moving the work to the welding head the latter is moved
to thework. Such aneed may aways arise with very bulky jobs.

Electrodeswheels

Thesewheelsvary in diameter from 50 m to 600 mm. Their thicknessesalso vary accordingly. Machinescarrying knurl
or friction drive usethinner wheel sand those having gear drivesusethicker wheels. Usual thicknessvary from 10 mmto
20mm. Materialsfor manufacture of seam welding el ectrode wheel sarethe same copper-base alloysasdescribed in case
of spot welding electrodes.

M etalswhich can bewelded
Theprocessof resi stance seamwel ding can be successfully used for welding of mild steel, high carbonandlow-all oy steels,
stainlesssteel, alargerangeof coated steels, aluminiumanditsalloys, nickel anditsalloys, magnesiumalloys, and afairly
large combination of dissimilar metals. Itis, however, not recommended for welding of copper and copper aloyshaving
higher proportion of copper.

PROCESSLIMITATIONSOF SEAM WELDING

1 It cannot be applied to those portions where abrupt change in contour occurs a ong the path of electrode wheels,
such as on sharp corners.
2 Inlongitudinal seam welding machinesthe maximum|ength of the seamjoint that can bemadeequal sthethroat depth

of the machine.
3 Itisnecessary toavoid obstructionsinthe path of electrodewheel or el seacorresponding recessshould beprovided
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on the wheel periphery to accommodate these.
4 It is necessary that the weld should proceed along a straight line or auniform curve.
Stock thickness above 3 mm cannot be welded with normal ease.
For successful welding and production of defect freeweldsitisessential that thework surfacesshould be perfectly
clean and free from grease, paint, oil, rust and scale.

o g

RES STANCEPROJECTIONWELDING

Thisprocessissimilar to spotwelding, but differsfromthelatter inthat the spotsat whichwelding takesplacearepreviously
located by providing projections at the desired locations on the surface of one of the work-pieces, asshowninFig. 9.11.
Thus, the surfaces of the workpieces arein contact with each other only at the projections. Ascurrent isswitched on the
projections are melted and the workpiece pressed together to complete the weld, by pressing the upper electrode
downwards. Themelted projectionsfromthewelds. Thismethod enabl esproduction of several spot weldssimultaneously.
The electrodes, if required, may be designed and shaped to work as holding fixtures for workpieces and assemble them
in proper relative location through welding. Closer welds than the rough spot welding can be obtained by this process.
However, this processis economical only for large-scal e production.

PRESSURE
MOVABLE

COPPER ALLOY
ELECTRODE -

ELECTRODE
Fig. 9.11, Projection Welding

BRONZEWELDING

Bronze welding, also called braze welding is a process which isintermediate between true welding and true brazing. In
brazing process, the edges or surfacesare not melted. Instead, alow melting alloy isintroduced between them and ajoint
isproduced by adhesion. Inwelding, the edges or surfaces are melted and astronger joint is made of two similar metals.

In bronze welding, the edges or surfaces of the materialsto be joined are only heated to atemperature which corresponds
tothemelting point of thebronze-fillingrod used. Thefiller rod usedfor bronze-wel ding usually contains60 per cent copper
and 40 per cent zinc, acombination giving hightensilestrengthand ductility. Additional elementsaresiliconandtinwhich
act as deoxidisers.

The process consists of cleaning the surfacesto be joined, heating them to a braze welding temperature that depends on
the composition of thefiller rod, and applying aflux for the purpose of removing any oxide present. Usually the source
of heat isthe oxy-acetyleneflame, although bronze welding may be donewith any suitable source of heat, such asmuffle
furnace, electric induction and the carbon-arc.

Metal swith high melting pointssuch assteel, castiron, copper, brassand bronze, arebronzewelded. Themainadvantage
of bronze welding results from the low temperature of the operation. Less heat is needed and ajoint can be made faster
than by fusion welding. Dissimilar metalsthat cannot be joined by welding may be joined by bronze welding.

Bronzeweldingjointsarenot satisfactory for serviceat over about 250°C nor for dynamicloadsof 1000 kgf per sgcm (100000
kN/m2) or more.

SOLDERING
Soldering isamethod of uniting two or more pieces of metal by meansof afusiblealloy or metal, called solder, appliedin
the molten state. Soldering is divided into two classifications : soft and hard.

Soft solderingisused extensively in sheet-metal work for joining partsthat are not exposed to theaction of hightemperatures
and are not subjected to excessiveloadsand forces. Soft solderingisal soemployed for joiningwiresand small parts. The
solder, which ismostly composed of lead and tin, has amelting range of 150 to 350°C. A suitableflux isalwaysusedin
soft soldering. Itsfunctionisto prevent oxidation of the surfaces to be soldered or to dissolve oxides that settle on the
metal surfaces during the heating process. Although corrosive, zinc chlorideisthe most common soldering flux. Rosin
isnon-corrosive, but it does not have the cleaning properties of zinc chloride. A blow torch or soldering iron constitutes
the equipment for heating the base metals and melting the solder and the flux.
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Hard sol dering empl oyssol derswhich melt at higher temperaturesand are stronger thanthose used in soft soldering. Silver
soldering is ahard soldering method, and silver alloyed with tin isused as solder. The temperatures of the various hard
soldersvary from about 600to 900°C. Thefluxesare mostly in pasteform and are applied to thejoint with abrush before
heating. In hard soldering, a blow torch constitutes the equipment.

Thereareanumber of solderingtechniques, butineach and every casethepartsto be soldered must bethoroughly cleaned.
For small light parts, the heat may be supplied by asoldering iron which must belarge enough to carry enough heat to heat
up the partsto just above the melting point of the solder. This consists of a copper bit, bluntly pointed at one end and
riveted to asteel shaft at the other, the steel shaft terminating in awooden handle. Any source of clean heat is satisfactory
for heating the bit. Usually, the bitisheated in gasor cokefire, cleaned, dipped in flux, and then rubbed on the solder to
“tin” the bit. Thiscoatsthe bit with solder and enablesit to pick up molten solder and deposit it as required on thejoint.

For larger parts, the surfaces may be tinned first by cleaning, heating, dipping in flux, and then by applying solder with
asoldering iron or by dipping the partsin molten solder. The parts may then be assembled and heated together until the
solder melts. The different compositions of solder for different purposes are asfollows:

1 Soft Solder - Lead 37 percent, tin 63 percent.

2 Medium solder - lead 50 percent, tin 50 percent.

3 Plumber’ ssolder - lead 70 percent, tin 30 percent.

4 Electrician’ ssolder - lead 58 percent, tin 42 percent.

BRAZING

Brazingisessentially similar to soldering, but it givesamuch stronger joint than soldering. Theprincipal differenceisthe
useof aharder filler material, commercially known as spelter, which fuses at sometemperature abovered heat, but below
themeltingtemperature of the partsto bejoined. Filler metalsusedinthisprocessmay bedividedintotwo classes: copper-
base alloys, and silver-base aloys. There are anumber of different alloysin each class, but brasses (copper and zinc),
sometimeswith upto 20 percent tin are mostly used mainly for brazing theferrousmetals. Silver alloys(silver and copper
or silver, copper and zinc) havingamelting rangeof 600to 850°C aresuitabl efor brazing any metal scapabl e of being brazed.
They give aclean finish, and a strong ductile joint.

Like soldering, the partsto bejoined by brazing are carefully cleaned, the flux applied, and the parts clamped in position
for joining. Borax iswidely used flux, but many proprietary brandsare available. They arethen heated to atemperature
above the melting point of the spelter to be used, and molten spelter isallowed to flow by capillary action into the space
betweenthepartsandto cool slowly. Theactual heating may bedoneinanumber of ways. Torch brazinginwhich heating
is done by a blow torch is very common. Furnace brazing, particularly in controlled atmospheres, is a favourite for
production. Induction heating is useful to confine the heat to the joint, if general heating must be avoided. Resistance
brazingisdoneon somesmall partsinproduction. Immersionbrazingisusedinlarge-scaleproduction. Thepartsarecleaned
and fluxed, clamped together, and then immersed into atank of molten spelter.

WELDINGOFVARIOUSMETALS
Some welding methods as applied to different metalswill now be described briefly.

Carbon Sted

Carbon steelscan bereadily welded by forgewelding, resistancewel ding, arc welding and gaswelding. Thechief trouble
likely to be encountered when wel ding carbon steel s by any fusion welding method is cracking, dueto carbon “pick-up”.
Weld penetration into the parent metal causes diffusion of carbon from the work into the weld metal, thus resulting in
embrittlement of theweld. Consequently, longitudinal cracksareproduced along thecentreof theweld. Thiscarbon pick-
up inthe main weld can be prevented by coating the surfaceswith alayer of weld metal before they are joined together.
This layer picks up some carbon, but asit is not highly stressed on cooling it does not crack.

Steel scontaining high proportion of carbon requirethe preheating the about 400°C to producereasonably soft weld metal,
andto avoid cracking; but steel swith acarbon content of 0.25 to 0.3 percent can be welded without preheating, provided
that large runs are made.

It should also be noted that rapid cooling makes the weld metal hard and brittle, and thus it is advisable to ensure slow
cooling by protectingti from chilling effects. Itispossibletoimprovethepropertiesof theweld by peening. Thisconsists
of subjecting it to aseries of light, rapid blows by asmall hammer. Thisshould be done after the weld has solidified, but
beforeit iscold. This helpsto reduce distortion and to release internal stresses.

A neutral flameisused in gaswelding, and different filler rods or el ectrodes arerequired for different qualities of carbon
steel. A flux isalways used except isthe case of mild steel because of the presence of comparatively greater amount of
silicon and manganese which act as deoxidisers and serve to protect the metal from being oxidised.

Alloy Steels

This group of steel contains small amount of nickel, chromium, molybdenum or other elements, in addition to carbon.
Preheating is always advisable when welding such steels, and slow cooling is essential if brittle or cracked welds areto
be avoided. The use of correct welding rod relative to the composition of the steel isalso vitally important.
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Stainless Steel

For stainless steels which harden on heating and cooling, the best method is electric butt welding, followed by prompt
annealingat 750t0800°C. They canalsobewel ded by oxy-acetylene, and metal-arc wel ding methods. Inall cases, oxidation
must be prevented, and when oxy-acetylene welding stainless steel, avery slight acetylene surplusin the blowing flame
issometimesrecommended to avoid therisk of having an oxidising flame, although carburisation producesbrittlewelds.
Thefiller rod isusually fluxed before the operation, for protection of the weld.

A widerange of electrodesisavailable, in metal-arc welding, suitablefor welding stainless steel of various composition.
They nearly all contain niobium, titanium, columbium, etc. which prevent theoccurrenceof thedefect known aswel d decay,
whichisworst hazard when welding thismaterial. Careful cleaning of the edgesto bewelded and slag removal after each
run are essential for obtaining agood quality weld.

Castlron

Carbon may be present in cast ironsin two forms: combined or free. During the formation of aweld in acast iron base,
both free and combined carbon go into the solution in the molten metal. Upon the removal of the welding heat, thereis
aquick solidification of themeltediron because of the cooling effect of thecomparatively cold masssurrounding theplace
of welding and thecooling effect of theair towhichitisexposed. Owingtothesudden cooling, alargeamount of combined
carbonisretained, and ahard metal in theweld isthustheresult. Local preheating and slow cooling can overcome this
difficulty. A preheating temperature of 600°C isrecommended, and it isimportant that the full thicknessto bewelded is
brought up to and kept at this temperature throughout the welding operation.

Before welding cast iron, a careful study of the job should be made to prevent uneven expansion or contraction of the
casting. When one part of the casting is heated, the part expands, and considerabl e strain may be thrown on some other
part. Sincethemetal haslow ductility and will not stretch the strain may be sufficient to break the unheated part. Indirect
preheating onthe unheated portionwill prevent stresseswhich might causecracking. A temperatureof 200°Cissufficient
for thispurpose. Fig. 9.12 showsthe application of direct and indirect preheat when welding up a crack in a casting.
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Fig. 9.12, Cast-iron welding.

Other metal s such as copper, brass, bronze, nickel and nickel alloysand some other non ferrous metal require preheating
beforewelding.

For welding cast iron, the practice of preparing thejoint to theform of aVeeisfollowed inthe sameway asfor steel. This
may be done by chipping, machining, sawing, grinding, or any convenient method.

Aluminium

For purposeof welding, aluminiumand aluminium alloysmay beclassifiedintotwo main groups: (1) cast, and (2) wrought
(sheet, tube, etc.). One of the most important rulesinwelding aluminiumisto ensure the complete absence of every trace
of oil or grease, and for this reason the work must be given a de-greasing treatment or the edges cleaned down to bright
metal by filing or wire brushing.

For sheet aluminium, aneutral flame and afiller rod of the same material asthe sheet should be used. Sheet up to about
3 mm thicknessis butt welded without bevelling, whilst for greater thickness bevelling to an included angle of 80 to 90°
isnecessary. Proprietary fluxesare available, and should be used sparingly by heating the rod and dipping it in the flux
asrequired.

For castings, preheating isalwaysnecessary. Thefiller rod should be of the same composition asthe casting, especially
inthecase of alloyscontaining copper or zinc, and aneutral flameshould beused. Theedgesshould bebevelled, wherever
possible to an included angle of 80 to 90°. After welding, the castings should be cooled as slow as possible.
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Copper

Only deoxidised copper can bewelded satisfactorily. Theflame should be neutral, and thefiller rod should be an all oy of
copper and silver. A deoxidising flux should be used and should be applied by coating the rod with it. The principal
constituent of copper-welding fluxesisborax, but itisnot advisableto use borax alonebecauseit formsahard scalewhich
isdifficult to remove. Thework should be preheated owing to the high thermal conductivity of copper. Flanged joint or
squareedgepreparationisusually donefor thin plates, whiledouble‘ V'’ preparationisrequiredfor platesthicker than about
6 mm. After wel ding, thewel d should beheated toadul | red heat and thoroughly hammered at thisheat torestoreitsductility.

WELDINGSYMBOLS

S.No. Form of Weld Sectional Representation Symbol

1. Fillet

=

S N
2. Square Butt m
3. Single - V Butt ~

7 X
4. Double - V Butt /// \\\

A X
5. Single - U Butt ////%7,,/ N U
6. Double - U Butt H
7. Single Bevel Butt ]7‘
8. Double Bevel Butt K
9. Single - J Butt ‘D
10. Double - J Butt E
1. Bead (Edge or Seal) N
12. Stud A
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S.No. Form of Weld Sectional Representation Symbol
13. Sealing Run
14. Spot
15. Seam
16. Stitch
17. Mashed Seam
18. Plug
19. Backing Strip
20. Projection S % A
Before After
|
21. Flash \ M
Rod or Bar Tube
22, | Butt Resistance or 7 N\Yzz | I
Pressure (Upset) ]
Rod or Bar Tube
S.NO. PARTICULARS DRAWING REPRESENTATION SYMBOL
1. WELD ALL ROUND ‘/O O
2. FIELD WELD ,. ‘
3. FLUSH CONTOUR / || || _—
4. CONVEX CONTOUR / [\ 7N
5. CONCAVE CONTOUR / l\ \
S
6. GRINDING FINISH | | G
7. MACHINING FINISH / A M
M
8 CHIPPING FINISH / [\C c

TABLE 9.3, WELDING SYMBOLS
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CHAPTER : 10
IDENTIFICATION MARKING PROCESSESFOR
AIRCRAFT PARTS

INTRODUCTION

This chapter gives general guidance on processes for marking aircraft parts for the purpose of identification. The
information given isnot applicabletoindividual items of equipment such asradio equipment and instruments, and does
not override any instructions given on drawings.

Schedule 1 of the Air Navigation Order prescribesthat all registered aircraft must have ametal nameplate fixed near the
main entrance of the aircraft, upon which isstamped or engraved the nationality and registration marks and theregistered
owner's name and address. Thismetal plate must be fireproof so that there will be means of identification in the event of
the aircraft being destroyed by fire. The CAA recommends the use of a stainless steel plate.

IDENTIFICATION MARKINGS

I dentification markings consist basically of the drawing number, drawing issue number and the inspection acceptance
stamp. With somepartsfurther informationisnecessary, e.g. abatch number, aprocesssymbol or referencenumber, anon-
destructiveexaminationsymbol, an assembly drawinginnumber, aserial number, and adate. Organi sationsmanufacturing
partsshould, therefore, have “in-house' procedures defining the form and method of part numbering and identification of
details, parts and components, so asto ensure that suitable methods, related to the nature, material and form of the part,
are consistently applied.

The procedures should recognise that the application of the inspection stamp alongside the part and i ssue number (being
an indication that the part complies with the full requirements of the drawing) hasto be permanently legible.

There may also be aneed to mark other information on components progressively during manufacture, so asto indicate
satisfactory compl etion of processesor tests. Their markings, however, may not need to belegibleon theiteminthefully
finished condition

Company procedures should define the form of marking for inspection clearance of part-finished itemsin such away as
to ensure that such parts are not confused with finished parts.

Where the marking process indents the surface of the part, parts for non-destructive examination (such as radiography)
should bemarked prior to examination. Unlessamarking medium which will not damagethe coating isused, partsshould
also be marked prior to the application of a protective treatment, e.g. anodising.

MARKING MEDIUM

The medium selected for marking a part must be based on such factors as the purpose of the part, material from which it
ismade, and critical features such asfatigue and notch sensitivity. Marking should not be made on highly stressed areas,
near edgesor on sensitive surfaceswhich may beneededto seal or conjoin. Processesavailableincludeetching, engraving,
embossing, grit blasting, stamping, transfers, adhesivelabel s, marking inksand theattachment of metal plates, clipsor tags.
The following sub-paragraphs give information on the application of the various processes.

Acid Etching

Acid etching iswidely used for marking hardened or delicate steel parts. The etching fluid can be applied to the surface
of the part either by aglass penfitted with arubber suction cap or by arubber stamp. Alternatively, the surface of the part
may be coated in asuitable substance, e.g. beeswax, and the required markings cut into this, followed by the application
of etching fluid.

Beforeetching operationsarecommenced, thesurface of themetal should bethoroughly cleaned. Immediately after marking
is completed, the part should be thoroughly washed, dried, and protected from corrosion. Pens and stamps used for
applying the etching fluid should not be used for any other purpose.

NOTE
During the etching process care should be taken to avoid contact of the etching fluid with hands or clothing.

A fluid often specified for etching steel s, other than corrosion-resisting or nitrided steel s, isof thefollowing composition:-
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Selenious Acid 20g
Copper Sulphate (Crystals) 10g
Concentrated Nitric Acid 15m
Water 8oml

NOTE
When the fluid is applied to polished surfaces, a black, deposit of iron-copper selenite will result.

A fluid often specified for etching corrosion-resisting and nitrided steelsis of the following composition:-

Selenious Acid 20g
Copper Sulphate (Crystals) 10g
NitricAcid 2om
HydrochloricAcid 6oml
Water 10m

a Thegrey surfacefilm of nitrided steel sshould beremoved in the areato be etched. With corrosion-resisting steels,
thefumes from the fluid tend to stain the surface of the parts; therefore, only the areato be marked should befree
from storage grease or other protective compound.

b. The method of application of the fluid and the general precautionsto be taken are similar to those given in above
addition, special care must be taken not to inhal e the etching fluid fumes.

Electro-Chemical Etching

Thismethod of markingisgenerally restrictedto corrosion-resisting steel s, aluminiumanditsall oys, titaniumanditsall oys,
and copper based all oys. Thisprocessutilisesand el ectrol ytic principle by which markscan be produced on metal surfaces
by using an electrolytein conjunction with alow-voltage, low-amperage current. The processissimpleand easy to apply,
and in general has no significant effect on the strength of metal parts. The colour and depth of marking isdirectly related
to the voltage and amperage, to the direction and duration of current flow, and also to the el ectrolytic etching fluid used.

Equipment and material s should be checked at regular intervalsby etching atest piece and measuring the depth of etched
area. Thisdepth should not normally exceed 0.001in. Inaddition, different typesof metal srequiredifferent etchingfluids,
and the instructions given on the relevant drawing or process specification should, therefore, be closely followed. This
method of marking can not be used on non-conductive surfaces.

The equipment required for the electro-chemical process consists of an electrical power-unit with a means of output
adjustment (which usually embodiesan automatic timing control), stencilsand el ectrical contact devices. Themarkstobe
etched can be produced either on paper stencilsby typing, by stylusor metal stamp, or on plasticsstencilsby an electronic
process. Paper stencilshave an approximatelife of 200 impressions, whereas plastics stencilshave an approximatelife of
2,000 impressions. Electrical contact devicesmay taketheform of abench pad, marking control head, roller, and various
types of pen. Basically all contact devices provide ameans of connecting the part to be marked to the power-unit viathe
stencil and a felt or cotton-wall pad impregnated with the electrolytic etching fluid. The circuit is completed by the
attachment of aground pin which may be embodied in the electrical contact device, but which, in any case, must make a
good electrical contact and be attached adjacent to the areawhich is to be marked.

Beforeetchingiscommenced thesurfaceof thepart should bethoroughly cleaned. Thestencilsshould beingood condition
and should be discarded if they are distorted or ruptured, or the mark becomes obliterated. Pad holders should be used
with the same el ectrolyte and renewed when discoloured. All electrical plugs, socketsand ground pins should be checked
to ensure good electrical contact. After etching, the part must be neutralised by the application of a suitable agent and
thoroughly washed and dried.

Electrical Etching
Etching by theuseof an electrical pencil, employing either the constant contact or intermittent principleof operation, causes
the material to be severely overheated locally and should not be used for the marking of aircraft parts.

Vibro-Etch Engraving

Thisisavibro-percussiveengraving process, alsoknownas* Vibro-Peen’ or * Vibro-Percussion’. Generally, anelectrically
or pneumatically operated hand tool with avibrating stylusisused. Marking by thisprocess avoidsthelocal overheating
caused by electrical etching and if lightly applied has little effect on the fatigue life of the part. Nevertheless, careful
supervisionisnecessary to control the depth of marking, and to have strict control of tip radius. Itsusein ahighly stressed
areaisnot recommended. Inspectors’ personal identification | ettersand numbers should be encircled with avibro-etched
ring to distinguish them from part numbers, issue numbers or date codes.
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Machine Engraving

Inthisprocesstheidentification marksare produced by amechanically guided rotating cutter or grinder normally controlled
viaapantograph. Themark dimensionsarelimited by thesize of the cutter and thesize of the pantograph used. Thisprocess
issometimesused or stressed partsof high-gradesteel sor high gradealuminiumalloys. Thedepth of themarksisnormally
kept to the minimum compatiblewith clarity. The cutter or grinder used must be rounded, so that sharp cornersor cutsare
not produced on the part. Thismethod isal so used for engraving information or instructions on placards and namepl ates.

Embossing

Inthisprocess, whichissuitablefor castings, forgings, and moul dings, theidentification markingsareinherentinthemould
or die, and are, therefore, produced as part of the manufacturing process. The marks may either beraised or depressed but
should not be located on an area of the part which is subject to subsequent machining.

The embossing process is also suitable for application to poly tetra fluoro ethylene (PTFE) and plastics materials after
manufacture of parts. Inthiscasetheidentification marksare produced by application of controlled heat and pressurevia
themedium of adiesoastotransfer pigment from specially prepared colouredfoil sontothe prepared areaof thepart. Colours
should be selected to contrast with the background colour of the part.

Grit Blasting

Inthisprocess, marksareproduced by applyingacontrolled et of abrasivematerial, in conjunctionwith rubber or plastics
stencils, to specificareas. Thisprocessmay beemployed with advantagein certain circumstances, e.g. marking transparent
plastics and hard anodised surfaces. The type and grade of abrasive material, air pressure, and period of application is
normally specified on the drawing. The processis not suitable where contamination by the abrasive material can occur,
e.g. partscontaining ball, needleor roller bearingsand hollow parts. Thedepth of marking produced by thisprocessisslight
andis, therefore, not suitablefor partsof whichaprotectivefinishwill subsequently beapplied. Thisprocess isnot normally
permissiblefor magnesiumalloy materials.

Stamping

In this process, steel stamps are used for marking and these can be applied either by mechanical means or by hand in
accordancewiththedrawinginstructions. Therearevarioustypesof machinesavailablefor marking partswith steel stamps,
anditisquiteusual for amachineto bespecifiedfor thisoperation, asit can be preset to control thedepth of theimpression.

Theindentationsresulting from thisform of marking can, unlesscarefully controlled, have aseriouseffect onthestrength
of parts, and may | ead to aconsiderablereduction of resistancetofatigue. Normally steel stampsarenot used onaluminium
alloy sheet thinner than 20 swg or on high strength aluminium alloy partsor partsmade from steel with an ultimatetensile
strength in excess of 850 MN/m? (55 tonf/in?).

When steel stamps are used, they should not belarger than is necessary for clarity and atype size of 1.58 mm (0.0625 in)
or 2.38 mm (0.09375 in) isusually found to be satisfactory. The symbol should not embody sharp points, and should be
shaped to produce adepression of ‘U’ rather then *V’ form. The depth of the impression produced should be kept to the
minimum, and, particularly when applied to parts fabricated from sheet material, the impression should not result in
embossment of the reverse surface. Worn stamps should not be used, since the additional hammering necessary to obtain
animpression may affect the characteristicsof thematerial . During any stamping operation, the part should be adequately
supported by a backing block which has a smooth surface.

Transfers

In this process, marks are produced by the application of a prepared wet transfer, bearing the required markings, on the
surface of the part to be marked. When dry, thetransfer backing isremoved leaving afilm of themarking whichisfinally
coated with a protective varnish. It is essential that the area of the part to be marked is thoroughly cleaned before the
application of the transfer. Transfer markings do not physically alter the surface of the part, and, therefore, are suitable
for application after completion of protective treatment. In general, thismethod can only be regarded as semi permanent,
and itsuse is only recommended for the identification of assemblies.

Adhesive Labels

Inthisprocess, marks are produced by the application of alabel consisting of afoil (backed with adhesive) onwhich the
marksareimpressed prior toitsbeing attached to the part. Suchlabel sare often used for theidentification of highly stressed
components, and, sincetheadhesiveisunaffected by temperatureand most fluids, they provideapermanent identification
without any identation of the part. Where difficulty is experienced in the adhesion of such labels or where metal |abels
without adhesive backing areused, the application of asuitableflexibleadhesiveisspecified. Thepossibility of dissimilar
metal sin juxtaposition setting up corrosion should be borne in mind, and, in particular, aluminium or zinc label s should
not be used on parts manufactured from nickel base alloys, unless they have been cadmium plated.
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Marking Inks

Marking by meansof asuitableink applied by rubber stampsor stencil isoften specified for marking timber, plastics, fabrics,
or metal partswhich can only be marked after the compl etion of aprotectivetreatment. It iscommon practice, particularly
withmetal parts, to havetheareato bemarked first painted with awhite primer ontowhichthemarksare applied; thearea
then being protected with an environmentally suitable clear varnish. To avoid deterioration of some materials, asaresult
of chemical reaction from theink, it isimportant that only the ink specified isused.

Metal Clips, Platesor Tags

In general, marking of parts by the attachment of clips, plates or tagsis used where the size, shape, finish or material of
the part precludes the application of markings to the surface. Further information on metal clips, etc., and other special
applicationsis given below under topic special applications.

POSITION OF MARKING

The position of the markings, and the processto be employed, isusually indicated on the drawing. The location sel ected
for application of markingsshould alwaysberemotefrom bearing surfaces, edges, hol es, bends, changesof section, narrow
of highly stressed areas and surfaceswhich have been hardened for aspecific purpose. Certain manufacturers standardise
themarking mediumto beused onvariousmaterial sandissuethisinformationtotheworkshopsasaninternal specification,
usually by adding a code number on the drawing. Any mark signifying inspection approval should be applied adjacent
to theidentification markings.

All markings should, if possible, be grouped together, and positioned where they will not be obliterated or conceal ed by
subsequent machining or assembly.

When sheet metal partsareheat-treated prior tomanipulation, itisusual, wheresteel stampingispermitted, to apply acipher
to the parts so that the particular heat treatment batch can be identified subsequently. The position of the cipher should
becarefully sel ected beforeheat treatment and manipulation. If after mani pul ation the cipher appeared onabend thiswould
usually lead to rejection of the part.

There are several reasonswhy the marking of some partsisun practical, amongst these being size, hardness and fragility.
Typical examplesarehardened steel springs, boltsof lessthan 6.35mm (0.25in) diameter, nutsof lessthan9.52 mm (0.375
in) diameter, split pins and taper pins. In such instancesit is permissible to pack the partsin a suitable container, which
should be sealed, and identification and inspection approval applied.

Whenindividual partsarefabricatedinto assemblies, theappropriate assembly drawing number and drawing i ssue number
should be applied, together with the inspection approval mark, in the manner, and position, indicated on the drawing.

Information on the application of serial numbersisgiven below under topic serial numbers..

SPECIAL APPLICATIONS
Because of factorssuch asshape, material characteristics, etc., itisnot alwayspossibletomark all partsinthenormal way,
and in the following paragraphs guidance is given on the marking of such items.

Bolts

Part numbersandinspection stampsshoul d bemarked onthefl at portion of thehead; marking of theshank isnot permissible.
With cold-headed bolts, the inspection stamp may be omitted, provided the bolts bear the maker's identification symbol
and are packed in sealed containers bearing evidence of inspection approval.

Cable Assemblies
Itisrecommended that swaged-end cable assemblies should be marked on the swaged shank of theend fittingsby arolling
process, but if the necessary equipment is not available, the markings should be applied by a vibro-etching process.

If identification tags are fitted on swaged-end cables, they would have to comply with a specification such as British
Standard SP51-52, and should befitted as shown in Figure 10.1 or, when fitted to cable ends without |ocking wire holes,
in accordance with the approved cable assembly drawings. Tags not covered by aspecification, or tagsfitted in amanner
other than as given above, are unacceptable.



164 Workshop Practices

—

USUAL WIRE LOCKING IDENTIFICATION TAG

Fig. 10.1, Cable Assembly Identification

If identificationtags should be attached to spliced cablesas shownin Figure 10.2. Where cast or pulley typethimblesare
used, the identification marks can be applied direct to these items.

S gt e i

18 SWG BRASS
LOCKING WIRE IDENTIFICATION TAG

Fig. 10.2, Method of attaching identification tag to spliced cable.

NOTE
If after theinstallation of acableinanaircraft thereappearsto beany likelihood of thetag subsequently cominglooseor causing jamming,
it should be removed and the particul ars on the tag should be entered in the aircraft log book or maintenance record.

Castings

Castingsshouldbemarked, batched or tallied assoon aspossibleafter removal fromthemoul d, inamanner whichwill enable
them to be correlated with the relevant mechanical tests and analytical records. The position of the marks should bein
accordance with the relevant drawings, but if the position is not indicated on the drawing, thin sectionsliable to damage
should be avoided and, if possible, the markings should be placed where they will not be removed by subsequent
manufacturing processes.

In many instancesrai sed panel s are produced as part of acasting especially for the application of identification marks; in
which case the casting should not be marked in any other position.

Small castings from the same batch and for which the size isinconsistent with the display of part marking with adequate
clarity may bepackedin bagsor bundles, and theappropriate markingsshoul d bestamped on ametal |abel securely attached
to each bag or bundle.

Nuts

Whereidentification marksarenecessary, i.e.onnutsof 9.52mm (0.375in) diameter or more, they should alwaysbeapplied
to the hexagonal sides of the nuts, and in no circumstances to the mating surfaces, since this could result in the scoring
of underlying metal when the nut is assembled.

Pipes

Pipes manufactured of material which may be soft soldered are usually marked by means of a brass plate bearing the
appropriatedata. Theinspection stamp should beimpressed ontheplatejust beforeitisassembled, but ininstanceswhere
this procedure is un practical, the stamp may be impressed in ablob of solder beside the plate. It is essential to ensure
a complete soldered bond between the plate and the pipe, since flux residue may cause corrosion.

Where soldering is un practical, pipes may be marked by electro-chemical etching, or by a rubber stamp using a non-
corrosivedye, or by aspecially madeflexible slip-on sleeve. In someinstances an adhesivelabel isused, but wrap-round
or tie-on metal identification tags should not be used.
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NOTE
Cases have occurred where metal identification tags have worn a pipeto paper thinness and in the course of time, have produced apin
hole leak under the tag.

Information on the identification marking of aircraft pipe systemsis given in British Standard M23.

Plastics

The method of marking plastics parts depends on the thickness, shape and material of the part to be marked. With the
majority of plastics produced by amoulding process, theidentification markingsareincluded inthe moulding, but inthe
following paragraphs consideration is given to the marking of plastics produced by other processes.

Glass-fibreReinforced PlasticsL aminates

a On equipment subject to stress, vibro-etching should not be used because it can break strands and create stress
raisers. In such cases the component should be marked with either white paint and Indian ink, or arubber stamp
on awhite painted surface.

b. In instances where the weave pattern of the reinforcing cloth stands slightly proud of the surface, arubber stamp
and marking ink may beused. Beforeapplyingthemark itisessential that therel ease agent should beremovedfrom
thesurfaceof thesheetintheareawhereitistobemarked. Whitespirit will removemost rel easeagents, which differ
accordingtothetypeof material, butit will not removeall tracesof silicone. For most purposes, it isrecommended
that the area to be marked should be lightly rubbed with fine abrasive cloth.

C. For non-stressed parts, and if the laminate has asmooth surface, the use of avibro-etching processissuitable. An
ink or dye can be wiped over the etched surface so that the letters show more clearly.

Thermoplastics

Thermoplastics, such ascellulosederivativesand vinyl resins, are material swhich can be made pliable by heat and which
retaintheir original propertieswhen cooled, it being possibleto repeat the processany number of timeswithout appreciable
changein properties. All thermopl astics, with the exception of certainformsof cellul oid and vinyl acetates, can bemarked
satisfactorily with heated dies, but this method may not be suitable for tabular sections. However, the die temperatures
vary with different materials, and the recommended temperature should be ascertained from the manufacturer.

Thermosetting Plastics

Thermosetting plasticsarematerial sinwhichachemical reactiontakes placewhil ethey arebeing moul ded under heat and
pressure. Thechemical and physical propertiesof thematerial areentirely changed anditissubsequently resistant to further
applicationsof heat. The heated die processisnot suitablefor materialsin thisgroup, and for the majority of applications
thevibro-etching method can be used, but where thismay cause damageto the material, white paint and marking ink may
be preferable.

Transparent Plastics

The marking of parts manufactured of transparent plastics materials should be avoided where possible. If the material is
bonded permanently to ametal frameitis preferableto apply the marking to the metal portion. However, if itisnecessary
to apply identification markings to transparent plastics, these should be applied to the inner face of the panel by means
of mild sandblasting and stencil. When it is necessary to mark a part temporarily, alabel should be affixed by means of
masking tape but labels should not be stuck directly to the material. When parts are annealed by the process prescribed
inspecificationDTD 925, thisshoul d beindicated by marking the part inthemanner described above, withthelegend**DTD
925", followed by the date.

Propellers
In the case of wooden propellers, it is usual to apply steel identification stamps on the rounded portion of the boss, so
positioned that the markingswill not be obscured by the engine hub or the spinner. Inspection stamps are usually applied
to indicate approval of the various stages of inspection, i.e. timber and cementing, inspection in the white, and final
inspection.

Inthecaseof metal propellers, identification marksmay beapplied by using asuitableacid etching process. It isessentials,
however, that careful control of this process be exercised to avoid weakening the metal or setting up stressraisersasa
result of etching to an excessive depth.

Radiatorsand Oil Coolers

With the exception of components manufactured of light alloy, the identification marking should be stamped on abrass
plate soft soldered to the casting adjacent to the inlet neck. Inspection approval is usually indicated by the application
of ametal stamp in ablob of solder adjacent to the plate.
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Rescue Equipment

Rescue equipment such as dinghies and life jackets should be marked with the manufacturer'sidentification symbol, the
date of manufacture, the serial number and inspection stamp. The marking medium used should have no del eterious effect
on the fabricsto which they are applied. Anink containing phenol should not be used on nylon, and an ink containing
copper should not be used on rubber fabric asit would cause considerable damage after ageing and exposure to the air.

A record should be maintained by the manufacturer by which the serial number of each component can be correl ated with
theroll numbersof thefabricfromwhichit wasmade, and al sowiththebatch number of suchitemsasvalves, CO, cylinders
and webbing

When reuse equipment components are repaired, inspection approval should be signified by the application of an
inspection stamp and the date of that repair along with the part number for that component, on arecord label attached to
thecomponent. Whereoverhaul sor inspectionsarecompl etedin accordancewith thetime/liferequirementsof an approved
Maintenance Schedule, it isrecommended that the date when the next inspection or overhaul isdueisalso entered onthe
recordlabel.

Tanks

Tanksmanufactured of light alloy material not provided with ametal dataplate should be marked by coloured paint or ink
onawhitepaint background. A rubber inspection stamp should be used, and, when the markingsare compl ete, they should
be protected by a coat of clear varnish.

Timber
All timber parts should be marked with arubber stamp and ink and should be data stamped to enable the age of the part
to be subsequently as certained.

Tubesand Tubular Structures

Difficulty is sometimes experienced with marking steel tubes. A steel or brass plate applied in a manner similar to that
described before for radiators and oil coolersis sometimes used, but it should be noted that soldering H.T. steel tubes
can adversely affect the fatigue resistance. In some instances a rubber stamping procedure is used. This consists of
applyingarubber stamp, using asuitableink, to awhitepaint background and then protecting the markingswith aspecified
clear varnish. Adhesive labels are aso often used.

Ininstanceswherethe diameter of the tubeissufficiently large and at | east one end is open, the markings may be applied
around the circumference of the tube near one end, whilethetubeis supported internally by means of asuitable mandrel.

If the structureis to be painted, the identification markings should be temporarily masked until painting is complete.

SERIAL NUMBERS
Company proceduresshouldberaisedto cover theall ocation and control of serial numbers, sothat traceability to assembly,
test and overhaul records can be achieved. Additionally, it provides areliable reference for general recording purposes.

Where possible, serial numbers should be prefixed by a combination of letters which enables the manufacturer to be
identified, and in the majority to instances they should beidentical to those used on the firm'sinspection stamps. Where
components are being produced by a subcontractor, the serial numbers may be allotted either by the main contractor or
the subcontractor, but in no circumstances shoul d the same combination of symbol and serial numbersbeused by themain
and subcontractors for identical components.

Where possible, the serial number of theitem, together with the drawing number and issue number of the drawing and the
dateof inspection, should be stamped onaplatesimilar tothat illustrated in Figure 10.3. The plate should be manufactured
of amaterial compatiblewiththecomponent, and shoul d beattached to the component using aj ointing compoundto prevent
corrosion. Where a plate cannot be used, the data should be painted on the component and protected with a coat of clear
varnish.

Wherever possible, the serial number should be so positioned that it can be seen when the component isinstalled in the
aircraft or ontheengine; on certain components, the provision of awindow, or arip-off patch, may benecessary to achieve
this.

The marking on the plate should belegible and not obliterated by paint, etc. During overhaul the plate should be checked
for security since, shouldtheplatebelost, difficulty may beexperiencedin provingtheidentity of thecomponent and hence
its state of serviceability. The identification plates of condemned components should be destroyed.
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4 58 mm £

37 mm

Fig.10.3, ldentification Plate.

Theserial numbersof fabric covered componentsare oftenreproduced externally onthefabric by stencils. Suchmarkings
arenot necessarily permanent duetotheperiodical renewal of fabric and dope. Careisnecessary to ensurethat themarkings
correspond at al times with those displayed on the permanent plate.

Additional serial numbers must not be added to components by repair or overhaul organisations. When an area of a
component bearingaserial number isrenewed, or whereextensiverepairsarecarried out, acopy of theoriginal identification
plateshould befitted, onwhichtheletter ** R’ should be placed after the serial number asastrokenumber. Theinspection
stamp signifying approval of the repair and the date on which the repair was inspected should also be added.

MODIFICATIONS

A record of modifications incorporated in a component should be listed on a modification record plate, so that the
modification state of the component can be subsequently identified. Where possible, the plate should be positioned
adjacent to theidentification plate and should show the serial number and date of manufacture of the component with the
modification numbers tabulated below. Where a plate cannot be used, the data should be painted on the component and
protected with clear varnish.



CHAPTER: 11
STANDARD COLOUR SCHEMESFOR METALLIC
MATERIALS

INTRODUCTION
Thischapter givesguidance onastandard colour schemefor theidentification marking of metallic materials. Guidanceon
themarking of metallic material sduring manufactureisgiveninchapter entitled I dentificationMarking of MetallicM aterials.

Since the identification markings detailed in above Chapter 24 are not readily seen when the material is handled under
production conditions, it is necessary to use an additional method of identification which indicates the specification and
the condition of each piece of material. The most suitable method is to employ a standard colour scheme such as that
indicatedinthefollowing paragraphsand inthe Appendices, but anacceptablealternativeisoverall marking by asuitable
printing process. When not applied by the manufacturer, the colour coding should be applied beforethe material isplaced
in bonded store.

Thecol our scheme, asameansof ready identification, isadditional totheidentificationrequirementsspecifiedinthevarious
specifications.

When overall marking isused asan alternativeto colour codeidentificationit should only beused if the surface condition
isreceptivetotheprintingandif such markingisdurableunder normal storageconditions. Inorder to permit there-marking
of material with the specification and condition after further heat treatment, theink should be of atypewhichisobliterated
by heat and does not etch the surface.

COLOUR CODES

Colour codesfor all British Standardsand DTD metallic materialswere, until 31 March 1981, allocated by their Minister
of Defence (MOD) and published intheir Leaflet QTR 7/AQD (formerly QTR/AQD/D2). From that date the Minister of
Defence has been unable to allocate col our codes for non-aerospace specifications (e.g. BS General Engineering Series
Specifications) and has confined theall ocation of colour codesto BS Aerospace Specificationsonly. Leaflet QTR 7/AQD
isretained in its existing form, but those parts dealing with non-aerospace specificationswill progressively become out
of date; users have been advised to make alternative arrangements for the identification of materials to non-aerospace
specifications.

Thischapter followsthe proceduresof Mod L eaflet QTR 7/AQD and only the aerospace specifications can be considered
to be up to date. Whenever amendmentsto MOD Leaflet QTR 7/AQD are published.

Certain materialsdiffering only in surface condition or intended usage which are of the same metallurgical condition and
properties are given the same colour code, e.g.:-

a S82A, bars and billetsfor forging-softened; green, red, yellow.
b. S82B, black barsfor machining-softened; green, red, yellow.
C. S82D, bright bars of machining-softened; green, red, yellow.

Material s with the same specification number but different conditions and properties have different colour codes, e.g.:-
a S154 A, bars and billets for forging-softened; blue green, brown, green, blue.
b. S154 B, and D (black and bright) barsfor machining-finally heat-treated; blue, green, yellow, green, blue.

It issometimes necessary for material to be ordered to cancelled specifications, e.g. for repairs, and the col our coding for
such material will beretained inthis Leaflet for five years after cancellation of the specification.

When the specification reference of amaterial ischanged, e.g. whenaDTD Specification becomesaBritish Standard, the
colour code will not be changed unless a significant difference isintroduced by the new Specification.

This chapter lists colour codes for solid and cored cast stick to specifications BS 1400 and BS 1490 as used for the
manufacture of bearings and bushings. These should not be confused with thoselisted in BS 1400 and BS 1490 for ingot
supplies.



L.N.V.M. Society Group of Institutes, Palam Extn., Part-1, Sec.-7, Dwarka, New Delhi - 77 169

COLOURS
The colours used for current specifications are black, blue brown, green, red, white and yellow (and violet for light alloy
rivet materialsonly).

Difficultiesinidentification may be caused by the coloursfading, or being rendered indistinct or even obliterated during
handling. In order that the markings may be as permanent as possi ble the use of paint complying with specifications DEF
1052 isrecommended. Thispaint isavailable lead-free, and should be ordered in the shades shown in Table 11.1.

TABLE11.1

Col BS 381C

olour Shade No. Description
Blue 104 Blue Azure
Brown 410 Light Brown
Green 221 Brilliant Green
Orange 557 Light Orange
Red 537 Signal Red
Yellow 355 Lemon Yellow

APPLICATION OF THE COLOUR SCHEME
Barsand Tubes
Each bar and tube should be painted, preferably at both ends, with thestipul ated col our or coloursinthefollowing manner:-

a For one colour - 1band 200 mm (8in) wide.

b For two colour - 2 band each 100 mm (4in) wide.
o For threecolour - 3band each 75 mm (3in) wide.
d. For four colour - 4 band each 50 mm (2in) wide.
e For five colour - 5band each 35mm (1.5in) wide.

Sheet and strips.
One of the following methods should be used:-

a A band or bands of therequired col our should be painted on each sheet or strip diagonally acrossthe corner bearing
the identification stamp marks. The width of the band or bands should be in accordance with that given in above
paragraph and the pai nting should commence 150 mm (6 in) from the corner, measured at right anglesto the band.
Sheet and strips less than 300 m (12 in) wide should be painted at one end in asimilar manner to bars.

b. Each sheet or strip should be painted with adisc. For asingle colour the disc should be 75 mm (3 in) in diameter,
additional colourswhen required being applied in concentric rings 35 mm (1.5in) wide.

C. A method suitable for large scale production of sheets and flat stripsisto stack the sheet and slide them endwise
sothat 35 mm (1.5in) of each sheet isexposed. Bands of paint of the width specified in paragraph 4.1 should then
be painted on the sheets in one operation, resulting in an identification mark on each. The paint must be applied
to that face and end of the sheets which bears the identification stamp marks.

Wireand Rods

Therequired colours should be painted in bands on the outside of each bundle and the outer turns of each coil. The band
or bands should be at right anglesto thewires and rods and should not belessthan 75 mm (3in) total width, e.g. oneband
75mm (3in) wideor threebands25 mm (1in) wide. Thepaint marksshould extend at | east hal fway round thewiresor rods
at the selected part of the coil.

Protective Treatment

Contractsnormally require metallic materialsfor aeronautical purposesto be colour identified by the manufacturer; such
material may berequiredto beprotected from corrosion by theapplication of alanolinresin protectiveto SpecificationDTD
663. This protectiveisred, and to avoid confusion, the colour identification markings should be applied first and, at the
edgeof the col our bandsremotefromtheedge of thematerial, an additional band of black paint 12 mm (0.5in) wideshould
be added. The protective may then be added up to the black band. L eaving the colour code free of protective. When the
protective treatment is applied by dipping, the protective should be cleaned from the colour code using white spirit or
kerosene.
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APPENDICES
Colour codes for the various materials and specifications are listed asfollows:-
a Appendix| - British Standards
Section | - Aluminiumand AluminiumAlloys
Sectionll - Brass, Bronze and Copper Alloys
Sectionlll - Nickel and Heat Resisting Alloys
SectionlV - Titaniumand Titanium Alloys
SectionV - Solders
Section VI - Steels
SectionVII - Welding-Filler Rodsand Wires
b. Appendix|I-Other Specifications
Section | - DTD Specification
Sectionl| - American Specification
Sectionll| - French Specification
C. AppendixIIl - ReverseColour Codes

(List of al materialsand Specificationin Appendices| and |1 presented with the colour code first.)



NUMBERS

L16
L17
L25A
LA
L6
L37

L44
LA
L6
LS8
L3O
L60
L6l
L63

L65

L7

L72

L73

L77

L80

L81

L83

APPENDIX | TO LAST CHAPTER
BRITISH STANDARDS
ALUMINIUM AND ALUMINIUM ALLOYS

SECTION-H
DESCRIPTION

Aluminium sheets (half hard)

Aluminium sheets (soft)

Aluminium alloy barsand billetsfor forging

99 per cent aluminium bars and sections

(Section 1) - Aluminium rodsand wiresfor rivets
Aluminiumalloy rivets:

Section |1 Rods and wiresfor rivets

Section 11 Tubesfor rivets

Soft aluminium alloy extruded bars and sections
99 per cent aluminium tubes

Aluminium 2 per cent magnesium alloy tubes (soft)
Aluminium 5 per cent magnesium alloy wirefor rivets
Aluminium-manganese aloy sheets and strips
Aluminium-manganese alloy sheets and strips (quarter hard)
Aluminium-manganese aloy sheets and strips (soft)
Aluminium-copper-magnesium-silicon-manganese
aloy tubes (solution treated and precipitation treated)
Aluminium-copper-magnesium-silicon-manganese
alloy bars, extruded sections and forgings
(solution treated and precipitation treated):

Bars for Machining and extruded sections

Bars for Machining and extruded sections

which have been solution treated but not
precipitation treated
Aluminium-copper-magnesium-silicon-manganese
aloy sheets and strips (solution treated

and aged at room temperature):

Annealed

Asrolled

Aluminium-coated al uminium-copper-magnesi um-
silicon-manganese alloy sheets and strips
(solution treated and aged at room temper -

ature)

Annealed

Asrolled

Aluminium-coated al uminium-copper-magnesi um-
silicon-manganese alloy sheets and strips
(solution treated and precipitation treated)
Aluminium-copper-magnesium-silicon-manganese
aloy hilletsand barsfor forging

Aluminium 2.1/4 per cent. magnesium all oy sheets
and coils (soft)

Aluminium 2.1/4 per cent. magnesium all oy sheets
and coils (/2 hard)
Aluminium-copper-nickel-magnesium-iron-silicon
allow bars and extruded section:

Barsand billetsfor forging

Barsfor machining and extruded sections

Barsfor machining and extruded sections

which have been solution treated but

not precipitation treated

COLOUR

Blue

Black

Red, black, white
Black, red

Black

Red, black, red

Red, black, red
Green, white

Blue, red

White, brown, yellow
Green

Black, red, blue
Green, black, green
Blue, yellow, blue

Red, black, red

Black, yellow, black

Red, green, red

Green, black, yellow
Green, yellow, red
Brown, red, green

Black, brown

Brown, yellow, red
Brown, yellow, green
Black, green, blue
Brown, red, green
Green, black, red
Blue, brown, blue

Green, red, yellow
Red, black, yellow

Red, blue, yellow
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L&A

L&

L&

L87

L88

L&

LSO

L93

LA

L%

L%

Aluminium-copper-silicon-magnesiumalloy bars
and extruded sections: Barsfor machining

and extruded sections
Aluminium-copper-silicon-magnesiumalloy
forging stock, bars and extruded sections:
Barsand Billetsfor forging

Barsfor machining and extruded sections,
solution treated and precipitation

treated

Barsfor Machining and extruded sections
which have been solution treated but

not precipitation treated
Aluminium-copper-magnesiumalloy forrivets
Annealed and drawn

Solution treated and naturally aged
Aluminium-copper-magnesium-silicon-manganese
alloy hexagonal barsfor nuts, couplings,

etc.

Solution treated precipitation

treated

Aluminiumalloy coatedaluminiumzinc
magnesium-copper chromium alloy sheet and
strip

Solution treated and precipitation treated.
Annealed condition

Aluminium coated al uminium-copper magnesium-
silicon-manganese alloy sheet and strip to

close tolerances

Solution treated and aged at room temper-

ature

Annealed condition

Aluminium coated a uminium-copper-magnesi um-

silicon-manganese alloy sheet and strip to close tolerances.

close tolerances.

Solution treated and precipitation treated
Annealed condition
Aluminium-copper-magnesium-silicon-manganese
plate (Solution treated controlled

stretched and precipitation treated):

(Solution treated and controlled stretched)
Solution treated condition
Aluminium-copper-magnesium-silicon-manganese
plate

(Solution treated and precipitation treated

not controlled stretched):

(Asrolled)

(Annealed):

(Solutiontreated):
Aluminium-zinc-magnesium-copper-chromiumalloy
plate

(Solution treated, controlled stretched and
precipitationtreated):

(Solutiontreated):
Aluminium-zinc-magnesium-copper-chromiumalloy
plate

(Solution treated and precipitation treated

not controlled stretched):

(Asrolled):

(Annealed):

(Solutiontreated):

Red, brown, red

Green, black, red

Blue, yellow, blue

Blue, black, green

Ydlow
Violet

Black, red, black

Green, brown, green
Green, yellow, white

Blue, green, red
Red, yellow, white

Black, blue, black
Brown, yellow, white

Black, white, green
Black, red, white
White, brown, white

Blue, black, red
Blue, brown, yellow
Blue, red, brown
Blue, black, white

Brown, green, brown
Blue, yellow, white

Blue, white, red
Brown, white, brown
Blue, yellow, brown
Brownblue, white

Workshop Practices
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L97

L9

L102

L103

L104

L105

L106

L107

L108

L109

L110

L1171

L112

L113

L114

L115

L116
L117

L118

L1X0

L151

Aluminium-copper-magnesium-manganesealloy
plate

(Solution treated, controlled stretched,

aged at room temperature):
Aluminium-copper-magnesium-manganesealloy
plate

(Solution treated and aged at room temper-
ature, not controlled stretched):

(Asrolled A):

(Annealed):
Aluminium-copper-magnesium-silicon-
Manganese Bars and section
Aluminium-copper-magnesium-silicon-
Manganese forging stock
Aluminium-copper-magnesium-silicon-
Manganese Sheet and strip
Aluminium-copper-magnesium-silicon-
Manganese tube
Aluminium-copper-magnesium-silicon-
Manganese Sheet and strip

Aluminium coated al umi nium-copper-magnesi um-
silicon-manganese Sheet and strip

Closetol eranceal uminiumcoated aluminium-
copper-magnesi um-silicon-manganese Sheet
and strip

Aluminium coated al umi nium-copper-magnesi um-
manganese Sheet and strip

Aluminium coated al umi nium-copper-magnesi um-
manganese Sheet and strip
Aluminium-magnesium-silicon-manganesebarsand
section

Solution treated condition
Aluminium-magnesium-silicon-manganese
Forging stock
Aluminium-magnesium-silicon-manganese Sheet
and strip

Solution treated condition

Solution treated, flattened, precipitation

treated

Annealed condition
Aluminium-magnesium-silicon-manganesetube
Solution treated condition

Solution treated, drawn, precipitation

treated

Annealed condition
Aluminium-magnesium-silicon-manganesePlate
Solution treated condition

Solution treated, controlled stretched
precipitation treated

Aluminium Tube- Colddrawn
Aluminium-magnesium-silicon-copper-chromium
aloy tube (not tested hydraulically)

Solution treated and artificially aged
Aluminium-magnesium-silicon-copper-chromium
aloy tube ( tested hydraulically)

Solution treated and artificially aged
Aluminium-copper-magnesium-silicon-manganese
alloy sheet and strip

Solution treated and artificially aged

Aluminium coated al uminium-copper magnesium
silicon-manganese alloy sheet and strip
Solution treated and aged at room

temperature

Red, white, red

Green, red, green
Green, white, yellow
Green, red, white
Green, brown, green
Black, white, green
Black, white, red
Blue, yellow, green

Brown, red, green

Brown, yellow, green

Red, black, white
Blue, green
Blue, red, white

Red, white, red
Black, red, white, red

white, green, white

Black, white, yellow, black

Black, white, yellow
Y ellow, black, white, yellow

Green, black, yellow, red

Green, black, yellow,
Green, black, yellow green

Black, blue, black, brown
Blue, black, brown

Black

Black, blue, brown, blue

Black, blue, green, black

Black, blue, black, blue

Black, blue, white, black
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L152

L153

L15%6

L157

L158

L159

L160

L163

L164

L165

L166

Aluminium coated al uminium-copper magnesium-
silicon-manganese alloy sheet and strip

Solution treated and artificially aged

Aluminium coated al uminium-copper magnesium-
silicon-manganese alloy sheet and strip :
Supplied for solution treatment by the

user
Aluminium-copper-magnesium-silicon-manganese
sheet and strip-

(Solution treated and aged at room

temperature).

Temper F - asrolled

T4 - Solution treated, straightened,

naturally aged

T42 - solution treated, naturally aged
Aluminium-copper-magnesium-silicon-manganese
sheet and strip-

(Solutiontreated and artificially aged).

T6 - Solution treated, straightened,

artificially aged

T62 - solutiontreated, artificially aged
Aluminium-copper-magnesium-silicon-manganese
sheet and strip, close toleranced-

(Solution treated and aged at room

temperature).

Temper Fasrolled

T4 - solution treated, straightened,

naturally aged

T42 - solution treated, naturally aged
Aluminium-copper magnesium-silicon-manganese
sheet and strip, close toleranced -
(Solutiontreated and artificially aged).

T6 - solution treated, straightened,

artificially aged

T62- solutiontreated, artificially

aged

Aluminium-zinc-magnesi um-copper-chromiumalloy
Barsand sectionsin T7251 condition
Aluminium-coated aluminium-copper-magnesium-
silicon-manganese sheet and strip -

(Solution treated, cold worked for flattening

and aged at room temperature).

T3 - solution treated, straightened,

naturally aged

Aluminium-coated aluminium-copper-magnesium-
silicon-manganese sheet and strip -

(Solution treated, and aged at room temper-
ature).

Temper F - asrolled

T4 - solution treated, straightened,

naturally aged

T42 - solution treated, naturally aged
Aluminium-coated aluminium-copper-magnesium-
silicon-manganese sheet and strip -
(Solutiontreated, and artificially aged).

T6 - solution treated, straightened,

artificially aged

T62 - solutiontreated, artificially aged
Aluminium-coated al uminium-copper-magnesium-
silicon-manganese sheet and strip, close
toleranced -

Workshop Practices

Black, brown, black, white

Black, brown, blue, brown

Black, green, black, red

Black, green, brown, green
Black, green, red, blue

Black, red, black, blue
Black, red, green, brown

Brown, black, brown, green

Brown, black, red, brown
Brown, black, green, red

Brown, blue, brown, red
Brown, blue, green, yellow

Black, blue, brown, blue

Black, brown

Blue, black, blue, green

Blue, black, brown, blue
Blue, black, green, red

Blue, brown, blue, red
Blue, brown, green, red
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Li67

L1638

L503
L504

L5056

L508

L509

L512

L513

L514

L515

BS1470

S1-0
-Ha4
-H8
SIA-M
0

-Ha4
-H8
SIB-0
-Ha4
-H8
SIC-M
0

-H2
-Ha4
-H6
-H8
NS3-0

(Solution treated and aged at room temper-
ature).

Temper F-asrolled

T4 - solution treated, straightened,

naturally aged

T42 - solution treated, naturally aged
Aluminium-coated al uminium-copper-magnesi um-
silicon-manganese sheet and strip, close
toleranced -

(Solutiontreated and artificially aged).

T6 - solution treated, straightened

artificially aged

T62 - solutiontreated, artificialy aged

Barsand extruded sections of aluminium-copper-
magnesium-silicon-manganesealloy-

(Solution treated and artificially aged).
Totherequirementsof BS3L 100 Section 5:

T6 - solution treated and artificially aged
T6510 - solution treated, controlled

stretched, no additional straightening

after stretching, artificially aged

T6511 - solution treated, controlled

stretched, straightened, artificially

aged

Magnesium-aluminium-zincalloy extrudedtubes
Magnesium-3% zinc-zirconiumalloy sheetsand
strip

Magnesium-3%zinc-zirconiumalloy extruded
bars and sections
Magnesium-1.1/4zinc-zirconiumalloy extruded
bars and sections
Magnesium-1.1/4zinc-zirconiumall oy extruded
tubes

Bars and extruded sections of magnesium -6%
aluminium-zincalloy

Forging stock (and forgings) of magnesium -
6%aluminium-zincalloy

Forging stock (and forgings) of magnesium -
3%aluminium-zincalloy

Sheetsand strip of magnesium 1.1/4% zinc-zirconium

dloy
Wrought aaluminiumand aluminiumalloy plate,
sheets and strip :

Annealed (soft)
Half hard

Hard

As manufactured
Annealed (soft)
Half hard

Hard

Annealed (soft)
Half hard

Hard

As manufactured
Annealed (soft)
Quarter hard
Half hard

Three quarter hard
Hard

Annealed (soft)

Green brown, green, red

Green, brown, yellow, green
Green, brown, blue, yellow

Green, blue, brown, green
Green, blue, red, yellow

Blue, brown, blue, brown

Brown, green, blue, red

Brown, green, red, green
Black, blue, white

Red, white

Red, white

Red, green, yellow

Red, green, yellow
White, brown, white
Blue, red, yellow, red
Blue, white, yellow, blue

Blue, white, brown, white

Red, green, red

Red, green, yellow

Red, yellow, red

Brown, blue, yellow, brown
Brown, blue, yellow
Brown, blue, red

Brown, blue, black

Black, green, red

Black, greenbrown

Black, green yellow

Y ellow, black, blue, yellow
Black, blue

Black, yellow, brown
Black, yellow, green
Black, yellow, blue
Brown,red

Blue, black, blue
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H2
H4

-H6

-H8
NSA4-M
0

H3

-H6
NSS0
H2

H4
NS3-M
0

H2

H4
HS15-TB
TF
HC15TB
TF
HS300
B

TF
BS1471
TIB-0
H4

-H8
TICO
H4

-H8
NT4-0
H4
NT5-0
H4
NT8-0
H2
NT90
B

TF
HT15TB
TF
HT20-H4
B

TF
HT30-TB
TF
BS1472
FIB-M
NF4-M
NF5-M
NF8-M
NF9-M
NF12-M
NF15-M
NF16-M
NF30-M
BS1773

RIB-H5
NR5-0
-M

Quarter hard

Half hard

Three quarter hard
Hard

As manufactured
Annealed (soft)

Annealed (soft)

Quarter hard

Half hard

As manufactured

Annealed (soft)

Quarter hard

Half hard

Solution treated naturally aged

Solution treated and precipitation treated
Solution treated naturally aged

Solution treated and precipitation treated
Annealed (soft)

Solution treated naturally aged

Solution treated and precipitation treated

Wrought aluminium and a uminiumalloy drawn tube

Annealed (soft)

Half hard

Hard

Annealed (soft)

Half hard

Hard

Annealed (soft)

Half hard

Annealed (soft)

Half hard

Annealed (soft)

Quarter hard

Annealed (soft)

Solution treated naturally aged

Solution treated and precipitation treated
Solution treated naturally aged

Solution treated and precipitation treated
Half hard

Solution treated naturally aged

Solution treated and precipitation treated
Solution treated naturally aged

Solution treated and precipitation treated

Wrought aluminium and aluminiumalloy forging stock

As manufactured
As manufactured
As manufactured
As manufactured
As manufactured
As manufactured
As manufactured
As manufactured
As manufactured

Wrought aluminiumand aluminium alloy rivet bolt

and screw stock
Strain hardened
Annealed (soft)

As manufactured
Annealed and drawn
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Blue, black, green

Blue, yellow, red

Blue, green, blue

Blue, yellow, green

Brown, black, green brown
Brown, black, green
Brown, black, greenyellow
Brown, green, blue, green
Blue, green, yellow

Blue, green, brown

Blue, red

Green, yellow, green, red

Y ellow, black, yellow

Y ellow, brown, yellow
Black, yellow, brown, yellow
Blue, brown

Blue, brown, blue, yellow
Red, black, yellow

Red, yellow

Black, brown, black

Black, brown, blue

Black, brown, green

Black, green, red

Green, black, green, red
Black, green, red, green
Black, blue

Black, blue, black, yellow
Green, black, blue, red
Brown, black, green
Brown, black, red

Blue, green, yellow
Blue, green, brown

Red, green, red, yellow
Red, yellow, brown, yellow
Black, green

Blue, black, green
Brown, blue, green
Blue, brown

Blue, brown, red

Brown, green, red, green
Brown, greenred

Green, black, green
Blue, black, yellow
Black, brown, yellow

Black, greenred

Brown, black, green

Blue, green, yellow

Black, green, black

Brown, white, yellow

Red, blue, red

Brown, red, yellow

Green, yellow, blue, yellow
Blue, brown, yellow

Black, white, black, yellow
Brown, red, white

Blue, green, yellow
Brown, yellow, brown
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NR-O
-M

HR15
HR30
NB6-H4
HB15
HB2C-TH

HB30
HB30-TF
BS1474

EIB-M
EICM
NE4-M
NE5-0
NES-M
NES-O
NES-M
NES-O
NES-M
HES-TB
HES-TE

HEQ-TF
HE15-TB
HE15-TF
HE20-TB
HE20-TF
NE300
NE30-M
HE30-TB
HE30-TF

BS1475
GIAO
-M

H8
GIBO
-M

H8
NG2-M
NG21-M
NG30
-M

H8
NG40
-M

H8
NG5-M
NG60
-M
NG6-H4
H8
NGO-M
B

TF

-TD
HG15-TB
-TF
HG20-TH

Annealed (soft)

As manufactured

Annealed and drawn

Annealed and drawn

Annealed and drawn

Half hard

Annealed and drawn

Solution treated-cold worked and preci-
pitation treated

Annealed and drawn

Solution treated precipitation treated
Wrought aluminiumand aluminiumalloy bar
extruded round tube and sections
As manufactured

As manufactured

As manufactured

Annealed (soft)

As manufactured

Annealed (soft)

As manufactured

Annealed (soft)

As manufactured

Solution treated naturally aged
Cooledfromformingtemperature, preci-
pitation treated

Solution treated precipitation treated
Solution treated naturally aged
Solution treated precipitation treated
Solution treated naturally aged
Solution treated precipitation treated
Annealed (soft)

As manufactured

Solution treated naturally aged
Solution treated precipitation treated

Wrought aluminiumand aluminiumalloy -Wire:
Annealed (soft)

As manufactured

Hard

Annealed (soft)

As manufactured

Hard

As manufactured

As manufactured

Annealed (soft)

As manufactured

Hard

Annealed (soft)

As manufactured

Hard

As manufactured

Annealed (soft)

As manufactured

Half, hard

Hard

As manufactured

Solution treated naturally aged

Solution treated precipitation treated
Solution treated cold worked naturally aged
Solution treated naturally aged

Solution treated precipitation treated
Solution treated cold worked precipitation
treated

Green, brown, red

Y ellow, black, yellow
Black, red, white
Brown, yellow, green
Blue, brown, blue
Black, white, brown
Brown, yellow, green

Black, blue, yellow, red
Blue, brown, blue
Black, red, blue, yellow

Black, green, red
Black, brown, blue
Brown, black, green
Blue, red, white, red
Blue, green, yellow
Green, brown, white
Black, green, black
Blue, red, blue, white
Brown, white, yellow
Blue, green, white

Brown, green, brown, green
Blue, greenblue

Blue, brown

Blue, brown, red

Black, yellow, brown

Blue, black, yellow

Brown, yellow, white, green
Blue, green brown

Brown, black, red

Brown, black, yellow

Brown, blue, green

Black, blue

Brown, blue, brown
Brown, green, yellow
Black, Green

Brown, green, brown
Black, yellow

Green,red

Red, brown, white

Black, yellow, blue

Red, green, yellow
Brown, black, green
Brown, black, green, brown
Greenblack, greenyellow
Blue, green

Green, brown, red

Blue, red

Black, white, brown
Black , white, red

Brown, blue, white, yellow
Blue, green, white

Blue, green, blue

Blue, green, red

Blue, brown

Blue, brown, red

Green, white, red
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NUMBERS

B8
B11

T51
BS1400
AB2
BS1400
PB1
BS1400
PB2
BS1400
PB3
BS1400

BS1400
LPB1
BS1400
LBl
BS1400
LB2
BS1400
LB3
BS1400
LB4
BS1400
LB5
BS1400
Gl
BS1400
@
BS1400
LGL
BS1400
@
BS1400
@

BS1432
Cl0land
Cio2

C103
Cl0land
Cio2

BS1433

BS1434
BS1977
(C101)

Workshop Practices

BRASS,BRONZEAND COPPERALLQOYS

SECTIONII
DESCRIPTION

Phosphor bronze, cast bars

Brass bars suitable for brazing or silver
soldering

High pressure seamless copper tubes
Aluminium bronze(copper al uminium) castings
(solid and cored sticks)

Phosphor bronze castings (solid and cored
sticks)

Phosphor bronze castings (solid and cored
sticks)

Phosphor bronze castings (solid and cored
sticks)

Phosphor bronze castings (solid and cored
sticks)

Leaded phosphor bronze castings (solid and cored

sticks)
76/9/0/5 leaded castings (solid and cored
sticks)

80/10/0/10 leaded bronze castings (solid and cored

sticks)

85/10/0/5 leaded bronze castings (solid and
cored sticks)

85/5/10/10 leaded bronze castings (solid and
cored sticks)

75/5/0/20 leaded bronze castings (solid and
cored sticks)

88/10/2 gunmetal castings (solid and cored
sticks)

88/8/4 gunmetal castings (solid and cored
sticks)

83/3/9/5 leaded gunmetal castings (solid and
cored sticks)

85/5/5/5 leaded gunmetal castings (solid and
cored sticks)

86/7/5/2 leaded gunmetal castings (solid and
cored sticks)

Copper for electrical purposes. Sheets and Strips
Annealed

Medium hard

Hard

Copper for electrical purposes. Sheets and Strips
Anneded, 0

Mediumhard, 1/2H

Hard, H

Copper for electrical purposes. Barsand rod:
Annealed

Medium hard

Hard

Copper for electrical purposes. Commutator bars

Copper tubesfor electrical purposesto BS1036 purity

Annealed
Asdrawn

COLOUR
Ydlow

Brown
Black

Brown, blue, yellow

Black, red, black

Black, green, black

Black, white, black

Black, blue, black, yellow
Brown, blue, red

Black, blue, red

Red, white, red

Green, brown, red

White, green, white, yellow
White, brown, yellow, white
Blue, green, blue

Blue, brown, blue

Green, black, green

Green, brown, green

Green, white, green

Red, black, red
Blue, red
Black, green, red

Black
Black, blue
Black, blue, white

Red, black, red
Blue, red

Black, green, red
Green, blue, green

White, green, yellow
White, red, yellow
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BS1977
(C102)

BS1977
(C109)

BS2786

BS2870

Cc101
Cc101
Cc101
(01024
(01024
(01024
C103
C103
C103
C14
C14
C14
(0405)
(0405)
Cl6
C106
C106
C106
C107
C107
C107
Cz101
Cz101
Cz101
Cz102
Cz102
Cz102
Cz103
brown
Cz103
Cz103
CZ106
CZ106
CZ106
CZ106
(ovalorg
(ovalorg
(ovalorg
(ovalorg
(ovalorg
Cz108
Cz108
Cz108
Cz108
Cz108
Cz10
Cz10

Copper tubesfor electrical purposesto BS1037 purity
Annealed
As drawn
Copper tubesfor electrical purposesto BS1861 purity
Annealed

Round hard drawn brasswire
Asdrawn (M)

Rolled - copper and copper alloys, Sheet strip and foil

Electrolytic tough pitch HC Copper
Electrolytic tough pitch HC Copper
Electrolytic tough pitch HC Copper
Firerefined tough pitch HC Copper
Firerefined tough pitch HC Copper
Firerefined tough pitch HC Copper
OxygenfreeHC Copper

OxygenfreeHC Copper

OxygenfreeHC Copper

Tough pitch non-arsenical copper

Tough pitch non-arsenical copper

Tough pitch non-arsenical copper

Tough pitch arsenical copper

Tough pitch arsenical copper

Tough pitch arsenical copper

Phosphorous deoxidized non-arsenical copper
Phosphorous deoxidized non-arsenical copper
Phosphorous deoxidized non-arsenical copper
Phosphorous deoxidized non-arsenical copper
Phosphorous deoxidized non-arsenical copper
Phosphorous deoxidized non-arsenical copper
90/10 brass

90/10 brass

90/10 brass

85/15brass

85/15brass

85/15brass

80/20 brass

80/20 brass
80/20 brass
70/30 brass
70/30 brass
70/30 brass
70/30 brass

2/1 brass

2/1 brass

2/1 brass

2/1 brass

2/1 brass
Common brass
Common brass
Common brass
Common brass
Common brass
Aluminiumbrass
Aluminiumbrass

Naval brass
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White, yellow, white
Y ellow, black, yellow

Y ellow, blue, yellow

Blue, black, brown
Blue, brown, green

0 Black, blue, red

0 Black, blue, red

0 Black, blue, red

0 Black, yellow, blue

0 Black, yellow, blue

0 Black, yellow, blue

0 Black, yellow, blue

0 Black, yellow, blue

0 Black, yellow, blue

M/OBlue, red, white

1/2H Blue, red, yellow

H Blue, white, green
M/OBlue,yellow

1/2H Brown, black, brown

H Brown, black, red

M/O Green, black, red

1/2H Green, blue, yellow

H Green, brown, white
M/O Green, yellow, green

1/2H White, black, yellow

H White, brown, white

@] Black red, brown, red
1/2H Black, red, greenred

H Black, green, white, black
@] Black, red, yellow, brown
1/2H Black, white, yellow, black

H Black, white, green, white
(@] Black, yellow, black,

12H  Black,yelow, black, white
H Black, yellow, blue, yellow
O White, green, yellow

1/2H  White, red, white

U2H  White, red, yellow

H White, yellow

O Green,red

1/2H  Red,yellow, red

12 Blue, red, green

H Blue, brown

BH Blue, black, red

0] Green

12H  Ydlow,black,yellow

U2H R

H Blue

BH Brown, yellow, brown

M Black, yellow, brown, red

0] Black, yellow, green
yellow

M Black, blue, brown
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Cz112
Cz112
CZ118

CZ118
CZ118
CZ119
CZ119
CZ119
CZ120
CZ120
CZ120
CZ123
CZ125
CB101
CB101
CB101
CB101
CB101
CN102
CN101
CN102
CN103
CN104
CN105
CN106
CN107
Cslo1
NS103
NS103
NS103
NS103

NS104
NS104

NS104
NS104
NS105
NS105
NS105
NS106
NS106
NS106
NS106
NS107
NS108
NS108
NS108
NS108
NSI109
NSI109
NSI109
NSI109
PB101
PB101
PB101
PB101
PB101
PB102
PB102

Naval brass
Naval brass
Leaded brass 64% copper

Leaded brass 64% copper

Leaded brass 64% copper

Leaded brass 64% copper

Leaded brass 64% copper

Leaded brass 64% copper

Leaded brass 64% copper

Leaded brass 64% copper

Leaded brass 64% copper

60/40 brass

Cap copper

Copper-beryllium

Copper-beryllium

Copper-beryllium

Copper-beryllium

Copper-beryllium
90/10copper-nickel-iron
95/5copper-nickel-iron
90/10copper-nickel-iron

85/15 copper-nickel

80/20 copper-nickel

75/25 copper-nickel
70/30copper-nickel
70/30copper-nickel

Silicon bronze(copper-silicon)
10%nickel silver (copper-nickel-zinc)
10%nickel silver (copper-nickel-zinc)
10%nickel silver (copper-nickel-zinc)
10%nickel silver (copper-nickel-zinc)

12%nickel silver (copper-nickel-zinc)
12%nickel silver (copper-nickel-zinc)

12%nickel silver (copper-nickel-zinc)
12%nickel silver (copper-nickel-zinc)
15%nickel silver (copper-nickel-zinc)
15%nickel silver (copper-nickel-zinc)
15%nickel silver (copper-nickel-zinc)
18%nickel silver (copper-nickel-zinc)
18%nickel silver (copper-nickel-zinc)
18%nickel silver (copper-nickel-zinc)
18%nickel silver (copper-nickel-zinc)
18%nickel silver (copper-nickel-zinc)
20%nickel silver (copper-nickel-zinc)
20%nickel silver (copper-nickel-zinc)
20%nickel silver (copper-nickel-zinc)
20%nickel silver (copper-nickel-zinc)
25%nickel silver (copper-nickel-zinc)
25%nickel silver (copper-nickel-zinc)
25%nickel silver (copper-nickel-zinc)
25%nickel silver (copper-nickel-zinc)
3% phosphor bronze (copper-tin-phosphorous)
3% phosphor bronze (copper-tin-phosphorous)
3% phosphor bronze (copper-tin-phosphorous)
3% phosphor bronze (copper-tin-phosphorous)
3% phosphor bronze (copper-tin-phosphorous)
5% phosphor bronze (copper-tin-phosphorous)
5% phosphor bronze (copper-tin-phosphorous)
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Workshop Practices

Black, red, green

Green, blue, red

Black, yellow, white,
yellow

Blue, black, brown, green
Blue, black, green, white
Blue, black, yellow, blue
Blue, black, white, blue
Blue, brown, black, brown
Blue, brown, blue, brown
Blue, brown, blue, white
Blue, brown, red, blue
Blue, brown, white, brown
Blue, brown, yellow, red
Blue, black, brown, yellow
Black, blue, yellow

W(1/2H) Black, brown, white
W(L/2H) Black, green, white

W(H)
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Black, yellow, white
Blue, green, white, blue
Blue, green, brown, green
Blue, red, black, red

Blue, red, brown, white
Black, blue, black, white
Black, blue, brown, green
Black, blue, green blue
Black, blue, red, brown
Black, blue, white, green
Black, blue, yellow, black
Black, brown, black, white
Black, brown, blue, yellow
Black, brown, green,
yellow

Black, brown, red, white
Black, brown, white,
yellow

Black, brown, yellow, red
Blue, red, white, blue
Blue, red, yellow, blue
Blue, white, black, brown
Blue, white, blue, green
Black, blue, black, red
Black, blue, red, green
Black, green, white, green
Black, red, blue, red
Black, red, brown, yellow
Blue, white, greenred
Blue, white, red, brown
Blue, white, yellow, blue
Blue, yellow, black, green
Blue, red, white, green
Blue, red, yellow, green
Blue, white, Blue, white
Blue, white, black, red
Black, green, yellow
Black, green, blue
Brown, blue, yellow

Blue, black, white

Black, white, blue

Black, brown, red

Black, red, blue
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PB102
PB102
PB102
PB103
PB103
PB103
PB103
PB103
PB103
PB103

BS2871

Ci01
Ci01
C102
C102
C103
C103
C106
C106
C106
C107
C107
C107
CN102
CN102

CN107
CN107
Cz108

Cz110
Cz110
Cz110

Cz119

Cz119
CZ126
CZ126
CZ126
Cz127

Cz127
NT8-M

BS2872

CA103
CA104
CA106

Cs101
CZ109
Cz112
Cz114
Cz114

5% phosphor bronze (copper-tin-phosphorous)
5% phosphor bronze (copper-tin-phosphorous)
5% phosphor bronze (copper-tin-phosphorous)
7% phosphor bronze (copper-tin-phosphorous)
7% phosphor bronze (copper-tin-phosphorous)
7% phosphor bronze (copper-tin-phosphorous)
7% phosphor bronze (copper-tin-phosphorous)
7% phosphor bronze (copper-tin-phosphorous)
7% phosphor bronze (copper-tin-phosphorous)
7% phosphor bronze (copper-tin-phosphorous)

Copper and copper aloys part 2 tubes for general
purposes Table 2

Electrolytic tough pitch HC copper
Electrolytic tough pitch HC copper

Fire refined tough pitch HC copper

Fire refined tough pitch HC copper
Oxygen-freeHC copper

Oxygen-freeHC copper

Phosphorous deoxidized non-arsenical copper
Phosphorous deoxidized non-arsenical copper
Phosphorous deoxidized non-arsenical copper
Phosphorous deoxidized arsenical copper
Phosphorous deoxidized arsenical copper
Phosphorous deoxidized arsenical copper
90/10 copper-nickel-iron

90/10 copper-nickel-iron

70/30copper-nickel
70/30copper-nickel
Brass 63% copper

Aluminiumbrass
Aluminiumbrass
Aluminiumbrass

L eaded brass 62% copper 2% lead

L eaded brass 62% copper 2% lead
Special 70/30 arsenical brass
Special 70/30 arsenical brass
Special 70/30 arsenical brass
Specia 18/20

Special 18/20
As manufactured

Copper and copper aloysforging stock Table 1

9% al uminiumbronze(copper-al uminium)
10% a uminiumbronze (copper al-nickel-iron)
7% aluminiumbronze(copper al-nickel-iron)

Copper silicon

Lead free60/40 brass
Naval brass

High tensile brass
High tensile brass
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Blue, yellow, brown
Blue, black, blue
Brown, blue, white
Brown, red, green
Brown, blue, red
Black, brown, black
Black, white, black
Brown, greenwhite
Green, red, white
Red, black, white

Blue, brown, green

Blue, brown, blue

Black, blue, black, red
Black, blue, red, blue
Black, blue, white, black
Black, brown, black, blue
Black, green, white
Green, blue, yellow
Black, red, green

Black, blue, red

Black, brown, blue, brown
Black, blue, black

Black, green, blue, green
Black, green, brown,

Black, green, red, green
Black, green, white, black
Black, blue, black, yellow
Black, blue, brown, red
Black, blue, green, black
Black, brown, green black
Black, brown, red, brown
Black, brown, white,

Black, brown, yellow,
black

Black, green, black, red
Black, brown, yellow
Black, blue, yellow, red
Black, blue, greenred
Green, white, brown,

Green, red, yellow, red
Blue, white, black, white

Black, red, white, black
Black, white, black, blue
Black, , white, black,

Black, , white, green, blue
Blue, brown, green
Black, blue

Black, blue, green, yellow
Black, , blue, yellow,
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CZ115

Cz116
Cz122
CZ123
NS101

BS2873
Cio1

Cz101
Cz101

Cz101

Cz102
Cz102

Cz102
CzZ103

CzZ103

CzZ103
CZ106
CZ106
CZ106
Cz107
Cz107
Cz107
Cz107

CZ108
CZ108
CZ108
CZ108
CZ119
CZ119

CZ119

CB101
CB101

CB101
NS103
NS103

NS103
NS104
NS104
NS104
NS105
NS105

High tensile brass (soldering quality)

High tensile brass

L eaded brass 58% copper 2% lead
60/40 brass

L eaded 10% nickel brass

Copper and copper alloys - Wire
Electrolytic tough pitch HC copper
Fire refined tough pitch HC copper

Oxygen-freeHC copper

Phosphorous deox non-arsenical copper

Copper-cadmium
90/10 brass
90/10brass

90/10brass

85/15 brass
85/15 brass

85/15 brass
80/20 brass

80/20brass

80/20 brass
70/30brass
70/30 brass
70/30 brass
2/1 brass
2/1 brass
2/1 brass
2/1 brass

Common brass
Common brass
Common brass
Common brass
L eaded brass 62% copper 2% lead
L eaded brass 62% copper 2% lead

L eaded brass 62% copper 2% lead

Copper-beryllium
Copper-beryllium

Copper-beryllium
10%nickel silver (copper-nickel-zinc)
10%nickel silver (copper-nickel-zinc)

10%nickel silver (copper-nickel-zinc)
12%nickel silver (copper-nickel-zinc)
12%nickel silver (copper-nickel-zinc)
12%nickel silver (copper-nickel-zinc)
15%nickel silver (copper-nickel-zinc)
15%nickel silver (copper-nickel-zinc)
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Workshop Practices

Black, , green, white,

Black, , red, black, blue
Black, red, black, yellow
Black, red, blue, yellow
Black, white, blue, white

Brown, blue, black, green
Brown, blue, brown,

Brown, blue, brown,

Brown, blue, green, brown
Brown, blue, red, green
Brown, blue, white, brown
Brown, blue, yellow,

Brown, green, black,

Brown, green, blue, red
Brown, green, Brown,

Brown, green, red, brown
Brown, green, white

Brown, green, yellow,

Brown, red, black, green
Brown, red, black, yellow
Brown green, white, red
Brown, red, blue, white
Brown, red, green, red
Brown, red, white, green
Brown, red, yellow, brown
Brown, white, black,

Brown, white, blue, red
Blue, greenred, brown
Red, brown, red

Brown, white, brown, red
Brown, white, red, green
Brown, white, yellow,

Brown, yellow, black,

Brown, yellow, blue, red
Brown, yellow, blue,

Brown, yellow, brown, red
Brown, yellow, red, green
Brown, yellow, Brown,

Brown, yellow, white, red
Green, black, blue, green
Green, black, brown, red
Green, black, green, white
Green, black, red, yellow
Green, black, white, red
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NS105
NS106
NS106
NS106

NS107
NS107
NS107
NS108

NS108
NS108
NS109
1/2H

NS109

NS109
PB101
PB101
PB101
PB101
PB103
PB103
PB103

PB103

BS2874

Ci01
C102
C103
C106
C106
C109

C109

cin

cin

CA103
CA104
CA106

CA106
Cs101

Cs101
CzZ103

Cz104
CZ106
CZ109
Cz112
Cz113
Cz114
Cz114
CZ115

15%nickel silver (copper-nickel-zinc)
18%nickel silver (copper-nickel-zinc)
18%nickel silver (copper-nickel-zinc)
18%nickel silver (copper-nickel-zinc)

18%nickel silver (copper-nickel-zinc)
18%nickel silver (copper-nickel-zinc)
18%nickel silver (copper-nickel-zinc)
20%nickel silver (copper-nickel-zinc)

20%nickel silver (copper-nickel-zinc)
20%nickel silver (copper-nickel-zinc)
25%nickel silver (copper-nickel-zinc)

25%nickel silver (copper-nickel-zinc)

25%nickel silver (copper-nickel-zinc)

3% phosphor bronze (copper-tin-phosphorous)
3% phosphor bronze (copper-tin-phosphorous)
3% phosphor bronze (copper-tin-phosphorous)
3% phosphor bronze (copper-tin-phosphorous)
7% phosphor bronze (copper-tin-phosphorous)
7% phosphor bronze (copper-tin-phosphorous)
7% phosphor bronze (copper-tin-phosphorous)

7% phosphor bronze (copper-tin-phosphorous)

copper and copper aloys Rods and sections (other

than forging stock)

Electrolytic tough pitch HC copper

Fire refined tough pitch HC copper
Oxygen-freeHC copper

Phosphorous deoxidized non-arsenical copper
Phosphorous deoxidized non-arsenical copper
Copper-tellurium

Copper-tellurium
Copper sulphur

Copper sulphur

9% al uminiumbronze(copper-al uminium)
10% aluminiumbronze(copper-a u-nickel-iron)
7% aluminiumbronze(copper-a uminium-iron)

7% aluminiumbronze(copper-a uminium-iron)
Copper-silicon

Copper-silicon
80/20 brass

Leaded 80/20 brass
70/30brass

Lead free 60/40 brass

Naval brass

Naval brass(specia mixture)
High tensile brass

High tensile brass

High tensile brass
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Green, blue, black, red
Green, blue, brown, green

Green, blue, brown

Green, blue, brown,

Green, blue, red, green
Green, blue, white, yellow
Green, brown, black, red
Green, brown, black,

Green, brown, green, red
Green, brown, red, green
Green, brown, white, red

Green, brown, yellow,

Green, red, black, red
Green, red, blue, red
Green, red, brown, white
Green, red, green red
Green, red, white, green
Green, red, yellow, green
Green, red, yellow, white
Green, white, black,

Green, white, blue, white

Black, red, yellow, black
Blue, green, yellow
Black, red, yellow, red
Black, white, black, green
Black, white, blue, brown
Black, white, brown,

Black, white, green,
Black, white, green,

Black, white, red, blue
Black, green, brown
Blue, brown, red
Black, yellow, green,

Black, yellow, red, blue
Black, yellow, white,

Blue, black, blue, brown
Black, white, yellow,

Black, yellow, black, blue
Black, yellow, black, red
Black, blue, black,

Blue,

Black, yellow, blue, brown
Black, brown, white
Black, brown, red, black

Blue, red, yellow, white
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CZ115

CzZ116
CZ119
Czi21
Cz122
Cz122
CzZ123
Cz124
Cz124
Cz124

NS101
NS102
NSI11
NS112
NSI13
PB102

BA109

Cio1

011072

High tensile brass

High tensile brass

L eaded brass 58% copper 2% lead
L eaded brass 58% copper 3% lead
L eaded brass 58% copper 2% lead
L eaded brass 58% copper 2% lead
60/40 brass

L eaded brass 62% copper 3% lead
L eaded brass 62% copper 3% lead
L eaded brass 62% copper 3% lead

L eaded 10% nickel brass
L eaded 14% nickel brass
L eaded 10%nickel silver
L eaded 15%nickel silver
Leaded 18%nickel silver
5% phosphor bronze (copper-tin-phosphorous)

Copper for electrical purposes- Wire
Wirefor general electrical purposesand for
insulated cables

Electrolytic tough pitch HC copper

Electrolytic tough pitch HC copper
Fire refined tough pitch HC copper

Fire refined tough pitch HC copper

C103

NUMBERS

HR1

HR2

HR3

HR4

HR5

HR6

Oxy freeHC copper
Oxy freeHC copper

Workshop Practices

M -

(C&SR) Blue, white, blue, yellow
M Black, yellow, blue, white
M Black, yellow, brown, red
M Black,

M Black, yellow, green, blue
H Black, brown, black

M Black, blue, brown

M Black, red, black, red
1/2H  Blue,white, red

H Black, green, yellow,
green

M Blue, black, brown, blue
M Blue, black, green, brown
M Blue, black, red, blue

M Blue, black, red, green

M Blue, yellow, white, red
M Green, yellow, green

0 Green, yellow, black,
yellow

H Green, white, yellow, red
0 Green, white, yellow,

H Green, white, brown,
yellow

0 Green, yellow, black, red

H Green, yellow, blue, red

NICKELSANDHEATRESISTINGALLOYS

SECTIONIHI

DESCRIPTION

Nickel base heat resisting alloys:

Solution treated bar and section for machining
Softened section for forming

Forging stock

Nickel base heat resisting alloys:

Solution treated bar and section for machining
Softened section for forming

Forging stock

Nickel base heat resisting alloys:

Heat treated (Stage 1 & 2) bar and section
formachining

Softened section for forming

Forging stock

Nickel base heat resisting alloys:

Fully heat treated bar and section for
machining

Forging stock

Nickel base heat resisting alloys:
Annealed bar for machining

Softened section for forming

Forging stock

Nickel base heat resisting alloys:
Annealed bar and section for machining
Forging stock

COLOUR

White, blue, black, yellow
Blue, green, blue, green
Red, brown, white, yellow

White, blue, black, yellow
Blue, green, red, brown
Green, black white,

Blue, green, red, white
Blue, green, white, blue
Blue, green, yellow, brown

Black, blue, brown, blue
Black, blue, brown, black

Black, green, blue, red
Black, brown, yellow, green
Black, green, brown, white

Blue, green, yellow, red
Blue, red, blue, white
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HR10

HR11

HR40

HR51

HRS3

HR>4

HR201

HR202

HR203

HR204

HR206

HR207

HR240

HR251

HR401

HR402

HR403

HR404

HR301

Nickel base heat resisting alloys:

Solution treated bar and section for
machining

Softened section for forming

Forging stock

Nickel base heat resisting alloys:

Solution treated bar and section for
machining

Softened section for forming

Forging stock

Cobalt base heat resisting alloys:
Annealed bar and section for machining
Forging stock

Nickel chromiumironheat resistingaloys:
Annealed bar and section for machining
Forging stock

Nickel chromiumironheat resistingaloys:
Annealed bar and section for machining
Forging stock

Nickel chromiumironheat resistingaloys:
Annealed bar and section for machining
Forging stock

Heat resistant martensitic steel :

Heat treated barsfor machining

Forging stock

Nickel base heat resisting alloy plate sheet
and strip:

Softened and descaled

Nickel base heat resisting alloy plate sheet
and strip: Softened and descaled

Solution treated

Nickel base heat resisting alloy plate sheet
and strip:

Softened and descaled

Nickel base heat resisting alloy plate sheet
and strip:

Softened and descaled

Nickel base heat resisting alloy plate sheet
and strip:

Softened and descaled

Nickel base heat resisting alloy plate sheet
and strip:

Softened and descaled

Cobalt base heat resisting alloy plate sheet
and strip:

Annealed and descaled

Nickel chromiumiron heat resisting alloy
plate sheet and strip:

Solution treated and descaled

Nickel base heat resisting aloy tube

cold worked and softened

Nickel base heat resisting aloy tube

cold worked and softened

Nickel base heat resisting aloy tube

cold worked and softened

Nickel base heat resisting aloy tube

cold worked and softened

Nickel base heat resisting alloy wirefor
springs

Colddrawn
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Blue, red, black, brown
Blue, red, black, yellow
Blue, red, green, brown

Blue, red, white, yellow
Blue, red, yellow, brown
Brown, green, black, green

Green, black, blue, red
Green, black, blue, white

Green, black, brown, red
Green, black, brown, whiteHR52

Green, black, green, red
Green, black, green, yellow

Green, black, blue, yellow
Green, black, white, red

Y ellow, black, white, yellow

Y ellow, blue, green, yellow

Green, white, black, white

Blue, yellow, white, yellow

Brown, black, yellow, brown

Blue, yellow, red

Black, green, black, yellow

Black, red, yellow, black

Black, brown, red, brown

Black, white, black, blue

Black, white, blue, yellow
Greenwhite, black, white
Black, white, black, yellow
Black, red, yellow, red

Black, blue, green, black

Black, white, brown, white
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HRS02

HR503

HR54

HR601

HR

BS1824

NS104
NS104
NS104
NS104
NS104

NS107

NS107
NS107
NS107
NS107

BS2857

BS372
NA13

BS3073
NA11

BS3074
NA11
NA12
NA13
NA14

BS3075
NA11
NA11
NA13
NA13

BS3076
NA13

Nickel base heat resisting alloy wirefor
springs

Cold drawn and solution treated

Nickel base heat resisting alloy wirefor
thread inserts

Colddrawn

Nickel base heat resisting alloy wirefor
revets

Annealed

Nickel-chromium-titani um-al uminiumheat
resisting bar and wire of fasteners:

Cold worked and ground

Cold worked, solution treated and ground or
descaled

Nickel base heat resisting bar for bolts and
nuts

Solution treated and machined

Fully heat treated and machined

forging stock

Nickel silver stripandfail for the
TelecommunicationIndustries

12% nickel silver - Temper grade2

12% nickel silver - Temper grade3
12%nickel silver - Temper grade4

12% nickel silver - Temper grade 5 (soft)
12%nickel silver - Temper ExtraHard
(non-standard condition)

18%nickel silver - Temper grade 1 (Extra
Hard)

18% nickel silver - Temper grade2

18% nickel silver - Temper grade 3

18% nickel silver - Temper grade4

18% nickel silver - Temper grade5 (soft)

Nickel-irontransformer and chokelaminations
ClassA - 76% Ni
ClassB -50% Ni, 50% Fe

Nickel and nickel alloy sheet and plate
Coldrolled and annealed

Nickel and nickel alloy strip
Coldrolled,Hard

Nickel and nickel alloys, tubes
Cold drawn and annealed
Cold drawn and annealed
Cold drawn and annealed
Cold drawn and annealed

Nickel and nickel alloy wire
Colddrawn

Cold drawn and annealed
Colddrawn

Cold drawn and annealed

Nickel and nickel alloy rods and sections
Colddrawn

Cold drawn and annealed

Hot-rolled

Hot -rolled and annealed

Workshop Practices

Black, white, red, blue

Black, white, yellow, brown

White, red, yellow, white

Black, green, yellow, blue

Black, yellow, green, blue

Blue, red, blue, green
Black, greenyellow, red
Black, yellow, red, white

Y ellow, black, brown, yellow
Y ellow, black, green, yellow
Y ellow, black, red, yellow

Y ellow, black, white, yellow

Blue, yellow, white

Red, white, black, yellow
Red, green, brown white
Red, green, black, yellow
Red, white, blue, white

Red, white, green, yellow

Black, brown, blue
Blue, white, red

Green, white, green, yellow

Brown, green, red

Blue, white, blue
Blue, white, green
Blue, white, yellow
Blue, yellow, brown

Brown, green, red
Blue, white, blue
Blue, black, white
Blue, brown, red

Black, red, brown
Black, red, green
Black, blue, white
Brown, white, brown



L.N.V.M. Society Group of Institutes, Palam Extn., Part-1, Sec.-7, Dwarka, New Delhi - 77

NA14
NA18
NA18

TA1

TA2

TA3

TA4

TAG

TA7

TA8

TA10

TAll

TA12

TA18

TA19

TA21

TA22

TAZ23

TA25

TA26

TAZ28

TA38

TA39

Colddrawn

Cold worked and precipitated
Cold worked, solution treated and
precipitated

TITANIUMANDTITANIUMALLOYS

SECTIONIV

Commercially puretitanium sheetsand strips
(Tensile strength 19-27 tonsf/inch 2)
Commercially puretitanium sheetsand strips
(Tensilestrength 390-540N/mm2)
Commercially puretitanium barsfor machining
(Tensilestrength 390-540N/mm2)
Commercially puretitaniumforging stock
(Tensilestrength 390-540N/mm2)
Commercially puretitanium sheetsand strips
(Tensilestrength570-730N/mm2)
Commercially puretitanium barsfor machining
(Tensilestrength 540-740N/mm2)
Commercially puretitaniumforging stock
(Tensilestrength 540-740N/mm?2)
Titanium-aluminium-vanadiumalloy sheets
(Tensile strength 62-82 tonsf/inch2)
Titanium-a uminium-vanadiumalloy barsfor
machining

(Tensile strength 58-75 tonsf/inch2)
Titanium-aluminium-vanadiumalloy forging
stock

(Tensile strength 58-75 tonsf/inch2)
Titanium-tin-zirconium-al uminium-molybdenum-
siliconalloy barsfor machining
(Tensilestrength 111-134 hbar) (Limiting
Ruling Section50mm)
Titanium-tin-zirconium-al uminium-molybdenum-
silicon alloy forging stock

(Tensilestrength 111-134 hbar) (Limiting
Ruling Section50 mm)

Titanium-copper alloy sheet

(Tensilestrength 54-77 hbar)

Titanium-copper alloy barsfor machining
(Tensilestrength 54-77 hbar)

Titanium-copper alloy forging stock
(Tensilestrength 54-77 hbar)
Titanium-tin-zirconium-al uminium-molybdenum-
silicon barsfor machining

(Tensilestrength 103-127 hbar) (Limiting
Ruling Section75mm)
Titanium-tin-zirconium-al uminium-molybdenum-
silicon forging stock

(Tensilestrength 1103-127 hbar) (Limiting
Ruling Section75mm)
Titanium-aluminium-vanadiumalloy forging
stock

(Tensilestrength 110-130hbar) (Limiting
Ruling Section 19mm)
Titanium-aluminium-molybdenum-tin-silicon
carbon alloy bar for machining
(Tensilestrength 1250-1420 N/mmz2) (Limiting
Ruling Section25mm)

Titanium-al uminium-molybdenum-tin-silicon
carbon aloy forging stock

(Tensilestrength 1250-1420 N/mmz2) (Limiting
Ruling Section25mm)
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Blue, yellow, brown
Green, white, blue, red

Green, yellow, black, white

Black, white, blue, white
Black, brown, black, green
Green, brown, red, green
Green, brown, white, yellow
Green, blue, red, green
Green, blue, brown, green
Green, black, yellow, white

Black, blue, yellow, blue

Brown, red, brown, green

Green, black, brown, yellow

Red, blue, black, yellow

Green, black, white, yellow

Brown, green, brown, yellow

Brown, blue, yellow, brown

Green, yellow, brown, white

Red, blue, black, yellow

Green, black, white, yellow

Blue, green, yellow, blue

White, black, blue, white

White, black, blue, yellow
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TA40

TA41

TA43

TA45

TA46

TA47

TA49

TAS0

TAS52

TAS3

TASN

TAS6

TAS57

TAS8

Titanium-aluminium-molybdenum-tin-silicon
carbon aloy bar for machining
(Tenslestrength 1205-1375N/mm2) (Limiting
Ruling Section 25 mm up to and including
75Mm)

Titanium-al uminium-molybdenum-tin-silicon
carbon alloy bar forging stock
(Tenslestrength 1205-1375N/mm2) (Limiting
Ruling Section 25 mm up to and including
75mm)

Forgingstock of titanium-al uminium-zirconium-
molybdenum-siliconalloy

(Tensilestrength 99-1140N/mm2) (Limiting
Ruling Section65mm)

Bar and section after machining of titanium-
aluminium-molybdenum-tin-siliconalloy
(Tenslestrength 1100-1280N/mm2) Limiting
Ruling Section 25mm)

Bar and section for machining of titanium-
aluminium-molybdenum-tin-siliconalloy
(Tenslestrength 1050-1220 N/mm2) Limiting
Ruling Section over 25 mm up to and
including100mm)

Forging stock of titanium-al uminium-molybdenum-
tin-siliconaloy

(Tenslestrength 1050-1220 N/mm2) (Limiting
Ruling Section 100mm)

Bar and section for machining of titanium-
aluminium-molybdenum-tin-siliconalloy
(Tensilestrength 1000-1200N/mm2) Limiting
Ruling Section over 100mm upto and
including150mm)

Forging stock of titanium-aluminium-molybdenum-
tin-siliconaloy

(Tensilestrength 1000-1200 N/mm2) (Limiting
Ruling Section over 100 mm upto and
including150mm)

Sheet and strip of titanium copper alloy for
machining

(Tensilestrength690-920N/mm2)

Bar and section for machining of titanium
copper aloy

(Tensilestrength 65-880 N/mm?2) (Limiting
Ruling Section 75mm)

Forging stock of titanium copper aloy
(Tensilestrength 650-880N/mm?2) (Limiting
Ruling Section 75mm)
Titanium-aluminium-vanadiumalloy plate
(Tensilestrength895-1150 M Pa)

Titanium-al uminium-molybdenum-tin-silicon
aloy plate

(Tensilestrength 1030-1220 M Pa)
Titanium-copper aloy plate

(Tensilestrength 520-640 M Pa)

Workshop Practices

White brown ,red, yellow

Y ellow, brown, re, yellow

Y ellow, green, red, yellow

Red, green, white, yellow

Red, white, brown, yellow

Y ellow, red, white, yellow

Red, yellow, black, white

Y ellow, brown, green, yellow

Red, yellow, brown, white

Red, yellow, brown, white

White, black, red, white

Black, blue, white, brown

Black, blue, green, yellow

Black, blue, yellow, green
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NUMBERS

BS219

NUMBERS
Sl

Sl4
SI5

SI5B)

S61A
1B

S62A

S70A

S79A

SOLDERS
SECTION YV

DESCRIPTION

Soft Solders
Tin-Lead
GradeA

Tin-lead-antimony
GradeB

M

C

L

D

N

Tin-Antimony
Grade95A
Tin-Silver
Grade965
Tin-lead-silver
Grade5S

62S
Tin-lead-cadmium
GradeT

STEELS
SECTION VI

DESCRIPTION

Bright 35/45-ton carbon steel bars

Carbon case-hardening steel bars

3 per cent nickel case-hardening steel bars:
Barsand billetsfor forging

3 per cent nickel case-hardening steel bars:
Black and bright barsfor machining

"20" carbon steel

Air hardening 4.1/2 per cent, nickel-chromium-
molybdenum steel bars

35-ton, 12 per cent chromium steel (corrosion-
resisting) barsfor forging

35-ton, 12 per cent chromium steel (corrosion-
resisting) barsfor machining

45/55-ton, 12 per cent chromium steel
(Corrosion-resisting) barsfor forging
45/55-ton, 12 per cent chromium steel (corrosion-
resisting) barsfor machining

"B5" carbon steel bars for forging

"B5" carbon steel (normalised)

"B5" carbon steel barsfor forging

COLOUR

Blue

Blue, green
Brown, red

Blue, yellow
Black,red

Brown, re, brown
Green

Black, green, black
Brown, green
Green, black, green
Green,yellow

Ydlow

Red

Black

Blue, brown, blue
Brown

Blue, red, blue

Black, blue

Brown, black, brown

Black, green
Black, red, black.

Blue, black, blue

COLOUR

Ydlow
Brown, yellow

Brown, yellow, brown

Y ellow, brown, yellow

Blue, yellow

Blue, red

Black, yellow, red
Brown, yellow, red

Y ellow, red, yellow

Y ellow, black, yellow

Blue, green
White, blue, yellow
Blue, red, green
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S79A

S80A

S80B& D

SO1A
S01B
S92A
S93A

S95A

S97A

SO7B

S102

S105

S106A

S107

S111A
S111D

"B5" carbon steel barsfor forging :

Hardened and tempered

55-ton high chromium-nickel steel (corrosion-
resisting) barsfor forging

55-ton high chromium-nickel steel (corrosion-
resisting ) bars and machining

4.1/2 per cent nickel-chromium-molybdenum case-
hardening steel bars

Mild steel barsfor forging

Mild steel barsfor forging

40-ton carbon-manganese steel barsfor forging
40-ton carbon-manganese steel bars for forging
35-ton steel (normalised) barsfor forging

35-ton steel (normalised) barsfor machining
55-ton, 1/2 per cent nickel-chromium-molybdenum
steel barsfor forging

55-ton, 1/2 per cent nickel-chromium-molybdenum
steel barsfor forging

55-ton, 2.1/2 per cent nickel-chromium-molybdenum
steel barsfor forging

55-ton, 2.1/2 per cent nickel-chromium-molybdenum
steel barsfor forging

65-ton, 2.1/2 per cent nickel-chromium-molybdenum
steel barsfor forging

65-ton, 2.1/2 per cent nickel-chromium-molybdenum
steel barsfor forging

75-ton, 1/2 per cent nickel-chromium-molybdenum
steel (high carbon) barsfor forging

75-ton, 1/2 per cent nickel-chromium-molybdenum
steel (high carbon) bars for forging

80-ton, 2.1/2 per cent nickel -chromium-molybdenum
steel, high carbon (limiting ruling section

6-ins):

Bars and billets in the softened condition

Bars and billetsin hardened and tempered
condition

Carbon-molybdenum steel (bar for forged bolts
only)

Carbon steel wires:

Typel

Type2

Type3

60-ton, 3 per cent chromium-molybdenum steel
(suitable for nitrogen hardening) bars for

forging

60-ton, 3 per cent chromium-molybdenum steel
(suitable for nitrogen hardening) bars for
machining

3 per cent nickel -chromium-molybdenum case-
hardening steel bars

High nickel high chromium steel barsfor forging
High nickel high chromium steel barsfor
machining (valvesteel)

40-ton semi-free cutting steel . Bright barsfor
machining

45-ton carbon steel. Bright barsfor machining
55-ton manganese-molybdenum steel. Bright bars
for machining

55-ton carbon steel. Bright barsfor machining
55-ton, 1 per cent chromium steel :

Barsand billetsfor forging

Barsfor machining

Workshop Practices

Red, green, white
Black, yellow, brown
Brown, black, red
Green, red, yellow
Black, green, brown
Black, green, white
Brown, green, yellow
Black, white

Brown, green

Red, white

Black, green, blue
Black, green, red
Black, red, black
Black, red, blue
Black, whitegreen,
Black, white, red

Blue, green, yellow

Blue, brown, blue

Blue, green, brown
Blue, brown, yellow
Blue, black, green
Black, blue, green

Black, blue, red
Black, blue, yellow

Blue, brown, red

Brown, red, green

Green,white
Red, yellow, red

Y ellow, blue, white, yellow

Black, blue, green
Black, blue, yellow

Black, brown, green
Black, blue, black

Blue, green, red
Black, yellow, blue
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S119

S131A,B
&D

65-ton, 1.1/2 per cent nickel-chromium-molybdenum
steel (limitingrulling section2.1/2-ins):

Bars and billetsin soft condition

Bar in hardened and tempered condition
100-ton, 2.1/2 per cent nickel-chromium-molybdenum
steel (oil hardening) (limitingruling
section2.1/2-ins)

Corrosion-resisting chromium steel. Barsand
billetsfor forging:

Softened condition

Bright and black barsfor machining
hardened and tempered

23/14 chromium nickel heat resisting steel (Ti
stabilised) :

Barsand billetsfor forging (S125A)

(asrolled or forged)

Barsfor machining (S125B & D) (Fully

heat treated)

23/14 chromium-nickel heat resisting steel (Nb
stabilised) :

Barsand billetsfor forging (S126A) (as
rolled or forged)

Barsfor machining (S126B & D) (fully

heat treated)

24/17 chromium-nickel heat resisting steel (Ti
stabilised) :

Barsand billetsfor forging (S127A) (as
rolled or forged)

Barsfor machining (S127B & D) (fully

heat treated)

24/17 chromium-nickel heat resisting steel (Nb
stabilised) :

Barsand hilletsfor forging (S128A) (as
rolled or forged)

Barsfor machining (S128B & D) (fully

heat treated)

18/9 chromium-nickel heat resisting steel (Ti
stabilised) :

Barsand hilletsfor forging (S129A) (as
rolled or forged)

Barsfor machining (S129B & D) (fully

heat treated)

18/9 chromium-nickel heat resisting steel (Nb
stabilised) :

Barsand hilletsfor forging (S130A) (as
rolled or forged)

Barsfor machining (S130B & D) (fully

heat treated)

High Thermal Expansion steel

Barsand billetsfor forging

Barsfor machining

3% chromium-molybdenum steel (suitablefor
nitriding)

Barsfor forging, black, and bright bars
formachining

Fully heat treated - not nitrided

3/4% ni ckel -chromium case hardening steel
Barsfor forging, black, and bright barsfor
machining

3% per cent chromium molybdenum-vanadium steel
(air hardening) barsfor forging, black, and
bright barsfor machining

7
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Black, white, yellow
Black, brown, black

Blue, white, red

Brown, yellow, green

White, red, white

Black, blue

Black, blue, red

Black, brown

Black, brown, red

Black, green

Black, yellow

Blue, brown

Brown, blue, brown

Green, blue, green

Brown, blue, red

Red, black, white
Brown, green, red

Blue, green, white
Blue, red, blue

Black, white, blue
Green, brown, red, yellow

Brown, red, brown

Brown, white, red
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SI35

S136

S137

S138

S139A

S139B&D

S140A

S140B& D

S141A

S141B& D

S142A

S142B& D

S143

A
BandD
S144

A
BandD
S146

S147
S148
S149
S150

1 per cent carbon-chromium steel barsfor
forging

Black and bright barsfor machining

1 per cent chromium steel vacuum re-melted
High chromium nickel corrosion resisting steel
bright bars (free machining)

3% chromium-molybdenum-vanadiumsteel
vacuum re-melted air hardening (softened)
1.1/2nickel-chromium-molybdenum steel barsfor
forging - softened
1.1/2nickel-chromium-molybdenum steel black and
bright barsfor machining

2.1/2 nickel -chromium-molybdenum steel barsfor
forging - softened

2.1/2 nickel -chromium-molybdenum steel black and
bright barsfor machining

12. chromium corrosion resisting steel bars

for forging - softened

12. chromium corrosionresisting steel black

and bright bars for machining

1% chromium-molybdenum steel (suitablefor
welding)

Barsfor forging - softened

1% chromium-molybdenum steel (suitablefor
welding)

Black, and bright barsfor machining
Chromium-nickel-copper-molybdenum corrosion
resisting steel (precipitation hardening)

Barsfor forging

Barsfor machining
Chromium-nickel-copper-molybdenum corrosion
resisting steel (precipitation hardening)

Barsfor forging

Barsfor machining

4% nickel-chromium-molybdenumsteel (air
hardening vacuum melted)
Nickel-chromium-molybdenum steel bar

Low nickel chromium steel bar

1.75%nickel -chromium-molybdenum steel bar
Chromium-molybdenum-vanadi um-niobiumheat
resisting steel

Barsand billets for forging (softened)

Bright and black barsfor machining
Chromium-ni ckel-molybdenum-vanadium heat
resisting steel

Barsand hillets for forging (softened)

Bright and black, barsfor machining
Chromium-cobalt-molybdenum-vanadium-niobium
heat resisting steel

Barsand billets for forging (softened)

Bright and black barsfor machining
Nickel-chromium-molybdenumstedl

Barsand billets for forging (softened)

Bright and black barsfor machining

2.1/2nickel -chromium-molybdenum steel
Barsand billets for forging (softened)

Bright and black barsfor machining
Nickel-silicon-chromium-molybdenum-vanadium
steel (Vacuumarcremelted)

Normalised and softened bars for machining
Softened forging stock

Black, red, green
Green, red

White, brown, white
Red, brown, red
Black, green, black
Black, green, yellow
Blue, black, white
Blue, white, green
Brown, black, brown

Blue, black, green

Green, white, green

Green, black, red

Brown, black, white
Green, brown, green

Green, white, yellow
Blue, white, brown

Brown, black, green
Blue, black, blue
Black, red, yellow
Brown, blue, green

Workshop Practices

Blue, black, blue, black, blue
Blue, black, green, black, blue

Blue, black, red, black, blue
Blue, black, yellow, black, blue

Blue, brown, black, brown, blue
Blue, brown, red, brown, blue

Blue, brown, white, brown, blue
Blue, green, yellow, green, blue

Blue, green, brown, green, blue
Blue, green, yellow, green, blue

Blue, red, blue, red, blue
Blue, red, brown, red, blue
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S156

510

11

513

14

515

516

17

518

4% nickel -chromium-molybdenum case-hardening
steel (Vacuumarcremelted)

Black or bright barsfor machining

Softened forging stock

3% nickel -chromium-molybdenum case-hardening
steel

Black or bright barsfor machining

Softened forging stock

Patented cold drawn carbon steel wire and
springs

Patented cold drawn carbon steel wire and
springs

Carbon steel wire and springs

Chromium vanadium steel wire and springs
Austenitic chromium-nickel steel wireand
springs

Rods

Wire

28-ton carbon steel sheets and strips (suitable
forwelding)

Deep drawing carbon steel sheets and strips
(suitablefor welding)

Spring stedl strips:

Softened condition

Hardened and tempered

50-ton carbon manganese steel sheets and strips
(40-ton 0.1 per cent proof stress)

(suitablefor welding) :

Softened condition

Hardened and tempered or cold rolled and
tempered

30-ton carbon-manganese steel sheets and strips
(softened ) (suitablefor welding)

60-ton carbon-manganese steel sheets and strips
(50-ton 0.1 per cent proof stress) :

Softened condition

Hardened and tempered or cold-rolled and
tempered

75-ton carbon-manganese steel sheets and strips
(65-ton 0.1 per cent proof stress) :

Softened condition

Hardened and tempered

(40-ton 0.1 per cent proof stress)

(suitablefor welding)

Softened condition

Hardened and tempered or as cold-rolled and
tempered

50-ton chromium-molybdenum steel sheets and strips
(40-ton 0.1% proof stress) (suitablefor welding) :
Softened condition

Hardened and tempered or cold-rolled and
tempered

Cold-rolled 18/10 chromium-nickel corrosion-
resisting steel sheet and strip (titanium
stabilized : 80 hbar)

Cold-rolled 18/10 chromium-nickel corrosion-
resisting steel sheet and strip (titanium
stabilized : 80 hbar)

Blue, red, green, red, blue
Blue, red, white, red, blue

Blue, yellow, blue, yellow, blue
Blue, yellow, black, yellow, blue
Red, black, brown, red

Red, brown, white, red

Red, green, white, red
Y ellow, black, brown, yellow

Black, brown, yellow, black
Black, blue, yellow, black

Green
Black, green, blue

Black, green, red
Blue, black, yellow

Green, red, white
Green, blue, red

Red, blue, yellow

Green, blue, white

Brown, blue, red

White, black, white
Blue, green, red

Green, yellow, red

Green, yellow, white

Green, yellow, red

Green, yellow, white

Blue, brown, yellow

Blue, green, yellow
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T2

T45
T30
T3

T57
T60

T62
T63
T4
T65
T66
T67
T68

T69

Softened 18/10 chromium-nickel corrosion-
resisting steel sheet and strip

(titanium stabilized: 54 hbar)

Softened 18/10 chromium-nickel corrosion-
resisting steel sheet and strip

(niobium stabilized: 54 hbar)

23/14 chromium-nickel heat resisting steel
sheet and strip (titanium stabilized:

54 hbar)

23/14 chromium-nickel heat resisting steel
sheet and strip (niobium stabilized:

54 hbar)

24/17 chromium-nickel heat resi sting steel
sheet and strip (titanium stabilized:

54 hbar)

23/14 chromium-nickel heat resisting steel
sheet and strip (niobium stabilized:

54 hbar)
Chromium-nickel-copper-molybdenum corrosion
resisting steel sheet and strip

(precipitation hardening 98/118 hbar)
Chromium-nickel-copper-molybdenum corrosion
resisting steel sheet and strip

(precipitation hardening 118/137 hbar)
Chromium-molybdenum steel sheet and strip
(88/108 hbar) (suitablefor welding) :

Softened condition

Hardened and tempered
Chromium-molybdenum steel sheet and strip
(115/230 hbar) (suitablefor welding) :
Softened condition

Hardened and tempered

L ow carbon 18/10 chromium-nickel corrosion
resisting steel sheet and strip (50 hbar)

Low carbon 17/12 chromium-nickel corrosion
resisting steel sheet and strip (50 hbar)
Chromium-ni ckel-molybdenum-vanadium heat
resisting steel sheet and strip:

Softened condition

85-ton nickel -chromium steel tubes

45-ton steel tubes (suitable for welding)

50-ton steel tubes

45-ton chrome-molybdenum steel tubes
(suitablefor welding)

75-ton nickel-chromium steel tubes

75-ton chrome-molybdenum steel tubes
(suitablefor welding)

Mild steel tube

Softened mild steel tube for hydraulic purposes
Carbon manganese steel tube
Chromium-molybdenum steel tube

18/10 Chromium-nickel corrosionresisting steel
tube

18/10 Chromium-nickel corrosionresisting steel
tube

Colddrawn 18/10chromium-nickel corrosion
resisting steel tube (niobium stabilised)
Colddrawn 18/10chromium-nickel corrosion
resisting steel tube (titanium stabilised)

Workshop Practices

Red, yellow, red

Red, green, yellow

Black, red, yellow

Black, brown, red

Black, red, green

Black, yellow, blue

Blue, yellow, green

Black, brown, red

Green, blue, green
Brown, red, green

Green, brown, green
Brown, blue, yellow
Red, brown, white

Green, yellow, green

Red, brown, yellow

Red
Black, brown, blue
Brown, yellow

Black, green, yellow
Black, brown, yellow

Red, white

Red, blue, yellow
Brown, yellow, red
Blue, yellow, green
Green, blue, yellow
Green, brown, white
Green, yellow, red
Red, green, red

Y ellow, black, yellow
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T70

T71

T74

T75

T76

BS970Pt 1

015A03

030A04

040A04

050A04

040A10

045A10

060A10

040A12

050A12

060A12

040A15

050A15

060A15

080A15

040A17

050A17

060A17

080A17

24/17 chromium-nickel heat resisting steel

tube (niobium stabilised)

24/17 chromium-nickel heat resisting steel

tube (titanium stabilised)

18/10 chromium-nickel corrosionresisting steel
tube for hydraulic purposes niobium
stabilised 550 M Pa

18/10 chromium-nickel corrosionresisting steel
tube for hydraulic purposes niobium
stabilised 550 M Pa

Low carbon 18/10 chromium-nickel corrosion
resisting steel tube

Low carbon 18/10 chromium-nickel-molybdenum

corrosion resisting steel tube
Chromium-molybdenum steel tube (770 M Pa)
(weldable)

Carbon steels::

Low carbon:

Asrolled or forged (black bars)
Low carbon:

Asrolled or forged (black bars)
Low carbon:

Asrolled or forged (black bars)
Low carbon:

Asrolled or forged (black bars)
Low carbon:

Asrolled or forged (black bars)
Low carbon:

Asrolled or forged (black bars)
Low carbon:

Asrolled or forged (black bars)
Low carbon:

Asrolled or forged (black bars)
Low carbon:

Asrolled or forged (black bars)
Low carbon:

Asrolled or forged (black bars)
Low carbon:

Asrolled or forged (black bars)
Low carbon:

Asrolled or forged (black bars)
Low carbon:

Asrolled or forged (black bars)
white

Low carbon:

Asrolled or forged (black bars)
white

Low carbon:

Asrolled or forged (black bars)
white

Low carbon:

Asrolled or forged (black bars)
white

Low carbon:

Asrolled or forged (black bars)
yellow

Low carbon:

Asrolled or forged (black bars)
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Brown, black, red

Green, white, green

Black, blue, brown

Black, red, yellow
Y ellow, red, yellow
White, blue, yellow

Green, brown, blue, red

White, black, green, black, white
White, black, yellow, black, white
Green, red, green, red

White, blue, white, blue, white
Red, yellow, red, yellow

White, brown, green, brown, white
White, green, brown, green, white
Black, white, green, blue

White, green, yellow, green, white
White, red, white, red, white
White, red, blue, red, white

White, red, brown, red, white

White, yellow, white, yellow,

White, yellow, black, yellow,

White, yellow, brown, yellow,

White, yellow, green, yellow,

Y ellow, black, yellow, black,

Y ellow, black, blue, black, yellow
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040A20

050A20

060A20

070A20

080A20

040A22

050A22

060A22

080A22

060A25

080A25

070A26

060A27

080A27

060A30

080A30

080A30

060A32

080A32

060A35

080A35

'20' carbon:
Asrolled or forged (black bars)
'20' carbon:
Asrolled or forged (black bars)
'20' carbon:
Asrolled or forged (black bars)

'20' carbon::

Asrolled or normalized

P condition

Colddrawnfrom hot rolled

'20' carbon::

Asrolled or forged (black bars)
'22' carbon::

Asrolled or forged (black bars)
'22' carbon::

Asrolled or forged (black bars)

'22' carbon:

Asrolled or forged (black bars)
'22' carbon:

Asrolled or forged (black bars)
'25' carbon:

Asrolled or forged (black bars)
'25' carbon:

Asrolled or forged (black bars)
'26' carbon:

Asrolled or forged (black bars)
Normalized condition

P condition

yellow

Q condition

Cold drawnfrom hot rolled

'27' carbon:

Asrolled or forged (black bars)
'27' carbon:

Asrolled or forged (black bars)
‘30" carbon:

Asrolled or forged (black bars)

'30' carbon::

Asrolled or forged (black bars)
'30' carbon::

Asrolled or forged (black bars)
Normalized condition

P condition

Q condition
Colddrawnfromhot rolled

'32' carbon:
Asrolled or forged (black bars)

'32' carbon:
Asrolled or forged (black bars)
'35'carbon:
Asrolled or forged (black bars)

'35'carbon:
Asrolled or forged (black bars)

Workshop Practices

Y ellow, black, brown, black, yellow
Green, white, green, white

Y ellow, black, green, black,
yellow

Brown, white, brown, white
Black, brown, yellow, white
Black, yellow, blue, yellow, black
Y ellow, black, red, black, yellow
Red, white, red, white

Y ellow, black, white, black,
yellow

Y ellow, blue, yellow, blue, yellow
Y ellow, blue, black, blue, yellow
Y ellow, blue, brown, blue, yellow
Y ellow, blue, green, blue, yellow
Y ellow, blue, red, blue, yellow

Y ellow, brown, blue, brown,
yellow

Y ellow brown, green, brown,

Y ellow green, blue, green, yellow
Y ellow, red, yellow, red, yellow

Y ellow, blue, white, blue, yellow
Blue, white, black, red

Y ellow, brown, black, brown,
yellow

Blue, yellow, black, white
Blue, yellow, white, green
White, yellow, white, yellow
Black, black, black, brown

Black, blue, brown, green
Y ellow, brown, red, brown, yellow

yellow, brown, white, brown,
yellow

Blue, white, brown, green

Y ellow, green, yellow, green,
yellow

Brown, blue, black, red
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080A36

R condition

060A37

080A37

060A40

080A40

080A40

060A42

060A42

060M46

060A47

080A47

080M50

060A52

060A52

060M55

S condition

'36' carbon:
Asrolled or forged (black bars)

Normalized condition

Q condition
Y ellow, white, blue, white, yellow
Colddrawnfrom hot rolled

'37' carbon::

Asrolled or forged (black bars)
'37' carbon:

Asrolled or forged (black bars)
'40' carbon:

Asrolled or forged (black bars)
'40' carbon:

Asrolled or forged (black bars)
'40' carbon:

Asrolled or forged (black bars)
Normalized condition

Q condition

R condition
Colddrawnfromhotrolled

'42' carbon:
Asrolled or forged (black bars)
'42' carbon:
Asrolled or forged (black bars)
'46' carbon:
Asrolled or forged (black bars)

Normalized condition
Q condition

R condition

Scondition
Colddrawnfromhotrolled

‘47" carbon:

Asrolled or forged (black bars)

‘47" carbon:

Asrolled or forged (black bars)
'560' carbon:

Asrolled or forged (black bars)
Normalized condition

R condition

Scondition

T condition
Colddrawnfromnormalized
'62' carbon:

Asrolled or forged (black bars)

'62' carbon:

Asrolled or forged (black bars)
'5"' carbon:

Asrolled or forged (black bars)
Normalized condition

R condition

Green, red, yellow, white

T condition
Colddrawnfromnormalized
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Y ellow, white, black, white,
yellow

Y ellow, green, black, green,
yellow

Y ellow, red, blue, red, yellow

Y ellow, green, brown, green,
yellow

Y ellow, red, black, red, yellow
Brown, blue, black, white

Y ellow, green, red, green, yellow
Brown, blue, black, yellow

Blue, white, brown, red
Black, blue, white, red
Blue, white, blue, black
Black, blue, red, black
Brown, blue, black, green

Y ellow, red, brown, red, yellow
Blue, white, black, yellow

Y ellow, white, yellow, white,
yellow

Y ellow, red, green, red, yellow

Y ellow, white, green, white,
yellow

Y ellow, red, white, red, yellow

Y ellow, white, red, white, yellow
Green, red, brown, white

Y ellow, green, white, green,
yellow

Brown, blue, white, red

Brown, black, white, red
Red, yellow, red, green
Red, yellow, red, white
Blue, brown, black, green
Green, white, brown, yellow
Brown, black, white, yellow

Y ellow, white, brown, white,
yellow

Brown, blue, white, yellow
Green, red, white, yellow
Green, yellow, blue, red

Green, red, brown, yellow

Green, yellow, blue, white
Green, red, blue, yellow
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060A57

080A57

060A62

080A62

060A67

080AG67

060A72

070A72

080A72

060A78

060A78

080A78

060A83

080A83

050A86

060A86

080A86

060A96

060A99

120M19

57" carbon:
Asrolled or forged (black, bars)

57" carbon:
Asrolled or forged (black, bars)

*62' carbon:
Asrolled or forged (black, bars)

*62' carbon:
Asrolled or forged (black, bars)

67" carbon:
Asrolled or forged (black, bars)

67" carbon:
Asrolled or forged (black, bars)

72" carbon:
Asrolled or forged (black, bars)

72" carbon:
Asrolled or forged (black, bars)

72" carbon:
Asrolled or forged (black, bars)

*78'carbon:
Asrolled or forged (black, bars)

*78'carbon:
Asrolled or forged (black, bars)

*78'carbon:
Asrolled or forged (black, bars)

*83'carbon:
Asrolled or forged (black, bars)

*83'carbon:
Asrolled or forged (black, bars)

"86' carbon:
Asrolled or forged (black, bars)

"86' carbon:

Asrolled or forged (black, bars)
"86' carbon:

Asrolled or forged (black, bars)
*96' carbon:

Asrolled or forged (black, bars)
1% carbon:

Asrolled or forged (black, bars)
*19' carbon -1.2% manganese:
Asrolled or forged (black bars)
Normalized condition

P condition

Q condition

R condition

Colddrawnfrom hotrolled

Workshop Practices

Green, yellow, brown, red

Green, yellow, red, white

Green, yellow, white, red

Brown, red, white, green

Red, black, blue, white

Brown, red, white, yellow

Red, black, brown, white

Red, black, brown, yellow

Red, black, green, red

Red, black, green, yellow

Red, black, white, red

Red, black, white, yellow

Red, black, yellow, white

Red, blue, black, white

Red, blue, brown, white

Red, blue, brown, yellow
Red, blue, green, white
Red, blue, green, yellow
Red, blue, white, yellow

Red, blue, yellow, red
White, black, green, yellow
Red, yellow, green, white
White, red, blue, yellow
Black, green, blue, yellow
Red, brown, blue, yellow
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150M19

120M28

150M28

120M36

150M36

220M07

230M07

240M07

216M28

212M36

216M36

*19' carbon -1.5% manganese:
Asrolled or forged (black bars)
Normalized condition

P condition

Q condition

R condition

*28' carbon -1.2% manganese:
Asrolled or forged (black bars)
Normalized condition

P condition

Q condition
Colddrawnfromhotrolled

*28' carbon -1.5% manganese:
Asrolled or forged (black bars)
Normalized condition

Q condition

R condition

Scondition

*36' carbon -1.2% manganese:
Asrolled or forged (black bars)
Normalized condition

Q condition

R condition

Scondition

Colddrawnfrom hot rolled

*36' carbon -1.5% manganese:
Asrolled or forged (black bars)
Normalized condition

Q condition

R condition

Scondition

T condition

Low carbon, freecutting :
Horrolled

Colddrawn

Low carbon, freecutting :
Horrolled

Colddrawn

Low carbon, freecutting :
Horrolled

Colddrawn

*28' carbon, free cutting
Asrolled or forged (black bars)
P condition

Q condition

Colddrawnfrom hot rolled

*36' carbon, free cutting
Asrolled or forged (black bars)
P condition

Q condition

R condition

Colddrawnfrom hot rolled

*36' carbon, free cutting
Asrolled or forged (black bars)
P condition

Q condition

R condition

Colddrawnfrom hot rolled

Brown, black, blue, yellow
Blue, brown, blue, yellow
Red, blue, yellow, white
Blue, green, blue, yellow
Black, brown, blue, yellow

Red, brown, black, white
Red, brown, yellow, red

White, black, red, yellow
White, red, green, yellow
Black, green, blue, green

Brown, green, blue, red
Blue, white, blue, brown
Brown, black, brown, green
Black, brown, blue, white
Red, brown, black, yellow

Brown, red, blue, white
Red, brown, blue, white
Blue, white, blue, red
Black, brown, green, yellow
Black, brown, red, green
White, green, yellow, white

Brown, green, blue, yellow
Red, brown, green, white
Blue, white, blue, green
Black, brown, blue, yellow
Black, brown, green, black
White, black, brown, white

Black, yellow, black, yellow
Blue, white, yellow, brown

Black, green, blue, white
Black, red, green, blue

Brown, green, brown, green
Brown, black, green, brown

Red, green, black, yellow
Red, green, blue, white
Red, white, blue, yellow
Red, yellow, blue, white

Brown, green, black, yellow
Red, green, blue, yellow
Black, white, black, brown
Black, blue, white, brown
Brown, red, black, green

Brown, red, blue, green
Red, white, brown, yellow
Red, green, brown, yellow
Blue, yellow, blue, brown
White, green, black, yellow
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225M36

212M37

212M42

212M44

225M44

BS970Pt2
503M40

S503M37

503M42

S503M37

503M42

526M60

530M40

530A30

530A32

530A36

*36' carbon, free cutting
Asrolled or forged (black bars)
Q condition

R condition

Colddrawnfrom hot rolled

*37" carbon, free cutting
Asrolled or forged (black bars)
*42' carbon, free cutting
Asrolled or forged (black bars)
*44' carbon, free cutting
Asrolled or forged (black bars)
Q condition

R condition

S condition

*44' carbon, free cutting
Asrolled or forged (black bars)
R condition

S condition

T condition

Alloy steels

1%nickel :

Asrolled

Normalized

Q condition

R condition

S condition

1%nickel :

Asrolled

Hardened and tempered
1%nickel :

Asrolled

Hardened and tempered
1%nickel :

Asrolled

Hardened and tempered
1%nickel :

Asrolled

Hardened and tempered
3/4%chromium:
Asrolled

T condition

V condition
1%chromium:
Asrolled

R condition

S condition

T condition
1%chromium:
Asrolled

Hardened and tempered
1%chromium:
Asrolled

Hardened and tempered
1%chromium:
Asrolled

Hardened and tempered

Workshop Practices

Red, green, yellow, red
Red, white, yellow, red
White, green, red, yellow
White, blue, yellow, white

Brown, red, black, yellow
Brown, white, black, green

Red, green, yellow, white
White, black, yellow, white
White, brown, blue, yellow
White, red, brown, yellow

White, blue, brown, yellow
White, brown, red, white
Black, brown, yellow, blue
Black, green, brown, blue

Blue, white, green, brown
Black, red, black, yellow
Black, white, black, yellow
Red, black, red, black, red
Red, black, blue, black, red

Brown, black, blue, green
Blue, brown, blue, white

Brown, black, blue, red
Blue, green, blue, white

Black, blue, white, blue, black
Black, brown, black, brown, black

Black, brown, blue, brown, black
Black, brown, green, brown, black

Brown, yellow, black, white
Black, red, black, white
Black, brown, blue, green

Blue, white, green, yellow

Brown, blue, brown, black
Black, green, white, yellow
Black, green, yellow, black

Brown, yellow, blue, red
Green, yellow, green, brown

Brown, yellow, blue, green
Brown, blue, brown, green

Brown, yellow, blue, red
Brown, blue, brown, red
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530A40 1%chromium:

Asrolled Brown, yellow, blue, white

Hardened and tempered Brown, blue, brown, white
530H30 1%chromium:

Asrolled Black, brown, red, brown, black

Heat treated Black, brown, yellow, brown,

black

530H32 1%chromium:

Asrolled Black, brown, white, brown, black

Heat treated Black, green, black, green, black
530H36 1%chromium:

Asrolled Black, green, blue, green, black

Heat treated Black, green, brown, green, black
530H40 1%chromium:

Asrolled Black, green, yellow, green, black,

Heat treated Black, red, blue, red, black
534A99 1.1/2%chromium (1%carbon) :

Asrolled Brown, blue, red, yellow
535A99 1.1/2%chromium (1%carbon) :

Asrolled Red, white, red, white, red
605M30 1.1/2% manganese molybdenum (water hardening) :

Asrolled Brown, white, blue, red

R condition Brown, black, brown, red

S condition Black, green, brown, yellow

T condition Black, green, red, brown

U condition Black, green, red, white

V condition Black, green, red, yellow
605M36 1.1/2% manganese molybdenum :

Asrolled Blue, white, brown, yellow

R condition Blue, white, blue, yellow

S condition Black, brown, red, yellow

T condition Black, brown, white, blue

U condition Black, brown, white, green

V condition Black, brown, white, red
905A32 1.1/2% manganese molybdenum :

Asrolled Brown, white, blue, brown

Hardened and tempered Blue, yellow, blue, red
605A37 1.1/2% manganese molybdenum :

Asrolled Brown, white, blue, green

Hardened and tempered Blue, yellow, blue, white
605H32 1.1/2% manganese molybdenum (water hardening) :

Asrolled Red, white, green, white, red

Heat treated Red, white, brown, white, red
605H37 1.1/2% manganese molybdenum (water hardening) :

Asrolled Red, white, green, white, red

Heat treated Red, white, yellow, white, red
606M 36 1.1/2% manganese molybdenum (free cutting) :

Asrolled Brown, white, blue, yellow

R condition Brown, black, brown, white

S condition Black, blue, brown, blue, black

T condition Black, blue, yellow, blue, black
605M36 1.1/2% manganese molybdenum (higher molybdenum) :

Asrolled Blue, white, green, red

R condition Brown, black, brown, yellow

S condition Black, green, white, black

T condition Black, green, white, blue

U condition Black, green, white, brown

V condition Black, green, white, red
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608H37

640M40

640A35

640H35

653M31

708M40

7T08A37

708A42

708H37

708A42

709M40

722M24

785M19

816M40

1.1/2% manganese molybdenum (higher molybdenum) :

Asrolled

Heat treated
1.1/4%nickel chromium:
Asrolled

R condition

S condition

T condition

U condition

1.1/4% manganese molybdenum (higher molybdenum) :

Asrolled
Hardened and tempered

1.1/4% manganese molybdenum (higher molybdenum) :

Asrolled
Heat treated

3%nickel chromium:
Asrolled

S condition

T condition

U condition

1% chromiummolybdenum:
Asrolled

R condition

S condition

T condition

U condition

1% chromiummolybdenum:
Asrolled

Hardened and tempered

1% chromiummolybdenum:
Asrolled

Hardened and tempered

1% chromiummolybdenum:
Asrolled

Heat treated

1% chromiummolybdenum:
Asrolled

Heat treated

1% chromiummolybdenum:
Asrolled

R condition

S condition

T condition

U condition

V condition

3% chromium molybdenum (suitablefor
nitriding) :

Asrolled

T condition

U condition

1.1/2% manganesenickel molybdenum:
Asrolled

Q condition

1.1/2%nickel chromiummolybdenum (low
molybdenum) :

Asrolled

S condition

T condition

Workshop Practices

Red, brown, blue, brown, red
Red, brown, green, brown, red

Red, black, red, brown

Y ellow, white, yellow, red
Blue, red, brown, yellow
Blue, red, green, black
Blue, red, green, blue

Green, blue, green, yellow
Green, brown, green, black

Red, green, brown, green, red
Red, brown, blue, yellow, red

Brown, red, green, brown
Brown, red, brown, yellow
Black, yellow, white, blue
Black, yellow, white, brown

Brown, black, green, white
Brown, g