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1. Introduction to the
Mining Industry
Unit 1.1 - Introduction to Mining Sector
Unit 1.2 - Basic knowledge about Mining
Unit 1.3 - Mining Equipment’s
Unit 1.4- Duties and Responsibilities of a Mine Welder

Participant Handbook

Key Learning Outcomes
At the end of this module, you will be able to:
1. Explain the key features of the Indian mining sector
2. Discuss various mining methods
3. Discuss the various phases and types of mining
4. List the various mining equipment and the precautions necessary to use them
5. Explain some basic electrical concepts
6. List the duties, responsibilities and key competencies of a Mine Welder

2

Mine Welder

UNIT 1.1: Introducion to Mining Sector
Unit Objectives
At the end of this unit, you will be able to:
1. Describe the mining industry in India
2. Describe the growth expected in the mining industry
3. Explain the various kinds of minerals available in various parts of India
4. Describe the key workforce requirement in the mining sector

5. List various mining acts, legislation and key bodies in India

1.1.1 The Mining Industry
Minerals are valuable natural resources. They are available in limited quantities on Earth. They provide
the raw materials for many basic industries and are a major resource for our development.
Mining and mineral extraction in India go back to ancient times. The wide availability of the minerals in
India in the form of abundant rich reserves made it very conducive for the growth and development of
the mining sector in India. The following shows mining operations in progress.

Fig. 1.1.1. A View of Mining Operations

India has huge resources of many metallic and non-metallic minerals and mining remained a key sector
since India’s independence. India produces as many as 87 minerals, including:
• 4 Fuel
• 10 metallic minerals
• 47 non-metallic minerals
• 3 atomic minerals
• 23 minor minerals (including building and other materials)
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1.1.2 Growth of the Mining Industry
Overall, mineral production in India has been growing. The Indian Mining sector registered a growth of
2.6% during the 9-year period 2004-05 to 2013-14 and contributed approximately 1.9% (1.07 lakh crore)
to the national GDP.
The Indian mining industry is characterized by a large number of small operational mines. These include
mines for mineral production, minor minerals, petroleum (Crude), natural gas and atomic minerals and
others. The states which have the most number of mines includes the following as shown in the following
ﬁgures:

Madhya
Pradesh
Jharkhand
Gujarat
Tamilnadu
Andhra Pradesh
Odisha
Chhattisgarh
Maharashtra
Karnataka West
Bengal Goa
Rajasthan
Fig. 1.1.2. The key mining states in India

These 12 states together accounted for 95% of total number of mines in the country in 2015-16.
The major strength of the mining sector in India include following:
1. Vast availability of mineral deposit: India currently produces 89 minerals
2. High Production of mineral and metal together: In 2012, India ranked 3rd in the world in production
of coal, lignite and Chromite production, 5th in iron ore, 6th in Bauxite; in terms of metal production, the
country ranked 3rd in Zinc (slab) and 4th in Steel (crude/liquid) Production.
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3. Self-suﬃciency in key minerals for domestic consumption: India is wholly self-suﬀcient in
minerals such as Bauxite, Chromite, Limestone, Zinc etc.
4. Beneﬁcial Policy / regulatory frameworks for the mineral sector: Various polices for exploration ,
mining, mineral processing and metallurgy for all non-fuel and atomic minerals encourage growth of the
mining sector in India.
5 Availability of ﬁnancial incentives: These include concessions on export proﬁts from speciﬁed
minerals and ores, which further encourage mining.

1.1.3 Minerals in India
The following ﬁgure indicates the key mines in India and their location in various states of India:
Mineral
Asbestos
Bauxite

Chromite

Copper Ore

Diamond
Gold

Mineral
Iron Ore

States
Andhra Pradesh
Odisha
Chhattisgarh
Goa
Gujarat
Jharkhand
Karnataka
Kerala
Madhya Pradesh
Odisha
Tamil Nadu
Karnataka
Maharashtra
Manipur
Odisha
Gujarat
Jharkhand
Karnataka
Madhya Pradesh
Rajasthan
Sikkim
Madhya Pradesh
Andhra Pradesh
Jharkhand
Karnataka
Rajasthan

Lead & Zinc

Manganese Ore

Ruby*
Sappire*

States
Andhra Pradesh
Chhattisgarh
Goa
Jharkhand
Karnataka
Kerala
Madhya Pradesh
Maharashtra
Odisha
Rajasthan
Andhra Pradesh
Madhya Pradesh
Odisha
Rajasthan
Andhra Pradesh
Goa
Gujarat
Karnataka
Madhya Pradesh
Maharashtra
Odisha
Rajasthan
Karnataka
Odisha
Jammu & Kashmir

* Precious Stone

Fig. 1.1.3. The key minerals in India

The Indian mining sector employed approximately 23.25 lakh people in 2011-12 across the organized
and unorganized sector (including self-employed). The estimated demand in mining sector over the
period 2014-22 is anticipated to be approximately 2.59 lakh people.
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1.1.4 Mining Acts, Legislations and Bodies
The Government of India has multiple legal provisions and laws to protect the rights of mine workers and
ensure proper mining processes and procedures.

1.1.4.1 The Mines Act, 1952
The Mines Act, 1952 is a Central Government Act. The following ﬁgure shows the provision deﬁned
by the Mine Act, 1952:

The
powers of
Inspectors

Some
Provisions
for Safety

Provisions
for hours
of work

Prohibition
of child
Labour

Leave and
Wages

Fig. 1.1.4. Provisions in the mines act

The Mines Act {Section 2 (I)} deﬁnes a mine as “any excavation where any operation for the purpose
of searching for or obtaining minerals has been or is being carried on and includes:
i. all borings, bore holes, oil wells and accessary crude conditioning plants, including the pipe
conveying mineral oil within the oilﬁelds;
ii. all shafts, in or adjacent to and belonging to a mine, where in the course of being sunk or
not;
iii. all levels and inclined planes in the course of being driven;
iv. all opencast workings;
v. all conveyors or aerial ropeways provided for the bringing into or removal from a mine of
minerals or other articles or for the removal of refuse therefrom;
vi. all adits, livels, planes, machinery works, railways, tramways and sidings in or adjacent to
and belonging to a mine;
vii. all Protective works being carried out in or adjacent to a mine;
viii. all workshop and store situated within the precincts of a mine and the same management
and used primarily for the purpose connected with that mine or a number of mines under
the same management.
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ix. all power stations, transformer sub-stations converter stations, rectiﬁer stations and
accumulator storage stations for supplying electricity solely or mainly for the purpose of working the
mine or a number under the same management;
x. any premises for the time being used for depositing sand or other material for use in a mine or
for depositing refuse from a mine or in which any operations in connection with such and refuse or other
material is being carried on, being premises exclusively occupied by the owner of the mine.

1.1.4.2 Mine Rescue Rules
The mine Rescue rules, 1985 were framed in order to provide for rescue of worker in the event of
explosion, ﬁre etc. in mines. These apply to coal and metalliferous underground mines. The rescue Rules
provide for the establishment of rescue stations and conduct of rescue work in mines aﬀected by an
explosion or ﬁne, an inrush of water ir inﬂux of gases to operate under these conditions, services of
specially trained men with special rescue apparatuses are required.

1.1.4.3 The Directorate General of Mines Safety (DGMS)
The Directorate General of Mines Safety, DGMS in short, is a Regulatory Agency under the Ministry of
labor and employment, Government of India. The responsibility for enforcement of occupational
safety, health provisions and welfare of workers in mines, as provided in the Mines Act with the
Directorate General of Mines Safety (DGMS).

1.1.4.4 International Labor Organization (ILO) and
world Organization (WHO) Standards

Some jobs expose
employees to
dangerous
environments.
Ensuring safety is
these situations is
an ethical
obligation of the
organization.

Ethical Cause

Moral Cause

Ensuring Safety of
Workers and
Providing a
healthy
enviornment is the
moral obligatiiob of
organisation.

Legal Cause

The ILO and WHO have a common deﬁnition of occupational health of employees. they recommend that
organizations are required to provide a healthy, safe and secure working environment for the following
causes as shown in the following ﬁgure:
There are many
laws to ensure
organisations
maintain a safe,
secure and
healthy work
environment

Fig. 1.1.4.4 Causes for organizations to ensure a safe and healthy work environment
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The main focus in is occupational health is in three diﬀerent objectives:
1. The maintenance and promotion of worker’s health and working capacity.
2. The improvement of working environment and work to become conductive to safety and health.
3. The development of work organizations and working cultures in direction which supports health and
safety at work, and in doing so also promotes a positive social climate and smooth operations, and may
enhance productivity of the undertakings.
Working culture here means a set of essential value systems adopted by an organization to ensure a
healthy and safe environment to its employees by improving its managerial systems, personnel policy,
principles for participation, training policies and quality management systems.

1.1.4.5 Indian Bureau of Mines (IBM)
IBM is the principal governing agency responsible for compiling exploration data and mineral
maps, and for providing latest information regarding mineral resources in India.

1.1.4.6 The Department of Mines and Geology
The Department of Mines is responsible for survey and exploration of all minerals (other than
natural gas and petroleum) for mining and administration of the Mines and Minerals and
(Development and Regulation) Act, 1957, in respect of all mines and minerals, other than coal,
natural gas and petroleum.

1.1.4.7 Geological Survey of India (GSI)
The GSI is the key agency for assessment of geological and regional mineral resources in India. It
was established in 1851.

1.1.4.8 Central Mine Planning & Design Institute Limited
Central Mine Planning & Design Institute Limited (CMPDI) is a Government of India enterprise
having its corporate headquarters at Ranchi in India. It is fully owned subsidiary of Coal India
Limited (CIL).
The function of CMPDI is the consultancy and support for mineral exploration, mining,
infrastructure engineering, environmental management, and management systems, especially to
the mineral, mining and allied sectors.
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1.1.4.9 The Marble Development and Conversion Rules,
2002
These rules cover the conservation, systematic development and scientiﬁc mining to conserve the
marble resources in India, and to provide a uniform framework for systematic and scientiﬁc exploitation
of marble in India. It also provides provisions for employment in mines and adopting
environment-friendly mining methods.
There are several other bodies and laws which ensure smooth operation of mining activities in
India.

1.1.4.10 Skill Council for Mining (SCMS)
The Skill Council for Mining Sector (SCMS), promoted by the federation of Indian Mineral Industries
(FIMI) and supported by Ministry of Mines, was established to develop skill competency standards and
qualiﬁcations in Mining sector, benchmark it with national and international standards and to work with
the mining industry.
SCMS aims at training and up-skilling approximately 4.50 lakh people for mining industry including 50
thousand new inductees to make them employable within a period of 10 years.

UNIT 1.2: Basic knowledge about mining
1.1.2 Mining Basics
Let us get familiar with some basic terms:
• Minerals: Naturally occurring chemical elements. The following shows examples of minerals.

Fig. 1.2.1. Minerals
Fig. 1.1.2. Minerals
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UNIT 1.2: Basic knowledge about mining
•

Rocks: Compounds of minerals. The following shows the process of forming rocks.

*
*

Heat

*
Minerals

Pressure

Long Duration

Fig. 1.2.2 Formation of rocks

The following ﬁgure shows examples of rocks.

Fig. 1.2.3 Example of Rock
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•

Ores: Rocks containing minerals or metals which can be recovered and used as resources. The
following shows the process of forming ores.

*

Heat

*
*

Pressure

Chemical
Activities

Rocks

Ore

Ore Generation

Fig. 1.2.4 Formation of ores

The following picture shows examples of ore.

Fig. 1.2.5 Example of Ores

•

Artiﬁcial Minerals: Created by people in industries. These are not technically minerals but are
treated similarly during processing in factories. The following show some examples of artiﬁcial
minerals.
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Following ﬁgure show some examples of artiﬁcial minerals:

Fig. 1.2.6 Example of artiﬁcial minerals

1.2.2 Types of Mines
Mining operations can broadly fall under one of the below two categories:
• Surface Mining
• Underground Mining

1.2.2.1 Surface Mining
Surface mining is conducted on the surface of the ground. Surface mining can be of the following kinds:
Open-Pit Mining
Open-pit mining is a type of strip mining in which the ore deposit extends very deep in the ground. Here,
the top layer of overburden is removed leaving a large pit to extract deposits such as coal. following
picture shows an open-pit mine.

Fig. 1.2.7 Open pit mine
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Strip Mining
Here, the overburden is stripped and placed onto an area which has already been mined out. The
following shows strip mining.

Fig. 1.2.8 Strip mining

Quarrying/Cutting
This is an open-pit mine to extract stones or rocks such as marble or granite. The following shows a
quarry.

Fig. 1.2.9 Quarry

Mountaintop Removal Mining
This is the removing of overburden on a mountain-top to an adjacent valley. The following shows a
mountaintop removal mining.

Fig. 1.2.10 Mountain top removal mining
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Placer Mining
This is mining of river deposits for minerals. The following shows placer mining:

Fig. 1.2.11 Placer mining

Dredging
This is extracting minerals such as gold from sand, gravel, dirt using water and machines. The following
shows dredging:

Fig. 1.2.12 Dredging mining
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Hydraulic Mining
This is mining with high-pressure jets of water to remove rocks or sediment to mine minerals. The
following shows hydraulic mining:

Fig. 1.2.13 Hydraulic mining

1.2.2.2 Underground Mining
This is mining for rocks under the ground. Underground mining can be of these types:
Sub-Surface mining
Here, mining is conducted underground. The following shows sub-surface mining:

Fig. 1.2.14 Sub surface mining
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Drift mining
Here, mining is conducted horizontally underground. The following shows drift mining.

Fig. 1.2.15 Drift mining

Shaft mining
Here, mining conducted vertically underground. The following picture shows shaft mining.

Fig. 1.2.16 Shaft mining

Slope mining
This is when shaft mining is done in a sloping way. The following picture shows slope mining.

Fig. 1.2.17 Slope mining
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Room and pillar
In this mining system, the mined material is extracted across a horizontal plane, creating horizontal
sets of rooms supported by pillars. The following picture shows room and pillar mining.

Fig. 1.2.18 Room and pillar mining

Long wall mining
In this form of mining, a long wall of coal is mined in a single slice. The following Picture shows long
wall mining.

Fig. 1.2.19 Long wall mining
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1.2.3 Phases in Mining
A mining project is done in multiple phases, from locating an area with deposits that can be mined, to
closing a mining area. The following shows the various phases in mining:

Exploration
•
•
•
•
•

Determining volume of deposit
Surveys
Field studies
Drilling test Boreholes
Exploratory excavations

Development
• Construction of access road
• Site preparation and cleaning

Active Cleaning
•
•
•
•

Open-pit mining
Placer Mining
Underground Mining
Reworking of inactive or abandoned Mines

Disposal of Overburden and Waste Rock
• Removal ofcover soil or rock for access to ores or deposits

Ore Extraction
• Use of Machinery
• Transportation of Ore

Beneﬁciation
• Grinding the ore and separating relevant metal from the other Material
• Milling Techniques
• Chemical Technique

Tailing Disposal
•
•
•
•

Disposal of Waste or tailings
Tailings pong
Dry Tailing disposal
Sub-marine trailing disposal

Site Reclamation
• Closing of mining facilities
• Restoration of pre-mining conditions
Fig. 1.2.20 Key phases in mining
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1.2.3.1 Activities in Surface and Underground Mining
The following are the steps of mining operations in surface mining and underground
mining:
Surface mining1- Site preparation
2- Mine Development
3- Ore Breakage / Overburden Removal
4- Drilling
5- Blasting
6- Excavating / Loading
7- Haulage
8- Beneﬁciation
9- Further Processing
Underground Mining
1- Site preparation
2- Mine Development
3- Room Pillar / Longwall technique for ore exctraction
4- Ore Breakage (in Room Pillar) / Continue mining (Longwall)
5- Drilling
6- Blasting
7- Loading
8- Haulage
9- Beneﬁciation
10- Further Processing
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1.2.4 Key Mining Terms and Deﬁnitions
You will frequently come across these words in the course of your training and also during your
employment.
• Abandoned mine: A mining area that is sealed and deserted and where mining activities no longer
take place
• Air blast: A strong rush of air in a mine, caused by an explosion. Can contain hazardous gases
• Air shaft: A vertical opening into a mine to let in air for ventilation
• Airway: Any passage in a mine through which air current can pass
• Bedrock: The hard rock found under river beds or alluvium deposit
• Bench: A horizontal section of coal seam separated by slate or formed during the process of
cutting coal
• Black damp: Carbon dioxide gas which can be hazardous
• Blazing: The technique of breaking rock by making a hole in it, ﬁlling it with explosives and ﬁring.
• Bore hole: A hole of small diameter drilled to explore the layer of rocks ahead
• Brusher: A mine worker who repairs the roofs, sides or ﬂoor of a passage in a mine
• Cautionary Zone: A zone in which the mineral deposit lies within a speciﬁc distance from
any source of danger such as water
• Chamber: An underground excavation area from which coal or other deposit is mined
• Choke damp: Carbon monoxide and carbon dioxide, which can be hazardous gases
• Colliery: A coal mine
• Crushing: Operation on rocks post blasting to break the rocks
• Cut: A hole or groove excavated on the deposit to prepare for blasting
• Detonator: A device for initiating the explosive for blasting
• Drilling: Making holes in rocks
• Face: The exposed vertical part of rock
• Loading: Putting blasted material on trucks or conveyor belts for transportation to
processing centre
• Overburden: The material above the mineral deposit that needs to be removed to reach the
deposit
• Rock faced: The natural face of the rock
• Rubble: Irregular shaped stones
• Shake: A fracture that occurs across the surface of a rock and breaks it across the plane of
cleavage
• Vent: A hole or gap which indicates a source of weakness in the stine
• Water blast: Explosion of water under pressure, which happens when trapped air expands as
water level is lowered
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1.2.4.1 Common Tools for Quarrying
Following are some common tools for quarrying:
•
•
•
•
•
•
•
•
•
•
•

Axe: A tool with head of steel which is tapered on one or both ends, and ﬁtted with a wooden handle
Boaster: A broad-faced chisel for dressing a stone
Box trammel: A tool for scribing parallel or circular lines
Bush hammer: A tool with 4 to 10 thin blades of steel ground to an edge and bolted together on a
handle
Chisel: A steel tool with a plain shaft and a cutting edge
Circular saw: A machine with a power-driven revolving steel disc for cutting stones
Dummy: A mallet with a head made of lead or zinc to be used with wooden handled chisels
Fillet saw: A small saw with adjustable handle
Pick: A tool made of hard tempered steel tapered to a point at one or both ends, and ﬁtted with a
wooden handle
Splitter: A hammer-headed tool 8 to 10 cam wide for cutting an edge
Tracer: A large chisel for tracking a shallow groove along a series of holes for splitting a mass of
rocks

UNIT 1.3: Mining Equipments
1.3.1 Machine Used in Mines
Surface mining requires the use of a number of machines and tools. Following are some of the
most important tools used.

1.3.1.1 Diamond Wire Saw
A wire saw is a machine powered saw that uses diamond embedded beads on a metal wire to cut through
stones. It uses continuous scratching or rubbing to cut hard stones into large blocks. The wire passes
around a ﬂy wheel and is carried on pulleys to the part of the quarry where the cutting is to be done.

Fig. 1.3.1. A diamond wire saw
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1.3.1.2 Air Compressor
In mines, air compressors are used as a source of electricity for powering drilling machines, conveyor
belts or other machines. They are also used for supplying oxygen in underground mines. The following
ﬁgure shows an air compressor.

Fig. 1.3.2. A Air Compressor

1.3.1.3 Jackhammer
This is an electrical tool that includes a hammer along with a chisel. With electricity the hammer strikes
the chisel back and forth. Sometimes jackhammer also use compressed air supplied by an air
compressor. The jackhammer is used for breaking rocks. The following ﬁgure shows a jackhammer.

Fig. 1.3.3. A Jackhammer

25
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1.3.1.4 Hydraulic Drill
This is a machine to drill holes on rocks. This machine is powered by hydraulic oil instead of compressed
air or electric motor. The following ﬁgure shows a hydraulic drill.

Fig. 1.3.4. A Hydraulic Drill

1.3.1.5 Derrick Crane
This is a rock lifting machine with a long tower. It is mostly ﬁxed at a location. The tower helps in moving
large pieces of rocks from one location to a nearby location.

Fig. 1.3.5. A Derrick Crane
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1.3.1.6 Loader
A loader is a heavy machine with a bucket like front. This is used to scoop heavy material and move it
from one place to another.

Fig. 1.3.6. A Loader

1.3.1.7 Chisel
This is a tool with a long blade which has a cutting edge. The blade is attached to a handle. This can
be used to cut or shape rocks, or create fractures on the face of the rock.

Fig. 1.3.7. Chisel

1.3.1.8 Wedge
This is a simple tool, triangular in shape with two inclined planes meeting on a sharp edge. Wedges
can be used to push to pieces of rocks apart.

Fig. 1.3.8. Wedge
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1.3.1.9 Hammer
This is a machine to drill holes on rocks. This machine is powered by hydraulic oil instead of compressed
air or electric motor. The following ﬁgure shows a hydraulic drill.

Fig. 1.3.1.9. A Hammer

1.3.1.10 Water Pump
Most mines use a water pump to supply high pressure water for cutting and ﬂushing rocks. Following
ﬁgure shows a water pump:

Fig. 1.3.10. A Water Pump

1.3.1.11 Excavator
This is a big and heavy earth moving track mounting machine which includes under carriage, machine
room, operator’s cabin, boom & stick ﬁtted with a bucket as front attachment. The complete machine
with boom, stick and bucket can swing / rotate full circle on a platform. The platform sits on swing
gear powered by swing motors. The propel mechanism for traveling is also powered by hydraulic
motors, which drives under carriage.
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These are used in many ways, including loading trucks and removing overburden. The following ﬁgure
shows an excavator:

Fig. 1.3.11. An Excavator

1.3.1.12 Hydraulic Jacks
A hydraulic jack is a machine which uses hydraulic power to lift heavy load or equipment by applying
force. These can crush or break huge chunks of rocks.

Fig. 1.3.12. A Hydraulic Jack

1.3.1.13 Wagon Drills
This is a machine that uses air pressure for rock drilling and blasting. The following ﬁgure shows a
Wagon Drill

Fig. 1.3.13. A Wagon Drill
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1.3.1.14 Diamond Belt Saws
This is a huge cutting or sawing machine for making vertical or horizontal cuts. The tool has a special
plastic belt with diamond segments.

Fig. 1.3.14. A Diamond Belt Saw

1.3.1.15 Chain Saw
A machine with a toothed blade that can cut rocks vertically or horizontally. Chainsaws can be of various
kinds. Mines use a type which has cutting edge of the blade embedded with diamond. The chain is
lubricated with water. The following ﬁgure shows a diamond belt saw.

Fig. 1.3.15. A Chain Saw
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1.3.1.16 Tipper
A tipper is a truck used for transporting loose material. The following ﬁgure shows a tipper.

Fig. 1.3.16. A Tipper

1.3.2 Basic Electricity Concepts
Most of the mining machinery today runs on electricity or motors. Understanding some basic electricity
and motor concepts is crucial to understanding how the machines work or perform basic
troubleshooting when required.

1.3.2.1 Common Electricity Terminolgy
In this section, some commonly used electricity concepts such as current, direct (DC) and alternating
current (AC), voltage, resistance and electric circuit is explained.

1.3.2.1.1 Electric Current
Electric current is the ﬂow of charged particles, just as water current
is the ﬂow of water in a particular direction. Charged electric
particles in an electric current are electrons.
Electrons ﬂow through a conducting medium such as metal or wire.
For electricity to ﬂow, there must be a force to push them. This push
or force is called voltage. The following ﬁgure shows the ﬂow of
electric current.
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Fig. 1.4.17 Electric Current
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1.3.2.1.2 Voltage
Voltage is the force needed to make electricity ﬂow through a conductor. This is also known as
electromotive force (emf). Voltage is measured in volts and is represented by symbol ‘V’ or ‘E’. The
bigger the voltage, the more current will ﬂow. A battery can be used to provide voltage.
A 12 volt battery will produce more current than a 1.5 volt battery. Voltage
is measured by a voltmeter. The following ﬁgure shows a voltmeter.

Fig. 1.3.18. A Voltmeter

The ﬂowing electric current is measured with an ammeter. Electric current is measured in amperes or
amps (A), and is denoted by symbol (I). Following ﬁgure shows an Ammeter.

Fig. 1.3.19. An Ammeter
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1.3.2.1.3 Power and Energy
Together voltage and current provide power. The more the voltage and the current, the more power
it will provide. Electric power is measured in watts. Power is how much energy a machine is using per
second. To ﬁnd the total energy an electric machine uses, we use the formula:
Energy = Power X total number of seconds the machine is used for
Electric Energy is measured in kilowatt per hour (kWh).

1.3.2.1.4 Electric Circuits
To create an electric current to ﬂow in a conductor, we
need a circuit. A circuit is a closed path or loop within
which the electric current ﬂows. A circuit can be made
using a voltage source (such as a battery), conductors
(such as wire). We can add an electrical load, which is
the section that would consume the energy (such as a
bulb, a machine or appliance). We can also add switches
that will help us control the ﬂow of electrical current.
See in Fig. 1.3.21.

Fig. 1.3.20. A Complete Circuit

1.3.2.1.5 Resistance
Most materials have an in-built property to oppose the
ﬂow of electricity. This is called resistance. This is
represented by ‘R’. It is measured in ohms, with an
instrument called ohm meter. The following ﬁgure shows
an ohm meter.

Fig. 1.3.21. An Ohm Meter

As mentioned, ﬂow of electric current is dependent on voltage.
Voltage can be calculated as:
Voltage (V) = Electric Current (I) X Resistance (R)
In other words,
I = V/R
From this we can say that:
1- More the voltage, more the electric current
2- More the resistance, less the electric current
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1.3.2.1.6 Direct and Alternating Current (DC and AC)
Electricity can ﬂow in two ways.
• Direct Current: When electricity always ﬂows in the same direction, it is called direct current (DC).
Some machines and motors use DC current. Batteries create a DC current as electrons ﬂow from
the ‘negative’ end of the battery to ‘positive end’ as shown in the ﬁgure below:

Fig. 1.3.22 Electric Current

•

Alternating Current: In this type, the electrons can constantly reverse their direction many times in
a second. Though it may seem impossible, but this ﬂow is so quick that the machines or
appliances can use this well to work.

The following ﬁgure shows direct current and alternating current.

Fig. 1.3.23. DC and AC current
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1.3.2.2 Handling Machines
Machines are an important part of work in mines. However, it is also important to be careful and
alert while using them. Carelessness while using machines or malfunctioning of machines can lead to
several kinds of hazards. Some of these hazards are listed below ﬁgure.

Electrical Hazards
• Hazard when a machine is malfunctioning and gives electric shock
• Hazard when a worker touches a bare electric circuit or socket by mistake

Trapping Hazards
• Body Part drawn between two counter rotation parts
• Clothes, hair, jewelry, cleaning rages and other items entangles in
machine parts

Impact Hazards
• Being struck by moving parts of a machine
• Being caught between two moving or one moving and one ﬁxed part of a
machine

Cutting Hazards
• Hazards during using cutting tools such as saws, boring or drilling machines,
water jets or other sharp material
• Injuries due to ﬂying chips or scrap material striking head, eyes or other
body part

Heat or cold Hazard
• Contact with extreme heat or cold part of machine
• Contact with a machine part which have been in motion or running for a
long time

Noise Hazards
• Hazard when a work location is typically noise and the worker does not
have enough safety equipment
• Hazard with malfunctioning machines which suddenly makes noise to
which the worker is exposed to

Location of Machine Hazards
• Hazard while large machines are being moved from one location to other
• Hazard when a huge machine is not placed on stable or level ground
Fig. 1.3.24. Hazards due to machines and equipment
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1.3.2.1.7 Electromagnetism
You may have seen a magnet. A magnet has two ends called North Pole and South Pole. The north pole of
a magnet attracts the south pole of a second magnet. On the other hand, poles of similar kind repel each
other. A magnet creates an invisible area of magnetism called a magnetic ﬁeld. You can create a
temporary magnet by passing electricity through a coil wrapped around an iron object such as a nail.
These temporary magnets are called electromagnets:

Fig. 1.3.23.1 A Simple Electromagnet

When an electric current ﬂows in a wire, it generates a magnetic ﬁeld around it. Similarly you can use
a magnet to generate electricity. This is called electromagnetism.
An electromagnet is a magnet that can be switched on or oﬀ using electricity.

1.3.2.1.8 Electric Motors
An electric motor is a machine that turns electricity into mechanical energy to make the motor spin. It
uses electromagnetism to work. This can in turn make a machine work.
A DC motor is one that converts DC electrical power to mechanical power. Its speed can easily be
controlled by varying the supply of voltage or changing the strength of current. However, machines with
DC motors are likely to lead to ﬁre, electrical shock in inﬂammable circumstances, and need more
maintenance.
An AC motor is driven by alternating current. AC motors typically require more batteries, and machines
with AC motors are more expensive. However, they are more reliable and can run for longer time.

Fig. 1.3.25. A Simple Electromagnet
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1.3.2.3 Safe Handling of Machines
It is important to be careful while handling machines. following are some steps that should be taken by
organisations to minimize machine and equipment hazard risks.
•
•
•
•
•
•
•
•

Only trained and qualiﬁed workers take up the tasks of operating, clearing blockage, clearing,
adjusting, setting up, maintaining, repairing or working of a machine.
The heavy equipment or machines area is properly demarcated and all authorized worker are trained
on usage and safety measures of handling machines.
Machines are well tested and installed correctly. There should be no electrical leakage, undesirable
water logging or open wires around the machine.
It is ensured that heavy machines are set up stably and ﬁrmly on ground before usage.
Machines are transported from one place to another place carefully.
Proper safety equipment and clothing is used while operating a machine or working in a hazardous
work location such as a mine.
Malfunctioning machines are not used and any malfunction is reported and repaired immediately.
In workplaces with loud noise, worker should be trained on communicating with hand gestures or
signs, and the schedule for using explosives or dangerous machinery must be made known to all

UNIT 1.4: Duties and Responsibilities of a Mine Welder
1.4.1.1 Job Responsibilities of a Mine Welder
Following are the key job responsibilities of a Mine welder.
Understand the job requirements from the supervisor.
Understand drawing and blue print and able to read or take measurement to plan procedure
and layout.
Identifying correct welding machine and hand tools to perform the job
Conduct pre checks to ensure the welding machine and other equipment are safe to use.
Setting of welding parameters according to the speciﬁcation.
Perform welding eﬃciently according to the requirements
Test and inspect welded surface to detect quality of weld.
Able to repair and maintenance of welding machine and accessories equipment.
Be aware of the hazards and take precautionary measures.
Report any problems, near miss, incident or accident to the supervisor.
Understand and comply with the health and safety measures required in mines.
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1.4.1.2 Key Professional Skills
This job requires the operator to concentrate on the job at hand and complete it eﬀectively and
eﬃciently without any accidents. Following are some of the required competencies expected in the
job role of mine welding:
Diligence

Attentiveness and ability to focus

Quick reﬂexes and high level of alertness
Ability to work long hours in hazardous and
stressful conditions
Time Management and periodization
skill

Communication Skill
Capability to work in teams

Fig. 1.4.2. Key competencies of a Mine Welding
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Notes
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Briefly Answer the Following Question
List ﬁve key professional skills required in mining welder?

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------What are the roles and responsibilities of mine welder?

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------What is electric circuits?

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Describe diﬀerent types of hazards while handling machines?

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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2. Awareness of Job and Related
Equipment to Complete the
Task

SCMS
Unit 2.1- Introduction
Unit 2.2 - Metal identification
Unit 2.3- Filler material consumption
Unit 2.4- Welding defects

Participant Handbook

Key Learning Outcomes
At the end of this unit, you will be able to:
1.
2.
3.
4.
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UNIT 2.1: Introduction
Welding is the process of joining together two pieces of metal so that bonding takes place at their
original boundary surfaces”. For good welding the welder must know about the process, ﬁller material
to be used and gas /power supplies. Before welding the welder ensure that the right ﬁller material is
used, correct quality and suﬃcient quantity of electric power/ gas supply is available and equipment
should be of required type and good working order.

UNIT 2.2: Metal Identification

Table-2.2 Metal Identification
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2.2.1 Type of Tests for Metal Identification
Spark Test
This test is very important for identifying the type of steel and determining its approximate carbon
content. For conduct of this test hold the sample lightly against the grind stone and analyses its color,
shape and length of spark. In this test it is diﬃcult to tell for unalloyed and low alloyed steels but when
tested together it will show the diﬀerence clearly.

Chisel Test

Fig-2.2.1.1 Chisel Test

Magnet Test

Fig-2.2.1.2 Magnet Test (A)
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Magnet Test

Fig-2.2.1.2 Magnet Test (A)

Fig-2.2.1.3 Magnet Test (B)

Aluminum/Magnesium Test
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Flame Test

Fig-2.2.1.4 Metal Identification (B)

This test is very helpful to ﬁnd out whether the component is of aluminum, magnesium- alloyed
aluminum or magnesium. In this test place the component on a piece of paper and put some shavings
onto the paper. Then hold the paper over the ﬂame and gradually allow the ﬁllings fall into the ﬂame. If
the ﬁling is glow the metal is aluminum. If some of the ﬁlling spark in the ﬂame, then the aluminum is
alloyed with magnesium (seawater resistance aluminum) and if is observed that all the ﬁllings are
sparked then the metal is magnesium and must not be welded.
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UNIT 2.3: Fillers Material Consumption

Table-2.3.1 Symbol for Welding Process
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UNIT 2.4: Welding Defects
For obtaining good weld , welder should be carefully do the welding to minimise common faults .
Evaluation of defects are necessary for analysing of the welding quality .
There are following types of defects are found in welding process.
o Root faults/Incomplete penetration
o Lack of fusion
o Bead edge defects
o Slag inclusion
o Porosity
o Crack of base metal

Fig-2..4.1 Root Fault

Root Faults/Incomplete penetration
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Lack of Fusion

Bead Edge Defects

Slag inclusion

Porosity

Fig-2.4.2 Types of Faults
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Crack of base metal
Heat Cracks

Fig-2.4.2.1 Heat Crack

Shrinkage Cracks

Fig-2.4.2.2 Shrinkage Crack

Hydrogen Cracks (Cold Cracks)

Fig-2.4.2.3 Cold Crack
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heat aﬀected zone (HAZ) immediately adjacent to the molten zone. When combined with hard
phases in the weld and suﬃcient stress it will form cracks. The cracks might occur in the weld and
suﬃcient stress it will form cracks. The cracks might occur long time after welding is completed and
are therefore often referred to as cold cracks.
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Briefly Answer the Following Question
What is filter material?

Why metal identification in needed for welding?

Explain different types of test for metal identification required during welding?

Define weld fault?

Why cracks are formed during welding process?

What is slag?
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3. Prepare the Machine,
Auxiliaries and Work
Pieces for the Welding
Process
Unit 3.1 - The Welding Machine and its parts
Unit 3.2 - Welding Parameters
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Key Learning Outcomes
At the end of this module, you will be able to understand:
1. About weldingmachine
2. Coted electrodes
3. Welding currents
4. Welding roads
5. Power source characteristics
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UNIT 3.1: Descripion of Welding Machine
Now a day's various manufacturers and models of machine are available. However
basic function of all types of arc welding equipment are same. Here we discuss about
typical items of arc welding machine rather than speciﬁc types.
Presently three basic types of welding machine are in use, such as motor-generators,
transformers and rectiﬁers.

Motor generator welding machine
This type of welding machine is powered by diesel, electricity or gasoline. Where
electricity is not available, we can use diesel and gasoline motor. Usually these
machines have capability of generating alternating or direct current.
Basically this type of welding machine is capable of generating alternating current or
direct current.
For general purpose welding machine are made in six standardize rating. They are as
follows
 For light- shielded metal-machine rated 150 and 200 amperes and 30 volts
 For general welding-machine rated 200,300, 400 amperes and 40 volts
 For submerged-arc welding- machines rated 600 amperes and 40 volts

Alternating current transform welding machines
These are mainly of static transformer type which are the smallest and least expensive.
Usually the lightest type of welders made by this type of welding machine. For manual
operation industry are use machines having 200, 300, 400 ampere ratings. Small industries,
garage, and job/shop welding are used machine with a 150-ampere ratings.

Fig. 3.1 AC transformer Welding Machine
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These type of machines are usually ﬁtted with arc stabilizing capacitors. Setting of current is provided in
diﬀerent ways by diﬀerent manufactures. Some machine has set current by turning a crank. Setting of
current by plugging the electrode cable in diﬀerent socket is also available for some machine. Ac
transformer machine is advantage over dc machines as it provides the freedom from arc blow.

Rectiﬁer welding machines
These type of machine have selenium or silicon rectiﬁer to rectify the out current from
alternating to direct current. This type of machine has the capacity of producing either
ac or dc straight or reverse polarity current. The welder can select the current by
ﬂicking the switch.

Fig. 3.1.2. Combination ac, dc transformer-rectiﬁer arc welder.
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Usually welding machine will consist of following items
(I) Power Source: - With controls as per technical speciﬁcation and technical features
(ii)Cooling Unit : - During welding operation welding torch heated gradually as welding progress
continues. So for cooling of welding torch cooling unit is necessary. It contains integral water cooling. If
cooling unit not work properly then welding stop automatically as a precautionary measure. Error
message should be display in the control panel.
(iii) Wire Feed Unit: - This unit consists of wire spool mounting arrangement with braking device. light
weight, compact and rigid wire feeder, a grooved roller drive. It is used for continuous wire feeding.
(iv) Welding Torch: - It should be designed ergonomically to handle cable torch. It is ﬁtted with on-oﬀ
switch and up/down switch for ﬁner adjustment of current if required during welding.
(v) Cables and Hoses: - All cable will be made of copper. cables interconnect between power source
and wire feeder unit. Generally, earthing cable with plug/connector (5.0 m long) and input cable with
plug (10.0 m long) should be used.
(vi) Accessories : - This includes pressure regulator, ﬂow meter, trolley with handle, tool kit consisting of
nozzle cleaner, alley keys, plier for cutting wire and any other accessories as required for welding
purpose.
(vii) Consumables: - This includes contact nozzle, insulation ring, liners, ﬁxing sleeve, spatter guard, gas
nozzles etc.

Basic hand tools and equipment
Generally basic tools for welding are classiﬁed into four categories

Measuring tools
Cutting tools
Driving tools
Holding tools
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Measuring tools: -

Steel tape

Try square

Combination square

Micrometer caliper

Vernier caliper

Divider

Scale
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Cutting tools: -

Hacksaw

Files

Gold chisel

Scraper

Punches

Driving tools: -

Hammer
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Wrench

Screw Driver

Holding tools: -

C-cramp

Vice grip

Tong

Pliers
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UNIT 3.2: Welding Parameters
For doing good welding welder must know about welding parameters. The welding parameters are
1 :- Electrodes
2 :- Electrode angle
3 :- Electrode travel
4 :- Welding rods
5 :- Welding current
6 :- Power source characteristics
7 :- Electrode angle
8 :- Direction of welding

Electrodes
To achieve good quality of welding, electrode should be selected carefully. For this select an electrode
which produces a weld metal quality equal to or better than that of the base material. Properties of
electrodes are diﬀerent for diﬀerent welding positions and types of joints.
The electrode is part of an electronic circuit. To strike an arc the electrode must ﬁrst touch the work
piece. This action cause a short-circuit and the arc is formed when the electrodes is withdrawn
slightly .
The electrode is part of an electronic circuit. To strike an arc the electrode must ﬁrst touch the work
piece. This action cause a short-circuit and the arc is formed when the electrodes is withdrawn
slightly .

Fig-3.2.1 Welding Schematic
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Electrodes for manual arc welding (sometimes referred to as stick welding) consist of a rod
and coating material. As a rule, the alloy in the rod will be similar to the material to be welded.
The rod forms part of the welding circuit, and when it is melted together with the coating
material, it provides the filler which is necessary to obtain a welded joint. The object of the
electrode coating is to provide easy striking and as table arc. The coating material also
contains elements which affect the transport of metal across the arc and provide good
mechanical and chemical properties to the alloy formed between the base material and the
rod core in the electrode. When molten, the coating also provides a gas shield around the
molten pool, which acts as protection against the atmosphere during welding. The coating
elements forma slag when cool which further protects the weld during the cooling down
process. The coating may also contain substances (i.e. iron powder), which increase the metal
depositing properties of the electrode during welding. Electrode size (2.5, 3.2, 4.0mm etc.)
indicates the diameter of the rod core.

Fig-3.2.2 The Coated Electrode
Control of Recovery

By adding metal powder into the coating we can regulate the electrodes recovery (Deposition
rate).
The function of the core rod is to provide electricity to the arc and to melt and become weld
deposit. The coating consisting of metals, minerals and organic substances have several
functions:
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The arc will immediately melt some of the coating and core wire of the electrode tip, and the
gas shield shown in the figure is formed. At the temperatures found in the arc (approx. 7000
0

C) the gas will be ionized, providing good electrical conductivity in the arc. The actual transfer

of metal from the electrode to the work piece is in the form of molten globules of different
sizes depending on the type of electrode used. Some electrodes produce globules that are so
large that they actually short-circuit the arc for a moment.

In these cases, it is of special importance that the welding power source has a fast dynamic
response so that extreme currents and spatter are avoided.

Fig-3.2.3 The Arc
High speed films have been taken of the process in the arc from a coated electrode. These
films indicate that the globules actually explode. When a drop leaves the electrode, the
extremely high temperature behind it causes an explosion-like expansion effect and the metal
is drawn towards the molten pool. This so-called pinch force is stronger than the force of
gravity, and overhead welding is thereby made possible.
As soon as the globule leaves the electrode, it is covered by slag material from the electrode
coating. This drop is then carried through the arc to the molten pool. At this point the slag
separates from the metal, floats up and forms a coating on top of the weld. The core rod in
the electrode melts faster than the coating, and the resulting crater in the end of the
electrode aids directional stability of the weld.
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Usually in welding process standard electrode range contains electrode for :. Cast iron

. Copper and copper alloys
. Aluminum and aluminum alloys
. Air - carbon- arc gouging
. Cast steel
. Mild and low alloy steels
. Heat resistant steel
. Low temperature steel
. Weathering steel
. Stainless and acid-resistant steels
. Tool and machine-part steels

3.2.1 Types of Electrodes
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Welding speed of unalloyed basic electrode is moderate in ﬂat position. When
welding is done vertically upwards it is faster than other types but required higher
current than other types of electrodes. It also provides amount of weld metal
deposited per electrode more than other electrodes. In basic electrodes maximum
fusion rate and higher arc-time factor can be achieved compared to other type
when welding done vertically upwards. It is very diﬃcult to remove slag from the
weld. When basic electrode is used slag inclusions is usually small as compared to
other electrode.
By using the basic electrode, we can achieve good toughness even at low
temperatures and higher hardenability of the steel. we can minimize hot cracks or
cold cracks by using of basic electrode as compared to other.
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Fig-3.2.1 Welding Process
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3.2.2 Electrode Angle

Fig-3.2.2 Electrode Angle

3.2.3 Direction of Electrode

Fig-3.2.3 Electrode Travel

67

Participant Handbook

3.4.1 Welding rods
The rod forms part of the welding circuit and when it is melted together with the coating
material, it provides the ﬁller which is necessary to obtain a welded joint. Usually rods are
supplied in sealed plastic containers. All rods are supplied in 500 mm lengths for convenient
use. The label on each container fully identiﬁes the contents and also gives rod data and
basic information on application areas and use.

Fig-3.4.1 TIG Welding Process

3.4.2 Welding Current

AC as Welding Current
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DC as Welding Current

Fig-3.4.2.1 Current Cycle

3.4.3 Basic Principles
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Fig-3.4.3 Welding Process

3.4.4 Power Source Characteristics

Fig-3.4.4 Power Characteristics
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The two basic types of static characteristics are constant current (CC) and constant voltage

(CV}.
•

Constant current characteristic (CC)

Machines with constant current characteristic are designed to keep the welding current
approximately constant, with variations within a narrow range when the arc length, and
thereby the arc voltage, increases or decreases. The optimal current variation range is
different for different processes.
For TIG welding a steep characteristic with very little current variation is best. For Air Carbon
Arc gouging a flatter characteristic, with more current variation and high short circuit current,
is preferred. Welding with coated electrodes needs characteristics between these two.
Some welding power sources will have adjustable characteristics to enable the welder to
choose exactly the characteristic suited for the job at hand, as shown in the figure below.
•

Constant voltage characteristic (CV)

This characteristic is used only for the Wire Welding process when a wire feeder with constant
feed speed is used.
The power source will attempt to keep a constant arc voltage by increasing/ decreasing the
amperage as the arc length shortens/ increases, and the characteristic curve will therefore
be practically flat.
This characteristic is required for gas metal arc welding in the short arc range, and will also
offer advantages in the spray arc range.

SELECTING POWER SOURCE
The four most important considerations when choosing a welding machine for use on board
are:
•

Construction and operation must meet all requirements with regard to operator
safety, including special requirements to current type (AC/DC) and open circuit voltage
that exists for welding machines used on board.

•

Machines must be suitable for the special environment and must be able to handle
the special and varying voltages provided by the vessels' power supply.

•

As welding is only one of many skills which must be mastered by a mechanic, operation
should be simple and should provide ease of welding so that continual practice should
not be necessary to achieve good results.
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•

A welding machine must be able to supply sufficient power, and be able to handle all
the necessary welding jobs that are needed on board.

By choosing a welding inverter or rectifier (DC arc welding) from the range, the first three
points on our check list will normally be fulfilled, and the remaining question is the size and
capacity of the machine. The choice will depend on how well prepared you wish to be to cope
with unexpected repair on board, the efficiency and quality required in general repair work
and also the welding processes to be handled by the power source.

Notes
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Briefly Answer the Following Question
What are the different parts of welding machine?

What is coated electrode?

Explain different types of electrodes?

Define welding current?

What is the difference between electrode and welding rods?

Explain power source characteristic of welding process?
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4. Conduct the Welding
Process and Weld
the work Pieces
Unit 4.1 - Electrode Welding & Gouging
Unit 4.2 - TIG Welding
Unit 4.3 - Wire Welding
Unit 4.4 - Ac/Ox cutting, welding, brazing
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Key Learning Outcomes
At the end of this module, you will be able to understand:
1. Electrode welding and gauzing
2. Welding types and techniques
3. About brazing
4. Gas welding and cutting procedure
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UNIT 4.1: Electrode Welding & Gouging
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Fig-4.1.1 The Arc Welding Circuit

Fig-4.1.2 Practical Setup
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UNIT 4.2: TIG Welding

4.2.1 Introduction

Fig-4.2.1.1 TIG Welding Setup

79

Participant Handbook

Fig-4.2.1 TIG Welding Setup

4.2.2 Shielding Gas
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•

To protect melt pool and electrode during cooling after the arc is broken.

Argon has proven to be the most suitable gas for this purpose. It is a colorless and odorless
inert gas, heavier than air, non- toxic and nonflammable.
It is obtained from air which contains approximately 1% argon.
For the TIG process, a purity of 99.95% is commonly used.
It is necessary to adjust the gas flow and a regulator with flow-meter is therefore needed.
It is necessary to have a flow-meter that functions correctly also when positioned out of
vertical.
Note that when welding stainless steel, it may also be necessary to use backing gas to
protect the backside of the weld from the oxidizing effect of the air.
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4.2.3 Welding Techniques

Striking the Arc

Fig-4.2.3 Striking The Arc
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Welding

Fig-4.2.4.2 Forehand Technique

Use of Filler Material

Fig-4.2.4.3 Welding Upwards
Forehand Technique

Finishing the Bead

Fig-4.2.4.4 Finishing The Bead
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4.2.4 Edge Preparation

Table-4.2.4.5 Joint Characteristics
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4.2.5 Contaminated Tungsten Electrode

Fig 4.2.5.1 Cleaning The Electrode

Contaminated Weld Pool

Fig-4.2.5.2 Weld Pool
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Table-4.2.5.2 Joint Characteristics

Fig-4.2.5.4 Backing Gas Tool
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UNIT 4.3: Wire Welding

4.3.1 Introduction
Wire welding is a welding process where electrode in wire form is fed through welding torch passing a tip
supplying the welding current. The melting wire is transferred to the pool through the arc that is shielded
by gas. To prevent oxygen from the air oxidizing the pool, shielding gas is necessary.

Fig-4.3.1.1 Wire Welding Setup
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4.3.2 Basic Principle

Fig-4.3.2.1 Types of Wire

Fig-4.3.2.2 Wire Welding Process
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Metal transfer with the GMAW process is by one of two methods: Spray Arc or Short Circuiting
Arc

Spray Arc
The Spray-Arc is recognized by a relatively intense
arc between the welding wire and the work piece.
The metal transfer is in the form of a continuous
spray of molten metal droplets from the wire tip
through the arc to the surface of the melted pool.
The arc is almost spatter free and provides deep
penetration in the base material. The deposit rate
is high, and this arc type is recommended for
material thickness above 3 mm.
To obtain a spray -arc it is necessary to have welding

Fig-4.3.2.3 Spray arc Welding

current above a certain minimum value, the transition current. This current level depends on
the shielding gas, (consisting of minimum 80% Argon or Helium), the alloy and the size of the
welding wire. As a guideline a 0.8 mm solid steel wire will provide a spray a re if the welding
current is above approximately 150 Ampere. At currents below this level the steady spray will
consist of gradually larger droplets until a spray no longer canbe maintained, and the shortarc is established.

Short Arc
Short Arc is also called short circuit transfer. No metal is transferred through thearc with this
technique, but is instead transferred through rapid short circuits between wire and work
piece. The wire touches the work piece and the welding current increases immediately,
melting of a drop of filler material. As this drop is melted off the arc is re-est ablishe d, heating
wire tip and base material until the wire feed speed again pushes the wire into contact with
the work piece. This sequence repeats itself continuously approximately 100 times per
second, providing a concentrated arc with low heat input to the work piece and rapidly
solidifying deposit. The short-arc method is therefore excellently suited for sheet metal
welding, and also for bridging large gaps in poorly aligned joints. The rapidly solidifying
deposit also makes short-arc welding easy in any welding posit ion.
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Fig-4.3.2.4 Short Circuiting (Short arc welding)
Flux Cored Arc Welding (FCAW) Self-Shielded.

In flux cored arc welding the heat is obtained from an arc between a continuous flux cored
wire and the work. The flux provides gas shielding for the arc and a slag covering of the weld
deposit.
The self-shielded flux-cored arc welding process is a development from the shielded metal arc
welding. The versatility and maneuverability of stick electrodes in manual welding stimulated
efforts to mechanize the process allowing a continuous wire electrode to be used. A
continuous electrode would eliminate the welding time lost in changing electrodes and would
eliminate the material lost in electrode stubs. The main problem with a continuous coated
electrode is to find suitable means of making electrical contact with the core wire and coiling
it without cracking the brittle coating. The need for a continuous arc welding electrode led to
the development of the self-shielding flux cored wire where the material needed for shielding
is contained inside the core of a hollow wire. The "inside-out" construction of the flux cored
wire solved both problems. Continuous electrical contact can be made with the wires at any
distance from the arc and they can be coiled and packaged on any of the standard spools used
for filler wire. The outcome of these efforts was the development of the semiautomatic and
full-automatic processes for welding with continuous flux-cored tubular "wires". Such wires
contain in their cores the ingredients for fluxing and deoxidizing molten metal and for
generating shielding gases and vapors and slag coverings.
In essence, semiautomatic welding with flux-cored wires is equivalent to manual shielded
metal-arc welding with an electrode several feet long instead of one of a few inches. By the
press of the trigger completing the welding circuit, the operator activates the mechanism that
feeds the wire to the arc. He uses a welding gun instead of an electrode holder, but it is
correspondingly light in weight and easy to maneuver. The only difference being the weld
metal of the electrode surrounding the shielding and fluxing chemicals, rather than being
surrounded by them. In the flux-core arc welding process, partial shielding is provided by
vaporization of ingredients of the flux, which form a protective gas covering of the weld pool.
When molten weld metal is transferred across the arc, it may not be completely covered by
molten flux since the metal surrounds the flux, as both are heated. This means that some
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oxidation and nitrogen pickup may occur before the metal enters the weld pool. However, as
opposed to the gas-shielded flux cored process, the self-shielded flux-cored process does not
depend on gas shielding, it can operate satisfactorily outdoors where strong air currents are
encountered.
The self-shielded flux cored process is characterized by long wire extension beyond the
contact tip (stick out). Extensions from 6 mm to 30 mm are used depending upon the
application.
Welding equipment for Gas Metal Arc Welding (GMAW) can in most cases also be used for
Self Shielded Flux Cored Arc Welding with small modifications (wire feeder rolls should be
knurled, insulation nozzle instead of gas nozzle etc.). Also note that self-shielded flux cored arc
welding takes place with welding torch connected to minus (-) polarity. Wires for selfshielded flux cored arc welding are available in standard sizes from 1 mm to 4 mm in mild
steel and in some low alloy steel.

Fig-4.3.2.5 Flux Cored Arc Welding
Flux Cored Arc Welding {FCAW) Gas-shielded.
The gas-shielded flux-cored process may be looked
upon as a hybrid between self-shielded flux-cored
arc welding and gas metal - arc welding. Tubular
electrode wire is used as in the self-shielded
process, but the ingredients in its core are for
fluxing, deoxidizing, scavenging, and sometimes
alloying additions, rather than for the generation of
protective vapors. In this respect, the process has
similarities to the self-shielded flux-cored wire
process, and the tubular wires are classified by the
AWS along with wires used in the self-shielded
process. On the other hand, the process is similar to
gas metal-arc welding in as much as a gas is
separately applied to act as an arc shield.
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This type of welding provides high deposition
eﬃciencies, high deposition rates, and operating
factors. usually this process is used for welding stainless
steel, mild steel, low alloy steels. It is possible to
welding from all position by using this process of
welding and is adopted to welding of wide variety of
joints.
Maintaining the Arc

Fig-4.3.2.7 The Arc
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are used. It is not, however, possible to use such a combination if welding in the short-arc
area is required, as the mechanical adjustment of feed speed will be to slow to maintain a
proper short-arc.

Application Areas
GMAW and FCAW processes cover a wide range of applications known from MMAW (coated
electrodes) and partly also the TIG process. Among the most distinct advantages of the
processes are:
Welding technique is easy to learn.
•

High quality welds.

•

High deposition rate.

•

No slag, or for FCAW very little slag.

•

Unique advantages for sheet metal and aluminum welding.

The last may be the most important advantage for repair and maintenance applications, as
especially aluminum welding with gas or coated electrode is difficult and requires
considerable experience and skill from the welder. The only other alternative, TIG, need
special equipment and is only usable on materials of limited thickness.
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Fig-4.3.3.1 Spatter Removal

Preparation for Welding

Fig-4.3.3.2 Contact Tip

Preparing the Equipment
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Mounting the Wire Spool

Fig-4.3.3.2 Preparing Wire Tip

Fig-4.3.3.3 Worn Contact Tip
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Fig-4.3.3.4 Arc Start

Shielding the Workplace

Welding Technique
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Wire Stick Out

Fig-4.3.3.5 Welding Setup

Travel Speed and Direction
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Backhand Technique:

Forehand Technique:

Torch Angles

Fig-4.3.3.7 Torch Angle

Fig-4.3.3.8 Vertical Welding
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Weaving

To obtain a wider deposit than obtainable with a straight welding pattern, the torch may be
moved along the groove in a side to side movement (weaving). When this technique is used
the side to side movement must be stopped shortly at each side to ensure sufficient deposit
at the sides of the weld. Weaving in a continuous movement may easily result in insufficient
deposit and undercut, which will weaken the joint considerably.

Arc Starting and Stopping
When starting the arc on a cold work piece, penetration may be insufficient to provide
sufficient binding for a short moment before the weld pool is properly established. To avoid a
weakness in the joint the arc may either be started on a plate attached to the work piece at
the beginning of the joint, or the welder may increase the heat input . This may be done by
starting the arc approximately 2-3 cm after the beginning of the weld, moving the arc quickly
back to the actual starting point and continue welding over the slightly preheated area.
Reduced electrode stick out for the first 1-2 cm will further improve heat input. When
finishing the weld, the heat input should be reduced to reduce penetration depth and weld
pool size. This may be done by increasing travel speed and/or stick out the last 3-5 cm of the
weld, and releasing the torch switch immediately when the stop point is reached. Keep the
torch in position over the weld until gas flow stops, in order to protect the deposit until the
metal has solidified.
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4.3.3 Edge Preparation

Table-4.3.3.1 Position Welding (A)

Table-4.3.3.2 Position Welding (B)
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Table-4.3.3.3 Position Welding (C)

Table-4.3.3.4 Position Welding (D)
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Table-4.3.4.5 Position Welding (E)

Table-4.3.4.6 Position Welding (F)

102

Mine Welder

Table-4.3.4.7 Position Welding (G)

Table-4.3.4.8 Position Welding (H)
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UNIT 4.4: Ac/Ox Cutting, Welding, Brazing
Fig-MW-080

Fig-4.4.1 Gas Curve (A)

Fig-4.4.2 Gas Curve (B)
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Gas hourse

Fig-4.4.1.1 Gas Hose Description

Faulty Hoses
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Hose Connectors
Hose connectors are required where long length
of hose are used. It should be used properly to
ensure gas tight joint. For this check the leakage
by soapy water. Never forcibly screw the
couplings. Always ensure that correct coupling is
used to connect the welding hoses. Metal
tubing should not be used.
For quick connection of hoses and regulator,
snap coupling can be used. It is specially made
for use with acetylene and oxygen cylinder and
so designed that

Fig-4.4.1.2 Hose Connector
interchange of acetylene and oxygen is impossible.
Right hand threaded coupling is used for oxygen and left hand threaded coupling is used for acetylene
cylinder. For easy identiﬁcation and reducing possibility of interchange, the connecting nut has an
indentation in the corner of the hexagon.

Screw-Couplings for Gas Hoses
This should be made by high grade brass. Never
use metal wires to ﬁx hose to nipples. Good hose
clips should be used.
Generally, the screw couplings are supplied in
sets. Each set consists of two hose sockets with
nuts for connection to gas regulator and torch.
For acetylene left hand threaded nuts and
connection stub are used and marked with a

Fig-4.4.1.3 Screw-Couplings For Gas Hose Joint

groove.
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Quick Connect Couplings
These are mainly used for the use on the cylinder regulators/
ﬂashback arrester and on the outlet stations and ensure quick
and gas tight connection of the hoses without the use of tools.
Male/female connection for acetylene are designed
diﬀerently to avoid connection of wrong gas. Connecting
sleeves are also color coded red and blue for better
identiﬁcation.

Fig-4.4.1.4 Quick Connect Coupling

Lubricants for Gas Fittings

Gas Regulators for Cylinders - It is used in the Gas cylinder to regulate the gas pressure to a
suitable working pressure. For easy identiﬁcation of diﬀerent gas, it should be color coded
generally blue for oxygen, red for
acetylene and black for argon.
Connection
Before connection of regulator ensure the valve is clean and safe to use. Make sure to use
original regulator, never interchange regulator of diﬀerent cylinder. Only original gaskets should
be used and defective gasket should be replaced. Use a thick spanner to avoid damaging the
connection nut for screw the regulator to the
Cylinder valve. Ensure ﬂash back arrester is ﬁtted in each regulator. Note Regulators and other
equipment for oxygen must not be lubricated with ordinary oil or grease, as this brings the
risk of explosion.
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4.4.1 Flashback
Flashback means burn back of ﬂame into the blowpipe. This may cause serious accident. This
occurs if the speed of combustion at one or more places in the ﬂame hole becomes greater than
the speed of gas ﬂow.
A back ﬁre indicate that the ﬂame burns back into the torch with a sharp bang. It may
extinguish the ﬂame and give sign of some fault in the equipment or gas supply.
In a sustain back ﬁre the ﬂame burns back into the torch with continued burning in the mixture,
even at the mixing point itself. a sustain back ﬁre is characterized by an initial bang (back ﬁre)
followed by a whistling or screeching sound from the continued combustion.
Handling of blow pipes in the event of ﬂash back.
In the event of ﬂashback ﬁrst shut the valve of oxygen followed by the acetylene cylinder as
quick as possible.
The blow pipe must be cooled before relighting after a sustained backﬁre.
Never continue welding and cutting before both the equipment and the handling methods
checked thoroughly.
To prevent ﬂashback, ﬂashback arrester and non-return valve should be ﬁtted with the welding
equipment.

90
Fig-4.4.2.1 Flash Back
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The Acetylene / Oxygen Flame
To ﬁnd correct acetylene and oxygen ﬂame, it is required to set the gas pressure correctly.
Lengthy hose and inaccurate regulators my results in pressure deviations that give incorrect
pressure to the torch. Always the actual pressure of the torch should be check before welding.
If the gas is setting at low pressure, it may slower the ﬂame velocity of the gas mixture. This may
result in ﬂash back.
If the gas pressure is setting too high, cause to leave the nozzle tip, starting at a distance from
the tip where the gas ﬂow has slowed down to match the ﬂame velocity and it may diﬃcult or
impossible to ignite.
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Fig-4.4.2.2 Types of Flames

The Neutral Flame
This type of ﬂame is metallurgical
neutral and mostly used for heating,
cutting and steel welding work.it
comprises two distinct zone such as
inner cone and outer cone. the inner
cone has a bright blue light which is very
short distance from the tip. the outer
cone has darker and less intensely blue
ﬂame which is envelop around the inner
cone.

Fig-4.4.2.3 The Neutral Flame

The Carburizing Flame
This type of ﬂame has identiﬁed by a
secondary ﬂame zone between the inner
cone and the ﬂame envelope. this is formed
in excess of acetylene usually this zone
looks less bright and white in color than
the inner cone but is brighter than the
Fig-4.4.2.4 The Carburizing Flame

ﬂame envelope.
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The Oxidizing Flame

Oxidizing ﬂame has an excess of oxygen
and will obtain when the secondary
zone disappears. usually this type of
ﬂame is shorter than the neutral ﬂame,
with a pointed inner cone. this type of
ﬂame is used for welding of brass,
bronze, cast iron, zinc alloys and for
brazing.
Fig-4.4.2.5 The Oxidizing Flame

4.4.2 Operating Instructions for Cutting Torch

Fig-4.4.3.1 The Gas Cutting Torch
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Visually inspect all hoses before each use. Hose splices and repairs shall be made with approved
splicing kits and ﬁtting and only by qualiﬁed employees.
Water hose clamps are never to be used at splices or as hose connections at the torch and regulator.
Hoses shall not be placed where they will become a tripping hazard, ran over by vehicle traﬃc or
crushed in doorways unless guarded or barricaded.
Hoses shall not be stored in unventilated containers such as gang boxes or cabinets. Regulators shall have
approved and functional gauges on both the low and high side. Torches shall be lighted only with
approved friction type lighters.
All gas welding and cutting equipment, hoses and cylinders shall be kept clear of oil, grease and other
hydrocarbons. Oxygen and oil, grease, or other hydrocarbons can result in a serious explosion.
Approved personal protective equipment shall be worn as per the PPE Working Instruction.
Burning/Torch Cutting Operations Check valves and ﬂame arresters - Directly attach reverse-ﬂow
check valves to the barrel of the cutting torch and ﬂame arresters to the regulator. These attachments
stop a ﬂashback ﬂame, extinguish it, and cut oﬀ the ﬂow of gases.
When extinguishing the ﬂame, close the acetylene and oxygen valves in the order recommended by
the torch manufacturer. If the oxygen valve is closed ﬁrst, carbon soot will be deposited in the air.
However, this ensures that the acetylene valve is turned oﬀ ﬁrst, no soot is formed, but there is no
assurance that the fuel gas valve is closed and that it is not leaking.
To discontinue welding or cutting for a few minutes, closing only the torch valves is permissible. If the
welding or cutting is to be stopped for a longer period (during lunch or overnight), proceed as follows:
Close the oxygen and acetylene cylinder valves; Open the torch valves to relieve all gas pressure from the
hose and regulators; Close the torch valves and release the regulator pressure adjusting screws.
Never merely turn oﬀ the gas supply at the torch. This leaves the hose pressurized. Always cut the
supply from the cylinder, bleed the lines, and, with the lines open, back oﬀ the regulator. The lines should
then be coiled carefully, avoiding kinks.
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4.4.3 Common Cutting Faults

Fig-4.4.3.1 Cutting Faults
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Maintenance of Blowpipes

Fig-4.4.3.2 Maintenance of Blowpipes

Fig-4.4.3.3 Cutting Nozzles
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4.4.4 Welding Techniques

Fig-4.4.4.1 Leftward Welding/Rightward Welding
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Leftward Welding

Fig-4.4.4.2 Leftward Welding

Fig-4.4.4.3 Horizontal Welding

Fig-4.4.4.4 Vertical Welding
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Rightward Welding

Fig-4.4.4.5 Horizontal Rightward Welding

Fig-4.4.4.6 Vertical Rightward & Overhead Welding
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4.4.5 Butt Joints for Gas Welding of Steel

Fig-4.4.5 Thickness of Workpiece
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4.4.6 Brazing
It is the process of Joining of two metal work pieces by means of a ﬁller material at a
temperature above its melting point but below the melting point of either of the material
being joined.
In this method molten ﬁller material ﬂow into the gap between the work pieces is done. The
ﬁller material cools down and solidiﬁes to form stronger joint than the base metal. In this
process the parent material is not fused.
Generally brazing is similarly to soldering except melting point of the ﬁller alloy. Basically
brazing ﬁller materials melt at temperatures above 450 degrees whereas soldering ﬁller
materials melt at temperature below this point.
In Brazing process joining of two parts done without melting them but through a fused ﬁller
metal but in welding process edges of base metals are either (with or without ﬁller material)
or pressed to each other without any ﬁller material.
Brazing ﬁller materials
 Copper ﬁller alloys: BCuP-2 (Cu-7P), BCuP-4 (Cu-6Ag-7P). Used for brazing Copper
alloys, steels, Nickel alloys.
 Aluminum ﬁller alloys: Al-4Cu-10Si, Al-12Si, Al-4Cu-10Si-10Zn, 4043 (Al-5.2Si), 4045
(Al-10Si). Used for brazing Aluminum alloys.
 Magnesium ﬁller alloys: BMg-1 (Mg-9Al-2Zn), BMg-2 (Mg-12Al-5Zn). Used for brazing
Magnesium alloys
 Nickel ﬁller alloys: BNi-1 (Ni-14Cr-4Si-3.4B-0.75C), BNi-2 (Ni-7Cr-4.5Si-3.1B-3Fe), BNi-3
(Ni-4.5Si-3.1B). Used for brazing Nickel alloys, cobalt alloys, Stainless steels.
 Silver ﬁller alloys: BAg-4 (40Ag-30Cu-28Zn-2Ni), BAg-5 (45Ag-30Cu-25Zn), BAg-6
(50Ag-34Cu-16Zn), BAg-7 (56Ag-22Cu-17Zn-5Sn). Used for most of metals and alloys
except aluminum and magnesium alloys
Advantages of brazing
 Low thermal distortions and residual stresses in the joint parts;
 Microstructure is not aﬀected by heat;
 Easily automated process;
 This can be used for joining of Dissimilar materials;
 This can be used in joining of high variety of material;
 Thin wall parts may be joined by using this method;
 Moderate competency is required for this job;
Disadvantages of brazing
 Required to remain very careful during removing of the ﬂux residuals to prevent
corrosion;
 No gas shielding may cause porosity of the joint;
 Large sections cannot be joined;
 Filler materials and ﬂuxes may contain toxic components;
 Filler material are very expensive.

119

Participant Handbook

Notes
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Briefly Answer the Following Question
What is electrode welding?

Define wire welding and explain different types of wire welding?

Explain wire welding technique?

What is TIG welding?

Define brazing?

What are the different between brazing and soldering?
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5. Ensure Completion of
Post Operations Activities
Like Inspection, Storage
and Maintenance
Unit 5.1 - Inspection of Weld metal
Unit 5.2 - Storage of Equipment’s and hand tools
Unit 5.3 - Maintenance of Welding Machine & its parts

MIN/N0467
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Key Learning Outcomes
At the end of this lesson, students should be able to demonstrate appropriate knowledge, and show
an understanding of the following:

1 :- Inspection of welds
2 :- Storage of welding machine and accessories
3 :- Maintenance of welding machine and hand tools
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UNIT 5.1: Inspection of welding metal
Prior to welding
Before welding it is required to inspect the material for size, quality, type, cleanliness and free
from discontinuities. Remove oil, grease, Foreign matter, paint, oxide ﬁlm from the weld. The
jointing piece should be check for straightness, ﬂatness and of required dimensions. Damaged
pieced, bend, improper cut should be rejected. Checking of alignment and ﬁxtures to be done.
Preparation of joint should be checked. Root opening should be adequate for full fused
penetration and to minimize volume of weld metal groove angle should be correct. To meet the
required speciﬁcations and to give assurance of weld quality correct joint preparation should be
done.
Veriﬁcation of correct procedures and process should be done before welding such as welding
machine setting in terms of voltage and amperage, size and type of electrode.
During welding
During the welding careful examination of weld should be done for cracks formed, inadequate
penetration, gas and slag inclusions. If more than one ﬁller material is deposited, then it is
required to inspect each layer separately. Check all welding parameters are match according to
the parameters mention in approved welding procedure.
After welding
When welding completed visual inspection to be done for identifying quality of weld. For
inspection of the weld slag must be cleaned. generally, 10x magnifying glass is used for
detecting ﬁne cracks and other faults. Blasting should be avoided before visual inspection as it
may seal ﬁne cracks and make them invisible. Weld must be checked for right dimension, the
extend and continuity of weld, its sizes, cracks, porosity, unﬁlled craters and length of segments
in intermittent welds. The presence of slag inclusions and excessive porosity indicates
insuﬃcient welding current.
Daily Inspection
The operator must inspect the equipment prior to each use. In particular, the operator should
look for leaks, burns, worn areas, and other defects.
Quarterly Inspection and Tests
A qualiﬁed inspector must inspect and test all components of oxy-fuel equipment prior to their
initial use on site and at least quarterly thereafter. This inspection shall be indicated by the
colour coding system. Operators using the tools must ensure the colour coding system remains
legible between inspections. Tools with illegible colour coding shall be considered unsafe and
removed from service.
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UNIT 5.2: Storage of Equipments and hand tools
Storing the equipment
At the end of the shift, or when the work is complete, remove the regulator from the
cylinders, replace the protective cylinder caps and cap the regulator threaded nipples to
prevent dirt and foreign material from entering the system. Store the torch, hoses, and
regulators in a clean, dry, oil free storage box that is well ventilated. “No Smoking - No Open
Flame” signs must be attached to all four sides and top of the storage box.
Points to be remembered during storage of hand tools /equipment
Points to be remembered during storage of hand tools /equipment
. At the time of storage ensure that all the machinery, equipment, parts, jigs, tools are level
properly.
Don't piles up jigs , tools and materials without separator.
. Arrange the machinery and equipment according to the smooth production ﬂow ,when
necessary.
. Ensure evacuation passage free and maintain the space around ﬁre extinguisher for
instant use.

UNIT 5.3: Maintenance of welding machine and hand tools
Mainly maintenance of machine and hand tools should be planned with proper coordination with
production people and schedule accordingly. Maintenance work is carried out following activities .

Lubricating
Tightening/loosening
Sharpening
Simple repair
Cleaning
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Lubricating
Apply lubricant to the identiﬁed parts of barrels, nuts, bolts, bearing, rollers, springs, and other parts
as per manufacturer instruction.
Tightening/loosening
Check all the nuts, bolts and other ﬁtting for looseness. Tightening or loosening to be done according
to the manufacturer instruction. During tightening or loosening of nuts, bolts and other ﬁtting it should
be keep in mind that its thread are maintain properly.
Sharpening
Some tools are need for sharping such as chisel. Blade, punches etc. before do the work ﬁrst clamp the
tools properly.
Simple repair
Welder should repair the hand tools anytime. He should check the tools regularly in order to detect
replaceable and damaged units.
Cleaning
This is simple process and it should be done regularly.

Notes
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Notes

Briefly Answer The Following Question
Why inspection is necessary during welding operation?

What are the points to be remembered during storage of welding equipment?

Explain maintenance of different kinds of hand tools?
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6. Additional Information
on Engineering
Drawing & Welding
SCMS
Unit 6.1 - Parts of Drawing
Unit 6.2 - Construction lines
Unit 6.3 - Weld and welding symbols

Participant Handbook

Key Learning Outcomes
At the end of this lesson, students should be able to demonstrate appropriate knowledge, and show
an understanding of the following:

1 :- Drawing procedure in welding
2 :- Parts of drawing
3 :- Diﬀerent construction lines of drawing
4 :- Welding symbol
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UNIT 6.1: What is drawing
Drawing provides necessary information to welder which helps for fabrication or assemble a
work piece. Diﬀerent prints are also used to show how various equipment are operated,
maintained, repaired or lubricated. Generally, originally drawing is referred to as a tracing or
master copy.

6.1.1 Parts of drawing
Title block
It provides all information required to identify the part or assembly represented and contains
the drawing number. In the title of block write the name and address of the organization, the
date, the scale and the drafting record.
Revision block
It should be maintaining in the upper right corner of every drawing. In this portion all changes to
the drawing are noted. Changes are identiﬁed by numbering it and dated properly. A revised
drawing may be shown if revision block is not used.
Drawing number
All drawing should be numbered serially and if a drawing has more than one sheet then each
sheet has the same number.

Fig-6.2.1. Engineering Drawing
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Reference number and dash numbers
These refers to the other print numbers and appear in the title block.
Scale
Always indicate the scale of the print with in the title block. Scale means the size of the drawing
as compared to the actual size of the part. We should use dimensions for calculation.
Bill of material
In this block mention type of stock, size, speciﬁc amount required and list of necessary stock to
make welding operation

Fig-6.2.2. Projections
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UNIT 6.2: Construction Lines
1- Full lines

Visible line edges or outlines of an object is represented by full lines.
2- Hidden lines

This lines are representing hidden edges of an object and are made with short
dashes.
3- Centre lines

It is the line drawn through the centre of an object and made with alternating short
and long dashes.
4- Cutting plane lines

These are the lines whish are extended through the cutting area and are
represented by dashed lines which are same width as of full lines.
5- Dimension lines

These are the lines which shows measurement of two points and are ﬁne full lines
ending in arrowheads.

Fig-6.2.1. Construction Lines
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5- Dimension lines

These are the lines which shows measurement of two points and are ﬁne full lines
ending in arrowheads.
6- Extension lines

These are the lines which indicate the limits of dimension lines and are ﬁne lines
from the outside edges or intermediate points of a drawn object.
7 –Brake lines
These are the lines which indicate a break in a drawing and used to increase the
scale of a drawing of uniform cross section while showing true size by dimension
lines.

Types of Lines

Fig-6.2.2. Types Of Lines
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Two types of brake lines are used such as short break and long break. Usually short brake lines are heavy,
wavy, semi parallel lines cutting of the object drawn across a uniform section.

UNIT 6.3: Weld and welding symbols
Welding symbols are necessary which provide us complete welding information on drawings. “Third angle
“method of projection is used for symbolic representation of welds on drawings.
The weld symbol always includes
· An arrow line
· A reference line
· A dashed line
. A symbol

Fig-6.3.1Welding Symbols

The Arrow

Fig-6.3.2 Welding Symbols
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Often only limited space is available on a drawing for welding symbols. To minimize the
number of welding symbols required, it is permissible to use more than one arrow in a single
welding symbol if each joint to which an arrow is pointing is to be welded in exactly the same
way. Since a welding symbol specifies welding of only the joint to which an arrow is pointing,
and a change of direction or change in geometry constitutes the end of a joint, a multiple
arrow welding symbol can be very helpful, particularly around closed corners.

Fig-6.3.4. Drawing Views

The Reference Line
Another essential part of all welding symbols is the reference line, which is a straight line,
drawn horizontally on a drawing, and connected to the arrow. The arrow may be connected
to either end of the reference line.
Information relating to the "arrow side" of the joint is placed below the reference line and
information relating to the "other side" of the joint is placed above the reference line.
These positional relationships exist whether the arrow is attached to the left or right end of
the reference line, and do not change as the angle between the arrow and the reference line
varies.
The sequence of operations necessary to produce a specified weld is not indicated by the
normal single-reference-line welding symbol. For example, if welding is to be done on both
the "arrow" and "other" sides of a joint (typically called a double weld), a single-referenceline welding symbol does not specify which side of the joint is to be welded fi rst . In fact, the
symbol does not specify completion of the welding from one side prior to the start of the
welding on the opposite side. These details are normally left to the personnel interpreting the
welding symbol, with the requirements of the completed weld specified by the symbol.
If the sequence of operations needs to be specified, a multiple-reference-line welding symbol
may be used. Two or more reference lines may be connected to the same arrow, with the
reference line closest to the arrow specifying the first operation, followed by the operations
specified by the sequence of reference lines reading upward or downward from the arrow. It
should be noted that operations other than welding, such as nondestructive examinations,
can be specified by a multiple-reference-line symbol.
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Fig-6.3.5. Reference Line

The Tail

Fig-6.3.6 The Tail

More Complicated Welding Specifications
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Fig-6.3.7 Weld Symbol Location

Basic Weld Symbols

Fig-6.3.8 Arc & Gas Weld Symbol

Fig-6.3.9 Resistance Weld Symbol
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Fig-6.3.11 Resistance Weld Symbol

Fig-6.3.11 Other Weld Symbol
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Fillet Weld Symbols

Fig-6.3.13 Fillet Weld Symbol (A)

Fig-6.3.14 Fillet Weld Symbol (B)

Fig-6.3.15 Fillet Weld Symbol (C)
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The Length & Pitch of Intermittent Welds

Fig-6.3.16 Intermittent Weld
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Fig-6.3.17 Weld Pitch

Contour Welds

Fig-6.3.18 Contour Welds
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Groove Welds

Fig-6.3.19 Groove Welds (A)

Fig-6.3.20 Groove Welds (B)
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Fig-6.3.21 Groove Welds (C)

Fig-6.3.22 Groove Welds (D)

Contour and Finishing
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Fig-6.3.23 Groove Welds (E)

V-Groove

Fig-6.3.24 V Groove Welds (F)

Fig-6.3.25 Double V
Groove Welds (F)

Fig-6.3.26 Double V Groove Welds (F)

145

Participant Handbook

Fig-6.3.27
Bevel & Double Bevel

Bevel Groove

Fig-6.3.28 V Groove

Fig-6.3.29 U Groove

U-Groove
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Fig-6.3.30 V Groove

Flare V Groove

Fig-6.3.31 Flare V Groove

Flare Bevel Groove
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Fig-6.3.32 Flare V Groove

Fig-6.3.33 Flare V Groove

Fig-6.3.34 Flare V Groove
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Plug & Slot Welds
Plug welds and slot welds are used join overlapping members, one of which has holes (round
for plug welds, elongated for slot welds) in it. Weld metal is deposited in the holes and
penetrates and fuses with the base metal of the two members to form the joint. For the sak e
of graphical clarity, the drawings below do not show the penetration of the weld metal.
Recognize, however, that the degree of penetration is important in determining the quality
of the weld.
For plug welds, the diameter of each plug are given to the left of the symbol and the plug-toplug spacing (pitch) is given to the right. For slot welds, the width of each slot is given to the
left of the symbol, the length and pitch (separated by a dash) are given to the right of the
symbol, and a detail drawing is referenced in the tail. The number of plugs or slots is given in
parentheses above or below the weld symbol. The arrow-side and other-side designations
indicate which piece contains the hole(s). If the hole is not to be completely filled with weld
metal, the depth to which it is to be filled is given within the weld symbol.

Fillet
Weld

Groove Welds

Fig-6.3.35 Type Of Weld
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Basic Symbols

Fig-6.3.36 Basic symbols

Location of the Weld with Respect to Joint
1. Arrow Side :

Fig-6.3.37 Weld Arrow

2. Other Side :

Fig-6.3.38 Weld Arrow

3. Both Sides:

Fig-6.3.39 Weld Arrow
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4. No Side Significance:

Fig-6.3.40 Flush Contour Symbol

Location of Weld Symbols

More Detailed Symbolic Representation of Weld

Fig-6.3.41 Weld Dimensions
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Table of Weld Symbols

Fig-6.3.42 Weld Symbols

Supplementary Symbols

Fig-6.3.43 Suplimentry Symbols
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Complementary Indication

Fig-6.3.44 Complementary Symbols

Dimensioning Welds

Fig-6.3.45 Dimensioning Welds
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Fig-6.3.46 Dimensioning Welds

Fig-6.3.47 Filet Welds, Both Sides

Summary
Weld symbols are a very useful way of communicating welding requirements from the design
office to the shop floor.
It is essential that the 'rules' of the standard used are correctly applied by drawing office
personnel. However, it is also important that shop floor personnel are able to read and
understand the details of weld symbols.
Much of this requirement can be met by reference to the standard being used within the
organisation and by the drawing office personnel considering the needs of the end user such
as the welders, welding supervisors, welding inspection personnel and welding engineers in
order to minimise costly mistakes due to misinterpretation.
Training of all personnel in the correct use of weld symbol specifications also plays an
important role in ensuring that weld symbols are both correctly applied and correctly read.
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Notes
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Briefly Answer The Following Question
What is drawing and why it is required for welding operations?

What are the parts of drawing?

What is reference line?

Why arow is used in welding diagram ?

What are the different kinds of welding symbols?

What are the different types of lines used for drawing of welding operation?
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7. Health and Safety
Unit 7.1 - Need for security, Health and Safety at workplace
Unit 7.2 - Hazard in Mining
Unit 7.3 - Mining Safety Equipment
Unit 7.4 - Fire Safety and First Aid
Unit 7.5 - Accident, Incident and near miss
Unit 7.6 - Rules and Safety precautions for handling and use gas
cylinders
Unit 7.7 - Safety check list
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Understand the need for health and safety in organizations
2. Identify Potential hazards in mines and follow safety rules
3. Identify various personal safety equipment
4. Understand how to use ﬁre extinguishers and follow ﬁre safety rules
5. Perform basic ﬁrst aid in various kinds of accidents and injuries
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UNIT 7.1: Need for Health, Safety and Security at Workplace
Unit Objectives
At the end of this unit, you will be able to:
1. Understand the need for health and safety standards.
2. Identify some health and safety provisions in organizations.
3. Understand disadvantage of not following health and safety provisions.
4. Identify basic safety management systems in mines

7.1.1 Health and Safety Standards
Health and safety of employees at the workplace plays an important role in the overall productivity of an
organization. To minimize the employees' exposure to risk organizations usually put some processes or
systems in place, for instance, using protective gear, evacuation routes and other safety equipment and
instructions where necessary.
Apart from this, organizations may also have detailed guidelines on how to ensure safety and health of
employees. This is especially important in the area of mining, as this is a hazardous profession where
workers are expected to work in dangerous conditions
Some common steps taken by organizations to ensure employee safety and health are shown in the
following ﬁgure :

Fig. 7.1.1. Safety Equipment and other arrangement made by organizations

It is the responsibility of both the organization and its employees to follow the guidelines and systems in
place and ensure a risk-free work environment for all. Essentially, a healthy and safe workplace is an
important factor for enhanced employee productivity.
The Government of India recognizes that safety and health of workers has a positive impact on
productivity and economic development. Therefore, its objective is to create a more secure
workplace for sustainable growth.
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The key obligations and regulations for employers are shown in following ﬁgure:
Employers are responsible for ensuring the health and safety of their employees
An employer must assess and review the work-related risks faced by his/her
employees
An Employer must make appropriate arrangements for the eﬀective planning,
monitoring and reviewing of the preventive measures to control those risks.
An employer must provide his/her employees with relevant information and training
on the risks they face and the preventive measures to control those risks.
an organization must complete all the health, safety, security and environmental
records required by company and regulatory standards
Fig. 7.1.2. Obligations of employers

7.1.1.1 Some Health and Safety Provisions in Organisaion
Some health provisions provided in organizations are shown in following ﬁgure :

Cleanliness

• Dirt in premises to be removed on daily basis

and effective drainage system to be installed

Waste Disposal

• Effective management for the treatment of

Ventilation and
temperature

• Circulation of fresh air to be ensured. There

Overcrowding

wastes and effluents to be made

should be no dust and fume

• Sufficient workspace to be ensured for each

worker. Number of workers in an area should be
limited

• Enough lighting to be provided in every part of the

Lighting

workplace

Drinking Water

Latrines and Urinals

• Sufficient supply of safe drinking water to be

ensured for all workers

• Enough number of latrines to be maintained with

proper lighting and ventilation. Separate
arrangements to be made for male and female
workers

Fig. 7.1.3. Health provisions in organization
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7.1.1.2 Disadvantages of Not Following Health and Safety
Policies in organization
Unsafe and unhealthy work environments are dangers to an employee, employer, or the general
organization. Implementing the maintaining high standards of health, safety and security at workplace
play a signiﬁcant role in running a successful business.
Inability to maintain the health and safety standards also lead to low employee morale, attrition,
customer dissatisfaction, and ultimately business failure, as shown in following ﬁgure :

Unhealthy and unsafe
workplace

 Accidents and injuries
 Work related illness
 Job dissatisfaction
 Lack of job commitment
 Burnout or depression
 Workplace violence

Unhealthy personal habits
(smoking, drinking,
overeating and lack of
exercise)

Chronic, communicable and
non communicable diseases
 Absenteeism
 Decreased productivity
 Decreased quality of work
 Workplace conflict
 Short terms & long time
disability
 Health insurance
requirements

 Employee turnover
 Loss of business
 Customer dissatisfaction
 Business failure

Fig. 7.1.5. Eﬀects of inability to maintain health standards
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7.1.2 Basic Safety Management System in Mines
Following are some of the basic requirements of safety management systems in mines.

Guidelines and procedures enforcing safety
Training of employees
Authorization levels for specialized personnel
to handle special work and equipment
Provision of protective appliances
Effective communication protocols and
their training
Accident enquiry and action plan
Quality assurance of materials and equipment
Inspection of workplaces
Disaster preventive plans
Safety in Transportation and traffic control rules
Safety Audits
Emergency medical aid and transportation

Fig. 7.1.6. Mine Safety management provisions
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UNIT 7.2: Hazards in Mining
7.2.1 Conditions in Mines
It is well known that mining is a hazardous profession. Just like in any other industrial accidents, careless
acts and unsafe conditions of work lead to accidents.
Other than stalling the entire operation or causing heavy ﬁnancial loses, the aspect of occupational
health hazards in mining industry is critical as it may lead to loss of lives or serious injuries. Therefore, it
is important to understand what can lead to unsafe conditions in mining and also how these can be
prevented.
Following ﬁgures shown the hazardous work conditions in mines:

Fig. 7.2.1. Hazardous conditions in Mines
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7.2.2 Role and Function of DGMS
Directorate General of Mines Safety, commonly known as DGMS, has
its headquarters in Dhanbad. The entire country is divided into eight
zones, each under the charge of a Deputy Director General of Mines
Safety. There are three to our Regional oﬃces under each zonal
oﬃce. Each region is under the charge of a Director of Mines Safety.
The mission of DGMS is the reduction in risk of occupational diseases
and casualties to persons employed in mines
Fig. 7.2.2. DGMS Logo
It does this by :
 Drafting appropriate legislation and setting standards.
 Overseeing compliance thereof, inspecting mines, reporting and enquiring accidents.
 Conducting a variety of training, promotional and awareness initiatives for creating an
environment in which safety is given due priority.

7.2.3 Hazards in Mines
Workers employed in the mines are exposed to a number of hazards at work which adversely aﬀect
their health. The following ﬁgures shows the key causes of accidents in mines.

Other Machinery
20%

Fall of Roof
11%
Fall of Sides
24%

Fall of person
11%
Dumpers
7%
Fall of Object
19%

Explosives
4%
Truck Tankers
4%

Cause-wise distribution of fatal accidents in non-Coal Mines in 2010

Fall of Roof
13%

Dumpers
21%
Other
Machinery
8%

Other Causes
22%
Fall of person
7%
Fall of Sides
8%

Truck Tankers
12%

Rope Haulages
3%
Fall of Object
4%
Explosives
2%

Cause-wise distribution of fatal accidents in Coal Mines in 2010
Fig. 7.2.3. Mine Accident Causes
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7.2.3.1 Roof Fall
•

Accidents can happen due to fall of roof, fall of side, bumps, air blast, landslide, collapse of pillar or
overhanging ground. Roof fall is one of the predominant causes of accidents in underground mines.
• there can be various causes for this, including unsafe methods of work and collapse of support.
• timber support is often used in mines, which does not always provide adequate holding strength.
Steel supports with roof bolts are more stable. The supports also need to be provided before miners
are engaged.
• Many of the roof fall accidents occur within 30 minutes of blasting operations, which indicates
suﬃcient time was not provided for the roof to settle down before engaging minors.
To avoid roof fall


Ensure you have proper training before preparing support for the roof.



Do not hurry or be careless in preparing support.



Maintain safety standards as prescribed by the organization.

7.2.3.2 Machinery and Operational Accidents
•

Careless handling or malfunctioning of machines lead to injuries and even fatal accidents.
• Mishaps during rope haulage, falling or getting stuck on running conveyor belt, malfunctioning or
uncontrolled movements of dumpers and tippers, water tanker and truck accidents are some types of
machinery accidents.
• Many of these are caused due to the operator's negligence, indiscipline and lack of supervision.
• Some of these are also causes due to poor maintenance of machinery. Some accidents occur during
manual loading, supporting or dressing of deposits.
To avoid machinery and operational accidents :
 Ensure there is no obstruction on passageways, corridors, entry and exit points.


Ensure you have proper training and maintain safety rules while operating machinery



Switch oﬀ any electrical device or equipment when not used



Do not let electrical equipment or gadget come in contact with water




Do not touch electrical sockets or plug point unnecessarily
Heavy vehicles in mining area should have silencer, tail lights, power and hand brakes,
reversing alarm.
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Follow safety sign and other traﬃc rules in mines. Following ﬁgure shows some key safety signs you
should be familiar with :

Fig. 7.2.4. Mine Safety Signs
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In case your work requires lifting heavy loads, be careful and take extreme precaution before you lift
the loads. If possible, split and load among two people or do it in turns. Follow the right lifting
practices. The following shows process to lift heavy loads:

Fig. 7.2.5. Lifting heavy load

7.2.3.3 Mine Fire
Following can be major causes of ﬁre in mines :


Friction from defective bearings in machines such as conveyor belts, wheels, brakes on vehicles
or other equipment.



Internal combustion engines, exhaust systems , hot surfaces



Spontaneous heating of coal in waste or broken coal near mine area



Sparks from cutting machinery, electrical and mechanical machinery and equipment



Short circuits and earth faults on electrical equipment.



Explosives and detonators, compression of air gases

To control ﬁre in mines :


Avoid or control sources of ignition



Minimize the amount of ﬂammable materials below ground



Detect ﬁres and give warning in the event of ﬁre.



Where possible, use ﬁre resistant ﬂuids instead of mineral oils.



Use only ﬁre resistant conveyor belting.



Use ﬁredamp drainage systems to prevent ﬂammable gas entering the general body of mine air



Ensure that rubbish and other ﬂammable waste material is removed promptly, for example
paper, wood, plastic and old vehicle tires
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Avoid hot surfaces and frictional sparking in machines, ensuring proper lubrication



Check that moving parts are not unintentionally rubbing against ﬁxed objects.

 Be mindful of safety signs. The following ﬁgure
shows safety signs of ﬁre and explosive:

Fig. 7.2.6. Safety sign for ﬁre and explosives

7.2.3.4 Chemical Hazards
Mines often have poisonous gasses or chemicals which are potential causes of hazards.
Necessary facilities for monitoring the environmental parameters in respect of Methane & carbon
Monoxide should be provided at mines. Facilities of continuous type monitoring should be installed
while handling any chemicals or cleaning agents, ensure you :


Wear gloves and other safety equipment, and avoid skin contact with the chemical



Keep your eyes and nose protected and away from the chemicals



Do not mix one chemical with another



Do not swallow or take in any chemicals. If swallowed by mistake report immediately and take

the victim to a doctor.
The following ﬁgure shows the chemical safety signs :

Explosive

Highly/Extremely
Flammable

Oxidizing

Corrosive

Toxic/Very Harmful/Irritant Dangerous
Toxic
for the

Fig. 7.2.7. Chemical Safety Signs
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7.2.3.5 Chemical Hazards
Ergonomic hazards are those that aﬀect the muscular – skeleton system of an employee. Ergonomic
injuries include strains, sprains, and other problems.
Diﬀerent causes of ergonomic hazards include:


Limited workspace



Repetitive task or motion



Shiftwork (especially, night shift jobs)



Mental and physical workload

Controlling Ergonomic Hazards
Some tips for controlling ergonomic hazards are as follows :


Take rest breaks. Rotate tasks.



Alternate between the left and right hands. Keep your back and wrists straight. Keep your
elbows close to your body.



Avoid extreme reaches.



Handle lifting loads with care.



Report early symptoms , such as discomfort or numbness, to your supervisor

Other potential hazards


Dust and dust – borne diseases



Noise




Vibration
Mine workers must ensure they were proper safety equipment while working in mine sites.

7.2.4 Waste Management
If waste in mines is not dealt with properly, it causes serious environmental issues in the surrounding
areas. Following are some things to keep in mind as basic waste management rules :


Use only authorized waste disposal areas



Do not store lubricants in open or unlabeled containers.



Do not pour used engine oil into sewers, waterbodies or drains or on the ground.



Look out for proper bins. Black bins are used for industrial waste, and separate bins are used
for other kind of waste.
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UNIT 7.3: Mines Safety Equipment
7.3.1 Mining Protective Equipment
Every person in mine must wear safety gadgets to be provided by the employer. Following are some
key mining equipment typically used. Personal Protective Equipment (PPE) is worn to minimize
exposure to a variety of hazards, and include gloves, foot and eye protection, protective hearing
devices (earplugs and muﬀs), hard hats, respirators and full body suits. The following ﬁgure shows
personal protective wear of mines.

Fig. 7.3.1. Personal Protective wear of miners
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The following ﬁgure shows caring for safety helmets :

Fig. 7.3.2. Caring instructions for Safety Helmet

Be careful and wear required PPE when you see signs such as shown in the following ﬁgure :

Arc welding face shields and glasses
This should be used for protection of electrical shocks, burns, ultra-violate rays and particles
of welding slag in the eye

Fig-7.2.1 Arc Welding Face Shield

Face shield with handle
It used to protect from spark and radiation.

Fig-7.2.2 Face Shield with Handle
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Welder protective clothing
Generally, these are made of treated leather and should be heat and wear resistance. This
protect the body and arm from falling spark and slag.

Fig7.2.3 Welder Protective Cloth

Welding curtain
It is used to blocks out all hazardous ultraviolet and infrared light from the welding arc but
permit visibility to the other side. It is made of ﬁre resistant material.

Fig-7.2.5 Welding Curtain

Welding gloves
Gloves must be worn before arc welding. It should be of leather. Long lined welding gloves are
recommended for welding with coated electrodes.

Fig-7.2.4 Welding Gloves
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Fig. 7.3.3. Mine Safety Signs

UNIT 7.4: Fire Safety and First Aid
7.4.1 Fire Safety
Fire can be a common hazard in mines Anything that can burn or is a
potential fuel can cause a ﬁre. Before we know what measures can be
taken to ﬁght ﬁre, ﬁt let us understand that causes ﬁre to spread (Refer to
Fig. 5.16)
Fire is diﬃcult to extinguish if there is :
 Supply of oxygen to sustain the ﬁre. This can be removed using
ﬁre extinguishers.
 Enough heat to continue the burning. This can be eliminated with
water.
 Presence of fuel that can sustain the ﬁre. The fuel should be
removed immediately.
The ﬁrst step in ﬁre w/extinguishing must be to eliminate these causes.

7.4.1.1 Fire in Mines
In mines, the following are some potential fuels available :


Firedamp (a naturally occurring mixture of hydrogen gases).



Coal/coat dust



Wood
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Tires and plastic materials



Minerals oils and grease



Bottled gases such as acetylene and propane



Explosives

7.4.1.2 Fire Extinguishers
Various kinds of ﬁre extinguishers are available based on the type of ﬁre. There are four key
classes of ﬁre (fuel) as shown in the following ﬁgure :
Using an incorrect type of extinguisher may cause more harm than good. Usually the body of
the ﬁre extinguisher will have the labels explaining which class of ﬁre they can be used for. The
diﬀerent types of ﬁre extinguisher are :

Fig. 7.4.2. Types of Fire Extinguishers
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7.4.1.2.1 Using a Fire Extinguishers
The following ﬁgure lists the four main steps below to remember how to use a ﬁre extinguisher:

Fig. 7.4.3. Using Fire Extinguisher

The following ﬁgure shows the various parts of a ﬁre extinguisher:

Fig. 7.4.4. Parts of Fire Extinguisher
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7.4.1.2.2 Steps for using Fire Extinguishers
Following are the steps for using a Fire Extinguisher:

Fig. 7.4.5. Procedure for using Fire Extinguisher

7.4.1.2.3 Things to remember while Fire Fighting
•

The ﬁrst step would be to ﬁnd a way to escape the area with ﬁre, and ﬁnd help. In case you are
helping others in the ﬁre, ensure it does not risk your own safety or the safety of others.

•

If the ﬁre is small try to put it out using a ﬁre extinguisher.

•
•
•

Try to ﬁgure out what is burning, so that you can use the right kind of extinguisher.
If the ﬁre is already spreading quickly, it is best to evacuate the area
As you evacuate the area, you can try to close entry points as you leave, so as to prevent or slow
down the spread of smoke and ﬁre.
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7.4.2 First Aid
First aid is the immediate medical service given to persons who suddenly become injured or ill. The main
purpose of ﬁrst aid is to provide immediate relief to the patient until medical assistance arrives. Every
organization must have a ﬁrst aid kit available as a part of the medical emergency plan. An emergency
medical plan should include the various parameters, as shown in following ﬁgure :
• There should be specific means of

communication for contracting an
ambulance or doctor

Communication

• There should be a proper provision of

transportation during an emergency

Transportation

• There should be a qualified first Aider to

Qualified First Aider

treat the victim and provide immediate relief

Fig.7.4.6. Emergency medical plan

7.4.2.1 Knowledge of Emergency Medicines
Every organization must train its employees with the basic knowledge of emergency medicines that can
be used as primary medical aid if a doctor or hospital is not available nearby. Here are some groups of
medicines that can be given in case of an emergency are shown in following ﬁgure :

Pain Killer
Analgesic
Antiseptic
Sterlie Saline

• Group of drugs used to get immediate relief

from pain. For example, aspirin, paracetamol,
ibrufen

• Group of drugs used for treating fever. For

example, nimesulide, paracetamol

• Substance used to prevent wound infection. For

example, burnol, neosprine, etc.

• Saline solution used for cleaning wounds to

prevent infection. For example, Unisol, Simply
Saline, etc.

Fig. 7.4.7. Groups of emergency medicines
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Additionally, employees must have easy access to a ﬁrst aid box, which includes all necessary emergency
medicines and medical supplies as shown the following ﬁgures.

Fig. 7.4.8. First aid box

7.4.2.2 Do’s and Don’ts while Providing First Aid
While providing ﬁrst aid to an employee at workplace, certain do's and don'ts must be strictly
following to avoid unusual circumstances.
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The Do's that must be following while providing ﬁrst aid are shown in following ﬁgure :

Assure victim for immediate help
Use direct pressure to stop bleeding
Keep an eye on Vitim’s condition
Raise head of the victim if bleedings in the upper body
Was burns and wounds with sterile wipes
Fig.7.4.9. Do’s of providing ﬁrst aid

The don'ts that must be following while providing ﬁrst aid are shown in following ﬁgure:

Do not move the victim if it is not required

Do not apply a tourniquet unless you are not trained to do so

Do not set the fracture, if any (that is, keep vitim still
Do not use any burn ointment unless told by a physician or qualified
first Aider
Do not clean or rub the wound with a cloth

Fig.7.4.10. Don’ts of providing ﬁrst aid

7.4.2.3 Steps to Provide First Aid
Every employee in an organization must be aware of how to provide basic ﬁrst aid treatment to a
colleague in case of an emergency.
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The basic steps that should be followed while providing ﬁrst aid are shown in following ﬁgure :

Check the
Surroundings
Call for the Help
Care for the Person
Determining Responsiveness
Fig. 7.4.11. Steps for providing ﬁrst aid

7.4.2.3.1 Calling Doctor or Ambulance
When a medical emergency occurs in an organization, the ﬁrst thing is to provide ﬁrst aid to the
victim. Thereafter, employees should call a doctor or an ambulance or take the victim to a hospital, as
shown in following ﬁgure :

Fig. 7.4.12. Seeking ambulance help

A few simple steps to call an ambulance are shown in following ﬁgure :
Analyse the victim's condition carefully

Ask the operator for an Ambulance

Provide the operator with your address

Stay Calm and follow the advice given by
operator

Fig. 7.4.13. Steps to call an ambulance
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7.4.2.3.2 Narrating the Medical Situation
All organizations must train their staﬀ members to handle any emergency situations. When an
emergency occurs, employees must know how to call an ambulance and narrate the operator about
the situation so that the ambulance can arrive on time. The key points for narrating a medical
situation eﬀectively over phone are shown in following ﬁgure :

Speak clearly and calmly so that the operator can understand what
you are trying to expainc
Explain the victim's condition properly
Describe the first aid given to the victim
Explain the address of your location accurately so that
Ambulance can reach on time
Listen to the operator and follow the instruction

Fig.7.4.14. Narrating a medical situation

7.4.2.3.3 Reporting Issues to Concerned Authorities
“Prevention is better than cure.” This saying is most relevant to the safety and security at the
workplace. A timely reporting of health and safety concern can save a great deal of money and
physical injuries. Employees have the responsibility to report any identiﬁed breaches in the safety
and health plans and procedures to the designated person. All accidents in the workplace should be
reported to the supervisor and ﬁnally, the employer. For instance, the absence of or defect in any
equipment or protective device that may endanger the life of any employee, should be immediately
reported to the concerned authority, as emphasized in the following ﬁgure.

Fig. 7.4.15. Accident report
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Knowing how and when to report a hazard can be crucial in reducing the eﬀect of the hazard.
1

Immediately report to the relevant person

2

Warn other employees who may be aﬀected

7.4.3 Providing First Aid
Some procedures to be followed to provide ﬁrst aid in various situations such as providing CPR, ﬁrst aid
for bone injuries, ﬁrst aid for burns, electrocution ﬁrst aid. Etc.

7.4.3.1 Providing CPR
CPR or cardiopulmonary resuscitation is a ﬁrst aid technique useful in various emergencies, such as
unconsciousness, heart attack or near drowning, in which someone's breathing or heartbeat has
stopped.
In case you are not trained to perform CPR, you can follow the below steps to perform a hands only CPR.
1. Put the heel of your hand on the breastbone at the center of the person's chest. Put your other
hand on top of your ﬁrst hand. Lock your ﬁngers.
2. Position yourself with your shoulders above your hands.
3. Using the weight of your entire body, press straight own by 5-6cm on their chest.
4. Keep your hands on their chest, release the pressure and allow the chest to come back to its
original position.
5. Repeat these steps at a rate of 100 to 120 times per minute till medical help arrives.
The following ﬁgure shows how to provide CPR :

Fig. 7.4.16. Providing CPR

In case you are trained to do mouth to mouth CPR, follow the below steps :
6. Put the heel of your hand on the centre of the person's chest. Put the other hand on top of it and
press down by 5-6 cm at a rate of about 100 to 120 compressions per minute.
7. After each 30 chest compressions, give two rescue breaths.
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8. To provide rescue breath, tilt the person's head gently and lift the chin up with two ﬁngers. Pinch
the person's nose. Seal your mouth over their mouth. Now steadily blow into their mouth for
about one second. See if their chest rises. Give two rescue breaths.
9. Continue with cycles of 30 chest compressions and two rescue breaths till help arrives. The
mouth-to-mouth CPR is shown in the following ﬁgure :

Fig. 7.4.17. Providing mouth to mouth CPR

7.4.3.2 Bleeding
Bleeding may be of the following kind :


Minor bleeding – slow ﬂow of blood in smaller amount.



Bleeding through arteries – considerable amount of bleeding in gushes, bright red blood.



Bleeding from vein – dark red blood, slow but steady blood ﬂow



Internal bleeding – cannot be seen but results in vomiting or spitting, and may be quite
dangerous.

The following ﬁgure shows the types of bleeding :
ARTERIES

VEINS

Fig. 7.4.18. Types of Bleeding

183

CAPILLARIES

Participant Handbook

For minor bleeding or bleeding from vein :
1

Ask the person to remain calm and make the person lie down if the bleeding is considerable.

2

If the wound is on an arm or leg, raise the limb above the heart to slow bleeding.

3

If the would is small , gentle hold the area under running water.

4. If the wound of large, do not try to clean. Apply ﬁrm pressure to the wound with a folded cloth or
bandage for about 10 minutes as shown in the following ﬁgure :

Fig. 7.4.19. Applying pressure

If bleeding does not stop, do this for another 10 minutes :
5

Oﬀer the person a glass of cold water.

6

Arrange for immediate medical help.

7

Wear clean gloves and clean your hand while applying ﬁrst aid.

7.4.3.2 Fracture
Signs of bone injury can be any of the following :
1

Excessive pain at the area of the injury that seems to worsen every minute.

2

Swelling, numbness, or bluish color of the wounded area

3

Deformity of the limb or joint if the injury is in the arm or leg

4

Bone protruding through the skin

5

Heavy bleeding at the wound area

Following are some actions you can take as ﬁrst aid :
1 If the person is unconscious and / or not breathing or moving, call for medical help immediately
and begin CPR.
2 Try to top the bleeding by applying to the wound with a clean gauge, bandage or a clean cloth.
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3

The person may be in shock, and experience dizziness, weakness,
pale skin, shortness of breath, and increased heart rate. Make the
person lie quietly with the feet elevated about 12 inches. Cover
the person with a blanket to maintain body warmth.

4

Take care not to move the wounded area in case the wounded
person is being moved. You can make a splint (Refer to Fig. 7.35)
by folding a piece of cardboard or newspaper or wooden support,
and place it gently under the limb. Carefully tie the splint to the
wounded area with pieces of cloth as shown. Do not apply a
tourniquet.

5

Apply cold compress or ice to the wounded area. In case you are
using ice, place a cloth between the skin and the ice.

Fig. 7.4.20. Splint

7.4.3.4 If a Person is Unconscious
Unconsciousness may be cause because of various reasons such as weakness, injury, dehydration or
problems with the heart or nervous system. In case a person becomes unconscious :
1 Ask for medical help immediately. Keep the person warm. Do not place a pillow under the
person's head.
2

Check the person's airway, breathing and pulse every minute. If required begin CPR.

3

If the person is breathing and lying on their back, and in case there is not spinal injury, carefully
roll the person towards on their side and towards you. Bend the top leg so that the hip and knee
is at right angles as shown in the following ﬁgure :

Fig. 7.4.21. Reviving unconscious person
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4

Tilt the head gently to keep the airway open. If breathing or pulse stops, roll the person on their
back and begin CPR.

5

If there is a spinal injury, leave the person in the same position they were in. If the person vomits,
roll the entire body at a time to their side. Support their back and neck as you roll.

6

Try talking to the person by asking simple questions and observing if the person can answer
them correctly. Incorrect responses may signify a changed mental state.

7

In case the person is unconscious due to lack of food or dehydration , let the person sip a sweet
drink slowly once they gain consciousness. Do not give an unconscious person any food or
drink.

7.4.3.5 First Aid for Burns
Fire is a frequent safety hazard mines. The ﬁrst step you should take in case of burn is to stop the burning
to prevent a more severe burn. The process to do this in various kinds of burns is :
1

For heat burns : Put out the ﬂames by covering them with a blanket or water. In case the victim's
clothing catches ﬁre, do not panic. Make the person stop, drop and roll on the ground to put out
the ﬂames.

2

For liquid scald burns : you can run cool water over the burn for 10 to 20 minutes. However, do
not use ice.
The following ﬁgure shows the burns wound :

Fig. 7.4.22. Burn wound

3

For electrical burns : Separate the victim from the electrical source. Check for breathing and a
heartbeat. If the victim is not breathing or does not have a heartbeat, call for medical help
immediately and perform CPR.

4

For chemical burns : First, identify what chemical caused the burn. Gently, run cool water on the
burn for at least 20 minutes or till medical help arrives. Do not try to use any acid or alkali as this
can cause a chemical reaction that worsens the burn. Do not put any lotion or ointment on the
burn.
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5

For tar or hot plasic burns : Immediately run cold water over the hot tar or hot plastic to cool the
tar or plastic. Remove any jewellery or clothing from the burn area, unless these are stuck to the
skin.

6

For cold temperature burns : Warm the aﬀected areas. The small areas of the body such as ears,
face, nose, ﬁngers, toes that are frozen can be warmed by blowing warm air on them, covering
them with clothes or putting warm water on them.

In all cases, call for help immediately.

7.4.3.6 Electrocution First Aid
In case of electrical shock, the ﬁrst think to do is separate the person from current's source. To turn oﬀ
power :
1. Unplug any machine which may be the cause of electrocution. Shut oﬀ power via the circuit
breaker, fuse box, or switch.
In case you cannot turn oﬀ power :
2. First ensure you stand on something that is dry and non-conductive, such as dry newspapers,
telephone book or wooden board.
3. Next, try to separate the person from current using non-conductive object such as a wooden,
rubber or plastic object, chair etc. as shown in the following ﬁgure :

Fig. 7.4.23. First aid for electrocution

4. However do not try to separate the person from current in case you feel a tingling sensation in
your legs or your lower body. Move to a safe area where you can wait for lines to be
disconnected.
Once the person has been separated :
5. Give ample amount of water mixed with sodium bicarbonate to the electrocuted.
6. Make them inhale table salt.
7. If the person has any pain in throat, avoid providing anything to drink unless medical help
advises you to.

187

Participant Handbook

7.4.3.7 Unwanted Object in Eye
In case a victim has a foreign object in their eyes, do the following :
1. Let the victim stand facing the light. Gently separate the
upper and lower eyelids with two ﬁngers and check the
eye.
2. In case you can see something the unwanted object, use
the corner of a clean, wet cloth to remove the object (Refer
to Fig. 7.39) . However be careful not to hurt the eye
further.
3. If this does not work, pour clean water gently on the eye to
ﬂush it out clean water or ask the victim to immerse his
face in a bucket of water and blink.
Fig. 7.4.24. Removing unwanted object in eye

4. Be careful not to apply any pressure.
5. In all cases, request medical help immediately.

7.4.4 Emergency Evacuations
An emergency plan is a set of instructions that outlines what employees at the workplace should do in
the event of an emergency. On the other hand the evacuation plan provides a set of procedures to be
used by the occupants of a building in an emergency. Rescue plan includes the plans for rescue in case
workers are trapped in hazardous situations.
Every mine should have an emergency and evacuation plan. An employer should explain the employees
about the goal of protecting lives and property in the event of an emergency and include all employees in
designing and implementing the emergency plan.

Tips

!

While developing an emergency plan, consider the worst case scenarios for wide variety of potential
disasters that could occur in the workplace. A sample emergency evacuation plan is shown in following
ﬁgure :

Fig. 5.4.25. A sample emergency evacuation plan
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Training for employees on emergency and evacuation plans should address the following :
1 Individual roles and responsibilities
2 Potential threats and hazards and protective actions.
3 Warning and communications procedures.
4 Emergency response procedures.
5 Location and use of common emergency equipment
6 Emergency shutdown procedures
Knowing the meaning of the symbols used in evacuation plans signiﬁcantly helps during an
Fire
Extinguisher

Fire
Hose Reel

Emergency
Exit (Left)

Emergency
Exit Direction
Arrow

Fire
Emergency
Telephone

Fire
Ladder

Emergency
Exit (Right)

First
Aid

Fire
Emergency
Call Point

Fire
Fighting
Equipment

Emergency
Exit Direction
Arrow

Emergency
Telephone

Fig. 7.4.26. Symbols used in emergency and evacuation plans

UNIT 7.5: Incident, Accident & Near miss.
Accident: Unplanned & Unexpected occurrence that interrupts the work activities, and they may or may
not result in injury or loss of assets.
Incident: An incident is an occurrence of an unusual event which may be accident or near miss
Near miss: A Near Miss is an unplanned event that did not result in injury, illness, or damage – but had the
potential to do so. Only a fortunate break in the chain of events prevented an injury, fatality or
damage; in other words, a miss that was nonetheless very near.
According to section 23(3) of mines act mine accident are classiﬁed into four categories.
Fatal accidents: Fatal Accidents cause loss of life.
Serious Bodily Injuries : Permanent loss of any part of the body, permanent loss of sight or hearing,
fracture of any bones or joints.

189

Participant Handbook

Reportable Injuries –
Other than serious bodily injury, enforced absence of the injured from work for a period
of 72 hrs. or more
Minor Injuries: -Not serious bodily injury nor reportable injury, enforced absence from
work for a period exceeding 24 hrs. as mentioned under section 23(3) of Mines Act
85% of Accidents are caused due to Human-error. In OC Mines majority of accidents are
caused by HEMM
Accident Statistics in Indian Mines
•
•
•
•
•
•
•
•
•

Roof Fall
Dumpers/Trucks Other machines Rope Haulage Side Fall
Fall of Persons Fall of Objects Explosives
Other Causes -

28%
16%
14%
12%
8%
7%
3%
3%
9%

Accident causes
Stress/Strain/Mental Imbalance :
Exposure to high risk
• Work Stress
• Production Stress
Man made Uncontrolled
• Behavioral Stress
• Boss knows the best syndrome
Phenomenon to compel
• Overwork
Persons to live in high
• Exhaustion
Stress level
• Inﬂuence of drug/drink
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7.5.1 Cost of Accident
Cost of providing Hospital and rehabilitation facilities
Maintenance of dependence of the injured/killed
Payment of increased cost of production
Hidden cost: Estimated 4-5 times of direct cost
Damage to plant & machinery
Loss of material
Loss of production due to stoppage of M/C
Loss of production by aftermath of accidents
Loss of business as failure to meet the requirement of consumers due to loss of production

7.5.2 Accident Causation
The causes of any accident can be grouped to ﬁve categories-Task , Material , Environment ,
Personnel & Management.

Task

Management

Accident
Causaion

Personnel

Material

Environment

Possible causes are investigated with simple questions

Task
Was a safe work procedure adopted?
Had the Condition Changed to make the normal procedure unsafe?
Were the appropriate tools & materials available?
Were they used?
Were safety devices working properly?
For most of these questions, an important follow-up question is “if not, why not?”
Material
Was there an equipment failure?
What caused to fail?
Was the machinery poorly designed?
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Were hazardous substances involved?
Were they clearly identiﬁed?
Was a less hazardous alternative substances possible and available?
Was the raw material substandard in some way?
Should PPE have been used?
Again the answer reveals an unsafe condition-the investigator must ask WHY this situation was allowed
to exist?
Environment
What were the weather conditions?
Was poor house keeping a problem?
Was it too hot or too cold?
Was noise a problem?
Was there adequate light?
Was toxic or hazardous gases, dusts or fumes present?
Accident investigations may want to know
Personnel
Were workers experienced in the work being done?
Had they been adequately trained?
Can they physically do the work?
What was the status of their health?
Were they tired?
Were they under stress?
The purpose of investigation is not to establish blame against someone but the enquiry will not be
complete unless personal characteristics are considered.
Management
Was safety rules communicated to and understood by all employees?
Were written procedures available?
Were they being enforced?
Was there adequate supervision?
Were workers trained to do the work?
Had hazards been previously identiﬁed?
Had procedures been developed to overcome?
Were unsafe conditions corrected?
Was regular maintenance of equipment carried out?
Were regular safety inspections carried out?
The model of accident investigations provides a guide for uncovering all possible causes and
reduces the likelihood of looking at facts in isolation

7.5.3 Action on Safety
•
•
•
•
•
•
•

Desire to prevent all major injuries ensures safety
Eﬀective discipline promotes safety
Injuries should be prevented for which mind-set is required
Line supervisors are the back-bone to observe safety
Every employee has to be made conscious
Protective equipment help safety
Equipment, ﬁt for the purpose, help safety
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7.5.4 Corrective Action on Safety
Engineering Revision—Guards, Fences, Interlocking at Proper Places
Instructions, Persuasion, Appeals, Training—Both Theoretical & Practical
Personal Adjustments—Job according to Aptitude—Both Physical & Mental

7.5.5 Accident Prevention
A self-regulatory & goal setting system
Fit for purpose equipment
Suitable work method
Controlled work environment
Locate and control hazards
Risk assessment & risk control
Work culture, unsafe act, unsafe condition etc.
Communication of working policy
Do's & Don'ts shall be reviewed
Inspection system, machines, mines, reports to be analyzed for corrective action
Interactive Control System
Two-way Communication
Co-ordination meeting at diﬀerent levels, recording minutes, ﬁxing up responsibilities
Active participation of Workmen's Inspector and Safety Committee Members

7.5.6 Accident Control
Routine Inspection & Remedial Measures
High Standard of Discipline
Reliability of M/C & Simplicity of Operation
Maintaining various Safety devices
Safety at Shop Level
Identiﬁcation of Black Spots

7.5.7 Unsafe Act of work person contribution accident
Improper Attitude
Willful disregard, Lazy, Reckless, Disloyal, Uncooperative, Absent minded, Fearful,
Over-sensitive, Jealous, Impatient, Excitable, Obsession,, Intolerant, Mentally
Lack of Knowledge/Skill

Insuﬃcient informed, Misunderstands, Not convinced of Need, Indecision,
Inexperienced, Incompetent to perform task etc.—Subjected to Safety Education and
Training
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Physically unsuited

Hearing, Sight, Age, Sex, Height, ill, Allergic, Slow reaction, Intoxication, Physically
Improper Mental or Physical

Space, Light, Heat, Arrangement, Ventilation, Materials, Tools, Equipment,
Procedures, Company's Policy, Diﬀerent, Inconvenient, Embarrassing, or

7.5.7 Treatment Control & Action
Plan
Elimination

Remove step to eliminate the hazard completely (100%)

Substitution

Replace with less hazardous material, substance or process
( 75%)

Separation

Isolate hazard from person by guarding, space or time
separation ( 50%)

Administration

Adjusting the time or conditions of risk exposure ( 30%)

Training

Improving skills making tasks less hazardous to persons
involved (20%)

PPE

Used as the last resort, appropriately designed where other
controls are not practicable (5%)
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UNIT 7.6: Rules and safety precautions for handling and use
gas
cylinders
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Warning

UNIT 7.7: Safety check list
Checklist of welding/cutting work
·

Goggles, helmets, and shields that give maximum eye protection for each welding and
cutting process shall be worn by operator, welders, and their helpers. Welders shall be
provided with ﬂame-resistant gauntlet gloves and aprons.

·

For overhead work, capes or shoulder covers of leather or other suitable material should
be available. Skull caps of leather or ﬂame-resistant fabric may be worn under helmets to
prevent head burns. Also, for overhead welding, ear protection (wool or rubber plugs, or
wire screen protectors) is sometimes desirable. For protection against sharp or heavy
falling objects, hard hats or other head protection should be worn.

·

Operators and other persons working with inert-gas-shielded arc welding should keep all
parts of the body which could be exposed to the ultraviolet and infrared radiation covered
to protect against skin burns and other types of injuries. Dark clothing, particularly a dark
shirt, is preferable to light-colored clothing in order to reduce reﬂection to the operator's
face underneath the helmet.

·

Thermal insulated underwear for cold-weather protection should be made of down ﬁlled
or waﬄe-weave cotton and wool. Quilted nylon-shell, polyester ﬁlled underwear, although
it does not ignite any easier than cotton, will burn and melt to form a hot plastic mass
which adheres to the skin and may cause serious injuries. Thermal underwear is designed
only to be worn under other clothing and should not be exposed to open ﬂames, sparks,
or other sources of ignition.

·

Check welding machine, all leads, grounds, clamps, gauges, torches and cylinders every
day.

·

Ensure that welding machine is minimum 3m away from the electric board.

·

Welding machine should be grounded according to procedure.
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·

Ensure hoses are in good condition without any leakage/ damage and with correct colour code.
(red for acetylene, blue for oxygen, black for shielding gas and ﬁltered air).

·

Identify correct gas cylinder. use correct hose connectors and hose clamps.

·

Never use oil or grease in connection with welding gases. And never use copper in connection
with acetylene.

·

Regularly check electrical holder, cable or other material for insulation. Cable shall be of oil
resistant type and replace defective welding cable as soon as possible.

·

Ensure cable are hang properly so that no one is struck in it and protected from hot metal, any
spark, any over hang loose and mechanical damage.

·

All cylinders should be secured in upright position.

·

Oxygen and acetylene should be ﬁtted with ﬂash back arresters and reverse ﬂow check valve.

·

Suitable ﬁre extinguishing equipment shall be maintained in a state of readiness for instant use.

·

Ensure covering of the welding terminal.

All cylinder must be shut oﬀ and release pressure when not in use.

Note
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Briefly Answer the Following Question
In case of electrocution, what should you be doing as ﬁrst step?
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------What kind of ﬁre is classiﬁed as class C?

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------What are the PPEs required for welding operation?

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------What is near miss and why reporting of near miss is necessary ?

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------What are the rules and safety precautions for handling and use gas cylinders?

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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