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About this book
This Participant Handbook is designed to enable training for the specific Qualification Pack (QP).
Each National Occupational (NOS) is covered across Unit/s.

This job is all about installing, dismantling, removing, replacing a range of components down to
sub-assembly level right from pick-up unit / point of measurement and linking either directly to the
instrument or to the instrument panel. This also involves making suitable slot on panel and fixing
instrument and its associated parts under supervision of Technician Instrumentation.

The candidate should possess basic communication, numerical and measurement abilities.
Openness to learning, ability to plan and organize own work and identify and solve problems in
the course of working.

Key Learning Objectives for the specific NOS mark the beginning of the Unit/s for that NOS. The
symbols used in this book are described below.

Symbols Used
!
Key Learning
Outcomes

Steps

Exercise

Tips
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Discuss about Iron & Steel industry
2. Discuss about development activities in Iron & Steel industry
3. Discuss about employment opportunities in India
4. Know about industry structure
5. Know about Iron & Steel plants in India
6. Know about steel making procedure
7. Know about processes involved in steel making
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UNIT 1.1: Understanding of Iron & Steel Industry

Unit Objectives
At the end of this unit, you will be able to:
1. Understand about Iron & Steel industry
2. Understanding of development activities in the industry
3. Understanding of opportunities in Iron & Steel Industry in India

1.1.1 Introduction
India comes under the list of world’s largest crude steel producer countries. The growth of steel
sector in India has been motivated by availability of raw materials like iron ore and cheap labour.
Thus, the steel sector is giving an important contribution to India’s manufacturing industry.
Now crude steel capacity of India reached 109.85 Million tonnes (MT), with a growth of 7.4 per
cent. Production of crude steel grew by 8.9 per cent to 88. 98 MT. Total finished steel production
for sale increased by 5.1 per cent to 92.16 MT. Consumption of total finished steel increased 3.9
per cent to 76.99 MT.
India is now producing 7.34 MT of steel. The steel sector in India contributes nearly two per cent
of the country’s gross domestic product (GDP) and employs over 600,000 people.

1.1.2 Conditions for the growth of Iron and Steel Industries
The favorable conditions for the growth of Iron and Steel sector are:
1. Requirement of large amount of iron ore and coal for production of steel. Therefore
establishment of industry is required near iron-ore producing areas or coal producing areas.
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2. The factories are generally located near rivers or lakes also because large quantity of water
is required to cool the smelt iron.
Other factors affecting the location of the steel plants are:
•

availability of cheap labor near the steel plant,

•

nearby market, ports, etc.

Huge amount of investment is requisite for setting up of Iron and Steel plants. Though India has
enough volume of coal, iron-ore and cheap labor, but requirement of large investment makes it
difficult to set up many steel plants.

1.1.3 Development activities in Iron & Steel industry
Investments
In India, Steel industry has seen a number of major investments and developments in past few
years.
According to the data, the Indian metallurgical industries attracted Foreign Direct Investments
(FDI) of around US$ 8.7 billion.
Some of the major investments in the Indian steel industry are as follows:
•

National Mineral Development Corporation (NMDC) invested Rs 40,000 crore to attain
mining capacity of 75 million tonnes per annum (MTPA) by FY2018-19 and 100 MTPA by
FY2021-22.

•

Posco Korea, a multinational Korean steel company, has signed an agreement with Shree
Uttam Steel and Power to set up a steel plant in Maharashtra.

•

Arcelor-Mittal, made a joint venture with Steel Authority of India Ltd (SAIL) for setting up
an automotive steel manufacturing facility in India.

•

NMDC made an investment of Rs 18,000 crore for setting up a greenfield 3-million tonne
per annum steel mill in Karnataka jointly with the state government.

•

JSW Steel planned to make its Karnataka steel plant, largest in India with the capacity of
20 MT by 2022.
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Government Initiatives
Indian government is aiming to increase steel production to 300 MT by 2025 in the country.
The Ministry of Steel has announced to invest in expansion of steel plants of SAIL and Rashtriya
Ispat Nigam Limited (RINL) in various states to enhance the crude steel production capacity.
The Minister of Steel & Mines has restated assurance of Central Government to support the steel
industry for reaching production target of 300 MTPA in 2025.
The Minister of Steel & Mines, Mr Narendra Singh Tomar, has reiterated commitment of Central
Government to support the steel industry to reach a production target of 300 Million Tonne Per
Annum (MTPA) in 2025.
The Ministry of Steel is facilitating setting up of an industry driven Steel Research and Technology
Mission of India (SRTMI) in association with the public and private sector steel companies to
spearhead research and development activities in the iron and steel industry at an initial corpus of
Rs 200 crore (US$ 31.67 million).
Some of the other recent government initiatives in this sector are as follows:
•

Government has planned Special Purpose Vehicles (SPVs) with four iron ore rich states i.e.,
Karnataka, Jharkhand, Orissa, and Chhattisgarh to set up plants having capacity between
3 to 6 MTPA.

•

SAIL plans to invest US$ 23.8 billion for increasing its production to 50 MTPA by 2025. SAIL
is currently expanding its capacity from 13 MTPA to 23 MTPA, at an investment of US$ 9.6
billion.

•

To increase domestic value addition and improve iron ore availability for domestic steel
industry, duty on export of iron ore has been increased to 30 per cent.
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1.1.4 Employment opportunities in Iron & Steel industry
The total employment in the steel industry is more than 2 million which includes both direct and
indirect employment. Steel companies have contributed to the overall development of economically
backward regions like civic, medical, educational and other facilities because most of the Steel
plants are established in these areas of the country. Labor requirements at non-executive level
are very high, so large number of weaker section of the society get the advantage of employment.
Over the past few years, large number of auxiliary industries has also established in the surrounding
area of steel plants. This industrialization of backward areas has created more employment
opportunities for local unemployed persons.
For past few years, the growth steel industry in India is tremendous and steady, which is supported
by many Indian Government initiatives. This momentum of growth in steel industry is definitely a
boost for the future growth of Indian steel industry.

Notes

6

Fitter Instrumentation

Unit 1.2: Understanding various types of Iron & Steel Industry

Unit Objectives
At the end of this unit, you will be able to:
1. Understand about Iron & Steel industry structure
2. Know about Iron & Steel plants in India

1.2.1 Industry structure
The Iron and Steel Industry in India is separated into two divisions:
•

Integrated producers, and

•

Secondary producers

The major producers like Tata Iron and Steel Company Limited (TISCO), Steel Authority of India
Limited (SAIL) and Rashtriya Ispat Nigam Limited (RINL) who generate steel by converting iron ore
are the Integrated producers.
Ispat Industries, Lloyds steel and Essar Steel, produce steel by melting scrap iron are secondary
producers. These are mainly small steel plants and produce steel in electric furnaces, using scrap
and sponge iron. They produce both mild steel and alloy steel of given specifications.

1.2.2 Major Iron and Steel Plants of India
List of Major Iron and Steel producing companies in India
1. Tata Steel (ranked 11th in the world in terms of production of steel)
2. Steel Authority of India (SAIL) – ranked 29th in the world.
3. JSW Steel Limited – ranked 31 in the world.
4. Essar Steel
5. Jindal Steel and Power
6. Mahindra Ugine Steel
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Some of the major Iron and Steel Plants of India are as follows:
1. Tata Iron and Steel Company (TISCO):
TISCO is the oldest iron and steel plant of
India. It is a private sector enterprise. It was
established in 1907 by Jamshedji Tata at Sakchi
in Singhbhum district of Jharkhand. It started
producing pig iron in 1911 and steel in 1912.
The plant initially had capacity of producing 1.21
million tonnes of pig iron and 1.1 million tonnes
of steel per annum. This capacity has been

Fig 1.2.1 TISCO Plant

enhanced to 3.9 million tonnes of pig iron, 2 million tonnes of ingot steel and 3 million tonnes of
saleable steel.
2. Indian Iron and Steel Company (IISCO)
Three plants at Kulti, Hirapur and Burnpur in
West Bengal were set up in 1864, 1908 and 1937
respectively. These plants have been merged
together and are known as Indian Iron and
Steel Company (IISCO). IISCO has annual capacity
of producing 10 lakh tonnes of steel. Currently it
produces over 4 lakh tonnes of pig iron, more than Fig 1.2.2 IISCO Plant
3.5 lakh tonnes of crude steel and around 3.8 lakh
tonnes of saleable steel.
3. The Visweswaraya Iron and Steel Ltd:
It was established as Mysore Iron and Steel
Company (MISCO) in 1923 by the erstwhile state
of Mysore. It is located at Bhadravati on the
banks of river Bhadravati in Shimoga district of
Karnataka. This plant was brought under state
Fig 1.2.3 Visweswaraya Iron and Steel Plant
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control in 1962 and was renamed as Visveswaraya Iron and Steel Ltd.. This plant has got a capacity
of 1.38 lakh tonnes of steel.
4. Bhilai
Bhilai iron and steel centre was set up in Durg district
of Chhattisgarh in 1957. Its initial capacity was 10
lakh tonnes which has been raised to 52 lakh tonnes.
5. Rourkela:
Plant of Hindustan Steel Limited at Rourkela is
situated in the Sundargarh district of Orissa. It was

Fig 1.2.4 Bhilai plant
Fig 1.2.4 Bhilai Plant

set up with the help of the then West German firm,
Krupps and Demang. It became operative in 1959
There are more than 50 iron and steel industries
in India their locations are given below in the table
that follow

Fig 1.2.5 Rourkela Plant

Name

Location

Owner

Tata Iron and Steel Corporation (TISCO)

Jamshedpur, Jharkhand

Tata Steel

Visvesvaraya Iron and Steel Plant

Bhadravati, Karnataka

SAIL

Bhilai Steel Plant

Chhattisgarh

SAIL

Durgapur Steel Plant

Durgapur, West Bengal

SAIL

Bokaro Steel Plant

Jharkhand

SAIL

Chandrapur Ferro Alloy Plant

Chandrapur, Maharashtra

SAIL

IISCO Steel Plant

Asansol, West Bengal

SAIL

Salem Steel Plant

Tamil Nadu

SAIL

Rourkela Steel Plant

Odisha

SAIL

Vijaynagar Steel Plant

Hospet, Bellary, Karnataka

Jindal Steel
and Power
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Name

Location

Owner

Vishakhpatnam Steel Plant

Vishakhapatnam, Andhra

Rashtriya

Pradesh

Ispat Nigam

Mini Steel Plants:
In addition to the integrated steel plants, a large number of decentralized secondary units produce
steel by using steel scrap/sponge iron as raw material and electric arc furnace and induction
furnace for processing. With capacity varying from ten thousand to five lakh tonnes, these are
known as mini steel plants. It is easy to construct such plants and their gestation period is short.

Notes
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Unit 1.3: Creation of products in Iron & Steel Industry

Unit Objectives
At the end of this unit, you will be able to:
1. Learn about steel making process
2. Learn about different processes involved in steel making

1.3.1 Steel making procedure
Steel production involves numerous process steps that can be laid out in various combinations
depending on product mix, available raw materials and energy supply and investment capital. Key
characteristics of the three main processing routes are as following:

Fig 1.3.1 Steel making process

1. In Basic Oxygen Furnace (BOF)-Blast furnace (BF) route: pig iron is produced by using iron
ore (70-100%) and coke in a blast furnace, and then turned into steel in a basic oxygen
furnace. This way is extremely energy intensive, because of addition of coke making and
sintering operations.
2. Electric Arc Furnace (EAF)-Scrap route: This route is primarily based on iron scrap as the
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input and has lower energy intensity in comparison with the BF-BOF route because of the
exclusion of coke making and iron making processes;
3. Direct Reduced Iron (DRI)-EAF route: This route is based on iron ore and iron scraps for the
input.

1.3.2 Processes involve in steel making
1. Coke Making
Coke is a material with high carbon content and porosity. It has high resistance to breakage and low
reactivity with gases, particularly CO2. Coke production is an important part of the integrated iron
and steel plants using BF-BOF route, acting as a reducing agent, as a source of thermal energy, and
providing physical support for the burden in blast furnace. Coke is produced by heating coking coals
up to 1000 to 1200 °C for several hours in coke ovens to drive off volatile compounds and moisture.
2. Basic Oxygen Furnace
Hot metal or liquid iron contains about 4 % carbon and other impurities. In the next stage of steel
making iron is converted into steel by reducing its carbon content and other impurities in basic

Fig 1.3.2 Oxygen furnace
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oxygen furnace (BOF)
3. Electric Arc Furnace
Electric Arc Furnaces (EAFs) are a central part of the production route. They are used to produce
carbon steels and alloy steels by recycling of ferrous scrap. In an EAF, scrap is melted and converted
into high quality steel by using high-power electric arcs.
The main job of modern EAFs is to convert solid raw materials to liquid crude steel.

Fig 1.3.3 Electric arc furnace

4. Smelting Reduction
Smelting

reduction

unit

combine

processes for the gasification of coal
with the melted iron ore. Smelting
reduction

unit

has

lower

energy

intensity than blast furnace.

Fig 1.3.4 Smelting reduction plant layout

5. Sinter Plant
Fine particles of iron ore are pre treated before treating them in the blast furnace. This is done in
the sinter plant where these are mixed with flux (limestone and dolomite) and heated to form solid
pieces called sinter
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Fig 1.3.5 Sinter making process

6. Casting
A large range of processes required for finishing process are grouped under casting process. During
casting, hot metal is turned into intermediary, saleable products. In most mills, casting is performed
by casting machines.

Fig 1.3.6 Steel Casting process
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7. Direct Reduced Iron
In DRI, iron ore is reduced in its solid state. It is different than BF process where a liquid metal is
formed during reduction. DRI then transformed steel in electric arc furnaces.

Fig 1.3.7 Iron reducing process

8. Blast furnace system
Iron ores, lumps, sinter, pellet and coke are fed in the blast furnace from top, whereas heated and
pressurized air is blown from below, to trigger a series of chemical reaction through which iron is
extracted from the iron ore in a hot molten state called hot metal.

Fig 1.3.8 Blast furnace
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9. Rolling Mills
In rolling mills, steel products are given to final dimension and shape by shaping and finishing
processes. Iron slabs are heated in furnaces and rolled into final shape in hot or cold rolling mills.

Fig 1.3.9 Rolling mills

Exercise
1. Iron and steel industry is an example of which type of industries?
a. Basic industries
b. Consumer industries
c.

Cooperative industries

d. Joint sector industries
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2. Name the marketing body through which all public sectors undertaking marketing their steel
a. HAIL
b. SAIL
c.

TATA Steel

d. MNCC
3. Which is the only private sector iron and steel industrial city in India?
a. Bhilai
b. Durgapur
c. Jamshedpur
d. Salem
4. How tall, approximately, is a blast furnace?
a. 40 m
b. 4 m
c. 4000 m
d. 400 m
5. What are the three raw materials used in making iron?
a. Iron ore, coal and coke
b. Iron ore, coal and slag
c. Coal, coke and limestone
d. Iron ore, coal and limestone
6. What is the name of the process used to make steel from iron?
a. The Basic Carbon process
b. The Basic Oxygen process
c. The Acidic Oxygen process
d. The Casting process
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Notes
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2. Occupational, Health
and safety (OHAS)
Unit 2.1 - Learn Occupational health & Safety
Unit 2.2 - What isHazard
Unit 2.3 - Safe working practices
Unit 2.4 - Working at Heights and confined spaces
Unit 2.5 – Fire Protection
Unit 2.6 – Emergencies, rescue and first aid procedures

ISC/N0008
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Know about safety requirements, procedures, and resources for different areas
2. Know about safe work practices
3. Know about hazards, types of hazards and how to control hazards
4. Know about PPE requirements
5. Know about safe working practices at heights
6. Know about safe working practices at confined spaces
7. Know about protection from fire hazards
8. Know about fire extinguisher and how to use it.
9.

Know about first aid procedures
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Unit 2.1: Learn occupational health and safety

Unit Objectives
At the end of this unit, you will be able to:
1. Know about health and safety requirements in industry
2. Know about essential elements for safety
3. Know about good safety work practices

2.1.1 Safety in Steel plant
Steel plants are an industry of hazardous nature, so the health and safety of workers, equipment
and environment are of severe worry in
a steel plant. The health and safety of
workers is a very important factor in this
industry because it affects both social
and economic factors of an organization.
It is essential for management to
understand the advantages of safe
working practices and apply those Fig. 2.1.1 The iceberg of accidents
practices at workplace to avoid hazards, production and manpower losses connected with the
accidents.
Below shown an iceberg of incidents is showing the nature of various types of accidents. They are
unsafe actions, lost time injuries, minor injuries, incidents, serious accidents and fatalities.
Every organization aim for zero accidents at workplace. This is every one’s responsibility to make
the working environment accident free. By following safe working practices and giving them
priority, it is possible to reduce the accidents substantially since safe way of working also provides
quality and proficient ways of working. The pyramid of overall goal of zero accidents is shown.
The following three features are vital for advancement of safety in a workshop:
•

Situation of environment of work place in terms of plant access, housekeeping, safety and
safe place of work etc.
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Fig. 2.1.2 Pyramid of overall goal of zero ofaccidents

•

Workers training and ability which assists them to recognize and apply safe systems of
work.

•

The development of motivational and behavioral influences of employees. This includes
identifying unsafe behavior and attitudes by using more direct strategies and to motivate
employees.

2.1.2 Essential elements necessary for safety
Essential elements required for execution of safety culture in a steel plant are:
•

Safety awareness has to be deep-rooted in the workforce as well as in the top management
of the plant also.

•

A communication plan, participation and commitment from maximum number of workers
show the reality of implementation of safety activities.

•

Recognize best safety practices and pass the ideas to fellow workers and senior management.

•

Every organization has a suitable and well defined safety structure, which is easy to
understand for everyone on the organization.

•

There should be some mechanisms in an organization which influence the workers towards
their health and safety.

•

Management has to conduct training programs for demonstrating how an employee
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attitude and behavior towards health and safety is an essential part for the growth of
career.

2.1.3 Good safety practices
Good safety practices in an organization are:
•

Assigning duties to the employees associated with the health and safety department in the
steel plant.

•

Investigation and reporting of all accidents whether they are small or big.

•

Learning about safe working ways by studying the unsafe incidents happened in other steel
plants.

•

Maintain proper documentation of accidents and incidents occur.

•

Conveying of safety investigation results and attained experiences to all employees.

•

Conducting safety drills and trainings for the workers.

•

Conducting regular safety audits to identify unsafe practices and areas and how to take
corrective actions to overcome the issues. Safety audits can help in timely recognition of
hazards and risks.

Notes

.
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Unit 2.2: What is hazard

Unit Objectives
At the end of this unit, you will be able to:
1. Know about hazards and different types of hazards
2. Know about, how to identify and control hazards
3. Know about safe working practices

2.2.1 Hazard
A hazard is something that has the potential to cause injury, disease or death in a workplace. A
slippery floor could result in someone falling and breaking an ankle.
There are a number of aspects to the development of a safe workplace
environment:
•

the development of policies

•

the development of consultative processes

•

Hazard identification, assessment and control.

Implications from hazards/risks can be accessed through:
•

accident/injury reports

•

information on risk from chemicals from data sheets

•

review of accident/injury statistics

•

information from government health and safety agencies

•

specific monitoring

•

Who is exposed, how much, how might they be affected.

Fig 2.2.1 Hazard sign

2.2.2 Types of Hazard
Physical hazards
•

Dust, noise and vibrations are produced while unloading, preparation and handling
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operations of material. The presence of large quantities of dust can also generate hazards:
•

Noise from vibrating components and drive mechanism which are not properly maintained
may be a problem in mobile equipment.

•

Ionize radiations producing devices may be used.

Fig 2.2.2 Physical hazard warning signs

Chemical hazards
•

Mineral oil is typically used for operation purposes for bulk density control and dust
suppression. When lids and doors are removed during mixing, materials used for sealing
leaks in doors and lids can be a worry.

•

Refracting ceramic filters and asbestos can be there in the form of insulating materials and
gaskets, even though appropriate replacements have been used.

Fig 2.2.3 Chemical hazard warning signs
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Mechanical hazards
The common mechanical hazards occur when
workers are caught between, struck by, fall from
height or fail to lockout equipments.
• Rotating parts of machine can catch
loose clothing, hands, or hair and cause
serious injuries. Uncovered parts of

Fig 2.2.4 Mechanical hazard warning sign

machine fly off, and create risk of eye injuries.
•

Skin burns from hot materials and surfaces. Irritation in eyes from dust particles is
responsible for less severe injuries.

•

Careless use of tools can cause injuries to the eyes, hands, head and limbs.

Electrical hazards
The main hazards of working with electricity are:
•

Skin burns and electric shock due to any
body contact with live electrical wires

•

Fire

hazard

from

faulty

electrical

equipment and injury from arcing
•

explosion due to inappropriate electrical

Fig 2.2.5 Electrical hazard

equipment

Working on or near electrical machines is hazardous and can be deadly. Any work near electrical
apparatus can be done only when proper safety measures are there to guard you from electric
shock and burn.
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2.2.3 Hazards in Steel plant
A steel plant is full of hazards. For the sake of workers safety in plant, these hazards have to be
tackled. Major hazards occur in plant are:

Fig 2.2.6 Workshop hazards

•

Road hazards – In steel plant, road hazards are very high because of movement of heavy
and heterogeneous traffic on plant. This hazard occurs mainly during the shift change
timings of workers.

•

Coke oven and sinter plant – Here hazards occur due to dust, heat, chemicals, smoke, fire
and explosion etc.

•

Blast furnace and steel melting shop – The main hazards occur here due to gas poisoning,
heat, slag, dust, moving equipments and vehicles, fire and working at heights.

•

Rolling mills – In rolling mills, the hazards occur are moving equipment, heat, suspended
loads, splinters and slippery floors.

•

Power plant – The main hazards here are working at height, heat vibrations, noise and gas
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and steam lines etc.
•

Material handling – The main hazards occur due to improper material handling are posture,
improper signaling, moving equipment, loads and suspended overhead loads etc.

•

Other major hazards which are common to most of the places are working in confined space,
working with improper tools, poor illumination, poor ventilation, electrical hazards, loco
movements, unmanned crossings, unpreparedness for emergencies, unsafe scaffoldings,
over confidence and working without safety appliances, personal protective equipments
(PPEs), written clearances, and shutdown clearances etc. Violation of safety protocols and
shut down procedures etc. are also cause of hazards.

Common causes of hazard:
•

slips, trips and falls;

•

falls from height;

•

working in confined spaces

•

unguarded machinery;

•

exposure to asbestos;

•

falling objects;

•

moving machinery, on-site transport, forklifts and cranes;

•

noise and vibration;

•

inhalable agents (gases, dusts and fumes);

•

skin contact with chemicals;

•

contact with hot metal;

•

electrical burns and shock;

•

fire and explosion;

•

extreme temperatures;

•

radiations;

•

manual handling;

•

insufficient emergency first-aid and rescue facilities;

•

ergonomics;
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2.2.4 Common hazard signs in industry

Fig 2.2.7 Hazard signs

2.2.5 Control measures
To ensure the health and safety, you have to adopt following methods:
•

According to instructions, safely carry out assigned tasks and duties and to follow with
safety rules and codes of practice.

•

If there is any doubt about safety precaution or unsafe practice, consult with the supervisor.

•

Wear PPE all the time at workplace.

•

Never use unsafe or damaged tool/equipment for work. All equipment and PPE must be
placed at correct place after using them.

•

Make sure that all safety practices such as protective clothing provided are used and all
guards are securely fixed.
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•

Don’t operate any equipment if you are not authorized.

•

Report any near-miss, accident or dangerous condition to supervisor.

•

Always switch off unattended equipment.

•

Follow safety arrangements and safe ways of eliminating hazards.

•

Don’t do such actions, so that your fellow employees will be in danger.

•

Always attend the health and safety training sessions organized by organization.

Notes

30

Fitter Instrumentation

Exercise
1. The establishment of a safe workplace is:
a. Ethically and socially responsible		

b. Not cost effective

c. A priority in all organizations.

d. Ethically and socially irresponsible.

2. In a health and safety context, a hazard is:
a. Anything with the potential to result in an injury or illness.
b. The likelihood of someone being injured in the workplace.
c. Anything that could result in a physical injury.
d. Anything that could result in a psychological injury.
3. Once you have spotted a hazard you must:
a. Report it to your boss
b. Leave it as someone else will fix it eventually
c. Bring your own toolbox to work and fix it yourself
d. None of the above
4. From the following options, what is the best way to control hazards in the workplace?
a. Replace the hazard for a less risky option
b. Eliminate the hazard completely from the workplace
c. Use personal protective equipment (PPE)
d. Have rules to help people avoid hurting themselves
5. Identify the Sign
a. No Entry

b. No walking in the workplace

c. No posing allowed

d. No strolling at this workplace

6. The most common mechanical equipment injuries are to the:
a. body and arms
b. hands and fingers
c. legs and feet
d. ears and eyes
7. Ear plugs are required to protect………………………………………………………………………
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Unit 2.3: Safe working practices

Unit Objectives
At the end of this unit, you will be able to:
1. Know about safe working practices
2. Know about material safe handling
3. Know about personal protective equipments

2.3.1 Safe working practices
Safe practices for avoiding general shop hazards
•

Don’t use pressurized air for removing chips and burrs from the machine.

•

Always clear stock and tools from the floor and clean spilled oils from the floor.

•

Know how to use fire extinguisher during fire.

•

Keep machines switched off during maintenance and adjustments.

Safe practices for avoiding machine hazards
•

Before using the machine, assume why you are using this machine

•

Remember the following safety checklist before using a machine:
1) Understanding about the operation of machine.
2) Potential hazards occurred while using machine.
3) All protection safeguards are available.
4) My actions are secure or not.
5) I am doing something which probably I have not to do.
6) All adjustments are properly done or not.
7) Workpieces are stored securely or not.
8) Do I have appropriate protection apparatus?
9) Know about how to switch off the machine.
10) Do not use mobile phones in the workshop.
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2.3.2 Personal protective equipment (PPE)
Personal protective equipment provides us the last level for controlling hazards. Before using of
personal protective equipment, the working requirements of the equipment should be checked to
make sure it fulfills the same, verify the required standards, make sure it fits the body shape of the
user, be user-friendly and is under regular maintenance and can be switched if required.
Personal Protective Equipment
•

Safety helmet: Safety helmets guard the head from injuries caused by falling objects.

•

Earmuffs, earplugs: Earmuffs and earplugs protect the ears from injuries by loud noises.

•

Safety belt: Safety harnesses guard from falling from heights.

•

Goggles: Goggles protect the eyes from injuries caused by strong light or flying objects.

•

Safety boots: Safety boots guard the feet from puncture wounds, injuries and slipping.

•

Respirator: Respirators guard the respiratory system from the attack of poisonous gases,
mist, fumes and dust.

Fig 2.3.1 Personal protective equipment
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2.3.3 Safe material handling
Every worker has to lift and move heavy weight during the job whenever required. He may be
required to move the job manually or by using forklift for lifting and moving. Extreme care should
be taken while lifting or moving the job so that no damage occurs to the job or plant and also to
prevent accidents at work place.
•

Lifting and moving the job manually

•

Lifting or moving the job using fork lift

•

Assist in lifting of heavy job

•

Attaching the job to the overhead crane’s sling / hook in a proper and balanced manner.

Points to be taken care of while lifting / moving material
•

Lift the materials in correct posture.

•

Do not try to lift too heavy materials alone.

•

Ensure the grip is right so that the job doesn’t slip from hand and fall

•

Put down the job at the destined place properly.

•

Do not throw the job on ground.

•

Avoid double handling.

•

Take rest breaks during heavy or repetitive work

Fig 2.3.2 Body bending movement during manual handling

Material handling equipments Eliminate the need to lift or lower manually by using handling
equipments that can assist you. Few types of equipment are:
•

Trucks
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•

Forklifts

•

Dollies

•

Carts

•

Wheelbarrows

•

Hoists

Make pushing and pulling of loads easier by
using the following:
•

carts, hand trucks and dollies and

•

handles on loads and mechanical Fig 2.3.3 Material handling equipments
aids,

Wrong handling can cause:
•

Strain & sprains

•

Neck and back injuries

•

Slips falls and crush accidents

•

Hernia

•

Cuts and bruises

•

Occupational overuse syndrome (OOS), also
Fig 2.3.4 Fork Lift

known as repetitive strain injury.

Exercise
1. The safe way of working is
(a)

an effective and right way of working

(b) an ancient way of working

(c)

a way of handling the work in a hurry

(d) a way of normal working

2. The best way of avoiding accident is by
(a)

doing work in ancient way

(b)

doing work in one’s own way

(c)

observing safety rules related to job, machine and workplace
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(d)

using safety equipment

3. Employers have to provide a safe and healthy place for:
(a)

Employees only.

(b) Workers only.

(c)

Employees and Workers only.

(d) Employees & Workers

4. You have been given a dust mask to protect against hazardous fumes. What should you do?
(a)

Do the job but work quickly

(b)

Do not start work until you have the correct Respiratory Protective Equipment

(c)

Start work but take a break now and again

(d)

Wear a second dust mask on top of the first one

5. If you drop your safety helmet from height on to a hard surface, you should:
(a)

Repair any cracks then carry on wearing it

(b)

Make sure there are no cracks then carry on wearing it

(c)

Work without a safety helmet until you can get a new one

(d)

Stop work and get a new safety helmet

Notes
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Unit 2.4: Working at heights and confined spaces

Unit Objectives
At the end of this unit, you will be able to:
1. Know about risks of working at heights
2. Know about safety precautions while working at heights
3. Know about risks of working at confined spaces
4. Know about safety precautions while working at confined spaces

2.4.1 Safe working at heights
You have to done many activities at height. Ladders, scaffolds and platforms are examples of
equipments used while working at height, but many more activities are there where you have to
work at height with limited protection.
These activities may lead to people and objects falling. The reason for this may be an insufficient
protection while working.

2.4.1.1 Safe working practices at height
Safe working procedures or ways while working at heights:
Mobile elevated platforms
•

Set the platform on plane and solid ground

•

Use equipment with stabilizers

•

Trained operator should be at ground level.

•

While working on platform, don’t forget to
wear safety harnesses.

•

Fix the platform under safe working limits and
keep an eye on speed of wind.
Fig 2.4.1 Elevated platforms
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Scaffold towers: Scaffold towers should:
•

Towers should be put up by trained
people.

•

It have a height to base dimension ratio
which is not more than that 3 to 1 for
indoors and 2.5 to 1 for outdoors

•

For right height to base ratio placed
stabilizers if necessary.

•

For 2.5 m high or above deployed
outriggers or stabilizers

•

Firmly locked all the casters before use

•

Working platform should be provided
ladder access.

•

Don’t move when the tower is engaged

•

Regularly inspect and maintain the
tower

Fig 2.4.2 Scaffold tower

Safety lines, harnesses and nets
When no other equipment are reasonably practicable, use safety lines,
harnesses and nets such as nets and airbags.
Ladders
Ladders are recommended only when work is of short duration.
They should be:
•

assembled at right angle

•

fixed and footed

•

place the ladder ear the work

•

Adequately support the ladder at the base to avoid hitting on
vehicles or pedestrians.

Fig 2.4.3 Ladder
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Stepladders: Following precautions should be taken when using stepladders:
•

Spread them to full extent and then locked it

•

Avoid working on top of the stepladder

•

Never use the top tread or rear part of the steps for supporting foot

•

Only one person has to work on ladder at a time.

•

Appropriate and correct grade ladder should be used.

Access equipment
•

The risks involved in using access equipment must be provided by hire contractors.

•

Regularly inspect and properly maintain all access equipment.

•

Person using access equipment must be well trained.

•

Take necessary precautions to avoid fall of objects or persons

•

Don’t try to increase reach by putting ladders on access equipment.

2.4.1.2 Dos and don’ts of working at height
Do….
•

Work on ground level, as much as possible.

•

Make sure equipment is sufficiently stable, appropriate and strong for the job.

•

When working on or near delicate areas, take safeguards

•

Always be prepared for protection from falling objects

•

make strategy for evacuation in case of emergency and rescue procedures

Don’t…
•

Overload ladders

•

Overreach on ladders or stepladders

•

Fix the ladder on weak and uneven surfaces

•

Use stepladders or ladders for tough or heavy tasks.
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2.4.1.3 Way of using ladder safely

Fig 2.4.4 Steps for using ladder safely

2.4.2 Safe working at Confined spaces
Spaces which are enclosed from all around and risk of death or serious injury from dangerous
conditions and hazardous substances is very high, are known as confined spaces. Confined spaces
have limited openings, for example:
•

storage tanks

•

reaction vessels
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•

sewers

•

silos

•

enclosed drains

•

combustion
chambers in furnaces

•

vats

•

open-topped chambers

•

ductwork

•

poorly ventilated rooms

Fig 2.4.5 Confined spaces

2.4.2.1 Dangers at Confined spaces
Dangers can arise in confined spaces because of the following issues.
•

Lack of oxygen
¶¶ Spaces where reaction between some soils type and oxygen happens in the
atmosphere;
¶¶ Reaction of groundwater with limestone produces carbon dioxide;
¶¶ Rust formation inside the vessels and steel tanks.

•

Poisonous gases and fumes
o Formation of poisonous gases in sewers and manholes;

•

o

Leakage of gases and fumes into trenches and pits in a poisonous area.

o

enter tanks or vessels from connecting pipes;

Fire and explosions due to excess oxygen and flammable vapours.
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•

Filling of liquids and solids inside the space, when disturbed.

•

Hot temperature conditions leading to increase in body temperature dangerously.

•

Residues of fumes and vapour left in tanks, vessels etc.

•

High concentrations of dust e.g. in flour silos.

Some of the above mentioned situations may already available in the confined space; but some
may arise during the work. The other dangers arise during the work being carried out are:
•

Special take care of machinery may require like precautions from electric shock and
provision of dust removal for a portable grinder;

•

Formation of fumes, gases or vapours during welding;

•

Restricted entrance of the space; like in a manhole, rescue during an emergency is not easy.

Fig 2.4.6 Dangers in confined spaces
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2.4.2.2 Safe systems of work at Confined spaces
If you have to work in a confined space, carry safety systems and equipments for working inside
the space. The following checklist is important while working in a confined space.
•

Isolation: Isolate the electrical and mechanical system of equipments need to be operating
in space. In any cases, ensure that isolation done is effective.

•

Cleaning: Make sure that there is no formation of fumes from residues during the work.

•

Size of entrance: Entrance size is big enough to permit workers to enter in the space with
all the necessary equipment required, and provide ready exit during an emergency.

•

Provision of ventilation: Ensure that there is proper mechanical ventilation for an adequate
supply of fresh air in the confined space. It is very important where portable gas cylinders
and diesel fuelled equipment are used.

Fig 2.4.7 Dangers in confined spaces

•

Provision of special tools and lighting: Use non-sparking tools and protected lighting
systems to avoid flammable and explosive atmospheres. In confined space like inside
metal tanks, appropriate precautions are required for safety from electric shock.
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•

Provision of breathing apparatus: Availability of breathing apparatus, if the air inside the
space is not adequate and suitable for breathing because of poisonous fumes, gases or
vapours in the space and lack of oxygen.

•

Preparation of emergency arrangements: Proper emergency arrangements which cover
the necessary equipments and practice drills.

•

Provision of rescue harnesses: Availability of safety harnesses at the point outside the
confined space.

•

Emergency procedures: When situations are not favorable, there can be chance of serious
and immediate danger. Effective arrangements like alarm systems and rescue operations
during an emergency are essential.

Notes

.
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Unit 2.5: Fire prevention

Unit Objectives
At the end of this unit, you will be able to:
1. Know about fire hazards and how to control
2. Know about fire extinguishers
3. Know about types of fire extinguishers
4. Know about how to use fire extinguishers

2.5.1 Fire hazard
Fire is one of the most common causes of the accidents in establishments. Fire is defined as a selfsustaining combustion process in which a substance (fuel) combines with oxygen in air to produce
immense heat and light.
Life and properties are in danger due to fire hazards. Safety
systems have a prime object which is fire hazards. These fire
safety systems are used to sense or remove the danger of fire
hazards.
Common ways of fire hazards are:
•

Flames of all types used for any work

•

loose electrical connections, higher loads and old

Fig 2.5.1 Fire

electrical equipment
•

Cooking appliances

•

Welding, cutting, metal casting works etc.

•

Improper storage of tools, equipment and material

•

Fireworks, ammunitions and explosives

•

Inappropriate storage of flammable materials and chemicals

•

Inadequate numbers of emergency exits

•

Barrier to reach alarm system and firefighting equipment
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•

Insufficient availability of fire extinguishers

•

No fire detection and alarm system

•

Violation of fire safety rules

2.5.2.Types of Fire
Class of Fire

Description

A

Fire involving
solid material
(fuel) for
combustion like
wood, paper,
plastics that melt.
Fire involving
Blanketing
flammable liquids
like petrol, diesel,
thinners, cooking
oils, paints, wax
and plastics that
melt

B

Mode of
Extinguishing
Cooling

C

Fire caused
by electricity
equipment

D

Fire involving
Smothening
flammable metals
like magnesium,
titanium

Cutting off
electricity supply

Medium of
Extinguishing
Water

Type of
Extinguisher
• Water
• Soda-Acid
Type
• CO2 Gas Type

Foam CO2 , Halon, •
DCP
•
•
•

Foam
CO2
DCP
Halon Type

Vaporising liquids, •
dry powder and •
•
CO2
•

CO2
DCP
Halon
Dry Sand

Suitable dry
powder

Special DCP
extenguisher
Dry Sand
Powered
Grephite
Talc and
Absestos
Limestone

•
•
•
•
•

Table 2.5.1 Types of fire
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2.5.3 Fire fighting equipments
1. Fire Extinguishers
It is a portable fire-fighting device formed like a cylinder filled with chemicals. The
type of fire extinguisher used depends on the type of fire.
2. Smoke Detectors

Fig 2.5.2.Fire Extinguisher

It is a device fitted on the roof which gets activated by smoke in case of fire.
Once activated, it in turn activates fire alarm or water sprinklers.
3. Fire Alarm System
It is an alarm system which can be manually or electronically operated /

Fig 2.5.3 Smoke detector

activated in case of outbreak of fire. Usually fire alarm system is connected
to smoke detectors and gets activated once smoke detectors are triggered.
4. Fire hydrants
There are fire hydrant systems installed in organizations which have outlets

Fig 2.5.4 Fire alarm

and hydrant lines provided at many locations where there are chances of fire
hazard.

Fig 2.5.5 Fire
hydrant

2.5.4 Fire extinguishers
A fire extinguisher extinguishes or control fires. Nobody uses an out-of-control fire intentionally. To
stop the out of control fire expertise of a fire department required.
Common fire extinguishers are:
•

Dry chemical: These types of fire extinguisher are in powder form. They stops and halts the
production of fire supporting by “free-radicals”, accordingly extinguish the fire.

•

Foams: This type is applied over aspirated or non-aspirated fuels. It forms a seal or foamy
blanket over the fuel and stops oxygen to reach near the fuel. Unlike powder type, foam
type fire extinguisher is used to extinguish fires without flashback.
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•

Water: It cools burning material by absorbing heat through the use of air pressurized
water. It is successful to extinguish class A fires. Unlike dry chemicals and foams based fire
extinguisher it is harmless, inexpensive and easy to clean.

•

Clean agents and carbon dioxide: These types of extinguisher displace oxygen, control
chemical chain reaction and remove heat from fire zone. This extinguisher does not leave
any remains after release which is ideal for electronics items and sensitive documents.

Extinguisher
Color

Type of Fire
Type

Solids
Flammable
(Wood,
Liquids
Paper, Cloth) Flammable

Flammable
Gasses
Flammable

Flammable
Equipment

Cooking Oil
& Fats

Water

Yes

No

No

No

No

Foam

Yes

Yes

No

No

Yes

Dry
Powder

Yes

Yes

Yes

Yes

No

Carbon
Dioxide
(CO2)

No

Yes

No

Yes

Yes

Table 2.5.2.Types of fire extinguisher
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2.5.5 Steps for using a fire extinguisher

Fig 2.5.6 Using fire extinguisher

Step 1:

Pull the pin from the top of the extinguisher for releasing locking mechanism which
discharges the extinguisher.

Step 2:

Aim the extinguisher at the base of the fire not the flame.

Step 3:

Squeeze the lever slowly. Deliver the extinguishing agent in the extinguisher. When the
lever of extinguisher is released, the discharge of extinguishing agent stops.

Step 4:

Sweep from side to side. Move the fire extinguisher to and fro by sweeping motion until
the fire is under control. Operate the extinguisher from a safe distance. Move towards
the fire when it starts to reduce.

2.5.6 Fire drills
Conducting a Fire Drill Includes Exercising the Fire Plan:
a) For separation of fire
•

Close doors

•

Use automatic sprinkler systems

b) Evacuation of immediate area
•

save anyone in danger

c) Evacuation of smoke section
•

shift workers through exit doors

Fig 2.5.7 Fire exit
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•

shift workers to specific areas

d) Prepare building and floors for mass departure
•

collect medical records of all fellow workers

•

Hearing aids, wheel chairs, walkers etc.

e) Extinguishment of fire

2.5.6.1 Fire drills record
For all required emergency evacuation drills records shall be maintained and shall include the
following information:
1. recognize of the person conducting the drill
2. Drill date and time
3. Notification method used
4. Staff members on duty and participating
5. Number of occupants evacuated
6. Special conditions simulated
7. Problem faced
8. Weather conditions when evacuating outside
9. Time required to attain complete evacuation
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Fire Drill Report
Facility Name: ______________________________________________
Address: ___________________________________________________
Date: _____________Time: _______________ Shift: _______________
24 Hour Clock

Person conducting the drill: ___________________________________
Name & Title

Fire Alarm Activation Method: _________________________________
Drill Location and simulated Conditions: _________________________
__________________________________________________________
Unusual Conditions: _________________________________________
(weather, Remodeling, Temporary exits)

Number of Occupants evacuated: ________ Total Time of Drill: ______
Fire Alarm System reset?:______Sprinkler System restored?” _______
Critique: ___________________________________________________
__________________________________________________________
Fire Alarm System tested: _____________Verified by: _______________
Monitoring company received signal at: _________ Verified by: ____________

Fig 2.5.8 Sample Fire Drill Report
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2.5.7 Tips during fire outbreak
S NO.

INSTRUCTION

1

On noticing a fire, immediately start shouting “fire” at top of your voice. Do
not wait for the automatic fire alarms to start ringing.

2

Take a fire extinguisher

3

Use extinguisher as per fire type :
-

for general fires use water and co2 fire extinguishers

-

Foam type extinguishers is suited for oil fires

-

Co2 fire extinguisher is recommended for electrical fires.

4

Switch off all mains in case of an electrical fire.

5

Do not try to switch off electrical equipments.
Cut the power from the main source.

6

do not panic and alert the building fire department

7

If the fire seems to be dangerous, call the fire brigade immediately.

8

Make sure that the water sprinklers and other fire-fighting equipment have
properly started operating.

9

First priority should be to save people. Help others to safely get out of the
floor

10

For treating serious burn injuries, it is very important to alert the nearest
hospital.

Table 2.5.3 Tips during fire emergency

Notes
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Unit 2.6: Emergencies, rescue and first aid procedures

Unit Objectives
At the end of this unit, you will be able to:
1. Know about basic first aid techniques during electric shock, burns and choking
2. Know about CPR process
3. Know about bandaging process

2.6.1 Free a person from electrocution
If find someone is suffering from electric shock, approach with extreme caution and following first
aid steps.

Steps
Step 1:

Firstly take the suffered person away from the
electricity source as fast as possible. Turning
off the electric supply of machine is the best
method for doing this..

Step 2:

If this seems impossible, remove the person
from electricity source by using a piece of wood Fig 2.6.1 Saving person from electric shock
or insulating material.

Step 3:

Don’t touch the victim getting the electric shock because you could also get shock too.

Step 4:

After successful executing the victim from the electricity source, call the ambulance, if
victim is unconscious. Give first-aid to victim till the time ambulance is coming.

Step 5:

If victim is conscious and looking well, monitor its condition, as the results of shock must
not be clear immediately.
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2.6.2 First aid victims in case of bleeding,
burns, choking, electric shock, poisoning etc
For treating shock, burns, bleeding and wounds, electric shock, choking, eye injury, heat stroke,
hypothermia, fainting and unconsciousness, use following first-aid techniques:

2.6.2.1 Shock
Cold, weakness, unbalanced breathing, rapid weak pulse, pale or bluish lips and fingernails and
nausea are the symptoms of shock

.

Steps
Step 1:

Don’t give anything for eating and drinking to victim.

Step 2:

Use blankets or clothes to keep the victim warm.

Step 3:

Place the victim’s legs on a pillow.

2.6.2.2 Bleeding and Wounds
Steps
Step 1: Cover the wound by a clean cloth and gloved hand; then apply firm and steady pressure
on wound for 5 mins at least.
Step 2: Lift up the injured leg or arm above the victim’s heart level.
Step 3:

Secure the wound by a bandage when bleeding stops. Ensure that bandage is not fixed
too tightly—it may stops blood circulation.

Step 4:

Check the victim for shock.
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2.6.2.3 Burns
Steps
Chemical or Compressed Gas Burns
Step 1: Use a drench hose and emergency shower for at least 15 mins to rinse away all residues
of chemicals.
Step 2: Cover the burn by a clean and dry cloth or special dressing for burns.
Step 3: Check the victim for shock.

Heat or Electrical Burns
Step 1: Cool burning of skin by water.
Step 2: Place the burned area under cold running water
if the skin is not broken and gently compress
the wound by hand. Bandage the wound by a
dry and clean cloth.
Fig 2.6.2 Saving person from gas burns

Step 3: If blister appear, don’t try to break it.
Step 4: Do not apply ointments or creams.
Step 5: If skin is cracked, or if injuries are severe:
o

Do not clean the wound or remove embedded clothing.

o

Cover the injury insecurely with a clean, dry cloth.

o

Expect shock and treat accordingly.

2.6.2.4 Choking
The patient is talking and getting sufficient air; don’t restrict it if he/she tries to cough the obstruction
in the throat. If the patient can’t talk or not getting enough air, make call on emergency number.
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Steps
Step 1:

Wrap your arms around the stomach and stand directly behind the victim.

Step 2:

Just above the navel and well below the ribs, make a fist by a hand. Place that fist with
the thumb and forefinger side toward you.

Step 3:

Hold the fist by other hand and pull it rapidly towards you by a slightly upward and
inward thrust. If required, repeat it.

(b)
(a)

(c)

Fig 2.6.3 (a) (b) (c) Saving person from choking

If the patient becomes insentient:
Step 1:

Put down the patient on their back.

Step 2:

If the object that is obstruct the airway is noticeable, reach a finger into the patient’s
mouth and try to bend the obstruction out of the patient’s throat, being careful not to
push the object deeper into the patient airway.

Step 3:

Even if this is not successful, attempt rescue breathing.

Step 4:

A chest compression (CPR) is more helpful if the victim is still not breathing or moving.
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2.6.4 Basic techniques of bandaging
The key points when applying a bandage are:

Steps
Step 1:

Make sure the person is comfortable.

Step 2:

Never lean across their body and ensure
that you are working from the side of
the injury.

Step 3:

First clean the wound and apply the Fig 2.6.4 Bandaging injured person
antibacterial cream over it.

Step 4:

When the bandage is on always remember keep the injured part of the body supported
in the position it will be in.

Step 5:

Always use right size of bandage.

Step 6:

To check the passage easily, don’t cover fingers or toes when bandaging a limb.

Step 7:

Never wrap the bandage tight, and secure the end by folding it over and binding a knot
in the end. Safety pin, adhesive tape, or a bandage clip can be used.

2.6.5 Artificial respiration and the CPR Process
CPR instructions
•

Check the Passage - make sure it is
harmless for you to help.

•

Don’t become another patient.

CPR Steps
Step 1:

Check the Victim - tap and shout to
get response.

Step 2:

Circulation - pump the chest 30
times.

Fig 2.6.5 CPR Process
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Step 3:

At the center of the chest put the heel of one hand and your other hand on top of it. At
a rate of 100 per minute (16 compressions in 10 seconds) press chest down 2 inches.

Step 4:

Tilt head back, lift chin up to open airway - Airway.

Step 5:

Breathing - Tweak nose closed, take a normal breath, cover patient mouth with yours and
blow out your breath until you see the chest rise. One breath per 1 second. Again open
airway again if chest doesn’t rise.

Step 6:

Repeat procedure until help arrives or the victim begins breathing.

Notes
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3. 5S & House Keeping
Unit 3.1 – Identification of bottlenecks in functioning of work place
Unit 3.2 - Various methods of housekeeping
Unit 3.3 – Waste management

ISC/N0008
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Discuss about safety issues at workplace
2. Know about 5S safety management system
3. Know about Housekeeping practices
4. Discuss about benefits of housekeeping
5. Discuss about elements of effective housekeeping
6. Know about waste management practices
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Unit 3.1: Identification of bottlenecks in functioning of workplace

Unit Objectives
At the end of this unit, you will be able to:
1. Know about safety issues in industry
2. Know about different hazards

3.1.1 Safety issues in workplace
Uncovered wires, exhausted workers, poorly kept equipment. Manufacturing facilities are riddled
with risks, both hidden and out in the open. Hazards can result in serious injury or death, if don’t
know where to begin looking.
The biggest safety worries in any manufacturing setting are:
•

Hearing Protection: Hearing can be affect by noise is produce by Industrial machines if you
are uncovered to the noise on a long basis. The Occupational Safety & Health Administration
requires companies to provide hearing guard when noise levels surpass specific levels.
Protection required is depends on the sound level and the duration of the contact.

•

Eye Hazards: 61 percent of eye damages occur in the manufacturing, construction
industries and trade a report by the Vision Council reports. Eyes may be injured by dust,
metal, concrete and other particles throw by machines. Eyes can burn or irritate by chemical
fumes and splashes.

•

Chemical Exposure: Some employees in manufacturing units work with hazardous
chemicals like workers who produce batteries may be exposed to lead in the form of dust
or fumes. This can harm nervous, urinary systems and reproductive with lead exposure
linked to failures, seizures, coma and death.

•

Mechanical Hazards: Some employees in manufacturing units work with hazardous
chemicals like workers who produce batteries may be exposed to lead in the form of dust
or fumes. This can harm nervous, urinary systems and reproductive with lead exposure
linked to failures, seizures, coma and death.
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Fig 3.1.1 Mechanical hazard example

•

Fire Hazards: In manufacturing, heat and flame can produce by the tools and equipment,
which cumulative the risk for fires. Employees should aware of where to find fire
extinguishers and how to rescue the facility immediately in the event of a serious fire.

Fig 3.1.2 Fire hazard example

•

Carbon monoxide poisoning: In manufacturing industries, blast furnaces and converters
generate huge amount of gases. Once dust has been removed, these gases are used
as fuel resources and some are use as raw materials and supplied to chemical plants.
Carbon monoxide poisoning can cause by leakage from the top or inside body of blast
furnaces and from the plant gas pipelines. Especially during repairs such poisoning occurs
during work around blast furnaces.
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•

Dust and fumes: During the manufacturing process, at many
points dust and fumes are generated. Dense fumes released
during the use of oxygen can cause lung diseases. Contact
with silica is also a danger for the workers and cause serious
infections and injuries.

Fig 3.1.3 Dust and fumes example

Notes

.

.
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Unit 3.2: Various methods of housekeeping

Unit Objectives
At the end of this unit, you will be able to:
1. Know about 5S Safety system
2. Know about essential elements Housekeeping
3. Know about good housekeeping practices

3.2.1 5S Safety management system
What is 5S?
5S is a fundamental, systematic, basic, approach for quality, productivity and safety improvement.
5S (Japanese Philosophy) is the name of a workplace organization procedure. 5S is created by a list
of five Japanese words: seiri, seiton, seiso, seiketsu, and shitsuke. 5S system is implemented for
organizing the workplace for increasing effectiveness and efficiency by maintaining the area and
items storing the items used, and sustaining the new practices.

Fig. 3.2.1 Transliteration of 5S list from Japanese to English

64

Fitter Instrumentation

Objectives of 5S:
•

The manufacturing process to be standardize

•

Tools can be search in very less time.

•

By 5S the quality of products and Service is improve

•

Production can be increase by the use of 5S.

•

Focus on safety and health

Necessity of 5S:

Fig. 3.2.2 Necessity of 5S
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Phases of 5S:
Japanese English
term
Term

Seiri

Sort

Meaning in Japanese Context
•

Dispose off unnecessary items or properly remove.

•

Do work simply by removing obstructions.

•

Stop buildup of needless things.

•

Calculate necessary items for costing and other factors.

•

Remove all parts not in use.

•

Separate unwanted items from the workplace.

•

A skilled supervisor is requiring for checking on regular basis.

•

Define a red-tagged area to keep unnecessary items.

•

Waste removal.

•

For items to be easily available arrange them all properly

•

By arranging work station in such a way that all tooling /
equipment is in close proximity that can avoid loss and misuse of
time.

Seiton

Seiso

Set

Shine

•

Make simple to identify and pick up essential things

•

Work on first come and first serve basis method

•

This makes the workflow easy and smooth

•

All work should be complete on regular basis

•

Workplace should be completely clean and clear

•

Stop weakening of machinery and equipment

•

Keep workplace safe

•

Keep work place clean

•

If someone isn’t familiar to the environment must be able to find
problems in 5 seconds within 50 feet.
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Seiketsu

Standardize

•

Regulate the best practices in the work area.

•

Keep high standards at workplace organization at all times.

•

Keep neatness. Keep everything in order and according to its
standard.

•

Everything in its right place.

• Every process has a standard.

Shitsuke

Sustain

•

To maintain in working order

•

Also translates as “do without being told”

•

Regular audits to be perform

•

Discipline and Training

•

Goal oriented process is training. Its resulting feedback is
necessary monthly

Table. 3.2.1 Phases of 5S
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3.2.1.1 Advantages of 5S
•

If equipment and tools are properly placed in organized work areas

•

Items can be visible very easily.

•

It leads to greater workstation efficiency and mass production

•

To greater well-being and amplify motivation workplace should be clean and tidy

•

Time saving

•

Quick recovery

•

Minimization in mistakes & accidents

•

Increases workspace

•

Constant enhancement in work quality

•

Smooth working no obstruction

3.2.1.2 5S Audit
Purposes of conducting regular 5S audits are:
•

Evaluation of 5S standards for industry

•

To fix what is wrong! - note and address non-compliance

•

Give a official chance to suggest improvements

The basic steps of audit are:
•

Plan for the audit. Divide the workplace into several areas for successful audit reviews.

•

Based on the standards set during audit, make a list for every area.

Known problems in each area from the initial 5S audit include:
•

Need of repairing machines

•

Rack of tool

•

Signages on tool racks or storage shelves; cabinets and “keep clear” markings on instruction
pages or corridors.

•

Equipment and materials which were not cleared instantly.
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Three key tasks has to be done during the audit
1. Find out whether known difficulties have been addressed:
•

Lubricants are still leak from this machine?

•

People are not walking under crane, is the warning sign in place?

•

Why outdated drill press is still in the workshop?

2. Look into the standards is being met:
•

Are tools left on work tables?

•

From the tool rack is something missing?

•

Is dirt collecting anywhere?

•

Are safety labels visible and readable?

3. To be noted that what has not yet been standardized – Most imaginative and hard section,
it may include seeing what is missing in an area that seems neat:
•

Why is there no sign over the well-ordered stack of work-in-process materials on that
shelf?

•

Tools that are not yet labeled

3.2.2 Housekeeping practices
Workplaces hazards can be eliminate by effective housekeeping and complete a job safely and
properly. Poor housekeeping and hiding hazards can cause frequent accidents which can cause
injuries.
Cleanliness doesn’t mean housekeeping. Housekeeping includes keeping work areas tidy and
arranged; keep floors free of slip and trip accidents; clearing of waste materials (paper, cardboard)
and other fire hazards. It also involves attention on other things like aisle marking, the adequacy
of storage facilities and maintenance. Good housekeeping is a basic step for preventing accident
and fire hazards.
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3.2.2.1 Purpose of workplace housekeeping
Accidents are cause due to poor housekeeping, such as:
•

Neat and clean movable objects i.e. stairs and platforms

•

Being strike by falling items

•

Slipping due to wet, greasy and dirty surface

•

Striking due to poorly stacked objects or lost material

•

Cutting or tearing of skin of hands or other body parts because of projected nails and
wire.

3.2.2.2 Benefits of good housekeeping practices
Efficient housekeeping results in:
•

Decrease handling to comfort the materials flow

•

Fewer slipping and tripping accidents

•

Less fire hazards

•

Hazardous substances e.g. dusts, vapors exposures to lower worker

•

Better control of tools and materials in managing inventory and supplies

•

Equipment’s are more cleaned and well maintained.

•

Better hygienic conditions for good health

•

Space utilization is more efficient

•

Reduced property damage due to improvement in preventive maintenance

•

Improved efficiency because it is easy to find tools and materials.

3.2.2.3 Elements of an effective housekeeping program
Dust and Dirt Removal
Proper working of exhaust ventilation systems for collection of dirt, dust and chips adequately
at workplace. Use vaccum cleaners for cleaning of light dust and dirt. For cleaning walls, ceilings,
machinery and other hard to clean places, special fittings are made to clean dust and dirt.
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To reduce the amount of air dust, use sweeping compounds or
dampen the floor before sweeping of floor. The dust and dirt that
collect in places like piping, shelves, light fixtures, conduits, windows,
reflectors, cupboards and lockers may require manual cleaning.
Surfaces
Cleaning up spilled oil and other liquids at once is important because
of poor floor conditions that leading cause of accidents. Accidents Fig 3.2.3 Dust removal
may happen by allowing chips, shavings and dust to
accumulate. To prevent accumulation regularly cleaning
trapping chips, shavings and dust before they reach the
floor. Anti-slip flooring is used where areas that cannot be
cleaned continuously, such as entrance ways.
Maintain Light Fixtures
Light levels are reducing by dirty light fixtures. Lighting Fig 3.2.4 Surface cleaning
efficiency can improve by clean light fixture.
Aisles and Stairways
Aisles are the passages that allow movement of people, product and
materials. Encourage everyone to use stairways so that they do not take
shortcuts through hazardous areas.
Always keep aisles and stairways clean and clear. Don’t use them for
temporary storage of materials.
Spill Control
Spills can be controlled before happening by doing proper maintenance.

Fig 3.2.5 Slip warning sign

Clean and maintain machines and equipment regularly or place drip pans and guards where you
find oil spills. Clean the spill right away, if found anywhere at the workplace.
Use cleaning chemicals or absorbents for wiping the greasy, oily or other liquid spills.
Tools and Equipment
Tool housekeeping is very important whether it is in the tool room or on the tool rack or on the
bench. For the organized arrangement of tool storage in the tool room and near the work bench,

71

Participant Handbook

tools require appropriate fittings with locations and labels
marked on it. Regularly inspect, repair and clean all tools. If
found any damaged or worn tools, remove them and marked
as out of service.
Fig 3.2.6 Oil spill cleaning

Maintenance

Tool housekeeping is very important whether it is in the tool
room or on the tool rack or on the bench. For the organized
arrangement of tool storage in the tool room and near the work
bench, tools require appropriate fittings with locations and labels
marked on it. Regularly inspect, repair and clean all tools. If found
any damaged or worn tools, remove them and marked as out of
service.

Fig 3.2.7 Storage of tools

Waste Disposal
Practices the regular collection, grading and
sorting of scrap leads to good housekeeping.
Separate the materials from waste which can
be recycled and reuse.
For systematic waste gathering and disposal, Fig 3.2.8 Waste management
place the bin containers, near the place where waste is generated most.
Storage
Give at least one meter of clear space to stored materials from the spray heads.
Materials should be store away from fire equipment,
stairs, aisles, exits, emergency showers, or first aid
stations. Clear marking should be there in all storage
areas.
Toxic, flammable, combustible, and other hazardous
materials should be stored in permitted containers Fig 3.2.9 Material storage
in designated areas that are suitable for the different
hazards that they pose. Storage of materials should meet all necessities specified in the fire
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Exercise
1. Prepare a housekeeping checklist of your training center
If housekeeping meets standard then sign (√) or not then sign (x). Also give your comments if not
meeting standard
Particulars
Aisles
• Clean
• Well-marked
Exits and entrances
• Clear
• Well-marked
• Free of ice, snow, water, other obstructions
Hand and Portable Tools
• Properly stored when not in use
Fire Fighting Equipment
• Clearly marked
• Accessible
Floors
• Clean
• Clear
• Well-drained
Ladders
• In good condition
• Free of grease/oil
• Secure when in use

Sign

Lighting
• Adequate
Machines
• Clean
• Clear
• In good condition
Signs, Tags
• Adequate
• Appropriate
• Clean
Stacking and Storage
• Aisles clear
• Stacks stable, secure
• Well labeled
• Area clean and clear
Stairs
• Non-slip tread
• clean
• clear
Ventilation System
• Clean
• Clear
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Comments

1 = Very little compliance

2 = Some compliance

1

1

0

0

1

1

0

0

1

0

2

2

2

2

2

3

3

3

3

3

4

4

4

4

4

Comments

Comments

Comments

Comments

Comments

4 = Total compliance

Date _______________________

3 = Significant compliance

Department___________________

Determine what is needed and remove the rest.
Have all the necessary items (tools, machines etc.) been removed ?
Does the inventory include any part that is not required?
All tools and equipment are located in the most convenient location?
Do cupboards, storage cabinets and shelves, have been sorted?
Is the quarantine area properly managed?
A place for everything and everything in its place……….no searching
Are shelves and storage areas clearly defined with location indicators?
Are shadow boards and other storage systems used where possible?
Are walkways and work areas clearly defined and unobstructed?
Are personal belongings stored in lockers provided?
Is all safety equipment in place and up to date?
Cleaning and looking for ways to keep it clean
Floors - Are they kept clean, tidy and in good state of repair?
Machines and tools – Are they free from dirt, visible leaks and spillages?
Bins - Are they properly maintained and emptied on regular basis?
Is anyone responsible for routine inspection/maintenance?
Do operators regularly sweep up and clean down machines and tools?
Make standards obvious and maintained
Is stock control established, obvious and in use?
Is everyone aware of their responsibilities and department flow?
Is information to carry out daily routine work clear and in use?
Are improvement ideas being generated and regularly acted on?
Are the standards for the first 3S’s clear and up to date?
Maintain high standards and constantly seek to improve
Are checklists available and being used?
5S board – Is this up to date and regularly reviewed?
Have improvement suggestions from last month been acted upon?
Training - Is everyone adequately trained?
Education – Can everyone in the area explain the 5S?

0 = No compliance

5S Audit Form

SORT

SET IN
ORDER

SHINE

STAND
ARDISE
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SUSTAIN

Completed By________________
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2. Do the 5S audit of your training center and fill the form given below
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Unit 3.3: Waste Disposal

Unit Objectives
At the end of this unit, you will be able to:
1. Know about waste management practices
2. Know about elements of waste management
3. Know about methods of waste management

3.3.1 Waste management
Waste management is gathering, transport,
recycling, processing and disposal of waste
materials. Waste management is carried
by recovering resources from waste
materials. It involves waste substances
(i.e. gaseous, solid, liquid or radioactive),
expert personnel and different methods of Fig. 3.3.1 Waste management
management.
Classification of wastes typically as follows:
•

Garbage i.e. decomposable waste

•

Rubbish: paper, wood, cloth i.e. combustible in nature and metal, glass, ceramics i.e. noncombustible in nature and non-decomposable wastes

•

Ashes

•

Sewage-treatment solids: material reserved on settled solids, biomass sludge and sewagetreatment screens

•

Industrial wastes: like chemicals, paints etc.

•

Mining wastes: slag heaps and coal refuse piles
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3.3.2 Elements of a waste management strategy
Good waste management practices involve much more than that disposing of waste legally and
properly. Strategy for the management of industrial waste can include the subsequent elements:
•

Current waste management procedures and primary audit of wastes produced.

•

Risk assessment to find that stowage and handling procedures does not possess any health
or environmental risk.

•

Identification of options for reuse, waste reduction, recovery assessment and recycling of
waste.

•

Identification of best practicable environment! There should be an option for dumping of
waste and residues.

•

Selection of the contractor offering the best service and audit of potential waste
management contractors.

3.3.3 Waste management methods
1. Segregation

Fig. 3.3.2 Segregation of waste

Why waste separation using container unit is so necessary because plastics, building materials,
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glass and waste from the site work could take a really long time period to decompose. This is the
reason, thus, it is required to maintain green practices so waste management should be done
with proper segregation. Thus we make sure to support you in removing hazardous waste from
compostable non-hazardous solid waste, organic waste, recyclable materials and other regulated
material.
2. Composting
This waste management process turns waste into organic compounds that
you can use to feed plants. In terms of the environment advantages this is
actually beneficial technique. Making use of this method, it’s easy to turn
unsafe organic products into safe compost.
3. Burning
Fig. 3.3.3 Composting waste

If your approach is not towards disposing materials and other wastes, then
burning method will be a good approach for you. If waste is bio-degradable
or cannot produce hazardous gases after burning, you can burn the waste

Fig. 3.3.4 Burning waste

Notes
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Exercise
1. Tripping over objects can be reduced by ……………………………………………………….
2. Which is not the element of effective housekeeping
(a) Waste disposal

(b) Cleaning

(c) Machining

(d) Spill control

3. Spilled oil can be the cause of an accident. True or False
4. Which phase of 5S are you in when you clean machines, windows, floors etc.
(a) Sort

(b) Set-In-Order

(c) Shine

(d) Standardize

5. Which is not a benefit of Sort?
(a) Reduce the waste of searching

(b) Reduced set-up times

(c) Increased productivity

(d) Improved machine dependability

6. In the Set-In-Order phase, where should tools be stored that are used daily?
(a) In personal tool boxes where they won’ t be stolen
(b) At the point of use
(c) Where the supervisor can keep an eye on them
(d) In a company owned locking cabinet
7. The most serious environmental effect posed by hazardous wastes is
(a) air pollution.

(b) contamination of groundwater.

(c) increased use of land for landfills.

(d) destruction of habitat.

8. Which of the following is not a primary contributor to the greenhouse effect?
(a) carbon dioxide

(b) carbon monoxide

(c) chlorofluorocarbons

(d) methane gas

9. In a health and safety context, a hazard is:
(a) Anything that could result in a psychological injury.
(b) Anything with the potential to result in an injury or illness.
(c) The likelihood of someone being injured in the workplace.
(d) Anything that could result in a physical injury.
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Know about various control equipments
2. Know about analyzers
3. Know about alarms and detectors
4. Know about pressure, level, temperature measuring gauges etc.
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Unit 4.1: Instrumentation equipments

Unit Objectives
At the end of this unit, you will be able to:
1. Know about various control equipments
2. Know about analyzers
3. Know about alarms and detectors
4. Know about pressure, level, temperature measuring gauges etc.

4.1.1 Pressure measurement gauges
Barometer
Atmospheric pressure is measured by using barometer.
Pressure exerted by the air surrounding the earth is
called atmospheric pressure and it decreases as we
goes up from earth surface.
Working principle:
Atmospheric pressure balances the barometric liquid
against vacuum and reading obtained as pressure
head is in absolute units.
Construction and working:

Fig. 4.1.1 Barometer

A glass tube of at least 76.2 cm length with one end open and other end closed is first completely
filled with mercury and open end is plugged. Then the tube is immersed in a mercury pan by
keeping the plugged end inside the pan .After this plug is removed and mercury level in tube
comes down to a certain level leaving a vacuum in top of tube. The height h from surface of
mercury in pan to the level of mercury at top of tube shows the atmospheric pressure acting on
mercury in the pan.
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Manometer
Difference in pressure between two points of a fluid in
the pipeline can be measured by this simple device and
its reading can be calculated easily by using basic physics
laws. It has a ‘U’ shaped glass or metal tube with two
legs filled with manometric fluids like mercury or carbon
tetrachloride which are denser than fluid flowing through
pipe. Difference of height between manometric fluid
levels in legs produced after deflection is proportional to
the differential pressure between the points in a pipeline
which are connected to the two legs of manometer.

Fig. 4.1.2 Manometer

Principle: Unknown pressures are balanced by manometers against hydrostatic pressure of a liquid
column which can be read from the scale on manometers and this value is same as unknown
pressure.
Construction and working:
An appropriate liquid like water, mercury etc. are filled partially in the U-tube of manometer.
Unknown pressure is connected to one of legs of the manometer while other unknown pressure is
connected to other leg or other
leg is vent to atmosphere.

Difference in pressure applied
to two legs create a level
difference of manometric fluid
and this level difference shows
differential

pressure

(P2-P1)

measured by manometer. The
static balance equation is
•

Fig. 4.1.3 Working principle of manometer

P2-P1=h ρ g
h= difference in height or level
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ρ= manometer liquids’ density
Static balance equation is changed as below when fluid over manometer liquid has considerable
density
•

P2-P1= h (ρm - ρl) g
h= height difference
ρm = mass density of manometric liquid
ρl = mass density of fluid over manometric liquid

Calibration:
Manometer is subjected to known differential pressure and the corresponding height difference is
noted. Height difference is measured for different differential pressures and plotted against those
differential pressures to produce calibration curve and differential pressure at a certain height
difference can be found from this.
Sources of error:
•

Temperature effect: Manometric liquids’ density is reduced by increase in temperature
causes error in reading due to out of calibration.

•

Capillary rise: At least 10mm should be the diameter of tube to avoid the capillary rise
effect, otherwise error will be created by capillary rise.

•

Meniscus shape: center of the meniscus is the point from where reading of manometer to
be measured .Mercury forms a convex meniscus while water forms a concave meniscus.

Bourdon pressure gauge
Principle: It has a curved tube called bourdon tube with one end closed and other end connected
to system whose pressure is to be measured. Sealed end straightens up and deflects when pressure
is applied to the tube .A linkage mechanism connected between sealed end and gear transfer this
movement to an indicating needle and needle moves on a calibrated dial when tube is deflected.
Wide range of pressures is measured by bourdon gauges. Internal pressure variation of tube with
an imperfect circular cross section and which is bent or distorted produce deflection of tube or
change in its shape according to the bourdon theory.
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Construction: Bourdon pressure gauges use different types of Bourdon springs .Winding of the
tube is done up to an arc- length of about 270 degrees to produce C-shaped which has the shape of
circular segment or C. Tube is wounded
in the shape of spiral with a common
axis and a number of turns to form spiral
bourdon tube and helix type is formed
by winding tube in helix form with a
number of turns. Tip travel for a pressure

Fig. 4.1.4 Working principle of Buordon pressure gauge

is indicated by T and direction application
of pressure and value of pressure are indicated by ‘P’.
Working:
Tube tries to become circular when pressurized and results in straightening of the tube which
cause deflection of the free end called a tip travel. Tube length wall thickness cross section
geometry and elastic module of the tube material are factors deciding the tip travel distance for a
specific pressure. Adjustable link and segment lever guides and amplifies this linear tip travel and
thereafter sector and pinion convert this into corresponding rotary motion of the pointer on a
calibrated dial .Pointer is connected on pinion.
A change in pressure produce more tip movements in helical
and spiral types bourdon tubes than C- shaped tube due to
more number of turns.
Gauge pressure measurement: Pressure is measured in gauge
units in pressure gauges when unknown pressure is connected
to bourdon tube and outside of tube is open to atmosphere.
Absolute pressure measurement: Pressure is read in absolute
units when unknown pressure is connected to tube and
outside of tube is kept at vacuum.

Fig. 4.1.5 Buordon pressure gauge

Vacuum measurement: It is same as gauge pressure
measurement where vacuum is given to bourdon tube. Their accuracy is less.
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4.1.1.1 Causes of pressure gauge failure
Eight common causes of failure:
1. Vibration: gauge fails due to extreme vibration and happens by a fault in component due
to vibration.
Solution: Liquid-filled gauges or direct-drive gauge with less moving part resist vibration
better.
2. Pulsation: Pointer movement becomes erratic when gauge is used in rapidly changing
pressure and later can cause breakdown of internal parts and failure.
Solution: Liquid-filled gauges can prevent this by dampening pulses. Installation of a
restrictor in pressure path and usage of direct-driven gauges with no gear and linkage are
other solution.
3. Temperature: Joints of parts are loosened by high temperatures and cause sweating results
in cracks in joints.
Solution: Use of on-board cooling element or fully welded diaphragm seal is solutions.
4. Overpressure and pressure spikes: Gauge pointer will be bended by frequent striking
with stop pin during pressure spikes and reduces integrity of the bourdon tube or sensing
element and later on result in rupture.
Solution: Use overpressure to prevent over pressures.
5. Corrosion: sensing material in gauges will get damaged when contacted with high corrosive
medium in process plants.
Solution: Use diaphragm seal made from corrosion resistant material.
6. Clogging: viscous or can crystallize particles suspended in medium, can clog the pressure
system and make faulty reading.
Solution: Use a diaphragm seal with clog-preventing obstacle.
7. Steam: internal parts of gauges are damaged by steam or other vapors in some medium.
Solution: To reduce surges a mini-siphon with an internal chamber is used. Horizontal
applications use full siphon, vertical ones use a pigtail.
8. Mishandling and abuse: Mistreated gauges produce fault reading over time even if properly
installed.
Solution: Training of safe usage and maintenance is given to employees who come in

85

Participant Handbook

contact with or proximity to gauges.

4.1.2 Flow measurement gauges
Commonly used fluid flow measurement methods are:
•

Differential Pressure Flow meters

•

Velocity Flow meters

•

Positive Displacement Flow meters

•

Mass Flow meters

•

Open Channel Flow meters

Differential Pressure Flowmeters
A restriction device is placed in flow line to create a pressure drop and pressure differential device
across the restriction device is measured to calculate the flow. According to Bernoulli’s Equation
the differential pressure across the restriction device and the corresponding signal is proportional
to square of flow rate through the pipeline.
•

Commonly used restriction devices in this type of flow meters are Orifice Plates, Flow
Nozzles, Venturi Tubes or Variable Area - Rotameter

Fig. 4.1.6 Bernoullis equation graph

Orifice Plate
Orifice plate has a narrow hole called bore with a diameter less than the pipeline. The plate
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constrict the fluid flow by its bore that narrows the fluid path and produce a difference in pressure
from upstream to downstream of the orifice plate.
Many different materials can be used to make orifice plate suitable for different applications and
they are simple, inexpensive and easy to produce.
Their accuracy is low for low flow rates and have turndown ratio of less than 5:1. A good shaped
orifice plate with a sharp edge at the upstream side decides high accuracy. Accuracy is reduced by
its usage.

Fig. 4.1.7 Orifice plate

Venturi Tube
Due to simplicity and dependability, the Venturi tube flowmeter is often used in applications
where it’s necessary with higher TurnDown Rates, or lower pressure drops, than the orifice plate
can provide.
In the Venturi Tube the fluid flowrate is measured by reducing the cross sectional flow area in the
flow path, generating a pressure difference. After the constricted area, the fluid is passes through

Fig. 4.1.8 Venturi tube
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a pressure recovery exit section, where up to 80% of the differential pressure generated at the
constricted area, is recovered.
With proper instrumentation and flow calibrating, the Venturi Tube flowrate can be reduced to
about 10% of its full scale range with proper accuracy. This provides a TurnDown Rate 10:1.
Flow Nozzles
Air and gas flow are often measured
using flow nozzles in industries.
Different application uses flow
nozzles made of various materials
and they are comparatively simple
and less expensive.
Their Turndown Rate and accuracy Fig. 4.1.9 Flow nozzles
almost match with orifice plate.
Variable Area Flowmeter or Rotameter
It has a tapered glass (or plastic) tube with larger diameter at top and a
metering float which can freely move in the tube. Due to creation of an
upward pressure differential and natural buoyancy of the fluid the float
moves up by overcoming gravitational force.
Rising of float continues until a dynamic equilibrium happens between
the upward differential pressure, buoyancy and downward gravitational
force due to increase of annular area between the float and tube.
Measurements of flow are marked on calibrated tube and float position
indicates the flow in tube.
1% of full scale rating is the accuracy and 12:1 is the Turndown Rate of
the rotameter.
Signal transmission and alarm functions in rotameter are done using
magnetic floats
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Velocity Flowmeters
In one or more points in flow path, the velocity of
liquid is measured and integrated over the flow
area to find the flow.
Fig. 4.1.11 Velocity flowmeter

Pitot Tubes
Used to measure air flow in ventilation and HVAC
systems and also used in airplanes for speed calculation
and they are most accepted and cheapest fluid flow
measuring instrument mainly in air applications.
Kinetic energy of the flow changes into potential
energy inside a pitot tube to calculate the fluid flow
velocity.
Fig. 4.1.12 Pitot tube

But their use is limited to point calculation.

Calorimetric Flowmeter
Two temperature detector in touch with the fluid but thermally insulated from each other are used
in this
There

is

difference

a

temperature

between

two

detectors by heating one of the
detectors. As the fluid starts
flowing the heat of heated
detector is taken away by liquid
the temperature difference

Fig. 4.1.13 Calorimetric flowmeter

between the sensors are reduced and flow rate of the fluid is proportional to the reduction in
temperature difference.
Thermal conductivity of the fluid decides response time of the flow meter. Higher velocity is
required for low thermal conductive liquids to have a good measurement.
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Electromagnetic Flowmeter
Its principle is Faraday’s law of electromagnetic
induction which says when a conductor moves
through a magnetic field, voltage will be induced
on it. Electromagnets outside the tube in flow
meter create magnetic field and the liquid act as
the conductor.
Pipe wall is provided with two electrodes to
sense voltage induced in liquid which is directly

Fig. 4.1.14 Electromagnetic flowmeter

proportional to the flow rate.
Difficult and eroding liquids flow and slush flow can be measured by electromagnetic flow meters
can measure and they can measure bidirectional flow accurately.
They consume more power and only flow of electrically conductive fluids such as water is measured
by it.

Ultrasonic Doppler Flowmeter
Christian Johann Doppler assumed and
detailed the change in frequency of sound
due to the effect of motion of a sound source.
Velocity and direction of the fluid flow
changes the frequency of the reflected signal
in an ultrasonic Doppler flow meter.
Frequency of the returning signal will rise if Fig. 4.1.15 Ultrasonic doppler flowmeter
a fluid is moving in the direction of an ultrasonic signal. And the frequency will decrease if fluid
moves opposite to the direction of signal.
From the reflected signal frequency minus the originating frequency velocity and flow of fluid can
be calculated.
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Positive Displacement Flowmeter
Precision-fitted rotors are used as flow measuring elements in positive displacement flow meter..
Rotors transfer liquid of known and fixed volume. Volume can be calculated from the number of
rotation of the rotors in unit time.
An integral electronic pulse transmitter counts the number of rotations of the rotor as frequency
of signal and converts it to the volume flow rate of liquid.
Reciprocating piston are of two types – single piston type and multiple-piston types.
The types of positive displacement rotor meters are:
•

Oval-gear meters – Two oval-shaped gears with synchronized, close fitting teeth are the
main part of oval gear meter. Each revolution of gears transfer a fixed quantity of liquid
through the meter and the flow is calculated by monitoring the shaft rotation per unit time.

•

Nutating disk meters –A spherical chamber contains movable disk with its center fixed on
a concentric spherical structure. Disk rocks in a circulating path as fluid pass through the
chamber. No of rotation of disc is counted by a pickup coil connected to shaft of the disc
and flow rate is calculated.

•

Rotary vane meter – They have two or more equal sized separate section of rotating
impellers, inside the housings. At any state impellers are in touch with the casing. When
impeller rotates each equal sized section supplies a known volume of liquid to the meter’s
outlet. No. of rotations of impeller per unit time is calculated from frequency of a pickup
coil connected to the impeller shaft and then flow rate is found from this.
Heating oils, lubrication oils, polymer additives, animal and vegetable fat, printing ink,
Dichlorodifluoromethane R-12, and many more types of liquid the positive displacement
flow meter are used to measure the flow, because they are reasonably non-abrasive.

0.1% of full rate is the accuracy of this meter and 70:1 or above is the Turndown ratio.
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4.1.3 Level measurement gauges
A simple oldest manual level measurement method in industry is sight glass level measurement.
The limitations are failure of transparent part causing environmental damage, personnel injury,
and/or fire and rapid explosion. Build up of contaminants may hide the level and seals easily break
and cause leakage. In any installation they will be the weakest connection. Higher product quality,
reduced cost, and less waste are resulted from decrease in chemical-process variability of sight
glass due to increase in its accuracy. More advanced technologies substitute them for accuracy,
reliability, and electronic reporting.
Level measurement based on specific gravity, to sense the liquid level is one of the commonly used
method. Liquid level is followed by a float (by rising or falling) with a specific gravity between that
of process fluid and the headspace vapor .Another method used to measure level is hydrostatic
head measurements.
•

Glass Level Gauges: They are available in both covered and uncovered forms and are the
simplest technique used. They have a clear class in them to see the level and are attached
to the vessel whose level is to be measured. Clear visibility is their major advantage and
fragility of the glass is the disadvantage which may cause spills or personal injury when
failed.

•

Floats: : A buoyant object or float of specific gravity between that of the process fluid and
the headspace vapor is placed in fluid and mechanical device is attached to the float for
recording the position. Float always stays at the top of liquid and show level in mechanical
device. Their disadvantage is difficulty in understanding the float position in vessel.
To record the level early float systems mechanical components like pulleys, tapes, cables
and gears were used. Floats with magnet are presently more popular. Early float systems
had many reed switches and resistor and measurement was in the analog or digital format
in the form of separate steps. But today’s continuous level measurement system can detect
levels between steps.

•

Hydrostatic devices - Displacers, Bubblers and Differential Pressure Transmitters:
Different hydrostatic level measurement techniques are bubblers, differential pressure
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transmitters and displacers. Since specific
gravity of the liquid and specific gravity of
the vapor above the liquid are affected by
changes in temperature accuracy of the
measurement are decreased by temperature
change.
Archimedes principle is the basis of displacer

Fig. 4.1.16 Displacer

level measuring device.

Displacer is immersed in liquid from lower
level to higher level of vessel as its density
is greater than the process fluid. A rise in
the process fluid displaces liquid column
of volume equal to the product of crosssectional area of the displacer and the level
of process fluid in the vessel (from bottom

Fig. 4.1.17 Transmitter

to top of displacer).
Product of the displaced volume of liquid and the density of process fluid gives buoyant
force magnitude and it applies an upward force on the displacer. The weight of displacer
is reduced by the upward force of buoyancy
against gravitational force and a transducer
detects this change and translates it as the
corresponding change in level.

•

Bubbler method - Vessels which is open to
atmosphere use bubbler method. A dip tube
inserted in to tank with its open end at the
lowest reference level is provided with a purge
gas. Dry nitrogen is used instead of purge gas
Fig. 4.1.18 Bubbler
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when there is hazard of process fluid oxidation or contamination.
The liquid column exerts a pressure on dip tube gas which is equal to the product of the
fluid density and its depth from the end of the dip tube to the surface of liquid. Due to
this pressure an equal pressure will remain in dip tube and remaining will escape through
the liquid as bubbles. So the pressure in the dip tube is equal to hydrostatic pressure of
liquid column in tank and is detected by a pressure transmitter connected to the tube and
converted as level.
The hydrostatic pressure can be measured by a differential pressure sensor with its one
end open to atmosphere and other end connected to tank bottom. Hydrostatic pressure
is the product of the fluid density and the height of the fluid in the vessel. So from the
pressure reading level is calculated. An opening is provided at the top to keep headspace
at atmospheric pressure.

•

Load Cells: Load cell or strain gauges are detectors installed on a mechanical support
bracket or member and detects slight deformation in the support member. Output signal
of load cell changes due to force produced by slight deformation of the member. Fractional
ounces to tons of load can be calculated by load cells by calibrating them and setting their
range. To measure level in a vessel keeps the load cell in the support structure of the
vessel. As process fluid level changes the force on the load cell varies and it produces
corresponding output which can be converted into level by considering the shape of the
vessel and the fluid density.
Even though their non-contact operation demands them in many applications, they
are costly to use because of the vessel support composition and the connecting piping
according to the requirement of load cell. Weight measured by load cell not only includes
the desired net or product weight, but also the weight of the piping, vessel and the
connecting structure that is supported by the vessel.

•

Magnetic Level Gauges: Sight glasses can be substituted by magnetic level gauges. Liquid
surface level is communicated magnetically by using a magnetic float which follows the
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liquid level. Two process connections from
main vessel connect to an additional column
where the float with strong indefinite
magnets is situated.
The float remains close to the side
wall of the chamber since it is laterally
confined by the column. A magnetized

Fig. 4.1.19 Magnetic level gauge

shuttle or a bar graph indicates the change
in level by changing their colour as float moves up and down following the fluid level
Design of float should be suitable for different float materials and the specific gravity of the
fluid that is measured, like propane, oil, acid, water, butane or interfaces linking two fluids.
Non-magnetic materials are used to make additional column.
Guided-wave radar and magnetostrictive transmitters are used along with this to produce
4-20 mA outputs and to provide digital communication to a control system .These gauges
are used to handle high-temperature, high-pressure, corrosive-fluid and low-specificgravity applications.

•

Capacitance Transmitters: Dielectric constants (ᶓ) of process fluids and air changes with
the level in capacitance transmitters.
Variation in the liquid level produces variance in electrical capacity. An insulated rod
associated to the transmitter or the process fluid in a conductive liquid and a un- insulated
rod is coupled to the transmitter in a non conductive liquid.
In case of conductive liquid acts as one plate and rod acts as another plate of capacitor.
While non- conductive liquid metal plate of vessel act as one plate and the rod act as
another plat to form a capacitor. There is a proportional change in the capacitance as the
fluid level changes and this is detected using electrical capacity bridge which provides a
continuous level measurement.

•

Magnetostrictive Level Transmitters: It is already proved that a magnet can restrict the
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float to control the liquid level .Moreover. Precise location
of the float can be detected by using magnetostriction.
In magnetostrictive transmitter float position is found
from the speed of a torsional wave through a wire/
probe produced by adjusting mechanical links .a series
of permanent magnets are there in the float of a
magnetostrictive transmitter
A piezoceramic at transmitter end is connected to a sensor

Fig. 4.1.20 Magnetostrictive Level
Transmitter

wire and the other end of sensor tube has tension fixture attached to it. Two orientation
of sensor tube are: one is attaching to the float’s center hole and another is placing it in a
non-magnetic chamber near to the float.
Float has a magnetic field around it and transmitter sends a short current vibration through
the sensor wire to find the location of float by creating a magnetic field across the length of
sensor wire .There is a timing circuit in transmitter which is switched ON at the same time.
The interaction of magnetic field of float magnet and sensor wire, results in the creation
of a torsional force in the wire and this torsion at a specific speed is transmitted to the
piezoceramic sensor. This tensional wave is converted to an electrical signal by the detector
and timer circuit is stopped by this signal.
From the speed and time float location and level is calculated. Pressure and temperature
variation does not affect this measurement. Beam separation, or wrong reverberation and
spray also do not affect the signal. Also float is the only moving component in this level
measurement technique.

•

Ultrasonic Level Transmitters: A piezoelectric
crystal present in ultrasonic transducer. The
transducer sends ultrasonic sound energy
to the material and the reflected signal from
surface of material is converted to an electric
signal. From the speed of wave which is known
Fig. 4.1.21 Ultrasonic Level Transmitter
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and time taken for travel which is measured using a timer, distance between the target
material level and the transducer is calculated. Continuous level measurements can be
done using ultrasonic technology like in Chemical storage tanks, rain water - sewage water
open basins, sludge containers of treatment plants etc.

4.1.4 Temperature measurement gauges
Basic measuring devices for temperature are thermocouples, resistive temperature devices (RTDs,
thermistor), infrared radiators, bimetallic devices, liquid expansion devices and molecular changeof-state.
1. Thermocouples: They produce a voltage
in the range of millivolt in response to a
temperature .Output voltage increases
with temperature rise but may not increase
proportionally. a metal or ceramic shield
protects the thermocouple wires from
hazardous environment . Teflon or other

Fig. 4.1.22 Thermocouple

non corrosive coatings are provided for metal-sheathed thermocouples when they are
used in , acids and powerful caustic solutions to prevent corrosion.
2. Resistive Temperature Devices
They are electrical devices and examples are RTD and thermistor.
RTDs are linear as compared to thermocouples and
made by metals like platinum, copper, nickel etc.
Their resistance increases linearly with increase in
temperature .While thermistor is a nonlinear semi
conductive device whose resistance decreases with
Fig. 4.1.23 Resistive temperature device

temperature rise.
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3. Infrared Sensors
It detects infrared radiation from the body to determine the
temperature and it is a non-contacting type detector. There
is laser beam in it to point it to the place of temperature
measurement .If we point it to a desk in a room it will show
the room temperature. It will be around 68°F.
Since temperature of ice water will be slightly lowered than Fig. 4.1.24 Infrared sensor
the expected 0°C reading when measured using infrared detector due to evaporation.
4. Bimetallic Devices
Expansion of metals when heated is utilized in bimetallic devices.
A bimetal strip is formed by connecting two different metals with
different coefficient of expansion. This strip is wounded in the
form of a helix and mechanically joined to a pointer. When the
strip inside protective cover is heated it unwinds and creates a
rotary motion which is geared rightly to a pointer on a calibrated Fig. 4.1.25 Bimetallic device
scale to show temperature.
They are portable and do not need electrical power to operate. But they are less accurate
than electrical devices and temperature value cannot be recorded like thermocouples or
RTDs easily.
5. Thermometers
They use property of expansion of liquid with temperature. Two
types commonly used are: the mercury type and the organic,
usually red, liquid type.
Current restrictions for air transportation of mercury products Fig. 4.1.26 Thermometer
must be checked before shipping as mercury is an environmental
adulterator and breakage leads to danger.
6. Change-of-state Sensors
They detect whether the temperature reached a value which change the state of a material
like transformation from ice to water and then water to steam. Labels, pellets, crayons, or
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lacquers are the commercially available forms of change of state
sensors.
For instance as in the figure the white dot changes to black when the
temperature is beyond a certain value shown on scale; and colour
of label cannot be reverted. For engineering or judicial evidence of
temperature change it is used during shipment. Their nonelectrical
property is useful in specific applications. Colour of lacquer, crayons

Fig. 4.1.27 Change of

does not change and marks made with them can be erased easily. state sensor
Deformation or melting happens to the pellet version

Even if it is having advantages like small size, rugged construction, independence from
electricity it is not perfectly accurate.

Table. 4.1.1 Comparison of different temperature gauges
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4.1.5 Weight measurement gauges
Strain Gauge
Strain gauges are detectors which are used in
variation of physical calculations. They change
unwillingness to accept when they are stretched
or squeezed. Since of this property, strain gauges
frequently bonded to a solid surface and used for Fig. 4.1.28 Strain gauge
calculating acceleration, pressure, tension and force. We can use the computation of tension to
regulate the weight try to the load cell. Change in length per unit length is the equation to find
strain. For instance, 1.000002 m is the length of a beam after elongating it and let 1 m was its
length before elongation then strain is 2 micro strains. Change in resistance of strain gauge divided
by the strain produced is gauge factor of strain gauge.
Strain gauge inner working
If a strip of conductive metal is tensile, it
will grow skinnier and longer, which will
expand electrical resistance. In contrast,
compress the strain gauge, it will
broaden and reduce, hence the electrical
resistance will go down. The strip can be

Fig. 4.1.29 Strain gauge working

used to measure weight if this elasticity doesn’t surpass strain gauge’s elasticity.
Mechanical scales
•

Spring scales: The change in length of a spring for a certain weight is indicated on a
calibrated scale in a spring scale. This variation to a balance, which equates the torque
on the arm because of a sample pressure to the torque on the arm because of a standard
source weight with a horizontal lever. Spring scales calculate force,
which is the tension force of restriction acting on an object, rival the
local force of gravity. They are generally calibrated so that calculated
force converts to mass at earth’s gravity. The object to be balanced
can be simply hung from the spring or put on a pivot and bearing

Fig. 4.1.30 Spring scale
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platform.
Spring scales can have error from following factors: Due to difference in gravity in different
places on earth the indicated weight may vary (0.5% of error in reading may happen), and
due to temperature variation causing changes in the elasticity of the spring. With actual
production and system, although, spring scales may be rated as valid for commerce. To detach
the temperature error, a commerce-legal spring scale should either have temperaturecompensated springs or be nearly at a fairly constant temperature. By calibrating the
commerce-legal spring scale locally gravity variation errors can be minimized.
•

Hydraulic or pneumatic scale: They are used in heavy weight measurement applications
like crane scales used as a hydraulic force to perception weight. The test force is registered
to a piston or diaphragm and impart through hydraulic lines to a dial indicator build on a
Bourdon tube or electronic detector.

Sources of error
Errors in weighing are caused by:
•

Buoyancy – Weight loss happens to objects when they are in air due to buoyant force of air
.Weight loss is equal to the weight of air displaced by object. Error happens due to change
in air density, barometric pressure and temperature.

•

Reference weight mass error.

•

Scale moves up or down by air gusts /winds even if it is small.

•

Equilibrium happens at a different configuration in a scale with friction than that system
without friction.

•

Accumulated dust in air cause addition of weight to the object.

•

If calibration is not done periodically there will be change in accuracy of device or
temperature change would have caused errors in them.

•

Expansion or contraction of parts due to change in temperature cause errors in alignment
of mechanical components and cause faults in device.

•

Since ferrous components are attracted by magnets magnetic fields acting on ferrous
object cause errors.

•

Development of electrostatic fields forces the components and cause errors. The feel of
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feet shuffled on carpets on a dry day is an example.
•

Reactivity of a specific chemical used like link air and the substance being measured cause
errors (corrosion of parts of balance is an example).

•

Cold items condensate the water in air and leads to corrosion.

•

Vibration and seismic disturbances.

4.1.6 Fiscal metering
Fiscal metering in the oil and gas industry introduce
to the transactions involving transporting physical
substance from one worker to another. This includes
the shift of raw and refined petroleum connecting
tanks and tankers; tankers and ships. Measurement
of fluid flow which is done at a metering point
(location) to sale it from one party to another is
called custody transfer in fluid measurement or fiscal Fig. 4.1.31 Fiscal meter
metering. In this process reliability is of considerable
important to both the company carry the material and the ultimate recipient, when shifting a
material.
Factors affecting fiscal metering are:
•

Standards used in industry;

•

Metrology standards in the specific nation;

•

Contracts /agreements between selling and receiving parties ;

•

Rules of the governments tax policies.

Operations, transactions or transporting of oil from a production plant to a ship, barge, railcar,
truck and also to another plant like a refinery uses fiscal metering.
Differential pressure (DP) flow meters, turbine flow meters, positive displacement flow meters,
Coriollis flow meters and ultrasonic flow meters are the types used in fiscal metering.
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Fiscal metering is not just a flow meter but include an entire metering system which is designed
and engineered for the petition. Custody transfer system has following components:
•

More than one meters/meter runs;

•

Computers to calculate flow ;

•

Systems to ensure quality (energy content of natural gas is measured by gas chromatographs
to ensure quality. Sampling systems are required to collect the sample for analyzers );

•

In-place or mobile prove calibration to be provided for liquid, or liquid or gas should have
master-meter connected to them;

•

Automation supporting custody transfer.

4.1.7 Detection and alarms
Smoke Detectors
All over the world to ensure life safety by detecting fire smoke
detectors are used as a common essential method. The most
common type of smoke detectors is photo-electric type and
ionization type. Projected (optical) beam, aspirating and video
smoke detectors are the other three types used for special
applications.
Innate features of the general design of the detector arena are

Fig. 4.1.32 Smoke detector

to be explained before we discuss about ionization and photo-electric smoke detectors. These
detectors are outlined to manage the flow of air through the detector and remove or reduce the
probability of entry of unwanted matter from outside and bugs. Unwanted alarms are prevented
by this feature and performance of smoke detectors is increased.

Gas Detectors
Carbon Monoxide (CO) detector is one of the common type of gas detector .Carbon monoxide is
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produced by incomplete combustion of carbon contained compounds and it has no colour, odor
and taste and extremely toxic.
CO detectors include an electronic circuit and an electrochemical cell which produces a small
electrical current in the presence of the gas. Alarm limit of circuit is set as atmospheric carbon
monoxide quantity. When the cluster of carbon monoxide raises the current produced by the cell
also raises which in turn generates an alarm signal.

Flame Detectors
Ultra-violet or infrared spectrums of electromagnetic
radiation from the fire are detected by flame detectors.
Where there is a strong chance for the quick formation of
fire these detectors are frequently used like in a flammable
liquid process. An electromagnetic radiation receiver
in these detectors receives the radiation and if one or Fig. 4.1.33 Flame detector
more defined wave lengths in the ultra-violet or infrared
spectrum are present in radiation they trigger an electronic circuit to produce an alarm.
To develop the production of flame detectors and reduce the happening of misleading false
alarms both ultra-violet and infra-red detection are incorporated into the system and two or three
different wavelengths of infrared spectrum are included in detection.

Water Detectors
A water detector is an electronic device which is
designed to detect the existence of water and give
an aware in time to allow the prevention of water
destruction. It has an open contact made of small cable
or it is a part of an appliance that rests on the floor and
presence of water closes this contact which triggers
a relay or electronic circuit to produce an alarm. The
Fig. 4.1.34 Water detector
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gadget produced the sounds an audible alarm together with assuming onward indicate in the
existence of sufficient water to bridge the contacts. Leak of water or an electrically conductive
liquid in usually occupied areas near any infrastructure such as HVAC, water pipes, drain pipes,
dehumidifiers, or water tanks can be detected by these detectors.

4.1.8 Speed controller
To differ an electric motor’s speed, its direction and perhaps also to act as a positive brake an
electronic speed control or ESC is used which is
basically an electronic circuit. ESCs are frequently
used to provide three-phase low voltage electric
power to the motor from an electrically powered
radio controller with the variation most often used
for brushless motors.
An ESC may be a stand-alone unit that seals into the
receiver’s throttle control channel or incorporated
Fig. 4.1.35 Speed controller

in the receiver like, in R/C car of toy type.

4.1.9 Vibration monitoring
Machine failures can be anticipated by measuring vibrations
in the machine. Unbalance, incorrect alignment, improper
tightening of parts, weakening of rolling element of bearing
and faulty gear can create vibrations. Machine monitoring
instruments like vibration probe and systems can help
recognize numerous major problems at an advance stage,
permit personnel to accept remedial work in a proper
Fig. 4.1.36 Vibration analysis instruments
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opportunity.
Different applications use vibration transducer of unique characteristics and will suitable for that
application only. Commonly used types of vibration transducers are explained below:

Accelerometers
Vibrations of machine components which are stand still are
commonly measured using accelerometers. An accelerometer
is a full-contact transducer goes up directly on a system or
device under test (DUT). Advantages of an accelerometer
comprise linearity above a vast frequency span and a large
dynamic span. You should use most accelerometers in
dangerous environments since their rugged and authentic Fig. 4.1.37 Accelerometer
construction.
Low vibrations which produce
frequency below 10 Hz cannot
be sensed clearly by most
accelerometers. 15 Hz to 10 kHz
or higher is a good frequency
range that can be detected by
an accelerometer.

Fig. 4.1.38 Accelerometer sensitivity Vs Frequency graph

You should use accelerometers to compute casing or machinery vibrations. Vibration of mechanical
parts like gearboxes, bearings, and motors may also be detected by using accelerometers.

Velocity Transducers
With a return span from 15 Hz to 1.5 kHz absolute motion of an arrangement or DUT is measured
by velocity transducers. Many applications use accelerometers in place of velocity transducers
because of the limitation of return span and other limitations of velocity transducers. One can
acquire the velocity output from an accelerometer by utilizing the integration function.
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Displacement Transducers
Measurements like relative displacement of a rotating shaft are measured by displacement
transducers. It actually senses the closeness of a rotating shaft by measuring the distance between
the study tip and the shaft surface using a non-contact transducer mounted on a stationary
structure and this process is called closeness study .A closeness study has signal response linking
DC and 1.5 kHz, and in the operational span it produces flat phase response. You usually use
closeness study in lower frequency calculations. Noncontact displacement detectors mount with
a little gap links the sensor or probe and vibrating objects’ surface .Capacitive vibration probe and
eddy-current vibration probe are best options for high-resolution, high-speed computations. Since
their outputs are displacement calculations, they are top option to measure relative vibration or
positional vibration and such measurements are used when critical vibrations are to be measured
To do machine examination and protection measurements for DUTs with fluid film bearings one
should use a closeness study. Low-frequency external vibration produced by flexible fluid film
bearing and heavy housing cannot be measured by accelerometer or a velocity transducer. A
permanently mounted proximity probe is used in such case to measure the relative displacement
of the shaft and hence shaft vibration. Radial or axial vibration of shaft and rotational speed are also
measured by using proximity probes. A proximity probe is one of the common types of tachometer.
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4.1.10 Telemetry systems
Sensing and measuring of information about a process and transmitting that information to a
central or host system or place is called telemetry .It is used to monitor and control a process at
the distant site.
The basic point of telemetry has been extant for centuries. Various means or methods of transmitting
data from one position to another have been used. Rather than other transmission methods radio
waves or wireless telemetry have many distinct advantages .Some of these merits are:
•

Transmission lines not to be cut or broken.

•

Response time is fast.

•

Lower Cost than leased lines.

•

When it is impossible or very difficult to use wire or coaxial cables wireless method is used.

•

Repositioning is easy.

•

Functional over a wide range of operating conditions.

Some factors that must be addressed when using telemetry system:
•

System architecture

•

Feasibility of execution

•

Requirements of system according to location and the number of DCPs, frequency used for
communication (for both short and long-term use).

•

Requirements for customization and structure integration

•

Requirements for installation of System.

•

data transmission redundancy (if required).

•

Network installation expense, hold and preservation.

Components of a typical wireless telemetry system
A detector or detectors are usually the data source at the isolated site. A small computer device
or RTU (Remote Terminal Unit) translates the output of the detector(s) to digital data and then
translated to analog form for transmission by a modem. Modem provides signal to a radio
transmitter and signal is transmitted to host situated radio receiver. Now the procedure is altering.
The modem receives the analog signal and converts it to a digital form that can be managed by the
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data recovery appliances.
In a usual request, the base or host site
applied data from the remote site(s). The
base converts a request to the remote
unit which it to send its data. The base
is come back to collect mode and waits
for the transmission from the remote
site. Remote change its mode to receive
mode after it sends its data, and waits
for additional instructions from the base. Fig. 4.1.39 Telemetry system components
Either additional commands will be send to the same remote or data from the next remote site is
requested by the base after it receives information from a remote site. Until all the remotes in the
system have sent their data this polling process will be continued.

4.1.11 Analyzers
Gas analyzer
A gas analyzer measures trace gases by determining
the absorption of an emitted infrared light source
through a certain air sample. Trace gases found in
the Earth’s atmosphere get excited under specific
wavelengths found in the infrared range. The concept
behind the technology can be understood as testing
how much of the light is absorbed by the air. Different
molecules in the air absorb different frequencies of Fig. 4.1.40 Gas analyzer
light. Air with lots of a certain gas will absorb more of a certain frequency, allowing the sensor to
report a high concentration of the corresponding molecule.
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4.1.11 Analyzers
Infrared gas analyzers usually have two chambers, one is a reference chamber while the other
chamber is a measurement chamber. Infrared light is emitted from some type of source on one
end of the chamber, passes through a series of chambers that contains given quantities of the
various gases in question.

Oxygen analyzer
Oxygen (O2) in the gas or liquid is
measured by an electronic oxygen sensor.
Oxygen

concentration

inside

the

protected volumes is measured by oxygen
detectors in hypoxic air fire prevention
systems.
Zirconia,

electrochemical

(Galvanic),

infrared, ultrasonic and latest laser
methods are used for calculating oxygen Fig. 4.1.41 Oxygen analyzer
and all has its own benefits and limitations.

Working of oxygen analyzer
Magnetic field is present in a calculating cell and a dumb-bell shaped wire rotates in the field.
Rotation of dumb-bell is affected by the oxygen due to influence on the magnetic field. The current
involved to align the dumb-bell is a compute of the oxygen cluster. Figure shows sampling system
of inert gas.
A filter integrated at tap-off point perfectly removes the dust, after this gas is provided to separator
through a three-way valve and a flow valve. Gas is provided to the calculating cell by keeping part
it in bypassed condition after separation and filtering.
Correct flow along the computing cell is maintained by flow valve and a meter show oxygen reading
content in sample. Zeroing gas or nitrogen and span gas or air is supplied by a three-way valve. 21%
reading is produced by a span gas during calibration check.

110

Fitter Instrumentation

Fig. 4.1.46 Oxygen analyzer working

Notes
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Know about maintenance
2. Know about types of maintenance
3. Know about importance of maintenance
4. Know about wiring diagram
5. Know about maintenance activities
6. Know about objectives of maintenance
7. Know about maintenance records
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Unit 5.1: Maintenance

Unit Objectives
At the end of this unit, you will be able to:
1. Know about maintenance
2. Know about types of maintenance
3. Know about importance of maintenance
4. Know about wiring diagram

5.1.1 Maintenance
Maintenance

means

routine

repairing

or checking of mechanical or electrical
equipments for avoiding any failure or fault
during the work. Maintenance carries routine
checkup to stop arising of any fault.

Fig. 5.1.1 Maintenance work

5.1.2 Types of maintenance
Maintenance is of two types, which carry out based on the work involved:
•

Corrective maintenance: Actions intended to repair the faults identified in the equipments
comes under corrective maintenance.

•

Preventive maintenance: It involves servicing of equipments at regular intervals to prevent
them from any vulnerabilities and faults. It also involves inspection of equipments for
identification of any symptom of problems.
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•

Predictive maintenance: It checks the condition and operational capability of the equipment
on the basis of variations in certain variables and predictions, which defines operational
capability and condition of equipment. Variation in physical variables like temperature,
power consumption, vibration, etc indicates the origin of problems in the equipment. This
maintenance requires strong mathematical and technical knowledge.

•

Scheduled maintenance: Actions which evaluates and inspects the equipment at planned
intervals before any fault and to check the decrease in production capacity of equipment.
These inspections will repair or replace in the subject of all items wear. The focus is to make
certain, with high probability, a good working time fixed in advance.

Fig. 5.1.2 Different types of maintenance
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5.1.3 Importance of maintenance activities
Routine machine maintenance is very important. There are many advantages of regular
maintenance of machinery.
•

Regular maintenance expands the life of machine and keeps up its looks. It also check the
wear and tear of native components, as less material is unable to found in regular, very
little and small-scale work than in costly, immense repairs.

•

Catch little issues before they become big problems.
A maintenance program – whether it’s monthly, annually, or bi-annually – can help catch
little concern like wear-and-tear before they conduct to major malfunctions. Maybe your
hydraulics systems need an extra application of lubricant or your micro-cleaning equipment
is on its way to becoming clogged.

•

Save downtime and lost revenue.
When a machine malfunctions, it’s usually not the only piece of the puzzle that suffers. In
most production lines and manufacturing facilities, parts work hand-in-hand to complete
separate but related jobs; when one machine is down awaiting maintenance the others are,
too. Broken machines mean you’ll likely have employees on the clock that can’t complete
their objectives, too.

•

Regular attention is usually less expensive than big fixes.
Ignorance of an ongoing issue with a machine can damage part, which can be expensive
and time-consuming. The nature of heavy machinery is such that regular tune-ups can
extend its parts’ lifespan by years through elimination of clogs, friction-points, and broken
valves. Once these issues ignored for too long, they become unfixable.

•

It can help improve your machines’ resale value.
It’s a well-known fact in the mechanical industry that many machines and parts are bought
and sold pre-owned. When machinery costs hundreds of thousands of dollars, a wellmaintained, used counterpart may only be a fraction of the cost. If you’re ever planning
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on selling any of your equipment (maybe you intend to scale-up or sell off subsets of the
business before retirement) it’s smart to pay for maintenance plan you can show proof of
when that day comes.

Notes
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Unit 5.2: Equipments maintenance activities

Unit Objectives
At the end of this unit, you will be able to:
1. Know about maintenance activities
2. Know about objectives of maintenance
3. Know about maintenance records

5.2.1 Equipment maintenance activities
Objective of Good Maintenance:
The objective of maintenance is to improve the performance of equipment by make sure that
equipment performs frequently and efficiently. It also prevents breakdowns or failures and reduces
losses happens due to failures.
List of maintenance objectives are:
1. It keeps plant & equipment in good condition and keeps the production at maximum.
2. Maintain equipment full efficiency with minimum usage of energy.
3. Reduces risks during operation and improves safety.
4. Improves life of equipment with lower cost of operation.
5. Optimize full resource utilization with high productivity.
6. To reduce plant and equipment breakdown hours.
7. To maintain lowest inventory and procurement of spares in time.
8. To improve plant & equipment reliability and productivity.
9. Conducts engineering works like modifications, installation, and relocation.
10. Evaluates performance, takes corrective actions and measures progress.
11. Make the system flexible for any future changes.
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Fig. 5.2.1 Maintenance objective

Step of Maintenance Process
1. Maintenance Plan: Depending on the organizational objective and target, maintenance
plan need to be constructed. The design and pace of preparing a maintenance plan can
alter. The important steps of preparing a typical maintenance plan are:
a. Identify organizational goal – It list out operation and maintenance goal of organization
and defines maintenance activities has to be performed on each type of work and how
much time available to complete the assignment as per the schedule.
b. Identify assets contributing to goal – It identifies the physical assets needed for
maintenance.
c. Prioritize assets by consequences – It prioritize maintenance requirement on the basis
of risks involved
d. Establish targeted performance – It documents targeted performance level of each
plant & equipments, with detail of material, labour hours and contracting costs.
2. Maintenance Input: These are the means required for carry out the maintenance activities.
We need to identifying the W questions like what, when, where and by whom maintenance
work is to be done; with all spares, consumables, tools and safety instruction or any other
information.
3. Maintenance Improvement: The work programme lists all maintenance work to be done
for the complete year for each asset. It can be used to recognize work load peaks and

119

Participant Handbook

valleys, for taking resolution related to work load balancing, overtime and/or part-time
help necessity. Work load balancing may minimize the severe demands of personnel and
fund necessity and give a superior work load. This process will escort to better use of human
resources, fund allotment, reduced administrative paper work and improved efficiency.
4. Maintenance Control: For better control of maintenance activities, work is accordingly
planned and scheduled. It performs as a basis for arranging and issuing scheduled work
orders and for arranging the maintenance budget.
5. Maintenance Execution: Maintenance work is to be performed as per schedule, and report
is registered.
6. Maintenance Analysis: Each plant and equipment performance is analyzed in respect to
intended performance level of equipment.
7. Maintenance Output: Documentation of the performance of each plant and equipment.

Equipment Maintenance
•

Maintain the equipment as specified in the technical procedure.

•

For critical equipment, documented strategies for the maintenance process are required.
Manufacturer manuals or in-house procedures having maintenance procedures should be
available for every equipment. The operating and maintenance manuals shall be readily
accessible to the operator.

•

Preventative maintenance strategies for each equipment should be developed by each
segment unless earlier narrate elsewhere (e.g., the equipment manual) and shall be
performed according to a regular and predetermined plan. Preventive maintenance shall
be documented in the maintenance records.

The routine maintenance of any equipment used for health and safety that requires calibration is
extremely important. If equipment is not maintained properly, its authenticity can be influenced,
which can in turn influence on its success as a control measure against injury or illness. Instruments
may require calibration and are needed to make certain that work can be carried out safely include,
but are not finite to:
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•

Gas/VOC monitors used in confined spaces;

•

Gas/VOC monitors used in hazardous areas;

•

Laboratory monitoring equipment;

•

Noise monitoring equipment;

•

Radiation monitoring equipment;

•

Thermal monitoring equipment;

•

Force gauges;

•

Laser-based measurement equipment (e.g. survey range-finders); and

•

Instruments used to measure electric fields and current.

Every piece of equipment should be labelled for easy identification. Each time a piece of equipment
is inspected / calibrated; a tag must be put on it, indicating the inspection / calibration date and
next review date.
Persons testing/calibrating equipment must be confirmed to:
•

Be proficient in the use of the appliance and applicable instruments involved in the testing/
calibration;

•

Understand the testing/calibration method;

•

explain the concepts of traceability of calculation; and

•

Be conscious of the importance of inspect or calibration.

5.2.2 Maintenance record
Maintenance records shall be maintained and the following points shall be included:
•

Equipment type.

•

Equipment serial number.

•

Maintenance date.

•

Adjustments or repairs made.

•

Details of person doing maintenance work.
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Exercise
1. Sensitivity of a thermometer refers to
a. how quickly thermometer can register change in temperature
b. amount of change in thermometric property for a unit change in temperature
c. min and max temperatures that thermometer can measure
d. None of above
2. Every temperature measuring instrument makes use of a physical property of a substance
in order to measure temperature objectively, which physical property is used by Resistance
thermometer?
a. Electromotive force

b.

Resistance of a piece of metal

c. Volume of a fixed mass of liquid

d.

Pressure of a fixed mass of gas at constant volume

3. SI unit of length is
a. meter

b.

kilogram

c. kilometer

d.

None of above

4. Appropriate word for a pointer moving over a scale
a. instrument

b.

indicator

c. transducer

d.

gauge

5. The instruments used for the measurement of pressure is/are
a. Bellows

b.

Diaphragms

c. Fiber optic pressure sensors

d.

All of these

6. The device which is used for making temporary measurements of flow is
a. Venturi

b.

Dull flow tube

c. Orifice plate

d.

Pitot static tube

a. Variable area flow meter

b.

Turbine meters

c. Rotary piston meter

d.

Venturi

b.

thermistor

7. Example for positive displacement meter is

8. A sensing device is also called
a. transistor
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c. sensor

d.

transducer

a. stress

b.

strain

c. velocity

d.

weight

9. Load cells are used for the measurement of

Notes
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Unit 6.2 – Calibration procedure of instruments
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Know about calibration
2. Know about calibration standards
3. Know about calibration procedure
4. Maintenance of calibration records
5. Perform calibration of instruments
6. Know about calibration tests
7. Perform calibration tests
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Unit 6.1: Calibration

Unit Objectives
At the end of this unit, you will be able to:
1. Know about calibration
2. Know about calibration standards

6.1.1 Calibration
Calibration: Calibration includes establishing and documenting abnormality of the measured value
from retraceable, extremely precise standards of inspection. During calibration, known value of
instrument is compared with the measured value under specific conditions.
Each workshop should have:
•

Written calibration procedures and standards.

•

Procedure for preventive maintenance.

•

Qualified personnel for calibration & maintenance of instruments.

•

Qualified personnel for monitoring of maintenance program.

•

Review of calibration program and procedures at regular intervals.

6.1.2 Calibration standards
Calibration standards of equipment:
•

Calibration standards of equipment are similar to national standards.

•

If identify standards are not accessible, then any independent standard can also be utilized.

• The tolerance of given standard should be tight.
•

A process for tracking and monitoring of standards.
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•

Retention of re-calibration records.

•

Establishment of calibration limits should for identification and correction of problems.

Instrument calibration tolerances
•

Establishment of calibration limits should for identification and correction of problems.
•

When passing on tolerances, following considerations should be taken:

o

Instrument capability

o

Operating parameters of instrument

o

Environmental conditions, which can affect the instrument performance

•

Practice of using “Alert” & “Action” levels

•

“Alert” Tolerance (“Adjustment Limit”)
o

Related to instrument performance

o

Instrument adjustment level range

o

Not required - an industry “best practice”
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Unit 6.2: Calibration procedure of instruments

Unit Objectives
At the end of this unit, you will be able to:
1. Know about calibration procedure
2. Maintenance of calibration records
3. Perform calibration of instruments

6.2.1 Calibration procedure
Calibration and Maintenance Procedures are
•

detailed processes and limits for reliability & correctness;

•

remedial action taken when reliability & correctness limits are not met,

•

manufacturer’s manuals;

•

requirements for laboratory instrumentation;

•

performance checks for regularly scheduled calibrations.

Each calibration & maintenance procedure include
•

department identification which is responsible for calibration and maintenance

•

detailed calibration instructions and procedures;

•

preventive maintenance methods;

•

equipment required for calibration;

•

calibration parameters and tolerance;

•

required environmental controls or conditions;

•

adjustment provisions;

•

actual measurements required for records;

•

procedures have to perform if calibration of instrument is not possible;

•

calibration & maintenance activities records.
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6.2.2 Calibration records
Calibration & Maintenance Records
•

Retention of calibration records according to organizational procedures.

•

Includes measurements and results of adjustments.

•

Calibration tolerances and limits.

•

Standards and test instrument utilized.

•

Review must ensure the approved activities have been accomplished and all results have
passed the confirmed acceptance criteria.

•

Periodic evaluation of calibration & maintenance data.

Calibration records shall be saved with the serial numbers of each instrument. Calibration records
should include:
•

Equipment and software.

•

Manufacturer name.

•

Serial number of equipment.

•

Calibration date.

•

Manufacturer’s manual.

•

Reference standards and material used.

•

Copies of all reports and results.

•

Next calibration due date.

•

Personnel doing calibration.
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6.2.3 Calibration of instruments
Calibration of pressure gauges
1. Manometer is subjected to known differential pressure and the corresponding height
difference is noted. Height difference is measured for different differential pressures and
plotted against those differential pressures to produce calibration curve and differential
pressure at a certain height difference can be found from this.
Sources of error:
•

Temperature effect: Manometric liquids’ density is reduced by increase in temperature
causes error in reading due to out of calibration.

•

Capillary rise: At least 10mm should be the diameter of tube to avoid the capillary rise
effect, otherwise error will be created by capillary rise.

•

Meniscus shape: center of the meniscus is the point from where reading of manometer
to be measured .Mercury forms a convex meniscus while water forms a concave
meniscus

2. Bourdon gauge are calibrated with the help of dead weight tester or by comparison
calibration.

Calibration of flowmeters
Incorrect installation and environmental factors
can affect the flowmeter readings. Calibration
methods of flowmeter are:
1. Transit time method: In transit time
method, a pulse from a radiotracer is
introduced into the calculated flow. In this
method, a radiation detector is placed
outside of the pipe. The volume of flow
is calculated by multiplying the measured
average fluid flow velocity of inner pipe.
Now compare this reference value of flow Fig. 6.2.1 Transit time calibration
value with flow value calculated by the flow measurement to be calibrated.
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2. Tracer dilution method: This method
is utilized to calibrate open channel
flow measurements. A known tracer
concentration solution is introduced at
constant velocity into the passage flow.
Now tracer solution is thoroughly mixed
with the cross section flow. Take the sample
and compare its tracer concentration with
the injected solution. Calculate reference
value by using the tracer balance condition
between injected flow and diluted flow. Fig. 6.2.2 Tracer dilution calibration
The best recognized calculated uncertainty is 1%.

Calibration of temperature measuring instruments
Calibration of a thermometer can be done by analyzing different ranges of temperature. Use
calibration temperature near to ranges of temperature at which the thermometer is utilized
generally.
1. Hot processes – boiling water method
1. Boil the distilled water and measure its boiling point.
Enter boiling point: ___________ (1)
2. Place the thermometer in hot water bath. Now immerse the stem near the sensing
region indentation.
3. Allow reading to be stabilize for one minute.
Enter observed temperature: ____________ (2)
4. Compare reading with calculated boiling point.
5. Correct the indicator needle of bimetal ther¬mometer. Adjust the coil spring by turning
the hex nut behind the thermometer head. If the thermometer is digital then adjust
the temperature by calibration button.
Conversion factor (3) = (1) – (2) = __________ (3)
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6. Check the calibration reading by repeating steps 1-4.

2. Cold processes – ice bath method
1. 1. Make an ice slush bath by filling a container with crushed ice and water.
Freezing point temperature = 0°C (32°F) (1)
2. Place the bimetal thermometer in the ice slush and ensure that the sensing region of
instrument is completely dipped and thermometer is not touching the container. Stir
the slush slowly.
3. Allow reading to be stabilize for one minute.
Enter observed temperature: ____________ (2)
4. Appropriately compare the readings and adjust bimetal thermometer

3. General calibration with certified reference thermometer
1. Measure temperature of an object with reference thermometer. Allow the reading for
one minute to get stabilizes.
2. Place the thermometer in the ice slush and ensure that the sensing region of instrument
is completely dipped and thermometer is not touching the container.
3. Compare readings
Reference thermometer reading: ____________ (1)
Bimetal thermometer reading: _____________ (2)
4. Appropriately adjust bimetal thermometer.

4. Double-point calibration technique
1. Make an ice bath.
2. Prepare a boiling water bath.
3. Measure temperature of ice bath by an uncalibrated thermometer and mark it as (A).
Uncalibrated Ice Bath Temperature: _________(A)
4. Measure temperature of boiling water bath by an uncalibrated thermometer and mark
it as (B).
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Uncalibrated Boiling Water Bath Temperature: ____________ (B)
5. Record X = B - A ____________ (X)
6. Now, record the temperature of boiling water bath (Hot) and of the ice bath (Cold)
from calibrated reference thermometer.
Actual Ice Bath Temperature: 0°C (Cold)
Altitude-Corrected Boiling Point of Water: _________ (Hot)
7. Record: Y = Hot – Cold ___________ (Y)
8. Record: Z = Y/X ___________ (Z)
9. Record: S = Cold – (A x Z) ___________ (S)
10. Actual Temperature = Z x Thermometer Reading + S = ___________ (Actual Temperature)

Notes
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Unit 6.3: Calibration tests of instruments

Unit Objectives
At the end of this unit, you will be able to:
1. Know about calibration tests
2. Perform calibration tests

6.3.1 Visual inspection
A visual test inspects the surface of product
for bead appearance, width and thickness and
defects like undercut, overlap, cracks, pits and
slag inclusions.
This test is simple and inexpensive. Therefore,
it is commonly applied to all tools, equipments
and machines.
Fig. 6.3.1 Visual inspection

6.3.2 Leak test
A leak is a flow of gas or liquid through a hole or crack in the wall of a vessel.
Leakage needs a pressure difference to generate the flow; they always move from higher pressure
to lower pressure. Leaks are visualized as going from positive pressure to atmospheric pressure.
Leak sizes and measurements of leak rates
Shapes of leaks are very dissimilar, hidden and non-uniform. Therefore it is not possible to calculate
their sizes with any geometrical dimension apart from any case of an absolute or artificial leak.
Leak rates can be defined in two ways:
•

As per their terms of the application. For example: use of 3 g refrigerant R-12 for 2 years at
a pressure of 5 bar or 65 m of oil at 600 C per year.
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•

As per terms of vacuum leak detection method. For example: 2 mbar pressure increase in
I hour or 3x 10-7 mbarl/s helium.

Each example gives genuine explanation of leak rate but the normally acquired unit is the last one
because of very easy and clear detection of helium leak.
The maximum obtainable leak rate for a given product is based on its nature. Testing of leaks can
cause unnecessary increase the cost of production, so in some cases leaks can be tolerable. Below
table is showing some examples of tolerated leaks:

Table 6.3.1 Leak rate specification

Leak Testing - generic systems
1. Pressure/vacuum: In soak test, test piece
and reference volume are pressurized
at the same time to a specific pressure.
Then shut the supply valves and allow the
air to stabilize. Now, attached differential
pressure transducer is set at zero
automatically.
After the stabilisation time, compare
pressure changes in test piece and
reference volume with the help of Fig. 6.3.2 Pressure system
transducer. If there is any leakage in test,
there is rise in the difference.
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2. Helium systems: A vacuum pump
vacates test piece and test chamber
at the same time to preset vacuum.
At this fixed level, the chamber and
the test piece are inaccessible and
the chambers remove further to a
very little pressure. Hence, a positive
pressure

variation

is

produced

between test piece and chamber.

Fig. 6.3.3 Helium system

Helium gas is then established into the test piece, usually in a 10% concentration. A mass
spectrometer examines a sample from the chamber as the vacuum extends to be drawn.
The mass spectrometer calculates the helium leakage and puts the pass/fail conclusion.

6.3.3 Soak test
Soak test authenticates system’s steadiness and performance characteristics over a comprehensive
time period. It is representative in this kind of performance test to continue a definite level of
user concurrency for an extended time period. This test recognizes problems relating to memory
allocation, log file handles and database resource utilisation.

Fig. 6.3.4 Soak test
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6.3.3 Soak test
Characteristics of Soak Testing
Soak testing method have following characteristics:
•

Duration of soak test can be identified by given time.

•

Any application can run without any interruption if it needs a comprehensive time period.

•

It covers all situations which are related to the stakeholders.

•

Each system has an orderly maintenance window period of time and time between such
window periods is a key driver for identifying soak test scope.

Common issues observed during Soak Testing
1. Allocation of memory
2. Utilisation of database resources
3. Performance degradation can also occur, so it ensures that response time after a long
period of sustained activity is as good as it was at the test starting.
4. Failure in closing of connections between tiers of a multi-tiered system under some
situations which could stand some or all network modules.
5. Regular deprivation in response time of some functions.

6.3.4 Signal injection test
Bulk current injection (BCI) test utilize current probes for conducted emissions (CE). In this test,
current probe acts as single turn primary, transformer acts as multiple turn secondary, when they
are located around a power line which can drive a required signal into 50ohm receiver.
Injection current probe provides 50ohm load to the susceptibility signal source and provides lower
susceptibility signal origin impedance when positioned in series with cable under test. Insertion
loss (Db) characterizes the injection current probe.
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Fig. 6.3.5 Signal injection test

BCI testing confirms that RF signals, there is no degradation in performance of equipment, when
cables and power supply lines are attached. It also provides an amplitude/frequency malfunction
signature. The real injected current is observed by an observing current probe.
Equipment: For BCI Test, the following equipment may be required.
•

Measurement receivers

•

Signal Generator

•

Amplifier

•

Injection Current Probes

•

Broadband Current Probes (Monitor Probes)

•

Dual Directional Couplers

•

RF Cables

•

50 ohm attenuators

•

50 ohm loads

Precalibration: This test produces levels of forward power, which are compulsory for emerging the
limits when they are clamped onto calibration fixture. The signal generator transfers power through
the directional coupler to clamp. Then clamp drives a current in the 100 ohm circuit having 50 ohm
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termination on one end of fixture and 50 ohm attenuator and spectrum receiver on other end.
1. Clamp the injection probe on calibration fixture as shown.
2. The calibration fixture will be terminated in a 50 ohm, 50 watt. One end of probe connects
at RF load and other end requires a 50 ohm receiver and 30 dB attenuator.
3. Signal generator transfers the signal into injection probe. The limits of injected current in
the calibrating fixture are pre-calibrated for two levels of current size:
a) Accept or reject current level which can’t cause any failure in the equipment which is
under testing.
b) A current level which can originate failure in equipment, but there should not be any
permanent damage.
4. Pre-calibration procedure steps:
a) Start and increase the test signal level in current probe till that the required level is
reached in the calibration fixture.
b) Document the forward power and reverse power mandatory to create the accept/
reject level of current.
c) Rise the test signal until the specification levels of current are attained.
d) Record the onward power and move backwards power mandatory to create the
specification levels of current.
e) Restate steps 1-4 above the required frequency range. The calibration frequency range
may enlarge from 10 kHz to 400 MHz.
f) The forward power in steps 1-4 determines total power from amplifier needed to attain
required levels of current.
g) The test report should have record of data generated in steps 1-4.
Injection test procedure:
1. Perform pre-calibration process and document the current in broadband current probe.
2. At each frequency of test, raise signal level till that fault occurs in broadband current
probes. Then check the following:
o

Current in Broadband Current Probe

o

Forward power introduce
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o

Reverse power introduce

3. Repeat that test for all frequencies.
4. At frequencies where the equipment shows susceptibility, decrease signal levels till that
susceptibility ends.

6.3.5 Five point calibration
In 5 point calibration of instruments, the output is calculated at 0%, 25%, 50%, 75% and 100% of
the calibration range of the instrument. In 5 point calibration process, output readings are taken
for upscale and downscale values of the calibration range to determine the repeatability and
hysteresis of the instrument. In 5 point calibration LRV = 0% AND HRV = 100%.
Steps involved in 5 point calibration
1. Zero adjustments (at LRV)
2. Span adjustments (at URV)
3. Linearity adjustments at 25%, 50%, 75%
The basic steps above are illustrated in flowchart
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6.3.6 Operational checks
Some instruments, such as gas sensors and sound
level meters are needed to test before the use. This
testing can be done according to the manufacturer
directions and with the use of approved calibration
instruments.
Checking is different than calibration. Checking
identifies the proper functioning of an instrument Fig. 6.3.7 Measuring device
by giving the authentic measurement results.
Visual inspection of the equipment is also necessary, which includes:
•

Checking of equipments for any irregular situations like malfunctions, alarms, non-zero
readings etc.

•

There are no obstructions or coatings in the detector which can obstruct the gas or vapour
for reaching to the sensing element.

•

Check cracked, pitted, bent or damaged flow lines or fittings and replaces them with
recommendations made by manufacturer.

Exercise
1. The degree of closeness of the measured value of a certain quantity with its true value is
known as
a. Accuracy

b.

Precision

c. Standard

d.

Sensitivity

a. True value – Measured value

b.

Precision – True value

c. Measured value – Precision

d.

None of the above

2. Error of measurement =
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3. To compare an unknown with a standard through a calibrated system is called
a. Direct comparison

b.

Indirect comparison

c. both ‘a’ and ‘b’

d.

None of the above

4. The following is an internationally recognized and accepted unit system
a. MKS

b.

FPS

c. SI

d.

All of the above

Notes
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Notes
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Documentation
Unit 7.1 – Documentation for health and safety
Unit 7.2 - Documentation of defects
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Key Learning Outcome
At the end of this module, you will be able to:
1. Know about reporting and documentation requirements
2. Know about accident reporting
3. Know about reporting of defective tools
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Unit 7.1: Documentation for health and safety

Unit Objectives
At the end of this unit, you will be able to:
1. Know about accident and incident reporting
2. Know about how to write reports properly
3. Know about how to escalate the issues properly

7.1.1 Accidents and incidents reporting
It is of utmost importance to inform about the accidents and incidence straightaway, irrespective
of the impact of it. Even if there is minor injury or no harm to anyone and you believe it is not
worth reporting, still documentation is needed of the incidence.
Reporting and documentation is necessary for several reasons:
•

Reporting helps in rectifying the situations and avoiding such future incidents.

•

If any occurrence leads to the loss of time or a long term leave and the affected needs to
claim compensation, a proper documentation helps in receiving the appropriate approval.

•

For legal reasons, the accidents leading to the fatal injuries or even to the demise of a
worker must be reported.

•

Any major accidents that includes the disintegration of a building or a major structure failure,
bridge, tower, crane, hoist, temporary construction support system or any excavation an
incident that includes the major release of dangerous material.

Your responsibility requires you to be aware of potential hazards and correct reporting processes.
If you notice a potentially hazardous situation, it is important that you report it immediately to
management and fill out the appropriate forms.
Hazard reports can take a number of different forms:
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•

the standard hazard report used by workers for all hazards

•

reports of infections

•

near-miss incident reports

•

reports of damage and faulty tools, equipments and machines

•

routine inspection reports

•

Behavior incident reports.

7.1.1.1 Reporting format
Reporting of incidents and accidents is required under the Work Health and Safety (WHS)
legislation. Workplaces tend to have well developed reporting procedures in place, which aim to
fully understand the accident/incident and prevent any future occurrences through investment in
injury prevention, based upon accurate data. Reporting and recording should also facilitate costing
and associated financial loss.
Always report an accident to management immediately. There should be a form at each workplace
that you (or the person involved) and any witnesses can fill out, where possible, otherwise it can
be completed by a health and safety representative (HSR) if necessary. The form should cover the
following areas:
•

Description of the occurrence – what was the event that occurred, which required this
report to be completed?

•

Nature of injury or disease – select the most appropriate description from a range of
options. What injury or disease happened as a result of the occurrence?

•

First aid, medical treatment or hospital admission – this section asks for a description of
what was done to treat the injury or disease.

•

Part of the body affected – tick off which part or parts of the body were affected as a result
of the occurrence.

•

Source of injury – what actually caused the person to be injured or acquire a disease? This
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could be a piece of machinery or other hazardous materials for example.
•

Probable cause or causes of injury – how was the source listed above actually responsible
for the injury?

•

Investigation – this asks a series of questions that seek to find out why the person has been
injured or has acquired a disease.

•

Notification checklist – this checklist makes sure that everyone who should have been
contacted regarding the matter has been contacted and asks whether appropriate action
has been taken by the authorities.

•

Preventative action – this asks whether or not any action has been taken to prevent the
occurrence from happening again.

•

Witness details – this part is to be filled out if someone saw the occurrence happen. It is
essential if any sort of legal action is to be taken.

7.1.2 Filling reports and documents properly
In completing the documentation effectively, follow the established pro-forma. It is important to
make sure that regardless of reporting format, all information is recorded in a manner that is:
•

written in proper language

•

correct

•

timely

•

According to organization reporting protocols.

The following suggestions will assist you in accurately completing appropriate reports:
•

Use pen, not pencil.

•

Do not use erasers or liquid paper. If you need to make a correction, put a line through the
word or phrase and write the correction above it. Initial and date the change.

•

Be thorough. Write down everything that is important.
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•

Write your notes as soon as practicable after the incident. Most critical incident reports will
specify a time by which the documentation is to be completed.

•

Remember that case notes or incident reports may be required in the legal arena. In
determining the validity of information, the courts discriminate between facts and opinions.
‘Facts’ are what is directly observed.

•

Use it with particularly important information.

•

Be legible

•

In describing an event, be clear, organized and sequential. Write down what happened in
the order it happened.

•

If you have any concerns about the process of documentation, discuss this with
management.

•

Ensure the report is dated and signed after each entry.

We have looked at a number of aspects of accident/incident reporting, from what we need to
report, e.g. equipment difficulties, damage or malfunction to recording to recording forms
required, e.g. incident reports, fault reports, accident and prevention reports.

Notes
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Exercise
1. Assume you got an accident at work place on your knees. File a report and inform the
management about the accident.

2. What is important in an accident investigation?
a. Only to interview the victim.
b. To clear up the site of the accident as quickly as possible in order to prevent new accidents.
c. To collect all facts and information at the location of the accident.
d. None of these
3. What is an important area for attention if an on-site investigation is conducted after an
accident?
a. That the documents present at the site are retrieved.
b. That this investigation be conducted before the government’s Health and Safety Inspection
Service is informed.
c. That the areas for improvement are discussed with the site’s owner.
d. None of these
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Unit 7.2: Documentation of defects

Unit Objectives
At the end of this unit, you will be able to:
1. Know about reporting of faulty and damage tools

7.2.1 Reporting of faulty and damage tools
Like accident or incident reporting, reporting of faulty and damaged machine, tools and equipments
is also necessary. To reduce the chances of accident or any damage it is very important. Any
damaged, faulty or malfunctioning tools, equipment should be immediately withdrawn from use
and addressed according to organizational policies and procedures. In general, this may require
you to report the damage or fault to management, take action to ensure that you or other workers
are not injured or harmed by the equipment by tagging or labeling it with a hazard sign, and/or
removing the equipment from the area. You should have to check the following details before
doing reporting or providing any repair suggestions:
•

Last date of inspection

•

Last date of repair and which part was repaired.

•

Life cycle of the tool, equipment or machine

In machine or equipment faulty or damage report you have to provide following details:
•

Name of the tool or machine

•

Registration details of machine

•

Who does the inspection of tool and machine before the use

•

Trouble or hazard from the defective tool or machine

•

Defective part name or number

•

Remedial action - Tool or machine has to be discontinued or need repair

•

Which process is going to affect due to the faulty machine or tool
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•

Report whether the machine or tool is performing accurately or precisely.

•

Report that the limits, fits and tolerances are set or not according to industrial standards.

Notes
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8. Problem
identification and
escalation
Unit 8.1 – Risk management
Unit 8.2 – Escalation matrix

ISC/N0008

Fitter Instrumentation

Key Learning Outcomes
At the end of this module, you will be able to:
1. Know about identification of problem
2. Know about risk management process
3. Know about escalation matrix and problem escalation process

155

Participant Handbook

Unit 8.1: Risk management

Unit Objectives
At the end of this unit, you will be able to:
1. Know about risk management process
2. Know about inspecting controlling and controlling the problems

8.1.1 Risk management process
To identify problems and suggesting improvements or remedies, you have to follow the specific
procedure of risk management. Risk Management consists of methodical steps for handling
hazards in the workplace. The steps include:

Step 1
Identifying
the Hazard

Step 4

Step 2

Evaluating and
Reviewing the
Process

Assessing
the Risk

Step 3
Controlling
the Risk

Fig. 8.1.1 Risk Management process

Steps:
Step 1: Identifying any anticipated problem – Anything that could lead to any harm to any
person in the work place, e.g. machine moving, poisonous chemicals, and jobs requiring
physical interference.
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Step 2: Evaluating the issues – Assessing the problem on the basis of their impact, e.g. can it cause
a severe injury, sickness or fatality and how likely is this to take place?
Step 3: Control the problem or if it’s not feasible, controlling the threat arising out of the problem
– putting in to practice such strategies that can eradicate or manage the problem, e.g.
designing the equipments differently, putting in machine guards at place, using harmless
chemicals, placing heavy objects lifting equipments to reduce manual weight lifting or PPE
or inform to supervisor or seniors.
Step 4: Analyzing risk evaluation - to keep a check on control measures and adding better control
measures. Also need to discover secure ways of doing things.ways of doing things.

Notes
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Unit 8.2: Escalation matrix

Unit Objectives
At the end of this unit, you will be able to:
1. Know about problem management process
2. Know about escalation matrix

8.2.1 Escalation matrix
For escalating issues to the concerned department, every organization follows a specific procedure.
This procedure is based on escalation matrix.
Problem management process
1. Identify problems as described earlier
2. Logging problems – Log the complaint report to the concerned person via email or
procedure specified by organization.
3. Categorize problems – categorize the problems into hazards, accidents, faulty tools or
equipments and general problems.
4. Prioritization of problem – prioritize the problem according to its impact or severity into
high, low, moderate and critical.
5. Initially diagnosis the problem and collect data and information regarding that.
6. Escalate the problem to the management through the escalation procedure.
7. Review the remedial action taken by the management to resolve the situation
8. If found any problem again, then notify the management again about the problem and also
suggest the remedial action required for it.
9. Close the complaint after solution of problem.
Escalation matrix is a complaint logging system (complaint box) allows you to specify multiple user
contacts to be notified in the event of issues. By using escalation matrix you can notify the right
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people at the right time about critical alerts irrespective of the business hours. The escalation
matrix is time zone specific and it is available 24X7. The key features of escalation matrix are as
follows.
•

The escalation levels are based on schedules.

•

The service is available 24X7 and schedules are allocated accordingly.

•

The schedules are time zone specific.

•

A matrix can be defined at multiple levels ranging from senior management to lower
management.

This implies that you can now have exclusive user groups notified of issues depending on device
roles or locations or issue types.

8.2.2 How does escalation matrix work
How does escalation matrix work for Complaints?
In escalation matrix, complaints
severity can be assigned into
different levels, Level 1 and
can be escalated to next levels.
These next levels, say are called
Level 2 and Level 3 respectively.
Administrators can assign Level 1,
Level 2 and Level 3 departments.
Once the Level 1, Level 2 and Level
3 departments are defined, here is
the how this works:

10.2.1 Escalation matrix
8.2.1 Escalation matrix
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Steps:
Step 1: Complaint of a given category will by default be assigned and notified by email to the Level
1 department of that category.
Step 2: It defines which an issue has to be raised to whom and within which time frame.
Step 3: If the complaint is not resolved within X number of days (X is the time defined for Level 1
department to resolve the issue), the complaint will be escalated to Level 2 department.
Step 4: If the complaint is not resolved within Y number of days (Y is the time defined for Level 2
department to resolve the issue), the complaint will be escalated to Level 3 department.
At every escalation, L1/L2/L3 owners can receive notifications.
This is the process of escalating the issues to your supervisor to your senior management. If you
will get any issues, you have to lodge the complaint according to the complaint box system followed
by your organization.
Concerns and complaints may be received by any member of staff. It is important that they are
dealt with promptly and effectively by following the organizational policies and procedures.

Notes
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9. Work effectively with
others
Unit 9.1 – Ensure appropriate communication with others
Unit 9.2 – Workplace etiquettes

ISC/N0009

Fitter Instrumentation

Key Learning Outcomes
At the end of this module, you will be able to:
1. Know about effective communication with colleagues
2. Know about workplace etiquettes
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Unit 9.1: Appropriate communication with others

Unit Objectives
At the end of this unit, you will be able to:
1. Know about how to communicate effectively with colleagues
2. Know about effective communication

9.1.1 Communicate with others properly
What will be the reaction of yours when people say a largely about you. The success of the
organization depends on each colleague.
•

For success of organization learn your co-workers’ names and learn them quickly because
people loves hear their names.

•

It doesn’t matter a person is more or less significant because of his/her designation. Always
use to speak to every person you work with or pass in the lobby. You should respect every
employee.

•

Self-assessment: Make your own assessment how you behave your supervisor(s),
subordinates, and peers. Would the changes in the dealings, if seen by others, put you in
negative list? If so, find where the unevenness, and start the procedure of reworking the
relationship active.

•

Share about your personal life is your choice with employees but always be careful. May
cause a negative impact because of yours openness. Didn’t shows interest or ask people to
share their personal lives with you. This makes people uncomfortable in the job.

•

Always respect other people’s personal space. Different people having different personal
space than your own.

Usually, what you say is not important, how you are saying matters. Accurate communication is
very important whether you are communicating in spoken or written way.
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9.1.2 Effective communication with colleagues
To communicate better with your colleagues at work place here are some ways:
•

Listen actively: This shows that what your team mates have to say and that you should
respect them and you’re interested. Few things you need to follow: Listen to them carefully,
positioning your body towards people, and look at them directly. Never interrupt them
while they’re speaking. If you listen to them closely and wait for them to finish speaking
you’ll only be able to understand what people are trying to speak. After listening you can
ask questions to clarify any issues. When anyone talking to you doesn’t email or text.

•

Face to face talk and Speak with pleasure: To avoid any misunderstandings with your team
mates should speak with pleasure. To understand your colleague point of view and feelings
a face to face communication helps with building trust and openness.

•

Offer constructive criticism:While giving feedback, don’t involve personal feelings and
make sure your team mates fully understands what you are try to telling them. If someone
did a great job, offer positive support and give them upgrading tips without being unkind
or dominant.

•

Build and earn trust:Trust and respect play an important
role for effective communication to occur. To build faith
with your team mates, it’s significant that you act steadily
and with honesty. Clear communicate, collaboratively
and confidentially with them while showing the respect

Fig 9.1.1 Team work

to earn their faith. To create trust and understand with
your colleagues, the clear and concise communication should be there.
•

Get personal but don’t be too casual: Colleagues personal lives should be discuss during
breaks or after work to know better by talking. This helps to build faith. Don’t get too
casual in your discussions, especially in the work place, as it may cause the other people
uncomfortable.
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•

Tell them how what you’re communicating is relevant to them: For relevant communication
it related to what the other person wants, doubts or needs. First find out how what you’ll
say or write is pertinent to your team mates and then exPush them. If your communication
is certainly relevant to them, then it will keep them listening to or reading.

•

Keep spoken and written communications short, simple and direct: Limited time is
constraints so don’t think your team mates to listen to and read everything that you’re
trying to tell them. Try not to giving those complicated descriptions and endorsements
with the expectation they will know everything straight away. Short, simple and direct
communications is the best way to exPush.

Notes
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Unit 9.2: Workplace etiquettes

Unit Objectives
At the end of this unit, you will be able to:
1. Know about organization policies and procedures
2. Know about workplace etiquettes

9.2.1 Follow organization policies and procedures
Organization policies and procedures while working with colleagues:
•

Never use abusive words with the colleagues

•

Follow work etiquettes

•

Never share secret or confidential information with your colleagues

•

Help your colleague in case of emergency or difficult situations

•

Coach your colleagues in case of problems and about organization policies and procedures.

•

Communicate with them properly.

9.2.2 Workplace etiquettes
In the business world the way you present yourself to others tells capacities about you. Seconds of
meeting will decide first imPushions about others. Present yourself professional after you’re hired
for a job.
Important tips that help to succeed on the work place:
Make a positive impression
To improve overall image and confidence a good imPushion on the work place play an important
role.
•

At the beginning of your first day, meet each of your team mates.

•

Always make eye contact, turn towards them and listen attentively with co-workers if they
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are speaking to you.
•

NEVER assume you can wear casual clothing to work, always
verify and follow the employer’s office dress code.

•

Bag or purse and the belongings you carry in them must say
something about your personality. Disordered items may
diminish from the image you would like to present.

•

In a first time meeting with someone, smile and shake hands

Fig 9.2.1 Workplace etiquettes

palm to palm with a gentle control.
•

Always alert and ready to contribute to the company and avoid sleepiness which can cause
a negative effect in the workplace.

•

Always be on time each day. Avoid your personal items away and ready to start workday.

•

Kindness and courtesy is the most important factor which always counts!

Work space savvy
You can spend more working hours at your job than in home.
•

Work station should be professional and well-ordered with suitable private touches! It
reflects good impression on the team mates.

•

Always give respect to others’ space whether it is a cubicle or office so not just walk in; you
should knock or make your presence gently known. Always invite team mates if they have
a few minutes to talk. Wait until you are invited to sit down don’t assume greeting of your
presence is an invitation to sit down.

•

An important phone call could be damage by you so don’t interrupt people on the phone.

•

Bound personal calls, if your work spaces don’t have a door.

•

Always ask your superior when and where it is suitable to use your phone in office.

•

Try not to use ear buds or headphones to listen to music while at job.

•

Smells and noise from food can be distracting others so avoid food consumption to a
minimum.
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