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About this book
This Participant Handbook is designed to enable training for the specific Qualification Pack (QP) of
Capital Goods Industry.
CNC Operator – Turning operates Computer Numerically Controlled (CNC) lathe machine, in order
to perform turning operations on metal and plastic components, as per specifications provided.
It involves removal of metal from the outer diameter of a rotating cylindrical workpiece. It also
involves inspecting the components and continuously monitoring of the machining operations and
making minor adjustments in order to ensure that the work output is to the required quality and
accuracy.
Key Learning Objectives for the specific NOS mark the beginning of the Units for that NOS. The
symbols used in this book are described below.

Symbols Used
!
Key Learning
Outcomes

Steps

Exercise

Tips
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1. About Capital Goods
Industry
Unit 1.1 - Understanding of capital goods industry
Unit 1.2 - Understanding various types of capital goods Industry
Unit 1.3 – Role of CNC operator in industry

Participant Handbook

Key Learning Outcomes
At the end of this module, you will be able to:
1. Discuss about capital goods industry
2. Discuss about development activities in industry
3. Discuss about employment opportunities in India
4. Explain about industry structure
5. List job responsibilities of a CNC operator
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Unit 1.1: Understanding of Capital Goods Industry

Unit Objectives
At the end of this unit, you will be able to:
1. Understanding in industry
2. Understand development activities in the industry
3. Know about manpower requirements in industry

1.1.1 Introduction
Capital Goods are used in producing other products but are not incorporated into the new product.
Capital Goods industry involves plant and machinery, equipment / accessories required for
manufacture / production, either directly or indirectly, of
goods or for rendering services, including those required for
replacement, modernization, technological up gradation and
expansion. It also includes packaging machinery and
equipment, refrigeration equipment, power generating sets,
equipment and instruments for testing, research and
development, quality and pollution control. The Capital
Goods industry is the “mother” of all manufacturing industry.
The capital goods industry contributes 1.8% to the GDP which

Fig. 1.1.1 Capital Goods

is 12% of the total manufacturing sector. For achieving goal of 9% growth in GDP during the 12th
Five Year Plan, it is essential for the manufacturing industry to grow at least by 11-13% per annum.  
The Capital Goods sector, which plays vital role in manufacturing sector, should grow at around
17-19%.
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1.1.2 Development activities in the industry
Sectors such as engineering, construction, infrastructure, and consumer goods play a strong base
for Indian Capital industry. It can be further divided into ten broad sub-sectors namely heavy
electrical equipment; Food Processing machinery; Printing Machinery; process plant equipment;
earth moving equipment; dies, moulds and tool textile
machinery; machine tools; metallurgical machinery
and plastic processing machinery. It generates not
only employment but also supports national security
and hence boost to economy. 1.4 million people and is
estimated to employ 2.8 million by 2017. The industry
contributes 12% to the total manufacturing output of Fig. 1.1.2 Capital Goods Workshop
India and around 1.8% to the national GDP. The total
market size of the industry around $92 billion and production valued at $32 billion. Instead of core
industries such as power, railway, Infrastructure, etc, capital goods sector is growing year after
year.  There is a lack of domestic and global demand so this sector is currently facing insufficient
off-take but it does not mean it has no potential. It is believed that it can boost the sector to
approximately Rs. 7 lakh crore over next 4-5 years.
Increasing demand leads to the growth of the Capital Goods sector in India, and sectoral production
has increased 2.5 times in 2013-15 as compared to 2004-05.

Fig. 1.1.3 Growth of Capital Goods Industry
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1.1.3 Government policy of capital goods industry
There are some objectives of draft of a national capital goods policy:
•

Increase total production: To achieve total production in excess of Rs. 50,000 crore by 2025
from the current Rs. 220,000 crore, there should be a friendly ecosystem for a globally
competitive capital goods sector.

•

Increase employment: To increase domestic employment from the current 1.4 million to
at least 5 million by 2025 thus providing additional employment to over 3.5 million people.

•

Increase domestic market share: It also envisages increasing the share of domestic
production in capital’s goods market from 56% to 80% by 2025 and for this improves
domestic capacity utilization to 80-90%.

•

Increase exports: To increase exports to 40% of total production (from Rs 62,000 crore
to Rs 200,000 crore) by 2025, enabling India’s share of global exports in capital goods to
increase to 2.5%.

•

Improve skill availability: To achieve higher productivity in the capital goods sector with
enhance availability of skilled manpower by  training 50 lakh people by 2025, and establish
institutions to deliver the human resources with the skills, knowledge and capabilities to
boost growth and profitability.

•

Improve technology depth: To improve ‘technology depth’ in capital goods sub-sectors by
increasing research intensity in India from 0.9% to at least 2.8% of GDP to rank amongst
the Top-10 countries in research intensity and achieve global benchmarks for intellectual
property in the capital goods sector.

•

Promote standards: Technical and safety measure are up to the international standards
and to achieve this, inflow of sub-standard capital goods need to be curb.

•

Promote SMEs: To compete with established domestic and international firms and become
national and global champions of capital goods in the future, growth and capacity of SMEs
sector need to be increased.
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1.1.4 Spread of capital goods industry in India

Fig. 1.1.4 Spread of capital goods industry in India

1.1.5 Manpower requirement in the industry
KPMG supported by NSDC, FICCI and CGSC study on Human Resource and Skills Requirement in
the field of Capital Goods Sector and assign manpower requirement in 2017 across the six subsectors is approximately 2,085,000. The distribution of the same across subsectors and functions
are as follows:
Manpower requirement in 2017
Function

Machine
Tools

Power &
Electrical

Process
Plant Machinery

Textile
Machinery

Plastic,
Paper &
Rubber
Machinery

Light Engineering
Goods

Total

Production

237,200

679,000

227,500

1,313,000

90,700

573,300

1,939,400

Support
Functions

17,900

51,100

17,100

9,900

6,800

43,100

146,000

255,000

730,100

244,600

141,700

97,500

616,400

2,085,400

Table 1.1.1 Manpower requirement in 2017

The study projects the manpower requirement in 2022 across the six sub-sectors is approximately
3,940,800. The distribution of the same across subsectors and functions are as follows:
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Manpower requirement in 2022
Function

Machine
Tools

Power &
Electricals

Process
Plant Machinery

Textile
Machinery

Plastic,
Paper &
Rubber
Machinery

Light Engineering
Goods

Production

477,500

1,240,000

385,400

226,300

215,600

11,203,000 3,665,100

Support
Functions

35,900

93,300

29,000

17,000

16,200

843,000

275,700

Total

513,400

1,333,300

414,400

243,300

231,800

1,204,600

3,940,800

Table 1.1.2 Manpower requirement in 2022

Notes
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Unit 1.2: Understanding structure of Capital Goods Industry

Unit Objectives
At the end of this unit, you will be able to:
1. Discuss about capital goods industry structure
2. Know about features of industry

1.2.1 Capital goods sub-sectors
On the basis of end-usage, the sector is normally divided into 8-10 major sub-sectors. The main
sub-sectors thus identified as sub-sectors of the capital goods sector are:
S. No

Sub Sectors

Brief Description

1

Machine Tools

Constitutes machines related to metal cutting and
forming

2

Power & Electrical equipment Constitutes machines related to power generation,
transmission and distribution

3

Process Plant Machinery

Constitutes machines such as pressure vessels,
evaporators, stirrers, heat exchangers etc. are used in
energy, metallurgy, oil and gas, industry etc.

4

Textile Machinery

Constitutes machines used  in various steps of textile
fabrication such as spinning weaving, processing,
testing etc.

5

Plastic, Paper
Machinery

6

Light Engineering Goods

7

Earthmoving, Construction Constitutes machines such as graders, dozers,
and Mining Equipment
excavators etc for mining and mixers, tippers, road
millers etc. For constructions.

8

Material Handling and Lifting Constitutes primarily of forklifts and cranes.
Equipment

9

Agricultural Machinery

&

Rubber Constitutes machinery used in various fabrication
steps of paper, plastic and rubber manufacturing
Constitutes machines related to roller bearing,
process control, instruments, castings, steel forgings,
and pipes etc used in oil & gas, power, automotive etc.
industries

Constitutes machines used in various steps of
agriculture such as land development, sowing
weeding, harvesting etc.

Table 1.2.1 Sub Sectors of Capital Goods Industry
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1.2.2 Features of capital goods industry
•

Economic performance of the sector is linked with that of manufacturing industry which is
the key end-user of the Capital Goods industry.

Fig. 1.2.1 Economic performance of the Industry

•

Capability to manufacture most of the major capital goods limited to domestic purpose.
However, imported machineries from foreign give a stiff competition because of better
technology and competitive pricing.

•

In most product groups, the output is firstly concentrated with a top few companies
followed by a section of companies comprising medium to small scale players.

•

Indian companies primarily target on the domestic market leaving export market intact.
However, some of the larger players are exploring export market growth targeted
especially towards the Middle East and Asian markets. The sector is expected to depend
on government support on areas like export financing and promotion to tap vast global
capital goods market opportunity.
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UNIT 1.3: Role of CNC Operator in industry

Unit Objectives
At the end of this unit, you will be able to:
1. List the role of CNC operator in industry
2. Know about personal attributes and knowledge requirements

1.3.1 Career as a CNC – Operator turning
CNC machines are used in industries in a wide range from small scale company to large scale company and it is important for a manufacturing person to know what these machines can do for company. Because of their great demand in industry many CNC operation and programming training
centers are there to provide the CNC programmers to industry.
Some Industries where CNC Machining Centers are used
Here are some of the many industries where the CNC machining, centers are used.
•

Industries for removing metal: These are automotive industries that produce shaft gears
and other parts or manufacturing industries for making rounded, square, rectangular
thread and other jobs where unwanted metal from work piece is removed to give It a
specific shape. Examples for CNC machine substitutes are Lathe, Milling machine, reamer,
Drilling machine, Shaping machine, boring machine etc.

•

Fabricating Metals: In these industry works on steel plates are performed by CNC machines like shearing, plasma cutting, punching, laser cutting, forming, welding etc.

1.3.2 CNC Operator job role
A CNC operator has to perform following role and responsibilities in a workshop:
•

The operator produces parts and tools from metal plastic etc by setting up and operating a
computerized numeric controlled (CNC) machine which can precisely cut, grind or drill the
material.

•

Machines are to be set properly by the operator so that it works well to produce quality
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product .Speed control is done as per requirement, material feed and path of cut.
•

The CNC machines are to be well maintained ,periodically checked and should run in full
capacity with needed material .These are also responsibilities of a CNC operator

•

He will make sure the final product is of good quality and must be ready for next stage in
production

1.3.2 Personal requirements for a fitter job
Following are the personal requirements for a CNC operator job:
•

Math Skills: understanding of design and its correctness, understanding of schematics,
complex instruction etc comes under this.

•

Problem Solving Skills: He has to understand the problems in the machine which reduces
its performance and must know how to fix it and increase production.

•

Attention to Detail: He must be very attentive as CNC machine work is so precise and even
small errors can be critical.

•

Mechanical and Technical Skills: Operator has to know the CAD and CAM

•

Stamina: Doing repetitive movements for long time demands the operator to have good
stamina

•

He should be practically good

•

Physical fitness is required

•

Good Eye-hand coordination is required

•

He has to be independent in his work

•

He should have ability to work in team

•

He must be free of skin allergies.

•

He must be safety conscious

11
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2. Occupational, Health
and safety (OHAS)
Unit 2.1 - Learn Occupational health & Safety
Unit 2.2 - Hazard
Unit 2.3 - Safe working practices
Unit 2.4 - Working at heights
Unit 2.5 – Fire prevention
Unit 2.6 - Emergencies, rescue and first aid procedures

CSC/N1335

Participant Handbook

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 common hazard signs
5. Know about PPE requirements
6. Know about safe working practices at heights
7. Know about weight handling practices
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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. Essential elements for safety
3. Good safety work practices

2.1.1 Safety in workshop
The health, safety and protection of employees, equipment and the environment are of serious
concern in workshops since capital
goods is an industry of hazardous
nature.

The health and safety of

employees is crucial since it affects both
economic and social factors. It is
necessary that workshop management
recognizes the advantages of safe work
environments and progressively adopt Fig. 2.1.1 The iceberg of accidents
safety management practices to prevent hazardous events, avoid production and manpower losses
and fall outs associated with the accidents.
The nature of various types of accidents is shown by an iceberg of incidents. They are unsafe
actions, incidents, minor injuries, lost time injuries, serious accidents and fatalities.
Accident : It leads to a physical injury to a person because accident is unplanned in nature.
Lost Time Accident : refers to an accident that resulted in the person being unable to attend work
within 48 Hrs.
Near - Miss: is an incident that has occurred and could have resulted in a physical injury and likely
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will if not investigated to identify the root cause of the incident.
A Potential Near-Miss: is to identify an unsafe condition (Hazard) that can lead to injury, damage
or Loss.
Behavioural Safety: is about observing people and the work activities. Ensuring processes
are followed with the correct discipline. Coaching / guiding people to the right standard and
commending people for compliance or process improvements.

Fig. 2.1.2 Accidents in Industry

Every workshop should aim at zero accidents. To aim for an accident free working environment in a
workshop is every one’s responsibility. It is possible to reduce dramatically the number of accidents
at work by assigning necessary priority to the
safety since a safe way of working is a quality
and efficient way of working. The pyramid of the
overall of zero accidents is depicted.
The following three aspects are important for
progress of safety in a workshop:
•

The condition of the work place
environment e.g.

means of access,

safety of physical plant, housekeeping Fig. 2.1.3 The pyramid of overall goal of zero accident
and safe place of work etc.
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•

The training and competence of the employees which helps them to understand apply and
respond to safe systems of work..

•

The development of motivational and behavioural 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
The following are the essential elements which are necessary for implementation of safety culture
in a manufacturing plant.
•

Safety consciousness is to be ingrained amongst the workforce as well as among the top
management of the manufacturing plant.

•

There is to be a communication plan and a participatory way of working from the maximum
number of employees which will confirm that the commitment towards the safety is real.

•

There is to be recognition of best practices in safety and there should exchange of the
safety related ideas both within and between the departments.

•

There is to be an appropriate safety organization structure, which is well defined by the
management and well understood by everyone. The safety organization is to have well
defined role and responsibilities.

•

Management should put into place mechanisms which have influence on behaviour of the
employees towards safety. For example that the safety performance of the employee is to
be recognized towards career development.

•

Through training programs, management should demonstrate that attitude and behaviour
to safety is an essential part of the professionalism of every employee and everyone should
accept his responsibility not only for his own safety but also for his fellow employees. After
all, employees work in steel plant not as individuals but as a part of a team.

•

There is elimination of a two tier approach to safety. Contract workers working in steel plant
should attain the same level of safety consciousness as the steel plant’s own employees
and use the same methods to achieve this.
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2.1.3 Good safety practices
Good safety practices include the following:
•

Assigning and publishing the responsibility and duties of the employees associated with
the management of the safety in the workshop.

•

Investigation of all the accidents whether small or big and the implementation of corrective
measures.

•

Studying the significant safety incidents which have happened in other workshops and
learning from the same.

•

Registration and control of safety standards and maintaining a register of the significant incidents.

•

Internal and external publication of safety investigation results and the obtained experiences.

Fig. 2.1.4 Safety

•

Conducting regular shop review meetings regarding status of safety in the shop as well as
monthly review meeting at the chief executive level.

•

Conducting training as well as refresher safety training programs amongst the employees
where investigation of various incidents are also to be discussed.

•

Conducting emergency safety drills.

•

Conducting of regular safety audits to locate unsafe areas and practices and to ensure that
the corrective actions have been taken. Safety audits can also help in early detection of
the equipment deterioration and the deviations and/or procedures that can degrade or
deteriorate then safety levels.
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Unit 2.2: 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

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 operations of
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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

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 2.2.3 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.
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2.2.3 Common hazard signs

Fig 2.2.4 Hazard signs

2.2.4 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.

•

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

•

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

21

Participant Handbook

•

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
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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

2.3.1 Safe working practices
Rules for a safe workplace:
•

Always use that equipment for which you are trained and qualified.

•

Never remove machine safety guard.

•

Make habit of constantly cleaning of your workplace, a clean workplace is much secure.
Flying metal particles can scratch and ruin finished parts, also cause serious injuries.

•

Cutting tools should be handled carefully. Never grab a tool by its cutting tips.

•

Firstly check whether the work area is clear or not and then only after that start the
machine.

•

Never start the machine unless you are not sure that machine is capable of holding the
workpiece and cutting tools against all cutting forces safely.

•

Be cautious when starting a new program: especially when starting the program and
after changing the tool.

•

Have knowledge of machine emergency stop button and how to operate during
emergency.

•

Never run a machine alone.

•

Never work like that, one person is handling the control buttons and other one is
working in machine

•

Never use your hands to clean sharp chips, always use brush for cleaning.

•

Flying chips are dangerous, so don’t try to air hose to clear chips from the machine.

•

Clean liquids spills immediately as it leads to slipping hazards.
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•

Fireproof canister should be used to store dirty or oily rags, this can cause fire.

•

Use strength of legs for lifting heavy material.

•

Never lift anything which is beyond your handling capacity.

•

Use lifting equipment for lifting heavy objects.

•

Always command the machine to position near the operator at the end of the program.

•

Never leave a running machine unattended.

•

Remove the tools from the spindle, before shutting down the machine.

•

Avoid touching water-based coolant, they can cause infection because they have
microbes in it.

•

Immediately take first-aid, even for minor cuts.

•

If there are any injuries, report immediately.

•

Be alert. Think for safety before doing anything.

2.3.2 Personal protective equipment (PPE)
Rules for wearing PPE in workshop:
•

Always wear safety glasses in the shop, not only during the working on machine. Wear
recommended safety glasses having side shields.

•

Use hearing protection in case of machining operations is noisy.

•

Wear leather shoes instead of flip flops or sandals. Steel toe shoes are not needed if you
are not handling heavy objects.

•

Wear short sleeves shirts or T-shirts; avoid wearing long sleeve shirts because they can
stick in running equipment.

•

While working on the machine, remove rings or watches.

•

Wear work pants, short pants should be avoided.

•

Long hair should be tied back to prevent it being stuck in the running machine.

•

Latex gloves should be used instead of normal gloves.
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Fig 2.3.1 Proper machine Attire

2.3.3 CNC Safety Practices
When running a CNC program, use extra precautions:
•

To slow down the machine, use machine rapid and feed override controls.

•

Incorrect setting of tool and fixture offset is a major cause of machine crashes. Pay attention
at the start of program and during tool change. Use single-block mode of programming for
programming one line until the tool is at cutting depth.
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•

Remain near the emergency stop button.

•

I find any sign of trouble, stop the machine motion.

2.3.4 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
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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

•

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 known as repetitive strain injury.

Fig 2.3.4 Fork Lift
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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

(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
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Unit 2.4: Safe working at heights

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

2.4.1 Safe working at heights
Many work activities are done at height. Working from ladders, scaffolds and platforms are obvious
examples, but there are many more activities where people are required to work at height.
These activities may lead to people falling and objects falling onto people below. The reason for
this may be an inadequate edge protection, or from objects in storage being poorly secured.

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 1for
outdoors

•

To meet the correct 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

Fig 2.4.2 Scaffold tower

•

Working platform should be provided ladder access.

•

Don’t move when the tower is engaged

•

Regularly inspect and maintain maintained.

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:
•

erected at correct angle (4 up to 1 out)

•

fixed (preferably at top) or footed

•

place close to the work to avoid over-reaching

•

Adequately supported at the base of any ladder or access
Fig 2.4.3 Ladder
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equipment to prevent pedestrians or vehicles bumping into them.
Stepladders: When using stepladders the following precautions should be taken:
•

Firstly spread them to their full extent and then lock them off

•

Don’t try to work on the top platform

•

Never use the top tread, tool shelf or rear part of the steps as a foot support

•

Only one person should be on ladder at any one time.

•

Appropriate and of the correct grade ladder should be used for the intended use.

Access equipment
•

Any hired equipment must be well suited for the purpose. The risks involved in using
access equipment must be provided by hire contractors.

•

Regularly inspect and properly maintain all access equipment.

•

those erecting and using access equipment must be competent to do so, and training
should be provided where necessary

•

precautions must be taken to avoid the fall of objects or persons

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

As much work as possible from the ground level.

•

Make sure equipment is suitable, stable and strong enough for the job, maintained and
checked regularly

•

take safeguards when working on or near fragile surfaces

•

ready to protect from falling objects

•

make strategy for evacuation in case of emergency and rescue procedures

Don’t…
•

Overload ladders – consider the equipment or materials workers are carrying before
working at height.

•

Overreach on ladders or stepladders

•

Rest a ladder against weak upper surfaces, e.g. glazing or plastic gutters

•

Use of ladders or stepladders for arduous 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

33

Participant Handbook

Unit 2.5: Fire Protection

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

2.5.1 Fire hazard
Fire is one of the most common causes of the accidents
in establishments. Fire is defined as a self-sustaining
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.

Fig 2.5.1 Fire

Common ways of fire hazards are:
•

Flames of all types used for any work

•

loose electrical connections, higher loads and old 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
Fire caused
Cutting off
by electricity
electricity supply
equipment

B

C

D

Mode of
Extinguishing
Cooling

Fire involving
Smothening
flammable metals
like magnesium,
titanium

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.
Fig 2.5.2.Fire Extinguisher

2. Smoke Detectors
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

Fig 2.5.3 Smoke detector

It is an alarm system which can be manually or electronically operated /
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

•

shift workers to specific areas

Fig 2.5.7 Fire exit
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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. Problems 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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2.5.4 Tips during fire outbreak

!

s no. Instruction
1
2
3
4
5
6
7
8
9
10

On noticing a fire, immediately start shouting “fire” at top of your voice. Do not wait
for the automatic fire alarms to start ringing.
Take a fire extinguisher
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.
Switch off all main switches during an electrical fire.
Do not try to switch off electrical equipments.
Cut the power from the main source.
do not panic and alert the building fire department
If the fire seems to be dangerous, call the fire brigade immediately.
Make sure that the water sprinklers and other fire-fighting equipment have properly
started operating.
First priority should be to save people. Help others to safely get out of the floor
For treating serious burn injuries, it is very important to alert the nearest hospital.

Exercise
1. Assume you conduct a fire drill at work place. Prepare a report in the given format
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Unit 2.6: 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
It may not be immediately clear, but if you think someone is suffering from electric shock, approach
with extreme caution.
Steps
Steps 1: If find someone is suffering from electric shock,
approach with extreme caution and following
first aid
Steps 2: Firstly take the suffered person away from the
electricity source as fast as possible. Turning
off the electric supply of machine is the best
Fig 2.6.1 Saving person from electrocution

method for doing this.
Steps 3: If this seems impossible, remove the person

from electricity source by using a piece of wood or insulating materia
Steps 4: Don’t touch the victim getting the electric shock because you could also get shock too.
Steps 5: 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.
Steps 6: 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
Steps 1: Don’t give anything for eating and drinking to victim.
Steps 2: Put down the victim on his/her back. Don’t move the victim if there’s any neck or back
injury. If find victim is unconscious or vomiting, put down on his/her side and ensure that
sufficient air is available in the room.
Steps 3: Use blankets or clothes to keep the victim warm.
Steps 4: Place the victim’s legs on a pillow.

2.6.2.2 Bleeding and Wounds
Steps
Steps 1: Cover the wound by a clean cloth and gloved hand; then apply firm and steady pressure
on wound for 5 mins at least.
Steps 2: Lift up the injured leg or arm above the victim’s heart level.
Steps 3: Secure the wound by a bandage when bleeding stops. Ensure that bandage is not fixed
too tightly—it may stops blood circulation.
Steps 4: Check person for shock.
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2.6.2.3 Burns
Chemical or Compressed Gas Burns
Steps 1: Use a drench hose and emergency shower for at least 15
mins to rinse away all residues of chemicals.
Steps 2: Cover the burn by a clean and dry cloth or special
dressing for burns.
Steps 3: Check person for shock .
Heat or Electrical Burns

Fig 2.6.2 Saving from gas burns

Steps 1: Cool burning of skin by water.
Steps 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.
Steps 3: If blister appear, don’t try to break it.
Steps 4: Ointments or creams should not be applied.
Steps 5: If skin is cracked, or if injuries are severe:
- Don’t clean the coiled or eliminate entrenched clothing.
- Cover the injury insecurely with a clean, dry cloth.
- Expect tremor and extravagance 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.
Steps
Steps 1: Wrap your arms around the stomach and stand directly behind the victim.
Steps 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.
Steps 3: Hold the fist by other hand and pull it rapidly towards you by a slightly upward and
inward thrust. If required, repeat it.
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Fig 2.6.3 Saving person from choking

If the patient becomes insentient:
Steps 1: Put down the patient on their back.
Steps 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.
Steps 3: Rescue breathing play an important role if this is not successful.
Steps 4: If the victim is still not breathing or moving, begin chest compressions (CPR).

2.6.4 Basic techniques of bandaging
Steps
Steps 1: Make sure the person is comfortable.
Steps 2: Never lean across their body always make sure
you work from the side of the injury.
Steps 3: First clean the wound and apply the
antibacterial cream over it.

Fig 2.4.4 Bandaging injured person

Steps 4: When the bandage is on always remember
keep the injured part of the body supported in the position it will be in.
Steps 5: Always use right size of bandage.
Steps 6: To check the passage easily, don’t cover fingers or toes when bandaging a limb.
Steps 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.
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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
Steps 1: Hit and shout to get response from the Victim.
Steps 2: Minimum 30 times pump the chest – circulation.
Steps 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.
Steps 4: Tilt head back, lift chin up to open airway - Airway.
Steps 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.
Steps 6: Repeat the process until help reaches or the patient starts breathing.

Fig 2.6.5 CPR Process
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2.6.6 Correct method to move injured
people and others during an emergency
To carry injured people to medical help or rescue from further harm. In these cases, you must
consider the number of rescuers you have, the capabilities of these rescuers and the condition of
the patient that must be stimulated. Below discussion on several ways to carry an injured person:

Steps
Step 1:

Always stand on either side of the conscious patient. Grip the patient’s wrist with the
hand closest to the patient’s feet on your side.

Step 2:

To grasp the clothing on the shoulder nearest to you use
your hand and pull the patient’s arms to support them to
a sitting position.

Step 3:

If possible place the arms around your shoulders and
assist the victim to his or her feet.

Step 4:

Put your free hand about the person’s waist and let him
or her established the pace on hobbling out.

Step 5:

Support the patient for moving slowly.
Fig 2.6.6 Moving injured person
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Notes

.
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3. 5S & House Keeping
Unit 3.1 – Housekeeping and safety issues in industry
Unit 3.2 – 5S Safety system
Unit 3.3 – Waste management

CSC/N1335

Participant Handbook

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. Discuss about Housekeeping practices
4. Discuss about benefits of housekeeping
5. Know about elements of effective housekeeping
6. Know about waste management practices

50

CNC – Operator Turning

Unit 3.1: Housekeeping and safety issues in the industry

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

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.

•

Fig 3.1.1 Hazard

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.

Fig 3.1.2 Hazardous chemicals
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•

Mechanical Hazards: There are several risks to employees while working with manufacturing
machines. Machines that have sprockets, gears, pulleys and rotating shafts pose risks of
predicament. Employees are at risk of crush injuries, when a machine has two hard surfaces
that move together. Workers at risk of cuts, punctures and severed limbs by machines that
have sharp edges or perform scissoring actions. If a machine has cables or hoses then
employees are also at risk of trip-and-fall accidents.

Fig 3.1.3 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 3.1.4 Fire hazard example
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•

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 ccurs
during work around blast furnaces.

•

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 3.1.5 Dust and fumes
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Unit 3.2: 5S Safety system

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

•

Focus on safety and health

Phases of 5S:
Japanese English
term
Term

Seiri

Sort

Seiton

Set

Seiso

Shine

Seiketsu

Standardize

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.
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.
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.
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Shitsuke

Sustain

•
•
•
•

To maintain in working order
Also translates as “do without being told”
Regular audits to be perform
Discipline and Training

Table 3.2.1 5S Safety system

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:
•

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. Find out the list of
known problems in each area. From the initial 5S sweep, this may include:
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•

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.

Three key tasks has to be done during the audit
1. Find out whether known difficulties have been addressed:

2

•

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?

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 by completing the job securely.
Poor housekeeping and hiding hazards can cause frequent disasters which can cause injuries.
Cleanliness doesn’t mean housekeeping. Housekeeping includes keeping work areas tidy and
arranged; keeping floors free from slips and falls; waste material cleaning and no fire risks. It also
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involves attention on other things like markings on stairs, proper storage facilities etc. Good To
prevent accidents, proper housekeeping is a basic step.

Fig 3.2.2 Workshop housekeeping

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

•

Hitting by dropped items

•

Slipping because of wet and dirty surface

•

Hitting due to poorly stacked objects

•

Cuts and wounds on hands or other parts of body parts because of projected wire and
nails.
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3.2.2.2 Benefits of good housekeeping practices
Efficient housekeeping results in:
•

Proper handling and flow of material

•

Less falling and slipping accidents

•

Less fire hazards

•

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

•

Better inventory management of tools and equipments

•

Well maintained and clean equipment.

•

More hygiene conditions

•

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

Fig 3.2.3 Dust removal

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. To clean machinery, ceilings,
walls and other hard to clean places, special fittings are made to clean dust and dirt.
To reduce the amount of air dust, use sweeping compounds or dampen the floor before sweeping
of floor.
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Surfaces
Spilled liquids and oil needs cleaning; because of poor floor
conditions. Accidents may happen due to accumulation
of dust, chips and shavings. To prevent accumulation,
regularly clean trapped dust, chips and shavings. Antislip flooring is used where areas that cannot be cleaned
continuously, such as entrance ways.

Fig 3.2.4 Surface cleaning

Maintain Light Fixtures

Light levels are reducing by dirty light fixtures. Lighting efficiency can improve by clean light fixture.
Aisles and Stairways
Aisles are the passages that allow movement of people, product and materials. Avoid use of stairs,
don’t take shortcuts and pass through risky area.
Always keep stairs clean and clear. Don’t use them for temporary storage of materials.
Spill Control
Spills can be controlled before happening by doing proper maintenance.
Clean and maintain machines and equipment regularly. Where you find
oil spills; place guards and drip pans for protection. 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.

Fig 3.2.5 Slip warning sign

Tools and Equipment

Housekeeping of tool storage area is very important i.e. tool rack, tool room etc. Tools require
appropriate fittings with locations and labels marked on it in
tool storage area.
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

Maintenance is most important element of good housekeeping. Repairs involve keeping machinery
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and equipment in harmless, well-organized order. Damaged doors,
broken windows, broken floor surfaces and defective plumbing
can make a workplace look abandoned; these conditions creates
accidents and disturb work practices. So, damaged items should
replace as quickly as possible.
Waste Disposal
Good housekeeping require regular collection, grading and
sorting of waste. Separate the materials from waste which can Fig 3.2.7 Storage of tools
be recycled and reuse.
For systematic waste gathering and disposal,
place the bin containers, near the place where
waste is generated most.
Storage
Give at least one meter of clear space to stored

Fig 3.2.8 Waste management

materials from the spray heads.
Materials should be store away from fire equipment, stairs,
aisles, exits, or first aid stations. Clear marking should be
there in all storage areas.
Store toxic, combustible and other hazardous materials
should in designated containers and areas. Storage facilities
should meet all necessities and guidelines of environmental Fig 3.2.9 Material storage
and occupational health and safety.

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
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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
Lighting
• Adequate
Machines
• Clean
• Clear
• In good condition
Signs, Tags
• Adequate
• Appropriate
• Clean
Stacking and Storage
• Aisles clear
• Stacks stable, secure
• Well labelled
• Area clean and clear
Stairs
• Non-slip tread
• Clean
• Clear
Ventilation System
• Clean
• Clear
Waste Disposal
• Adequate number of bins
• Separate and approved containers for oily
rags, flammable scraps, etc
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Sign

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________________

CNC – Operator Turning

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. Discuss about waste management
2. Know about importance of waste management
3. Know about waste management methods

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

Fig. 3.3.1 Waste management

personnel and different methods of 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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Industrial waste can be of two types:
1. Non-Hazardous waste – It can be reused, sold or disposed without any legal consent. e,.g.
paper, wooden scrap etc.
2. Hazardous waste – There are authorized waste disposal plants by Pollution control board of
each state. The organization must collect and send this waste to authorized waste disposal
plants for disposal. E.g. Paint, Rockwool, Ceramic blankets etc.

3.3.2 Elements of 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.
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3.3.3 Methods of waste management

Fig. 3.3.2 Segregation of waste

1. Segregation
Why waste separation using container unit is so necessary because plastics, building materials,
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
In this process waste turns into organic compounds that can use to feed
plants. In terms of the environment advantages this is actually beneficial
technique. By the use of this method, it’s easy to turn unsafe organi
products into safe compost.

Fig. 3.3.3 Composting waste

3. Burning
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
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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.

67

CNC – Operator Turning

Notes
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4. Job understanding
requirements
Unit 4.1 - Limits, fits and tolerances
Unit 4.2 - Understanding the engineering drawings
Unit 4.3 – Tools required
Unit 4.4 - Measuring instruments required

CSC/N0115
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Know about limits, fits and tolerances
2. Know about engineering drawing
3. Know about tools required
4. Know about how to use tools
5. Know about use of measuring instruments
6. Know about how to calibrate instruments
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Unit 4.1: Limits, Fits & Tolerances

Unit Objectives
At the end of this unit, you will be able to:
1. Understand the basic deviation, tolerance and tolerance grades
2. Know about transition fit, limits and system for limits and fits

4.1.1 Limits
The most extreme and least permissible sizes
inside which the actual size of a part lies are
called Limits.
Terminology of limit systems:
•

Limits of size: The two maximum
allowable sizes of a part between which
the actual size should lie including the
maximum and least sizes of the part.

•

Nominal size: Actual size of the
component through which it is referred.

•

Basic size: It is the part of a section
in connection to which all points of Fig 4.1.1 Limit System Terminology
variation are determined.

•

Zero Line: It is the line in which places of resistance zones are appeared.

•

Deviation: Deviation is mathematical difference between highest size and essential size.

•

Upper Deviation: Logarithmic difference between most extreme limit of size and relating
fundamental size is upper deviation. It is meant by letters “ES” for a hole and “es” for a
shaft.

•

Lower Deviation: Mathematical distinction between the minimum limit of size and the
relating essential size is lower deviation. It is meant by letters “EI” for hole and “ei” for a
shaft.
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•

Fundamental Deviation: It is either upper or lower deviation, which is closest to the zero
line for either a shaft or a hole. It settles the position of the resistance zone in connection
to the zero line.

•

Allowance: Allowance is intentional difference between hole measurements and shaft
measurement for a fit.

4.1.2 Fits
When two sections are to be collected, the connection resulting because of the difference between
their sizes before assembly is known as a fit. A fit might be characterized as the level of tightness
and detachment between two mating parts.
A fit is expressed by writing the basic size of the fit first (the basic size which is common to both hole and
the shaft), followed by the symbol for the hole and symbol for the shaft. Example: 30 H7/g6
A fit can be divided into three classes:
1. Clearance: It is the difference between size of the shaft and extent of the hole (it is constantly
positive). Clearance fit is a fit that dependably give clearance. In such a case, resistance zone of
hole is above resistance zone of the shaft.
•

Difference between max hole and min shaft is maximum clearance.

•

Difference between mini hole and max clearance is minimum clearance.

2. Interference: Difference between span of hole and shaft before get assembly is interference. It
is negative. For this situation, shaft is constantly bigger than hole. Here resistance zone of the
hole is beneath tolerance zone of shaft.
•

Greatest interference is the arithmetic distinction between min hole and max shaft.

•

Least obstruction is arithmetic difference between max hole and least shaft.

3. Transition Fit: It provides clearance and sometime interference.
Standard System of limits and fits
Hole Basis system:- In standard arrangement of limits and fits, when the span of holes is kept
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consistent and shaft size is varied to get varied class of fits, this system is classified as hole basis
system. For hole basis system, fundamental deviation symbol H is chosen. This is so because the
lower deviation of hole H is zero. This is known as basic hole.
Shaft Basis System:- When the size of shaft is kept con¬stant and hole size is varied to get different
class of fits, this system is classified as shaft basis system. For shaft basis system, fundamental
deviation symbol h is chosen. This is so because the lower deviation of shaft h is zero. This is known
a basic shaft.
Generally, hole basis system is followed. The reason is that depending on the class of fit, it is always
easier to alter the size of shaft because it is external, but it is difficult to alter hole that is internal.

Fig 4.1.2 Limit and Fits System

4.1.3 Tolerances
Tolerance is the difference between maximum limit of size and minimum limit of size. It characterizes
the permissible or limits in size variation. It is constantly positive and articulated as a number.
International Tolerance grade: It is standardized measure of difference in size between the
segment and fundamental size.
Fundamental Tolerance: It is the grade of tolerance. In Indian Standard System, for both hole and
shaft, 18 evaluations of tolerance are symbolized by number images. It is indicated as IT01, IT0,
and IT1 to IT16.
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Fig 4.1.3 Fundamental Tolerances

Types of Tolerance
1. Unilateral Tolerance:
•

Tolerances of a measurement may be one-sided or bilateral.

•

The tolerances are known as unilateral, when two measurements are on one side of the
nominal size.

2. Bilateral Tolerance: When two limit measurements are above and beneath apparent size, the
tolerances are said to be bilateral or two-sided.
One-sided tolerance, are favored over bilateral in light of the fact that the administrator can
machine to the furthest reaches of the shaft (or lower limit of hole) as yet having the entire
resistance left to machine to dodge dismissal of parts.
Tolerance Size: It includes the basic size, the fundamental deviation and grade of tolerance.
Example: 25H7 – tolerance size of a hole whose basic size is 25. The fundamental deviation is

Fig 4.1.4 Schematic representation of tolerances
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represented by symbol H and grade of tolerance
by number 7.
Example: In the figure below, the hole is shown
as 25 +/- 0.2. It means that 25 mm is the basic
dimension and 0.2 +/- is the deviation
Most commonly, the deviation is given on the
figure. In this example, +/- 0.2 is the deviation of

Fig 4.1.5 Tolerances Size

the hole of 25 mm dia. Therefore the acceptable size of its dimension is between,
25 + 0.2 = 25.2 mm
Or 25 – 0.2 = 24.8 mm
25.2 mm is the maximum limit and 24.8 mm is the minimum limit.
The difference between minimum and maximum limits is Tolerance, here the tolerance is 0.4 mm
(25.2 – 24.8)

Exercise
1. Match the following.
Basic size

Possible minimum difference between basic size and component size

Upper Deviation
Lower Deviation

Nominal diameter of a component
Difference between maximum possible component size and basic size

2. Tolerance is the difference between maximum and minimum limit of size. True or False?
Ans: …….................................…………………….................................................................................

3. In Indian Standards the number of fundamental deviations is:
a. 30

b. 25

c. 14

d. 5
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4. ………………..................………………...........………… is the difference between the size of the hole
and size of the shaft.

5. In standard system of limits and fits when hole size is kept constant and shaft size is varied, it is
known as:

a. Shaft basis system

b. Constant System

Notes
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Unit 4.2: Understanding the engineering drawing

Unit Objectives
At the end of this unit, you will be able to:
1. Discuss about basics of engineering drawing
2. Know about orthographic projection views
3. Know about concept of quadrants
4. Discuss about engineering standards
5. Discuss about tools require for engineering drawing

4.2.1 Basic knowledge of engineering rawing
Engineering drawing: It is a graphical language utilized by specialists and other specialized faculty
related with this profession. The reason for engineering drawing is to pass on graphically the
thoughts and fundamental data for the development or examination of structures, machines or
frameworks.
These are point by point technical drawings drawn precisely and accurately. These are line drawings,
drawn with the guide of numerical instruments by recording and transmitting the specialized data.
They provide accurate and entire explanation of machines or machine components which have to
fabricate or manufacture.
•

Technical drawings can’t sow the actual view of articles as they appear to the eye.

•

Drawings do the utilization of many particular symbols and traditions keeping in mind the
end goal to transmit specialized data unmistakably and precisely.

•

To learn and accurately translate specialized drawings, you have to familiarize with the
essentials of specialized drawing.

4.2.1.1 Presentation of engineering drawing
In basic engineering drawing, orthographic projection method is used. Here in welding industry to
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communicate technical information through engineering drawing, we usually utilize orthographic
views (OV) rather than pictorial views.
•

OV records the exact shape of objects.

•

OV only shows one side of an object and overall dimensions of two and its two-dimensional
(2-D) drawing.

•

At least couple of OV is needed to demonstrate the object in 3-D and to illustrate its
complete shape.

So, here we are going to only study about orthographic projections.

4.2.1.2 Orthographic projection
Orthographic drawings are the establishment of technical and machine drawings. These drawings
generate complete data for development and repair, and in addition exhibit the object in its actual
extents i.e. its size and shape. The orthographic projection demonstrates the object like it views
from the front, right, left, base, top or back, as per the projections in first-angle or third-angle
projection. Third angle orthographic projection is standard projection for every single mechanical
drawing.
Orthographic projection is the technique for speaking to the correct state of an object in at least
two perspectives, on projection planes commonly at right angle position to each other or by
drawing perpendiculars from object to planes.

Fig 4.2.1 Plane of projection

One of these perspectives is eluded as top view and represent to the object as it looks from the
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top-side. Other perspective is known as front view and represents the object as it looks from the
front. Last one is assigned as side view, which can be drawn by the data from the top and front
perspectives.

Fig 4.2.3 Different views of slab

Fig 4.2.2 Slab view

View arrangement: Concentrate the course of action of the three perspectives in figure. The front
view is the starting point of drawing. Front view is chosen as base view because it highlights the
important attributes of the object. The right side view is anticipated straightforwardly to right of
the front view. Top view is placed over the front. Subsequent to concentrate each view, attempt to
envision or picture the presence of the object.
Principal Plane Line: Drawings are divided into zones. Each zone of drawing carries OV, combine
with the symbols and data needed to draw that view. The zones are isolated by principle plane
lines which are also known as crossed (90°) development lines. These lines are like a coordinate
system. These lines are excluded in completed drawings. Principle plane lines are characterized as
shown in fig.
For example: Orthographic views of a cylinder are

Fig 4.2.4 Principal plane
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Fig 4.2.5 Orthographic views of cylinder

To understand how to draw these views, first we need to understand the planes of projection and
concept of quadrants.

4.2.1.3 Concept of Quadrants
See the projection of cylinder in all the four quadrants as shown

Fig 4.2.6 Projection quadrants
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•

If we imagine the projection in 1st quadrant, then it is called 1st angle projection.

•

If we imagine the projection in 2nd quadrant, then it is called 2nd angle projection.

•

If we imagine the projection in 3rd quadrant, then it is called 3rd angle projection.

•

If we imagine the projection in 4th quadrant, then it is called 4th angle projection.

For basic engineering drawings two guidelines are regularly being used in orthographic projection;
the first angle projection also known as European projection and third angle projection also known
as American projection. Perspectives are indistinguishable in both techniques for projection with
the exception of their relative positions on the drawing papert. So, let’s understand them:

1st angle Projection – Rotation of Plane - steps
In 1st angle projection, the front view is reference VIEW and other views are drawn as “shadows”
of that view. For example, the left hand side view is drawn on the right side of front view. So, the
top view (plan) is drawn at the base of front view, and so on.
Step 1: Rotate the Horizontal Plane Clockwise through 900.
Step 2: Rotate the planes clockwise through 900 to face the observer.

Fig 4.2.7 Rotation of planes in 1st angle projection

3rd angle Projection – Rotation of Planes:
In 3rd angle projection, the front view is the premise (similarly as before) however other views are
drawn as “reflections” of font view. In this projection, the left hand side view is drawn on the left
hand side of front view. Additionally, the top view (plan) is drawn over the front view.
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Fig 4.2.8 Rotation of planes in 3rd angle projection

Step 1: Rotate HP through 900 in the clockwise direction
Step 2: Rotate the planes through 900 in the clockwise direction to face the observer
For example: The Front View (FV), Left Hand Side View (LHSV) and Top View (PLAN) of the given
object

In 1st angle projection is:
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In 3rd angle projection is:

Fig 4.2.9 Orthographic view example in 1st angle and 3rd angle
projection

4.2.1.4 Tips for drawing the sketches

!

A systematic order of application should be followed for both idea sketches and sketches from
objects. It is outlined as follows:
•

Visualize Object: Visualize the definite and clear picture of object in mind, and then a
decent graphical picture can be created.

•

Determine Views: The perspectives might possibly be the same with respect to a scale
drawing; e.g., the thickness or state of the line can be utilized to draw a view.

•

Determine Size: Determine the size of sheet of paper for portraying the object. Size of the
sheet should be enough to show all details the object, however permit a lot of space for
measurements, notes, and particulars.

•

Locate Center Lines: When going to start drawing, always locate the inside lines of object.

•

Block in Main Outlines:Check the extents of width to height in drawing. Select one edge of
the object as a unit and assess the proportionate lengths of alternate edges.

•

Complete Detail: Once the primary blueprint is acceptable, fill the points of interest for
right extent.

•

Dimension Lines and Arrowheads: When the state of the object has been drawn completely,
then include the measurement arrowheads and lines. Don’t make any estimation until the
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•

work is finished.

•

Dimensions: Now embed the measurements on the drawing. These measurements can be
obtained by a steel cable. Take all estimations from completed surfaces.

•

Titles and Notes: Titles and notes should be embedded together with the date mentioned
on sheet.

•

Check: Make a last check after completing the draw. Do it carefully.

4.2.2 Engineering Drawing Standards
Engineering drawings, being one of the many types of specialized form of exchanging information,
need to satisfy some acknowledged guidelines. There are different national, multinational and
worldwide principles, however the present pattern in many nations is to follow (receive) the ISO
gauges.
What are Drawing Standards?
•

Following Standards help in easy understanding of drawings across the country

•

Bureau of Indian Standards (BIS) provides the standards for technical drawings

•

Examples
-

IS 919 (Part 2) : ISO system of limits and fits

-

IS 10714 : General principle of presentation o technical drawings

-

IS 10718 : Method of dimensioning and tolerance cones on drawings

4.2.2.1 Drawing Sheet Sizes
ISO most prescribed paper sizes for specialized drawings are known as A-FORMATS. Different
arrangements, similar to the B-Series, are of lesser significance. In the A-Format arrangement, the
biggest size is A0. The extent of an A1 paper is a large portion of the measure of A0 while A2 is a
large portion of the span of A1 et cetera. Small sized A design papers (i.e. A5, A6, and so on) are
once in a while utilized for specialized drawings.
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Fig 4.2.10 Drawing sheet

Designation
A0
A1
A2
A3
A4
A5

Size of the Sheet
A (mm)
B(mm)
841
1189
594
841
420
594
297
420
210
297
184
210

Size of Frame
C(mm)
D(mm)
791
1139
554
804
380
554
267
390
180
267

Table 4.2.1 Different drawing sheets sizes

4.2.2.2 Lines
In technical drawings, various type of
lines and line styles are used to provide
the desired information. These lines
differ in thickness and style.
•

Visible – these are sequential
lines used to represent edges
which can be seen directly from
a specific angle?

•

Hidden – these lines are used
to represent edges which can’t
be seen directly.

•

Center – These lines are used to

Fig 4.2.11 Different lines used in engineering drawing

represent the axes of circular.
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•

features. These lines are long and short dashed.

•

Cutting plane – are lines that used to define sections for section views, these are thin and
medium dashed lines, or also thick, long and double short-dashed lines.

•

Section – These are thin lines, represent section views which results due to cutting of
object. These are also known as “cross-hatching.”

•

Phantom – These lines indicates feature or component of the assembly which is not the
described part or assembly. These lines are alternately long and double short-dashed thin
in shape

4.2.2.3 Dimensioning
Through the usage of dimensions, the appropriate sizes of features are expressed. Distances might
be shown with either of two accepted forms of dimension: ordinate and linear.
•

In linear dimensioning, two parallel lines, also known as “extension lines,” separated
at the distance between two components, which are shown at every element. A line
perpendicular to the extension lines, known as “dimension line,” is appeared between and
ending at the extension lines. The distance is shown in numerical form at the midpoint of
the dimension line.

•

In ordinate dimensioning, an origin is established between one horizontal and one vertical
extension line for the complete object view. The small circles placed at the ends of these
lines shows the origin of line. Measurements along the x- and y-axes are shown by these
extension lines, with the distances written in numerical form at the ends of these lines.
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Exercise
1. Draw the orthographic projections of the solid:

2. In an orthographic projection, projectors are parallel to each other. True or false?
Ans: …………………………..................................

3. ____________________ is a drawing instrument used by draftsmen to draw horizontal lines.

4. Alternatively thick and short double dashed lines used to represent sections.
Ans: …………………………..................................

5. Pencils are specified on the European system using H, F and B. What does these stands for?
H : ____________________
F : ____________________
B : ____________________
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Unit 4.3: Tools required

Unit Objectives
Towards the end of this segment, you will be able to:
1. Know about different tools required
2. Know about how to use tools properly

4.3.1 Tools required
Following hand tools can be required during work:
1. Hammer
A hammer is an instrument intended to convey an effect to an object. The most widely
recognized utilizations for hammers are to drive nails, fit parts, produce metal and break
separate items. Hammers are commonly designed for a particular reason, and differ in
their shape and structure. The hammer is a basic tool of numerous professions.
Classification of Hammers:

Fig 4.3.1 Hammer

•

Ball peen hammer - It is a general purpose hammer and consists of
a face, peen, eye and handle. It comes in mass ranging from 55 g to
1400 g. The utilization of smaller sizes comes for layout work and
the bigger ones are utilized for general bench work.
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•

Cross peen hammer - Cross peen hammer is used for hammering inside curves for bending
and stretching. These are also used for striking unhardened
material as the peen allows for the shaping or bending of
unhardened material.

•

Straight peen hammer - The straight-peen hammer has the wedge leaning parallel to the
hammer’s grip. It is generally used for stretching of metal.

•

Soft hammer (Mallet) - A mallet is a kind of hammer, often
made of rubber or sometimes wood, they are usually made with
a relatively large head.

2. Clamp
A clamp is a tool that is used for holding small work pieces together during assembly,
marking, drilling, riveting etc. It is made for hardened steel.
Toolmaker’s Clamp: It has two jaws, upper and
lower, between which the work piece is held. A clip
is screwed to the top jaw to prevent the jaws from
falling while being adjusted. The jaws of the clamp
are assembled by means of two threaded rods. It is
to be noted that a toolmaker’s clamp is not suitable
for heavy jobs and should only be used for holding light jobs.
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C-Clamp: These clamps are shaped like a ‘C’..
Ends of the clamp are machined flat and drilled
and attached to accommodate a screw-rod that
is operated by a handle. These clamps are used
to hold work on an angle plate or drill press table
and also for holding two or more workpieces

Fig 4.3.7 C-Clamp

together. C-clamps are available for both light and heavy duty work.
3. Spanners
Spanner or wrench is a device used to give grasp and mechanical favorable position in
applying rotational movement to turn objects like nuts and bolts. Spanners are available in
various shapes suitable for different type of objects.
Some commonly used spanners are:
Single Ended Spanner: A single ended spanner has opening at only one end and fits only
one size of bolt, head or nut.

Double Ended Spanner: A double ended spanner has
different sized opening at each end. Both openings are
of different sizes to adjust different size of bolt, nut or
head.

Adjustable Spanner: This type of a spanner is used for
variety of size of heads, nuts or bolts. It is adjustable
to accommodate different sizes. Adjustable spanner is particularly used for odd sized nuts,
heads etc.It has one fixed jaw and one variable jaw.
The movable jaw can be accustomed to accommodate
different nut sizes. The adjustment is done using the
knurl.
While using a spanner, keep following things in mind:
•

Select a spanner which fits the nut or bolt properly
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•

The application of force should be by pulling the spanner rather than pushing it

•

Before applying force, make sure that the nut is fully seated in the spanner jaw

4. Magnifying glass
A magnifying glass is a convex lens that is utilized to deliver an amplified image of an object.
The lens is fixed in a frame with a handle.
It is used to enlarge items which cannot be view by naked eye.
Key features
•

The amplification of a magnifying glass relies on
whether it is put between the user’s eye and the object
being seen or upon the total measurement between
eye and object.

•

The proportion of the sizes of the pictures formed on the user’s retina with and without
the lens is known as magnifying power.

•

The maximum magnifying power can be achieved by putting the lens nearto the eye
and moving both the eye and the lens together to get the best focus.

5. Allen keys
It is used to drive bolts and screws. It has hexagonal crosssection
and hexagonal socket in the head.
Allen keys features are:
•

It is a small and light weight tool.

•

Its contact surfaces are shielded from external harm.

•

It is also utilized with headless screw.

•

Allen key utilized for inserting screw into its hole.

•

Applied torque depends on length and thickness of key.

•

Its manufacturing is economical.

•

To take advantage of reach or torque either ends of the device can be utilized
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•

It has a shape of L.

•

By using an electric processor, worn out parts of
allen keys can be removed and after that it

•

works like new tool.

•

Hexagon diameter is normally small and is more
likely to round off its contact surfaces.

•

It is substantially more hard to turn a harmed
(adjusted or something else) inside clasp than an outside one.
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Unit 4.4: Using of measuring instrument

Unit Objectives
At the end of this unit, you will be able to:
1. Identify different measuring instruments
2. Know about how to use measuring instruments properly

4.4.1 Measurement
Measurement is the comparison of one quantity with standard quantity. Any measurement can be
decided by the following values: level of estimation (which includes magnitude), measurements
(units), and uncertainty. Commonly measurements are made in the SI system, which contains
major units like: kilogram, meter, candela, second, ampere, liter and mole.
What is a ‘Unit’?
A unit of measurement is a definite magnitude of a physical quantity (length, Mass and Time).
Example: 10 liter,200 meter, 20 kg
Commonly used systems of measurements are:
S. No

Unit

Length (L)

Mass (M)

Time (T)

1.

CGS

Centimeter (cm)

Gram (gm)

Second (sec)

2.

FPS

Foot (ft.)

Pound (lb)

Second (sec)

3.

MKS

Meter (m)

Kilogram (Kg)

Second (sec)

Table 4.4.1 Systems of measurements

However, now-a-days SI (International System of Units) is used across the globe as a standard
system of measurement. It is an extension of MKS system of measurement.
SI system has 7 fundamental units and 2 supplementary units, there are a number of derived units.
S. No

Measuring

S I Units

1

Length

Meter

2

Mass

Kilogram

3

Time

Second
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4

Intensity of Electric current

Ampere

5

Thermodynamic Temperature

Kelvin or degree Celsius

6

Quantity of substance

Mole

Table 4.4.2 Measuring units

Few Derived units in SI system are:
S. No

Physical units

S I Units

1

Area

Sq. mtr

2

Volume

Cu.mtr

3

Speed

m/sec

4

Acceleration

m/sq sec

5

Density

Kg/cu.m

6

Force

Newton

7

Pressure

Pascal

Table 4.4.3 Physical SI Units

4.4.2 Measuring instruments
A measuring instrument is a gadget for measuring a physical amount. In the physical sciences,
quality confirmation and engineering, estimation is the movement of getting and contrasting
physical amounts of certifiable items and events. Set up standard articles and events are utilized
as units, and the procedure of estimation gives a number relating the thing under review and
the referenced unit of estimation. Measuring instruments, and formal test strategies which
characterize the instrument’s utilization, are the methods by which these relations of numbers
are gotten. All measuring instruments are liable to shifting degrees of instrument mistake and
estimation vulnerability.
Measuring instruments are classified into types:
•

Precision instruments - Precision Instruments are those which can measure with an
accuracy of 0.01mm or more. Example: Vernier Caliper, Micrometer etc.

•

Non precision instruments - Non precision instruments are limited to the measurement of
parts to a visible line graduation. Example: Steel Rule, Scale etc.
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Least Count:
•

The minimum tally of any measuring hardware is the littlest amount that can be measured
precisely utilizing that instrument

•

Least Count shows the level of precision of estimation that can be accomplished by the
measuring instrument

•

All measuring instruments utilized as a part of material science have a least count

•

Example: LC of Vernier Caliper is 0.02mm

4.4.2.1 Steel Rule
Steel Rule is a flat and thin linear measurement instrument. It is the most commonly used measuring
instrument. Steel rule is manufactured from stainless steel. The edges of the rule are accurately
ground to form straight edges. Steel rules are available in different sizes like 150 mm, 300 mm and
600 mm. usually; the reading accuracy is around 0.5 mm.
There are different types of rules available. Few commonly used are:
•

Engineer’s rule

•

Folding rule

•

Flexible rule

•

Hook rule

Fig 4.4.1 Engineer’s rule

4.4.2.2 Vernier Caliper
A Vernier Caliper is a precision measuring instrument. It is used to measure the inside and outside
diameter of Shafts, thickness of parts to an accuracy of 0.02mm.

95

CNC – Operator Turning

The vernier calipers measure reading of the distance directly with precision and high accuracy.
These calipers consist of calibrated scale with fixed jaw and movable jaw with a pointer.
For using vernier caliper, move the position of the pointer on the scale. At the point where the
pointer is between two markings, take the reading on the scale. This is basic caliper; expansion of
vernier scale on the instrument gives more exact reading; this is the vernier caliper.

Fig 4.4.2 Vernier caliper

Parts of a vernier caliper:
1. Outside Jaw - To measure outer dia. and width of an object.
2. Inside Jaw - - To measure inner dia.
3. Depth Probe - To measure depth of an object.
4. Main Scale - Scale set apart in millimeter (mm)
5. Main Scale - Scale set apart in inches
6. Vernier Scale - Interpolated estimations in millimeter
7. Vernier Scale - Interpolated estimations in millimeter
8. Retainer - Used to lock movable parts
Least count
The Least Count of a Vernier Caliper can be calculated using the formula
LC = 1 MSD - 1 VSD ( Value of one Main Scale Division - Value of one Vernier Scale Division)
1VSD = 49/50 = 0.098 mm
LC = 1 – 0.098 = 0.02 mm
Total Reading (TR) = (MSR) + (CV) X LC
Where,
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MSR = Main Scale Reading
CV = Coinciding Vernier Reading
LC = Least Count

Steps for using and reading a Vernier Calliper
Step 1:

Loosen the locking screw and move the slider to check if the Vernier scale works properly
and make sure the calliper reads 0 when fully closed. If the reading is not 0, adjust the
calliper’s jaws until you get a 0 reading. If you can’t adjust the calliper to 0, remember to
add to subtract the correct offset from your final reading.

Step 2:

Close the jaws delicately on the object which need to be quantify (For instance a round
steel ball).

Step 3:

The primary metric scale is perused first and for instance says this demonstrates there
are 13 entire divisions before the 0 on the hundredths scale. Thusly, the main number is
13. .

Step 4:

The ‘hundredths of mm’ scale is then perused. The most ideal approach to do this is to
tally the quantity of divisions until you get to the division that lines up with the principle
metric scale. This is 21 divisions on the hundredths scale. .

Step 5:

Then 21 is multiplied by 0.02 giving 0.42 as the appropriate response (every division on
the hundredths scale is comparable to 0.02mm) .

Step 6:

The 13 and the 0.42 are included to give the last estimation of 13.42mm (the diameter
across of the bit of round area steel)

4.4.2.3 Micrometer
A micrometer is a device assimilating an aligned screw broadly utilized for exact estimation of
segment in mechanical trades and machining. They are used to measure very small distances.
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Body parts of a Micrometer

Fig 4.4.3 Micrometer

•

Frame – It is a C-shaped part which holds the barrel and anvil in steady connection together.
It’s body is tough since it has to limit flexion, magnification, and compression, which can
misinterpret the estimation.

•

Anvil – Spindle is pushes towards it and workpiece stands on it.

•

Sleeve – It is a fixed cylindrical part having straight scale on it.

•

Lock nut – It is like a lever which holds the spindle.

•

Screw – It is the main part of instrument, stays inside the barrel.

•

Spindle - The gleaming round part which pushes the thimble towards anvil.

•

Thimble – This part turns by the thumb

•

Ratchet stop - Applied pressure can be limited by the device in the end of the handle by
slipping at an aligned torque.

Operating principle:
Micrometers utilize the rule of a screw to expand little separations into big rotation of the screw
which can be easy to read on a scale. The precision of a micrometer gets from the exactness of
the string shapes. In few cases it is a differential screw. The fundamental working standards of a
micrometer are:
1. The measure of turn of a precisely made screw can be directly associated to a specific
measure of axial movement (and the other way around), known as the screw’s lead. It is
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the distance which moves ahead axially with one entire turn (360°).
2. With a fitting lead and screw, a given measure of axial movement will be intensified in the
consequential circumferential movements.
Least Count of Micrometer Screw Gauge:
LC = Pitch / Number of vernier scale division
LC = 0.5 mm / 50 or 1 mm / 100 = 0.01 mm
Total Reading = Sleeve Reading + Thimble Reading X LC

4.4.2.4 Dial indicators
•

Instruments use to measure small linear distances
is called dial indicator. They are also known as dial
gauges.

•

The measurement results are displayed on a magnified
scale i.e. a dial in the instrument.

•

Variation in tolerance of machined part can also be
checked by dial indicator.

•

It’s typical measurement range is 0.25 mm to 300 mm. Fig 4.4.4 Dial Indicator

4.4.2.5 Bore gauge
This gauge is used to measure inside diameter of hole, pipe,
cylinder etc. and calibrated in .001 inch or .0001 inch. If it is
connected with a micrometer, it gives the accurate measurement
of a bore size.
A typical bore gauge is comprised of:

Fig 4.4.5 Bore gauge
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•

Dial indicator on top of the shaft

•

A measuring sled at the base. The measuring sled
consists of:
o

2 hardened steel anvils (1 fixed, 1 movable).

o

The movable anvil is connected to a push
rod inside the instrument which operates
dial gauge on other end.

Fig 4.4.6 Parts of bore gauge

Setting the bore gauge to zero by micrometer
Step 1. Set a micrometer to the size bore you will be
testing.
Step 2. Set up the dial bore gauge with the extensions
necessary for the bore diameter.
Step 3. Place the bore gauge between the micrometer’s
Fig 4.4.7 Use of bore gauge

spindle and anvil.

Step 4. Rock the dial bore gauge back and forth and side to side in the micrometer.
Step 5. Note the minimum reading and zero the dial indicator to that reading
How to use a dial gauge – Steps
Step 1. Zero the gauge: This is proficient by measuring across
the gauge with an external micrometer set to the
exact bore size. This is ready to use when the zero
aligns with the needle.
Step 2. To measure depth, insert the gauge into the bore: For proper
inserted in the pipe make rock it back and forth.
Look at the reading: This is the lowest reading, which is

Fig 4.4.8 Calculating diameter using bore
gauge

taken when the gauge is square on the bore, and the indicator needle reverses its direction. It can
be either more or less than the zero mark, and will indicate an oversize or undersize bore.
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4.4.2.6 Plug gauge
These devices are regularly used in the examination of several product lines as a result of their
comfort of use. This evaluates the conformity of objects to the prescribed specifications. This gauge
looks like a rod whose ends are wisely fashioned so that one end is the upper limit while the other
end is the lower limit.
As image says, the left side is marked green and is the go-end, while the right side is marked red
and is the no-go end. The component which is under test is connected to the go-end and the no-go
end should not fit into the said component to meet specifications. On account of its function, these
gauges are commonly referred to as “fixed limit gauges” and “go/no-go gages”.
They are available in plain or threaded form factors. Thread and plain and gauges are used for
completely different applications. To check internal threaded part in a
component the thread gauges are used. This is very simple method to
inspect threads.
These gauges are used in a different of roles. The main function is the
measurement of diameters of various components. Examination of
the size of the hole is critical in end-user industries such as automotive,
aerospace, medical devices and transportation.
Fig 4.4.9 Plug gauge

4.4.2.7 Snap gauge
This is a type of Go/no go gauge. It is a limit gauge with permanently or temporarily fixed measurement
gaps which is used to quickly verify whether an outside dimension
of a part matches a preset dimension or falls within predefined
tolerances.
Snap gauges are frequently used when a huge quantity of work
pieces must be examined. This gauge has four anvils or jaws, the
inner set adjusted to the lower limit of the part and the first one
or pair (outermost) are set using the upper limit (tolerance) of the
Fig 4.4.10 Snap gauge
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part. A correctly machined part will pass the first set of jaws and stop at the second — end of test. In
this manner, a part may be checked in one action, unlike the plug gauge that needs to be used twice
and tossed to entrée the second gauge.

4.4.2.8 Height Gauge
This gauge is precision calculating device used precisely for calculating height of two points. To
carry out different tasks like measuring step heights, internal/
external diameters and centre-line distances advanced
electronic (digital) height gauges can be used. The electronic
height gauge has a precision of up to 0.0254 mm and claims
consistency of ±0.00254 mm. The conventional height gauges
are similar to Vernier Callipers, except that the fixed jaw is
shaped like a base. The scale is graduated on both sides, one
side being graduated for internal measurement. The main
scale for external measurement starts at 1 inch. This allows
for the combined width of the base and movable jaw, when

Fig 4.4.11 Height gauge

the jaws are in contact. The gauge can be converted into a form of scribing block (to mark the work
piece) by attaching an extension arm, beveled to a sharp edge, to the movable jaw.

4.4.2.9 Slip gauge
For creating precision lengths this system is used. Slip gauges are made of metal blocks of different
thickness. This gauge comes in groups of blocks having different
lengths. When using, the blocks are stacked together to
measure required length. This can be use for checking the
activity of hand tools and gauging equipment. Micrometers
and other hand calculating instruments can be checked for
linearity.
Fig 4.4.12 Slip gauge
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These are measuring tools of the maximum order. Slip gauge require great care, and if correctly
handled, will give lengthy useful service. However, these gauges are primary standards of length,
and when handle as working gauges they must be controlled in a manner that will preserve the
original accuracy and fine finish of the gauge surfaces.
Wringing
This is the process of sliding two blocks together so that their faces lightly unite together. Because
of ultraflat surfaces, gauge blocks combined tightly when pressed.
The process of wringing includes four steps:
1. Across an oiled pad wiping a clean gauge block.
2. By the use of dry pad, wipe any extra oil on gauge block.
3. Apply some pressure and place one block perpendicularly across the other block.
4. Then revolve the block till that it is not lined up with other block.
.

Fig 4.4.13 Wringing process

Slip gauge set
•

Slip gauge sets are coming with holders and tools to extend the usefulness. Slip gauge set
comprises different length gauge blocks, scribers, caliper jaws etc. in it.

•

A gauge block stone is there to remove marks and
husks.

•

To prepare a gauge block for wringing there are two
wringing pads are used. One is oil pad and other is dry
pad for removing the excess oil from the blocks.
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Grades of slip gauge
Depending on their intended use a slip gauges are available in various grades. The grading standard
is depends on the tightness of tolerance on their sizes; therefore higher grades are made for tighter
tolerances and have higher accuracy and precision.
•

Reference (AAA): for measure small tolerance upto ±0.05 μm

•

Calibration (AA): used to calibrate inspection blocks and measure tolerance range between
+0.10 μm to −0.05 μm

•

Inspection (A): for setting other gauging tools and measure tolerance range between +0.15
μm to −0.05 μm.

•

Workshop (B): Used to measure large tolerances range between +0.25 μm to −0.15 μm

Use and care of Slip gauge
The average life expectation is about 3 years. The primary cause of scratches on slip gauge is
corrosion and mishandling. Few recommendations for their care are:
1. After using blocks clean them by a soft cloth. Always keep the blocks clean.
2. When steel blocks not in use keep them coated with rust preventative oil.
3. Clean the blocks from mineral spirits. It saves the blocks from corrosion when using them.
4. Accurate at 68 °F (20 °C) temperature is requiring for calibration of gauge blocks.
5. Check the blocks for scratches and burrs, before wringing slip gauges together. Don’t leave
blocks wring together overnight.
6. At the time of use keep blocks away from an open case. Don’t use, clean or wring blocks
when case is open.
7. Check the instrument for scratches and burrs. Nicks and burrs not only damage the gauge
but also give incorrect measurements during measurement.
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4.4.2.10 Thread gauge
To measure the pitch of a screw thread a thread gauge is used. Determining the pitch of a thread that
is on a screw or in a tapped hole thread pitch gauges are used as a
reference tool. This tool is not used as a precision measuring instrument.
It allows the user to find the profile of the given thread and quickly
categorize the thread by shape and pitch.

Fig 4.4.15 Thread gauge

Fig 4.4.16 Using thread gauge

Use a thread pitch gauge to determine the number of threads per inch or the distance between
threads in metric connections.
1. Put the gauge on the threads until the fit is
snug.
2. The teeth of the pitch gauge that fit perfectly
into the threads will match the size of the
thread gauge.

Fig 4.4.17 Correct use of thread gauge

4.4.2.11 Profile gauge
Recording of cross-sectional shape of a surface a
profile gauge is used. It contain of a set of steel or
plastic pins that are set strongly against one another in
a border which keeps them in the same plane and
Fig 4.4.18 Profile gauge
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parallel while permitting them to move independently, perpendicularly to the frame. When pushed
against an object, the pins imitate to the object. The gauge can then be used to draw the profile or to
copy it on to another surface.
How to use profile gauge - steps
Step 1. To use the gauge, start by first pressing the teeth
against a flat surface until all of the ends are in line.
Step 2. Next, press the comb against a molded surface—each
tooth will contact a small area and move relative to
the next tooth, which adjusts to the adjacent point.

Fig 4.4.19 Using profile gauge

Step 3. The tip of each tooth then defines a point, creating a
static wave of pins around the curves, in the form of a traceable line.

4.4.3 Calibration of measuring instruments
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.
In calibration, balancing and correction of scale reading is done to correct the deviations found
in the instrument, therefore measured value is then adjusted to the known value of instrument.
Permanently changes the measuring instrument by adjustment always involves manipulation.
Retraceability of a calibration procedure means that the calibration order is reproducibly documented
from the separate device under test. A country’s metrological infrastructure defines retrace ability of
measurement results.
Why do measuring instruments have to be calibrated?
+This must be reviewed to national standards at regular intervals by means of calibration, and if
needed adjust, and normally labeled with their calibration status. If it is determined during calibration
that the measuring instrument doesn’t fulfill the stated requirements, the operating company must
examine the validity of before obtained measurement results and apply suitable measures with
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regard to the measuring instrument itself, as well as all affected products.
Throughout the calibration range of the instrument, calibration of an instrument is checked at several
points. The upper and lower limit within which a quantity is measured is defined as the calibration
range.
Calibration process
1. It starts with the design of measuring instrument which has to be calibrated.
2. The design of measuring instrument is like that it can hold the calibration process and
calibration intervals within tolerance limits.
3. Design with following characteristics improves the life of instrument.
4. Selection of standards is the most visible part in calibration process.
5. The calibrated equipment has to be correct with the working standards.
There are some connections between calibrated device and standards, which can impact the process
of calibration. For example, an analog phenomenon is involved in electronic calibrations; the result is
directly influence by the impedance of the cable connections.

Exercise
1. Usually, the reading accuracy of steel rules is around 0.5 mm. True or False? Ans:…………………
2. Precision is the degree under which repeated measurements under un changed conditions
show the same result. True or False? Ans: …………………
3. Micrometres use the principle of a ……………… to increase small distances (that are too small
to measure directly) into large rotations of the screw.
4. What is the least count of a micrometre:
a. 0.1 mm

b. 0.01 mm

c. 0.0001 mm

d. None of these

5. What is the use of locking screw in a Vernier Calliper:
a. To read measurement

b. To tighten or loosen object held in the jaw

c. To provide a level surface

d. None of these

6. The height gauge can be converted into a form of scribing block (to mark the work piece) by
attaching an extension arm to the movable jaw. True or False? Ans: …………………
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Notes
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5. CNC turning
Unit 5.1 – Turning process
Unit 5.2 – CNC turning machine
Unit 5.3 – Cutting tools and inserts
Unit 5.4 – Cutting parameters
Unit 5.5 – CNC turning operations
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Discuss about turning process
2. Know about turning process cycle
3. Discuss about raw material requirements for turning
4. Know about CNC turning machine
5. Know about cutting tools
6. Know about tool holders and inserts
7. Know about features of cutting tools and inserts
8. Know about turning process cutting parameters
9. Discuss about basic turning operations
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Unit 5.1: Turning process

Unit Objectives
After the completion of this session you will be able to:
1. Discuss about turning process
2. Know about turning process cycle
3. Know about cutting process

5.1.1 Turning
It is referred as a basic machining process.
Turning process helps in taking out work
piece material through cutting tool and also
it can create wide range of product. The
turning process requires work piece, Lathe
machine, fixture and cutting tools.
Axi – symmetric parts are a result of turning
which include, grooves, threads, tapers,
various diameter steps, and also contoured

Fig 5.1.1 Turning operation

surfaces. Like custom designed shaft, fasteners etc components manufactured completely using
turning process is less used.

5.1.2 Raw material requirements for turning
In turning, the work pieces are cut from a piece of stock, which is taken as a raw form of material.
Casting and forging are used to make custom stock and stock may have shapes like cylindrical bar,
hollow tubes or custom shape.
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Round bar			

Round tube			

Fig 5.1.2 Raw material shapes for turning operation

Custom extrusions

Generally used materials for turning are metal and plastic .Others are given below:
•

Aluminum

•

Brass

•

Magnesium

•

Nickel

•

Steel

•

Thermoses plastics

•

Titanium

•

Zinc

There are multiple factors to be taken into consideration while selecting a material such as strength,
machinability, resistance to wear and cost. Following attributes are required for a machinable
material:
•

Surface should be smooth

•

It shouldn’t easily damage the tool

•

Materials must not require more power to turn

•

Whose chips should be such that it can be gathered easily
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5.1.3 Turning process cycle
Turning process duration for making a number of parts can be divided as initial setup time and
the cycle time for every part. Set up time is divided as set up time for machine, planning of tool
movements by machine/manual and the time required to put in fixture device to machine. Cycle
time includes the following:
1. Load/Unload time –This include time for fitting work piece to the machine, the locking of
work piece to fixture and time taken to unload completed part. Factors which affect load
time are type of fixture, work piece size, weight and complexity of the work piece decides
the load time.
2. Cut time – In each and every operation on the work piece the time taken by the cutting tool
to make all required cuts is called cut time and can be calculated as
Cut time= Total cut length for operation/feed rate.
Feed rate is the tool speed in relation to work piece
3. Idle time –Process cycles in which work piece not engaged are called idle time in which no
production takes place. Machine setting correction time, time taken to change the tools,
tool movements between features, time taken by tool to approach and retract from work
piece.
4. Tool replacement time – It is the time needed to change a tool which has completed its life
time and does not perform well. For an individual part a factor cut time/tool life time gives
us the no of tools required for a specific cut .No of replacements multiplied by replacement
time gives total replacement time.
Process cycle time is over with above 4 steps and after this surface finish can be done which
can be considered as secondary processes. Cutting tool and lubricant together throws away
the scraps like tiny chips of material from work piece during their operation and hence no
cycle time is used to remove scrap material. After the job scraps are collected and removed
from machine.
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5.1.4 Cutting process
Cleaning the material apart with a
thin knife or wedge is the idea of a
cutting process. The cutting edge
is to be wedge shaped with long
slope and sharp like a knife so that
shearing action happens when
tool is moved on work piece.
Continuous shearing will be done

Fig 5.1.3 Turning operation cutting process

by the tool as it is pressed by the chip profoundly on the top face .Cutting can be done by moving
either work piece or tool. In the figure tool is moved and work piece is fixed.

Notes
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Unit 5.2: CNC turning machine

Unit Objectives
After the completion of this session you will be able to:
1. Know about CNC turning machines
2. Know about machine components

5.2.1. Turning machine
Turning machines mentioned as lathes are available in a various sizes and styles. Vertical turning
machines are used for giant diameter work pieces even though most lathes are horizontal turning
machines. Classification of lathe machines according to the way of managing machines is.
A manual lathe machine: -An operator manually moves the cutting tool during operation.
CNC machine: - According to the commands programmed in a pc the machine rotates the work
piece or tool during turning process. The full form is computer numerical control (CNC) lathe and
they have high accuracy. In CNC machine cutting tool fed into the work piece must be good so that
it stay stable. The elements that change the work piece to be turned must be also stable. And also
these elements embrace the following:
•

Bed – It is basically an
expansive

construct

that sits in light of the
ground or a table and
supports various parts
of the lathe
•

Headstock

assembly

– It is the front section
of the machine that is
situated on bed and
it consists of motor
and drive mechanism

Fig 5.2.1 Lathe machine
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to control the spindle. The spindle holds and turns the work piece by work piece holder.
Example of work piece holder is a chuck or collet.
•

Tailstock assembly – It is back area of the lathe that is also attached to bed. This holds the
other end of work piece by allowing it to rotate.

•

Carriage – As the carriage contains the tool post and tools its movement close to the work
piece cuts the material away from the work piece. It is situated on tracks on bed and the
movement is done using a lead screw driven by a motor/hand wheel.

•

Cross slide – Depth of cut is decided by this part which moves the tool away/towards the
work piece and it is connected at the top of carriage. Cross slide is also operated by a motor
or hand wheel.

•

Compound – Tool post which holds cutting tool is situated on compound. Turning of
compound adjusts the cutting tool with respect to work piece.

•

Turret – A turret is a device which holds various cutting tools to cut the work piece
differently. We can select and work using any of tools on turret and turrets hold the tools
in position against work piece.

Notes

116

CNC – Operator Turning

Unit 5.3: Cutting tools

Unit Objectives
After the completion of this session you will be able to:
1. Discuss about cutting tools
2. Know about cutting tools features
3. Discuss about tool holders and inserts

5.3.1 Cutting tools
Tools used in turning are normally sharp cutting tool. Those are normally sharp single-point cutting
device or sharp ended tool with a rectangular shaft. Square, triangle, are normal shapes available
and sometimes tools are precious stone mold piece also. They vary in sizes too. These qualities can
be used in developing various elements. Work piece is handled by tools installed on turret or tool
holder. Some of tools are
•

Style A – Lead angle is zero 0 degree for turning tools

•

Style B – Lead angle is 15 degree for turning tools

•

Style C - square nose tools with 0 degree angle

•

Style D - pointed-nose tools with 80 degree included angle

•

Style E - pointed-nose tools 60 degree included angle

•

Cutoff tools

•

Form tools

These cutting tools will be checked regularly for correctness of the path /way on work piece it
moves during a cutting operation
Time is constantly squandered if a shamefully formed tool is utilized. The cutting activity of the
instrument relies on upon its shape and its modification in the holding device. Lathe cutter bits
might be considered as wedges which are constrained into the material to cause pressure, with
cutting of the material. To machine metal productively and precisely, it is vital that the cutter
bits have sharp, very much upheld edges, and that they be ground for the specific metal being
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machined and the kind of cut fancied.

Fig 5.3.1 Cutting tools

5.3.2 Cutting tool characteristics
Following are characteristics of a good quality cutting tool
•

Hardness and strength: Must not change with high temperature.

•

Toughness: It is required without compromising the damage/crack of tool.

•

Wear resistance: Tool life of cutting tools is to be high so that replacement will be less.

Cutting tool materials are classified as steady and unsteady
•

Unstable material They have low hardness normally and can be heat treated to make it
hard by formation of hard particles like carbide in first grid. Since turning produces heat
such materials’ properties may vary during turning.

•

Stable materials Their hardness doesn’t change with temperature increase in activities
like machining .Example are tungsten carbide. Wear happens on them because of scraped
area, however for the most part don’t change their properties much amid utilize.
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5.3.3 Cutting tool material selection
Every single cutting tool that are utilized as a part of lathe machine are made with a variety of
materials and they decide the property of tools and the work piece types for which they can be
used. The tools are generally hard, strong and immune to wear because of above properties. While
choosing material for cutting tool, you have to take below points in to consideration:
•

Stable materials are extremely delicate because they are enough hard to break before
flexing.

•

Tools made with special materials with blunt edge provide higher cutting powers
because of expanded cutting zone and it refrain the chipping at cutting edge. Rather
than steel tools, tungsten carbide tools can be made sharper. Machining of compounds
using ultrasonic machine is an example.

•

Most stable materials are having high cutting powers and are delicate .So they are not
used in any applications other than extensive, substantial and unbending machinery
and fixtures.

•

Because the unstable materials, are more softer ,tougher and flexible they are used
in uneasy machine conditions like in hand tools and light machinery .Because of the
flexibility they stand a bit flexing than breaking during operations.

Some of the frequently utilized cutting tool resources are:
1. Carbon Tool Steel
•

Unstable, Very reasonable, greatly delicate to warm.

•

It is not usually found in today’s machining world ,but used in hobbyist or MRO
machining, where low rate drill bits, taps and dies, hacksaw edges and reamers are
made out of it

•

HRC 65 is the hardness

•

Possible to make sharp cutting edges with this tool.

2. High speed steel (HSS)
•

They are cheap and unsteady type.

•

Change in temperature doesn’t affect their
hardness.

•

They are mostly used tool material in current
machining jobs.
Fig 5.3.2 HSS cutting tools
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•

Bore and tap making machines use tool of this material

•

HRC 67is the hardness.

•

Can produce sharp cutting edges.

3. HSS cobalt
•

Costly and unsteady

•

Suitable for tools of rough and solidifying
substances like titanium and stainless steel and are
resistant to heat.

•

Milling cutters and drill bits are made with this

•

HRC 70 is the hardness.

•

Can be used to make tools with sharp edges.

Fig 5.3.3 HSS cobalt cutting tools

4. Cemented carbide
•

Stable and reasonably costly.

•

The most basic material utilized as a part of the business .Depends on the content of
tungsten carbide and cover(normally cobalt) it is available in several “grade”

•

They are immune to wear.

•

Increments of tantalum carbide and niobium carbide for steel utilization is required for
high solvency in iron.

•

Even though it is basically used in mill cutters and saw blade it is also used in turning
tools.

•

HRC 90 is the hardness.

•

Not recommended for sharp edge tools.

5. Ceramics
•

It is modest and steady

•

They are resistant to heat, inactive to chemicals,
but fragile and are preferable in fast applications.

•

They are not used in difficult conditions.

•

Alumina (aluminum oxide), silicon nitride and
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silicon carbide are commonly used types and are used to make turning tool bits.
•

HRC 93 is the hardness

•

Not used for tools of sharp cutting edges. Also avoid positive rake points .

6. Cermets
•

Steady while expensive

•

It is a hard material made with titanium
carbide (TiC). Nickel is used to make
cover

•

It is more resistant to wear than
tungsten carbide but have lesser
Fig 5.3.5 Ceramic cutting tool

strength.
•

It is inert to chemicals than tungsten carbide

•

Even though test is being carried on delivering other cutting tools ,this is used to
produce turning tool bits

•

HRC 93 is the hardness

•

Not good to make sharp edges.

7. Diamond
•

Heavily expensive but steady

•

Strongest substance

•

High chemical activity with iron
makes them not suitable for
steel machining but they are very
resistant to wear.

•

Used

to

machine

extreme

rough materials which cannot
be machined with some other
material.

Fig 5.3.6 Cermets cutting tool

•

Very fragile

•

Even it can be used to cover various tools it is normally used to produce turning tools
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•

Not preferred for sharp edged tools.

Fig 5.3.7 Diamond cutting tool

5.3.4 Cutting tools for different operations
The accompanying is a rundown of the most widely recognized machine particular instrument
sorts. Even if most commonly types we would use only few number of tools are there which are
actually available.
1. Face/Turn: Unbending device like Round, square, or 80 degree diamond is used to deal with
harsh turning. More flexible tool like 55 or 35 degree diamond may require for finishing
work like to reach and contour part subtle elements. Embeds must be of correct sort, size,
shape, and cinching feature(s) with respect to the tool holder.

Fig 5.3.8 Face/Turn Tool (Left Hand)
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2. Groove: Groove tools are grouped to some
degree by their width and corner radii. In
spite of the fact that utilized for the most
part to make groove components, for example, O-ring or snap-ring cuts. They are
used in works where diamonds and other
shapes cannot be fit even if they not the
best option for rough and finishing work.
Many types of grove holders are available
depending upon the part on cut bearing
for the tool like grove holders for OD, ID,
and face grooves with right hand and left
hand operation

Fig 5.3.9 Groove Tool (Left Hand)

3. Bore: Boring tools are used to finish holes exactly. Machine spindle are mounted parallel to
Boring bar tools .A primary hole is required for the tools to start the boring and exit from
the bore.

Fig 5.3.10 Boring Bar (Left Hand)
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4. Thread: Form or cutting tap is used to
tap holes at the middle of part, equal
to about one inch diameter. Larger ID
threads and all ID threads use thread
insert.

Fig 5.3.11 OD Thread Tool (Left Handed)

5. Cutoff: A part is divided or cut off from
the stock when completed. Deeper
cuts are made by this tool and it is an
uncommon groove tool. According to
the width and highest cutting depth
these tools can be classified. These
make deeper cut than groove tool
because of their blade shape

Fig 5.3.12 Cutoff Tool

6. Center drills: These are used to
make conic on the material of the
part and are short and hard. They
make accurate hole because of their
easiness to go to a sharp point and
opposition to bowing. It can drill
straightly because of prevention of
Fig 5.3.13 Countersink and Center Drill
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penetration from wobbling by conical shape.
Tapered face for a machine screw is made with countersink drills. Also used to make a
tighten leeway hole and in countersink one operation.
Centre, countersink, and joined drills are available in various sizes and tip angles. Since drill
measurement is more important than the screw head width, tip edge of the countersink
must match the included point of the machine screw
7. Twist Drill: Twist drills are available
in various sizes and lengths and are
made of fast steel, carbide, or cobalt.
They may have titanium nitride (TiN)
cover for longer life. 118 degrees will
be the tip edge of most twist drills.
8. Taps: Cutting taps make holes by
removing materials. Frame taps

Fig 5.3.14 Twist Drill

are used to framing the metal to
thread shape. For delicate materials
including aluminum, copper, metal
and plastics Shape taps are used
which do not produce any chips .
Daze holes are made with bottoming
taps. Spiral point taps make holes by

Fig 5.3.15 Taps

remove the chip ahead and out the
base of a through hole.
Most CNC Machine tap tools are hold in an unbending holder, which support inflexible
tapping. Thread lead into the hole is made with a tap of size same as thread. Tap is run at
a sustained rate. Axle at that point stops, invert, and pull out of the hole.
9. Reamer: Reamer: Precise shaped holes with excellent surface finish are made with reamers.
Accuracy of reamed holes is within .0002 inches diameter. Ground pins and bushings holes
are made by a reamer.

125

Participant Handbook

A specific sized hole must be drilled
to use reamer.

Fig 5.3.16 Reamer

5.3.5 Tool holder and inserts
Carbide embeds are used to finish most turning. Spot drills, drills and taps are used by machines
which

are

portion

of

instruments that mill utilizes.
Holders are installed in turret
and hold any additional tools.
A holder blend is shown in
figure .It is a left-gave type
holder, on the basis that the
device forefront focuses to

Fig 5.3.17 Typical Lathe Tool Holder

one side when seeing the
holder from the top.
To achieve good precision and high material
expulsion rates Carbide embeds use exceptionally
designed composite structures, coatings, and
geometry components. Additional tools can be
used for different edges when they worn. The
replacement of tools is done very quickly and
efficiently.

Fig 5.3.18 Insert Terms
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5.3.5.1 Carbide inserts coding
An alphanumeric code represents the size, shape, parameters etc of Carbide embeds. Example is
given below.

Shape (CNMG-433)

Fig 5.3.19 Carbide Insert Designation

Carbon inserts are available in 18 different shapes and most utilized are given in table below.
Included nose angle at the cutting radius of the tool is also shown.
Table: Common Insert Shape Codes
Designation
Shape
T

Triangle

S

Square

C

80 degree diamond

D

55 degree diamond

V

35 degree diamond

R

Round

Table 5.3.1 Common Insert Shape Codes

Clearance Angle (CNMG-433)
Clearance angle is the draft on the face(s) of the insert that touches with work piece during
machining. Later it will be discussed again.. More about insert angles a little later.
Table: Common Insert Clearance Angles
Designation

Clearance Angle

N

0 Degrees (No Draft)

A

3 Degrees
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B

5 Degrees

C

7 Degrees

P

11 Degrees

Table 5.3.2 Common Insert Clearance Angles

Tolerance (CNMG-433)
Tolerance is the permissible variation in the size of insert. Corner point (nose radius), thickness
and I.C are included in tolerances explained with this parameter.
Table: Typical Insert Tolerances (Inch)
Designation
Corner point
M
.002-.005
G
.001
E
.001
K
.0005

Thickness
.005
.005
.001
.001

I.C.
.002-.005
.001
.001
.002-.005

Table 5.3.3 Typical Insert Tolerances (Inch)

Hole/Chip Breaker (CNMG-433)
A single letter is used by the hole/chip breaker designation to explain both of its features. Tool
holder must be equivalent to the hole in the insert. Insert doesn’t have a hole to protect it to the
holder and is held by clamp merely when there is no letter that exists in this field.
Table: Common Insert Hole/Chip Breaker Configurations
Designation

Hole Shape

Chip breaker Type

G

Cylindrical

Single-sided

W

40-60 deg, double c-sink

None

R

None

Single-sided

T

40-60 deg, double c-sink

Single-sided

P

Cylindrical

Hi-double positive

Z

Cylindrical

Hi-double positive

Table 5.3.4 Common Insert Hole/Chip Breaker Configurations

I.C. Size (CNMG-433)
Diameter of an embedded circle calculates the inserts. Range of I.C. from .0625 in to 1.25 in.
Table: Common Inscribed Circle Sizes
Designation

Decimal (inch)

Fractional (inch)

3

.375

3/8
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4

.500

1/2

Table 5.3.5 Common Inscribed Circle Sizes

Thickness (CNMG-433)
Insert thickness.
Table: Common Insert Thickness
Designation

Decimal (inch)

Fractional (inch)

3

.187

3/16

4

.250

1/4

Table 5.3.6 Common Insert Thickness

Nose Radius (CNMG-433)
Insert cutting nose radius.
Table: Common Cutting Nose Radius
Designation

Decimal (inch)

Fractional (inch)

1

.016

1/64

2

.031

1/32

3

.047

3/64

Table 5.3.7 Common Cutting Nose Radius

Only a few accessible embed shapes, sizes, and assignments are shown in table. More demonstration
is given by lathe tool catalog or makers site.
Each device shape or designation scheme doesn’t have to be remembered. To understand the
insert suggestion from tool agent it is necessary to know insert terms and determinations .Insert
can be also selected by specialized resource.
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5.3.5.2 Carbide inserts features
Chip Breaker
They break up long, stringy chips of material to short portions

Fig 5.3.20 Chip Breaker

Relief Angle
Tapered faces on the walls of inserts are called relief Angle and it prevents the insert walls from
rubbing beside the part.

Fig 5.3.21 Relief Angle
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Tool Cutting Angles
Side Cutting Angle is the angle between the edge
of the device in the cut course and line opposite
to the cut direction. End Cutting Angle is the angle
created by the trailing edge and parallel to the cut
direction.
These angles provide flexibility between the tool
and work piece movements. For instance, for Fig 5.3.22 Cutting Angles
confronting and unpleasant turning operations
80 degree insert unbending is used because it has enough side and end cutting plot. To provide
flexibility for the tool and holder when working complex forms 55 or 30 degree inserts are used. A
round or opening tool is required to cut unusually steep or vertical walls.

Rake Angle
Rake angle is place by the tool holder and
it can control the direction of the chip and
cutting pressure. Angle is found from insert
face to the Z-X machine plane.

Fig 5.3.23 Rake Angle
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Unit 5.4: Cutting parameters

Unit Objectives
After the completion of this session you will be able to:
1. Know about cutting parameters for turning process

5.4.1 Cutting parameters
Several parameters describe the speed and motion of cutting tool. Work piece material, tool
material, tool size, and more determine the selection of these parameters in each operation.
•

Cutting feed - • Cutting feed – Cutting feed is the detachment that the cutting tool or work
piece progresses during one rotation of machine. Its unit is inches per revolution (IPR).
Sometime the tool moves on the work piece and in others the work piece rotates and tool
is fixed tool.

Feed is the feeding speed of tool to the material in inches per minute.
Speed is the sped of machine in revolutions per minute.
CL is the chip load is the material removed by each cutting edge of tool per rotation.
Feed per tooth (FPT) or inches per rev (IPR) is
another name for CL.
NumFlutes means no. of cutting flutes. (A
twist drill has one numflutes)
•

Cutting speed –Unit is surface feet per minute
(SFM) and it is described as for any duration of
a cut, the speed of the material surface with
respect to the cutting tool edge.

•

Fig 5.4.1 Cutting tool direction

Spindle speed – It is the speed of the spindle
rotations per minute (RPM). The cutting speed divided by the circumference of the work
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piece gives spindle speed. Depends on the diameter spindle speed should be adjusted to
make steady cutting speed.
Speed is the machine spindle speed in rpm

Based on the insert manufacturers’ suggestion for specific material and cutting situation
SFM is the Surface Feet per Minute.
Surface feet per minute and work piece diameter are related by a constant 3.82.
Dia is the diameter of the tool when it firstly connects the work piece.

•

Feed rate - The cutting tool’s velocity with
respect to the material as the tool makes a cut.
Unit is inches per minute (IPM). Cutting feed
(IPR) and the spindle speed (RPM) results in feed
rate.

•

Axial depth of cut - Depth of cut of a tool in axial Fig 5.4.2 Axial depth of cut
direction of work piece as in facing procedure. A
low feed rate is suitable for this because of high
load on tool and decrease in the tool life.

•

Radial depth of cut - Depth of cut of a tool in
radial direction like in turning/boring process.
Feed rate in this case also must be low to reduce
tool load and increase tool life.
Fig 5.4.3 Radial depth of cut
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Unit 5.5: Turning operations

Unit Objectives
After the completion of this session you will be able to:
1. Talk about turning operations
2. Know about features of turning operations

5.5.1. Turning operations
It is a sequence of operations that change a workpiece to a specific shape.There are outside or inner
operations. external measurement is changed by Outside operations and inward width is changed
by interior operations. Kind of cutter and the way of removal of material from the workpiece decides
the characteristics of associated operations.
External operations
•

Turning – They frame diverse attributes,
with steps, tapers, chamfers, and shapes
by removing materials by moving a
point turning instrument axially, at the
edge of the work piece. A little depth of
cut is made in radial direction as part of
machining these elements and to reach
the end diameter different passes are
made.

•

Fig 5.5.1 Turning operation

Facing – In this only a thin layer of material
is removed to provide a smooth level surface by
moving an individual point turning instrument in
radial direction along the end of the work piece.
Face profundity is machined in a solitary pass or
can be machined at a little pivotal profundity of
cut and make different passes.

•

Grooving – It is used to make a section of a
Fig 5.5.2 Facing operation
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specific width same as that of tool radially in the
work piece by using turning tool. Bigger grooves
can be formed by making several slice .Notches
of different sizes are made with unique shape
tool.

Fig 5.5.3 Grooving operation

•

Cut-off (parting) – In this case tool moves radially
removing materials like grooving until the axis of
work piece is reached and separate it to different
parts or remove an area of the work piece.

Fig 5.5.4 Parting operation

•

Thread cutting – In this threads are cut on external
surface by moving a threading tool axially, at the
edge of the work piece, ordinarily with a 60 degree
pointed nose. Length of threads and the pitch can
be varied using different tool and may require
different passes to be shaped.

Fig 5.5.5 Thread cutting operation
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Internal operations
•

Drilling - This process makes hole of size same as
that of a drill bit by removing material in its way.
Work piece is drilled axially.

Fig 5.5.6 Drilling

•

Boring - – Boring shapes the inner surface of work
piece by forming steps, tapers, chamfers, and
contours by removing material by using boring tool.
Boring head can be changed to produce different
diameter bores. A drilling is done before boring to
insert boring tool.

•

Fig 5.5.7 Boring

Reaming – It can be used to increase an existing
hole to reamer tool diameter. They remove small
amount of material and used to smoothen the
drilled holes/ to make precise holes.
Fig 5.5.8 Reaming

•

Tapping – Used to make internal threads in an
existing hole. Existing hole is made by necessary tap
drill size that will hold the ideal tap.

Fig 5.5.9 Tapping
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Exercise
1. A turret mill has a stationary spindle and the table is moved both………………………………and
…………………………………….to the spindle axis to accomplish cutting.

2.

…………………………….. is the removal of metal from the outer diameter of a rotating cylindrical
workpiece.

3. Which is not a turning operation
a) Facing
b) Knurling
c) Stamping
d) None

4. Which turning operation involves metal forming process instead of metal removing
a) Parting
b) Knurling
c) Drilling
d) Grooving

5. Which is used for holding workpiece while performing lathe operation
a) Collets
b) Spindles
c) Tool post
d) None

6. Cutting speed refers to the relative surface speed between.......................

7. Cutting depth doesn’t affect the processing speed and surface roughness. True or false
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Unit 6.1 – CNC lathe machine
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Unit 6.4 – CNC programming
Unit 6.5 – Tooling data
Unit 6.6 – Performing turning operations
Unit 6.7 – Post turning operations
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Key Learning Outcomes
After the completion of this session you will be able to:
1. Discuss about CNC machine
2. Know about features of CNC machine
3. Know about workholding methods
4. Know about how to do setup of CNC lathe amchine
5. Discuss about components of CNC lathe machine
6. Know about CNC machine programming
7. Know about CNC machine operating procedure
8. Discuss about tool compensations
9. Know about how to perform turning operations
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Unit 6.1: CNC lathe machine

Unit Objectives
After the completion of this session you will be able to:
1. Discuss about CNC lathe machine
2. Know about CNC lathe machine components

6.1.1 CNC lathe machine
The main parts of a CNC turning center are:

Fig 6.1.1 CNC Lathe

1 - Sheetmetal
It is a protective housing which contains material chips and collects the coolant for the process of
recycling
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2 - Door
Considering the hazards associated with lathe door are kept closed at the time of operation.
Example is tool breaks down or a part is thrown while machine is operating. The window consists
of an extraordinary high impact glass. Do not operate the lathe if the impact glass is damaged.

3 - Spindle
It is connected to machine drive system
from one end and from the other it is
connected to the chuck which grips the
part. The chuck is turned by the spindle.
Chuck consists of hard jaws, soft jaws
or collet to hold the parts. To open and
close the jaws and for the gripping force
air pressure is used by the chuck. Air
used must be of proper pressure to grip
the part steadily and not to damage the
delicate part.

4 - Turret
It grips and leads to the movement of the
tools. With the help of specific holders as
per the type of tools, they are attached to
the turrets. The turret guides the tool to
the work piece
Tools holders are either attached to the
front or to the perimeter of the turret.
Machine index the turret to place suitable Fig 6.1.2 Spindle aspects
tool to a part during a process.
Tool, operation, and cut direction to be checked to understand the methods to attach tools on the
turret and the direction the tool faces in respect to the part. Examples are orientation of facing
tools in radial direction and boring bar in axial direction.
1. Tool Station: Turrets’ perimeter is divided into stations which are having uniform space in
between. There are about 10 tool stations with most lathes with tool turrets. These tools
get bolted to the turret with the help of told block and tool holder. The usage of tool block
and tool holders usually depend upon type of tool and its orientation.
2. Tool Block: They act as boundary between the turret and the tool holder and they differ on
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the basis tool and orientation .They acts as an interface by staying at the face of perimeter
of turret.

Fig 6.1.3 Turret Detail

3. Turn Tool: Tools like face, OD rough and finish, groove and cutoff, are turning tools and are
mounted in radial direction to the part. A ceramic insert intended for the specific form and
size installed in a tool post are referred as cutting tool.
4. Face Groove Tool: They are mounted in axial direction of part
5. Turret: These tools are being hold and moved by the turret. Turret unlocks and rotates until
required tool reach to the work piece and then locks again thereby changing the tool on
work piece. During the indexing of turret we need to take care that the turret is kept away
from the part so that it will not crash with the part
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6. Boring Bar: They are mounted in axial direction and produce accurate and finished bore in
the part
7. Live Tool (Radial Mount): A rotating tool driven by a mechanism in the holder is referred
to as “Live Tool”. For cross drilling or milling, radially mounted live tools on the diameter of
part are used.
8. Live Tool (Axial Mount): The face of a part id drilled or milled with this tool.

5 - Control
The CNC control used to control the machine.

Notes
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Unit 6.2: Workholding methods

Unit Objectives
After the completion of this session you will be able to:
1. Know about different workholding devices
2. Know about characteristics of workholding devices

6.2.1 Workholding devices
There are large forces that get generated from cutting metals. For safety reasons i.e., to keep away
the work from flying and harming someone or damaging the work by itself, it is necessary to have
the good work holding or clamping.
Good work of holding = accuracy
Bad work of holding = slop and hazard
There cannot be accuracy in the work if the work piece is not properly mounted. For good mounting
are as below:

•

The work need to be firmly held while it is being turned.

•

The holding device must not spring the work out of its shape.

•

There should be enough support to the work so that it does not sag from its own weight or
against any dripping due to the action of cutting tool.

•

The work pieces along with the spindle are being held and rotated with the use of work
holding devices.

According to the shape, size and weight of work piece and turning location of work, different types
of work holding devices are utilized. List of devices given below:
1. Chucks

5. Carriers

2. Face plate

6. Mandrels

3. Driving plate

7. Centers

4. Catchplate

8. Rests
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6.2.1.1 Chucks
If small length, large diameter and asymmetrical shape workpieces which are difficult to mount
between, chucks are used to hold them firmly in place. Different types of chucks are:
1. Three Jaw self-centering chuck: Irregular shaped work pieces cannot be hold by this type
chuck. Chuck key rotates any of the three pinions causes sliding of the three jaws which are
fitted in the three slots at the same time by an
equivalent quantity. Regular shaped work pieces
like round or hexagonal rods can be hold by this
chuck .
These three jaws make the work easy as it holds
it quickly.
Fig 6.2.1 Three jaw chuck

Fig 6.2.2 Three jaw chuck

2. Four Jaw Independent Chuck: As the name suggests it has for jaws. In this each jaw can
be moved independently by rotating a screw with the assistance of a chuck key by. It can
handle irregular shaped work pieces
because of this flexibility. To align the
work piece with lathe axis additional
time is consumed. But this task is easy
for experienced workers and concentric
circles on the face of the chuck also
make this easy.

Fig 6.2.3 Four jaw chuck
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Fig 6.2.4 Four jaw chuck

3. Magnetic Chuck: The electromagnet inside this chuck is
placed in a way that chuck can hold/release the work
piece as and when required. Only magnetic materials
can be held in this chuck and are used to hold very small,
thin and light work pieces which are not possible to be
hold by other chucks.

4. Collet Chuck: Collet is the cylindrical bushing in collet
chuck. Its Circumference contains lengthwise slots which
allow holding the work with more grips andit is made of Fig 6.2.5 Magnetic chuck
spring steel. In production work collet chuck is used by

Fig 6.2.6 Collet chuck
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6.2.1.2 Face plate
The work pieces which are large, heavy and irregular shaped are being conveniently held amid
centers with the help of Face plate. It is fit to the nose of the lathe spindle and is a circular disc
which is bored out and threaded. To grasp the work by bolts and clamps it has a radial plain and
‘T’ – slots.

Fig 6.2.7 Face plate

6.2.1.3 Driving plate
To drive a work piece between the centers, driving plates can be utilized.Driving plate is attached
with a screw to the nose of lathe spindle. The face of it has small bolts or pins. The driving plates
hold and rotate the work pieces fitted inside straight tail .

Fig 6.2.8 Driving plate
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6.2.1.4 Carrier
Carrier transfers driving force of spindle to work piece which is held and machined between
centers.Screw tights the work placed at the eye of the carrier. Generally two types of careers are
utilized:
1. Straight tail carrier
2. Bent tail carrier
Straight tail carrier use pins placed in the driving plate to drive the work. Bent tail careers have tails
which sits in slot of the catch plate to drive the work piece.

Fig 6.2.9 Carrier

6.2.1.5 Mandrel
Mandrel is used to hold a previously drilled or bored work piece and machined in lathe. Mandrel
faces have central holes and live and dead center fit in to them. Career is attached to the left side.
Mandrel uses the catch plate or driving plate to get the drive and the mandrel and work piece
rotates together. Different types of mandrel are:
1. Plain mandrel: It provides suitable gripping because of narrowed body and has extensive
application. Tapering is 1 to 2 mm for a length of 100mm and is normally called solid
mandrel.

Fig 6.2.10 Plain mandrel
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2. Gang Mandrel: Gang mandrel have movable collar at
threaded end and fixed collar at other end. When a
nut is tightened it holds a set of hollow work pieces
between the two collars.
Fig 6.2.11 Gang mandrel

3. Screwed Mandrel: Threaded end has collar. Mandrel
is threaded at the one end. Work pieces with internal
threads are screwed on to it alongside the collar for
machining.
Fig 6.2.12 Screwed mandrel

4. Cone Mandrel: It can drive work pieces having
different hole diameters. It has a sliding cone at the
threaded end which can be adjusted by turning a nut
and has a solid cone fixed to one end.
Fig 6.2.13 Cone mandrel

6.2.1.6 Centres
It is used to hold work piece between centers. It has conical shaped face and Morse taper on
centre shaft. Two kinds of centres are
•

Live centre

•

Dead centre

Live centre rotates with work and it is fitted on headstock spindle while dead centre is tailstock
spindle and both support other end of the work. Hardened and then tampered high carbon steel
is the material used to make them and hence their tips don’t wear easily. According to the shape
and operation the available centres are classified as:
1. Ball centre
2. Ordinary centre
3. Half centre
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4. Tipped centre
5. Pipe centre
6. Revolving centre
7. Inserted type centre

Fig 6.2.14 Centers

6.2.1.7 Rests
Rest is mechanical device to support a long thin work piece when it is machined between centres
or by a chuck. They prevent vibrations due to the cutting force and prevent bends on workpiece
due to their own weight. Types of rests is
•

Follower rest

•

Steady rest

Steady rest
They are clamped at any chosen point where the work piece requires support and made to slide
on the lathe bed ways and is made of cast iron.
Work piece with different diameter can be used by
adjusting three jaws on it. From the headstock to
the rest support point machining is performed. Free
end of a long work can be supported by one or more
steady rests
Follower rest
It has two adjustable jaws in a ‘C’ like casting to hold
up the work piece. Back end of carriage is bolted
with the rest. It helps to machine along the whole
length of the work by moving with the carriage and Fig 6.2.15 Steady rest
following the tool.
The proper lubrication is required amid the work and the jaws to reduce the friction.
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Unit 6.3: Lathe setup

Unit Objectives
After the completion of this session you will be able to:
1. Know about lathe parts and features
2. Know about lathe setup process

6.3.1 Lathe setup
To introduce lathe tool paths the following turned parts are used.

Fig 6.3.1 Example Lathe Part and Features

1

Face: facing is the first lathe operation. It sets Z-offset of other tools by assisting in making
available of a suitable location and it has a flat surface for face drilling for the reasons of
sawed stock which can differ in length. Obtaining of one roughing and finish facing pass is
a general procedure.

2

Rough/Finish: Lathe roughing means removal of excess material as proficiently as possible
and leave a steady thickness of material for the finishing. Final size and surface finish are
decided by Finish tool paths.
Straight walls and radii at the bottom and top are the common pattern of groove even if
there are many patterns available and are shaped with a groove tool.
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4

Thread:Thread tool makes thread and inner threads through centre of part are made with
tap tool.

5

Bore: Drilling is done to make Clearance holes in the bore. A boring bar tool is usually used
for small bore holes however may be reamed.

6

Cutoff: The last process is the cutoff. The outside edge of the part may have a chamfer or
radius. The part is fallen in the bottom of the machine once it is cutoff from the stock. Part
catcher chute is used by many lathes which extends during cutoff can collect the fallen
part. The worker can collect the part falls onto this chute because from chute it rolls down
into a cage.

6.3.1.1 Setup
It is wrapped up in hard jaws, soft jaws or collet. The finished part has a centre face known as Part
datum which gives sufficient surplus stock to securely grip the part. When providing clearance to
the cutoff tool the parts’ backside should be as close as possible to jaws.

Fig 6.3.2 Typical Lathe Setup

1

Jaws: Used to hold the work piece .The jaws must provide sufficient pressure to hold a work
piece. Their size must be such that they can hold the parts’ OD size. Chuck documentation
has data which shows how much the jaws can be extended.

2

Chuck: The work piece can be placed on the hole in chuck and chuck protects the jaws. It
saves cutting the stock to length and wasted material by opening when a part is cut away,
allowing the stock drawn out further, and then closing again.
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3

Stock: For facing and finishing tools to remove surplus from all around including cut off
here should be oversized stock in Z and X.

4 Grip/Cutoff Stock: As the lathe are powerful machines and any accident between the tool
and rotating jaws is hazardous make sure enough clearance for cut off tool by putting the
backside far enough.
5 Part Datum: Finished parts’ center-face
6

Extra Stock for Facing: Make sure size of sawed stock is wider than finished one because
eradicate material has to be removed from it to have a proper finish.

Exercise
1. It is easy to spot programming errors in CNC machine. True or false

2. In lathe…………………. controls the carriage travel toward or away from the headstock

3. In Cartesian system lines must be at ……………………………….angles to each other.

4. In ……………………………….dimension programming each point or location on the workpiece is
given as a certain distance from the zero or reference point.

5. ……………………………………………. positioning is the process of positioning one coordinate position
to another, performing the machining operation and continuing this pattern until all the
operations have been completed at all programmed locations.

6. In circular interpolation, points linked together by straight lines, whether the points are close
together or far apart. True or false
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Unit 6.4: CNC programming and operation

Unit Objectives
After the completion of this session you will be able to:
1. Know about CNC work mechanism
2. Know about incremental or absolute positioning
3. Know about Feed rate and spindle speed
4. Know about Block of Information
5. Know about Machine Hour Rate
6. Know about CNC programming
7. Know about CNC turning operational procedure

6.4.1 CNC work mechanism
•

The CNC machine consists of computer with the programs being fed in to it for the cutting
of metal as per the requirements. Every cutting procedure which are to be worked upon
are being feed in to the computer through the
programs making the computer know as to what
exactly is to be performed and does the same.

•

CNC machine performs its work the way a Robot
works which gets installed with the programs and
follows the instructions.

•

Few of the machine tools which are most common Fig 6.4.1 CNC Workshop
and can run on CNC are: Lathe, Milling machines, Drilling Machine etc.

•

The key objective of these machines is to eradicate the worthless metal so that it can
provide a proper shape such as round, rectangular, etc.

•

The worker has to just feed the instructions in the computer along with the required tools
in the machine so that the computer can follow instructions automatically. There are
varoius machining operations which are performed by machine tool due to the instruction
fed by the operator in the computer which then directs them to the machine tool.
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6.4.1.1 Cartesian Coordinate System
A computer numerical control machine can create anything that is created using manual machine
with its more advantages. Products are being produced by machine tools movements. There are
two types of movements:
1. point to point
2. continuous path.
As per mathematical terms in a cartesian system any other points along three perpendicular axes
can explain any specific point. Three axes (X, Y, Z) of motion
and axis of rotation is basis of machinetool creation. In
cartesian co-rdinate system, horizontal movement (right or
left) of table shows Xaxis direction, table cross movement
(towards or away from column) shows Y axis direction and
vertical movement of spindle shows Z axis direction.
To locate the workpiece co-ordiantes, two straight
intersecting lines, one in vertical direction and other in
horizontal direction is kept at right angle to each other.
Where the two lines cross, that point is called origin or zero
point of the system.
Horizontal machine table activity is indicated by the X and
Y planes (axes). Vertical tool motion is indicated by Z plane.
Zero point (origin) of system is specified by plus (+) and
minus (-) signs. Numbering of four quadrants are done in Fig 6.4.2 Cartesian co-ordinates
counter clockwise direction. All positions placed in each
quadrant will be:
•

In quadrant 1, positions are located at positive (X+) and positive (Y+).

•

In quadrant 2, positions are located at negative (X-) and positive (Y+).

•

In quadrant 3, positions are located at negative (X-) and negative (Y-).

•

In quadrant 4, positions are located at positive (X+) and negative (Y-).
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6.4.1.2 The incremental system and the absolute system
In CNC machine, two modes of programming i.e. incremental and absolute system are utilized.
Since no system is completely right or wrong both of these systems have role in CNC programming
and these are easily handled by most of the controls on machine tools today.
Distance and direction from preceding point specifies the loations of incremental program. The
direction to move the table, spindle and knee are provided to the machine by the codes executed
by this programe. A vertical milling machine example is given below:

Fig 6.4.3 Incremental program example

•

(X+) command positions the cutting tool towards right of last point.

•

(X-) command positions the cutting tool towards left of last point.

•

(Y+) command positions cutting tool towards column.

•

(Y-) command positions cutting tool away from column.

•

(Z+) comand directs cutting tool or spindle to move up or away from workpiece.

•

(Z-) command moves down the cutting tool or into workpiece.

The G91 command points that programming is in the incremental mode to the computer and MCU.
Absolute program : A single fixed zero or origin point is set at a location on machine table, like at
worktable corner or at any particular point on workpiece. Each point on workpiece in absolute
programming gives the definite distance from origin.
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Fig 6.4.4 Absolute program example

•

(X+) command positions cutting tool towards right of zero or origin point.

•

(X-) command positions cutting tool towards left of zero or origin point.

•

(Y+) command positions cutting tool towards column.

•

(Y-) command positions cutting tool away from column.

The G90 command points that the programming is in the absolute mode to computer and MCU .
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6.4.1.3 Interpolation
Interpolation is movement of contouring tools from one programmed point to other point. Currently
used MCU’s have the ability to combine individual axis points into a predefined tool path. Llinear,
circular, helical, parabolic and cubic are five ways of interpolation. Even most control is equipped
with both linear and circular interpolation all contouring controls offer linear interpolation. Helical,
parabolic and cubic interpolation are used in Industries Where complex shapes are required,
helical, parabolic and cubic interpolation are utilized like in aerospace parts manufacturing etc.

Linear Interpolation - Whether the points are
secured simultaneously or far apart this contains any
programmed points connected together by straight
lines,. By dividing curves into short straight-line
segments the linear interpolation produces curves .But
to generate a contour shape by describing a curve big
number of points needs to be programmed .
Fig 6.4.5 Linear interpolation

Circular Interpolation – Here MCU required coordinate positions of centre, radius, start point
and end point of arc has to be cut. It also requires
the cutting direction of arc i.e. clockwise or
counter clockwise for programming of arc.. Arcs
and circles programmes are made easily with
this interpolation with the advancement in MCU.
Different MCUs need different information .
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6.4.2 CNC programming
Computer under control of a numerical control program is used for CNC programming with a series
of commands which elaborates the work which is to be carried out on the part in the type
needed.In this a drawing sheet is used to make a program sheet. Same format is used for the data
fed to numerical control system. Data fed to control system is being gathered and interpreted
into machine language which is understandable for machine tool is called programming. Data for
machining follws as:
a) Sorting of machining sequence, start up point of tool, depth of cutting, tool path, etc.
b) Conditions for cutting, spindle speed, feed rate, coolant utilized etc.
c) Cutting tools selection .
Following steps needed to be performed while preparing a part program:
a) Removal of dimensional data from part drawings and surface quality requirements data on
the machined component must be there in startup process.
b) Tool to be chosen and tool offset to be decided.
c) zero position for the workpiece to be set .
d) spindle speed and rotation to be chosen.
e) As per the profile set theTool motions.
f) Return the cutting tool to the reference point after completion of work
g) spindle and coolant to be stopped to finish the program .
Record of tool path coordinate values along the X, Y and Z direction to finish the part is included
in part programming. Feed and speed information to be held in program. Programming are of two
types according to used techniques:
a) Manual part programming: The below information is required to create a part program
manually:
•

Information on different types of manufacturing processes and used machineries.

•

The operations on part which is to be executed.

•

Cutting parameters’ selection iInformation .

•

Changing the component program according to the change in design .

•

Applied codes and functions’ information in part programs.

b) Computer aided part programming: Following things needs to be done by the programmer:
•

Work part geometry to be explained.
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•

Repetition work to be described.

•

Operation sequence Identification .

Manual programming fundamentals Before the real programming steps of a part takes place the
programmer needs to take care of some basic elements as below:
•

Type of Dimensioning System – From the absolute or incremental dimensional system we
need to decide on what type of dimesioning system will be used by machine

•

Axis Designation – Since machine tool has a continuous path and point-to-point control
system what all axis will be available on machine tool is being determined by the
programmer.

•

NC Words – Dimension or feed rate and so on are the information provided by NC words
which is an information component. Single NC instruction or block contains entire group of
NC words. Block symbols are used to separate the blocks.All the machining data is compiled
to a language by NC word . Machine tool control system can recognize this language.

6.4.2.1 Block of Information
Blocks of five words are used to programme CNC information. All these words are inscribed in a
horizontal line which obeys the EIA standards. The MCU doesnot identify the information if five
complete words are not included; hence the control unit will not get triggered.

Fig 6.4.7 Block of information
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Refer the showed example. The words are given below
N001 – Represents operations’ series number
G01 –Llinear interpolation is represented.
X12345 – It moves the table along X-axis positive direction.
Y06789 –Table is moved along Y-axis.
M03 – Spindle is on CW and
End of block.

6.4.2.2 Programming codes
G-codes
G codes and M codes are the most general programming codes used while programming NC
machines tools. Some other codes like D, F, , and T are also used for machine functions like feed,
speed, cutter diameter offset, tool number, etc. G-codes specifies actions ocuured on X, Y, and Zaxis
of a machine tool, that’s why they are called cycle codes. G-codes are categorized into groups i.e.
group 01, 02 etc., which have codes like G00, G01, G02, G03. These codes causes the movement
in machine table or head.
Out of 100 total codes below are some of important codes with their function:
Code

Function

Code 		

Function

G00 		

Rapid positioning

G01		

Linear interpolation

G02 		

clockwise (CW)Circular interpolation

G03 		

counterclockwise (CCW) Circular interpolation

G20 		

Input in inches (in)

G21 		

Input in metric (mm)

G24		

Programming of radius

G28 		

Come back to reference point

G29 		

Come back from reference point

G32 		

Cutting of thread

161

Participant Handbook

G40 		

Cancel cutter compensation

G41 		

Left cutter compensation

G42 		

Right Cutter compensation

G43 		

Compensation of tool length in positive (+) direction

G44 		

Compensation of tool length in minus (-) direction

G49 		

Cancel the tool length compensation

G53 		

Zero offset or M/c reference

G54 		

Settable zero offset

G84 		

canned turn cycle

G90 		

Absolute programming

G91 		

Incremental programming

M Codes
Different functions which controls few machine tool operations and turned machine On/Off
are called M-Codes (Miscellaneous codes). Like G-Codes, there is no grouping of M-Codes into
categories, but they do the alike operations like M03, M04, and M05 for controlling the spindle of
machine tool. Function of some important codes:
Code 		

Function

M00 		

Stop program

M02 		

Program end

M03 		

Start of spindle (forward CW)

M04 		

Start of spindle (reverse CCW)

M05 		

Stop of spindle

M06 		

Change of Tool

M08 		

Coolant is on

M09 		

Coolant is off

M10 		

Clamping of chuck

M11 		

Unlamping of chuck

M12 		

Tailstock spindle is out

M13 		

Tailstock spindle is in
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M17 		

Normal tool post rotation

M18 		

Reverse tool post rotation

M30 		

Tape end and rewind or end of main program

M98 		

Transfer to subprogram

M99 		

Subprogram end

F, S and T commands
Feedrate (F)
The feed rate is specified in mm per revolution.
“F” is the symbol of feedrate
Example Command of F0.16 represents a feed rate of 0.16 mm/revolution

Speed (S)
The spindle speed is also known as either constant surface speed or as a constant spindle speed.
•

Constant surface speed: It is commanded by G96 and always accompanied by a limiting
spindle speed command G50.
Example: G96 S270 M03 G50 S2500

The first line commands a constant surface speed of 270 m/ min. with the spindle rotating CW.
The second one commands a limiting spindle speed of 2500 RPM.
•

Constant spindle speed: It is commanded by G97.
Example: G97 S1500 M03
This results in a spindle speed of 1500 RPM, spindle rotating CW.

Tool change (T)
The tool change command includes the tool number and the tool offset number of commanded
tool. When command is executed, the tool changer causes the commanded tool to come to the
cutting position.
Command format Taabb, here aa is the tool number bb is the tool offset number.
Example T0403 This means tool number 4 and offset number 3.
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6.4.2.3 Programming format
CNC programming systems uses the most common programming format known as Word address.
Word address system carries different codes i.e. preparator and miscellaneous both for transferring
programming information to machine server, switches, relays for operating CNC machine.
Word Address Format
To recognize the functions of numerical data followed this tape format uses alphabets called
address,. It is also known as variable block formart and is the most common format used by NC
machines. Usual instruction block format is
N20 G00 X1.200 Y.100 F325 S1000 T03 M09 <EOB> or
N20 G00 X1.200 Y.100 F325 S1000 T03 M09;
To address a memory location in MCU it uses this alphabet
Symbols used
% – Main Programme (1 to 9999)
L – Sub program (1 to 999)/Home position
N –Block number sequence.
Lf – End of block (EOB) means “; or *”
T – Tool number or Tool station number
D – Tool offset
S – Speed of spindle
F – Feed
M – Switching function
G – Transverse commands
R – Parameters
I, J, K –Parameters of Circle
B/U/R – Radius
X/Y/Z – Axis coordinates
P – Passes.
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6.4.2.4 Machine tool zero point setting
Machine zero point is set by operators in two ways:
1. Manually programm absolute zero shift or
2. Suit the holding fixture or the part to be machined by work coordinates.
Manual Setting
Operators can set the X and Y coordinate registered on the console to zero by locating the spindle
over the desired part zero with the assistance of the MCU controls .
Absolute Zero Shift
Position of the cordinate system can be changed by a command through Absolute Zero shift in the
CNC program. A programmer using a command in the program first sent the machine spindle to
home zero position and then the distance of coordinate system origin from the home zero location
is beibg asked to MCU using another command.
R = Reference point (maximum travel of machine)
W = Part zero point workpiece coordinate system
M = Machine zero point (X0, Y0, Z0) of machine coordinate system
The sample commands may be as follows:
N1 G28 X0 Y0 Z0 (sends spindle to home zero position or Return to reference point).
N2 G92 X3.000 Y4.000 Z5.000 (the position the machine will reference as part zero or
programmed zero shift).

6.4.2.5 Part zero setting
The location of the part on the table is required to be known by the machine for machining the
work piece. You can utilize an edge finder, an electronic probe, or many other tools and technique
to set up part zero. To set the part zero offset with a mechanical pointer:

Fig 6.4.8 Part zero setting
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Part Zero Set
1. Place the material [1] in the vise and tighten.
2. Load a pointer tool [2] in the spindle.
3. Press HANDLE JOG [E].
4. Press .1/100. [F] (The mill will move at a fast speed when the handle is turned).
5. Press +Z [A].
6. Handle jog [J] the Z-Axis approximately 1” above the part.
7. Press .001/1. [G]
8. Handle jog [J] the Z-Axis approximately. 0.2” above the part.
9. Select between the X and Y axes [I] and handle jog [J] the tool to the upper left corner of
the part (See illustration [9]).
10. Press OFFSET [C] until the Active Work Offset pane is active.
11. Cursor [H] to G54 X-Axis column.

6.4.2.6 Tool offset
Touch off the tools are the next step to do and it helps to define the distance to the top of the part
from the tip of the tool . Touch off tools is nominated as H in a line of machine code and another
name for it is Tool Length Offset,. Tool Offset Table is to be filled with the distance for each tool .

Fig 6.4.9 Tool off-setting

1. The tool is loaded in the spindle [1].
2. HANDLE JOG to be pushed [F].
3. Push .1/100. [G] (When the handle is turned the mill moves at a fast rate).
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4. Handle jog [K] the tool near the center of the part after chooing between the X and Y axes
[J] .
5.

+Z [C] to be pushed

6. Approximately 1” over the part Handle jog [K] the Z Axis.
7.

.0001/.1 to be pushed .[H] (When the handle is turned the mill moves at a slow rate).

8. A sheet of paper is needed between the tool and the work piece. By keeping the paper
movable bring the tool to as close as possibleto the part.
9.

OFFSET to be pushed [D].

10. Until you show the Program Tool Offsets window ,push PAGE UP button[E]. Select to tool
#1.
11. For position #1, point cursor [I] to Geometry.
12. Next TOOL OFFSET MEASURE to be pushed[A].
Caution: Spindle moves rapidly in the Z Axis during the following step.
13. NEXT TOOL to be pushed[B].
14. Offset process for each tool is to be repeated.

6.4.3 CNC operation
1. Check lathe components: Always examine the bed saddle, cross slide and lead screw to be
sure they are free of shavings and particles from previous operations. Remove such debris
from the lathe to avoid possible binding of components which may result in potential harm to
the lathe, the workpiece or the operator. Always make sure the machine is properly lubricated.
2. Remove adjusting keys and wrenches: Always make sure to check that the keys and adjusting
wrenches are detached from the Turning Center before operating the machine.
3. Do not force a tool: Choose the feed rate and depth of cut most suitable as per the design,
construction and purpose of the cutting tool. Too light a cut is better than too heavy a cut.
4. Use the right tool: Choose the kind of cutting tool most appropriate to the turning operation.
Don’t compel a tool or attachment to do a work for which it Is not designed for.
5. Mount the cutting tool: Each cutting tool used in machining operation to be tightly put in the
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tool post and must be sharp. The centerline or just below the centerline (0.004 inch or 0.1mm
maximum) of the axis of revolution of the lathe must be the position of the cutting edge of the
tool
6. Secure the workpiece: A collet or a chuck with three or four jaws holds the workpiece. Make
sure that work piece have been steadily secured on the cross slide and the cutting tool in the
spindle before turning on the spindle motor.
7. Turn the spindle by hand before starting: Manually The spindle should be manually turned on
making it safe to not hit the turning center bedd, cross slide or stock on start up.
8. Set the spindle rotation speed: Turning Center is equipped with an electronically-controlled
spindle motor which produces a comprehensive range of spindle rotation speeds. Speed can
be set with the Control Software or by using an S code in the NC program. With the Control
Software select Spindle from the Setup menu, and adjust the spindle speed. The spindle can
also be turned on or off from this dialog box.
9. Tighten all holding, locking and driving devices: Make tighter the work holders and tool
holder however do not overtight these devices as it may harm threads or warp parts, thereby
reducing precision and effectiveness.
10. Make an emergency stop: Before you run the Turning Center for the first time, one should
be aware of stopping the machine at the time
of emergency situations. There are a multiple
techniques to initiate emergency stop on the
Turning Center:
•

by pressing the Emergency Stop button,

•

by simultaneously Pushing the Control and Fig 6.4.10 Emergency stop button
Space Bar keys on the computer keyboard,

•

by activating one of the limit switches or by activating the safety shield interlock switch.
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Run turning program
1. Open the turning program

Fig 6.4.11 Turning program window

2. Adjust the display
I.

Select the Display tab.

II. Use the Zoom controls to alter the size of the
workpiece, and to position the workpiece in the
Verify window, as shown in the Preview Window.
III. Use the confirmed Speed control to correct
the speed at which the verify program will be
executed in the Verify Window.

Fig 6.4.12 Display adjustment

3. Adjust the tool position
I.

Select the Tool Position tab.

II. Enter the initial tool position for the part
program. The positions are Z=2.01” and X=.375”.
These points are based on the origin and the size
of the stock and are always positive values.
III. Select Below Stock for the tool location for this
NC program. If you have a tool turret installed,
you will need to select above Stock.
Fig 6.4.13 Tool position adjustment

4. Determine the stock size
I.

Check your NC part program for the maximum X value. This value is used to determine the
required diameter of the workpiece. For instance, if the maximum X value in your program
is 0.45 inches, you will need a workpiece with a 1-inch diameter.
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II. Check your NC part program for the
maximum Z value. This value is used to
determine the required length of the
workpiece. If the maximum Z value in your
program is 1.9 inches, you would assume

Fig 6.4.14 Stock size

that you need a workpiece 2 inches long. In addition, you have to account for the stock held
inside the chuck by adding 0.5 inch to the workpiece length. Also, you should add another
0.5 inch so that the tool does not hit the chuck.
Therefore, to turn a part with a finished length of 1.9 inches, you need a workpiece that is
2” + 0.5” + 0.5”, or 3 inches long.
5. Amend the stock
I.

Choose the Stock tab.

II. Go through the stock Dimensions for the part program. These stock dimensions should
be are Z=2.0” and X=0.75”. These dimensions should define the usable dimensions of
the stock, excluding the amount clamped in the
spindle chuck.
III. Set the Origin of Stock to Z=0.5” and X=0”. The
origin of the stock is based on where your 0,0
point is set on the machine, relative to the left
center of the stock.
IV. Check the box labeled Show Chuck and Origin

Fig 6.4.15 Stock adjustment

Marker to view these items in the Preview and Verify Windows.
V. Select OK. The dialog box closes, and your changes are applied to the workpiece in the
Verify Window.
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6. Configure the Tooling: Before we configure the
tooling in to the software, assure which kind of
machineis being used whether a manual toolpost
or an ATC (Automatic Tool Changer).
I.

Push the [Tooling] button, to exhibit the
“Tooling” window. There are eight tool
positions in the tooling window. If there is
an ATC CNC Lathe we need to set the tooling
to match with the tool positions in the turret
on the machine. Remember that on an ATC Fig 6.4.16 Configuring tooling
machine odd numbers are assigned to external tools such as Roughing, Finishing and
Threading Tools and even numbers are assigned to internal tools such as Boring Bars and
Drills.

II. If you have a manual machine set the tooling in the tooling window and assign the
corresponding tool numbers to the tools in their holders. It is recommended that you stick
numbers onto the tool holders.
III. Click on the Apply button.
IV. Click on OK to exit the Tool Library.

Fig 6.4.17 (a) & (b) Chuck on CNC machine
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7. Dry run the NC program: A dry run needs to be performed before you run the part program
for the first time (run the program without stock mounting). This is going to make sure that
the movements of the turning centre is logical and there is no risk of hitting any fixtures of the
turning centre.
8. This process is permitted by CNC machines with aconditional switch that are labeled with
machine lock. Syntax errors of program is examined with control.
I.

The operator will switch on the machine lock and dry run switches after the setup has been
done along with the information such as tool offsets, program zero, etc. being fed in to the
control. To quickly move the control through the program he will also switch on dry run
motion switch (usually feed rate override or jog feed rate) to its maximum position.

II. Syntax errors is scanned rapidly by control when the cycle is turn on. The spindle will come
on, the turret will index, and the control will emerge to be actually running the program
during the running of program ,but the X,Y axes will not move.
III. The operator can easily confirm that the control can carry out the program by this process
. Until one of two things occur which can be control generating an alarm or there will be
completion of work without any alarms operator doesn’t have to worry when he confirms
that no axis motion is happening (machine lock is truly on)
IV. Alarms produced by control due to errors in the program must be analyzed and rectified
by the operator and the program must be executed all over again. Until program gets
completed without any alarms this must be repeated by keeping machine lock on.
V. Opertor will be able to find out if the control can recognize the program, once the entire
program gets completed without producing alarms. Program gets completed from start to
end without any alarm eventhough the program contains serious motion mistakes within
it.
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9. Mount the workpiece

Fig 6.4.18 Workpiece mounting

I.

With the use of Jog Keypad, jog the tool post up and aside.

II. Before mounting the workpiece, push the Emergency Stop button .
III. Mount the workpiece in the chuck. Take care to position the workpiece perpendicular to
the tool post.
IV. Pull the Emergency Stop button out.
V. Jog the tool to place the middle of the tool tip at
the peak of the front, right corner of the workpiece.
Jog till the tip of the end mill taps the surface of the
workpiece.
VI. Choose the Set Position command out of the Setup
Menu and type Z and X. Choose the Operator Panel
and ensure that the spindle speed is set to 100%.
VII. The workpiece is now correctly mounted.
10. Executing a Tool Change
I.

Unlock the tooling window

II. Click on the tool number
III. Click on the Auto tab in the’Control Panel’
IV. Click the ‘Change Tool’ button to perform the
toolchange. If your machine has an ATC the tool post
will traverse to the tool change position, then rotate
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to change the tool.
If you have a manual tool post the machine will move to the tool change position, a message
will then appear to prompt you to change tools, at this point you will have to open the door
and manually change tools.
11. Set the Work Piece Offsets: The
distance required by cutting tool
to travel from its Home position
to the Workpiece datum in X and Z
are known as Offsets.
To tell the machine where the
material is we will change to Tool
number 1 and move the tool to the Fig 6.4.20 Workpiece off-setting
front face of the billet, this is the Z datum. We will then find the centre of the billet, this is the
X datum. The Z and X datum positions will be stored, this is the Work Piece Offset. If more than
one tool is to be used we will change to each tool and set the positions for each tool relative to
Tool number 1. These are the Tool Offsets.
12. Set the Tool Offsets: You will have to set tool Offsets
if your program is using other tools apart from Tool
1. It allows a selection of tool profiles to be used
collectively on the similar CNC program. This is
achieved by off setting their differences in position
against a fixed reference point, this fixed point will
be Tool 1.

Fig 6.4.21 Tool off-setting

13. Run the program: The program is ready to be executed once you click on the ‘Auto’ tab in the
Control Panel. It should be run from its initial phase, to make sure of it click the stop button and
then Rewind button followed by Start button. This will allow program to run. Make sure you
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have the right tool and click [OK]. The spindle will begin and
the program will start.

Fig 6.4.22 Running program

Notes
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Unit 6.5: Tooling data

Unit Objectives
After the completion of this session you will be able to:
1. Discuss about tool compensation
2. Know about tool length compensation
3. Know about tool nose compensation

6.5.1 Tool compensations
Some kind of compensation is required by all kinds of CNC machines. CNC user is allowed for
irregular tooling conditions because of compensations. Compensations are applied to different
machine types and causes
Though applied for various causes on various machine types, there can be multiple situations
when the prediction of result of some tooling related problems is impossible for CNC, in those
cases some form of compensation will be helpful to handle the problem.
What are offsets?
The storage places in the in the CNC control where numerical value can be placed are known as
offsets. There is requirement of one offset per tool with most CNC machine tool.
Reasons for tool offsets
On the basis of machine tool style of machine tool and compensation type, offsets can be utilized
for numerous purposes. Commonly used offset applications are explained below:
•

Length of tool is specified by offset. To avoid entering each tool’s length in program tool
length compensation feature is used which let the person setting up to determine tool
length and enter this value of tool length into consequent offset. This feature is helpful in
machining center applications

•

Cutting tools’ radius is specified by offset. According to tool nose radius compensation,
a feature used by turning centers an offset is used to state the radius of the very tip of
the turning or boring tool. Size of each cutter is entered into the tool offset by the person
developing and not by the programmer.
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•

Program zero is assigned by offset. Fixture offsets of machine centers allows operator to
indicate program zero point location in offsets and remains program zero disconnected
from program. The assignment of program zero with offsets is allowed by many turning
centers.

•

To allow sizing on turning centers. Defects with tool placement at the time of setup is
adjusted by operator using programs tool offsets which allow operator to hold size with
the tools used within their programs and compensation for any damaged tool during tool’s
life is paid by the operator because of offset.

Organizing Offsets
Association of offsets is very obvious with some CNC controls. For example the offset number is
made automatically in relation to the tool station number by some machining center controls.
When the command is given for tool station one with this machine, it will relate itself and invoke
the offset number one. The tool length and tool radius value can be stored by operator within
offset number one.
Still in certain cases offset holds only one value and the offset number are not related to the tool
station number control cannot make it easy. In that case offsets correspond to each tool must be
set by the programmer.
For example, tool length compensation offset numbers and the tool station numbers are made the
same. Cutter radius compensation offset numbers and tool station number can be made same
along with a constant value greater than the maximum usable tools in the machine. If machine
is able to hold 25 tools together, offset number 31 is utilized for storing value of cutter radius
compensation and offset number 1 is utilized for storing length compensation value of tool station.
The programmer and operator are always in sync with this technique of offset organization.
At least two values per offset are included in offset table on most turning centers.
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6.5.2 Types of compensation
Necessity of compensation type and its use to one specific control helps us to adjust to every
variation that we come across.

6.5.2.1 Tool length compensation
Programmer don’t have to remember each tool’s length if he use this machining center compensation.
Programmer just finds tool length compensation on every tool’s first Z axis approach movement
to the work piece instead of finding correct length of every tool and tiresomely calculating Z axis
positions on the basis of tool’s length.
Operator inputs the tool length compensation value for every tool in the equivalent offset at the
machine through setup. Which leads to the tool must first be measured.
To instate the tool length compensation a famous command G43 is used. Number of the offset
containing the tool’s length value within the G43 is included in H word which is specified by the
programmer. Tool length compensation with two tools is used in the following program .Two holes
are drilled with different tool. N015 and N055 are lines where tool length compensation is being
instated .
Program O0001 (Program number)
N005 T01 M06 (Place tool number one in the spindle)
N010 G54 G90 S400 M03 T02 (Select coordinate system, absolute mode, start spindle CW at
400 RPM, get tool number two ready).
N010 G00 X1.0 Y1.0 (Rapid to first XY position)
N015 G43 H01 Z.1 M08 (Instate tool length compensation on first Z move, turn on coolant)
N020 G01 Z-1.5 F4. (Drill hole)
N025 G00 Z.1 M09 (Rapid out of hole, turn off coolant)
N030 G91 G28 Z0 M19 (Return to tool change position, orient spindle)
N035 M01 (Optional stop)
N040 T02 M06 (Place tool number two in spindle)
N045 G54 G90 S400 M03 T01 (Select coordinate system, absolute mode, start spindle at 400
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RPM, get tool number one ready)
N050 G00 X2. Y1. (Rapid to first XY position)
N055 G43 H02 Z.1 M08 (Instate tool length compensation on tool’s first Z move, turn on coolant)
N060 G01 Z-1.2 F5.5 (Drill hole)
N065 G00 Z.1 M08 (Rapid out of hole, turn off coolant)
N070 G91 G28 Z0 M19 (Return to tool change position, orient spindle)
N075 M30 (End of program)

Sizing With Tool Length Compensation
Suppose tool length dimension used was inaccurate. The actual length of tool was 6.5355 inches
however during measurement he finds it to be 6.5372 inches long. So machining by the tool will
be little shallower in Z than it is supposed to be. By adjusting the offset after machining, the minor
depth change can be finished.
To make sure that some surplus stock will be left, under the influence of an offset slightly larger
than the measured value there can be trial cut of the work piece by the operator for serious
surfaces or when the effects of tool Pushure are volatile.

6.5.2.2 Tool nose compensation
The carbide inserts (tool tips) are used on CNC lathe for metal cutting. According to the various
operations, inserts are available in various shapes. These inserts has a certain corner radius as
shown in figure. Without the corner radius the carbide tool up will break immediately when in
working. This corner radius of tool tip is known tool nose radius. The tool nose radius is made with
standard radius.
Mechanism of shifting the Programmed Tool Path to the right or to the left is the basis of tool nose
compensation. Tool path is programmed to the completed size by the programmer. On the basis
of special instructions in the program the control compensate for the radius of the tool when tool
nose compensation is used. For this compensation within a two-dimensional plane two G-code
commands are used.
•

Control is being commanded to move to the left of the programmed tool path by G41
commands
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•

Control is being commanded to move to the right of the programmed tool path by G42
commands

•

Shifts made by tool nose compensation are stopped by command G40.

Tool Nose Radius is imaginary radius at the tool tip of
a compensated tool that must be compensated by Tool
nose compensation. A tool is generally set up using the
Imaginary Tool Tip since it is hard to identify precisely
where the center of this radius is. In which direction tool
tip is related to the center of the tool nose radius , or the
tip direction is also needs to be known by the control .
Tip direction must be specified on each tool.
Though you may consider these radii to be quite small, Fig 6.5.1 Tool nose compensation
this this little nose radius on the edge of the cutting tool
will be sufficient to cause a small deviation from the
programmed shape of your workpiece – at least when
angular and circular surfaces must be machined.
Tool nose radius compensation is only utilized for single
point turning tools – and only when finishing surfaces
that have critical shapes. While there isn’t much a
setup person must do with this feature (and nothing an
operator must do), you should understand why it is used
and be able to do your part when it is used.

Fig 6.5.2 Tool nose compensation

Sample program
G00 X60 Z5
G00 X20 —– P1
G01 G42 X-15 F0.1 P2 (TNRC acts)
G01 X30 Z-30 —– P3
G02 X40 Z-35 R5 —- P4
G00 G40 X60 Z5 (TNRC Cancel)

Fig 6.5.3 Tool nose compensation

180

CNC – Operator Turning

Using Tool Nose Compensation
The TNC is being used with below steps to program:
1. Program Part is programmed to completed
dimensions.
2. Approach and Departure – Make sure
that there is an approach move for every
compensated path and decide which direction
(G41 or G42) is used. For every compensated
path ensure to have a departure move.
3. Tool Nose Radius and Wear – For each tool
select a standard insert (tool with radius) which

Fig 6.5.4 Program tool path

needs to be used. For every compensated tool
set the tool nose radius . For every tool clear the matching tool nose wear offset to zero.
4. Tool Tip Direction – For every tool using compensation, G41 or G42 iInput the tool tip
direction .
5. Tool Geometry Offset – For every tool place the tool length geometry and clear the length
wear offsets .
6. Check Compensation Geometry –program is to be debugged in graphics mode and make
sure to have right tool nose compensation geometry problems that may happen. Two ways
of identifying a problem are : A compensation interference indicating alarm is produced or
in graphics mode wrong geometry generated is observed
7. Run and Inspect First Article – For the setup part compensated wear is adjusted.
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Unit 6.6: Performing CNC operations

Unit Objectives
After the completion of this session you will be able to:
1. Discuss about Mutiple CNC operations
2. Know about how to perform turning operations

6.6.1 Facing
First operation of every turning job is normally facing .

Fig 6.6.1 Face Toolpath

Rules for Facing
•

Since rough stock diameter varies always begin from a distance from the OD of the stock.

•

Move the face, straight and down till that tool’s contact point is at X0, after that pull off the
tool.

•

One rough and one finish pass must be taken.

•

Firm tool is to be used like 80 degree diamond.
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6.6.2 Roughing
Leave the stock in Z & X for finish paths after roughing the part.

Fig 6.6.2 Roughing

Rules for Roughing
•

Don’t initiate from face of part.

•

When possible similar tool needed to be used for both facing and OD roughing.

•

For the purpose of finishing material over the part a steady thickness of material should be
kept.

•

Since it is irregular or refined with additional tools and operations leave out over grooves
and other aspect

•

Eliminate scallops by vertically move the tool at end of each path.

•

For cutoff tool clearance, expand the path at rear of part.

183

Participant Handbook

6.6.3 Finishing
Conclude the part. Select the main and most firm tool that makes entire attribute. To make sure
the tool and holder do not run into with the part watch the rear clearance of the tool.

Fig 6.6.3 Finishing

Rules for Finishing
•

Start work away from the face of part.

•

For providing enough tool clearance, use tool having cut of 35 or 55 degree diamond with
side and end cutting angels.

•

Nose radius of tool must be equal, or smaller, which should be a smaller ID radius in the
profile.

•

The final pass takes away the even thickness of material if pre-finish pass first is obtained.

•

Leave attributes like grooves which are machined by the use of other tools and process.

•

Stop work at thread’s major diameter in case of threads.

184

CNC – Operator Turning

6.6.4 Grooving
The top and bottom of Grooves have radii. Tool paths for grooves are really difficult. To make an
accurate groove and with no tool marks, following series is regularly used.
Groove operation has following steps:
a) For grooving, plunges the tool close to groove center.
b) The excess materials are taken out by other plunge with its movement.
c) One contouring path will create radii and contouring with starting outside and moving
inward.
d) Start from other side and move inwards of contouring path for finishing of other side.

Fig 6.6.4 Grooving

Rules for Grooving
•

Radius of groove tool is to be equivalent to or smaller than the completed radius and size
is to be contracted than the groove.

•

To program the grooves use CAD/CAM or groove cycles controlled by lathe.
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6.6.5 Threading
Many thread forms are made by lathe; examples are OD, ID, tapered pipe threads etc. Almost all
threading uses an insert. One or additional finish passes are done by lathe after various roughing
passes that reduces in depth with every cut ;which makes a thread precise and even by removing
little amount of material from surface.
Every time CNC machine helps the tool to start the cut pass at the matching rotational position
by coordinating the motion of the tool and spindle
Laws for Threading
•

To design thread parameters use insert manufacturers’ suggestions.

•

Blocks of G-code are utilized by mill drill cycle for programming and performing all necessary
actions for the formation of thread. CAD/CAM software or lathe control thread canned
cycles are utilized for this job.

•

Before engaging the thread, allow enough time for the spindle to attain full speed.

Fig 6.6.5 Threading
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6.6.6 Drilling
General drill G-code cycles are being hold by Lathes for drilling.

Fig 6.6.6 Drilling

Laws for Drilling
•

Identify drill holes.

•

To make large holes consider employing larger drills.

•

Deeper holes are done through peck drills.

•

Blocks of G-code are utilized by mill drill cycle for programming and performing all necessary
actions for the formation of thread. CAD/CAM software or lathe control thread canned
cycles are utilized for this job.
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6.6.7 Boring
The more accurate holes with outstanding surface finish are being produced by Bore operations.

Fig 6.6.7 Boring

Rules for Boring
•

To allow clearance for tool during its moves, together with the lead-out moving away from
the finished surface operator has to make sure that boring bar hole is large enough.

•

Before send boring bar to home make sure that it is completely out of the hole.

•

Right quantity of stock and appropriate cutting feeds and speeds are required for accurate
holes.

•

To make sure steady material thickness for the finish pass, prior to final cut ,use roughing
passes as required

•

To make sure a clean edge after cut off, expand tool path beyond the rear of part.

•

Utilize X-offset backing off for several thousandths of an inch on first part to produce
accurate holes, like push fits. To create a precision hole, create it by machining, confirm
the completed bore diameter and after that adjust offset if necessary.
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6.6.8 Cut-off
The last Lathe machining operation is always going to be Cut-Off. It liberates the part from the
stock material.

Fig 6.6.8 Cut-off

Laws for Cutoff
•

Cutoff operations and grooving operations are very much alike.

•

In this operation, tool moves back and cuts away the part after a radius or chamfer on the
rear side of part.

•

Use parts catcher for saving the part to fall in the cut chips at base of the machine.

Notes
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Unit 6.7: Post turning operation

Unit Objectives
After the completion of this session you will be able to:
1. Discuss about post turning operation
2. Know about deburring process

6.7.1 Deburring process
Deburring is termed to be the main critical post-machining operation to make sure the proper
functionality of the machined part along with the secure handling of the part. Deburring has
conventionally been a physical task however there are various technologies that exist for reliably
automating deburring.
As a result of cutting and stamping
operations Burrs are created with sharp
edges. Obstruction of fluid flow, worker
injury , trouble with assembly are results of
burr being even small in size. They increase
stresses and cause weakness and damage
of the part.

Fig 6.7.1 Deburring

So in each section of the manufacturing process burr removal, or “deburring,” is done. Most
deburring is being done by employing mechanical deburring processes, however thermal and
electro-chemical types are also used.
Processes in mechanical deburring consists of :
•

cutting processes

•

power brushing

•

bonded abrasive finishing

•

mass finishing

•

abrasive blasting

•

abrasive flow deburring
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6.7.1.1 Mechanical deburring
Power Brushing
It is a cheaper type of deburring method
and it can be carried out quickly. Brushes
have metal filaments or wire. In some
brushes non-metallic or synthetic materials
are used. Elevated power and stainless
steel along with brass, copper, nickel and
other alloys are the normally used metals.
Synthetic brush material is a usually Nylon.
For different kinds of applications brushes

Fig 6.7.2 Mechanical deburring

come in a various shapes and size. Diameter of filament, width of wheel, configuration of free
length, density, the texture and bristle material type, velocity of brush & work piece contact are
the basis of power brush strength.
Bonded Abrasive Finishing
In most manufacturing facilities Bonded
Abrasive Finishing or in other terms
“Sanding” is found which consists Most
abrasives are made of aluminum oxides,
silicon carbide, or zirconia compounds. For
a variety of applications the abrasives’ grade
and size varies from coarse to extremely
fine.
Mass Finishing
Mechanical finishing of many parts is done

Fig 6.7.3 Abrasive finishing

at the same time by mass finishing. Apart from deburring, to descale, brighten, and polish parts
mass finishing may also be used. Abrasive media and batches of parts together are shaked or
tumbled in specially devised tubs or a barrel is the process called mass deburring. Organic, ceramic,
metallic or resin-bonded plastic materials are used to create deburring media. Sizes and shapes of
preformed media vary. Mass finishing uses water or other water-soluble compounds in addition
to the media.
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Vibratory Finishing is the most common
mass finishing method and 800 to 3600
vibrations per minute is the frequency.

Abrasive Blasting
Wet or dry Abrasive blasting can be
performed. Abrasive material metallic or
nonmetallic forced by pressurized air is
focused on a specific area or on whole part
or part surface by using fan-like device.
Abrasive generally mixed with water (slurry)
and rust inhibitors in wet type blasting and

Fig 6.7.4 Mass finishing

since part tolerance is constant in the process it is known as an accuracy method.

Abrasive Flow Deburring
Removal of semi-solid material containing
abrasives through holes and openings
in hydraulically clamped workpieces is
called abrasive flow deburring. Pressure
of Extrusion can be from 100 to 3200 PSI.
Usual abrasive media is silicon carbide in a
polymer carrier. Boron carbide, alumina, and Fig 6.7.5 Abrasive flow deburringw
diamond are contents of other abrasives used.

Thermal and Electro-Chemical Deburring
They are less used as compared to mechanical processes, but are significant .They can be used to
deburr internal part surfaces which are difficult to access and also to do the deburring quickly.
•

Part is placed in a compartment/chamber full of oxygen and a combustible gas like
natural gas and gas is lighted to vaporize the burrs and other sharp corners. Using mild
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acid or through heat
treating resulting oxide is
removed

•

By the action of neutralsalt electrolyte streaming
through the gap between
the cathode (tool)
and

anode(workpiece) Fig 6.7.6 Thermal deburring

burrs get melted and it
is accurate fast process.The time of
deburring and the level of current
used determine the quantity of
burrs removed. Stream of the
electrolyte removes the melted
metal, in the type of hydroxides.This
electrolyte can be reused by filtering
it.Copper-tungsten is being used for
Electro-chemical electrodes. A non-

Fig 6.7.7 Electro-chemical deburring

conductive material is used for the
insulation for the workpieces which are not being deburred.

Exercise
1. The CNC programming is a sequence of instructions, which controls numerical control computer
program. True or False
2. In computer aided part programming, which steps operator has to follow
a) Work part geometry.

b)

Repetition work.

c) Specifying the operation sequence

d)

All a), b) and c)
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3. Preparatory function codes are called……………………………………
4. Threading cutting G code is
a) G21

b) G28

c) G32

d) G40

c) M10

d) M14

5. Tool change code is
a) M04

b) M06

6. Word address format uses alphabets for identifying the function of numerical data followed.
True or false

Notes
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inspection check
Unit 7.1 – Machine maintenance
Unit 7.2 – Quality and inspection tests
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Key Learning Outcomes
After the completion of this session you will be able to:
1. Discuss about CNC machine maintenance program
2. Know about CNC machine maintenance schedule
3. Know about machine lubrication
4. Know about quality and inspection tests
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Unit 7.1: Machine maintenance

Unit Objectives
At the end of this unit, you will be able to:
1. Discuss about CNC machine maintenance
2. Know about CNC machine schedule program
3. Know about CNC machine lubrication

7.1.1 CNC machine maintenance
CNC machines are developed and built to provide advanced performance and precision in
comparison to conventional machine tools for which much refined items such as servo drives,
ball lead screws, roller packs, couplings, encoders, resolvers, etc., are employed in CNC machine
assembly which in turn result in high cost of the equipment. These machines have high hour rate
as compared to their conventional counterparts. Layoff time for such machines should be kept at
minimal to attain the cost-effective advantages of CNC technology. The mending of CNC Machine
is extremely costly as most of its spare parts are expensive and also not available locally and has
to be imported.
The key purposes of CNC equipment maintenance are to:
1. Attempt to capitalize on reliable uptime.
2. Curtail repair time (downtime)
3. Keep hold of positional precision and recurring tolerance.
4. To boost equipment’s service life.

7.1.1.1 CNC Machine maintenance schedule
Keeping your machine as per the program acknowledged in this manual will help in the extra life
of the machine and will also help in the production of accurate work pieces. It needs to be taken
care of that the maintenance schedule mentioned herein, are to be considered as a guide. The
surrounding and working condition of your shop must be taken for deliberation.
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Daily Maintenance
These maintenance tasks need to be executed at the commencement and finish of the work.
Beginning of Work
1. Lubrication System
•

Ensure oil level

•

Pushure building up during hand pumping

•

Check for circulation coating of oil on all descending surfaces

2. Check for leak
•

Make sure of lube/pump operation

3. Cutting Tools & Tool Holders
•

Change damaged tool pump and motor

•

Make the drawbar tighter

•

Make the work holder devices tighter

4. Coolant Level (Optional)
•

Remove /Test pump and motor

5. Outside wiring & cables
•

Check fit of cable links

•

Check for worn out cables

6. Spindle
•

Spindle taper to be cleaned

•

Test runs the spindle

7. Machine- Common Condition
•

Check complete machine for free or missing fasteners

•

Machines should be comp letely cleaned and removed of all the oily matter, chips, etc.
and apply a film of thin lubricating oil on the sliding surface of machine to prevent the
oxidization.
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Monthly schedule
Mechanical
•

Tool holders / Drawbar

•

Make sure to check for breakage and Thread damage

•

Examine drive belts

•

Examine way covers and wipers

•

Confirm drawbar height

Electrical
•

Motor

•

Ensure for condition and testing

•

Make sure of voltages

•

Test out limit switches/safety locks

Every Three Months
Electrical
1. Electrical Cabinets
•

Make sure of cleanliness

•

Ensure and secure any loose-fitting connection

•

Examine connections/terminals

2. Electrical Elements
•

Ensure suitable operation of Push button switches or Rotary Switches

3. Proximity Switches
•

Check for appropriate action

7.1.2 Lubrication of CNC machine
Correct lubrication of CNC machines is an important part of preventative maintenance. It can also
be a part of running maintenance. To lubricate correctly you need to know:
•

which lubricant to use and how often

•

different kinds of lubrication equipment.
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Which lubricant and how often
Knowing which lubricant to use and how often it is used on each
machine can be confusing, especially if you are using several
machines.
A code of symbols has been developed to help operators and
maintenance staff to identify the right lubricant for each job.
Small plastic labels are used at all lubrication points. The shape
and colour of each label indicates the frequency and type of
lubricant required.

Shapes indicate the frequency of lubrication:
Shape

Frequency

Fig 7.1.1 Lubrication

Task

daily

Lubricate machine slides
and bearings (if necessary)
and simple check of gear
box oil levels.

weekly

Check all gear box oil levels

monthly

Change of gear box oils (if
necessary)

Circle

Triangle

Square
Table 7.1.1 Shape and color coding for lubrication frequency

Greases
Each type of grease used on a particular CNC machine has a grading number. The manufacturer of
the machine recommends which type of grease to use for the particular type of machine. This is
usually found in the maintenance manual that comes with the machine. A grease gun is used for
each individual type of grease which may be used on a particular machine.
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Colour

Grade
Light

Red

Medium

Black

Heavy
Orange

Hydraulic oils
Blue

Slideway oil
White

Special purpose oils
Red stripes on white background
Table 7.1.2 Grease color and grades

Equipment used for lubrication
Below are some common examples of equipment used for lubrication in the lubrication process.
•

High pressure lubricators to be found where grease is used.

Fig 7.1.2 Equipment used for high pressure lubrication
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•

Pumping equipment used to transfer grease to lubrication points.

Fig 7.1.3 Pumping equipment used for lubrication

•

Lubricators to be found where oil is used.

Fig 7.1.4 Equipment used for oil lubrication

•

Equipment used for topping up lubricator

Fig 7.1.5 Equipment used for topping up lubrication
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Exercise
1. …………………………… is a raised edge or small pieces of material remaining attached to a
workpiece after a modification process.

2. When maintenance personnel repair electrically powered equipment, there is no need of
switch off the machine connection.

3. Which is not a type of burr
a) Poisson 		

b)

Rollover

c) Breakout 		

d)

none

4. Ambient air cooling is adequate for light cuts and low duty cycles maintenance, repair and
operations. True or false

Notes
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Unit 7.2: Quality checks and inspection tests

Unit Objectives
The key purposes of CNC equipment maintenance are to:
1. Discuss about importance of quality checks
2. Know about different types of inspection tests

7.2.1 Importance of quality checks
Quality can be described as fulfillment of customer requisites and
specifications defect free. A product can be marked as a high quality
if it is operating as per the expectations and is consistent. Quality
control refers to actions which make sure that the items produced/
manufactured are satisfying the maximum possible quality.
Each production series commence with inputs which are in turn Fig. 7.2.1 quality check
transformed by a procedure into a more desirable output or product. Production inputs to each
production process are as:
•

man (Individual carrying out or controlling the process);

•

machine (equipment or machinery utilized in the carrying out of the process);

•

material (unprocessed resources or parts necessary in the process);

•

methods (actions and series used to perform the process); and

•

Information (work directions, data, and sensor interpretation that direct process execution).

In every process too much variations and errors each process can
lead to non compliance, with three unwanted consequences:
a) Scrapped or exhausted resources;
b) Corrupted process throughput;
c) “Contamination” from unnoticed noncompliance leading to
dip in the value of product to the customer.
The objective of quality control in each production structure is to
a) Get rid of noncompliance and their outcome

204

Fig. 7.2.2 productivity graph

CNC – Operator Turning

b) Eradicate rework and washed out resources,
c) Attain these objectives at the minimum feasible cost and
d) Get less rejections
How to achieve Quality Standards?
•

Understand the end objective of the product

•

Strictly follow manufacturing process

•

Set the machine parameter correctly

•

Understand crucial check points

7.2.2 Quality checks and inspection tests

Fig. 7.2.3 testing techniques

7.2.2.1 Visual inspection
A visual examination scrutinize bead form, width and thickness; also
any defect such as undercut, overlap, cracks, pits, and slag inclusions
in the surfaces of product .
This test is simple and inexpensive. Therefore, it is commonly applied
Fig. 7.2.4 visual inspection
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7.2.2.2 Destructive tests
Destructive tests intends on scrutinizing the mechanical, chemical, and metallurgical properties by
breaking, distort, or chemically processing test specimens. Destructive teats further classified into
following tests:
a) Tensile Test:
This test is used for determining the Tensile Strength, Yield point and reduction in Area
•

The piece to be tested is clamped in a tensile Testing Machine

•

The Load (Force ) is applied along the axis

•

The load (Force) is applied till the specimen is broken

•

The readings are plotted on a graph

Fig. 7.2.5 (a) (b) tensile strength test

b) Bend Test:
Bend tests inspect the elasticity of metals and check for any defects in
them.
c) Impact Test:
Fig.7.2.6 bend test
(a)

(b)

Fig.7.2.7 (a) (b) impact test

•

Impact Test is conducted to determine the resistance to impact loads or shock loads.
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•

Two types of Impact Testing Machines are used ( Izod and Charpy )

•

The distance through which the specimen moves after breaking is measured on a scale

•

The longer the distance ,the less impact resistance the specimen
has

d) Hardness test
The hardness test is performed to ensure if the metal is hard enough or
not to stand firm mechanical wearing, depending on the handling.

Fig. 7.2.8 hardness test

7.2.2.3 Non-destructive tests
For a firm quality structure it is imperative to know which defects may or may not exist. Destructive
tests are performed on test specimens and not on actual products. It is crucial to scrutinize the
reliability of assembly without breaking them. For this reason non destructive tests are performed.
Nondestructive tests can identify flaws by exploiting radiation, ultrasonic waves, electricity,
magnetism, or light. Few of the non-destructive tests are:
1. Radiographic test
When an accelerated electron strikes a target of heavy metal,
the radiation originates. It generates a kind of electromagnetic
wave; and the shorter the wavelength, the stronger its
penetrative capacity. An X-ray test is a method which identifies
a defect inside the component utilizing this penetrable capacity.
Weld zones can also be inspected with the use of radioactive
isotopes that emit γ-rays. These methods are known as
radiographic test and it includes usage of X-rays and Y-rays.
Fig. 7.2.9 radiographic test

2. Ultrasonic test (UT)
The ultrasonic test is a detection technique which causes an out
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of earshot, short sonic wave of 0.5-15 MHZ (megahertz) to infiltrate the object to be tested. These
waves are reproduced due to internal defect or
uneven layer.

Raw material inspection
•

Check manufacturer’s written certification
that all material meets appropriate.

•

Visually inspect all rolls of goods for defects, Fig. 7.2.10 Ultrasonic test
contaminants and edge regularity.

•

All defects or impurities will be cleared from the roll before doing the fabrication into
panels or rejection of the roll.

•

Measure the thickness of each roll of material at the beginning and end.

Raw material testing:
•

Visually check or inspect the surface uniformity of the material. Check for dust or any
contaminants.

•

By using micrometer, measure and inspect the thickness of material as per the job drawing
requirements.

•

Use tensile testing machine to check the tensile strength of the material.

Machine and equipments testing
•

Visually check the machine and equipments for any damages.

•

Use destructive tests to check the physical properties of equipments.

•

Use non-destructive tests to identify the faults and defects in the machine and equipments.

•

After testing tag the equipment with its part number or transaction number.

•

Fill the inspection log sheet for keeping the information in future use.
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Tools and measuring instruments testing
•

Visually check the tools and instruments for any damages.

•

Use destructive tests to check the physical properties of tolls and instruments.

•

Manually operate and check the tools are working properly or not.

•

Check the accuracy of measuring instruments by comparing the zero reading of instruments
with the standard industrial measurement reading.

•

Fill the inspection log sheet for keeping the information in future use.

Electrical connections testing
•

Test the electrical connections of the various power operated equipments.

•

Do the earthing or ground resistance testing of the equipments by using earth testers and
megger.

•

Check the electrical connections e.g. phase wire, neutral wire and ground wire visually or
by using neon tester and test lamp.

•

If found any defect in connection wire replace it, otherwise it may give you a severe shock
or damage the equipment.

•

After completing the operation always switch-off the equipment power, otherwise it can
become risk for serious accidents or hazards.

•

Fill the inspection log sheet for keeping the information in future use.

Exercise
1. Quality checks don’t include inspection of raw material. True or False

2. Which is not a input for the production
a) Machine

(b) Tools

(c) Man
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3. Less rejections can be done by ………………………………………………............

4. Destructive tests examines the
a) Mechanical properties
b) Chemical properties
c) Metallurgical properties
d) All of these

5. Destructive tests checks the……………………………………………………

6. Bend test examines the resistance and hardness of material. True or False

7. Earthing can be checked by using
a) Height gauge

(b) Neon tester

(c) Megger

Notes

210

(d) None

8. Risk management
and reporting
Unit 8.1 – Risk management
Unit 8.2 – Escalation matrix
Unit 8.3 – Reporting of accidents
Unit 8.4 – Reporting of defects
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Know about identification of problem
2. Discuss about risk management process
3. Know about escalation matrix and problem escalation process
4. Discuss about reporting and documentation requirements
5. Know about accident reporting
6. Know about reporting of defective tools
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Unit 8.1: Risk management

Unit Objectives
After the completion of this session you will be able to:
1. Discuss 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.

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

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.
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.
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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.

8.1.2 How to control the problems
Elimination

Need to manage the risk at base level. Fully eradicate the risk.

Substitution

Substitute risk with another one which solves the same purpose however should be
low in impact.

Engineering

Using fume hoods, guards, emergency stop buttons, etc..

Administrative

Relevant and sufficient training to be provided, implementation of Safe Work
Procedures, MSDS's, safety signage

PPE

Wear gloves, safety boots, apron, eye protection, face mask, hard hat, ear
plugs etc.

8.1.3 Workplace Inspections
One key factor of risk management is Workplace Safety Inspections. Inspections are key means to
make sure that the workplace remains safe. They assist us in recognizing and dealing with the new
problems or dangerous situations.
After inspection, make an inspection report, which includes the following information:
1. Name of the place or area which is being inspected if not mention on report, the date of
inspection along with the name of inspector.
2. Ensure either yes or no as per the situation or item mentioned, or put a checkmark against each
point. If unable to find out the presence of control or if your answer is no for any point, this
represents that it is an actionable problem. Evaluate the hazard to prioritize the action on it.
3. A documents state that the corrective action should be mentioned in the comment section
of identifies action items. Also mention what is required and should be done to correct and
improve hazardous situations.
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Unit 8.2: Escalation matrix

Unit Objectives
After the completion of this session 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
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.
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•

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 works
In escalation matrix,complaints severity can be assigned into difference levels, Level 1 andcan 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:
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 of the 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:

Fig 8.2.1 Escalation matrix

If the complaint is not resolved within Y number of days (Y is the time defined for Level 2
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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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Unit 8.3: Accident reporting

Unit Objectives
After the completion of this session you will be able to: :
1. Discuss about accident and incident reporting
2. Know about how to write reports properly

8.3.1 Accidents and incidents reporting
IIt 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
essential for multiple 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
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:
•

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
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•

routine inspection reports

•

Behaviour incident reports.

8.3.2 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
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
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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.

8.3.3 Filling reports and documents properly
In order for an effective completion of documentation, pre established pro-forma should be
followed. It is extremely essential despite of the reporting format, all information is recorded in a
manner that is:
•

documented in appropriate language

•

proper

•

timely

•

According to organization reporting protocols.

The below mentioned pointers will help you in finishing your reports accurately and aptly:
•

Make use of pen, not pencil.

•

Do not use erasers or liquid paper. For any correction, strike off the word or phrase and
write the correct changes above it along with initials and date of change.

•

Be thorough. Write down everything that is important.

•

Try to document note as soon as possible after the event. 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.

220

CNC – Operator Turning

•

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.

•

For any concerns or queries related with the documentation process, discuss with the
management.

•

make sure 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 forms required, e.g.
incident reports, fault reports, accident and prevention reports.

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
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Unit 8.4: Defects reporting

Unit Objectives
After the completion of this session you will be able to:
1. Know about reporting of faulty and damage tools

8.4.1 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

•

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

•

Report that there limits, fits and tolerances are set or not according to industrial standards.
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Key Learning Outcomes
At the end of this module, you will be able to:
1. Know about communication with colleagues
2. Discuss about workplace etiquettes
3. Know about working in a team

244

CNC – Operator Turning

Unit 9.1: Ensure appropriate communication with others

Unit Objectives
At the end of this unit, you will be able to:
1. Discuss 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.

Sometimes it’s not what you say, but how you say it that counts! Proper communication is equally
important whether your delivery is spoken, written or implied.
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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 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.

•

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 impress 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
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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 impress.

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 impression about others. Present yourself professional after you’re hired
for a job. Important tips that help to succeed on the work place:
Making a good impression
To improve overall image and confidence a good impression on the
work place play an important role.
•

At the beginning of your first day, meet each of your team
Fig 9.2.1 Workplace etiquettes

mates.
•

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

•

NEVER assume you can wear casual clothing to work, always verify and follow the
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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 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!

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.

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 imPushion on the team mates.
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•

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.

Notes
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