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How to Use this Competency-based Learning Material

Welcome to the competency-based learning material for CNC Machine Operation for use in light
engineering works. These modules contain training materials and activities for learners to complete in
order to become competent and qualified as a skilled worker.

There are six (6) modules that make up this course which comprises the skills, knowledge and attitudes
required to become a skilled worker including:

Perform basic lathe machine operations
Perform basic milling operations

Carry out CNC lathe machine operations
Carry out CNC milling machine operations

Carry out CNC wire cut machine operations

o g~ 0w NP

Apply knowledge of CAM

As a trainer, you are required to guide the learners through a series of activities in order to complete
each learning outcome of the module. These activities may be completed as part of structured classroom
activities or they may be required to work at their own pace.

These activities will require the learners to complete associated learning and practice activities in order to
gain knowledge and skills they need to achieve the learning outcomes. Refer to Learning Activity Page
of each module to know the sequence of learning tasks and the appropriate resources to use for each
task.

This page will serve as the road map towards the achievement of competence. If you read the
Information Sheets, these will give you an understanding of the work, and why things are done the way
they are. Once the learners have finished reading the Information Sheets, they are required to complete
the questions in the Self-Check Sheets.

The self-check process follows the Information Sheets in the learning guide. Completing self-checks will
help the learners know how they are progressing. To know how they fared with self-checks, they can
review the Answer Key.

The learners are required to complete all activities as directed in the Job Sheet. This is where they will
apply their newly acquired knowledge while developing new skills. When working, high emphasis should
be laid on safety requirements. The learners should be encouraged to raise relevant queries or ask the
facilitator for assistance as required.

When the learners have completed all the tasks required in the learning guide, an assessment event will
be scheduled to evaluate if they have achieved competency of the specified learning outcomes and are
ready for the next task.
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Module 1: Perform basic lathe machine operations

o
MODULE CONTENT
g s
Module Descriptor: This module covers the knowledge, skills and attitudes required to

perform basic lathe machine operations. It specifically includes
identifying and preparing work requirements, preparing for lathe
operation and performing simple lathe operations such as facing, straight
and contour turning, cutting grooves, drilling, boring, and thread cutting.

Nominal Duration: 20 hours

| ,4'
@ LEARNING OUTCOMES:

Upon completion of the module, the student/trainee should be able to:

1.1.
1.2.
1.3.

© N o s~ DN
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Identify and prepare work requirements
Prepare for lathe operations
Perform basic lathe machine operations

PERFORMANCE CRITERIA:

Drawings are interpreted to grind tools confirming to the specifications.

Tool holding devices are selected according to the requirements of the operation.

Cutting tools are selected according to requirements of the lathe operation.

Appropriate types of lathe machine are selected for different lathe operations.

Lathe accessories are used in accordance with the requirements of the operations.

Cutting speed, feed and depth of cut are selected in accordance with the job specifications.
Job materials are selected and collected in accordance with the job specifications.

Cutting tools are selected in accordance with the requirements of the operation.

Sequence of operation is determined to produce products to the specifications.

RPM, cutting speed, feed and depth of cut are calculated in accordance with the job requirement.
Machine performance is checked in conformance with the job requirement.

Coolant is applied to prevent over heating of work piece and cutting tool.

Basic lathe operations are performed to produce component.

Corrective measures/adjustments are performed if necessary.

Workpiece is checked and measured in conformance to specification using appropriate methods,
measuring tools and equipment.



@ Learning Outcome 1.1 - Identify and Prepare Work Requirements

st

;, Contents:

" Interpret drawings to grind tools confirming to the specifications
. Select tool holding devices according to the requirements of the operation
" Select cutting tools according to requirements of the lathe operation

A,
Assessment criteria:

. Drawings are interpreted to grind tools confirming to the specifications.
= Tool holding devices are selected according to the requirements of the operation.
" Cutting tools are selected according to requirements of the lathe operation.

Resources required:

Students/trainees must be provided with the following resources:

. Workplace (simulated or actual)
. Relevant drawings, manuals, codes, standards and reference material
= Tools holding devices and cutting tools appropriate to processes or activities
" Stationery
" Instruction sheet/manual
= Personal protective equipment (PPE)
Activity

1’ LEARNING ACTIVITY 1.1.1

Learning Activity

Resources/Special Instructions/References

Interpret drawings to grind tools confirming to
the specifications

= Information Sheet: 1.1.1
= Self-Check Quiz: 1.1.1
= Answer Key: 1.1.1

0,0,0
E INFORMATION SHEET 1.1.1

Learning Obijective: to interpret drawings to grind tools confirming to the specifications.

CBLM — CNC Machine Operation (Student Guide) v.1 Dec 2018
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Bench grinding machine:

A bench grinder is a type of bench top grinding machine used to drive abrasive wheels. A pedestal
grinder is a larger version of a bench grinder that is mounted on a pedestal, which is bolted to the
floor. These types of grinders are commonly used to hand grind cutting tools and perform other rough
grinding.

Depending on the grade of the grinding wheel it may be used for
sharpening cutting tools such as lathe tools or drill bits.
Alternatively, it may be used to roughly shape metal prior to welding
or fitting. A wire brush wheel or buffing wheels can be interchanged
with the grinding wheels in order to clean or polish work-pieces.
Grinding wheels designed for steel should not be used for grinding
softer metals, like aluminium. The soft metal gets lodged in the
pores of the wheel and expands with the heat of grinding. This can
dislodge pieces of the grinding wheel.

Single point cutting tools:

The tool is wedge shape object of hard material. It is usually made from H.S.S. Beside H.S.S.
machine tool is also made from high carbon steel, satellite, ceramics, diamond, abrasive, etc. The
main requirement of tool material is hardness. It must be hard enough to resist cutting forces applied
on work piece.

Single point cutting tool geometry

The single point cutting tool mainly consist of tool Tool shank
shank and cutting part called point. The point of
cutting tool is bounded by cutting face, end flank,
side/main flank, and base. The chip slides along
the face. The side/main cutting edge ‘ab’ is formed g4 o, ouitisey
by intersecting of face and side/main flank. The cutting edae
end cutting edge ‘ac’ is formed by the intersection Bl < i
of end flank and base. The point ‘@’ which the fgnk e
intersection of end cutting edge and side cutting Tool point
edge is called nose. Mainly the chip cuts by side

cutting edge.

Side or main
cutting edge
Side or moin flank

Single point cutting tool grinding angle and different lathe operation tool grinding shapes:

Contour turning Chamfering
- |
angle, +(SR) y -" S q
/ [ Back-rake angle, + (BR) Facing Taper turning Form turning

Axis 7 Nose radius
= Flank
End-cutting L\
edge angle Side-relief angle

(ECEA) Side-cutting edge angle (SCEA)

\ . Clearance or end-relief angle

Cutoff Threading Boring Drilling o

Axis

Bench and Pedestal grinders safety precaution:

Grinding machines are used daily in a machine shop. To avoid injuries, follow the safety precautions
listed below.

» Fasten pedestal and bench grinders securely.
> Ensure all the guards are in place and secure before using a grinder.

» Adjust tool rests to within 3 mm (1/8 in.) of wheels. Never adjust rests while wheels are moving.
Work rest height should be on horizontal centre line of the machine spindle.

» Maintain 6 mm (1/4 in.) wheel exposure with a tongue guard or a movable guard.
» Check that wheels have blotters on each side.

CBLM — CNC Machine Operation (Student Guide) v.1 Dec 2018 8
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Check the wheel fits properly to the spindle when mounting. If it is loose, get another wheel.
Stand to one side of the grinder until the wheel reaches operating speed.
Bring work into contact with the grinding wheel slowly and smoothly, without bumping.

Apply gradual pressure to allow the wheel to warm up evenly. Use only the pressure required to
complete a job.

Move the work back and forth across the face of the wheel. This movement prevents grooves from
forming.

Wheels are made only for grinding certain items. Do not grind rough forgings on a small precision
grinding wheel.

Dress wheels regularly. Do frequent, light dressings rather than one heavy dressings.

Support dressing tools so you can apply leverage without undue effort. With revolving cutter
dressing tools use the lugs as anchors.

Replace worn wheels if you cannot dress it.
Ensure the grinder speed does not exceed the operating speed marked on the wheel.
Visually inspect wheels for possible damage before mounting.

Wear proper personal protective equipment: eye, ear and face protection, metatarsal safety boots,
where required, respiratory protection may be required, depending on the work.

Wear gloves only where necessary.

= What should you avoid when using bench and pedestal grinders?

VvV V V V V V

Do not use a wheel that has been dropped.

Do not use a wheel that does not fit properly to the spindle.

Do not use excessive force to tighten the nut of the wheel. The force can crack the wheel.
Do not grind wood, plastics and non-iron metals on ordinary wheels.

Do not leave grinding wheels standing in liquids. The liquid can cause balance problems.
Do not grind on the side of a regular wheel.

~

& SELFCHECKQuUIZ1.1.1

Write true or false for the following statements:

1. Single point cutting tool is the simplest form of cutting tool and it have only one cutting
edge.

2. The surface or surface below the adjacent of the cutting edge is called shank of the
tool.

Ensure all the guards are in place and secure before using a grinder.

Bring work into contact with the grinding wheel rapidly and smoothly, without bumping.

Wear proper personal protective equipment for tool grinding:

eye, ear and face protection,
metatarsal safety boots, where required,

respiratory protection may be required, depending on the work

CBLM — CNC Machine Operation (Student Guide) v.1 Dec 2018 9
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Activity
LEARNING ACTIVITY 1.1.2

Learning Activity Resources/Special Instructions/References

Select tool holding devices according to the | = Information Sheet: 1.1.2
requirements of the operation »  Self-Check Quiz: 1.1.2

= Answer Key: 1.1.2
0,0,0
E INFORMATION SHEET 1.1.2

Learning Obijective: to select tool holding devices according to the requirements of the operation.

= Lathe Tool Post

Versatile lathe tool posts and lathe tool post holders allow you to easily swap out tooling from one
operation to the other. They help reduce down time and the need for shims and additional accessories
to achieve the set up required for each operation. They also provide the positive control and repetitive
accuracy needed for your boring, grooving, and knurling operations. Grainger offers a wide selection
of tool sets and accessories that are ideal for most machining applications.

e

Lathe tool holders securely hold carbide inserts for a variety of lathe operations such as turning,
boring, facing, grooving, threading, and parting etc. There are several mechanisms by which indexable
carbide inserts can be mounted to a lathe tool holder.

" | athe Tool holders

»Tool holders
RIGHT-HAND TOOL HOLDER
= ~ Used for holding
\“‘ﬁ cutting tool bits
LEFT-HAND TOOL HOLDER \ » AVailabIe in nght
hand, left hand and

17 B N
O @ o
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#  SELF-CHECK QUIZ1.1.2

o |

Write true or false for the following statements:

1.

o~ 0w

The tool post is assembled to the swivel base.

The tool is positioned on rocket arm and clamped in case of single way tool post.
Open slide tool post is clamped in position by 2 set screws.

The indexing is automatic in four-way tool post.

Frequent changing of the tool for different operations need
not be done in four-way tool post.

Activity
LEARNING ACTIVITY 1.1.3

Learning Activity Resources/Special Instructions/References

Select cutting tools according to | = Information Sheet: 1.1.3
requirements of the lathe operation »  Self-Check Quiz: 1.1.3

= Answer Key: 1.1.3

00,0
E INFORMATION SHEET 1.1.3

Learning Obijective: to select cutting tools according to requirements of the lathe operation.

Lathe operation

A variety of other machining operations can be performed on a lathe in addition to turning and facing.
Single point tools are used in most operations performed on a lathe. A short description of six
additional lathe operations is given below:

Chamfering: The tool is used to cut an angle on the comer of a cylinder.

Parting: The tool is fed radially into rotating work at a specific location along its length to cut off the
end of a part.

Threading: A pointed tool is fed linearly across the outside or inside surface of rotating parts to
produce external or internal threads.

Boring: Enlarging a hole made by a previous process. A single-point tool is fed linearly and parallel to
the axis of rotation.

Drilling: Producing a hole by feeding the drill into the rotating work along its axis. Drilling can be
followed by reaming or boring to improve accuracy and surface finish.

Knurling: Metal forming operation used to produce a regular cross-hatched pattern in work surfaces.

Contour turning Chamfering

(Y

Facing Taper turning Form turning

e el

Cutoff  Threading Boring Drilling Knurling

CBLM — CNC Machine Operation (Student Guide) v.1 Dec 2018 11
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#  SELF-CHECK QUIZ1.1.3
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Write true or false for the following statements:

Loy

For lathe operations, work piece can be hold between centres.
Drilling is performed by holding the work by a chuck.
Knurling can be performed by special attachments.

2
3
4. Eccentric turning can be performed by using special attachments.
5

The threading tool is clamped in the tool post on the compound slide.

CBLM — CNC Machine Operation (Student Guide) v.1 Dec 2018
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@ Learning Outcome 1.2 - Prepare for Lathe Operations

st

;, Contents:

= Select appropriate types of lathe machine for different lathe operations
= Use lathe accessories in accordance with the requirements of the operations
= Select cutting speed, feed and depth of cut in accordance with the job specifications

A},
Assessment criteria:

= Appropriate types of lathe machine are selected for different lathe operations.

= Lathe accessories are used in accordance with the requirements of the operations.

= Cutting speed, feed and depth of cut are selected in accordance with the job specifications.

Resources required:

Students/trainees must be provided with the following resources:

= Workplace (simulated or actual)

= Relevant drawings, manuals, codes, standards and reference material

" Lathe machine and accessories, cutting tools appropriate to processes or activities
= Stationery

. Instruction sheet/manual

" Personal protective equipment (PPE)

Activity
LEARNING ACTIVITY 1.2.1

Learning Activity

Resources/Special Instructions/References

Select appropriate types of lathe machine for
different lathe operations

= Information Sheet: 1.2.1
= Self-Check Quiz: 1.2.1
=  Answer Keyl.2.1

0,0,0
E INFORMATION SHEET 1.2.1

Learning Obijective: to select appropriate types of lathe machine for different lathe operations.

CBLM — CNC Machine Operation (Student Guide) v.1 Dec 2018
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= Types of Lathe machine:

Lathes can be divided into three types for easy identification: engine lathes, turret lathes, and special
purpose lathes. Small lathes can be bench mounted, are lightweight, and can be transported in
wheeled vehicles easily. The larger lathes are floor mounted and may require special transportation if
they must be moved. Field and maintenance shops generally use a lathe that can be adapted to
many operations and that is not_too large to be moved from one work site to another. The engine
lathe is ideally suited for this purpose. A trained operator can accomplish more machining jobs with
the engine lathe than with any other machine tool. Turret lathes and special purpose lathes are
usually used in production or job shops for mass production or specialized parts. While basic engine
lathes are usually used for any type of lathe work.

Engine Lathes: These are probably the most popular among the lathe machines. In fact, no machine
shop is seen without this type of lathe. The good thing about engine lathes is that it can be used in
various materials, aside from metal. Moreover, the set-up of these machines is so simple that they are
easier to use. Its main components include the bed, headstock, and tailstock. These engine lathes
can be adjusted to variable speeds for the accommodation of a wide scope of work. In addition, these
lathes come in various sizes.

O ———
C6241x1000

Turret Lathes: These types of lathes are used for machining single work pieces sequentially. This
means that several operations are needed to be performed on a single work piece. With the turret
lathes, sequential operations can be done on the work piece, eliminating errors in work alignment.
With this set-up, machining is done more efficiently. Correspondingly, time is saved because there is
no need to remove and transfer the work piece to another machine anymore.

Special Purpose Lathes: As the name implies, these lathes are used for special purposes such as
heavy-duty production of identical parts. In addition, these lathes also perform specific functions that
cannot be performed by the standard lathes. Some examples of special purpose lathes include the
bench-type jewellers’ lathes, automatic lathes, crankshaft lathes, duplicating lathes, multi-spindle
lathes, brake drum lathes, and production lathes among

others.

CNC Lathe Machine: A CNC Lathe Machine is

abbreviated as Computer Numerical Control Lathe VA T
[ ] (1]}

Machine. It is generally operated by precisely
programmed commands encoded on a storage medium.
A CNC Machine uses computer controls to cut different
materials. CNC Computer Numerical Control machines
are widely used in manufacturing industry. The CNC
machine comprises of the computer in which the program

CBLM — CNC Machine Operation (Student Guide) v.1 Dec 2018 14
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is fed for cutting of the metal of the job as per the requirements. The main function of CNC machines
is to remove some of the metal so as to give it proper shape such as round, rectangular, etc. A CNC
system consists of three basic components (i) Part program and (ii) Machine Control Unit (MCU).

~

& SELFCHECK QUIZ121
®

Write true or false for the following statements:

1. Engine lathe is also known as centre lathe.

Geared lathe is the type of engine lathe.

o~ o N

Activity
LEARNING ACTIVITIES 1.2.2

Lathe centres are made up of very hard materials.

The shanks of all the centres are machined to the metric 2 to 4 standard taper.

Wood working lathe is the example of capstan and turret lathe.

Learning Activity

Resources/Special Instructions/References

Use lathe accessories in accordance with the
requirements of the operations

= [nformation Sheet: 1.2.2
=  Self-Check Quiz: 1.2.2
= Answer Key: 1.2.2

0,0,0
E INFORMATION SHEET 1.2.2

Learning Obijective: to use lathe accessories in accordance with the requirements of the operations.

Accessories and Attachments of Lathe Machine: Accessories are the tools and equipment used in

routine lathe machining operations. Attachments are special fixtures that may be mounted on the lathe to
expand the use of the lathe to include taper cutting, milling, and grinding. Some of the common
accessories and attachments are described in the following paragraphs.

R
TTTreGkLL

-

Tool Post: the sole purpose of the tool post is to provide a rigid support for the tool. It is mounted in the
T-slot of the compound rest. A forged tool or a tool holder is inserted in the slot in the tool post. By
tightening a setscrew, you will firmly clamp the whole unit in place with the tool in the desired position.

Tool holders: Notice the angles at which the tool bits are set in the various holders. These angles must
be considered with respect to the angles ground on the tools and the angle that the tool holder is set with

respect to the axis of the work.

CBLM — CNC Machine Operation (Student Guide) v.1 Dec 2018 15
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Lathe chuck: Lathe chuck is a device for holding lathe work. It is mounted on the nose of the spindle.
The work is held by jaws which can be moved in radial slots toward the centre of the chuck to clamp
down on the sides of the work. These jaws are moved in and out by screws turned by a special chuck

The four-jaw independent lathe chuck is the most practical chuck for general work. The four jaws are
adjusted one at a time, making it possible to hold work of various shapes and to adjust the centre of the
work to coincide with the axis of the spindle. The jaws are reversible.

The three-jaw universal or scroll chuck can be used only for holding round or hexagonal work all three
jaws move in and out together in one operation and bring the work on centre automatically. This chuck is
easier to operate than the four-jaw type, but, when its parts become worn, its accuracy in centring cannot
be relied upon. Proper lubrication and constant care are necessary to ensure reliability.

The draw-in collet chuck is used to hold small work for machining in the lathe. It is the most accurate
type of chuck made and is intended for precision work. The collet, which holds the work, is a split-
cylinder with an outside taper that fits into the tapered closing sleeve and screws into the threaded end
of the hollow drawbar. As the hand wheel is turned clockwise, the drawbar is moved toward the hand
wheel. This tightening up on the drawbar pulls the collet back into the tapered sleeve, thereby closing it
firmly over the work and centring the work accurately and quickly. The size of the hole in the collet
determines the diameter of the work the chuck can handle.

Faceplates the faceplate is used for holding work that, because of its shape and dimensions, cannot be
swung between centres or in a chuck. The T-slots and other openings on its surface provide convenient
anchors for bolts and clamps used in securing the work to it. The faceplate is mounted on the nose of the
spindle.

The driving plate is similar to a small faceplate and is used mainly for driving work that is held between
centres. The primary difference between a faceplate and a driving plate is that a faceplate has a
machined face for precision mounting, while the face of a driving plate is left rough. When a driving plate
is used, the bent tail of a dog clamped to the work is inserted into a slot in the faceplate. This transmits
rotary motion to the work.

Lathe Centres: The 60-degree lathe centres provide a way to hold the
work so it can be turned accurately on its axis. The headstock spindle
centre is called the live centre because it revolves with the work. The
tailstock centre is called the dead centre because it does not turn. Live
and dead centres have shanks turned to a Morse taper to fit the tapered
holes in the spindles; both have points finished to an angle of 60°. They
differ only in that the dead centre is hardened and tempered to resist the
wearing effect of the work revolving on it. The live centre revolves with
the work and is usually left soft. The dead centre and live centre must
never be interchanged. (There is a groove around the hardened dead
centre to distinguish it from the live centre.)

Lathe Dogs: Lathe dogs are used with a driving plate or faceplate
to drive works being machined on centres; the frictional contact
alone between the live centre and the work is not enough to drive
the work. The common lathe dog is used for round work or work
having a regular section (square, hexagon, and octagon). The
piece to be turned is held firmly in the hole (A) by the setscrew (B).
The bent tail (C) projects through a slot or hole in the driving plate
or faceplate so that when the tail revolves with the spindle it turns
the work with it. The clamp dog may be used for rectangular or
irregularly shaped work. Such work is clamped between the jaws,

CBLM — CNC Machine Operation (Student Guide) v.1 Dec 2018 16
Skills for Employment Investment Programme (SEIP)



Centre Rest: The centre rest, also called the steady rest, is used for the
following purposes:

> To provide an intermediate support for long slender bars or shafts
being machined between centres. The centre rest prevents them from
springing, or sagging, as a result of their otherwise unsupported weight.

> To support and provide a centre bearing for one end of the work,
such as a shaft, being bored or drilled from the end when it is too long to be
supported by a chuck alone. The centre rest is clamped in the desired
position on the bed and is kept aligned by the ways. The jaws (A) must be
carefully adjusted to allow the work (B) to turn freely and at the same time
remain accurately centred on the axis of the lathe. The top half of the frame
is a hinged section (C) for easier positioning without having to remove the
work from the centres or to change the position of the jaws.

Follower Rest: The follower rest is used to back up small diameter work to keep it from springing under
the cutting pressure. It can be set to either precede or follow the cutting action. It is attached directly to
the saddle by bolts (B). The adjustable jaws bear directly on the part of the work opposite the cutting tool.

Taper Attachment: The taper attachment is used for turning and boring
tapers. It is bolted to the back of the carriage. In operation, it is connected
to the cross slide so that it moves the cross-slide traversal as the carriage
moves longitudinally, thereby causing the cutting tool to move at an angle
to the axis of the work to produce a taper.

The desired angle of taper is set on the guide bar of the attachment. The
guide bar support is clamped to the lathe bed Since the cross slide is
connected to a shoe that slides on this guide bar, the tool follows along a
line parallel to the guide bar and at an angle to the work axis
corresponding to the desired taper. The operation of the taper attachment
will be further explained under the subject of taper work. : 2 oLk

Thread Dial Indicator: The thread dial indicator, the need to reverse the lathe to return the carriage to
the starting point each time a successive threading cut is taken. The dial, which is geared to the lead
screw, indicates when to clamp the half-nuts on the lead screw for the next cut. The threading dial
consists of a worm wheel which is attached to the lower end of a shaft and meshed with the lead screw.
On the upper end of the shaft is the dial. As the lead screw revolves, the dial is turned and the
graduations on the dial indicate points at which the half-nuts may be engaged.

~»

& SELF-CHECK QUIZ1.22
® |

Write true or false for the following statements:

1. Carriers are also known as lathe dogs.

2. The shanks of all the centres are machined to the Morse 0 to 3 tapers.

3. The threading tool is clamped in the tool post on the compound slide.

4. Three jaw chuck is also known as universal or self-centre chuck.

5.  Four jaw chucks are dependent chuck.
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