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Title: Unit 02: Materials, processes and tooling

Level: 3

Credit value: 5

GLH 30

Unique
Reference A/651/1988
Number:
Sector

Subject Area:
Aim: The aim of this unit is to provide learners with the skills and knowledge to

be able to select appropriate materials and tooling for machining tasks
based on given information.

4.1 - Engineering

Assessment

Type: Written examination.

LEREESIQEhIa Assessment of this unit will be through the completion of a mandatory
internally set, internally assessed written examination.

Learning outcomes
The learner will:

1. Be able to identify and describe and processes in machining.
Delivery content:

The aim of this learning outcome is to provide the learners with the knowledge to identify

and describe processes in machining.

The learner must:
1.1 Describe functions/processes carried out using mills, lathes and
grinding machines. (K10, K11)
1.2 Describe functions carried out using Electro Discharge Machine (EDM).
(K10, K11)
1.3 Describe the types of gears and processes in gear cutting. (K10, K11)

2. Be able to select milling tools for tasks based on their features and material being
machined.
Delivery content:

The aim of this learning outcome is to provide the learners with the skills and knowledge

to select the appropriate tooling for milling operations.
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The learner must:
2.1 Be able to identify and describe the features of milling tools. (K9)
2.2 Describe the applications for different types of milling tools. (K9)
2.3 Explain the limitations of milling tools and common issues.
2.4 Explain the different grades of milling tools and their applications.
2.5 Select the tooling for a task. (K9, S13)

3. Be able to select turning tools for tasks based on their features and material being
machined.

Delivery content:
The aim of this learning outcome is to provide the learners with the knowledge and skills

to select the appropriate tooling for turning operations.

The learner must:
3.1 Be able to identify and describe the features of turning tools. (K9)
3.2 Describe the applications for different types of turning tools. (K9)
3.3 Explain the limitations of turning tools and common issues.
3.4 Explain the different grades of turning tools and their applications.
3.5 Select the tooling for atask. (K9, S13)

4, Be able to select grinding tools for tasks based on their features and material
being machined.

Delivery content:
The aim of this learning outcome is to provide the learners with the skills and knowledge

to select the appropriate tooling for grinding operations.

The learner must:
4.1 Be able to identify and describe the features of grinding tools. (K9)
4.2 Describe the applications for different types of grinding tools. (K9)
4.3 Explain the limitations of grinding tools and common issues.
4.4 Explain the different grades of grinding tools and their applications.
4.5 Select the tooling for a task. (K9, S13)

5. Be able to identify materials and describe their properties.

Delivery content:
The aim of this learning outcome is to provide the learners with the knowledge and
understanding to describe materials and their properties in order to select the most

appropriate tooling for the job.
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The learner must:

5.1 Describe the properties and structures of ferrous materials commonly used
in machining. (K7)

5.2 Describe the properties and structures of non-ferrous materials commonly
used in machining. (K7)

5.3 Describe finishing processes for materials.

5.4 Explain families and grades of materials, differences in properties, and their
uses. (K7, S9)

5.5 Explain limitations of materials. (K7, S9)

6. Be able to select and manage material for machining.

Delivery content:
The aim of this learning outcome is to provide the learners with the skills and knowledge

to select and manage materials for machining.

The learner must:
6.1 Identify material type from the documentation provided. (K7, K12, K16)
6.2 Explain how to obtain material and procedures involved in stock
management. (K23, S6)
6.3 Explain different methods of stock management. (K23)
6.4 Demonstrate the inspection of materials and explain the process of stock
returns for their workplace. (K12, S11)

7. Be able to use hand tools and general workshop machines.

Delivery content:
The aim of this learning outcome is to provide the learners with the skills and knowledge

to use hand tools and general workshop tools for finishing machined pieces.

The learner must:
7.1 Explain the necessity of hand finishing in machining.
7.2 Describe methods for hand finishing machined parts.
7.3 List other workshop tools and equipment used in machining and explain

their uses.
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Scope of Training

The Scope of Training identifies areas that must be covered during the delivery of this

unit. This is the minimum that is expected but tutors are expected to include other areas,

knowledge of which will benefit their learners, based on location, types of work available

and from the tutors own professional experience.

Requirements

Functions/processes
carried out using
mills, lathes and

grinding machines

For example:

e Lathe: turning parts with a range of features.

¢ Lathe and cylindrical grinding: producing parts with
eccentric features.

¢ Grinding machine: production of parts where
flatness/squareness are critical.

¢ Milling: producing complex precision parts with a range of
features.

e How to identify production method(s) from drawings, for
example whether a piece will be made on a lathe or mill.

Functions of an
Electro Discharge
Machine (EDM)

For example:
o Complex shape machining.
e Hard material machining.
¢ Precision component manufacturing.
¢ Micro machining, where normal machining tools cannot
be used.
e Tool and die making.
¢ Removal of broken tooling in parts, such as taps.

Types of gears and
processes in gear

cutting

For example:
e Gear types such as worm gears, bevel gears, spur gears,
helical gears, herringbone gears.
e Shaping methods such as: grinding, shaping, finishing,
broaching, hobbing, milling.

Tooling for a task

For example:
¢ How to select the correct tooling for the process/feature.
e Grades of tools, eg. roughing cutters and finishing cutters.

Features of milling

tools

For example:
e Shank
e Flute

e Cutting edge

e Shank length

e Flute length

e Number of teeth

e Material tool is made from

e Radius

Types of milling

tools

For

End mills
Ball nose

e
e Face mills
[ ]
[ ]
e Bull Nose
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Torus
Chamfer
Slot drill
Drills
Taps

U drill
Counter bore
Boring head
Counter sink

Limitations of

milling tools

[ )
[ )
[ ]
[ ]
[ ]
e Thread mills
[ )
[ ]
[ ]
[ ]
e

For example:
¢ Plunging

e Depth of cut

e Side load

e Speeds and feeds
e Materials

[ )

Use of coolant or cutting oils

Grades of milling
tools

For example:

Carbide tips
Carbide solid
High speed steel
Ceramic

Coated

Features of Turning

tools

For example:

¢ Rake angle
Tip radius
Clearance angle
Speeds and feeds
Depth of cut
Cutting angle

Types of Turning
tools

For

[¢]

xample:

Chamfer tool

Right hand knife tool
Parting off tool
Undercut tool

Boring bar

Drill, including spotting and centre drill.
Counter sink
Counter bore

Taps and dies
Thread bar

Limitations of

Turning tools

For example:

Depth of cut

Speeds and feeds

Material used on

Application of tool

Plunging

Use of coolants or cutting oils
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Grades of Turning For example:

¢ High speed steel
e Carbide solid

e Carbide tipped
e Coated

e Ceramic

tools

Features of grinding | For example:

e Diameter

Thickness

Material

Angle

Radius

Bonded — Non bonded (for example resin bonded)
¢ Diamond formed wheels

tools

Types of grinding For example:

e Cylindrical.
Surface.
Form.
Internal.
Centreless.
Hand.

Plunge cut.
Straight grinding wheel.
Grinding cup.
Grinding dish.
e Segmented.

tools

Limitations of For example:

¢ Material removal rate.

Cost.

Heat generation.

Imperfect contact.

Forms that can be produced.
Work holding methods.

Cost to run.

e Run times.

grinding tools

Grades of grinding For example:

e Abrasive Grain: Common types include aluminium oxide,
silicon carbide, zirconia, ceramic alumina, cubic boron
nitride (c-BN), or diamond.

e Bonding Agent: This can be either vitrified (glass-like
bond) or organic (resin or other agent).

o Air/Empty Space: Voids or porosity (natural or induced)
within the wheel.

tools

Justify tool selection | For example:

¢ Diameter to be machined.

Thickness / depth of cut.

Grade of tool if carbide.

Angle of tip.

Radius of tip.

Material of tooling, for example high speed steel.

based on material.
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Ferrous materials

For example:
e Mild steel, stainless steel, etc.
o Properties of common ferrous materials.
e How the grade of material affects choice of tooling.
e Codes for materials.

Non-ferrous

materials

For example:

Copper, brass, aluminium, etc.

Properties of common non-ferrous materials.

Alloys and percentages.

Codes for the materials.

How the type of material affects choice of tooling, for
example tools with chip breakers, etc.

e Polymers, nylon, etc.

Finishing processes

For example:
¢ Heat treatment and the reasons for, eg. relieving internal
stresses, hardening, etc.
e Surface finishes such as: galvanising, electroplating, shot
blasting, anodising, blackening ferrous materials,
polishing, sand blasting, sanding, brushed, etc.

Families and grades

For example:

e Grades and uses of non-ferrous materials, such as
copper: oxygen free high conductivity, free-machining,
electrolytic, etc.

e Grades and uses of ferrous materials, such as mild steel:
high tensile steel, Corten, EN24T/817M40T, EN1A,
E3NB, etc.

e Families of stainless steel: Ferritic, martensitic, austenitic,
duplex.

e How the grade of material affects choice of tooling.

Limitations of

materials

For example:

Suitability of materials for machining processes.

Hardness of material and the tooling requirements.

Thermal conductivity and heat build-up when machining.

Ductility and brittle fractures.

Workpiece stability, especially considering vibrations,

chattering, etc.

e Material traits such as. hardness, malleability, brittleness,
tensile strength, ductility.

e Effects of material characteristics on machining, for
example more malleable materials can be difficult to
machine when producing small, intricate parts.

Documentation

For example:
e Drawings provided.
¢ Delivery notes.
o Labelling on materials.

Stock management

For example:
¢ Inventory tracking/stock takes.
e Material selection and ensuring the correct materials are
chosen.
o Material labelling for grades and alloys.
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Effective and safe storage for materials.

Maintaining stock levels for repeat jobs.

Lead times for ordering.

Availability of materials.

Waste reduction, choosing the right stock size for a piece,

etc.

e Stock inspections on delivery and prior to commencing
machining tasks.

e Completing stock returns.

Methods of stock For example:
Just-in-Time.
management ¢
g e Kanban.

e Vendor managed inventory.

e ABC analysis.

Inspection of For example:

e Check documentation.

Examine packaging.

Check dimensions.

Surface finish and defect inspection.

Property testing where necessary for the industry/job.

o Feedback to supplier, approval/rejection.

Methods for hand For example:

e Deburring tools.

e Wire wool.

e Hand files, including grades of files.

Workshop tools and | For example:

e Pillar drill.

¢ Vice/other material holding techniques.

e Horizontal and vertical band saws.

¢ Hand tools such as squares, scribes, dividers, bevel
protractors, etc.

materials

finishing

equipment
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