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Introduction

 Machining processes discussed here:

 With capability of producing parts that are round in shape

 Most basic is turning: part is rotated while it is being machined

 Lathe (or by similar machine tools):

 Considered to be the oldest machine tools

 Carry out turning processes (see next 4 slides):

 Highly simple, versatile machines

 Requires a skilled machinist

 Inefficient for repetitive operations and for large production

 All parts are circular (property known as axisymmetry*)

 Processes produce a wide variety of shapes

 Speeds range from moderate to high speed machining
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Introduction

Processes carried out on a lathe:

 Turning (figures a-d):

 Produce straight, conical, curved, or grooved workpieces

 Examples: shafts, spindles, pins

 Facing (figure e):

 Produce flat surface at end of part and ⊥ to its axis

 Face grooving (figure f):

 Produce grooves for applications such as O-ring seats
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Introduction

Cont. Processes carried out on a lathe:

 Cutting with forms tools (figure g):

 Produce axisymmetric shapes (functional, aesthetic purposes)

 Boring (figure h):

 Enlarge hole/cylindrical cavity made by previous process:

 Produce circular internal grooves (figure h)

 Drilling (figure i):

 Produce a hole

 May be followed by boring to improve dim. acc./ surface finish
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Introduction

Cont. Processes carried out on a lathe:

 Parting (figure j): AKA cutting off

 Cut a piece from the end of a part

 Used with production of blanks for additional processing/parts

 Threading (figure k):

 Produce external or internal threads

 Knurling (figure l):

 Produce regularly shaped roughness on cylindrical surfaces

 Example: making knobs, handles (remember micrometer?)
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Introduction
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 Lathes:

 Available in different designs, sizes, capacities, computer-

controlled (CNC) features

 Below: general view of typical lathe, showing various 

components(holds 

the tool)

(auto. tool feed)

(clamps 

workpiece)

basic components,

safety, sample operation
carriage operating

lathe

application

(supports the free end)
(moves tool)

(rigid base)

https://youtu.be/lgCgwHJ92YA?si=IpYFq1N8R5x0mPa2
https://youtube.com/shorts/UGCuyeO_Rlg?si=L1N7Lp5kxiFZcGNj
https://youtube.com/shorts/L4IKpOR6cQo?si=-nR0-rhVufWvlDq6
https://youtube.com/shorts/PDaiUgCX6cA?si=BzAeahjxo5aJkBc_


Introduction
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 Turning (see below) is performed at various: 

1. Rotational speeds, 𝑁, of workpiece clamped in a spindle

2. Depths of cut, 𝑑

3. Feeds, 𝑓

 Change in parameters depends on:

 workpiece materials

 cutting-tool materials

 surface finish

 dimensional accuracy

 characteristics of the machine tool Basic turning operation



Introduction
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𝑽

Schematic of the turning 

operation

a) Turning operation

(showing insert and chip removal)

b) Basic turning operation showing:

𝑁 (𝑟𝑒𝑣/min), 𝑑, 𝑓; Note, 𝑉 is surface 

speed of workpiece at tool tip (= 𝜋𝐷𝑁)



Introduction

 Turning operations:

 Majority: simple single-point cutting tools (right-hand cutting tool)

 Each group of workpiece materials has optimum tool angles

 Process parameters  direct influence on machining processes 

& optimized productivity

 Topics discussed here:

 Tool geometry

 Material removal rate (MRR)

 Roughing and finishing cuts

 Tool materials, feeds, and cutting speeds

 Cutting Fluids

Copyright © 2010 Pearson Education South Asia Pte Ltd
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2. Tool Geometry
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Tool Geometry

Tool Geometry

 Rake angle (aka back rake angle, BRA):

 controls both direction of chip flow and strength of tool tip

 Cutting-edge angle: 

 affects chip formation, tool strength and cutting forces

 Relief angle:

 controls interference and rubbing at tool–workpiece interface

 Nose radius:

 affects surface finish and tool-tip strength
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Designation for a right-hand cutting 

tool (i.e. tool travels from right to left)



3. Material Removal Rate (MRR)
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Material-Removal Rate

 This is vol. of material removed / unit time [𝑚𝑚3/𝑚𝑖𝑛]

 For each revolution:

 Ring-shaped layer of material is removed

 Cross section of layer (see right):

◼ Distance tool travels in one revolution: feed, 𝑓

◼ Depth of cut, 𝑑, where 𝑑 = 𝐷0 − 𝐷𝑓 /2

◼  𝐶𝑆𝐴 = 𝑓 ∗ 𝑑 [𝑚𝑚2/𝑟𝑒𝑣]

 Average diameter of the ring:

◼ 𝐷𝑎𝑣𝑔 = 𝐷0 + 𝐷𝑓 /2

◼ Note, for light cuts on large-𝐷 workpieces: 𝐷𝑎𝑣𝑔 = 𝐷0

 Average circumference of ring: 𝜋𝐷𝑎𝑣𝑔 [𝑚𝑚]

  𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑟𝑖𝑛𝑔 = 𝐶𝑆𝐴 ∗ 𝜋𝐷𝑎𝑣𝑔 = 𝜋𝐷𝑎𝑣𝑔𝑑𝑓 [𝑚𝑚3/𝑟𝑒𝑣]

𝑑
𝑓

𝐷0 𝐷𝑓

feed

𝐷𝑎𝑣𝑔

CSA
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Material-Removal Rate

 Expression for MRR:

 We established, one revolution: 𝑉𝑜𝑙. 𝑟𝑒𝑚𝑜𝑣𝑒𝑑 = 𝜋𝐷𝑎𝑣𝑔𝑑𝑓

 So given: 𝑁, rotational speed of workpiece [𝑟𝑒𝑣/𝑚𝑖𝑛] or [𝑟𝑝𝑚]

  𝑴𝑹𝑹 = 𝝅𝑫𝒂𝒗𝒈𝒅𝒇𝑵 ([𝑚𝑚3/𝑟𝑒𝑣] * [𝑟𝑒𝑣/𝑚𝑖𝑛] = [𝑚𝑚3/𝑚𝑖𝑛])

 Also, given: 𝑉, surface cutting speed

◼ 𝑉 = (𝑐𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑 / 𝑟𝑒𝑣. ) ∗ (# 𝑜𝑓 𝑟𝑒𝑣 / 𝑚𝑖𝑛)

◼  𝑽 = 𝝅𝑫𝒂𝒗𝒈𝑵 [𝑚𝑚/𝑚𝑖𝑛]

  𝑴𝑹𝑹 = 𝒅𝒇𝑽 (Q: 𝑀𝑅𝑅 has same units as above?)
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Material-Removal Rate

 Expression for cutting time:

 Given, 𝑙: distance traveled [𝑚𝑚]

 Also, tool travels at feed rate

◼ 𝒗 = 𝒇𝑵 ([𝑚𝑚/𝑟𝑒𝑣] * [𝑟𝑒𝑣/𝑚𝑖𝑛] = [𝑚𝑚/𝑚𝑖𝑛])

◼ But also: 𝑠𝑝𝑒𝑒𝑑 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 / 𝑡𝑖𝑚𝑒 = 𝑙 / 𝑡; or: 𝑡 = 𝑙/𝑣

  𝒕 = 𝒍/𝒇𝑵

 Note,

◼ 𝑡 does not include time for tool approach and retraction,

◼ Machine tools are designed/built to minimize these times

 Equations/terminology mentioned: summarized in Table 23.3

18



Material-Removal Rate

Depth of cut, mm

𝐷0 − 𝐷𝑓 /2
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4. Forces in Turning
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Forces in Turning

 3 principal forces acting on 

cutting tool:

 Cutting force, 𝑭𝒄
◼ Pushes tool: ↓, workpiece: ↑

 Thrust force, 𝑭𝒕 (feed force, 𝐹𝑓)

◼ Pushes tool: → (away from chuck)

 Radial force, 𝑭𝒓
◼ Pushes tool away from workpiece

 Important for:

 Design of machine tools

 Precision-machining operations

 Preventing deflection, vibrations, chatter of tools due to forces
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5. Roughing and Finishing Cuts
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Roughing and Finishing Cuts

 Usual procedure:

 one or more (1) roughing cuts

 at high feed rates,

 large depths of cut (i.e. high MRR)

 little consideration for dimensional

tolerance and surface roughness

 This is followed by:

 a (2) finishing cut

 at a lower feed,

 lower depth of cut

  good surface finish
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6. Tool Materials, Feeds, and 

Cutting Speeds
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Tool Materials, Feeds, Cut. Speeds

 Large range of applicable 

cutting speeds, feeds for a 

variety of tool materials (right)

 Used as general guideline in 

turning operations

 Specific parameters (𝑑,𝑓,𝑉):

 Various workpiece materials

 Various tool materials

 Different cutting conditions

 See Table 23.4
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Tool Materials, Feeds, Cut. Speeds
26



Tool Materials, Feeds, Cut. Speeds
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7. Cutting Fluids
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Cutting Fluids

 What is the purpose of CFs?

 Recommendations for cutting fluids suitable for various 

workpiece materials:

 Note:

 Aluminum

 Copper

 Carbon/

low alloy

steels
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8. Solved Example
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The Turning Process

EXAMPLE 23.1

Material-removal Rate and Cutting Force in Turning

A 150-mm-long, 12.5-mm-diameter 304 stainless steel rod 

is being reduced in diameter to 12.0 mm by turning on a 

lathe. The spindle rotates at N 400 rpm, and the tool is 

travelling at an axial speed of 200 mm/min. Calculate the 

cutting speed, material-removal rate, cutting time.
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The Turning Process

Solution

Material-removal Rate and Cutting Force in Turning

The maximum cutting speed is

The cutting speed at the machined diameter is

The depth of cut is mm 25.0
2

0.125.12
=

−
=d

( )( )
m/min 7.15

1000

4005.12
0 ===


 NDV

( )( )
m/min 1.15

1000

4000.12
0 ===


 NDV
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The Turning Process

Solution

Material-removal Rate and Cutting Force in Turning

The feed is

The material-removal rate is

The actual time to cut is

( )( )
mm 75.0

4005.0

150
==t

mm/rev 5.0
400

200
==f

( )( )( )( )( ) /minm 102/min mm 19244005.025.025.12 363 −=== MMR
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