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Abstract

This book is one of the “serial bilingual textbooks of the mechanical engineering program”. The
course of “Fundamentals of Machine Manufacturing Technology” is the necessary and main profes-
sional fundamental module subject required for training modern senior mechanical manufacturing pro-
fessions and management talents. This book has covered the basic knowledge, theory and skill of the
machine manufacturing technology. Written under the guideline of “emphasize the fo#fndation, lower
the barycentre, expand the knowledge, cut down the lecture hour, refine the content and widen the
adaptability”, it has mixed and optimized the knowledge of the original six courses, including Metal
Cutting Theory and Cutting Tool, Machine Tool and Fixture, and Mechanical Manufacturing
Process. In this book, the metal cutting theory has been treated as the foundation, the manufacturing
process has played the rule of the main clue, and the knowledge of the process equipment and ma-
chine tool has also been concerned. The authors have paid much attention to the new development of
the theory and technology in this subject, and made an introduction to the non— conventional machi-
ning technology and modern manufacturing technology.

This book has been written for those who are intended to develop bilingual teaching for the
students in mechanical engineering program, A companion Chinese textbook with the similar content
and structure, entitled as Fundamentals of Machine Manufacturing Technology, composed by Zeng
Zhixin, Lv Ming, published by Wuhan University of Technology Press, awarded as 21th century ori-
ented series, can be used as the Chinese reference in teaching.

This book can be used as the professional textbook of mechanical engineering and similar me-
chanical engineering for universities and colleges, it can also be used as a reference for engineers or

technicians who are engaged in mechanical manufacturing technology or engineering management.
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Writer’s Notes

We are stepping into an internationally communicative, cooperative, yet highly competitive
new century that calls for innovation of higher education and pedagogical reform to meet the
increasing demands of scientific, economic, and social development. This book was written to
meet the demands of bilingual teaching and education in this context, and it is the fruition of the
practice of reform in bilingual teaching during the past few years in accordance with the planning
of the Bilingual Textbook Editorial Board of Mechanical Engineering for Higher Education.

The book covers the elementary knowledge, theory, and skills in machine manufacturing. It is
a fundamental course for senior professionals and managerial personnel in this field. The present
book reorganizes the content of mental-cutting elements, cutting tools, cutting machine tools,
clamping apparatus, and machine manufacturing technology. It bases itself on the cutting theory
and focuses on manufacturing technology. Due consideration is also given to technological
equipment knowledge, non-conventional processing technology, and modern manufacturing
technology. The latest theoretical and technological development in this discipline is also
included.

This book was written in comparatively easy English. Summaries or exercises are included in
each chapter. Users can also refer to Fundamentals of Machine Manufacturing Technology, a
textbook of Chinese for the 21st century, edited by Zeng Zhixin & Lv Ming, and published by
Wuhan University of Technology Press. The target users of this book are as follows: students of
mechanical engineering and related fields; administrative and technical professionals.

We recommend 64 periods for classroom instruction and 8 periods for Chapters 8 & 9 as
optional chapters. The 64 periods can be further divided as: Chapter 1: 4 periods; Chapter 2: 12
periods; Chapter 3: 14 periods; Chapter 4: 14 periods; Chapter 5: 10 periods; Chapter 6: 4 periods;
and Chapter 7: 6 periods. Chapters 8 and 9 can take 4 periods respectively.

The editors-in-chief, as appointed by the Board, are as follows: Prof. Zeng Zhixin of South
China University of Technology; Lv Ming of Taiyuan University of Technology: Ya Gang of
Taiyuan University of Technology; and Liu Wangyu of South China University of Technology. Dr.
Jim Platts of Cambridge University has read the final draft carefully and meticulously and has
made valuable suggestions and corrections.

The main contributors are as follows: Zeng Zhixin (Chapter 1), Quan Yanming (Chapters 2&
7), Liu Wangyu (Chapters 4 & 5), Ya Gang & Lv Ming (Chapters 3 & 6), and Hao Yongxing
(Chapters 8 & 9). Lin Yin, Liu Wangyu, Li Weiguang, Li Yong, and Zhang Yang contributed to
the finalization of the book. |

We are indebted to the Board, Wuhan University of Technology Press, the Dean’ s office and



the College of Manufacturing Engineering of South China University of Technology. They have
been most supportive and helpful. We are most grateful to all those who have contributed to the
painstaking work of compiling, revision and finalization. We would also like to thank the authors
of numerous textbooks and other literature for whatever materials we have referred to or cited.

The book is far from perfect. We sincerely welcome comments so that improvements could

be made in future editions.

Zeng Zhixin
South China University of Technology
May 2004

E-mail: adzxzeng @scut.edu.cn




PREFACE

It is now three centuries since Abraham Darby began smelting iron with coal in
Coalbrookdale in England, two and a half centuries since Benjamin Huntsman began making
crucible steel in Sheffield, the City of my birth, two centuries since Henry Maudslay created
the first powered lathe and in America, Eli Whitney created the first powered milling ma-
chine. And it is a century since Frederick Taylor in America examined the high speed cutting
performance of the new tool steels coming from Sheffield, and opened up the path to higher
performance in machining processes. Since then there have been many steps in the develop-
ment of understanding of tool materials, tool shape, machine design and machine control,
and there is more to come.

It is not just that engineers make things. A machining process is like a dance. In a well
designed and well executed machining process there is music, timing, rhythm, flow, co-ordi-
nated movement, precision, energy and breath-taking beauty. In every generation the ex-
perts the ones who move the story on-live and breathe the technology until they understand
every tiny detail so well that they can dance the dance to perfection. Then they start to write
new music. ‘

What drives it is the hunger to know, and the hunt_er to do better. I have by my desk
my great great great grandfather’s apprenticeship agreement, signed in 1823, apprenticing
him to his uncle, in that steel based manufacturing industry in Sheffield. So I write from at
least seven generations of knowing that hunger to know and the delight, not only in know-
ing, but in passing it on. It has been for me delight beyond description to find both that hun-
ger to know and desire to tell, not merely alive but vibrant and active in China. This book
contains a beautiful story. You will say "But there is a vast amount of detail!". I reply "Of
course! What story do you know that is worth telling that does not have a vast amount of de-
tail? Don’t miss out the detail. It is only throuth meeting all the detail and learning how to
put it together that you find the beauty!". But perhaps I should say create the beauty, be-
cause if does not emerge on its own. It only emerges when you make it visible.

Wisdom is Knowing what to do next,

Understanding is knowing how to do it.

Knowledge is embodied in the action.

So, the next thing to do is to read the book. Then practice until you know how to do it.
Then create that beauty. Move the story on. '

And then, when it is your turn;-write the next book.

Jim Platts
Institute for Manufacturing

University of Cmbridge
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CHAPTER
1

BASIC KNOWLEDGE IN THE
METAL CUTTING PROCESS

1.1 BASIC DEFINITIONS

The process in which the excess metal on a blank is-cut off by a cutting tool, and formed

into a required part, is called metal cutting.

1.1.1 Cutting motion and cutting regime

In order to remove the excess metal on a blank, certain cutting motions must be accom-

plished between the cutting tool and the workpiece. For example; when turning, the work-

piece is rotated and the cutting tool is fed to produce
parts of cylindrical section. During the formation of
a new surface there are three surfaces present in
turn on the workpiece (Figure 1-1);

Workpiece surface to be cut—the surface from
which the excess metal will be cut off.

Cutting surface—the surface that is being cut.

Machined surface—the new surface from which
the excess metal has already been cut off.

These definitions are also applied to other cut-

ting methods. Figure 1-2(a), (&) and (¢) illustrate

workpiece surface to be cut

main motion

cutting surface

machined surface
feed

Figure 1-1 Cutting motion in turning

the cutting motions in planning, drilling and milling respectively.

1.1.1.1 Cutting motion

Elementary motions of metal cutting machines include rectilinear motion and circular

motion. However, according to their effects on the relative motion between cutting tool and

workpiece, they may be divided into main motion and feeding motion, which can be seen in

Fig: 1-1.
(1) Main Motion

’
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Vf ——

(a)

Figurel-2' Cutting motions in planning, drilling, milling

It is the most necessary and important motion in the process of removing the excess
metal from the workpiece. In general, it is taken as the maximum cutting speed on the work-
piece or cutter and utilizes the most machine power. There is. only one main motion in a cut-
ting process. For turning and boring, the main motion is relative rotation between workpiece
and cutting tool.

(2) Feeding motion

Feed is the rate at which the cutting tool advances into the workpiece. Tt makes the cut-
ting process continue so that the machined surface is produced. Feed motion may be continu-
ous motion or intermittent motion. In general, feed motion .needs less machine power.

ve (3) Combination. of cutting motions and com-

bined speed

When the main motion and the feeding motion

_ are carried out simultaneously, the relative motion
"of a certain point on the cutting edge against the
% workpiece is referred to as the combination of cut-
f ting motions. The combined speed of, the cutting
. motion is represented by the vector v,. As shown in
Fig. 1-3, v, is equal to the vector sum of the main
motion plus the feeding speed, namely
Figure 1-3 Combination of cutting motions v, = v, + vy (1.1
1.1. 1.2 Three elements of cutting regime
In the cutting process, the cutting speed v,., feed f or feeding speed wv,-and back engage-
ment of the cutting edge a, are referred to as the three elements of cutting regime.
(1) Cutting speed
The speed of the main motion is the cutting speed v.. In most cutting processes the main
motion is circular motion. For circular main motion the cutting speed is

v = ndn
< 1000

m/s or m/min (1.2)

Where d is diameter of workpiece or cutter (mm); n is number of revolution per second or

per minute (r/s or r/min). .
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When the number of revolutions per unit time is constants the cutting speed at each point on
the cutting edge can be unequal as it will be proportional to radius. As concerns tool wear and ma-
chined surface quality, the maximum cutting speed should be taken in the calculation.

(2) Feeding speed, feed and feed per tooth

Feeding speed v, is the feed in a unit time (m/s or m/min).

Feed is the relative displacement between the workpiece and the cutter along the direc-
tion of feeding motion per revolution or per stock. When the tool or the workpiece recipro-
cates, feed is measured in millimeters per stock; When. the workpiece or the tool rotates,
feed is measured in millimeters per revolution. -

For those cutting process in which the main motion is rectilinear such as planning and
slotting, though the feeding speed may not be measured, the intermittent feed must be set.
For multiple teeth cutting tools such as milling cutter, reamer, broach, gear hob etc. feed
may be measured in millimeters per tool tooth. Obviously, .

. vy=fen=f,+Z+n m/sorm/min (1.3)

(3) Back engagement of the cutting edge

For turning and planning, the back engagement of the cutting edge a, is equal to the

normal distance between the machined surface and the workpiece surface to be cut.

For cy-
lindrical turning,
a, = dL_Zi—di’i mm (1. &
For drilling,
a, = =° mm (1.5)

in which d,, is diameter of machined surface; d,, is diameter of workpiece surface to be cut.
1.1.2 [Essential definitions for the working parts of cutting tools
1.1.2.1 Structural elements for the working

part of cutting tool

Cutting tools, including complex cutting
tool arbor
tools and multiple tooth cutting tools, are all

. ey . . bit tool

assembled with some individual turning tools. e

Being based on turning tools, the International

rake face

Standards Organization (ISO) defines the gener- '

al terms for the working part of metal cutting

tool as follows, as shown in Fig. 1-4.
(1) Rake face

Rake face A, is the surface on which the

ma]or cutting edge
minor cutting edge

minor flank major flank
chip acts directly and which can tools the direc- tool nose

tion of the chip flowing out. The part adjoining

the major cutting edge is referred to as the major _18ure 14 Working part of typical turning tool

i i m!

in oi §

i ®
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rake face; the part adjoining the miinor cutting edge is referred to as the minor rake face.

(2) Flank N

There are a major flank and a minor flank. The major flank is the surface which is oppo-
site to the surface on the workpiece; the minor flank is the surface which is opposité to the
machined surface on the workpiece. i

(3) Cutting edge

Cutting edges are the edges of the rake cutting directly, they are divided into the majpr
cutting edge and the minor cutting edge. The major cutting edge is an intersecting line be-
tween the rake face and major flank, it performs the principal work -of metal removal. The
minor cutting edgé is an intersecting line between the rake face and the minor flank, which
plays a subsidiary role in cutting.

(4) Tool nose
sctual intessoction of edge arenose  chamfer nose As shown in.Fig. 1-5, the tool nose may be
an intersecting point of major and minor cutting
edges, or an intérmediate straight line or a circu-
lar arc,
1.1.2. 2 Reference system for the marked an-

gles of cutting tools

Cutting angles are connected with the rela-

Figure 1-5  Shapes of tool nose tive motion and the relative position between the
cutting tool and the workpiece to be cut. When the relative connection is changed, its cutting
condition may also be changed. Therefore, ISO builds up a reference system for marking tool
angles. '

The marked angles are the angles taken for the tool drawing and tool grinding, i.e. the
angles under a predetermined condition. Some reasoned predetermined conditions must be
provided to make the foregoing reference planes coincide with the basic planes for sharpening
and measurement of the tool as established for the design and manufacture of the tool.

In the reference system, there are the following main reference planes:

(1) Tool reference plane

Tool reference plane P, is a plane which passes through a designated point on the cutting
edge and is perpendiculdr to the vector v, of combined speed. Figure 1-6 illustrates the refer-
ence plane of a common turning or planning tool. The plane is parallel to the base plane of
the tool arbor. Figure 1-7 illustrates the reference plane of a twist drill.

(2) Tool cutting edge plane )

Tool cutting edge plane P, is a plane which passes through a designated point on the cut-
ting edge and is tangential to the cutting surface, namely, the plane formed by vector v, of
combined speed and the tangent line of a designated point on the cutting edge (Figure 1-8).

For any cutting tool some working conditions can be predetermined in advance:

1) Predetermine condition for motion
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tool reference place

designated point
on cutting edge

base plane of tool arbor

Figure 1-6 Reference plane P, of a typical turning tool Figure 1-7 Reference plane of a twist drill
First, predetermine the direction of main
motion and the direction of feeding motion of
the tool, then, assume that the feeding speed
is very low so that the main motion vector v,
can substitute for the combined speed vector
v, approximately, then the reference system
can be composed of coordinate planes that are
parallel or perpendicular to the direction of
the main motion. Namely, feeding motion is

not taken into consideration for the marked

angles. designated point

- 2t tting ed
2) Predetermine condition for setup s 5

Assume the base plane of the tool for
grinding and setup to be normal to the tool
cutting edge plane or parallel to the tool ref-
erence plane. For instance, the turning tool is
provided for and thus set up in the way that Figure 1-8 Main section and normal
.the tool nose is at the same height as the cen- section reference system
ter line of the workpiece and the center line of the tool bar is perpendicular to the direction of
feeding.

Tool reference plane and tool cutting edge plane are two important planes. They, plus
one of the following planes, consist of a reference system for the marked angles of the cut-
ting tool.

(3) Main section and main section reference system

Main section P, is a plane which passes through a designated point on the cutting edge
and is perpendicular to the tool reference plane P, and the tool cutting edge plane P, simulta-
neously, that is to say, it is a plane normal to the projection of the cutting edge in the tool
reference plane. The main section reference system is composed of P,— P,— P, (Figure 1-8).

In this system in which the three reference planes are perpendicular to one another, they con-



