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This book is based on the authors’ many years of trade ex-
perience and experience as specialists in teaching. To keep up-to-
date with technological change, the authors have  researched the 
latest technical information available and have visited industries 
that are leaders in their field. Key personnel in manufacturing 
firms and leading educators reviewed many sections of this book, 
so that accurate and up-to-date information is presented. The au-
thors are grateful to the reviewers for the technical and practical 
suggestions that were incorporated into the text.

The business and manufacturing world today is very dif-
ferent from what it was as little as 5 or 10 years ago. Ever more 
highly productive advanced technology and global competi-
tion are the driving forces behind this never-ending change. It 
seems that new technological developments are occurring 
every month, and the days when we used to do the same thing 
month after month are gone.

Globalization and the fierce competition it has brought 
have created a need for industry to produce high-quality prod-
ucts quickly and at less cost. This is a real challenge for some 
industries that have not kept pace with the constant-changing 
technology and that still hope 5- to 10-year-old technology will 
keep them in business. In order to survive, we must develop 
and use manufacturing systems that produce better products, 
faster, and at lower cost than our competitors. These highly 
productive systems are available to anyone in the world. Those 
companies that use them first are very likely to survive, while 
those that do not will gradually fade away.

To make this course interesting and challenging for stu-
dents, online videos can be used to cover new technologies. 
DVDs and videos are also available on loan or for a small fee from 
technical societies, manufacturers, and publishers. The  instructor’s 
manual includes sources of videos, along with  answers to the re-
view questions in the text. A student workbook is also  available.

Steve F. Krar
Arthur R. Gill

Peter Smid
Jonathan A. Gill

Robert J. Gerritsen

Today’s modern machine shops and tool and die shops are 
now environmentally controlled with dedicated metrology labs 
for quality control and inspection. They have integrated the use of 
more computer numerical control (CNC) machine tools, but they 
have still retained the ability to use conventional machines. A 
modern jobbing shop today will still have conventional machines 
such as mills, lathes, assorted drill presses, saws, and some of the 
precision equipment used prior to CNC (such as surface grinders, 
jig borers, and cylindrical and tool and cutter grinders).

Because the technology of machining is changing rapidly, 
the machinist (student) must learn to operate a wide range of ma-
chine tools and understand the unique cutting properties of these 
different machines, cutting tools, and workpiece materials as well 
as be able to use conventional hand tools and measuring tools. 

The purposes of this text are to assist instructors in provid-
ing basic training on conventional machine tools, to cover basic 
programming for CNC machines (such as turning and machining 
centers), and to introduce new manufacturing technologies and 
processes to remain competitive in the global environment.

The use of computers continues to change how machine 
tools are used to manufacture products. Computers have im-
proved until they are now highly sophisticated units capable of 
controlling the operation of a single machine, a group of  machines, 
or even a complete manufacturing plant. Section 17, “Computer- 
Age Machining,” now includes not only computer numerical con-
trol machine tools, such as turning and machining centers, but 
also newer manufacturing technologies. To increase manufactur-
ing productivity, machine tools have been equipped with modular 
tooling and work-holding systems, as well as new cutting tools to 
produce accurate parts faster and at competitive prices.

Today’s industries are putting more emphasis on using 
new manufacturing technologies and manufacturing intelli-
gence systems to improve their productivity and remain 
competitive in the world. Section 17 gives an overview of 
9 technologies or processes that are giving manufacturers an 
advantage over their competition. A few of these are additive 
manufacturing, Industry 4.0, multi-tasking, and robotics. Through 
the use of DVDs and online videos, students can learn how the 
machine tool trade will be changing in the future.

preface
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INTRODUCTION TO 
MACHINE TOOLS

The progress of humanity throughout the ages has been governed by the types of tools available. Ever since 
primitive people used rocks as hammers or as weapons to kill animals for food, tools have governed our 
standard of living. The use of fire to extract metals from ore led to the development of newer and better tools. 
The harnessing of water led to the development of hydropower, which greatly improved humanity’s well-being.

With the industrial revolution in the mid-18th century, early machine tools were developed and were 
continually improved. The development of machine tools and related technologies advanced rapidly during 
and immediately after World Wars I and II. Since World War II, processes such as computer numerical control, 
electro-machining, computer-aided design (CAD), computer-aided manufacturing (CAM), and flexible manufac-
turing systems (FMS) greatly altered manufacturing methods.

Today we are living in a society greatly affected by the development of the computer. Computers affect 
the growing and sale of food, manufacturing processes, and entertainment. Although the computer influences 
our everyday lives, it is still important that you, as a student or an apprentice, be able to perform basic operations 
on standard machine tools. This knowledge will provide the necessary background for a person seeking a career 
in the machine tool trade.



4 Introduction to Machine Tools

UNIT 1

OBJECTIVES

History of Machines

After completing this unit, you will be familiar with:

1 The development of tools throughout history

2 The standard types of machine tools used in shops

3 The newly developed space-age machines and processes

The high standard of living we enjoy today did not just hap-
pen. It has been the result of the development of highly efficient 
machine tools over the past several decades. Processed foods, 
automobiles, telephones, televisions, household appliances, 
clothing, books, and practically everything else we use are 
produced by machinery.

The history of machine tools began during the stone age 
(over 50,000 years ago), when the only tools were hand 
tools made of wood, animal bones, or stone (Fig. 1-1 on 
page 5).

Between 4500 and 4000 b.c., stone spears and axes 
were replaced with copper and bronze implements, and 
power supplied by humans was in a few cases replaced 
with animal power. It was during this bronze age that hu-
man beings first enjoyed “power-operated” tools.

Around 1000 b.c., the iron age dawned, and most 
bronze tools were replaced with more durable iron im-
plements. After smiths learned to harden and temper 
iron, its use became widespread. Tools and weapons 
were greatly improved, and animals were domesticated 
to provide power for some of these tools, such as the 
plow. During the iron age, all commodities required by 
humans, such as housing and shipbuilding materials, 
wagons, and furniture, were handmade by the skilled 
craftspeople of that era.

About 300 years ago, the iron age became the ma-
chine age. In the 17th century, people began exploring 
new sources of energy. Water power began to replace 

human and animal power. With this new power came 
improved machines and, as production increased, more 
products became available. Machines continued to be 
improved, and the boring machine made it possible for 
James Watt to produce the first steam engine in 1776, 
beginning the industrial revolution. The steam engine 
made it possible to provide power to any area where it 
was needed. With quickening speed, machines were im-
proved and new ones invented. Newly designed pumps 
reclaimed thousands of acres of the Netherlands from the 
sea. Mills and plants which had depended on water power 
were converted to steam power to produce flour, cloth, 
and lumber more efficiently. Steam engines replaced 
sails and steel replaced wood in the shipbuilding indus-
try. Railways sprang up, unifying countries, and steam-
boats connected the continents. Steam-driven tractors 
and improved farm machinery lightened the farmer’s 
task. As machines improved, further sources of power 
were developed. Generators were made to produce elec-
tricity, and diesel and gasoline engines were developed.

With further sources of energy available, industry 
grew and new and better machines were built. Progress 
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continued slowly during the first part of the 20th century 
except for spurts during the two world wars. World War II 
sparked an urgent need for new and better machines, 
which resulted in more efficient production (Fig. 1-2).

Since the 1950s, progress has been rapid and we 
are now in the space age. Calculators, computers, robots, 
and automated machines and plants are commonplace. 
The atom has been harnessed and nuclear power is used 
to produce electricity and to drive ships. We have trav-
eled to the moon and outer space, all because of fantastic 
technological developments. Machines can mass produce 
parts to millionths of an inch accuracy. The fields of 
measurement, machining, and metallurgy have become 
sophisticated. All these factors have produced a high 
standard of living for us. All of us, regardless of our oc-
cupation or status, are dependent on machines and/or 
their products (Fig. 1-3).

Through constant improvement, modern machine 
tools have become more accurate and efficient. Improved 
production and accuracy have been made possible through 
the application of hydraulics, pneumatics, fluidics, and 
electronic devices such as computer numerical control to 
basic machine tools.

■ Figure 1-1 The development of hand tools over the years.  (Courtesy of DoAll Company)

■ Figure 1-2 New machine tools were developed during the 
mid-20th century.  (Courtesy of DoAll Company)
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alter the shape of sheet steel products and pro-
duce parts which need little or no machining by 
compressing granular or powdered metallic 
materials.

 3. New-generation machines, which were developed 
to perform operations that would be very difficult, 
if not impossible, to perform on chip- or  
non-chip-producing machines. Electro-discharge, 
electro-chemical, and laser machines, for example, 
use either electrical or chemical energy to form 
metal to size and shape.

 4. Multi-tasking machines, a combined machining 
and turning center, capable of both subtractive and 
additive machining can produce virtually any shape 
of part, starting with a rough piece of material to  
a finished part in a single machine setup. These 
machines consist of a turning center with two  
independent spindles and a vertical machining  
center having a rotary tool spindle. They combine 
information technology (IT) and manufacturing 
technology (MT) for the efficient multiple-face 
machining of workpieces. Besides the conventional 
turning and milling operations, it is possible to hob 
gears, machine molds, harden a workpiece, and 
 cylindrical grind in the same work setup.

The performance of any machine tool is generally 
stated in terms of its metal-removal rate, accuracy, and 
repeatability. Metal-removal rate depends upon the 
 cutting speed, feed rate, and depth of cut. Accuracy is 

⊲⊲ Common Machine Tools
Machine tools are generally power-driven metal-cutting 
or -forming machines used to shape metals by:

 > The removal of chips
 > Pressing, drawing, or shearing
 > Controlled electrical machining processes

Any machine tool generally has the capability of:

 > Holding and supporting the workpiece
 > Holding and supporting a cutting tool
 > Imparting a suitable movement (rotating or recip-

rocating) to the cutting tool or the work
 > Feeding the cutting tool or the work so that the de-

sired cutting action and accuracy will be achieved

The machine tool industry is divided into several 
different categories, such as the general machine shop, 
the toolroom, and the production shop. The machine tools 
found in the metal trade fall into three broad categories:

 1. Chip-producing machines, which form metal to 
size and shape by cutting away the unwanted  
sections. These machine tools generally alter the 
shape of steel-produced products by casting,  
forging, or rolling in a steel mill.

 2. Non-chip-producing machines, which form metal 
to size and shape by pressing, drawing, punch-
ing, or shearing. These machine tools generally 

■ Figure 1-3 Machine tools produce tools and machines for manufacturing all types of products.   
(Courtesy of DoAll Company)
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METAL SAW
The metal-cutting saws are used to cut metal to the proper 
length and shape. There are two main types of metal- 
 cutting saws: the bandsaw (horizontal and vertical) and the 
reciprocating cutoff saw. On the vertical bandsaw (Fig. 1-7) 
the workpiece is held on the table and brought into contact 

determined by how precisely the machine can position the 
cutting tool to a given location once. Repeatability is the 
ability of the machine to position the cutting tool consis-
tently to any given position.

A general machine shop contains a number of stan-
dard machine tools that are basic to the production of a va-
riety of metal components. Operations such as turning, 
boring, threading, drilling, reaming, sawing, milling, filing, 
and grinding are most commonly performed in a machine 
shop. Machines such as the drill press, engine lathe, power 
saw, milling machine, and grinder are usually considered 
the basic machine tools in a machine shop (Fig. 1-4).

⊲⊲ Standard Machine Tools
DRILL PRESS
The drill press or drilling machine (Fig. 1-5), probably the 
first mechanical device developed prehistorically, is used 
primarily to produce round holes. Drill presses range 
from the simple hobby type to the more complex auto-
matic and numerical control machines used for produc-
tion purposes. The function of a drill press is to grip and 
revolve the cutting tool (generally a twist drill) so that a 
hole can be produced in a piece of metal or other material. 
Operations such as drilling, reaming, spot facing, coun-
tersinking, counterboring, and tapping are commonly 
performed on a drill press.

ENGINE LATHE
The engine lathe (Fig. 1-6) is used to produce round work. 
The workpiece, held by a work-holding device mounted on 
the lathe spindle, is revolved against a cutting tool, which 
produces a cylindrical form. Straight turning, tapering, fac-
ing, drilling, boring, reaming, and thread cutting are some 
of the common operations performed on a lathe.

■ Figure 1-4 Common machine tools found in a machine 
shop.  (Courtesy of DoAll Company)

■ Figure 1-5 A standard upright drill press.  (Courtesy of DoAll 
Company)

■ Figure 1-6 An engine lathe is used to produce round 
work.  (Courtesy of Clausing Industrial, Inc.)
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■ Figure 1-7 A contour-cutting bandsaw.  (Source: DoAll 
 Company)

■ Figure 1-8 A vertical milling machine.  (Steve Krar)

■ Figure 1-9 A surface grinder is used to grind flat 
 surfaces.  (Source: South Bend Lathe Co.)

with the continuous-cutting saw blade. It can be used to 
cut work to length and shape. The horizontal bandsaw and 
the reciprocating saw are used to cut work to length only. 
The material is held in a vise and the saw blade is brought 
into contact with the work.

MILLING MACHINE
The horizontal milling machine and the vertical milling 
machine (Fig. 1-8) are two of the most useful and versa-
tile machine tools. Both machines use one or more rotat-
ing milling cutters having single or multiple cutting edges. 
The workpiece, which may be held in a vise, fixture, ac-
cessory, or fastened to the table, is fed into the revolving 
cutter. Equipped with proper accessories, milling ma-
chines are capable of performing a wide variety of opera-
tions, such as drilling, reaming, boring, counterboring, 
and spot facing, and of producing flat and contour sur-
faces, grooves, gear teeth, and helical forms.

GRINDER
Grinders use an abrasive cutting tool to bring a workpiece 
to an accurate size and produce a high surface finish. In 
the grinding process, the surface of the work is brought 

into contact with the revolving grinding wheel. The most 
common types of grinders are the surface, cylindrical, 
cutter and tool, and bench or pedestal.

Surface grinders (Fig. 1-9) are used to produce 
flat, angular, or contoured surfaces on a workpiece.



 History of Machines 9

many cases throughout the world, conventional machine 
tools operated by hand are being replaced by CNC ma-
chine tools operated by computers.

Chucking and turning centers (Fig. 1-10a and b), the 
CNC equivalent of the engine lathe, are capable of machin-
ing round parts in a minute or two that would take a skilled 
machinist an hour to produce. The chucking center is de-
signed to machine parts in a chuck or some form of holding 
and driving device. The turning center, similar to a chuck-
ing center, is designed mainly for shaft-type workpieces 
that must be supported by some type of tailstock center.

The machining centers (Fig. 1-11a and b), the CNC 
equivalent of the milling machine, can perform a variety 
of operations on a workpiece by changing its own cutting 
tools. There are two types of machining centers, the verti-
cal and the horizontal. The vertical machining center  
(Fig. 1-11a), whose spindle is in a vertical position, is 
used primarily for flat parts where three-axis machining 
is required. The horizontal machining center (Fig. 1-11b), 
whose spindle is in a horizontal position, allows parts to 
be machined on any side in one setup if the machine is 
equipped with an indexing table. Some machining centers 
have both vertical and horizontal spindles that can change 
from one to another very quickly.

Electrical discharge machines (EDM) (Fig. 1-12) 
use a controlled spark erosion process between the cutting 
tool and the workpiece to remove metal. The two most 
common EDM machines are the wire-cut and the vertical 
ram type. The wire-cut EDM uses a traveling wire to cut 
the internal and external shapes of a workpiece. The ver-
tical ram-type EDM, commonly called the die sinking 
machine, generally feeds a form tool down into the work-
piece to reproduce its form.

Cylindrical grinders are used to produce internal 
and external diameters, which may be straight, 
 tapered, or contoured.
Cutter and tool grinders are generally used to 
sharpen milling machine cutters.
Bench or pedestal grinders are used for offhand 
grinding and the sharpening of cutting tools such 
as chisels, punches, drills, and lathe and 
planer tools.

SPECIAL MACHINE TOOLS
Special machine tools are designed to perform all the op-
erations necessary to produce a single component. Special- 
purpose machine tools include gear-generating machines; 
centerless, cam, and thread grinders; turret lathes; and  
automatic screw machines.

⊲⊲ Computer Numerical 
Control Machines

Computer numerical control (CNC) has brought tremen-
dous changes to the machine tool industry. New machine 
tools, controlled by computers, have allowed industry to 
produce parts quickly and to accuracies undreamed of 
only a few years ago. The same part can be reproduced, to 
the exact accuracy, any number of times if the part pro-
gram has been properly prepared. The operating com-
mands that control the machine tool are executed with 
amazing speed, accuracy, efficiency, and reliability. In 

(a) (b)

■ Figure 1-10 Chucking (a) and turning centers (b) are capable of producing round parts quickly and accurately.  (Courtesy of Yamazaki 
Mazak Corporation)


