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ABSTRACT

Main techniques encountered in selecting, using and developing of NC machine tools are introduced in
this book.which including: features of NC machine tools, NC machining programming., controlling principle
and CNC unit of machine tools, position measurement devices,and servo systems of spindle and feed. The de-

veloping trend of CNC technology is brief introduced at the end of the hook. Some exercises are given at each

chapter for self-study of readers.
This book can be used for textbook of bilingual teaching of numerical technology for the students of me-

chanical engineering major,and refernce for engineers in using and developing of CNC machine tools.
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PREFACE

Numerical Control is one of the most important achievements in
mechanical engineering field in 20 century. It is a crossing and in-
tegrating technology comprising of computer technology, automatic
control technology, information technology, sense technology, and
machining technology. Numerical control technology and advanced
manufacturing technology based on numerical control technology
have promoted and will promote mechanical engineering technology
and make it develop rapidly. Numerical control technology has be-
come one of the important technical basic classes of the students of
mechanical engineering specialty. After China join to the WTO, the
manufacturing industry will transfer from advanced countries to Chi-
na,and great amounts of advanced equipment will enter to China.
This is not only challenge but also opportunity for the manufacturing
industry of China. The age has brought forward the higher require-
ments of special technique and foreign language to the students of
mechanical engineering major. In response to these requirements,
many universities and colleges have developed double language teach-
ing. Under the guide and organizing of committee of double language
textbooks of general university, we write the textbook, to meet the
requirement of mechanical engineering speciality for bilingual text-
book.

This book is written on the base of teaching précis of numerical
control technology of universities in our country. We strive to add the
most current advantages of numerical control technology from abroad
and our country,to meet the requirements of China’s university.

The chapter 1 and 7 of the book are written by Dong Chang-

shuang,the chapter 2 is written by Chang Xing,the chapter 3 written
1



by Li Wenbin, the chapter 4 written by Wang Honghai, the chapter 5
written by Yang Li,and the chapter 6 written by Hu Zhangqi. The to-
tal book is arranged by Hu Zhanqi. Zang Huaiquan, Professor of Yan-
shan University,and Yu Hongnian, Professor of Bradford University
England,are retained as the chief umpire of the book. Wang Yiqun,
Professor of Yanshan university,gives greate support to the publish-
ing of the book,Song Shujun and Wu Linpu, the graduated students
of Yanshan University, take part in the proofreading of the book. We
are grateful to them for their contributions to this book.

It is a very new attempt to write bilingual textbook. Because of
the limits of the writer’s ability, There may be some mistakes and
careless omissions in the book,although we have tried our best. We

hope to get the criticizing from readers.

Authors
2003. 9
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CHAPTER
1

INTRODUCTION TO
NUMERICAL CONTROL

1.1 FUNDAMENTALS OF NC TECHNOLOGY

1.1.1 Development History of NC

The concept for NC dates from the late 1940s. The development of NC owes much to the
United States Air Force and the early aerospace industry. The first development work in the
area of NC is attributed to John Parsons and his associate Frank Stulen at Parsons
Corporation in Traverse City, Michigan. Parsons was a contractor for Air Force during the
1940s and had experimented with the concept of using coordinate position data contained on
punched cards to define and machine the surface contours of airfoil shape. He had named his
system the Cardamatic milling machine, since the numerical data was stored on the punched
cards,

The first NC machine was developed in 1952, Under contract to the U. S Air Force, the
Parsons Corporation undertook the development of a flexible, dynamic manufacturing sys-
tem,designed to maximize productivity by emphasizing details required to achieve desired ac-
curacies®. This system would allow design changes without costly modifications to tooling
and fixturing, and it would fit into a modern, productive manufacturing management for
small-to-medium sized production runs. The Parsons Corporation subcontracted the develop-
ment of the control system to the Massachusetts Institute of Technology (MIT) in 1951. A
control, which could be applicable to a wide variety of machine tools, would drive a slide lead
screw through an interface, instructed by the output of a computer. MIT met the challenge
successfully,and in 1952 demonstrated a Cincinnati Hydrotel milling machine equipped with
the new technology,which was named Numerical control (NC) and used a prepunched tape
as the input media. Since 1952, practically every machine tool manufacturer in the Western

world has converted part or its entire product to NC,



2 INTRODUCTION TO NUMERICAL CONTROL

The first NC machines used vacuum tubes, electrical relays, and complicated machine-
control interfaces (1952). The second generation of machines utilized improved miniature e-
lectronic tubes (1959) ,and later small scale integrated circuits (1965).

As computer technology improved, NC underwent one of the most rapid changes known
in history. The fourth generation used much improved integrated circuit (1970s). Computer
hardware became progressive less expensive and more reliable and NC control builders intro-
duced for the first time Read Only Memory (ROM) technology. ROM was typically used for
program storage in special-purpose applications, leading to the appearance of the computer
numerical control (CNC) system. CNC was successfully introduced to practically every man-
ufacturing process.

The fifth generation is microprocessor CNC., Since the introduction of NC in 1952, there
have been dramatic advances in digital computer technology. The physical size and cost of a
digital computer have been substantially reduced at the same time that its computational ca-
pabilities have been substantially increased. It was logical for the makers of NC equipment to
incorporate these advances in computer technology into their products,starting first with mi-
crocomputer in the 1980s, Among the strengths of the fifth generation microprocessor CNC
(MCNC) are added part program memory storage, reduction of printed circuit boards, pro-

grammable interface,faster memory access, parametric subroutines,and macro capabilities.

1.1.2 Concept of NC and CNC

Numerical control (NC) is a form of programmable automation in which the mechanical
actions of a machine tool or other equipment are controlled by a program containing coded al-
phanumeric data. The alphanumerical data represent relative positions between a workhead
and a workpart as well as other instructions needed to operate the machine, The workhead is
a cutting tool or other processing apparatus,and the workpart is the object being processed.
When the current job is completed, the program of instructions can be changed to process a
new job. The capability to change the program makes NC suitable for low and medium pro-
duction, It is much easier to write new programs than to make major alterations of the pro-
cessing equipment,

Numerically controlled (NC) machine tools were developed to fulfill the contour machi-
ning requirements of complex aircraft parts and forming dies. The first-generation numerical-
ly controlled units used digital electronic circuits and did not contain any actual central pro-
cessing unit; thereby they were called NC or hardwired NC machine tools. In 1970s,computer
numerically controlled (CNC) machine tools were developed with minicomputers used as
control units, With the advances in electronics and computer technology, current CNC sys-
tems employed several high-performance microprocessors and programmable logical control-
lers that work in a parallel and coordinated fashion. Current CNC systems allow simultaneous
servo position and velocity control of all the axis, monitoring of controller and machine tool

performance,online part programming with graphical assistance, in-process cutting process

WX



FUNDAMENTALS OF NC TECHNOLOGY 3

. - - . )
monitoring,and in-process part gauging for completely unmanned machining operations®.
Manufacturers offer most of these features asoptions. Today, virtually all the new machine
control units are based on computer technology; hence, when we refer to NC in chapter and

elsewhere, we mean CNC.
1.1.3 Basic Components of NC Machine Tools

The control system of a numerically controlled machine tool can handle many tasks com-
monly done by the operator of a conventional machine. For this, the numerical control system
must ‘know’ when and in what sequence it should issue commands to change tools,at what
speeds and feeds the machine tool should operate, and how to work a part to the required
size. The system gains the ability to perform the control functions through the numerical in-
put information that is the control program,also called the part program.

The work process of NC is show in Figure 1. 1. The part programmer should study the
part drawing and the process chart and then prepare the control program on a standard form
in the specified format. It contains all the necessary control information. A computer-assisted
NC part program for NC machining method is also available,in which the computer consider-
ably facilitates the work of the programmer and generate a set of NC instructions. Next the
part program is transferred into the control computer;the wide accepted method is that the
worker types the part program into the computer from the keyboard of the computer numeri-
cal control front panel. The computer converts each command into the signal that the servo-

drive unit needs. The servo-drive unit drives the machine tool to manufacture the finished

part.
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Figure 1.1 The work process of NC
A typical NC machine tool has five fundamental units: (1) the input media, (2) the ma-
chine control unit, (3) the servo-drive unit,(4) the feedback transducer,and(5) the mechani-

cal machine tool unit. The general relationship among the five components is illustrated in

Figure 1. 2.
Input media Machine Servo-drive Machine tool
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Figure 1,2 Basic components of a CNC machine tool



4 INTRODUCTION TO NUMERICAL CONTROL

The input media contains the program of instructions, it is the detailed step-by-step
commands that direct the actions of the machine tool; the program of instructions is called a
part program, The individual commands refer to positions of a cutting tool relative to the
worktable on which the workpart is fixtured. Additional instructions are usually included,
such as spindle speed, feed rate, cutting tool selection, and other functions. The program is
coded on a suitable medium for submission to the machine control unit, For many years, the
common medium was l-inch wide punched tape,using a standard format that could be inter-
preted by the machine control unit, Today, punched tape has largely been replaced by newer
storage technologies in modern machine shops. These technologies include magnetic tape, dis-
kette,and electronic transfer of part programs from a computer,

In modern CNC technology, the machine control unit (MCU) consists of a microcomput-
er and related control hardware that stores the program of instructions and executes it by
converting each command into mechanical actions of machine tool, one command at a time.
The MCU includes system software, calculation algorithm,and transition software to covert
the NC parts program into a usable format for the MCU.

The third basic component of an NC system is the servo-drive unit;the drives in machine
tools are classified as spindle and feed drive mechanisms. Spindle and feed drive motors and
their servo-amplifiers are the components of the servo-drive unit, The MCU processes the da-
ta and generates discrete numerical position commands for each feed drive and velocity com-
mand for the spindle drive. The numerical commands are converted into signal voltage by the
MUC unit and sent to servo-amplifiers, which process and amplify them to the high voltage
levels required by the drive motors.

The forth basic component of an NC system is the feedback transducer. As the drives
move, sensors measure their actual position. The difference between the required position and
the actual position is detected by comparison circuit and the action is taken, within the servo,
to minimize this difference,

The fifth basic component of an NC system is the machine tool that performs useful
work. It accomplishes the processing steps to transform the starting workpiece into a comple-
ted part. Its operations are directed by the MCU, which in turn is driven by instructions con-
tained in the part program. In the most common example of NC, machine tool consists of the

worktable and spindle.

1.2 CLASSIFICATIONS OF NC MACHNINES

Numerical control machines are classified in different way: (1) the types of NC motion

control system, (2) the type of servo-drive system,and (3) application of NC.
1.2,1 Types of NC Motion Control System

Some NC processes are performed at discrete locations on the workpart (e, g. ,drilling,



