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Preface

In the late 1970s I was working for a division of a Fortune 500
company in Connecticut as a Senior Manufacturing Engineer.
One of my major cost reduction and capital projects was the
justification and implementation of CNC turning and ma-
chining centers in the firm’s production facilities. Naturally,
one of my concerns was to train the machinists in using this
new technology, even though many of them had years of man-
ual machining experience. One immediate problem I encoun-
tered was a lack of training materials. The machine makers’
manuals usually assumed the user was already conversant in
CNC programming theory, and some of the foreign manuals
lost meaning when translated.

Although some textbooks were available, they seemed to
relate either to older NC or hard-wired systems or to com-
puter-assisted programming systems. Many of the ideas used
in presenting technical theory in this book—how and in what
order to present it, for example—were developed during in-
house training classes that I gave.

In 1981, I left to begin a business of my own, doing con-
tract CNC programming, process planning, and consulting.
CNC manual programming classes became a major part of my
business as more and more companies bought their first CNC
machines. Eventually I began to offer CNC programming
courses to companies who wanted to prepare their employees
with a general knowledge in this field. Thus I came to begin
this book.
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PREFACE

This book is intended to help the student or reader un-
derstand what CNC programming is and how it works. I
present the material in an easy-to-understand format, using
analogies where appropriate and a conversational manner to
help maintain interest. The presentation becomes more tech-
nical as the reader progresses through each chapter.

When presenting new subject matter, I include many
program examples, covering several of the many systems cur-
rently in use. I am a firm believer in the value of examples
rather than theory alone in the teaching of practical applica-
tions. In one chapter I list the meanings of many of the com-
mon and uncommon G and M codes used in current and past
CNC systems. I also list some of the known differences in
these codes among different systems, encouraging the reader
always to check the machine builder’s manual when in doubt.

This book does not become heavily involved with trigo-
nometry but does have formulas and some examples on the
use of trigonometry in programming. Math is a separate sub-
ject outside the scope of this particular book, which stresses
planning, understanding, and the structure and use of code to
establish tool motion and sequence.

The chapters on canned cycles for turning and drilling
applications are comprehensive. They present many of the so-
called standard meanings, along with some that are not stan-
dard but are found on some systems with large installed
bases. The liberal use of illustrations in these and other
chapters should help the student.

The concept of circular interpolation is introduced early
and is then amplified in a separate, highly annotated, chap-
ter. This particular function has always seemed the most diffi-
cult for some students to grasp, perhaps because of an inade-
quate math background.

The concept of subprogramming is introduced, and the
use of examples should help the reader comprehend its value
in helping to reduce the amount of code required to write a
part program.

Chapter 11 consists of a test program for turning and
one for milling, each partially written, so that the student
can fill in the blanks.

There is a glossary of common terms. An appendix on
calculating feeds and speeds includes the standard formulas,
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a data table for 28 commonly used materials, and common
formulas to calculate various drill tip heights and chamfer
diameters.

An Instructor’s Manual with additional programs, test
questions, and sample programming forms is also available.

I wish to thank my fellow manufacturing engineer and
friend John Donlan for his assistance in writing this book.

I am also grateful to the following reviewers who offered
suggestions to improve the manuscript of this second edition:
William Blackledge, Augusta Technical Institute; Paul J. De-
mers, University of Cincinnati; and Richard Neuverty,
Hawkeye Institute of Technology.

Kenneth J. Laviana
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The purpose of this manual is to help you become a good
numerical control programmer. The emphasis is on you, the
programmer, not the machine, and on the things you must
consider in order to write a good program.

What Is a Numerical Control Program?

A numerical control (NC) program is a set of instructions
designed by you, the programmer, and fed into a numerical
control machine. The machine acts on these instructions to
fabricate a workpiece according to a part blueprint.

What Is a Good Numerical Control Program?

A good numerical control program is a set of instructions
designed and carefully planned (put into an efficient, work-
able order) by the programmer and fed into a numerical con-
trol machine. The machine acts on these instructions in the
fabrication of a workpiece according to a part blueprint. A
good NC program takes into account (1) cycle time, (2) ma-
chine capacity, (3) tool life, (4) ease of setup, (5) operator ac-
cessibility, and (6) flexibility.

The first part of Basic CNC Programming deals with just
that—the basics. The latter part deals with the refinements
you must learn to become a good (maybe even great?) NC
programmer.

The machines used most often in this book to illustrate
techniques are the computer numerical control (CNC) lathe
and the CNC machining center or milling machine. The skills

1



INTRODUCTION

you develop as a programmer, however, can be applied to any
machine.

Follow this manual at your own pace. Go back and reread
sections you don’t understand.

Remember: If you really want to learn, you will do just
fine.

Relax and enjoy! Numerical control programming is
really quite fun!
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CHAPTER 1

What Is Numerical Control
Programming?
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To find out just what numerical programming is, let’s listen in
on a conversation between a couple of employees at the coffee
machine one morning.

“Brian, I'm tired of just using my muscles to work for a
living. I'd sure like to use my mind some. I've been
watching you do your job these past few weeks—you
know, programming? It looks very interesting. Do you
really enjoy it?”

“You bet, Ted. It’s interesting and challenging, and I
have a lot of fun doing it.”

“Fun? In a job?”

“Yes, fun. Enjoyment, I mean. There’s a great satis-
faction that comes from writing a good program, one that
enables the CNC machines to cut production costs in
half—or even better!”

“If CNC machines are so great, why don’t all shops
have them?”

“A lot of shops do, Ted, but they are very expensive
to buy—sometimes ten times more expensive than man-
ual machines—and they need intelligent and creative
people to program them—people who can think things
out carefully and make decisions based on experience, on
what the best approach would be to solving the machin-
ing problems.”

“Well . . . T've got some experience in a machine
shop, and I can think things out pretty clearly. But what
is this stuff about creativity?”

“Ted, almost anyone with average intelligence can
write a program, but the really good programmers use
their creativity, their imaginations, to write good pro-
grams—programs that will make the difference between

5
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profit and loss for their companies. In most cases there
are probably a dozen different ways to write a program
for a given machining job, but usually only one or two
will work best.”

“How do you do programming, Brian?”

“The trick to programming is to break all of your
machining operations down into their simplest parts.
You have to describe to the CNC machine exactly what
you want it to do every step of the way. For instance, if
you want to tell it to drill a hole in a specific place, you
can’t just program the words ‘drill a hole.” The machine
won’t know where to do it, how deep it has to be, or how
fast the drill has to cut. You have to tell it all of these
things in your program, and you have to do this with
each tool that is going to machine the workpiece.”

“I don’t know, Brian. It sounds awfully complicated
to me!”

“Ted, when you look at a blueprint and then you
look at the piece of raw material that the workpiece is
going to be made from, it does look complicated. But if
you start off by deciding just which machining operations
need to be done and then (this is very important) in which
order they should be done, that is half the job right there.
It is simply a matter of starting with the first tool and
telling the machine exactly what you want it to do with
that tool. Then you tell the machine what to do with the
second tool, and then the third tool, and so on, until the
part is completed. The finished workpiece may look very
complicated, but programming the CNC machine to fab-
ricate it is really easy, if you take it one tool at a time.”

“That doesn’t seem too hard. I do that on my manual
machine every day—take one tool at a time, I mean. The
only difference is that I don’t tell the machine what to do
with each tool; I just do it.”

“That’s not quite true, Ted. When you turn down a
shaft on a lathe, don’t you decide which tool bit you want
to use?”

“Yeah.”

“And don’t you choose the proper speed for the spin-
dle, the one that will work the best and give you good
results?”

“YesIdo,but. . .”

“And when you drill holes on a milling machine,
don’t you tell the drill where to go by moving the dials on
the table to the right coordinates?”
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“Coordinates? Oh, you mean locations! Yes, I do
that, and quite well too.”

“Well then, you are telling the machine which tools
to use and just what to do with them.”

“I never thought of it quite that way before, but
you’re right.”

Ted thinks for a minute about the way he goes about
machining workpieces on the manual machines and about the
steps he takes to do each operation, but then something puz-
zles him.

“Brian, how do you tell a CNC machine what to do with
each tool? I know you don’t just walk up to it and say,
‘Here, machine this.” How do you talk to it?”

“You tell the machine what to do by using a code.
The code is something that both the programmer and the
machine can understand, and, with a few exceptions,
there is just one meaning for each word in the code. That
way there is no confusion about what the programmer is
instructing the machine to do.

“The coded instructions are written on a piece of
paper (called a manuscript). Then they are typed at a
terminal and either fed into the machine’s control unit
(MCU) directly or transformed into a punched pattern on
a roll of paper tape, which is taken to the machine and
fed into a tape reader on the MCU.”

“Do all of the CNC machines understand the same
code, Brian?”

“Each CNC machine manufacturer has certain code
words that pertain only to his machine, but the great
majority of code words used can apply to almost any ma-
chine. When you learn what they are and how to use
them, you can walk up to any CNC machine, and by
reading the printout (the typewritten copy of the manu-
script) of the program that is running, you can easily
understand the instructions being given to the machine.”

“That sounds fascinating, Brian!”

“It is, Ted. The code words are not hard to learn. You
can even use the code words to talk to other program-
mers, and they will know exactly what you mean.

“But the key to being a good programmer is not how
easily you use these words, but how well you plan their
use. Any programmer can write a program to drill a hole
in a piece of metal, Ted, but a good programmer will tell
the machine how to do it without a lot of wasted motion.”
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Brian draws a simple sketch on a piece of paper, showing
two ways in which a CNC lathe might drill a hole. The two
possibilities are shown in Figure 1-1.

“Look at these two programming examples, and see
if you can figure out which one will end up drilling the
hole in the shorter amount of time.”

“It seems to me that program B would drill the hole
faster.”

“That’s right, Ted, and notice that there are also
fewer moves in program B than in program A.”

“Yeah, Brian. Program A has six moves, but pro-
gram B has only four, and the tool starts closer to the
workpiece.”

“The fewer moves a program has, the shorter and
simpler it is. This is what is known as programming
‘smart’ by using creativity. Both of these programs will

Tool turret at
machine home
position

Program A

(Rapid traverse)

Lathe

huck
chuc (Rapid traverse)

(Clearance)

Program B * Tool turret at
designated
tool change position

Lathe __ |
chuck

(Clearance)

FIGURE 1-1 Lathe Drilling Example
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Program C

$

Start
here

Program D

Start
here

FIGURE 1-2 Machining Center Drilling Pattern

drill the hole equally well, but by thinking of alterna-
tives to the choices in program A, the programmer was
able to plan and develop program B, which will take less
machining time and make more of a profit for the com-
pany. Programming ‘smart’ is programming for effi-
ciency.”

Now Brian draws another sketch on the paper, this time

of two ways in which a CNC machining center might drill a
hole pattern. These two examples are shown in Figure 1-2.

“Look at these sketches, Ted, and see if you can tell
which of the two programs will drill the holes in the
shorter amount of time. The numbers next to the hole



