.

300V
d04

M~dvs3y

w—




Machining and
CNC Technology

Michael Fitzpatrick

1 Higher Education

Boston Burr Ridge, IL  Dubugue, IA  Madison, Wl New York San Francisco St. Louis
Bangkok Bogot4a Caracas KualaLumpur Lisbon London Madrid Mexico City
Milan Montreal New Delhi Santiago Seoul Singapore Sydney Taipei Toronto




The McGrawHill companies

@ Higher Education

MACHINING AND CNC TECHNOLOGY

Published by McGraw-Hill, a business unit of The McGraw-Hill Companies, Inc., 1221 Avenue of the Americas, New York,
NY 10020. Copyright © 2005 by The McGraw-Hill Companies, Inc. All rights reserved. No part of this publication may be
reproduced or distributed in any form or by any means, or stored in a database or retrieval system, without the prior written
consent of The McGraw-Hill Companies, Inc., including, but not limited to, in any network or other electronic storage or
transmission, or broadcast for distance learning.

Some ancillaries, including electronic and print components, may not be available to customers outside the United States.
This book is printed on acid-free paper.

234567890VNH/VNH098765
ISBN 0-07-825090-0

Publisher, Career Education: David T. Culverwell

Publisher, Trades and Engineering Technology: Thomas E. Casson
Managing Developmental Editor: Jonathan Plant

Developmental Editor: Patricia Forrest

Marketing Manager: Lynn M. Kalb

Senior Project Manager: Kay J. Brimeyer

Production Supervisor: Kara Kudronowicz

Senior Media Project Manager: Sandra M. Schnee

Media Technology Producer: Janna Martin

Cover Designer: Rick D. Noel

Cover Photography Courtesy of: Haas Automation, Oxnard, California
Senior Photo Research Coordinator: John C. Leland

Supplement Producer: Brenda A. Ernzen

Compositor: The GTS Companies/York, PA Campus

Typeface: 10/12 Stone Serif

Printer: Von Hoffmann Corporation

Cover Dedication:

Haas Automation stands out in their efforts to support and invest in technical education. With several levels of
involvement, Haas supports better manufacturing through full and partial partnerships with progressiveschools.

Through their generosity they make it possible to upgrade machining technologies here in North America and worldwide.
My fellow instructors and I salute Haas Automation and Scott Rathburn—Marketing Manager and Editor of their own
publications, “CNC Machining.”

The credits section for this book begins on page 1050 and is considered an extension of the copyright page.
Library of Congress Cataloging-in-Publication Data

Fitzpatrick, Michael, 1945-
Machining and CNC technology / Michael Fitzpatrick., — 1st ed.
p. cm.
Includes index.
ISBN 0-07-825090-0 (alk. paper)
1. Machining—Handbooks, manuals, etc. 2. Machine-tools—Numerical control—Handbooks, manuals, etc. 1. Title:
Machining and computer numerical control technology. II. Title.

TJ1165.F54 2005

671.3'5—dc21 2001040125
CIP

www.mhhe.com



While there were countless others along the way, these
four made all the difference in my career and life. Without
them I question whether this book would have been.

To Linda, my wife
for never complaining about the time taken from us to
do this, for believing, giving, and forgiving.

To Jan Carlson
for demonstrating with acts, what a caring
professional should be, and especially for the
encouraging space to grow.

To Bill Simmons
for trusting me with more than just your tool box, for
your gentle guidance. We all miss you, Uncle Bill.

To Bill Coberley
for marketing me in the beginning and for being a
life-long friend.



As if it was yesterday, Il remember carrying my
new toolbox down the isle at Kenworth
Trucks of Seattle. Scotty, the crusty drill press
operator, stepped away from his machine and
planted himself right in front of me. Without
a welcome, he raised his bushy eyebrows,
poked two fingers into my chest, and said
“You see all these men here?” He waited. At
eighteen, I recall only nodding, unable to
speak. He went on, “Each one of us will show
you everything we know if you pay attention.
We'll give you lifetimes of experience, but
know this, lad, it comes with an obligation.
Someday you'll pass it on.”

Hello, I'm Mike Fitzpatrick, your machining
instructor in print. Since you've honored me
by studying my book, I thought it might be a
confidence builder to tell a little about why I'm
qualified to pay forward to you what Scotty
and countless other fine craftsmen taught me.

[ began that apprenticeship on the first
Monday after high school graduation, in
1964. A year or so later, I was given the life-
altering opportunity to be their first employee
to run the first Numerical Control machine
brought to the Seattle area, other than the
ones at the Boeing Aircraft Company. Nothing

like the computerized machines you're about
to learn, that NC machine was a turret head
drill press, run by paper tapes. Not far from a
music box in its technology, it was primitive
compared to the machines in your training
lab. Still, it was enough to hook me for life. So,
with a year of applications and interviews, I
transferred to Boeing where I completed my
machining certificate. There I learned to run
programmed machines that had basements,
and ladders to get up to the cutter head!

Passing the tough final with a 100% score, I
qualified to take the even tougher test to be-
come a tool and die apprentice. I made it and
finished my training in 1971. That totaled
12,000 hours of rigorous on-the-job training
under a whole army of skilled people. It also
came with many hours of technical classes.
Since then I've either been a machinist/tool
maker or taught others for my entire adult
life. For the last 25 years I've taught manufac-
turing in technical schools, private industry,
a high-school skills center, a junior high
school, and in two foreign countries.

Today I can stand in front of anyone and
say with pride, “I'm a journeyman tool and
die maker and a master of my trade.” Nearing
the end of my journey, Scotty’s imprint calls
me to pass it forward. But don’t forget, what
we instructors and machinists give you
comes with the same obligation.

One trait we clearly see you’ll need far more
than we did is adaptability. Beyond impart-
ing skills and competencies, this book has a
mission: to start its readers down the long,
ever-accelerating technology path. Clearly,
the machinist of the future is one who can see
and adapt to a changing future. When you do
pass the baton forward, the trade won’t be
anything like that found in this book. But I'm
confident it will be passed, because machin-
ists have a long history of adaptation.



Preface

Proudly we look back to see we’ve been right
at the cutting edge of the computer revolu-
tion. We began using programmed machine
tools over fifty years ago. That predates de-
signers using computer-aided drawing or sci-
entists doing research on giant mainframes.
Although the lines I've drawn below to define
eras are fuzzy, programmed machine tool
evolution can be divided into three genera-
tions, based on the way they were used in in-
dustry and how they were taught in the tech
schools:

First Generation:
1940 to 1965

They began as lab experiments, then for
twenty-five years slowly appeared in progres-
sive shops. Like my tape drill at Kenworth, at
first, only a few appeared within a manufac-
turing region. But nearing this era’s end,
about half of the big shops had one or more
tape-driven machines. However, during this
entire era, NC was always considered a spe-
cialty. Most machining was still completed on
manually operated or automatic equipment.
Programming was a labor-intense, time-
consuming task. Purchasing an NC machine
(tape driven with no computer) could only be
justified if the shop made thousands of simi-
lar parts or if the work they wanted to pro-
duce was impossible by any other means.
Since numerical control skills were a spe-
cialty, they were taught in few schools, and
only near the end of the era. NC jobs were never
given to beginners.

Second Generation:
1965 to 1990

This era might be called the big-bang. It be-
gins with an estimated 20/80 ratio of pro-

grammed equipment compared to manually
operated, but it ends somewhere around
90/10! During the middle, PCs become af-
fordable, and software springs forth that
anyone can use. Programming becomes a
desktop task. With processor chips speeding
up, programmed machines becoming ever-
more affordable and capable, work is de-
signed specifically for CNC manufacturing.
Nearing the end of this era, all mainstream
manufacturing is done on programmed ma-
Chine tools. Schools teach the subject as an ad-
vanced study near the end of the machining
course.

Third Generation: 1990 to

the Present

Programmed machine tools now represent
nearly 100% of manufacturing and of greater
impact to you, of new jobs. Entry level people
usually start in the shop as CNC operators. Flex-
ible and friendly, the machines and program-
ming systems are so quick and easy to learn
that they are now practical even for one-of-
a-kind work such as mold making and die
work, as well as production. Schools integrate
and teach CNC as an entry level subject—start-
ing from the first lesson on the first day.

This book was specifically written to serve
the third generation student. To do so, sub-
jects have been grouped into four large career
partitions:
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Part 1 Introduction to
Manufacturing

Manufacturing is a world of its own. Sec-
tions 1 through 8 are designed to open the
door. It provides the background needed to
fit into the shop, understand the rules, read
and interpret the drawings, to be comfort-
able with extreme accuracy, and especially,
to be safe.

Part 2 Introduction to
Machining

Sections, 9 though 16 teach how to cut metal
the right way. These lessons assume you’ll
eventually perform them on CNC equip-
ment, but probably practice first on manually
operated machines because they are simple,
safe places to learn setups and operations.

Part 3 Introduction to CNC

Now we get to the text core, how to apply
Parts 1 and 2 to setting up, programming,

Preface

and running CNC machine tools. In Sections
17 through 24 we will learn how to profes-
sionally manage a CNC world. Because they
move at lightning speeds with lots of power
behind them, safety must be integrated into
everything we study.

Part 4 Advanced and
Advancing Technology

The evolution isn’t over—not even close!
These four sections, 25 though 28, set the
tone for your career after graduating. The best
is yet to come so let’s get started!

So, many thanks for using my book to start
your manufacturing career. It’s an honor to
be your instructor. Here’s what I can pass on
about our trade.

Mike Fitzpatrick
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