
Audel™

Machine Shop Tools 
and Operations 

All New 5th Edition

PQ722-0949G-FM[0i-xii].qxd  24/1/04  4:23 pm  Page i Quark02 Quark02:Desktop Folder:FILES PQ722:



PQ722-0949G-FM[0i-xii].qxd  24/1/04  4:23 pm  Page ii Quark02 Quark02:Desktop Folder:FILES PQ722:



Audel™

Machine Shop Tools 
and Operations

All New 5th Edition

Rex Miller 
Mark Richard Miller

PQ722-0949G-FM[0i-xii].qxd  24/1/04  4:23 pm  Page iii Quark02 Quark02:Desktop Folder:FILES PQ722:

www.wiley.com
www.wiley.com


Vice President and Executive Group Publisher: Richard Swadley
Vice President and Executive Publisher: Robert  Ipsen
Vice President and Publisher: Joseph B. Wikert
Executive Editorial Director: Mary Bednarek
Editorial Manager: Kathryn A. Malm
Executive Editor:  Carol A. Long
Senior Production Editor: Fred Bernardi
Development Editor: Kevin Shafer
Production Editor:  Pamela M. Hanley
Text Design & Composition: TechBooks, Inc.

Copyright © 2004 by Wiley Publishing, Inc. All rights reserved.
Copyright © 1965, 1970, and 1978 by Howard W. Sams & Co., Inc.
Copyright © 1983 by The Bobbs-Merrill Co., Inc.

Published simultaneously in Canada

No part of this publication may be reproduced, stored in a retrieval system, or trans-
mitted in any form or by any means, electronic, mechanical, photocopying, record-
ing, scanning, or otherwise, except as permitted under Section 107 or 108 of the
1976 United States Copyright Act, without either the prior written permission of the
Publisher, or authorization through payment of the appropriate per-copy fee to the
Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, (978)
750-8400, fax (978) 646-8700. Requests to the Publisher for permission should be
addressed to the Legal Department, Wiley Publishing, Inc., 10475 Crosspoint Blvd.,
Indianapolis, IN 46256, (317) 572-3447, fax (317) 572-4447, E-mail: permcoordi-
nator@wiley.com.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used
their best efforts in preparing this book, they make no representations or warranties
with respect to the accuracy or completeness of the contents of this book and specifi-
cally disclaim any implied warranties of merchantability or fitness for a particular pur-
pose. No warranty may be created or extended by sales representatives or written sales
materials. The advice and strategies contained herein may not be suitable for your situ-
ation. You should consult with a professional where appropriate. Neither the publisher
nor author shall be liable for any loss of profit or any other commercial damages,
including but not limited to special, incidental, consequential, or other damages.

For general information on our other products and services, please contact our
Customer Care Department within the United States at (800) 762-2974, outside the
United States at (317) 572-3993, or fax (317) 572-4002.

Trademarks: Wiley, the Wiley Publishing logo, Audel, and related trade dress are
trademarks or registered trademarks of John Wiley & Sons, Inc. and/or its affiliates in
the United States and other countries, and may not be used without written permis-
sion. All other trademarks are the property of their respective owners. Wiley
Publishing, Inc., is not associated with any product or vendor mentioned in this book.

Wiley also publishes its books in a variety of electronic formats. Some content that
appears in print may not be available in electronic books.

Library of Congress Cataloging-in-Publication Data:

Printed in the United States of America

10 9 8 7 6 5 4 3 2 1

PQ722-0949G-FM[0i-xii].qxd  24/1/04  4:23 pm  Page iv Quark02 Quark02:Desktop Folder:FILES PQ722:

eISBN: 0-764-56861-2



Contents

Acknowledgments vii

About the Authors ix

Introduction xi

Chapter 1: Power Hacksaws, Power Band Saws, 
and Circular Saws 1

Chapter 2: Basic Machine Tool Operations 25

Chapter 3: Drilling Machines 39

Chapter 4: Drilling Machine Operations 51

Chapter 5: Vertical Boring Mills and Horizontal 
Boring Machines 83

Chapter 6: Lathes 107

Chapter 7: Lathe Operations 135

Chapter 8: Cutting Screw Threads on the Lathe 167

Chapter 9: Lathe Attachments 195

Chapter 10: Turret Lathes 209

Chapter 11: Milling Machines 233

Chapter 12: Milling Machine Operations 241

Chapter 13: Milling Machine Dividing Heads 267

Chapter 14: Indexing Operation 281

Chapter 15: Shapers 301

v

PQ722-0949G-FM[0i-xii].qxd  24/1/04  4:23 pm  Page v Quark02 Quark02:Desktop Folder:FILES PQ722:



vi FM Heading 1

Chapter 16: Planers 325

Chapter 17: Slotters 341

Chapter 18: Abrasive Metal Finishing Machines 353

Chapter 19: Electroforming 365

Chapter 20: Ultrasonics in Metalworking 379

Chapter 21: Machine Shop Robotics and 
Electronics 389

Appendix 405

Index 427

vi Contents

PQ722-0949G-FM[0i-xii].qxd  24/1/04  4:23 pm  Page vi Quark02 Quark02:Desktop Folder:FILES PQ722:



Acknowledgments
A number of companies have been responsible for furnishing illus-
trative materials and procedures used in this book. At this time, the
authors and publisher would like to thank them for their contribu-
tions. Some of the drawings and photographs have been furnished
by the authors. Any illustration furnished by a company is duly
noted in the caption.

The authors would like to thank everyone involved for his or her
contributions. Some of the firms that supplied technical informa-
tion and illustrations are listed below:

Alcoa
Aluminum Co. of America
Armstrong-Blum Mfg. Co.
Atlas Press Co.
Buffalo Forge
Bullard Co.
Cincinnati Milacron Co.
Ex-Cell-O Corp.
Fred V. Fowler Co.
Giddings and Lewis Machine Tool Co.
Gisholt Machine Co.
Gulton Industries
Hardinge Brothers, Inc.
Heald Machine Co.
Henry G. Thompson Co.
Jacobs Manufacturing Co.
Kalamazoo Saw Div. KTS Industries
Lufkin Rule Co.
Machinery’s Handbook, The Industrial Press
Monarch Cortland
Morse Twist Drill and Machine Co.
National Drill and Tool Co.
Nicholson File Company
Norton

vii

PQ722-0949G-FM[0i-xii].qxd  24/1/04  4:23 pm  Page vii Quark02 Quark02:Desktop Folder:FILES PQ722:



Prab Robots
Raytheon
Rockwell Manufacturing
Royal Products
South Bend Lathe, Inc.
Startrite, Inc.
Ultimation
Wilton Tool Manufacturing Co., Inc.

viii Acknowledgments

PQ722-0949G-FM[0i-xii].qxd  24/1/04  4:23 pm  Page viii Quark02 Quark02:Desktop Folder:FILES PQ722:



About the Authors
Rex Miller was a Professor of Industrial Technology at The State
University of New York—College at Buffalo for over 35 years. He
has taught on the technical school, high school, and college level for
well over 40 years. He is the author or coauthor of over 100 text-
books ranging from electronics to carpentry and sheet metal work.
He has contributed more than 50 magazine articles over the years
to technical publications. He is also the author of seven Civil War
regimental histories.

Mark Richard Miller finished his B.S. degree in New York and
moved on to Ball State University where he obtained the master’s
and went to work in San Antonio. He taught in high school and
went to graduate school in College Station, Texas, finishing the
doctorate. He took a position at Texas A&M University in
Kingsville, Texas, where he now teaches in the Industrial
Technology Department as a Professor and Department Chairman.
He has coauthored seven books and contributed many articles to
technical magazines. His hobbies include refinishing a 1970
Plymouth Super Bird and a 1971 Roadrunner. He is also interested
in playing guitar, which he did while in college as lead in The Rude
Boys band.

ix

PQ722-0949G-FM[0i-xii].qxd  24/1/04  4:23 pm  Page ix Quark02 Quark02:Desktop Folder:FILES PQ722:



PQ722-0949G-FM[0i-xii].qxd  24/1/04  4:23 pm  Page x Quark02 Quark02:Desktop Folder:FILES PQ722:



Introduction
The purpose of this book is to provide a better understanding of the
fundamental principles of machine shop practices and operations
for those persons desiring to become machinists. The beginning stu-
dent or machine operator cannot make adequate progress in his or
her trade until he or she possesses a knowledge of the basic princi-
ples involved in the proper use of various tools and machines com-
monly found in the machine shop.

One of the chief objectives has been to make the book clear and
understandable to both students and workers. The illustrations
have been selected to present the how-to-do-it phase of many of the
machine shop operations. The material presented here should be
helpful to the machine shop instructor, as well as to the individual
student or worker who desires to improve himself or herself in this
trade.

The proper use of machines and the safety rules for using them
have been stressed throughout the book. Basic principles of setting
the cutting tools and cutters are dealt with thoroughly, and recom-
mended methods of mounting the work in the machines are pro-
fusely illustrated. The role of numerically controlled machines is
covered in detail with emphasis upon the various types of machine
shop operations that can be performed by them.

This book is presented at a time when there is a definite trend
toward expanded opportunities for vocational training of young
adults. An individual who is ambitious enough to want to perfect
himself or herself in the machinist trade will find the material pre-
sented in an easy-to-understand manner, whether studying alone or
as an apprentice working under close supervision on the job.
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Chapter 1
Power Hacksaws, Power Band
Saws, and Circular Saws
Power hacksaws, power band saws, and circular saws are very
important to machine shop operations. A large number of power
hacksaws and power band saws are in use in the metalworking
industry.

Power Hacksaws
A power hacksaw is an essential machine in most machine shop
operations. For many years a hand-operated hacksaw was the only
means for sawing off metal. Power-driven machines for driving
metal-cutting saw blades have been developed to make the task eas-
ier. The power hacksaw can do the work much more rapidly and
accurately. The machinist should be familiar with these machines,
the blades used on the machines, and the operations performed on
them. One type of power hacksaw commonly found in machine
shops is shown in Figure 1-1.

1

Figure 1-1 Power hacksaw.

Basic Construction
Power hacksaws are designed to make the sawing of metal a
mechanical operation. The stock is usually held in a vise mounted
on the base of the machine. An electric motor is used to supply
power for the machine.
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2 Chapter 1

Drive Mechanism
The drive shaft is connected by a V-belt and gears to the electric
motor mounted on the machine. The drive mechanism is shielded
by guards for safety in operation.

Frame
A U-shaped frame is used on the smaller power hacksaws to sup-
port the two ends of the saw blade, which is under tension. The
heavier machines use a four-sided frame and a thin backing plate
for the blade of the saw.

Worktable and Vise
Most worktables are equipped with a vise that can be mounted either
straight or angular to the blade. The worktable is usually mounted
on a ruggedly constructed base. Many worktables are provided with
T-slots for the purpose of supporting special clamping devices.

Special Features
Nearly all power hacksaws raise the blade on the return stroke.
This feature prevents dulling of the blade by dragging it over the
work as the blade is returned to the starting position.

Another important feature is a blade safety switch that automat-
ically stops the machine if the blade should break during operation
of the saw. The safety switch prevents any damage that could result
if the machine continued operation with a broken blade.

Coolant System
Some power hacksaws are equipped with a coolant system that
delivers a coolant to the hacksaw blade. The coolant passes from a
receiving tank to a pump and then to the work. The machine is
equipped with a trough to catch the coolant, which may be
screened to remove any chips of metal.

Saw Capacity
Small power hacksaws can be used on square or round stock rang-
ing from 1⁄8 inch to 3 inches. The larger machines have a capacity
ranging to 12 inches (square or round), or even larger.

The capacity of a machine for angular cuts is different from its
capacity for straight cuts. The cutting surface is longer for angular
cutting. Thus, the saw must be equipped not only with a swivel vise
but also with a long enough stroke to make the angular cut.

Blades
High-speed tungsten steel and high-speed molybdenum steel are the
most commonly used materials in power saw blades. If only the
teeth are hardened, the blades are called flexible blades.
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Power hacksaw blades are ordered by specifying length and
width, thickness, and teeth per inch. For example, they are available
in 12� � 1� length and width at 0.050-inch thickness. The teeth per
inch (TPI) would be either 10 or 14. The 14� � 1� � 0.050� blade is
available in only 14 TPI. Blades also come in 17� � 1� with a thick-
ness of 0.050 inch and either 10 or 14 TPI. Blades with a thickness
of 62 thousandths of an inch (0.062 inch) are usually 11⁄4 inches
wide.

High-speed, shatterproof blades are designed to meet safety and
performance requirements. The high-speed molybdenum blades are
longer wearing and give the best results for general use. They, too,
come in 12-inch, 14-inch, and 17-inch lengths with a 1-inch or 11⁄4-
inch width. These blades are made in both 10 and 14 TPI sizes.
Thickness of the metal being cut determines the number of teeth per
inch chosen to do the job. There should be no fewer than two or
three teeth touching the metal being cut.

Figure 1-2 shows the power hacksaw blade end with a hole for
mounting in the machine and the pointed nature of the teeth.

Power Hacksaws, Power Band Saws, and Circular Saws 3

Figure 1-2 Power hacksaw
blade.

Hacksaw Operation
Straight cuts are made easily on power hacksaws. The vise is sta-
tionary, and the cut is made at a right angle to the sides of the stock.

Most machines are equipped with an adjustable vise. Angular
cuts at any desired angle up to 45 degrees can be made by swiveling
the vise.

To operate the power saw properly, the work should be fastened
securely in the vise so that the blade will saw in the proper place.
The blade will break if the work loosens in the vise.

The saw blade should be lowered onto the work carefully to
start the cut. On some machines this is done by hand, but it can be
done automatically on some saws. In either method, the points of
the teeth will be broken or damaged if the blade is permitted to
strike the work suddenly.

The machine should be watched carefully to make certain that
the saw blade lifts about 1⁄8 inch on the return stroke. If the blade
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