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MACHINE TOOL WORK



PREFACE

The course of instruction in machine tool work given at
Purdue University has been administered in a series of lectures,
interspersed with laboratory demonstrations. Brief outlines
of the lectures, together with detailed instructions for solving
or making the different problems, have been printed and made
available for student use. With the development and growth
of the course came the necessity for a complete revision of the
printed instructions. This revision has been made and is here
presented.

The purpose of this work is to offer a systematic course of
instruction in the fundamental principles of machine tool work—
a course that may be followed by students or by individuals and
one that will help them to discover and understand some of those
basic principles upon which the present highly specialized art
of machine tool work is founded.

One of the great problems in machine tool work is how to
machine successfully any one piece of work. The solution of
this problem involves a very careful study and analysis of each
of the following detailed problems: (1) how to hold the work
securely in the machine; (2) how to set and to hold the cutting
tools in correct relation to the work; (3) how to give correct shape
to the cutting tools; and (4) how to determine the cutting speed
and feed to use for the cutting tool. These are fundamental
problems that are common to all kinds of machine tool work.
This book has been prepared for the purpose of helping to analyze
and to solve some of these detailed problems.

In the study of these problems, standard types of machines
are used, such as the lathe, planer, shaper, milling machine,
drilling machine, and grinding machine. No attempt has been
made to describe the design or the method of operating the more
complicated and intricate automatic or single-purpose machines,
since the successful performance of any one of these highly
developed machines depends very largely upon the observance
of the fundamental principles that are taught by the use of the
simpler types.
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The methods for making any one of the many problems may
not always appear to the expert to be the quickest or even the best
method, it being quite obvious that there are many other methods
that might be used to accomplish the same end; however, the
methods described illustrate correct principles, and they have
been proved, after many years of trial, to be the safest and the
best for the beginner to use.

Acknowledgment is here made of the kindness of the following
manufaeturers who have furnished illustrations and information
that have been helpful in preparing this work: Brown & Sharpe
Manufacturing Company, Pratt and Whitney Company, The
Warner and Swasey Company, South Bend Lathe Works, The
Cincinnati Milling Machine Company, Lucas Machine Tool Com-
pany, The American Tool Works Company, The Cincinnati Bick-
ford Tool Company, Abrasive Machine Tool Company, Gardner
Machine Company, The G. A. Gray Company, Kearney and
Trecker Corporation, and others.

WirLiam P. TURNER.

La Fayerre, InD.,
September, 1932.



TO THE STUDENT

This book has been written for the purpose of helping you to
catch a vision of shop methods, to help you to understand better
some of the principles of machine tool work, thereby enabling
you to do your work more quickly and accurately, and to help
you to experience that thrill of joy that comes to one who does
his work well.

Before you begin any new job, there are certain things that you
should know. It is much like starting on an automobile tour
through a strange land. You first decide where you are going;
then how you will go; which roads are the safest and best; what
preparation is necessary for the trip; and many minor details.
In a similar way should you plan for your new work. What are
you making? What are the requirements for a perfect job?
How may it be made? Which way do you choose for making
it? In other words, plan your trip carefully; analyze your job
carefully. ‘

Job Analysis.—When making an analysis of any job, oneshould
carefully consider the following points: (1) the specifications or
requirements for the finished piece; (2) the machine available and
suitable for doing the work; (3) the tools to be used; (4) the
method of holding the work on the machine; (5) the proper speeds
and feeds to use; and (6) the sequence of operations in their
logical order.

The specifications tell you the things that are required in the
finished piece. The discussion will bring to your attention some
new and fundamental principle that you will discover and remem-
ber, as you might remember places of interest on a touring
trip. The analysis is made to determine the best way to do the
job. There may be a number of ways, as there might be a
number of roads leading to the end of your automobile journey,
but some one way may be found to be better than any of the
other ways.

With your first job, do as you would do on your first trip over

a strange road: follow the directions given.
xiii
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In the following problems, the analysis and the directions are
given by one who has been over the road many times. He has
seen many failures and many wrecks caused by carelessness and
by failure to heed warnings or by not following the directions.
Follow the directions carefully, and you will surely attain success.
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CHAPTER 1
GENERAL SHOP INSTRUCTIONS
SAFETY IN THE SHOP

1. “Stop, look, listen” is a slogan applicable in all industries
where power and machinery are used. Persons working in shops
or factories are constantly exposed to the danger of injury from
accident. Accidents come quickly and as a surprise to the indi-
vidual. “I didn’t think” and ““I was not looking’’ are common
excuses. Almost all accidents may be avoided by paying strict
attention to one’s own business.

The chief sources of personal danger in the machine shop are
found in moving belts, gears, shafts, grinding wheels, and milling
cutters.

In all well-regulated shops these danger points are recognized,
and safety devices for the protection of the workman are used.
Belts are guarded with heavy wire guards, gears are covered,
grinding wheels are covered with heavy protecting hoods, and
goggles are provided for wear when using grinding wheels. But
with all of this mechanical protection should be mixed a reasonable
amount of care and caution on the part of the individual.

2. Overhead belts cannot well be covered or protected.
When one of these belts slips from a pulley, it may be put back
by the use of a long pole or belt shifter. Under no conditions
should a student be allowed to ascend a ladder to put belts on
pulleys by hand.

3. When working on dry grinding machines, one should protect
his eyes from dust, dirt, or injury by wearing goggles designed
and made for such work. The work rests should be adjusted
close to the wheel. The wheels should be kept true by dressing.
Wheels may burst from too high a speed of revolution, 5,500 ft.

per minute being average safe peripheral speed.
1



2 MACHINE TOOL WORK

4. When working on milling machines, keep hands and
fingers away from moving cutters. Do not try to brush shavings
or oil from the work with the fingers while the cutter is in motion.

In case of an accident, report at once for first aid.

SHOP ORGANIZATION AND REGULATIONS

In most shops there will be found certain rules and regulations
the purpose of which is to keep the organization in the best work-
ing condition and also to safeguard the workman. One who is
perfectly familiar with all of the shop regulations and follows
them faithfully usually gets along faster and better than the
person who is indifferent to them.

6. Tool-room Service.—A tool room is usually connected
with the machine shop. In the tool room are kept the special
tools, jigs, and fixtures not in actual use. In this room is
usually also a variety of small general tools, such as drills,
reamers, milling cutters, rules, files, and calipers. Stock supplies,
such as castings, bar steel, brass, bolts, and screws, are also kept
in the tool room of most school shops, although in the industries
such supplies are kept in a stock room.

The tool room is in charge of a tool keeper whose duty is to
attend to the needs of the workman in supplying stock or
loaning tools and also to keep track and take care of the tools.

When beginning work in the machine shop, the student is
usually assigned a shop number and given six brass checks
on which the number is stamped. These checks constitute
his “capital’” to do business with the tool room. When he
draws a tool for use, he deposits his check with the tool keeper as
a receipt. The student will be held responsible for the tool that
he has borrowed to the extent of paying for it if it is lost or for
paying for repairs if it is damaged. He should take good care
not to lose a check, for if a check should be found by a dis-
honest person and cashed in at the tool room for an expensive
tool, the owner of the check would be held responsible
for the loss. Should a check be lost, that fact should be
reported at once to the tool keeper.

6. Job Cards.—Job cards are used in shops for the purpose of
recording the time spent on a job and also for other kinds of
information. A form of job card that has been used in a school
shop with success is shown in Fig. 1. This one card serves
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many purposes, such as an assignment to a job; an order on the
stock room for stock; making an analysis, of the job; showing
time spent on the job; recording the grade given.

When a job is assigned to a student, the instructor will give
him a job card on which is written the name of the job assigned.
The student should print his name and the date on the card.
He then ascertains the size and kind of material required for
making the job and writes in the blank space under the heading
“stock order’”’ an accurate list of the materials needed. This
information regarding the material needed may be found by
consulting the drawing of the job and by reading the instructions
accompanying the drawing.

On the back of the job card under the heading ‘‘operations,”
the student should write his analysis of the job and list the various
steps or operations that he proposes to follow when making the
job. The card should then be taken to an instructor, who
examines it, and if he finds it correct he will sign his name and
punch the card under the heading ‘“stock order approved.” The
card may then be taken to the stock room as an order for the
necessary material. The tool keeper will deliver the material
and make a record of so doing by punching the job card under
the heading ‘“‘stock order filled.”

This job card also serves as a time card. A daily record of
time spent on the job should be recorded.

Record the time in hours and tenths of hours, for example: 2.4
hr. The time used while listening to instructions or demon-
strations should be recorded as part of the time spent on the job.

The student should take care of his job card until his job is
finished, at which time he presents it with his work for a grade.
The instructor will record the grade on the card.

7. Student’s Work Record Card.—A form of record card used
by the student for keeping a record of every job of work that he
does in the machine shop is shown in Fig. 2. On this card are
printed the names of some of the regular machine-shop jobs.
Under the heading ‘““value’ is indicated the value of each job in
“points.” A definite number of points must be earned by the
student to obtain a passing grade, while additional points earned
will improve the grade. A student will receive full point value
for his work if, in the judgment of the instructor, the work is
perfect, and the grade given is 100 per cent. If, however, the



