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The Advanced Mackhinist.

The difference between an engineer and
a machinist is one of degree only—hence a
book written for the benefit of engineers is
of service to machinists; and, again, a book
devoted to the interests of machinists is of
the utmost value to engineers.

Why ? Because the machinery which
the engineer operates is made in the shop.
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In a certain high-class journal of a recent date, devoted
to the interests of the class for whom this book of instruc-
tion is designed, there appeared under the heading ““ Help

Wanted,” thirty-two paid advertisements in a single issue.

Not a single one of these called for any except those

possessing qualifications expressed as follows:

“Sober,” ‘“first-class,”” ‘‘good,” ‘competent,”’ ‘‘accurate,”
‘“experienced,”” ‘‘undoubted ability,” ‘“ambitious,”” ‘‘able to handle
men,’”’ ‘““skilled,”” ‘“‘with shop experience,’”” ‘‘executive ability,” “all-

around,”” ‘‘able to design,” ‘‘ able to supervise construction,” *‘satis-
factory men.”’

The closest scrutiny fails to discover a wish for the
opposite of those thus described, nor in the cleven paid
advertisements under the heading of “ Situations Wanted,”
in the same paper, does there appear even one saying I
am a second-class man—hire me,” as that would be money
thrown away. Hence, the only call is for the kind of men

classified as in the foregoing quoted words.

xiii




xiv Preface.

Now, examining the list again, we find what these men
are specially desired to perform—the range of service
needed is wide, but interesting enough to study. All are

described under the letters “ Help Wanted "

¢ A good die-maker on round work.”"—*‘ Accurate machinist for
marine-engine work.”—¢ Draftsman experienced on steam pumps.”—
« First-class designer on cotton machinery.””—* First-class machinists
for heavy floor and machine work.”—¢ First-class toolmakers, experi-
enced on jigs, puuch and die work.”’—“Experienced mechanical drafts-
man for detail work on engines.”’—* Four first class machinists, those
familiar with oil-well tool work.”’-—*‘ A machine-tool inspector, of
undoubted ability.””—‘“ Mechanical draftsman having experience on
large vertical Corliss-engine work.”—‘‘ A large Chicago factory desires

to employ a man experienced at fixing differential piece-work rates.”
—'¢*A number of mechanical draftsmen on iron-and-steel-work machin-
ery.”’—‘ Mechanic wanted, one accustomed to rolling-mill work.”—
“Foreman to take charge of machine shop employing about fifteen
men.”—* We invite application from pattern-makers, molders and
machinists.”’—** Wanted, superintendent for small shop in Brocklyn,
N. Y.”—¢ Man experienced in light machinery, able to design, draft
and supervise construction of special tools, jigs, etc., with shop experi-
ence, executive ability and some knowledge of cost and piece-work
accounts.”—‘“ A New York factory contemplating additions to their
drafting force desires applications from experienced draftsmen and
tracers for electrical switchboard and instrument work.”—‘“A thor-
oughly competent mechanical engineer, to take charge of drafting-
room of a concern manufacturing a full line of mining machinery,
except steam engines and boilers.”—‘“ Foreman for a brass department
containing 50 hands, in a large electrical factory ; must be familiar with
parts of electrical apparatus and with modern methods of production,
and know the entire details of the workings of such a department.”—
“Three first-class floor men, as gang foremen, to take charge of machine
shop operating several hundred men. Steady employment for compe-
tent men.”’

Men possessing the qualifications described above may
well be classed as “advanced” machinists, designers,
draughtsmen and engineers; it is the glory of the age that

there are many such to be found; these descriptions are
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quoted to plainly tell what kind of tulent is desired, and—

This is the call for men in but a single issue of one
periodical; there are many other journals containing
similar “ wants ”; again, scores of mighty war ships are
#lying in port” because competent machinists and engi-
neers cannot be found to man them ; and, still again, every
great engine and every intricate machine makes place fora
good man to operate it; in fact, the openings for clever,

ingenious, trusty men, are world-wide.

It will be noted that the demand is for men pos-
sessing certain qualities most difficult to define and hard
indeed to acquire; there must, perforce, be second-class
men, to fill the ranks, for all cannot be * Captains of Indus-
try ”; but this book is not for them, unless it be to inspire

thought and ambition to do better.

A few quotations may be helpful, indicating the path

of advancement:

“Just do a thing and don’t talk about it. This is the great secret
in all enterprises.”’—‘* Modest confidence in his own abilities is one of
the most pleasing traits a man can possess, and it is often his best
business capital. I know many a voung man with the right kind of
stuff in him, who has watched the operatious of other people and has
said, ‘I can do it if they can.’ Then, with all the judgment he pos-
sessed, he made the effort successfully.”’—It is easy to do what one
is absolute master of. Indeed, this absolute mastery commands the
fighting-deck of any trade, profession or labor, and to be best in any-
thing honorable is to be secure of continual success.”’—*‘ The man who
undertakes to learn his business from books will never make a practical
mechanic, but, on the other hand, the mechanic who refuses to read
whatever he finds of interest on the subject can hardly expect to be
successful.”’—‘ There are two ways of doing work. One may go about
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it with a clouded brow, a lagging step, and a general expression of dis-
gust and weariness ; or it is possible to be alert, energetic, bright of
countenance and elastic of step, as if the labor were really enjoyable.
The work is done in either case, of course, but there is something in
the latter manner that iuspires confidence in the worker and assures
him of a reward that would not crown his efforts were they put forth
in the other way.”’—* The best rule for success in life that I have ever
found is to do a little more than is expected of you. Whatever your
position in life may be, whether in an office, store, or workshop, do a
little more than is expected of you, and you will never be overlooked,
be the establishment large or small.”—‘“ The word ‘tact’ is equivalent
to the word ‘touch’; tact is that nice perception which comprehends
everything of the order, formation, location and disposition of aught
which bears upon the successful issue of the enterprise at issue. The
man of tact who has that presence of mind which can bring him on
the instant all he knows, is worth for action a dozen men who know as
much, but can only bring it to light slowly.”—*‘ The young fellow who
will distance his competitors is he who masters his business; who pre-
serves his integrity, who lives cleanly and purely, who never gets into
debt, who gains friends by deserving them, and puts his money into
the savings bank. There are some roads to fortune that look shorter
than this old dusty highway. But the staunch men of the community,
the men who achieve something really worth having, good fortune,
good name and a serene old age, all go this road.” —‘ Our present gen-
eration of coming men, youths of from fifteen to eighteen, can have
not the least ground for fearing the temper and promise of the times
into which their lives are going. Never before in the world’s history
has there been such a call from the near future to a rising army of
eager workers. Science has probed the secrets of things, and the prac-
tical application of knowledge to all the lines of labor has lifted even
menial services to a place of dignity, provided always that the operator
is master of what he takes into hand.”

In short, the preparation and issue of this work is
aimed to point the way of advancement to those who must
become fitted to assume the obligations, as well as to

receive the rewards of those who, in the order of things,

must give place to the coming-man.
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But! this is not all—

The trade of the machinist is peculiar in that it isa
preparation for so many positions outside of it. It takes
a man of good natural ability and of considerable educa-
tion—not always from books—to make a first-class machin-
ist, and more of the same to make a competent foreman
or a superintendent ; so that when he is well qualified for
these positions he is also well prepared for so many other
openings with which the machine shop apparently has
little to do; and many of these keep calling him, and
many respond to the call, hence in consequence it is said
that skill is dying out, that skilled workers are becoming
scarce, that soon, as things are going, we will be left behind,
in the world’s markets, by the lack of both competent
operatives and of the higher skill and reliability that are to
exercise supervision and direction.

It is with a full knowledge of this fact, that in “The
Plan of the Work"” some subject matter has been intro-
duced which the author is confident will be of the utmost
value in the shop and afterwards as well, when the student
“makes a change ;" for in the fluctuation of business there
come times when everybody is busy and then times that
are slack and not so booming, when foremen and superin-
tendents have that toughest of all jobs, the telling of good
men that there is nothing for them to do; this being inci-
dent, also, to the kind of country we live in.

There is a bit of a necessary warning, too, in a little
fable the author has seen, from /sops Fables (Revised)—

“ A man had a Glass in which he looked at himself
every day. And he did not perceive that he grew older.
But at length he perceived that the Glass had grown old.
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So he threw it away and got another that was new. Then
he saw that he had grown old with his Glass.”

Every man looks in a glass at times and afterwards
does some rather serious thinking; it is to aid the friendly
reader and student in such moments to right thoughts that
some things, too, have been put in the book in odd spaces,
with the hope that the good will with which it has been
done will not be taken amiss.

The path of advancement, how uncertain is it and at
times so difficult to discern amid the shadows. The mere
mention of this allows the quotation of a wise leader of
men, that may well be the author’s closing words for the
volume.

“Look up and press forward and the way will become
clear step by step, day by day; the space between is the
way thither.”



SUMMARY OF ARITHMETIC.

The following abridgment of several of the rules of
arithmetic, often referred to in clementary books on
mechanical science, are here inserted for the convenience
of reference. These rules and examples are given merely
to refresh the memory, it being taken for granted that the
reader has already acquainted himself with the principles
of common arithmetic. They will, however, be found serv-
iceable, both as a convenience of reference and to give some
insight to the subjects on which they treat.

Arithmetic is the science of numbers, and numbers
treat of magnitude or quantity. \Whatever is capable of

increase or diminution is a magnitude or quantity.

The processes of arithmetic are merely expedients for
making easier the discovery of results which every man of
ordinary ingenuity would find a means for discovering him-
self. Roger Bacon lived eight centuries ago ; in the great roll

of modern scientists, his name stands first; these are his

Norg.—Calculation is the art, practice or manner of computing
by numbers : the use of numbers by addition, subtraction, multiplica-
tion or division, for the purpose of arriving at a certain result.

Upon this art—of calculation—rest not only the mechanical arts,
but the whole structure of modern civilization. Consider the solar
system, a time-piece, a well-equipped modern factory—the characteris-
tic of each isits ‘‘calculability.” Everything comes at last to correct
figuring for assured success.

19
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SUMMARY OF ARITHMETIC.

words: “ For he who knows not mathematics cannot know
any other sciences; and, what is more, he cannot discover

his own ignorance or find its proper remedies.”
o

In every branch of science, our knowledge increases as
the power of measurement becomes improved; it is very
generally true that the one ignorant of useful numbers 1s
the one who serves, while the leader in all departments is

the one who calculates.

A glossary is a collection of words not in general use,
especially of an art orscience ; the ordinary use of a glos-
sary is to explain in some detail many of the more difficult

words used in the text, hence the following—

SYMBOLS, ABBREVIATIONS AND
DEFINITIONS.

= Fqual to. The sign of equality; as 100 cts.== %1,
signifies that one hundred cents are equal to one dollar.

— Minus or Less. The sign of subtraction; as 8— 2
—- 6; that is, 8 less 2, is equal to 6.

~+ Plus or Jore. The sign of addition; as 6+4+8=14;
that is, 6 added to § is cqual to 14.

X Multiplicd by. The sign of multiplication; as 7 X7
—=49; that is, 7 multiplied by 7 is equal to 49.

<+ Divided by. The sign of division; as 16 + 4 =—=4;
that is, 16 divided by 4 is equal to 4.
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SYMBOLS, ABBREVIATIONS AND DEFINITIONS.

. Signifies then or therefore,
:.* Since or because.

d? — diameter squared, or is a number multiplied by
itself, thus 2 X 2 -~ 4.

d?® — diameter cubed, or is a number multiplied by
itselt twice, thus 2 X 2 X 2= 8.

d* — diameter to the fourth power, or is a number
multiplied by itself thrice, thus 2 X 2 X 2 X 2 =— 16.

A single accent (') signifies feet; a double accent (')

inches ; thus 3" 6" == 3 feet 6 inches.
Dia. == diameter.  ° Degrecs.
Rewvs. per mein. - revolutions per minute,
Lbs. per sg. tn.- - pounds per square inch.

Brackets () or [ ] are employed to denote that several
numbers are to be taken collectively.  Thus 4(a -+ b) sig
nifies that the number represented by a 4b is to be mul-
tiplied by 4; again (a4 b) X (c—d) denotes that the
number represented by a4 b is to be multiplied by the
number which is the result of subtracting d from c.

The Greek Letter m denotes the ratio of the circum-
ference of acircle to its diameter. In the English alphabet,
this letter stands in place of p, and is called g7, it is very
frequently met with in mechanical literature.

The Decimal Toint.—In both France and Germany,
one-fourth ('{) reduced to a decimal is always written as
0,25; in England it is written 0.25, and in the United

States in this way, 0.23.
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SYMBOLS, ABBREVIATIONS AND DEFINITIONS.

A jorpeda is an arithmetical rule in which all words
are omitted, all the quantities represented by letters and
figures, and all the operations indicated by signs, and by
the position of the different characters; the word “formula”

is another name for “form.”

The following 10 formulas include the elementary
operations of arithmetic and follow from the succeeding

illustrations.

The Sunt=all the parts added.
The Difference = the Minuend — the Subtrakend.

-t

The Minuend —the Subtrahend + the Differcuce.
The Subtrakend — the Minuend — the Difference.
The Sroduct = the Multiplicand X the Jultiplicr.
The Multiplicand = the Product = the Multiplier.
The Multiplicr —the Product < the Jultiplicand,
The Quoticnt == the Dividend = the Dizvisor.

The Dividend =the Quoticnt X the Divisor.

O Y ® W O p oo

The Divisor =the Dividend = the Quotient.

—

A swonber is exactly divistble by—2, when the number
ends in an cven number or in 0; 3, when the sum of the
digits is exactly divisible by 3; 4, when the number formed
by the last two digits is exactly divisible by 4; 3, when

the number ends in 5 or o.

Ratio is the relation of one number to another, as
obtained by dividing one by the other; hence, ratio means

the same as the word quotient.
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SYMBOLS, ABBREVIATIONS AND DEFINITIONS.

Log. This is the abbreviation of the term logarit/im ;
these are auxiliary numbers, by means of which the simple
operations of addition and subtraction may be substituted
for the more cumbrous operations of multiplication and
division, and easy cases of multiplication and division for

involution and evolution.

The use of logaritiins reduces multiplication to addi-
tion, division to subtraction; raising powers or extracting

roots to multiplication and division, respectively.

Logarithms of numbers are arranged in tables, running
to four and six figures, beginning with one and going to so
high as to fill entire books with the columns.

Algebra is that science which deals with formulas ; it
is a mathematical science which teaches the art of making
calculations by letters and signs instcad of figures. The
name comes from two Arabic words, a/ gabron, reduction
of parts to a whole. The letters and signs are called Sy-
bols. Quantitics in Algebra are expressed by /letZers, or by
a combination of /etters and jfigures; as a, b, ¢, 2x, 3, 53,
etc. The first letters of the alphabet are used to express

knoton quantities; the last letters, those which are unknown.

The operations to be performed are expressed by the
same signs as in Arithmetic; thus + means Addition, —
expresses Subtraction, and X stands for Multiplication.

NOTE.—A machinist has little or no use for algebra in his every-
day work : but if he wants to find out more about the how and why of
things and study into general principles, it is the most important sub-
ject that he can take up, next to arithmetic and mechanical drawing.
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SYMBOLS, ABBREVIATIONS AND DEFINITIONS.

A NUMBER is a unit or collection of units; as two,
five, six feet, ctc.

An INTEGER is a number that represents whole things.

An ABSTRACT NUMBER is one which does not refer
to any particular object.

A CONCRETE NUMBER is a number used to designate
objects or quantities.

An ObD NUMBER is a number which cannot be
divided by two.

An EVEN NUMBER can be exactly divided by two.

FACTORS of a number are those numbers which, when
multiplied together, make that number.

A PRIME NUMBER is a number exactly divisible by one.

A CoMPosITE NUMBER is a number which can be
divided by other integers besides itself and one.

An EXACT DIVISOR of a number is a whole number
that will divide that number without a remainder.

The GREATEST COMMON DIVISOR of two or more
numbers is the greatest number that will divide each of
them exactly.

A MULTIPLE of anumber is any number exactly divis-
ible by that number.

The LEAST COMMON MULTIPLE of two or more num-
bers is the least number that is exactly divisible by each of

them.
A PRIME FACTOR is any prime number used as a factor.

NorE.—(wantity is the amount of anything considered, or of any
commodity bought, or sold. Frice is the value in money of one, or of
a given unit of any commeodity. Cos¢ is the value in money of the
entire quantity bought, or sold.
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NOTATION AND NUMERATION.

NOTATION is a system of representing numbers by
symbols. Thcre are two methods of notation in use, the
Roman and the drabic. NUMERATION is a system of nam-

ing or reading numbers.

THE ARrRABIC METHOD OF NOTATION employs ten

characters or figures, viz:

A T A A Y S A/

One, Two, Thyree, Four, Five, Siv, Seven, Fight, Nine, Zevo.

The nine figures are called digizs or significant figures.

The character o has no value when standing alone.

The nine digits have each a simple and a local value.
The simple value of a figure is the one expressed by it
when standing alone or in the units place. The local value
of a figure is that which depends upon the place which the
figure occupies in a number.

There must be three figures in every period, except
the one at the left, which may have one, two or three.
Every order of a number not occupied by a significant

figure must be filled with a cipher, or o.

NoOTE.— By means of these ten figures or characters we can repre-
sent any number. When one of the figures stands by itself, it is called
a unit ; but if two of them stand together, the right-hand figure is still
called a unit, but the left-hand figure is called tens; thus, 79 is a col-
lection of g units and 7 sets of ten units each, or of g units and 70
units, or of 79 units, and is read as seventy-nine. If three of them
stand together, then the left-hand figure is called hundreds; thus, 279
is read two hundred and seventy-nine.



26 The Advanced Mackhinist.

NOTATION AND NUMERATION.

RULE FOR NOTATION.—Beginning at the left, write
the hundreds, tens and units of cach successive period in their
proper order, filling all wacant orders and periods with

ciphers.
NUMERATION TABLE.
Names;efriods' Billions. Millions. Thousands. Units.
o« a =1
= o 1
) = s o -
2 =
= = 2= = @
22 B 23, 3 et
Order of Units: = 3 =z 2 zE2 =z L
=2 ©S8Z 2 PE3 P T . D3
< 2 =286 <5 ¢ £ E S< ¢
= .8 = TS =% = S8 B ST
2 4= S L= = 295 =23 9 w829
= 3= = 35 = 2 = =3 =2 @ 9234
DA EZ== Sd8& D=p A HEH
876 543 201, 282 489

The number in the table is read “eight hundred and
seventy-six billion, five hundred and forty-three million,
two hundred and one thousand, two hundred and eighty-
two, decimal point, four, eight, nine.”

In the table given, it will be observed that the long
row of figures is divided into groups of three figures,
called periods. This is to aid in their ready reading. The
first set is called wnits, the second thowusands, the third
millions, etc.

Beginning at units place, the orders on the right of the
decimal point express tenths, hundredths, thousandths, etc.

THE READING OF DECIMALS.—In reading decimals,
it is well to omit, even in thought, the idea of a denomi-
nator, and to say, thus—example, .25 ; to read, say  point,
2, 3" in reading .48437, say “ point, 4, 8, 4, 3, 7.”

ExaMPLE.—WTrite sixty-four thousandths in decimals.

Since there are only two figures in the numerator 64,
and the right-hand figure of the decimal must occupy the
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NOTATION AND NUMERATION.

third decimal place to express thousandths, it is necessary
to prefix a cipher to bring the right-hand figure into its
proper place. Therefore write point, ok, six, four (.064),
in the order named.
It is well also to say “oh” (this is the letter O).
TiE RoMAN NOTATION is the method of notation

by letters, and is illustrated as follows:

1, vV, X, L, C, D, M,
I, 5, 10, 50 100, 500,  1,000.

Repeating a letter repeats its value; chus: I-=1,
IT = 2.

Placing a letter of less value before one of greater
value diminishes the value of the greater by the less; thus,
IV =g, IX- -9, XL - 40.

Placing the less after the greater increases the value of
the greater by that of the less: thus, VI-=6, XI-=11,
LX - 6o.

Placing a horizontal line over a letter increases its

value a thousand times; thus, IV - 1,000 M = 1,000,000.

RoyaN TABLE.

I denotes One. XVII denotes Seventeen.

11 ¢ Two. xXvIir o« Eighteen.

111 “ Three. XIX “ Nineteen.

v ¢ Four. XX “ Twenty.

v ¢ Five. XXX ¢ Thirty.

VI ‘e Six. XL ‘“ Forty.
VII « Seven. L “ Fifty.
VIII ¢ Eight. LX ‘o Sixty.

IX “ Nine. LXX ¢ Seventy.

X ¢ Ten. LXXX ‘ Eighty.

XI ¢ Eleven. XC ¢ Ninety.

XII Twelve. C ¢ One hundred.
XIIr ¢ Thirteen. D ¢ Five hundred.
X1V o« Fourteen. M ¢ One thousand.
XV ¢ Fifteen. X ¢ Ten thousand.

XVI ¢ Sixteen. M o One million.
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ADDITION.

Addition is uniting two or more numbers into one.
The result of the addition is called the Sum or Amount.
In addition, the only thing to be careful about except the
correct doing of the sum, is to place the unit figures
under the unit figure above it, the tens under the tens, etc.

RULE.

After writing the figures down so that units are under
units, tens under tens, etc.:

1. Begin at the right hand, up and dowon rowe, add the
column and write the sune underucativ if less than ten.

2. [f, hoteerer, the sune Is ten or more, worite the yight-
hand figure underncath, and add the numdber cxpressed by
the other figure or figures with the wuwmbers of the next
column.

3. Write the whole of the last colunn.

EXAMPLES FOR PRACTICE.

7,000 248,124 13,570,802
9,420 4321 83
1.743 889,876 78,052
4.004 457,902 87 5 7289

22,227 Ans.

Use care in placing the numbers in vertical lines; irreg-
ularity in writing them down is the cause of mistakes.

Rure ror ProviNG TiE CORRECTNESS OF THE
SUMS.—Add the colimns from the top downward, and if
the sum is the same as when added up, the answer s right.

Add and prove the following numbers:

684 32 257 20. Ans. 993.



The Advanced Machinist. 29

SUBTRACTION.

Subtraction is taking a lesser sum from a greater one.

As in addition, care must be used in placing the units
under the units, the tens under the tens, etc.

The answer is called the remainder or the difference.

The sign of subtraction is (—) Example: g8—22=-76.

Subtraction is the opposite of addition: one ‘takes
from,” while the other “adds to.”

RULE.

1. 1Write dowi the greater nuntber first, and then under
it the lesser nuneber, so that the units stand wnder the units,
the tens under the tens, cte., cte.

2. Begin with the wnits, aind take the under from the
upper figure, and put the remainder beneatl the line,

3. Lut if the lowocr figure is the larger, add ten to the
upper figure, and then subtract and put the remainder
dowon: this borrowed ten vst be deducted from the next

column of figures where it is represented by 1.

EXAMPLES FOR PRACTICE.

892 80,672 80,642,706
46 40.379 48,705,421
846 remainder.

Nore.—In the first example, 892—46, the 6 is larger than 2;
borrow 10, which makes it 12, and then deduct the 6; the answer is 6.
The borrowed 10 reduces the g to 8, so the next deduction is 4 from
S§==4 is the answer.
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SUBTRACTION.

RULE FOR PROVING THE CORRECTNESS OF SUB-
TRACTION.—.Add the remainder, or differcice, to the smaller
amount of the two swms, and if the two are equal to the

larger, then the subtraction las been correctly done.

EXAMPLE. 898 246
246 Now then, 652
652 898 Ans.

MULTIPLICATION.

MULTIPLICATION is finding the amount of one number
increased as many times as there are units in another.

The number to be multiplied or increased is called the
MULTIPLICAND.

The MULTIPLIER is the number by which we multiply.
It shows how many times the multiplicand is to be
increased.

The answer is called the PrRODUCT.

The multiplier and multiplicand which produce the
product are called its FAcTORs.  This is a word frequently
used in mathematical works, and its meaning should be
remembered.

The sign of multiplication is X and is read ‘ times,”
or multiplied by thus, 6 X8 is read, 6 times 8 is 48, or, 6
multiplied by 8 is 48.

The principle of multiplication is the same as addition ;

thus, 3 X 8=24 is the same as 8484-8=24.
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MULTIPLICATION.

RULE FOR MUTIPLYING.

1. Place the unit figure of the multiplicr under the unit
Sfigure of the multiplicand, and proceed as in the JSollowing :

ExXAMPLES. Multiply 846 by 8, and 487,692 by 143.

Arrange them thus:

487,692
143
846
8 1463076
- 1950768
6,768 487692
69,739,956

2. But if the wmultiplicr has ciphers at its end, then
place it as in the folloing :
Multiply 83,567 by 50, and 898 by 2,800.

898
83567 2800
50
—_— 718400
4,178,350 1796
2,514,400

The product and the multiplicand must be in like
numbers. Thus, 10 times § gallons of 0/ must be 8o gal-
lons of oi/; 4 times 5 dollars must be 20 dollars; hence,
the multiplier must be the number and not the 22ing to be
multiplied.

In finding the cost of 6 tons of coal at 7 dollars per
ton, the 7 dollars are taken 6 times, and not multiplied by
6 tons.
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MULTIPLICATION,

When the multiplier is 10, 100, 1000, etc., the product
may be obtained at once by annexing to the multiplicand
as many ciphers as there are in the multiplier.

EXAMPLE.
1. Multiply 486 by 100. Now 486 with oo added
= 48,600.
2. 6,842 X 10,000 — how many? Ans. 68,420,000.

To PROVE THE RESULT IN MULTIPLICATION,
RULE.—Multiply the multiplier by the multiplicand,
and 1f the product is the sane i both cases, then the answer

is right.
DIVISION.

Division is a word derived from the Latin, divido
meaning to separate into parts. In arithmetic, it may be
defined as the dividing of a number or quantity into any
number of parts assigned.

When one number has to be divided by another num-
ber, the first one is called the DIVIDEND, and the second
one the DIVISOR, and the result is the QUOTIENT.

1. To DIVIDE BY ANY NUMBER UP TO 12.

RULE.—Put the dividend down with the divisor to the
left of it, with a small curved line scparating it, as in the
Sollowing

Examrre.—Divide 7,865,432 by 6.

6)7,865,432

1,310,905—2
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DIVISION.

Here at the last we have to say, “6 into 32 goes §
times and 2 over”’; always place the number that is over
as above, separated from the quotient by a small line, or
else put it as a fraction, thus, 2, the top figure being the
remainder, and the bottom figure the divisor, when it
should be put close to the quotient ; thus, 1,310,905%.

2. To DIVIDE BY ANY NUMBER UP TO 12, WITH A
CIPHER OR CIPHERS AFTER IT, as 20, 70, 90O, 500, 7,000, etc.

RULE.—Place the sum down as in the last example,
then mark off from the right of the dividend as many fig-
ures as there are ciplers in the divisor; also mark off the
ciphers in the divisor; then divide the remaining figures by
the number remaining in the divisor; thus:—

ExaMPLE.—Divide 9,876,804 by 40.

40)9,876,804

246,920 —4.
The 4 cut off from the dividend is put down as a
remainder, or it might have been put down as g4 or 4.
3. To DIVIDE BY ANY NUMBER NOT INCLUDED IN
THE LAST TWO CASES.
RULE.— 7ite the divisor at the left of the dividend

and proceed as in the following

EXAMPLE.
Divide 726,081 by 7,645.
7,643)726081(95
68805

38931
38223

6
o5

=J

706 Ans. g

Ut
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DIVISION.
EXAMPLES FOR PRACTICE.

1.—Divide 76,298,764,833 by q.

2.— “ 120,047,629,817 “ 20.

30— 0,876,548,210 “ 48.

4— 3,247,617,219 “ 63.

Multiplying the dividend, or dividing the divisor by any
number, multiplics the quotient by the same number.

Dividing the dividend, or multiplying the divisor by
any number, divides the quotient by the same number.

Dividing or multiplying both the dividend and divisor
by the same nimnber does not change the quotient.

RULE FOR PROVING DIVISION.

Drvision may be proved by multiplying the quotient by
the integral part of the Divisor, and adding to the product
the remainder, if there is any. The result will be equal to
the dividend if the work is correct.

EXAMPLE. 12)48679

4056—7
12

48679 Proof.

QUOTATION.—* As long ago as the days of ancient Greece, Aristotle
said : ‘I find the young men who study mathematics quick and intel-
ligent at other studies.’ But, apart from the value of mathematical
studies as a mental training, the modern engineer, whatever branch of
the science he may pursue, will find mathematics one of the necessary
touls of his profession.”
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REDUCTION.

A DENOMINATE NUMBER is a number applied to an
object ; thus, 40 inches and 3 fect 5 inches are denominate
numbers; the first is a simple and the latter a compound
denominate number.

REDUCTION is changing these numbers from one
denomination to another without altering their values. It
is of two kinds, DESCENDING and ASCENDING.

Reduction Descending is changing higher denomina-
tions to lower, as tons to pounds. Reduction Ascending is
changing lower to higher denominations, as cents to dollars.

Reduction of Denominate Numbers is the process of
changing the denomination of a number without changing
the value. Thus, 3 yards may be expressed as 9 feet, or
108 inches.

To CHANGE DENOMINATE NUMBERS TO LOWER
DENOMINATIONS is done by multiplication and by the
following

RULE.—1. MMultiply the nuniber of the highest denomina-
tion given by the nuwmber of units of the next lowwer denontina-
tion required to make one of that higher, and to the product
add the given number of the lower denomination, if any.

2. DProcced tn like manner with this result and eack
successive denomination obtained, until the given nuniber is

reduced to units of the required denomination.

NotE.—A simple number is one which expresses one or more
units of the same denomination. A4 compound nummber expresses units
of two or more denominations of the same kind, as 5 yards, 1 foot, 4
inches—or example, page 36, 6 T., 8 cwt., 3 grs.-—these are compound
numbers ; but fen oxen, or five dollars, are simple numbers.
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REDUCTION.

EXAMPLE.
Reduce six tons, eight hundred weight, three quarters,

to lbs.
6 T.8cwt. 3 grs.

20

8 add above.

3 add above.

SI5 qrs.

575
;
3

2
1030

12875 lbs.  Answer.

TO REDUCE LOWER DEMOMINATIONS TO HIGHER IS
DONE BY DIVISION.

RULE.—1. Divide the given nuniber by the mm;ber of
units of the given denomination required to make a unit of
the next Ligher denomination.

2. [ the same manncr, divide this and cacl successize
quotient until the required denomination is reached.  The
last quotient, with the remainders annexed, will be the
required result.

Ex.—Bring 98,704,623 1bs. to tons and lbs.
2000)98704023

49352 Tons, 623 Ibs.
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REDUCTION.

EX.—76,245 gills to gallons, etc.
4)76245

2)19061—1 gill

4)9530—1 pint.

2382—2 quarts.
Ans,, 2382 gallons, 2 quarts, 1 pint and 1 gill.
Proor.—Reduction Ascending and Descending prove

each other; for one is the reverse of the other.

FRACTIONS.

A fraction means a part of anything. A vulgar frac-
tion is always represented by two numbers (at least), one
over the other and scparated by a small horizontal line.
The one above the line is always called the NUMERATOR,
and the one below the line the DENOMINATOR.

The denominator tells us how many parts the whole
thing has been divided into, and the numerator tells us
how many of those parts we have. Thus, in the fraction ¥
the eight is the denominator, and shows that the object
has been divided into eight equal parts; and three is the
numerator, and shows that we have three of those pieces
or parts of the object.

A PROPER FRACTION is one whose numerator is less
than the denominator, as § or %.

AN IMPROPER FRACTION is one whose numerator is

[ VRS

more than its denominator, § or

NOTE.—§ means more than a whole one, because } must be a whole
one. Thus & will e three-thirds4-three-thirds4-two-thirds, or 23, and
this form of fraction is called @ mixved nuinber.
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REDUCTION OF FRACTIONS.

To REDUCE AN IMPROPER FRACTION *TO A MIXED
NUMBER.

RULE.—Divide the numerator by the denominator ; the
quoticnt is the whole number part, and the remainder is the
nunierator of the fractional part.

ENAMPLES: L8 —22, L —3, 27—33.

MBER TO AN IMPROPER

C e

TO REDUCE A MIXED N
FRACTION.

RULE—Jultiply the whole nuniber part by the denomi-
nator, and add on the nwumcrator ; the result is the iume-
rator of the tmproper fraction.

i

(S

a
5.

(o8}

EXAMPLES: 22-—15, 5i—=18.

TO REDUCE A FRACTION TO ITS LOWEST TERMS.

RULE—Divide both numerator and denominator by
the sane nuniber s if by so doing there is no remainder.

ExaMrLE.—Reduce 8. Here 4 will divide both top
and bottom without a remainder. Divide by 4.

45 5

The meaning of this is, that if you divide a thing into
12 equal parts, and take S of them, you will have the same
as if the thing had been divided into 3 equal parts and you
had two of them.

TO REVERSE THE LAST RULE; TO BRING A FRACTION
OF ANY DENOMINATOR TO A FRACTION HAVING A GREATER
DENOMINATOR.

RULE.—Sce how often the less will go into the greater
denontinator and multiply both numerator and denominator
by it The result is the required fraction.
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REDUCTION OF FRACTIONS.

EXAMPLES.

Bring } to a fraction whose denominator is 8.

Here 2 goes in 8 four times; then multiply the nume-
rator and denominator of § by 4—#¢, which is the required
fraction.

Bring % to a fraction whose denominator is 15.

Here 3 goes into 15 five times; then % becomes 1¢.

In case of a fraction of a fraction, as } of }, it is called
a compound fraction, and should always be reduced to a
simple fraction by multiplying all the numerators together
Sfor a new numerator, and all the denominators together for
a new denominator ; then, if necessary, reduce this fraction

7o its lowest terms.

ExaMPLE.—} of 2 of 4. Reduce to a single fraction:
3X2X4=—24; and 4X3X9g=—108.
Thus, 2% is the fraction. Reduce this 12)2%—3.

TO REDUCE TWO OR MORE FRACTIONS TO EQUIVA-
LENT FRACTIONS HAVING THEIR LEAST COMMON DENOMI-

NATOR.

RULE.—Find the least common multiple of the given
denominators for the least common denominator, and reduce

the given fractions to this denominator.

EXAMPLE.
Reduce %, 3, § and % to equivalent fractions having
their least common denominator; then 2—$¢, 3—45,

50 9 __54
%“B’U’ 10 60°
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CANCELLATION.

This is a method of shortening problems by rejecting
equal factors from the divisor and dividend.

The sign of cancellation is an oblique mark drawn
across the face of a figure, as 4, 6, 2.

Cancellation meansto leave out; if there are the same
numbers in the numerator and the denominator they are to
be left out.

Ex.—3of 2of 4. Here the 3 in the first nunierator
and the 3 in the second denominator are left out; also 4 of
the first denominator and the last numerator, thus:

v
2oe3ot Iffof?_”__ v
90 80 I8 170 Sx2x3f 201
3 A 34

2

See note.

NorE.—The process is as follows : The first numerator, 2, will
go into 8, the denominator of the second fraction, 4 times ; the denomi-
nator of the third fraction, 18, will go into go, the numerator of the last
quantity, 5 times. The numerator of the second fraction, 3, will go
into the denominator of the first fraction 3 times; 5 will go into 170,
34 times ; 2 will go into 4 twice, and 2 into 14, 7 times, and as we can-
not find any more figures that can be divided without leaving a
remainder, we are at the end, and the quantities left must be collected
into one expression. On examination, we have 7 left on the top row;
this is put down at the end as the final numerator; on the bottom we
have 3, 2 and 34 ; these multiplied together give us 204, which is the
final denominator.
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USEFUL DEFINITIONS.

RULES FOR CANCELLING.

1. Any numerator may be divided into any denominator,

provided no remainder is left, and vice versa, thus:

3
$ o4 3 131
590071 | 3T
3 6
D)

2. Any mumerator and denominator may be divided
by the sane number, provided no remainder s left, and the
decreased value of such numervator and denoniinator be
inserted in the place of those cancelled.

5 Here 8 is divided by 4, and 20 can also be
3 f@ divided by the same number without leav-
%31
2 ing any remainder. Answer, {3.
Ex.—
¢
VI S S 3
13 P 1T 3xax1rT 102
3 A
2

DEFS.—A CoMMON DENOMINATOR of two or more fractions is a
denominator to which they can all be reduced, and is the common mul-
tiple of their denominators.

THE LEAST CoMMON DENOMINATOR of two or more fractions is
the least denominator to which they can be reduced, and is the least
common multiple ¢f their denominators.

A MULTIPLE of a number is a number that is exactly divisible by
it ; or it is any product of which the given number is a factor.

Thus, 12 is a multiple of 6; 15 of 5, etc.

A CoMMON MULTIPLE of two or more numbers is a number that
is exactly divisible by each of them.

Thus, 12, 24, 36 and 48 are multiples of 4 and 6.

THE LEAST CoMMON MULTIPLE of two or more numbers is the
Jeast number that is exactly divisible by each of them.

Thus, 12 is the least common multiple of 4 and 6.
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ADDITION OF FRACTIONS.

Addition of fractions is the process of finding the sum
of two or more fractions. In order that fractions may be
added, they must have like denominators and be parts of
like units.

RULE.—ZFBring all the fractions to the same continon
denoniinator, add their numerators together for the new

numerator, and reduce the resulting fraction to its simplest

Jorm.

EXAMPLES.
What 1s the sum of f—4--}42—=4%. Ans.
What is the sum of 4+ + 34812 23 Ans.

SUBTRACTION OF FRACTIONS

Bring the fractions to others havmg a common denomi-
nator, as in addition, and subtract their numerators.
EXAMPLES.
From ¥ subtract § -4—13.
From § take §.  3pl—=2—1.

_3_7 6.=~
18 18

What is the difference between } of § and } of 14?
$of $=%: and } of 14==} of §—3%.

Therefore, it is §-—%=—o.

MULTIPLICATION OF FRACTIONS.

First bring each fraction to its simplest form; then
multiply the numerators together for the new numerator,
and the denominators together for the new denominator.
Reduce the fraction to its simplest form.
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MULTIPLICATION OF FRACTIONS.

ENAMPLES.
1. Multiply 4 X 1% ; thatis, 4 x 2l-—8+—21—4 or by

canceling

W bt
el K
Gl — O

3
i

4
The 4 cancels into the 16 four times, and the 7 into the 21
three times. Thus 1X3 -3, and 1X4—4. Answer }.
2. 24 of 34 X6} offp.
3 5 v 1

p—

2r .23 A9 o8

BTy a

R 1 1 3

5

BT 8

—;:2 X 3= _21) = 17} Answer.
1

DIVISION OF FRACTIONS.

Reverse the divisor and proceed as in multiplication.
The object of inverting the divisor is convenience in

multiplying.
After inverting the divisor, cancel the common factors.
EXAMPLES.
311, that is, §+, reverse the § and it becomes §;

9

then the question is § X § —~2#--% Ans.
42 of 14-+-3% of 34, that is, 32 of 1418 of 48, cancel-
ing reduces the dividend to $ and the divisor to 42 and we

1
. { 4 1 4 ___1
have %—.'—1—172*, that 1S, ’fx'fff'ff-—;_{ Ans.
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DECINALS.

A decimal fraction derives its name from the Latin

decene, “ten,” which denotes the nature of its numbers.
It has for its denominator a UNIT, or whole thing, as a
pound, a yard, etc., and is supposed to be divided into ten
equal parts, called tenths; those tenths into ten equal
parts, called hundredths, and so on.

The denominator of a decimal being always known to
consist of a unit, with as many ciphers annexed as the
numerator has places, is never expressed, being understood
to be 10, 100, 1000, ¢tc., according as the numerator con-
sists of 1, 2, 3 or more figures. Thus: o 1o 1 ete.,
the numerators only are written with a dot or comma be-
fore them, thus: .2, .24, .125.

The use of the dot (.) is to separate the decimal from
the whole numbers.

The first figure on the right of the decimal point is in
the place of tenths, the second in the place of hundredths,
the third in the place of thousandths, ctc., always decreas-
ing from the left towards the right in a tenfold ratio, as in

the following

TABLE.

) ,

= i

o =
. o T 2 @
Z =3 . s 2 4
=] H o + . 2 =
= h-g .E U;w.'::g ~
= ° 2 4 . 2 = 5 88 4 8
s B L2 a2 & == g 5 oz L8 .
et £ 3 L =3 = .3 &2 &g = = 8
1% § 535 g & 2 4 8§ =2 BB C QT
- L = 225 4 4 E = < 2 R <= S =
g 25 8 & 35 £ & =23 %8 £ 8 4 &= 2 -
£ o5 2 5 4 F 5 F 2 3 F 25 5= 8 8
e Al BEEBEIODEPACDESIT 2 &3
5 5§55 5 55 5 - 55 5 5 5 5 5

Ascending. Descending.
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DECIMALS.

A cipher placed on the left hand of a decimal decreases
its value in a tenfold ratio by removing it farther from the
decimal point. DBut annexing a cipher to any decimal does
not alter its value at all. Thus o.4 is ten times the value
of 0.04, and a hundred times 0.004. But 0.7=0.70—=0.700
—0.7000, etc., as above remarked.

0.2 is equal to two-tenths.

o025 “ ¢ ¢ twenty-five hundredths.

0.1876 “ “ ¢« one thousand eight hundred and

seventy-six ten thousandths, and
SO on.

Mixed numbers consist of a whole number and a deci-
mal, as 4.25 and 3.875. .

TO REDUCE A FRACTION TO A DECIMAL.,

RULE.—Anncx decintal ciphers to the numerator, and
divide by the denominator, pointing off as many decimal
places in the quoticnt as there are ciphers annexed.

Ex.—Reduce # to a decimal.

EX.—4) 3.00

75

TO REDUCE A DECIMAL TO A FRACTION.,

RULES.—1, Omtit the decimal point,; 2, Supply the
proper denontinator ; 3, Reduce the fraction to its lowvest
terms.,

Ex.—Reduce .0735 to an equivalent fraction.

- 75 _. .3
075 =100~ T

NoTE.—‘“Tt is not merely the ability to calculate that constitutes
the utility of mathematical knnowledge to the engineer; it is also the
increased capacity for understanding the natural phenomena on which
the engineering practice is based.”
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ADDITION OF DECIMALS.

RULE.—Place the quantitics down in suck a manncr
that the decimal point of one line shall be cxactly under that
of cvery other line; then add up as in simple addition.

EXAMPLE.
Thus:—Add together 36.74, 2.08046, 176.4, 31.0071
and .08647.
36.74
2.98046
176.4
31 0071
.08647

247.21403

SUBTRACTION OF DECIMALS.

RULE.—Place the lines with decimal point under deci-
mal point, as in aeddition. [f one line has more decimal
Sfigures than another, put naughts wunder the one that is
deficient till they are cqual, then subtract as in simple sub-

traction.
EXAMPLES.
From 146.2004 take 98.9876.
140.2004
98.9876

47.2128 Answer.
From 4.17 take 1.984625.

4.170000

1.084625

2.185375 Aus.
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MULTIPLICATION OF DECIMALS.

RULE.—Place the factors under eackh other, and mul-
tiply them together as in whole numbers, then point off as
many figures from the right hand of the product as there
arc dectmal places i botl factors, obscrving, if there be not
enough, to anncx as many ciphers to the left hand of the
product as will supply the deficiency.

ExXAMPLE.—DMultiply 3.625 by 2.73.

3.625X2.75 =9.90875 Ans.

DIVISION OF DECIMALS.

RULE.—Prepare the deciinal as divected for multiplica-

tion,; divide as tn whole numbcrs, cut off as many figures
Jor decimals in the quoticnt as the number of decimals in the
dividend excecds the nwmber in the divisor,; and if the
places in the quoticnt be not so many as the rule requires,
supply the deficicncy by annexing ciphers to the left hand of
the quottent.

ExaMpLE.—Divide 173.5425 by 3.75.

3.75)173-5425(46.274
1500

2354
2250

1042
750

2925
2625

300
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RATIO, PROPORTION, RULE OF THREE.

THE RULE or THREE, so called because there are
always #rec numbers to find a fourth.

The solving of this problem, 7. ¢, having three num-
bers, to find the fourth, is the most important part of
proportion. On account of its great utility and extensive
application, it has been called #/ic golden rule.

RATIO is the relation of two numbers as expressed by
the quotient of the first divided by the second. Thus,
the ratio of 6 to 3 is 63, or 2.

THE RATIO BETWEEN TWO NUMBERS 75 expressed by
placing a colon betwocen thew; thus, the ratio of 8 to 4 is
expressed 8 ¢ 4.

A SIMPE RATIO IS A RATIO BETWEEN TWO NUM-
BERS, as 4 : 5.

A COMPOUND RATIO is a ratio formed by the combina-

tion of two or more simple, ratios.

o vt

Thus, “} is a compound ratio, and is equivalent to
4X3:5 X;.or 12:10.

The numbers whose ratio is expressed are the terms of
the ratio. The two terms of a ratio form @ couplez, the
first of which is the antecedent and the second tie conse-
quent.

PROPORTION 1S AN EQUALITY OF RATIOS. The first
and fourth terms of a proportion are called z/ke extremes,
and the second and third the means. ’

The product of the means is equal to the product of the

cxtlvenes.
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RATIO AND PROPORTION.

A missing mean may be found by dividing the product
of the cxtremes by the given mean.

A missing extreme may be found by dividing the product
of the means by the given extreme.

SIMPLE PROPORTION is an equality of two simple
ratios, as,
9 lb.: 181b.:: 27 cents : 54 cents.

Ex.—If 24 wrenches cost $27, what will 32 wrenches
cost?

ANS.—36 dollars.  See note.

RULE.—For convenicnce, take for the third term the
number that may form a ratio with, or is of the same
denomination as, the answer. [f, from the nature of the
example, the answer is to be greater than the third term,
make the greater of the two remaining terms (whick must
be of the same denomination) the second terme; when not,
make the smaller the second termn.  Then multiply the
means (the second and third) together, and divide their
product by the given extreme (the first term).

Exs.—The missing term, z, in the examples below, can
be found by applying the principles given on page 48).

16 1 x :: 24 : 18 Ans. 12
x 27 ::18 1 54. Ans.g.
32 127 1y x 135 Ans. 160.
16 : 12 :: 24 : . Ans. 18.

NoTE. —For convenience in working this example make the fourth
term the missing term, or the required answer. Since the third and
fourth terms must be of the same denomination and the denomination
of the answer will be dollars, take %27 as the third term. From the
nature of the example the answer will be more than §27, the third
term: therefore, make 32 wrenches the second term and 24 wrenches
the first term. The proportion will then be stated as follows: 24
wrenches : 32 wrenches :: §27 : x (Let x represent the unknown term).
Multiplying 32 by 27, and dividing the product by 24, the fourth or
missing term will be $36.
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EVOLUTION OR SQUARE ROOT.

The SQUARE Ro0OT of a number is one of the two
equal factors of a number. Thus, the square root of 25
is 5. §5X5=25.

To FIND THE SQUARE RoOOT OF A NUMBER.

RULE.—Beginning at units’ place, separate the given
number into periods of two figures cach.

Find the greatest square in the left-hand period, and
write its root at the right in the forve of a quotient in divi-
ston.  Subtract this square from the left-hand period, and
to the remainder anncx the next period to form a dividend.

Double the part of the root already found for a trial
divisor. Find how many times this divisor is contained in
the dividend, cxclusive of the right-hand figure, and write
the quoticnt as the next figure of the root.  Auwunex this quo-
ticnt to the right of the trial divisor to forut the complete
divisor. Multiply the complete divisor by the last figure of
the root, and subtract the product from the dividend.

To the remainder anncy the next period, and proceed as
before.

When the given number is a decimal, scparate the num-
ber into periods of two figures cach, by proceeding in both
directions front the dectmal point.

EXAMPLE.

Find the square root of 186624. Proof 432
18,66,24(432 432
16 264
83 | 266 12964

249 1728

862 l 1724 -

1724 186624
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ENAMPLE.
Find the square root of 735.
7.35(27.11 etc. Proof 2711
4 2711
47 | 335
320 2711
541 | 600 2711
| 541 18977
5421 | 5900 5422
5421 S —
etc. 734.9521

We proceed as before till we get the remainder 6, and
we see it is not a perfect square; we wish the root to be
taken to two or three places of decimals; there are no more
figures to bring down, therefore bring down two ciphers
and proceed as in the first ecxample; to the remainder
attach two more ciphers and proceed as before, and by
attaching two ciphers to the remainder you may carry it to
any number of decimal places you please. In the above
example the answer is 27.11, etc.

The following important note is to be studied in con-

nection with example at the bottom of the cpposite page.

NOTE.-—Begin at the last figure 4, count two figures, and mark the
second as shown in the example ; count two more, and mark the figure,
and so on till there are no more figures; take the figures to the left of
the last dot, 18, and find what number multiplied by itself will give 18.
There is no number that will do so, for 4X4=16, is too small, and
5X5=25, is too large; we take the one that is too small, viz., 4, and
place it in the quotient, and place its square, 16, under the 18, subtract
and bring down the next two figures, 66. To get the divisor, multiply
the quotient 4 by 2=8. place the 8 in the divisor, and say 8 into 26 goes
3 times, place the 3 after the 4 in the quotient and also after the 8 in
the divisor; multiply the 83 by the 3 in the quotient, and place the
product under the 266 and subtract, then bring down the next two fig-
ures, 24. To get the next divisor, multiply the quotient 43 by 2=86;
see how often 8 goes into 17, twice ; place the 2 after the 43 of the quo-
tient, and also after the 86 of the divisor; multiply the 862 by the 2,
and put it under the 1724, then subtract. Answer, 432.
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EVOLUTION.

In expressing the square root it is customary to use
simply the mark (4/), the 2 being understood.
All roots as well as powers of one are 1, as 4/1—1.

EXAMPIE.

Find the square root of 588.0623.
5,88.00,25(24.25
4

44} 188
176

1206
904

4845 '242

482

In a decimal quantity like the above, the marking off
differs from the former examples. Instead of counting
twos from right to left, we begin at the decimal point and
count twos toward the left and toward the right. The rest

of the work is similar to the other examples.

Notice, that when the .06 is brought down, the figure

for a quotient is a decimal.

To familiarize oneself with the extracting of the square
root, it is well first to squarc a number and then work
backward according to the examples here given, and by
long and frequent practice become expert in the calcula-
tion. But in first working square root, it is undoubtedly
better to secure the services of a teacher.
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Is the raising a number (called the root) to any power.
The powers of a number are its square, cube, 4th power,
sth power, etc.

2X2 -4 4 1s the square or 2nd power of 2.
2xzx2 -8 8 is the cube or 3d power of 2.
2X2X2X2 106 16 is the 4th power of 2.
Etc. Etc.

RULE—Tv square a wwmber nultiply it by itself.
LLXAMPLE.

What is the squarc of 27 (written 27%)?

SRS
S B |

189
54

720 Answer.
RULE.—Tv cube a number, niultiply the square of the
number by the nuwmber again.
ExaMPLE.—What is the cube of 50 (written 50°%)?
50
50

2500 the square
50

125000 the cube.

A potecr of a quantity, is the product arising from
multiplying the quantity by itself one or more times.
When the quantity is taken zzvzce as a factor, the product
is called the sccond power; when taken #Zree times, the

third power, and so on.
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INVOLUTION.,
SIGNS THAT REPRESENT THE R0OTS OF NUMBERS.

The sign common to all roots is 4/ or 4/~ and is
known as the Radical Sign. If we require to express the
square root of a number we simply put this sign before it,
as 4/16, but if the number is made up of two or more
terms, then we express the square root by the same
in front, but with a line as far as the square root extends,

as V947 or /4 (19+6).

The cube root is expressed by the same sign, with a
3 in the elbow, as 4/8 or v/7 (100—51.)

All other roots in the same manner, the number of the

13
root being put instead of the 3. As fifth root 4/, and
sixth root ,\6/, etc.

In the above examples, 9+ 7 — 16, and the square root
of 16 is 4.

The 4 \19+6)=4><25==Ibo, and the square root of 100
is 10.

The other way of expressing that the root is required,
is by putting a fraction after and above the quantity, as

1617, which means the square root of 16, (19+ 17)%, or
{4(19—{—6)}5 all of which means the square root of the
quantities to which they are attached.

The cube root, 4th root, 5th root, etc., are written in

the same way, as 72931=9; 256'1‘:4; 3125%==5, etc.
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THE POWERS OF NUMBERS.

SIGNS REPRESENTING THE POWER OF NUMBERS.

6 is equal to 6 X 6—36; that is, 36 is the square of 6.

53is equal to §X5X5=125" that is, 125 is the cube
of 5.

4'is equal to 4X4X4X4=—256; that is, 256 is the
fourth power of 4.

The power and the root are often combined, as 4%,
this is read as the square root of 4 cubed. So the nume-
rator figure represents the power, and the denominator
figure represents the root. In this case the square root of
4 is 2, and the cube of 2 is 2X2X2=8 Answer.

Perhaps the most common form that the student will
meet with this sign is in the following:

8%, which is read the cube root of 8 squared. Now,
8 squared—64, and the cube root of 64 is 4 Answer.

Find the value of 20%.
20 cubed=8000, and square root of 8000=8g.4, etc.

Ex \\IPLE
What is the value of +81
3
88— V8 — /O3 —4:81° =9 3'=1/37=1/27-5.2 nearly.
Hence, 4i9=2=2.5 or 24 Answer.
5.2 5.2

() are called brackets, and mean that all the quanti-
ties within them are to be put together first; thus,
7 (8—6-+4X 3) means that 6 must be subtracted from 8§—2,
and 4 times 3—12 added to this 2=14; and then this 14 is
to be multiplied by 7—g8.
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THE METRIC SYSTEM.

In the Metric or French system of weights and meas-
ures, the J/ecter is the basis of all the units which it
employs. The J/efer is the unit of length, and is equal to
one ten-millionth part of the distance measured on a
meridian of the earth from the equator to the pole, and
equals about 39.37 inches, or 394 inches nearly.

The standard meter is a bar of platinum carefully pre-
served at Paris. Exact copies of the meter and the other
units have been procured by the several nations (including
the United States) that have legalized the system.

In this system, weights and measures are increased or
decreased by the following words prefixed to them:

Milli expresses the 1,000th part.

Centi “ “ 10ooth ¢

Deci “ “ 1oth

Deka “ 10 times the value.

Hecto “ 100 * oo

Kilo 113 I,OOO “ '3 [13

TABLE.
1 Millimeter...... (1955 of a meter) = .03937 7.

10 mm. = 1 Centimeter..... (135 of a meter) = .3937 .
10 cmm. = 1 Decimeter...... (¥ of a meter) = 3.937 n.
10 dm. = 1 METER......... (I meter) = 39.37 in.
10 M. = 1 Dekameter...... (10 meters) = 32.8 J2.
jo Dm. = 1 Hectometer. .... (100 meters) =328.09 f1
10 Am. = 1 Kilometer...... (1000 meters) = .62137 mile.

NoOTE.—A gramme is the weight of a cubic centimeter of distilled
water; a decigramme contains {; of a gramme; a dekagramme contains

I0 grammes.
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USEFUL MEASUREMENTS.

A measurcment is an ascertained dimension, as the
length, breadth, thickness, depth, extent, quantity, capacity,
etc., of a thing as determined by measuring.

Mensuration s the art of measuring things which
occupy space; the art is partly mechanical and partly
mathematical.

There are three kinds of quantity in space, viz., length,
surface and solidity ; and there are three distinct modes
of measurement, viz., mechanical wmeasurement, geomet-
rical construction and algebraical calculations. The last
two modes are done by calculations, while in mechanical
measurements they are made by the direct application of
rules and special measuring instruments.

Lengths are measured on lines, and the measure of a
length of a line is the ratio or relation whiclk the line bears
to a recognised unit of length—the inch, foot or mile deter-
mined by reference to brass rods kept by the United
States Government at Washington as a standard. The use
of the “rules” is called direct micasurement.

The sccond kind of quantily to be mcasured is surface.
This sort of measurement is never done directly or mechan-
ically, but always by the measurement of lines, as will be
seen both under this division and under the sections
relating to geometry.

The third species of quantity is solidity. Direct meas-
urement of solid quantities consists simply in filling a vessel
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USEFUL, MEASUREMENTS.,

of known capacity, like a bushel or gallon measure, until
all is measured. The geometrical mode of computing
solids is the one hereafter shown by cxamples and illustra-
tions.

SURFACES.

A surface is the exterior part of anything that has
length and breadth, as the surface of a cylinder.  7Ve arca
of any figure is the measure of its surface or the space con-
tained within the bounds of that surface, without any

regard to the thickness.
TO FIND THE AREA OF A TRIANGLE.

A Triangle is a figure boundced by three sides, and is
half a parallelogram ; hence the

RULE.—Multiply the basc by half the perpendicular
height.

ExaMPLE.—The base of the triangleis 12 feet, and it
is also 12 feet high; what is its area?
Half the height—=6 feet; and 12X6—72 square feet

area.
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SURFACES.

To FIND THE AREA OF A TRAPEZIUM.

A Trapezium is any foursided figure that is neither
a rectangle, like a square or oblong, nor a parallelogram.

RULE.—1. Join two of its opposite angles, and thus
divide it into two triangles.

2. Measure this line and call it the base of cack triangle.

3. Measure the perpendicular height of eack triangle
above the base line.

4. Then find the area of caclk triangle by the previous

rule; their su is the arca of the whole figure.

Fig. 7.

To FIND THE AREA OF A TRAPEZOID.

A Trapezoid is a trapezium having two of its sides
parallel.

RULE.—Aultiply half the sum of the two parallel sides
by the perpendicular distance betwween them.

1] .
e 7 N,

\w\x\\\\% ]
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USEFUL MEASUREMENTS.

Let the figure be the trapezoid, the sides 7 and 5 being
parallel ; and 3 the perpendicular distance between them.

ExaMPLE.—Find the area of the above trapezoid, the
parallels being 7 feet and 5 feet, and the perpendicular
height being 3 feet.

7
5

2)12
6 And 6X3—18 square feet.
TO FIND THE AREA OF A SQUARE.
A Syuare is a figure having all its angles right angles
and all its sides equal.
RULE.—Multiply the base by the height ; that is, mul-
tiply the length by the breadii.

EXAMPLE.—What is the area of a square whose side is
2} feet?

2.5

125
50

Answer, 6.25 square feet.
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SURFACES.

To FIND THE AREA OF A RECTANGLE.
A rectangle is a figure whose angles are all right
angles, but whose sides are not equal; only the opposite

sides are equal.
RULE.—Multiply the length by the breadth.

ExXAMPLE.—WHhat is the area of a rectangular figure
whose base is 12 fect and height 8 feet?

12

8

Answer, g6 square feet.

TO FIND THE AREA OF A PARALLELOGRAM.

A Parallelogram is a figure whose opposite sides are
parallel, the square and oblong are parallelograms; so also
are other foursided figures whose angles are nof right
angles. It is these latter whose area we now want to find.

RULE. —=dultiply the base by the perpendicular height.
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USEFUL MEASUREMENTS.
ExXAMPLE.—Find the area of a parallelogram whose

base is 7 fect and height 5% feet?

5.25
7

Answer, 36.75 square feet.

To FIND TIE AREA OF A POLYGON.

RULE.—Multiply the sum of the sides, or perimeter of
the polygon, by the perpendicular dropped from its center to
one of its sides, and half the product will be the area. This

rule applies to all regular polygons.

Fig. 12.

ExaMrLE.—What is the area of a regular pentagon,
or five-sided figure, B A D whose side 4 D is g feet and
the perpendicular C £ is 6 feet?

9
5

43 the perimeter.
6

2)270

Answer,135 feet.
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THE CIRCLE.

The circle is a plane figure, comprehended by a single
curve line, called its circumference, every oart of which is
equally distant from a point called the cenzer.  Of course,
all lines drawn from the center to the circumference are

equal to each other.

7854

“ Why is the decimal .7854 uscd to ascertain the area of
a circle or round opening ? 7’ is a question frequently asked.
Now, if you will divide a square inch into 10,000 parts,
then describe a circle one inch in diameter and divide that
into ten thousandths of an inch, you will find that you have
7834 of such squares, each one-thousandth of an inch,
hence the decimal .7854 is used as a “constant " or multi-
plier, after squaring the diameter, and the result is the

area of the circle.

3.1416

The Greek letter 7, called pi, is used to represent
3.1416, the circumference of a circle whose diameter is I.
" The circumference of a circle equals the diameter multi-
plied by 3.1416, nearly. Another approximate proportion
is 22, and another still nearer is $7}.
This decimal has been worked out to 36 places, as
follows :
3.141592653589703238462043383279502884-+
and called the Ludolphian number, because calculated by

Ludolph Van Ceulen, a long time ago.
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USEFUL MEASUREMENTS.

ToO FIND TIE LENGTH OF THE CURVE LINE, CALLED
THE CIRCLE; THAT IS8, TO FIND THE CIRCUMFERENCE OF
A CIRCLE.

RULE.—0/ultiply 3.1416 by the diameter.

O

Fig. 13.

ExAMPLE-—\What is thce circumference of a circle
whose diameter is 3 inches?
3.1416
3
Answer, 9.4248 inches.
To FIND THE DIAMETER OF A CIRCLE.

RULE.—(1) Multiply the circumference by 7 and
divide by 22 or, (2) Divtde the circuniference by 3.1416.

EXAMPLE.
A pulley has a circumference of 50.30”, find its

diameter?

50.30 X 7
—— - 16” diameter. Answer.
22
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THE CIRCLE.

To FIND THE AREA OF A CIRCLE.
RULE.—Multiply the square of the diameter by .7854.

< T

Fig. 14.

ExaMPLE.—The diameter of a circle is 3 inches, find

its area.
3 7854
3 9
9 Answer, 7.0686 square inches.
ExaMrLE.—The diameter of a circle is 3.5 inches, find
the arca.
3.5 7854
3.5 12.25
175 39270
105 15708
R 15703
12.25 7854

Answer, 9.021150 square inches.

NoTE.—“In every branch of science our knowledge 1ncreases as
the power of measurement becomes iz proved.’
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USEFUL MEASUREMENTS.

ToO FIND TIE SECTIONAL AREA OF A RING OR PirE.
RULE.—Zrom the arca of the greater circle subtract

that of the lesser.

ExAMPLE—A\ pipe has an external diameter of 2"
an internal diameter of 137, find its sectional arca i1l

and
square inches.
Thus area of 2’/: — 227 X 7854 — 3.1410
“ 1 = 1§? KX 7854 = 2.4053

Answer, .7363 square inches.

To FIND THE AREAN OF AN ELLIPSE.
RULLE.—ultiply 7854 by the product of the diameters.
//”’-“‘f\'(f""“’T'

A

H BN

: BN
:_\ ~ Lo

e 5 e
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THE CIRCLE.

ILNAMPLE.

What is the area of an ellipse whose diameters are 53

and 41?
5.75 24.4375
4.25 7854
2875 977500
1150 1221875
2300 1955000
—— 17100625
244375 -

19.19321250
To FIND THE SURFACE OR ENVELOPE OF A CYLINDER.
RULE—J/ultiply 3.1416 by the diameter, to find the
circumference, and then by the height.

EXAMILE.

What is the surface of a cylinder whose diameter is
¢ inches and height 13 inches.

3.1416
9

28.2744 ~circumference.

1413720
282744

424.1160 arca of surface in square inches.
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To FIND TIHE SURFACE OR ENVELOPE OF A SPIERE.

The surface of a sphere is equal to the convex surface
of the circumscribing cylinder; hence the

RULE.
and this again by the diameter ;) because in this case the

diamicter is the lictght of the cylinder ;

ALultiply 3.14106 by the diamieter of the sphere,

Or nultiply 3.1416 by the square of the diamcter of the
sphere.

ENXAMPLE.

Whnat is the surface of a sphere whose diameter is
3 feet? Sce figure page 73.
3.1416
937

28.2744 arca of surface in square feet.

QUOTATION.—*‘ Observe any of the best-known mechanics’ pocket
reference books after it has been used a few years, and there is always
indisputable evidence that the arithmetical tables are used oftener than
«:17 other part of the contents. Though it may be well preserved in

all cther parts, the tables are worn to a useless condition.”’
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SOLIDS.

A solid is a body or magnitude which has three dimen-
sions—length, breadth and thickness—being thus distin-
guished from a suzface, which has but two dimensions, and

from a line, which has but one ; the boundaries of solids are

surfaces.

The measurement of a solid is called its solidity,

capacity or content.

ToO FIND THE SOLIDITY OR CAPACITY OF ANY FIGURE
IN TIIE CUBICAL FORM.

RULE.—MMultiply the length by the breadth and by the
depti.

EXAMPLES.
A tank is 10 feet long, 6 fect broad and 3 feet deep;
how many cubic feet of water will it hold?

10X 6% 3==Ans. 130 cubic feet.

A bar of iron is 24" long, 61 broad, and 21" thick;
how many cubic inches does it contain?

24X 6.5%2.25 ~Ans. 351 cubic ins.

Find the cubical contents in inches of a shaft 3’ diam-
eter and 15" 0" long?

327854 -7.c086X 15X 12 ~Ans. 1272.348 cubic ins.
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MFEASUREMENTS O SOLIDS.
A CUBE is a solid having six equal square sides. To
FIND THE CONTENTS—

RULE—Multiply the area of the base by the perpendic-
wlar height.

Fig. 18.
Ex.—What is the contents of a cistern whose sides
and depth are 3 fcet 6 inches?
3/ 6" x3 6" X3 6”--42" 10" nearly (42.875 cubic feet).
TO FIND TIHE CONTENTS OF A RECTANGULAR SOLID,
RULE—Multiply the length, breadth and height to-
gether.

~
-
i

.l_z_,‘i’m ‘
: llli)f(/”ml |
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EXAMPLE.
What is the contents of a rectangular solid whose
length is 5 feet, breadth 4 feet and height 3 feet?
5 feet
4 feet

2

square feet of base
feet

e 81

00 cubic feet
To FIND TIHE CUBIC CONTENTS OF A SPHERE.
RULE—ultiply 7854 by the cube of the diameter,

and then take 3 of the product.

Fig. 20.
Ex.—Find the cubic contents of a sphere whose

diameter is 5 feet.

5 7854

5 125

25 39270
5 15708
_— 7354

93.1750
2

3)196.3500

Answer, 65.4500 cubic feet.
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The rule is only approximate, owing to the “repeat-
ing decimal " used in the calculations. Another rule is

as follows:

Multiply the cube of the diameter by 5236, or the cube
of the circunmfercince by 016887, and the product will be
the solidity.

To FIND THE SOLIDITY OF A HEMISPHERE.

RULE—Multiply the square of the diamcter by the
radius, and multiply the product by 5236, which is the ratio
betwocen the solidity of a cube and that of a sphere, whose

diameter is cqual to one side of the cube.

Fig. 21.

ExaMPLE.—How many cubic inches in a hemisphere

whose diameter is 60 inches?

€oX 60X 30%X.5236—56548.8 cubic inches. Answer.

NoTE —The convex surface of a sphere may be found by multiply-
ing the circumference by the diameter. Or, multiply the square of the
diameter by 3.1416, and the product will be the convex surface.

The solidity of a sphere is equal to two-thirds of the solidity of its
circumscribing cylinder.

The surface of a sphere is equal to 4 times the area of a circle of the
same diameter as the sphere; or to the area of a circle whose diameter
is double that of the sphere; or to the convex surface of the circum-

scribing cylinder.
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SOLIDITY OF A HEMISPHERE.

To FIND THE SOLIDITY OF A SEGMENT OF A SPHERE.

RULE 1.—70v three times the square of the radius of
the segment’s base, add the square of the depth or height ;
then multiply this swim by the depth, and the product by .5230.

Fig. 22.

ExXAMPLE.—How many cubic inches in a spherical seg-
ment which has a diameter of 6o inches and a depth of
20 inches?

60-+2=730 inches radius. 30X 30X 3=2700; 2700
+(20 X 20)=3100; 3100 X 20 X .5230=32463.2, which is
the number of cubic inches.

RULE 2.—/7om three times the diameter of the sphere
subtract twice the height of the scgment; multiply the re-
mainder by the square of the height, and that product by
52361 for the solidity.

ExaMrLE.—If the diameter of a sphere be 3 feet 6
inches, what is the solidity of a segment whose height is

1 foot 3 inches? Ans. 6.545 feet.
Now, 3.5 X3 = 1035
1.25X2 — 235
8

1.25%X1.25 — 1.5625X8 = 12.5 Product.
Then, 12.5X.52301 — 0.545 cubic feet.

NoTE.—When the segment is greater than a hemisphere, find the
solidity of the lesser segment and subtract the same from the solidity

of the entire sphere,
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USEFUL MEASUREMENTS.

To FIND THE CUBIC CONTENTS OF A SOLID CYI.-
INDER.
RULE~—Find the arca of the base, and multiply this by

the leight or length.

EXAMPLE.

What is the cubic contents of a evilinder whose diam

eter is 4 feet, and height ov length 7§ feet?

4 7854

4 16

16 47124
7854

12,5004 —arca of basc in square feet
7.5 height or length in feet

628320
879048

Answer, 94.24800 cubic fect.

To FIND TIIE SOLIDITY
OF A CYLINDRICAL RING.
RULE—T70 the thickucss of

the ring, add the inner diamcter ;

ig. 23.

and this sume being niltiflicd
by the squarc of the thickncss, and the product again by
2.4674, will give the solidity.

NoTE.—The surface of a cyviiudrical ring may be found by the
following rule: To the thickness of the ring, add the inner diameter ;
and this sum being multiplied by the thickness, and the product again
by 9.8696, will give the surface required.



The Advanced Mackinist. 77

SOLIDITY OF A CYLINDRICAL RING

ExaMPLE.—What is the solidity of a cylindrical ring
whose thickness A B or C D is 6, and the inner diameter
B C 20 inches?

Here (204-6) X 62 X 2467426 X 36 X 2.4674=- 936 X
2.4674 —2300.4804 inches, the solidity required.

To FIND THE SOLIDITY OF A CONE.

RULE.—Jultiply the arca of the basc by the perpen-
dicular height, and § of the product will be the solidity.

G

Yig. 24.
LEXANMPLE.

1. Required, the solidity of the cone .1 72 ¢ the diame-
ter, .1 73, of the base being 12 feet, and the perpendicular
altitude, 2 C, 13 feet 6 inches.

Here 783407122 78344 144 113.00706, the arca of
the base; and (1130076 18,314 3 2092.3056+3--097.4352
feet, the solidity required.
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To FIND TIIE CUBIC CONTENTS OF A FRUSTRUM OF
A CONE.

A frustrum of a cone is the lower portion of a cone
left after the top picce is cut away.

RULE.—Zind the sum of the squares of the two diani-
eters (d, D), add on to this the product of the two diameters
multiplicd by 7834, and by one-third the height (k).

ExaMrLE—Find the cubic contents of a safety-valve
weight of the following dimensions: 12” large diameter, 6”
small diameter, 4" thick. Now:

144+ 30+72X.7854 X 1.33
232 %.7854 X 1.33—263.23, etc., cubic inches.

TO FIND TIHE SOLIDITY OF A PYRAMID.

Pyramids may be trilateral, quadrilateral, pentagonal,
hexagonal, heptagonal, octagonal, ctc., having three, four,

five, six, seven, eight triangular sides, respectively.
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SOLIDITY OF A PYRAMID.

The trilateral pyramid has three triangles.  The quad-
rilateral pyramid has four triangles, and the pentagonal
pyramid has five triangles, and so on.

RULE.—Multiply the arca of the base by onc-third of
the perpendicular Leight, and the product will be the solidity.

ExAMPLE.—What is the solidity of the regular penta.
gon pyramid A 7 C DD [Z, each side of the base being g
fect, and the perpendicular altitude, 77 C, 24 feet?

The area of the base, sce page 64, is

135 feet X & of 24 S
S

Answer, 1080 fcet, the solid contents.
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TO FIND THE SOLIDITY OF AN IRREGULAR SOLID.

RULE.

Divide the irregular solid into different figures; and
the sum of their soliditics, found by the preceding problens,
will be the solidity required.

If the figure be a compound solid, whose two ends are
equal plane figures, the solidity may be found by nultiplying
the area of one cnd by the length.

To find the solidity of a piece of wood or stone that is
cragey or uncven, put it into a tub or crstern, and pour in as
mauch water as will just cover ity then take it out and find
the contents of that part of the vessel through whick the
water has descended, and 1t will be the solidity requived.

If a solid be large and very irregular, so that it cannot
be measured by any of the above rules, the general way is to
take lengths, in two or three different places; and their sum
divided by their number, is considered as a mean length,
A mean breadth and a mean depth are found by similar
processes.  Sometimes the length, breadth and depth taken

in the middle are considered mean dimensions.

There are five regular solids which are shown in Figs.

below. A revular solid is bounded by similar and regular
g g
planc figures.  Regular solids may be circumscribed by

spheres, and spheres may be inscribed in regular solids.

Fig. 27. Fig. 8. Fg. 29. Fig. 30. Fig. 3L,
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THE FIVE REGULAR SOLIDS.

The Zvtrakedron (fig. 27)is bounded by four equilateral
triangles.

The Hexvaledron, or cube (fig. 28), is bounded by six
squares.

The Octalicdron (fig. 29) is bounded by eight equi-
lateral triangles.

The Dodecakedron (fig. 30) is bounded by twelve pen-
tagons.

The feosakedron (fig. 31) is bounded by twenty equi-

lateral triangles.

TO FIND THE SURFACE AND TIIE CUBIC CONTENTS
OF ANY OF THE FIVE REGULAR SOLIDS.

RULE—ZFvr the surface, multiply the tabular area
belowo, by the squarce of the edge of the solid.

For the contents, multiply the tabular contents below,
by the cube of the given cdge.

TABLE OF CONSTANTS.
SURFACES AND CuBic CONTENTS OF REGULAR SOLIDS.

Area. Contents.

I(\)If“:ilcli)eesr" NAME Fdge =1 Edge =1
4 e Tetrahedron........ 1.7320 0.1178

(O Hexahedron..... ../ 6.0000 1.0000

S SEERRP Octahedron....... .. - 3.4041 0.4714

12 . Dodecahedron.....  20.6458 7.6631
200 ..., Icosahedron... ...... 1 8.6603 2.1817

A constant is a quantity or multiplier which is assumed

to be invariable.
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PARTS OF A CIRCLE.

The circumference of a circle is suppostd to be divided
into 360 degrees or divisions, and as the total angularity
about the center is cqual to four right angles, each right
angle contains go degrees or go°, and half a right angle
contains 435°.  Ifach degrec is divided into 60 minutes, or
60'; and, for the sake of still further minuteness of measure-
ment, cach minute is divided into 60 scconds, or 60””. In
acirclethercare, therefore, 360 X 60 X 60=1,296,000 seconds.

Fig. 32.
The above diagram exemplifies the relative positions
of the
Sine, Tangent,
Cosing, Cotangent,
Versed sine, Secant, and

Cosccant
of an angle.

NoTE.—The circumferences of all circles contain the same number
of degrees, but the greater the radius, the greater the ahsolute measures
of a degree. The circumference of a fly-wheel or the circumference of
the earth have the same number of degrees; vet the same number of
degrees in each and every circumference is the measure of precisely
the same angle.
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DEFINITIONS OF PARTS OF A CIRCLE.

1. The Complement of an arc is go° minus the arc.

2. The Supplement of an arc is 180° minus the arc.

3. The Sine of an angle, or of an arc, is a line drawn
from one end of an arc, perpendicular to a diameter drawn
through the other end.

4. The Cosine of an arc is the perpendicular distance
from the center of the circle to the sine of the arc; or it is
the same in magnitude as the sine of the complement of
the arc

5 The Zangent ot an arc is a line touching the circle
in one extremity of the arc, and continued from thence to
meet a line drawn through the center and the othes
extremity.

6. The Cotangent of an arc is the tangent of the com
plement ot the arc. The Ce is but a contraction ot the
word complement.

7. The Secant of an arc is a linedrawn from the centes
of the circle to the extremity of the tangent.

8. The Cosccant of an arc 1s the secant of the comple
ment.

9. The Iersed Sine of an arc is the distance from the

extremity of the arc to the foot of the sine.

For the sake of brevity these technical terms are con-
tracted thus: for sine AZD, we write sin. AB,; for cosine
AB, we write cos. AB; for tangent AB, we write fan.

AB, ctc.

NOTE.— Trigonometry is that portion of geometry which has for
its object the measurement of triangles. \When it treats of plane
triangles it is called /Yane Trigonometry, and as the engineer will
continually meet in his studies ot higher mathematics the terms used
in plane trigonometry, it is advantageous for him to hecome fannhar
with some of the principles and definitions relating to this branch o
mathematics.
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MEASURING MACHINES, TOOLS AND
DEVICES.

The accuracy of a man’s workmanship can usually be
determined from knowing the kind of measuring instru-
ments he employs. It is an old saying among mechanics
that a blacksmith’s “hair’s-breadth” is anything less than a
quarter of an inch. There used to be good ground for
this statement, the reason being that the blacksmith meas-

ured with a square, the graduations of which were } inch.

When a man begins to use a scale graduated to hun-
dredths he finds, as soon as he learns to distinguish the
marks, that there is considerable space included in 14 of
an inch.

When a man has used a micrometer caliper for a
short time he learns to determine § of (v of an inch
quite readily, and then begins to appreciate the value of
fine measurements and close fits. In considering modern
methods and comparing them with older practice, we are
at once struck by the definiteness with which the sizes of
parts are now fixed. The fitting of one part to another
is no longer a question of working to gauges of which the

absolute sizes are unknown, but of working to sizes which

NoTE.—In a device consisting of a short steel rod fitting into a
hollow cylinder, the rod being three-quarters of an inch in diameter, it
was found that the fit was so perfect that it would slide freely in and
out, but if the rod was taken out and held in the hand for a few sec-
onds, the slight expansion caused by the warmth of the hand was
enough to render it impossible to insert the rod until it had been

allowed by gradual cooling to regain its normal size.
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are definitely fixed and stated, and which are at any time
capable of reproduction. To carry out this system means
the general provision of instruments for accurate measure-
ment which were formerly only to be found in a very few
special establishments; it means the possession of skill in the
use of such measuring appliances, and a cultivation of an

appreciation of the value of small units.

Fig. 33 shows a side view of a standard End-Measuring
Rod; these are formed of steel, hardened on the ends and
accurately ground, so that the ends form sections of true
spheres whose diameters are equal to those of the length of
the rods. They are suitable for making internal measure-

Fig. 33.
ments, as rings, cylinders, etc.; and, as reference tools, are

particularly well adapted for setting calipers, comparing
gauges, and work of a similar character. They are also
suitable for measuring parallel surfaces, as the spherical
ends will pass such surfaces without cramping, the same as
spheres of like diameters.

Figs. 34 to 39 exhibit Inside Micrometer Gauges.
These arc adjustable, and designed for making internal
measurements, and work of a similar character, and are also
adapted for measuring parallel surfaces.

The device consists of a holder provided with a
micrometer screw and thimble. The screw has a move-

ment of 3”/; and, by the use of the extension rods fur-



86 The Advanced Mackinist,

MEASURING TOOLS AND DEVICES.

124

nished, mecasurcments from 3”7 to 67 can be made by
the thousandths of an inch.

The extension rods vary by 4", and each rod is pro-

vided with an adjusting nut and check-nut, which are set

Figs. 34 to 39.
to obtain the proper mcasurcment of the given rod, and
should be adjusted only when the point of that rod has
become worn.
This instrument is provided with a micrometer screw
and nut, and is graduated to rcad by half-thousandths.
Provision is made for adjustment to compensate for

wear of the screw and measuring surfaces.
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MEASURING MACHINES.

Fig. 40 shows a standard form of measuring machine
for use in the tool room in preparing templates, reamers,
mandrels, etc. It will measure differences of the 11,4 of

an inch. Adjustments in the machine provide for the

wear of measuring points.

Fig. 41.
Calipering Machines are used to transmit sizes, and
be) b

differ from fixed calipers in that they record as the size is
approached, and show how much a piece is to be reduced.

Machines of this type arc used in connection with
standard sizes as an accnrate pair of calipers, and have the

features of a measuring machine, as they will measure
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accurately above and belowe a certain size after having been
adjusted and the index, which is on the edge of the wheel,
set for a standard size. The machine shown in fig. 41

will caliper to 6 inches. The index wheel is divided tc
read to ten-thousandths of an inch.

Fig. 42 shows corrective gauge standards. These
discs are employcd for testing and correcting fixed gauges,
for setting calipers, and also as a refcrence to prove
dimensions within their range.  Each disc is separate and

is ground independently to size.

The introduction of accurate scientific methods into

manufacturing and commercial processes involves the use
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MEASURING TOOLS.

of a great variety of standards of far greater accuracy than
formerly required. Fig. 42 is but one of very many
measuring devices introduced to secure the essential accu-
racy.

Standard reference discs are shown in fig. 43. These
are employed for testing and correcting fixed caliper
gauges, for setting calipers, and also as a reference to

250

GO ON
EXTERNAL

Fig. 44.

INTERNAL

prove dimensions’ within their range. They are intended
to serve principally as originals, not as working gauges.

The illustration represents “a set” of forty-five discs,
ranging in size from {" to 3", inclusive, by 16ths, and four
handles. The discs vary in width from 3" to 3", according
to the diameter, and afford ample contact surface.

The figures 44 and 43 represent the common form of
internal and external limit gauges. Gauges of this type
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are stamped with the words “go on’ and “not go on,” for
the external, and “go in” and “not go in” for the
internal; and, as the two ends are of different shape, the
workman is enabled to easily and quickly distinguish the
large from the small end without looking at the sizes

stamped upon the gauge.

These gauges are not only used as references for
finishing operations, but are of advantage in roughing
work for finishing. When used in this way the same
amount of stock is left on each piece, thus enabling the
operator who finishes the picces to work to better advantage

than if they were of various sizes.

Fig. 46.

The fig. 46 shows a limit gauge as used in shop prac-
tice. It is stamped 24, 2.300, 2.4995 ; the end marked 2%
is ground accuratcly to size, and is not used except as a
reference standard, the calipers or measuring instruments
being set by the ends marked 2.500, 2.4995. The difference
between these is a limit of .0003, or the 544 part of an

inch.

The advantages derived from the use of the limit
gauges are being appreciated more and more; as, by their
use the time consumed in testing and gauging is reduced

to a minimum, and the duplication of parts is insured.



The Advanced Mackhinist. 9t

MEASURING DEVICES.

Fig. 47 shows an adjustable parallel measuring gauge.
It measures from } inch to 4 inches, and measurements
over the above are got by placing a base beneath. The
slide is tightened by the right-hand thumb nut and the
scriber by the the left-hand one, by which both work inde-

pendently of cach other. It is graduated into 64 parts
to the inch. The graduation on the tool is wider than the
ordinary scale, it being on an incline, but the operator
should read them just the same as a scale of 64ths, match-

ing the line of the slide to the graduation on the incline.
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GAUGES.

English or Birmingham gauges, for sheet and plate
steel and iron, are shown in figs. 48 and 49. The former
indicates sizes from I to 32; the latter from o000 to 23.
The illustrations are about two-thirds the real size.

#
%
$
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~STANDAED
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Fig. 50 represents, two-thirds actual size, the United
States Standard Gauge for sheet and plate steel and iron,
adopted by Congress March 3, 1893.
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GAUGES.

Figs. 51 and 52 are gauges for use in measuring
twist drills and steel drill rods.

160 17 1819

Fig. 51.
Gauge No. 51 is about ;" thick, 1§” wide, 51" long,
and contains gauge numbers from 1 to 60 inclusive.

61 62 63 64 65 66 6768 69 70 )

e ° L (-] e -® ° ° °

BROWN& SHARPE MFG.CO.
PROVIDENCE.R-I

7L 72 73 74 75 76 77 78 79 80

Fig 52.
Gauge No. 52 is about %" thick, §” wide, 2” long, and
=] lg ’ ’
contains gauge numbers from 61 to 80 inclusive.
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’

Fig. 53.
Fig. 53 shows an angle gauge, with the addition of a
protractor and registering dial. It is a very useful tool for
testing planed and finished parts.
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ANGLE-GAUGES.

Fig. 54 shows a simple form of bevel protractor
operated on the same principles as that shown in the

preceding illustration.

Fig. s5.

Tig. 55 shows still another form of the same device.
In cach of the above instruments the circles, or parts

thereof, are divided into degrees.
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USEFUL MEASUREMENTS.

This tool is well adapted for all classes of work where
angles are to be laid out or established; one side of the
stock is flat, thus permitting its being laid upon the paper
or work. The dial is accurately graduated in degrees the
entire circle. It turns on a large central stud, which is
hardened and ground, and can be rigidly clamped by the
thumb nut shown in cut.

The line of graduations is below the surface, thus pro-
tecting them from wear. The blade is about one-eighth
inch thick, can be moved back and forth its entire length,
and clamped independently of the dial, thus adapting the

protractor for work where others cannot be used.

THE VERNIER AND ITS USE.

SCALE.

VERNIER.
Fig. 56.

The Vernier is a small movable scale invented by
Pierre Vernier in 1631, and used for measuring a fractional
part of onc of the cqual divisions on the graduated fived
scale.

The Vernier consists, in its simplest form, of a small
sliding scale, the divisions of which differ from those of the
fixed or primary scale; the ingenuity of the invention has
given a lasting and world-wide fame to the discoverer of

its useful application.
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THE VERNIER AND ITS USE.

On the scale of the tool is a line of graduations divided
into inches and numbered o, 1, 2, etc., cach inch being
divided into ten parts, and each tenth into four parts,
making forty divisions to the inch.

On the sliding jaw is a line of divisions of twenty-five
parts, numbered o, 5, 10, 15, 20, 25. The twenty-five
divisions on the Vernier correspond, in extreme length, to

twenty-four divisions, or ¢ of an inch, on the scale; each

(]

—

Fig. 57.

division on the Vernier is, therefore, g of 4, or ;¢ of an
inch shorter than the corresponding division on the scale.

If the Vernier is moved until the line marked o on the
Vernier coincides with that marked on the scale, then the
next two lines to the right will differ from each other by
1o of an inch; and the difference will continue to increase
—1_of an inch for each division, until the line 25 on the

Vernier coincides with a line on the scale.
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USEFUL MEASUREMENTS.

Fig. 56 represents a Vernier caliper, showing the two
scales, and in the note is an admirable explanation of its
use, for which credit is due to Brown & Sharpe Manufac-

turing Co.

NoOTE.—On the bar of the instrument is a line of inches, num-
bered o, 1, 2, etc., each inch being divided into ten parts, and each
tenth into four parts, making forty divisions to the inch. On the
sliding jaw is a line of divisions of twenty-five parts, numbered o, 5, 10,
15, 20, 25. The twenty-five parts on the Vernier correspond, in extreme
length, with 24 parts, or twenty-four fortieths of the bar ; consequently,
each division on the Vernier is smaller than each division on the bar by
.0o1 part of an inch. If the sliding jaw of the caliper is pushed up to
the other, so that the line marked o on the Vernier corresponds with
that marked o on the bar, then the two next lines to the right will
differ from each other by .oor of an inch, and so the difference will
continue to increase, .0or of an inch for each division, till they again
correspond at the line marked 25 on the Vernier. To read the distance
the caliper may be open, commence by noticing how many inches,
tenths and parts of tenths the zero point on the Vernier has been moved
from the zero point on the bar.

Now, count upon the Vernier the number of divisions, until one is
found which coincides with one on the bar, which will be the numher
of thousandths to be added to the distance read off on the bar. The
best way of expressing the value of the divisions on the bar is to call
the tenths one hundred thousandths (.100), and the fourths of tenths,
or fortieths, twenty-five thousandths /.025). Referring to the cut shown
above, it will be seen that the jaw is open two-tenths and three-quarters,
which is equal to two hundred and seventy-five thousandths (.275).
Now, suppose the Vernier was moved to the right, so that the tenth
division would coincide with the next one on the scale, which will
make ten thousandths (.o10) more to be added to two hundred and
seventy-five thousandths (.275), making the jaws to be open two hun
dred and eighty-five thousandths (.283).
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USEFUL MEASUREMENTS.

Figs. 58 and 59 represent the entire calipers of which
the head only is shown in fig. 57.
These instruments are graduated on the front side to

FRONT SIDE,
BACK SIDE.

Fig. 58. Fig. 59.

read, by means of the Vernier, to thousandths of an inch,
and on the back to sixty-fourths of an inch; the jaws can
be used for either outside or inside measurements; points
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are placed on the bars and slide, so that dividers can be

used to transfer distances.

Verniers are applied to

minute measuring instruments, as the sextant, barometer,

etc.

Fig. 60

This double Ver-
nier caliper, fig. 6o,
is for the purpose of
accurately measuring
the distance from top
to pitch line, and the
thickness at pitch line
of gear teeth, measur-
ing all pitches.

The sliding jaw
moves upon a bar
graduated to read by
means of the Vernier
to thousandths of an

inch. A tongue, moving at right angles with the jaws, is

graduated in the same manner.

Both the sliding jaw and

tongue are provided with adjusting screws.
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f 1

“There is a difference between ‘cut’ and ‘wear’; !
i
| rotary wear upon a journal will outlast the lifetime .

1
]

tightening a cu/ journal will ruin it; steady, uniform,

of almost any machine.”

¢ No man of any pretensions has any right to mix
up the terms journal and bearing; a jowrnal is that
part of a shaft or axle that rests in the bearings; a
bearing is the part, the contact with which, a journal
moves, or the part of any piece where it is supported
or the part of another piece where it is supported; a
bearing is a guide to steady a shaft or rod and main-

tain it in position.”
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SCREW-CUTTING IN THE LATHE.

The operations of turning and boring are performed in
the lathe, screw machine, boring mill, etc.; in these the
work is usually made to rotate to a cutting tool, which,

"

except for *“ the feeds,” is stationary.

The movement of the work and the cutting of the
tools, produce curved or circular, external or internal, and

plane surfaces.

Fig. 62.

The lathe, with its two headstocks, is admirably
adapted for all kinds of work supported by the two heads
directly, or supplemented by supports or steady rests.

When boring and facing have to be done on the
headstock, disadvantages and defects are encountered ; the

work must of necessity overhang when fixed on the hori-
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TURNING AND BORING.

zontal spindle, causing vibration, etc. Another defect of
the horizontal lathe, when used for boring, is the difficulty
of setting and securing the overhang work to the face-
plate.

The illustration, page 100, is a lathe” designed for
screw-cutting by the means of the lead-screw shown on the
front.

Fig. 62 shows a lathe for turning, boring and screw-
cutting; it has self-acting longitudinal and cross feeds,
actuated by the spline feed spindle in front, on which is
a sliding worm geared into a worm wheel on the carriage ;
the screw-cutting mechanism is actuated by the long
leading screw shown in front, under the rack which is fixed
to the shears or slides of the lathe.

Fig.
64.

There are two ways of cutting a screw-thread in a
lathe: 1, by tools manipulated by the land, called chasers;
2, by cutting tools fixved in the lathe rest, whick slides auto-
matically.

Chasers are of two kinds, the outside and the inside
chaser; fig. 63 shows the outside or male chaser; it is the
one which cuts the male thread, on a pipe, etc.; fig. 64
shows the inside, or female chaser; this cuts the interior
thread on a pipe, etc.

The teeth of chasers are made to correspond to the
number of threads per inch which they are intended to cut,
and each size chaser can only be used to cut its own
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number of threads, although the same chaser is equally
suitable for different diameters of work; thus, an eight-
thread-to-the-inch chaser would cut a thread of this pitch
equally as well on a piece of work 3{ inch diameter as on
a piece 1 inch diameter.

The mode of applying a chaser to cut an external
thread is shown in fig. 65. Here A is the work between
centers, /3 the tool rest, and C the chaser. If the tool rest,
B, is placed with its upper surface level with the center of
the work, then the chaser, ¢, must be tilted slightly, as
shown in fig. 65, in order to bring the cutting angles of

Nore.—These hand tools:or chasers would appear, at first
acquaintance to many, to be old-fashioned, and not up-to-date devices
for performing the very beautiful process of producing a perfectly
uniform thread; nevertheless, chasers cannot be entirely superseded,
even by the very perfect modern lathe, as a good workman can produce,
with their aid and with ease and certainty, screws of the greatest
cleanness and delicacy—the pressure recuired being very slight—
threads can be cut by this method on the thinnest and the most fragile
materials, which would be quite unable to resistthe more violent treat-
ment to which they would be subjected by any other process of screw-
cutting ; this system is used by manufacturers of Drass fittings for tele-
scopes and exceedingly light work, the thickness of the tube employed
frequently exceeding only to a very small extent the depth of the
screw thread which is cut upon them ; it is not unusual to give the
finishing touch to the threads of machine and engine work with the
hand chaser when accurate and perfect threads are required.
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the tool into the right position. To start a thread, the

end of the work should first be beveled off, as shown in
fig. 66, and the points of the chaser teeth applied

lightly to the work: if the chaser is held still in the one
place, it is evident the teeth will simply cut a series of
rings or circles on the surface of the work instead of a
spiral thread ; at the same time, therefore, as the teeth are
applied to the work, a sliding motion towards the left hand
must be given to the chaser; the exact rate at which the

Fig 66.

chaser is moved depends on the pitch of the screw to be
cut, and also the speed at which the work is revolved in the
lathe.

To cut a true thread, the chaser should move through
a distance of one tooth for each revolution of the work, and
this motion should be perfectly uniform; the speed of the
lathe also should be constant and regular; if this operation
be correctly performed the teeth of the chaser will produce
one continuous spiral line, which should run quite true as
the work revolves; the chaser is then brought back to the
right-hand end of the work, and another cut taken, so as to
deepen the line already made.
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Great care is necessary for the first few cuts, to insure
that the chaser-teeth engage in the same cuts each time,
and that they do not start fresh threads; the line or groove
is thus cut deeper and deeper, until it becomes a V-shaped
groove, with, of course, the V.shaped ridge, or thread,
between.

Fig. 67 shows a hand-chaser being used for cutting
an internal thread. In this case the tool-rest, 5, is placed
across the mouth of the hole, and the chaser isinserted and
gradually advanced, with its teeth against the interior

surface, as shown.

Fig. 67.

In chasing wrought iron or steel, plenty of soap and
water or oil, preferably the former, should be used as a
lubricant. If the chaser be moved along unevenly, or if
the speed of the lathe fluctuate, an irregular thread will
be produced, and this will be readily recognized by the
“wobbling " appearance it has when running. A thread of
this description is caused by incorrect speed of travel.

If the chaser-teeth be inserted in a true thread, without
any cutting taking place, the screw will carry the chaser along
at the proper speed. By trying this plan with the lathe
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running at various speeds, the reader will readily see how
the speed at which the work revolves necessitates a faster
or slower sliding motion of the chaser accordingly to pro.

duce a screw of the desired pitch.

When it is desired to cut a screw of, say, two or three
inches, with a hand-chaser, the first inch or so should be
well started before following up to the remaining portion
of the screw; this, if correctly done, will then form a guide
to lead the chaser up to the part as yet uncut.

The sccond ancthod of screwo-cutting in the lathe is
performed by cutting-tools fixed in the lathe rest.

For cutting screws of any pitch by a tool fixed in the
lathe rest, the lathe requires to be specially fitted with, I
a leading or guide screw; 2, a quadrant fitted with one or
more studs for carrying the change wheels; 3, a saddle or
carriage upon which is fixed the slide rest carrying the
cutting tools; 4, a nut attached so that it can be readily

put into or out of gear with the leading screw.

The following illustration, fig. 68, shows the general
arrangement of lathe for cutting a screw. I is the leading
screw ; the round metal bar, 2, on which the screw is to be
cut, is placed betwceen the stecl centers of the fast and
movable headstocks of the lathe; a “carrier,” or dog, C, is
secured to the bar at the end next to the fast headstock,
which engage with a driving stud, 22, attached to the face-

plate.

The cutting of a screw in a lathe, whether V.shape or
a square thread, is an operation, the most important part
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of which is the sclection of the proper change wheels.
Every turn or revolution of the leading screw moves the
carriage and cutting tool through a distance equal to the
pitch of the leading screw. If the iron bar, B, fig. 68,
revolves at the same rate as the leading screw, A,
the pitch of the screw cut upon the bar will be

T
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Fig. 68,

the same pitch as that of the leading screw; to cut the
same thread as the leading screw, therefore, the driving
wheel on the lathe mandrel must be the same size as the
follower or driven wheel on the leading screw.

If the bar revolve faster than the leading screw, then
the pitch of thread cut on the bar will be less than that on
the lcading screw; if the bar revolve slower than the
leading screw, the thread cut upon the bar will be of
greater pitch than that of the leading screw.

Fig. 68 shows the general arrangement Jooking dowwn
on the work of @ lathe arranged for cutting screw threads,
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with a cutting tool fixed in the tool-holder, which slides
or travels automatically.

When V-threads are cut in a screw-cutting lathe by
tools sliding automatically, a single-pointed tool is gener-
ally used.

Fig. 69 shows the front tool for cutting the male
or outside thread; fig. 7o shows the inside tool for cutting

the interior thread.

60

Fig. 69.

Fig. 70.

It will be noticed that the toals are very similar to the
ordinary turning and boring tools, but with the points
ground to a V-shape, the angle of the V corresponding
exactly with the correct angle for the screw to be cut.

NoTE.—When cutting internal screw-threads it is important to
remember that the diameter of the hole should be equal to the diam-
eter at the dolfom of the male screw-thread, which is to fit into it ; thus
the hole intended for an inch bolt, having eight threads per inch on it,
would be bored out to just under sever.-eightns inch diameter.
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There is one important difference, however, between
the shape of a turning tool and a screw-cutting tool; 7. ¢,
that the tool point is canted or sloped over at an angle;
this is necessary in the screw-cutting tool to prevent it
rubbing against the sides of the thread, owing to the slope
or “rake ” of the latter; the rake of a thread depends on
the pitch of the screw and the diameter of the work on
which it is cut; thus, a screw of one-cighth pitch cut on a
bolt of one-inch diameter, will have greater rake or slope
than that of a thread of same pitch cut on a bolt of two

inches diameter,

Fig 71.

It may be said, however, that in actual practice it is not
necessary to make a separate tool for cach pitch of thread
when cutting V-threads of reasonably small pitch and
diameter, the clearance angle given to the cutting edges of
the tool usually being sufficient to allow for slight varia-
tions in the rake of the thread.

It is necessary to have some gauge to which the tool
can be ground to the correct shape; one way is to grind it
to fit between the threads of an ordinary plug-tap, but a
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special screw-cutting gauge is more satisfactory ; the one
shown in fig. 71 is a useful form; the V-openings are cut
out to the standard angle, 607, and as it is made of light
sheet steel, it can be readily applied to the tool when

grinding, to test it.

Fig. 72.

The method of setting an outside screw-cutting tool
in correct position with regard to the work is shown in
fig. 71, and fig. 72 shows how the gauge may be used for
setting an inside screw-cutting tool. It will be noticed
that a steel rule or other flat strip of metal, A, is laid

across the end of the work, 73, to form a surface for the end

of the gauge to rest against.

Fig. 73. Fig. 74.

The form of tool used for cutting square threads is

‘very similar to a parting tool, only that canting, or rake,
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must be provided for in the portion that enters the work,
to prevent side rubbing.

A tool holder of the kind shown in fig. 73 simplifies
the making of square-thread tools very much. The tool
itself is filed up out of a small round piece of tool-steel,
A, which is then fixed in the holder, 7, by means of the
set-screw, C.  The tool-steel being circular in section, can
be turned round in the holder before the set-screw is tight-

ened, so as to give any desired degree of rake.

Fig. 75.

Fig. 74 shows the end view of the tool and its holder.
The width of a tool for cutting a single square thread
must be equal to half the pitch of the thread. This will
be seen from fig. 73, where ol shows the pitch of the

thread, which is equal to the thickness of a thread and a

space. /3 shows the width the cutting tool should be, 7. e
exactly half of .1. In cutting a doublc or triple thread
the case is different, as will be seen from fig. 76, which
represents a double thread. Here the pitch, A, is equal to

)
I
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the thickness of two threads and two spaces, so that the
width of the cutting tool, B, must be exactly one-quarter
of the pitch, 4.

Fig. 77 shows a double-threaded screw with only the
first groove cut. When the second groove is cut in the
center of the intervening portions of the work, it leaves the
double thread.

A neat way of finishing off a square thread is to drill
a small hole into the work at the end of the thread for the
tool to run into, as shown at (, in fig. 75. The diameter
of the hole should be slightly larger than the thickness of
the tool, and the depth a little greater than the depth of
the thread. The lathe must be stopped just before the

tool reaches the hole, and pulled round by hand for the last
half turn or so. As soon as the tool finishes its cut, it is
withdrawn and run back again in rcadiness for taking a
fresh cut.

The process of cutting a screw in the lathe is com-
paratively simple. The work being mounted between
centers, the tool fastened in the slide-rest, and the proper
screw-cutting change wheels placed in gcar, the lathe is
started and a preliminary cut taken along the work; the
tool is then withdrawn, the clasp-nut disengaged from the
leading screw, the carriage is run back to the starting
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point, and the tool is set in a little deeper than before; the
clasp being dropped into géar with the leading screw again,
a second cut is taken along.

This series of operations is repeated until the screw is
cut to a sufficient depth. There are, however, one or two
precautions which must be observed ; in the first place, a
screw-cutting tool, by reason of its shape, is weak at the
point, and is therefore easily broken; consequently, the
depth of cut taken should not be greater than the tool can
easily stand, and this should be regulated in a systematic
manner. A simple plan is to mark, with a piece of chalk,
the position of the cross-slide handle with which the tool is
fed to the work, when the tool is withdrawn after a cut has
been taken; it is wound in again before taking the next
cut, so that the chalk mark is in exactly the same position
as before; this shows the position of the tool during the
previous cut, so that the operator can now readily judge
how much further to turn the handle round to advance the
tool sufficiently for the next cut.

This done, the old chalk mark is wiped out, and a
fresh onc substituted, the marking being repeated as each
successive cut is taken.

The same guidance can be obtained in a neater way
by placing a brass ring or clip over the handle of the
slide rest, with a line marked across it,as shown in fig. 78;
the ring is slipped back after each cut has been set in, so
as to bring its mark again opposite to the arrow mark on
the boss on the slide-rest, in readiness for the adjustment
of the following cut.

Some lathes are provided with a small graduated disk
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on the handle which winds the tool in, a fixed pointer
being attached to the lathe saddle; in this case, of course,
the simpler expedients already described are not required.

There is another important precaution to be taken,
viz., that the tool shall follow in the same path at each
successive cut. There will be no trouble on this point
when cutting any thread which is an exact multiple of the
thread on the leading screw, or guide screw, of the lathe.

If, for example, the guide screw has four threads per inch,

|
11

EE=N

i i
1
i ” it i

{f

Fig. 78.

and the screw to be cut has twelve threads per inch, the
work will always be in the right position for the tool to
follow in the thread when the clasp-nut engages with the
leading screw.

The same will be true if the screw to be cut has eight.
sixteen, twenty or any number of threads per inch which
is divisible by four.

The reason for this is that the change-wheel on the
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spindle and the change-wheel on the leading screw are in
exactly the same proportion to each other as the threads
on the leading screw and the screw being cut; and, since
the number of teeth in one wheel is an exact multiple of
the teeth in the other wheel, the smaller wheel of the two
will always make an cxact number of complete revolutions
for each revolution of the larger.

To cut twelve threads per inch, as in the case
mentioned above, a wheel with forty teeth would be placed
on the spindle, and a wheel with 120 teeth on the leading
screw; the spindle would therefore make three complete
revolutions for each revolution of the leading screw, and
the commencement of the screw-thread on the work would
accordingly be brought to exactly the same position in
relation to the tool each time the clasp-nut became
engaged with the leading screw.

If, instead of twelve threads to the inch, a screw of
ten threads to the inch is to be cut, the wheels required
would be forty on the spindle and 100 on the leading screw ;
it will be apparent that for each turn of the leading serew
the spindle will now make only 224 revolutions, and the
work will therefore be half a revolution behind its proper
position, thus causing the point of the tool to come on top
of the thread instead of in the groove between the threads,
if the clasp-nut be engaged with the leading screw.

If the leading screw be allowed to make another
complete revolution before engaging with the clasp-nut,
the work will make another two and a half revolutions,
which will bring it into the right position again for start-
ing the tool in the proper groove. The work is therefore
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only in the correct position for starting a cut once during
every two revolutions of the leading screw.  Similarly,
with other threads which are not exact multiples of the
thread of the leading screw, it will be found that to bring
the tool to the right position the clasp-nut must only be
dropped in at certain intermediate positions of the
change-wheels.

To prevent any mistake arising, the usual plan is to
stop the lathe before the tool commences its first cut along
the work, and chalk a tooth on the spindle wheel and a
tooth on the leading screw wheel, placing another chalk
mark on the headstock opposite the former and a chalk
mark on the lathe bed opposite the latter, the clasp-nut
being then engaged with the leading screw.

The saddle is run back to the starting point after each
cut, and as soon as both chalk marks on the wheels come
opposite to the stationary marks again at the same instant,
the clasp-nut may be engaged with the leading screw,
and another cut taken.

When cutting a double thread, a wheel with an even
number of teeth should be selected for the spindle, and
a chalk mark should be made on each of two exactly
opposite teeth. The space into which one of these teeth
falls in the wheel with which it gears should also be
marked ; when the first thread has been cut, the mandrel
wheel should be disengaged and turned through half a
revolution, so that the other marked tooth comes opposite
the marked space; the wheels are then geared together
again, and the second thread can be cut.
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For a triple thread the spindle wheel should be
divided into thrce, and for a quadruple thread into four,
and so on.

For cutting o right-hand thread, the tool traverses
Srone right to lept, and for a left-hand thread it traverses
Jrome loft to right.

In the latter case the necessary reversal in the
direction of rotation of the leading screw is obtained by
inserting an extra wheel in the train of gear wheels between
the spindle and the leading screw ; this extra wheel does
not in any way affect the specd of rotation of the leading
screw: it simply alters the Jzrection in which it revolves.

A square thread must be finished to exact size with
the tool. A V-thread can be finished off with a hand
chaser.

All that is nccessary to cut a—ny pitch desired is to
arrange gearing to revolve the screw as many times as it
has threads to the inch, while the teed stud, or spindle, is
making as many revolutions as the desired pitch.

N N\ \

AN
Fig. 79.

Fig. 79 shows an ordinary V-thread, of which the
angle is 60°.
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Fig. 80 shows the American Standard thread ; it is the
V-thread, with one-eighth of its depth cut off the top and

bottom, the angle being 6o°.

Fig. 81 shows the Whitworth, or English Standard
thread ; it is a V-thread, with one-sixth of its depth rounded

off the top and bottom the angle being 55°.

The following quotation from Low and Bevis' “ Man-
ual of Machine Drawing and Design" presents the rela-
tive merits of screw-threads shaped according to the Whit-

worth and Sellers system respectively, as seen through
English eyes. The comparison, however, seems to be fair.
Without underrating the good points of the Sellers
thread, we believe that the Whitworth thread has its good
points also, and that they are not as fully appreciated in
this country as they might be:

“Comparing the ‘Whitworth’ and ‘Sellers’ screw-
threads, the former is stronger than the latter because of
the rounding at the root. The point of the Whitworth
thread is also less liable to injury than the Sellers. The
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form of the Sellers thread is, however, one which is more
easily produced with accuracy, in the first place, because it
is easier to get with certainty an angle of 6o degrees than
an angle of 55 degrees, and, in the sccond place, because it
is easier to make the point and root perfectly parallel to
the axis than to ensure a truly circular point and root.
The Sellers thread has also a slight advantage in that the
normal pressure, and therefore the friction, at every point
of the acting surface is the same; while in the Whitworth
thread the normal pressure, and therefore the friction, is
greater at the rounded parts.  The surface of the Sellers
thread will, thercfore wear more uniformly than the surface
of the Whitworth thread. The total friction, and also the

bursting action on the nut, are slightly greater in the
Sellers thread than in the \Whitworth, because of the
greater angle of the V', it will be seen that for a given
diameter of screw the diameter at the bottom of the thread
is greater in the case of the Whitworth than in the Sellers.
A bolt with a Sellers thread is, therefore, weaker than the
same size of bolt with a \Whitworth thread. The strength
of the Sellers screw is still further reduced on account of
the sudden change of the cross-section of the bolt at the
bottom of the thread.”
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Cutting a screw in the lathe is a mechanical operation,
of which the most important part is the selection of the
proper change-wheels. Change-wheels, or change-gears, are
the gear-wheels employed to change the revolutions of a

lead-screw, or feed motion.

Fig. 83.

There are two ways of arranging the wheels: 1st,
with two change-wheels; 2d, with four change-wheels.

Fig. 82 shows the two change-wheels, ¢ and #, the
middle wheel serves only to connect the two; ¢ is the
wheel on the spindle «,; 4 is that on the leading screw.

Fig. 83 is a side view of this two-change-wheel.

The distance between the spindle and the leading

screw of a lathe does not generally admit of cutting a
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screw of more than ten threads to the inch, with 7wo
wheels, as the wheel on the leading screw would be too
large, and that on the spindle too small.

In the same way, for cutting coarse-pitched screws,
such as half a turn to the inch, the second method is gen.

erally used, or else the wheel on the leading screw would

Fig. 8s.

be too small, and that on the spindle too large. Thus the
second method is employed for cutting screws of coarser
pitch than one-half a thread, and finer than ten threads to
the inch, and the first method for screws of a pitch inter-
mediate between one-half a thread and ten threads to the
inch.

Fig. 84 shows the second arrangement with four
change-wheels, ¢, d, ¢, /; ¢ is the wheel on the spindle, &
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and ¢ are the wheels on the stud, f is the wheel on the
leading screw &.

IFig. 85 is a side view of the arrangement with four
change-wheels.

The rule for calculating the size of the change-wheels
to cut threads of different pitches is really a very simple
one, though frequently a source of difficulty to the student.
It may be expressed as a simple proportion sum, thus:

s the pitch of the leading screwo s to the pitch of the
screwv 1o be cut, so 1s the number of teeth in the wheel on the
spindle  to the number of teeth in the wheel on the leading
SCPETU

Putting this in fractional form, we have:

Pitch of leading screw Wheel on spindle

Pitch of screw to be cut Wheel on leading screw.

EXAMPLE 1.—Suppose that the lathe has a leading
screw, a, with four threads to the inch; what wheels will
be required to cut a screw, 4, having eight threads per
inch?

Fig. 87.

NoTE.—It simplifies matters by using the number of threads per
inch in the two screws instead of the pitch, as in most cases it enables
us to use whole numbers instead of fractions for figures,
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Now, substituting thesc figures in the above fractions,

we get
4  Wheel on spindle

8  Wheel on leading screw,

therefore, any two wheels in the proportions of four to
eight will answer the purpose; if we multiply both these
figures by the same number we do not alter the propor-
tions at all; therefore, by multiplying both by five we get
twenty and forty, as two suitable wheels, or multiplying
by ten we get forty and eighty, or multiplying by fifteen we
get sixty and one hundred and twenty, any of which pair
will give the desired result.

Selecting the last pair, put the sixty wheel on the
spindle and the one hundred and twenty wheel on the
leading screw, and gear the two together by inserting an
intermediate wheel, which may be whatever size will fit it
best.

EXAMPLE 2.—Suppose a screw of eleven threads per
inch is to be cut in the same lathe, the leading screw has
four threads to the inch, as before, then the proportion
required between the wheels is %, so that (multiplying by
ten), a forty and a one hundred and ten wheel will be
correct, or (multiplying by five), a twenty and a fifty-five
wheel, or any wheels having the same ratio.

If a fractional number of threads is to be cut, such as
o} threads per inch, exactly the same plan is adopted.
The proportion is 4:94; multiplying both by ten, we get
forty and ninty-five as suitable wheels.

Similarly, if the leading screw have two threads per
inch, and it is desired to cut twelve threads per inch, the
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proportion is 2:12. Multiplying both by ten, we get
twenty and one hundred and twenty as being suitable
wheels.

It is sometimes difficult to measure the exact number
of threads per inch in places where there is a fractional part
of a thread included, as, for instance, five and a quarter
threads per inch. It is then better to measure such a
length of the screw as contains an exact number of
threads, and compare it with the number of threads in a
similar length of the leading screw. A screw with five
and a quarter threads per inch will have twenty-one
complete threads in a distance of four inches. If the
leading screw has four threads to the inch, it will clearly
have sixteen complete threads in four inches. Therefore
the relation between the two screws is 16:21. Multiplying
both of these by five, we get eighty and one hundred and
five as the wheels necessary to cut such a thread.

The calculations so far refer to a simple train of
wheels. Cases frequently arise, however, especially with
fine pitches, in which the wheels calculated in this way
are not available. If the leading screw has four threads to
the inch, and it is required to cut a screw of forty threads
to the inch, the proportion is 4:40. Multiplying both by
five, we get twenty and two hundred as the necessary
wheels, but in all probality the lathe to be operated is not
fitted with a two hundred wheel. A compound train of
wheels, that is, four change-wheels, as shown in fig. 84,
must therefore be selected. ,

To calculate these, proceed as follows: The propor-
tion, as already stated 1s ;4. Split each number up into
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two separate numbers, which, if multiplied together, will
produce the original number, thus #—2X2. Multiplying
each of these numbers by 10, we get 23 X 23. This means
that a wheel on the spindle, gearing into a 50 wheel on
the intermediate stud, and another 20 wheel on the inter-
mediate stud, gearing into an 8o wheel on the leading
screw, will give the desired result.

It will be more easily understood if the student
considers the fact that the first 20 wheel, ¢, gearing into
the so wheel, &, reduces the speed in the proportion of
2% to 1, and the second 20 wheel, ¢, gearing into the 8o
wheel, £, on the leading screw again reduces this speed in
the proportion of 4 to 1, making a total reduction in speed
of 10 to 1, which is the proportion between the thread to
be cut and the thread on the leading screw, 7. e., 4 to 40.

A few other examples are worked out to assist the
reader to thoroughly grasp the rule.

ExAMPLE I.—Leading screw two threads per inch,
required the whecls to cut twenty-five threads per inch.

2 2X1

25 5X%s
Multiplying each pair of numbers by the same figure,

20X 10 . .

we get 50)2?) as one set of wheels, or using different mul-
tipliers we get %?X 25_
75X 125
which will cut the desired threads. The respective

- as another set of wheels, either of

wheels may be identified by comparing the above fractions
with the following:
Driving wheel on spindle X driving wheel on stud -

driven wheel on stud X driven wheel on leading screw.
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The figures in the fractions of all the examples corre-
spond to the wheel here indicated in the same position.

ExXAMPLE 2.—Leading screw two threads per inch,
required the wheels to cut nineteen threads per inch.
2 2 X1 20X40
197 9§ X2 95X80
20

as one set of wheels, or __Viﬁ as another set of wheels.
95X 70

ExaMPLE 3.—Leading screw four threads per inch,
required the wheels to cut thirty-three threads per inch.

4 2X2 40Xz20
33 3X11 €OXIIO
30X 20
45X 110
either of which would do.

EX. 4.—Leading screw four threads per inch, required

as one set of wheels, or as another set of wheels,

the wheels to cut scventeen and a half threads per inch.

If there are scventeen and a half threads in one inch
of the screw to be cut. there arc thirty-five threads in two

inches. In two inches of the leading screw there are eight

.. 8
threads, so that the proportion is -
35

8 2X4 20X40

35 5X7 50X70

0}
as one set of wheels, or _4 X 60
100X 1053

as another set, which will

cut the desired pitch.

If any doubts exist as to the correctness of the calcu-
lations for a sct of wheels, the result may easily be tested
by multiplying the number of teeth in the driving wheels
together and the number of teeth in the driven wheels
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together, and placing these totals one above the other, in
the form of a fraction. Then reduce this fraction to its
lowest terms,and the figures obtained should correspond
with the ratio of the leading screw to the screw to be cut,
expressed in its lowest terms. Thus, to prove the second

Fig. 88.

wheels obtained in example (1), we have thirtyand twenty-

five as drivers, and 75 and 125 as the driven wheels.
30X 25=750,and 75 X 125==0,375. Q%S%reducedtoitslow-

2 . .
est termr—z—s, which represents the ratio of the leading
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screw (two threads per inch) to the screw to be cut
(twenty-five threads per inch).

It should be remembered that the “drivers” are
those wheels whxch impart motion, and the ‘driven”

Figs. 89-98.

wheels are those which receive motion. The wheel on the
spindle is a “driver,” while the wheel on the leading
screw is a “driven ” wheel; the wheel on the intermediate
stud, which gears with the spindle wheel, is a “driven”

wheel, and the other wheel, on the intermediate stud,
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which imparts motion to the wheel on the leading screw,
is a ““driver.”

Fig. 88 shows a specially devised tool in operation,
cutting a screw-thread on the lathe: the tool consists, as
will be seen, of a disc of stecl having ten distinct teeth on
its rim . these teeth are graded for cutting the thread in
distinct operations of the tool.

The cutter is mounted on a hand-sliding rest, which is
bolted to the ordinary lathe carriage, and the tool is
adjusted to each cut by the hand lever. Fig. 99 shows a

separate view of the cutter.

Fig. 99.

Figs. 89-98 show a screw as it would appear after each
cut has been performed. Commencing at No. 1, the thread
is finished in ten trips, each of which removes an exact
depth of stock. The first tooth, No. 1, makes a shallow
cut the full width of the thread; each following tooth cuts
deeper (as well as narrower), until the last one (No. 10),
with its cutting point, does the finishing.

When fine work, such as for taps, etc., is required, the
pawl is thrown back out of action, the micrometer adjust-
ment used, and another trip taken across the thread.
Advancing the lever one hole in the micrometer adjustment
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brings the cutting point a fraction of a thousandth of an
inch forward. Successive trips with advance of lever will
give the finest finish possible to a thread.

The heel of the tooth in action rests upon a stop, so
that it can be ground until but an eighth of an inch in
thickness, and still retain the full strength and power to do
the work; a square is employed against the face of the
cutting disc, and the thread angles are ground from this

face.

When once set, neither tool nor cross-slide adjustment
need to be changed in cutting the screw or any number of

screws in exact duplication.

This form of tool requires very little grinding, as the
point of the tool is reserved and only used in the finishing

or last cut.

Ingenuity on the part of the lathe builders has
resulted in the design of a simple contrivance by which the
gears which are mounted under the head can be instantly
set to cut any required thread at the will of the operator,
without delay of calculating or of changing the gears.
The mechanism consists of a set of gear wheels, usually
ten, mounted on a shaft called the “change gear shaft,”
which is placed in the bed under the headstock of the
lathe.

By an arrangement consisting of a sliding or tumbling
gear, any of these ten fixed gears can be brought into
operation ; these combine with a set of intermediate gears
located outside of the head, also varied in their arrange-
ment by a lever mechanism, to vary the speed of the lead
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screw to cut any of the following forty threads or feeds
per inch.

Fig. 100 shows an index plate for the “change gear
shaft ”; this is usually attached to the front of the lathe,
“handy " to the two levers to which reference is made.

Tros [Knos [ THos|Knos| THOS|KNoB | THo s [KNoB
i&a 2 [S) 2 |a. 2 2 14
o 3 |9z 3 |43 3 |2w 2
20 A o 4 S a a2z a
22 S I S |52 S |2wn 5
Iz s e 6 |52 6 | 2% 6
24 7 2 7 6 7 3 7
26 B8 13 8 |6x 8 |32 B
28 O 4 9O 7 g | 3% 9
30 10|15 10 | 7% 10 [32% 10
32 1| 6 I 8 1 4 (1
o] FEEDS o ]
80To40[{40To 20[20To 10} 10 To S

13-Inch Index Plate.
Fig. 100.

ExaMPLE.—Should the operator desire to cut 12
threads per inch, he engages the sliding gear on the lead
screw intermediates, opposite the table showing 20 to 10
threads per inch, and then places the lever in front of the
lathe head, which carries the sliding or tumbling gear into

the hole marked “7,
opposite 12, the number of required threads; the tool is

'

as indicated in the index plate

then ready for operation.
The gears required are obtained by moving two levers
only ; one being on the intermediate gear of the lead screw,

the other being outside the headstock.
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2% TOOTH.

i

6™ TOOTH.

5™ TOOTH.

8™ TOOTH.

Section of seven-pitch V-thread,
enlarged four times, showing the
regular ten cuts taken by the
Rivet-Dock thread tool shown in
fig. 88.

Figs. 101-110.
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The gauge, fig. 112, is used as a standard for grinding
tools to cut threads according to the United States Standard.
The angles are 60 degrees, and the flat surfaces at top
and bottom of threads are equal to one eighth of the

pitch.

Fig. 112,

Fig. 113 shows a center gauge of United States
Standard, €o degrces; the method of setting a screw cut-
ting tool by its use is shown in illustrations, figs. 114-116,
on page 137.

This gauge is also used for a guide in grinding screw
cutting-tools. The table on the gauge (see full size cut)™
is used for determining the sizes of tap drills for V-threads
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and shows in thousandths of an inch the double depth of
thread of taps and screws of the pitches most commonly

used.

SRV

AN A AR
Y]

A A AN
[URVAN \

AAA R NN A A A
[ R VA VAN

Figs. 114-116.

NOTE.—In Fi¢. 7, at A, is shown the manner of gauging the angle
to which a lathe centre should be turned; at 2, the angle to which a
screw thread cutting tool should be ground; and at C, the correctness
of the angle of a screw thread already cut.

In Fig. 2 the shaft with a screw thread is supposed to be held
between the centres of a lathe. By applying the gauge as shown at /),
or /2, the thread tool can be set at right angles to the shaft and then
fastened in place by the screw in tool post, thereby avoiding imperfect
or leaning threads.

In Fig. 3, at //and G, the manner of setting the tool for cutting
inside threads is'illustrated.
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The operation of doring is the enlarging and trueing
of holes already formed, and differs from drilling, which

applies to making holes in solid stock.

Boring can be divided into two classes: 71, horizontal;
2, vertical Horizontal boring is done in a lathe in two
ways: I, the work rotates and the cutting tool is stationary;

2, the work is stationary and the cutting tool rotates.

Vertical boring is generally performed in special
machines; in light work, ¢ke cutting tool revolves, as in
drilling, the work being stationary ; in heavy boring, 7/ke¢
work is revolved, and the cutting tool is stationary except

for feed motions.

Vertical boring machines having suitable automatic
traverse for the cutting tool are largely used for turning
and surfacing work which rotates; these machines are
known as boring and turning mills, and may be described

as revolving planing machines.

The most simple form of boring in a lathe is done on
the chuck or face-plate, to which the work is fixed and
rotated to a stationary tool in the saddle or carriage.
When the hole is deep and the tool has to project beyond
the holder, it is liable to spring, and the work itself, being
overhung on the headstock, is liable to jar; in such cases,
the work is more advantageously attached to the carriage
of the lathe, and a bar used, as shown in fig. 118. This is
designed to pass through the work and revolve between
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the lathe centers, as shown in figs. 120 and 122, the carriage
feeding the work to the rotating cutter.

In some cases, it is found needful to fix the work with-
out any motion, the boring bar having both rotary and
feed motion combined ; such a boring bar is shown in fig.
119. A’is a stout. strong bar, usually of cast-iron, because
it does not *“spring” as readily as wrought-iron ; the cut-
ting tool L is fixed to a sleeve /7 sliding on bar X by

Fig. 118.

means of the feed screw actuated by the handle G, or auto-
matically by the provision 7 at the other end, as shown;
the work to be operated on is securely fixed between the
clamps or bearings /7 and J, the splined boring-bar X is
rotated by the worm-wheel Z, which is operated by the
worm [ connected to the driving-pulley or sheave 4.

This is a portable tool, useful for boring cylinders, etc.,
without removing them from their beds, as it can be fixed
at any angle or position; 1t may also be used between the
centers of the lathe instead of the plain boring bar shown
in fig. 118.
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Special horizontal boring machines are made which
differ from the ordinary lathe in that the work-table is con-
structed with three movements, one being in a vertical and
two in the herizontal plane; when the work has been set

vertically, the work-table is moved crosswise and lengthwise

Fig. 120.

until the horizontal setting has been found; no blocking of
any kind is needed; such an arrangement is shown in fig.
120.

Boring of taper holes in a lathe is illustrated by the
arrangement shown in fig. 122 ; this is used when neither
attachment, compound rest nor reamers are available; A4
is the headstock of the lathe, and }/7 I the piece of work
mounted on the face-plate.

Now, set over the tail-stock 5 the same as if turning,
an outside taper the same as the hole to be bored. Fit up
a boring-bar #, of as large diameter as practicable, with a

’
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key-way G, and a traveling-head ) carrying a cutter. Con-
nect this traveling-head to the cross-carriage of the lathe C
by the link £. Seta lathe-dog (see figs. 123 and 124) on

Yigs. 121 and 122.

the outer end of the bar to prevent the bar from turning.
Use the usual power longitudinal feed of the lathe, and

adjust the cutter in the traveling-head for size the same as

Figs. 123 and 124.

for cylinder boring. This is a satisfactory way of taper
boring where the conditions are suitable for the method.
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The boring mill is essentially a vertical face-plate lathe,

without the defects of the horizontal construction, 7. ¢., the

Fig. 125.

difficulty of setting and securing the work, and the necessity

of heavy overhanging parts. etc.
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Fig. 125 shows a boring mill, in which the horizontal
table B is driven by internal bevel-gearing from a belt-cone
K, the power being increased by external spur-gearing.
The bed A is cast in one piece and well ribbed and braced
for all stresses: the ‘“housings™ .J/ are of hollow section,
having wide palms where connected to the bed, to which
they are fixed by bolts passing through reamed holes; a
cross-brace 2V, at the top, stiffens the whole structure; the
crossrails ¢, ¢, are of box-girder form, having wide slide
surfaces for the saddles &, 4, and for the * housings;” power
gears Q are used for clevating the cross-rails; the saddles
b, b, are made “right” and “left,”” to permit the tool-bars
E, E, to come close together; these tool-bars are octagonal
in section, held in adjustable capped becarings, and will
swing to any angle, being counter-weighted in all positions,
and having convenient adjustment by racks A, A, and
hand pinion wheel 7, which have a power feed at all angles
by friction nut J, J.

P, P, are the gears for clevating the cross-rails; the
friction disc .Y communicates motion to rod &R through the
friction wheel J/, which gives the quickest possible adjust-
ment by handwheel (" while running; a system of double
gears at the end of the cross-rail gives vertical and horizon-
tal traverse feeds to the tool: these are instantly reversible

by sliding any one of the four slip gears shown in sketch.

The tool holders 7, F, fig. 125, are solid steel forgings,
held in the tool-bars by steel shanks and keys; these tool

NoTeE.—The names of the parts and the above description are
furnished by the makers of this admirable tool.
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holders will grip tools in any position, and are easily remov-
able for the insertion of cutter-bars or special tools, for
which purpose the right-hand bar is set exactly central with
the table; the counterweight acts at all angles through the
wide bearing surface; in addition, the table has an annular,
angular bearing which increases the bearing surface and

gives steadiness of motion ; it has also a self-centering tend-
ency, so that the combined weight of the table and spindle,
as well as that of the work upon the table, tends to pre-

serve and not destroy the alignment.

The advantages in the boring mill are that the work
lies upon the horizontal table, and the total weight of the
table and the work is distributed on a large angular bearing
provided for that purpose, as shown in section, fig. 126,
which gives rigidity and smooth cutting qualities, thus
avoiding all jar or trembling, which occur in overhung

lathes.
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Vertical boring machines are largely taking the place
of planing machines for doing “surface ” work. The contin-
uous motion of the boring mill gives cconomy in time
saved ; an additional advantage is that a cutting-tool on a
circular surface, when once it commences the cut, is contin-
wous, whereas, in the planing machine, the tool gets into

St

T

and out of the work at cach stroke, often causing a ridge
at the commencement, or a break-off at the termination, of

the cut.
Fig. 127 shows a valve, held by angle-plates on the
table, being faced or operated by two tools.
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Fig. 117 shows a boring mill driven by an external
bevel-ring attached to the table. In many boring mills, an
internal worm-wheel, geared into a worm on the cone spin-
dle, is used, instead of chain Z and the sheaves S, S, and

does not pull the swinging tool-bar over, nor does it inter-

fere with the moving saddles.

A section through the center of the revolving table is
shown in fig. 126, the center spindle being of large diameter
giving toothed gear the advantages claimed for the worm
gearing, 7. ¢., steadiness in motion, and the table is closer

to the floor level, thus being more convenient for handling
heavy work.

When worm gearing is adopted, it is necessary that it
and the thrust-bearing should run in a flood of oil, which

reduces the friction to a minimum.

On page 149 are shown a set of turning tools for gen-
eral use in a boring mill.
Fig. 128 being “ a skiveing tool.”
Fig. 129 is *“a round-nose tool.”
Fig. 130 is “ a boring tool.”
Fig. 131 is ““a hog-nosc roughing tool.”
Fig. 132 is “ a side tool.”
Fig. 133 is ““a broad finishing tool.”

On page 150 are shown a set of boring tools for fin-
ishing cored-holes. Fig. 134 is an adjustable reamer with
foating shank, the arrangement of which is shown in sec-
tion in fig. 135. Fig. 136 is a boring bar with an adjust-
able cutter. Fig. 137 is a four-lipped roughing drill.



The Advanced Machinist. 149

BORING-MACHINE TOOLS.

Fig. 129.

Fig. 133
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A boring mill is practically an endless or continuous
planer, that is, a planer without reversing. The convenience
and facility with which work can be set on the vertical
table, and the ease with which pieces can be secured, are
apparent, the weight of the piece being on the machine

and not on the securing device.

Irregular shapes, such as cecentric discs, offset valves,
brackets, ctc., require no counterbalance in the boring mill,
thus saving the time adjusting counterweights, which are
scldom satisfactory on the overhung lathe, even when

specially designed.
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PLANING OPERATIONS.

The operation of planing constitutes straight-line cut-
ting by means of a planer, a shaper, a slotting machine or
a key-way cutter, with a steel cutting tool. In the planer,
the piece to be planed is given a straight-line motion to a
stationary tool; while in the shaper and slotting machine,
the work is stationary and the cutting tool is given a
straight-line motion over the surface of the former. The
planer is a very important tool to the engine-builder, as
well as others, being instrumental in the production of
engine and lathe beds, slides, parallel pieces, etc.

The work to be planed is securely fixed to the table
of the machine, and is moved backwards and forwards by
means of suitable gear, the cutting tool being held in the
tool box, mounted upon the cross-slide.

The devices feeding the cutting tool, and regulating
the traverse of the table in planing machines, are of differ-
ent forms; the general practice is I, the employment of
two driving belts, one for the forward and the other for
the backward movement of the table; 2, the feeds are
actuated by independent frictional devices, the tappets on
the carriage being employed only to shift the belts;
3, narrow driving belts moving at a high speed to facilitate
shifting on the pulleys.

Also, the rack and pinion movement is employed in
nearly all planers to give the traverse to the table.
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Fig. 139 shows a heavy planer designed to plane 10
feet long, 34 inches high and 34 inches wide. The cabinets
A support the bed /7, which has parallel, V-shaped grooves
D, on its upper side. Drip cups, to receive the overflow
oil from these grooves, are shown at €. The table /7 is
moved by rack and gear; on its under side are parallel V.
shaped strips, which are fitted to slide smoothly in the sim-
ilarly-shaped grooves 2. on the bed ; the wipers £ contain
felt to filter the oil entering the grooves, and also tend to
keep them clean.

The long dog & strikes the rocker arm /7, which has a
removable arm for hand use; this rocker” arm, through a
system of mechanism, shifts the driving belts, reversing the
motion of the table; \"is the back orshort dog; the cutter-
hiead is on the cross-bar and consists of the tool-post 7,
where the cutting tool is clamped; -/ is the clapper or tool
box, fastened to the vertical slide, or feed regulator, Z, and
swivels to any angle, being attached to the shoe .V, which
slides on the cross-bar A\, thus giving the cross-feed or
“advance” of the tool. .

The down-feed or depth of cut is regulated by the
handle shown over slide Z. The head-lift bevel pinion O
raises or lowers the cross-bar A, being geared to head-lift
shaft 7, on which is the spur-wheel (. geared into pinion
S, operated by the pulley A and belt IV, driven from the
pulley shaft Z.

The front post, or housings, 7, are of box-form in
section, and arc bolted to the sides of the bed, being con-
nected at the top by a substantial box-shaped cross-girt.
The pulley-shaft Z is driven by two driving belts; the
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forward, or cutting belt, 7, and the backward, or return
belt, U; the belts being moved on the fast and loose pul-
leys by belt shifter }. The backing pulleys 4 A are
shown in the illustration: the forward, or cutting motion
pulleys, are on the other side of the bed.

The friction box B /7 revolves through an angle which
is varied by turning the worm shaft 2 D, which moves a
segment having stop-lugs, so placed that the lugs on the
back of the friction box strike them, thereby actuating the
cross-feed. /2 /2 is the center gear which meshes with the

table-rack.

il

Planing machines run at a linear velocity of 15 to 20
feet per minute. The depth of cut depends on the
material.  The average cutting speeds for the various
metals are as follows: Brass, 30 feet; gun metal, 25; cast
iron, 15 to 20; wrought iron, 16: steel, 12. For general
work the cross-feed, or advance of the tool should be from

12 to 14 cuts per inch for roughing cuts. The finishing
cuts should be done with a broad tool, advancing from
one-fourth to three-eighths of an inch with each cut.

[y
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The tools used in planing are very similar in form to
lathe-turning tools—a front tool used for roughing, a side
tool for edge work, and a spring tool for flat work or sur-
facing. 1In fig. 140, .1 is the cutting angle, B the angle of
relief or clcarance, and C the tool angle.

The “cutting angle ” for cast iron is 70°, for wrought

iron, 65°, for brass, 80°, according to the table below.

TABLE.

Cast Iron. Wrought Iron. Brass,

Cutting angle...... ... 70’ 635° 80°
Clearance .............. 3° 4° 3°
Tool angle. .... R SV 61° 77°

One cutter head is shown in fig. 139, but it is quite
common to have two cutter heads or clapper boxes, as
shown in front view fig. 138, on the cross-bar, and in large
machines there are, in addition, “side-heads,” one on each
housing, making four. All these heads will swivel to any
angle.

Fig. 141 shows the arrangement of the cutter or cross-
bar head which moves on the cross-bar parallel with the
work table or platen.®

<1 is the tool-post-apron, sometimes called the clapper-
box, being hinged so that the tool can lift upon the return
or backward stroke; this prevents the tool edge rubbing
on the work; 7 isthe swivel apron; C the “slider” which
carries the apron; /) is the swing frame or swivel head;

£ is the saddle which slides on the cross-bar.

* Flaten is a very old word meaning a covering plate; the more
modern definition for this is ‘‘ table.”
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The cross-bar heads are operated by self-acting mech-
anisms both in the cross and angular feeding, the side-

heads being fitted with vertical self-acting feed motions.

Fig. 141.

Planing machine tables are provided with bolt-holes
and T-slots or grooves on the surface for fixing the work,
which is usually bolted direct to the table. This cannot

always be done, on account of the shape of the work.



The Advanced Machinist. 156

PLANING OPERATIONS.

Fig. 142 shows an open-side planer; this tool is
adapted to accommodate work when bolted to the table,
of a greater width than the ordinary planer; the cross-vail

or beam is a right-angle casting having a vertical leg with

Tig. 142.

a very long bearing on the front face of the post; the
horizontal arm is supported at the back by a heavy brace
bolted securely to it, this arrangement insuring stiffness

and stability ; the brace has a sliding bearing on the side



160 The Advanced Mackinist.

CHUCKS.

and at the rear of the post, being rigidly clamped to it
when set in position for planing. The beam and brace

are raised and lowered by power.
Fig. 143 shows a swivel chuck which is sometimes

used ; it is bolted on the table and travels with it, the work
being held between the jaws as in a vise. Frequently
work has to be held as on a lathe; for this purpose two

Fig. 144.

“ planer centers” are used, as shown in fig. 144. These
are bolted on the table; one of these is shown with a

“dividing index.”
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The following illustrations show the tools in general
use in planing machines. The name of cach tool is given
below in Note.

&7

TRy

Figs. 145-156.

NOTE.—No. 1, Left-hand Side Tool; No. 2, Right-hand Side
Tool; No. 3, Left1a11 Diamond-point Tool; No. 4, Right-hand
Dlamond -point Tool; No. 5, Broad-nose, or btock ing Tool; No. 6,
Scaling Tool ; No. 7, Right-hand Siding Tool ; No. 8, Left-ha nd Siding
Tool; No. 9, Finis 11 ng Tool, for corners; No. I0, Cutting-off Tool;
No. 11, Left-hand Bevel Tool ; No. 12, Right- -hand Bevel Tool.
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SHAPING MACHINES.

The shaper, or shaping machine, is a straightline
cutter of the planer class; they perform a large variety of
operations formerly executed by hand-chipping and filing.

In this machine the work is held stationary, the tool
being given a reciprocating cutting motion.

The feed-motion of shaping machines may be commu-
nicated either to the cutting-tool or to the work; when the
feed is given to the cutting-tool the machine is described
as a traveling-liead shaper; such an arrangement is shown
in fig. 157.

More generally—and in all small shapers—the feed is
communicated to the work-table, as shown in fig. 138, the
ram or tool-head having no side travel, the feed motion
being given to the table carrying the work.

The shaper is a useful and handy tool, and is made
in a variety of forms for special purposcs, the work ranging
from key grooves in shafting to planing valves and steam
ports in engine cylinders.

Fig. 157 shows a usual type of traveling-head shaper;
the tool head is carried in a saddle having variable self-
acting fced in either direction; it has also a rapid move-
ment along the bed by hand through a rack and pinion, or
in some cases it is operated by a powerful square-cut
screw ; the tool has ratchet down-feed motion; it can be

swiveled and will act at an angle; two tables are provided,

NoTE—Shaping machines are generally run at a tool speed of 12
to 20 feet per minute.
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each having a hand movement along the bed, and also a
vertical adjustment by screws; one table has, generally, a
horizontal surface for clamping work, the other being pro-
vided with horizontal and vertical slotted surfaces for

clamping the work in any desired position.

Fig, 158,

For forming tecth in spur-wheels cut out of solid
blanks, shapers of special design are made, of which an
example is given in fig. 150—it is the “Fellows' Gear

Shaper.”



The Advanced Machinist. 165

SHAPING MACHINES.
A, B, ¢, are change gears: /), the * module” or pitch
gear, the number of teceth of which must have a fixed ratio
with the teeth of the cutter: 7 feed trip; F, lower index;

(G, apron; //, chip pan; /, work arbor; /, cutter; A, cutter

Fig. 150,

slide; 7, work support: .1/, saddle binder: AV, saddle
adjustment; O, upper index: /72 adjustment for the posi-
tion of cutter: (), to rotate cutter: A, driving crank;
S, pilot wheel: 77 locking pin: (7 apron lever; I detach-

able lever; 117 worm adjustment.
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The Fellows Gear Shaper goes back to first principles
and generates its tooth form from flat and circular surfaces
which can be made absolutely true and can be proven to
be so.

The work is done automatically, by a circular cutter

of the correct pitch.

An example of the work produced is shown in fig. 160.
This is effected as follows: The blank to be cut is securely
fixed on the work arbor and the machine being started,
the cutter reciprocating vertically on its center line
is fed towards the blank, and cuts its way to the
preper depth ; at this point both cutter and blank begin to
revolve, the cutter maintaining its reciprocating motion ;
this revolution of the cutter and blank is obtained by

external mechanism, which insures that the movement
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shall be as though the cutter and blank were two complete
gears in correct mesh; fig. 161 shows a section through the
centers of blank and cutter which will explain the process
of cutting an external-toothed gear wheel; internal gears
can be cut with equal ease and regularity.

Fig. 161 shows the action of the gear cutter, also

each cut and the wedge form of the gear shaper chips.

CUTTER

Fig. 161.

The combined result of rotary and reciprocatory
motions is that the cutter teeth generate conjugate teeth
in the blanks which mesh correctly with the cutter teeth
and with cach other.

Ilig. 162 illustrates a device for setting planing or
shaper tools; it consists of a body containing a spirit level,

the bubblce of which appears through an clongated opening
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formed in the top plate, attached to the body and provided
at its side with linear graduations having their zero points
coinciding with the zero point of the bubble. The body is

provided with a downwardly extending web terminating in

- TR
=S

Tig. 162,

legs, extending at an angle of 150 degrees and having their
apex in vertical alignment with the bubble of the spirit
level. The outer faces of the legs are provided with linear

graduations, reading from the apex outwardly.

NoTk.—The figure shows the instrument on the shaft and the tool
in position in the tool post ready to cut a keyseat. For setting a
square-nose tool in the shaper or planer, to cut a keyseat or groove,
the operator places the instrument upon the shaft with the legs touch-
ing the sides of the shaft and turns the instrument until the bubble of
the spirit level is at zero. The planer tool is then brought to the cor-
rect position by aid of the graduations and is set with its edge parallel
with the top surface of the instrument.
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The slotting machine may be classed as a wertical
shaper, or planing machine: it performs straight line
cutting ; the tool, as in the shaper, receives the motion,
the bed or table being stationary, except for feed adjust-
ment.

There are many varicties of slotters, both light and
heavy; the small machines are usually crank-driven, the
larger ones have steel racks and pinions driven by a train
of spur gears, with shifting belts; for slotting heavy forge
work, especially cutting propeller shaft cranks out of the
solid, they are built of great cutting power.

The principal features aimed at in all, are smooth
running and convenient handling of the work.

The advantagcous features of the slotter are, first, that
the lay-out of the work is always visible, the line to be
worked to being on top where the tool begins to cut,
instead of where it finishes the cut as in the case of the
shaper: and sccondly, that there arce three feeds—longi-
tudinal, cross and circular—all with a wide range.

For the slotting of interior surfaces, and the planing of
such exterior surfaces as for onc rcason or another cannot
be done advantagcously on the planer or turned in the
lathe, and where the picces are of medium or large size,
the slotter is a necessity.

For cutting keyways in whecls, etc, the slotting
machine has no cqual and in addition nearly all descrip-

tions of broaching work can be accomplished with it.
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Fig. 163 shows a well known form of the tool in
common usc for machine-shop purposes; the tool-bar can

be adjusted to suit the height of the work, or any length

T 7//{}

= I';

Fig. 1o3.

of tool used; the work-table has power feed for the lon-
gitudinal, cross and circular movement ; all the feeds are
moved at the top of the stroke, when the tool is clear of

the work.



The Advanced Machinist. 171

THE SLOTTING MACHINE.

The ram, or tool-bar, as shown in the illustration, is
counter-weighted and casily regulated; the hand cranks
and levers for all adjustments are placed within casy reach
of the operator.

The cutting tools in slotting machines are gripped in
a relief tool block, /. carried by the ram, A, moving verti-
cally in the slides of the upright frame, A the work being
operated on is fixed on the work table, /7, which lies hori-
zontal beneath the ram; the work table is carried on a com-
pound slide, having two horizontal motions: the lower slide
or carriageway, (s, is opcrated by the rod or feed-shaft, 7,
and the end main feed gear, /' the upper slide or saddle-
way, £, is operated in a similar manner by the main inter-
mediate gear, C. /) is the transverse adjusting screw; the
small wheel, /%, operates a worm, which engages with a
worm whecel on the periphery of the circular table, /, to
rotate it; the tool-posts, 7, 7, arc carried in the relief tool.
block or apron, /. the ram, A\ may be varied according to
the thickness of the work on the table by the adjusting
screw, L, on the ram: J/ is the counterweight which bal-
ances the ram and prevents ** jump ™ when the tool is enter-
ing or leaving the work; 2V is the connecting rod attached
to the crank-plate, O, which gives motion to the ram; the
gear, /’, on the crank-plate shaft is driven by a pinion on
the driving-conc pulley, O, the feed-rod, &, gives motion
to the feed-shaft, 7, by means of the bell-crank, S.

The cutting-bar slide is made adjustable on the out-
side of framc, and by making the slide very heavy, no
matter at what point the cutting-bar is set, it will be very

rigid. To adjust the cutting-bar slide, it is only necessary
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to tighten up onc of the gib screws and loosen the clamp-
ing bolts, and by revolving the driving cone the slide can
be adjusted in any desired position to bring it down close
to the work.

The accompanying drawings (fig. 174 being a side
view and fie. 175 a front view) will show the detail of the
relief tool-block on all these machines.

<l is the adjustable slide attached to the main frame
by the bolts C'; /¥ is the ram having slides /7, /; D is the

—

i i Aif“
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s

Fig. 174. Fig. 175.

pivot or pin on which the apron or tool-box £ hinges; /7 is
the relicf spring which presses the apron £ against the ram
/2 on the downward or cutting stroke of the tool, as illus-
strated in fig. 176; on the return or idle stroke, the relief
spring yields and takes the pressure off the cutting point
of the tool, which is carried in the tool posts G.

Fig. 177 shows a form of machine used largely in
machine shops for cutting keyways up to one inch wide; it
is constructed on the principle of a broacher or drift cutter,
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the work being fixed to the adjustable table, 4, by the
heavy clamping, /2. The cutter-bar, (-, which has coarse
teeth, as shown, is drawn through the work: there is a pro-
vision for automatic relief on the return stroke, which
preverts the breaking of the cutter-teeth; % is the sup-
porting bracket used when cutting sleeves or hubs; it has an
adjusting screw, C, for holding the work: the clamp, 2, is

used for holding all large work such as pulleys, spur and

7

Fig. 176.

“bevel gears, ctc., being fixed by the screwed estuds, Z,
which compress springs (.

An adjustable chuck, /7 is used for centering small
work : the vertical cutter bar, G, is connected to the cross-
head, I, which rcciprocates in vertical guides under the
table: a scale, /7, is provided for graduating the depth of
the key seat; collars or packing, /, regulate the height of
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the clamp, 722, an adjustable clamp arm, /, is used for
holding small work; it has hand feed screw; an adjusting
post, .V, and clamp screw, .1/, for attachment to the table.

[«

i

ST ”

Fig. 177.

The spur gear enclosed in case, O, are driven by the
tight and loosc pulleys revolving at 173 revolutions per

minutc; in this machine the work is chucked by the hole

or bore.
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MILLING MACHINES.

A milling machine is a power machine-tool for shaping
metal by means of a cylindrical cutter or serrated spindle.

No special tool has come more rapidly to the front in
recent years than the milling machine; by its use a large
variety of work which was formerly done by the planer,
shaper, and by hand, is now performed on various types of
these tools.

A milling machine has been defined as “a whole ma-
chine shop in itself""; it has a movable table, to which the
work is fixed and on which it is brought to the cutter; it
is fitted with index-plates and other appliances for securing
accuracy in the work exccuted.

Milling is nearly identical with grinding ; the former is
a cutting and the latter an abrading process; the milling
machine resembles in its action a high type of emery-
grinder; the rotating cutter in the grinder being, however,
of emery, while in the milling machine it is a steel cutter,
the latter producing plain, curved or special formed surfaces
on the material operated upon.

Metal may be cut away by a rotary milling cutter at
from four to ten times the speed at which it can be cut in
a shaping or planing machine.

A “universal milling machine” is shown in fig. 178;
this is capable of cutting spirals on either taper or parallel
work, being provided with an index head arranged with
suitable gearing or feed motion to rotate the work while it
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is travelling beneath the cutter; hence, when these two
feed motions act simultancously, the path of the work
beneath the cutter is a spiral, and the action of the revolv-
ing cutter in the work is therefore similarly spiral; grooves
may be cut or spiral projections left on the work according

to the shape of the cutter employed.

Fig. 179 shows a plain horizontal milling machine, fitted

with a vertical head and rotary cutter.
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PARTS OF MILLING MACHINE.

Following is a description of the principal parts of
this machinc tool and their use:

A is the standard on which is attached all the main parts of the
machine.

B is called the horn, and contains the elevating screw for raising
the knee, , which is adjustable vertically on the slide, 2.

D is the spindle with micrometer attachment for operating the
elevating screw of the knee, C. This is also connected with the
power feed spindle, J/, through connecting spindle O.

E is the horizontal adjustment for the saddle, which, in turn, sup-
ports the table, G. This is also connected in the same manner as D.

Fis the hand-wheel shown connected with the quick-return longi-
tudinal movement of the table. This handle can also be used on the
spindle, X, which also operates a quick-return movement connected
with the table.

G is the table, which is shown with oil grooves on each side
and oil pockets on each end. On each end of the table on the side,
and shown connected by the T-slot running longitudinally with the
table, is a dog, which, by engaging with the locking lever, &, in the
center of the saddle, this, in turn, being connected by the rod, &V, with
the lever, Z, throws the power feed off when the machine is in motion.
This power feed is connected to the longitudinal and transverse
motions of the table.

H is the rotary table which is shown bolted to the regular
platen of the machine and connected with the power feed by the
spindle, /. This, in turn, is connected by gearing, which is shown
encased, with the spindle, /, which, in turn, is connected with power-
feed spindle, II'.

/7 is the lever connected with the interior mechanism of the
rotary table for tightening the same when the table is to remain in a
fixed position.

O is a spindle on which is the pull gear for connecting the cross
or vertical feed with the power-feed spindle, W.

( is the vertical attachment.

R is the overhanging arm, on which is used, at times, the out-
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board bearing for supporting the end of horizontal spindle. S'isthe

driving cone on main spindle of machine.
7 is the back-geared sleeve, and gears which are thrown in con-

nection with the spindle by the lever, .

Fig. 180.

V is the feed cone connected by gearing with the end of the main

spindle.
2\ is the feed-driving cone, which is connected by a belt with
cone V. This cone drives the complete feed mechanism of the machine.

Fig. 180 shows a milling machine of the simplest de-
sign, with horizontal cutter; it is a similar machine to the
one illustrated in fig. 179, without the vertical head.
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Fig. 181 shows a dividing head and tail stock for

milling machinc; the index plate has five rows of

Fig, 181.

holes drilled in circles of 48, 56, Co, 66 and 72; the spindle
can be solidly bound for taking heavy cuts. thus relieving

the index pin from strain.
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Fig. 182 shows a dividing head and tail stock. In
this example the dial is moved by a worm and gear which
turns and at the same time holds the head-stock spindle,

thus relieving the index pin and the dial of strain, and

Fig. 182,

m\\\\l

I

i

T N

also the attendant wear and loss of accuracy; the worm
can be dropped out of gear when it is desirable to turn
the dial by hand; the tailstock spindle has a vertical

adjustment for taper work, as shown in the illustration.
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Fig 183 shows a regular vise, mounted on a graduated
base, and held by a beveled friction disk and bound at any
angle.

Fig. 18g.

The basc is provided with two clamping surfaces, so
that the vise can be mounted horizontally or vertically, and

clamped at any angle in cither position.
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The Feed Mechanism is a special feature of the
Garvin Milling Machine

As shown by the illustration, fig. 1384, the Change-Gear Box is set
into the column and driven by a chain from the spindle. The Feed-
Box is movable vertically and provided with an adjusting-screw, so
that any slack in the chain can be taken up at once. A slip-friction
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Fig. 184.

device is set in the feed-box sprocket, so that if any unusual strain is
put on the machine, the frictional resistance will be overcome and
prevent breakage.

Two double cones of gears are employed, which arrangement
gives a larger number, and greater range, of feeds than is possible with
a single cone. Nine direct changes are obtained, and by reversing the
two outside gears, eighteen changes are obtained, ranging from 31,7/ to
177 per revolution of spindle.
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The change-gears in the box are all hardened steel and runin a
bath of oil. Gears are connected to the shaft by means of two sliding
spring-keys, as shown, which require no waiting for keyways to come
in line. Each index lever is connected to a sliding key, and when
each lever is moved the key is chauged from one set of gears to another.

The numbers on the index table represent numbers of revolutions
of spindle per inch travel of table. Feeds marked ‘‘ pinion’’ mean that
the outside pinion must be attached to the upper shaft, and feeds
marked ““gear’’ mean that the large outside gear should be attached
to the upper shaft 15 obtain the indicated feed-speed. Supposing that
a feed of 1}”/ is required; examine table and see that combination
2— 5 gives this feed; first lift the locking lever, and then bring No. 2
on the outside lever around to the setting point; then No. 5on the
inside lever is brought to the setting point. The locking-lever is now
pushed down into place, thereby locking the index levers in place,
when the connection will be made for this feed. These feeds are all

positive.

N

i

Fig. 185 represents a side view of a face or straddle
mill in operation; the direction of the motion of the tool is

shown by the arrow-—the movement of the work being

from the left hand to the tool.
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SPEED FOR MILLING CUTTERS.

The face mill shown in fig. 185 is a form in general
use ; it has straight teeth arranged at equal distances on its
“face,” parallel to its axis, and radial tecth on one side, as
shown in fig. 186. When two of these mills are arranged
in pairs, or when a single mill has tecth on its facce and on

two sides, it is called a “ straddle” mill.

Should a mill have a wide “face,” the teccth are cut
spirally, as shown in fig. 187; wide, straight teeth would
not maintain a uniform cut on entering or leaving the
work; with spiral tecth the cut begins at one end of the
tooth ; the cut being started, the cutting is uniform, pro-
ducing smooth work, also avoiding a sudden shock when

entering or leaving the cut.

The face-mill cutter is provided with a center hole,
which fits on an arbor, and is provided with a keyway,
shown in the illustration; the end of the arbor fitting into
a conical scat, is securely held in the machine spindle, per-
mitting the arbor to revolve in either direction, without
becoming released ; the mill can be reversed on the arbor,
and the feed of the work can be changed, which, it is plain,
could not be done if the mill was on an arbor that screwed
upon the driving spindle of the machine.

The proper rotating speed of the cutters is essential
to the economical production of work done by milling
machines. The following rules and table will be found of
value.

RULE.—Divide the required speed per minute in inches,
by the circumference of the cutter in tuches, and the result
is the number of reolutions per ninute of the cutter.



188 The Advanced Mackinist,

MILLING OPERATIONS.

Fig. 190.
Double Angle
Cutter.

Fig. 189.

Angle or Spiral Cutter,

Fig. 18.

Sngle or Spiral Cutter,

Fig. 192. Fig. 193.

Angle or Spiral Cutter. Face Milling Cutter.
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SPEEDS FOR MILLING CUTTERS.

ExaMrLE FOR FIGURING CUTTER SPEEDS.—If a
milling cutter is 3 inches in diameter, and it is required to
cut wrought iron at a peripheral speed of 40 feet per min-
ute, how many revolutions per minute must the cutter
makec? Now,

ox12’ 180 inches
__4/1'/< . - = — ==351 revols., nearly. Ans.
37X 3.1416  9.4248" circum.

RULE.—ultiply the circumference of the cutter in
tnches by the number of revolutions of the cutter per minute,
divide by 12, the result is the cutting speed per minute
i feet.

If a milling cutter of 4 inches diameter makes 6o
revolutions per minute, what is its peripheral cutting

speed in feet per minute?

4X3.1416X 60

12

63 feet per minute, nearly.  Ans.

SPEEDS FOR MILLING CUTTERS

Machine Tool Steel

Brass  Cast Iron Steel Annealed

Ft. permin... Soto 120 joto6Go 35to43 25to 33

The speed of the cutters varies considerably with the
kind of material to be operated upon, and is another case
where the workman will be called upon to use his own

judgment. The table shown above may be taken as a

guide.
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SPEEDS FOR MILLING CUTTERS.

It is more satisfactory to run milling cutters up to
nearly the maximum spced, with comparatively light feed,
than to reduce the speed of cutter, and overfeed the
work.

A sccond table is added to the once printed on page
189; this gives the speeds for roughing and finishing, and
also the traverse feed.

TABLE SHOWING AVERAGE MILLING SPEEDS, VIZ, THE

PERIPHERY SPEED OF CUTTER (IN ]’EI-Z'I‘)
PERSMINUTE.

s Wrought Cast Gun .
Steel Iron Iron Metal Brass
Roughing cut...... 30 O 060 S0 120
o > . |
Finishing Cut.. .. .. 40 53 73 100 140
Feed per min., ins.. " tod" 3 to 2" "to1y 11 to 2" 2%
1% , L U 2 i i i 2

Where therc is no great depth of material to cut away,
these feeds may be taken as the maximum figures.

On page 188 arc illustrated a varicty of milling cutters
or *“mills.”

Figs. 188 and 189 arc angle mills used in cutting spiral
grooves.

TFig. 190 is a double angle cutter.

Tigs. 191 and 193 are face milling cutters.

Fig. 192 is an angle or spiral cutter.

On page 190: figs. 104-196 arc T-slot cutters, figs. 197
and 198 are bevel mills, fig. 199is an ¢nd mill or shank cut-

ter, figs. 200 and 201 arc surface mills or form cutters.
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Counter Bore Mills,
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MILLS AND CUTTERS.

RIVETT
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MILLING OPERATIONS.

Figs. 202-204 are rose mills or groove cutters.
Figs. 205 and 206 are counter-bore mills, or irregular
cutters.

On page 193: fig. 207 is a special surface cutter, fig.
208 is a hollow end mill.

Fig. 209 is a center reamer.

Fig. 210 is a counter-bore mill.

Fig. 211 is a parallel reamer.

Figs. 212-214 are taper rcamers,

Fig. 213.

Fig. 215 exhibits a side cutter in operation, finishing
the end of a milling machine table; formerly this work was
done in a planing machine, which required to be very large,
in order to permit the casting to pass between the housings.
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MILLING OPERATIONS.,

Fig. 216 illustrates a rose mill (see fig. 203) operating
on the periphery of a circular casting, cutting a groove;
this class of work can be done very much faster on a mill-

Fig. 216.

ing machine than it could be accomplished in a lathe; in
addition, the shape of the recess is secured without a possi-
bility of an error on the part of the operator, by the use of

the rose mill.
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Fig. 217 illustrates a bevel or angle mill in operation,
finishing a cone or bevel surface on a circular casting ; this

cutter bevels the internal face of a corresponding ring, in-

suring accuracy of fit between the two faces: this mill is
largely used for economically finishing valves and many

forms of similar work.
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Fig. 218 shows an angle mill in operation, finishing
the parallel vecs on the inside of a sliding-head casting;

both the vees can be finished at one setting : the slides can

Fig. 218.

be made to match in duplication, or duplicate work, in less
time in the milline machine than the same work could be
done in a plancr.  For the four last illustrations credit is
due to the Becker-Brainard Milling Machine Co.
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Fig. 219.
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DRILLING OPERATIONS.

The word “ drill ” has a history; it is formed from the
word “rille,” now called 74/, meaning ‘a channel,” hence
the root signification of the word is “to turn, wind, or

twist)” a trickling stream wearing its own channel.

A drill is a tool to pierce holes; a drilling machine is
adapted for drilling holes in metal ; boring and drilling are
nearly the same, the former term being applied to very
large and the latter word to smaller operations; drilling,
too, differs from boring in that the latter term applies
specially to the enlarging and “ truing” of a hole already

formed.

The operation called drilling is the perforation of solid
metal with revolving tools; these are made pointed and
adapted to suit the work. The tool receives the “feed,”
the work being stationary.

Two classes of stress are imposed upon drilling
machines ; this is owing to the fact, never to be forgotten,
that a revolving drill does not cut at its central point,
while its outermost circumference may have excellent
cutting effect; hence, the two strains, one of direct press-
ure and the other of twisting or torsion, are to be always
reckoned with in designing a drilling machine.

The torsion is casily met by a spindle of high carbon
steel, accurately cut gearing, and stiff driving shafts; to
reach large work the drill must overhang, and therefore

needs a very strong frame to stand the end pressure.
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Fig. 221.
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Drilling machines are made in many forms and sizes,
suitable for fixing to the floor, the bench or the wall,
according to requirements,

Drilling machines are described by some special feature

which they possess, as a ©single cutting,” * multiple drill-
self-

’

ing,” “direct,” “double-gearcd,” *‘rigid,” ** radial
acting,” **friction fecd,” ctc.

IFig. 221 shows a wvertical drilling machine, double-
geared, with hand and sclf-acting feed, and adjustable table,
with the parts Iettered, to aid in the deseription following

A is a substantial base plate, having planed upper face having
bolt-holes for fixing to foundations, and also provided with T-slots for
bolts used to fix large or special work, which, on account of size or
shape, cannot be operated on the ordinary table, ¢

/7 is the upright pillar frame, or standard, which carries the drill
spindle and its driving and feed motion,

("is a circular table, or face-plate, provided with slot-grooves for
sliding clamping bolts: it has a eylindrical box on the under side
which fits into a recess in its supporting bracket.

D is the vertical drill spindie or arbor which has recess and pro-
vision for fixing drills and boring tools.

FE shows the power--fast and loose—pulleys for shifting belt.

Fis the speed cone fixed on pulley spindle.

G is the speed cone which receives motion from Cone £

f{ is the spur gear, to reduce speed of cone and thereby increase
the power of cutter.

7 shows a pair of bevel wheels which transmit the motion and
power from the horizontal spindle to the vertical drill spindle, 2 ; the
bevel wheel slides on spindle 2, and rotates it by means of a key or
feather sliding in a groove running the length of spindle.

Jexhibits the hand-ratchet motion for raising and lowering table

by a spur pinion, or ratchet spindle, geared into rack X.
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K is the rack fitted into a groove in the bracket ; this rack slides
loose with bracket round the pillar, and is used to raise and lower the
table, the rack being confined between the collars of the pillar.

L is the bracket supporting the table; this slides every way on
pillar according to adjustment.

A shows a foot-lever actuating belt fork or guide on fast and
loose pulleys for starting or stopping the drill.

N is a self-acting feed for vertical spindle D, it receives its
motion from horizontal shaft through pulley O, which communicates it
through a pair of spur wheels and a pair of worm wheels to a spur
pinion gearing into rack & on sleeve (.

O is a pulley for self-acting feed motion.

Pis a hand wheel for hand-feed attachment fixed on worm spindle ;
when using the hand feed the self-acting feed can be disconnected by
cam attachment.

Q is a sleeve for raising or lowering drill spindle /), which
revolves in it.

R is a rack on sleeve.

S is a hand lever for quickly adjusting spindle 2, used for hand

feed.
7 is a balance weight and chain to counterbalance weight of

spindle /), drill, etc.

On page 198 is shown a wall drilling-machine; it is
double gearced, with sclf-acting feed motion, as shown in
the upper portion of the illustratiun; the lower part shown
is the table, with an elevating screw benecath to regulate
the height: these portions shown are bolted to a wall,

hence the name.

The advantage of the machine consists in its porta-
bility, allowing its use in rough and temporary situations,

aside from its extreme lightness.
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DRILLING MACHINES.

Fig. 220 shows onc form of the approved *radial”

drill; the name is derived from * radius "—from a center.

The basc of this machine has traverse slots for facili-
tating the clamping of the work: the column extends to
the top of the sleeve, which is a feature affording stiffness
to the machine, which is so essential to true work; the
radial arm is raised and lowered by power under the control
of a lever located within convenient reach of the operator;
the arm describes a free circle about the column, which is
desirable for many classes of work : the back gears are fitted

with friction clutches; the feed is automatic.

Drills used in machines vary in size according to the
nature of the work; in ordinary shop practice £-inch to
3-inch diameter is the range of holes drilled.  Therefore,
tools are made in scts; with cach set is a steel socket
which fits the drill spindle at onc end, and at the other end
the recess fits all the drills in the set; they are, therefore,

interchangeable.

Fig. 222.

A socket or collet is shown in above illustration.

To cnable the drill to be easily extracted from the
socket, the latter is provided with a slot, as shown in the

figure ; this slot passes through it: the drill end protrudes

NoTE.—Usually the sockets are in sizes from ] to }§ inch; 3 to $3
inch; 1% to 1} inches; 1, to 2 inches, and 24 to 3 inches diameter.
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DRILL CHUCKS.

09 4W NOWN

Fig. 223.

Fig. 224.

into the stop, so that a key driven into the aperture will
force the drill out.

223 shows one of many forms of drill chucks ; it

Fig, 226,
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consists of two movable jaws operated by a spindle, on
which arce formed a right-hand and a left-hand thread; the
spindle is operated by a key, as shown: the jaws which
grip the drill move simultancously towards or recede from

one another, closing or opening as required.
Fig. 224 shows a similar chuck in scction.

Fig. 225 is a patent drill chuck: the jaws are oper-
ated by the action of a nut or collar as shown in scction in
fig. 220.

Twist drills arc illustrated in figs. 228 and 229, These
are fast superseding all other forms of drills used in machine
work.

Care must be exercised in grinding and
sharpening both the ordinary  flat drill
and the = twist drill,” to get a proper cutting
angle.  Authorities differ on the question of
the angle, but one found cxcellent in actual
practice is to grind cach cutting lip to an

angle of 0o, with a linc taken through the

central axis of the drill. as shown in fig. 227.

Note.—The flat drill must be forged in order to keep it up to the
required size and to keep its point thin enough for cutting : on account
of this forging it is difficult to get a flat drill to run true; the sides of
the drill form a very indifferent guide in the hole ; the diameter of the
hole made by the drill depends on the accuracy of the grinding of the
cutting edge ; should one edge be longer than the other, as soon as the
end pressure is applied, the flat drill will endeavor to revolve on its
point, and the tendency of the drill will be to cut eccentric, the
greatest cutting radius making a larger hole than the diameter of the

drill.
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TWIST DRILLS.

Fi
fig. 229 is an enlarging drill, having three cutting edges,

g. 228 is a roughing drill, having two cutting edges;
and fig. 230 is a finishing reamer: fig. 231 is an adjustable
reamer; fig. 232 is an adjustable shell reamer; fig. 233 and

fig. 234 are fluted shell reamers.
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Fig. 232, Fig. 233. Fig. 234.

Fig. 235 shows a device designed for use on a twist drill.
To grind twist drills to the proper angle, place the drill
parallel and against the Jeft-hand leg, to bring the cutting
edge parallel with the other leg. Note the length of one
cutting cdge by the graduations, then turn the drill half

Fig. 235,

way round to get the length of the other cutting edge, and
continue turning the drill and grinding the edges unti]

they are the same length.
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TABLE OF SPEEDS

The table below gives the revolutions per minute
for drills from [ inch to 2 inch diameter, as usually
applied ; the table shows the drill speeds recommended by
the Morse Twist Drill and Machine Co. for cutting steel,
iron and brass.

TABLE OF SPEEDS FOR TWIST DRILLS.

i Revolutions per Minute. Revolutions per Minute.
Diameter ‘' Diameter
of Drill of Drill | - LT T
ininches.| For For For lininches.] For | For For
Steel. | Iron. Brass. Steel. ! Iron. | Brass.
5 040 | 1280 1360 | 7 75 105 130
+ 460 | 660 783 | 1 65 Qo | 115
5 310 420 340 I 58 80 | 100
} 230 320 | 400 1L 52 70 | 9O
+ 1go | 260 320 | 1} 46 62 | 8o
H 150 | 220 260 1% 42 58 72
% 130 185 230 14 39 54 66
1 115 160 200 13 36 49 60
[ 3 i
s 100 140 f 180 | 1§ 33 45 | 56
£ 95 130 160 o 31 1 41 | 52
! o2 2 39 | 49

To drill 1 inch in soft cast iron will usually require for
Linch drill, 125 revolutions; for J-inch drill, 120 revolu-
tions; for $-inch drill, 100 revolutions, and for 1-inch drill,

95 revolutions.

NoTE.—The advantages of a twist drill over a flat drill are
chiefly :—The cuttings can find free egress in the twist drill ; in the flat
drill the cuttings jamb between the hole and the wedge-shape sides of
the drill, causing frequent removal of the drill to extract the cuttings.
In deep holes more time is occupied in this manner than in the actual
cutting operation. The twist drill always runs true, and requires no
reforging or tempering, and, by reason of its shape, fits closely and
produces a straight, parallel hole, provided the point is ground true.
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SPEED OF DRILLS.

The following is a table given by the Standard Tool

Co. and reccommended by them.

SPEED OF DRILLS.

|
| Revolutions per Minute,

Revolutions per Minute '

Diameter, Diameter’
of Drill. of Drill. | T
. Steel.  Iron. Brass. Steel.  Iron, | Brass.
T:F’ Sg? 1220 l:—(» J,_',Q J 3,_* ,_ : 3
Yoo 050 s g 35 50 1 Go
IO R R ACRN P - O A
4 223 305395 e 33 1 46 355
o 78245 508 aF 32 44 53
48205 200 gE 30 420 50
KA 122 173 223 1 30 40 49
; ay 1500193 HE o9 ’ 39 46
- 03 133 173 2 28 1 38 1 43
2 80 23 I35 24 28 37 44
J -
}?—.‘; 81 oo 2 1.{ 27 35 43
i / oo 123 2% 27 ! 34 2
13 060 93 1153 2! 261 33 41
: 03 N3 110 2 5 25 33 40
1 39 So 105 2% 2532 39
I 55 e 100 21y 24 31 38
L 52 7O 93 23 23 30 37
1L 497 O Qo 2% 2230 36
1% 40 03 S0 27 22 29 3%
Iy 44 6o 73 23 21 28 34
1% 2 i Jo 27 20 27 33
13 40 . 36, 63 3 19 26 . 32
I - 38 4 03

The above table gives a suitable speed for drills, for
general use, but it can be increased from 50 to 73 per cent.

to suit special conditions,
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Fig. 237.
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GRINDING OPERATIONS.

7o grind is to wear down, smooth or sharpen by fric-
tion, as by friction of a wheel or revolving stone to give a
smooth surface, edge or point to an object.

To abrade is the act of wearing or rubbing off or away
by friction or attrition. «lu abrasive is a material used for

grinding, such as emery, sand, powdered glass, etc. The

Fig. 238.

operation of grinding is an abrasive process, the material
being ground away rather than cut; grinding makes possi-
ble the accurate finish of the hardest metals.

In modern machine-shop practice the grinding machine
has become recognized as an indispensable tool, and no
shop equipment is considered complete without it. The
use of hardened spindles in lathes, milling machines, drilling
machines, etc.. also hardened crank pins and cross-head
pins in stcam engincs, is made possible by its use; with it
can be ground milling cutters of all shapes, taps, reamers,
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arbors, keys, gauges, holes in cutters or other articles,
edges, sides and ends of flat, square, hexagon or octagon
objects, leaving the ends square with the sides or edges,

and also many other kinds of work.

Grinding machines are of various designs, and range
from the simple rotating emery or corundum wheel to a
perfectly automatic, self-acting universal and surface-grind-
ing machine. Onc of the former is shown in fig. 236.  On
page 218, fig. 240, is shown a machine of the latter de-
scription.

Fig. 236 shows a simple Wet Tool Grinder; the emery
wheel being mounted on a spindle, running in broad bear-
ings, is driven by the pulley; the emery wheel is covered
with a shield, to prevent the water splashing; it has no
pump ; the water trough is raised to the wheel by pressing

on the footpedal shown in front of the machine.

Fig. 237 shows an emery grinder sharpening a twist
drill; a rest is provided for the shank of the drill, also an

adjustable end stop, for any length of drill.

Fig. 238 shows an emery grinder sharpening a circular
saw : a sclf-centering device holds the saw in position; the
attachment can be *tilted” to give any desired bevel to
the saw.

Fig. 239 is a Grinder, on which a variety of work can
be done; the arbor is arranged for two wheels, one on
each end; A is the “head” of the machine, mounted upon
the “standard ” J; the head contains a spindle driven by
the “ pulley " 5, and having emery wheel /) on left-hand end,
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and cup emery wheel € on right-hand end ; /A is the hand-
wheel which operates the bevel gears /7, and gives the
vertical adjustment to the knee WV, by the screw P; G is
the hand-wheel fastened to the cross-feed screw, which
moves the cross-carriage I/ forward or back; A is the
binder-screw, which clamps the knee &V when in the re-
quired position: /7 is the hand-wheel fixed on pinion,
which operates the long slide £'; L is the adjusting screw,
which swivels the pair of centers, O, which can be fixed on

long slide /¢, when grinding reamers, taps, etc.

Lig. 240.

Fig. 240 cxhibits a front vicw of a grinding machine,
for straight and taper work, that revolves on two dead
centers. To obtain the best results, a great varicty of table
work and wheel speeds are necessary; all speed changes are
adaptation of the belt and cone, easily understood by
operators.

Provision is made for the amount of power and water
demanded by the rapid rate at which the machine is
designed to work.
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Fig. 241 is a front view and figz. 242 is a back view of
the machine shown in fig. 240. From these views the

arrangement of the machine can be casily understood.
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The following illustrations show several of the many
kinds of accurate work, for which the universal grinding

machines shown in fig. 178 are adapted.

Fig. 243

—

_Fig. 243 and fig. 244 exhibit the method of grinding

the sides of a face, or straddle mill, by means of the
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Fig. 2453.

emery wheel. The straddle mill is placed upon the table of
the grinding machine, and is revolved on a stud, so as to
bring cach tooth in turn under the action of the revolving

emery whecl.




222 The Advanced Maclhinist,

GRINDING OPERATIONS.

Fig. 245 shows the grinding of the same object, the
emery wheel acting upon the face of the mill, which is
carricd on a stud in the universal cutter-head.

Fig. 246 illustrates the grinding of a spiral tooth
cutter, carried on a sleeve, sliding on the arbor, between the
head and the adjustable collar.

Fig. 247 shows the sharpening of a tap held in reamer

centers, which are fitted in the universal cutter-ncad.

“POINTS” RELATING TO GRINDING
OPERATIONS.

It is considered good cngineering practice to push the
work of a grinding machine to the utmost limit, get all
that can be got out of it in work and get it out quick. This
does not imply wasting the tool; it is intended to save the
time of workmen. At the same time, where grinding is to
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be done rapidly and well, a machine to do it must be heavy
and powerful.

The durability and usefulness of all machines depend
largely upon proper care, which if not given will in a short
time cause them to become unreliable, even though the
machines are well constructed. The grinding machine
being a tool upon which great accuracy is required, be-
comes, therciore, most susceptible to bad results through
such lack of care.

The machine should be kept clean and the bearings
well lubricated, using the best oil only, to prevent gumming.

In order to preduce correct work it is important that
the spindle boxes be kept in proper adjustment, so that
there may be no lost motion. This is true of the head-
stock, foot-stock and emery wheel spindles and also the
wheel spindle boxes, which, to do accurate work, should be
adjusted closely, even though they warm up slightly.

The adjustment of the emery wheel slide is equally
important; it should be close and yet not tight cnough
to move hard ; the slide should be well oiled.

Wheels for internal grinding should be softer than for
external, as the surface in contact is greater; therefore the
wheel will not let go the dulled particles so readily. It
should be very keen cutting and of coarser grade than for
external grinding. As the surface speed of the wheel is
not as great as that for external grinding, the work cannot
therefore be done as rapidly, and more time must be given
to remove the stock, and the work must be revolved slower.

Too great a variety of work should not be expected of
one grade of wheel, and when the amount of grinding will
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warrant it, several grades of wheels can be profitably em-
ployed, each carefully selected for its particular purpose.

All machines should be securely fastened to a solid
floor or foundation where there is no vibration.

To grind tools without drawing the temper requires a
soft grade of wheel, which would not be suitable for rough
work; moreover, much depends upon the nature of the
material to be ground as to whether a hard or soft, coarse
or fine wheel should be used.

A wheel should be kept perfectly true and in balance
to obtain the best results, both as regards rapidity and
accuracy in grinding. For the sake of economy it is
necessary that a dresser be kept constantly at hand to
dress up the wheels a little and not allow them to become
out of true.

It should be remembered, the contact between an
emery wheel and the work is entirely different from that
of the lathe or planer tool in operation. In the latter case
some extra pressure is always required to counteract
spring between work and tool; but in the former condition,
some material is removed at the slightest contact.

The speed of work should be in proportion to the
amount of stock removed at each revolution, as the wheel
must always have sufficient time to do its work; if the

NotE.—There can be no hard and fast rules for the speed of emery
and polishing wheels, since there is so great a variety in the nature of
the work to be done, but a peripheral speed of a mile—j5,280 feet—a
minute for ordinary emery wheels is commonly regarded as good prac-
tice. For water tool-grinders the speed is usually about two-thirds that
of dry grinders, while on the other hand, polishing wheels are gener-
ally run at about one and one-half, and buff wheels at twice the speed
of dry grinders. Emery wheels are classed as water grinders and dry
grinders ; the former run at about one-third less than the dry grinders,
that is, about two-thirds of a mile per minute on the surface.
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work is revolved too rapidly the wheel is liable to crowd,
chatter and waste, and make an unsatisfactory job. There
is no fixed rule as to speed, but by a little experience the
operator will soon learn what is best.

These numbers represent the grades of emery, and the
degree of smoothness of surface may be compared to that
left by files as follows:

8 and 10 represent the cut of a wood rasp.

16 “ 20 “ “ 4« g3 coarse rough file.
24 “ 30 “ “ « “ an ordinary rough file.
36 “ 40 “ “ ¢« ¢« g bastard file.

46 6o “ “ ¢« « 3second-cut file.

70 “ 8o “ “ ¢« “ asmooth file.

% 13 “

go “ 100 “ a superfine file.
120 F and FF ¢ «“ o« « 3 dead-smooth file.

Nearly all emery wheel makers use a letter to desig-
nate the grade of hardness of wheels, grade M being the
medium between the hardest and the softest. All letters
before M are softer, as L, K, J, I, in the order given; while
all letters after M are harder, as N, O, P, in their order.

Wheels are numbered from coarse to fine; that is, a wheel made
of No. 60 emery is coarscr than one made of No. 100. Within certain
limits, and other things being equal, a coarse wheel is less liable to
change the temperature of the work and less liable to glaze than a fine
wheel. As a rule, the harder the stock the coarser the wheel required
to produce a given finish. For example, coarser wheels are required
to produce a given surface upon hardened steel than upon soft steel,
while finer wheels are required to produce this surface upon brass or
copper than upon either hardened or soft steel.

Wheels are graded from soft to hard, and the grade is denoted by
the letters of the alphabet, A denoting the softest grade. A wheel is
soft or hard chiefly on account of the amount and character of the
material combined in its manufacture with emery or corundum. But
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other characteristics being equal, a wheel that is composed of fine emery
is more compact and harder than one made of coarser emery. For
instance, a wheel of No. 100 emery, grade B, will be harder than one
of No. 6o emery, same grade.

The softness of a wheel is generally its most important character-
istic. A soft wheel is less apt to cause a change of temperature in the
work, or to become glazed, than a harder one. It is best for grinding
hardened steel, cast-iron, brass, copper and rubber, while a harder or
more compact wheel is better for grinding soft steel and wrought iron.
As a rule, other things being equal, the harder the stock the softer the
wheel required to produce a given finish.

Generally speaking, a wheel should be softer as the surface in
contact with the work is increased. For example, a wheel 1/16-inch
face should be harder than one !;-inch face. If a wheel is hard and
heats or chatters, it can often be made somewhat more effective by
turning off a part of its cutting surface ; but it should be clearly under-
stood that while this will sometimes prevent a hard wheel from heating
or chattering the work, such a wheel will not prove as economical as
one of the full width and proper grade, for it should be borne in mind
that the grade should always bear the proper relation to the width.

Pieces intended to be ground can frequently be profit-
ably turned in the lathe to near the finished size before
being tempered. After sardening, the pieces can then be
accurately finished in the grinding machine, thus securing
the utmost accuracy united with great durability. Many
pieces of work require but one cut to prepare them for the
grinding machine; if the tool has dulled or the work has
sprung in hardening or in turning, it causes no trouble
when being ground.

NoTE.—Emery is a granular mineral substance and belongs to the
species corundum, but is not pure, being mixed with magnetic or
hematite ores. Corundum is a mineral substance found in a crystalline
form. Its hardness is next to the diamond. Emery is granular corun-
dum more or less impure. As an abrasive, corundum cannot be ex-
celled, its diamond-like hardness, brittleness and sharpness giving it
lasting qualities,
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PUNCHING AND SHEARING.

To punch is to pierce, to perforate or indent a solid
material.

To shear is to clip or cut with a sharp instrument; the
act or operation of cutting by means of two edges of
sharpened steel, as on the principle upon which shears are
operated.

A punch is a tool, the working end of which is pointed
or blunt, and which acts either by pressure or percussion—
applied in the direction of its length—to drive out or in,
or to make a hole or holes, as in sheet or plate iron and steel.

Shears consist of two blades with beveled edges
facing cach other and used for cutting. There are in-
numerable forms of these two implements-—punches and
shears—but this volume has to do only with those actuated
by power, hence called *“power-punching machines™ or
“power-cutting machines,” etc.

Punching machines arc very commonly combined with
shearing machines, the work of both being essentially the
same. In some cases the construction is such as to allow
of the removal of the shear-blades and substitution of the
punch, and wzce versa, as desired. More usually, however,
the two contrivances are separate, though arranged in the
same supporting frame. Fig. 248 represents a punching
and shearing machine. The reason the two are combined
in one machine is that it is very usual for both shearing
and punching to be necded on the same plate.

Presses used for stamping or forming purposes are
properly punches; the term punch includes two very dif-

ferent kinds of instruments; 1, tools whose duty is to indent
229
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the material without absolutely separating or dividing it,
2, tools which, in conjunction with a bolster placed under-
neath the work, cut or divide it similarly to the action
of a pair of shear blades.

Punching machines, as is evident from the flat or
obtuse angle of the edge of the punch, do not effect the
division of the material by cutting, but by a tearing apart

View of throat, showing
tools in position.

Fig. 249.

of the fibre of the material; this is equally true of the
upper and lower blades of a shearing machine, as shown in
fig. 249; the blades are not cutting edges, but are flat or
nearly so.

The operations of both punching and shearing may be
regarded as similar, one being done with circular or curved
and the other with straight tools. The blades of a shear-
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ing machine will pass through a plate an inch and a half
in thickness with a rapidity and appearance of ease which

give little idea of the power actually used.

Fig. 250.

Fig. 251 shows an enlarged view of the arrangement of
the punch end of the machine illustrated in fig. 248 the
operation is that of perforating a hole in a heavy plate;
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each portion is named, to more readily convey the idea of
the work and the several parts of the machine.

\\\\\x/rcp 0F DIE
Fig. 25r.

The above cut shows the positions of punch, plunger
and die; also the positions of the stock, punch arid coupling,
and the correct position of the stripper relative to the
punch and plate, in use, to prevent the plate from binding
when the punch is drawn.

In punching and shearing machines the power is ap-
plied in many ways: I, by screw pressure ; 2, by hydraulic
pressure; 3, by a lever; or, 4, by eccentrics—the latter is
the usual method.

A complete set of punching tools includes 1 punch, 1
die, 1 die block, 1 die holder, 1 socket, 1 stripper or pull-off,
1 edge-gauge and wrenches. The die block bolts on to the
lower jaw to receive the die holder or the die, and the die
holder is made to fit in the die block and is bored to receive
the various sizes of small dies. The edge-gauge bolts to
the frame of the machine, and its edges serve as a gauge
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for the edge of the piece being punched. The stripper or
pull-off is a pivoted lever whose forward end straddles the
punch and strips the sheet as the punch rises ; it is adjust-
able up and down by means of a pin at the rear end of the
lever, so as to accommodate different thicknesses of metal.

The capacities of the different machines vary accord-
ing to the size, and the throats in the same size vary in
depth. The distance from the edge of the sheet at which
punching or shearing can be done, is governed by the
depth of the throat; by the depth of the throat is meant
the distance from the center of the punch to the back wall
of the throat.

Fig. 248 shows a double-ended eccentric, punching
and shearing machine.

This machine is double-geared, the frame cast in halves
securely bolted and dowelled together. The driving and
eccentric shafts are of steel, and the latter drives the slides
through short connecting rods. The slides have large rec-
tangular bearing surfaces, those for the punch and the
shears being fitted with stop motions.

Fig. 250 shows a double-ended lever punch of approved
design.

This machine is double-geared, and the punch and
shear slides are worked by levers which allow the slides to
remain at the top of the stroke during half a revolution of
the main shaft, thus affording time for adjustment of the
plate.

In single-ended machines the punching and shearing
are both operated from one slide, the shears being placed

at the top.
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MACHINE BOLT CUTTING.

This subject also properly includes nut tapping and
bolt-heading. Bolt-cutters, like most other machines, re-
quire additional tools and devices, according to their com-
plication and general construction; an example of this is
the special cutting-off tool designed to reduce round rolled
iron to the exact length necessary for heading in the
heading machine, which is in itself an accessory of the
bolt-cutter; another example is the power feed-attachment,
designed to be applied to the main machine, to produce
coarse bastard threads true to the pitch.

TFig. 254 shows an improved bolt-thread cutter, arranged
with gear for screwing large diameters of bolts.

The cutters, four in number, are arranged in a revolv-
ing die head; fig. 252 is a front view of same; the carriage
is moved to and from the die head by a rack and pinion
operated by hand wheel; the lubrication for the dies is
supplied by an oil pump of plain plunger type, placed
within the column of the machine, and is driven from the
cone pulley—the throw of the crank pin can be adjusted
to and from the center, thereby decreasing and increasing
the stroke of the plunger, and regulating the supply of oil
to the cutters. .

A substantial metal box frame A, provides an oil tank
in the base, the top forms the bed and the slides for the
carriage ; the headstock Z carries the live spindle C, to
which is bolted the die head 2; the hand wheel # opens
and closes the vise £, which slides with carriage G, and is
operated by hand wheel /7 and the rack and pinion shown;

235
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the hand lever / operates the clutch ring, opening and
closing the dies, which is also automatically accomplished

‘€Sz "3y

2 = nnrness .'\\\\\\

§1/94/lr////////r////tfl/r///,

LI LTLIL LTI LI NS

“s‘!\\\\\\\‘\\\\\\\\\\\\\\\\\\\\\\\\\
zll////lll/fllit;/://lf/tf///tfl/
T % I 222

A A = e e e

.’l/ /VW* \\"././///// 725, & \\% Hn\\e.\- -

7.
A
- SR ,/fllllll////

B YN\ 2 5

by the stop rod /, which slides through the vise block, and
the stops A" A, being set to the length of the screw to be

cut, are operated by contact with the vise.
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The driving conc Z, with pinion .}/, gear into wheel NV
on the live spindle; the oil supply O is fed by the pump 2,
in the metal box frame, through the center of the overflow
pipe; thedischarge end is curved downwards slightly below
the top of the overflow pipe, which prevents splashing of
the oil.

Fig. 254.

The pump is of ample size, so that when running on
the slow speed a sufficient supply of oil is discharged into
the oil-pot to kecp a constant stream on the dies when
cutting threads; the removable chip-pan will hold the chips
of a day’s work.
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Fig. 253 is a section side view of the machine, showing
the interior arrangment of the parts and the plunger pump
P, it also shows a device, a substitute for the rack and
pinion motion for travelling carriage, which is not shown in
fig. 254, viz., a self-acting lead screw S, which is driven from
the live spindle by two spur gears, 7 and ¢/, and idle or

carrier wheels R, which reverse the motion for right or left-

hand screw cutting.

Fig. 255. Fig. 256.

The die ring is made of cast iron; this ring controls
the movement of the dies radially to and from the center,
by means of recesses at an angle to its face; the clutch
ring has a phosphor-bronze ring working in a groove and
attached to the automatic spring and closing device; the
movement of the clutch ring is transmitted to the die ring
through the rocking lever and toggle.

The cutters are four in number; fig. 255 isa side view,
fig 2356 an end view, of the cutter with cast-steel head
attached ; figs. 257 and 238 show the tool-steel caps; the
upper one is for a full-size die. ~ When recut several times,
it is needful to use the deeper steel cap, to make up for
the shortening of the cutter by recutting.
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Fig. 261 shows the side view of the die head, which is
made of cast iron, turned, milled and bored. To the post
end is fastened a face plate, which serves to hold the dies
and die bushings in place—see fig.
252: in the outer surface of the
barrel, there are four longitudinal
grooves milled to within a short dis-
tance of the flange, and in these
grooves are fitted steel strips, hard-
ened and ground to resist the wear

of the sliding die ring.

Fig. 261.

A section on line A B of revolving die head; figure
252 shows the dies and die caps, etc., fig. 259; a sec-
tion on line C D of the die head—see fig. 260—shows the
opening and closing device operated by the clutch ring and
the rocking lever and toggle.

Fig. 262 shows a lead screw, and fig. 263 a split-nut;
these are required for each pitch cut; the lead screws
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are made short and they can be changed from one pitch to
another; the bronzc split-nut fits in the carriage and is
opened and closcd by mcans of a cam disc and lever oper-
ated by hand.

AhASACEEARELLRRRA LR RN}
R R

Fig. 262.

Fig. 263.

The cutting speeds for dies in bolt cutting are as

follows:
TABLE.
Diameter of Revolution of Diameter of Revolution of

Bolt. Dies. Bolt. i Dies.

3 460 3 Ly 50
Lo
1 I ! 1} 40

& 153 1z 38

16 131 J; 12 35

11; 115 ‘ 1% 32

v 102 | 17 30

?3‘T 9‘-3 1? > 1 28

] 2 Zx 25

¥ 5 ],‘ 2% 22

: 550 2 20

3 18

The usual cutting speed for bolts in machine-shop
practice is fiftcen lincal feet per minute; the above table
is based upon that capacity of work. In tapping nuts, the
same number of revolutions of the taps are required.
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AUXILIARY MACHINES.

The introduction of a new machine or device implies
the immediate cmployment of a whole series of auxiliary

and dependent appliances.

Some of these are seemingly of more importance
than the parent machine, and frequently are much more
complicated and expensive to build; they are named, fre-
quently, by their use, and largely aid in the practical suc-
cess of the new machine which they are designed especially

to operate with.

Thus a *“ cutting-off " machine is used to cut off stock
to the required length before it can be operated on by the
lathe, etc.; one of these machines is shown on the opposite

page and described below.

CUTTING-OFF MACHINES.

When rods, etc., are required to be cut to a certain
length, the operation is performed in severalways: 1, either
by a special lathe designed for the purpose, or, 2, by a
power saw; when exccuted in a lathe, the revolving
spindle in the headstock is constructed hollow, the rods
pass through the hole and are then cut to exact length

245
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by an ordinary ¢ parting " or cutting-off tool fixed in the
rest or carriage of the lathe.

A special cutting-off tool for the purpose is shown
in fig. 266; it consists of a substantial drop-forged steel

Fig. 266.

holder; the under edge is extended, giving a firm support
to the blade directly under the cut; the blades are six
inches long, seven-eighths inch wide, milled and ground
on both sides to give proper clearance. The top, or cut-

ting edge, and bottom are ground square, to gauge of slot
in holder. Hence the blades used in this style of holder
require grinding on the end only. In use, the blade
should be set to project beyond the supporting lip of
holder, or under side, a sufficient distance to cut to center

of stock; on heavy stock the blade can be advanced after
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making a cut of one inch or so on the outside. The blade is
held in position by a substantial strap, bolts and case-
hardened nuts.

Fig. 267 is a similar cutting-off tool, but fitted with
an offset holder for particular work which could not be
executed by the straight tool holder shown in fig. 266.

A “cutting-off " saw is a machine designed for “ crop-
ping " the ends of work and cutting it to length; in the
ordinary machine shop practice, a power-driven hack-saw
is used, but when cutting large work, a circular, revolving
saw is used to cut the work cold; this is commonly styled
a cold saw cutting-off machine; the latter is shown in
fig. 205.

The power hack-saw illustrated in fig. 268 is especially
designed to mect all the requirements of a machine for
sawing metal. The upper arm of the frame can be
extended so that large work can be cut; the jaws holding
the work are planed and can be set so that work on any
required angle, as well as straight sawing, can be done.
The machine has an $-inch stroke with quick return; by
loosening the set screw in the stud holding the connecting
rod, the frame can be swung to either side; by this adjust-
ment the saw can be made to cut perfectly straight; the
lower arm of the frame passes through a hole in the sliding
thimble with a projecting stud, to which the connecting
rod is attached, and on which friction nuts are placed; a

set screw runs through this stud and holds the frame in

NoOTE.—It has been the custom, when cutting a piece of iron or
steel, especially hard ‘col-steel, to send it to the blacksmith to heat
the metal in the forge and cut it to the required length ; this method
has the disadvantage of deteriorating the steel in quality consequent on
the heating, and the rod js returned in a rough shape.
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any set position; a piece of steel with concaved end is
placed .under the set screw to prevent the point from
coming in contact with the arm. The slide in which the
thimble runs is split so that any wear can readily be taken
up by tightening the screws at each end. There is no
drag on the saw during the backward movement.

By adjusting the friction on the connecting rod the

saw can be made to lift gently from the work when going
backward, and the pressure on the forward stroke can be
increased or diminishcd by the same means. A coil con-
taining twenty-five feet of saws is placed in the magazine
on the rear end of the arm, and can be drawn through the
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proper distance for the work being sawed. By using the
magazine coil principle the saws can be used their entire
length. This feature alone reduces the cost of saws fully
one-half, and as the saw is firmly clamped at both ends
instcad of being held by pins, the danger of the holes
being pulled out of the ends of blades is entirely obviated.
The usual speed of the blade is 40 strokes per minute.
After a cut is finished, the clutch is automatically thrown

out and the machine is stopped.

With flexible hack-saw blades the teeth only are hard-
encd, the back rema'ning untempered ; thus the blade will

Fig. 270.

neither snap nor break, assuring full efficiency until the
teeth are worn dull.  Fig. 270 shows the construction of the
flexible back blade; fig. 269 shows the set of the teeth.
These blades for cutting iron, steel, brass, etc., are made
from 23-gauge stock, and have 15 teeth to theinch; for
cutting tubing and shect metals the teeth are finer, being

made 24 tceth to the inch.

Fig. 264 shows the countershaft used with the power
hack-saw shown in fig. 268 ; the motion is stopped by shift-
ing the driving belt from the fast on to the loose pulley ;
these are the pair shown in the cut, the small pulley being

the driving pulley connected to the pulley on the machine.
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Fig. 271.
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The arbor press is a machine devised for accomplish:
ing the work described in the note, which is ordinarily
done by hand, by means of a hammer, ectc. The arbor or
mandrel is a spindle which is forced or driven into a bored
hole in the work, such as a pulley or wheel, to eaable it to

revolve between the centers of a lathe, milling cutter, etc.

Fig. 271 shows such a machine, which is a very useful
device, being quick in action, and which can be bolted on
the end of the lathe-bed or on a scparate bench, and which
is always ready for use. Operated by a hand lever, a
pressure of scven and a-half tons can be obtained by an
ordinary man by mecans of the gear-whecls shown in the
engraving ; it is exceedingly simple in action, and consists
of a massive standard .1, which carries a sliding or adjust-
able knce /22, which can be regulated to the height of the
work by a squarc-thread screw ¢, which acts in a nut in
the top of standard /¢ the handle € operates the screw G
the plate 77 is free to revolve on the knee /) and is pro-
vided with lateral openings of graduated sizes for various-
dimensioned mandrels; when released from the work, the
arbor or mandrcel drops on the soft babbitted cushion D,
and is caught or rctained in the large steel ring £ the
plunger or ram / has a rack cut on onc side: this rack is

engaged with two pinions, one on spindle .1/ and one on

NorTe.—Very generally the mandrel is driven into the work with
a lead-headed hammer, or an ordinary sledge is used ; as a precaution,
a piece of sheet-brass, copper or hard-wood is placed against the end
of the mandrel to receive the force of the blow of the sledge and thus
prevent the “eenter ™ in the mandrel Leing damaged or destroyved, as
the brass strips will spread and become thin from repeated use, soon
rendering it unfit for the purpose.
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the lever spindle, and they are geared together by the
spur wheels Z and O the leverage is obtained by means
of wheel ¢ and a pinion hidden in the drawing by the
ratchet J\7; a pawl fits into the casting, into which the lever
7is fixed; a leverage of 135 to 1 is thus obtained. The
counterweight A balances the lever and keeps it in an
upright position when not in use; a pin projects from one

side of the pawl, so that when the lever casting is upright,

the pawlrides the “shedder” 2, disengaging the pawl from
the ratchet, thus leaving the ram / free to be moved up or

brought down to the work by means of the hand-wheel X.

Fig. 272 shows a very powerful press, designed for
mandrels up to 7 inches diameter; the ram is made of four-
inch steel and has a rack cut on two opposite sides; the
gears are stecl, have a leverage of 250 to 1 and exert a
pressure of about sixtcen tons at the end of the ram, with

a man of ordinary strength at the lever,



254 The Advanced Mackinist.

SHAFT-STRAIGHTENING MACHINES.

Fig. 271 shows a hand-power shaft-straightening
machine intended for bench use; it has a powerful screw
made of stcel; the bed is planed true and has two steel
blocks or vees fitted to slide upon it; these can be adjusted
to suit the bend or twist in the shaft, and will accommo-
date work of any length.

This is but one of many devices of this nature; some
of these arc much more complicated and costly and oper-
ated by pnecumatic and other powers: one of the most
common is a machine used in railroad shops in straighten-

ing car and locomotive enginc axles.

TURRET MACHINES.

These were originally named from their resemblance

to the turress or *little towers rising from or otherwise

’

connected with a larger building;” the word turret was in

very frequent use in the middle ages as defining movable
towers used in military operations; at the present date
turrets, in enginecring practice, are always understood to
mean a revolving mechanism, as the turret-gun, designed
for use in ** a revolving turret,” and the turret lathe, which

has a revolving tool-holder.

NOTE.— The monitor, or turrel tathe, derives its name from the
Ericsson’s Monitor, designed and built 1 1862 ; this carrries on its
deck one or more revolving turrets, each containing one or more
great guns, which can be successively brought into range by revolving
the steel-clad turret, thus combining the maximum of gun power with
the minimum of exposure. Ericsson named his newly-invented ship
The Monitor, from its use as a caution or warning to the enemies of his
adopted country.
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AUXILIARY MACHINES.

In modern machine shopsaturret is known as a revolv-
ing tool holder; that is, a tool holder which contains a
number of cutting tools, any one of which may be used by
revolving the holder, which brings the cutting tool succes-
sively into position to operate on the work: while the
turret is principally uscd on lathes, screwing and drilling
machines, it is applied to many other machines, such as
the planer, and shaper, and also in wood-working machines.

Fig. 272.

Fig. 272 shows a turrct fitted on the shears or bed of
a lathe; the turret is bored with holes for the reception of
six tools; it has hand longitudinal and cross feeds, the tur-
ret being revolved by hand; it has at its base, a steel index
ring of large diameter, hardened and ground; the locking
bolts are hardened and ground, and provided with a taper
gib for taking up the wear; a spiral spring forces the lock-
ing bolts into the slots, and is adjusted by a screw at the
back end ot the turret slide. The turret slides move in
flat bearings with adjustable taper gibs to maintain correct

alignment.
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THE TURRET LATHE.

Fig. 273 exhibits a turret fitted on the carriage of an
engine lathe, similar to that illustrated in fig. 61; it shows
the hexagonal turret mounted on the carriage, being inter-
changeable with the compound rest shown in fig. 61,
enabling the lathe to be used either as an engine lathe or a

turret lathe.

Fig. 273.

The advantages of this turret are that it has power,
longitudinal and cross feeds, and is screw cutting; it
has all the changes of feed that the lathe has; it may be
used in connection with the half-nuts, and therefore chase a
thread ; it permits running in such taps as conform with
the threads cut by the lathe at their proper pitch and bring-
ing them out without danger of stripping any of the
threads; it may be “ set over " either way from the center
and is provided with centre stops.

NoTE.—In practice, all pieces made from the continuous bar are
machined as follows : A long bar of the rough iron or steel is pushed
through the spindle, until the piece projects beyond the chuck long
enough to make the piece desired. The various tools on the turret are
set for the different diameters and cuts, and after each performs its
operation, it is turned out of the way to admit the next tool. Since a
number of tools are set for the various diameters, it gives this machine
a great advantage over the lathe where there is but one tool.
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Fig. 274.
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THE TURRET DRILL.

Fig. 274 shows a turret head fitted to a drilling
machine described as a turret drill.  On the trunnion of
the frame is mounted the turret head with any number of
projecting bearings; six are shown in the illustration
fig. 275, which is a front view of the turrct head. These
projecting bearings support and guide the drill spindles;
through the frame passes the driving shaft, on the end of

which, inside of the turret, is fastened a bevel gear in mesh

Fig. 275.

NoTE.—Pivoted on the front of the gear-case, fig. 275, in the
interior of the turret head is a bell crank lever, one end of which is
forked and loosely connected to the driving spindle; the other arm of
this lever is connected to the locking bolt that holds the turret head in
position. Fastened to the locking bolt is a rod connected to the foot-
treadle shown on left-hand side of the base. When the treadle is
pressed downward it moves the locking bolt outward ; at the same time
the driving spindle moves upward and is unlocked from the drill
spindle before the locking bolt leaves its socket, thus making it
impossible for the turret to be moved while the driving spindle is in
contact with the drill spindle. When the turret is revolved to the tool
wanted, the bolt will automatically drop in its socket, and the driving
spindle moves downward and engages the drill spindle.

The feed is by hand and foot lever. The table is balanced and has
a vertical feed motion. The knee that supports the table is fastened to
the face of the column and balanced by a weight inside of the column.
The drill spindles are of steel, hardened and ground, and reamed to fit
the Morse taper ; the spindles have an independent drill stop.
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AUXILIARY MACHINES.

with another bevel gear, loosely splined to the driving
spindle, which has on its lower end a clutch that engages,
when in operation, with a corresponding clutch on the
inner end of the drill spindle.

Fig. 276 shows a screw-cutting die-head which is self-
opening and adjustable; it is designed for use on screwing
machines, lathes and in turrets, being provided with an
internal adjustable gauge for varying the length of the

threads. It has few parts, yet admits of the finest adjust-

Fig. 276.

ments; being graduated upon one side of the shell and
provided with an index by which quick and accurate varia-
tions in the diameter of threads may be made, and as the
index is controlled by onc screw, both dies are adjusted
simultaneously. It is provided with four single-point dies
and also with a roughing and finishing attachment, by
means of which two cuts may be taken in making a thread,
and insures a more perfect quality of work than is possible

to produce with one passage of dics.
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SCREW-CUTTING DIE HEAD.

The roughing and finishing attachment is operated by
a small handle located at one side and back of the head
proper, and as shown in the illustration, so arranged that
by moving it to a forward position the dies are opened
slightly for the roughing cut, and when the handle is
returned to its original or backward position, the dies are
closed and locked at a predetermined point for the finish-
ing cut; this handle is easily and quickly manipulated by
the left hand of the operator. In regular practice the
tripping of the dies is effected by the stock as it passes
through the dies and comes in contact with the end of the
gauge, but they may be tripped at any point on the cut by
moving the handle which operates the roughing and finish-
ing attachment to a central position, which unlocks the

dies and causcs them to open.

Fig. 277.

Adjustable collapsing taps, as shown in fig. 277, are
designed for usc in screwing machines and lathes and are
held either in the turret, or in the rotary or live spindle.
By reason of not requiring to be reversed, these taps
retain their cutting edges longer and will cut smoother and
cleaner than a solid tap; the standard size of thread can be
maintained by adjusting the chasers or cutters in a similar

manner to the adjustable dies described on page 2359.
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KEYSEATING MACHINE

Fig. 278 shows a Il’l(lCleI(. which will cut keyseats on

any portion of a shaft, without removing it from its bear-
ings; the machine being firmly fastened to the shaft by
two clamps, the cutter-head is fed along the shaft and will
mill a keyseat 12 inches long without resetting, and as it
has a sliding support under the cutter at all times, it c