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SR CHAPTER 1.

SCREW THREAD SYSTEMS.

Before entering upon the subject of screw thread tools and gages,
we will shortly review the more common screw thread systems, giving
the most important information regarding each, and will present such
tables and formulas as give the basic information which the ordinary
mechanic requires. While a great many more systems than are here
reviewed. have been proposed from time to time, only those which
have been officially recognized by mechanical men, or which have
gained prestige on account of universal use and adoption, here or
abroad, will be treated. .

The United States S8tandard Thread.

The United States standard thread, usually denoted U. 8. 8., has a
cross section as shown in Fig. 1. The sides of the thread form an
angle of 60 degrees with one another. The top and bottom of the thread

. Fig. 4 Fig.5 Fig.6
. Figs. 1 to 6. Standard Screw Threads.

are flattened, the width of the flat in both cases being equal to one-
eighth of the pitch of the thread. In this connection it may be appro-
priate to deflne the expression pitch as well as lead, as these two
expressions are very often confused, and the word pitch, in particular,
often, though erroneously, used in place of “number of threads per
inch.” The pitch of a thread is the distance from center to center of
two adjacent threads. It is equal to the reciprocal value of the num-
ber of threads per inch, or, if expressed in a formula:
1

Pitch =

Number of threads per inch.
The lead of a screw thread is the distance the screw will travel
forward if turned around one complete revolution. It is evident that
for a single threaded screw the pitch and the lead are equal. In a
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double threaded ecrew, the lead equals two times the pitch, in a triple
threaded, three times, etc. The definitions given for pitch and lead
should be strictly adhered to, as great confusion is often caused by
improper interpretation of the meaning of these terms., Confusion is
also caused by indefinite designation of multiple thread screws. The
most common way to state the lead and the class of thread is perhaps
to say 3 inch lead, doudle, which means a screw with a double thread,
which, when cut, has the lathe geared for four threads per inch, but
each thread is cut only to a depth corresponding to eight threads per
inch. The same condition is also expressed by: 4 threads per inch,
double. These two ways of expressing the number of multiple threads
are both correct, but the expression which ought to be used in order to
avoid misunderstanding under any circumstances would be: 3§ lead,
14 pitch, doudle thread.

Returning to the form of the U. S. 8. thread, we flnd that if the
thread is flattened one-eighth of the pitch at top and bottom, the depth

UNITED BTATES STANDARD THREAD. *

Diam- | Threads Diam- | Threads Diam- | Threads Diam- | Threads
eter per Inch eter per Inch eter per Inch eter per Inch
64 10 1§ 5
‘;: 50 ? 9 1*}! 5 81
40 1 9 1 5 8}
86 1 8 14§ 5 8
82 17 v 2 44 8.
. 28 1 7 23 4—1 4 8
20 1 7 2 4
. 18 1 7 2 4
16 15 6 2 4
i 14 13 6 2 4 5
18 145 6 2 4 5%
s 12 14 6 2
& 11 1% 5 8 8 23
H 11 1} 5} 8% . ) 2%
3 10 143 54 83 8

of the thread is equal to three-quarters of the depth of a corresponding
thread, sharp both at top and bottom. If p equals the pitch of the
thread; d, the depth; and f the width of the flat, the following formu-
las express the relation between these quantities:

1

Number of threads per inch.
d=28, X p X cos 30° = 0.64952 p.
14

Formula for the Number of Threads in the United States Standard
Thread S8ystem.

In order to fix definitely the number of threads per inch correspond-
Ing to any given diameter in the U. 8. 8. system, Mr. William Sellers,
its originator, proposed the following approximate formula:

p=0.24 V D + 0.625 — 0.176,
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in which formula p equals the pitch of the thread for any bolt or
screw of the diameter D.

This formula is applicable to all screws 14 inch and larger in diam-
eter. For diameters below 14, inch the formula is modifled so as to
read:

»=0.23 Vv D 4 0.625 — 0.175.

This modification, which has met with general acceptance, changing
the coefficient 0.24 to 0.23, was proposed by Mr. George M. Bond in
1882. The purpose of the change was to make the formula applicable
to screw threads for bolts smaller than one-quarter inch in diameter.
Mr. Bond’s formula tends to increase the number of threads more
rapidly as the diameter decreases, a distinct advantage in the case of
small screws. ' ,

It will be proper to remark in this connection that screws 11/16,
13/16 and 15/16 inch in diamster, which according to the formula

BTANDARD SHARP V-THRBAD

Diam- | Threads Diam- | Threads Diam- | Threads Diam- | Threads
eter per Inch eter per Inch eter per Inch eter per Inch
& 2 10 1% 5 8 8
ARIRAEIENE IR
82 1 8 14§ 43 8 8
24 14 8 2 4 8 8 -
4 1 3’ 7 2 4 4 8
3‘ 20 1 7 2 4 43 2
18 1 7 2 4 43 2
18 1 7 2 4 43 2
14 13 6 2 4 5 2
3 12 14 6 2 4 54 2
& 12 1% 6 2 4 5 2
§ 11 1% 6 3 83 5 2
? 11 1§ 5 3 i 83 6 2%
. 10 || 14| 5 8 3%

given ought to have 1v, 9 and 8 threads per inch, respectively, are in
usual manufacturing practice made with 11, 10 and 9 threads per inch.

The S8harp V-Thread.

The sharp V-thread, Fig. 2, is very similar to the U, 8. 8. thread,
except that thecoretically it i8 not provided with any flat, either at
the top, nor at the bottom of the thread. In common practice, however,
it has proved necessary to provide this thread with a slight flat on
top of the thread. There are, unfortunately, some difficulties caused
by providing a flat on the top of sharp V-threads, the principal one
being that no deflnite standard for this flat has been settled upon.
Some manufacturers have used the same flat as is used for the Briggs
standard pipe thread, which, although theoretically rounded at top
and bottom, is, in this country at least, made with a small flat on the
top of the thread. The width of this flat is selected so as to give
exactly the same angle diameter as is obtained when rounding the
thread in accordance with Briggs' original proposition. This flat is
equal to about one-twenty-fifth of the pitch.
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If p equals the pitch of the thread; d, the depth; and f, the width
of the flat on the top of the thread, the following formulas express the
relation between the various quantities of the sharp V-thread:

1

? Number of threads per inch,
d=p X cos 30° =0.86603 p.
P
==
26
Attention must be called to the fact that the formula for the width
of the flat is selected simply to give an, arbitrary value, which is not
recognized as any standard element of the sharp V-thread. In figuring
the depth of the thread, this flat is not considered, and the depth is
arrived at as if the thread were exactly sharp.

Comparison Between the U. 8. 8. and the Sharp V-Thread.

The two standards referred to hitherto are the two forms of threads
most commonly used in the United States. The objections to the sharp

WHITWORTH STANDARD THREAD.

Diam- | Threads Diam- | Threads || Diam- | Threads Diam- | Threads
eter per Inch eter perlnch |' eter per Inch eter perInch
.. 60 14 10, 14 5 33 3%
& 48 % 9 14 5 3% 31
% 40 1 9 13 4% 8§ 8%
& 32 1 8 14 4} 8 8
24 14 8 2 4} 8 3
24 1 7 24 4} 4 8
1 20 1 7 2 4 43 2
& 18 1% 7 2 4 4} 2
3 16 14 7 2 4 43 2
7 14 1 6 2 4 5 2
3 12 1 6 2 8¢ 5 2
& 12 1} 8 2 33 5 2 3
§ 11 14 6 8 - 8 5 2
H 1 1% 5 8 8 6 2%
3 10 14 5 3 3}

V-thread, as compared with the U. S. S. thread, are that the compara-
tively sharp points of the teeth are very frail; that the groove at the
bottom of the thread, being sharp, facilitates fracture under strain;
that the depth of the thread, being considerably greater than that of
the U. S. S. thread, subtracts from the effective area at the root of
the thread of the screw, thus impairing the tensile strength of the
threaded bolt, and finally, that in case of taps, the sharp V-thread has
less endurance and shorter life, and is capable of smaller duty, owing
to the frail and easily worn away points of the thread. In spite of all
this, however, the sharp V-thread will long continue to be in general
use, primarily because it has so thoroughly established itself in the
mechanical industries. This form of thread has also another very
strong claim, because of being admirably adapted to the making of
steam-tight joints. ]t answers this purpose best of all common forms
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of thread, and all patch bolt taps, boiler taps and staybolt taps are,
as a rule, provided with sharp V-threads.

The Whitworth Standard Thread.

The Whitworth standard thread, Fig. 3, is used chiefly in Great
Britain, but to a certain extent also in the United States. Its use here,
however, has greatly diminished since the U. 8. S. thread commenced
to gain general approval. The Whitworth standard is the older one
of the two, and was the first recognized screw thread system. In the
Whitworth standard thread the sides of the thread form an angle of
55 degrees with one another. The top and the bottom of the thread
are rounded to a radius determined by the depth of the thread, which
is two-thirds of a thread with the same angle which were sharp at
top and bottom. The radius at the top is the same as the radius at

BRITISH STANDARD FINE SCREW THRBAD.

Threads Diam- | Threads Diam- | Threads Diam- | Threads
per Inch eter per Inch eter per Inch eter per Inch

o o

QAT i 00
Lo o Il ol S T
CO CO CO CO »h 1B 1 1 1 i i

P :-:E
>
=2 o o

[
[ory
(=}

—
-

ok ok ok ok ok ek ok ok ek ek ok ek
ShoGE e e glowt s

FJ TR RXXRXRXXODOOD
XX X RN R UR R R LR R R R
o o ST Sl S T S e
BRI RII=IT

¥
, 3
the bottom. If p and d equal the pitch and the depth of the thread,
respectively, and r the radius at the top and bottom, then

2 9
d=— X — X cot 27° 30’ =10.64033 p.

3 2

r=0.1373 p.

The advantages of the Whitworth thread are that screws with this
form of thread have all the strength possessed by screws with U. S. 8.
threads, and at the same time have no sharp corners from which
fractures may start. Screws and nuts with this form of thread will
work well together after continued heavy service when other forms of
thread would fail. Whitworth threads are used in the United States
chiefly on special screws, such, for instance, as screws for gasoline
needle valves, where a liquid-tight and yet working fit is desired. It is
also often used for locomotive boiler staybolts. The objections to the
Whitworth form of thread are that the angle of 66 degrees cannot
be measured or simply laid out with ordinary tools, and that the
rounded cormers at the top and bottom cannot be produced with any
degree of accuracy without great difficulty. The Whitworth standard

14 10
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screw system is denoted B. 8. W. (British Standard Whitworth screw
thread) in Great Britain.

) British Standard Fine Screw Thread.

The British standard flne screw thread is a system of threads
recently adopted in Great Britain. The form of the thread 18 the same
as that for the Whitworth standard, but there is a greater number
of threads per inch corresponding to a certain diameter than in the
Whitworth system. The fine screw thread system is denoted B.S.F.,
and applies to screws 14 inch in diameter and larger.

The pitches for the system of fine screw threads are based, approxi-
mately, on the formula:

P=- , for sizes up to and including one inch; and on the
10
formula:
N
P= , for sizes larger than one inch in diameter.
10

BRITISH ASSOCIATION STANDARD THREAD.

British l Diameter Pitch Diameter Pitch
A.ssioci-' S P
ﬁtug: Milli- | Inches | Milli- | Inches Milli- | Inches | Milli- | Inches
ber |meters meters meters meters
0 | 6.0 0.2862]1.0 [0.0894( 18 [ 1.2 |0.0472 | 0.25 | 0.0098
1 5.8 |0.2087 | 0.90 | 0.0854 | 14 | 1.0 | 0.0894 | 0.28 | 0.0091
2 4.7 1 0.1850 | 0.81 | 0.0819 15 [ 0.90 | 0.0354 | 0.21 | 0.0033
8 4.1 {0.1614 | 0.78 | 0.0287 16 [ 0.79 | 0.0811 | 0.19 | 0.0075
4 8.6 10.1417 | 0 66 | 0.0260 17 [0.70 | 0.0276 | 0.17 | 0 0067
5 8.2 (0.1260 | 0.59 | 0.0283 || 18 | 0.62 | 0.0244 | 0.15 | 0.0059
(] 2.8 [0.1102 | 0.58 | 0.0209 || 19 | 0.54 | 0.0218 | 0.14 | 0.0055
7 2.6 | 0.0084 | 0.48 | 0.0189 || 20 | 0.48 | 0.0189 | 0.12 | 0.0047
8 2.2 10.0866 | 0.43 | 0.0169 || 21 | 0.42 | 0.0165 | 0.11 | 0 0048
9 1.9 | 0.0748 | 0.89 | 0.0154 || 22 | 0.87 | 0.0146 | 0.098| 0.0039
10 1.7 | 0.0669 | 0.85 | 0.0188 || 28 | 0.88 | 0.0180 | 0.089| 0.0085
11 1.5 | 0.0591 | 0.81 | 0.0122 || 24 | 0.29 | 0.0114 | 0.080} 0 0081
12 1.8 | 0.0511 | 0.28 | 0.0110 || 25 | 0.25 | 0.0098 | 0.072| 0 0028

In the above formulas

P =pitch, or lead of single-threaded screw, and

d =diameter of screw.

This standard is not intended to make the regular Whitworth stan-
dard thread superfluous, but is simply supposed to offer a possibility of
a standard flne screw thread for such purposes where the regular
Whitworth standard would be too coarse,

British Association Standard Thread.

The British Association standard thread is the standard system for
screws of small diameter in Great Britain, It is, however, hardly
used at all in the United States, except in the manufacture of tools
for the English market. The characteristics of the thread form are
similar to those of the Whitworth thread, but the angle between the
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pides of the thread is only 47 degrees 30 minutes, and the radius at
the top and bottom of the thread (see Fig. 4) is proportionally larger,
depending upon that the depth of the thread is smaller in relation to
the pitch than in the Whitworth standard thread. 1f p, d and r signify
the pitch, the depth, and the radius at the top and bottom of the
thread, respectively, then

A 2p

a=20.6p. . y =—

11
The various sizes of screws in this system are numbered, and a cer-

tain number of threads per inch always corresponds to a certain given
diameter. The system is founded on metric measurements. It was
first originated in Switzerland as a standard for screws used in watch
and clock making. This system is therefore also at times referred
to as the Swiss small screw thread system.

Briggs Standard Pipe Thread.

The Briggs standard pipe thread i8 made with an angle of 60 degrees.
It is slightly rounded.off, both at the top and at the bottom, so that

BRIGGS BSTANDARD PIPE THREAD.

Nomi-| Actual | No.of || Nomi-| Actual | No. of Nomi-| Actual | No. of
nal | Qutside | Threads nal | Outside | Threads nal | Outside | Threads
Size of| Size of |per Inch ||Size of| Size of | per Inch ||Size of]| Sizebgf per Inch
u

Tube | Tube Tube | Tube Tube

3 | 0.405 | 27 14 | 1.900 | 11} 5 | 5.568| 8
0.540 18 2 2.875 113 6 6.625 8
0.675 18 2% 2.875 8 7 7.625 8
0.840 14 8 8.500 8 8 8.626 8

3 1.050 14 84 4.000 8 9 9.688 8

1 1.815 113 4 4.500 8 10 | 10.750 8

14 | 1.660 |. 11} 4 | 5000 8

the depth of the thread, instead of being equal to the depth of the'
sharp'V-threa.d (0.866 X pitch), is only four-fifths of the pitch, or equal

0.8
to —, if n be the number of threads per inch. The difficulty of pro-
n .
ducing a thread with rounded top and bottom has, however, caused
the manufacturers in -this country to modify the original standard.
Instead of rounding the bottom of the thread, it is made sharp as
shown in Fig. 6. The top is slightly flattened instead of rounded, the
flat being carried down just far enough to tangent the top circle of
the correct thread form. This thread, as indicated by the name, is
used for pipe joints and for many purposes in locomotive boiler work.
Taps for producing Briggs standard pipe thread are provided wlth a
taper of ‘% inch per foot on the diameter.

Whitworth Standard Thread for Gas and Water Piping.

The form of the Whitworth standard thread for gas and water
piping is simply the regular Whitworth thread form, and the only
difference from the regular Whitworth standard is the number of
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threads per inch. Most American manufacturers of taps, when making
what ‘is called English pipe taps, use the Whitworth form of thread

WHITWORTH SBTANDARD THREAD FOR GAS AND WATER PIPING, COMMONLY
ENOWN AS THE STANDARD GAS THREAD.

Nomi-| Actual No. of Nomi-| Actual No. of Nomi-| Actual No. of
nal | Outside | Threads nal | Outside | Threads nal | Outside | Threads
Size of| Size of | per Inch |[Size of| Size of | per Inch | Size of| Size of | per Inch
Tube Tube Tube | Tube Tu Tube
3 0.385 28 1 1.746 11 28 8.124 11
$ 0.520 19 1 1.882 11 P 3 8.247 11
0.665 19 1 2.021 il 2% 8.867 11
g 0.822 14 1 2.160 11 8 8.485 1
£ 0.902 14 1% 2.245 11 8% 8.698 11
3 1.084 14 2 | 2.847 11 8 8.912 11
% 1.189 14 21 2.467 11 4.125 11
1 1.302 11 2 2.587 11 4 4.839 11
1% 1.492 | 11 2 2.794 11
11 | 1.650 | 11 24 | 8.001 | 11

and the number of threads according to the Whitworth pipe thread
system, but make the dimensions for the taps the same as for the
Briggs standard in all respects. The taper is also made the same as
for the Briggs standard, or 3; inch per foot.

8quare Thread.

The square form of thread is usually made about twice as coarse in
pitch as the V or U. 8. 8. threads, and partly for this reason and partly
because of the perpendicular sides of the thread, it i8 a troublesome
thread to cut with taps and dies, There i8 no standard for the number
of threads corresponding to a certain diameter. The depth of the
thread is equal to the width of space between the teeth, this space
being equal to one-half of the pitch. While theoretically the space
between the teeth is equal to the thickness of the tooth, each being
one-half of the pitch, _lt is evident that the thickness of the tooth must
be enough smaller than the space to admit at least an easy sliding fit.

The Acme Thread.

The Acme thread, shown in Fig. 6, has of late become widely used,
having in most instances taken the place of the square thread on ac-

Fig. 7. Aome Standard Screw and Nut.

count of its better wearing qualities, and the comparative ease with
which this thread can be produced. Of all standard thread systems the
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Acme thread is the only one which has a standard provision for clear-
ance at the top and bottom of the thread. The screw 18 made of stan-
dard diameter, but the nut is made over-size. The relationship between
screw and nut is illustrated in Fig. 7. If the diameter of the screw
i8 A over the top of the thread, and B at the foot of the thread, the
corresponding diameters of the nut are A + 0.020 and B 4 0.020 inch.
The sides of the thread form an angle of 29 degrees with one another.
Considering the screw only, if p is the pitch; d, the depth of the thread;
7, the width of the flat at the top of the thread; and c, the width of
the flat at the bottom of the thread, then:

»
=—2— - 0.010 inch,

1=0.3707 p,
¢=10.3707 p — 0.00562 inch.
The Acme thread has many good points, not the least of which is
its strength, and the ease with which it may be cut compared with
FRENOH SYSTEM STANDARD THREAD.

Diameter Pitch ! Diameter Pitch
zﬁne"l.g;s Inches n?el:lel;a Inches ! x:‘e‘::;;s Inches xﬁ“;:]ei;s Inches
] 0.1181 0.5 0.0197 | 24 0.9449 8.0 0.1181
4 0.1575 0.75 | 0.0205 | 26 1.0286 8.0 0.1181
5 | 0.1969 [ 0.75 | 0.0205 !| 28 | 1.1024 | 8.0 | 0.1181
6 0.2862 1.0 0.0894 30 1.1811 3.5 0.1878
7 0.2756 1.0 0.0394 82 1.2508 8.6 0.1878
8 0.8150 1.0 0.0394 84 1.3386 8.5 0.1878
9 0.8548 1.0 0.0394 36 1.4178 4.0 0.1575
10 0.8987 1.6 0.0590 88 1.4961 4.0 0.1576
12 0.4724 1.6 0.0690 40 1.5748 4.0 0.15%5
14 0.5512.| 2.0 0.0787 42 1.6535 4.5 |°0.1772
16 0.6209 2.0 0.0787 || 44 1.7828 4.5 0.1772
18 0.7087 2.5 0.0084 || 46 1.8110 4.5 0.1772
20 0.7874 2.5 0.0984 || 48 1.8808 5.0 0.1969
22 0.8661 2.5 0.0984 50 1.9685 5.0 0.1969

the square thread. This thread I8 recommended as a substitute for,
and to be used in preference to, the square form of thread.

French and International Standard Threads.

The French and international standard threads are of the same
form as the U. 8. standard, and the formulas given for the latter
form of thread apply to the former. The pitches, however, are stated
in the metric measure, and are somewhat finer for corresponding
diameters than the U. S. 8. thread. This is a distinct advantage,
especially in the smaller sizes. The standard thread of the interna-
tional system is denoted S.I. and was adopted by the International
Congress for the unifying of screw threads held in Ziirich, 1898. This
system conforms with slight variations with the system earlier adopted
in France, thé French standard thread, denoted S8.F. In order to
provide for clearance at the bottom of the thread in the nut, the
congress referred to above specified that the clearance at the bottom of
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rounded profile for said bottom,
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the thread shall not exceed 1/16 of the height of the original triangle.
The shape of the bottom of the thread resulting from such clearance
i8 left to the manufacturers. However, the congress recommends

INTBRNATIONAL SYSTEM STANDARD THREAD.

By this provision choice is given to

Diameter | Pitch Diameter Pitch
= |
nll‘;é};rs Inches nhé’:g.s Inches { n]ﬂ:grs Inches | ':2:2'_5 ' Inches
(1] 0.2362 1.0 I 0.0894 | 88 1.2092 , 8.5 | 0.1878
7 0.2756 1.0 . 0.0894 86 1.4178 | 4.0 | 0.1575
8 0.8150 1.25 | 0.0492 89 1 5854 l 4.0 0.1575
9 0.8548 1.25 | 0.0492 42 1.6585 4.5 0.1772
10 0.8987 1.5 0.0590 45 1.7716 1 4.5 0.1772
11 0.4381 1.5 0.0590 | 48 1.8898 ¢ 5.0 0.1969
12 0.4724 1.76 | 0.0689 52 2.0472 | 5.0 0.1969
14 0.56513 2.0 0.0787 | &6 2.2047 5.6 0.2165
16 0.6299 2.0 0.0787 || 60 2.8622 | 5.5 0.2165
18 0.7087 | 2.5 0.0984 64 2.5197 | 6.0 0.2862
20 0.78714 | 2.5 0.0984 68 2.6772 | 6.0 0.2362
22 0.8661 2.5 0.0984 72 2.8846 | 6.5 0.2559
24 0.9449 8.0 0.1181 6 2.9921 8.5 0.2559
A 1.0630 8.0 0.1181 80 8.1497 7.0 0.2766
80 1.1811 3.5 0.1878

the manufacturers to make the bottoms EI:E- threads flat or rounded
as desired, and yet have them conform to an interchangeable standard.

Iqstrument-maker’s System.
The standard screw system of The Royal Microscopical Society of
London, England, is employed for microscope objectives and the nose
pleces of the microscope into which these objectives screw. The form
of thread is the Whitworth form, the diameter of the male gage is
0.7626 inch. The number of threads per inch is 36.
Machine S8crew Threads.
- The American Society of Mechanical Engineers has adopted a stan-
dard system of machine screw threads, which undoubtedly will, before
long, become the general standard for small diameter screws, Consid-

MACHINE S8ORHEW THRRADS, AMERICAN SOOIETY OF MECHANICAL
HENGINEERS STANDARD.

Num- | Diam- | Threads ' Num-| Diam- |Threads || Num-| Diam- q Threads
ber eter perlnch '| ber eter per Inch ber eter per Inch
0 0.060 80 7 0.151 86 18 0.294 20
1 0.078 T2 8 0.164 36 20 0.820 20
2 0.086 64 l 9 0.177 32 22 0.346 18
8 0.099 56 10 0.190 80 24 0.872 16
4 0.112 48 , 12 0.216 28 20 0.898 16
5 0.125 4 14 0.242 24 28 0.424 14
6 |0.138 40 I 16 |0.208 22 80 | 0.450 14

erable care was taken in determining this standard, in order to settle
the questions involved so as to meet the requirements of both the
makers of taps and screws, and the users, The basic form of the
thread is that of the U. S. standard thread.
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Lag Screw Threads. ’

There i8 no recognized standard for the sizes and corresponding
number of threads for lag screws. The following table, however,
gives the number of threads according to common practice. While

LAG SORRW THREAD SYSTnB IN COMMON USE.

Alternate Systems |

| Alternate Systems |'

Alternate Systems

Diam- Diam- Diam-
eter | Threads| Threads || ©teT | Threads| Threads|| ©teT | Threads| Threads
per Inch | perlInch | per Inch | perInch perInch | perInch
‘i ;10 10 | 3 6 6 I | 44 5
L w Ik | B 6 4 | 4
§0 8 T |5 5 01 l 8 4
| 7 T B o4 5 |

lag screws are largely made according to these systems, there are, how-
ever, a number of different systems in use.

Gas Fixture Threads.

Thin brass tubing is threaded with 27 threads per inch, irrespective
of diameter, The so-called ornament brass sizes have 32 threads per
inch. The standard diameters of the thread are 0.196 inch (large
ornament brass size) and 0.148 inch (small ornament brass size).

Fine Screw Thread Systems.

‘We have previously referred to the British fine screw thread system
recently adopted. There is a demand for the adoption in this country
of a standard system with a U. S. 8. form of thread but with a finer
pitch than called for by this standard. .The Association of Licensed
Automobile Manufacturers has adopted such a standard, but it is, of
course, not universally recognized. The objection to the adoption of
a standard by a single body of manufacturers is obvious. Even if the

FINB BOREW THRBAD SYSTEM ADOPTED BY THBR ASSOCIATION OF
LICENSED AUTOMOBILE MANUFACTURBRS.

Diam- | Threads Diam- | Threads l Diam- | ‘Threads Diam- | Threads
eter perInch eter | perlnch eter per Inch eter perInch
28 ‘ & 20 3 18 14
,t 24 % 20 16 % 14
i # | R 18 1 16

standard is one which would recommend itself to general use, it would
be better if the opjnion and the needs of machine builders in general
were considered. On the other hand it may be said in defense of the
adopted system that automobile construction is so speclalized a manu-
facture that here doubtless may arise requirements which would not
present themselves elsewhere.



CHAPTER II.

MAKING THREAD TOOLS.

‘The chief requisites for cutting a correct thread are a correct thread-
ing tool, a correct setting of the tool, and a lathe with a reasonably
accurate leadscrew. In making.a U. S. thread tool a correct 60-degree
angle gage 18 necessary. To produce such a gage, first plane up a
plece of steel in the shape of an equilateral trlangle as shown at a in
Fig. 8. After hardening this triangle, grind and lap the edges until
the three corner angles prove to be exactly allke when measured with
a protractor. This is now the master gage. To produce the female

T
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Fig. 8. Gages for Making Threading Tools.

gage, make two pieces, one right- and one left-hand, like that shown
at b In Fig. 8; harden them and lap the edges that form the 150-degree
angle so that they are straight, and square with both sides. When
this is done the two pieces should be screwed and doweled to a back-
ing plate d as shown, using the master triangle to locate them, thus
producing a practically perfect female gage. .

In making up the tool, some form of cutter to be used in a holder
should be chosen in preference to a forged tool on account of com-
venience in handling and measuring and the ease with which it
may be re-ground without destroying the shape. The tool should
be made 8o that the top will stand level when in the holder, and the
clearance should be about 15 degrees, which is ample for a single
thread unless the pitch is very coarse. With that amount of clearance
the included angle between the sides of the tool in a plane perpendicu-
lar to the front edge is approximately 61 degrees 44 minutes. The
tool should be planed to that angle as nearly as is possible by measur-
ing with a protractor, then, to test its accuracy, it should be placed .
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top down on a flat piece of glass ¢ and tried with the 60-degree gage
as shown in Fig. 8. After lapping the tool until it shuts out the light
when tried in this manner, the angle may be considered as nearly
correct as it is possible to obtain with ordinary means. To adapt the
V-thread tool thus made to cut the United States standard form of
thread, it is only necessary to grind off the sharp edge an amount
equal to one-eighth of the depth of a V-thread of the required pitch, or

0.866

for 20 threads per inch X 3% == 0.0054 inch. To test the accuracy
of this grinding, a piece of steel should be turned up to the correct
outside diameter and a short shoulder turned down at the end to the
correct diameter at the bottom of the thread; then the piece is threaded
and the tool fed in until the flat of the tool just tangents the shoulder.
Then cut a nick in the edge of a piece of sheet steel with the threadiug

Pig. . Measuring the Angle Diameter of a Thread.

tool. This sheet steel piece is now applied like a gage to the threaded
cylindrical piece. If the nick in the sheet steel fits the thread so that
it shuts out the light the flat of the tool is correct.

In preparing a plug gage for threadin'g it should be made the same
as the cylindrical test piece above with a part turned down to the
root diameter of the thread except that for V-thread it is customary
to leave the shoulder 0.005 inch large on account of the impossibility
of producing a perfectly sharp point on the tool. The thread tool
should be set level, with the top at the same height as the center line -
of the spindle of the lathe, otherwise the correct angle will not be
reproduced. After a master plug has once been produced, it is not
necessary to turn down a portion to the root diameter of the thread,
as the work may be compared with the master plug by means of a
micrometer fitted with either ball or V points for measuring In the
angle of the thread.
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It occasionally happens that a tap is to be threaded, or other external
threading is to be done, of an odd size or pitch. Where it i8 desired to
originate a master plug in such cases, three wires may be used
for measuring the angle of the thread, placing one wire in the angle
of the thread on one side of the piece and the other two on the opposite
side, one on each side of the corresponding thread, measuring over
the whole with a micrometer. The formula for the micrometer read-
ing 18 obtained as follows: In Fig. 9, assume that m is the bottom of
a V-thread, the circle showing one wire in place. Then angle ¢ =30

no
degrees; sin 30 deg. = 0.5; — = mn or 2no — mn. As no and np are
0.6

radli of the same circle, it follows that mp — 3no = 114 X diameter of
wire. Multiplying by 2 to add a length mp for the opposite side
gives 2mp = 3 X diameter of wire. Hence for V-th;ead,

1.732

Diameter of screw — + (3 X diameter of wire used)

No. thds. per in.
= micrometer reading. .

For U. 8. form we have to take into account the flat at the bottom
of the thread, so instead of using the U. S. constant 1.299 we add to it
14 of 1.732, or 0.2165, giving as a constant 1.5155, making the formula:

1.6166

Diameter of screw — ———— — — 4 (3 X diameter of wire used)
No. thds. per in. .

= micrometer reading.
The subject of measuring threads with the wire system is more
‘completely treated in Chapter V.

Thread Tools for Threads with Rounded Top and Bottom.

While the development of a correct United States or V-thread tool
is a thing requiring a great deal of skill and patience, it is easy com-
pared to the task of producing a tool for the round top and bottom
thread, of which the Whitworth and British Association standards
are the leading examples. In testing for accuracy, threads of this
type are not only measured by gages and micrometers, but the curves
must match the angle so evenly that when the male gage is tried in
the female from either end, no difference can be detected. The diffculty
attending this will be the better appreciated when it is known that
some of the leading tap and die manufacturers of this ccuntry and
Europe have failed in producing threads that would pass the British
government’s inspection.

It may be laid down as a cardinal principle that the best results are
obtalned by developing the form first with a flat top and bottom as
in the U. 8. thread, rounding the corners afterward. The first step
of all'is to produce a correct angle gage; assuming that we are to
work out the Whitworth thread, this would be a gage measuring 65
degrees. Make and harden a steel triangle 4, Fig. 10, with the angle z
made as near 55 degrees as is possible by using a bevel protractor; the
other two angles are to be equal. Then make an angle iron B, making
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sure that ab and cd are parallel, and that de is square with ab. Assum-
ing that C and D are accurate 2-inch and 1%-inch plugs, we put in the
pins EE in such a position that a line drawn through the centers of
C and D, at right angles to their axes, will make an angle of 27l
degrees with ab. This can be done by figuring the distance fg as fol-
lows: In the triangle lhk, hk=1—0.26 =—0.76 inch.

0.75 0.75 .

k= = =1.4406 inch.

’ tan 27% deg.  0.5206

1.4406 4 % diameter of C — 14 diameter of D =

1.4406 4+ 1 — 0.26 =2.1906 inch = fg.

Set the pin F near enough to D to keep the corner of the triangle
from striking the angle iron B. Mount the triangle 4 as shown, and
set up the fixture on a surface grinder table using a toe strap in the
small hole in A to hold it in position, and grind first one edge, and then
the other. This gives us the male angle gage. A female gage can be
made to this by the method described previously for U. S. thread
gages. :

The tools to be used in making thread tool (see Fig. 11) include:

d

Plg. 10. Method Bmployed for Obtaini 56 Degree Angular Gage.

an angular tool with a flat point, the width of the point to be such
that it reaches to the center of the round in the bottom of the thread,
the angle of the tool matching the gage previously made; a female
radius tool for forming the point; and a male radius tool for the side
radii. For convenience in measuring and getting the exact form
required, these tcols should be made with the top square with the face
at the cutting edge, i. e., without clearance. The sides and back of all
should be ground as well as the top. The tool @ can be ground by
means of an angular block made in the same manner as the male
angle gage and should be finished by lapping. The tool b can be made
in two pleces, one a hardened, ground, and lapped wire, and the other
a soft plece made up in such shape that the wire can be soldered or
otherwise firmly fastened to it in the correct position. The tool ¢
should be made up first as at ¢’ and hardened. Then lap the hole care-
fully to size and grind the outside. After measuring the distance
from the hole to the back of the tool, the front can be ground off to
ef and the bevels ground until the depth of the round part is right.
We now require a shaper with an apron made up to hold the tool-
holder at an angle of 15 degrees, as shown in Fig. 12. The apron
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should fit the clapper-box perfectly. If it does not, it is better to
fasten it solid, and let the tools drag back through the cut, sharpening
the tools over again before finishing; otherwise, one runs. the risk
of side shake. With this angular apron we can use the tools made
without clearance to produce a tool with correct clearance for the
lathe. Two thread tool blanks, one, a, of tool steel, and one, b, of
machine steel, should be set up on the table adapter as shown in the
cut with spacing parallels between to avoid interfering with one while
planing the other. The blanks should be planed off to exactly the
same height, and all measurements for height should be figured from
the line cd, allowance being made for the difference caused by the
15-degree clearance. Then, after measuring the tools previously made
carefully, to determine where the exact center i8, we can start forming
the blanks, setting the tools sidewise successively by positive measure-
ment from the rib of the adapter. The angular tool comes first and
with it we plane down the sides of the tool @ and the center of b so
that the point of the tool just reaches the center of the radius. Then
using the female radius tool we round the point of @ and the two
points of b, coming down until the circle of the tool is just tangent to

o

1.0.0]

Pig. 11. Tools used for making Whitworth Thread Tools .

the top of the blanks. The male tool will round out the two lower
corners of ¢ and the center of b, being fed down to exact depth.

We now have the thread tool a@, which can be hardened, and the
machine steel blank used as a lap to correct errors in it, reversing
the lap occasionally, and using oilstone powder or other filne abrasive
as the cutting medium. Great care must be used in putting on the
abrasive, as in all lapping cperations of this kind points and corners
are apt to lap faster than wide surfaces., This operation does not
really correct the tool, but equalizes the errors due to imperfect match-
ing of the different cuts, and it can be done so effectively that whatever
errors of that kind are left cannot be detected. .

To test the tool, turn up a blank plug with a teat equal to the
drameter at the bottom of the thread. When this is threaded, the point
of the tool should touch the teat just when the outer corners touch the
top of the thread. In the angle, the thread should measure by wires,
as explained in connection with the U. S. S. thread tool, according to
the formula:

1.6008
Diameter of screw — + (3.1659 X
No. threads per in.

diameter of wire used) = micrometer reading.
For the final test of the fit of the curves with the angle, a tap must
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be threaded with the tool, and a female gage tapped with the tap. The
plug just made must screw into this with an equal amount of friction
from either end, and show a full contact on the thread. If this last
test is not successful it shows that the lapping is not good enough and
must be done over. If the plug does not measure right, it is necessary
to go back to the planing and plane up another tool, making such

O
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Fig. 13. Method of Planing Whitworth Thread Tools.

allowances as one judges will correct the error, It is sometimes neces-

sary to do this several times before a perfect tool is produced. In the

use of the tool in the lathe, great care is necessary to see that it is set

at'the center of the spindle, and so that the two side curves will scrape

the top of the thread at the same time. With the exception of making

the angle gage and tool grinding block, this whole procedure has to be
carried out for every pitch required. N

e -
———dmie . 4




CHAPTER III.

TOOLS FOR ACCURATE THREAD CUTTING.

Accurate thread cutting seems to be one of the trade secrets which

is not easily mastered or often found described in books. The author
~ has seen and done considerable of-this work, and although the methods
may not be wholly new, they will, no doubt,- be of interest to many.
The method of making thread chasers, described in the following, was
employed by the Pratt & Whitney Co. several years ago, and the table
on page 21 and the hob and fixture for grinding the chasers are
original with the author. That old saying “Patience is a virtue,” is
well recognized when doing this class of work, What can be more
exasperating than to have a thread tool tear when on the finishing

Fig. 18,
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Pigs. 18 to 16. Hobs and Ohasers for making Accurate Thread Tools.
cut, or, having made a nice plug and ring gage, to have the ring
contract and the plug expand in length when they are hardened?
There are a great many such difficulties in the path of the thread
gage and tap maker. That one little item, of the thread tool tearing
the threads is greatly, if not wholly, overcome by adopting a chaser
in place of a single thread tool, as the chaser has three to five
threads which tend to keep it from tearing into the work. The chaser
is also far superior for cutting U. S. standard threads, as the fiat top
and bottom are sure to be perfect and can always be held to a standard
with the aid of a master hob.
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To make a chaser accurately seems at first difficult, but is quite
simple when properly understood. The first thing is to make the hob,
which is shown in Fig. 13. This requires great care as upon it depend
all the tools of that certain pitch. The hobs are all made one-inch
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Diameter on which chaser isto be used. }

NOTE.—All hobs to be : inch 1n diameter right-hand thread. Clearance
on chasers, 15 degrees.
in diameter, this size having been adopted so that the angles in the
table above could be determined and tabulated. To accurately cut the
hob, the tool shown in Fig. 14 is utilized. This consists of a small
circular thread chaser held in the body of the tool, the forward part
of which is made separate from the shank so that it can be swi~eled
to suit the angle of the thread on the hob. A small piece of steel, a,
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serves as a gage for the cutting face of the circular chaser, so that it
can be sharpened and re-set in the holder without disturbing the body
of the tool. The nut b, on the end of the holder, serves to hold the
forward part of the tool securely. After the hob is threaded, it is
milled out (as shown in Fig. 13) to its center line and then hardened.
The object in milling it in this manner is that it can be easily sharp-
ened by grinding across the face, and this face is also utilized when
getting the hob to its proper angle in the milling machine.

The sharpening of the hob is accomplished with the special fixture
shown in Fig. 17, which is simple in desigﬁ, and is made for use on -
a surface grinder where it is located so that its centers are at right
angles with the emery wheel. The most essential point in grinding a
hob of this description is to always grind the cutting face radially,
in other words, the lower edge of the emery wheel must be in line

L JFadustrial Press, N.Y.
Pig. 17. WFixture for Grinding Hob.

with the center of the hob. To accomplish this the little device in the
shape of a lever, marked @, is employed, which has its fulcrum on
the block d while its other end extends to the forward block upon
which are graduated a few lines, about 0.05 inch apart, each division
equaling a movement of 0.001 inch at the ball . To set the emery
wheel, the rear center ¢ is removed from the block d, and the emery
wheel, at rest, is brought down onto the ball b. The table of the
grinder i8 run to and fro by hand so that the wheel will pass over
the ball; when it forces down the lever so that it registers at zaro, this
denotes that the lower edge of the wheel is in alignment with the
centers of the fixture. The center ¢ is then put back in position and
the hob, held by a dog, i8 placed between the centers and sharpened.
At no time during grinding is the perpendicular adjustment of the
wheel altered.

The hob being completed, the next step is to make, by use of the
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hob, the chaser shown in Fig. 15. This is made of tool steel, hand
forged, and planed on all gides. It has a cutting clearance of 15
degrees and is placed against an angle iron which, in turn, is held on
a milling machine table. The hob is held between the centers of the
machine spindle and the overhanging arm, as shown in Fig. 18, and
when the cutting edge of the hob is accurdtely located, the spindle is
locked in position by means of a wooden wedge which is tapped in
between the cone and the frame of the machine. The cutting face of
the hob and the body of the chaser stand in a straight line and at an
angle of 15 degrees with the table of the machine, as shown in Fig, 19.
The most essential point in setting up the machine for this job is to

F&L@T@

Jndustrial Press, N.Y.
Pig.18. Milling Machine Arranged for Hobbing Chasers.

get the angle iron located on the table of the machine at the proper
angle for the threads to be shaped on the chaser, as a chaser made for
use on a Y-inch tap will not work properly on a 2-inch tap of the
same pitch, hecause the angle of the thread i8 greater on the former
than on the latter. - The milling machine table must also be swiveled
around to the proper angle of the thread on the hob, as the longitudinal
movement of the table must correspond to the thread angle. For this
purpose we use the table on page 21. The plan view, Fig. 16, shown at
the head of this table will serve to illustrate the use of same. This
is a plan of the milling machine table, showing it swiveled around,
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and also the angle iron set in the proper position. As will be seen,
the table sets at an angle A, which is given in degrees and minutes
in the right-hand column of the table, while the angle iron is placed
on the table of the machine, making with the edge of the table the
angle B. This is the proper angle for the threads on the chaser.
Should it be desired to make a left-hand thread chaser, the angle iron
would be placed at the same angle called for by the table, ‘but in the
opposite direction,

As an example, we will suppose that it is desired to make a chaser
that is to be used in making taps 14 inch in diameter having 26 threads

ANGLE IRON

Industrial Press, N.Y.
Fig. 10. Hob and Chaser in Position for Hobbing.

per inch. We first look in the “threads per inch” column until we
come to 26, then by following along the line we come to the last
column, which gives us the angle at which the milling machine table is
to be set, or the angle A, which equals 0 degree and 42 minutes. On
the lower edge of the table are the diameters on which the chasers
are to be used, and as in this case this is 14 inch, we follow up that
column to the 26 threads per inch line, where we obtain the angle
at which the angle iron is to be located on the table of the machine,
or angle B, which in this case is 1 degree and 24 minutes. The machine
being properly set, it is a small matter to shape the thread by moving
the table to and fro, gradually feeding it upward until a perfect
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thread is-obtained on the chaser. It is gdvisable to keep the hob well
lubricated when cutting to insure a smooth thread on the chaser. A
very good lubricant for this purpose is a mixture of one-half turpen-
tine with one-half good lard oil. This will also be found an excellent
lubricant for general thread cutting in the lathe.

Another style of chaser which has proved itself very useful may be

-
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Fig.30. ¥ for Hobbing Ch for Pratt & Whitney Thread Tool Holder.
worthy of notice. This is what is known as the Pratt & Whitney
chaser, which is shown in Fig. 20. It i8 made separate from the body
of the tool-holder, in the angle iron shown in the same figure. For
inside thread cutting, the two tools shown in Fig. 21 can be used very
bhandily. The one marked g is for large inside diameters and is com-
posed of a tube through which runs a rod, threaded on each of its
ends. Upon the front end is screwed a circular chaser which is held
firmly against the tube by a nut on the other end of the rod. This
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Pig. 21. Chasers for Internal Threads.
makes a very handy device when chasers have to be changed, for by
loosening the nut on the end, the chaser can be easily removed with
the fingers. The solid chaser, b, shown in same figure, is for use in
holes of small diametsr, one-half of the threaded part being milled off.
When sharpening thig chaser, care must be taken to always grind the
face radially in order to insure accurate results.




CHAPTER IV.

MAKING THREAD GAGES.

1t appears to be the general idea that screw plug gages must be
made of tool steel, but it has been found very practical to make
them of cold rolled stock, which is very soft and easy to cut, but
which, when hardened, gives a surface which is fully as hard as tool
steel. This hard surface extends deep enough into the thread gage
to permit grinding 0.005 inch deep, enough hard surface still remaining
to prevent rapid wear when in use. Another reason for using this
soft steel is also that it is not likely to change its shape after having
been finished, the same as does even the best tool steel, if it has not
béen properly seasoned after hardening.

For setting a thread tool for cutting a correct thread, a cylindrical
thread gage is made, as shown in Fig. 26. This thread gage has the
advantage over the ordinary thread gage on the market, that it can
be placed between the centers of the lathe, and consequently one does
not depend upon any secondary surface against which to set the
thread gage. This is the case with the ordinary thread gages, which
have to be lined up either against the side of the face-plate of the
lathe, or against the side of the work, and in this way small errors
are almost always introduced. The thread gage in Fig. 26 is made
of machine steel, hardened and ground all over. The main body, 4, is
provided with three grooves, having an inclusive angle of 29, 55, and
60 degrees, respectively, to correspond with the Acme, Whitworth and
United States Standard threads, respectively. When the gage is hard-
ened, the two sides of the grooves are ground with the same setting
of the slide-rest, the piece A being reversed on the lathe centers while
grinding. ' This insures that both sides of the angle in the gage make
the same angle with the axis of the gage.

In one end of the body A a hole is drilled; this is ground until the
bottom of the hole comes exactly in line with the axis or center line
.of the body A. A hardened and lapped plug B is inserted into this
hole and held with a set-screw, having a brass shoe at the end. The
purpose of this plug B is to afford a means for setting the thread tool
in the lathe at the correct height, or, which is the same, exactiy in line
with the axis of the spindle. This is done by merely loosening the
clamp which holds the thread tool in its holder; then with the thumb
of the left hand on the plug B, and the forefinger on the thread tool,
it is brought instantly in position, so that the upper face of the thread
tool touches the lower side of the plug B, as shown in the end view
of Fig. 26. When in this position, the clamp of the thread tcol-holder
is again tightened, and the tool is now placed in the correct pogition
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as to height. This is a good way of setting the thread tool to the same
height as the axis of the lathe centers. This method of setting of the
thread tool to height does not necessarily, however, insure that the
thread tool in all cases will be set absolutely correct. If the thread
tool-holder should be tipped somewhat out of the borizontal position,
the top of the thread tool itself would not be horizontal, and conse-
quently, when the gage pin B was brought down upon the top of the
thread tool, so that the top face would lie perfectly in line with the
lower face of gage pin B, this pin would not be fully horizontal, and
the thread tool would not be set to the exact height of the lathe cen-
ters,

With the gage remaining between the lathe centers, the angle of
the thread tool is set to a correct central position, sideways. This
setting is also a check on the accuracy of the angle of the thread tool.
A piece of white paper should be used under the gage and the tool,
and a magnifying glass should be employed. First when the tool fits
the gage so that all light is shut off, may the setting and the angle be
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Pig. 24. C ing Aungle Di t with Ball Point Micrometer.

considered satisfactory. ' The thread tool being set, we are now ready
to proceed to finish thread our screw plug gage, which has previously
been roughed out by a chaser having three or four teeth, leaving
about 0.005 inch for the finishing single point thread tool. The finish-
ing of the thread is continued until 0.0015 inch is left for lapping.
The chaser, as well as the single point tocl, should have a clearance
of 156 degrees on the front face of the thread tool. This angle has
proved to be the most advantageous for all practical purposes.

After having been finish threaded, the screw plug is case-hardened
and ready for lapping. A lap made as shown in Fig. 27 is used. It
will be seen that this lap is somewhat different from those ordinarily
used for this work. The construction shown has been adopted because
of the dificulty met with in circular laps which are split on one side
for adjustment, but have nothing on the sides to hold the two sections
in perfect alignment. Consequently, each of the sides has a tendency
to follow the lead of the screw plug when lapping, and difficulty is
experienced in getting a thread with perfect lead. The lap here shown,
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therefore, has a dowel pin A on each side for the purpose of holding
the two sections in perfect alignment, and the adjusting screws C are
inserted outside of the dowel pins. The two screws B, finally, clamp
the two halves together. When the lap is assembled and screwed
together, it is roughed out in the lathe with a threading tool, or tapped
with three or four different sized taps, following one another in proper
rotation. The lap is then taken apart, and planed on the inside to
permit of adjustment; three grooves are cut in the thread on each
side of the lap, for holding reserves of emery and oil. This will permit
constant lubrication of the lap, and constant charging when lapping
the screw plug to size. The lap is finished with a master tap, which
must be made with extreme accuracy. This tap is ground in the
angle of the thread, as shown in Fig. 22, and it is finished to a dimen-
sion 0.002 inch below the size diameter of the thread plug to be made,
in order to permit the lap to wear down to the size when lapping.

The lathé must be revolved very slowly when grinding the master
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Fig. 26. Gage for Testing the Angle of the Thread.

tap, the revolutions of the spindle being from 20 to 100 per minute,’
gccordlng to the size of the tap. As will be seen in the cut, the cone
pulley is placed where the back gears ordinarily are located. Gear R
is disconnected, and the drive is through gears 8§ and 7. The reason
for having the cone pulley in the back, is because it i8 wanted to use
the space directly under the usual location of the cone pulley in the
center of the lathe for a mechanism intended to permit a slight adjust-
ment of the lead of the tap when grinding in the angle of the thread.

The feed screw B .is placed in the center of the lathe bed, directly
under the driving spindle, and fits into a solid nut, ¢, from which,
through the medium of a casing N and a connecting-rod, the carriage
is moved. A rod F is screwed into the nut C, this rod extending over
the side of the lathe, and resting upon the edge of plate F, which can
be 8o adjusted that it inclines from one end to the other from 0 to 20
degrees. Between this plate and the rod E, a shoe P is placed. On
the extreme end of the rod hangs a weiglt H which holds the rod
against the plate F. This arrangement serves the purpose of giving
a slight change in the lead of the tap being ground, as it is evident
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that when the rod E travels along the plate F, on the incline upward,
it slightly turns the nut and moves it forward a trifle in excess of the
regular forward motion imparted to the nut by the motion of the lead
screw. By inclining the plate F in the other direction, the motion of
the nut may be correspondingly retarded.

A grinding fixture I fits the slides on the top of the carriage. On
the right-hand side of this fixture is placed a knurled handle J, gradu-
ated to thousandths of an inch. This handle is for the ine adjustment
of the fixture, enabling the grinding wheel to be set correctly to the
center of the thread, before starting the grinding operation. The top
of the fixture swivels in a vertical plane, go that the wheel L, which is
made of tool steel and charged with diamond dust, can be set at an
anglée to the vertical, either to the right or the left, according to the
pitch and direction of the thread. This adjustment is made by loosen-
ing the nut K which binds the head in position when set to the correct
angle. The wheel L i8 provided with a shank which fits a tapered hole

Dy =P TAN, 80%0.6774 P.
D,=_;'m¢. 30%=0.2887 P,

PFig. 20. Pormula and Diagram for Determining Ball Points for U. 8. Standard
and V-Threads.
in the spindle D, which latter runs at a speed of 20,000 revolutions
per minute. A solid backstop M is provided to hold the fixture securely
in place while working. The lathe spindle, with the tap, and the
grinding spindle run in the same direction, the same as in an ordinary
grinder,

A good supply of sperm ofil should be used when grinding the tap,
and it is necessary to have a cover over the wheel, to prevent the
throwing out of oil. This cover, however, is not shown in the cut.
Care should be taken not to force the wheel into the work, as if that
is done, the shape will soon be destroyed. The wheel should just
barely touch the work, and should be fed in a very small amount, say,
0.00025 inch at a time. A sound magnifier or listener should be used,
to hear whether the wheel is cutting moderately.

The wheel is charged in the following manner. A chuck, with a
tapered hole which fits the shank of the diamond wheel, is placed in
the spindle of the bench lathe. ags shown in Fig. 23, and the tailstock
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center is pushed up at the other end to get a good support when
charging. Fixture B is placed in the bench lathe, and clamped with
a bolt and nut from underneath the lathe, about the same as an ordi-
nary sliderest. The front end of the fixture extends up vertically
above the center of the spindle. In this projecting part, two holes are
drilled, reamed, and counterbored, at the same height as the center
of the lathe spindle. In these holes are fitted two studs C C having a
T-head inside the counterbored hole. Between the T-heads of these
studs and the screws D D lie fiber washers, which act as friction stops.
On the other end of plugs C C are placed hardened and ground rollers
E E having one end beveled to a 30-degree angle, while the other end
has spur gear teeth milled, which mesh into each other, With the
slowest speed of the bench lathe, the fixture is fed in by hand, and
having two slides at right angles to each other, the same as an ordinary
slide-rest, it can be located to the proper position without much trouble.
A plece of soft steel wire should be flattened out to make a spade, with

NP (Y
! oa-u_’E 8EC. 27X #2. 7316 P.

.
D,—_E. 8EC. 27)§ =0.5637 P,
Dx=—§ 8EC. 27%4%=0.3735 P,
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Fig. 80. P la and Diag for D Ball Points for Whitwortb
Thread.

which to take up the diamond dust for charging the wheel. One should
not try to use a plece of wood, or a brush, as that will only be a waste
of diamond. The master tap, which is to be ground, is relieved up to
within 1/16 inch from its cutting edge with a file, this being done In
order to prevent any more grinding than is absolutely necessary, and
to permit the tap to cut freely. The length of the threaded part of
the master tap should be about two times its diameter.

The master tap being finished, the lap for the screw plug gages, Fig.
27, is tapped, and ready for use. When charging this thread lap, great
care should be taken not to force the lap too much. The spindle of
the lathe, where the lapping is done, should be run very slowly, with
the back gears in, until the lap is thoroughly charged with emery
mixed with sperm oil. Then the lathe may be speeded up to a higher
speed, according to the size of the screw plug. 1t is poor practice to
use too much emery on the lap. Reverse the lap often, and use it the
same amount on either side, If a large number of screw plugs are to
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be lapped, all of the same size, lap them all, one at a time, with the
lap at the same setting. In this way the lap keeps its shape better,
and can be used a long while before being retapped. Do not attempt
to tap the lap with the master tap when charged with emery, but use
a roughing tap first, and also wash out the lap in benzine before tap-
ping. When the screw plug has been lapped to within 0.0005 inch of
its size, it is ground on its outer diameter, if it be a U. 8. Standard
thread plug, and then finished by lapping after being ground. This
will permit the top corners to be kept sharp, and better resuits will
be obtained all around.

BALL DIAMEBTBRS TO BB USHD IN DETERMINING CORRECT ANGLB
OF THREAD FOR V, U.8, AND BRIGGS STANDARD THRBADS.

Threads per inch. D, D, D,
82 0.028 0.018 0.010
28 0.080 0.020 0.010
Y 0.085 0.024 0.012
22 0.040 0.026 0.014
20 0.045 0.028 0.014
18 0.050 0.080 0.016
16 0.055 0.085 0.018
14 0.060 0.040 0.020
18 0.085 0.045 0.022
12 0.070 0.050 0.024
11 0.080 0.055 0.026
10 o.ggg 0.060 0 030

9 0. 0.065 0.080
. 8 0.100 0.070 0.085
7 0.120 " 0.080 0.040
8 0.140 0.005 0.050
5% 0.160 0.110 0.050
5 0.170 0.120 ! 0.060
43 0.190 0.180 | 0.065
4 0.220 0.140 0.075
84 0.240 0.170 0.085
8 0.280 0.190 0.095
2t 0.300 0.200 0.100
% 0.820 0.220 0.190
24 0.820 0.220 0.110
2% 0.840 0.240 0.110
2 0.860 0.240 0.120
23 0.880 0.260 0.180

Great care must be exercised during the lapping operation to see
that the angle of the thread is correct. The gaging of the angle of
the thread is accomplished in the following manner. Three microme-
ters are used to measure the correct angle. Two ball points of the
same size are placed in tapered holes in each micrometer, as shown
in Fig. 24. These ball points are ground all over, and made to a shape
as shown in the upper left-hand corner in Fig. 24. The body of these
ball points is ground parallel, and then the end is turned and ground
to a ball shape as shown. Three sets of ball points are used for each
pitch, one to measure the thread near its bottom, one at the center,
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-

and one near the top, as indicated in Figs. 29 and 30. The master
screw plug is used for comparison; one micrometer i8 set to the master
screw plug at the bottom of the thread, in the manner indicated in
Fig. 24, and is then tried on the thread plug being made. The differ-
ence in diameter between the measured diameter on the master gage,
and that on the plug being made, is noted. Then the two other microm-
eters, measuring at the center and near the top of the thread, are
used, and the difference between the master gage and the screw plug
diameters at the places where these micrometers measure, is also
noted. If all three micrometers show the same amount of difference

" BALL DIAMBTBRS TO BB USHED IN DBTERMINING CORRECT ANGLE
OF THRBAD FOR WHITWORTH STANDARD THRHAD.

Threads per inch. D, D, D,
024 018 0.012
020 0.014
0.016
0.018
0.018
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in relation to the master plug, then the angle of the thread evidently
must be correct. After that, the micrometer measuring at the center
of the thread is used to measure the size of the screw plug, comparing
it with that of the master gage, until the plug is finished to size.
Figs. 29 and 30 show how formulas are derived for the size of the
ball points used in measuring. Fig. 29 applies to a 60-degree thread,
either sharp V or U. S. Standard, while Fig. 30 gives ‘the formulas
for a Whitworth thread. The diameters D,, D,, and D,, respectively,
are the diameters of the cylindrical portions of the ball points used,
and are, of course, also the diameters of the half-spheres on the end
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of the ball points. The tables on pages 33 and 34 give these diameters
for different pitches, figured approximately from the formulas.

For testing the angle of the screw plug, when finally finished to a
limit of 0.0005 inch, it is tried in a testing machine, such as shown in
Fig. 28. This machine is simply an ordinary lathe, fitted with a fixture
A, shown separately in Fig. 26. The tool-post is taken off the lathe,
and replaced with this fixture, which is clamped in the T-slot of the
tool-post slide, with bolt B, Fig. 26. The thread gage C is ground all
over, and the angle fitted to a master gage. The gage O i8 held by the
tongue and groove on the left-hand side of the fixture, and clamped
with a strap D. To set this gage correctly, in relation to the axis of
the spindle of the lathe, as regards height as well as angle, the angle
gage, Fig. 26, is used in the same way as has been previously explained
in relation to thread cutting. When the fixture has been placed cor-
rectly Iin position, the screw plug 18 inspected by placing the gage

Machinery,N.¥Y.
Fig. 81. Holder for Micrometer Stop.

with the hand first to the right and then to the left side of the thread
angle., A strong magnifying glass i8 used with a white paper under-
neath, and any imperfection of the angle is easily detected, and can
be corrected when lapping the last 0.0005 inch to size. 1f the test
gage shows an opening either at the bottom or at the top, the fault is
that the lap is worn and must be retapped, or it may be that too
much emery has been used. If, for some reason or other, it is impos-
sible to correct the screw plug within 0.0001 inch, when lapping, take
a plece of hard wood, or flatten a piece of copper wire, charge it with
emery, and hand lap the high points of the angle, while the screw
plug is revolving slowly in the lathe. In this way, it is comparatively
easy to overcome this trouble, but great care must be taken to follow
the thread properly with the hand lap. .

To find if a screw thread has a perfect lead, the micrometer stop B,
Fig. 28, is placed on the left-hand side of the carriage. The holder for
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this micrometer stop is shown separately in Fig. 31. The construction
of this stop is very simple. The micrometer head is an ordinary one,
as made for the trade by manufacturers of- these instruments, The
holder E is made similar to a C-clamp, with a hole drilled and reamed
to fit the micrometer head. A slot is sawed through the upper jaw,
with a stop screw on the top, which prevents the micrometer from
being clamped too hard in the holder, in which case the thimble would
not revolve freely. Underneath this hole the holder i8 beveled oft, and
a V-block F is held in position by a screw @, entering from the side.
The micrometer head is placed in the hole provided for it, with its
division reading faced upwards, and the screw G clamps the microm-
eter head and the holder E at the same time. When the lead of the
screw plug is tested, the carriage is moved one inch along the thread.
It i8 understcod that the lead-screw of the lathe is not employed in
this case, but one depends upon the micrometer for measuring the
correct lead of the screw plug.

The master plug may, of course, also be placed between the centers
and comparison be made with the master plug. In this case, the
micrometer serves as a comparator., A plate {8 screwed on the left-
hand side of the carriage, provided with a hardened stop against which
the end of the micrometer screw bears. It is evident that the carriage
must not be moved against the micrometer with too much force, but
simply brought up to barely touch against the end of the micrometer
screw,




CHAPTER V.

MEASURING SCREW THREAD DIAMETERS.

It i8 always advisable when measuring screw thread diameters to
measure them in the angle, in addition to testing their diameter on the
top of the threads and at the bottom of the thread groove, but unless
calipers made expressly for the work' are at hand, the measurement
in the thread angle is apt to be omitted. The tables on pages 38, 39,
40, and 41 were worked out by Mr. Walter Cantelo in 1902 for con-
venlent application in the inspection of screw threads in connection
with ordnance inspection for the United States army. The method. is
known as the three-wire system of screw measurement, because three
wires, of the diameter called for in the tables, and appliea as shown
in the accompanying diagrams, are used in connection with an ordi-
nary flat point micrometer. The dimensions for the standard threads
of the systems shown are given in the tables mentioned. For threads
of special size or pitch, the values for the various thread parts are
easily computed from the formulas given for the kind of thread under
consideration. It is especially necessary that the wires used be as
nearly round in section as possible, and of uniform diameter.

Two methods of measuring are shown for the 60-degree V, U. 8.
standard and Whitworth threads, and for each method a formula and
table of values are given. The three-wire method is preferred, because
the error in the thread groove-—if any be present—is taken into con-
sideration twice, while by the single-wire method errors are liable
to be introduced by the surface on top of the threads not being exactly
concentric with the thread groove, It 18 evident that for each of the
threads the wire to be used in any thread groove is limited in regard
to diameters as follows: '

The 60-Degree V-Thread. '

P
Maximum diameter of wire —=-——=1.166p, if p equals the pitch
0.866

of the thread.
Minimum diameter of wire = 0.677 p.

The U. 8. Standard Thread.
Maximum width of thread groove = 7% p.

?
Maximum diameter of wire="7% X ——8§-= 1.010 p.

Minimum diameter of wire= "% X 0.577 p =0.605 p.

The 65-Degree Whitworth Thread.

Let p, =dlistance across thread groove at point where radii are tan-
gent to angle,
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U.S STANDARD

n  number of threads per inch

p - pitch - poor fhread(sper/ncﬁ

d - depth of thread - 0.6495p~ 26495
D - diameter on top of thread's

D/ - D - 1.5/55
: . maxirmum diam. = 1.0/0p
Z - diameter of wire {m/n/num diam.- 0.505p
-a
X = +2b *+tag = D + 3Ja
A= é.ﬁ _D/ +5 + — / i’%‘ﬁ




MEASURING SCREW THREAD DIAMETERS

60° l/' THREAD

number of threads per inch

pitch - Ao oF #hreads per inch
depth of thread = 0.866p = <
diameter of fop of threads

root drameter - 0D-2d .
maximum diam.= / /55p

drameter of wire { minimum diam = 0.577p

a
D,+2b+a - O + 3a
-la—)-+g +b+g- _——D+Dé+3a

XX0Q000QU0 33
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WHITWORTH THREAD
ay

= number of f/vreaa’.; per inch

= pifch = poof Fhreads poer inch.

~ depth of thread = Q 6403p -

~ diameter on fop of threads

O -D- j_OQI. o . ,

a - diamefer of wire [ mimum diam. - 0 gggg
b - 1.08205a

X ~D+2b+a -0 + 3/ 7a_
x,-é+%+b*% D+ /+2.3./657a

0OQT D
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ME SCREW THREAD

SCREW TIIREAD TAP THREAD ,
P - pitch = o Threds per inch p = pifch = joof ”"EMSPG’”’C/’
d -depth of thread - £ + 000" d - depth of thread .- £ +0020°

a - space at top = 0.6, 7do a = space at fop -06293p + 0.0052"

- space at botforn = 0.3707 p ~ 0.0052" b - space at bottorn =03707p - 0.0052"
c - thickness at fop = 0.3707 & C = fthickness at fop = Q3707 p -Q0052"

= thickness at botforn = Q6283p + 0.0052| e - thickness at botforn -06293pf0005?

D diameter at rop of thread D,- diamefter ah‘qoor’ thread= D+Q.020
-Dtoon = 0 -0r0020

m i P a4 of wire [Z’rilth‘ P d ’;7~:>; of
% | 2.000170/00(0.9 3 lomsslomaees] |,V e vsed 1s of such diameter;

% | 75001 076001 a73a9| 4o 2500L6.73501 01278 f/uhvhgn /qia’m fhefh(mdyrwrea"
7| 7.000]0500]049/3] 5 |02000| 0.1100| G014 7/ tap, it will be flush with the fop of
1% | 0.750| 0.3850] 0.3 6 |01667|00933| 0. the threads, and when laid in the thread)

1% | 0.667]0.3433]03288] 7 |01429[0.0814]0.073 4 ]
7% [0577 [o2es7]0zea| 8 _|0/250]00725[00649 I 0" fzm"’f’,’;e':h”’z:’z OIM :.’.
2 [o.s00la2e00]02476] 9 [0.1111 [a06s5|00581] Yord the fop o reads X

2% 1 04001 a2100[0.1989)-_10_|0./000 00604 0.052

THE BROWN AND SHARPE 29° WORM THREAD
Rodissgiph p dcka
i AT 17

’ - 7 -
= PIfeR o oF Hhroads per inch Pirch | d a%’,:‘l Pitch| d Z{Z:,
d - depth of thread - aeaoop [ 2000 |7.3732| 1.0298] 3333| 2268 | .17/6 |
a - space at fop = 0.665p | 1.750 | 1.2015]| .9010] .2500] .17/6 | ./1287 |
b - space at bottom - Q30 1.500 [ 1.0209| .7723].2000| .1373 | .1030
- hi ! [ 7250] .8562] 6436 /667 | 1144 | 0858
‘;_zmz:;;”,, 05:305;90 [1.000| 6866|5149 1250 0858 |.0643
arm. of wh -o30p .750] .5150| .3862| . 1111 |.0763 |.0582 |
w - diam.of wire = 0.5/49p "500] .3433] 2574 .i000].0887 [ 0515

The wire vsed 1s of such diameter that it will be Flush with the top of the
thread when laid in the thread groove.

Radius on thread —0.1373 p, and arc forming top of threads contains
126 degrees.
" Then p, = p — 2 8in 62° 30" X 0.1373 p=p—2 X 0.887 X 0.1373 p
= p — 0.243 p = 0.76 p, approx.

p
Maximum diameter of wire—=20.76 X m=0.84 p.

Minimum diameter of wire=15/6 X 0.6088 p = 0.505 p.



42 THREAD TOOLS AND GAGES

Principle of Method of Measurements.

The dimension D, (see tables, pages 38 to 41) must be considered for
both the single-wire and three-wire methods and has values as follows:
For the 60-degree thread: The depth equals 0.866 p and as the apex
of the thread angle and root of thread groove are at the same point,
1.732
it follows that D,=D —0.886p X 2=D—1.732p or=D — ——.
n
For the U. 8. Standard thread: The depth equals 6/8.of the 60-degree
V thread, being flattened on top and filled in at the root an amount
equaling one-eighth of the V thread depth, and the distance from the
top of thread to apex of thread angle at root, therefore, equals 7% of the
V thread depth, or 7% X 0.866 p and D,=—=D— 7% X 0.866 p X 2=D—

1.6166

1.6166p or=D —
” .

For the Whitworth 556-degree thread: The depth equals 4/6 of the
56-degree V thread depth, being filled in at the root and cut away on
top an amount equaling 1/6 of the V thread depth. The depth of the
55-degree V thread would be 0.96045 p and the distance from top of
Whitworth thread to apex of thread angle at root equals 5/6 X 0.96045p
! 1.6008

or 0.8004 p and D,—D — 2 X 0.8004 p =D —1.6008 p, or =D —
n

From the foregoing it will be seen how the formulas z=D, + 20 + a

D.
for the three-wire system, and z, =; + ?’ + b + 2a for the single-wire

system are produced, and also, it will be readily seen how easily the

1.732
+ 3 a for the 60-degree V thread and z =D —

formulas =D —

1.56166

n

+ 3a for the U. 8. Standard thread, as given in Chapter 11, may

n

be arrived at.
The Acme 29-Degree Screw Thread.

For this thread it is best to use a separate wire for each pitch, of
such diameter that when laid in the thread groove of the tap or thread
plug gage, it will be flush with the tops of the threads when they are
of correct dimensions, and when laid in the thread groove of the
gcrew it will extend 0.010 inch beyond the tops of the threads.

The Brown & Sharpe 20-Degree Worm Thread.

For this thread it is best to use a separate wire for each pitch that
will be flush with the tops of the threads when laid in the finished
thread groove.




MACHINERY’S
"REFERENCE SERIES

On January 1, 1908, MacHINERY announced a new and comprehen-
sive series of inexpensive reference books, broadly planned to present
the very best that has been published on machine design, construction
and operation during the past thirteen years; collected chiefly from
MACHINERY’S pages, and carefully edited, with something of pride and
with much enthusiasm, by MACHINERY'S staff, ’

Each book measures 6x9 inches, standard size, and contains from
thirty-two to fifty-six pages, depending upon the amount of space
required to adequately cover its subject. They are well printed from
new type, with new engravings, on the same paper that is used for
MAcHINERY, and have wide margins to allow for binding in sets if
desired.

The series has been planned to thoroughly cover the whole field of
mechanical practice; yet each book will be complete and independent
in itself, and may be purchased separately. It is the purpose of this
important series to greatly extend the educational work MACHINERY
does; to give coherence, permanence and practical usefulness to a
mass of exceedingly valuable but unorganized material not generally
available, and to amplify this material with the very latest data
wherever necessary. It will place within the reach of every reader,
from the apprentice to the master m'echa.nic, the best that has been
published, selected because it is the best, collected, condensed and
revised by men well equipped for the work by mechanical as well as
editorial experience; the whole being classified and arranged in accord-
ance with a “well considered plan.adapted to the practical needs of
the drafting room, the machine shop, and the engineering office.
These books will be sold at a price so low that any draftsman,
machinist or apprentice can begin at once to build for himself a com-
pleté reference flle, selecting as he goes along only those subjects
likely to be of the most direct and immediate value to him; or build-
ing, if he pleases, on a broader plan, a complete working library of
compact, convenient and inexpensive units.
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Publishers of MACHINERY and RAILWAY MACHINERY
49-55 Lafayette Street  siiway siaion ~~ New York City, U. S. A,



MACHINERY'’S Data Sheets

FIVE MILLION COPIES PRINTED AND CIRCULATED

It would be difficult to ind a machine shop, drafting room or engi-
meering office where MACHINERY'S Data Sheets are not known and
regularly used by somebody. Their publication and sale has become
an important staple in this business, with a department of its own.
The orders are principally for complete sets, from No. 1 to the latest
issue, and to handle the heavy business in the rush seasons we main-
tain a stock of 5,000 complete sets (600,000 sheets) in packages ready
for delivery. The regular stock of single Sheets carried is approxi-
mately two million copies. You can buy any data sheet you want for
five cents, and you can get the complete set at about half that rate
per sheet. The complete index to these Data Sheets will be found,
with many other very interesting things in MAacHINERY'S new periodical

SELF-EDUCATION

which is sent free to anyone in the mechanical field upon receipt of
request. '

Up to November, 1908, the time of writing this announcement, the
complete set of Data Sheets issued exclusively by MacHINERY during
the past ten years, comprised 420 6 x9 pages, laid out in note-book .
form, on tough manila paper made especially for the purpose.

You will not find these data elsewhere. They are original with
MacuinEry and are protected by copyright. You will find a few
pages in standard engineering handbooks, published by permission,
but that is all. It would not have been possible for any publisher
of a handbook to gather the data presented in MacHINERY'S Data
Sheets. A great deal of it he wouldn't know was in existence. In
order to come in touch with these data, it was necessary to have a
well established mechanical journal of wide circulation, covering shops
and drafting-rooms everywhere. This is what glves peculiar and
exclusive merit to these Data Sheets. They embody the results of
actual practice in a great variety of enterprises. Many of the tables,
charts and dlagrams were contributed with considerable pride and
satisfaction by men who had worked them out in succeasful solution
of their mechanical problems, with no idea of publishing them. A set
of these Data Sheets is a veritable storehouse of mechanical informa-
tion in condensed form, and to be without it is a decided disadvantage.
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No. 10. ExaAMPLES OF MACHINE SHoP PrACTICE—Cutting Bevel Gears with
Rotary Cutters; Making a Worm-Gear; Spindle Construction.

No. 11. BEARINGS.—Design of Bearings; Causes of Hot Bearings; Alloys
for Bearings; Ball Bearings; Friction of Roller Bearings.

No. 2. MATHEMATICS OF MACHINE DesieN.—Compiled with special refer-
ence to shafting and efficiency of hoisting machinery.

No. 13. BraNkING Dies.—Making Blanking Dies; Blanking and Piercing
Dies; Construction of Split Dies; Novel Ideas in Die Making.

No. 14. DeramLs oF MAcCHINE TooL DesicN.—Cone Pulleys and Belts;
Str_ength of Countershafts; Tumbler Gear Design; Faults of Iron Castings.

No. 15. Spur GeariNg.—First Principles of Gearing; Formulas for Spur
Gearing; Design and Calculation of Gear. Wheels; Strength of Gear Teeth.

No. 16. MacmiNg Toor Drives.—Speeds and Feeds of Machine Tools;
Geared or Single Pulley Drives; Drives for High Speed' Cutting Tools.

No. 17. STBRENGTH OF CYLINDERS.—Formulas, Charts, and Diagrams for
Thick Hollow Cylinders; Design of Thick Cylinders; Cast Iron Cylinders.

No. 18. SHOP ARITHMETIC FOBR THE MAcHINIST.—Figuring Tapers, Change
Gears, Cutting Speeds -and Feeds, Indexing Movements, etc.; Use of Formulas;
Square and Square Root; Use of Tables of Sines and Tangents.

No. 19. Use oF ForMULAS IN MECHANICS.—Mathematical Signs and Formu-
las; Strength of Materials; Graphical Methods; Levers; Center of Gravity.

No. 20. SpiRAL GeArINg.—Calculating Spiral Gears; Rules, Formulas, and
Diagrams for Designing Spiral Gears; Efficlency of Spiral Gearing, etc.

No. 21. MeasuriNg Toors.—History and Development of Standard Meas-
urements; Special Calipers, Compasses, Micrometer Measuring Tools, Pro-
tractors, etc.

No. 22. CALCULATION OF ELEMENTS OF MACHINE DEsigN.—Factor of Safety;
Strength of Bolts; Riveted Joints; Keys and Keyways; Toggle-joints.

No. 23. THEORY OoF CRrRANE DEesioN.—Jib Cranes; Calculation of Shaft,
Gears, and Bearings; Force Required to Move Crane Trolleys, etc.

No. 24. EXAMPLES OF CALCULATING DEsieNs.—Charts in Designing; Punch
and Riveter Frames; Shear Frames; Billet and Bar Passes; etc.

No. 25. Deep HorLE DriLLiNG.—No. 26. MopErN PuNcH AND Die CONSTRUC-
TION.—No. 27. Locomorive DesicN, Part I, Boiler and Cylinders.—No. 28. Loco-
MoTIvE DEsIoN, Part II, Valve Motion.—No. 29. LocoMoTive DEsigoN, Part III,
Smokebox, Frames, and Driving Machinery.—No. 30. LocoMotivE DEsiaN, Part
1V, Springs, Trucks, Cab and Tender.—No. 31. ScrRew THREAD TOOLS AND
GaceEs.—No. 32. Screw THREAD CUTTING.—No. 33. SYSTEMS AND PRACTICE OF
THE DRAFTING-R00M.—NoO. 34. CARE AND REPAIR OF DYNAMOS AND MOTORS.—
No. 35. TaABLES AND FoRMULAS FOR SHOP AND DRAFTING-ROOM.—No. 36. IRON
AND STEEL.—No. 37. BEVEL GEARING.—NoO. 38. GRINDING AND LAPPING.—No. 39.
FANS, VENTILATION AND HEATING.—No. 40. FLY-WHEELS,

The foregoing books, up to and including No. 26, were published and in
stock in November, 1908. The remainder will go to press as rapidly as prac-
ticable. The complete plan of the series, as stated, is to cover the whole fleld
of mechanical practice, and the editors are preparing the additional titles,
which will, from time to time. be announced in MACHINERY.
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