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LOCOMOTIVE AND RAILWAY DATA

Locomotive Boilers

On pages 4 and 5 are shown diagram-
matical sketches of eight types of lo-
comotive boilers, indicating, in a gen-
eral way, the main features of construc-
tion. On pages 6 and 7 tables are given
for determining at a glance the heat-
ing surface of locomotive boiler flues
in square feet when the outside diam-
eter and the length in feet and inches
are given. Assume that it is required
to find the heating surface in square
feet of a flue 2 inches in diameter and
8 feet 311/16 inches long. From the
table on page 6 we find that the heating
surface of a flue of this size, 8 feet long,
is 4.188 square feet. From page 7 we
find that three inches of additional
length adds 0.131 square foot, and 11/16
of additional length, 0.030 square foot.
The total heating surface then is 4.188
+ 0.131 4 0.030 =—4.349.

Bearing Pressure for Locomotive
Journals

On pages 8 to 11, inclusive, are given
tables of allowable bearing pressures for
the different journals of various classes
of locomotives. The figures on page 8
are for the engine truck journals of pas-
senger locomotives, and are based on a
pressure of 160 pounds per square inch
of projected area. On page 9 are given
the safe bearing pressures for the driv-
ing and trailing journals of passenger
locomotives, based on a pressure of 180
pounds per square inch of projected
area. The journals for freight and
switching locomotives may be subjected
to a pressure of 200 pounds per square
inch of projected area, and the total safe
allowance for journals of various sizes
for locomotives of this class is tabulated
on page 10. Page 11 gives the figures
for tender journals, these figures being

based on a pressure of 300 pounds per
square inch of projectea area. As an
example, assume that it is required to
find what would be the safe allowable
total pressure on the driving wheel
journals of a passenger locomotive, the
diameter of the journal being 8 inches
and the length 10 inches. From the
table on page 9 we find, by locating the
diameter in the left-hand column and
the length of the journal at the top of
the table, that the safe pressure per
journal is 14,400 pounds.

Locomotive Classification

Several different systems are in use
for indicating various classes of loco-
motives, the various methods used being
shown on page 12. In America it is
quite common to refer to the various
types by the names, while in Europe
the usual method is to use the Whyte
system, in which the number of wheels
in the pony truck, the number of driv-
ing wheels and the number of wheels
in the trailing truck are indicated with
figures as shown in the next last col-
umn on page 12. According to this
system a 4-6-2 locomotive indicates a
Pacific type passenger locomotive hav-
ing a four-wheeled pony truck, six driv-
ing wheels and a two-wheeled trailing
truck.

Gages of Principal Railroads
of the World

On page 13 a table is given of the
gages in use in various countries. The
4-foot 8 1/2-inch standard gage, it will
be seen, is used practically everywhere
in the leading countries, but some large
systems, including that of Russia, which
has a b5-foot gage, and that of India,
which has a 6%-foot and a meter

(Continued on page 16.)
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12 MACHINERY'S DATA SHEETS No. 14
LOCOMOTIVE CLASSIFICATION
REPRESENTATION, TYPE NAME. WHYTE'S TOTAL

BOGIE
CLASS

PONY
CLASS

SWITCHER
CLASS

FORNEY
CLASS

SYSTEM. WHEELS,

%ﬂo O O @) SINGLE DRIVER____ . 4-0-2 8

Ao o O O EIGHT-WHEEL ________ 4-4-0_8
Ao o OO O ::-:\::::‘M) 4-4-2_10
Ao TN - S8 5010
Ao OQOO O __PARIEC OR ST.PAUL____4-62_12
_’_MQHD_Q_____’TWELVE-WHEEL____W 48012

__QQ@M__M ASTODON oo 2100 1%
AO OO O COLUMBIA 2—4;-2_8
MOO MOGUL 2-6-0___8

@O OOO O PRAIRIE e _2-6-2._10

Ao OQ OO _ _CCNSOLIDATION__ __ ___ 2-8-0._10
A0 OOOO ©) CALUMET OR MIKADO. __2-8-2__12,
Mm___jecwon ___________ _2-10-0._12

%Q_m SANTA-FE———— . ___ 2-10-2._14
MO O OOO O OCE’NTIPEDE 2-12-0._14

M O O ________ 4-WHEEL SWITCHER______( 0-4-0___4
ﬁo O O o ___4-COUPLED SWITCHER___2-4-0__.6

LA@Q_ __________ 4-COUPLED SWITCHER_.....0-4-2__.6
A4 OO0 6-WHEEL SWITCHER —___0-6-0__6

4 OO0 8-WHEEL SWITCHER ____0-8-0._8
y 100000 10-WHEEL SWITCHER.___0-10-0._10
A OQoo FORNEY (original)________0-4-4__8
A4 O00o0o0 FORNEY 6-COUPLED______0-6-4_10
4 0o0QOo FORNEY-SINGLE ________ 4-2-2._8
A0 OO (OXO) MOGUL-FORNEY______ 2544 30
Ao OO 000 FORNEY-SUBURBAN__ ___2-4-6__12

Industrial Press, N.X¥.

MACHINERY’S Data Sheet No. 7 (Railway Edition). Explanatory note: Page 3.
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16 ; MACHINERY'S DATA SHEETS

(3.28-foot) gage, constitute notable ex-
ceptions. Many systems which were orig-
inally laid with other than standard
gage are, however, being changed over
into standard gage systems.

Standard Rail Sections

On pages 14 and 15 are shown five
types of standard rail sections used by
the Pennsylvania Railroad, and also a
section of the Pennsylvania Railroad
standard wheel flange. The rails shown
vary from 60 to 100 pounds per yard.

Elevation on Outer Rail
of Curves

On page 17 is given a table of the
elevation of the outer rail on curves,
for different velocities in miles per hour.
The degree of the curve and the radius
of the curve in feet are given in the
two left-hand columns, and the velocity
in miles per hour at the top of the
columns.

The expression “degree of curve” may
require some explanation to persons not
familiar with railroad track work. The
degree of a curve is the center angle
that would be subtended by a chord 100
feet long. For curves from 1 to 10 de-
grees the radius may be found by divid-
ing 5730 feet, which is the radius of a
one-degree curve, by the degree of the
curve. The results are sufficiently ac-
curate for all practical purposes, but
for sharp curves, that is, for those ex-
ceeding 10 degrees, the following formu-
la should be used:

50
R=

sin D

in which

R =the radius of the curve, and

D =the angle of the curve in degrees.

It is evident that the degree of a curve
has nothing to do with the length of
the arc of the curve, but merely with the
length of the radius. The shorter the
radius, the greater the degree of the
curve,

As an example of the use of the table
on page 17, what would be the elevation

No. 14

of the outer rail on a curve of 1900
feet radius if the maximum velocity of
trains passing the curve is 45 miles per
hour? The nearest value to a radius of
1900 feet in the table is 1910 feet, which
may be considered sufficiently accurate
for the purpose. By following the line
from 1910 feet to the column giving the
velocity in miles per hour, we find that
the outer rail should be elevated four
inches in this case. ¢

Frogs, Switches and Cross-overs

As a rule, men who are primarily in-
terested in machine construction are, for
obvious reasons, not very well informed
on track work. It often happens, how-
ever, that draftsmen, superintendents
and others who have no training in this
class of work are required to lay out,
approve, or order industrial track sys-
tems to be used inside of a machine
shop or in the yards outside. It is then
necessary to decide upon the various
details in connection with the frogs and
switches, and some elementary informa-
tion relating to this work will undoubt-
edly be of value to any man who is, or
expects some day to be placed, in a
responsible position where he may be
occasionally called upon to carry out
work of this character.

Switches are used for leading the
wheels of cars from the main track onto
a turn-out track. It is evident that when
the outer switch rail reaches the op-
posite main rail, the wheel flange must
pass through the main rail. The device
by means of which the rail of the turn-
out curve crosses the rail of the main
track is called a frog, the general ap-
pearance of whicn is as shown on page
18. Frogs are maae of various dimen-
sions, determined by the angle of the
frog, that is, tne angle which the main
rail gage line makes with the turn-out
rail gage line at the point where these
lines cross each other. Frogs of differ-
ent angles are knowg by numbers, and
a table is given on page 18 of frog num-

(Continued on page 24.)
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18 MACHINERY’S DATA SHEETS No. 14
FROGS, SWITCHES AND CROSS-OVERS—I

Rigid Frogs.
7£

k—

fee—a—- B 8 % >} F ————————— P S e >
r\_’—l
A i
PRI
9 3
9 R
R T
2
N
Formvulas for Rigid Frogs
N = no. of frog, N / 0 e Ml
¢ =Cc+D an z C=zwn
L = Jength over all, £ £¥
C = heel spread, C =24 x fan a=4
0 = foe spread, = 4
o = angle of frog. D =28 x fan 2i o—=g

There are three fypes of rigid frogs.

I. Bolfed : Filling in flangeway and held fogether by bolts.
2.Clamped': Filling in flangeway and held foge/her by clamps.
3.Riveted : Rail bases rivefed fo a base plate.

Table of Frog Numbers and Angles.

AZ/;- Angle /ZU:;— Angle Al/:;/: Angle AZ‘;’,T_" Angle /2”5' Angle /2/‘;’,7_7' Angle
1% |36°s2'| 3 [18°%65| & |11°25'|8 | 7°%9'| 12| 4%a6'} 18| 3°11'
1% |31°63'1 34| 17°30)| 55| 10°23| 8% | €°a4’| 13| 4°24'| 19| 3%/
2 |28%4| 34 r6°16| 6 | %29 | 6%22| 14| a%s| 20| 2%z’
24 26%3' 3%(18% 1| 64| 8%28| 94| 6%0z2'| 15| 3%

2% 22°37'| 4 {14°%5]] 7 | 8%0'| 10 53’ 16| 3%s'

124 |20%67| 4L |s12% /| 75| 7%38' 11| £%2'} 17| 3%2’

Contributed by Frank W. Holcomb, MACHINERY’S Data Sheet No. 131. Explanatory note: Page 16.
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FROGS, SWITCHES AND CROSS-OVERS—III
Three-Throw Turnovt with Egqual Radir.
8
V
O
3
, R . <3
6052 0(, ﬁ‘f‘ ;
=(R+2 G)smz o, /j';\
Arc AC = (sza) xz o, )/(0.0/745
Arc AB=(R+%46 ox-= ) x0.0/74E Angle @ and lfead L are
rce A8 =(Rtz6)x(x-3 ,)‘x 7 found by the formulas
(o and &, are expressed indegrees) given on Sheet II.
Ooub/eL Crossoyer‘
o
o
3
—
Y
Qi !
1
1
‘ E=R~%4cCc ‘tan or=_é£_L £ /\:"‘\‘ Y
j' il cos B—=5 o (5)(/\2{", i
f / sin & \"\\ '\\‘ i
|/ 48=Rxtan@=mrsin @ R A
4 \ \!
V. ¥-o-p L I
Dovble Crossover with Reverse Curve.
e 200
0
i
. 9 :
| : . .
__-J_-_ql___ ;
’l
I U I o DT Y YA SRR B AL S >
=1 _c2 e A e
L=Jarc-c V4 Zc fan 3 &=~

Contributed by Frank W. Holcomb, MACHINERY’S Data Sheet No. 131.

Explanatory note: Page 16.
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FROGS, SWITCHES AND CROSS-OVERS—IV

Radivs, Gage 26" Gage 30" Gage 3’4" Gage 3'6”
feet | Angle ?éea%! Angle Z;ZS%{ Angle Z?f,%/ Angle 7?::&,

10 | 3857 7" | 42%2/" | 79" | 24%25"| a’2" | 25247 82’
2 |a35%6'| 79" |3e%7'| 86" |a0%w3 | &81/7| ar28’| 92"
14 | 33°16’| 84’ | 368" 92" |38%s’| 98" | 3857 9’
16 | 3514’} 8117 34%03'| 90" | 35%58" | 10'9” | 3636’ 107"
/18 | 28°%32'| 9%6" 1 32%2'| ro's* | 33%1'| 10%17"| 34°38" 113"
20 | 28%4'| 100" | 30%8'| ro'11" | 32%2'| 117" | 32%7 1/710"
25 | 25%3'| r1'2® | 27%2'| 12'3" | 29%0"| 12'11"| 29°38"] 133"
30 | 23%4’'| 123" | 256%3'| 135" | 26°32’ | 14’2" | 27%9'| 1476"
35 | 2/°%24'| 133" | 23°24'| 14'6” | 24°37°| 153" | 253" 158"
40 | 20%3'| 14'2" | 2/%65"| 1576" | 23%4'| 16'4” | 23°%38"| 6’9"
50 | 17%8"| 1510"]|-19%9"| 174" | 20%a2’| 183" | 2/%2'| 18'8"
60 | 16%6’ | 172" | 17%58"| 190" | 18°%56"| 200" | 19%23"| 206"
70 | 1573’ 18'8" | 16%33"| 20%" | 17%33"| 24'7" | 1 7%58"| 22’2’
80 | 14°15'| 200" | 156’ 21117 | 16%26"| 2317 | 16%0’| 238"
90 | 1327 213" | 14%2'| 233" | 16%0'| 24%6" | 1563| 257"
100 | 12%6'| 229" | 13%8"| 24'6" | 14°%3"| 2510"| 15%4'| ze6's”
: Gage 3'8" |  Gage 4'8%" Gage 4'8%"
sty [angle | Trcey Bt angle | Yocey [pomber] Ange] e, [roctud egize;

1o (462" 8’7" 30(3/%8"] 1610| 4 |14%5"| 378" 150.6|35%6

12 |g2%2'| 9's"| 402776’ | 195" 12%7"| 42’4’ 190.6'| 30°24'
‘14 |39°97'| 102" S0 |24%9'| 2/'8" |17°258°| a71"| 2354'| 24°32

N
(VBN

&3

16 |37724'| 1070 60 |22%24| 25°9"| 5L |10%3"| 519" 284.8| 20737
18 |35%4' 1176"| 70 |z0%7'| 25'8"| ¢ 9°32'| $56'6"|338.9'| 1658’
2o [33%ar| 121"| 80(19°28'| 27'5| 65 | 8%8’| 6/°2"|397.8'| 14°%2¢’
25 |30°%8'| 136" | 90 |18%2'| 29'1°| 7 | 8%0'| 651/"461.3"|12°%27’
30 |27%96'| 14'10"| 100 |17°27"| 30°8"] 75 | 7%8'| 70'7"529.6| 10%0’
35 | 25%7'| 160" | 110|16%9"| 322" 8 | 7%09'| 759" 602.6'| 9°3/’
40 [24%0°'| 171" | 120 |15%7| 35'7"| 85 | 6°44'| 80°0"|680.3"| 8%¢6’
&0 |2/’ 19'2"| 130 |15%0"| 350" 9 6°22'| 849" 762.6'| 7%/’

60 |19%0'| 210" | 140 |14%39"| 364" | 95 | 6°02'| 895”6497 6%5’
70 |18°23'| 22'8" | 150 |14%7"| 37'7"| 10 | £%3'| 94'2"|941.6"| 605’
80 |17%3'| 24'3"| 160 |13%0"| 38%i0"| 11 | $%2"|103"7"|1139.58"| 5Dz’
90 (165"} 25'8"| 170 |13%5'| 40'0"| 12 | 4°4¢'|1/3'0" |1355.9] 4%14’.
100 |15%6"| 271" | 180 |13%3"| 412" 30

Contributed by Frank W. Holcomb, MACHINERY’S Data Sheet No. 131. Explanatory note: Page 16.
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bers with their corresponding angles,
the numbers being given from 114 up to
20. Formulas are also given by means
of which the frog number can be found
when the angle s known, and the angle
found when the frog number is known.
As shown on page 18, dimension L is the
length along the center line. This is,
theoretically, the correct dimension to
be measured for determining the frog
angle. In practice, however, the length
is usually measured along the gage line,
because of convenience in taking the
measurement in this way. As the angles
are small, approximately correct results
are obtained by inserting the dimen-
sion thus obtained in place of L in the
formulas.

A circular turn-out is shown on page
19. In the illustration the various di-
mensions, such as theoretical lead, ac-
tual lead, radius, etc., are defined, and
formulas for finding each are given.
When a turn-out of this kind is being
laid out, the angle can be determined
when the radius and the gage are
known, and when the angle has been
found the corresponding frog to be used,
as defined by its number, is determined
from the table already referred to. The
lower part on page 19 gives formulas
for a turn-out using straight frog and
switch. In this case the formulas are
somewhat more complicated than in the
simple circular turn-out.

On page 20 is shown a diagram of a
three-throw turn-out, and formulas are
given for determining the angle between
the outer rails of the two turn-out
curves. In the lower part of the same
table is a diagram of a double cross-
over with straight crossing and curved
switches, and also for a double cross-
over with reverse curve, formulas for
the required angles and dimensions
being given for both. On page 21 some
of the dimensions which can be found
by the formulas given in the previous
tables have been tabulated and col-
lected for six different gages. These
tables give the radius in feet, the angle

No. 14

in degrees and minutes and the theoreti-
cal lead in feet and inches. A special
table for 4-foot 8l%-inch, or standard
gage, is also included, which gives the
number of frog, the corresponding angle,
the theoretical lead, the radius of the
turn-out curve and the degree of the
curve.
Tables of Weights of Tires

On pages 22 and 23 are given two
tables of the weights of tires of various
dimensions, the table on page 22 being
for plain tires, and that on page 23 for
flanged tires. For example, if the diam-
eter of the wheel center is 59 inches,
then a plain tire 3 1/2 inches thick, and
61/2 inches wide will weigh approxi-
mately 1341 pounds, as found from the
table on page 22. A flanged tire of the
same dimensions, except only 53/4
inches wide, would weigh 1246 pounds,
as found from the table on page 23.

Allowances for Shrinkage
of Tires

The term “shrinking fit” is applied
when a part which is to be held in po-
§ition by being tightly fitted in a hole,
is first turned a few thousandths of an
inch larger than the hole, and then the
diameter of the hole increased by heat-
ing, after which the central part is in-
serted into the heated part. When the
outside part cools down, the consequent
contraction of the metal causes it to
grip the central part with a tremendous
pressure. Locomotive tires are attached
to their wheel centers by means of a
shrinking fit. On page 25 are given the
allowances for shrinkage for different
diameters of tires. For example, if the
wheel center is 40 inches in diameter,
then the inside diameter of the tire
should be made 39.958 inches, an allow-
ance of 0.042 inch being made for shrink-
age.

Tables of Speeds of Trains

On pages 26 and 27 are given two
tables which will be found useful when
making calculations relating to the speed

(Continued on page 38.)
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PROPER ALLOWANCE FOR SHRINKAGE OF TIRES.

Diameter of Inside Diameter Altowance for Dilameter of Inside Diameter Allowance for
Wheel Center. of Tire, Shrinkage. Wheel Center. of Tire. Shrinkage.
20 19.979 021 ~ b3 52.945 - 055
21 20.978 1022 54 53.944 056
22 21.977 023 55 54.943 057
23 22.976 024 56 55.942 058
24 23.975 025 57 56.941 .059
25 24.974 026 58 57.940 060
26 25.973 027 59 58.939 061
27 26.972 028 | 60 59.937 1063
28 27.971 029 61 60.936 064
29 28.970 030 62 61.935 065
30 29.969 031 63 62.934 066
31 30.968 032 64 63.933 067
32 31.967 033 65 64.932 068
33 32,966 034 66 65.931 069
34 33.965 035 67 66.930 070
35 34.964 036 68 67.929 071
36 35.962 038 69 68.928 072
37 36.961 039 70 69.927 073
38 37.960 040 11 70.926 074
39 38.959 041 72 71.925 075
40 39.958 042 73 72.924 076
4 406.957 043 74 73.923 077
42 41.956 044 75 74.922 078
43 42.955 045 76 75.921 079
44 43.954 046 17 76,920 .080
45 44.953 047 78 77919 081
46 45.952 048 79 78.918 082
47 46.951 049 80 79.917 083
48 47.950 050 81 80.916 084
149 48.949 1051 82 81.915 .085
50 49.948 1052 83 82.914 .086
51 50.947 053 84 83.912 088
52 51.946 054 _
| |
Explanatory

Contributed by Fred H. Colvin, MACHINERY’S Data Sheet No. 15 (Railway Edition).

note : Page 24
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GRADES AND EFFECT ON HAULINGC CAPACITY.

!
GRADES. | LOADS.
] Resistance in Tons Hauled Ber 1000 pounds on
Per Cent. Feet per Mile. Lengtihégcr:zse of pm'u&dﬁﬂ:; t';:»enrai rivers.
Hour. :
1 2 3 4 6 6
il 5.28 1000. 6.5 38.4 30.8
5 26.4 200, 14.1 17.7 14,1
1, 52.8 100. 23.6 10.6 o4
1.5 79.2 66.66 34.7 7.2 5.7
2, 105.6 50, 44.5 5.5 4.4
2.5 132. 40, 54, 4.6 3.6
3. 158.4 33.33 69.9 3.8 3.
3.5 184.8 28.57 74.5 3.3 2.4
4, 211.2 25, 84.3 2.9 2.3
4.5 237.6 22,22 94.7 2.7 2.1
5, 264, 20, 104.6 2.3 1.8
5.5 290.4 18.18 114.7 2.1 1.7
6. 316.8 16.66 124.9 2, 1.6

Columns 1, 2, 3 and 4 explain themselves.
tractive power is one-quarter the weight on drivers.

Column 5 is based on the assumption that

Column 6 is similar except that one-

fifth the weight on drivers is assumed and it is therefore a more conservative calculation.
Resistance equals .8788 pounds per ton for a straight grade of 1 foot per mile.

CURVES

Degree. Radius. Eqél::zlee:f( to
1 5730 1.32
2 2865 2.64
3 1910 3.96
4 1433 5.28
5 1146 6.60
6 955 7.92
7 819 9.24
8 717 10,6 4
9 637 11.9 'g
10 574 1Ry
12 478 15.8 &
14 410 185 ©
16 359 211 =
18 - 320 23.8
20 288 26.4
22 262 29,
24 240 31.7
26 222 34.3
28 207 37.
30 193 39.6

The resistance of curves is taken
as 15 pound per degree .of curve, or
equivalent to a grade of 1.32 feet
per mile per degree. Dividing 5730
by degrees of curves gives radius in
feet—not exact for short curves.

Curves on grades are sometimes
eased by widening gage of track
¢ inch for each 214 degrees of curve.
Others reduce grade on curves from
135 to 135 of a foot per degree of
curve. This equalizes the work of
the locomotive.

Contributed by Fred H. Colvin, MACHINERY'S Data Sheet No. 9 (Railway Edition).

note : Page 38.

Explanatory
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HORSEPOWER REQUIRED FOR MOVING CARS

Example - Find Horse-Power required fo move acar weighing /5 fons ala
speed of 25 miles per hour, both on level frack and up a 3 per cent grade.

Find weight in fons, /5, on righf-hond verfical scale; follow borizontal line
from this point fo infersection with line for 25 miles per hour speed. From
this infersection follow vertical line fo scale for Horse-Power reguired on
leve! track, reading off Jog’ H.P. Follow the same vertical line furtfier fo
intersection with 3 per cent grade line. From the infersection follow the
horizontal line fo the right-hand verfical scale, finding 93 #H.R.
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Contributed by Morris A. Hall, MACHINERY’S Data Sheet No. 110. Explanatory note: Page 38.
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CONSTANTS FOR CALCULATING TRACTIVE FORCE—I

valves of 0.85d%s, for calcvlating Traclive Power

Size of ¢ylinder valve | 5/ze of Cylinder Valve 5/ze oF Cylindter rarve
9" x 12" 963.9 /5% 22" 4207.5 20"x z2° 10880.0
9" x 16" 1/0/.6 15"x 22" 4590.0 20'x 357 /1560.0
0" x 14" //90.0 16"x 20" 4352.0 | 2/'x 2¢2* | &8996.4
10" x 16" 1360.0 16"x 22”7 4787.2 2/"x 26° 9746./
10"x 18" 1530.0 16" x 22" szz2.4 21" x 28" 10495.8
17" x 14”7 /439.9 17" x 20" 49/3.0 2/" x 30" 1/2425.6
1" x 16" /G456 17"x 22" 5404.5 2" x 327 /19952
11" x 18" /851.3 17" x 24" SB9E5.6 22'x 26" 106962
12°%x 16" 1958.4 17"x 26" - 6386.9 22"x 28" 11579.2
12" x 18" 2203.2 18" x 20" S508.0 22°x 30" 723420
12" x 20" 2448.0 /8" x 227 6058.8 22"x 327 13/64.8
/2"x 22" 2692.8 18" x 24” 0609.6 22°x 32’ /3987.6
/2°x 24" 2937.6 /8" x 26° 7/60.4 23" x 28* 12590.2
73%x 20t 2873.0 19"x 22”7 G737.5 23"x 30’ /3489.5
13°x 22 3/60.3 19"x 24" 7350.0 23 x 327 12288.8
/3" x 24" 3447.6 r9"x 26" | 79625 23" x 34" 15288.1
14" x 20" 33320 zo’x 22" 8/60.0 24" x 30° 14688.0
12" x 22" 36652 20”x 26° | 88400 24" x 32”7 156672
14" x 24" 3998.4 20" x 28" 9520.0 24"y 34" 16646.4
15"x 20" 3825.0 20"x 30" /0200.0

§ = 085 Pa%
Note:-The fables were compiled fo Simplify /he use of #he wel/-krown formufa 7 = _aﬂp_d_‘s'
7o qefermine rhe fraciive power ofa /ocomolive, find 1rom 1he above fable /e valve
of 0.85.d%s, in which d /s the diarmn erer of the cylinder; s /e sriroke, arnd O0.85
the ralio of the M.E.R (/mearr effecrive pressure) 7o 1/4e bollerpressure.  77ers 177 4%,
7able of whee/ diamerers and boiler pressvres find a valve gpposite rre whee/
diarnefer( be/ng 7€ 7//5/7 pressvre aivided by aiamerer or wheel), ana’mu/;‘/,b/y
Togerher the 5o valves 1hus fournd. 7he resc/t will be tire foral Fraciive powes:

Example:- Find #he fraclive power ofa 2/x 26-/rch cylinder simple locormorive
having driving wheels, 6oinches diarmeres and boller pressure, /195 pounds, a85
G2s =" 9746./ qnd the boilerpressure divided by tfre whee! diarmeter eqguals
3.250. MIliplying 9746./ X 3. P50 =3/ G74.8 pourds, Iraclive powers

Table of Consraris: Driving Wheel Diarrelers -+ Boiler Fressures.

0;;};;.’;/7 Boiler pressure, pourds per sguare inch, gage.

‘ff,‘;’c”,fé‘;n 175 | /80 | 185 | 190 | 195 | 2oo | 2es | 20 | 245 | 2o | 225

48 3.64G | 3750 |3.854 | 3.959 |4.053 |4./57 | 4.26/ | 4.365 | 4.469 | @.573 | 4678

49 3.57/ |3.673 |3.776 |3.878 |3.980 |4.082 |4./184 |4.286 |4.388 | 4.490 | 4. 592

50 3.800 |3.600 |3.700 |3.800 |3.900 |4.000 |4./00 |4.200 |4.300 | 4.900|4.500

7 3. 43/ | 3.529 |3.627 |3.725 | 3.624 |3.922 |4.020 (4.//8 |4.2/6 | 4.3/4 |L.4/2

$2 3.365 | 3.462 | 3.558 |3.654 |3.750 |3.84C | 3.942 |4.038 |4./35 |4.23/ |4.327
53 3.302 | 3.396 | 3.49/ |3.585 |3.679|3.774 | 3.868|3.962 |4.057 | 4./5/ |4 245

Contributed by L. N. Gillis, MACHINERY’S Data Sheet No. 79. Explanatory note: Page 39.
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CONSTANTS FOR CALCULATING TRACTIVE FORCE—II

Table of Constants: Driving whee/ Diamerers = Bo/ler Fressures. (Continved)

Dr1¥inn, Bojler pressure, pournds per square /nch, gage.

whee,

s [ (L /80 /85| 190 | /95 | 2oo 205 | 2o | 215 | 220 | 225

54 3.24/ | 3333 | 3426 | 3579 |36/ | ZT705 | 3796 | 2889 | 28/ | 4074 | 4./67

Xy 3./83 |3.273 | 3.364 | 3.9455 | 3.545 | 3.636 | 3.727 | 3.8/8 | 3.909| 4.000 | 4.09/

56 | 3./25 | 3.203 |3.290 | 3.378 | 3.465 | 5.543 |3.030 | 3.768 | 3.859 | 3.928 | 4.0/8
57 | 3.070 |3.158 |3.246 | 3.333 | 3.42/ | 5.509 | 3.590 | 3.084 | 3.772| 3.860 | 5.947

58 3.0/7 | 3./103 |3./90 | 3.276 | 3.362 | 3.448 | 3.534 | 3.62/ | 3.707 | 3.793 | 3.879

59 2.966 | 3.051 | 3./36 | 3.220 | 3.305 | 3.390 | 3.475 | 3.5659 | 3.644 3.72.9 2.8/«

Go 2.9/7 | 3.000 |3.083 | 3./67 |3.250 .'3.333 3.4/7 |3.500 | 3.583| 3.667 | 3.750

6/ 2.869 | 2.957 |3.033 | 3.//5 |3./97 | 3.279 | 3.36/ | 3.443 | 3.525| 3.607 | 3.689

62 2.823 | 2.903 | 2.984 | 3.065 |3./45 | 3.226 | 3.306 | 3.387 | 3.468| 3.548 | 3.629

63 2778 | 2.857 | 2.937 |3.0/6 [3.095 | 3./75 |3.25% |3.333 | 3.4/3| 2.492 | 3.57/

(24 2734 | 28/3 |2.89/ | 2.969 | 3.047 | 3./25 | 3.203 | 3.28/ | 3.359 | 3438 | 3.5/6

65 2692 | 2.769 | 2840 | 2.923 | 3.000 | 3.077 | 3./54 |3.23/ | 3.308| 3.385 | 3.462

60 2.65Z2 | 2.727 |2.803 | 2.879 |2.955 | 3.030 |3./0G | 3./82 | 3.258| 3.333 | 3.409

67 2.6/2 | 2.687 | 2.76/ | 2.836 | 2.9/0 | 2.985 | 3.060 | 3./34 | 3209 | 3.254 | 3.358

2 2.57¢ | 2647 272/ | 2.794 | 2.868 | 2.94/ -|3.0/5 | 3.0588 | 3./6Z | 3.235 | 3.209

69 2.536 | 2.609 | 2.68/ | 2.754 | 2826 | 2899 | 2.97/ |3.043 | 3.//6 | 3./88 | .26/

70 2.500| 257/ |2.643 | 2.7/4 | 2.786 | 2.857 | 2.929 | 3.000 | 3.07/ | 3./43 | 3.2/4

7, 2465 | 2535 | 2606 | 2.676 | 2746 | 28/7 | 2.887 | 2.958 | 3.028 | 3.099 | 3./69

72 243/ | 2500 | 2.569 | 2.639 | 2.708 | 2.778 | 2.847 | 2.9/7 | Z.95¢ | 3.05G | 3./25

73 2.397 | 2466 | 2.534 | 2.603 | 2.67/ | 2.740 | 2807 | 2.876 | 2.94%| 3.0/2 | 3.08/

74 2.365 | 2432 |2.500 | 2.508 | 2.635 | 2.708 |2.770 | 2.838 | 2.905 | 2.973 | .04/

75 2.333 | 22400 | 2467 | 2.533 | 2600 | 2.667 | 2.733 | 2.800 | 2.867 | 22933 | 3.000

76 2.303 | 2368 | 2434 | 2.500 | 2566 | 2.632 | 2.697 | 2.763 | 2.829 | 2.895 | 2.96/

77 2.273 | 2.338 | 2403 | 2468 |2.532 | 2597 | 2.66Z | 2.727 | 2.792 | 2.857 | 2.92Z2

78 Z2.244 | 2308 | 2.372 | 2436 | 2500 | 2.504 |2.628 |2.092 | 2750 | 2.8Z/ | 2.88%

79 2.2/5 | 2278 |2.34Z | 2405 | 2.468 | 2.53/ | 2595 | 2658 | 2.722 | 2785 | Z2.848

8o 2./88 | 2.250 | 2.3/3 | 2375 | 2.438 2,500- 2.503 |2.6725 | 2.688 | 2.750 |2.8/F

-7 Z2./60 | 2222 | 2284 | 22346 | 2406 | 2.4G8 | 2.530 | 2592 | 2.653 | 2.7/5 | 2.777

82 2./34 | 2./95 |2.250 | 2.3/7 |2.378 | 2439 |2.500 |2.56/ | 2.622 | Z.683 | 2744

83 ?{/05 2./69 |2.229 | 2.289 | 2.349 | 2.4/0 |2.470 | 2.530 | 2.590| 2.657 | 2.7//

&4 2.08; 2./43 |2.202 | 2262 | 2.22/ | 238/ | 2440 | 2500 | 2560 | 2.6/9 267".9'-

Contributed by L. N. Gillis, MACHINERY’S Data Sheet No. 79. Explanatory note : Page 39.
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TABLE CIVINC WIDTH H OF BRAKE LEVERS 3-4 INCH THICK
CORRESPONDINGC TO THE MAXIMUM MOMENT Mx.

Allowance made for Hole h under 1 1-4 in. diameter. Stress in outer Fibervaries from 20,000 to 23,000 ibs. per sq. in.

Mx H Mx H Mx ‘ H
Inches. Inches. nche:
6000 Tt sooo0 4% 150000 e
7500 11 63000 41 156000 7
9000 9 66000 41 162000 75
10500 21 69000 5 168000 71
12000 21 72000 51 174000 7%
13500 21 75000 53 180000 8
15000 24 78000 52 186000 81
16500 25 81000 51 192000 81
18000 23 84000 51 198000 83
19500 23 87000 5 204000 81
21000 91 90000 52 210000 T
22500 3 93000 53 216000 '
24000 31 96000 51 229000 H
25500 31 99000 6 228000 9
27000 31 102000 61 234000 91
28500 33 105000 61 240000 91
30000 31 108000 61 246000 91
33000 35 111000 61 952000 93
36000 33 114000 61 253000 93
39000 33 117000 61 264000 93
42000 4 120000 65 270000 92
45000 44 123000 62 276000 97
48000 41 126000 61 282000 10
51000 43 132000 61 288000 104
54000 44 138000 7 294000 101
57000 43 144000 7 300000 104

TABLE GIVING WIDTH H OF BRAKE LEVERS | INCH THICK CORRESPONDINGC
TO THE MAXIMUM MOMENT Mx. C=4000.

Aliowance made for Hole h under 1 1-2 in. dlameter. Stress in outer Fiber varies from 20,000 to 23,000 Ibs. per sq. in.

12000 2 24000 2% | 36000 3%
14000 2% 26000 2% ' 38000 3%
16000 21 28000 2% 40000 3%
18000 23 | 30000 3 44000 3%
. 20000 2% f 32000 31 48000 3%
22000 25 34000 31 52000 3%

Contributed by E. G. Chenoweth, MACHINERY’S Data Sheet No. 33 (Railway Edition). Explanatory
note : Page 39.
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TABLE GIVING WIDTH H OF BRAKE LEVERS | INCH THICK CORRESPONDING
= TO THE MAXIMUM MOMENT Mx. (Continued.)

Allowance made for hole h under 1 1-2 in. diameter. Stress in outer Fiber varies from 20,000 to 23,000 Ibs. per sq. In.

Mx H M x H Mx H
H 5 Inches. nches.
56000 | ' 136000 U8t 924000 7
60000 41 140000 61 932000 7%
64000 41 144000 61 940000 8
68000 43 148000 62 9243000 81
72000 4y 152000 63 9256000 81
76000 4s 156000 63 9264000 83
80000 43 160000 65 972000 83
84000 4z 164000 61 980000 8§
88000 5 168000 63 288000 83
92000 | 5% 172000 6% 296000 8%
96000 | 5% 176000 61 304000 9
100000 | 5% 180000 7 312000 93
104000 | 5@ 184000 7 320000 9}
108000 | 5% 188000 7% 328000 93
112000 5§ 192000 71 336000 93
116000 5% 196000 7% 344000 9§
120000 5% 200000 73 352000 93
124000 51 208000 23 360000 9%
128000 5% 916000 7% 363000 10
woms o6 e ! Nyt e o

TABLE GIVING WIDTH H OF BRAKE LEVERS | (4 INCH THICK CORRESPOND-
ING TO THE MAXIMUM MOMENT Mx. C=5000."’
Allowance made for Hole h under 1 1-2 in. diameter. Stress in outer Fiber varies from 20,000 to 23,000 ibs. per sq. in.

50000 | 33 140000 5% 260000 7%
55000 | 3% 145000 5% 270000 7%
60000 33 150000 52 280000 73
65000 ' 33 155000 5% 9290000 73
70000 4 160000 5% 300000 8
75000 4} 165000 6 310000 84
80000 41 170000 64 320000 81
85000 43 175000 6% 330000 83
90000 431 180000 61 || 340000 8%
95000 43 185000 62 350000 85
100000 43 190000 62 360000 83
105000 43 195000 64 370000 8%
110000 43 200000 6¢ 380000 9
115000 5 - “210000 632 390000 93
120000 53 920000 63 400000 91
125000 51 930000 7 410000 93
130000 53 940000 7% | 420000 93
'135000 | 5% 950000 7% | 430000 | 93

Contributed by E. G. Chenoweth, MAcﬁINERY’s Data Sheet No. 33 (Railway Edition). Explanatory
note: Page 39.
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PROPORTIONS FOR BRAKE RODS.

Based on M. C. B. Recommended Practice.

Fiber Stress for Diameter D not to exceed 15,000 pounds p
(1) WIdfh w e .
Shear on Pins H not to exceed 10,000 pounds per square inch.

.

10,000

.

er square inch.
‘ " s

——-——%——}——I—--———--é—-—!-.— ------ = -——--EL—-@—

; Area strm%th of tﬁs:EEt:)Engw ég": Sauare of Width W for Various Thicknesses of T.

= of |FiberStress| HolesFiber | oz & | Diameter (iven to the Nearest £5”.)

S Section 15,000 Stress %2% | Pin-hole

g D |Kareich.| persquare | Se5| M

= inch, gga 58 3 n” Lisd 178 154"

7| .6013 9020 9020 | 147 1.2656 [ 137|147 | 187 |18”
17 7854 | 11781 | 1.1781 [ 137 |1.2656 27 |2” |[1§”[14"]....
147 | .9940 | 14910 | 1.4910 |14 |1.2656 |23 (2% |2” |2" |1%”
147 | 1.2272 | 18408 | 1.8408 |13~ |1.2656 |25~ 28" |24 | 247 |2" |....
147 | 1.4849 | 22274 | 2,2274 |11 |1.5625 347|237 23”287 23" | 2%
147 | 1.7671 | 26507 | 2.6507 |13 |1.8906 |3+” |34 [2%” 28" |2%4”|2%”
187 (20739 | 31109 | 3.1109 14" |2,2500 (4" |3&87[3%”|3" |[2%”|2%”
147 | 2,4053 | 36080 | 3.6080 |15~ |2.6406 43" |4” §7138%7 13527 |3
137 | 2,7612 | 41418 | 4.1418 | 1§” | 2.6406 (4874 |33 38731
27 3.1416 | 47124 4.7124 | 13" 3.0625 |87 |4%” |43 | 3% | 38"
2%” | 3.5466 | 53199 | 5.3199 [1F” |3.5156|.... 5 1437 (4%” | 47

17 | 3.9761 | 59642 | 5.9642 | 2” |4.0000.... 7157 (487 (438"

$” | 4.4301 | 66452 | 6.6452 2% |4.5156|.... 557157 |4%”

$” | 4,9087 | 73631 | 7.3631 [2%”|5.0625 ... 6" |5%”|5%”
2”7 | 54119 | 81179 | 8.1179 | 23" | 5.6406 65716” |5%”
237 15,9396 | 89094 | 8.9094 |2:”|6.2500 . 687 63"
2% | 6.4918 | 97377 | 9.7377 |23 | 6.2500 63"
3" 7.0686 | 106029 | 10.6029 | 2% | 6.8906 6%”
3% | 7.6699 | 115049 | 11.5049 | 22" | 7.5625 13"

Explanatory

Contributed by E. W. Bowen, MACHINERY’S Data Shggt No. 33 (Railway Edition).

note : Page
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ANGLES OF DEFLECTION OF CENTER LINE OF TRUCK FROM
CENTER LINE OF CAR ON CURVES.

Box T,
ENTER LINE OF CAR :.
)/( FIG. 1
&
‘\/ 8.8

YL
Put sin ¢ = E-R—, in which L = length center to center of bolsters and R = radius of

curve, in feet, and the angle ¢ can be laid out without using protractor. Erect to scale a
perpendlcular C D =15 L on base line A B, Fig. 2. Then with C asa center, and radius
R = radius of curve, to same scale, strike an arc intersecting 4 B at E. Angle C E Dis
the angle required.

RADIUS OF CURVE IN FEET.

50 60 70 80 90 100 110 120 130 140 150 160 170

10 | 5°45'| 4°47'| 4° 6’ |.3°88') 8° 11'| 2° 52’/ 2°36' | 2°28' | 2°12' | 2° 3'|1°54'[1°50" | 1° 41’

11} 619 |5 11|14 30(3 57|83 30(3 9|2 52 {2 3838|228 (2152 6158151
.||12] 6 54 |5 45|4 55/4 193 47|83 2718 7 1252|239 (227|218 |2 92 1
B [[13] 72 |6 1515 20| 4 404 9|3 443 26 |3 6 (2 52 |2 40 |2 29 (2 20 |2 12
S |[14] 8 3(630!5 45|56 1|428(4 1/339(321 (38 5252|2402 31 |2 2
g (|15 838 |7 1116 9!5 23|4 474 19|83 54 ({3 85|33 18 |83 4 [2 52 |2 41 (2 32
16| 918 |7 896 345 45|5 6|4 86|4 10 {3 49 (3 32 (3 17 (3 3|2 52 (2 41
Bl 17] 947|8 9|6 59(6 6|5 25|453/420 |4 434583208158 3|2 52
2 (/18110 22 |8 38|17 23|6 28|5 455 10|4 42 |4 18 (3 58 (3 41 |8 27 (8 18 |3 2
% 19 110 57 |9 7|7 43|16 49| 6 4|5 274 57 (432|411 (3 53 (3 383 24 (3 12
m [[20)11 32 (9 36| 8 13| 7 116 23| 5 45(5 13 |4 47 (4 25 (4 5|3 49 (3 35 |3 22
] 21111 36 10 5|8 38/7 33|/6 42/ 6 2|52 |5 1(438|418 (4 1|3 463 32
o || 22[12 43 110 3419 8|7 54| 7 116 19/5 45 |5 15 |4 51 |4 30 |4 12 13 57 |3 43
2 || 218 1811 3|9 2718 16{7 R0/6 36/6 05305 4 (443 /4244 7)3 53
q (/24|13 63 |11 32| 9 52|18 88| 7 406 54|6 16 |5 45 |5 18 |4 55 (4 35 |4 18 {4 3
Sl 251142912 1]10 17|8 59| 7 597 1116 32 |5 59 |5 31 (5 7|4 47 |4 29 |4 13
o [126]16 4 /12 31|10 42| 9 21| 8 18| 7 28(6 47 (6 13 (5 45 |5 20 |4 58 |4 40 |4 23
# (1271156 40 183 0|11 7|9 43|/8 38| 7 46/7 3|6 28 (5 68|56 32 |5 10 |4 50 (4 83
$ || 2816 16 (13 8011 8210 5|8 578 3|7 19 (6 42 |6 11 |5 45 |5 21 |5 1|4 438
a |[R9 16 52 (13 59 (11 5710 27| 9 16| 8 20|{7 35 |6 66 |6 24 |5 51 |5 33 |5 12 |4 53
S |/ 80 (17 28 114 29|12 2210 49| 9 36| 8 38/7 50 (7 11 |6 37 (6 9 |5 455 23 |5 4
31|18 4 |14 5812 48|11 10| 9 55{8 55|8 6 |7 25 |6 51 |6 21 |5 56 |5 33 |5 14

32|18 40 15 2813 13|11 3210 14| 9 13|8 22 |7 40 |7 4 (6 34 |6 7 |5 45 (5 24

33 |19 17 (15 58 (13 38(11 54 (10 42| 9 30|8 38 |7 54 |7 18 (6 46 |6 19 |5 556 |5 84

34 (19 53 (16 28 14 4112 16(10 53| 9 47|8 53 (8 9 |7 81 (6 59 |6 80 |6 6 |5 45

85 |20 29 |16 6714 29{12 38(11 13|10 5|9 9|8 23 |7 31 (7 11 |6 42 |6 17 |5 55

36 121 6 17 28(14 5413 0|11 32|10 23|9 5 {8 38 |7 57 |7 23 |6 54 |6 28 |6 5

Contributed by C. H. Turner, MACHINERY’S Data Sheet No. 33 (Railway Edition). Explanatory
note : Page 39.
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of traing. In the table on page 26 a
comparison is made between speed in
miles per hour, feet per hour, feet per
minute, feet per second, and the time
required per mile. For example, if a
railroad train runs at a speed of 50
miles an hour, then we find from the
table that the space traversed is 264,000
feet per hour, 4400 feet per minute, or
73.33 feet per second; and the time re-
quired to traverse one mile is 1 minute
12 seconds, or 72 seconds. The table
on page 27 gives the relation between
the diameter of a car or locomotive tire,
the revolutions per mile, and the revolu-
tions per minute at a given number of
miles per hour. Assume that the diam-
eter of the driving wheel of a locomo-
tive is 56 inches. Then we find from
the table that its circumference is 14.66
feet, and that it makes 360.2 revolutions
per mile. If the locomotive runs at a
speed of 40 miles per hour, it will be
seen that the driving wheel will make
240.12 revolutions per minute.

Grades and their Effect on
Hauling Capacity

On page 28 a.table is given of the
relation between grades and the hauling
capacity of locomotives. From the table
it will be seen that a three per cent
grade, for example, is equivalent to a
rise of 158.4 feet per mile, or a rise
of 1 foot in 33.33 feet. At a speed of
10 miles per hour, the resistance per
each ton hauled is equivalent to 69.9
pounds. Assuming that the tractive
power of a locomotive is one-fourth of
the weight on the drivers, the number
of tons hauled on a three per cent grade,
for each 1000 pounds on the drivers,
would be 3.8. Assuming that the trac-
tive power is only one-fifth of the weight
on the drivers, this giving a more con-
servative calculation, only three tons can
be hauled for each 1000 pounds on the
drivers.

In the lower part on page 28 a table
is given where curves are reduced to
equivalent grade, so as to make it pos-

No. 14

sible to use the table in the upper part
of the page to find the hauling capacity
of locomotives on curves. For example,
a 20-degree curve, or a curve having a
radius of 288 feet, would offer a resist-
ance equivalent to a grade of 26.4 feet
per mile. By referring to the table in
the upper part of the page it will be
seen that this is equivalent to a 0.5 per
cent grade. The effect on the hauling
capacity is then found in the same man-
ner as in the previous example.

Horsepower Required for
Moving Cars

It is a rather complicated problem to
determine the power required to move
a railroad car of known weight at any
known speed over a level track, or up a
known grade. A diagram, or graphical
chart, however, can be prepared, from
which the power required may be ob-
talned practically at a glance if the quan-
tities speed, weight and grade be known.
Such a diagram is presented on page
29. Suppose, for an example, that the
car weighs 15 tons, or 30,000 pounds, and
assume further that we wish to move
this car at a speed of 25 miles per hour
over a level track. Find first on the
right-hand vertical scale the point
marked 15 tons (the weight of the car),
and follow the horizontal line from this
point to the intersection with the
oblique line marked 25 miles per hour
and from this intersection follow a ver-
tical line downward intersecting the
horsepower scale for level track at 3015
H.P. Suppose that the car must also
climb a grade of 3 per cent somewhere
on the line. In order to find the horse-
power required for this, follow the same
vertical line, already found, until it in-
tersects the oblique grade line marked
3 per cent grade, and then follow the
horizontal line from this intersection
point to the right-hand vertical scale,
where we find the required power for
climbing the grade to be 93 H.P. As
will be seen, the diagram can be used
for cars weighing up to 20 tonms, for
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speeds from 3 to 30 mlles per hour, and
for grades from 1 to 10 per cent.
Constants for Calculating
Tractive Force
On pages 30 and 31 are given tables
containing constants for the calculation
of the tractive force of locomotives. The
note beneath the upper table on page 30
gives the necessary explanation of the
tables and illustrates their use by means
of an example.

Inertia of Trains

On pages 32 and 33 are given two
tables of the inertia of trains. These
tables give the tractive force, in pounds,
required for each ton hauled to obtain
a speed of S miles per hour, in a certain
distance in feet. As an example, find the
tractive force required per each ton of
load hauled to attain a speed of 10 miles
per hour in a distance of 1000 feet. By
referring to the table on page 32, we find
that the tractive force required is 6.68
pounds per ton.

The table on page 33 gives the trac-
tive force, in pounds, which is required
per ton of lcad for attaining a speed of 8
miles per hour in a specified length of
time. As an example, find the tractive
force required for attaining a speed of
30 miles per hour in three minutes. By
referring to the table on page 33 we
find that a tractive foree of 15.2 pounds
per ton hauled is required.

Brake Levers

On pages 34 and 35 is given a table of
the width of brake levers in which the
maximum fiber stress does not exceed
the recommended figure of 23,000 pounds
per square inch adopted by the Master
Car Builders’ Association.

The formula

"Mz

H= —O—-I- 1/4 inch

is derived as follows:
Let Mr—maximum moment,
8 =stress per square inch,
I=moment of inertia,

LOCOMOTIVE AND R4’LWAY DATA (A o 39

Eﬂ-‘-’maximum dlstance from the
center of gravity to outer
fiber = H/2,

H — width of lever,

b =thickness of lever,

h =diameter of hole,

C —constant which varies with
b,

P =pull at end of lever,

L =1lever arm.

Then for a lever 1 inch thick:

81 24,000 p H?
PLl=m=Mr ==, —
E 12 E
2000 H* 2000 H®
— = 4000 H*
E H/2
Mz Mz

4000

For other levers the formulas are de-
rived in the same way, the value of b
only being changed. By taking 24,000
pounds for the value of § and thgn add-
ing 1/4 inch to the width, the maximum
allowable stresses vary from 20,000 to
23,000 pounds per square inch, as given
in the tables. For a 3;-inch thick brake
lever, C —23000 instead of 4000.

On page 36 are given proportions for
brake rods according to the Master Car
Builders’ recommendations.

Hence, H*=—— and H =
4000

Deflection of Truck from Center
of Car on Curves

On page 37 are given angles of de-
flection of the center line of the truck
from the center line of the car on curves,
for various radii. For example, if the
center to center distance of the bolsters
is 25 feet, and the radius of the curve 150
feet, then, according to the table, the
angle of deflection of the center line of the
truck from the center line of the car
equals 4 degrees 47 minutes. These
angles of deflection must be taken into
consideration by the designer when lay-
ing out brake rigging connections, other-
wise interference of the brake rods with
the wheels is likely to develop on sharp
curves.















Wo. 16. Machine Tool Drives.
and Feeds of Machine Tools;
Single Pulley Drives; Drives
Speed Cutting Tools.

No. 17. Strength of Cylinders—For-
mulas, Charts, and Diagrams.

No. 18. Shop Arithmetic for the Ma-
chinist.—Tapers: Change Gears; Cutting
Speeds; Feeds; Indexing; Gearing for Cut-
ting Spirals; Angles.

No. 19. Use of Formulas in Mechanics.
~—With numerous applications.

No. 20. Spiral Gearing.—Rules, Formu-
las, and Diagrams, ectc.

No. 21. Measuring Tools.—History and
Development of Standard Measurements;
Special Calipers; Compasses; Micrometer
Tools; Protractors, etc,

No. 22. Calcunlation of Elements of
Machine Design.—Factor of Safety;
Strength of Belts; Riveted Joints; Keys
and Kezyways; Toggle-joints.

Xo. 23. Theory of Crane Design.—Jib
Cranes; Calculation of Shaft, Gears, and
Bearings; Force Required to Move Crane
Trolleys; Pillar Cranes.

'¥o. 24. Examples of Calculating De-
signs.—Charts in Designing; Puneh and
Riveter Frames; Shear Frames; Billet
and Bar Passes; etc.

No. 25. Deep Hole Drilling.—Methods
of Drilling; Construction of Drills.

No. 26. Modern Punch and Die Con-
struction.—Construction and Use of Sub-
press Dies; Modern Blanking Die Con-
struction; Drawing and Forming Dies.

No. 27. Loocomotive Design, Part I.—
Boilers, Cylinders, Pipes and Pistons.

No. 28. IL.ocomotive Design, Part II.—
Stephenson Valve Motion; Theory, Calcu-
lation and Design of Valve Motion; The
Walschaerts Valve Motion.

No. 29. Locomotive Design, Part III.
—Smokebox; Exhaust Pipe; Frames;
Cross-heads; Guide Bars; Connecting-rods;
Crank-pins; Axles; Driving-wheels.

No. 30. Locomotive Desigmn, Part IV.—
Springs, Trucks, Cab and Tender.

Speeds
Geared or
for High

No. 31, Screw Thread Tools ahd Gages.

No. 32. Screw Thread Cutting.—ILathe
Change Gears; Thread Tools; Kinks.

No. 33. Systems and Practice of the
Drafting-Room.

No. 34. Care and Repair of Dynamos
and Motors.

No. 35. Tables and Formulas for Shop

and Drafting-Room.—The Use of KFormu-

las; Solution of Triangles; Strength of
Materials; Gearing; Screw Threads; Tap
Drills; Drill Sizes; Tapers; Keys; Jig
Bushings, etc.

No. 36. Iron and Steel.—Principles of
Manufacture and Treatment.

No. 37. Bevel Gearing.—Rules and
Formulas; Examples of Calculation;

MACHINERY,

Tooth Outlines; Strength and Durability;
Design; Methods of Cutting Teeth.

No. 38. Grinding and . Grinding Ma-
chines.
No. 39. Fans, Ventilation and Heating.

—IFans; Heaters; Shop Heating.
No. 40. Fly Wheels.—Their Purpose.
Calculation and Design.

No. 41. Jigs and ¥Fixtures, Part T.—
Principles of Jig and Fixture Design;
Drill and Boring Jig Bushings; Lecating
Points; Clamping Devices.

No. 42. Jigs-and Fixtures,
Open and Closed Drill Jigs.

Part 11.—

No. 43. Jigs ard Fixtures, Part TII.—
Boring and Milling Fixtures.
No. 44. Machine Blacksmithing.—Sys-

tems, Tools and Machines used.

No. Drop Forging.— Lay-out o1
Plant; Methud:s of Drop Forging; Dies.

No. 46. Hardening and Tempering.—
Hardening Plants; Treating High-Speed
Steel: Hardening Gages; Hardening
Kinks.

No. 47. Electric Overhead Cranes.—
Design and Calculation.

No. 48. Files Types of

Tliles; Using and Making Files.

No. 49. Girders for Electric Overhead
Cranes.
No. 50. Principles and Practice of As-

sembling Machine Tools, Part 1.

No. 51. Principles and Practice of As-
sembling Machine Tools, Part

No. 52. Advanced Shop Arithmetic for
the Machinist.

No. 53. Use of Logarithms and Logar-
ithmic Tables. 5

No. 54. Solution of Triangles, Part I.
-—Methods, Rules and Examples.

No. 55. Solution of Triangles, Part II.
—Tables of Natural Funections.

No. 56. Ball Bearings.—Principles of
Design and Construction.

No. 57. Metal Spinning.—Machines,
Tools and Methods Used.

No. 58. Helical and Elliptic Springs.—
Calculation and Design.

No. 59. Machines, Tools and Methods
of Automohile Manufacture.

No. 60. Construction and Manufacture
of Automobiles.
No. 61. Blacksmith Shop Practice.—

Model Blacksmith Shop; Welding; Forg-
ing of Hooks and Chains: Miscellaneous
Appliances and Methods.

No. 62. Hardness and Durability Test-
ing of Metals.

No. 63. Heat Treatment of Steel.—

Hardening, Tempering and Case-Harden-
ing.
No. 64. Gage Making and Lapping.
No. 65. Formulas and Constants for

Gas Engine Design.
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