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In the following pages are compiled a number of diagrams and con-

cise tables relating to locomotives and railway work, carefully selected

from MACHINERY'S monthly Data Sheets, issued as supplements to the

Engineering and Railway editions of MACHINERY since September, 1898.

In order to enhance the value of the tables and diagrams, brief ex-

planatory notes have been provided. In a note at the foot of the tables,

reference is made to the page on which the explanatory note relating

to the table appears.



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 3 11/16 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 + 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 projected 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 5-foot gage, and that of India,

which has a 5^-foot and a meter

(Continued on page 16.)
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FLUES

WAGON TOP.

FLUES

BELPAIRE.

FLUES

EXTENDED FIREBOX.

FLUES

WOOTEN WIDE FIREBOX.

Industrial frets, A'.f.

Jnduttrial J'reat, A.i'.

Industrial fiww. if.%,

Contributed by Fred II. Colvin, MACHINERY'S Data Sheet No. 7 (Railway Edition). Explanatory
note : Page 3.
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Jnduttrial Preat, Jf.r.



MACHINERY'S DATA SHEETS No. 14



No. 14 LOCOMOTIVE AND RAILWAY DATA



MACHINERY'S DATA SHEETS No. 14

CO

<
z
K
D
O
^

HI

>

O
s
O
O
O

U
tt

CO
co
u

0.

O

CO CO rf CM CD CO CO
CD ro co co T

t ro
CM CM CM CM CM CM CM

<
"> CM n- CO CO CD CM

T CM rf- in co co

.
i CM CM CM CM CM CM

COCDCMtf-COCOCDCM<3-
i CM <* in co

in co r^ en CD T CM ro n- .

c ::::*: ^1
~~ *

COCMCOCDrfCOCMCOCDrfOO
d-inincococor^r>cooooo
CM ro ! in co r* oo en CD ^- CM ti

0) .
i i r- r- T i i i CM CM CM

5 I
w "

co in in ^i- ^f *a- ro ro CM CM CM T i

C . en CD r- CM ro ^t- in co r^. co en CD
. . ^ ^- T r- i T- T r ^ ^ CM CM

^^ 5 !II!!I!I!!! ! CD oo co in- CM CD co co n- CM o co co

cococzsr- csiro-^-n-Lncor^cocn
fl)

. . .
'.

' O !!!.'!!! ;;cOCMCOCDCoS5cMCDCoS^CMCDCO ^

(D 3 co r** r^ co oo en CD ^ CM CM ro n- in co co
ti =

CD CD -
,

CM CO rf CD CM ^f CO 00 CD CM rf CO 00

2'
S o> .

^- ^- co CM en co ro CD co in CM en co
* cococor>-r>-cocncDeDT cMcsiro

1
iU > .... I !

00 CD CM rf CO CO CD T*- CO CM CO CD <* OO
\ \ \

*

| o

C

O O
3 5^

. . . CM CD CO CO ** CM CD CO CM CO

3 u ro ^- ^* ^t- in in in co co i> r*. co

o en i rr co co r ro co co CD ro LO co . . S
i CM CM CM CM ro ro ro ro

O L.

C O l ' ' * ' " ' * ' * ' " ' 5 ' <-J *^> ca cs GJ
-_

"- COCOCDCM^fCOCOCDCMrfCOCOCD =
r- T CM CM CM CM CM ro ro ro ro ro rr

co

O ^- T ^- ^- t CM CM CM CM CM CM ro

3 CDCDC9
CO CO CD CM n- CD CO
cncDCMro^inco 3

0. ...
fl

I j, ?S^^ :::::::::::::::::

:J
CM CM CM CM ro ro ro ro ^i-



No. 14 LOCOMOTIVE AND RAILWAY DATA

z
tt

D
o
-*

III

>

o
s
o
o
o

o
h.

Ill

CO
CO
III

c,

a

III

a

CO CM CO
'

CM ro ro

<= LO~
ro r*.
co en

co :::::::::::::::::::::: CM CM CM

C > CD 03 CM
n- r*.

LO co r^.

CM rJ- LO r*.

CM CM CM CM -

i7 5 ;;*;;cDooco^cMC3oocorrcMC3ooco"- M co co en CD T CM CM ro r!- LO co co r>- a
CMrj-Locor^-cocncDi cMro

CM CM CM CM
_J

5 ;;;;;;;;;;; \
cs en co r* co LO rr ro CM * CD en co

W) - ;;;;;;;;;;;;cnc3T cMro5s-Locor>ooencD^

!

LO

ft. < "
! ! I ;;;ili;cococncnc3r-CMro

o O
O ;

CD LO CD LO
- '

co co en en CD i CM ro rf to co r^. co en
O (8 u. 5, .

n- oo CM co j en r^. LO ro i en r> LO ro
^ c, .

co co r^. r^ co oo en cs r- CM CM ro ^- LO
0. Z z T- r- i-T-r- i- r- 6
*- 3
o o

;<*-CDCOCMOOrt-CDCMn-COCDCDCMra-CO
_, oo .

C3 ^i- r* ^- * oo CM en co ro oo oo LO CM en
O M) LO LO LO co co co r r>. co en CD CD i CM CM

!: i CM n- LO i^. oo CD ro co en CM LO
_ u f n- r^. cs ro co en ro en LO i co _

rt- rr LO LO LO LO co co r^ co co en
CT ^5
co c

0) M - corocsr^i^r ooLocMcncoroca^- a
Q.' r*. ?!!^. eo

.
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(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 Bail 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 tne 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

sinD
in which

R= ihe 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

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 known by numbers, and
a table is given on page 18 of frog num-

( Continued on page 24.)
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FROGS, SWITCHES AND CROSS-OVERS I

No. 14

Rigid Frogs.
-L-

Formulas for R/gld Frogs
N = no. of frog, N _ __4_ i

'an
L lengfh over alft

C = heel spread, C -2/7 x fan ^
D - foe spread,

o angle of frog. D *=2B x fan
-g cx^j/

There are fhree fypes of rig/d frogs,
1. Bo/fed: Filling in ffangeway and he/d fogefher by bo/fs.

2. Clamped: Filling in ffangeway and he/d fogefher by c/crmps.

3. Rivefed: Rail bases rivefed fo a base plafe.

Table of Frog Numbers and Ang/es*

Num
her

Num
ber Ang/e

Num
ber Ang/e

Num-
ber Angle

Num-
ber

36S2' 11 25' 8 7*09' 12 440' 18 3 II
1

3k /023' 8k 13 424' 19 30l'

2 6 04' 14 4os' 20

2S03 848' 349'

2237 f 8/o' to S43 f

2\ 2037' 738' If n 3Z2'

Contributed by Frank W. Holcomb, MACHINERY'S Data Sheet No. 131. Explanatory note : Page 16.
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FROGS, SWITCHES AND CROSS-OVERS II

19

Circular Turnout.

(inside width between

rail-heads),

R *radius of curve,
L theoretical lead ofswitch,
C - chord (see il/ustrat/on above),
//= middle ordinate (see i//ustraffon),

A/= number of frog (see

Oc - frogr ang/e (see Sheet I),

<f'- degree of curve.

sin

sin

/?=

/ r SO
Z 6 =~f?

vers CX~ 2 G

Turnout Using Straight Frog and <Sw/fch.

\ \.,H

-
, *-C2a

H^heelspread ofswitch,
7

'

distance from theoreticalpo/'nt
to toe of frog,

P" length ofswitch,
(3" switch ang/e.
Otherwise same no-
tation as above.

2 cos (3
- cos oc

L -(R + %G) (sin Of
- sin (3) + (Tx cos oc) + p

Length of arc A**(0c-@)(ft + J Q) x O.O/74S

(oc and (3 are expressed in degrees)

Contributed by Frank W. Holcomb, MACHINERY'S Data Sheet No. 131. Explanatory note: Page 1C.
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Three -Throw Turnout with Equal Radii.

Arc AC - (R + J G) x % &, x o. OI745

Arc AS - (R +j G) x for
-
^ or/; x 0. 0/745

(of and 09 are expressed in degrees)

Ang/e or and /ead L are
found by the forme//as

given on Sheet H.
Double Cros5over.

/=/?- C fan ..

I/ j>B**Rx fan (3 = Mxs/n (3

V *-*-*

Double Crossover with Reverse Curve.

Contributed by Prank W. Holcomb, MACHINERY^ Data Sheet No. 131. Explanatory note : Page 16.
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FROGS, SWITCHES AND CROSS-OVERS IV

21
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bers with their corresponding angles,

the numbers being given from 1% up to

20. Formulas are also given by means
of which the frog number can be found

when the angle is 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 denned, 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

in degrees and minutes and the theoreti-

cal lead in feet and inches. A special

table for 4-foot 8% -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
6 1/2 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 5 3/4
inches wide, would weigh 1246 pounds,
as found from the table on page 23.

Allowances for Shrinkag-e
of Tires

The term "shrinking fit" is applied
when a part which is to be held in po-

sition 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.)



No. 14 LOCOMOTIVE AND RAILWAY DATA 25

PROPER ALLOWANCE FOR SHRINKAGE OF TIRES.
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GRADES AND EFFECT ON HAULING CAPACITY.
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HORSEPOWER REQUIRED FOR MOVING CARS

29

Example
- Find Horse-Power required to more a car weighing /S tons afa

speed of 2-5 miles per hour, both on level track and up a 3per cenf grade*

Find weight in fans, /S, on righf-hand vertical scale; fo/fo* horizontal fine

from this point fo intersection with line for 2S miles per hour speed. From

this Intersection follow vertical line fo scale for Horse-Power rearedon

level track, reading off30% H.P. Follow fhe same vertical line further fo *

intersection with 3 per cenf grade line. From fhe intersection follow fhe

horizontal line to fhe right-hand vertical jcafe, finding 93 H. P.



30 MACHINERY'S DATA SHEETS
CONSTANTS FOR CALCULATING TRACTIVE FORCE I
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TABLE GIVING WIDTH H OF BRAKE LEVERS 3-4 INCH THICK



No. 14 LOCOMOTIVE AND RAILWAY DATA 35

TABLE GIVING WIDTH H OF BRAKE LEVERS 1 INCH THICK CORRESPONDING
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PROPORTIONS FOR BRAKE RODS.
Based on M. C. B. Recommended Practice.
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ANGLES OF DEFLECTION OF CENTER LINE OF TRUCK FROM
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of trains. 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-

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-

tained 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 30^
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 tons, for
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speeds from 3 to 30 miles 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 load 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 force 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

H= + 1/4 inch

is derived as follows:

Let MX= maximum moment,
8= stress per square inch,
/= moment of inertia,

'ditance from the

center of gravity to outer

fiber= H/2,
H= width of lever,

6= thickness of lever,

h= diameter of hole,

G= constant which varies with

&,

P= pull at end of lever,

L= lever arm.

Then for a lever 1 inch thick:

8 1 24,000 VH*

E

2000 &H3 2000 H'

12 E

= 4000 H2

E H/2

MX I MX
Hence, H*= , and #=v .

4000 N 4000

For other levers the formulas are de-

rived in the same way, the value of &

only being changed. By taking 24,000

pounds for the value of 8 and th^n 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 %-inch thick brake

lever, = 3000 instead of 4000.

On page 36 are given proportions for

brake rods according to the Master Car
Builders' recommendations.

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.
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