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LOCOMOTIVE HAND-BOOK

The American Locomotive Company, the largest
builder of steam locomotives in the world, was incor-
porated under the laws of the State of New York,
June 10, 1901. It has an authorized and outstanding
capital stock of $50,000,000.

The following properties were acquired:

NAME OF COMPANY LOCATION ORGANIZED
Schenectady Locomotive
Works.....oooovive .. Schenectady, N. Y..1848

Brooks Locomotive Works. . . Dunkirk, N. Y.. .. .1869

‘ Pittsburgh Locomotive and
Car Works.............. Pittsburgh, Pa...... 1865

Richmond Locomotive Works.Richmond, Va......1886
* Rhode Island Locomotive

. Works................... Providence, R. I....1866
Dickson Locomotive Mfg. Co.Scranton, Pa....... 1856
Manchester Locomotive

Works................... Manchester, N. H...1853
Cooke Locomotive and .
MachineCo.............. Paterson, N. J...... 1852

Rogers Locomotive Works. . .Paterson, N. J...... 1835

The Locomotive & Machine
| Co. of Montreal, Ltd.. . ... Montreal, Canada. .1902
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It gradually developed that several of the smaller
plants could be discontinued and other plants en-
larged to the direct benefit of both the company and
the locomotive purchasers. With this in view, four
of the plants have been closed and other plants en-
larged, rearranged and brought up-to-date to facilitate
the rapid handling of work pertaining to the con-
struction of modern locomotives. All these plants are
kept thoroughly equipped with the latest and most im-
proved machinery of all kinds.

A modern steel foundry at Chester, Pa., has been
recently acquired.

The plants now operated have an acreage and floor
area as follows:

FLOOR AREA
PLANT ACREAGE SQ. FT.

Schenectady................. 74.75 1,301,754
Brooks...........cocvvvunn. 117.69 1,063,025
Richmond................... 53.00 499,450
Montreal.................... 64.75 455,881
Pittsburgh................... 10.25 314,810
Cooke..ooovvvviieninananns 24.75 266,486
Chester—Steel Foundry....... 11.59 136,820
Total............... 356.78 4,038,226

These plants, when working full capacity, have a
combined annual output of 3,000 locomotives and
employ 20,000 men.
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All types and sizes of locomotives are manufactured.
These locomotives range in size from the four-wheel
tank engine (0-4-0 T type), having a total weight of
14,500 1b., and a tractive effort of 2,630 1b., to the
2-10-10-2 type Mallet engine, having a total weight,
engine and tender, of 875,000 1b., a tractive power of
147,200 1b. working compound, and of 176,600 Ib.
working simple. This company also manufactures all
kinds of spare and repair parts for locomotives and
tenders.

In the construction of locomotives, the American
Locomotive Company co-operates with the railroads
and the different railway associations to obtain the
very best results. Careful specifications are prepared
for methods of construction and for the manufacture
and testing of materials. Rigid inspection is main-
tained to discover any defects that may occur either in
the workmanship or material. Back of each design
of the American Locomotive Company is the experience
of continuous locomotive building since 1835 and the
construction of over 55,000 locomotives.

The following pages give information which the
American Locomotive Company has found to be
ugeful in the designing of locomotives.
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TRACTIVE POWER OF LOCOMOTIVES WITH
BOILER PRESSURE OF 100 LB.

These tables are calculated from formula

_d'S &P

T W

in which
T =tractive power;
d =diameter of cylinders in inches;
S =length of stroke in inches;
P =boiler pressure in pounds per sq. inch;
W =diameter of driving wheels in inches.

All the combinations of cylinder diameters, strokes
and wheel diameters used in ordinary practice are in-
cluded. These figures can be used for any boiler pres-
sure by simply dividing the required tractive power by
the ratio of the boiler pressure it is desired to use to
100 pounds pressure; as, for instance, 2 for 200 Ib.,
1.75 for 175 Ib., and 1.6 for 160 1b. pressure. Then
the proper size cylinders and driving wheels can be
found directly from the table, or by multiplying the
figures in the table by the proper ratio the desired
tractive power can be obtained.

In Europe as low as 60 per cent of the boiler pressure
is used instead of 85 per cent; the formula being

_d*S.60P

T W



AMERICAN LOCOMOTIVE COMPANY

€T 00T JO TANSSNId YITIOH HLIM SIAILOWNODO0T JO YIMOd JALLOVIL—T "ON ATdVL



AMERICAN LOCOMOTIVE COMPANY

6

€T 00T JO FTANSSTAd YFTIOH HLIM STALLOWODOT 4O ¥IMOd FALLOVIL—Z ON ITdVL

&



AMERICAN LOCOMOTIVE COMPANY

€7 00T JO TANSSTAd JYITIOH HLIM STAILOWNOOOT 40 YIMOd FAILOVIL—E 'ON FTdVL



AMERICAN LOCOMOTIVE COMPANY

‘97T 00T JO ANSSTAd JYFTTIOH HLIM STFALLOWODOT 40 YIMOd FAILOVIL—F ON ITdVL

”



AMERICAN LOCOMOTIVE COMPANY

‘€7 001 JO TANSSTAd YITIOH HLIM STAILOWOD0T JO YIMOd FALLDOVIL—S 'ON FTdVL



10

€T 00T 4O TANSSTA YITIOH HLIM STFAILONODOT 40 ¥IMOd FAILOVIL—9°ON IATdVL



11

€T 00T JO TANSSTAd I TIOH HLIM STFALLOWOOOT 40 YIMOd FALLOVIL—L ON FTHVL



“€T 00T 40 FYNSSTAd YITIOH HLIM STAILONODOT JO ¥IMOd FALLOVIL—8 'ON JTHVL
(ol



13

AMERICAN LOCOMOTIVE COMPANY

‘€7 001 JO TANSSTAd YITIOH HLIM STIALLOWOD0T 40 YIMOd FAILOVIL—6 'ON FT1dVL



14 AMERICAN LOCOMOTIVE COMPANY

TRACTIVE POWER—COMPOUND ENGINES

T = Tractive power (maximum).

d = Diameter of H. P. cylinder.

D = Diameter of L. P. cylinder.

S = Stroke of piston.

P = Boiler pressure.

C = Constant (taken from Table No. 10).
W = Diameter of driving wheels.

R = Ratio of L. P. to H. P. cylinder volume.

) 2
T: (Two-cylinder compound) = DSPC
2W
T: (Four-cylinder compound) = i ;P ¢

WhenC = 52and R = 25
Ts  (Two-cylinder compound working simple)

.85 d:SP 1.7
= W =T Xa = 1.3Th

T« (Four-cylinder compound working simple)
_(2_X .85)d*sP 1.7

W =T, C—R-13Ta

Ty and T give T when just moving. At slow speeds
T working simple will exceed the power working com-
pound by approximately 20 per cent.
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For cylinder ratio of approximately 2.5 to 1, as
ordinarily used, a constant of 0.52 may be considered

as sufficiently accurate for estimates.

On superheater compound engines, in order to prop-
erly divide the work between the high and low pressure
cylinders, the cut-off in the low-pressure cylinder
should be approximately 5 per cent later than the cut-
off in the high-pressure cylinder for a cylinder ratio
of 2.5 to 1. This difference in cut-off should be reduced
for higher cylinder ratios to O for a ratio of 2.75 to 1,
and increased for lower cylinder ratios to approximately
10 per cent for a ratio of 2.2 to 1.

TABLE No. 10—CONSTANTS (“C")

Per Cent
Cﬁt—gﬂ Ratio of L. P. to H. P. Cylinder Volume
Cylinder ”
22 )123| 24|25 | 26| 27| 28
90 vees | oueo | .B71 | .557 | .542 | .528 | .513
89 eeev | v... | 565 | .550 | .636 | +621 | .507
88 veeo | 573 | 559 | .543 | .529 | .515 | .500
87 veo. | 567 ) 552 | .537 | .523 | .509 | .494
86 575 | .560 | .546 | .531 | .517 | .502 | .489
85 570 | .555 | .540 | .526 | .511 | .497 | .483
84 .564 | .550 | .534 | .520 | .506 | .491 | ....
83 .559 | .544 | .529 | .515 | .500 | .486
82 .553 | .541 | .524 | .510 | .496
81 .548 | .534 | .520 | .505 | .490
- 80 .543 | .631 | .515 | .500 | .486
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TRAIN RESISTANCE
By F. J. CoLE, Chief Consulting Engineer

How many tons will a locomotive of known propor-
tions pull, or what is its tonnage rating? Many im-
portant considerations in railroad transportation, such
as size of locomotives, most economical grade, curva-
ture, etc., depend upon the answer to this question.

Figures for freight and passenger car resistance are
based on data obtained from Pennsylvania Railroad
dynamometer records, Bulletin 26. Figures are also
based on well-ballasted, properly maintained first-
class track, laid with heavy rails. Greater allowance
must be made when track conditions are not so favor-
able.

The resistance of a car to movement on a straight,
level track may be divided into the following com-
ponents:

(a) Journal friction.

(b) Rolling of the wheel on the rail; track resist-
ance due to compression of the track, con-
cussions; miscellaneous losses due to oscil- 1
lations and vibrations that absorb energy
from which no return can be obtained.

(c) Flange friction due to the pressure of the wheel
flange against the rail.

(d) Atmospheric resistance; still air and wind.

In the above component parts it is probable that
() is fairly constant within certain limitations of speed;
that (b) and (c) increase with the speed, also vary
materially with the condition of track and stiffness of
rail; and that (d) increases as the square of the speed.
With heavy rails well supported, good surface and align-
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ment, absence of kinks, properly maintained and gaged,
the losses of energy due to (b) and (c) are reduced to
a minimum.
 Train resistance is usually expressed in pounds per
“'ton (2000 1b.) Under the most favorable conditions
" it may be as low as 214 1b. per ton for 80 ton loaded
" cars; 7 or 8 Ib. for empty cars at uniformly slow speeds
" and 14 to 24 1b. or even more from the moment of start
or rest, depending upon the time, temperature, and
* length of stop. These figures refer only to resistance
" of cars behind the tender, and for straight and level
' track. When in combination with grades or un-
. compensated curves additional amounts must be
added.
For grades, the energy required is capable of exact
calculation, amounting to 20 1b. per ton (2000 lb.)
| for each 1 per cent. When expressed in feet per mile,
resistance per ton equals rise X 0.37878.
For uncompensated curves, the resistance per degree
' of curvature is usually taken at 0.8 lb. or equivalent
+ grade of 0.04 per cent.
For the sake of simplicity and greater accuracy the
bresistance of the engine and tender are considered
separately.

ENGINE AND TENDER RESISTANCE

Engine and tender resistance is made up of the
following components:

(a) Engine or machine friction is the energy re-
quired to overcome the internal machine
friction of such parts as driving wheels,
pistons, valves, crossheads, etc. This may
be taken at 25 1b. per ton of weight on driv-
ing wheels for all speeds, track resistance in-
cluded.
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(b) Weight on drivers in tons of 2000 1b. X grade
resistance only.

(c) Resistance of engine trucks, both leading and
trailing, and tender trucks, assumed to be
the same as the cars in the train. The
figures may be taken directly from the tables
for car resistance.

(d) Head air resistance of engine assumed to be
120 sq. ft. X 0.002 V2. (See Table No. 12.)

(e) Uncompensated curve resistance may be taken
at 114 pounds per degree per ton of engine.

The sum of the above makes up the total engine and

tender resistance which myst be deducted from the
available tractive power or added to the car resistance.

Example: What drawbar pull back of tender can

be exerted by a Mikado superheater freight locomotive
282 S 261 type, 25” x 30" cylinders, 64" driving wheels,
and 200 1b. boiler pressure, at 20 miles per hour on
a 0.5 per cent grade and compensated curves?

Tractive power (85% boiler pressure) = 49,800 1b.

Weight on drivers....... 101.5 tons
Weight on trucks........ 29.0 tons
130.5 tons

Weight of tender (24 load) 63.0 tons

193.5 tons
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Grade 0.5 per cent = 10 lb. per ton.
Piston speed = 525 feet per minute.
Speed factor (Table No. 14) = 0.75.
Tractive power at 20 M. P. H. =
49,800 X 0.75................ = 37,350 Ib.
Internal friction = 101.5 X 250 =
2,537 1b.
Grade resistance, drivers 101.5X 10
. = 1,0151b.
Grade resistance, tender and engine
trucks = 92 X 10 = 920 Ib.
Rolling friction, tender and engine
trucks = 92X 3.27 = 301 Ib... 4,773 1b.

32,577 Ib.
Head air resistance when running through still air at

20 M. P. H. is not included in these figures because it
amounts to less than 100 Ib. Head air resistance for
high speeds is a considerable factor; since the amount,
varies directly as the square of the velocity, in combina-
tion with the small amount of tractive power available
back of tender after deducting the energy required for
moving the engine and tender.

What tonnage with cars of different weights can be

hauled at 20 M. P. H. by the engine described, con-
ditions as in the foregoing example?

Except in the first case, the weight includes the load

* and the light weight of cars.
32,577 .
20 -
ton cars empty 7.0+10 1,915 tons
30 ton cars 82577 _ 2,150 tons

5.13+10
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40 ton cars 43265_:1 0 = 2,290 tons
50 ton cars 33:’45_;7_71 0 = 2,390 tons
60 ton cars 33;'75_;7_1 0 - 2,450 tons
70 ton cars 33%_5:;7 o = 2,505 tons
80 ton cats Es—z% = 2,545 tons

In the above, no allowance is made for variations in
steam pressure.

PASSENGER CAR RESISTANCE

Passenger car resistance is shown in Table No. 13 for
cars varying in weight from 45 to 65 tons. Table
No. 13 is derived from formula:

100 V(V +16)
R=285|—+15+4+ ——
w 100V W

W = weight of car in tons.
V = miles per hour.

The H. P. required per ton for cars at various speeds
is given in Tables Nos. 21 and 22, to which must be
added the resistance per ton due to curves and for
grades.
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TABLE No. 13—RESISTANCE OF PASSENGER CARS IN
POUNDS PER TON ON LEVEL, STRAIGHT TRACK

Note that the resistance per ton varies with the weight of car.
The resistance due to grade can be taken from second column
‘Table No. 11.

Mnes PER HOUR

Tons

5‘;3035|40|4550556065 7| 7 | 8
45 4.935.426.00'6.647.348.118.949.8210.7911.81 12.88
50 |4.645.12]|5.66(6.28(6.94/|7.67|8.45(9.30({10.22(11.18|12.22
55 |4.40|4.87|5.39/5.97|6.60|7.29(8.05/8.82| 9.72(10.64|11.62
60 |4.2114.66|5.15|5.7016.32(6.96(7.69|8.47| 9.30/10.17|11.12
65 |4.04[4.46(4.95|5.48(6.07|6.71/7.39/8.13| 8.93| 9.76/10.67

SPEED FACTORS

Table No. 14 gives the speed factors and horse power
in connection with the piston speed for superheated
and saturated steam. For superheated steam the
average maximum H. P. is reached at 1,000 feet piston
speed per minute and is constant at higher speeds.
For saturated steam the. average maximum H. P. is
reached at about 700 feet piston speed per minute,
constant H. P. at 700 to 1,000 feet, and then slightly
decreasing at higher velocities.

4,
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TABLE No. 14—SPEED FACTORS
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FOUR AND SIX-WHEEL FREIGHT TRUCKS
COMPARED
(Cars fully loaded)

Maximum, minimum and average resistances in
pounds per ton for the various classes of gondola cars
when fully loaded and operating on level tangent track
at a speed of from 10 to 15 miles per hour, are as
follows:

AvERagr ResisTANCE
WrieeT
Pounps e Tox
Crass Sise
. or Trucks of Per
Car Journals | Car | Per

and | Axle | Maxi-| Mini- | Aver-
Lading] Lb. | mum | mum | age

P.RR.H2L.. .| Four-wheel.. .| 534x10 | 81.11| 40555| 3.55 | 2.76 | 3.13
P.R.R.H21a..| Four-wheel.. .| 6 x11 | 98.47| 49235| 3.34 | 2.77 | 3.05
N. & W. Gka | Six-wheel....| 5}4x10 |121.12| 40373| 3.36 | 2.90 | 3.17

EMPTY FREIGHT CARS
(Four and Six-Wheel Trucks Compared)
Resistances of empty cars having six-wheel trucks of
the Gka class, and four-wheel trucks of the H21a class
on level tangent track, are as follows:

RESISTANCE
Light PounDs PER ToN
CLass oF CArR Weight
Tons . .
Maxi- | Mini- | Awver-
mum mum age
N.&W.Ry.Gka........ 30.15 | 7.85 6.75 7.27
PRRH2la............. 25.40 | 6.01 4.11 5.04

The resistance of the class H21a cars (5.04 1b. per
ton) is somewhat lower than for the other cars of about
the same weight. These cars were known to be in
good running condition.
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The resistance of the cars with the six-wheel trucks
is higher than for cars of equal weight having four-
wheel trucks. This may be due to the greater number
of axles per truck.

EFFECT OF A STOP IN INCREASING
RESISTANCE
The following figures show the increase in resistance
due to the cooling of the car journals at a stop. The
average weight of the cars was 72 tons.

u?ﬁd Resistance Temperature of
per . Pounds per In- D
Air Ton crease | Time Journal
Temp- in | Stand- while in
Ao erature Resist- h1‘113 Mononp
Degu- ance in- Degrees
proach-{Beyond Before | After | Per utes Y
ing | Tower Stop | Stop | Cent
Tower Before | After
Stop | Stop
13.5| 8.2 12 4.05| 4.75 18 8 86 70
12.81 7.1 20 | 8.26| 4.05 21 14 101 %
14.0 | 10.0 29 299 3.27 10 14 105 83
10.0 | 10.0 70 2.99 2 [10to15] ...

The following table shows the resistance in pounds
per ton for cars of 72 tons weight over the same stretch
of track and at different air temperatures. The speed
on these tests was from 10 to 12 miles per hour taken
on a 0.3 per cent grade; however, the figures given are
based on level tangent track.

Resistance Air Increase Time
Td' per T wl 8 o‘l"\‘e:sisstance Et Tow‘:‘r
on De, F Per Cent Minutes
3.05 s 10to 15
3.27 29 7.2 14
4.05 12 32.0 14
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RESISTANCE OF CARS AT STARTING

1t is well known that the power required to start a
car from rest is very much greater than that required
to keep it in motion. This is principally due to the
increase in journal friction at starting, and to the
acceleration required. Experiments made on machines
for testing journal friction indicate that the resistance
varies from 14 to 25 and 28, and in one instance to 31
pounds per ton.

In starting freight or passenger trains on the level
or where they can be bunched, the high figures in-
dicated do not present a serious problem since the
starting of the cars is assisted by the drawbar springs
and by the slack in the couplers and drawgear of the
cars. For trains on a grade, or for passenger trains
where they cannot be bunched, the whole train has
to be started at the same time; therefore this question
must receive due consideration.

The weight of the car, whether full or partially
loaded or empty, temperature of journal and bearing,
kind of lubricant used, and duration of stop, are factors
which greatly influence the starting resistance of cars
per ton.

CURVES

In the United States, railroad curves are usually
expressed in degrees and minutes of central angle
subtended by a chord of 100 ft.

One degree of curvature is equal to a radius of 5,730
ft., since 5,730 X 2 X 3.1416 = 360 X 100. Usually,
the slight error produced by measuring the distance
as a straight line instead of an arc may be ignored,
except in very sharp curves.

To obtain approximately the radius of a curve in -
feet, divide 5,730 by the number of degrees.
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To obtain degrees, divide 5,730 by the radius in feet.

‘The slight inaccuracies by this method increase with
the sharpness of the curve. Thus, at 10° the actual
radius is 0.7 ft. longer; at 20°, 1.4 ft. longer; at 30°,
2.2 ft. longer; and at 40°, 2.95 ft. longer than by the
formula.

In the metric system, the radius is less per degree
because the chord is 20 meters (65.62 ft.); therefore,
in converting to English measurements multiply by
0.6562.

In Great Britain, the radius of a curve is generally
taken in chains (66 ft.); therefore, a one degree curve
equals 86.818 chains, or 5,730 divided by 66. To
obtain radius in chains, divide 86.818 by degrees; or
to obtain degrees, divide 86.818 by the radius in
chains. .

It is sometimes necessary to find the radius of an
existing curve on a railroad. To do this, measure a
chord of any suitable length in feet and its rise in feet
or fractions thereof, see Fig. No. 1. The square of
half the chord added to square of the rise divided by
twice the rise will equal the radius in feet, thus:

(3) +»
R="7B

Figure No. 1
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One of the most convenient methods of measuring
an existing curve is to use a string of say 30 ft. in
length, hold it on the inside of the outer rail at the
lower edge of the head, and measure at the center the
middle ordinate or distance from string to rail head.
To insure a fair degree of accuracy, several measure-
ments should be taken at different places. For con-
venience Table No. 17 is given.

The resistance of curves is usually expressed in
pounds per ton per degree of curvature, and is variously
estimated by different authorities from 0.50 to 1.72
pounds. More generally, it is taken at 0.80 pounds,
equivalent to a grade of 0.04 per cent, and this figure
has been taken in these calculations.

TABLE No. 17—MIDDLE ORDINATE (INFEET) OF CHORD
30 FEET IN LENGTH

MIDDLE MipoLe
Radius | ORDINATE Degree |Radius| ORDINATE

of in of in

Curva- | Feet Curva- | Feet

ture Feet |Inches ture Feet |Inches -

0.5 |11460.0| .010 .12 11.0 521.7] .216 | 2.59
1.0 | 5730.0] .020 24 12.0 | 478.3| .236 | 2.83
1.5 | 3820.0| .029 .35 3.0 441.7| .254 | 3.05
2.0 2865.0| .038 .46 4.0 410.3| .275 | 3.30
2.5 | 2292.0| .049 .59 5.0 | 383.1] .295 | 3.54
3.0 1910.0{ .058 .70 6.0 | 359.3] .313 | 3.76
3.5 .0 .070 .84 7.0 | 338.3| .333 | 4.00
4.0 1433.0] .079 .95 18.0 319.6| .351 | 4.21
4.5 1274.0] .088 | 1.06 19.0 | 302.9| .371 | 4.45
5.0 1146.0f .099 | 1.19 20.0 287.9| .392 [ 4.70
5.5 042.0{ .108 | 1.30 1.0 | 274.4] .410 | 4.92
6.0 955.4| .117 | 1.40 2.0 | 262.0] .430 | 5.16
6.5 882.0] .128 | 1.54 23.0 | 250.8]| .450 | 5.40
7.0 819.0] .137 | 1.64 24.0 240.5| .469 | 5.63
7.5 764.5| .146 | 1.75 25.0 231.0| .486 | 5.83
8.0 716.8| .158 | 1.90 26.0 222.3| .506 | 6.07
8.5 674.7| .166 | 1.99 27.0 214.2| .524 | 6.29
9.0 637.3| .175 | 2.10 28.0 206.7| .545 | 6.54
9.5 603.8| .187 | 2.24 29.0 199.7| .564 | 6.77
10.0 573.7| .196 | 2.35 30.0 193.2| .583 | 7.00
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In Table No. 18 the curve resistance and equivalent
grades from 1° to 26° are given.

TABLE No. 18—CURVE RESISTANCE
FREIGHT AND PASSENGER CARS

Curve resistance = 0.8 lb. per ton per degree.
Equivalent grade per degree of curvature = 2.11 feet per mile
or 0.04 per cent grade.

D Radius Resis EQUIVALENT GRADE
of of Curve Lb.

Curve in Feet Per Ton Per Feet

Cent Per Mile

1 5730 0.80 .04 2.1
2 2865 1.60 .08 4.2
3 1910 2.40 12 6.3
4 1433 3.20 .16 8.4
5 1146 4.00 .20 10.6
6 955 4.80 .24 12.7
7 819 5.60 .28 14.8
8 n7 6.40 .32 16.9
9 637 7.20 .36 19.0
10 574 8.00 .40 21.1
11 522 8.80 44 23.2
12 478 9.60 .48 25.3
13 442 10.40 .52 27.5
14 410 11.20 .56 29.6
15 383 12.00 .60 31.7
16 359 12.80 .64 33.8
17 338 13.60 .68 35.9
18 320 14.40 ] 38.0
19 303 15.20 .76 40.1
20 288 16.00 .80 42.2
21 . 274 16.80 .84 4.3
22 262 17.60 .88 46 .4
23 251 18.40 .92 48.6
24 240 19.20 .96 50.7
25 231 20.00 1.00 52.8
26 222 20.80 1.04 54.9
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From tests shown in P. R. R. Bulletin No. 26, the
following conclusions were drawn:

(a) For a freight car weighing 72 tons, inclusive of
lading, the resistance per ton per degree of
level curve may be as low as 0.10 pounds or
as high as 1.75 pounds.

(b) A fair average for curve resistance at low
speeds may be taken as 0.8 pounds per ton
per degree of level curve.

(c) Thus a curve of one degree offers the same
resistance as a grade of 0.04 per cent, a
curve of two degrees the same as a grade
of 0.08 per cent, etc.

The report of the Committee on Train Resistance
and Tonnage Rating of the American Railway Master
Mechanics’ Association, 1914, states as follows:

“The resistance of cars due to curvature of
track depends on various track and speed con-
ditions, 0.8 Ib. per ton per degree being much used.
For ordinary track, however, 0.9 1b. per ton per
degree will be found correct in a great many
cases.”

LOCOMOTIVE CURVE RESISTANCE

Resistance of locomotives in passing curves is
evidently higher than for cars because of the long
driving wheel base, and for the reason that the portion
of the weight carried upon the drivers follows other laws
than are applicable to freight cars with their short
wheel base trucks. It would therefore seem that the
curve resistance of locomotives increases materially
with the length of rigid wheel base. The data on this
subject, however, is very incomplete.
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TABLE No. 19—RESISTANCE, POUNDS PER TON PER
DEGREE, LEVEL CURVE

TRAIN PASSING COMPLETELY TRAIN ON CURVE
OVER CURVE ONLY
Resistance Resistance
Curva- Curva-
ture ture
in Maxi-| Mini- | Aver- in Maxi-| Mini- | Aver-
Degrees | mum | mum | age Degrees | mum | mum | age
220 1.54 10.76 | 1.01 2° 0 1.16 | 0.12 | 0.58
1°0’ [0.98]0.20 | 0.51 1° 0 1.22 10.42 | 0.74
1°0 1.68 | 0.47 | 0.89 1°0 1.74 10.69 | 1.13
..... 0° 15 | 1.32 | 0.08 | 0.87
Average................. 0.80 || Average................ 0.83

The report of the American Railway Master
Mechanics’ Association Committee on Train Resistance
and Tonnage Rating, 1916, states the following:

“The curve resistance of locomotive (including
tender) is also found to vary. For Consolidation
locomotives 1.5 1b. per ton per degree will be found
nearly correct for average conditions; for locomo-
tives of longer wheel base or having more wheels,
the resistance will be greater.”

HORSE POWER

It is sometimes convenient to express train resistance
in terms of horse power, because in recent locomotive
designing the boiler and cylinder H. P. forms the basis
for determining the heating surface and the dimensions
of the grate required. Therefore, the total H. P.
output for engine, tender and train on any grade and
at any speed can be compared with the H. P. the
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TABLE No. 20—HORSE POWER PER TON (2000 LB.) DUE TO GRADE AND SPEED ONLY
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cylinders, and what is more important, the boiler,
are capable of developing. When the speed and
tractive effort are known, the equivalent H. P. will be:

VXT
375

where
V = speed in miles per hour.
T = tractive power in pounds at given speed.

The H. P. required per ton for cars at various speeds
and grades is given in Tables Nos. 20, 21 and 22.

The available H. P. back of tender is decreased from
that obtained from the mean effective pressure because
of the energy absorbed by the internal friction of
engine and the rolling, grade, and curve friction for
engine and tender.

TABLE No. 21—HORSE POWER IN POUNDS PER TON
(2000 LB.)—FREIGHT CARS

MiLes Per Hour
Tons
Per
Car 5 10 15 20 25
20 .093 .187 .280 .373 .466
25 .079 157 .235 314 .393
30 .069 .137 .205 .273 .342
40 .056 112 .168 .224 .280
g .049 .097 .145 194 342
.044 087 .131 174 .218
70 .040 .080 .120 .160 .200
80 .037 .075 112 .150 .187
Th

is table shows the H. P. required per ton for weights from
80 tons total on level, straight track, and for speede be-
5 to 25 miles per hour. This table does not include resist-
due to curves and grades.

28
ggs
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TABLE No. 22—HORSE POWER FER TON (2000 LB.)
PASSENGER CARS

MiLes PER HOUR
Tons

Per

Car | 30 35 40 45 50 60 70 80

45 | .394 | .505 | .640 | .797 | .978 | 1.43 | 2.03 | 2.75
50 | .371 | .477 | .604 | .754 | .925 | 1.3511.91 | 2.61
55 352 | .454 | .575 | .717 | .880 | 1.29 | 1.81 | 2.48
60 337 | 434 | 549 | .648 | .843 | 1.23 | 1.74 | 2.37
65 24 | .416 | .528 | .658 | .810 | 1.18 | 1.67 | 2.28

"This table shows the H. P. per ton of passenger cars of 45
to 65 tons in weight on level, straight track at 30 to 80 miles
per hour. The table does not include resistance due to curves and
grades,

VELOCITY GRADES

A short ruling grade can often be approached at a
higher velocity than the average speed. Where 25 to
45 miles per hour can be depended on at critical points,
it is possible to haul heavier trains than if the grade is
run at a constant speed or dead pull. Suppose a train
has a velocity of 35 miles per hour at the bottom of
a grade and gradually decreases the velocity until the
summit is reached at slow speeds of say 5 to 10 miles
per hour. The energy or momentum represented by
the difference between the speeds is therefore gradually
given out to assist the tractive power of the engine.
Under these conditions of relatively high speeds and
short up-grades, trains of much heavier weight than
would otherwise be possible can be hauled.

The effect of velocity to assist the tractive power of a
locomotive in surmounting velocity grades is generally
considered from two points of view:

2
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(a) The determination of grades on a new road or
the reduction of grades on an old road.

(b) The hauling power or tonnage rating of a
locomotive on existing railroads.

The velocity grade reduction in percentage of grade
which may be subtracted from the total percentage is:
Vi — 2
L

Expressed in the number of feet which may be sub-
tracted from the total rise in feet per mile is:

Vi — y2

G =35

F =184.8

The decrease in resistance in pounds per ton which
may be subtracted from the total resistance is:

Vi — 2
L

R=170

where
R = number of pounds per ton to be deducted
from total resistance.
F = number of feet to be deducted from actual

grade.

G1 = per cent of grade to be deducted from actual
grade. ’

V = initial speed at foot of grade in miles per
hour. -

v = speed at top of grade in miles per hour.
L' = length of grade in feet.

The equivalent grade can be found by deducting G,
from the actual grade and the tonnage rating calculated
accordingly; but the decreased tractive power of the
locomotive at higher speeds must be considered, b
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cause the mean effective pressure in the locomotive
cylinders decreases as the piston speed increases.

The length of grade and conditions, such as location
of stations, towers, sidings and block signals must be
considered, because, if located on the grade or near its
foot, they will interfere with its operation as a velocity
or momentum grade.

Example: A locomotive hauling a train of nine 60-ton
passenger cars, approaches the foot of a 2 per cent grade
one mile long at 60 miles per hour and passes the sum-
mit at 30 m.p.h. The virtual grade reduction is:

602 — 302
5280
grade, which is equivalent to 4.2 pounds resistance per
ton.
If considered as reduction in feet per mile:
602 — 30°
5280
Since a 2 per cent grade equals 105.6 feet per mile,
the virtual grade is 105.6 — 94.4 = 11.2 feet grade.
Resistance = 11.2 X 0.3787 = 4.2 pounds.
For reduction in resistance in pounds per ton:
602 — 300
5280
The resistance per ton for 2 per cent grade is 40
pounds. Therefore, the virtual resistance will be 40 —
35.77 = 4. 2 pounds.
Force in pounds to accelerate one ton from rest to
any speed in a certain number of seconds (including 5
per cent for revolving weights) is:

V—v
t

G =35

= 1.79 or 0.21 per cent virtual

F =184.8

= 94 .4 feet.

R=170

= 35.77 pounds.

A =956
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Force in pounds to accelerate one ton from rest to
any speed in a certain distance (including 5 per cent
for revolving weights) is:

Vi — 2

A=170 L

where
A = force of acceleration or deceleration in pounds
per ton (2000 Ib.)

L = distance in feet through which the force
“A” acts.
t = time in seconds.

V = mazximum velocity in miles per hour.
v = minimum velocity in miles per hour.
Including 5 per cent for the inertia of revolving
weights, 95.6 pounds total force will accelerate or
decelerate one ton (2000 1b.) at the rate of 1 m. p. h.
in each second. To this must be added or deducted
the train resistance per ton for straight, level track,
uncompensated curves, grades, etc.
TABLE No. 23—SECONDS REQUIRED TO ACCELERATE

FROM REST TO VARIOUS VELOCITIES WITH FORCES
VARYING FROM 15 TO 95.6 POUNDS PER TON

Accelerating Munss Pse Hovr
Force in
Lb. Per Ton
5 |10(16|20|25|30]35 l 40 |50 60|70 | 80
15 32 | 64 | 06 [128 |150 [191 (223 319 446 | 810
20 24 | 48 | 72 | 96 1120 |143 |167 |101 286 1335 | 382
25 19 | 38 | 57 | 77 115 |134 [153 |191 267 | 306
30 16 | 32 | 48 | 64 | 80 111 1127 |159 {191 |223 | 255
40 12 | 24 | 36 60 | 72 | 84 120 (143 {167 | 191
50 101029 (38|48 | 57|67 | 76| 96 {115 [134 | 1563
60 8116 |24 )132|40 |48 | 56| 64| 80 | 96 |112 | 127
70 7114212713441 |48 |65]|68]|82][96][100
80 612118 3036|4248/ 60| 72]|84) 96
920 5{11]16]21|27]132|37|43|563|64]75] 8
95.6 5(10|15| 20| 25|30 |35[40|50]|60}70][ 80
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WEATHER CONDITIONS

Tables of train resistance give the maximum amounts
for fair weather conditions, temperature 45° F. and
above, with no wind or light winds not exceeding
20 m. p. h. For heavy winds, quartering winds, or
decrease in temperature below 45° allowances must
be made.

Cold weather increases journal friction but does not
alter materially the other elements of train resistance
such as rolling and flange friction, track resistance, and
air resistance.

High winds increase head air resistance on exposed
parts and in most cases flange friction also, especially
when winds are quartering, because the wind pressure
forces the wheel flanges hard against the opposite rails.

Obviously the element of grade resistance remains
unaffected by either cold weather or high winds.

In cold weather, locomotive efficiency is lower, be-
cause with congealed lubricants and cold rubbing sur-
faces journal friction is higher. Heat losses from the
boiler, firebox, cylinders, etc., are much increased but
vary with the temperature.

At slow speeds in zero weather, a reduction in
tonnage of more than a small percentage may not be
necessary because the full horse power of the boiler
is seldom used. At high speeds the effect of cold is
much more noticeable on account of greater radiation
losses and greater demands upon the boiler.

Experiments made on the Illinois Central Railroad by
Prof. E. C. Schmidt for the University of Illinois,
published in 1912, show a large increase in journal
friction in cold weather, and explanations are made

owing how the temperature of the journal and

aring is related to the resistance on straight and
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level track. These tests show that journal friction
in a temperature of 0° F. of freight cars moving at
10 to 12 m. p. h. is 50 per cent greater than at 70° F.
At 20 m. p. h. the resistance was increased by 68 per
cent.

Because cold weather adds largely to the train re-
sistance on a straight level track, it does not necessarily
follow that a corresponding reduction need be made in
tonnage, since the resistance required for grades
remains unaffected.

The necessary reduction in tonnage rating will de-
pend upon the physical characteristics of the road.
If the road is comparatively level, with or without
momentum grades, the reduction necessary for cold
weather will be a considerable percentage of the
maximum rating. If, on the contrary, the run includes
long, heavy grades on which momentum is of little
assistance, the percentage of reduction for cold weather
will be small, because the resistance on straight and
level track (of which journal friction constitutes so
large a proportion) is quite small in comparison with
resistance due to grade. For general conditions the
following is suggested:

Temperature 45° F. and above—light or no

winds. ............ L, 1009,
Temperature 45° to 25° F. or heavy winds. 92%
Temperature 25° to 0° F................. 849,
Temperature 0° F. and below......... ... 75%

The effect of head winds is to increase the air pressure.
It may be approximated by adding to the velocity of
the train the velocity of the wind, and using this figure
instead of the speed of the train in the expression
0.002 V2 A.
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For example: If a train is running at 60 m. p. h.
with a head wind of 30 m. p. h.,, it is evident that the
air pressure will be 90 m. p. h. In Table No. 12 for
Engine Friction and Head Air Resistance, the result
may be read directly from the table under the appro-
priate speeds, as the machine friction does not increase
materially with the speed. For an engine having 100
tons on the drivers, the figures would be 3085 pounds
for 60 m. p. h.; but if running into a head wind 30
m. p. h., the increased resistance would be 1080, or
a total of 4165 pounds.

“A’” has been assumed as equal to 120 sq. ft. If the
increased pressure due to the velocity of the wind,
in addition to the speed of the train, is taken as in the
foregoing example, the suggested percentages of re-
duction may be omitted in good weather. In case of
stormy weather and heavy quartering winds a reduction
of 8 to 25 per cent from maximum may be required.

TONNAGE RATING

From the foregoing it will be seen that the resistance
of a car, either passenger or freight, varies with its
weight. For freight cars the resistance per ton may be
twice as much when empty as when fully loaded.
Before the number of tons which a locomotive will haul
can be accurately determined, it is necessary to know
the make up of the train as to the number and average
weight of the cars. The two principal conditions which
affect tonnage rating are (a) weight of cars (loaded,
partially loaded or empty), (b) temperature or weather
conditions.

From the preceding tables, the loaded resistance per
ton may be taken and divided into the drawbar pull
available at the limiting points, whether due to grade,

>ed or other service conditions. If the conditions and
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the average make up of trains were constant, the prob-
lem would be simple and need but little more considera-
tion than the data which has been given in the pre-
ceding pages; but on account of the variations in the
size and weight of cars, whether loaded, partially loaded
or empty, it has been found desirable on many of the
leading railroads to adopt a method of train loading
which consists of assigning a definite number of ad-
justable tons to a given class of locomotive on a certain
division or portion of division. This adjusted tonnage
is so arranged that the total resistance of the train is
equal for all make up of trains, whether loaded,
partially loaded, or empty.

Space in this hand-book is insufficient to discuss this
matter in detail. Information on this subject is given
in the report of the American Railway Master
Mechanics’ Association Committee for 1915-1916 on
Train Resistance and Tonnage Rating which is largely
based on information obtained in the Pennsylvania
Railroad Bulletin.

FOREIGN FREIGHT CAR RESISTANCE
(4-Wheeled)

An average resistance of 6 pounds per ton of 2240
Ib. (equivalent to 5.36 lb. per ton of 2000 lb.) was
obtained from test run on the London & Northwestern
Railway. An automatic record was taken of the
drawbar pull by means of a dynamometer car behind
the engine. The average speed, exclusive of stops, was
16.5m. p. h. The train consisted of 57 ten-ton capacity
coal wagons. The average tare of each wagon was 5.4
tons (6.048 tons of 2000 lbs.) Load 7.44 tons (8.33
tons per 2000 1b.) Journals 4} inches and wheels
33 inches diameter. Wheel base 9 feet. Two axles,
no trucks. .
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TABLE No. 24—FOREIGN PASSENGER CARS

RESISTANCE IN POUNDS PER TON OF 2000 LB.
(Aspinall’s Experiments)
Average weight of cars, 23.5 tons (2000 1b.) 4-wheeled trucks.
Qil lubrication. Bodies 49 feet long. Ai i

friction may account for

the resistance at high speeds being greater than the latest American
tests of passenger cars two or three times their weight.

TABLE No. 25—FOREIGN PASSENGER CARS

RESISTANCE IN POUNDS PER TON OF 2000 LB.

(Barbier’s Experiments)
¢ cAk:erage weight of cars, 11.75 tons of 2000 Ib. Two axles, no
rucks.

Mnxs Pez Hour
Barbier's Formula for 4-
Wheeled Cars
20| 30 | 40 50 60 70
1.609V. 2000
5.62| 7.57| 9.95| 12.82] 16.20{ 20.10 [3.58+l.658V(—-|-m) X—
X 1000 2240
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TRACK RESISTANCE

Upon the correct surfacing, alignment and stiffness
of the track depends to a very great degree the elimina-
tion of useless oscillations and concussions that absorb
energy and from which no return can be made. ‘“‘Lateral
oscillation, especially the kind dampened by friction,
is an absorption which forms part of the general
resistance.” Under this heading may be grouped low
joints and irregular surface of the rails, either by
kinking or lack of support. Therefore, the items
chargeable broadly to track resistance are two,
namely:

(a) Deflection of track, requiring the wheels to
run always on a grade.
(b) Those which produce concussion and oscillation.

The track which would give apparently the lowest
resistance values per ton consists of rails which are
true on the surface, which deflect little under the
moving load, and are in correct alignment horizontally
and vertically.

Regarding the stiffness of the track, Dr. Dudley,
in his pamphlet “Condensed Diagrams of the In-
spection of the N. Y. C. & H. R. R. R.,” 1899, says:

“On the light 414-inch, 65 Ib. rails, the freight
train resistance was 7 to 8 1b. per ton, and is now
reduced to 315 1b. on a 534-inch, 80 Ib. rail for the
60,000 Ib. capacity cars and long trains. For
80,000 to 100,000 Ib. capacity loaded cars it would
be still less.”

Two or three years later he adds:

“The great reduction in train resistance in
America in the past few years has been due to
putting stiffer rails in the track, quite as much
as to improvements in rolling stock. In fact
the former had permitted the latter.”
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RESISTANCE OF MALLET LOCOMOTIVES

On a straight track, whether level or on grades, the
resistance of Mallet locomotives may be estimated
in a similar manner to the figures previously given,
but on curves the superiority of the Mallet locomotive
will be apparent, since the flexibility due to the
articulation of the front engine lessens materially the
resistance in passing curves. This difference is most
marked when the Mallet engines are compared with
other types of large locomotives, such as four and
five coupled, having long, rigid wheel bases. Therefore,
in estimating the curve resistance of Mallet engines,
they should be considered in regard to the length of
rigid wheel bases of engines used in similar service.

.Mallet engines frequently take the place of two or
three ordinary types of locomotives, because the
number of driving axles in one unit can be increased
without exceeding the limit of axle load. Therefore,
the weight available for adhesion is greater, and there
is less flange and rolling friction. The total supply of
coal and water can be carried in one tender instead of
two or three. For these reasons the live tonnage
ratings of the Mallets may be increased proportionately.

INFLUENCE OF GAGE

Other things being equal, there is no reason why the
resistance of trains on straight track is affected by the
difference in the distance apart the rails may be placed;
therefore, whether narrow, standard or broad gage is
used, the resistance per ton under the stated conditions
remains the same.

It is only when we consider curvature that a slight
difference in favor of the narrower gages appears,
because the closer the rails are placed together the less
difference there is in the length of the inner and
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outer rails -for curves of the same radius, and con-
sequently there is less slipping of the wheels. For the
same reason sharper curves may be used on narrow
gages; also the rolling stock is better adapted for sharp
curvature on account of the shorter wheel bases
generally used. The data available on curve resistance
for narrow gages is far from complete, but in a general
way the figures most commonly used indicate that 0.6
pounds per ton per degree, equivalent to a grade of
0.03 per cent, is fairly satisfactory in practice.

TRAIN RESISTANCE OVER FROGS AND
SWITCHES

Ordinary rules for train resistance on straight, level
track will not apply in connection with ladder tracks in
yards or similar purposes, because the switches and
frogs offer much greater resistance to the rolling of
a car. The recognition of this increased resistance is
especially necessary in connection with gravity yards.

From tests in ‘“Rolling Resistance of Cars over
Switches and Frogs,” by C.L. Eddy, Bulletin, American
Railway Engineering Association, March, 1915, it has
been ascertained that in a general way the resistance
of such ladder tracks varies from 1334 1b. for a 60-ton
gross weight car to 2414 1b. for a 15-ton car. These
figures were plotted out from a large number of tests
and therefore represent average results. The resistance
was found to vary with the weight of the car in a similar
manner to the resistance on straight, level track. Also,
the temperature has an important bearing on this ques-
tion, since the resistance is influenced very materially
by the journal friction and condition of lubricant. In
the report it was suggested that in order to prevent
lagging of cars on a gravity track it was desirable to
provide for a resistance of 33 pounds per ton, which
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corresponds to a grade of 1.65 per cent. This provides
for adverse winds, low temperature, etc.

SUMMARY
Some general conclusions upon train resistance are
as follows:

1. The resistance per ton of freight cars decreases
greatly with the increase of weight and capacity:
therefore it is economical to use fully loaded large
capacity cars. An empty or partially loaded car has
a much greater resistance per ton than one fully loaded.

2. The condition of track, alignment—both in ver-
tical and horizontal planes—stiffness of rails, etc.,
materially affect train resistance because much energy
is expended in hauling cars on poor track on account
of dampened oscillations causing absorption of energy,
and concussions which principally increase flange
friction.

3. The decrease in resistance on level, straight track
of cars of 50 tons capacity (total about 72 tons) or
greater, is of great significance in estimating tonnage
ratings on low grade roads. This decrease in resistance
becomes of relatively less importance with increase
of grade.

4. It has been observed frequently that the resistance
of American freight cars is practically the same between
the limits of 5 and 25 miles per hour.

5. Journal friction is greatest at starting, then
rapidly decreasing and gradually reaching its minimum
somewhere around 15 to 20 miles per hour, and after-
wards remaining constant or slowly increasing. This
condition is influenced materially by weather con-
ditions.

6. Journal friction with good lubrication within the

A
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limits of railroad pressures probably varies inversely
as the square root of the pressure.

7. With large capacity loaded cars at freight car
speed on good stiff track, journal friction forms a large
percentage of freight car resistance.

8. Decrease in temperature causes journal friction
to increase. Allowance from full tonnage must be made
for cold weather and high winds.

9. Grade resistance is equal to 20 pounds per ton
(2000 1b.) for each one per cent. It is unaffected by
weather conditions, but the length of grade, if operated
by reducing velocity, must be considered.

10. Resistance per degree of curvature in pounds
per ton should not be taken at lessthan0.08 for standard
gage, and 0.06 for narrow gages. For locomotives it
varies materially with the length of rigid wheel base.

11. Engine friction should be considered apart from
the resistance of cars and estimated from the weight
ondrivers. The tender and part of the engine supported
on trucks or trailing wheels may be taken at the same
resistance per ton as cars of approximate weight.

12. Engine friction may be approximated by mul-
tiplying the weight on drivers in tons by 25 pounds.

13. The maximum horse power of a saturated steam
locomotive is usually reached at about 700 feet piston
speed per minute; constant horse power at 700 to
1000 feet piston speed, decreasing slightly at higher
speeds with the decrease in the efficiency of the engine.
For superheated steam locomotives the maximum
horse power is usually reached at 1000 feet piston
speed per minute, then constant horse power up to
its limitations.

14. The resistance of passenger cars has usually been
over-estimated; but the decrease in available power of
a locomotive at high speeds, due to the decrease in
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mean effective pressure in combination with the
energy absorbed in moving the engine and tender
generally has been under-estimated. .

LOCOMOTIVE RATIOS
By F. J. CoLE, Chief Consulting Engineer

The following rules are based on cylinder and boiler
horse power and on proper evaporating values being
assigned to firebox, tube and flue, arch tube and com-
bustion chamber heating surfaces.

Because the horse power is based on piston speeds,
the stroke and diameter of wheels are omitted in the
figures. This also eliminates any further regard to the
specific service of the locomotive, making this method
of proportioning apply equally both to passenger and
freight service. :

For saturated steam the horse power calculation
becomes by cancellation:

85P X 412X1000X2A 1.7P X 412 X A
33,000 33

= .0212 X P X A
H.P.= .0212 X P X A
A = area of one cylinder in square inches.
P = boiler pressure.
.412 = speed factor, Table No. 14.
In a similar manner the horse power calculatlon for
superheated steam becomes:
H.P. =.0229 X P X A .
Using 0.445 as the speed factor, Table No. 14.
For a given diameter of cylinder and boiler pressure,

the horse power may te read directly from the Tables
No. 26 and No. 27.
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When the locomotive is operated under the most
favorable conditions the maximum horse power can
sometimes be increased to a greater amount than
given. It is considered safer and better practice to
take figures which represent average conditions rather
than the abnormal and unusual figures obtained when
all conditions are most favorable.

The horse power basis affords many additional
advantages in designing locomotives. For instance,
in determining the maximum amount of water and
coal required per hour, the size of the grate naturally
follows along after the amount of coal is determined,
to be varied according to the quality that can be burned
to the best advantage. Knowing the amount of coal
required to be supplied to the firebox per hour, directs
attention to the question of hand firing or the use of
a mechanical stoker. Knowing the amount of water
evaporated per hour determines the location of water
stations, size of tender and tank, and also forms the
basis for other features of the boiler such as stack, size
of injectors, safety valve capacity, and the size of
steam pipes.

From the reports of Pennsylvania Railroad testing
plant at St. Louis and Altoona, various road tests made
under different conditions, and reports of Dr. Goss, the
conclusion is reached that a horse power can be ob-
tained from 25 to 29 1b. of saturated steam in simple
cylinders with piston speeds of 700 to 1000 feet per
minute. A fair average value has been taken as 27
Ib., and in a corresponding way 20.8 Ib. for steam
superheated 200° and over. These figures provide
steam for auxiliaries. The evaporation of combined
firebox and tube heating surface in a locomotive boiler
having 214-inch tubes, 18 feet long, spaced % inch, is
taken at 1334 pounds of water per square foot per
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hour. While careful tests show that the evaporation
can be increased under the most advantageous con-
ditions to 143 or 15 1b., or more per hour with high
degrees of smokebox vacuum, it is considered better
practice to take the lower figure in order to provide a
margin for average conditions.

Short tubes have much greater evaporative value per
square foot of heating surface than long tubes, but they
discharge the gases into the smokebox at much higher
temperatures. Therefore, while the heat absorbed per
foot of length is much greater for short than long tubes,
it. is not so economical, and the short tube boiler,
other things being equal, requires more coal for a given
evaporation. Where tube lengths of 12 or 14 feet were
common fourteen or fifteen years ago, lengths of 20,
22 and even 24 feet are used in the modern engine of
to-day. The result is that the smokebox temperatures
have decreased from about 750 to 800 degrees, to 550
to 600 degrees, the only increase of energy required
being the slightly greater draft in the smokebox to
pull the gases through the long tubes. This is not in-
tended as a defense of the long tubes in modern engines,
especially of the 462, 482, and other types, because in
most cases their construction requires long boilers.
Nevertheless it can be shown by tests that economy
results from the better utilization of coal in the modern
engine than in older types, as the range of temperatures
at which the engine works, that is, the difference
between the temperature of the furnace and that of
the stack with the long tube locomotive is greater.

EVAPORATIVE VALUES—TUBES, FLUES AND
FIREBOX

. Equated evaporative values in pounds per square
foot of outside heating surface are given in Table

b )



TABLE No. 28—EVAPORATION FROM TUBES AND FLUES IN LB. OR STEAM PER HR. PER SQ. FT.
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No. 28 for tubes 2 and 214 inches in diameter and super-
heater flues 534 and 514 inches in diameter. The
range of length is 10 to 25 feet, and spacing %¢ inch to 1
inch. By extending the Coatesville evaporation tests
beyand the figures obtained when the firebox and tube
evaporation were taken separately, 9.97 lb. of water
evaporated per hour per square foot of outside tube
heating surface, and 54.8 Ib. per hour per square foot
of firebox heating surface were obtained. These, for
the sake of eliminating unimportant fractions, were
taken at 10 1b. for tube heating surface and 55 Ib. for
firebox heating surface. Values for heating surfaces
for different outside diameters of tubes and flues are
given in Table No. 29.

Best available data shows that the evaporative value
of tubes or flues varies with differences in length,
diameter and spacing. The rate of evaporation on this
basis will vary directly as the difference of temperature
of the gases passing through the tubes and flues and
that of the steam contained in the boiler. The base
figure taken is 10 Ib. of water per hour per square foot
of outside heating surface of 214-inch tubes 18 feet
long.

Equated values for 2-inch tubes from 10 to 21 feet
in length and spaced ¥ inch to 1 inch apart, are based
on the theory that the degree of evaporative efficiency
due to difference in diameter, because of their smaller
cross-sectional area, may be taken praportionately to
the difference in heating surface; or expressed different-
ly, no loss or gain occurs within the range of locomotive
practice between 2 inch and 214 inch O. D. tubes, and
the figured gain for heating surface of 2-inch tubes is
decreased in porportion to their cross-sectional area.

In equating the tube spacing, half the difference in
the loss or gain of heating surface on a given tube

)
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sheet area has been taken as affecting the value of
the tube for evaporation. For instance: The percent-
age of loss' of heating surface in spacing 2-inch tubes
1 inch, in comparison with 3{ inch, is 16 per cent.
See Table No. 30, ratios of heating surface to diameter
and spacing of tubes. Because of the better circulation
of water and freer discharge of steam, the actual
heating surface is not in proportion to the actual
amount lost. Half the difference, or 8 per cent, has
therefare been taken as the amount of equated heating
surface lost, and this amount has been used in pre-
paring Table No. 28.

TABLE No. 30—RATIOS OF OUTSIDE HEATING SURFACE
TO DIAMETER AND SPACING OF TUBES

. This table shows the effect of ch in tube di and
spacing in relation to heating surface. Unity is expressed by-
2-inch O. D. tubes spaced 3{ inches apart. For comparison, if
234 -inch tubes were spaced 1-inch, 80.6 per cent heating surface
would be obtained.

s DIAMETER OF TUBEs

pace
between

Tubes 1%* 1%° 2° 2K’ 215"

3% 1.611 1.466 1.341 1. 1.144

%' 1.509 1.379 1.271 1.177 1.096

Lo M 1.418 1.307 1.210 1.125 1.050

%" 1.332 1.238 1.150 1.077 1.010

[ 754 1.256 1.173 1.097 1.029 .968

be” 1.184 1.111 1.047 .986 .930

L 784 1.120 1.059 1.000 .945 .895

i%" 1.061 1.006 .957 .909 .860

’ 1.005 .963 915 .871 .830

. % .953 .916 877 .837 .79

1’ .907 .875 . . 772

1%° .863 .837 .808 774 . 742

134" .825 .801 .74 .747 .719

1%’ .785 .767 744 .719 .696

1}(: .750 .735 .716 .694 .672

1%" 718 707 .688 .670 .652

i’ﬁ & 4 83 &6 613

13" 630 627 .617 605 591
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“Tube spacing,” as referred to, means the space
between the tubes or flues proper. This should not be
confused with the tube and flue bridges on the tube
sheet, which may differ from the spacing because -of
swedging.

Tube spacing depends principally upon the quality of
feed water. A spacing of 1% inch for 2-inch tubes 21 feet
long has been successfully used in good water districts,
but can hardly be recommended for bad water. The
tube spacing most generally used and representing
average conditions is 3{ inch, increasing to 74 inch, %g
inch, 1 inch or more in bad water districts, and de-
creasing to 1g inch or even 54 inch in good water dis-
tricts and for short flues.

GRATE AREA

Grate area required for bituminous coal is based
on the assumption that 120 Ib. of coal per square foot
of grate per hour is a maximum figure for economical
evaporation. While 200 and 225 pounds have at times
been burnt in small, deep fireboxes and the engines
made to produce sufficient steam, it is wasteful of fuel
and it has been found, after numerous and careful
tests, that the evaporation per pound of coal under
these conditions is very low. If, on the other hand, the
rate of combustion is too slow, economical results will
not be produced owing to the fact that at least 20
per cent of the coal burned produces no useful work
in hauling trains, but is consumed in firing up, waiting
at round houses or terminals, on side tracks, or to the
fact that the greater portion of the time locomotives
are used at considerably less than their maximum
power.

An evaporation per hour of 684 1b. of water per pound
of bituminous coal has been assumed as a fair average
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value. It has already been shown that a horse power
can be obtained from 27 1b. of saturated steam. There-
fore, 27 divided by 634 equals 4 lb. of coal per horse
power hour for saturated steam locomotives.

Maximum rate of combustion is taken at 120 lb.
per square foot of grate per hour with coal of good qual-
ity, containing say 14,000 B. T. U. The grate surface
required will equal H. P. times 4 divided by 120, or
by cancellation dividing the H. P. directly by 30.00
for saturated steam.

For hard coal, the grates should be proportioned for
a range of from 55 to 70 lb. of coal per square foot
per hour according to the grade of the fuel.

SUPERHEATED STEAM

When steam is superheated 200 degrees or more, the
volume is largely incteased and the cylinder con-
densation decreased. For temperatures and pressures
ordinarily used for superheater locomotives, the saving
in weight of steam due to these two causes may be
conservatively taken at 23 per cent. Therefore, the
boiler may be proportioned with 23 per cent less
evaporating heating surface than for saturated steam.
With saturated steam a horse power can be obtained
from 27 pounds of steam. The steam consumption
for superheated steam then becomes 27 lb, less 23
per cent or 20.8 Ib. per H. P. hour. This figure, 20.8
Ib. per H. P. hour, is consistent with results obtained
in actual tests of superheater locomotives. As some
heat is absorbed in superheating the steam, the fuel
saving has been assumed to be equal to 18.75 per
cent. With saturated steam a horse power hour re-
quires 4 lb. of coal. With superheated steam, 4 Ib. less
*8.75 per cent equals 3.25 Ib. of coal per H. P. hour.
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H.P. X3.25 H.P.
120 " 36.9

Total steam used per hour = H. P. X 20.8 Ib.
Total coal burned per hour = H. P. X 3.25 1b.

BOILER CAPACITY

The most desirable proportion of boiler capacity to
aim for is 100 per cent, making the boiler and cylinder
horse power equal, but on account of the difficulty
of obtaining the full amount of heating surface in
locomotives of light and moderate weight, it may be
necessary to accept something below these figures.
For heavy engines, the 100 per cent figures may be
readily obtained. If there is a surplus of heating
surface; for instance, if the calculated figures are 105
per cent; it would be optional whether the cylinder
proportions should not be increased and the factor
of adhesion reduced, provided there is sufficient weight
on drivers. This would seem desirable in case the
factor of adhesion was very high, say 4.75 and over, with
good quality coal and favorable conditions generally.

It must be remembered, however, that the boiler
capacity for a locomotive cannot generally be made
too large within the permissible limits of weight, and
it can be shown by numerous tests, especially by Dr.
Goss’ investigations, that such increase in -boiler
capacity makes for considerable economy in the use
of fuel and steam. For passenger service, the boilers
may often be made with advantage over 100 per cent.

In a general way, a boiler will have ample steam
making capacity if proportioned by the tables for 100
per cent, provided the grate is sufficiently large and
deep so that the rate of combustion at maximum horse
power does not exceed 120 1b. per square foot of grate
per hour of bituminous coal of average quality. For

Grate area, =
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gas coal a smaller grate may be used, but it is better
practice to use the larger grate and brick off a portion
at the front end in order to obtain sufficient volume
of firebox for proper combustion, because nearly all
large modern locomotives are deficient in firebox
volume.

The method of proportioning described has been
used by the American Locomotive Company for the
last six years in all their locomotive designing. Nu-
merous road tests, laboratory tests, and records of
engines in service have been investigated and carefully
checked with the ratios. These six years of service
have so thoroughly proven the consistency of the
method that it has been adopted as this company’s
standard.

OIL BURNERS

Locomotives for burning oil should be designed with
the same proportions of heating surfaces, grate, etc.,
as for bituminous coal. Many locomotives in service
designed for coal have demonstrated themselves to be
perfectly satisfactory for oil, the oil is burnt under
good conditions and the evaporation is high as oil has
a greater heating value than coal. Advantage is also
gained in the possible conversion of the engines into
coal burners without sacrificing any of their steaming
qualities. Conversion may sometime be required as
the supply of oil may be exhausted in certain localities,
or the engines may be transferred to other divisions.

SWITCHING ENGINES

For switching engines, which are not used in road
or transfer service, the maximum H. P. is rarely
developed, because a piston speed of 700 feet per
minute is seldom reached. Therefore, the percentage
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of heating surface may be decreased. It is economical
to use large boilers to obtain the necessary weight,
spacing the flues relatively further apart.

RECAPITULATION
HORSE POWER

May be read directly from Tables No. 26 and No. 27.
Saturated Steam Table No. 26.
Superheated Steam Table No. 27

or calculated from
H.P. = .02120 X P X A—saturated steam.
H.P. = .02290 X P X A—superheated steam.
P = boiler pressure, pounds per sq. inch.
A = area of one cylinder diameter.
Maximum H. P. assumed to be reached at the follow-
ing piston speeds:
Saturated steam—700 feet per minute.
Superheated steam—1000 feet per minute.

STEAM
Amount per hour
H. P. X 27.0 Ib.—saturated steam.
H. P. X 20.8 Ib.—superheated steam.

EVAPORATION
Pounds per sq. ft. of heating surface per hour:
Firebox—55 1b. per sq. ft.
Combustion chamber—?55 Ib, per sq. ft.
Firebox water tubes—>55 1b. per sq. ft.
2-inch tubes, 18 ft. long, %g-inch spaces, 9.54 1b.—
base figure.
214-inch tubes, 18 ft. long, 5¢-inch spaces, 10.00 1b.—
base figure.
(Equated for spacing and length.)
For tabulated values, see Table No. 28.
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COAL
Quantity burned per hour:
H. P. X 4.00 Ib.—saturated steam.
H. P. X 3.25 Ib.—superheated steam.

GRATE AREA
Grate area required:
divided by 30.00—saturated steam.
divided by 36.90—superheated steam.
or calculated from
Total coal divided by 120.

H.P.
H.P.

CONDENSED METHOD OF USING LOCOMOTIVE RATIOS

(a) From weight limitation on drivers, and from
service, type, etc., obtain the required tractive
power.

(b) From tractive power, boiler pressure, stroke, and
size of driving wheels, obtain diameter of cylin-
der. Ascertain horse power from diameter of
cylinder and boiler pressure. See Tables No.
26 and No. 27.

(c) Estimate total steam per hour from:

II. P. X 27.0 Ib.—saturated steam.
H. P. X 20.8 Ib.—superheated steam.

(d) Estimate total coal per hour from:

H. P. X 4.00 Ib.—saturated steam.
H. P. X 3.25 lb.—superheated steam.

(e) Ascertain size of grate from total coal divided by

120 or H. P. divided by
30.00 for saturated steam.
36.90 for superheated steam.

(f) The evaporation of the firebox equals firebox
heating surface X 55 Ib. per square foot per hour.
If combustion chamber or arch tubes are used,
add their heating surface to the firebox.
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(g) Subtract (f) from (c) to obtain tube and flue
evaporation required.

(h) Obtain evaporative value of each tube or flue for
length, diameter and spacing. Subtract total
flue evaporation from (g) if boiler has super-
heater, and divide remainder by value for each
tube toobtain number required. See TableNo. 28.

(i) To obtain percentage of boiler divide total pounds
of steam proposed boiler will evaporate by
pounds of steam required.

(j) When the proportions of existing boilers are
desired for comparison with their engine cylinder
horse power, or with other boilers, the evapora-
tive value of the tubes can be obtained by multi-
plying their outside heating surface in square
feet by the value in Table No. 28 for length, diam-
eter and spacing.

EXAMPLE
A Pacific (462 type) with 150,000 Ib. on driving
wheels, 200 1b. boiler pressure, SATURATED STEAM,
75-inch drivers, 28-inch stroke, simple cylinders.
Assuming 33,600 1b. tractive power, factor of ad-
hesion equals 150,000 divided by 33,600 or 4.46.

2
. . / 33,600X75
Diameter of cylinder = Bx X28=23

or direct from tables of tractive power.
Horse power from Table No. 26 = 1764
Total steam per hour = 1764 X 27 = 47,630 Ib.
Total coal per hour = 1764 X 4 = 7056 lb.
Grate areain sq. ft. = 1764 +30 = 58.8sq. ft.
Firebox, assumed 212 sq. ft., evaporatlon at
55 1b. 11,660 Ib.

Leaving to be evaporated by tubes 35,970 1
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Surface of one 2-inch tube, 20 ft. long, after deducting
for tube sheets = 10.423 sq. ft.

Tubes 2 inches diameter, 20 feet long, spaced 34 inch—
rate of evaporation = 8.32.

Evaporation for each tube = 10.423 X 8.32 = 86.7.

Number of tubes required = 35,970 <+ 86.7 = 415.

EXAMPLE

A Pacific (462 type) with 150,000 1b. on drivers, 200
Ib. boiler pressure, SUPERHEATED STEAM,
75-inch drivers, 28-inch stroke, simple cylinders.

Assuming 33,600 Ib. tractive power, factor of ad-
hesion equals 150,000 divided by 33,600 or 4.46.

:
. . / 33,600X75
Diameter of cylinder = B5X200X28 23

or direct from tables of tractive power.
Horse power from Table No. 27 = 1904
Total steam per hour = 1904 X 20.8 = 39,600 1b.
Total coal per hour = 1904 X 3.25 = 6188 1b.
Grate area in sq. ft. = 1904 + 36.90 = 51.6 sq. ft.
Firebox, assumed 212 sq. ft., evaporation at
55 Ib. 11,660 Ib.

Leaving to be evaporated by tubes and flues 27,940 lb.

Tubes 2 inches diam., 20 feet long, spaced 3{ inch—rate
of evaporation = 8.32. -

Flues 534 inch diam., 20 feet long, spaced 3{ inch—
rate of evaporation = 10.00.

Surface of one 2-inch tube, after deducting for tube
sheets = 10.423 sq. ft.

Surface of one 5%4-inch flue, after deducting for tube
sheets = 28.011 sq. ft.

Assuming 30, 534-inch flues, the evaporation is 30 X
28.011 X 10.00 = 8403 Ib.
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27,940 — 8,403 = 19,537 Ib. for tubes to evaporate.
Number of tubes = 19,537 + (10.423 X 8.32) = 225.

INFLUENCE OF WEIGHT

Satisfactory proportions of heating surface are
obtained easier in heavy than in light engines of the
same class. This is owing to the fact that a large
number of details, as cabs, couplers, boiler fittings,
brakes, and a number of other items do not vary in
direct proportion to the total weight of the engine.
The greater portion of any increase in weight being due
to increased boiler capacity.

TABLE No. 31—-BOILER TUBES
RELATION OF DIAMETER TO LENGTH

For bituminous coal burning engines the preferred ratio of tube
length to the sectional area of tube outside, is from 70 to 73.

Qutside Length corresponding to Ratio of:
Dlamreter
ol
Tube 70 73
2 18’ —4” 19'—1”"
214" 23 —2” 24’ — 2"
214" 28" — 7" 29 — 10"




TABLE No. 32—WEIGHT OF TUBES
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CALCULATIONS FOR BOILER AS ADOPTED BY
- THE AMERICAN LOCOMOTIVE COMPANY

EFFICIENCY OF LONGITUDINAL SEAMS

As the ordinary longitudinal seam is divided into
a certain number of equal rivet pitches, for conve-
nience in figuring only one pitch or section is considered.
Therefore when the pitches are uniform throughout
the length of the sheet the efficiency-of the seam will
be the same as the efficiency of one pitch.

As a basis for calculation, assume an ultimate
tensile strength of 55,000 1b. per sq. inch in the shell
plates and welt strips, and an ultimate shearing strength
of 40,000 1b. per sq. inch in the plate or rivets.

As it is difficult to give a formula that will govern
all conditions that may come up in different seams,
the figures and method given are for obtaining the
efficiency of seam as shown by the following sketch,
and by using this method the efficiency of seams of any
pitch, thickness of sheet, or size of rivets can be de-
termined.

Figure No. 2
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The value of rivet in single shear is:
1.1075 X 40,000 =44,300 1b.

With a pitch of 8” and a thickness of shell sheet of

13/16” the ultimate strength of solid plate is:
8 X 13/16" X 55,000 =357,500 1b.

Let the point “A—A"’ marked on the sketch be the
outer row of rivets.

At “A—A” we have an area to resist tearing equal
to 8” minus the diameter of one riveted hole multiplied
by the thickness of the plate or (8—1 3g) X13/16 =5.535
sq. inches.

5.535 X 55,000 =304,400 Ib. the ultimate strength
at “A—A.”

Let “B—B”’ be the middle row of rivets.

At “B—B" we have an area to resist tearing equal
to 8” minus the diameter of two rivet holes multiplied
by the thickness of plate or (8—234) X13/16=4.5703
sq. inches.

4.5703 % 55,000 =251,400 1b. the ultimate strength
of plate at “B—B.”

Before the plate can tear through “B—B” it will be
necessary either to shear one rivet at “A—A”’ or the
rivet to crush or shear welt strip at “A—A.”

The value of welt at “A—A" in shear is:

156—13¢) X2 X 54 =1.2891 sq. inch X 40,000
(——2 ) =51,560 Ib.

The value of one rivet in single shear at “A—A” is
44,300 1b.

Since the shear of one rivet is less than the shear of
the welt at “A—A" the efficiency at “B—B” is equal
to the ultimate strength of the plate at “B—B"" plus
the shear of one rivet or 251,400 1b. plus 44,300 1b.=
295,700 1b.
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The strength of plate through “C—C” is the same
as the strength of plate through ‘“B—B”’ and in addi-
tion it is necessary to shear out both the inside and
outside welts or five rivets in single shear. The seam
therefore is evidently stronger at ‘“C—C” than at
ICB_B.,'

The efficiency at “A—A” is equal to the strength
at “A—A” divided by the strength of solid plate or
304,400 divided by 357,500 =85.29,.

The efficiency at ‘“B—B” is equal to the maximum
strength at “B—B” divided by the strength of solid
plate or 295,700 divided by 357,500 =82.6%.

The seam may also fail by shearing all the rivets.
We have four (4) rivets in double shear and one (1)
in single shear. Four (4) rivets in double shear =
354,400 Ib. One (1) rivet in single shear =44,300 1b.

Total value of rivets in shear =398,700 1b.

Therefore the efficiency of the rivets will be:
398,700 divided by 357,500 =111.4%,.

The minimum efficiency of the seam therefore would
be at “B—B" or 82.69%,.

In regard to the bearing pressure on rivets; on A. L.
Co.’s std. seams 14,000 lb. per sq. inch is the maximum
bearing pressure allowable. In figuring boiler seams
this feature should always be taken into account, as
it is possible that the efficiency of the seam may de-
pend upon the bearing pressure. To obtain the max-
imum bearing pressure divide the maximum load that
the seam will carry by the total projected area of the
rivets through the shell plate of one-half the seam. For
the seam above considered, we have five (5) rivets
through the 13/16 plate on which the bearing for the
total load of one rivet pitch must come. Thus for a
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factor of safety of 4.5 in the above seam the maxi-
mum load is 295,700 divided by 4.5=65,700 1b.

65700

5X13/16 X135~ 12600 Ib. maximum bearing pressure

on rivets.

STRESSES IN STAYBOLTS AND CROWN STAYS

To obtain the fiber stress in staybolts and radial
stays the following method is used:

The area supported by one staybolt or radial stay
is obtained by multiplying the pitch in one direction
by the pitch in the other direction measured on the
firebox sheet. The cross sectional area of staybolt is
not deducted from the supported surface, it being
assumed that the reduction of strength due to the
tell-tale hole is approximately offset by the reduction
of net area due to the area of the staybolt itself. This
area multiplied by the boiler pressure gives the load
on one staybolt or radial stay.

The fibre stress in that stay is equal to the load as
obtained above divided by the least net area. This
least net area is in the body or at the root of the thread
as the case may be.

COMBUSTION CHAMBER

Area to be braced on throat and for the portion
below the tube sheet follow the rules for backhead.

BACKHEAD BRACING

For backhead bracing the area to be stayed by the
backhead longitudinal braces is obtained as follows:

A line is taken one inch below the point from which
the radius of the back head flange is struck, and also to
two inches from the center of the nearest row of stay-
bolts. The area thus inclosed is considered as being
supported by the backhead longitudinal braces. The

A

—
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load on the total number of braces is equal to this area
multiplied by the boiler pressure. The braces should
be as evenly distributed as possible and the load on
each brace is considered as equal to the total load
divided by the total number of braces.

The feet for braces to back head and front tube
sheet should be distributed so as not to concentrate
the stress on any one section. Preferably a portion of
the brace feet on the second course from the back
head or front tube sheet. Usually the diagonal
should be within 10 or 12 degrees. The increased
stress due to the diagonal of bracing need not be con-
sidered when the angle does not exceed 15 degrees.

In figuring the longitudinal braces, the fiber stress
of all parts in tension, the pins in shear and the rivets
in sheer or tension are considered; also the bearing
value of the pins and brace eyes and rivets. While the
tee iron riveted to the back head adds something to
the bracing, this is not considered. This method
is based on supporting the total load by the longitu-
dinal braces. :

When gusset braces are used, divide the area of the
backhead braced into sections supported by each gusset.
The fiber stress in each gusset is obtained by dividing
the load on each separate section by the least area of
that gusset.

FRONT TUBE SHEET BRACING

Braced area for front tube sheet to extend three
and one-half inches from outside of flange, and two
inches from outside of nearest tubes. Compute area
to vertical center line of boiler (that is, each side
separately) and deduct one-eighth area of outside
diameter of dry pipe ring when there is sufficient space
for crowfoot below the tube sheet ring. Deduct one-
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sixth area of outside diameter of dry pipe ring when
there is not sufficient space for crowfoot.

Concentrate braces as much as possible at lower
ends of tees and around dry pipe ring.

SHEARING STRESS ON RIVETS

The shearing stress on rivets in pounds per sq. inch
can be calculated by using the following formula:

DXPXK
2XNXA

S =Shearing stress on rivets in pounds per sq. inch.

D =Inside diameter of boiler.

P =Working pressure.

K =Pitch of rivets in inches.

N =Number of rivets to be sheared per pitch length of
seam.

A =Area of rivet.

For example we will consider the lap riveted joint
as shown by the following sketch and assuming a
working pressure of 185 Ib. per sq. inch and the inside
diameter of boiler to be 6514”.

S=

1" Rivets, 11 Hoves.
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For this seam we have the following values to sub-
stitute in the formula:

D =65.5

P =185

K =54

N =5 (All rivets being in single shear.)
A =.8866. (Area of 114 hole.)

Substituting in the formula we have:

65.5X185x%5.5 .
S = 25 % 8866 =7520 1b. per sq. inch.

For another example we will consider the butt
riveted joint as shown by the following sketch:
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For this seam we have the following values to sub-
stitute in the formula:

D =65.5
P =185
K =614
N =9 (One rivet in single shear and 4 in
double shear.)
A =.7854 (Area of 1” hole.)
Then substituting in formula we have:
«_ 065.5X185X6.5 .
S=—5 X 9x.7854 5570 1b. per sq. inch,

- TENSION ON NET SECTION OF PLATE
The tension on net section of plate in pounds per

sq. inch may be calculated by the following formula:
PXxD.

2XEXA.

T =Tension on net section in pounds per sq. inch.

P =Working pressure.

E =Efficiency of seam.

A =Area of solid plate per lineal inch.

D =Maximum inside diameter of any course of

the boiler shell.

COUNTERBALANCING

FROM REPORT OF THE PROCEEDINGS OF THE AMERICAN
RAILWAY MASTER MECHANICS’ ASSOCIATION, 1915.

GENERALLY ACCEPTED RULES AND
PRINCIPLES
The reciprocating parts to be considered in counter-
balancing are: piston head, rod and nut; cross-head,
cross-head key, pin and nuts; approximately one-half
the total weight of the main rod; arm and link fastened
to cross-head for outside valve gear.

T =
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Each driving wheel should have sufficient weight
added to counterbalance exactly the weight of its re-
volving parts, which are: crank pin, crank pin hub,
and the proportion of the weight of the side rods attached
to the pin. The main driving wheel should have
added approximately one-half the total weight of the
main rod, plus two-thirds the weight of the eccentric
arm, considered acting at crank pin distance, for out-
side valve gear.

Cross-counterbalancing, to correct the disturbances
caused by the parts revolving in different planes, is
thought to be unnecessary with outside cylinders, on
account of the disturbing forces being slight when
compared to the principal reciprocating and centrif-
ugal forces.

The overbalance which is used to counteract the
desired portion of the weight of the reciprocating
parts should be distributed as nearly equally as pos-
sible among all driving wheels, adding to it the weight
of the revolving parts for each wheel. This sum for
* each wheel, if placed at a distance from the driving
wheel center equal to the length of the crank, or a
proportionally less weight if at a greater distance, will
be the counterbalance required.

Centrifugal and reciprocating forces are usually
figured at a speed in miles per hour equal to the di-
ameter of the driving wheel in inches, which may be
considered as a maximum for good practice. This is
ordinarily referred to as ‘“diameter-speed.” At this
speed the reciprocating parts, due to the laws of
inertia, tend to continue their motion at the end of
each stroke with a force about equal to 40 times their
weight. *The overbalance exerts a centrifugal” force

*The dynamic augment varies with the stroke,
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equal to about 40 times its weight, and is at a maxi-
mum at the top and bottom position of the crank.
This force is added to the static weight in the lower
position of the overbalance, and is opposed to this
weight in the upper position. Approximately one-
fortieth of the static weight on a wheel will therefore
give the weight of the reciprocating parts which could
be balanced without causing the wheel to rise from the
track at diameter-speed. This amount of balance
would also double the load on the rail when the balance
is down.

If W=overbalance or excess weight at one-half
stroke distance, then the dynamic augment at different
strokes is as follows:

Stroke

Inches Dynamic Augment
8 29.1 X W at diameter speed
- 4 T 32.3 X W at diameter speed
22, . i iiiiiiiieieii e 35.5 X W at diameter speed
24, ..ttt 38.5 X W at diameter speed
26. ... iiiiiriettie it rceians 41.7 X W at diameter speed
- T 44.9 X W at diameter speed
< 1 PPN 48.4 X W at diameter speed
2 51.7 x W at diameter speed
7 54.9 X W at diameter speed

A simple counterbalancing rule, expressed in general
terms, which should give good average results when ap-
plied to any class of locomotives in any service, might be
stated as follows:

Keep the total weight of the reciprocating parts on
each side of the locomotive below 1-160 part of the
total weight of the locomotive in working order, and
then balance one-half the weight of the reciprocating
parts.

The above general rule is based upon diameter-
speed, and should keep the dynamic augment well
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within the limits of good practice. Where the normal
speed is regularly considerably below the diameter-
speed, it may be desirable to increase the proportion
of the reciprocating weights to be balanced to as much
as 60 per cent or 65 per cent.

Another counterbalancing rule is, to set an arbitrary
percentage which the dynamic force of the overbalance
will be allowed to increase the static weight; for ex-
ample:

If it is desired that the dynamic force of the over-
balance at a speed in miles per hour equal to the diam-
eter of the driving wheel in inches, should not increase
the static weight on a wheel more than 50 per cent,
calculations should be made as follows:

442 type locomotive with 26 in. stroke.

Given: Static weight on one wheel =30,000 Ib.

To find: Maximum permissible weight of recipro-
cating parts to be balanced in one wheel=W.

_ 50 per cent static weight on one wheel X.312.

w Crank radius in inches.

_15000%.312
- 13

Therefore: The total reciprocating weight to be
balanced on one side of this locomotive would be 720 1b.
With 50 per cent of the total reciprocating parts
balanced on one side, the total weight of these parts
must be designed to weigh 1440 1b.

‘The converse of this is:

Given: Weight of reciprocating parts balanced in
one wheel, W =360 Ib.

To find: Dynamic augment =A.

A =W X3.2Xcrank radius in inches.

A =360X3.2X13=15000 Ib.

W =360 Ib.
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Therefore: 15000 1b. dynamic weight is added to
the 30000 Ib. static weight, giving a total of 45000 Ib.
on the rail.

The dynamic augment may be expressed in percent-
age of the static weight on one driving wheel.

Your committee believes that 50 per cent increase
in the static weight on the driver at diameter-speed
would represent good average practice, while much
less than this percentage is greatly to be desired.

Your committee concludes, therefore, that the
secret of proper counterbalancing for any class of
locomotive in any service is to reduce the weight of the
reciprocating parts as far as possible.

Great benefit will be obtained if the railroads will
determine the maximum load that they can carry on
the rails, bridges, etc., and then reduce the weight of
the reciprocating parts to a point where the dynamic
augment of the parts balanced will be only a small
proportion of this maximum allowed load.

Special designs of piston heads, cross-heads, hollow
piston rods, and the use of high grade materials, in-
cluding heat-treated carbon and alloy steel, aluminum,
etc., make it possible to construct very light parts, the
expense of which will be many times justified by the
consequent saving in repairs to equipment and track,
as well as the saving due to the increase in tractive
power of the locomotive. With a refinement of de-
sign along these lines, it is altogether possible to con-
struct reciprocating parts approaching in lightness
1/240 part of the total weight of the locomotive in
working order, instead of 1/160 part as expressed in
the previously mentioned general rule representing
a fair average. With an increased tendency toward
these very light parts, the percentage of parts balanced
“r unbalanced becomes less and less a factor. Greater
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efficiency is thus given to the locomotive, in that more
and more of the weight allowable on the rail will be
used in starting and pulling the train.

FUEL OIL

There are two kinds of oil or petroleum, one having
parafine base and the other asphaltum base. Either
may be used as fuel in its crude state, but both are
largely distilled in order to obtain the more volatile
oils, such as gasoline, benzine, kerosene, etc. The
residue is called Fuel Oil and is used in every class of
service where coal, coke, wood or gas can be used.

The analysis of Fuel Oil is as follows:

Carbon.......................... 84.35%,
Hydrogen........................ 11.33%
Oxygen.........cooovvvvennniinin 2.829,
Nitrogen........................ 60%
Sulphur......................... 90%

Gravity, from 26 to 28 Baume.

Weight per gallon, 7.3 Ib.

Vaporizing point, 130 deg. Fahr.

Calorific Value varies from 18,350 to 19,348

B. T. U, per Ib.

Analysis of Beaumont (Texas) Crude Oil:
Carbon....................cutt 84.60%,
Hydrogen........................ 10.90%
Sulphur.......................... 1.63%
(074 | VAN 2.87%

Gravity, 21 Baume.

Weight per gallon, 7.5 Ib.

Calorific value, 19,060 B. T. U. per Ib.
Vaporizing point, 142 deg. Fahr.
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Analysis of California Crude Qil (heavy oils):

Carbon.......................... 81.529,

Hydrogen........................ 11.01%

gqlphur .......................... .559,
itrogen

P } ....................... 6.929%,

Gravity varies from 12 to 36 Baume.

Weight per gallon, 7.6 Ib.

Calorific value varies from 18,462 to 20,680
B. T. U. per Ib.

Vaporizing point, 230 deg. Fahr.

Analysis of Mexican Crude QOil (Tampico Fields).

Carbon.......................... 82.839%
Hydrogen........................ 12.199,
Oxygen...........coovviviiinnn.. 439,
Nitrogen......................... 1.729,
Sulphur.......................... 2.839,

Gravity varies from 12 to 23.8 Baume.
Weight per gallon, 7.82 Ib.

Calorific value, 18,493 B. T. U. per Ib.
Vaporizing point, 175 deg. Fahr.

The crude oil of Russia, Roumania and Borneo has
approximately the same calorific value as that of the
Beaumont fields in Texas, while the oil thus far dis-
covered in Argentine Republic, Chile and Peru, is of
approximately the same calorific value and gravity as
the California petroleum.

+ Oil tar is a by-product of the water gas system used
in numerous gas works. Coal tar is a by-product from
coke oven benches. When either of these tars is
heated sufficiently to reduce their viscosity, they are
a most excellent fuel. Per pound their calorific value

less than that of oil but as they weigh from 9.5 to
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10 1b. per gallon, while fuel oil only weighs 7.3 1b. per
gallon, their calorific value per gallon is greater than
that of fuel oil. Qil tar has a calorific value of
16,970 B. T. U. per Ib. or 161,200 B. T. U. per gallon,
while that of coal tar is 16,260 B. T. U. per Ib. or
162,600 B. T. U. per gallon.

Analysis of London Tar and Tar from Dominion
Coal:
London Dominion

Carbon................ 77.53 81.50
Hydrogen.............. 6.33 5.68
Nitrogen............... 1.03 et
Oxygen................ 14.50 12.45
Sulphur................ .61 .37

NoTE—The British unit of heat, or British thermal
unit (B. T. U.) herein referred to, is that quantity of
heat which is required to raise the temperature of 1 Ib.
of pure water 1 deg. Fahr. at 39 deg. Fahr., the tem-
perature of maximum density of water.

The above from “The Science of Burning Liquid
Fuel,” by W. N. Best.

In the tests made by the Southern Pacific and
Kansas City Southern, together with other information
received from the Chicago, Milwaukee & St. Paul;
Great Northern; Atchison, Topeka & Santa Fe;
Kansas City Southern; Southern Pacific; and Western
Pacific, some advantages are shown in the use of oil
for fuel. However, with but few exceptions, the de-
ciding factor is the comparative cost of oil and coal.

From the data received, 150 to 168 gallons of oil,
approximately 4 barrels, are equivalent to a ton of
coal on a ton mile basis. It does not seem possible
to establish a definite relation that can be used ac
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absolute basis, as the quality of coal and oil with re-
gard to heat units varies in proportion to the chemical
characteristics of the fuel.

The cost of fuel based on the ratio given above would
cover only the equivalent values of the fuel. To the
base price of coal per ton and oil per barrel must be
added the cost of handling, transportation and ter-
minal facilities.

In regard to terminal charges, the advantage favors
oil in that hostler service is reduced and ash pit service
practically done away with.

Other advantages in the use of fuel oil are:

1. There is practically no limit to the fireman’s
ability to force the boiler which means the elimination
of the mechanical stoker on large power.

2. With careful handling the steam can be kept
closer to the limiting boiler pressure without frequent
or prolonged opening of the pops.

3. Less waste of fuel through grates and stack.

4. Less smoke.

5. No cinders.

6. Less danger of starting fires along right of way.

There seems to be little difference in the cost of
repairs provided the fireboxes are properly arranged
for the fuel used.

From a general review of the data available, it
seems that only experiments and tests on the same
type of engine and service, and on the same division
would settle definitely for that division the economies
to be derived from the use of fuel oil over coal.
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INTERSTATE COMMERCE COMMISSION
RULES FOR INSPECTION AND TESTING

PORTIONS OF ORDER OF COMMISSION DATED OCTO-
BER 11, 1915, AS APPLY TO THE DESIGN AND MANU-
FACTURE OF LOCOMOTIVES

ASH PANS

Locomotives built after Jan. 1, 1916, shall have
ash pans supported from mudrings or frames. Loco-
motives built prior to Jan. 1, 1916, which do not have
ash pans supported from mudrings or frames, shall be
changed when the locomotive receives new firebox.
No part of ash pan shall be less than 234" above the
rail.

COMPRESSORS

The compressor or compressors shall be tested for
capacity by orifice test as often as conditions may
require, but not less frequently than once each three
months.

The diameter of orifice, speed of compressor, and
the air pressure to be maintained for compressors in
common use are given in the following table:
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TESTING MAIN RESERVOIRS

Every main reservoir before being put into service
and at least once each 12 months thereafter, shall be
subjected to hydrostatic pressure not less than 25 per
cent above the maximum allowed air pressure.

The entire surface of the reservoir shall be hammer
tested each time the locomotive is shopped for general
repairs, but not less frequently than once each 18
months.

AIR GAGES

Air gages shall be so located that they may be
conveniently read by the engineer from his usual posi-
tion in the cab.

PISTON TRAVEL

The minimum piston travel shall be sufficient to
provide proper brake shoe clearance when the brakes
are released.

The maximum piston travel when locomotive is
standing shall be as follows:

Inches
Cam type of driving wheel brake. . 3
Ot.her forms of driving wheel brake 6

FOUNDATION BRAKE GEAR
No part of the foundation brake gear of the loco-

motive or tender shall be less than 214” above the rail. |

CABS
Cab windows shall be so located and maintained
that the enginemen may have a clear view of track and
sxgnalsfrmnthemrusualandproperposmmsmthe
cab. Road locomotives used in regions where snow
storms are generally encountered shall be provided J
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with what is known as a “clear vision’’ window, which
is a window hinged at the top and placed in the glass
in each front cab door or window. These windows
shall be not less than 5 inches high, located as nearly
as possible in line of the enginemen’s vision, and so
constructed that they may be easily opened or closed.

CAB APRONS

Cab aprons shall be of the proper length and width
to insure safety. Aprons must be securely hinged,
maintained in a safe and suitable condition for service,
and roughened, or other provision made to afford
secure footing.

DRAW-GEAR BETWEEN LOCOMOTIVE AND
TENDER

Inverted draw-bar pins shall be held in place by
plate or stirrup. Safety chains or safety bars shall
be of the minimum length consistent with the curva-
ture of the railroad on which the locomotive is operated.
When spring buffers are used between locomotive and
tender the springs shall be applied with not less than
34" compression, and shall at all times be under suffi-
cient compression to keep the chafing faces in contact.

CAB LIGHTS

Each locomotive used between sunset and sunrise
shall have cab lamps which will provide sufficient
illumination for the steam, air, and water gages to
enable the enginemen to make necessary and accurate
readings from their usual and proper positions in the
cab. These lights shall be so located and constructed
that the light will shine only on those parts requiring
illumination. Locomotives used in road service shall
have an additional lamp conveniently located to enable
the person operating the locomotive to easily and
accurately read train orders and time-tables, and
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80 constructed that it may be readily darkened or
extinguished. PILOT

The minimum clearance of pilot above the rail shall
be 3, and the maximum clearance 6”.

WHEELS

Wheels shall be securely pressed on axles. Prick
punching or shimming the wheel fit will not be per-
mitted. The diameter of wheels on the same axle
shall not vary more than three thirty-seconds inch.

Wheels used on standard gage track will be out of
gage if the inside gage of flanges, measured on base
line, is less than 53 inches or more than 5334 inches.

The distance back to back of flanges of wheels
mounted on the same axle shall not vary more than
one-fourth inch.

DRIVING AND TRAILING WHEEL TIRES

The minimum height of flange for driving and trail-
ing wheel tires, measured from tread, shall be 1 inch for
locomotives used in road service, except for locomotives
originally constructed for plain tires, when the mini-
mum height of flange on one pair of wheels may be
seven-eighths inch.

The minimum height of flange for driving wheel
tires, measured from tread, shall be seven-eighths inch
for locomotives used in switching service.

The maximum taper for tread of tires from throat
of flange to outside of tire, for driving and trailing
wheels for locomotives used in road service, shall be
one-fourth inch, and for locomotives used in switching
service five-sixteenths inch.

The minimum number of tires for driving and trail-
ing wheels of standard gage locomotives shall be 514
inches for flanged tires, and 6 inches for plain tires.
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The minimum width of tires for driving and trailing
wheels of narrow gage locomotives shall be 5 inches
for flanged tires, and 514 inches for plain tires.

When all tires are turned or new tires applied to
driving and trailing wheels, the diameter of the wheels
on the same axle, or in the same driving wheel base,
shall not vary more than three thirty-seconds inch.
When a single tire is applied the diameter must not
vary more than three thirty-seconds inch from that
of the opposite wheel on the same axle. When a single
pair of tires is applied the diameter must be within
three thirty-seconds inch of the average diameter of
the wheels in the driving wheel base to which they are
applied.

‘When retaining rings are used, measurements of tires
to be taken from the outside circumference of the ring,
and the minimum thickness of tires may be as much
below the limits specified above as the tires extend
between the retaining rings, provided it does not re-
duce the thickness of the tire to less than 114 inches
from the throat of flange to the counterbore for the
retaining ring.

The minimum thickness for driving wheel tires shall
be 1 inch for locomotives operated on track of 2-foot

gage. TENDER FRAMES

The difference in height between the deck on the
tender and the cab floor or deck on the locomotive
shall not exceed 1}4 inches. The minimum width of
the gangway between locomotive and tender, while
standing on straight track, shall be 16 inches.

OIL TANKS
An automatic safety cutout valve, which may be
operated by hand from inside and outside of cab, shall
be provided for the oil supply pipe.
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TENDER TRUCKS

The maximum clearance of side bearings on rear
truck shall be 34”, and if used on front truck 34”,
when the spread of side bearings is 507. When the
spread of the side bearings is increased, the maximum
clearance may be increased in proportion.

STAMPING AXLES, PISTON RODS AND CRANK
PINS

The date applied, the original diameter of the
journal, and the kind of material shall be legibly
stamped on one end of each Driving Axle, Trailing
Truck Axle and Engine Truck Axle applied after
January 1, 1916. All Piston Rods applied after
January 1, 1916, shall have the date of application,
original diameter, and kind of material legibly stamped
on or near the end of therod. All Crank Pins applied
after January 1, 1916, shall have date applied and
kind of material used legibly stamped on end of pin.

Note. Use the following abbreviations in stamping
axles, etc.:

1 =Iron.

S =Steel.

HTS =Heat-treated Steel.

CHR =Chrome.

VAN =Vanadium.

NKL =Nickel.

NIK =Nikrome.

COF PROC =Coffin Process.

CAM SPEC =Cambria Special.

TAY 1 =Taylor Iron.
PIPING

Steam pipes shall not be fastened to the cab. On
new construction or when renewals are made of iron
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or steel pipe subject to boiler pressure in cabs, it shall
be what is commercially known as double-strength
pipe, with extra-heavy valves and fittings.

BOILER
Portions of order of Commission dated June 2, 1911,
and orders amending same dated September 12, 1912,
and June 9, 1914, as apply to the design and manu-
facture of locomotives.

FACTOR OF SAFETY
The lowest factor of safety to be used for all loco-
motive boilers which are constructed after January
1, 1912, shall be 4*. (A. L. Co. Standard is 414.)

MAXIMUM ALLOWABLE STRESS ON STAYS
AND BRACES

For locomotives constructed after January 1, 1915, |

the maximum allowable stress per square inch of net
cross-sectional area on firebox and combustion cham-
ber stays shall be 7,500 pounds. The maximum allow-
able stress per square inch of net cross-sectional area

on round, rectangular, orgussetbracesslmllbeg.OOO

pounds.
STAYBOLTS
Telltale Holes—All staybolts shorter than 8 inches
applied after July 1, 1911, except flexible bolts, shall
have telltale holes three-sixteenths inch in diameter
and not less than 11{ inches deep in the outer end.
These holes must be kept open at all times.

STEAM GAGES
Location of Gages—Every boiler shall have at least
one steam gage which will correctly indicate the work-
ing pressure. Care must be taken to locate the gage
sothatltwﬂlbekeptreasonablyoool and can be con-
veniently read by the enginemen,
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Siphon—Every gage shall have a siphon of ample
capacity to prevent steam entering the gage. The
pipe connection shall enter the boiler direct, and shall
be maintained steam tight between boiler and gage.

Method of Testing—Steam gages shall be compared
with an accurate test gage or dead weight tester and
gages found inaccurate shall be corrected before being
put into service.

BADGE PLATES

A metal badge plate showing the allowed steam
pressure shall be attached to the boiler head in the cab.
If boiler head is lagged, the lagging and jacket shall
be cut away so the plate can be seen.

BOILER NUMBER

The builder’s number of the boiler shall be stamped

on the dome.
SAFETY VALVES

Number and Capacity—Every boiler shall be
equipped with at least two safety valves, the capacity
of which shall be sufficient to prevent, under any con-
ditions of service, an accumulation of pressure more
than 5 per cent. above the allowed steam pressure.

Setting of Safety Valves—Safety valves shall be set
to pop at pressures not exceeding 6 pounds above the
working steam pressure. When setting safety valves
two steam gages shall be used, one of which must be
so located that it will be in full view of the person
engaged in setting such valves; and if the pressure
indicated by the gages varies more than 3 pounds
they shall be removed from the boiler, tested, and
corrected before the safety valves are set. Gages
shall in all cases be tested immediately before the
safety valves are set or any change made in the setting.
When setting safety valves the water level in the boiler
ghall not be above the highest gage cock.
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WATER GLASS, GAGE COCKS AND
LUBRICATOR GLASSES

Number and Location—Every boiler shall be
equipped with at least one water glass and three
gage cocks. The lowest gage cock and the lowest
reading of the water glass shall be not less than 3
inches above the highest part of the crown sheet.

Water Glass Valves—All water glasses shall be sup-
plied with two valves or shut-off cocks, one at the
upper and one at the lower connection to the boiler,
and also a drain cock, so constructed and located that
they can be easily opened and closed by hand.

Water and Lubricator Glass Shields—All tubular
water glasses and lubricator glasses must be equipped
with a safe and suitable shield which will prevent the
glass from flying in case of breakage.

Water Glass Lamps—All water glasses must be
supplied with a suitable lamp properly located to
enable the engineer to easily see the water in the glass.

Portion of Order of Commission Dated December 26, 1916.
LIGHTS '

Locomotives Used tn Road Service—Each locomotive
used in road service between sunset and sunrise shall
have a headlight which shall afford sufficient illumina-
tion to enable a person in the cab of such locomotive
who possesses the usual visual capacity required of
locomotive enginemen, to see in a clear atmosphere,
a dark object as large as a man of average size standing
erect at a distance of at least 800 feet ahead and in
~ont of such headlight; and such headlight must be

iintained in good condition.
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Each locomotive used in road service, which is
regularly required to run backward for any portion
of its trip, except to pick up a detached portion of
its train, or in making terminal movements, shall have
on its rear a headlight which shall meet the foregoing
requirements.

Such headlights shall be provided with a device
whereby the light from same may be diminished in
yards and at stations or when meeting trains.

When two or more locomotives are used in the same
train, the leading locomotive only will be required to
display a headlight.

Locomotives Used sn Yard Service—Each locomotive
used in yard service between sunset and sunrise shall
have two lights, one located on the front of the loco-
motive and one on the rear, each of which shall enable
a person in the cab of the locomotive under the condi-
tions, including visual capacity, set forth in Rule 29,
to see a dark object such as there described for a dis-
tance of at least 300 feet ahead and in front of such
headlight; and such headlights must be maintained
in good condition.

It is Further Ordered, That the said rules pertaining
to Lights shall apply to all locomotives constructed
after July 1, 1917, and for locomotives constructed
prior to that date the changes required by the above
rules shall be made the first time locomotives are
shopped for general or heavy repairs after July 1, 1917,
and all locomotives must be so equipped before Ju"
1, 1920.
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AXLES, DRIVING, MAIN
METHOD OF CALCULATION

(All dimensions in inches)
Figure No. 5
P = Piston thrust with full boiler pressure. (See
Table No. 54.)
M = Combined bending and twisting moment
_PB+0O
2
. M .
S = Fibre stress = — = 23000 Ib. per sq. in. max. for
R steel axles.

R = Modulus of circular section with diameter equal
to “d” = .0982 d* = h—s'l (See Table No. 64.)
D = Nominal diameter of journal.
3
M

d =D—3¢" v = 0982 <
! - 34" allowance for wear = 0982S
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TABLE No. 34—MOUNTING PRESSURES

AXLES AND CRANK PINS

101

Use the following pressures for forcing AXLES into driving

and truck wheels and CRANK PINS into driving wheels.

MOUNTING PRESSURES, IN TONS

ENGINE AND
DRIVING, ENGINE AND TRAILING TRAILING
TRUCK WHEELS TRUCK
Diam- ‘WHEELS
eter
of -
Fit
in Cast Iron,
Ins. Steel-Tired, Cast Chilled Tread
Steel or Steel-Tired, Cast Pressures
Wrought Steel Iron Center Based on
Centers, Solid M. M.
Wrought Steel Standard
of 1916
Mini- Maxi- | Mini- | Pre- |Maxi- | Mini- | Maxi-
mum | ferred | mum | mum |ferred [ mum | mum | mum
4 58 64 80 36 40 48 25 35
414 65 72 90 40 45 54 30 45
5 72 80 | 100 45 50 60 30 45
514 79 88| 110 49 55| 66 35 50
6 86 120 54 60 72 35 50
614 94| 104 | 130 58 65 78 40 60
7 101 | 112 | 140 63 70 84 45 65
7% | 108 | 120 | 150 67 75 90 50 70
8 115 | 128 | 160 72 80 96 50 70
84| 122 | 136 | 170 76 85 | - 102 65 75
9 130 | 144 | 180 81 90 | 108 .. ..
9| 137 | 152 | 190 85 95 | 114
10 144 | 160 | 200 9 [ 100 | 120
1034 | 151 | 168 | 210 94| 105 | 126
11 158 | 176 | 220 9| 110] 132
1134 | 166 | 184 | 230 R ..
12 173 | 192 | 240
1214 | 180 | 200 | 250
13 187 | 208 | 260
13| 194 | 216 | 27
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TABLE No. 34—MOUNTING PRESSURES—Continued
TENDER TRUCK WHEELS ’

MOUNTING PRESSURES, IN TONs.
M. M. STANDARD OF 1916
Tender Truck Wheels
M.C. B.
Wheel | Standard
Seat Axle
Diameter Size Steel-Tired, .
Cast Steel or Steel-Tired,
Wrought Steel Cast Iron
Centers. Center.
Solid Wrought Cast Iron,
Steel Chilled Tread
Minimum{Maximum| Minimum |Maximum
Ins. Ins.
5 3%x 7 45 60 30 45
5% 44%x 8 50 70 35 50
6% 5°'x 9 60 80 0 60
7 514x10 65 85 45 65
7% 6 x11 70 95 70

TABLE No. 35—RECOMMENDED BEARING PRESSURE
ON JOURNALS

Net loads (exclusive of wheels, axles, etc., not carried by journals)
per square inch of projected area of journals.

Pounps PER SqQ. INCH
AXLES

Passenger | Freight | Switcher

175 200 200
176 185 e
160 180 e




AMERICAN LOCOMOTIVE COMPANY 103

TABLE No. 36—RECOMMENDED BEARING PRESSURE
ON JOURNALS

M. C. B. STANDARD TENDER AXLES

Load Limited by Load Limited by
Bearing Pressure Fibre Stress
Total Per Axle |PassengerandFreight
Size We‘ﬁ!‘:
of of
Axle Passen- Per Sq. Axle
er Freight Total in.
b. | 3251b. Per Projected
Per Per Axle Area of
Sq. In. | Sq. In. Journal
34" 7" | ... | oaaae 15000 285 390
43 'x 8" 20400 22000 22000 325 493
x
5 9’ | 27000 29250 31000 345 655
5}6 *x10” | 33000 35800 38000 345 780
"x11* 39600 42900 50000 379 950

Preferred limitations are by rini‘presaure but fibre stress
limitation should not be exceeded for M. C. B. Axles.

TABLE No. 37—CYLINDER CLEARANCE

% of Cylinder Clearance

_ Clearance
Area x Stroke
De- Mini- | Maxi-
sired mum mum
Simple cylinders, saturated steam . 8 7 9
Simple cylinders, superheated swam 9 8 10
Mallet com, ds, ﬁnhmé
Saturated steam, H. P. yhndem 11 10 12
Saturated steam, L. P. Cylinders. . 7 6 8
Superheated steam, H. P. Cylmdem 11 10 12
Superheated steam, L. P. Cylinders] 7 6 8
Mallet compounds, road service.
S turated steam, H.P. Cylinders. . 13 12 14
Saturated steam, L. P. Cylinders. . 8 7 9
dsteam, H. P. Cylmders 14 13 15
auperheatedsteam. L.P. Cylinders| 9 8 10
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CRANK PINS, MAIN
METHOD OF CALCULATION

(All dimensions in inches.)

Figure No. 6

P = Piston thrust with full boiler pressure. (See Table No. 54)
M = Bending moment =P L

M
S == Fibre stress = —17000 1b. per sq. in. max. for steel crank
R pins.
R = Modulus of circular section with diameter equal to
M
“D” =.0982 D} = E (See Table No. 64.)

p= Y _M
+/ 09825

A = Projected area of journal = diameter X length.

P
Maximum allowable bearing pressure on journals (—A—).

Saturated locomotives: 1700 Ib. per sq. in.
Superheater locomotives: 1600 1b. per sq. in.

MAIN JOURNAL
% m pressure by velocity (feet per minute) not over
(The velocity to be based on the s, of the locomotive in miles
per_hour equal to the diameter of the drivers in inches.)
Diameter of pin not to exceed t.he length: preferably less.
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TABLE No. 33—FRAMES
Approximate Rules for Proportioning Wrought Iron or Cast
Steel Frames

T
S = — Where S = sectional area of frame.
C T = piston thrust ( = area of giston multiplied by
the boiler pressure).
C = constant (see table below).

C

SECTIONAL AREA OF FRAME IN
SQUARE INcHES (S) From Cylinders to
Main Pedestal (in- Back
cluding Top Rail of Main
over Main Pedestal)| Pedestal

A Top of Pedestals 2500-2700 2900-3200
B Top Rail Between
Pedestals

3000-3200 3500-3800

C Lower Rail Between
Pedestals 4300-4500 5100-5300

D | Integral Single Rail at
back of Cyl. ing Lug 1600-1800 | .........

This method gives sectional areas back of main
pedestal approximately 15 per cent less than similar
areas at or ahead of main pedestal.

Depth of tg[;)arail ahead of front pedestals must not
be less than that of top rail over front pedestals.

TABLE No. 39—PRESSURES FOR FORCING PISTON RODS
INTO PISTON HEADS

Diameter | Pressure | Diameter | Pressure | Diameter | Pressure
of Rod in Tons | of Rod | in Tons | of Rod | in Tons

234" 30-40 k1784 40-50 43" 55-65
3040 3K’ 415

2%’ 45-55 55-65
3 35-45 3%” 45-55 43" 60-70
4 " 50-60 5 65-75

Pressures within the above limits must be obtained just before
collar reaches its seat, and collar must in all cases seat solidly on
piston head.
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TABLE No. 40—PISTON RODS

For simple engines use Piston Rods having diameter of body
given below.

Note—Sizes are based on 9500 1b. fibre stress in tension at least

area through keyway with nominal diameter of cylinder and full
boiler pressure.

Piston Rods to have enlarged fit in Piston and in Crosshead with
taper 3{ " in 12°.

Increase length of Piston Rod whenever the design will permit,
so that the clearance between piston rod packing gland and cross-

head is sufficient to let out the piston at front end of cylinder for

examination of piston packing. Piston should clear front grinding
of cylinder about 1°.
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TABLE No. 43—SPRINGS, HELICAL
METHOD OF CALCULATING

CALCULATIONS: In obtaining the net static load, the actual
weights of the parts constituting dead load, such as wheels, axles,
boxes, etc., should be deducted instead of taking a certain arbitrary
percentage.

Maximum fibre stress allowable aoooo when springs
are solid. The figures given in table in d” column are the
calculated loads which will bring springs solid at 80000 pounds
fibre stress.

It is advisable usually to make the ca; of springs htl
more than the net actual Ioad.aamvenm slightly

The static load for helical springs must not exceed one-half
the load required to bring the springs solid.

REQUIRED CAPACITY:

DRIVING AND ENGINE TRUCK SPRINGS: Use calculated static
load plus 500 to 1000 pounds, or about 5 per cent.

TRAILING SPRINGS: Use calculated static load plus 15 per
cent.

‘TENDER SPRINGS: Use calculated static load taken with three-
quarters of maximum load of coal and

SPRING TABLES for helical ”Ynngs give the capaaty or load, for
all heights, when spring is solid; the height free is per one inch
of solid height.
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TABLE No. 43—SPRINGS, HELICAL
METHOD OF CALCULATING—Continued
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TABLE No. 43—SPRINGS, HELICAL
METHOD OF CALCULATING—Continued

Qlat- 1%" SteEL 134" SteEL 1%" SreeL | 114° SteEL
side
of Load |Height] Load |Height| Load |Height| Load |Hg't
Coil | Solid | Free | Bolid | Free | Solid | Free | Solid |Free
" T
44
414
g‘/«
51 | 18,000 | 1.18
514 16,000 | 1.20 | 19,800 | 1.18
5% | 16,000 | 1.23 | 18,700 | 1.20 | 21,700 | 1.18
[) 15,100 | 1.26 { 17,600 | 1.23 | 20,400 | 1.20 | 23,600 | 1.18
614 13,700 | 1.31 | 16,000 | 1.28 | 18,500 | 1.25 { 21,200 | 1.22
7 12,500 | 1.38 | 14,600 | 1.33 | 16,800 ( 1.30 | 19,300 | 1.27
7% | 11,500 | 1.45 | 13,400 | 1.40 | 15,400 | 1.36 | 17,700 | 1.32
8 10,600 | 1.52 | 12,400 | 1.46 | 14,200 | 1.43 | 16,300 | 1.38
814 9,900 | 1.60 | 11,500 | 1.54 | 13,200 | 1.48 | 15,200 | 1.44
9 9,200 | 1.69 | 10,700 | 1.61 | 12,300 | 1.55 | 14,200 | 1.50
9% 8,600 | 1.78 | 10,100 | 1.70 | 11,600 | 1.63 | 13,300 | 1.57
10 8,200 | 1.88 | 9, 1.79 | 10,900 | 1.71 | 12,500 | 1.64

TABLE No. 43—SPRINGS, HELICAL
METHOD OF CALCULATING—Continued

Q'u‘:ib- 15%° STEEL 134" SteEL 13" SteEL 13{° StexL

" >

Diam. .

of Load [Height| Load [Height| Height| Load | Hg't

Coil | Solid Solid | Free | Solid | Free | Solid | Free
644 24,300 | 1.20 | 27,600 | 1.18
7 22,000 | 1.24 ,000 | 1.22 | 28,400 | 1.19 | 82,100 | 1.18
% 20,200 | 1.29 | 23,000 { 1.26 | 26,000 | 1.24 | 20,300 | 1.22
8 18,600 | 1.34 | 21,100 | 1.31 | 23,900 | 1.28 | 26,900 | 1.26
8% 17,300 | 1.39 | 19,600 | 1.36 | 22,200 | 1.33 | 25,000 | 1.30
9 16,100 | 1.45 | 18,300 | 1.41 | 20,600 | 1.38 | 23,200 | 1.34
9%4 15,100 | 1.51 | 17,100 | 1.47 | 19,300 | 1.43 | 21,700 | 1.39

10 14,200 | 1.58 | 16100 | 1.53 | 18,200 | 1.49 | 20,400 | 1.44

NOTE: Broken horizontal line shows limit of preferred minimum
ratio (5:1) between outside diameter of coil and diameter

of steel.
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SPRINGS—ELLIPTIC
METHOD OF CALCULATING

CALCULATIONS—In obtaining the net static load, the actual
weights of the parts constituting dead load, such as wheels, axles,
boxes, etc., should be deducted instead of taking a certain arbitrary

Mazximum fibre stresses allowable 80,000 pounds. The figures
given in Table in “Load’ column are the calculated loads which
springs will carry at 80,000 pounds fibre stress and are the maxi-
mum loads for which springs should be used.

It is advisable usually to make the capacity of springs slightly
more than the actual net load, as follows:

REQUIRED CAPACITY

DRIVING AND ENGINE TRUCK SPRINGS—Use calculated static
load plus 500 to 1000 pounds, or about 5 per cent.

UNDERHUNG DRIVING SPRINGS—For passenger engines use cal-
culated static load plus 20 per cent.

TRAILING SPRINGS—Use calculated static load plus 10 to 15
per cent and order the springs so that they will come to the right
height for the calculated weight to be carried.

TENDER SPRINGS—Use calculated static load taken with maxi-
mum load of coal and water.

SPRING TABLES for semi-elliptic springs give the capacity of
one plate one inch wide and different thicknesses. To obtain the
required number of plates multiply the figure given in “Load”
column by the width of spring in inches and divide the required
capacity by the result. The quotient gives the number of plates
required.

NoTE—Where quotient gives decimal more than 3 add one
plate to the whole number.

The number of full length plates must be 25 per cent of the
whole number required. The last full length plate must be tapered
at ends and the remaining plates must be regularly shortened and
tapered. The length of the shortest plate must not be less than
twice the length of the spring band.

‘The deflection given in table is the difference between free and
loaded height, irrespective of width or number of plates; for full
elliptics the number of plates and deflections given is for each half
of spring.
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TABLE No. 46—WHEELS—TIRE SETTING

Make distance between backs of flanged tires for Leading,
Driving, Trailing and Tender Wheels as follows:
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TABLE No. 47—BOILERS—HEIGHT OF CROWN
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TABLE No. 48—LOCATION OF GAGE COCKS

D—54" 10 65°
H IN INCHEs—FOR GRADES OF:

AMERICAN LOCOMOTIVE COMPANY
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TABLE No. 49—MAXIMUM RIGID WHEEL BASE (ALL
TIRES FLANGED) BASED ON 1° TOTAL CLEARANCE

MAX. RIGID WHEEL BASE
CURVE

6-coupled 8-coupled
16° - 15" 67 16’ 6"
17° 15’ 0" 16’ 0"
18° 14’ 6" 15’ 6
19° 14’ 0 15’ 0"
20° 14’ 0* 14’ 6"
21° 13’ 6” 14’ 0
22° 13’ 0" 14’ 0”
23° 13’ 0* 13’ 6
24° 12' 6" 13’ 6
25° 12 6" 13’ 0

The 1” total clearance includes widening of gage,
flange play, hub play, and other conditions not definite-
ly known.

The maximum figures given in this table may be
exoe_eded when there is full information as to the tire
setting, widening of gage, etc.; but for the general

run of work where these factors are unknown, the
table will be useful.
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TABLE No. 50—VALVE SETTING
STEPHENSON GEAR
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TABLE No. 51—VALVE SETTING
WALSCHAERT GEAR
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SETTING VALVES—WALSCHAERT VALVE
GEAR

The following method of setting the Walschaert
Valve gear is equally applicable to designs having
constant lead and those having variable lead.

First—Check the lengths of the eccentric crank,
the lap and lead lever, and the lap and lead lever
connector.

These dimensions should conform to the drawings
and should not be altered.

Second—Raise the main wheels so that the distance
from the center of the wheel to the top of the frame
conforms to the amount specified. Then find the
dead centers and port marks in the usual manner.

Third—Assemble the gear complete, temporarily
tightening the eccentric crank in a position which will
give the specified throw.

Fourth—Place the radius bar in the center of the
link. Mark the mid-gear position. Then get the
lead at each end of the cylinder. When the lead is
constant, the average lead, or the sum of the lead
on opposite ends divided by two, should be equal to
the specified lead in full gear. When the lead is
variable, the average lead in mid-gear position should
be equal to one-half of the sum of the specified leads
in full forward and full back gear. In other words,
it should be the lead due to the lap and lead lever,
unaffected by the position of the eccentric crank.
Any error in the average lead when the radius bar is
in central position is due to an error in the length of
the upper or lower arms of the lap and lead lever.

Having thus checked the lengths of the lap and
lead lever, equalize the lead by means of the adjusting
nuts on the valve stem or by changing the length of
the radius bar.
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Fifth—Drop the lever into forward gear until the
specified travel is obtained. Then, if the average
lead is equal to the specified lead in full gear, the
eccentric crank is correctly set. If this is not the
case, the eccentric crank should be driven one way
or the other until the error is corrected. If the av-
erage lead is less than the specified lead, the eccentric
crank should be driven tnward, if it leads the main
pin; and driven owiward, if it follows the main pin.
If the average lead is more than the specified lead,
the eccentric crank should be driven outward, if it
leads the main pin; and driven fnward if it follows
the main pin.

After eccentric crank is correctly set, check valve
travel; and relocate full forward position of the re-
verse lever.

Sixth—If the average lead is correct but unequally
divided on the front and back centers, lengthen or
shorten the eccentric rod, according to the rules
given on this page until it is equalized. It must be
borne in mind that to change the lead a given amount
the eccentric rod must be changed to a greater amount,
or about in proportion as the eccentric throw is greater
than the valve travel.

Place the reverse lever in a position that will give
full travel to back gear, marking this position on
the quadrant; and check the lead in the same manner.
With variable lead, the full back gear lead should be
as much greater than the lead at mid gear as the
lead at mid gear is greater than that at full forward
gear.

Seventh—Run over the cut-offs and obtain other
events for as many positions as required. In run-
ning over the cut-offs of locomotives of the artic-
ulated type, obtain the cut-offs for each position



AMERICAN LOCOMOTIVE COMPANY 127

of the lever for both engines before moving the lever
to a new position. This is necessary in order that
the relative cut-offs in high and low pressure cylinders
may be compared.

Note—Do not attempt to square cut-off at the
expense of lead and port opening.

VARIABLE LEAD
When this setting is resorted to, it is advisable
to adjust the gear according to the general rule,
using a temporarily fixed eccentric crank to obtain
the proper length of the eccentric rod and valve
location, afterwards, readjust the eccentric crank
to suit the desired lead in full gear.

WIDENING GAGE OF TRACKS AT CURVES
FROM REPORT OF THE PROCEEDINGS OF THE AMERICAN
RAILWAY MASTER MECHANICS’ ASSOCIATION, 1910

Curves eight degrees and under should be standard
gage. Gage should be widened 14 inch for each two
degrees or fraction thereof over eight degrees, to a
maximum of 4 feet 914 inches for tracks of standard
gage. Gage, including widening due to wear, should
never exceed 4 feet 914 inches.

The installation of frogs upon the inside of curves
is to be avoided wherever practicable, but where
same is unavoidable the above rule should be modified
in order to make the gage of the track at the frog
standard.

WEIGHT THAT RAIL WILL CARRY
It may be assumed that light steel rails weighing
less than 40 pounds per yard, with crossties properly
spaced, will carry from 200 to 250 pounds on a wheel
for each pound weight of rail. For heavy rails it is
safe to use from 275 to 350 pounds on a wheel for each
pound weight of rail.
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TABLE No. 54—PISTON THRUST

CYLINDER Bomzr Prrssure—Pounps

]

150 | 160 | 170 | 180 | 100 | 200 | 210 | 220

34045| 36315) 38385) 40855) 43125
30080] aa4ss| 40sgol 432951 45700

38170] 40715 48350
40320 45695] 48385] 51070)
42530| 45365| 48200| 61035| 53870
44800] 47785) 50770 53755 56745

3
>

agsaag

582 gEERE

49510] 52810( 56110| 59410 62710
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50640| 63615 67595 71570 75545| 79520
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89095, 95035 100975 106910|112850 118790|124730|130670

:

04| 95690(102070|108450|114830|121210{127590|133065| 140345
660.52] 90080(105685(112200118895|125500|132105(138710|145315
683.491102525/109360 116195 123030|120885|136700(143535(150370

gg .75| 92365| 98520|104680|110835{116095123150(129310{135465
706.86{106030(113100|120165(127235(134305(141370| 148440155510
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—
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855 .30|128205/136850|145400|153085)|162510]171060{179615( 188165
881.41(132210{141025/149840/158855( 167470 176280/185095/193910
907 .92(136190 145265) 154345/163425(172505(181585(190660|199740
934 . 82|140225] 149570 158920168265 177615(186965(196310/205660

” [962.11(144315(153940163560| 173180 182800|192420(202045|211665
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TABLE No. 55—PRESSURES—ATMOSPHERES

Atmospheres Per g’::rgslnch Ple(rﬂgqgm&;l
1 14.70 1.033
2 29.39 2.067
3 44.09 3.100
4 58.79 4.133
5 73.48 5.166
6 88.18 6.200
7 102.88 7.233
8 117.57 8.266
9 132.27 - 9.300

10 146.97 10.333
11 161.66 11.366
12 176.36 12.400
13 191.06 13.433
14 205.76 14.466
15 220.45 15.499
16 235.15 16.533
17 249.85 17.566
18 . 264.54 18.599
19 279.24 19.633
20 : 293.94 20.666

NoTE—On all gages, zero reading is at atmospheric pressure.
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TABLE No. 56—U. S. STANDARD SCREW THREADS

S 1

No. of threads perinch
D =P x0.6495,
F
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TABLE No. 60—PROPERTIES OF SATURATED
SUPERHEATED STEAM

135

SATURATED SUPERHEATED
é 2
g E & _é
3 T
£.]8 . 185 . |8 " &
B | 3 g AR LR 3 sad
TIEACM Y IEAE R 33
HIFEEEHE I TR
HERIEE R L BRI LS
50 | 416.0 | 2.99 | 1225.2 8.7
100 | 466.0 | 3.21 | 1252.0 | 16.7
150 | 516.0 | 3.43 | 1277.6 | 24.7
366.0| 2.75 |1195.0| 150 200 | 566.0 | 3.64 | 1302.5 | 32.4
250 | 616.0 | 3.84 | 1327.1 | 389.7
300 | 666.0 | 4.04 | 1351.5 | 47.0
350 | 716.0 | 4.24 | 1376.8 | 54.2
400 | 766.0 | 4.44 | 1400.1 | 61.5
50 | 420.8] 2.83 | 1226.8 8.9
100 | 470.8 | 3.04 | 1253.6 | 16.9
150 | 520.8 | 3.24 | 1279.1 | 24.6
370.8| 2.60 |1195.9| 160 200 | 570.8 | 3.44 | 1304.1 | 32.2
250 | 620.8 | 3.63 | 1328.7 | 39.6
300 | 670.8 | 3.82 | 1353.2 | 47.0
35 | 720.8| 4.01 | 1377.5 | 54.3
400 | 770.8 | 4.20 | 1401.9 | 61.6
50 |425.4| 2.68 | 1227.9 8.5
100 | 475.4 | 2.89 | 1255.0 | 17.0
150 | 525.4 | 3.08 | 1280.6 | 24.7
375.4| 2.47 [1196.8| 170 200 | 575.4 | 3.27 | 1305 6 | 32.4
250 | 625.4 | 3.45 | 1330.2 | 39.6
300 |675.4 | 3.63 | 1354.7 | 47.0
350 | 725.4 | 3.81 | 1379.1 | 54.3
400 | 775.4 | 3.98 | 1403.5 | 61.2
50 | 427.6 ) 2.62 | 1228.6 | 8.7
100 | 477.6 | 2.81 | 1255.7 | 16.6
150 | 527.6 | 3.00 | 1281.3 | 24.4
377.6] 2.41 |1197.3] 175 200 |577.6 | 3.19 | 1306.3 | 32.3
250 | 627.6) 3.37 | 1330.9 | 39.8
300 |677.6| 3.55 | 1355.5 | 47.4
350 | 727.6 | 3.72 | 1379.9 | b54.4
400 1777.6 | 3.80 | 1404.3 | 61.4
Compiled by ission_from Mark & Davis’ Steam Tab'

and Diagrams.

yright Longmans, Green & Co.
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60—PROPERTIES OF SATURATED AND

SUPERHEATED STEAM—Continued

TABLE No.
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TABLE No. 60—PROPERTIES OF SATURATED AND
SUPERHEATED STEAM—Continued
SaruraTED . SurErEERATED
-3
- Qo
& 4 3
ﬁ;.: 5 k. i e - Eu: § K e
FIEA LN 413 - TIEPI R 3§
;S |1gRlEg|y ; 2 gp
g g ] & ._3' ¥ ] g i B | B8y
= &M @ = & - R RCR T
50 |439.9( 2.28 | 1232.2 9.1
100 | 489.9 | 2.45 | 1259.6 | 17.2
150 | 539.9 | 2.62 | 1285.2 | 25.3
380.9| 2.09 |1199.6} 205 200 |580.9] 2.78 | 1310.3 | 33.0
250 |630.9| 2.04 | 1335.1 | 40.6
300 | 689.9 | 3.10 | 1359.8 | 48.3
350 | 739.9| 3.25 | 1384.3 | 55.5
400 | 789.9 | 3.40 | 1408.8 | 62.7
50 | 441.9| 2.23 | 1232.7 8.8
100 | 491.9| 2.40 | 1260.2 | 17.1
150 | 541.9 | 2.57 | 1285.9 | 25.3
301.9| 2.05 |1199.9| 210 200 | 591.9| 2.72 | 1310.9 | 32.6
250 | 641.0| 2.88 | 1335.7 | 40.4
300 |601.9) 3 03 | 1360.3 | 47.8
350 | 741.9| 3.18 | 1384.9 | 55.2
791.9 | 3.33 | 1409.9 | 62.5
50 | 443.8 | 2.18 | 1233.2 9.0
100 | 493.8 | 2.35 | 1260.7 | 17.5
150 | 543.8 | 2.51 | 1286.5| 25.5
393.8| 2.00 |1200.2| 215 200 | 593.8 | 2.67 | 1311.6 | 33.5
250 | 643.8| 2.82 | 1336.3 | 41.0
300 | 693.8| 2.97 | 1361.0 | 48.5
350 | 743.8| 3.12 | 1385.6 | 56.0
400 | 703.8 | 3.26 | 1410.1 | 63.0
50 | 445.6 | 2.14 | 1233.8| 9.2
100 | 495.6 | 2.30 | 1261.4 | 17.3
150 | 545.6 | 2.46 | 1287.1 | 25.8
395.6| 1.96 [1200.6| 220 200 | 595.6 | 2.62 | 1312.2 | 33.6
260 | 645.6 | 2.77 | 1337.0 | 41.3
300 | 695.6 | 2.01 | 1361.7 | 48.8
350 | 745.6 | 3.06 | 1386. 56.2
400 | 795.6 | 3.20 | 1410.8 | 63.3
Compiled by permission from Mark & Davis’ Steam Tables
and Di X pyright Longmans, Green & Co.
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TABLE No. 64—MODULI OF CIRCULAR SECTIONS—SOLID DIAMETER IN 8ta INCHES
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TABLE No. 65—DECIMAL EQUIVALENTS
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TABLE No. 66—COMPARISON OF THERMOMETER
SCALES

CENTIGRADE AND FAHRENHEIT

—30{-22 42/107. 490| 914} 850|1562
—28|-18.4] 44|111. 500 860
—26|-14.8] 46(114. 510 870(1598
—24|-11.2] 48|118. 520 880(1616
—22|—7.6] 50{122. 630 8901634
—20|—4.0] 52{125. 1004] 900|1652
-—18|—0.4] 54|129. 1 910/1670
—16] 3.2] 56/132. 1 9201688
—14| 6.8] 58(136. 1 930(1706
—12] 10.4] 60]140. 10764 940|1724
—10]| 14.0] 62|143. 1094] 9501742
— 8| 17.6] 64|147. 1112{ 960/1760
— 6} 21.2] 66{150. 11304 970!
— 4| 24.8] 68|154. 11481 9801796
— 2| 28.4] 70[158. 630|1 1 814
— 0] 32.0f 72[161. 640{1184}1 832
2| 35.6] 74/165. 650(1202]1050(1922
4| 39.2) 76/168. 660/122041100{2012
6| 42.8] 78/172. 670/123811150{2102
8| 46.4] 80|176. 680125641 1
10[ 50.0] 82(179. 690{127.
12| 53.6] 84/183. 700(129241300|2372
14| 57.2] 86/186. 710{131011
16| 60.8] 88/190. 720 140012552
18| 64.4] 90(194. 730|134641450(2642
20| 68.0] 92/197. 740(1364]1
22| 71.6] 94/201. 750|1382]155012822
24| 75.2] 96/204. 760{14004160012912
26| 78.8] 98/208. 770(14181165013002
28} 82.4] 100[212. 143611
301 86.0] 102/215. 145411750(3182
32| 89.6] 104/219. 147241
34| 93.2] 106{222. 149081
36| 96. 1
38{100.4] 152641
401104 . 8401

In the Fahrenheit thermometer the freezing point of water is
taken at 32°, and the boilinwmt of water at mean atmospheric
pressure at the sea level is taken at 212°. The distance between
these points is divided into 180°.

In the Centigrade thermometer the freezing point is taken at
0° and the boiling point at 100°.

1 Fahrenheit degree = 5/9 degree Centigrade.

1 Centigrade degree = 9/5 degree Fahrenheit.

Temr:ggure Fahrenheit = (9/5 X temperature Centigrade)

'l‘emper&?g;re Centigrade = 5/9 X (temperature Fahren! b
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TABLE No. 67—SPEED—SECONDS PER MILE IN MILES

PER HOUR
Secs. | Miles || Secs. | Miles || Secs. | Miles || Secs. | Miles
r r r r per r per
Niie | Hour || Nrile | Hour || ¥l | Hour || Mie | Hour

1500 || 48 | 75.0 || 72 | 50.0 9 | 37.5
1440|| 49 | 735 || 73 | 49.3 97 | 37.1
1384 50 | 720 || 74 | 48.6 || 98 | 36.7
133.3( 51 | 0.6 || 75 | 480 || 99 | 36.3
47.4 || 100 | 36.0
46.7 || 101 | 35.6
46.1 || 102 | 35.3
45.5 || 103 | 34.9
45.0 || 104 | 34.6
44.4 || 105 | 34.3
43.9 || 106 | 33.9
43.4 || 107 | 33.6
42.8 || 108 | 33.3
42.3 || 109 | 33.0
419 || 110 | 32.7
41.4 || m1 | 32,5
40.9 || 112 | 32.2
40.4 || 113 | 31.9
54.5 40.0 |[ 114 | 31.5
83.7 53.7 {| 91 | 39.6 || 115 | 31.3
81.8 52.9 39.1 || 116 | 31.0
80.0 (| 69 | 52.2 38.7 || 117 | 30.8
73| 70 | 51.4 38.3 || 118 | 30.5
76.6 || 71 | 50.7 37.9 || 119 | 30.2
- 120 ! 30.0

126.6 69.2
124.1
120.0

52

53 67.9

54
116.1 55 | 65.4

56

57

58

66.6

24

25

26

27

28

29

30

31

32 | 125 64.3
33 | 109.0 63.1
34 | 105.9 62.0
35 | 102.8 59 | 61.0
36 | 100.0 60 60.0
37 97.3 61 59.0
38

39

40

41

42

43

44

45

46

47

94.7 58.0

2.3 57.1
90.0 56 .2

62
63
64
87.8 65 55.4
66
67
68

838 IRV 28Z I I

85.7

& 288
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TABLE No. 68—TANGENT DEFLECTIONS

G

0—61—1

1 ]

P |

&

ﬁsg—;

¥

C1 = Distance from eenter of rigid wheelbase to center of truck.
Cs = Half-rigid wheelbase.
D= Tanxent deﬂecnon for half-chord C;.

D= Tanie

S = Ti swing = D; — Da.

Table gives tangent deﬂecuons in inches, calculated by the
following approximate formula:

uon for half-chord C,.

R
nt deflection in inches.

Where D = T: f
C = Half chord in feet.
R = Radius of curve in feet.

Half Deares AND Rapius or Curve

Chord 1°) 2 )| 4|86 | 7| &) ¥ )I1°
in

Feet 5730 | 1910|1433 {1146 °| 955’ | 819’ | 717’ | 637’ | 574 *
2 .01 .02| .02| .03 .03 .03] .04f .04
2% .01 .02| .03| .04/ .05 .05/ .05 .08 07
3 .01 .03| .04| .05 .08f .07 .07 .08 .09
314 .01 .04/ .08 .07 .08f .10 .10 .12 .13
4 .02 .05 .07| .08 .10{ .12| .13| .15 .17
4% .02 .07) .08 .11} .13} .15 .17] .20| .22
5 .03 .08 .10( .13| .16 .18 .21] .24] .26
5% .03 J10f .13 .16 .20 .22 .26] .20] .32
6 .04 A1 150 .19 .23 .26 .30] .34 .38
(121 .04 A3 .18 .23 .27| .31] .36] .40| .45
7 .05 .15| .21| .26 .31 .36 .41 .48] .51
% .06 .18 .24 .30| .38] .42| .48 .53 .59
8 .07] J200 .27 .34| .40| .47) .54| .60[ .67
8% .08, .23] .31 .38 .46/ .53] .61] .68 .76
9 .08 25| .34 .42 .51] .59| .68 .76| .85
934 .09 .28/ .38 .47| .57| .68| .76] .85 .95
10 .10] 311 .42 .52 .63 .73| .84] .94| 1.05
1014 12 .35 .46 .59 .69 .81] .92| 1.04] 1.15
11 .13 .38 .51 .63] .76| .89 1.01] 1.14| 1.26
1134 .14 42| .55| .69 .83} .97| 1.10] 1.25| 1.38
12 .15 .45 .60 .75/ .90] 1.05| 1.20| 1.36} 1.51
1244 .16 .49 .66 .82| .99{ 1.15| 1.31{ 1.47| 1.64
13 .18 83| .71 .88| 1.06| 1.24] 1.41] 1.59| 1.77
1334 .19 571 .76 .96| 1.15| 1.34) 1.53] 1.72] 1.91
14 .20 .62| .82| 1.03| 1.23| 1.44] 1.64] 1.85] 2.05
1414 .22 .66] .88[ 1.10] 1.32] 1.54| 1.76{ 1.98| 2.20
15 .24 L71] .04] 1.18] 1.41] 1.65] 1.88] 2.12| 2.35
1534 .25 .76 1.01§ 1.26| 1.51| 1.78] 2.02] 2.27| 2.52
18 .27 .80] 1.07| 1.34| 1.61] 1.88| 2.14| 2.41] 2.68
184 .29) .86| 1.14| 1.43| 1.71] 2.00] 2.28| 2.57| 2.85
17 .30 911 1.21f 1.51) 1.82| 2.12| 2.42} 2.72] 3.02
17% .82 971 1.29! 1.60l 1.92! 2.24] 2.56! 2.88) 3.20
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Half
Chord
- in

TABLE No. 68B—TANGENT DEFLECTIONS—Continued
Feet
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TABLE No. 68—TANGENT DEFLECTIONS—Continued
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TABLE No. 68—TANGENT DEFLECTIONS—Continued
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TABLE No. 68—TANGENT DEFLECTIONS—Continued
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TABLE No 63—CONVERSION TABLE

MeTtrIC UNIT

U. S. EQUIVALENT

0.3937006 inch.
3.280838 feet.

1.093613 yards.
0.6213709 miles.

It et Pk ot

0.1550002 square inch.

10.7639 squarc feet.
1.195989 square yards.
0.3861018 square mile.

1 Hectare..............
1 Cubic meter..........
1 Cubi

2.471052 acres.

0.0610236 cubic inch.
35.31463 cubic feet.

1.307949 cubic yards.

0.2399124 cubic mile.

0.0338022 U. S. fluid ounce.
1.056304 U. S fluid quarts.

0.264076 U. S. gallon.

0.88086 British liquid quart.

0 220215 British gallon
0.908082 U. S. dry quart
28.3776 U. S. bushels

15.4323487 grains.

: 0 0352739 avo:rdupoxs ounce.
2.2046212 avoirdupois pounds.

1.1023107 short tons (2000 1b.)

0.0321507 Troy (apoth.) ounce.
2.679228 Troy (apoth.) pound.
0.2048161 pounds per sq. ft.
14.22335 pounds per sq. in.

7.233007 foot pounds.
3.968318 British heat units.

3091361'ootpwn

0.9863193 horse power

0.5780371 ounces in a cubic inch.
0.0624279 pound in a cubic foot.
0.842778 short tonina cubicyard.
0.058439 grainin a U. S. gallon.
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AMERICAN LOCOMOTIVE COMPANY

TABLE No. 69—CONVERSION TABLE—Continued

U. S. Unit METRIC EQUIVALENT
2.540001 centimeters.
3048001 meter.
0.9144 meter.
kilometer.
6.451606 square centimeters.
0.0929031 square meter.
0.8361281 square meter.
2. square kilometers.
TACrE. ... ivieiinenasnnnen 0.4046858 hectare.

1 Cubic inch 16.387083 cubic centimeters.

1 Cubic foot 0.0283169 cubic meter.

1 Cubic yard 0.7645558 cubic meter.

1 Cubicmile................ 4.168186 cubic kilometers.

1U.S.fluidounce.......... 29, cubxc centimeters.

1 U. S.liquid quart.......... 0.946698 liter.

1U.S.gallon............... 3.78679 liters.

1 British liquid quart. ... .... 135254 lltets

1 Bri gall

1 4

1

0.4535926 lulogmm.
0.9071852 millier (tonneau).
1 Troy (apoth.) ounce....... 31.1035 grammes.
l Troy (apoth; pound ....... 0.3732419 kilogram.
1 Pound per square foot. . ... 4.882427 kilograms per sq. m.
1 Pound per squareinch..... 0.0703069 kilogram per sq. cm.

d..
t uni

1 Foot-
1 British hea
1 Foot-pound. .... .
1 Horse power. . ...........

0.1382551 kilogram—meter.
0 2519959 calone

0.0003234
1.013871 foroes de chevaux.

1 Ounce in a cubic inch
1 Pound in a cubic foot.... ..
1 Short ton in a cubic yard.. .
1 Grainin a U. S. gallon

mes in a cu. cm.

1.729993
16.01846 k ograms in a cu. m.
1.1 iers in a cu. m.

17.11184 mx!hgrams in a liter,
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AMERICAN LOCOMOTIVE COMPANY 155
TABLE No. 71—CONVERSION TABLE
MILLIMETERS IN INCHES
Mm. | Inches || Mm. | Inches || Mm. | Inches || Mm. | Inches

1 |0.039( 26 |1.024| 51 |[2.008] 76 |2.992
2 [0079| 27 |1.063| 52 |2.047 (| 77 |3.031
3 |o0.118| 28 |1.102 || 53 |2.087 | 78 |3.0m
4 |0158 ]| 20 |1.142 || 54 |2.126 || 79 |3.110
5 |0.197 | 30 |1.181|| 55 |2.165 | 80 |[3.150
6 [0.236| 31 |1.220| 56 |2.205 | 81 |3.180
7 |0.276 || 32 |1.260 || 57 [2.244 || 82 |3.228
8 (0315 33 [1.300] 58 |2.283 || 83 |3.268
‘9 ]0.354 | 34 |1.339| 59 |2.323 | 84 |3.307
10 |0.304 | 35 |1.378 | 60 |2.362 || 85 |3.346
1 |0.433( 36 [1.417| 61 [2.402 || 8 |3.386
12 |0.472 || 37 |1.457 || 62 [2.441| 87 |3.425
13 (0512 || 38 |1.496 || 63 | 2.480 3.465
14 (0551 || 39 [1.535|f 64 |2.520( 89 |3.504
15 o591 || 40 [1.575| 65 [2.559 || 90 |3.543
16 |0.630 || 41 [1.614 || 66 |2.598 || 91 |3.583
17 [0.669 |l 42 [1.654 || 67 [2.638 | 92 |3.622
18 {0709 || 43 |1.693 | 68 |2.677 || 93 | 3.661
19 (0.748 || 44 [1.732 || 69 [2.717 || 94 | 3.701
20 |0.787 || 45 |1.772 | 70 |2.756 || 95 |3.740
" 21 |0827| 46 [1.811| 71 |2.795]|| 96 |3.780
22 [0.866 || 47 |1.850 || 72 |2.835 | 97 | 3.819
23 |0.906 || 48 [1.8%0 || 73 |2.874 || 98 | 3.858
24 0945 49 |1.9290)l 74 |2.913|| 99 | 3.898
25 50 |1.960|| 75 |2.953 || 100 |3.987
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TABLE No. 72—CONVERSION TABLE
FEET IN METERS

Feet | Meters ||Feet| Meters ||Feet| Meters |[Feet| Meters
1| 0.3048 || 26 | 7.9248 || 51 | 15.5448 || 76 | 23.1648
2| 0.6096 || 27 | 8.2296 || 52 | 15.8496 || 77 | 23.4696
31 0.9144 || 28 | 8.5344 || 53 | 16.1544 || 78 | 23.7744
4| 1.2192 || 29 | 8.8392 || 54 | 16.4592 || 79 | 24.0792
5] 1.5240 || 30 | 9.1440 || 55 | 16.7640 || 80 | 24.3840
6| 1.8288 || 31 9.4488 (| 56 | 17.0688 || 81 | 24.6888
7| 2.1336 |[ 32 | 9.7536 || 57 | 17.3736 || 82 | 24.9936
8 | 2.4384 || 33 | 10.0584 || 58 | 17.6784 || 83 | 25.2984
9| 2.7432 || 34 | 10.3632 |[ 59 | 17.9832 || 84 | 25.6032

10 | 3.0480 || 35 | 10.6680 || 60 | 18.2880 || 85 | 25.9080
11 | 3.3528 || 36 | 10.9728 || 61 | 18.5928 || 86 | 26.2128
12 | 3.6576 || 37 | 11.2776 || 62 | 18.8976 || 87 | 26.5176
13 |1 3.9624 || 38 | 11.5824 || 63 | 19.2024 || 88 | 26.8224
14 | 4.2672 | 39 | 11.8872 || 64 | 19.5072 || 89 | 27.1272
15 | 4.5720 || 40 | 12.1920 || 65 | 19.8120 || 90 | 27.4320
16 | 4.8768 || 41 | 12.4968 || 66 | 20.1168 || 91 | 27.7368
17 | 5.1816 || 42 | 12.8016 || 67 | 20.4216 || 92 | 28.0416
18 | 5.4864 || 43 | 13.1064 |( 68 | 20.7264 || 93 | 28.3464
19 | 5.7912 || 44 | 13.4112 || 69 | 21.0312 || 94 | 28.6512
20 | 6.0960 || 45 | 13.7160 || 70 | 21.3360 || 95 | 28.9560
21 | 6.4008 |l 46 | 14.0208 || 71 | 21.6408 || 96 | 29.26CS
22 | 6.7056 || 47 | 14.3256 || 72 | 21.9456 || 97 | 29.5.5.
23 | 7.0104 48 | 14.6304 || 73 | 22.2504 || 98 | 29.8704
24 | 7.3152 || 49 | 14.9352 || 74 | 22.5552 || 99 | 30.1752
25| 7.6200 || 50 | 15.2400 || 75 | 22.8600 ||100 | 30.4800
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TABLE No. 73—CONVERSION TABLE
METERS IN FEET

{':: Feet ?e':; Feet {f:; Feet xﬁl Feet
1| 3.28 || 26| 85.302 || 51 | 167.323 || 76 | 249.344
2| 6.562 |[ 27| e8.583 || 52 | 170.604 || 77 | 252.625
3| o.843 |[ 28| 01.863 || 53 | 173.884 || 78 | 255.905
4| 13123 || 20| 95.144 || 54 | 177.165 || 70 [ 250.186
5| 16.404 |[ 30 | 98.425 || 55 | 180.446 || 80 | 262.467
6| 19.685 || 31 | 101.706 || 56 | 183.727 || 81 | 265.748
7| 22.966 || 32 | 104.987 || 57 | 187.008 || 82 | 260.020
8| 26.247 || 33 | 108.268 || 58 | 190.289 || 83 | 272.310
9| 20.528 || 34 | 112.548 || 59 | 193.569 || 84 | 275.590
10 | 32.808 || 35 | 114.829 || 60 | 196.850 || 85 | 278.8m1
11 | 36.080 || 36 | 118.110 || 61 | 200.131 || 86 | 282.152
12 | 39.370 || 37 | 121.301 || 62 | 203.412 || 87 | 285.433
13 | 42.651 || 38 | 124.672 || 63 | 206.693 || 88 | 288.714
14 | 45.932 || 30 | 127.953 || 64 | 200.974 || 80 | 292.995
15 | 49.213 || 40 | 131.234 || 65 | 213.254 || 90 | 295.275
"16 | 52.493 || 41 | 134.514 || 66 | 216.535 || o1 | 298.55
17 | 55.774 || 42 | 137.795 || 67 | 219.816 || o2 | 301.837
18 | 59.055 || 43 | 141.076 || 68 | 223.007 || 93 | 305.118
19 | 62.336 || 44 | 144.357 || 69 | 226.378 || 94 | 308.399
20 | 65.617 || 45 | 147.638 |[ 70 | 220.659 || 95 | 311.680
21 | 68.898 || 46 | 150.919 || 71 | 232.939 || 96 | 31¢.960
22| 72.178 || 47 | 154.199 || 72 | 236.220 || 97 | 318.201
23| 75.459 || 48 | 157.480 || 73 | 239.501 || 98 | 321.522
24| 78.740 || 49 | 160.761 || 74 | 242.782 || 99 | 324.803
25 | 82.021 || 50 | 164.042 || 75 | 246.063 ||100 | 328.084
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TABLE No. 74—CONVERSION TABLE
KILOMETERS IN MILES

Km.| Miles |[Km.| Miles |[Km.| Miles |[Km.| Miles
1| o.621 || 26| 16.156 || 51 | 31.690 || 76 | 47.224
2| 1.243 || 27| 16.777 || 52 | 32.311 || 77 | 47.846
3| 1.864 || 28| 17.308 || 53 | 32.933 || 78 | 48.467
4| 2.485 [[20| 18.020 || 54 | 33.554 || 79 | 49.088
5| 3.107 |[30| 18.641 || 55 | 34.175 || 0 | 49.710

6| 3.728 |[ 31| 19.262 || 56 | 34.797 || 81 | 50.331
7| 4.350 || 32| 19.884 || 57 | 35.418 || 82 | 50.952
8| 4.97 || 33| 20.505 || 58 | 36.040 || 83 | 51.574

5.502 |[ 34 | 21.127 || 59 | 36.661 || 84 | 52.195

10| 6.214 || 35| 21.748 || 60 | 37.282 || 85 | 52.817
11| 6.835 || 36 | 22.369 || 61 | 37.904 || 86 | 563.438
12| 7.456 || 37| 22.901 || 62 | 38.525 || 87 | 54.050
13| 8.078 || 38| 23.612 |63 | 39.146 || 88 | 54.681
14| 8.699 |[ 39| 24.233 || 64 | 29.768 || 89 | 55.302
15| 9.321 || 40| 24.855 || 65 | 40.389 || 90 | 55.923
16| 9.942 || 41| 25.476 || 66 | 41.010 || 91 | 56.545
17| 10.563 || 42 | 26.008 || 67 | 41.632 || 92 | 57.166
18| 11.185 || 43 | 26.719 || 68 | 42.253 || 93 | 57.787
19 | 11.806 || 44 | 27.340 || 69 | 42.875 | 94 | 58.409
12.427 || 45 | 27.962 || 70 | 43.496 || 95 | 59.030

13.049 |[ 46 | 28.583 || 71 | 44.117 |[ 96 | 59.652
13.670 || 47 | 29.204 || 72 | 44.739 || 97 | 60.273
14.292 |1 48 | 29.826 || 73 | 45.360 || 98 | 60.894
14.913 |1 49 | 30.447 || 74 | 45.981 [| 99 | 61.516
25| 15.534 || 50 | 31.069 (| 75 | 46.603 ||100 | 62.137

¥ B8R RS
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TABLE No. 75—CONVERSION TABLE
MILES IN KILOMETERS
Miles| ,,’Sé&, Miles! Kilo- Miles :;(eltl:;a Miles n’i“,:;

1 1.609 26 | 41.843 51| 82.077 76 | 122.310
2 3.219 27 | 43.452 52 | 83.686 77 | 123.919
3 4.828 28 | 45.062 53 | 85.295 78 | 125.529
4 6.437 29 | 46.671 54 | 86.905 79 | 127.138
5| 8.047 30 | 48.280 55| 88.514 80 | 128.748
6| 9.656 31 | 49.890 56 | 90.123 81 | 130.357
7 | 11.265 32 | 51.499 57 | 91.733 82 | 131.966
8 | 12.875 33 | 63.108 58 | 93.342 83 | 133.576
9 | 14.484 34 | 54.718 59 | 94.951 84 | 135.185
10 | 16.093 35 | 56.327 60 | 96.561 85 | 136.794
11 | 17.703 36 | 57.936 61 98.170 86 | 138.404
12 | 19.312 37 | 59.546 62 | 99.779 87 | 140.013
13 | 20.921 38 | 61.155 63 | 101.389 88 | 141.622
14 | 22.531 39 | 62.764 64 | 102.998 89 | 143.232
15 | 24.140 40 | 64.374 65 | 104.607 90 | 144.841
16 | 25.750 41 | 65.983 66 | 106.217 91 | 146.450
17 | 27.359 42 | 67.592 67 | 107.826 92 | 148.060
18 | 28.968 43 | 69.202 68 | 109.435 93 | 149.669
19 | 30.578 44 | 70.811 69 | 111.045 94 | 151.278
20 | 32.187 45 | 72.420 70 | 112.654 95 | 152.888
21 | 33.796 46 | 74.030 71 | 114.263 96 | 154.497
22 | 35.406 47 | 75.639 72 | 115.873 97 | 156.106
23 | 37.015 48 | 77.249 73 | 117.482 98 | 157.716
24 | 38.624 49 | 78.858 74 | 119.091 99 | 159.325
25 | 40.234 50 | 80.468 75 | 120.702 || 100 | 160.934
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TABLE No. 76—CONVERSION TABLE

KILOGRAMS IN AVOIRDUPOIS POUNDS

Kilo- Kilo- Kilo - Kilo-
grams| Pounds ||grams| Pounds ||grams| Pounds ||grams| Pounds
1 2.205 || 26 | 57.320 || 51 112.436' 76 | 167.551
2 4.409 || 27 | 59.525|| 52 |114.640 || 77 | 169.756
3 6.614 || 28 | 61.729 || 53 |116.845|| 78 | 171.960
4 | 8.818 || 29 | 63.934| 54 |119.050 || 79 | 174.165
5 [11.023 || 30 | 66.139|! 55 |121.254 || 80 | 176.370
6 | 13.228 || 31 | 68.343 || 56 |123.459|| 81 | 178.574
7 | 15.432 || 32 | 70.548 || 57 |125.663 || 82 | 180.779
8 |17.637 || 33 | 72.752 || 58 |127.868 || 83 | 182.984
9 | 19.842 || 34 | 74.957 | 59 |130.073 || 84 | 185.188
10 | 22.046 || 35 | 77.162 || 60 |132.277 || 85 | 187.393
11 | 24.251 || 36 | 79.366 | 61 |134.482 | 86 | 189.597
12 | 26.455 || 37 | 81.571 || 62 |136.687 || 87 | 191.802
13 | 28.660 || 38 | 83.776 || 63 |138.891 || 88 | 194.007
14 | 30.865 || 39 | 85.980 || 64 |141.096| 89 | 196.211
15 | 33.069 || 40 | 88.185| 65 |143.300 || 90 | 198.416
16 | 35.274 || 41 | 90.389 || 66 | 145.505 || 91 | 200.621
17 | 37.479 || 42 | 92.594 || 67 |147.710 || 92 | 202.825
18 | 39.683 || 43 | 94.799 || 68 |149.914 || 93 | 205.030
19 |41 888 44 | 97.003 [| 69 |152.119 || 94 | 207.234
20 |44.092 || 45 | 99.208 | 70 |154.323 || 95 | 209.439
21 46.297 46 |101.413 || 71 |156.528 || 96 | 211.644
22 | 48.502 |[ 47 |103.617 || 72 |158.733 || 97 | 213.848
23 | 50.706 48 |105.822 || 73 |160.937 || 98 | 216.053
24 | 52.911 49 |108.026 || 74 |[163.142 || 99 | 218.257
25 | 55.116 50 |110.231 75 |165.347 || 100 | 220.462
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TABLE No. 77—CONVERSION TABLE
AVOIRDUPOIS POUNDS IN KILOGRAMS

Kilo- Kilo- Kilo- Kilo-

Lb. | grams || Lb. | grams || Lb. | grams || Lb. | grams
1 0.4536 || 26 |11.7934 || 51 |23.1332 || 76 | 34.4731
2 0.9072 || 27 |12.2470 || 52 |23.5868 || 77 | 34.9267
3 1.3608 || 28 |12.7006 || 53 |24.0404 || 78 | 35.3803
4 1.8144 || 29 |[13.1542 || 54 |24.4940 35.8338
5 2.2680 || 30 |13.6078 || 55 |24.9476 || 80 | 36.2874
6 2.7216 || 31 |14.0614 || 56 |25.4012 || 81 | 36.7410
7 3.1752 || 32 |14.5150 || 57 |25.8548 || 82 | 37.1946
8 3.6287 || 33 |14.9686 | 58 |26.3084 || 83 | 37.6482
4.0823 || 34 |15.4222 || 59 |26.7620 | 84 | 38.1018
10 4.5359 || 35 |15.8758 || 60 |27.2156 || 85 | 38.5554
11 4.9895 || 36 |16.3293 || 61 |27.6692 | 86 | 39.0090
12 54431 | 37 |16.7829 || 62 |28.1228 || 87 | 39.4626
13 5.8967 || 38 |17.2365|| 63 |28.5764 || 88 | 39.9162
14 6.3503 || 39 |17.6901 || 64 |29.0300 40.3698
15 6.8039 || 40 |18.1437 || 65 |29.4835 || 90 | 40.8234
16 7.2575 || 41 |18.5973 || 66 |29.9371 || 91 | 41.2770
17 7.7111 || 42 [19.0509 || 67 |30.3907 || 92 | 41.7306
18 8.1647 || 43 |19.5045 || 68 |30.8443 || 93 | 42.1841
19 8.6183 || 44 |19.9581 |[ 69 |31.2979 || 94 | 42.6377
20 9.0719 || 45 |20.4117 || 70 |31.7515 | 95 | 43.0913
21 9.5255 || 46 |20.8653 | 71 |32.2051 || 96 | 43.5449
22 99790 || 47 |21.3189 || 72 |32.6587 || 97 | 43.9985
23 |10.4326 || 48 [21.7725 || 73 |33.1123 || 98 | 44.4521
24 108862 || 49 |22.2261 || 74 |33.5659 || 99 | 44.9057
25 |11.3398 (| 50 |22.6797 || 75 |34.0195 |[100 | 45.3593
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TABLE No. 78—CONVERSION TABLE
U. S. GALLONS IN LITERS

1| 379 26 | 9846 51 |193a3|| 76 | 287.80
2 | 7.57|| 27 |10224|| 52 [19691| 77 | 291.58
3 |11.36 || 28 |106.03| 53 [20070| 78 | 295.37
4 [15.15| 29 |109.82) 54 |20449|| 79 |299.16
5 |18.93| 30 |11360| 55 |20827| 80 |302.94
6 |22.72 || 31 |117.39) 56 |212.06| 81 |306.73
7 |26.51 || 32 |12118|| 57 |21585( & |310.52
8 [30.20| 33 [124.96] 58 |21963|f 83 [314.30
9 |34.08| 34 |12875|| 59 |223.42(| 84 |318.09
10 |37.87| 35 |13254|| 60 |22721| 85 |321.88
1 |41.65]) 36 [13632| 61 23099 86 | 325.66
12 |45.44 || 37 |10m1 || 62 [234.78| 87 [329.45
13 [49.23] 38 |14390|| 63 [23857| 88 |333.24
14 |s3.02| 39 |14768| 64 |24235| 89 |337.02
15 |56.80 || 40 |151.47 | 65 [24614] 90 |340.81
16 |60.59 || 41 |15526(| 66 |249.93| o1 |344.60
17 |e4.38 | 42 |159.05|| 67 |253.71| e |348.38
18 |es.16| 43 |162.83|| 68 [25750| @8 |3s2.17
19 |71.05| 44 |166.62|| 69 |261.20| o4 |355.96
20 |75.74 || 45 [170.41] 70 [26508] 95 |3%0.75
21 |79.52 || 46 |17419]| 71 |268.86|| 96 | 363.53
2 | 8331 47 |17798|| 72 |27265]| 97 |367.32
23 |87.10 || 48 [181.77|| 73 |276.44]| 98 |371.11
24 |90.88 || 49 |18555(| 74 [280.22| 99 |374.80
25 |94.67 || 50 (189.34] 75 |284.01 100 | 378.68
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TABLE No. 79—CONVERSION TABLE
LITERS IN U. S. GALLONS

Liters (‘Hflf;m Liters [Gallons|| Liters G%lgﬁs Liters Glghg;ls
1 {0264 || 26 | 6.866])| 51 |13.468| 76 | 20.070
2 |o.528| 27 | 7.130| 52 |13.732(| 77 | 20.334
3 [0.792| 28 | 7.394| 53 |13.996(| 78 | 20.598
4 |1.0% 7.658 || 54 |14.260|[ 79 | 20.862
5 |1.320 [ 30 | 7.922| 55 |14.524|f 80 |21.126
6 |1.584| 31 | 818 | 56 |14.788| 81 | 21.3%
7 |1.849 || 32 | 8451|| 57 [15.053|| 82 | 21.655
8 |2.113|| 33 | 8.715|| 58 |15317 83 | 21.919
9 | 2377 34 | 8979| 59 |15581( 84 |22.183
10 [2.641{ 35 | 9.243|| 60 |15.845| 85 | 22.447
11 [2.905 || 36 | 9.507]|| 61 [16.109] 8 |22.711
12 [3169 || 37 | 9771 || 62 [16.373]|| 87 | 22.975
13 |3.433 | 38 |10035| 63 |16637| 88 |23.239
14 |3.697 || 39 [10.209] 64 |16.901{ 89 |23.503
15 |3.961 || 40 [10563| 65 |17.165|| 90 | 23.767
16 |4.225 || 41 [10.827] 66 |17.429| 91 | 24.031
17 [4.489 || 42 [11.001|f 67 |17.693| 92 | 24.295
18 |4.753 || 43 [11.355]|| 68 [17.957|| 93 | 24.559
19 [5.018 | 44 [11.620(| 69 [18.222| 94 | 24.824
20 [5.282 || 45 [11.884|| 70 [18.486]| 95 | 25.088
21 |5.546 || 46 |12.148| 71 [18.750| 96 | 25.352
22 [5.810 || 47 {12412 72 [19.014|| 97 [ 25.616
23 |6.074 || 48 |12676|| 73 [19.278|| 98 [ 25.880
24 |6.338 || 49 [12.940| 74 |19.542| 99 | 26.144
26 |6602| 50 [13.204|| 75 |19.806 || 100 [ 26.408
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TABLE No. 80—CONVERSION TABLE
SQUARE METERS IN SQUARE FEET

T N e W e e s B
1 |10.764|| 26 [279.861|| 51 .959| 76 818.056
2 |[21.528]| 27 [290.625| 52 [569.723| 77 828.820
3 |32.292|| 28 [301.389|| 53 [570.487| 78 || 839.584
4 |43.056|| 29 [312.153|| 54 1.251] 79 850.348
5 | 53.820(| 30 [322.917||f 55 [592.015| 80 861.112
6 | 64.583)|| 31 [333.681|| 56 .778‘ 81 871.876
7 | 75.347)| 32 [344.445|| 57 [613.542| &2 882.640
8 | s6.111| 33 [355.209|| 58 |624.306] 83 || 893.404
9 | 96.875] 34 [365.973|| 59 .070| 84 904.168

10 [107.639|| 35 [376.737|| 60 .834] 85 914.932

11 [118.403|| 36 [387.500|| 61 .598] 86 925.695

12 [129.167|| 37 [398.264|| 62 [667.362] 87 936.459

13 [139.931)( 38 |409.028|| 63 [678.126] 88 947.223

14 [150.695|| 39 [419.792| 64 .890| 89 958.987

15 |161.459|| 40 [430.556|| 65 I:s& 90 968.751

16 [172.222{| 41 [441.320|] 66 [710.417| 91 979.515

17 |182.986(| 42 [452.084|] 67 [721.181| 92 990.279

18 |193.750|| 43 |462.848|| 68 [731.945| 93 |11001.043

19 [204.514| 44 [473.612|] 69 |742.709| 94 }{1011.807

20 [215.278(| 45 [484.376|| 70 [753.473| 95 [{1022.571

21 [226.042{| 46 [495.139|| 71 [764.237] 96 |(1033.334

22 .806(| 47 |505.903|| 72 [775.001] 97 |[1044.098

23 [247.570|| 48 |516.667|| 73 [785.765| 98 [[1054.862

24 258.334(| 49 [527.431|| 74 [796.529] 99 ||1065.626

25 [269.098/| 50 |538.195|] 75 |go7.293| 100 ||1076.390
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TABLE No. 81—CONVERSION TABLE
SQUARE FEET IN SQUARE METERS
si‘-::t iq;a;eé eet ;fetus Qﬁ:::. ;feters Feet lswq:ti:
1 }0.0929 26 |2.4155 51 |4.7381 76 | 7.0606
2 }0.1858 27 | 2.5084 52 |4.8310 77 |7.1535
3 |0.2787 28 |2.6013 53 |4.9239 78 |7.2464
4 |0.3716 29 |2.6942 54 |5.0168|. 79 [7.33%4
5 |0.4645| 30 |2.7871 55 |5.1097 80 |7.4323
6 |0.5574 31 |2.8800 56 | 5.2026 81 |7.5252
7 10.6503 32 |2.9729 57 |5.2955 8 |7.6181
8 |0.7432 33 |3.0658 || 58 |5.3884 83 |7.7110
9 |0.8361 34 |3.1587 || 59 |5.4813 84 |7.8039
10 {09290 | 35 |[3.2516| 60 |5.5742 85 |7.8968
11 |1.0219 36 |3.3445 61 |5.6671 86 |7.9897
12 |1.1148 37 |3.4374 62 | 5.7600 87 |8.0826
13 | 1.2077 38 |3.5303 || 63 |5.8529 88 |8.1755
14 113006 39 |3.6232| 64 |59458( 89 |8.2684
15 |1.3936 40 |3.7161 65 |6.0387 90 |8.3613
16 | 1.4865 41 |3.8090 66 |6.1316 91 |8.4542
17 | 1.5794 42 |3.9019 67 |6.2245 92 |8.5471
18 |1.6723 || 43 |3.9948 68 |6.3174 93 |8.6400
19 |1.7652 44 | 4.0877 6.4103 94 |8.7329
20 |1.8581 45 | 4.1806 70 | 6.5032 95 |8.8258
21 |1.9510 46 | 4.2735 71 ]6.5961 96 |8.9187
22 12.0439|] 47 |4.3665 72 | 6.6890 97 |9.0116
23 12.1368 48 | 4.4594 73 |6.7819 98 |9.1045
24 12.2297 || 49 |4.5523 74 |6.8748 || 99 |9.1974
25 |2.3226 50 |4.6452 75 |6.9677 || 100 |9.2903
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Cubic

Meters|

AMERICAN LOCOMOTIVE COMPANY

TABLE No. 82—CONVERSION TABLE
CUBIC METERS IN CUBIC FEET

Cubic
Feet

Cubic
eters

Cubic
Feet

Cubic

(Meters|

Cubic
Feet

Cubic
Feet

0.5

1.5

2.5

17.65
35.31
52.97
70.63
88.29

14
14.5
15
15.5
16

494.40
512.06
529.72
547.38
565.03

27.5
28
28.5
29
29.5

971.15
988.81
1006.47
1024.12
1041.78

41
41.5
42
42.5
43

1447.90
1465.56
1483.21
1500.87
1518.53

3.5

4.5

5.5

105.94
123.60
141.26
158.92
176.57
194.23

16.5
17
17.5
18
18.5
19

582.69
600.35
618.01
635.66
653.32
670.98

30
30.5
31
31.5
32
32.5

1059.44
1077.10
1094.75
1112.41
1130.07
1147.73

43.5
44
4.5
45
45.5
46

1536.19
1553.84
1571.50
1589.16
1606 .82
1624 .47

6.5

7.5

8.5

211.89
229.55
247.20
264.86
282.52
300.17

19.5
20
20.5
21
21.5
22

688.64
706.29
723.95
741.61
759.26
776.92

33
33.5
34
34.5
35
35.5

1165.38
1183.04
1200.70
1218.35
1236.01
1253.67

46.5
47
4.5
48
48.5
49

1642.13
1659.79
1677.44
1695.10
1712.76
1730.42

9.5
10
10.5
1
11.5

317.83
335.49
353.15
370.80
388.46
406.12

22.5
23
23.5
24
24.5
25

794.58
812.24
829.89
847.55
865.21
882.87

36
36.5
37
37.5
38
38.5

1271.33
1288.98
1306.64
1324.30
1341.96
1359.61

49.5
50
50.5
51
51.5
52

1748.07
1765.73
1783.39
1801.05
1818.70
1836.36

12,5
13

(5]

423.78
441.43
459.09
476.75

25.5
26
26.5
27

900.52
918.18
935.84
953.49

39
39.5
40

40.5

1377.27
1394.93
1412.59

52.5
53
53.5

1430.24

54

1854.01
1871.68
1889.33
1906.99
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TABLE No. 83—CONVERSION TABLE
CUBIC FEET IN CUBIC METERS
Cubic | Cubic || Cubic| Cubic || Cubic | Cubic || Cubic| Cubic
Feet |Meters || Feet |Meters || Feet | Meters || Feet | Meters
1 0.0283 || 14.5 | 0.4106 || 28 0.7929 | 41.5 [1.1752
1.5 10.0425 || 15 0.4247 || 28.5 | 0.8071 || 42 1.1893
2 0.0566 || 15 5 | 0.4389 || 29 0.8212 || 42.5 | 1.2035
2.5 |0.0708 || 16 0.4531 || 29.5 | 0.8354 || 43 1.2176
3 0.0849 || 16.5 | 0.4673 || 30 0.8495 || 43.5 | 1.2318
3.5 10.0991 {| 17 0.4814 || 30.5 | 0.8637 || 44 1.2459
4 0.1133 || 17.5 | 0.4956 || 31 0.8778 || 44.5 | 1.2601
4.5 10.1275 || 18 0.5097 || 31.5 | 0.8920 || 45 1.2743
5 0.1416 || 18.5 |0.5239 || 32 0.9061 || 45.5 | 1.2885
5.5 10.1558 || 19 0.5380 {| 32.5 | 0.9203 || 46 1.3026
6 0.1699 || 19.5 | 0.5522 || 33 0.9345 || 46.5 | 1.3168
6.5 (0.1841 || 20 | 0.5663 || 33.5 | 0.9487 || 47 1.3309
7 0.1982 || 20.5 | 0.5805 || 34 0.9628 || 47.5 | 1.3451
7.510.2124 || 21 0.5946 || 34.5 | 0.9770 || 48 1.3502
8 0.2265 || 21.5 | 0.6088 || 35 0.9911 || 48.5 | 1.3734
8.5 {0.2407 || 22 0.6230 || 35.5 | 1.0053 || 49 1.3875
9 0.2548 || 22.5 | 0.6372 || 36 1.0194 || 49.5 | 1.4017
9.5 |0.2690 || 23 0.6513 || 36.5 | 1.0336 || 50 1.4158
10 0.2832 || 23.5 | 0.6655 || 37 1.0477 || 50.5 | 1.4300
10.5 | 0.2974 || 24 0.6796 || 37.5 | 1.0619 || 51 1.4442
11 0.3115 || 24.5 [ 0.6938 || 38 1.0760 || 51.5 | 1.4584
11.5 | 0.3257 || 25 0.7079 || 38.5 | 1.0902 || 52 1.4725
12 0.3398 || 25.5 | 0.7221 || 39 1.1044 || 52.5 | 1.4867
12.5 | 0.3540 || 26 0.7362 || 39.5 | 1.1186 || 53 1.5008
13 0.3681 || 26.5 | 0.7504 || 40 1.1327 || 53.5 | 1.5150
13.5 | 0.3823 || 27 0.7646 | 40.5 | 1.1469 || 54 1.5391
14 0.3964 || 27.5 10.7788 || 41 1.1610 || 54.5 |1.5533
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IN. IN KILOGRAMS PER SQU.

AMERICAN LOCOMOTIVE COMPANY
TABLE No. 84—CONVERSION TABLE—POUNDS PER SQ.

ARE CENTIM

Pounds] Kg. ||Pounds| Kg. ||Pounds| Kg. - Kt.

Pt s [Ptk o | % P | o2
100 7.031 154 | 10.827 208 | 14.624 262 | 18.420
102 7171 156 | 10.968 210 | 14.764 264 | 18.561
104 7.312 158 |11.108 212 | 14.905 266 | 18.702
106 7.453 160 |11.249 || 214 | 15.046 268 | 18.842
108 7.593 162 |11.390 || 216 | 15.186 || 270 | 18.983
110 7.734 164 | 11.530 218 | 15.327 272 | 19.123
112 7.874 166 | 11.671 220 |15.467 || 274 | 19.264
114 8.015 168 | 11.812 222 |15.608 276 | 19.405
116 8.156 170 | 11.952 224 | 15.749 278 | 19.545
118 8.296 172 |12.093 | 226 | 15.889 || 280 | 19.686
120 8.437 174 |12.233 || 228 | 16.030 || 282 | 19.826
122 8.577 176 |12.374 || 230 |16.171 284 | 19.967
124 8.718 178 | 12.515 232 | 16.311 286 |20.108
126 8.858 180 [12.655| 234 |16.452 || 288 | 20.248
128 8.999 182 | 12.796 236 | 16.592 290 | 20.389
130 9.140 184 | 12.937 238 | 16.733 292 | 20.530
132 9,281 186 | 13.077 240 | 16.874 294 | 20.670
134 9.421 188 |13.218 242 | 17.014 296 | 20.811
136 9.562 190 | 13.358 || 244 | 17.155 ]| 298 | 20.951
138 9,702 192 |13.499 || 246 |17.295{| 300 |21.092
140 9.843 194 |13.639 || 248 |17.436 || 302 |21.233
142 9.984 196 |13.780 || 250 | 17.577 || 304 | 21.373
144 | 10.124 198 | 13.921 252 | 17.7117 306 |21.514
146 | 10.265 || 200 | 14.061 || 254 |17.858 || 308 | 21.654
148 | 10.405 || 202 | 14.202 || 256 |17.999 || 310 | 21.795
150 | 10.546 204 | 14.343 258 |18.139

2 110.687 206 '14.483 260 1|18.280
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ABLE No. 85—CONVERSION TABLE—KILOGRAMS PER
SQUARF CENTIMETER IN POUNDS PER SQUARE INCH

169

Kg. |Pounds|; Kg. |Pounds|] Kg. |Pounds|] Kg. | Pounds
queC:n quﬁn. pgm. qu.e;n. Sq‘.)gm. Sq?efn. qqpfg‘:n Sql?efn.
1.0 {14.223 || 6.4 | 91.029|| 11.8 [167.836( 17.2 | 244.642
1.2 |17.068 || 6.6 | 93.874( 12.0 {170.680|| 17.4 | 247.486
1.4 |19913 )] 6.8 | 96.719|| 12.2 [173.525|| 17.6 | 250.331
1.6 |22.757|] 7.0 | 99.563|| 12.4 [176.370|| 17.8 | 253.176
1.8 |25.602 | 7.2 [102.408|| 12.6 |179.214|| 18.0 | 256.020
2.0 |28.447 (| 7.4 [105.253|| 12.8 |182.059|( 18.2 | 258.865
2.2 |31.291 || 7.6 [108.097| 13.0 [184.904|| 18.4 | 261.710
2.4 |34.136 || 7.8 [110.942|| 13.2 [187.748|| 18.6 | 264.554
2.6 |36.981( 8.0 |113.787|| 13.4 |190.593]( 18.8 | 267.399
2.8 139.825( 8.2 [116.631|| 13.6 [193.438|( 19.0 | 270.244
3.0 [42.670 || 8.4 [119.476|| 13.8 [196.282|| 19.2 | 273.088
3.2 | 45515 (| 8.6 |122.321|f 14.0 [199.127(| 19.4 | 275.933
3.4 [48.359 || 8.8 |125.165| 14.2 [201.972|| 19.6 | 278.778
3.6 |51.204 || 9.0 {128.010|| 14.4 |204.816|| 19.8 | 281.622
3.8 [54.049 || 9.2 |130.855( 14.6 |207.661|| 20.0 | 284.467
4.0 | 56.893 9.4 |133.699|| 14.8 [210.506|| 20.2 | 287.3]2
4.2 |59.738 9.6 [136.544|| 15.0 [213.350|| 20.4 | 290.156
4.4 |62.583 9.8 [139.389(| 15.2 1216.195|| 20.6 | 293.001
4.6 |65.427 || 10.0 [142.234)| 15.4 |219.040| 20.8 | 295.846
4.8 |68.272 |[ 10.2 [145.078| 15.6 |221.884|| 21.0 | 298.690
5.0 | 71.117 {| 10.4 |147.923|| 15.8 |224.729|( 21.2 | 301.535
5.2 |73.961 || 10.6 (150.768(| 16.0 |227.574|| 21.4 | 304.380
5.4 |76.806 || 10.8 |153.612|| 16.2 (230.418|| 21.6 | 307.224
5.6 | 79.651 || 11.0 |156.457|| 16.4 [233.263(| 21.8 | 310.069
5.8 |83.495 || 11.2 {159.302|| 16.6 [236.108(| 22.0 | 312.914
6.0 |85.340 || 11.4 |162.146|| 16.8 |238.952
6.2 188.185 !l 11.6 1164.99111 17.0 {241.797
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TABLE No. 86—WEIGHT AND SPECIFIC GRAVITY
OF METALS
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TABLE No. 87—WEIGHT AND SPECIFIC GRAVITY OF
WOOD

TABLE No. 88—SPECIFIC GRAVITY OF LIQUIDS

Specific Specific
Liquid Gravity Liquid Gravity
1.06 Muriaticacid. . ... .. 1.20
0.79 hi 0.76
1.22
0.92
0.97

Ot O e rd OO
8R3323E 8RS

Kerosen
}uueed

©000MO0RONOO00
SEBITIRRRIBBER

|
i
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TABLE No. 89—WEIGHT AND SPECIFIC GRAVITY OF
MISCELLANEOUS SUBSTANCES

S?euﬁ’ C Pounds
ravity per cu. ft.
haltum................ 1.39 87

gfupck. Soft................ 1.6 100
Brick, Common 1.79 112
Brick, Hard............... 2.0 125
Brick, Pressed............. 2.16 135
Brick, Fire................ 2.24t02.4 140 to 150
Brickwork in mortar....... 1.6 100
Brickwork in cement. . ..... 1.79 112
Cement, Rosendale, loose. . . .96 60
Cement, Portland, looee. ... 1.25 78
Clay.........coiivnvnnnn 1.92t02.4 120 to 150
Concrete 1.92t02.24 120 to 140
Earth, loose 1.15t01.28 72to 80
Earth, rammed 1.44t01.76 90 to 110
Emery....... 4.0 250
Glass. . . 2.5 t02.75 156 to 172
glags, flint.. 2.88t03.14 180 to 196
neiss
peirr) O 2.56t02.72 160 to 170
Gravel 1.6 t01.92 100 to 120
yps 2.08t02.4 130 to 150
3.2 t03.52 200 to 220
.8 to .88 50 to 55
2.72t03.2 170 to 200
2.4 150
2.56 t02.88 160 to 180
2.24t02.56 140 to 160
2.24t02.88 140 to 180
1.44t01.6 90 to 100
1.15 72
1.18t01.28 74 to 80
2.64 165
1.44t01.76 90 to 110
2.24t02.4 140 to 150
2.72t02.88 170 to 180
2.16t03.4 135 to 200
2.72t03.4 170 to 200
1.76 to1.92 110 to 120
2.65t02.8 166 to 175
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WEIGHTS OF VARIOUS SUBSTANCES
FueEL
A bushel of bituminous coal weighs 76 1b. and con-
tains 2688 cu. in. or 1.554 cu. ft. 29.47 bushels =
1 gross ton.
A bushel of coke weighs 40 Ib. (35 to 42 Ib.)
41 to 45 cu. ft. bituminous coal

when brokendown. ........... 1 ton, 2240 Ib.
34 to 41 cu. ft. anthracite, prepared

formarket.................... 1 ton, 2240 1b.
123 cu. ft. charcoal . ............. 1 ton, 2240 Ib.
70.9cu.ft.coke................. 1 ton, 2240 1b.
1 cu. ft. anthracite coal. . ........ 55 to 66 Ib.
1 cu. ft. bituminous coal.......... 50 to 55 1b.
1 cu. ft. Cumberland coal......... 53 1Ib
1cu. ft. Cannelcoal............. 5.03 Ib
1 cu. ft. charcoal (hardwood). . . .. 18.51b.
1 cu. ft, charcoal (pine).......... 18 Ib.

WATER

lcuin......... i eer e .036 1b.
lcou ft.32°F................... 62.41b
leoufto ..., 7.48 U. S. Gals.
lgallon, U.S................... 231 cu. in
lgallon, U.S................... 81 Ib
1gallon, Imperial. . ............. 277Y cu. in
1 gallon, Imperial............... 10 1b,
Cold water, percu. ft............ 62.50 Ib

Hot water, 25 1b. press., per cu. ft. 58.28 Ib.
Hot water, 50 1b. press., per cu. ft. 57.321b.
Hot water, 751b. press., per cu. ft. 56.69 lb.
Hot water, 1001b. press., percu. ft. 56.18 Ib.
Hot water, 125 1b. press., per cu. ft. 55.69 1b.
Hot water, 150 Ib. press., per cu. ft.  55.29 Ib.
Hot water, 175 Ib. press., per cu. ft.  54.93 1b.
Hot water, 200 lb. press., per cu. ft.  54.60 Ib.
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OREs, EARTHS, ETC.

20 cu. ft. of broken quartz........ 1 ton (2000 Ib.)
18 cu. ft. of gravel in bank. . ..... 1 ton (2000 1b.)
27 cu. ft. of gravel when dry...... 1 ton (2000 1b.)
25cu. ft.ofsand................ 1 ton (2000 1b.)
18 cu. ft. of earth in bank. ....... 1 ton (2000 1b.)
27 cu. ft. of earth when dry....... 1 ton (2000 1b.)
17cu. ft.ofclay................. 1 ton (2000 1b.)

Earth, common brown, loose... 72 to 80 Ib. per cu. ft.
Earth, common brown, shaken. 82 to 92 Ib. per cu. ft.
Earth, common brown, rammed moderately

90 to 100 Ib. per cu. ft.

Gravel.................... 90 to 106 1b. per cu. ft.
Sand..................... 90 to 106 1b. per cu. ft.
Soft flowing mud........... 104 to 120 Ib. per cu. ft.
Sand, perfectly wet......... 118 to 129 Ib. per cu. ft.

GAGES OF PRINCIPAL RAILROADS OF THE
WORLD

Abyssinia, meter.

Algiers, 4 ft. 815 in., 1.05 meters, meter.

Angola (West Africa), 3 ft. 6 in., meter.

Argentine, 5 ft. 6 in., 4 ft. 814 in., meter, 0.75 meter.

Australia, 5 ft. 3 in., 4 ft. 814 in., 3 ft. 6 in.

Austria, 4 ft. 815 in., meter, 2 ft. 6 in.

Barbadoes, 2 ft. 6 in.

Belgium, 4 ft. 814 in., meter.

Belgian Congo, 3 ft. 6 in., 2 ft. 514 in.

Bolivia, meter.

Borneo, meter.

Brazil, 5 ft. 3 in., meter.

British Central Africa, 3 ft. 6 in.

British East Africa, meter.

British Guiana, 4 ft. 814 in., 3 ft. 6 in.

British Honduras, 3 ft.

A
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GAGES OF PRINCIPAL RAILROADS OF THE WORLD
Continued

Bulgaria, 4 ft. 814 in.

Canada, 4 ft. 814 in.

Ceylon, 5 ft. 6 in., 2 ft. 6 in.

Chile, 5 ft. 6 in., 4 ft. 834 in., 4 ft. 2 in., 3 ft. 6 in.,
meter, 2 ft. 6 in.

China, 5 ft., 4 ft. 814 in., meter.

Chosen (Korea), 4 ft. 814 in.

Colombia, 3 ft. 6 in., meter, 3 ft.

Costa Rica, 3 ft. 6 in.

Cuba, 5 ft., 4 ft. 814 in., 3 ft.

Cyprus, 2 ft. 6 in.

Denmark, 4 ft. 814 in., meter.

DutchEastIndm,4ft 8%in,, 3 ft. 6in., 2 ft. 534 in.

Dutch Guiana, meter.

Ecuador, 3 ft. 6 in.

Egypt, 4 ft. 834 in,, 3 ft. 6 in., 0.75 meter.

England and Wales, 4 ft. 814 in., 4 ft., 3 ft. 6 in.

Finland, 1.524 meters, 0.75 meter.

France 4 ft. 834 in., meter, 0.60 meter.

French Soudan, meter.

German East Africa, meter.

German South West Africa, 1.067 meters, 0.60 meter.

Germany, 4 ft. 814 in., meter, 2914 in.

Greece, 4 ft. 814 in., meter.

Guatemala, 3 ft.

Hawaii, 4 ft. 834 in., 3 ft.

Holland, 4 ft. 814 in.

Hungary, 4 ft. 84 in., meter, 2 ft. 6 in.

India, 5 ft. 6 in., meter, 2 ft. 6m 2 ft.

Ireland, 5 ft. 3 in., 3 ft.

Italy, 4 ft. 814 in., meter, 0.95 meter.

Jamaica, 4 ft. 84 in.

Japan, 3 ft. 6 in., 2 ft. 6 in.
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GAGES OF PRINCIPAL RAILROADS OF THE WORLD
Continued

Kamerun, meter.

Madagascar, meter.

Malay Peninsula, meter.

Mauritius, 4 ft. 814 in.-

Mexico, 4 ft. 814 in., 3 ft. 6 in., meter, 3 ft.

Mozambique, 3 ft. 6 in.

New South Wales, 4 ft. 815 in., 3 ft. 6 in.

New Zealand, 3 ft. 6 in.

Newfoundland, 3 ft. 6 in.

Nicaragua, 3 ft. 6 in.

Nigeria, 3 ft. 6 in., 2 ft. 6 in.

Norway, 4 ft. 825 in., 1.067 meters, 0.75 meter.

Nova Scotia, 4 ft. 815 in.

Panama, 5 ft.

Paraguay, 4 ft. 815 in.

Peru, 4 ft. 814 in., 3 ft. 6 in., meter, 3 ft.

Philippine Islands, 3 ft. 6 in.

Porto Rico, 4 ft. 814 in., meter.

Portugal, 1.67 meters, meter.

Queensland, 3 ft. 6 in.

Rhodesia, 3 ft. 6 in.

Roumania, 4 ft. 824 in.

Russia, 5 ft., 3 ft. 6 in., meter, 0.75 meter

Salvador, 3 ft.

San Domingo, 3 ft. 6 in., 2 ft. 6 in.

Scotland, 4 ft. 814 in.

Serbia, 4 ft. 814 in., 2 ft. 6 in.

Siam, 4 ft. 814 in., meter.

Siberia, 5 ft.

South Manchuria, 4 ft. 814 in.

Spain, 1.67 meters, meter.

Sweden, 4 ft. 814 in., 1.067 meters, 0.891 meter,
wvitzerland, 4 ft. 814 in., meter.
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GAGES OF PRINCIPAL RAILROADS OF THE WORLD
Continued

Tasmania, 3 ft. 6 in.

Trinidad, 4 ft. 814 in.

Tunis, 4 ft. 814 in., meter.

Turkey, 4 ft. 814 in., meter.

Union of South Africa, 3 ft. 6 in., 2 ft.
United States, 4 ft. 814 in., 3 ft.
Uruguay, 4 ft. 814 in.

Venezuela, 3 ft. 6 in., meter, 3 ft., 2 ft.
Victoria, 5 ft. 3 in., 2 ft. 6 in,

CLASSIFICATION OF LOCOMOTIVES
WHYTE'S SYSTEM

‘The locomotive classification adopted by the American Locomo-
tive Company is based on the representation by numerals of the
number and arran, ement of the wheels, commencing at the front.
Thus 260 means a l and 460 a Ten Wheel engine, the cypher
denoting that no truck is used.

Total weight is expreseed in 1000 of pounds. Thus an Atlantic
oeomotwe wu.ghmg 176000 1b. would be classified as a 442-176
T ied for the ah, ther 315 C 176" 17 eouiopen with Supes:
8 with Super-

heater, the letter S should used—thuseg lll)l loeomo‘t):ev‘e

two wheeled leadi tmck drivers and six wheeled rear
truck weighing 214000 would be a 266 T 214 type.

o0 400 = - T Tt AWHEEL SWITCHER
o060 4000 "~ : §-WHEEL SWITCHER

80 4 O000 © - s-WHEEL SWITCKER
otoo ‘ OOOOO i} 10-WHEEL SWITCHER
0 4 00 0O - - ARTICULATED

“60 ‘;OOO OOO ARTICULATED

0662 4 OQ0 OO0 o ARTICULATED
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CLASSIFICATION OF LOCOMOTIVES—Continued

0880 4 0000 0000 ARTicuLATED
010100 4 OOO000 OO000O ARTiCULATED

240 4, OO OO ATED
2660 4., OO0 000 ARTICULATED
2880 4. O0O00 OOOO ARTICULATED
2442 4. OO0 OO o ARTICULATED
2662 4, OO0 OO0 o ARTICULATED

2882 4, O0O00 O00O0 o ARTICULATED
210102 4, OOO000 OOO0OQN armicutaree

20 4, OO 4-courLEd

260 4., OO0 nosuL

280 4. O000 CONSOLIDATION

2100 4, O0O0QO0 DECAPOD

40 4., OO0 swnERL

460 4,000 1o-wHERL

80 44,0000 v-wneL

02 400 o 4-COUPLED AND TRAILING
062 4 0O00 o 6-COUPLED AND TRAILING
082 4 0O000 o #-COUPLED AND TRAILING
044 400 a4 FORNEY 4-COUPLED
06a 4 OO0 ., FORNEY s-COUPLED
046 4 0O0 a0a FORREY 4-COUPLED
066 4 QOO0 4an PFORNEY 6-COUPLED

22 4, OO0 o coLuNBiA

262 4, O00 PRAIRIE

22 4, O000 , WIKADO

2102 4, O0000 o SANTA FE

248 4. OO0 an 4-COUPLED

264 A, OO0 oo s-courLEn

284 4. O00Q .. 9-COUPLED
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CLASSIFICATION OF LOCOMOTIVES—Continued

266 4, OO osao acourLEn

266 4, OO0 onon 6-COUPLED

42 4,00 , ATLANTIC

“2 ‘D Dooo . PACIFIC

482 4, .0000 o NOUNTAIN

44 4,00 oo 4-COUPLED DOUBLE ENDER
64 4. 000 a4 6-COUPLED DOUBLE ENDER
446 An oOO anq 4-COUPLED DOUSLE ENDER
286 4, O000 aaa 4-COUPLED DOUBLE ENDER

LOCOMOTIVE REQUIREMENTS

When ordering locomotives the data as below
should be supplied with order by cable or letter.
GENERAL

“ “ Fuel.........oiiiiiiiiiiennnn,
HAULING CAPACITY

State Tonnage to be Hauled (cars and loading) on
Ruling Grade, giving Grade and Speed. ...........
Give Capacity of Car and state if Maximum Tonnage
on Grades is made up of Loaded or Light Cars. ... ...
Maximum Speed in Miles per Hour.................
Is Engine to be operated backing in Road Service .. ..
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LOCOMOTIVE REQUIREMENTS—Continued
Give profile of road or state Maximum Grade and

TRACK DATA AND WEIGHT LIMITATIONS

Spread of Rails on Maximum Curves................
Elevation of outer rail on Maximum Curves..........

Weightof Rail per Yard...........................
Limit of Weight per Axle..........................
“o o« “ ““ foot of Dnvmg Wheel Base.. .. ..

CLEARANCE LIMITATIONS

Tender, Helght above Rail to top of Filling Hole. . . ..
« “ forCoaling..............

Limit of Total Wheel Base of Engine and Tender.. ..
Limit of Total Length.............................
Fill in Blank Dimensions on Clearance Diagram, Fig.

No. 10, giving in each case maximum figures.... ...

FOREIGN ENGINES AND GAGES
OTHER THAN 4’ 84"
If Engine is for Foreign Service, or for Domestic Service

but not 4'814” Gage, give the following additional
information:

Height above rail tocenter................
Buffers, Styleof.....................c.cccouii....
“  Center to Center

“

- Height above Rail
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Fig. No. 8—Standard car axles used on tenders.
Adopted by the M. C. B. & A. R. M. M: Associations.
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Fig. No. 9—Standard engine truck axles. Adopted
" v the American Locomotive Company.
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Fig. No. 10—Clearance Diagram
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Fig. No. 11—Clearance Diagram—Dimepsions in m.m.
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~w—su—n—n~ Passenger and Freight Cars.
Classification Signals.

Fig. No. 12—Clearance Diagram—Dimensions in m.: -
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Code Word.. EGOAT Codle Word.. EGCUX
Rl B,
e i )
Ryl == =X
By 3
§E Y
3 ¥
Code Word EGEXT Code Word.. EGENK

-4l

Code Word . EGERM Codle Word- EGEWS

Fig. No. 13—Couplers
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Code Word. EGODEV Codle Word. EGEJP

—ARR

Codle Word- EGOUY Codle Word- EGDOX

PRCL N

Fig. No. 14—Couplers’
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Code Word. EGEYY Cocle Word- EGEHD

b
ENNIZN
S4B\

Codle Word . EGECY

Codle Word- EGFAY

Fig. No. 15—Cepuplers
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INDEX
A
Acceleration...............coc it 43
Advantagesof fueloil......................... 88

American Locomotive Company—Description.. .. 1-3
Articulated engines—Valve setting.......... 123, 124

Atmospheres—Pounds—Kilograms.............. 130
Axles—Allowable bearing pressure. ......... 102, 103
Axles, Main driving—Calculation............. A (0.4]
Axles—Pressure for forcingin.............. 101, 102
.Axles, Standard, Tenders...................... 181
Axles, Standard, Truck, Engine................ 182
B
Backhead bracing ................c.covevnn... 76, 77
Bearing pressure—Axles ............... .... 102, 103
Boilercapacity............................... 65
Boiler—Height ofcrown.................... ... 115
Bracing, Backhead........ .................. 76, 77
Bracing, Combustion chamber................ .. 76
Bracing, Front tubesheet.................... .. 77
Briggs standard screw threads. . ............. ... 134
British standard screw threads.................. 133
British thermal unit, ...................0o ot 87
C
Car resistance, Foreign...................... 47, 48
Car resistance, Freight. . ...................... 19
Car resistance, Passenger .. .................. 22, 23
Car resistance, Starting........................ 32
Circular sections, Moduliof.................... 141
Classification of locomotives................. 177-179
Clearance, Cylinders. . ........................ 103
Clearance diagrams. . .. .................... 183-185

Coal equivalentof oil......................... &
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Cocks, Gage—Locationof................... 1 16-119
Combustion chamber bracing.................0. 76
Comparison of resistance..................... 25, 26
Comparison of thermometer scales.............. 143
Constants—Compound engines................. 15
Conversion tables, Metric................... 151-169
Counterbalancing........................... 80-85
Couplers......ooviiiii i 186-188
Crank pins, Main—Allowable stresses........... 104
Crank pins, Main—Calculation................. 104
Crank pins—Pressure for forcingin......... 101, 102
Crown, Height of—Beoiler...................... 115
Crown stay stresses................cooeeunn... 76
Curveresistance............................ 32-37
Cylinder clearance.. . .. L 103
Cylinder horse power—Saturated steam......... 55
Cylinder horse power—Superheated steam....... 56
D
Decimal equivalents........................... 142
Description of American Locomotive Company... 1-3
Dynamicaugment..................c.coovenn... 82
E
Effectofastop.............oviiiiveenen.. 31
Efficiency of seams.......................... 73-76
Elevation of outer railon curves................ 128
Elliptic springs—Calculation............... 110-112
Engine friction.............. ... ... .. ... ... 20
Engineresistance........................... 17,18
Evaporative values..............covvvvnnenn. 58-60
F
Firebox evaporative values................... 58-60
Flues, evaporative values..................... 58-60
Foreign cars—Resistance. . .................. 47,48
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Frames, Rules for proportioning................ 105
Freight carresistance.......................... 19
Freight trucks, Four wheel—Resistance.......... 30
Freight trucks, Six wheel—Resistance........... 30
Frogs—Resistance........ .................... 51
Fueloil....................oiiiiiiin 85-88
G
Gage cocks, Locationof.................... 116-119
Gage, Influence of—Resistance................ 50,51
Gages of principal railroads of the World ... .. 174-177
Gage of track on curves—Widening............. 127
Gages—Wireand sheet metal. ................. 138
Grades, Velocity—Resistance.................. 40-43
Gratearea.................cooiivieeneniiannn. 63
H
Head air resistance............................ 20
Heating surface to tubes, Ratio............. ... 62
Heating surface, tubes....................... 61
Helical springs—Calculation 108-110
Horse power, Cylinder—Saturated steam........ 55
Horse power, Cylinder—Superheated steam... . .. 56
Horse power—Resistance..................... 3740
I
Influence of gage—Resistance. . ... ............ 50,51
Influenceof weight............................ 71
International screw threads. .. ........... ..... 132
Interstate Commerce Commission rules..... .. .. 89-99
. L
Lengthoftube............................... 71
Liquids—Weight and specific gravity............ 171
Locomotive classification.................... 177-179
Locomotiveratios..................covevnnnn 64-71
Locomotive requirements. . ........c.ocoeeeo- 179, 180
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M
Mallet locomotives—Resistance................. 50
Metals—Weight and specific gravity............ 170
Metric conversion tables.................... 151-169
Middleordinates. ............................. 34
Miscellaneous substanow—Weight and specific
gravity.... ... i 172
Moduli of circular sections. .. .................. 141
Moduli of rectangular sections.................. 140
Moments of r&istance ......................... 139
~Mounting pressures >...................... 101, 102
(o)
Oilburners ...................ciiiiiiinn. .. 66
Oil equivalentof coal.........................! s, 87
Oil fuel................ i, 85-88
Oil fuel—Advantages.......................... 88
Ordinates, Middle.......................co.... . 34
P
Passenger car resistance. ..................... 22,23
Piston rods—Pressure for forcingin............. 105
Pistonrods—Size........................... .. 106
Pistonspeed ............... ... ...iiii.. 27-29
Pistonthrust................................. 129
Plate—Tensionon net section. . ................ 80
Pressures—Atmospheres—Pounds............... 130
Pressure, Bearing—Axles. .................. 102, 103
Pressure for forcing in—Axles and crank pins. 101, 102
Pressure for forcing in—Pistonrods.......... .. . 105
Properties of Saturated and Superheated steam 135-137
R
Rail, outer—Elevation on curves............. .. 128
Ratios, Locomotive.......................... 54-71
Rectangular sections, Moduli of resistance. . . . . . . 140
Resistance—Acceleration. ...... . .............. 43
Resistance—Cars at starting.. ... ............... 32
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Resistance—Comparison...................... 25,26
Resistance—Curves..................ooouunen 32-37
Resistance—Effectofastop.................... 31
Resistance—Engine and tender................ 17,18
Resistance—Engine friction.................... 20
Resistance—Foreigncars. .................... 47,48
Resistance—Four wheel trucks. ................ 30
Resistance—Freightcars....................... 19
Resistance—Frogs. ..............ccoevivnnne. 51
Resistance—Head air.......................... 20
Resistance—Horse power..................... 37-40
Resistance—Influenceof gage. .. .............. 50,51
Resistance—Mallets........................... 50
Resistance—Momentsof....................... 139
Resistance—Passengercars.................... 22,23
Resistance—Six wheel trucks................... 30
Resistance—Switches......... ................ 51
Resistance—Tonnage rating.. . .............. 46, 47
Resistance—Track ..............cccovviinnenns 49
Resistance—Velocitygrades................... 40-43
Resistance—Weather.... ................... 4446
Requirements, Locomotive.................. 179, 180
Rivets—Shearing stress....................... 78,79
Rules for inspection and testing.............. 89-99
S
Saturated steam, Propertiesof............... 135-1387
Seams—Efficiency.................. ... ..., 73-76
Shearing stressonrivets...................... 78,79
Sheet metalgages..................covvennnnnn 138
Specific gravity of liquids...................... 171
Specific gravityof metals...................... 170
Specific gravity of miscellaneous substances. . . . .. 172
Specific gravityof wood. . .............. .. ... 171
Speed factors. ............ocoooiinnn . 23, 24

Speed—Seconds per mile in miles per hour....... 14
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Springs, Elliptic—Calculation. ... ..., .....:110-112
Springs, Helical—Calculation............... -.108-110
Starting resistance—Cars...................... 32
Staybolt stresses........... e e, 76.
Staybolts—V threads.......................... 107
Staybolts—Whitworth threads................ .. 107
Stephenson gear—Valve setting....... DU ~.o 121
Stop, Effect of—Resistance.................... 31
Stresses, Allowable—Main crank pin............ 104
Stresses, Crownstay.............cccveviunnnnn. 76
Stresses, Staybolts................ccoiiinnn. 76.
Superheated steam.................cccovvnnnn. 64
Superheated steam, Propertiesof........... 135-137
Switches—Resistance..............c.oo0ivnn.. 51
Switching engines—Boiler.........coo0iiiienn. 66
T
Tangent deflections. ...................... 145-150
Tenderresistance........................... 17,18
Tension on net sectionof plate. .............. .. 80
Thermometer scales, Comparisonof............. 143
Threads—Briggsstandard..... ................ 134
Threads—Britishstandard..................... 133
Threads—International........................ 132
Threads—Staybolt—V...............:...:.... 107
Threads—Staybolt—Whitworth. ............... 107
Threads—U. S. Standard...................... 131
Threads—Whitworth.......................... 133
Tiresetting.................ciuviiiiinennn... 114
Tireshrinkage................................ 113
Tires—Minimum thickness..................... 94
Tonnagerating.....................ccvvvnnnn 46,47
Track on curve, Gage of—Widening............. 127
Trackresistance................cc.ccvvevnn.. 49
ractive power—Compound engines. .......... 14,15

Tractive power—Simple engines. .............. 4-13-
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Train resistance. ....oovvvvinnneeeeennnnnnn. 16-54
Trucks, Four wheel—Rwstance ................ 30
Trucks, Six wheel—Resistance.................. 30
Tubes, evaporative values.................... 58-60
Tube sheet, Front—Bracing.................... 77
Tubes, heating surface....................... 61
Tubes, Lengthof............................. 71
Tubes to heating surface—Ratioof.............. 62
Tubes, Weightof.,............ccovieen 72
U
U. S. standard screw threads................... 131
A"
Valve setting—Articulated engines.......... 123,124
Valve setting—Stephensongear................. 121
Valve setting—Walschaert gear............. 122,125
Velocity grades—Resistance. . ............... 4043
V thread—Staybolts. ......................... 107
A\
Walschaert gear—Valve setting............. 122,125
Weather conditions—Resistance.............. 4446
Weight and specific gravity—Liquids............ 171
Weight and specific gravity—Metals. . .......... 170
Weight and specific gravity—Miscellaneous. . . . .. 172
Weight and specific gravity—Wood............. 171
Weight, Influenceof........................... 71
Weightoftubes. ............................. 72
Weight of various substances............... 173,174
Weight that rail willcarry..................... 127
Wheel base, Rigid—Maximum.................. 120
Whitworth screw threads. . .................... 133
Whitworth thread—Staybolts. .. ............... 107
Widening gage of trackon curves............... 127
Wire and sheet metalgages..................-: 138
Wood—Weight and specific gravity............- 171
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