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CoMPUTATION OoF EFFECT oF GREDIENTS, by HErMaAx Hauvrr, C. E.
(Read before the American Philosophical Society, Jan. 20, 1871.)

When the maximum load of the same engine on any fwo different ineli-
nations has been determined by experiment, the data thus furnished will
suffice to ealeulate the load on any other inclination, the load on a level,
the angle of friction at which a train will descend by gravity, the tractive
power per ton of load required on a level, and the number of pounds
adhesion for each ton of load. ]

Let BB = resistance of the train on a level, which is equal to the power
of the engine.

W = gross weight of train on a level.

W! — Weight of train on grade a.

W2 — Weight of train on grade b.

It is proper to assume that the power 1':‘1111i1'(‘11 to move a train and the
resistance, which is equal to it, will be in proportion to the gross weight.
eht
of the plane divided by its length, or as the rise per mile divided by 5280.

The resistance of the train W! being in proportion to its weight, will

The force of gravity on any inclination is in proportion to the hei

be expressed by W'

i
Wi
and the resistance of W2 by e
i
W
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The gravity of the train W on the grade a = :
: : 7 0280
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and of the train W2 on the grade b == “J
) 5280

If the engine is supposed to be loaded to the limit of its capacity on
each gradient, then the power exerted must be the same as on a level and
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From which the value of R in terms of W W' and W2 is found.
Weh — W'a

R=W 3
5280 (W'—W2)
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I'ake now the former equation R = £ =v-r
W Wla

from which a second value of R is oblained — i S I
5280 (W—W1)
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Placing these two values of R equal to each other,

there results Wia Wih—Wa
W—=W1 .« Wi

By substituting in the equation the values of W' W2 a and b, as deter.
mined by observation, the values of W, or the gross load on a level can
be ascertained,

3y substituting the values of W W' W2 a and b, the value of R on the
power exerted by the engine is obtained.

By dividing this power in pounds by the gross load on a level, the trac-
tile power per ton is determined.

As the power of an engine is always sufficient to slip the wheels on a
dry rail, the adliesion is equal to the actnal power exerted in moving the
train and divided by the weight on drives, gives the proportion between
adhesion and weight.

'The angle of friction ean be found when the tractive power per ton of
of 2000 1bs. on a level (T') has been determined, by the equation.

e B

Angle of friction expressed in feet per mile = _-l < oz80

2000

It has been customary for engineers to consider the angle of friction as
16 to 18 feet per mile, the tractive power per ton on a level 8 pounds, and
the adhesion one-eighth the weight npon the drives; but to obtain reliable
data from the actual operation of roads running full trains, a letter was
addressed to A. J. Cassatt, Gen’l Sup’t of the Penna. R. R., who fur-
nished the following data:

A standard 10 wheel freight engine with 3 pairs of 4} feet drivers with

average water and coal, weighs 75,500 1bs.
Weight on drivers, 53.000 ¢
Weight of tender with coal and water, 20,000 ¢
Such an engine will haul on a moderately straight and level road 50
loaded cars of 40,000 1bg. each. Gross load, 1062 tons,
On a grade of 10 feet to the mile, 43 cars, 059 £
B a0 = M innine T2, S
b 4 b2+ b | o 402 ¢
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And the engine would work easier with 50 cars on the level than in either
of the other cases and with most difficully in the last.
Herman J. Lombaert, Esq., Vice President and former General Super-
intendent of Penna. IR, IR., gives as a full average load for actual work in
the usual conditions of the rail.

Tons.
Load on 52 8 ft. grade, 16 cars. Gross load of engine, 382
[ it ‘!“ 13 [ Tn ii i L [ tj'f;j

As it is proper to allow a margin for anfavorable condition of rails, the
caleulations will be made on the data furnished by I J. Lombaert.

Bubstituting the values of a b W' W2, which are 10, 52,5, 382 and 862,
the value of W, or the gross load on a lcvel is found be 1210 tons.
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The value of R or the tractive power on a level, is 11,160 Ibs., or 92
1bs. per ton.

: o e 0% X RIRD B
The angle of friction is J . = 24.28 feet per mile.
2000
= ; .. 11,160 i ot i
I'he adhesion is or nearly one-fifth of weight on drives.
53,000 :

From the data thus obtained a simple formula may be found to deter-
mine the load of the engine on any given inclination, a.

Let P == tractile power of engine on a level = 11,160 1bs.

a1 == feet per mile of inclination.

W1 == weight of train on incline a, including engine and tender.

Then W' < 9.2 = power required to move W' on level.

et 4 it : - 2000 .

And W_2__ — gravity on incline a, in tons or W? a, in pounds.

0280 0280

- 2000 < - : .

0.2 W14 W'a — power of engine — 11,160 1bs.

5280
Or W' - 11,160

9.2+.58a

If a be supposed equal to 48.56, or twice the angle of friction, the load
would be 404 fons nearly, or one-third the load on a level.

On a grade of 30 feet the load would be 541 tons. The grade that would
require double the power of a grade of 30 feet would be 84} feet.

If the gross load of a train on a grade of 30 feet be 541 tons, the engine
and tender being 63 tons, the cars and contents will weigh 478 tons, or if
18,000 1bs. be allowed for each ear and 22,000 1bs. for load, the number of
cars will be 27 and the net load 297 tons, weight of cars 243 tons.

[f the return cars shall be only one-fourth loaded, which is probably a
full proportion for the Shenadoalh Valley extension, the gross weight of
the trains wounld be 380 tons.

The inclination that would employ the full power of the engine in haul-
ing 880 tons, would be 53 feet.

The inclination that would employ the full power of an assistant engine
in hauling a gross load of 380 tons, would be 130 feet, but allowance must
be made for the weight of the assistant engine,

The following description of Indian seulpture on the banks
g 1
of the Monongahela River, by Jos. D. Reid, was received
through Prof. Cope, accompanied by a drawing of the same.
SkETcH AND DrescrirTioN oF A CArveED Rock en the bank of the Mo-
nongahela River, Pa., by Joserm D). Reip.
(Read before the American Philosophical Seefety, Jan. 20, 1871.)

The engraving represents the face of a large rock lying on the east
bluft of the Monongahela River, in Fayette County, Pennsylvania, oppo-
site the village of Millsborough and the mouth of Ten Mile Creek.
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