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zi“’“]d be calculated for increments of in- necessary speed. At important stations at
€ase in velocity of one mile an hour. which the train must stop after leaving the - I“ “ ?
The following table has been compiled in _ siding to permit of closing the switch, the asagd ISR
frés manner for li,nes. with ruling gradients grade must be lengthened accordingly. Ik saeyasasat
actm— 0.5 to .57, giving in each case the The intelligent and consistent use of mo- 4EuRsEan
en ual grade to be adopted at the stop, the  mentum gra'ldes may prove a great source of 1
ac gth of such grade, and the time requiredto  economy, either during construction or in im- a
. q\l{re the minimum allowable speed of 7 or proving the grades of old lines. Few rail- B
0 m!les an hour. Forlines with other ruling ways have been built, even in recent years, in
§arad1e}n§s than those given in the table, the  which the quantities might not have been
o Me information may be obtained with suffi-  greatly reduced by the adoption of a virtual
€0t accuracy by interpolation. profile in localities where its use would not 13 T
‘ have impaired the efficiency of the line. The %
| ggl_g) strict adherence to the maximum gradient, - <
DRSOV = particularly on lines with short undulating z
e £e g grades, which could be surmounted by the + s 2
. AR E assistance of momentum on a grade much N
G || m—— greater than the ruling grade, has added o R
= ESry ‘ greatly to the cost of such lines without a o
RS R corresponding reduction in the cost of opera- - 5 <,
) P VSR N ' ponding re e ¢ op: 25 “
E REN-IY F8es tion. - . sagss ]
o 3 On lines with long ruling gradients, the o H T T .
G || e e | saving thus effected may be inappreciable, but SEDsszasnsageaicndrs iy
@ se sese Ejﬁ HE it is seldom that such great reductions in the 8 ] PP TR
a EI I N SR — grades of a line are contemplated that from SaseZifuasazosanar’’ {8 N_:_ 1
z = 668 | 33 30 to 507 cannot be operated as momentum THT
¢ | i grades, whereas, if the ruling grade were LI+
o I strictly adhered to, much heavier work would 2 aFas
g > - 38 be necessitated as well as the reduction of H - { 4'~J¢
. TR - . many grades from which no advantage is ob- T
g CETez mingd in operation. & :'”00“‘1’08 GRADES-
= 2w : RACTIVE POWER & TRAIN RESISTANCE CURVES
> : : In adopting a momentum grade, great care H FORCE AVAILABLE FOR ACCELERATION .0°
b3 CE should be taken that it be located only at a E RETARDATION AT SPEEDS FROM O T040 MPH.
z 58 ¢ 2 point where every assurance is to be had that T e Lo N0 PR TON e eon
= R the train will have acquired the speed neces- FH pusesr or Taate, incuvonds Canine, 2000 Toms
-, 4 NeiINt. Compounn ConsoLIDATION, (50 Tows
° AN sary to surmount the grade. The method = Wonnins Conrouns -
Y| cm—— generally followed, of using a grade such that H
g 3 tio= the total rise is equal to that of the same SPEED MILES PER HOUR
@ 255 - - length of ruling gradient, plusthec.iiﬁ’er.en.cqtfe-
4 S, L tweentheveloc:tx heads of the train at itsinitial PLATE 4.
= 35 3 =% and final speeds, is greatly in error, assuming,
gz | < 5= as it does, that the locomotive power over and L .
(gf: 23 g ‘53 above that required to overcome the frictional ~ between certzin initial and final velocities
N—Sf | 23 .c and grade resistances is constant for all might, within minor limits, be too long for an
E8% 2 } E ge= speeds. A grade located upon this assump-  engine of another class with a different trac-
g2°E 18”7 " tion might be such as to materially limit the tive power curve. For this reason, that
Th ] ) engine rating of a whole section, and thus de- grade should be adopted which can be sur-
is the length of the grade given in the table  feat the purpose it was intended to serve. mounted by the most unfavorable class of en-
hane' clear distance which the train must A momentum grade which could be barely ~ gine likely to be run on the section. Gener-
after starting in order to acquire the ally speaking, an engine in which the ratio of

surmounted by one engine with a full load

the tractive power at low speeds to that at

high speeds is greatest is the most unfavorable in

this respect, and should therefore form the basis
of calculation.
The engine herein used is a 130-ton Baldwin,
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PLATE 5.—EBCONOMICS OF RAILWAY IMPROVEMENTS.

compound, consolidation, with a cylinder tractive
power of 29,000 lbs. at 7 miles an hour. The dis-
tance which a train will run on a grade within cer-
tain narrow limits of velocity, the engine working
under full steam, is given by the following equation
of work :
d F=(V, —V,) 2000
d=(V,—V,)2000 ................
F

in which d = distance in feet through which
train moves between the limits of velocity.

F = average force available for acceleration or
retardation in lbs. per ton.

V, = Velocity head at initial speed.

V. = Velocity head at final speed.

The cylinder power is exerted to overcome fric-
tional and other resistances and the grade resist-
ance. The force F is therefore the algebraic differ-
ence between the tractive power per ton and the
total resistance per ton.

F = (t—r) — 20 R
f—20R e (2)

in which t = tractive power per ton at any
given velocity.

r = resistance other than grade, per ton,at any
given velocity.

R = rate per cent. of grade

f= (t—r)

From this equation, plate 4 was plotted, which
gives the net force available for acceleration or
retardation on grades from + 1.25% to — 1.25%,
at speeds from o to 40 miles an hour. The maxi-

or

(1)



