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the steam locomotive. Uniformity of speed tends to simplify
train schedules, reduce the danger of collision and increase
the capacity of the track. Where the profile of the road is un-
dulating, a short heavy grade often fixes the tonnage rating of a
steam locomotive. The electric locomotive by reason of its
ability to carry large overloads for short periods of time is not so
badly handicapped in this respect. It is not only able to start
its train on a heavy grade, but it is also able to carry it over the
grade at nearly rated speed. On the other hand the steam loco-
motive maintains its tractive effort over a wide speed range much
better than does the electric, and thus enables the same loco-
motive to be used successfully in hauling trains whose scheduled
speeds are widely different.
Fig. 187 shows the effect of grades on the drawbar pulls of
the three locomotives which are shown in Tig. 186 as having
practically the same speed when exerting a tractive effort of
60,000 Ib. On account of its great weight the drawbar pull of
the steam locomotive decreases very rapidly as the per cent.
grade increases. On a 3 per cent, grade the drawbar pull of
the direct current locomotive is 35 per cent, greater than that"
of the Mallet.
Tonnage Ratings and Service Capacities. — The tonnage
ratings, on a 1H Per cent, grade, at various speeds, of the loco-
motives whose speed tractive effort curves were given in Fig. 186
are plotted in Fig. 188. The points C and "1 Hr." have the
same significance as in Fig. 186. Tonnages lower than the con-
tinuous rating may of course be hauled continuously, but ton-
nages higher than the 1 hour rating can be hauled only for a
short time. The continuous tonnage rating of the 160 ton direct
current electric locomotive Is practically equal to that of the 305
ton Mallet at 16 na.p.h. However tie thing of most interest to
the operating man should be, not the tonnage which can be
hauled by a single locomotive but rather the service capacity or
the aumber of ton miles per homr which the locomotive can haul
over a given track. TLe service capacity may be calculated by
the equation,
a      •	-x        4.	w        ju  </ running time
Service capacity = tonnage X m.p.h. X
The service capacities, on a 1% per cent, grade, of the locomotives
under discussion have been plotted in Fig. 189 . The ratio of
running time to total time is affected b y a, great many factors

