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By G. R. HENDERSON

PREFACE TO THE SECOND EDITION.

In preparing the second edition advantage has been taken
of the opportunity to correct a number of minor typographical
and other errors to which attention had been called by readers
of the book as well as those detected by the author. The
discussion on counterbalancing the connecting rod for the
vertical inertia has been entirely rewritten and the method
adopted is much clearer and less involved than that intro-
duced in the first edition. The author is indebted to Mr.
E. L. Coster for suggestions as to the method employed and
for the example illustrating it.

Since the first edition was published the Pennsylvania
railroad conducted elaborate laboratory tests of locomotives
at the Louisiana Purchase Exposition at St. Louis in 1904,
and it has been found that generally the results of these tests
obtained by the very accurate methods there employed, con-
firm the deductions which were given in the first edition. The
following are some of the particular instances to which refer-
ence is made:

The most economical points of cutoff for compound loco-
motives as given on page 145 were verified by the tests at
St. Louis. On page 354 the draft in inches of water is given
as .037 multiplied by the rate of combustion, while in the
St. Louis tests the coefficient .05 more nearly expresses the
results with Pennsylvania bituminous coal although it varied
between .034 and .066. On page 359, 28 pounds of water per
horsepower hour is given as an average for simple engines
and this is confirmed by the St. Louis tests. On page 462 the
percentage of CO® in the gases of combustion is given as
10 to 15 while the average for different engines tested at
St. Louis was 10 to 13 per cent. On page 470 the probable
average boiler efficiency is given as 70 per cent while in the



St. Louis tests it ranged from 63 to 79 per cent for minimum
coal consumption, to 42 to 6o per cent for maximum con-
sumption, a fair average being 63 per cent.

The St. Louis tests gave evaporative values for the Penn-
sylvania bituminous coal used, which varied within 34 pound
above and below the line C and this line therefore expresses
a fair average of those tests.

The St. Louis tests show that the simple engines tested
gave a coal rate from 10 to 20 per cent higher than the
table on page 476, and that the compound engines were ap-
proximately 10 per cent below. Some tests gave even better
results, so that the committee, in its summary, was led to
state that “it is a fact of more than ordinary significance
that a steam locomotive is capable of delivering a horsepower
at the drawbar upon the consumption of but a trifle more
than 2 pounds of coal per hour.”

G. R. HENDERSON.
New York, June 1, 1907,

PREFACE.

The object of this work is to give a complete and systematic
discussion of the theory and practice of locomotive operation,
By this is meant the work or results accomplished by a loco-
motive in motion, together with the effect upon itself and the
track, and the amount of fuel and water needed to perform
such work, rather than an exclusive treatise upon the mere
manipulation of the machine, though the latter naturally forms
a part of the study in connection with the proper manner of
procuring certain results.

The order in which the different conditions are taken up
is somewhat at variance with the usual custom. Inertia is first
considered, as this property is inherent in all bodies having
motion of a variable character. The Action of the Steam is next
examined in detail, as to its power of producing rotation and
strains in the various members of the mechanism. Resistance
naturally follows, as it must be overcome by the action of the
steam. This leads us to Slipping and Braking, which are the
logical outcome of the previous studies.

These prepare us for an examination of the Hauling Power
at slow speeds, but in order to consider high speeds, the steam
capacity of the boiler must be determined, which is first under-
taken. As the principal business of the locomotive is to haul
trains, this is the most important chapter of the treatise, and
it is placed in this part of the work, so that the various factors
by which it is governed might be studied in an elementary man-
ner before the complication necessary for a complete under-
standing of it is encountered. After this follow determinations
of the water and fuel consumption under different conditions,
and their economical use.

In order to make the book complete, not only for the
student, but also for the convenient reference of railway officers



PREFACE.

and employes, considerable matter is presented which has been
taken from competent authorities on the subject, and which is
not, of course, original ; such reproductions have been properly
acknowledged in the text; there are also presented numerous
elementary formule, the intention being to avoid the necessity
for making extended references to other works. It has been
the author’s endeavor to discuss the various laws of mechanics
which govern the subject in a technical and a practical manner,
and while formul are used for the benefit of those who desire
to follow entirely through the different phases of the several
problems presented, tables and diagrams have been freely intro-
duced to represent graphically the important laws and deduc-
tions, so that those who do not care to read the work from a
technical standpoint, may obtain all the necessary information
on the subject by consulting the diagrams, these having been
arranged with a view of providing a ready and convenient
reference, so that the various and complicated problems of
locomotive performance may be quickly solved without the
aid of extended mathematical deductions.
G. R. HENDERSON,
Philadelphia, June 30, 1904.
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RECIPROCATING FORCES.

Plate 18.
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RETARDATION OF TRAINS,

Plate 27.
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