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PREFACE.

For a number of years the Engineering Laboratory of Purdue
University has concerned itself with problems relating to the
performance of locomotives, and the results of its researches have
from time to time appeared in the proceedings of various scientific
and technical societies. This process of publication has extended
over a period of fourteen years, and has run through many different
channels, with the result that the record now exists in widely scat-
tered parts, which are often difficult of access and, therefore, of lim-
ited usefulness.

The purpose of this volume is to combine the most important
of these results with other material not before published, and thus
make a permanent and accessible record of the work of the labora-
tory. If it should appear that the pages have been burdened with
too great an array of detail, it should be rememhered that many
prefer such a minute presentation of facts as will enable them to
work out conclusions for themselves. Primarily, the volume is de-
signed as a record rather than a text, though it is hoped that
it will prove of interest and value to any who wish to inerease their
acquaintance with the action of steam locomotives.

As a whole, the researches are the outcome of many influences.
The trustees and president of the University have supplied means,
professors and instructors have assisted in working out the problems
of the laboratory, students have given their aid as observers, and
in addition to these, skilled assistants have had a part in checking
and arranging data.

Much work and many plans necessarily preceded the actual work
of the laboratory, and whatever may have been accomplished in the
development of a system for testing locomotives is due, in the first
instance, to the part which was taken by the late President Smart.
It required some courage for the president of a university not

rich in funds to respond to the suggestion of a department, and,
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in the absence of favorable advice, and even in the face of
some adverse criticism, to give his approval and support to an
untried process involving the expenditure of a considerable
amount of money; but President Smart carefully considered every
favorable plea and weighed every objection, and when he finally
decided to enter upon a line of work so novel as that of testing loco-
motives in a laboratory, he took a bold but nevertheless a well-con-
sidered and intelligent step. He afterward imparted so much of his
spirit of enthusiasm to the Board of Trustees as led them out of the
limited resources at their disposal to supply means for executing his
plan; and later still, when difficulties appeared in the development
of mechanical matters, he was ever patient with delays, helpful in
advice, and unfailing in his support.

Another whose help counted for -much was the late A. J. Pitkin
while General Superintendent of the Schenectady Locomotive Works.
In order to make the undertaking a success, it was necessary that
funds at the disposal of the University should be supplemented by
outside aid, and it was through the friendly influence of Mr. Pitkin
that arrangements were finally made by which the Schenectady
Locomotive Works agreed to supply a suitable locomotive in return
for the small sum which was available. Without this eoéperation
the establishment of the testing-plant would have been greatly
delaved, or it would have proceeded under conditions far less favor-
able than those which afterward existed. Among others who
early lent encouragement to the work of the testing-plant should be
mentioned Professor James E. Denton, Mr. William Forsyth, and
the late Mr. David L. Barnes. These mechanical engineers were
among the first visitors who came to inspect the initial testing-
plant, and their subsequent interest and frequent commendations
went far to gain for the laboratory a degree of recognition which,
in many incidental ways, has ever since been helpful. Tt is impos-
sible to acknowledge properly the assistance of every one concerned
in the actual operation of the laboratory, but mention should be
made of Mr. Richard A. Smart, who for a considerable time was in
immediate charge of the testing-plant, and of Messrs. Daniel Royse
and Robert S. Miller, who each for a period of one year checked
the numerical work of students. ;

W. F. M. G.
Purpvr Usrtversrry,
Laraverts, Inprana, March, 1906.
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LOCOMOTIVE PERFORMANCE.

I. LOCOMOTIVE TESTING.

CHAPTER 1.
THE DEVELOPMENT OF THE PURDUE TESTING-PLANT.

1. The Growth of Engineering Laboratories at Purdue.—Purdue
University was opened as a school of Science, Agriculture, and
Mechanic Arts in 1874. Five years later instruction was given students
in shop-practice, and in 1882 a regular four-years course in Mechan-
jecal Engineering was established. From this time there was a
gradual increase in the amount of apparatus available for the use
of engineering students, but it was not until ten years after the
establishment of the courses in shop-work that the development of
an engineering laboratory was entered upon.

In the spring of 1890 the policy with reference to the equipment
of such a laboratory found expression in an order given for a eross-
compound Corliss engine which during the summer of that year
was established as a complete testing-plant with condenser, air-
pump, weighing-tanks, and all other accessory apparatus needful
for experimental work. A year later, in 1891, a considerable sum
of money became available for use in the extension of laboratory
facilities, and, with a view to future development, plans for an exten-
sive building were adopted. Two important results followed: one
consisting in the erection of a portion of the building which had
been planned, and the other in the establishment of a locomotive
testing-plant as a part of its equipment.

2. Considerations Leading to a Locomotive Testing-plant.—
The locomotive testing-plant was the outgrowth of natural condi-
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tions. The Trustees and the President of the University had already
shown their interest in the development of laboratories for engi-
neering students, and it was easy for them to foresee the great advan-
tage to be derived from a study of locomotive performance under
conditions as favorable to the work of testing as those which had
been so often declared necessary in connection with stationary
engines. It was known that under conditions of service locomotives
were tested with diffieulty, results being far less satisfactory than similar
results obtained from stationary engines under service conditions.
If, in stationary practice, progress had been made by the establish-
ment of experimental plants, how mueh more might be achieved by
the installation of experimental locomotives!

These and similar arguments made it clear that the process of
building up the equipment of an extensive engineering laboratory
might easily and logically be made to involve the erection of a loco-
motive testing-plant, the value of which both as a means to the
instruction of students and for the purposes of research could not
be doubted.

The general outlines of the plant having been defined, its
design and establishment became largely a matter of routine. The
locomotive, stripped of the enchantment which may perhaps attend
it on the road, became simply a steam-engine and a steam-boiler.
Its action was not different in principle from that of other engines
and boilers already included in the plans of the laboratory, and hence
great experience in the management of locomotives, as such, was not
necessary. In fact, the Purdue staff, which was instrumental in
establishing the plant, had no member who had been trained in
the motive-power department of a railroad.

3. Arrival of the Locomotive.—In September, 1891, the loco-
motive which had been named for its builders, “Schenectady,”
arrived upon a switch of the Lake Erie & Western Railway about
one mile distant from the laboratory, and at a point having approxi-
mately the same elevation with the University grounds. There
was no track to the laboratory. The surface of the ground between
it and the laboratory which was to be traversed was slightly rolling,
and from a considerable portion of the intervening territory a wheat-
crop had been taken eight or ten weeks previous to the arrival of
the engine.

The delivery of the engine upon the switch aroused great enthu-
siasfh on the part of the students of Purdue, and out of respect for
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the interest shown a holiday was declared, and a call was made for
volunteers to assist in receiving the engine and in starting it on its
overland journey. It was rather late in the morning before the
work began. The privilege of breaking a joint in the track, to assist
in rolling the engine out upon the temporary skids which had been
prepared, having been denied, it was found necessary to block and
carry the flange of the wheels over the top of the switch-rails, a task
which involves some difficulty even when managed by experienced
men with plenty of tools, whereas in the case deseribed both experi-
ence and tools were lacking. But many willing hands, aided by a
single team of horses, made light work of what might otherwise have
been a laborious undertaking, and when night arrived * Schenectady ”

Fig. 1. —The Purdue Locomotive, Scheneetady No. 1.

had been pulled aeross the right-of-way ditch and well out toward
the middle of the first field.

By the close of the first day the measure of the task had been
taken and time was therefore given to a reconstruction of equipment.
Three sections of track were made, each of a rail’s length. built in
the form of skids and eapped by 56-pound rails. The foundation of
each consisted of two 5X12 yellow-pine pieces, laid flatwise, across
which 2 X 12 pieces were spaced as ties, the rail-spikes passing through
the ties and into the foundation beneath. The reorganized force
included three pairs of horses with drivers and two or three men to
handle blocking. One pair of horses was employed to give forward
movement to the engine; a second to draw the skids one after another
from rear to front; and the third to pull the heel of the advancing skid
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into line with the one previously placed. The men soon becams
so skilled in their respective parts that where the ground was smooth
the engine could be kept in constant motion for considerable dis-
tances, one skid being drawn from rear to front and placed in posi-
tion while the engine was passing over the other two.

Even with the new apparatus it was found impossible to make
the locomotive follow the skids if laid on a curve, and wherever a
change of direction was necessary it was made by laying cross-
blocking under the skids, upon which one end of the skid bearing
the engine was slipped bodily. The course involved four turns,
each somewhat less than a right angle, and the whole distance
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Fic. 2.—The Course followed from Track to Lakoratory.,

traversed by the engine was in the neighborhood of 1} miles. On

the eighth working day after the start, the engine arrived at the
laboratory without accident and without having once touched the
ground. *

4. The First Testing-plant.—TIt has been already noted that
before the locomotive was ordered, lines had been laid down for an
extensive engineering laboratory, and the construction of a portion
of this had been entered upon early in the spring of 1891. The
building thus begun constituted a definite portion of the larger struc-

* The success attending the transportation was chiefly due to the skill and
energy of Mr. Robert Lackey, who had immediate charge of the operations after
the first day’s work. Mr. Lackey at the time was a student-assistant in the labora-

tory. By his good judgment an undertaking which, if less perfectly managed.
might have heen an expensive one, cost but a trifling sum.
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ture of which it was eventually to form a part. A view of this por-
tion of the building is shown by Fig. 3, and the location of the
testing-plant within it by the floor-plan, Fig. 4.

S

S0 e

Fig. 3 —The Engineering Laboratory, 1891.

Between the time of ordering the locomotive and its delivery,
the details of the mounting mechanism were designed and put in
place, so that when, in September, 1891, the locomotive arrived, the

Fi1a. 4—Plan of the Engineering Laboratory, 1891
plant was practieally ready for its reception.

tion of this first locomotive testing-plant is based upon a paper
presented before the American Society of Mechaniecal Engineers.*

The following descrip-

* ““An Experimental Locomotive.”

Proceedings of the American Society of
Mechanical Engineers, 1892,
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The plan of mounting, in its inception, involved (1) support-
ing wheels carried by axles running in fixed bearings, to receive the
locomotive drivers and to turn with them; (2) brakes which would
have sufficient capacity to absorb continuously the maximum power
of the locomotive, and which should be mounted on the axles of
the supporting wheels; and (3) a traction dynamometer of such
form as would serve to indicate the horizontal moving force and at the
same time allow but a slight horizontal motion of the engine on the
supporting wheels. 1t was believed that a locomotive thus mounted
could be run either ahead or aback under any desired load and at
any speed; that while thus run, its performance could be deter-

F1a. 5—The Locomotive in the Lahoratory, 1891-94.

mined with a degree of accuracy and completeness far exceeding that
which it is possible to secure under ordinary conditions of the road:
and that the whole apparatus would be extremely valuable to students
in steam-engineering. It was not assumed that every condition of
the track would be perfectly met, but it was expected that the results
obtained would prove valuable in extending a knowledge of loco-
motive performance.

Fig. 5 from a photograph is a view of the locomotive in place
upon the plant; Fig. 6 shows a complete general view, in elevation,
of the locomotive and its mounting machinery; and Fig. 7 shows
in plan the mounting machinery only.

Reference to these figures will show that there was a heavy
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rubble foundation, capped at convenient points with cut stones rising
10 inches above gradeline. Upon these stones were placed well-
seasoned oak timbers arranged in two lines, each composed of three
lengths, 4X14 inches. The timbers of each line were well bolted
to each other and were securely anchored to the foundation. Upon
the timbers rested the bearings of the supporting axles, which were
thus given 14 inches of oak to constitute an element of elasticity
between them and the foundation.

The supporting wheels were of the same diameter with the loco-
motive drivers, and similar in other respects save that the cranks
and counterweights were omitted. Their faces were turned flat,
with the inside edge rounded as in a rail.

The four friction-brakes which provided the load for the sup-
porting shafts, and which are shown in position in Figs. 6 and 7,
were designed on the principle developed by Professor George I.
Alden and already deseribed by him.* The details of the brake
design under consideration will be given farther on, but it is im-
portant to state here that the principle as developed by Professor
Alden provided extensive rubbing surfaces of cast iron and copper.
[ixcessive wear was prevented by thorough lubrication. ‘The inten-
sity of the brake action was controlled by water pressure, by which
means the rubbing surfaces were brought into contaet more or less
intimate, and the heat evolved was carried off by water circulation.

By reference to the plan and elevation, Figs. 6 and 7, it will be
seen that there was no provision for measuring the load at the brakes,
where, instead of a weighted lever, anchor-rods were used to secure
the case of the brakes to the foundation. The value of the load ap-
peared at the dynamometer connected with the draw-bar of the loco-
motive. The water supply for the brakes was furnished by a 3-inch
pipe. It passed first a balanced valve A, around which there was
a by-pass controlled by valve B. TFrom the tee €' the pipe was
branched for the several brakes, 2}-inch piping serving for two brakes,
and 2-inch for each individual brake. Valves, D, were provided in
the supply-pipe for each brake, so that any one might be entirely
cut out or have its action modified to any desired extent. The
water from each brake was returned by a separate pipe to a point
E, where valves were provided by which the amount of water allowed
to pass each brake was regulated. From these valves the water

* Transactions of the American Society of Mechanical Engineers, Vol. XI,
p. 959 et sey.
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flowed in an open stream and was finally discharged into a sewer.
The water pressure within each brake was indicatec by one of the
four gauges at I, Fig. 6.

The balanced valve A had its spindle connected with one of the
levers of the dynamometer in such a way that its position was con-
trolled by the pull, or if backing, by the push exerted by the loco-
motive. Thus, suppose the locomotive to be in motion and the
outlet-valves at E adjusted to allow the passage of enough water
to keep down the temperature of the brakes; suppose also that the
pull of the locomotive were such as to bring the weighted lever of
the dynamometer to its mid-position, then there would be a defi-
nite opening of the balanced valve, and a definite water pressure
within the brakes would result. If now, for any reason, the weighted
lever should fall, there would be a corresponding increase in the
opening of the balanced valve and, hence, an increase of water
pressure within the brakes. The greater pressure would result in
greater resistance to the movement of the supporting wheels and,
hence, in a stronger pull of the locomotive on the dynamometer,
and this inereased pull would tend to lift the weighted lever again.
Similarly, if for any reason the pull of the locomotive were sufficient
to raise the lever beyond its central position, the balanced valve
would respond by redueing the water pressure within the brakes;
the tractive force of the engine would then decrease and the dyna-
mometer lever would fall. When, therefore it was desired to inerease
the load on the locomotive it was necessary only to place the addi-
tional weight upon the lever of the dynamometer, and the corre-
sponding increase in the load was furnished automatically by the
brakes. By a proper adjustment of the by-pass valve, B, the lever
could be made to stand exactly in its central position.

The traction dynamometer was made up of a system of levers,
The first lever in the system, shown by dotted outline at G in Figs. 6
and 7. had direct connection with the locomotive draw-bar. The
last lever, shown at H, carried an ordinary weight-holder. The whole
arrangement was such that, whether the engine moved ahead or
aback, the stress was transmitted by the draw-bar, and its value
shown by the weight necessary to balance the lever H.

The dynamometer levers were carried by a heavy framework,
which was well secured to the locomotive foundation and to sur-
rounding parts of the building. The character of the framing is
but imperfectly shown by the drawings.



