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PREFACE. 

THE series of articles treating on Modern Locomotive Construction recently pub-

lished in the American Machinist, which, by the request of its editor, I commenced while 

I was engaged as chief draftsman at the Grant Locomotive Works, Paterson, N. J., 

and concluded after I had joined the editorial staff of the American Machinist, form 

the basis of this book. All the illustrations, with very few exceptions, were made 

from working drawings expressly for these papers. 

The favorable recognition which these papers have received induced me to revise 

them thoroughly and add more than fifty per cent. of new matter, with the necessary 

illustrations, which also had to be made expressly for the purpose, and to publish the 

whole in book form. 

In these pages the locomotive is described in detail, and an endeavor has been 

made to show clearly, the application of theoretical principles to the design of the 

different parts which make up the whole. The aim is to assist practical men whose 

daily and exacting duties have prevented them from taking up theoretical investiga-

tions, and to assist those who are about to enter the business of locomotive building, 

who have had no opportunity for an extended preparation, to design with confidence 

and success. It is also hoped that the illustrations will supply to some extent the 

want of a collection of drawings, such as are usually found in first-class establish-

ments, and which are often difficult to procure, though extremely useful for guidance 

and reference. The book is not only intended for study, but it is also designed as a 

handbook for those who are engaged in locomotive construction. 

In this work novelty has rather been avoided than sought, and only such methods 

of construction have been given as have been found to be useful in every-day practice. 

Some of the formulas have been taken from Prof. W. C. Thrigi31'S "Elements of 

Machine Design"; other authorities have also been freely consulted, and credit given 

in the text. 

I have endeavored to make the rules, formulas, and the general treatment of the 

subject as simple as possible, divest it of all complexity, and to make the whole com-

prehensive enough for any intelligent mechanic. 
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The principles upon which the methods of construction are based are generally 

given, so as to enable any one who designs with the necessary regard to theory to 

make modifications to suit his own ideas. In writing the original articles I have aimed 

to make each one as complete as possible. This necessarily required a few repetitions, 

which were allowed to remain in this book, as it was thought such a course would 

make the book more convenient for reference. 

My thanks are due to Mr. P. Arnot, Supt. of the Grant Locomotive Works, when 

these works were located at Paterson, N. J. ; to Mr. John Headden, formerly Supt. of 

the Roger Locomotive Works; Mr. D. Shirrell, draftsman at the Richmond Locomo-

tive Works ; and other friends, for valuable suggestions and assistance in the prepara-

tion of this work. I am also indebted to Mr. Theo. N. Ely, General Supt. of Motive 

Power, Pennsylvania R. R. ; the Grant Locomotive Works ; the Cooke Locomotive 

Works, of Paterson, N. J. ; the Rogers Locomotive Works, of Paterson; N. J. ; the 

Rhode Island Locomotive Works, Providence, R. I. ; the Baldwin Works, Philadelphia, 

Pa. ; the Richmond Locomotive and Machine Works, Richmond, Va. ; and Mr. A. J. 

Pitkins, Supt. of the Schenectady Locomotive Works, Schenectady, N. Y., for kindly 

furnishing me with drawings and data. 

PATERSON, N. J., September, 1892. 
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MODERN 

LOCOMOTIVE CONSTRUCTION. 

CHAPTER I. 

INTRODUCTORY REMARKS.—CLASSIFICATION OF LOCOMOTIVES.—TRAIN RESIST-
ANCE.—TRACTIVE POWER—WEIGHT OF ENGINES. 

1. In late years a change in. the management and treatment of the locomotive has 
taken place on most of our principal railroads. This change necessarily caused, also, a 
change in the construction of the locomotive, besides other improvements that have 
been added from time to time. 

2. It is the writer's intention to give in these chapters a general description of the 
principal parts of the modern locomotive, illustrated by good and correct drawings, 
and indicate the improvements that have been added. 

Since all the illustrations represent separate parts of the modern locomotive, and 
since some of them will be arranged in a tabular form (an arrangement the writer has 
not seen in any book, and consequently believes it to be new), we trust that these 
illustrations will be appreciated by the professional designer, and by the young designer 
in particular. 

3. In order to make the reading of these papers profitable to the mechanic, we 
will, in connection with the illustrations, give rules relating to the proportioning of the 
parts in as plain and simple language as we can command, so that any one engaged in 
the building and running of the locomotive may easily understand these rules. We 
also hope that the description of the locomotive, which is almost inseparable from a 
subject presented in a manner as we propose to do, will prove interesting to the 
ordinary reader. 

Should any of our professional friends pronounce the rules given as something 
superfluous, because they may be found in the many excellent books already published, 
or should any of our friends find fault with the practical method of treating this 
subject, we would kindly remind them that these chapters are intended for a large class 
of readers—for the mechanic and engineer in particular—and not for a favored few, 
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4. When a comparison is made between the locomotives built recently and the 
locomotives in use about ten or twelve years ago, a change in their construction and 
appearance will be noticed. This change is due to the desire of railroad managers to 
reduce the cost of transportation of passengers and freight, and to a great extent this 
desire has been realized. 

5. In former times it has been the custom to place au engine in the hands of 
one engineer, and whenever the engine was attached to a train this same engineer 
had his hand on the throttle lever. When the trip was completed, the engine was 
carefully housed and cleaned, and, so to speak, was put to rest. In fact, we once heard 
an engineer say (and we have reason to believe that he was in earnest) that engines 
needed rest as well as engineers, because he noticed that his engine never worked as 
well when nearing the end of a trip. as it did when starting. If this engineer is 
still among the living, he must either have changed his opinion or stepped off the 
footboard to stay off. The trips also were comparatively short, mid generally the 
trains comparatively light. Indeed, when we carefully consider the management of 
the locomotive and the treatment it received in former times, we might almost conclude 
that the locomotive was looked upon as a delicate piece of machinery that needed 

. extraordinary care to keep it in good working order. 
But now, mark the change of treatment of the engine that has taken place on 

some of our best railroads. Notice, for instance, on these roads the modern freight 
locomotive as it starts off with as heavy a train as it can possibly haul on a trip of 
great length, the engineers relieving each other at designated stations, instead of one 
engineer having charge of the engine during the whole trip, as hi former times ; notice 
also the scanty accommodations, if any, for cleaning or housing the engine when the 
trip is completed; the short time the engine is allowed to stand still after it has been 
examined and found to be in good working order; the heavy train it must haul on the 
homeward journey, run by any engineer that is competent to run an engine; and when 
the starting point has been reached, no time is lost in coupling it to another train, and 
thus it is kept running almost continually in all kinds of weather. Compare this 
treatment to the former and the change must become apparent. 

6. The passenger engines are sometimes subjected to the same severe treatment, 
but generally an engine is placed in the charge of only two engineers, one of these 
running the engine during one trip, and the other having charge of it during the next 
trip, and so relieving each other alternately. 

7. Allowing different engineers to run the same engine has this advantage, namely 
that only competent engineers can hold their positions, because after a competen t 
engineer has once shown what the engine can do, the other engineers must make the 
engine perform a like amount of work in the same time, or give good reasons for not 
doing so. Here then we perceive that no incompetency is admissible. 

8. The passenger trains are also heavier now than in former times, and the trips 
longer. Generally speaking, all engines are now required to do more work than 
formerly. Engines placed in such severe service must naturally be strong, powerful 
and durable, well put together, bolt holes reamed, bolts turned and fitted, and driven 
in tightly. In the modern locomotive the boiler is larger than in former practice, the 
frames and cylinders are heavier, and generally all working parts are made stronger. 
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ten wheels. In the ten-wheeled engine six wheels of the whole number are driving 
wheels, and in the consolidation eight wheels of the whole number are driving wheels. 

WHEEL BASE. 

11. The rigid wheel base of any engine is the distance from the center of rear to 
the center of the front driving wheel, plainly shown in figures. The total wheel base 
of any engine is the whole distance from the center of the rear driving wheel to the 
center of the front truck wheel, also plainly shown in figures. 

DATA REQUIRED. 

12. Before we can decide what type of a locomotive to adopt, and before we can 
determine the dimensions of this engine, we must know the following particulars: 
1st, the total weight of the train—that is, the combined weight of the load and cars; 
2d, the speed of train; 3d, the grades :Ind curves of the road on which the engine 
is to run ; 4th, gauge of track—that is, the exact distance between the rails; 5th, the 
weight on the drivers that filo rails of tic' road can bear; 6th, kind of fuel to be used; 
7th, kind and height of couplings of cars ; 8th, limitations, if any, in width, height, 
length, etc., by tunnels, overhead bridges, turn-tables, etc. 

For the sake of simplicity, let us first find the type and the dimensions of a 
locomotive capable of hauling a train of given weight on a straight and level track, 
leaving the speed and all other particulars out of the question. 

TRAIN RESISTANCE. 

13. The principal resistance which a locomotive must overcome in slowly hauling 
a train over a straight and level road, is rolling and axle friction. Hence the resistance 
to motion of a train, or the train resistance, is simply rolling and axle friction combined. 
But it must be remembered that when a train is to run fast, or against strong winds, 
other forces must be overcome. 

By rolling friction is meant the resistance to motion that takes place where the 
circumference of the ear wheel comes in contact with the rail. Axle friction is the 
resistance to motion that .  takes place between the axle journal and its bearing. 

14. An ordinary train, composed of ears whose wheels are, say, from 28 inches to 
32 inches in diameter, and having journals, say, from 3 inches to 3i inches in diame-
ter, will require a force of 71 pounds for every ton of 2,000 pounds to move it. Thus, 
for instance, if the total weight of the cars and the load is 1,000 tons, we have 1,000 
x 71 = 7,500 pounds; this means that a train of 1,000 tons requires a force of 7,500 
pounds to move it, or, in other words, it requires a force of 7,500 pounds to overcome 
the combined rolling and axle friction. 

On some roads it may require only 6 pounds for every ton, and on other roads it 
may require 9 pounds to move a ton weight. This difference is caused by the degree 
of smoothness and irregularities of the rails, the different proportions of the wheels 
and journals, the kind of springs under the cars, the kind and quantity of oil used, 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































