THE
STEAM LOCOMOTIVE

Its Theory, Operation and Economics
Including Comparisons with

Diesel-Electric Locomotives

By
RALPH P. ]OHNSON, M. E.

Chief Engineer
The Baldwin Locomotive Works

SIMMONS-BOARDMAN PUBLISHING CORPORATION
New York, N. Y.



TABLE OF CONTENTS
CHAPTER _
I—LocOMOTIVE CLASSIFICATION . . ... ...

IICTC0COMOTIVE: BUBLS ccov v o s sisin o sz s st pov s ssosp
Amounts Used—Coal—Classification—Heating Value—Storage
—Oil—Heating Value—Use of Oil in Locomotives—Com-
parison of Coal and Oil as Fuel.

III— COMBUSTION ... ........ooi i .
Factors Controlling Combustion—Heat Losses—Fireboxes—
Chemistry of Combustion—Excess Air—Heat Balance—Ash
—Clinkers.

NWESERONT ENDS &0 st i aremssals osiins Sml 9 arah 2ot o nes 5 ven ¥

Function — Operation — Nozzles — Stacks — Taper — Diam-
cters—Heights—Flares—Plates and Netting—Variable Draft
Control—Conclusions.

V—LocoMoTiVE CINDERS

Amount — Origin — Ignition Powers — Distribution — Fire
Hazard.

W= WATER. FOR BOIEER VISE: ¢ i o cere sosters srs 5 v s %456 &

Sources—Chemical Constituents and Their Action—Boiler
Troubles Due to Feed Water—Corrosion—Embrittlement—
Foaming and Priming—Treatment.

VII—EVAPORATION
Steam—Heat Transmission—Quality of Steam—Boiler Effi-
ciency—Grate Area—Air Openings Through Grates—Com-
bustion Volume — Gas Area Through Boiler — Length of
Flues—Feed Water Heater—Exhaust Steam Injector—Super-
heater—Evaporative Values—Tables—Rated Evaporation
—Checking Against Grate Area.

VIII—=SUPERHEAT .. ...........ciiiuiinnnnannnnannnnnnn..
Definition—Advantages—Economies—Types of Superheaters
—Lubrication.

IBRCESEEANG AITAEIZATION: o s s s s v o avarie svsnas she e Woas &
Improving Cylinder Efficiency—Higher Boiler Pressures—
Lower Exhaust Pressures—Condensing—Factors Affecting
Cylinder Performance—Locomotive Efficiencies.

X—TRACTIVE FORCE ...... . . ... .. ..........
Definition—Steam Locomotive Tractive Force—Rated Trac-
tive Force—Formulas for Steam, Electric and Internal Com-
bustion-Electric Locomotives and Boosters—Tractive Force
at Speeds—Cylinder Tractive Force—Boiler Tractive Force—
True Tractive Force—Curves for Calculation—Example—
Locomotive Ratios.

PAGE



viii TABLE OF CONTENTS

CHAPTER PAGE

XI—HORSEPOWER . . ..ot ittt 172
Definition—Formulas—Cylinder and Boiler Horsepower.

KIT-RESISTANGCE: v ssio s sioi o sion st & Wa o % wmi S ¥ w3 180
Definition—Journal, Flange and Air Resistance—Recom-
mended Formulas—Tables—Grade, Curve and Acceleration
Resistance—Conclusions—Examples.

XIII—TONNAGE RATING ... .. S S S S I A S 3 210
Definition—Necessity—TFactors to Be Considered—Determina-
tion—Car Factors—Effect of Temperature.

RTV=CURYES . 7 v wams iem. e §ar s i S5s § s SLaeys s § 5 » 218

Measurement—Compensation—Rail Elevation—Comfortable
Speed—Safe Speed—Spread of Rails—Guard Rails—Relation
to Wheel Base—Roy Method.

XV—VALVE GEARS AND VALVE SETTING . .................. 239
Function—Types—Definition of Terms—Valve Ellipses—
Zeuner Valve Diagram—Typical Valve Settings—Records.

RVI-COUNTERBALANGCING : wuw son  av wewd v @ svan o  wvisis 3 252
General Problem — Revolving Weights — Reciprocating

Weights — Static Balancing — Dynamic Balancing — Modern
Practice—Dynamic Augment—Conclusions.

RKVIT—ACCEBEERATION: o o sovs soiss i o o s a0 & ave 5w s  svass 280

Formulas for Distance and Time—Deccleration—Examples.

XVIII-TOoRQUE DIAGRAMS . ¢ ci v v ¢ sb s s o toasiois a syitos € oo 288

Use—Construction—Example.

XIX—DISTRIBUTION OF LOCOMOTIVE WEIGHT .............. 295
Distribution—Suspended and Dead Weights—Equalization
—Estimated Weight—Actual Weight—Redistributed Weight
—Example—Articulated Locomotives—Example—Resume.

KR—BRAKING  v=s sovis s v o S R 1 U GV R s S 318

Importance—Action—Theory—Clasp and Single Shoe Brakes
— Braking Ratios — Formulas — Examples — High Speed
Braking.

XXI-LOCOMOTIVE TESTING . iuon = woss o s s o wise & womin sinis w0 344
A.S.M.E. Code—Preparation of Engine—Items to be Record-
ed—Methods and Apparatus for Determination of Items—
Operating Conditions—Records—Report of Test—Methods
of Calculation—Data Forms.

XX IT—D¥NAMOMETER BARS i ¢ oo v s v o s pas g o $400 6 5o 393
Value—Description—Usgs,



TABLE OF CONTENTS ix

CHAPTER PAGE
XXIII—HIGH SPEED TRAINS .. ...ttt 405

Records—Motive Power—Flexibility of Equipment—Track
and Roadbed — Curvature — Signals — Braking — Stops and
Speed Restrictions—Inspection of Trains—Safety—Fuel Sav-
ings—Passenger Comfort.

XXIV—STREAMLINED AND LIGHT WEIGHT TRAINS ............ 419

Streamlining—Weight Reduction—Comparative Effects on
Level and Grades.

XXV—MoTivE POWER FOR HIGH SPEED SERVICE ............. 436

Possible Types of ower—Diesel Engines for Railroad Work
—Articulated Trains vs. Regular Equipment—Character-
istics of Steam and Diesel Locomotives—Drawbar Pull—
First Costs—Center of Gravity—Effect on Rail—Fuel and
Water—Acceleration—Operating Costs—Conclusions.

XXVI—-MOTIVE POWER FOR SWITCHING SERVICE. . . ............ 457
Diesel Description—Comparison of Diesel and Steam Horse-
powers and Tractive Forces—Advantages and Disadvantages
of Each—Operating Costs—Net Return on Investment—Con-
clusions.

XXVII—-THE RELATION OF LOCOMOTIVE OPERATING IXPENSE
TO NET OPERATING INCOME . ... ....... ............ 478

Net Operating Income—Importance of Locomotive Oper-
ating Expense—Items Included in Locomotive Operating
Expense—Evaluating These Items—Operating Expense State-
ment.

XXVIII—-LocoMOTIVE REPAIR COSTS .. .......... .ouuin... 492

Units of Comparison—Allocating Repair Costs—Increase
With Age — Trends — Switching Locomotives — Steam and
Diesel—Analysis of Repair Costs—Method of Computing
Trends—Example.

XXIX—EcoNoMIC LIFE .. ... ... .. ... 521

Service Life—Obsolescence—Economic Life—Average Annual
Operating Cost—Economic Life of Switch Locomotives—Re-
tirement of Locomotives—Uses of Economic Life Theory.

- APPENDIX A—LOCOMOTIVE TESTING APPARATUS. . .. ..oovno. ... " 541

APPENDIX C—TYPICAL LOCOMOTIVE DIMENSIONS. . ... ..... e 554



