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PREFACE

‘s

The growth of the motorcycle industry has been great during
the past few years, and while it has not been as spectacular or
imposing as that of its larger brother, the automobile business,
it has reached proportions not generally realized except by those
in the trade or the veteran riders. At a conservative estimate,
several hundred thousand motorcycles are in service in this country,
and the demand is increasing as the advantages and economy
of this efficient motor vehicle are being better realized. The
design and constructional features of the various makes are becom-
ing standardized in some respects, though there is still considerable
diversity in specific types. All follow certain rules of practice,
however, and instructions for care and operation apply to all
standard designs.

The automobilist has been very fortunate in having a large
number of books available that cover all phases of motoring for
his instruction, and everything desired in that field of knowledge,
from deep technical discussions to elementary expositions, have
been offered at modest prices. The motorcyclist, at the other
hand, who desired a general treatise or instructions on motoreycle
construction and operation, has been forced to acquire his knowledge
by much research and reading because the books on motoreycling
have been in the nature of elementary pamphlets rather than works
of any pretensions.

The writer believes that there is a field for a comprehensive
treatise dealing with motorcycles and aliied subjects, and that
some technical as well as practical information will not come
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10 Preface

amiss, in view of the paucity of such facts relating to motoreycle,
sidecar and cyclecar construction, operation and repair. Efforts
have been made to discuss the salient points of representative
domestic and foreign products and to show clearly the many
mechanical points and distinctive constructions that abound in
modern practice. The writer has been very fortunate in securing
the co-operation of practically all leading manufacturers in the
motorcycle industry, and many distinctive drawings and photo-
graphs have been furnished especially for his use.

While some technical information and data are given, the mate-
rial, for the most part, is of a practical nature that can easily be
assimilated and understood by anyone. The instructions given
for control, maintenance and repair should be valuable for the
novice rider, while the discussions of mechanical principles will
undoubtedly appeal to the more experienced riders, dealers and
others in the trade.

THE AUTHOR.

July, 1914
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Motorcycles, Side Cars and Cyclecars
| .
i CHAPTER 1.

MOTORCYCLE DEVELOPMENT AND DESIGN.

Why Motoreycles are Popular—How Motoreyeles Developed from the
Bieycle—Some Pioneer Motoreycles and Influence on Present Design—
Causes of Failures in Early Types—Mechanical Features of Early
Forms—The Demand for More Power—Essential Requirements of
Practical Motoreycles—Motoreyeles of Various M'ypes—Light-Weight
vs. Medium-Weight Construction—Determining Power Needed—In-
fluence of Road Surface on Traction—How Speed Affects power Needed
—Effect of Air Resistance—How Gradients Affect Power Required
Power in Proportion to Weight— Influence of Modern Automobile Prae-
tice—The Modern Motoreycle, Its Parts and Their Functions—Goneral
Characteristics Common to all Forms—Some Modern Motoreycle
Designs.

' The motoreycle has been aptly termed the “poor man’s automobile”

and to one fully familiar with self-propelled vehicles, this term is no
misnomer. The modern machine, with its ease of control, its reli-
ability, its power and speed will carry one or two passengers more
~economically than any other method of transportation. Fitted with
4 side-car attachment, it becomes a practical vehicle for general use,
as the body may be suited for passenger or commercial service. The
lemand for motoreycles, side cars and delivery vans has created an
industry of magnitude that furnishes a livelihood for thousands of
skilled workmen, and unmeasurable pleasure for hundreds of thou-
“sands who would be deprived of the joys of motoring were it not for
“the efficiency and low cost of operation of the vehicle that carries
“them swiftly and comfortably over the highways. The development
f the motor bicycle dates back farther than that of the motor car,
nd it was demonstrated to be a practical conveyance over three
decades ago, though it is only within the past six or eight years that
his single-track, motor-propelled vehicle has attracted the attention
its merits deserve.

J
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18 Motoreyceles, Side Cars and Cyclecars

Why Motorcycles are Popular.—The automobile attracted the
attention of the public for some time before the motorcycle became
generally popular, and, as a consequence, the development of the
larger vehicle was more rapid for a time. As the early buyers of
motor cars were of the class to which money is no object, as long as
personal wishes are gratified, most of the manufacturers then building
bieyeles, to whom the public naturally looked for motoreycles, devoted
their energies and capital to the design and construction of auto-
mobiles rather than motoreycles, because the pro: pect for immediate
profits seemed greater in catering to the great demand that existed
for any kind of automobile that would run at all. The development
of the motoreycle was left to people, for the most part, without the
requisite engineering knowledge or manufacturing facilities, so, natu-
rally, the growth of the industry was of little moment until an equally
insistent demand made itself felt for motorcycles, at which time people
with capital began to consider the production of two-wheeled vehicles
with favor. The demand for bicycles had been diminishing for several
years, and the new type, with motor attached, seemed to offer a field
that could be cultivated to advantage.

The evanescent popularity of the bieycle ‘and the rapid rise to
almost universal use, with almost as rapid decline was construed as
a warning to proceed slowly in buildingmotoreycles, as many thought
the future of the motoreycle would be doubtful and that it was merely
a passing fad. The bicycle required the expenditure of considerable
energy, and, while very valuable as an exerciser, it did not offer
pleasure enough for the bulk of our population in proportion to the
amount of effort involved in making trips really worth while. The
application of mechanical power, however, removed that objection, so
the only deterring factor to the ready adoption of the motor-propelled
biceyele was a lack of confidence on the part of the public regarding its
reliability. It was not long before the endurance and practicability
of the motoreycle was established beyond doubt, and as soon as the
advantages began to be given serious consideration, a healthy demand,
which is growing in importance yearly, stimulated its development
from a crude makeshift to a practical and safe method of personul
transportation.

The motoreyele and its various combinations with fore cars and




Motoreycle Development and Design 19

side cars appeals to a conservative element who consider the cost of
maintenance and operation fully as much as the initial expense of

g acquiring it. The motoreycle really has many fundamental advan-

¥

tages to commend it, as it has the speed and radius of action of the

. most powerful motorcar, with a lower cost of upkeep than any other

4

vehicle of equal capacity. As constructed at the present time, the
motoreycele is not only low in first cost, but its simplicity makes it
an ideal mount for all desiring motor transportation at the least ex-
pense. The mechanism of the motoreycle, its control and repair, are
readily understood by any person of average intelligence, and with
the improved materials and processes employed in its manufacture,
combined with the refinement of design and careful workmanship, a
thoroughly practical and serviceable motor vehicle is produced which

. sells at but a slightly higher price than the first high-grade safety

. bicycles of fifteen years ago. At the present time, the motoreyecle is

not only popular for pleasure purposes, but it is applied to many in-

dustrial and commercial applications that insure a degree of per-

. manency in popular estimation never possible with the bicycle.

How Motorcycles Developed from Bicycles.—Many of the me-
' chanics who turned their attention to motoreycle construction were

* thoroughly familiar with bicycle practice of the period and, as con-
~ siderable progress had been made in building light machines that

possessed great strength for foot propulsion, it was but natural that
the regular form of diamond frame bicycle should be adapted to motor
propulsion by the attachment of a simple power plant and auxiliary

4
* devices. As a concession to mechanical power, various parts of the
Y

{

" machine, such as the front forks, the rims and tires, and in some cases
the frame tubes were made slightly heavier, but in essentials the first

~ motoreycles to be made commercially followed bicycle practice, and
© with power plant removed, it would be difficult to tell them from the

" heavy built tourist models of pedal cycles. Naturally, the motor and
tanks were not always disposed to the best advantage, and for con-
siderable time, as the writer will show, much thought was spent in
endeavoring to combine the widely varying principles found in bicycle
and motoreycle practice and devise a hybrid machine composed of all
the parts of the ordinary bicycle, with the various components of the
gasoline or internal combustion power plant disposed about the frame

B T T —




20 Motorcycles, Side Cars and Cyclecars

at any point where attachment was possible. The motoreyele of the
present day follows automobile principles and is radically different
from its earlier prototypes in practically every respect except a general
family resemblance owing to the use of two wheels, handle bar con-
trol, pedals for starting and placing a saddle so the rider can keep his
balance to better advantage by sitting astride as on the bicycle.
Some Pioneer Motorcycles and Influence on Present Design.
—As early as 1885, Gottlieb Daimler, who constructed the first prac-
tical high-speed internal combustion engine, and who, for this reason,

Fig. 1.—Early Model of the Daimler Motorcycle, the Parent of All
Present Day Self-Propelled Vehicles.

is known as ‘“the Father of the Automobile,” obtained a patent on
a two-wheel vehicle shown at Fig. 1. This, while not beautiful in
outline, was a practical motor-propelled conveyance, and may be
justly regarded as the forerunner of the modern motoreycle. In fact,
in general arrangement of parts, this pioneer design is not unlike the
modern product. At that time, the only motor vehicles regarded as
practical or capable of actual operation for limited distances were
types propelled by electric or steam power, and it will thus be ap-
parent that Daimler’s crude motor bicycle was not only the founda-
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Motoreycle Development and Design 21

tion of the motoreycle industry but also formed a basis for the develop-
ment of the automobile which, in its most successful form, employs
the internal combustion motor as a source of power.

After numerous designs in which single eylinder motors played a
part, in 1889, Daimler patented a double inclined cylinder motor, the
first multiple cylinder conception. This original form is that from
which the modern V-engine, so widely used at the present time for
cycle propulsion, was derived. This creation was also the first to be
made in any considerable number and, even at this late day, some of
the original Daimler engines are still operated. In this design, the
cylinders were inclined but 15 degrees, and eccentric grooves turned
in the fly-wheel face were utilized to operate the exhaust valves, in-
stead of the cam motion which is now common. The cylinder was
cooled by an enclosed fan wheel which supplied a current of air con-
fined around the cylinder by a jacket, so the first practical high-speed
internal combustion engine wag cooled by air. This is the method
used almost universally in the case of the bicycle motor, even at the
present day.

After a time other motors appeared, such as the De Dion motor
tricycles, propelled by a small engine based on Daimler lines, and
which were more reliable than the first steam coaches and much
superior to the early electric vehicles in all important essentials such
as radius of operation, cost, reliability and speed. To Daimler must
also be given credit for the invention of the first practical carburetor,
or device to produce a combustible gas from liquid fuel, also an im-

. portant factor in the development of the automobile.

The first Daimler machine, which is shown at Fig. 1, with one side
of the frame removed, was not unlike the modern loop-frame machine
in important respects. While the wheels were placed rather close

~ together, the motor placing was intelligently thought out, and was

a5

so installed that the center of gravity was brought closer to the
ground than in many of the machines which succeeded it. The drive

‘from the pulley on the motor crankshaft to a larger member on the

rear wheel and the use of a jockey pulley or belt tightener to obtain
a clutching effect has not been altered in principle since its first ap-
plication by Daimler. Steering was accomplished by a steering head
construction practically the same as on present-day machines. The

e R R e e (e e



22 Motoreycles, Side Cars and Cyclecars

early form of Daimler motor did not have very much flexibility on
account of the sluggish action of the vaporizer and the ignition by
hot tubes so the speed was varied largely by allowing the driving belt
to slip and by applying the brake. This was done by a controller
wheel carried by a standard just in front of the operator’s seat. When
this was rotated in one direction, the jockey pulley or idler was allowed
to drop, so that the belt became loose while a spoon brake, working
on the rear wheel tire, was applied progressively as the belt tension
was diminished, and consequently the driving power was reduced.

Steering

Lever=./
‘ C0untershaft

Internal

Rear Wheel

Fig. 2.—Early Daimler Motorcycle With Countershaft Drive.

A later form of Daimler bicycle, in which a countershaft was used,
is shown at Fig. 2. The drive from the motor crankshaft to a pulley
comprising one member of the countershaft assembly was by belt
while a small spur gear provided a further reduction in speed by en-
gaging an internal gear attached to the rear wheel spokes. It will
be evident that Daimler not only originated the direct drive motor-
eycle but that he was also responsible for the first conception of the
countershaft drive form. Attention is directed to the use of the
auxiliary wheels mounted on each side of the rear driving member to
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steady the machine and keep it upright when not in motion. The
lines of either of the Daimler machines are not unlike the forms we
are familiar with, and the resemblance is striking enough, so that the
parentage of the modern motoreycle can never be questioned. Daim-
ler, as well as Carl Benz, who was working on a motor-tricycle at the
time the former brought out his engine, next directed his energies to
the improvement and construction of motor-propelled vehicles of the
three- and four-wheel forms instead of the two-wheeler. Although
there were spasmodic efforts made by some engineers in motoreycle
design, most of them confined their efforts in refining the bicycle,
which at that time was just beginning to attract attention because
it offered possibilities of almost universal application.

Among the next of the pioneer motor bicycles to attract attention
was another German make, shown at Fig. 3. This was constructed
by Wolfmueller & Geisenhof, of Munich, Germany. In ordinary
appearance it resembled the conventional bicycle design intended for
the use of women though the machine had exaggerated dimensions.
The saddle was placed low so that the rider could rest his feet on the
ground if he desired. The power plant was a peculiar form which was
said to develop two horse-power, and which was capable of propelling
the 110-pound machine at speeds ranging from three to twenty-four
miles per hour. The motor was of the two-cylinder horizontal form
having the cylinder heads at the front of the machine while the open
= ends of the cylinders pointed to the rear. The connecting rods ex-
" tended to cranks attached to the rear wheel axle, and the drive was
" direct from the motor eylinders {o the traction member as in loco-
motive practice. Ball-bearings were used at the ends of the connect-
ing rod as well as supporting bearings for the rear wheels. The fuel
~ gas was obtained from a vaporizer of the surface type and the com-
~ pressed charge was ignited by hot tubes. The cylinders were water-
“ cooled and were surrounded with water jackets, and a supply of water
~ for cooling the engine was carried in a peculiarly shaped tank forming
1 part of the mud-guard over the traction member. The front wheel
- was used for steering and was mounted in forks in much the same
" manner as in the machines of to-day. A hand-lever actuated-spoon
“brake served to retard the speed of the vehicle when desired by frie-

*tional contact with the front tire. Both wheels were provided with
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Fig 3.—The Wolfmueller Motorcycle, an Early Form of Unconventional Design.
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pneumatic tires. The engine cylinders were 31% inches in diameter
with a stroke of 434 inches. The driving wheel was 22 inches in
diameter while the front wheel was 26 inches in diameter. It is
claimed that the fuel supply was sufficient for a run of 12 hours.
One of the earliest of the De Dion-Bouton tricycles is shown at
Fig. 4. This had the small air-cooled motor placed back of the rear
axle which it drove by suitable gearing. In order to obtain the
desired speed reduction, a small spur pinion was mounted on the
motor crankshaft which meshed with a large spur gear attached to the
differential case. In the tricycle shown, the gasoline vapor was pro-
duced by a surface carburetor, and ignition was by hot tube. The
machine was provided with pedals and it was possible to drive the

Durface
Garyretor
Yok Tbe \gniter
Mof{Ler

Fig. 4—One of the First De Dion-Bouton Motor Tricycles,
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rear axle by an independent foot-actuated sprocket and chain when
desired. This made it possible to set the tricycle in motion by pedal-
ing, and was also intended to provide a means of returning home when
the motor became inoperative, which was not an infrequent. occur-
rence. Owing to the limited power of the motor, which was rated at
about 134 horse-power, the rider often found the pedals of some benefit
as an aid to climbing steep grades. Some of these tricycles were con-
verted into four-wheelers or quadricycles, as shown at Fig. 5, by the
addition of a fore carriage which provided accommodations for a
passenger. A later form of motor tricycle, in which electrical ignition

Fig. 5.—~Motor Tricycle With Two Wheel Fore Carriage to Carry
Passenger.

replaced the hot tube method, is shown at Fig. 6. By careful study
of this side view and the rear end shown at Fig. 4, it will not be difficult
to understand the construction of the earliest form of motor tricycles
to be used successfully.

All of the pioneer designers did not devote their attention to tri-
cycle construction, as some carried on experiments with the two-
wheeled forms. One of the ingenious efforts to adapt the safety
bieycle to motoreycle service is shown at Fig. 7. The power plant,
which included a small gasoline engine with its auxiliary devices was
mounted on a fixed axle at the center of the rear wheel, and remained
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Motoreycle Development and Design 27

stationary while the wheel revolved around it to drive the bicycle.
Owing to the limited amount of space provided for the power plant,
which meant that an engine of small power only could be used, this
form of construction did not prove as practical as those in which the
motor and its auxiliary devices were attached to the frame.

One of the problems that confronted the pioneer designer was the
proper location of the power plant. The diversified designs in which
the early designers attempted to solve this problem are clearly shown
at Fig. 8. At 4, an early form of De Dion motor bicycle is shown in

i s e L S e

Fig. 6.—Side View of the Ariel Motor Tricycle, a Pioneer Form
Using Electrical Ignition,

" outline, and in order to obtain a low center of gravity, the power
plant was placed back of the seat-post tube and crank hanger while
the crank case was attached to the rear-fork stays. In the machine

© shown at B, which was known as the “Pernoo,” the motor was placed

* on extended stays behind the rear wheels and drove that member by
direct belt connection. Another motorcycle which was brought out
about this time is shown at €, and was designed by a man named
Werner. In this construction, the motor was carried on an extension
of the front-fork crown, and the object desired by the inventor was to

B
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permit one to convert an ordinary bicycle into a motoreycle by the
addition of the modified front forks to which the engine was attached.
Power was transmitted by means of a belt from a small pulley on the
motor crankshaft to a larger member attached to the wheel. It is
apparent that the designer had in mind an equal distribution of the
load on the two wheels in the construction shown at A. In both the
forms, shown at B and C, the weight was not distributed as it should
be, as in one case practically all of the weight came on the rear wheels,
which made steering difficult, while in the other, the proportion of the
weight carried by the front wheel was productive of skidding at the
rear end when the machine was used on wet roads. The machines

Fig. 7.—Early Motorcycle Design With Power Plant Enclosed in
Interior of Rear Wheel,

shown were evolved in the period ranging from 1894 to 1898, and
were adaptations of the diamond frame safety bicycle, which at that
time had been demonstrated to be a thoroughly practical vehicle.
During this period, American inventors were by no means idle. In
1898, Oscar Hedstrom, an expert constructor of light racing bicycles,
turned his attention to the design and construction of motor-propelled
tandems which were used in bicycle racing as pacemakers. His
produets were very successful, and their consistent performances on
the track, as well as the speed developed, attracted the attention of
George M. Hendee, who owned a large interest in the Springfield
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Fig. 8—Some Early Designs of Motorcycles Showing Diversity of
gpipion Regarding Placing of Power Plant and Auxiliary
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Coliseum, a very prominent bicyele race-track of the period. Mr.
Hendee, who was engaged in building bicyeles, determined that there
would be a great future for the motoreycle if a satisfactory machine
for roadwork could be evolved. Negotiations began between Messrs.
Hendee and Hedstrom, and in January, 1901, Mr. Hedstrom became
associated with the Hendee Manufacturing Company, and the de-
velopment of the Indian motoreycle began. It is said that in four
months’ time, he not only designed the model machine, but built every
part of it with his own hands. Many of the original features incor-
porated in the first Indian machine are retained in the modern forms,
and have not been changed in principle since used on the pioneer
creation built thirteen years ago.

The earliest Indian motoreycle to be manufactured in quantities is
shown at Fig. 9, with all parts clearly outlined. The general lines of
the diamond frame bicycle were followed in this as in other early
forms, though a decided innovation was made by placing the motor
in the frame in such a position that it formed a continuation of the
seat-post tube, which was attached to the top of the eylinder. The
motor crankcase was supported by the crank hanger which was located
at approximately the same position as in bicycles intended for foot
propulsion. This permitted the inventor to dispose of the auxiliary
parts of the power plant so that the bicycle lines were not interfered
with to any extent. The gasoline tank was mounted over the rear
wheel and was partially supported by the mud-guard, while a smaller
container between the rear forks and the seat-post tube served as a
reservoir for the lubricating oil used in the engine. The carburetor
was designed by Mr. Hedstrom, and with but few changes and refine-
ments in minor detail, is used to-day, and is considered to be one of
the most efficient of the many vaporizers used on motorcycles. The
drive from the motor crankshaft was to a large sprocket, carried by a
countershaft extending from the crank hanger, and this, in turn, im-
parted motion to a smaller sprocket which drove the rear wheel
through the medium of a chain connection with a sprocket on the
rear wheel hub, which was a modified form of bicycle coaster
brake.

Ignition was by battery and spark coil, and control of the power
plant was obtained by varying the time of ignition and regulating the
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supply of gas admitted to the carburetor in much the same way as on
modern machines.

A feature of even the earliest Indian model was ease of control, as
while other contemporary manufacturers were producing machines
having levers at all points of the frame, the Indian had the grip con-
trol that is now famous and almost universally used in America. By
turning the grip on the right hand side of the handle-bar in one direc-
tion, it was possible to raise the exhaust valve so that the engine
would be inoperative, while a twist in the other direction allowed the
exhaust valve to close, thus permitting the motor to function, and a
further movement advanced the ignition timer to speed up the engine.
While throttle control on the early form of machine shown was by a
small crank attached to the top frame tube near the steering head, it
was not long before the left grip was also used in controlling the motor
by being attached to the carburetor throttle. Owing to the excellence
of the Hedstrom motor and carburetor, the neatness of design and the
ease of control, the Indian motoreycle was eagerly accepted by the
publie, and the American motoreycle industry was fairly under way.

It must not be inferred that no other successful American machines
were built at this time because there were quite a number of practical
motoreycles evolved by other bicycle firms. Four of the early types
are outlined at Fig. 10, and as the general construction and location of
parts is clearly shown it will not be necessary todescribe these machines
in detail. This applies equally as well to the types shown at Figs. 11
and 12. A point that will strike the observant reader is the diversity
of ideas as relates to power plant installation, as opposed to the very
general acceptance of one method of installation at the present time.
For instance, in the group at Fig. 10, the Thomas and Holley machines
have the motor mounted with the cylinder center line coinciding with
that of the seat-post tube, while the Orient and the Mitchell had the
motor placed well forward in the frame with the eylinder inclined
toward the steering head instead of toward the rear of the machine.
In every case, the drive was by means of belts. In the Thomas, a
combination steel and leather belt was used, while in the other three
forms flat belts were employed. Two of the machines, the Mitchell
and the Orient, did not use belt idlers or jockey pulleys, while the
Thomas and the Holley found the idler pulley of sufficient merit to
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incorporate it in their construction. We find the same diversity of
practice in the motoreyeles shown at Fig. 11. In two of these, the
Merkel and the Yale-California, the motors had the eylinder inclined
toward the steering head, while the other two, the Pope-Columbia
and the Marsh, utilized the opposite placing of the power plant. In
the Columbia machine, the motor was carried baek of the seat-post
tube, while in the Marsh, the eylinder formed a continuation of that
member. The general trend of former constructors to belt drive as
opposed to the present tendency in the other direction is also elearly
shown in this group, as but one of the machines, the Pope, utilized
the double chain drive which is now the leading form of power trans-
mission.

At the top of Fig. 12 is depicted a machine that in many respects
resembles the aceepted types of the present day. This was designed
by Glenn Curtiss, now a famous aviator and builder of aerial eraft.
In this, the motor was placed with the eylinder vertical instead of
inclined as in all the other machines shown. The business-like dis-
position of the auxiliaries, such as the gasoline tank, battery box,
mulffler, carburetor, the long wheel hase and the general neat appear-
ance of the machine are all commendable. The only thing needed to
make this carly form of machine an equal in appearance and perform-
ance 1o those of the present day was the addition of magneto ignition.
The Wagner machine, which is shown in the center of the plate, incor-
porated for many years a distinctive form of frame construction, inas- |
much as a separate loop member to carry the motor was added below
the lower frame member of the conventional diamond frame. The
Royal machine was also distinetive owing to the ingenious manner in
which the power plant was housed in a nest formed by four tubes
branching from the seat-post tube to the erank hanger. The Royal
machine was also distinetive in the system of drive employed, because,
while practically all of the contemporary machines, with the exception
of the Pope and Indian, utilized belt drive, this employed a counter-
shaft speed reduction and chain drive to the rear wheels. Instead of
employing a sprocket and chain reduction, as did the Pope and the
Indian, the drive from the motor crankshaft to the countershaft and
the main reduction in speed was through spur gearing. A single chain
served for both motor and pedal drive, as an ingenious clutching e $
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arrangement was provided by which the pedals could be brought into
engagement for propelling the machine and starting the motor, and
then the drive was taken by the same chain from the motor crank-
shaft, and the pedals automatically uncoupled by an overrunning
clutch.

Another form of machine developed by American engineers, which
was called the “New Era,” on account of the number of advanced
features incorporated in its design, is shown at Fig. 13. This was one
of the first American machines to furnish a two-speed gear as regular
equipment, and to substitute foot-boards instead of the usual form of
pedaling gear. As the pedals were eliminated, it was not necessary
to supply a seat of the usual form which is needed to permit the rider
to pedal a machine when starting, and a more comfortable form seat,
very much of the same nature as used in agricultural machinery, was
provided for the rider. This seat was supported by springs, and as it
conformed to the figure it proved to be very comfortable. The motor,
which was a single-cylinder type was placed directly under the form
seat, and the planetary two-speed gear was located on the engine
shaft. The high and low-speed clutches were controlled by foot levers
conveniently disposed on the running board, while another pedal pro-
vided control of the band brake acting on the rear wheel. The form
shown was one of the earlier models in which ignition was by battery
and coil, but other machines were made of more modern form employ-
ing a magneto. The fuel tank was carried over the rear wheel, as was
common practice on many machines of that period and the drive was
by single chain direct from the driving sprocket on the motor crank-
shaft to a larger member on the wheel. This machine was evidently
too far in advance for its time, as the riders did not seem to take
kindly to its unconventional lines which forced the company manu-
facturing them out of business. It is interesting to note that in this
carly form of machine, we find incorporated so many of the improve-
ments and refinement usually associated only with machines of the
present, day.

The Demand for More Power.—When the first attempts were
made to convert the bicycle into a motorcycle by the addition of a
power plant, it was the intention of many of the constructors of the
early types of machines to depend to some extent upon the rider to
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assist the motor at times when the resistance to motion was too great
to be overcome by the small power plant provided. In order not to
stress the frame tubes of the usual bicyele construetion too much, the
gasoline motors employed were of extremely low power, when judged
in the light of our present day knowledge. Many of the successful
motors were not over 1.25 horse-power, and a machine with a power
plant rated at 2.50 horse-power was considered to be much heavier
and more powerful than was absolutely necessary. The method of
figuring the horse-power required on the early machines was very
simple, as it was assumed that if & man, who was commonly given a
rating of one-eighth to one-twelfth of a horse-power could propel a
bicycle satisfactorily, and attain fair speed, that a motor of one and
one-quarter horse-power should certainly prove sufficiently powerful
to take the machine anywhere the rider wanted to go. Of course, it
was not considered a serious disadvantage if one was forced to assist
the motor up a moderate hill or over a streteh of sandy road by vigor-
ous pedaling.

It did not take the early rider or motoreyele manufacturer long to
discover that a frame structure that was entirely suitable for a foot-
propelled machine was not necessarily strong enough to withstand the
vibrations imposed by mechanical power. This vibration cane, not
only from the nature of the prime mover employed but was also due,
in a measure, to the increased speeds made possible by the application
of mechanical energy. As it was obviously necessary to increase the
weight and strength of the frame to take care of the added stresses,
it was also important to augment the power proportionately. Another
factor that made it necessary to install more powerful motors was the
demand for speed that soon became manifest after the machines had
been mastered by their riders.  To one not accustomed to motor-
eyeling, a speed of 20 or 25 miles per hour was very fast, but after
the first few rides had been taken, and the rider had confidence in his
machine and ability to control it, many sought for machines having
greater power, and consequently more all around ability. This de-
mand was met by the manufacturers, and the horse-power of motor-
eycle power plants has increased over 800 per cent., as on makes
that formerly utilized one and a quarter to two horse-power
motors a decade or so back, we find on the modern forms
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powerful motors which are capable of easily developing 12 to 15

horse-power.
Essential Requirements of Practical Motorcycles.—Before

describing the parts of motoreycles, their functions or features of con-

struction, it may be well to review a few of the essentials that are g
necessary in the practical motoreyele.

First, the machine should not only be simple and strong in con- )
struction but it should have a soundly designed and well-made frame- ;
work as well as a powerful motor. The power plant should be so in- )
stalled that it may be casily reached for inspection and the various ~
components should be so accessibly located that any of the parts l
liable to give trouble can be reached without dismantling the entire ’
machine. Most designs of the present day embody this important ¢
requirement.

Second, every provision should be made for the comfort and safety ‘;
of the rider. This means that the saddle should be placed so a low y
riding position obtains in order that the rider may be able to put his I’l
feet on the ground to steady himself when necessary. Comfortable
foot-rests or foot-boards should be provided in addition to the usual {0
pedaling mechanism, and all the control levers should be placed con- ,

i veniently so the rider may reach them, preferably without removing ’
his hands from the handle-bars. P
Third, the modern machine should be provided with wheels and "
{ tires of ample size, and should also include some form of spring fork b
" and resilient frame construction to absorb vibration and to relieve the = d
| rider of all road shocks. The machine should not only be provided * "
| with an efficient power transmission system but should also include b
! adequate brakes. "
Fourth, the weight should be so distributed that the center of )

| gravity, even with the rider in position, should come as near the

ground as possible, in order to promote stability, and the load carried =3 X

should also be proportioned so that the traction or driving wheel will
carry more than the front or steering wheel. The machine should also
be fitted with some method of free engine control so that the power
plant may be kept running even if the machine must stop as in traffic.
While a two-speed gear or other variable speed mechanism is the most
desirable, it is not absolutely neccessary, as very good results have
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been obtained with machines having a free engine cluteh or its
mechanical equivalent.

Fifth, the pleasure and convenience of the rider should be given
some consideration, as, in addition to comfort and safety, it is desirable
to make operation of the machine as simple as possible. For example,
some form of automatic or mechanical oiling system is much to be
preferred to the usual hit or miss oil pump system of lubrication. A
fairly capacious fuel container should be provided in order to insure
a reasonable touring radius.  An efficient muffler should be provided
so that the machine will be silent in operation. The machine work on
the engine, and the fitting of the various parts, should be accurately
done so the power plant will retain oil and the machine be a clean one
to handle. A fairly long wheel base and large wheels are fully as
desirable as the use of spring forks or frames to secure easy riding.
The proportion of power to weight should be such that an actual sur-
plus of power is held in reserve under normal operating conditions for
use in any emergency.

Practically all of the essential requirements enumerated can be
found in modern machines, though the average purchaser would be
guided to a large extent in selecting & mount by a number of personal
preferences, and it cannot be expected that any one type of machine
will satisfy all riders.

Motorcycles of Various Types.—Three forms of power have
been successfully adapted to vehicle propulsion, and among the many
diversified types of automobiles we find some propelled by gasoline
engines, while others depend upon the energy derived from a steam
boiler or electric battery. While either of the three main forms of
prime movers may be used in a practical way on motor cars, attempts
that have been made by motoreycle designers to adapt steam or elec-
tric power to the two-wheel vehicle have rarely met with success. The
“electric motoreycle is impractical on account of the weight of the
torage battery necessary to produce power, and also because its

lius of action and possible speed would be limited. Some early

ventors adapted the electric battery to the propulsion of three-
heelers or trieyeles, and it was not very long ago that an announce-
pent was made that an electric motoreycle would soon be available.
1o date, this promise has not been realized, and it is difficult for one
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to see how electric power could be applied to advantage on a two-
wheeler and obtain the same desirable features that are so easily
secured by the use of the gasoline motor.

Some experiments were tried in this country to apply steam power
to motoreycles, but none of these ever proceeded far beyond the ex-
perimental stage. In England, however, there is a steam-propelled
motoreyele that is not radical in appearance and which must be a
commercial success because it is said that it has been on the market
for three years. The drawing at Fig. 14 shows the general appearance
of this machine which is known as “the Pearson and Cox,” presumably
because it is made by this firm in Shortlands. Despite the unconven-
tional means of propulsion, this motoreyele is not so much different
than those we are accustomed to that it would attract attention except
of those well versed in motoreyele construetion.

The power is supplied by a single eylinder, single-acting steam
engine with a bore of 134 inches and a stroke of 215 inches. This is
mounted in the frame back of the seat-post tube and immediately in
front of the rear wheel. The power plant is supported by the rear
forks. The engine is given a nominal rating of 3 horse-power, but it is
said that the boiler has capacity enough to furnish steam pressure
sufficiently high so the engine will generate 6.50 horse-power. The
power is delivered to the rear wheel through the medium of a single
roller chain which connects sprockets mounted on the engine crank-
shaft and on the rear wheel hub. Owing to the fact that the steam
power is always in reserve and that the steam engine may be put in
motion by simply opening a throttle valve, it will be evident that no

cluteh or variable speed gear is necessary.  When climbing hills; one &8

merely admits more steam to the engine eylinder and its power is
increased proportionately as the steam pressure is augmented.
The water is converted into steam in a flash boiler which is a coil

composed of about 65 feet of pipe heated by the burner flame. The -
boiler is called a “flash generator” because as soon as water is pumped
into the coil by the plunger pump driven from the engine for that pur-
pose, it is converted instantaneously into steam having the high
pressure of 1,000 pounds per square inch, and a temperature of 800
deg. Fahr. As the pump that supplies the water to the flash coil
is driven directly from the engine, the amount of water supplied and -
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consequently the steam generated is proportional to the demands of
the engine. At very low speeds, when the steam consumption is small,
a by-pass valve opens so some of the steam passes back into the water
tank and is condensed into water. This valve is controlled from one
of the grips on the handle-bar. The boiler, or rather, steam generator
is located directly under the front diagonal frame tube and is pro-
tected from dirt by a liberal sized mud-guard on the front wheel. The
whole of the diamond of the usual type camel-back frame is filled by
the water and fuel container. In order to prevent waste of water
which would make frequent refilling of the tank necessary, the ex-
haust steam is condensed by a suitable device and is pumped back
into the water tank where it is used over again.

-

Containers

> Steam Engine

Fig. 14.—The Pearson and Cox Motorcycle. An Unconventional
English Design Using Steam as Motive Power.

The heat to flash the water into steam is produced by a burner
hat utilizes crude oil, the cheapest form of oil fuel. Even though
pbout twice as much of the cheap fuel is needed, as the amount of
asoline consumed by a gas motor of similar capacity, it is claimed
b the fuel cost per mile is less than on the internal combustion

gine propelled forms. The operation of starting the generator is

ot unlike that of starting the familiar gasoline torch. A certain
mount of the oil is allowed to drip into a suitable shallow pan, and
bhis puddle is ignited and heats the oil contained in the vaporizing




44 Motoreyeles, Side Cars and Cyclecars

coil that forms part of the burner to a high enough point to generate
gas, at which time the main fire may be lighted

After the burner fire has been started, a small amount of water is "
injected into the hot flash coil by an auxiliary hand water pump, and :::
the requisite steam pressure is obtained for starting the engine. Of
course, after the vehicle is once set in motion the generation of steam th
is automatic. The speed and power of the engine may be controlled -
by a simple throttle valve in the steam line between the generator i
and engine cylinder which may be operated very easily from one of ol
the grips. While this machine has had some sale in England, it is o

doubtful if the ease of control and smooth operation permitted by
steam power offers enough advantages over the gasoline motor to
make steam power a factor in motorcyele design. There is an added
disadvantage in connection with steam power that the average rider
will not take kindly to, and that is the possibility of a disastrous fire
occurring, should the fuel tank spring aleak and allow the liquid fuel
or fumes due to its evaporation to come in contact with the naked
flame at the generator.

The use of the gasoline motor as a source of power for motoreyeles
is, therefore, general and it can be stated with truth that the internal
combustion engine is really the only practical form of power plant
for motoreycle use. The modern forms of gasoline engine are not
only simple in construction, easy to understand, reliable and economi
cal, but are also flexible enough and have sufficient reserve power so &
that there really would be no advantages of moment obtained by
using steam or electricity that would outweigh the complication, =8
weight and lack of efficiency that are common attributes of either of =%
these indirect systems of power generation. In a gasoline engine, the
fuel gas is converted into power directly in the engine cylinders, where- &
as with a steam engine it is necessary to convert water into stes | *’"
and direct the steam to the engine cylinder to produce the power.” 3
Obviously the efficiency or amount of useful power obtained by burn-

ing a given quantity of fuel would be greater if it was utilized directly i
in the eylinder or by the internal combustion process than if burned Ia
under a steam boiler where a large part of the heat would be wasted "
in the form of exhaust gas through the boiler flues. V(

While motoreyeles cannot be classified into types by the form o wh
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power used, as is possible with automobiles, they may be grouped
into various classes depending upon their weight, the amount of power

p provided, the type of gasoline engine used, the method of power trans-
l mission, or the use to which the machine is adapted.

f For example, motoreycles are constructed even at the present day
; that have engines of lower power, and which are correspondingly light
! as a result. Such machines are called “light-weights,” a typical ex-
F ample of which is shown at Fig. 15. A light-weight motoreycle is not
f much heavier, as far as the frame is concerned, than the usual form of
B roadster bicyele, and the power plant need not be over 2.50 horse-
y

Fig. 15.—The Motosacoche. A Typical European Lightweight Type.

;‘ power, A lght-weight motoreyele provided with a two-wheeled front
i 'l axle instead of the conventional single wheel is shown at Fig. 16. A
am S8 tricyele of this type is intended for elderly persons, women, or young

er cople who do not desire to travel at high speeds, yet who wish to
re-Sexperience the pleasures of motoreyeling, with maximum safety.
tly  ight-weights may be of two forms, according to the type of power
ned Splant used. They may be either single or double cylinder and the
ted “gasoline engme employed may operate on either the two-cycle or four-

’ eycle principle. The next class of machine is the medium-weight,
v of

while the third classification is composed of the powerful touring
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motoreyeles which are usually termed “heavy-weights,” on account
of the strong construction and large power plants used.

Either the medium-weight or heavy-weight machine may be divided
into three general groups depending upon whether the machine is used
for pleasure, business or racing.  The medium-weight machines may
be “singles,” on account of using one-cylinder engines, or “twins”

Fig. 16.—Lightweight European Tricycle With Motosacoche Power
Plant.

because two-cylinder power plants are utilized. A single may be
either belt or chain drive, or the engine may be two-cycle or four-
cycle. A heavy-weight machine may employ any one of three types
of power plant, as some are provided with large single-cylinder motors
while others utilize powerful two or four-cylinder power plants. Then
again, all machines may be grouped into two general classes, “single
geared,” if only a free engine cluteh is provided, and “two speed” or
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“variable speed,” if some form of change speed mechanism, as well as
a cluteh is included in the design. It is, therefore, extremely difficult
for one to classify motoreyeles intelligently, though for the purpose of
deseription they may be grouped into, the light, medium, or heavy-
weight types without considering the form of power plant used, the
method of drive or any of the individual characteristies of the various
designs.

Light=weight vs. Medium=weight Construction.—Of the three
classes, machines that might be included in the true heavy-weight
class are so rare that there are really only two distinet types to be
considered. Fully 90 per cent. of the motoreyceles in general use may
be grouped in either the light-weight or medium-weight classification.
The light-weights are obtainable in various forms as we find in the
domestic and foreign market machines that range in capacity from
1.75 to 2.75 horse-power, some of which use single eylinder motors
while others employ small two eylinder engines. The light-weights
usually range between 80 pounds and 140 pounds. Practically all
light-weight machines, even if they utilize variable speed gearing, re-
tain the pedalling gear. Where the roads are good, the light-weight
has mueh in its favor. In initial cost, it is comparatively inexpensive
and is economical of maintenance on account of the large mileage
possible on small quantities of fuel and lubricating oil. A light-weight
machine is easy to ride, start and control in traffic. A light-weight
machine may be carried up or down a short flight of steps into a house
without much trouble, and in the event of a serious breakdown the
lighter forms may be propelled by foot power without undue exertion
if the transmission system is thrown out of action. The light-weight
machine, however, has the disadvantages incidental to the use of
low-powered engines. These are lack of speed, hill elimbing ability
and lack of ecapacity for rough road work. The light-weight type
mpeals to people of conservative taste, or to the middle-aged and it is

lvo a very suitable form of machine for those who are active and not
very far advanced in age to start on. It is claimed by many authori-
ties that motoreyele manufacturers have reached the extreme in cater-
ing o the riders demanding speed and power, and it is certainly true
that the most powerful machines are difficult to handle, and are more
expensive to maintain than the simpler and lighter forms. -
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The most important class of motoreyele is the medium-weight
machine which, for the most part, is provided with engines ranging
from 3.50 to 6 horse-power. While these machines are generally in-
tended for carrying a single passenger and are not well adapted for
the attachment of side cars or delivery vans, still they have sufficient
power to carry a tandem attachment on fair roads, that are not too
hilly.  Of course, if fitted with a free engine clutch and two-speed
gear, medium-weight machines may be used in connection with side
car or delivery van work, if the gear ratio is intelligently selected. If
not more than 4 or 5 horse-power is desired; a single-cylinder engine

Fig. 17.—Standard 1914 Model Single Cylinder Indian Motorcycle.

will prove very satisfactory, and while the greater part of the demand,
at the present time, seems to be for powerful twins, it is evident to
one who analyzes the situation carefully that there will eventually be
a reaction in favor of the one-cylinder type on account of its economy,
simplicity, and ease of operation. To be thoroughly practical and
capable of surmounting difficulties ordinarily met with, the machine
of the future must include a variable speed gear as well as free engine
clutech. The single-cylinder motoreyele shown at Fig. 17 is a repre-
sentative American type that is a good example of the single-cylinder
medium-weight class. At Fig. 18 a medium-weight single-cylinder
machine of English design with its important parts outlined is clearly
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depicted. An example of the medium-weight machine with small
twin-cylinder engine and three-speed variable gear in the rear hub is
shown at Fig. 19. It will be observed that the American machine is
of the chain drive type, whereas the English designs employ V-belts
for power transmission. The medium-weight machine answers prac-
tically all of the requirements of the average rider, as it is sufficiently
fast and powerful to make it a good touring machine and its con-
struction is heavy enough to enable it to withstand the stresses inci-
dental to operation on rough roads. At the other hand, the medium-
weight machine can be handled by any person of average strength,
and very satisfactory mileage is obtained from lubricating oil, gaso-
line and tires.

In the heavy-weight classification, we have the powerful twins and
four-cylinder machines rated at from 7 to 10 horse-power, which have
ample capacity to handle a side car or delivery van, and which, for
the most part, are provided with variable speed gears, and seldom with
single-cylinder engines. It is hard to define sharply the distinguishing
line betweem thes medium and heavy-weight classes, though most me-
dium-weight machines weigh less than 210 pounds, while the heavy-
weight machines will vary between that minimum and a maximum of
about 300 pounds with full equipment. A typical machine that may
be considered as being on the border line between the heavy-weight
and medium-weight classes is shown at Fig. 20. This is an American
design and is fitted with a motor rated at from 7 to 9 horse-power, and
a variable speed gear. A machine of the true heavy-weight class
which is equipped with a four-cylinder power plant is shown at
Fig. 21.

On this machine it will be noticed that the usual form of pedaling
gear is omitted entirely, because the machine is so heavy that it would
be practically impossible to pedal it for any distance in event of break-
down of the power plant. Fortunately, the gasoline engine has been
developed to a point where serious derangements are practically un-
known, and on most of the medium-weight machines the usual pedal-
ing gear is provided only to facilitate starting and to provide for
brake operation rather than as a means of propulsion. A machine
of the type shown at Fig. 21 is practically a two-wheeled automobile
and demonstrates clearly how radically different the modern motor-




Sxasoline Tank

oot Rest (Foot Brake P:dl\/

c\mnkers\\aﬁ\ Drive Chain Case

Grigs Chungg Speed Lever

Contrat
/ _Garburetor N ,
o Hagntys‘“m% Seat Carerier

Oil Tank

Brake Dand

| Pedal
0il Romp

/
/Cm;n’(uv hatt Twe-
Gear AT SP“_A

Coaster Hub

Fig. 20.—The Yale Two Speed Twin Cylinder Model for 1914.

24000 T

2

) pup suny) apg “sapol

2
i

84022l




Motoreycle Development and Design 53

cycle is in construction when compared to the bicycle that formed the
basis for the first design.

In the various classes enumerated, one will find machines that have
been designed for certain specific purposes, for example, at Fig. 22
is shown a stock racer which is a type of machine that is stripped
down to as light weight as possible, and which is geared high in order
to obtain the maximum possible speed. The dropped handle-bar
makes it easy for the rider to assume a crouching position, which, a:
we shall see later, makes for minimum air resistance, whereas the
elimination of unnecessary weight also makes possible the attaining
of high speeds with the same amount of power as would be utilized

Fig. 21.—The Henderson Four Cylinder Motorcycle With Tandem
Attachment,

in a touring machine. Obviously a machine of this type would not
be as comfortable for road use as the regular model, on account of the
elimination of the spring fork, the upturned handle-bar, the mud
guards, foot rests, and other auxiliaries which inerease the comfort
of the rider. A special form of machine which, while of unconven-
tional appearance, is nevertheless practical, is depicted at Fig. 23.
Thisis intended for the use of women, as it not only has the usual form
of open frame, but also carries the power plant far enough forward
and has it well protected so as not to interfere with the skirts of the
rider. The tri-car shown at Fig. 24 shows the application of the
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Fig. 22.—The Excelsior Standard Stock Racer,

motoreyele to commercial work, and the vehicle outlined is really a
composite form, composed of a two-wheel fore-carriage attached to
a twin-cylinder motoreyele.  This motoreyele truck weighs complete
but 530 pounds and till carry 600 pounds in addition to the weight

of the driver.

The application of side cars will be considered in a
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chapter devoted to that form of construction. Summing up, it is
wpparent that no one class of motorcycle will suit everybody. A
machine that might be eminently satisfactory to one individual might
fail entirely in fulfilling the requirements of another. The low-
powered motoreycele is suitable for those who do not care to travel
fast or far and who wish an economical machine that is easily handled.
I'he machine of medium weight and moderate power will suit the
average individual who wishes a strong machine capable of keeping
up a good average on a long trip, and that will have power enough to

Fig. 24.—The Harley-Davidson Motorcycle Truck, a Commercial
Application That Has Proven Thoroughly Practical.

-ﬁvlnnln average hills and negotiate our ordinary roads. The heavy
j‘é]m\\'(-rful machine is the mount for the enthusiast or expert who has
}gr:nlu;l(wl from the light-weight or medium-weight class, and who
oes not object to weight or expense as long as his machine is capable
of high speeds with a sufficient margin of power to surmount the
steepest hills or negotiate the most unfavorable roads.

= Determining Power Needed.—The amount of power needed
1o propel a motorcycle depends upon a number of factors, all of

T — —
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which are variable. The chief resistance to motion of self-propelling
vehicles, such as automobiles and motoreycles, when operated on a
level road at low and moderate speeds consists of the rolling resistance
at the point of contact between traction member and the ground and
friction in driving, power-transmitting and supporting elements. At
high speeds one must take into account the factor of air resistance,
though at low speeds this can be neglected because of its low value.
When a motoreyele is to be propelled up a gradient, one must take
into consideration the added resistance due to gravity, and the amount
of power required to drive the machine depends upon the weight of
machine and rider, steepness of the hill and the speed it is desired to
maintain.  Obviously, when descending hills, less power is needed
than when running up hill or on the level. It takes more power to
drive a heavy machine than a light one, other conditions being equal.
A smooth-running construction is easier to push than one in which
considerable friction exists, and much more power is needed on ma-
chinesintended for high-speed work than on types where the operating
speeds are moderate. No matter how powerful the power plant is,
the only available means of determining the capacity of the vehicle
is a consideration of the amount of push available at the contact point
of traction member and road, so while it is imperative to supply
enough power, it is equally important to so distribute the weight as
to insure adequate adhesion between traction member and road sur-
face and to have as efficient delivery of power from motor to rear
wheel as possible.

Influence of Road Surface on Traction.—The resistance offered
by various roads depends primarily on the character of the surface,
but it is also controlled to a limited extent by the size of wheels, char-
acter of tires and speed.  The traction coefficients as given by Norris
follow:

5.16  pounds per ton

12.24  pounds per ton

30.60  pounds per ton

Loose gravel 140 to 200 pounds per ton
Sand pounds per ton

The influence of tires provided may be summed up concisely by
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saying that the resistance of iron and solid rubber tires is approxi-
mately the same, while with well-inflated pneumatic tires, it will be
25 to 30 per cent. less. The figures given above are for pneumatic
tires, though the amount of air pressure in the tires influences the
traction resistance to a degree. Hard tires have much less resistance
than softer ones. A generally accepted value for well-inflated pneu-
matic tires is 50 pounds per ton on hard, level asphalt, and this is the
basis commonly used in automobile engineering practice. A value of
80 pounds per ton for macadam and hard dirt roads will provide a
desirable margin, and can be followed to advantage because motor-
cycle wheels are relatively small, commonly ranging from 26 to 30
inches in diameter, with 28-inch wheels predominating. Larger diam-
eter wheels, such as used on automobiles, are more capable of rolling
over minute obstructions and bridge small hollows easily and with
less effort than would be required of supporting members of less
diameter. The traction resistance would, therefore, be higher with
low wheels than high ones, if the road surfaces were not absolutely
smooth. The total effort required to overcome traction resistance R
may be approximated by considering the following formula, in which
W is total weight of motoreyele and load:

W X 80 W X 4
= Ror =
2,000 100

How Speed Affects Power Needed.—The value obtained by
formula is but one of the factors to be considered in determining the
horse-power required, therefore it is important to consider velocity
of eycle as well.  This value is generally taken in feet per minute, so
if V is the speed in miles per hour, then

V X 5280
S w8V
60

is the speed in feet per minute, and the horse-power required to over-
come traction resistance of a certain vehicle and passengers at a known
speed may be derived by the following:
W X4
HP. = 100 X 88 V X 1/33,000.
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Consider, for example, that it is desired to approximate the power L
necessary to overcome traction resistance of a motoreycle and pas- po
sengers weighing 500 pounds at a speed of 40 miles per hour, and that ho
air resistance is neglected for the moment. Substituting known values al
in the above formula, we have mt
HP. 250()X : X 88 X 40 X ”l" or :11((;'
100 33,000 ]
fp, - 0 X350 _70400 . =
33,000 33,000 as |
This would indicate that the torque corresponding to 2 horse-power -
applied at point of contact of traction wheel and ground would be
‘ capable of driving 500 pounds at the rate of 40 miles per hour over
smooth macadam or dirt road. Let us consider a condition where the
road surface would offer a greater resistance to traction and yet per- A
mit of the same speed as previously considered, or 40 miles per hour. W
If the road surface is loose gravel, the resistance will be 200 pounds of
per ton, and the formula for traction resistance would be: per
W X 200 =B oo W - R of t‘
2,000 10 mo
! The complete formula, taking speed into consideration, is: crot
! W and
‘ HP. =~ X8 X40 X . or !
| 10 33,000
500 X 88 % 40 1,760,000 o
H.P. = or = 5.33 H.P. ride
{ 10 < 33,000 330,000 5
ridi
As the motoreyelist would be apt to meet loose gravel or dirt, the the
amount of power needed must be figured using the unfavorable roads resi
! as a basis. It is not likely that the rider could negotiate a soft road asst
safely at 40 miles per hour, so the amount of power obtained above is ¥ rest
somewhat higher than actually needed, because the speed would be L am
reduced as the traction resistance increased. It would be possible to A
run at 20 miles per hour, however, so figuring power needed on this | on
basis, we have: two
] bl Al _B00X20X88 oo graj
| HP. = 10X 88 X 201/33,000 = = - 33000 = 2O0HLP. in 8

_
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It will be seen that the reduction in vehicle speed has made it
possible to drive the motorcycle over a gravel road at 20 miles per
hour, with but little more power than that needed to drive it over
a macadam road at 40 miles per hour. The factor of air resistance
must be taken into consideration at a speed of 40 miles per hour,
however, so the power needed to overcome air resistance must be
added to that required for traction.

Effect of Air Resistance.—A commonly used formula for approxi-
mating power needed to overcome the air resistance at various speeds
as given by Brooks in which V is velocity of vehicle in feet per second,
and A the projected area of front of eycle and rider, is

VE0A

Br .
240,000

This formula assumes still air, so if the eyele is to be driven against
a wind of known velocity, this should be added to the cycle veloeity.
We will assume for simplicity that the motoreycle is to attain a speed
of 40 miles per hour in still air. This is equal to a speed of 58.6 feet
per second. The projected area will vary with the size and position
of the rider, and even with a large rider sitting upright on the average
motoreyele, it is not apt to exceed 5 square feet, whereas, if the rider
crouches along the tank or rides low, the projected area of machine
and rider will not exceed 4 square feet.

This was determined experimentally by photographing a standard
machine and medium-weight rider as shown at Fig. 25, having the
rider assume two positions. At A he is sitting in the usual road-
riding posture or upright, and it is reasonable to assume that this is
the position that offers the maximum exposed area against which air
resistance becomes effective. The view at B shows the position
assumed by most riders on the track, in which the operator’s body
rests on the tank, and this may be taken as the position that offers
a minimum exposed area to air resistance.

As the basis for figuring is the projected area, rather than actual
exposed area, it was possible to draw outlines corresponding to the
two positions on squared plotting paper as at Fig. 26. The photo-
graphs were of such a size that each square represents one square inch
in area. Therefore, by counting the squares, it was not difficult to

T ——
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Fig. 25.—Showing Position of Rider For Road Work at A and When
Minimum Air Resistance is Desired at B,
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approximate the area of the rider and machine in the two positions.
As a check upon this simple method, the areas were computed with a
planimeter and were found to agree very closely with the areas ob-

tained by counting the squares.
Using the Brooks formula and substituting known values, we have:
58.6° X 5 201,060 X 5

H.P. = =

—— = 4.14 H.P.
240,000 240,000

To overcome the resistance of air at speeds of 60 miles per hour, or
88 feet per second, with rider in crouching position, we have the
following:
3 SO AN
0P, = s o AR XS L L.
240,000 240,000

From the example previously considered, this means that it will
require 2.1 horse-power to overcome traction resistance of a 500-pound
motoreyele and load at 40 miles per hour, and 4.14 horse-power to
overcome the air resistance, this making a total of 6.24 horse-power
to propel a 500-pound motoreycle and load on a level road at a speed
of 40 miles per hour. If only level roads were to be considered, or
highways having a good surface, a 7 horse-power motorcycle power
plant would be ample for all requirements up to a speed of 40 miles
per hour, and would carry two passengers easily under these con-
ditions, if there was no loss in power transmission elements. Owing
to this loss, the power plant should be capable of delivering that
amount of power to the rear wheel after all losses have been deducted.

How Gradients Affect Power Required.—A motoreycle must
be eapable of surmounting any gradient apt to be met en tour if it
is to be considered a practical conveyance, so another item that must
be reckoned with in determining power required is the ability to climb
hills. The amount of power needed depends on all the factors pre-
viously considered, such as condition of road surface, the speed it is
desired to attain, weight of machine and passengers, and in addition
one must take cognizance of the steepness or pitch of the grade.

The ability of a motoreyele to climb hills depends upon correct
application of power to the traction member as well as ample power
plant capacity. An engine of relatively small power may be suitable
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to push a motorcycle up a very steep hill if the gear ratio between
engine shaft and rear wheel is low enough; at the other hand, an
engine of twice the power would not enable one to elimb a hill if the
gear ratio was too high. With a one-gear machine, it is necessary to
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use a gear ratio that is a compromise hetween the two extremes, in
order not to sacrifice speed too much on the level, as when the gear
ratio is low; or hill-climbing ability, as when the ratio of drive is high.
If a two-speed machine is used, one can have a high gear that will
permit of any speed within the capacity of the power plant and yet
have a gear suitable for ordinary running conditions without going
into the low speed. The lower ratio will permit the rider to negotiate
sand or hills at a low speed, and yet the engine can be run fast enough
to develop its full power.

It is necessary to exert an effective push between traction member
and the ground equal to 1 per cent. of the total load for each 1 per
cent. rise or pitch. For (!xulv”)lt-, to climb a hill having a rise of 20
per cent. or one foot rise for every five feet in horizontal distance, it
will be necessary to add an effective push at traction member equal
to 20 per cent. of the total weight to the power ordinarily required on
the level road having the sar e character of road surface as the hill
to be surmounted.

Considerable difference of opinion obtains as to the methods of
calculating grade percentages, and some confusion may exist in the
mind of a non-technical reader regarding the difference between the
percentage and angle of a grade. A diagram is given at Fig. 27, which
shows the method in vogue graphically. If it is assumed that the base
of the triangle represents a line 1,000 feet long, and that the first
sloping line represents a road having a rise that brings it 50 feet above
the starting point, this would be considered as a rise of 50 feet in
1,000 feet or 1 to 20, and would correspond to a 5 per cent. grade. The
rise is based on the length of the base line, not of the hypotenuse of
the triangle, which is represented by the inclined roadway. A grade
which represents 100 per cent. corresponds to an angle of but 45
degrees, not perpendicular, as is commonly supposed. When the grade
becomes steep enough so the angle of inclination is over 30 degrees,
gravity overcomes traction and some positive method of drive, such
as gear wheels running on toothed tracks, is necessary to climb
greater gradients than 30 degrees angle.

The following table gives the percentages and corresponding angles
of inclination for gradients ordinarily met with, except in the very
raountainous sections of the country:
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TABLE OF GRADIENTS,

Girade. Equal to Rise or Fall in

o Angle of One Mile Feet.
Per Cent. ’ Units.
20 ‘ lin 5 [ 11 deg. 19 min. 1,056
17 ! lin 6 9 deg. 26 min. 880
14 [ lin 7 | 8deg. 9min. 754
12.5 | 1lin 8 | 7Tdeg. 8min, 635
11 E lin 9 [ 6 deg. 17 min. H86G
10 ‘ 1in 10 | 5deg. 43 min. H28
9 1 1in 11 [ 5deg. 11 min. 4R0
8 ‘ 1in 12 | 4deg. 46 min. 440
7.76 1in 13 | 4deg. 24 min. 406
7 lin 14 | 4deg. 5min. 337
6.5 lin15 | 3deg. 49 min. 352
6.25 1in 16 3 deg. 35 min. | 330
6 lin 17 3 deg. 22 min. 310
5.5 ; 1in 18 | 3deg. 11 min. | 293
5 1 in 20 2 deg. 52 min. | 204

We have seen that a torque or push corresponding to 7 horse-power,
at point of contact of traction wheel and ground, would be capable of
propelling 500 pounds at the rate of 40 miles per hour over a smooth
dirt road not having any rise, air resistance included. At this speed,
the 28-inch traction wheel would be making a little less than 500
revolutions per minute. This is equal to a torque that can be easily
obtained by the following simple formula:

H.P. X 63,024
R.P.M.
Substituting known values in above equation, we find that
. T X 63,024 et
T = - 500 = 882.3 inch-pounds at center of wheel.

Torque or T =

To find torque at point of contact between rear wheel and ground, the
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turning moment at center of wheel must be divided by wheel radius,
or 14, giving a value of 63 pounds push. To climb a 20 per cent.
grade, one would need an additional effective push of 100 pounds,
which is 20 per cent. of the total weight to be moved of 500 pounds.
To maintain a speed of 40 miles per hour up a 20 per cent. grade, an
engine of very high power would be needed. To illustrate, if the
engine was running at 2,500 revolutions per minute, a ratio of 5 to 1
would permit the rear wheel to turn 500 times per minute. From

1934 0001
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1000 Feet

Fig. 27.—Diagram Showing Method of Calculating Grade Percentage.

the data at hand, it will not be difficult to figure the motor horse-
power needed. To the push of 63 pounds necessary to overcome
traction and air resistance, an additional push of 100 pounds must be
added. This will be a total push of 163 pounds at 14 inches radius,
which is equivalent to 2,282 inch-pounds at wheel center. This torque
could only be obtained by expenditure of 18.1 horse-power. Ob-
viously, it would not be practical to use engines of this capacity, so
the speed would have to be reduced when climbing any hill of magni-
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tude to correspond to the severity of the ascent, and the gear ratio
must be selected carefully in order to enable the engine to run suf-
ficiently fast to develop its maximum horse-power.

If the speed is reduced to 20 miles per hour, as could be easily done
by using a slow-speed gearing giving a rear-wheel speed of half that
needed to cover 40 miles per hour, without cutting down engine speed,
much less power would be needed to move the same weight. At 20
miles per hour, air resistance would be so slight it could almost be
neglected, requiring less than 0.5 horse-power to overcome it. The
formula for finding power necessary to overcome traction resistance
would be:

500 X 4
H.P. = X 88V X
100 33,000
Substituting known values, we have:
20 X 88 X 20 35,200
H.P. = = -

= = 1 H.P.
33,000 33,000

This would be equal to a torque of 252 inch-pounds at wheel center
or a push of 18 pounds at tire. Add to this 100 pounds to overcome
resistance of gradient, and we obtain a torque of 118 pounds at 14
inches radius, or 1,652 inch-pounds at wheel center. This torque
could be easily delivered by a 6.5 horse-power motor, neglecting
losses in transmission which, however, would be geared down 10 to 1
on account of the interposition of slow speed gearing.

If we had a machine with a gear of 5 to 1, the motor should be
capable of delivering 6.5 horse-power to the traction wheel at a
speed of 1,250 revolutions, instead of at 2,500 revolutions per minute
which would call for a considerably heavier and larger power plant
on account of the greater piston displacement necessary to develop
the same power at the lower speed.

Power in Proportion to Weight.—The amount of power used
by motoreycle designers does not vary materially for similar weights
of machine, though the amount of useful energy available for trac-

tion depends on many other conditions besides nominal horse-power
of motor. The average single-cylinder machine, equipped with a
4 to 5 horse-power engine with full equipment of accessories, will
weigh less than 200 pounds; this is 1 horse-power for every 40 to 50
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pounds vehicle weight. Several prominent light-weight machines of
European build have engines rated at 214 horse-power and weigh
well under 100 pounds. The average twin-cylinder motoreycle, with
high gear ratio to permit of speed, must have more engine power in
ratio to weight than a machine intended for touring, in order that it
may have some hill-climbing ability. The weight of a number of
prominent twin machines as determined by the writer varies between
250 to 300 pounds with full equipment. The engine power given by
the makers, which is a purely nominal rating figured by the simple
empirical formula of the S.A.E., is much under the actual capacity
of the engine because this determination is made by using a piston
speed constant that is much less than that possible in motoreycle
engines. The nominal ratings vary from 7 to 9 horse-power, the
power plant of lesser capacity being furnished for the lighter machines.
This would make the nominal power ratio to weight about 1 horse-
power for each 35 pounds motorcycle weight. The actual ratio is
much higher than this, as engines rated at 7 to 9 horse-power have
developed twice this in brake tests, so the true ratio of power to
weight in twin machines of American design is about 1 horse-power
for every 20 pounds.

As will be apparent, the addition of one cylinder to a motoreycle
engine will practically double its power without a corresponding in-
crease in weight. The engine is no heavier, save for the added eylinder
and its internal mechanism, and the increase in size of frame parts,
transmission elements and tires to provide adequate resistance to the
stresses imposed by thelarger power plant does not increase theweight
materially. The average practice seems to be to provide about 1
nominal horse-power for each 50 pounds weight in touring motor-
cycles with a gear ratio that will not permit of high speeds and
1 nominal horse-power for each 35 pounds weight in fast, twin-
cylinder machines. The foreign rating, because of the uniformly
better roads in England and France, as well as general use of variable
speed gears, is somewhat different, the average being about 1 nominal
horse-power for each 50 pounds cycle weight.

Influence of Modern Automobile Practice.—When the motor-
cycle was first conceived, it was clearly the intention of the inventors
to follow bicycle lines in their entirety, and to change the design only
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as much as was necessary to apply the internal combustion motor
and its auxiliary devices. The first aim was simplicity, as it was
believed that most of the recruits to the motoreycle would come from
the vast army of wheelmen and that, unless one conformed very
closely to the construction with which they were all familiar, they
would not take kindly to the power-propelled forms. This same im-
pression was current among early automobile designers, and for the
first few years motor-propelled vehicles did not differ much in appear-
ance from the horse-drawn carriages of the period. It did not take
automobile designers long to realize that the requirements of the two
forms of conveyances were radically different, and the true develop-
ment of the automobile dates back to the time when the rules of
practice applying to animal-drawn conveyances were discarded, and
the problem of motor vehicle design studied from an entirely new
angle. The same is true of motorcycle development, because, while
undoubtedly the bicycle industry contributed much to the first motor-
cycle designers, there is now a tendency to depart from the rules of
practice found desirable in bicycle construction and to base motor-
cycle design upon entirely new principles which apply only to self-
propelled vehicles.

The modern motorcycle, therefore, may be considered more of an
automobile than a bicycle, because in the latest forms we have prac-
tically all of the features found in automobile construction. The
motoreycle of to-day uses a free engine clutch and change speed gear-
ing, a positive power transmission system and forms of power plant
not unlike those used in automobiles. The general construction
throughout is stronger and heavier, and larger tires are used. Spring
forks and spring frames contribute much to the comfort of the rider,
and are really developed from the automobile, which always has
carried the load on resilient members, whereas the majority of bicycles
depended solely on pneumatic tires to cushion the road shocks. The
general rules upon which modern motorcycles are based are those of
automobile design rather than the bicycle art, and this is the best
insurance of reliability and efficiency that the motoreyclist of to-day
has. So long as the development of the motoreycle follows lines that
have been demonstrated to be correct in automobile practice, though,
of course, changed in detail to make them suitable for the lighter con-
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struction, we can hope for material progress and refinement and per-
haps the attainment of practical perfection.

The Modern Motorcycle, Its Parts and Their Functions.—
Before describing the construction or features of design of motoreycle
components, it will be well to outline the principal parts of the motor-
cycle, and describe their functions so the matter that follows will be
intelligible to the non-mechanical reader who is not experienced with
the motoreycle mechanism. The foundation of any form of vehicle
must necessarily be a frame to which the various parts are attached
and which also serves to join the front and rear wheels on which the
weight is carried. In general aspect, the frame of the conventional
form of motoreycle does not differ from that of the bicycle, though in
some constructions a departure is made in utilizing springsas a portion
of the framework. This is true of the machine which is shown at
Fig. 28 with all important parts clearly outlined. One important
difference between the motoreycle frame and that of the bicyele is the
use of heavily reinforced tubing, and a departure from the usual
diamond frame structure. The lower diagonal bar which goes to the
crank-hanger of the motoreycle is often in the form of a loop in which
the motor is supported. To provide greater strength than would be
secured by but one tube at the top of the frame, practically all motor-
cycles have two tubes which extend from the steering head to the
seat-post mast or tube. In order to obtain a low saddle position, the
top frame tube drops appreciably at a point about one-third of its
length away from the seat post. The space between the frame bars
is usually occupied by fuel and oil tanks.

Next in importance to the frame structure, which includes the
wheels, handle bars, saddle, mud guards, luggage carrier, rear wheel
stand and foot rests as well as the frame itself is the power plant, and
then comes the transmission system. The power plant is composed
of a gasoline engine and a number of auxiliary devices upon which
its action depends. The driving system includes the cluteh, the vari-
able speed gearing and the method of final drive. The direction of
travel of a motorevele is controlled in the same manner as that of
a bicyele as the front wheel is mounted in a fork member swiveled in
the steering head of the frame. The fork stem is usually provided
with ball-bearings so it will turn easily, and the long leverage ob-
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tained by the conventional handle bars insures positive control of
the front wheel under any road condition. In order to make for easier
riding, the front wheel is carried in a supplementary movable fork
member which is attached to links extending from the fixed fork at
its lower end and to a laminated leaf spring at its upper end. The
base portion of the spring is securely attached to the fixed fork
member so that while the front wheel is free to move up and down
under the influence of road irregularities, the main stress is taken by
the fixed fork member which is capable of only the oscillating motion
necessary to steer. The rear end of the frame of the machine shown

Fig. 32.—The Schickel Motorcycle is a Distinctive Design Employing
a Two-Cycle Power Plant,

© at Fig. 28 is also carried by a leaf spring and the rear wheel is mounted
~ in a movable fork member that operates in just the same way as that
 at the front end.

g The power of practically all motoreyeles is derived from burning
gasoline vapor in the eylinders of a small heat engine which is termed
a gasoline motor on account of having been designed primarily for
use with that fuel, though at the present time these engines will work
on practically any hydrocarbon liquid. Grouped with the motor are
the auxiliary devices consisting of a carburetor to supply the explosive
vapor to the eylinders and a magneto which furnishes the electrical
energy used for exploding the gas in the combustion chambers. The
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¥ | fuel tank, oil pump, and oil tank may also be considered part of the
i power plant. In the machine shown, the power of the engine is

delivered from a small sprocket on the motor crankshaft to a large
: ‘ sprocket forming a part of a clutch casing. The driven members of
the clutch are attached to a small sprocket, which in turn delivers
its power to a larger member attached to the rear-wheel hub. The
clutch is a simple device used to disconnect or connect the engine
power to the rear wheel at the will of the rider. If the clutch is out,
| the engine will operate without moving the rear wheel, though if the
3 clutch parts are in engagement the power will be delivered from the

I engine crankshaft to the rear wheel, and the engine cannot operate

[ without producing a forward motion of the machine to which it is

' attached. The wheels used on a motoreycle resemble very much, in ‘

] general appearance, those commonly employed on bicycles. The ‘

11 rims are heavier and made of steel, while the spokes are of much ‘

‘ greater strength to sustain the greater load. The tires are of the

double-tube form universally used in automobile and motoreycle prac-

! tice in which the inner air tube of very flexible rubber is protected

1l from abrasion and depreciation incidental to road contact by a

W tougher, stronger, but less resilient casing or shoe. The general ap-
f pearance of motorcycles of various designs and the relation of im-

portant components to each other will be readily ascertained by

‘ careful examination of the illustrations Figs. 28 to 39, inclusive.

‘ i General! Characteristics Common to all Forms.—While motor-

|

{

!

}

’

cyceles may differ from each other in various essentials of design, there
are a number of characteristics which are common to all modern
forms. Among these may be stated the method of control, the loca-
| tion of the power plant, the general design of the frame, the placing
! of the rider’s seat, and a number of other points of likeness, which can
be easily ascertained by inspection. The use of spring forks, and
either spring frames or resilient saddle supports, is general, because "
the rider demands these refinements at the present time. No matter
‘ what form of final driving system is used, the modern machine is not
i complete without the free engine cluteh or variable speed gear, and
in most forms these two are provided in one unit. Machines that are
built in America follow certain general features which are common
to all, and are readily distinguishable from machines of foreign design

-~
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which, in turn, have other peculiarities of construction which are dis-
tinctive. It is the general opinion of those versed in motoreycle prac-
tice that the American machine is much simpler in appearance and
much easier to control, and withal fully as efficient as the more com-
plicated foreign designs.

Some Modern Motorcycle Designs.—The illustration at Fig. 29
depicts a successful American motoreycle which has a particularly
pleasing appearance. It is provided with a twin-cylinder power plant,
and utilizes double chain drive. It incorporates the modern improve-
ments such as spring forks and spring seat post, a free engine clutch,
and handle bar control, as not only is the motor speed capable of being
varigd by the control grip, but the clutch action as well. The wheel
base is sufficiently long to insure easy riding, the power plant is carried
low to promote stability, and large tires make for easy riding and for
minimum depreciation.

The machine shown at Fig. 30 is another American design which is
shown fully equipped with various necessary accessories. An efficient
single cylinder machine employing a novel system of transmission is
shown at Fig. 31. Belt drive is employed, though the arrangement of
the under-geared clutch and drive pulley permits the use of a large
driving member, which is much more favorable to efficient power
transmission by belt than the smaller pulleys attached directly to the
engine crankshaft. The machine at Fig. 32 is a distinctive American
design employing a single-cylinder, two-cyele engine as a source of
power. This is practically the only motoreycle on the American
market equipped with a two-cyele power plant. There are a number
of other distinctive features such as the spring fork construction and
the use of a large hollow aluminum casting which not only acts as a
fuel container but which also serves as the main member of the cycle
frame, inasmuch as it includes the steering head at the front end and
the seat-post supporting tube at the rear.

The machine depicted at Fig. 33 is a representative English design
and is a motoreycele that has received wide application abroad. If
one compares the general construction of this design with the Ameri-
can machines, it will be noted that the latter are much simpler in
appearance, on account of concealed control members for one thing,
and the elimination of the front rim brake and its necessary mechan-
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ism, as well as a simpler design of spring fork. While the foreign
machines are unconventional to American eyes, they are very efficient,
and for the most part are said to be considerably more economical to
operate than our American machines. Owing to the uniformly
better roads found in England and France than are generally pro-
vided in this country, the construction is lighter and power plants of
lesser capacity are the rule. In the illustration at Fig. 33, all import-
ant parts are clearly outlined, and from what has been presented
previously it should not be difficult for the reader to understand their
" functions. Other representative English machines of the single-
~ cylinder type are shown at Figs. 34 and 35.

A machine of very unconventional appearance, yet one that should
not be too hastily judged because of the wide variance from our pre-
conceived American notions of what a motoreyele should look like,
is shown at Fig. 36. This bristles with original features, and it has
demonstrated its practicability beyond doubt by winning one of the
most important of all English motoreycle competitive events, the

- Tourist Trophy race, for two years in succession. The power plant
is a two-cylinder, two-cycle, water-cooled motor which furnishes the
same steady pull as a four-cylinder, four-cycle with a materially
diminished number of working parts. It is mounted on the bottom
frame tube with the cylinders inclined toward the steering head. The
- cooling water is carried in a combined water-tank and radiator which
is placed above and forward of the engine cylinders and just back of
the steering head. The frame is a peculiar open girder construction,
and it is claimed that the elimination of the top frame tube makes it
very easy to mount or dismount from the machine. No pedals are
provided, as the engine is started with a hand crank in the same
manner as an automobile motor, and as a two-speed and free engine
gear is provided, the motoreyele may be readily started from a stand-
still. The fuel tank is of approximately oval section, and at the back
end it provides a support for the rear fork stays to which the front
end of the luggage carrier and the saddle supporting member are
attached. The machine is provided with foot boards and a front
wheel stand, following general European practice. One point that
will impress the American motoreyeclist is the multiplicity of control
levers mounted on the handle bars, and the general appearance of
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Fig. 37.—An Example of French Motorcycle Design.







Fig. 39.—Peugeot Twin Cylinder Model, One of the Leading French Motorcycles.
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complication is much intensified by the number of control wires ex-
tending from the handle bars to the various portions of the mechanism
they are intended to regulate.

The motoreycles shown at Figs. 37 to 39, inclusive, are of French
design, and it will be apparent that these follow English practice more
than American, though they are not as well finished in detail as either
the English or American machines. A single-cylinder motor with a
double chain drive is utilized for power in the motorcycle shown at
- Fig. 37, which is the simplest of the three forms. Two-cylinder motors
~ are used on the remaining two designs, one using a single chain final
" drive, while the other employs a V-belt. The spring fork of the
~ Clement machine, shown at Fig. 38, is of English design, though the
~ similar members of the other two are undeniably of French deriva-
~ tion. The utility of the front wheel stand which is provided on a
* number of the foreign machines is clearly outlined at Fig. 38, and it

- will be apparent that it is possible to remove both front and rear
~ wheels from the machine in question without depriving it of means
of support that will keep it upright, and in the proper position for the
easy replacement of the wheels. This is a valuable feature, as it is
often desirable to rotate the front wheel as when adjusting the wheel
bearings, testing the wheel for truth of running and in making tire
- repairs. If both front and rear wheels are removed from an American
machine, there is nothing to support the front end, and it requires
considerable patience to find the necessary odds and ends such as
"i cobbles, bricks or pieces of wood to support the motor weight by

filling up the space between the bottom of the frame and the ground,
in order to raise the front wheel clear for removal or to keep the frame
g in proper position for wheel replacement. In essentials, the English
¥; and French motorcycles do not differ from those we are familiar with,
£ though, of course, one must expect to find the individuality of the
foreign designer expressed in some ways. It is apparent to anyone
who will consider the merits of the various designs shown, without
prejudice, that the American designer produces neater motorcycles

:than his foreign contemporary, and machines that are really more
practical because of the simplicity of control and the general strength
of parts demanded by our severe operating conditions.




CHAPTER 1II.!
MOTORCYCLE POWER PLANT GROUP.

The Gasoline Engine and Auxiliary Devices—Features of Two Main Engine
Types—Operating Principles of Four-Cycle Engines—HMow Two-Cyclo
Engine Works—Methods of Figuring Rated Horse-Power—How Actual
Horse-Power is Tested—Relation of Torque to Horse-Power and Its
Meaning—Reason for Cooling Engine—Air of Water Cooling—Efficiency
of Air-Cooled Motors—Methods of Air Cooling—Water-Cooling Methods
—Features of One-Cylinder Motors—Advantages of Multiple-Cylinder
Forms—Types of Two-Cylinder i'6wer Plants—Four-Cylinder Forms—
Power Plant Support and Location—N'otoreycle Engine Parts and
Their Funetions.

The Gasoline Engine and Auxiliary Devices.—To the un-
informed, a motorcycle or automobile power plant seems to consist
essentially of a gasoline motor, but to the initiated it is known that
while the internal combustion engine is a very important component
of the power plant it is of little more value than so much metal when
one of the important auxiliary devices which are distinct in construc-
tion from the engine fails to function properly. A complete motor-
cycle power plant with all auxiliary devices clearly outlined is illus-
trated at Fig. 40, and it will be apparent that in addition to the gaso-
line engine various other devices are included in the power-producing
assembly.

In the first place, it is necessary to provide some method of storing
the fuel, or a gasoline tank, and then of supplying it to the cylinder
in the form of an inflammable gas. The latter is the function of the
carburetor to which the gasoline from the tank is first directed. This
device mixes the gasoline vapor and air in proper proportions, and
supplies the vapor to the inlet valve cage of the motor. Some means
of exploding the charge of gas in the cylinder is necessary, so an ig-
nition system is used which is composed of a high-tension magneto, &
suitable length of conductor and :‘ spark plug in the cylinder. The
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wire conveys the electricity generated by the magneto to the spark
plug inserted in the combustion chamber. In order to prevent an-
noyance, due to noisy operation, a silencing device or “muffler’” is
attached at the end of the pipe through which the exhaust gases leave
the engine cylinder. As it is important that any piece of machinery
should be properly oiled, if it is desired that it work efficiently, a por-
tion of the gasoline tank is partitioned off to form a supplementary oil
tank to hold an adequate supply of lubricant. Some means of supply-
ing the oil to the engine must be provided so, in the simple form of
power plant outlined, one may inject the oil directly to the engine
base through the medium of a hand-operated oil pump. This may
be either built into or attached to the side of the tank. Another means

- of supplying oil besides the hand-pump is provided on most motor-

cycle power plants, and this may be either a mechanically operated
pumpor a gravity sight-feed system in which the oil flows to the engine
because of its weight. The amount of lubricant is regulated by a
suitable needle valve that controls the passage leading from the oil
tank to the gauge glass chamber. In addition to the gasoline engine
itself, it is therefore necessary to include a carburetor or gas maker,
a magneto or spark producer, a muffler to silence the exhaust gases,
some system of lubrication, and suitable containers for fuel and lubri-
cating oil. Another type of power plant with all parts clearly shown,
excepting the fuel and oil containers, is presented in Fig. 41.

Features of Two Main Engine Types.—Two types of gasoline
engines have been applied generally to furnish power for transporta-
tion purposes. These differ in construction and operating cycle to
some extent, though in all forms power is obtained by the direct com-
bustion of fuel in the eylinders of the engine. In all standard engines,
a member known as the piston travels back and forth in the eylinder
with what is known as a reciprocating motion, and this in turn is
changed into a rotary motion by suitable mechanical means to be
described fully in proper sequence. Gas engines may operate on either
the two-cycle or four-cycle principle, the former being the simplest in
action, though the latter is easiest to understand.

The sectional view of a two-cycle engine depicted at Fig. 45 shows
the three moving parts employed. The gas is introduced into the
cylinder, and expelled from it through ports cored into the cylinder
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walls, which are covered by the piston at a certain portion of its
travel and uncovered at other portions of the stroke. The three
moving parts are the piston, connecting rod and crankshaft. If this
type of power plant is compared with the four-cycle engine shown
at Fig. 42, it will be apparent that it is much simpler in construction.
In the four-cycle engine, the gas is admitted into the eylinder
through a port at the head closed by a valve, while the exhaust gas
is expelled through another port controlled in a similar manner,
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These valves must be operated by mechanism distinet from the piston.
In addition to the three main moving parts used in the two-cycle
engine, there are a number of auxiliary moving members that are
part of the valve-operating mechanism. The four-cycle engine is
more widely used because it is the most efficient type. The two-cycle
engine is simpler to operate and very smooth running, but it is not
as economical as the four-cycle because a portion of the fresh gas
taken into the eylinder is expelled through the open exhaust port with
the burnt gases before it has a chance to ignite. As the four-cycle
engine is more generally used, its method of operation will be described
first.

Operating Principles of Four=cycle Engines.—The action of
the four-cycle type will be easily understood if one refers to the illus-
trations at Figs. 42 and 43. It is called a four-stroke engine because
the piston must make four strokes in the eylinder for each explosion
or power impulse obtained. The principle of a gas engine is similar
to that of a gun, i. e., power is obtained by a rapid combustion of
some explosive or other quick-burning substance. The bullet is driven
out of a gun barrel by the powerful gases liberated when the charge
of powder is ignited. The piston of a gas engine is driven toward the
open end of a eylinder by the similar expansion of gases resulting from
combustion.

The first operation in firiag a gun or securing an explosion in the
evlinder of a gas engine is to fill the combustion space with combust-
ible material. The second operation is to compress this, and after
compression, if the charge is igaited, the third operation of the eyele
will be performed. In the case of the gun, the bullet will be driven
out of the barrel, while the piston of the gas engine will be forced
toward the open end of the eylinder. As the bullet leaves the mouth
of the gun, the barrel is automatically cleared of the burnt powder
gases which escape to the outer air because of their pressure. The
gun must be thoroughly cleared before the introduction of a new
charge of powder. In a gas engine, the fourth operation or exhaust
stroke is performed by the return stroke of the piston.

The parts of a simple engine have been previously indicated, and,
in order to better understand the action, it will be well to consider
briefly the various parts and their functions. The cylinder is an im-
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portant member because it is in this portion that practically all the
work is accomplished. The eylinder is provided with three ports at
the combustion end, one through which the gas is admitted, controlled
by an inlet valve, another through which the burnt gas is expelled,
closed by the exhaust valve, and the third in which the spark plug
used to ignite the compressed gas is screwed. The reciprocating
motion of the piston, which is the member moving up and down in
the eylinder, is transformed into a rotary motion of the crankshaft
by a connecting rod and crank pin.

In the simple engine shown at Figs. 42 and 43, the inlet valve is an
automatic one, while the exhaust member is raised from its seat by a
mechanism including the cam-shaft, cam, valve-operating bell crank
and plunger. At Fig. 42-A4, the piston is starting to go down on the
first stroke of the four necessary to produce a complete eycle of opera-
tions. As the piston descends, it creates a suction in the combustion
chamber, the automatic valve is drawn down from its seat and a fresh
charge of gas is inspired into the eylinder through the inlet pipe which
communicates with the gas-supply device or carburetor. The inlet
valve will remain open until the piston reaches the bottom of its
stroke. As soon as the pressure inside the cylinder is equal to that
outside, which condition obtains as soon as the piston has reached
the end of its downward stroke and the cylinder is filled with gas, the
inlet valve is closed and the piston starts to return on the next stroke,
as shown at Fig. 42-B.

As both valves are closed, the combustible gas with which the
cylinder is filled is compressed into a much smaller volume. The
reason for compression is that any agent which gives out energy
through the expansion of gases is rendered more efficient by confining
it in a restricted space and directing the whole energy against some
one spot. A tuft of guncotton could be ignited while lying loosely
in the hand and it would burn freely but without explosion. If it is
confined in a gun barrel and exploded, it will drive the bullet out with
a great amount of force, or burst the metal walls of the container.
Gasoline vapor and air will ignite and burn freely at atmospheric
pressure, and a gasoline engine could be made to run without com-
pression. The expansion of the unconfined gases would not be great
enough to do effective work, however, and the fullest efficiency of the
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fuel is obtained by compacting it into the smallest possible space and
then igniting it at the instant when it is compressed the most.

Any chemical action requires close contact between the materials
producing it, if it is to occur under the most favorable conditions.
That which occurs when a mixture of gasoline vapor and air are
brought into contact with the flame or arc of the electric spark is
practically instantaneous if the gases are crowded together. If the
gas is not properly compressed, the action becomes more dilatory,
extending to a slow combustion wherein the temperature is not raised
enough to expand the gases efficiently as the degree of compression
is lessened. A good example of slow combustion is the decay of wood,
while the phenomenon that we call “burning” may be taken as an
illustration of quick combustion. It is said that the same amount of
heat is produced by either combustion, but only the latter produces it
quickly enough to be noticeable.

The comparatively slow combustion of the gases in the engine
cylinder, when at atmospheric pressure would not permit the energy
derived from the heat to act all at once. When the gases are com-
pressed, the particles of vapor are in such intimate contact that
combustion is practically instantaneous, and the gases give off maxi-
mum energy by expanding their utmost, due to the high temperature
developed. The piston is also in a position to be acted upon most
readily as the force due to pressure of the gas is directly against it
and not exerted through a cushion of elastic half-ignited gas as would
be the case if the charge was not compressed before ignition.

When the piston reaches the top of its second stroke, the com-
pressed gas is exploded by means of an electric spark between the
points of the spark plug, and the piston is driven down toward the
open end of the cylinder, as indicated at Fig. 43-C. At the end of
this down stroke, the pressure of the gases is reduced to such a point
that they no longer have any value in producing power. At this
time, the cam, which is operated in timed relation to the crankshaft
travel, raises the exhaust valve from its seat, as at Fig. 43-D, and
the burnt gases are expelled through the open exhaust port until the
eylinder is practically cleared of the inert products of combustion, the
natural scavenging action, due to gas pressure, being assisted by an
upward movement of piston. The piston once more begins to descend,
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as shown at Fig. 42-A, and the inlet valve opens to admit a new
charge. The rest of the eycle of operations follow in the order indi-
cated, and are repeated as long as the cylinder is supplied with gas
and this is ignited.

When a two-cylinder engine is employed the action is practically
the same, except that the two cylinders are accomplishing different
operations of the cycle simultaneously. For example, in the engine
shown at Fig. 44, which is of the two cylinder V-type so widely used in
motoreycle and cycle car practice, we find at A that while the piston
in the left hand eylinder is going down and drawing in a charge, the
piston in the right hand eylinder has just reached the end of its com-
pression stroke, and is starting to go down under the influence of the
expanding ignited charge of gas. When the pistons reach the bottom
of the stroke, before starting up again it will be seen at B that the
cylinder on the left hand side is full of fresh gas and the inlet valve is
closed, while that on the right side is still filled with the flaming gases
due to the previous explosion. The position of the pistons at the end
of the next stroke is depicted at C. Here the cylinder on the left side,
the piston of which has just compressed a charge, has its combustion
chamber full of burning gas, while the cylinder on the right side is
just being cleared of the inert gases produced by the previous ex-
plosion through the open exhaust valve member. At D, the beginning
of the last or exhaust stroke in the left side cylinder is indicated. As
the piston is about to go up and the exhaust valve is opened, the burnt
gases can be properly discharged. The right hand cylinder is filling
with gas through the open inlet valve as the suction stroke in that
cylinder is not yet fully completed.

It will be evident that while the piston in one cylinder is just
beginning to go down on an inlet stroke, that in the other cylinder is
just completing a compression stroke. When the piston in the left-
hand cylinder is just beginning its compression stroke, that in the
right-hand cylinder is completing its explosion stroke. When the
piston in the left-hand cylinder is being forced down by exploded gas,
the similar member of the right-hand eylinder is just finishing its
exhaust stroke. When the piston in the left-hand eylinder is starting
on its exhaust stroke, that in the right-hand cylinder has just com-
pleted its suction stroke. By having two cylinders performing differ-
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ent functions simultaneously, it is possible to obtain one explosion
for each revolution of the fly-wheel, whereas in a single-cylinder
engine it takes two revolutions of the crankshaft to obtain one useful
power stroke.

How Two=cycle Engine Works.—The two-cycle engine works on
a different principle, as while only the combustion chamber end of
the piston is employed to do useful work in the four-cycle engine,
both upper and lower ends are called upon to perform the functions
necessary to two-cycle engine operation. Instead of the gas being
admitted into the cylinder, as is the case with the four-cycle engine,
it is first drawn into the engine base, where it receives a preliminary
compression, prior to its transfer to the working end of the eylinder.

The views at Fig. 45 show clearly the operation of a two-port, two-
cycle engine. Assuming that a charge of gas has just been compressed
in the cylinder and that the upward movement of the piston while
compressing the gas above it has drawn in a charge through the auto-
matic intake valve in the crank-case, it will be apparent that as soon
as the piston reaches the top of its stroke, and the gas has been
properly compressed, the explosion of this charge by an electric
spark will produce power in just the same manner as it does in the
four-cycle motor. As the piston descends, due to the impact of the
expanding gases, it closes the automatic inlet valve in the crank-case
and compresses the gases confined therein.

When the piston reaches the bottom of the eylinder it uncovers the
exhaust port cored in the cylinder wall and the burnt gases leave the
cylinder because of their pressure. A little further and the downward
movement of the piston uncovers the intake port, which is joined to
the crank-case by a by-pass passage, at which time a condition exists
as indicated at Fig. 45, B. The piston has reached the bottom of its
stroke, and both exhaust and inlet ports are open. The burnt gases
are flowing out of the eylinder through the open exhaust port, while
the fresh gases are being transferred from the crank-case, where they
had been confined under pressure to the cylinder. The fresh gas is
kept from passing out of the open exhaust port opposite the inlet
opening by a deflector plate cast on the piston head, which directs
the entering stream of fresh gas to the top of the cylinder.

As the piston goes back on its up stroke, the exhaust and inlet ports
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are closed by the piston wall, and the charge of gas is compressed
prior to ignition. As the piston travels up on its compression stroke
the inlet valve in the crank-case opens, due to the suction produced
by the piston, and admits a charge of gas through the open crank-
case intake port. It will be seen that an explosion is obtained every
two strokes of the piston instead of every four strokes, as is the case
with a four-cycle engine. In the two-cycle form, one explosion is
obtained for each revolution of the crankshaft, while in the four-cycle
two revolutions of the crankshaft are necessary to obtain one power
impulse.

The operating principle of the three-port two-cycle engine is just
the same as that previously described except that the gas from the
carburetor is admitted to the crank-chamber through a small port
in the cylinder wall, which is open when the piston reaches the top
of the stroke. The three-port method of construction makes it
possible to dispense with the automatic inlet valve shown in Fig. 45,
and an engine of this kind is therefore a true valveless type. The
two-cycle motor, while it offers many advantages in theory, has some
weaknesses, because if it did not have any disadvantages, it would
soon entirely supplant the more complicated four-cycle engine. The
two-stroke type has already proven practical in the Scott motoreycle,
a British design, and the Schickel motoreycle, an American construc-
tion. At the present time, there is considerable interest manifested
in this type of power plant in England, and a number of very efficient
light-weight machines of two and three horse-power have been evolved
that employ small two-cycle power plants. The only form of two-
cycle engine to have received any application in motoreycle service
is the valveless three-port type. The two-port system has received
some application in marine service, but it is not capable of as high
speed, and is not apt to function so regularly as the three-port, owing
to check valve trouble. In the latter form, all valves are eliminated.

As the exhaust port opens first and closes last, considerable burnt
or inert gas will mix with and dilute each new charge, and as the
exhaust port is still open after the inlet port closes it is apparent that
even the best designed deflector will not provide positive insurance
that none of the fresh charge will be discharged with the hot gas and
escape to the outer air through the muffler without ever being exploded
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at all. The efficiency of a two-cycle motor is considerably lower than
that of a four-cycle, as while theoretical considerations would indicate
that with twice the number of explosions one should double the
power for a given cylinder volume, the actual increase over a four-
cycle of the same size is but fifty per cent. Of course, the two-cycle
engine has some real merits to offset the grave defects. Its extreme
simplicity insures that nothing can go wrong with the engine itself
because the piston, connecting rod and crankshaft are the sole moving
parts. A two-cycle engine will continue to develop its rated power,
and actually improves in power output as it continues in service. In
a four-cycle engine, however, if the valve timing changes, as is very
apt to occur when the valve-operating mechanism wears or gets out
of adjustment, its efficiency is materially reduced. Barring accidents
due to deliberate neglect, practically the only condition that can
develop in the eylinder that will reduce the power output of a two-
cycle engine is carbonization, and it is not a difficult matter to scrape
off the carbon deposits from a simple eylinder with no valve chamber
in the head, as employed in two-cycle engines. Of course, the bear-
ings at the crank-case may wear to such a point that there will be
a loss in crank-case compression, but this will not occur until the
engine has been in service for a long period, and when bearing depre-
ciation does materialize it is not a difficult proposition to refit the
brasses, and restore the engine to its former efficiency. It is claimed
that the two-cycle motor will not carbonize as quickly as the four-
cycle because, while the latter is lubricated for the most part by hap-
hazard hand pump supply, on most of the two-stroke engines lubri-
cation is very easily accomplished by mixing the lubricating oil with
the gasoline. The two-cycle construction is peculiarly wel! adapted
for this system of lubrication, which would soon put a four-cycle
engine out of commission because the fresh charge, which contains
the oil emulsion, is first drawn into the crank-case where considerable
of the oil will be deposited on the mechanical parts before the charge
is directed into that portion of the cylinder above the piston. The
two-cycle engine is not anywhere near as flexible as the four-cycle
power plant, but it is capable of a high-power output at low speeds.
Owing to the frequently recurring explosions an even pull or torque
is obtained from a two-cycle motor, which promotes efficiency and
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lessens wear of the transmission system, including speed-changing

gear as well as final drive, and which also materially augments the
life of the tire on the traction member.

Methods of Figuring Rated Horse=power.—To calculate the
horse-power of any four-cycle motor, the following general formula
may be used, this giving the output of a single cylinder, and must be
multiplied by the number of cylinders for multiple eylinder engines:

in which

PLAR _ _—
33,000 X 2

P =Pounds per square inch.

L= Length of stroke in feet.

A =Piston area in inches.

R =The number of revolutions per minute.

The following can be used for either four-cycle or two-cycle motors,

depending on the constant used as a divisor:

D? X L X n X M.LEP. X R.

I.H.P. 4-cycle
550,000 .. Sayel

Constant for two-cycle engines, 275,000.

D?=Bore of eylinders in inches squared.
L. =8Stroke of piston in inches.

R = Revolutions per minute of erankshaft.
n = Number of eylinders.
M.E.P.=Mean effective pressure.

The formula below is a simple one for four-cycle engines, though

the results can be multiplied by 1.50 to obtain power rating of
average two-cyele engine of the same dimensions:

H.P. = PLD?R with three decimal places pointed off.

in which

P =Mean effective pressure.
L.=8troke in inches.

D = Diameter in inches.

R =Number of eylinders.

The mean effective pressure can be assumed or taken from tables.

A speed of 1,000 revolutions per minute is the only assumption made,
and the formula takes into consideration pressure, bore and stroke,
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and is the simplest form to which the writer has yet been able to
reduce the horse-power fomula, still retaining all the essentials.

The pressure in any engine is assumed to be a mean effective
pressure or average pressure throughout the stroke, and is written
M.E.P. For gasoline engines of the usual four-cycle type, this pres-
sure can be assumed at between 75 and 100 pounds, it, of course,
varying with the general design. The actual mean effective pressur

Fig. 46.—Method of Testing Power of Motorcycle Engine With
Cradle Dynamometer.

of an engine which has already been built can be determined by the

manograph, which records by means of a streak of light the outline =

of the indicator card, which, if desired, can be permanently retained
by means of a photographic plate. It can also be determined at
speeds under 500 revolutions per minute by diagrams produced by
ordinary steam engine indicators, but these are not accurate when
used with high-speed gasoline engines, the manograph being far
superior.

Mean effective pressure increases as the compression, and decreases
as the revolutions per minute augment. The thermal efficiency of a
motor is the ratio between the work done and the thermal energy
contained in the fuel consumed, and is between 15 to 30 per cen!
The mechanical efficiency, by which is understood the ratio between
the work actually done to the energy expended on the piston by the
expanding gases, is approximately 85 per cent.
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For easy comparison of one machine with another, and for facili-
tating handicapping at hill-climbs and race meets, the following
formulee have been given out by clubs and associations. For the
sake of uniformity, let:

D?=8quare of piston diameter in inches.
I. =Stroke in inches.
R =Revolutions per minute.
N =Number of cylinders.
D*N
2.5
D’LNR

1,800

(D + L)N

9.92

SAE formula.......... HP. =
Roberts formula. . . HP. =
Royal Auto Club......... H.P. =

! TABLE OF HORSE-POWER FOR USUAL SIZES OF MOTORCYCLE MOTORS,
: BASED ON 8. A. E. FORMULA.

Bore. Horse-power.
5 o, B s o BN
" Inches. M /M 1 Cylinder. | 2 Cylinders. | 4 Cylinders
i | Yy
hel 215 | 64 214 5 T
"“‘ 2% | 68 234 5% 11
3 2% | 70 3 6 124
f)‘\‘ § 2% | 73 3% 654 1314
nl . R Y 1 t
o 3 76 3% 7} \ 14%
g § 3% 79 318 | 15%
9 34 83 414 8% | v
a aL 334 | 85 4% )7
y 3% ‘ 89 4 ‘ 94
§ 3% | 92 54 ‘ 1024
334 95 5% | 1y
& 3% 99 6 [ 12
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To simplify reading of the above, the horse-power figures are ap-
proximate, but correct within one-sixteenth.

How Actual Horse=Power is Tested.—While it is possible to
arrive at some estimate during the preliminary designing or con-
struction of a motoreycle power plant of the amount of power that
can be expected, the only true indication of actual engine capacity
is some form of dynamometer or brake test. A typical method of
testing is illustrated at Fig. 46 and the general arrangement of parts
an be readily understood by referring to the diagram. The ap-
paratus used for this test is known as a “cradle-<dynamometer” and
power is measured by an electro-magnetic pull, the value of which
increases as the engine capacity augments. The motor drives the
armature of what is really an electric generator by a belt, and an
electric current is produced which is dissipated or absorbed by the
resistance R1. This current sets up a magnetic attraction which
tends to pull the field around with it. This field ring is not only very
carefully balanced but is supported by ball bearings in the pedestals
which permit it to oscillate with but slight magnetic pull. The
amount of magnetic attraction may be measured by the weight W
carried at the end of the long lever attached to the oscillating field.
The pull depends upon the amount of current flowing through the
field, and this is usually supplied from an independent source and is
controlled by the rheostat R2. In calculating the power developed,
it is necessary to know the number of revolutions the armature is
making, so this is determined by the revolution counter or tachom-
eter T which is driven from the armature shaft by suitable gearing
and a flexible shaft.

In making a test, a number of resistance coils in the rheostat R1
are put in circuit for absorbing the armature output, and enough
eleetric current from some extraneous source is allowed to flow
through the field by means of the rheostat R2 to hold the motor
down to the required speed. Weights are placed on the arm at W
until the field ring balances. The number of revolutions as indicated
by the tachometer is noted and the horse-power obtained under these
conditions may be readily computed. If it is desired to test the
horse-power at lower or higher speeds, the weights are removed and
the amount of current flowing through the field is altered to obtain
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the desired speed. If the current is increased the speed becomes less,
while decreasing the current will allow the motor to run faster. When
the proper number of revolutions are obtained, the weights are changed
until the field ring again balances. The horse-power is very easily
found by a simple formula which can be expressed as follows if one
assumes that the distance from where the weight is supported to the
center of the armature shaft is one foot:

B }}’Vt-iu,ht, X RPM. %2 % 3.1416

HP, —
33,000
For example, if the motor pulls 29 pounds at 2,400 revolutions per
minute, we would have substituting known values in the above
formula:
29 X 2,400 X 2 X 3.1416

; = 13.25 H.P.
33,000 A

If the field current is strengthened so that the motor is slowed down
to 1,500 revolutions per minute and the torque is indicated as 36
pounds, we have:

36 X 1,500 X 2 X 3.1416

= 10. 28 H.P.
33,000

The actual horse-power of an engine may be determined by other
forms of dynamometers, of which the Prony brake is a widely used
form. This differs from the electric devices deseribed, as the power
delivery is obtained by a friction brake that, in its simplest form, may
consist of a rope passed around a fly-wheel or pulley attached to the
motor shaft or driven by it and having its free ends attached to spring
balances or one attached to a fixed point while the other is weighted.
The usual form of Prony brake consists of a band of leather or steel
to which a number of hardwood blocks are fastened, and the whole
is bent around the fly-wheel of the engine to be tested to form a brake
band, which may be made to bear against the fly-wheel with any
degree of pressure desired by the operator. A lever is attached to
one side of the brake hand, and the tendency of the revolving fly-
wheel to carry the lever around with it when the band is tightened,
is resisted by weights or spring balances. The method of determining
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the power with the mechanical brake is just the same as that followed
when the electric cradle dynamometer method is employed.

Another simple and effective method of determining the horse-
power is to have the engine run a generator of electricity and absorb
the current delivered by any suitable resistance such as banks of in-
candescent lamps. The current output from the generator may be
measured, and for every 746 watts of current obtained, the engine is
delivering about 1.10 horse-power. While 746 watts is the electrical
equivalent of a horse-power, there is a certain loss in energy in con-
verting the mechanical power into electrie current, and this must be
considered in determining the engine power. Still another method
of obtaining the actual horse-power of a gasoline engine is by driving
a large air fan which has movable vanes or plates attached to the
arms so that these may be placed at any point on the length of the
arm. As it takes a certain amount of power to overcome air resist-
ance, if the area of the plates is known, one can determine the amount
of power delivered by the engine by considering the distance the
blades travel in a given time.

Relation of Torque to Horse=Power and Its Meaning.—In
considering the power capacity of various types of prime movers,
“torque” is a technical term that receives considerable application,
and like most of the simple mechanical expressions, it does not mean
much to the average reader of semi-technical or mechanical works.
As it is a very simple way of expressing power delivered to or by a
rotating member, such as an engine crankshaft, pulley, sprocket or
wheel, it seems desirable that a more general understanding of this
term should exist. The writer has used this expression previously,
and as it will be employed in a number of the chapters to follow, in
exposition of power generation and transmission systems, the ap-
pended brief explanation may serve to promote a proper under-
standing of its meaning.

It is generally known that power is expended in doing work, and
that as the amount of work or resistance is increased, the amount of
power or energy required augments proportionately. The power de-
livered by an engine crankshaft can be expressed very well as “torque”
which generally is considered in pounds-inches or pounds-feet, or
simply as a certain pull or push having a definite value in pounds.
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The relation between torque and horse-power is simply that the
former is produced by or can produce the latter. The amount of
torque is directly preportional to the power producing it, and it in-
creases as the power augments, if the rotative speed remains constant.

For example, we desire to find the useful driving force or power
delivered by a gasoline engine of certain proportions. If the engine
was used in motoreyele propulsion, it would be desirable to know the
amount of pull that would be present at the pitch line of the driving
sprocket, in order to ascertain if the engine could overcome the resist-
ance of traction wheel movement. This pull would be a torque of so
many pounds value depending upon the speed and power of the engine
and the distance between the sprocket piteh line and a point at erank-
shaft center. In ascertaining the value of the turning effort or torque,
it is desirable to find the amount present at one inch radius from shaft
center first, then the actual pull may be readily determined by divid-
ing the torque in inch-pounds by the distance in inches from the
crankshaft center to the point where the power is exerted.

The following simple example will clearly define the practical ap-
plication of the formula previously used to this case. The formula
expressed as a rule is: Torque is equal to the product of the horse-
power multiplied by 63,024, divided by the revolutions per minute of
the shaft. This rule is almost universally employed in determining
the value of the pull available from a given power at a definite point
of one inch from shaft center. Assuming that the engine in question
was capable of delivering 10 horse-power to its crankshaft, at a speed
of 2,000 revolutions per minute, and that we wish to find the pull
available at the driving face of a 6-inch diameter, flat belt pulley,
attached to the engine crankshaft, we can substitute known values
and have the following expression:
10 X 63,024 - 630,240

2,000 2,000
Dividing this value by the radius of the pulley, or 3 inches, gives
us a pull equivalent to 105 pounds at the pulley surface. Ii this
could be transmitted without loss directly to the 18 inches diameter
driving pulley on the rear wheel, we would have a pull of 105 pounds
on the surface of that member at 9 inches radius from traction wheel

or 315 inch-pounds.
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center. Owing to the difference in size between the pulleys, the driven
member would turn at but one-third the speed of the driving member
on the engine shaft, or 666.66 revolutions per minute. Even though
the wheel turns slower, the torque, one inch from the traction wheel
center, would be equivalent to 10 horse-power, as while it would be
945 inch-pounds, the speed of the rear wheel is but one-third that of
the engine shaft, and therefore the torque should be three times as
much. If the amount of power remains constant, the torque or pull
increases as the speed is reduced, and diminishes as the speed of rota-
tion is augmented. Torque or pull is always greatest near shaft
center, as for example, at one-half inch radius it is twice as great as
at one-inch radius, all other conditions remaining equal. It is usually
based on one inch radius to facilitate caleulation. An engine capable
of exerting a torque or pull of 315 inch-pounds would only exert
26.20 pounds pull at 12 inches radius under the same speed and power
conditions. The torque of large engines is measured in foot-pounds
in order to simplify figuring, while that of smaller capacity power
plants is more often expressed in inch-pounds.

When actual horse-power tests are made, there is a point in every
horse-power diagram where the torque and horse-power curve lines
intersect, and an engine is not exerting its greatest torque at its
highest rotative speed. It will be noted that the horse-power curve
in the diagrams at Fig. 47 attains its maximum value at a certain
point, and from there it drops as the speed increases.  This falling
off in power is on account of the higher mechanical losses in the power
plant at high speeds due to the increased friction of the parts and also
thermal losses because of difficulties in scavenging or clearing out the
cylinder properly and taking in a full charge of fresh gas. As one
would expect, the torque is greatest at low speeds, and gradually be-
comes less as the speeds of rotation increase. The relation of torque
and horse-power lines to each other when plotted on charts is clearly
shown in the diagrams at Fig. 47. In the upper one, the test of a single
eylinder engine rated at 5 horse-power is shown, while in the lower
one the results obtained by testing a 9 horse-power nominal rating
twin-cylinder engine are plotted.

Such diagrams are not difficult to read, and they are especially
valuable in presenting a large volume of information in a small space.
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Fig. 47.—Curves Showing Horse Power of Gasoline Motors at Various
Speeds of Crankshaft Rotation.

o read these diagrams, it is merely necessary to trace a vertical line
denoting the speed in revolutions per minute desired to the point
where it interseets the horse-power curve, and then following out the
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horizontal line to the right of the chart, where the horse-power de-
livered at that speed will be clearly indicated. The same procedure du
is followed in reading the torque, only that the horizontal line is th
followed to the left of the diagram where the torque in pounds at one |
foot radius is outlined. For example, considering the upper chart, it 8 ex)
will be apparent that if we follow the vertical line indicating 1,300

B ch
&
revolutions per minute upward, we will find that it interseets both the % me

o |
torque and horse-power curves. Following an imaginary horizontal 8 to
line from this point on the diagram to the right, we find that the & oil

engine in question is developing approximately 4.50 horse-power f
while the torque is about 18 pounds. It will be observed that the é
power plant rated at 5 horse-power will develop 6.33 horse-power at 88
2,400 revolutions per minute. é
Another diagram that gives some interesting data pertaining to the
relation of motoreycle speed in miles per hour and the engine power é
developed is presented at Fig. 48. It will be observed that the maxi- A
mum engine power represented by the highest point in the curve is )
obtained at a vehicle speed of approximately 47.5 miles per hour, and
that from this point to 65 miles per hour the power curve drops ap-
preciably. At 47.5 miles, the engine is delivering 13.9 horse-power,
whereas at a rear wheel speed corresponding to 65 miles per hour the
engine is developing but 9.3 horse-power.  The horse-power obtained
by this test is different than that secured by trial of the engine alone,
and the object was not to ascertain the brake horse-power of the
engine but the actual power available at the rear wheel for traction,
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which, on account of mechanical losses in the power transmission
system, would be fully 20 per cent less than the amount of power
that would be shown by the engine on a brake or dynamometer test
where the power of the engine erankshaft would be measured instead Fi
of that proportion of it delivered at the rear wheel.

A simple rule for finding the torque at one-inch radius from center,
exerted by a shaft rotated with a given amount of power that can be the
easily memorized, if one assumes a speed of rotation of 1,000 revolu- holc
tions per minute, is: Multiply the horse-power by 63, which will give tak
the pull in inch-pounds, and then divide this product by the distance dist
in inches from shaft center to the pointef power application, and the g
result is the torque or pull available at that point direetly in pounds. . an
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Reason for Cooling Engine.—It is apparent that power is pro-
duced in an internal-<combustion engine by a series of explosions in
the eylinder. As the temperature of the explosion is over 2,000 deg.
Fahr. in some cases, the rapid combusticn and continued series of
explosions would soon heat up the metal parts of the combustion
chamber to such a point that they would show color unless cooling
means were provided. Under these conditions, it would be impossible
to lubricate the eylinder, because even the best quality of lubricating
oil would be burnt. The piston would expand sufficiently to seize in
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Fig. 48.—Chart Showing Horse Power at Rear Wheel of Motorcycle
at Various Speeds.

the eylinder and the valves would warp so that they could no longer
hold compression. Premature ignition of the charge would probably
take place long before the engine was put out of commission by the
distortion of the parts.

The fact that the ratio of engine efficiency is dependent upon the
amount of useful work delivered by the heat generated from the ex-
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plosion makes it important that the eylinders be cooled to a point
where the eyvlinder will not be robbed of too much heat. The losses
through the water jacket of the average water-cooled automobile
power plant are over 50 per cent of the total fuel efficiency. While
it is very important that the engine should not get too hot, it is equally
desirable that it is not cooled too much. The object of eylinder cool-
ing is, therefore, to keep the heat of the eylinder metal below the
danger point but at the same time keep the engine hot enough to
obtain maximum power from the gas burnt.

Air or Water Cooling. ~The method of abstracting the heat
from the eylinder generally employed in the small motors used in
motoreycle propulsion is by means of direct air cooling, though on
the larger motors, sometimes used in eyele car and light automobile
service, the heat is absorbed by water circulated around the eylinders
through a suitable jacket which keeps it confined against the heated
portions. In an air-cooled engine, the application of the air to the
cylinders is direct, and there is no intermediate transfer of heat from
the eylinder wall to the radiating surfaces by means of water. Any
water-cooling system must, of necessity, be indirect, as after the water
is heated it must pass through a radiator where it is subjected to the
cooling influence of air currents to reduce its temperature, and make
it available for further use. In a motor which employs a water-cooling
system, there is a certain loss of heat to the water jacket which is
called “Jacket Loss,” and the amount of heat wasted in this manner
depends upon the difference in temperature between the heat of the
explosion and the heat of the evlinder wall.  As water loses its cooling
efficiency when it boils, the temperature of the water jackets, and
consequently the wall of the water-cooled eylinder, must be main-
tained at a point below 212 deg. Fahr. which is the boiling point of
water. The temperature of the eylinder wall of an air-cooled motor
may be readily and safely maintained at a temperature nearly 150
degrees higher. This would indicate that, with a reduced heat loss,
an air-cooled motor would be more efficient than a water-cooled
form. Then, of course, the features of simplicity that are so necessary
in motoreyele design cannot be readily obtained if the water-cooling
system is employed because in its simplest form it requires a radiator
to cool the water, and suitable piping to conduct the water from the

-
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engine eylinder water jacket to the point where the heat is radiated
into the air. As an air-cooled engine can be made considerably lighter
than a water-cooled form, and as the direct system of cooling has
demonstrated that it is thoroughly practical for the small engines
used in motoreycle work, it does not seem necessary to provide motor-
cyele motors with water jackets. All of the American motoreycles
use the air-cooling method, though several foreign machines have
water-cooling systems.

Efficiency of Air=Cooled Motors.—The air-cooled motor is more
efficient than the water-cooled forms, because in any internal com-
bustion engine it is the heat energy of the fuel that is converted into
useful work. This transformation is brought about by the rapid
combustion or burning of the fuel which is often called “an explosion.”
The rapidly burning gases develop high pressures which produce
power, as we have seen, by acting on the piston and the reciprocating
parts. The temperature and pressure of the explosion both fall very
rapidly, on account of the rapid escape or transfer of heat through
the walls of the cylinder and the piston head. A certain amount of
heat loss is a necessary evil that cannot be avoided in any internal
combustion engine, and as previously stated, efficient lubrication
cannot be ohtained if the evlinders get much hotter than 400 deg.
Fahr. A cylinder may be allowed to heat up to 350 deg. Fahr. and
still be an the safe side as far as effective lubrication is concerned.
In comparing the efficiency of air and water cooled motors, a good
method of doing this is to base the values on the amount of mileage
possible on a given fuel consumption. An air-cooled engine will use
a maximum of 0.80 of a pound of gasoline for each brake horse-power
hour at half load, and 0.60 of a pound of gasoline for each brake
horse-power hour developed at full load. The average water-jacketed
automobile engine will use from 1 to 1.50 pounds of fuel at half load,
and from 0.90 to 1.20 pounds per brake horse-power hour at full load.
From the foregoing, it will be apparent that the air-cooling system
is more efficient and economical than the water-cooling methods, and
in view of its simplicity it is not difficult to understand why it is almost
universally used in motoreyele power plants of American design.

Air=Cooling Methods.—Air cooling may be obtained by two

methods: either simple radiation, or combined radiation and con-
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vection. The former system is used only on motors of a stationary
type that are not provided with a cooling fan. The most widely used
system is a combination of radiation and convection. Radiation
simply means that the heated air rises from the hot eylinder because
it is lighter than the cooler air which takes its place. Convection
means cooling by air in motion, and, obviously, wherever convection
is used there must, of necessity, be included the radiation principle.
The method generally used cn motoreycles where the power plant is
exposed to the air, and where the cylinder is swept by air drafts or
currents created by the rapid travel of the machine, is to augment
the normal available radiating surface of the plain cylinder by pro-
viding cooling flanges as indicated at Figs. 49 and 50.

These flanges not only surround the entire eylinder exterior but also
cover the valve chamber and the cylinder head. By the use of these
members, the area of radiating surface is largely increased, and while
air has considerably less capacity for absorbing heat than water, the
surface from which the heat is radiated may be increased to such a
point by judiciously placed flanges so the heat will be dissipated fast
enough to keep the eylinder from overheating. The cooling flanges
may be of the same diameter the entire length of the cylinder, as
shown at Fig. 49, or they may become less in diameter as the eylinder
temperature decreases, as shown at Fig. 50. They are widest at the
combustion chamber, and taper down in diameter to but little more
than that of the cylinder at the bottem of that member. On some
types of flange-ccoled engines, the designers drill holes through the
flanges as indicated at Fig. 51, and while these materially reduce the
effective radiating surface it is claimed that there is more opportunity
for the cooling-air current to pass around and between the flanges,
and thus superior cooling is obtained. The air-cooling flanges on
most motoreyele power plants are placed horizontally, or at right
angles to the cylinder center line, though in some forms, where the
eylinder is inclined, the flanges are disposed at an angle to the cylinder
wall s0 that they will be approximately horizontal when the power
plant is in position. On some forms of double eylinder opposed
engines, the flanges run the length of the cylinder, in order to promote
free circulation of air.  Where air-cooled motors are protected by a
hood or bonnet, as in e¢yclecars and light automobiles, it is customary
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to provide a cooling fan driven
from the engine ecrankshaft to
< ‘\rg keep a constant draft of air in
S motion around the engine eylin-

4 ! == = ders. In some automobile power
@ PN plants the cylinders have been
&WJ . o :.E ( encased in sheet metal jackets,
: o[ and air currents fiom a blower

o= o are made to circulaie through
f these jackets and around the
*% cylinders, but this is not neces-

- sary on motoreyeles.  Copper-
' - e plating the ecylinders increases
S , the rate of heat transfer to the
EE AN ) air.  Radiation may also be
augmented by painting the eyl-

Fig. 51.—Showing Method of Per- | .
forating Flanges to Facilitate inders with a dull black stove
Air-Cooling. polish.

Water=Cooling Methods.—When a liquid is employed for cooling
tis cireulated through jackets which surround the eyvlinder castings,
and when the excess heat is absorbed, the hot liquid is led to a cooler
where the heat is abstracted from it by means of air currents. The
cooled liquid is then taken from the cooler and again circulated around
the eylinders of the motor. The view of a typical one-cylinder motor
at Fig. 53 shows the arrangement provided for water cooling by radi-
ators attached to the engine eylinder.

T'wo methods of keeping the cooling liquid in moion are used. The
simplest system is to utilize a natural prineiple that a hot liquid being
lighter than a cold one will tend to rise to the top of the eylinder when
it becomes heated, while cool water takes its place at the bottom of
the water jacket. The more complicated system is to use a positive
circulating pump of some form which is driven by the engine to keep
the liquid in circulation.

Some eminent motoreyele designers contend that the rapid circula-
tion of liquid obtained by means of a pump may cool the eylinders
too much and the temperature of the engine may be reduced to a
point where its efficiency will be somewhat lower than if the engine
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were allowed to run hotter. For this reason, some foreign engineers
use the natural method of water ecirculation. The cooling liquid is
applied to the eylinder jackets below the boiling point and the water
issues from the top of the jacket after it has absorbed enough heat to
raise it just about to the boiling point. The simplicity of the thermo-
syphon system of cooling makes it specially adapted to motoreycles
and other light vehicles. With this system of cooling, it is necessary
to use more liquid than with pump-circulated systems, and the water
jackets of the eylinders, as well as the water spaces in the radiator
and the water inlet and discharge manifolds, should have greater

[ : capacity and be free from sharp
{ corners that might impede the
flow of liquid.

A system of cooling in which
a pump is depended on to pro-
mote circulation of water is
sometimes employed in eyclecar
practice. The radiator is gener-
ally carried at the front end of
the frame, and serves as a com-

Fig., 52—View of Green-P.rccision bined water l-:mI\ and cooler in
Motor With Radiators At- most cases, It is usually composed
t\;lcahti? J;‘z_ke‘:‘e Sides of the of ypper and lower water tanks,
' joined together by a series of

pipes, which may be round and provided with a number of corrugated
flanges to radiate the heat, or which may be flat in order to have the
water pass through in thin sheets and cool more easily. The cold
water which settles at the bottom of the cooler is drawn from the lower
part of the radiator by a gear-driven pump and is forced through a
manifold to the water jackets surrounding the exhaust valve chamber
of the eylinder. As the water becomes heated, it passes out of the
top of the water jacket into the upper portion of the radiator, but as
a general rule the rate of circulation is dependent upon the power and
speed of the pump rather than the degree of temperature of the water.
On account of the more rapid flow of liquid, the radiator and piping
may be of less capacity than when the simple thermo-syphon is
employed.
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Some typical water-cooled motors that have been designed for
motoreycle use abroad are shown at Figs. 52 to 54 inclusive. The
engine shown at Fig. 52 in place on the motoreycle frame is the same
as that depicted at Fig. 53, and it will be observed that the radiators
which serve to cool the water are attached directly to the sides of the
water jacket. There is ample opportunity for the air currents to pass
through the radiators, and it is possible to carry a reserve supply of
water in a tank attached to the top frame bar which may be used as
an auxiliary source of supply by connecting it to the water outlets at
the top of the radiator that are clearly depicted at Fig. 53. On very
small engines, it will be unnecessary to provide any water container,
as the radiators themselves may hold enough water to secure adequate
cooling.

Both of the engines depicted at Fig. 54 are of the two-cycle form
and are shown in the position they occupy in the motoreycle frame to
which they are fitted. That at A is the Rex motor, and it will be ob-
served that the radiator is placed at the front end of the machine just
back of the steering head and follows the diagonal tube extending
from the steering head to the motor crank-case. The bottom of the
radiator is connected directly to the bottom of the water jacket, and
the heated water from the top of the eylinder passes through suitable
pipes to the top of the radiator. The cooling system depicted at B
is that of the Scott motoreyele, and the disposition of the radiator
and arrangement of water piping is practically the same as in the
example previously considered.

The engine depicted at Fig. 53 is a four-cyele form while those out-
lined at Fig. 54 are two-cycle engines which are said to be more
difficult to cool successfully by air than the conventional form of
four-stroke engine in which one entire stroke of the piston is devote:
to clearing out the burnt gases from the eylinder while another full
stroke is utilized in drawing in a cool charge of fresh gas. The Shickel
engine, an American two-cycle form shown at Fig. 58, is cooled suc-
cessfully by air, and in view of the fact that air cooling has been
applied successfully to motor truck engines having 4.50-inch bore
and operating on the two-cycle principle, it is apparent that it shoull
be more successful and practical on the smaller two-stroke engines
employed as motorcycle power plants.
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Features of One=Cylinder Motors.—The single-cylinder engine
offers a main advantage of extreme simplicity. This is of considerable
importance in the lighter motoreycles that are to be operated by in-
experienced riders. Among some of the disadvantages that may be
cited against the single-cylinder power plant are greater weight in
proportion to power developed, lack of even power application because
only one stroke out of four made by the piston is effective. A one-
cylinder engine lacks the even turning moment and steady running
qualities that a multiple-cylinder power plant possesses. 1f run faster

 Dvaching Glame
4 Frame

Fig. 55.—Typical Complete Power Plant Unit Adapted for Attachment
in Standard Diamond Frame Bicycle.

or slower than the eritical speed for which it was designed, there will
be considerable vibration. Despite these faults, the single-cylinder
engine is very practical in applications to light and medium-weight
machines, and ample power may be obtained to cope with any con-
dition ordinarily met with in road service. Typical one-cylinder
engines are illustrated at Figs. 55 to 57, inclusive.
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Fig. 56.—Power Plant of Single Cylinder Indian Motorcycle.

If of the two-cycle type, one will obtain the same even torque and
steady application of power with one eylinder as provided by a two-
ceylinder opposed four-cycle engine, and steadier running than pro-
vided by most V-twins, though one must sacrifice some of the flexi-
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bility and quick get-away of the four-cycle power plant to obtain the
advantages of the simpler two-stroke motor. The Schickel two-cyele
motor construction is shown at Fig. 58.

Advantages of Multiple-Cylinder Motors.—Power is obtained
in the multiple-cylinder motor by using a number of eyiinders instead
of one large member. The eylinders are arranged in such a way that
any multiple-cylinder motor may be considered as a number of single-
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Fig. 57.—Typical Single Cylinder Power Plant of English Design.

eylinder engines joined together so that one cylinder starts to deliver
power to the crankshaft where the other.leaves off. By using a
number of smaller eylinders, instead of a large one, all of the revolving
parts may be made lighter, and the reciprocating members are easier
to balance because the weight of the parts in one cylinder often
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counter-balances the reciprocating mass in the other that works in
connection with it.

Multiple-cylinder engines may be run faster than single-cylinder
ones of the same power, are not so heavy in proportion to the power
developed and produce a more even turning effect at the crankshaft.
No matter how well designed the single-cylinder power plant is, the
power impulses will come in jerks, and a very heavy fly-wheel member
or pair of fly-wheel members is needed to equalize the intermittent
power strokes. In a multiple-cylinder engine, where the explosions
follow each other in rapid succession, the power application is ob-
viously much more even. A single-cylinder eugine will give but one
useful power stroke when of the four-cycle type, to every two revolu-
tions of the crankshaft. A two-cylinder motor will give one explosion
every revolution, though these are not always evenly spaced, the
regularity and evenness of firing being largely dependent upon the
arrangement of the cylinders.

Types of Two=Cylinder Motors.—Maost two-cylinder motoreyeles
employ engines of the V-type, i. e., with the two cylinders placed at
an angle, and converging to a point at which they contact with the
crank-case of the motor. In England, there are a number of machines
which employ horizontal cylinders, and one or two makes have been
evolved in which the two-cylinder engine has vertical or upright
cylinders. We have seen that in a single-cylinder engine consid-
erable dependence is placed upon a fly-wheel which stores up energy
and which tends to even up or equalize the 