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INTRODUCTION

N this book, which explains the making of model aero-

planes and the operation of large aircraft, the key-
note is practicability, and the author’s purpose has been to
furnish a book on aircraft not only accurate, but simpler
and more comprehensive than anything which he has been
able to find on the subject.

In the preparation of the book he has had the aid and co-
operation of many of the most noted and successful aviators
in America, as well as of his fellow - members of the Aero-
nautical Society, the Aeronautical Bureau, Mr. Edward
Durant, Mr. Hugo Rosenstein, Mr. Montague Palmer and
other designers and builders of model aeroplanes.

The experiences, suggestions, and advice of such noted
airmen as Capt. Thomas Baldwin, Harry Brown, Cecil
Peoli, Frank Fitzsimmons, the late Howard Gill, and many
others have proved of inestimable value, and have aided
the author in substituting facts for theories, while details
of construction, plans, and much other material of value
have been freely given by many manufacturers, among them
the Ideal Aeroplane & Supply Company, Thomas Brothers,
Benoist Aeroplane Company, the Curtiss Aeroplane Com-
pany, Heinrich Brothers, the Sloane School of Aviation,
and numerous aeroplane-motor manufacturers.

All the facts obtained from these authoritative sources
have been combined by the author with his own personal
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INTRODUCTION

knowledge to provide a book for boys which will be prac-
tical, up to date, and, he hopes, an advance upon anything
hitherto prepared for a similar purpose.

The object of the book 1s twofold: first, to explain in
a simple, lucid manner the principles and mechanisms in-
volved in human flight; and, second, to tell boys how they
may design and construct model aeroplanes, gliders, and
even man-carrying machines.

To proceed in the design or construction of any mechan-
ism without first mastering the whys and wherefores of the
machine, the relation of one part to another, and the vari-
ous influences and conditions which effect its successful
operation, is putting the cart before the horse—a fault all
too common in many books intended for boys. Before at-
tempting to build even a model flier the builder should
have some knowledge of the principles of flight, air pressures,
speeds, lifts, and other details as well as the various me-
chanical details of aeroplane construction. As this book is
intended primarily for youthful readers, a great many im-
portant but complicated and technical matters have been
omitted, and the volume is not intended as a complete
treatise on the modern airship, nor is it a history of avi-
ation.

Only the most vital and salient features of construction
and operation have been included in the chapters devoted
to man-carrying machines, for, while it is quite within the
power of any boys to construct a real and practical machine,
yet it i1s more advisable for them to confine their efforts to
model machines and gliders until thoroughly familiar with
the principles and peculiarities of aeronautics, which can only
be mastered by actual experience and numerous experiments,
all of which may be readily carried out with model aircraft.

Many boys have already accomplished wonderful results
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in the invention, design, and construction of model fliers,
and the world’s records for speed and distance flights of
these miniature aircraft are held by American boys. It was
in the winter of 1907 that the first model aeroplane club in
America was organized in New York by Miss E. L. Todd.
Through the efforts of the founder and Mr. Edward Durant
the first model flight contest was held a little later in a New
York armory, starting the models from the floor.

In December the first public exhibition was held in Madi-
son Square Garden. This enlisted the interest of the West
Side Young Men’s Christian Association, which established
a department of aviation. More and more attention was
given to the new sport, larger buildings became necessary,
and finally the aviators found it necessary to go out-of-
doors to obtain sufficient space.

The contests of the young aviators have become a regular
Saturday feature at some New York parks.

The Junior Aero Club of America was formed, and, with
the quickening interest on the part of men as well as boys,
the New York Model Aero Club was organized in 1910. Nu-
merous thriving model aeroplane clubs are now in existence,
and the boy members have regular meets, contests, exhibi-
tions, and periodicals devoted exclusively to the model
aeroplanes.

In this field of aeroplane construction there is ample op-
portunity for boys to obtain a great deal of pleasure, educa-
tion, and practical knowledge, for the principles of flight in
a small model are very similar to those of full-sized machines.
It must not be supposed, however, that a model of a certain
form or design will work equally well if enlarged to man-
carrying size. For this reason the two fields of experiment
and construction are very distinct, a fact that in many

books on the subject has been overlooked entirely.
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Gliders, although very similar in design to aeroplanes,
are often effictent when aeroplanes of similar construction
would fail entirely; but any boy can build a safe and satis-
factory glider, and with these simple affairs may taste all
the joy and exhilaration of actual flight without any of its
attendant risk or danger.

Because model aeroplane and glider construction is work
so admirably adapted to boys’ abilities and needs, a great
deal of space has been devoted to these subjects, and the
author 1s confident that this book is unequaled in the
amount of practical and detailed information in regard to
aerial craft which it contains.

While the object of this volume is primarily to teach its
readers how to construct model aeroplanes and gliders, yet
those interested in real man-carrying machines, or in the
progress or advance of aviation, will find herein a great deal
of valuable information presented in such a simple manner
that it may be readily grasped and understood.

To many the question of “Why does an aeroplane fly?”
is of much greater moment than the method or manner
of its construction, and many otherwise excellent books
have been published which leave their readers as much in
the dark regarding this matter as before. The author of
this book believes that he has explained this puzzle so fully,
so simply, and in such an elementary manner that any one
can understand just why an aeroplane flies and the manner
of its flight.

In the preparation of this work every effort has been
made to avoid technical terms, involved or abstruse prob-
lems and formulz, and to make all tables, explanations, and
descriptions as simple, lucid, and concise as possible.
Actual facts and results have been substituted for theories,
and actual experiences of noted aviators and builders are
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given precedence wherever a question as to the most efh-
cient design or construction occurs.

For this reason the descriptions of various types of ma-
chines and motors have been confined to thoroughly tried
and proven forms in common use; and, while a vast number
of efficient machines are in use to-day, yet all are merely
variations of a few standard types, which if once mastered
will make the others easy to understand.

In the majority of books treating of aerial craft and
aviation—more especially those intended for boy readers—
far too little attention has been devoted to the most impor-
tant part of the aeroplane—namely, the motor.

The engine is the heart, soul, and life of the entire fabric,
and upon the efficiency and reliability of this wonderful
power the entire success of human flight depends.

The aeroplane motor represents the very highest develop-
ment of the modern combustion engine; and, as motors of
this type are so universally used in every-day life, every boy
at all interested in mechanics should become thoroughly
familiar with their principles and construction.

The chapter on motors in this book will be found com-
plete, simple, and easily understood, for the motors selected
for treatment are those of recognized merit and of distinct
types.

No one can foresee the ultimate future of aviation, but
in the minds of the author and many other leading au-
thorities, the future flying-machine for commercial use will
be of the hydroaeroplane type.

These machines, equally at home on water or land, or in
the air, obviate many of the objectionable features of ordi-
nary aircraft, and combine the advantages of the fast motor-
boat with the power of sustained and rapid flight.

While any boy who can build a boat can also build an
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hydroaeroplane, yet miniature or model “flying-boats” are
better suited to the requirements and capabilities of the
average boy. As such models are fairly accurate reproduc-
tions of the real hydroaeroplanes, very full descriptions of the
principal types of these machines are provided, supplemented
by directions for building models and describing the numer-
ous details of parts, proportions, and materials required.

The illustrations are selected from hundreds of valuable
photographs in the possession of the author, placed at his
disposal by aviators and builders, supplemented by scale-
plans and working-drawings, some original, and others
loaned by manufacturers and by the publishers of Aero-
nautics, Aircraft, and other periodicals devoted to aviation.
The drawings and plans have been prepared with the ut-
most simplicity possible combined with accuracy and detail,
and are purposely more or less diagrammatic. To avoid
the bugbear of computing measurements from scale, all such
measurements have been plainly marked on the illustra-
tions in addition to the detailed tables and specifications of
dimensions included in the text descriptions. '

Many boys are under the impression that an aeroplane,
if only a model, is a complicated and intricate machine,
difficult to build, handle, or understand. As a matter of
fact, they are extremely simple affairs, far easier to master
than an automobile, and safely handled with far less prac-
tice than 1s required to sail a boat properly.

Home-made, full-sized aeroplanes are, as a rule, far in-
ferior to those built by professionals, and a boy who builds
a real aeroplane should never attempt a flight, or even try
to rise from the ground, until the machine has been thorough-
ly tested and approved by a competent aviator and the
builder himself has become familiar with the operation and

control of the aeroplane.
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Many boys are ambitious to become aviators, and, while
the author does not advise aviation as a profession, yet
some boys become very expert and competent airmen.
The only way to learn properly 1s to take regular lessons
from a well-known and thoroughly competent pilot, num-
bers of whom make a specialty of teaching aviation.

By visiting the various aviation- fields and hangars a
great deal may be learned that cannot be mastered by the
perusal of any book, no matter how complete and intelligible
it may be; and, as aviators and builders of flying-machines
are invariably glad to point out and explain the various
details of operation and construction of their machines to
visitors, a great deal of time may be very profitably spent
in this way.
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Chapter 1

SAILING IN THE AIR

E have all seen boats sailing against the wind, kites

soaring steadily skyward in a brisk breeze, or have
watched a hawk, buzzard, eagle, or other bird sailing in
graceful curves or circles with no motion or effort of his
wings. All these things are so common and so familiar to
our eyes that we seldom wonder why they are possible or
how the result is accomplished.

When at last success crowned man’s attempts to rise and
fly in a machine heavier than air, and aeroplanes rose
and soared, twisted and turned, and performed marvelous
evolutions in air, every one asked the question, ‘“Why does
an aeroplane fly?”’

As a matter of fact, an aeroplane flies for precisely the
same reason that a boat sails, a kite rises, or a bird soars;
in other words, it flies because it moves in the direction of
least resistance, which is forward and upward.

The boat, with its sail close-hauled, would merely drift
sideways on the water but for the keel or centerboard,
which offers a greater resistance to the water than does the
stem, and hence, as the wind pushes sideways on the sail
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the boat moves forward, The 31mple kite cannot move
straight away before the wind, as it is held by a string; and,
as some relief must be obtained for the pressure against its
surface, it shides edgewise. If the kite is not properly
hung on its string or properly balanced by a tail or similar
device, it dips and dives, performs wild gyrations and dashes
to earth. If properly hung and balanced, the lower edge is
farther from the wind’s force than the upper edge, and the air,
sliding from this slanting surface, forces the kite aloft, just
as the boat moves forward and allows the wind to slide off the
sail.

Reaction

It can easily be seen that if, instead of a moving wind
and a fixed surface, we substitute a fixed body of air and a
moving surface the same result will obtain, and this is ac-
complished in the aeroplane.

A very important factor in the flight of a kite, the sailing
of a boat, the success of an aeroplane, or the power of a wind-
mill is reaction.

If a stream of water is turned against a flat surface at
right angles it will spatter off in every direction. If the same
flat surface is tilted, the water will rush off the object along
the slanting surface.

If this flat body is so arranged that it can move edgewise
but not directly away from the stream we will find that as
soon as the surface is tipped, thus allowing the water to
slide off, the surface will move forward toward the water
(Fig. 1). This is caused by the reaction of the water; and,
while the action of an air current cannot be seen as can the
current of water, yet it acts in exactly the same manner.
Thus any surface exposed to a moving mass or stream of
air is acted upon in two ways: first, the direct pressure tend-
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ing to lift it; and, second, the reactionary force which
tends to drive i1t forward. In the windmill the latter is
the only force utilized to obtain motion and power, but in
kites and aeroplanes both forces are employed to advantage.

The amount of force or lift, as well as the amount of reac-
tion, obtained depends upon the speed of the column of air
striking the surface or the speed of the surface striking the
air. A strong wind will drive a boat or windmill faster
than a light breeze, but if we increase the size and area of
the sail of the boat or the blades of the windmill without
proportionately increasing the size of the boat’s hull or the
machinery of the mill nearly the same power and speed
can be obtained with a light wind as the smaller sail or
smaller mill developed with a hard wind.

As soon as we recognize this law of physics we can readily
understand that speed and area are closely related, and
that, while the earliest aeroplanes spread forty feet or more
and traveled slowly, the latest machines have a speed of
more than one hundred miles an hour and spread a scant
eighteen feet.’

Surfaces or Planes

For a great many years men have realized that if a kite-
like surface or plane could be driven with sufficient speed
against the air it would lift and fly; but for years this was
impossible to accomplish, as no known motive power could
produce sufficient speed and power to drive a machine fast
enough to lift its own weight.

In their experiments these men designed numerous ma-
chines and constructed many novel and wonderful forms
of kites, for, lacking the power, they strove to evolve forms
of planes or surfaces which would develop more lift. Such
were the various “box-kites,” the ‘“Hargrave kites,” “tet-
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rahedral kites,” etc., some of which were so steady in flight,
so great in lifung power, and of such large size that they
carried men aloft with perfect ease and safety.

With the advent of the gasolene-engine, however, the
long-sought power was found, and through this marvelous
light, powerful engine which nowadays does such uni-
versal work for mankind the aeroplane became an actual
fact.

The earlier wings or planes were perfectly flat, inclined
surfaces much like an ordinary kite, but 1t was soon dis-
covered that curved surfaces were far more efficient.  Just
why this 1s so can be easily seen by studying the diagrams
in Figs. 2 and 3.

In Fig. 2 a flat, inclined surface is shown with the arrows
indicating the direction of the wind. In this case the air
strikes the flat surface and shides along i1t until it slips off
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the rear edge at A. The combined upward lift or pressure
of the air at A and the reactionary force at B will, of course,
force the entire plane toward C; but a large amount of the
force is wasted owing to the fact that it is so very easy for
the air to slip along the flat surface that only a small part
of its lifting power is used. If a curved surface, as shown in
Fig. 3, is used, we will see at once that the air striking the
under side of the curve at A exerts a lifting power through-
out the curve until it reacts or slips off at B, and that even
when thus slipping off its direction, guided by the curve,
tends still further to lift the plane. In a semicircular sur-
face of this type the air approaching the surface at C must
act more or less upon the upper surface at D, and this not
only tends to retard the forward motion of the plane, but
actually produces a downward motion of the forward edge.
To overcome this fault “parabolic” curves are now gen-
erally used, such as shown in Fig. 4. Here the forward edge
does not curve down enough to present the upper surface
to the wind, while the long, gentle sweep of the lower surface
allows the atr to act upon it for its entire width.

This parabolic curve 1s now universally adopted in aero-
plane and glider construction, but the exact proportions and
curvatures vary with different designers.

The forward thickened edge of the wing is known as the
““entering-edge,” and upon its form and curve a great deal
depends. The “point of pressure’ is the particular point
or spot upon the lower surface of the wing upon which the
wind or air exerts its greatest force, and the distance from
the entering-edge to the point of pressure has a very great
influence upon the efficiency, stability, and success of any
aeroplane, glider, or model (Fig. 5).

In every aeroplane the forward edge of the wings is slight-
ly higher than the rear edge, or at an angle in relation to
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the horizontal line, and this angle is known as the ‘“angle
of incidence,” which merely means the angle at which the
wings meet the air as the machine moves forward (Fig. 6).

When a machine is once 1n the air it may be tipped at any
angle required to rise upward, but as it rests on the ground
and 1s, run forward to gather speed the wings must present
an angle in order to grip or receive the lift of the air currents.
If the wings were perfectly horizontal the machine would
merely travel on the earth and would never lift.  This point
should always be borne in mind when building gliders or

A - '7—'_—__4/@
Fig. 8 J
ﬂ o g -
‘ /—_—\:‘_:‘, .
T
Wu§
= Fig. 9
Fig. 7

4 ’
Fold on dotted lines
Paste together here > %
1 \__[

Pin to balance

Fig. 10

models, and nearly every maker has a slightly different idea
as to the best and most effective angle of incidence.
In addition to this angle the wings of most machines are

placed at an angle or slope from their tips toward their
8
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center. This is the “dihedral angle” (Fig.7, A), and it has
been adopted because it gives greater stability or balance
to the machine. In some machines the outer ends of the
wings curve downward, producing ““drooping wings” (Fig. 7,
B), and such drooping tips in combination with the dihedral
angle are often used with excellent results, although the
droop alone lacks stability and balance. (Fig.7,C.)

Simple Experiments

These various points involved in wing form and con-
struction are of vast importance, and they may be readily
tested and their significance easily proved by very simple
experiments with cardboard and paper.

If a piece of straight note-paper is attached to a strip of
card, and the latter held before the mouth and blown upon,
the action of the wind or air on a straight plane will be
demonstrated (Fig. 8). If the paper is curved as in Fig. 9
the action of the curved surface will be shown.

By making little cardboard models of aeroplanes and
balancing them with bits of wood, pins, etc., many of the
problems of balance and flight may be grasped and a great
deal of pleasure and knowledge gained by experimenting
with various forms, curves, and shapes.

You will find that a straight, flat card, if dropped, will
waver from side to side, and at last dash suddenly down
edge on. If the tips of the card are bent down or drooped,
the card will float for a moment right side up, and will then
capsize and slide off at an angle bottom up. If, on the other
hand, the card is bent sharply in the center so that the two
halves are at an angle, the card will float quite steadily to
the ground with little tendency to tip over or slide edge-
wise.

9






Chapter II

MOVING BODIES IN THE AIR

HE principal form of resistance produced by any* body

moving through the air 1s that known as “head re-
sistance.” This is the form of resistance which your body
presents to a strong wind, and you all know how very hard
it is to walk against a gale of wind. If the air was not
moving at all, and you should run at a speed of forty miles
an hour, you would find the resistance just as great as if
you were standing still and the wind was blowing forty
miles an hour. Fortunately, this form of resistance may be
greatly reduced by using certain forms and shapes of bodies
which offer a minimum amount of resistance to the air.

If a square body is exposed to wind or air currents (Fig. 1),
the currents resulting will flow about as indicated by the
arrows. If the body is spherical, as in Fig. 2, the flow will
be more regular and ““smoother,” as shown by the arrows.
In both of these forms the two separated currents do not
meet and flow away behind until at some distance in the
rear.

If this empty space or partial vacuum is filled in by a solid,
the sides compressed, and the forward end sharpened, as
shown in Fig. 3, the air-flow about it will be very smooth
and gradual, or, in other words, this form of body will offer
practically the least possible head resistance to the atmos-
phere. This is known as a “stream line form,” or ¢ fish-
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body form,” and is the sectional shape of most of the spars,
struts, beams, and other parts of the modern aeroplane.

“Skin friction” is the friction or resistance caused by the
moving air passing along and over the surface of an object.
This does not amount to much on a perfectly smooth sur-
face, but if the surface is rough or uneven a great deal of
frictional resistance will result. For this reason every part
of an aeroplane or other machine should be as smooth and
even as possible, and even the surfaces or covering of the
wings should be stretched tight and painted or varnished
smooth.

As the greatest amount of skin friction occurs on the
planes, these are made to offer the least possible friction with
the greatest lifting area. The form which thus results 1s
a long, narrow wing, as in Fig. 5, instead of a short, wide
plane, as in Fig. 4. At first sight it seems as if the short,
broad form would lift more than the other, but the arrows
showing the direction in which the air slips off from the sur-
face prove that the long, narrow plane has greater lifting
power and less friction than the short, broad form. This
1s owing to the fact that the air will always flow off from a
body in the direction of least resistance.

12
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As the long, narrow plane presents less resistance to the
air from front to rear than from front toward the ends, the
air passes directly back, and in so doing exerts its entire
lifting force. In the short, broad plane, on the other hand,
the air finds less resistance toward the sides than from front
to rear, and consequently slips off the sides without exert-
ing more than a very small part of its lifting power on the
plane.

Stability

Another reason why the very long, narrow wings are used
on aerial craft is because the short, broad wings are much
less stable. Stability i1s'a most important matter in aerial
vehicles, and even under the best conditions only a very
little real or natural stability can be obtained. The long
planes serve to balance the body at their center, for their
extremities act as levers or balancing-poles.

Just as a tight-rope walker maintains his equilibrium with
a long pole, so the aviator finds the long wings of value in
balancing his craft. Natural stability is the aim of every

~designer and builder of aeroplanes and models, and recent

experiments have proved that certain remarkable phenomena
are produced by bodies of peculiar form moving through the
atmosphere.

One of these is the fact that any body moving through the
air causes a disturbance of the air for a considerable dis-
tance in advance of the body itself. By numerous experi-
ments and very complex formule students of aerodynamics
have demonstrated that certain forms of bodies and wings
will produce a disturbance ahead which will result in act-
ually adding to the lifting power of the air. By adopting
wings designed to take advantage of this peculiar fact very
much greater efficiency has resulted.

13
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Another discovery which has quite recently been made
1s the fact that, whereas the old-fashioned curve of wing
and wing-beams tended to reduce stability when ascending
or descending, more deeply curved wings and thicker and
more rounded entering-edges result in increased stability.
This seeming paradox is the result of the “center of press-
ure”’ changing as a machine rises or descends, and whether
this point changes to front or back depends largely upon
the curve of the wing section.

The diagrams Figs. 6 and 7 make this matter much clearer
than an explanation. In Fig. 6 a conventional form of
monoplane is illustrated. A shows the machine flying in a
horizontal plane, with the center of pressure indicated by
the arrow; B shows the same machine rising, and here it
will be noticed that the center of pressure has moved for-
ward, thus tending to tilt the machine still farther up with
possibly fatal results; C shows the same machine descend-
ing, and here the arrow indicates that the center of pressure
has moved to the rear, thus tending to tip the machine-tail
up and cause it to “dive.”

In Fig. 7 a monoplane of the same form with improved
wings 1s shown. A illustrates the machine in horizontal
flight, with the center of pressure indicated by the arrow. If
this machine ascends, as in B, the center of pressure, instead
of moving forward, moves back, thus tending to preserve
balance or stability. At C this same machine is shown
descending, and here again the center of pressure moves,
but it moves forward, thus helping to preserve stability and
preventing the machine from diving.

In making your models or gliders, or in designing a large
machine, you should always bear these facts in mind and
try numerous experiments with wings of various forms and
curves before finally deciding on the one you will adopt.

14
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No machine has been made which is entirely dependent on
natural or “inherent” stability, for, while small models can
be so constructed, in man-carrying sizes they are uncertain
and liable to capsize. Moreover, the small machines are
not intended for flying in circles or performing figure eights,
spirals, etc., which are necessary in real flying-machines.

The early machines could not turn at all, and 1t was a
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long time after the first flights were made in public before
the aviators learned to turn a corner, or even a half-circle,
in the air.

Each turn, twist, or deviation from a straight course re-
sults in a variation in balance and stability, and to overcome
the constantly changing equilibrium, as well as to allow the
pilot to turn or manceuver in any direction, various supple-
mentary or auxiliary devices are used. Some of these are
used in turning to right or left, others for rising or descend-
ing, and still others for maintaining balance or stability.
All these things must be under the direct control of the
operator, and must be easily and quickly reached and ma-
nipulated, for upon them his life invariably depends.

These various devices are collectively known as “con-
trols,” and as they vary a great deal in several types of
machines, and, as they are in a way the most important
parts of the aeroplane, they should be carefully studied
and thoroughly understood before attempting to make or
fly any sort of aeroplane or glider.

Very few model aeroplanes are provided with controls;
but it is great fun to fit them to models and, by setting them
in various ways, watch the effects they have upon the flight
of your tiny machines.

As those used on model machines are identical in action
and design with those used on real machines, a knowledge
of one will answer for both, and in the next chapter I will
describe and explain the most important controls and their
most noteworthy and efficient types.



Chapter III

STEERING IN THE AIR

HE main control of any aeroplane is that which renders

it possible to guide or steer the machine upward when
rising from the ground, or to steer or guide it downward
when the pilot wishes to descend or “volplane.”

This control may be obtained by horizontal rudders in
front of the machine, or by a horizontal tail in the rear,
or a combination of both. In the older forms of machines,
such as the original Wright, the old Curtiss, the Farman,
and others, the front horizontal rudders, or “elevators,’’ were

L T S T

Fig. 1

always used. Nowadays the tendency is to omit the “head”

and depend entirely upon rear elevators. Fig. 1 shows an

old-style Farman machine with the forward elevator, or
17
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head, whereas Fig. 2 represents the Burgess-Wright bi-
plane without the head.

The action of either the forward or the rear horizontal
rudder is very simple and easily understood. The rudders

Fig. 2

consist merely of small planes of fabric stretched on a wooden
frame, and pivoted or hinged so that they can be swung up
or down like a trap-door or the lid of a chest. If the rear
elevatoris moved as shown in Fig.3 A, or the forward elevator
is swung as in Fig. 3 B, the pressure of the air against the
angle of the elevator forces the machine to tip upward and
ascend as shown by the arrows in the cut. If the pilot
wishes to descend, the elevating-planes are swung in the
opposite direction, and the forward end of the machine will
be forced down by the pressure on the eleyators, and the
entire aeroplane will follow the direction shown by the arrow.
Monoplanes always have the elevating-planes in the rear,
and, while they may vary in size, position, or details of con-
struction, their principle and action are always the same.
18
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The elevating-planes of a Bleriot monoplane are shown
in Fig. 4 A, and those of an Antoinette in Fig. 4 B. The
manner in which the elevators are moved or controlled by
the aviator varies greatly in different machines, but in the
majority of biplanes the elevators are connected by wire
cable to a steering-column, or post, and by moving this for-
ward or back the pilot raises or depresses the elevators
(Fig. 5). Only a very slight motion of the horizontal rud-
der 1s required to cause the machine to vary its angle of
ascent or descent a great deal, and in building model aero-
planes you will find that the least variation of the angle
of the planes will make a wonderful difference in their
flight. '

For a long time after aeroplanes flew successfully it was
impossible for the operators to turn in a curve or circle
without upsetting. The tails of the machines were ar-
ranged to move like rudders to boats; but, nevertheless, a
slight turn would upset the balance of the machine and
cause disaster. It was not until the Wright brothers in-
vented the “warping-wings” and other inventors discov-
ered ‘‘ailerons” that stability could be maintained and
circles, figure eights, and other evolutions performed in
midair.

If we examine the diagram Fig. 6, which represents an
aeroplane turning in a circle, we will find that the outer
wing (A) must travel a great deal farther than the inner
wing (B), just as the outer rim of a wheel turns farther in
making a revolution than does the hub. In order to accom-
plish this the outer tip of A must travel through the air at
a much greater speed than the inner wing-tip (B). AsIhave
already explained that the faster a plane moves the more
lift it produces, it will be easily understood that the excess
in speed of A must tend to lift the outer wing-tip and that
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side of the aeroplane a great deal more than the slower-
moving inner wing.

Of course, this causes the machine to tip more and more
toward the center, and if carried too far would cause the
aeroplane to slide sideways to earth or to capsize. In order
to overcome this tipping, or “banking,” and enable the pilot
to turn safely, various devices known as “warping” or
flexible wings and ailerons were designed.

Fig. 7

The warping-wing consists of a flexible portion of the
outer end of the planes connected by cables with the op-
erator’s control in such a way that the wing or plane may be
bent or twisted (Fig. 7). By bending down one wing and
bending up the other the planes can be made to present a
greater or less resistance and lift to the air. Thus, in turning
a corner, as shown in Fig. 6, the speed of the outer wing, A,
may be decreased by warping down that wing, and the speed
of B accelerated and its lift increased by the same control-
cables, so that the tendency to tip up is neutralized and the
machine remains practically on a level keel.
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The same result is accomplished by means of ailerons in
other machines. These are merely small auxiliary wings
or planes which are placed either at the rear edge of the main
planes or midway between them, as in Fig. 8, AA. The
function of the ailerons is exactly similar to that of the
warping-wings, for by tipping them up or down one or the
other wing-tip may be retarded and its lift decreased.
Ailerons and warping-wings are known as ‘““lateral controls,”
and are used in maintaining side balance or “lateral stabil-
ity.” In addition to their value in turning corners, they are
also of the greatest importance in aiding the operator to
keep his machine on an even course when flying in disturbed
air, in uncertain winds, or, in fact, wherever it is necessary
to keep the machine from tilting first one way and then
another.

Each kind of a machine has a distinctive method of operat-
ing the cables leading to the warping-wings or ailerons. In
the Wright machines it is accomplished by a hand-lever
(Fig. 9 A); in the Curtiss it is brought about through a
shoulder-yoke (Fig. 9 B); in the Bleriot it is done by tipping
the steering-column (Fig. 9 C); and in other makes it is by
foot-pedals or steering-wheels. Most operators prefer the
shoulder-yoke, for in this system the natural tendency of
the pilot to swing his body away from the side toward which
his machine tips operates the aileron control and auto-
matically rights the aeroplane.

If you watch an aeroplane carefully while in flight, you
will notice that the ailerons are continually moving ever so
slightly, and in many biograph pictures this may be seen to
splendid advantage. When warping-wings are used they
do not show their motion so much, but they are just as con-
stantly in operation, and the pilot depends upon them just
as much as in the case of ailerons,
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Motion from one side to the other, or turning, 1s accom-
plished in the air very much in the same manner as a boat
is turned in the water—namely, by a vertical rudder. The
rudder of an aeroplane is merely a light frame covered with

Fig. 10 C . Fig. 10

fabric and usually placed in the rear of the machine on the
tail, with about half of its surface above and half below the
horizontal tail and elevators. Fig. 10 A shows the rudder
on the tail of a Curtiss biplane, Fig. 10 B the rudder on the
tail of a Benoist, Fig. 10 C that of a Bleriot monoplane, and
Fig. 10 D the rudder and elevator of an Antoinette.

The size, position, and details of construction vary with
each designer and type of machine, and in some cases the
vertical rudder is placed in front of the machine in the
head with the elevators, or forward and rear rudders are
both used, each working in unison with the other.

In many forms of machines the vertical or steering
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rudder is so arranged as to operate in unison with the
warping-controls or with the ailerons in such a way that
when the machine is turned to right or left the proper aileron
or wing-tip is raised or lowered, thus more or less automati-
cally maintaining stability.

Several typical forms of tails, rudders, and ailerons are
illustrated in Figs. 11 and 12. Fig. 11 A shows the new
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Wright form of vertical and horizontal rudders; B is the
Voisin form used on the Farman aeroplanes in conjunction
with ailerons attached to the rear edges of the main planes,
as shown in C; D is the famous Curtiss tail and rudders
used with the ailerons between the wings shown in E.  The
tail and rudders of the Benoist machine, and its odd ailerons
extending beyond the wing-tips, are shown at F. These are
all typical biplane devices, and several monoplane rudders
are shown in Fig. 12.  As monoplanes use warping or flexible
wing-tips, and not ailerons, the tails and rudders alone are
illustrated (Fig. 12). A shows the Bleriot, B the Heinrich,
C the Columbia.

Any of these forms or their modifications are capable of

Fig, 12 C

adaptation to model machines, and there is really no particu-
lar choice as regards their relative efficiency.

No matter what system of rudders, elevators, and lateral
controls are used, all three must be present in some form in
any real aeroplane, even if it is of the peculiar tailless type
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made by the late Frank Boland (Fig. 13), or the tail-less
Voisin-Canard machines. In the Boland aeroplanes lateral
control 1s effected by “jibs” between the planes, and the

|
“

Fig. 13

elevating - rudders are ahead of the machine on an out-
rigger.
In model fliers the controls may be greatly simplified, for
lateral stability is of little importance, as these miniature
27












Chapter IV

MODEL MACHINES

HE term “model aeroplane” is in a way very mis-

leading, for a true model aeroplane is an exact copy
in miniature of a real plane. Such a model may or may not
be capable of actual flight, and some of the most beautifully
made models of this class, with every detail worked out
with utmost care and accuracy, can never be flown. Such
models serve only to illustrate the proportions, construc-
tion, and appearance of the real machines, and have little
interest save as curiosities and examples of good handi-
work.

Actual flying-models of large machines are often seen,
and some of these are marvels of good work, accurate at-
tention to details, and are most interesting and instructive,
for they illustrate far better than any other method the
actual principles and operation of the big machines.

Nowadays the term ‘““model aeroplane” is more widely
applied to small machines which are very distinct from any
man-carrying aeroplane, and are designed and built solely
for amusement or for racing or distance contests.

These machines are more properly known as “racers”
and “fliers,” and it is with these that the various ‘“model
aeroplane clubs” hold contests, and for which prizes are
offered. Such models are of no real value as related to
large machines, for, oddly enough, a flier that works well and
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breaks records would fail utterly if enlarged to man-carrying
dimensions.

If a boy wishes seriously to study aviation with a view to
ultimately designing or building a real aeroplane, much
greater progress may be made and much more knowledge
gained by building small reproductions of standard machines
than by constructing fliers and racers. On the other hand,
a great deal more amusement and real fun may be obtained
from the fliers than from true models. Fliers are cheap and
easy to build, and one never knows when some new or un-
tried design may prove to possess remarkable powers. True
models are rather expensive, and require a great deal of time
and patience to construct, and very accurate work and fine
adjustment are necessary if they are actually to make
flights.

When the model is at last complete and really flies, an
accident may occur, and your beautiful model, which repre-
sents weeks of painstaking care, may be smashed to bits
in a second. This is very disheartening, whereas a flier,
even if broken or smashed—which is unlikely—means mere-
ly a small loss of time and money.

The commonest forms of true models which have been
worked out on a small scale and which actually fly are the
old-style Wright biplane, the Curtiss biplane, the Curtiss
hydroaeroplane, the Nieuport, and the Bleriot monoplane.
These will be fully described and minute directions for their
construction will be given in another chapter.

Before commencing to build a model of any sort, however,
great care should be taken to secure accurate and reliable
plans and materials. It is very easy to draw out a “scale-
plan” of an aeroplane, but it 1s a far more difficult matter
to build one that will actually fly from many of the plans
offered for sale at the present time.
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Simple Models

Probably the simplest form of model flier that it is possible
to construct is that known as the “skeeter” (Fig. 1). This
machine is designed especially for indoor amusement, and
consists of a very light, straight stick for the body, or frame,

|

with a forward and rear plane of cardboard or onion-paper.
The propeller may be cut from thin sheet celluloid, alumi-
num, or stiff cardtoard, and is turned by a twisted rubber
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band fastened to a hook on the propeller-shaft and a second
hook on the frame (Fig. 2). These tiny affairs are about
8-1/2" long, and spread 6-1/4"" across the forward wings.
They will fly thirty feet or more, and by bending the wings
at various angles and using different-sized planes a great
deal of fun may be had, and considerable experience gained
as to the particular angle of planes and proportion of sizes
which give the best results. These models cost but twenty-
five cents ready-made, but any boy can make one in a few
minutes at home.

Almost as simple as the skeeter is the ‘““loop-the-loop
glider,” shown in Fig. 3. For pure amusement this device
will prove very satisfactory, for it will fly several hundred
feet, and can be made to perform numerous remarkable
evolutions, such as ‘“‘looping the loop,” ““dipping the dip,”
etc. This glider consists of a single stick having at its for-
ward end a wire hook (A) and an elevating-block (B) to
which is attached the forward wing or plane (C). At the
rear end of the stick is a vertical “fin,” or keel (D), and above
this the main plane (E). Both of these planes, C and E,
are attached to the stick by rubber bands (F). Either thin
wooden or fiber planes may be used, and even thin alumi-
num planes often prove very satisfactory. In addition to
the glider you must also have a sling of wire (G), to which
a long and powerful elastic band is attached (H).

If you wish a straight flight, with the wind, set the front
edge of the forward plane on the second notch in the ele-
vating-block and catch the hook (A) on the rubber of the
sling. Grasp the rear end of the stick between thumb and
forefinger, as shown in Fig. 4, draw back as far as you can,
and release the grasp on the stick. If your planes are truly
set the little device will sail gracefully upward and away
for a hundred feet or more. If a longer flight is desired,
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you may dnive two stakes in the ground several feet apart
and use these as the crotch to the sling with longer and
stronger rubbers. Two people may also hold the ends of a
long, stout rubber, and by one or the other of these methods
vety long flights of from three hundred to six hundred and
fifty feet may be obtained.

Care should always be taken, however, to have the glider
start at a spot a little lower than the top of the stakes or
sling, and at an ascending angle, in order to have it clear
the top of the stakes or the crotch of the sling.

If instead of flying straight the glider flies to one side,
set the main plane a [ittle over to the same side. A very slight
alteration will serve, and it 1s best to make such changes very
gradually until just the proper adjustment is obtained.

By placing the forward or elevating-plane (C) on the upper
step of the block (B), and flying the device against the wind,
the loop-the-loop will be obtained, and the glider will come
to earth after a long and graceful glide.

By varying the position of the forward plane up and down
on the steps of the block, and by altering the adjustment
of the rear plane from side to side, almost an endless
number of evolutions may be obtained with this simple
device, )

These very simple affairs, such as the skeeter and loop-
- the-loop gliders, are really mere toys, and are useful
simply as serving to demonstrate the principle of model
machines and as affording an insight into the various
effects produced on flight by slight changes in balance, angle
of planes, and other details. For real sport or satisfaction
in model-flier construction and design you must look for
something better, more advanced, and more powerful. Such
are the various “long-distance fliers”” and “speed-o-planes ”
(Fig. 5 and Fig. 5 A), the “Cecil Peoli racer,” the Pierce,
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and Mann machines, and a host of other miniature aero-
planes designed for speed, long-distance, and accurate
flights, and many of them capable of rising from the ground
under their own power.

Tools and Materials

Many splendid models are for sale ready-made by the
various firms dealing in model aeroplanes and supplies, or
the machines may be built from accurate plans furnished by
these dealers.

As it is far more fun to build your own models and work
out the parts from the raw materials yourself, I advise every
boy to do this. It is practically impossible to secure the
proper grades and qualities of wood, fabric, rubber, and other
materials in the ordinary shops, and it is therefore advisable
to purchase them from a reliable firm dealing only in such
things.

It is possible to build a very good model with only a
jack-knife and a brad-awl for tools, and with a piece of pine
board, some silk thread, and an old tin can for materals;
but such a model built with such crude utensils will never
be satisfactory, and is only a makeshift.

Ordinary carpenters’ tools are far too coarse and heavy
for the fine and accurate work required in building model
aeroplanes, and it is far better to provide tools especially
suited to the work.

Such tools are not expensive, and save many times their
cost in material saved, which would be wasted or injured in
attempting to use ordinary tools.

One of the most important tools is a small hand-drill.
This is very essential, as it is necessary to drill many
small holes in the thin wood of frames and planes, and special
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drills designed for this purpose may be purchased for twenty-
five to thirty-five cents each (Fig. 6).

A pair of small, round-nosed pliers, a pair of small cutting-
pliers, a hack-saw or a hand scroll-saw, and a very fine screw-
driver are the most important tools in addition to the
drills and a sharp knife.

Langley Type
Fig. 7
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A small 1ron plane, plenty of assorted sandpaper, strong
silk thread, steel and copper wire, sheet brass and aluminum,
small screws and brads, and tiny screw-eyes are very useful,
and in many cases necessary.

Wire should be flexible, strong, and very fine, gages 28
to 34, and the screws and brads very minute.

In building models lightness and strength combined are
of the utmost importance, and common wood with knots
or weak spots, ordinary cardboard or paper, and common
elastic bands will not serve if good results are to be obtained.

Among the fabrics used are “silk fabric,” ““bamboo-
paper,” and ““fiberloid,” all excellent for certain purposes.
The silk and bamboo fabrics should be coated with bamboo
varnish or fabric solution; but fiberloid is a celluloid-like
transparent material and requires no treatment.

Other fabrics can also be obtained which are already
treated and require no varnishing or other preparation.

Among these 1s “Zephyr Skin,” a specially prepared ma-
terial which is lighter than tissue-paper and tougher than
silk, and which has an exceedingly smooth surface, thus
reducing skin friction to the minimum. The size of the
skins i1s about 6" x 22", but two or more may be readily
glued together to obtain any desired size.

To those unfamiliar with model aeroplane work and the
advances made in model-aeroplane construction a great
surprise 1s in store when a visit to a dealer in model supplies
1s made.

In addition to selected materials, such as woods, fibers,
bamboo, rattan, metal, etc., there is a great variety of dainty
carved propellers, metal propellers, and fiber propellers for
machines of every sort and size.

Shafts, bearings, metal braces, and even ball-bearings, are
constructed solely for models, and an infinite variety of tiny
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rubber-tired wheels, axles, turnbuckles, gears, sprockets,
and other parts are to be had ready-made, and as care-
fully finished as their larger counterparts used in real
aeroplanes.

In many cases better results may be gained by purchas-
ing all such accessories ready-made than by attempting to
fashion them by hand, for they are wonderfully cheap, and
unless you are well provided with a fine assortment of metal-
working tools it is a difficult matter to produce accurate
metal fittings for models.

Propeller hangers, bearings, braces, and similar fittings
may be obtained to suit almost any model; but, as most of
these are adapted to special designs, it is better, in experi-
mental work, to make your own metal parts.

The only materials which should be kept on hand are
various sizes of spruce sticks, T- and I-beam section wood,
round and half-round rattan or reed, and split bamboo. As
you can never tell just what size or form of wood, rattan,
or bamboo you will require, it is best to keep a good assort-
ment on hand, for these matenals are cheap, and a great
deal of time and trouble will be saved if you have just the
thing you need and are not obliged to run out or send for
a piece of wood you happen to want.

The spruce in various forms costs but one or two cents a
foot, and the rattan and bamboo about the same, so you
can have a splendid assortment for less than a dollar.

If you wish to make your own propellers you should have
several blanks on hand, as these are very cheap, costing from
ten to twenty-five cents each, and are far better than you
can make yourself. It is an easy matter to whittle a single
propeller from a blank; but it is very hard to whittle out
two exactly alike where twin propellers are used. The
blanks are made of various suitable woods, and are roughly
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shaped, as shown in Fig. 7, which illustrates some types of
“Ideal” propeller blanks.

Equipped with the above-named tools and materials, the
boy builder need not be afraid to tackle any sort of model,
for with industry, care, and accurate work splendid models
can be built even if you have never practised carpentry or
wood-working.

Of course, more attractive and handsomer models can be
produced by using ready-made parts and merely assembling
them, but the satisfaction obtained by building an aero-
plane model entirely by yourself is far greater than you will
obtain by putting together parts purchased of a dealer.

A model aeroplane is much like a model boat or yacht;
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