PREFACE

Thousands of mechanics of various kinds are going to bm'
needed to inspect, adjust and repair the large air fleet whic
now being prepared in this country and as this is a new indugtry
it has been deemed advisable to compile such facts regardin
craft as may help to make these available in the shortest
Except for a considerable amount of actual personal obse;
in both factory and flying field, no originality is claime
handbook; instead, it represents what is believed to. 5
practice known at this time and contains many ions
which cannot fail to be of value to any aircraft mecha

It is in the hope of aiding work of this kind, in helping to make
our aircraft more efficient, that the work has ertaken.

NEw YOREK, THOR.
Mareh, 1918.
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INTRODUCTION

The first requirement of an airplane mechanic is reuabimy-(b'
there must be no guesswork about anything that goes to make&
an airplane—everything should be right before a machine
into the air. No good pilot starts a flight until he has
his motor up to speed and knows that it will give him the
sary power. But the details of the plane, the wire ropesg
connections, the eyes, the splicing or other fastenings,
leys over which the ropes run, the condition of the

wing hinges and connections, must be taken care of me-
chanies. The failure to know that everything is ri y not
only mean the life of the pilot but, in military matters, the loss
of valuable uﬂormatlon and the death of hundreds ps.

There are us wo mechanics assigned to achine,
one for the engide andypropellor, or power pla other for
the plane and all\its cofnections. The Englis the first the
fitter and the he rigger; we substitute inist for fitter ,
and retain ri ane man for the other.

The tter should thorough] nd internal
combustiony mof nstruction and rep f as many types
of motor le. Each has its pec es and should be
studied best know how to . This is particu-
larly t g e and Rhone. We

have ! ountry but their pe-
culiaritieSsho to take them down for
examination and repair and to ble them, for this is
quite an intricate task on some o: otors of this type. The
parts must go together in a ¢ uence or they will not go

at all, as in a Japanese pmxh\
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THE AIRCRAFT

MECHANICS HANDBOOK S
SECTION I 8’

THE GENERAL CONSTRUCTION
Although the modern airplane framework is appama

simple arrangement of wood and wire, it will be found wmn
many lessons in mechanical structures and is well con-
siderable study. The combination of wooden spars and struts,
secured against movement by suitable fittings and in their

proper positions by steel cables, forms an interes gineer-
ing structure andgOnéwhich the airplane ri mechanic
rnust.befa.milis.r he is to do good wo general
construction is ghownsifl Fig. 1 with the princi named.

The struts, built-up structures, to hold the
framework a

in the proper positiﬂn\ y are always

in comp must be held firmly so tight as to
spring the ut of line as they can very little after
they are continue to bend and under a compara-
tively lig Wood is very strong im\direct compression but

This should be straight-grained
kinds as the work of the strut is
rules of inspection call for spruceywhiéh has at least six rings,
marking the yearly growth, td" A few insist on eight
rings to the inch, but this is possible to secure. The
distance between the rings sh e growth of the tree during

from defects of all
important. Some of the
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THE GENERAL CONSTRUCTION 3

a single year and as a tree in good soil will grow much faster than

a tree in poor soil, there will be fewer rings per inch even though
the wood be equally sound and strong. Foresters say that a
rapidly growing tree is more subject to disease and this is the
basis for the demand for finely spaced rings. But excelle

spars have been made from spruce having only two rings m
inch, so that the exact number of rings per inch is not an

lible guide in choosing suitable wood for spars and struts.

The mechanic who would be a rigger has much to les
the various parts of the framework and wings, for thes @ Bt
receive the most scrupulous care in every way. cetite
line of the body or fuselage must be straight and true, es
at the rear which act as a stabilizer or balancer fof % t of
the machine must be in correct alignment, the wix% lanes
must be square with the fuselage and also at the co angles
when the whole machine is resting on a level floor. In other
words, they must be in their proper position f ery point
of view, length wise, sidewise and frontwise, as a variation
makes conside difference in the handli e machine
and affects its sta and safety to a consider egree. Some

3'can be checked up wit e by a trained
man but there me which should be ly measured if
to believe that the madhing has been subject
which may have twi somewhat out of

is a square-sectioned ork, in most cases, ,
with mbers separated by short , held in steel fittings,
No. i@ tied together by steel 0. 144, running diag-
onally fFemy strut to strut, No. 13 . The tension of these
wires is very important not onl amount but as to uni-
formity, and this is one of the ints in the rigger's part of
the work. With these wireg ight an undue stress is put on
the strut and also on the N reducing the factor of safety
in both cases. With uneq sion, unequal stresses are im-
posed on various parts of e and accidents are apt to
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occur from some part giving way. For even if the strut does not
break but is bent out of shape this throws undue stresses on
certain parts, shortens the distance between the surface it sepa-
rates and otherwise disturbs the general layout of the machine.
All these things interfere with the efficiency of the airplane and
every drop in efficiency is serious in the case of a military mg€hine,
more so than in any other case. For efficiency is the on g
that enables the pilot to do his best work, and may ea%ean
the difference between victory and death.

The struts must be carefully watched to see that not
damaged in any way, as if the outside fibers of the come
splintered or bruised it makes a tendency to ben point
and may lead to rupture just as a defect in t d itself.
The ends of the struts are also very impo icularly

where they fit into the sockets and also the ets themselves.
These sockets should fit snugly and require pushing into place
but should never be driven on with a heavy hammer owing to
injury to the fibers of the wood. The stru ﬁ' ould fit the socket

718 int. One good

against distortion due
throw undue stresses
from uneven tension on
work carefully varnished
posed to the atmosphere,
imum.

ch includes struts as well as
les as possible for any purpose
the piece and the fact that the
hole is filled makes noadi as to the strength of the piece
as many seem to think is makes it essential that the loca-
tion of every hole be @ d before it is bored so as to avoid

er letting the bare woo
arping can be reduced

good rule in all woodwo
the other parts, is to bore asffe
whatever. Every hole w
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unnecessary drilling and consequent weakening of the piece.
Where holes are drilled, the size should be carefully determined,

as the bolt or screw should be a good fit and not require driving

in as this has a tendency to split the wood. A light tapping is

not objectionable but the fit should not be tighter than thm
On the other hand, the hole should not be large enough

the bolt move in the wood. Either too tight or too loose

split the wood, the latter by working sideways and enla

the hole to the danger point.

A careful study should be made of the methods
best builders in holding the various pieces of the f
together, both as to the fittings and the way in wkic
the wood and how the wires are connected to th
metal stampings and drop forgings are being large
good resultsand careshould be taken tonote how they are

to resist the various stresses and how they are to enable
quick assembly and rigid construction. Some e fittings,
for example, musi*B&slipped over the whole len e longeron
while others cz m ut on at any point withou¥ disturbing
any other fittingSwghi¢h may already be in p me require
the ears which take the strut wires to be@to the proper
angle while othérg are so designed that®t which receives

the wire, swivels, and so adjusts itself to angle the wire

may assufnejunder tension.
oTe ads and nuts fit agai work large washers
must be_usedufo prevent the metal, eibher nut or washer, being

he wood and destroyin ers. A large washer
e stresses over a la and prevents this



SECTION II (D'
THEORY OF THE PLANES b’

In order for the rigger to be thoroughly efficient he
stand considerable theory of the construction of \ai
and the essential features necessary for satisfacto
importance of care and accuracy in this connge

be overstated, for the pilot’s life depends on tl;Qtion of the

machine itself, for even should the engine f: ith him high

" in the air he can usually land safely with the planes in good

condition. .
The rigger must know why a machine flie

garding m airplanes.
missSupported in the air by duiyifig it so that the air
er, its inclined surfaces. ([hesd force the air down
and getion of the air supportsythé™planes. The inclina-

gle of incidence and is
i 1tg normal flying position,
engine. In the side view
%dence is that formed be-
ioff and the chord, or straight

ore correct definition of the

angle of incidence is the ed between the direction of

motion and the neutral liftdine,%hich starts at the trailing edge

of the plane and runs £l main lifting surface, neglecting

the downward curve o *mlt edge. The two methods are

shown in Figs. 2 and 3 a practical viewpoint the former
6
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is sufficient and enables the rigger to measure the angle more
accurately than the other way.

The angle of incidence varies considerably in different ma-
chines: the Curtiss triplane scout has 314 degrees; the twin-
motored military tractor only 2 degrees; the training machin
J N 4 B. 2 degrees; a hydro-airplane 4 degrees; and the flyi
boat 634 degrees. On the other hand, the Standard Airp
Corporation use 234 degrees on the training machine, 134
grees on a training hydro, 5 degrees on a twin-motored milj
hydro and only 2 degrees on a military reconnaissance

H
L]
A b= T —

_______________ "
B e T e e e
ST —

FIG.2 =
A=Angle of Inc e
B=Direction of
'2---. ) C=Section Plane
A
4
FIG. 3 \
and 3.—Measuring angle ofw
THE LIFT OF THE
The

deured by forcing the pla ugh the air, is due - -
‘ ect reaction of the air a@ the lower planes and

to the partial vacuum formed over of the wing, as at A,
behind its leading edge as shown in{Fig™. This is found to be
over half the lifting force, in fact ly considered as about
three-fifths or 60 per cent., du pper surface of the plane.
This makes it essential to ke per surface of the wing in
good condition, especially asore apt to strip off the top
than the bottom.
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The resistance of the machine, or drift as it is often called, is
made up of the resistance of the lifting surfaces, the passive
registance of the struts, propeller hub, wires, landing gear, etc.,
and the skin friction produced by the roughness of surface.

The efficiency of the machine itself, without regard to

gine which drives it, is due to the relation between thi nd
:_:'r =
= A —
= —

|

—N

Fi1c. 4.—Action of air on wing. k

the resistance or drift, this being known as_the lift-drift ratio.
The less the resistance the greater the effi of the machine
so that evepyagffort is made to decrease the ce by stream-

lining all parts which are exposed. Thi -lining is making

the piece pointel not so much where it the air as where

the air , 88 the passing air acts “ same way over the
4

: \*“ =

7 N ) :
: Fia. 5.—How around struts.
top of the wing and crea rtial vacuum which holds back
the piece and adds to th ce. This is decreased by mak-
ing the shape of the shown in Fig. 5 which shows .the
effect of both round ream-lined shapes The space A

shows the difference i um created. It is for this reason
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that the landing wheels are covered and even the exposed wires
are now being stream-lined on the highest-speed machines,

The camber of the wings is the curved surfaces at the top and
bottom, the top being convex and the bottom concave. This
camber varies greatly with the machine and the rigger can o
assume that this, as with the angle of incidence, is rightly,
portioned, and keep it in the condition in which he fi
This is also true of the stagger of the planes, the rigger’s
being to see that the proportions of the designer are mai
The amount of stagger is sometimes given in inches, whi
makers state it in degrees.

DIHEDRAL ANGLE ‘ \

The dihedral angle, or the angle which the winNe with
the horizontal, is to secure an inherent stability or self-righting

|

|

\ }
et

T 7, W
Fia. 8.—Action of dih

quali he machine. An atéd example of this is
sho g. 6 which shows the level at A, and tipping
at B. AsSoon as the plane st the wing C, which goes
down, immediately presents more surface to the air while the
other wing D decreases its surf: the machine at once starts

to right itself. The supporti of each is represented by
E and F. S

The measuring of this dibedral’ angle can be done in two or
more ways, the first or string method being the more satisfactory.
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A cord or fine wire is stretched over the top of the wing as in
Fig. 7 and held in several ways. A tripod may be used at one
end and a weight at the other to keep it taut, or one end may be
tied over the edge to a strut, or both ends may be secured in this
way. Then, with the cord bearing on top of the wing at

end, measure the distance between the chord and the pl
definite points, taking equal points each side of the centMel
of the machine. This should be done at both the front ch
edges of the plane or, more properly, over the two maip"spa

the wing. This is done just as much to measure thes

Fia. 7.—Measuring"d t@m

incid to check up the two Qf the machine and see
pangle is alike. By keepi of these measurements
gger can easily detect any which may occur.

wongtrings should be used er each spar, and drawn
very tight. The points meas ould be just inside the four
center section struts, in oth s as far as possible from the
centér of the center- secuon nal measurements are also
taken, from similar poi h side of the machine. These
measurements should be rom fixed points, such as certain

distances from the ends o pars. Many take these measure-
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ments from the bottom socket of one strut to the top socket of
another strut, but this is not good practice as this seldom gives
accurate measurements. By measuring the distance between
top and bottom planes it can readily be seen whether they are
both set at the same angle.

Ty

-.H onr | o
' LeveL, |
| e VA = ==
L b
m not

F1a. 8.—TUse of dihedral angle board.

Another method and one which is easier to use

usually as accurate is by the use of the dihedral shown
in Fig. 8. This is simply a board cut with the p angle for
the dihedral on one side. These boards should before

using and care must be taken e spar is not warped or
“set” at the points where thgy . For, as these must be
used on the spars between N , slight inaccuracies often
creep in from this source. %ys or sections between struts
must be carefully measured ally as a check to the use of
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the boards. This same type of board is used to measure angle
of incidence as shown in Fig. 9, but the level goes on the long.
straight board. In all cases be sure the level is accurate.

MEASURING THE STAGGER

The amount of stagger is measured by dropping a plum m
theleading edge of the upper plane and measuring ba.ck ownin
Fig. 10. This can be measured Ielther horizontally 6 the

F1a. 10.—Measuring the@? of planes.
line chord. Some make:@:e one way and some an-
erbut the correct way should own on the diagram which
is is the only way in which a
along. The two measure-
ments may be as much as 4 qUaster of an inch difference, and

while this may seem but a it may be enough to make the
machine nose-heavy or tail= as the case may be.

If any adjustments necessary, and they usually are,
they should be very @y made, taking great care not to
spring any of the impo parts such as the wing spars. It
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is also well to run over all adjustments after the last one is made
to be sure that this has not thrown some of the others out of
place. .

After all other measurements have been taken and adjust-
ments made the overall measurements will tell whether th
machine as a whole is in good shape or not. These are taken i

as Fig. 11. The points A and B are marked on the main s&
each the same distance from the butt or end next the fu%

O

Q,

wl.—lﬂmuﬁng trueness o@:acﬁinm

In a @ machine the point C i ter of the propeller
shaft, ifa, pusher, the center of th t end of the machine.
From A to C and from B to C of course be the same,
these measurements being taken both the top and bottom
wing of the machine, making measurements on each side

of the machine.
In the same way mark two points D and E. on the rear spars
of each wing and measure a point F in the center of the
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fuselage or rudder post. Here again two measurements are

necessary on each side,
Should these measurements not check up as they should, it is

possibly because some of the resistance or drift wires are mot

Fie. 12.—Location of thrust, resistance, gravity and lift.

tightened evenly, or the fuselage may out of true.
however, have been tested e rest of the
be found and

fly.

F1a. 13.—How aifs affects the tail planes.

nable the rigger to keep in mind
e machine. It will be seen that
ft is above the center of thrust, or

A little study of Fig
some of the main poin
the center of resistance
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the center of the engine shaft, and parallel to it. The center
of gravity is a little forward of the center of lift so that, with
the power shut off, the machine will naturally assume its proper
gliding angle, which should give the same speed as when flying.

As the air comes through the main planes it is deflected do
ward as shown in Fig. 13. This affects the angle of the tail pl::m
which may either be in line with this downward stream 0%
or at a lesser angle than the main wings. This stream
affects the fore and aft stability of the machine,

THE STABILITY OF AIRPLANES

The following notes on stability and stresses fromnt. ual
of the Royal Flying Corps give many useful suggesrk
Smmurr
By the stablhty of the mrplane is meant the tend(mcy irplane to
; not to fly
its course,
t the natural
s did not exist
ne le{t, and the
have dlmctlonal stabiht 1ecessary for it to
have, in t, more keel surface behind its than there is in
front of i
By k meant everything you when you look at the
airplane side of it—the sides of t y, under carriage, wires,
struts, irectional stability is some i wn as ‘‘weather cock”
s
hat would happen if, in of the weathercock there
was too much keel surface in front of axis, which is the point
upon which it is pivoted. It would und the wrong way. That is
just how it is with an mrpls.ne
Directional stability will be if there is more drift (i.e,
raﬁstance)ononosideofthe theremontheot.hermde This
may be caused as follows:
l.ﬁemgloofincideneeoft "planes or the tail plane may be
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wrong. If the angle of incidence on one side of the machine is not what it
should be, that will cause a difference in the drift between the two side~
of the airplane, with the result that it will turn off its course.
2. If the alignment of the fuselage, the fin in front of the rudder, or with
a machine having the front elevator and outriggers, these must be absolutely
correct. For,if they are turned a little to the left or to the right, i
being in line with the center of the machine and dead on in the dw
flight, they will act as an enormous rudder and cause the machi
off its course.
3. If the dihedral angle is wrong, that may have a bad effeck t,may
result in the propeller not thrusting from the center of the resistance, in
which case it will pull the machine a little sideways, and out o rse.

Fia. 14.—Air curmnf a:d struts.
he struts and stream-line wings afe not adjusted to be dead on
e of flight, then they will @: additional drift on their side
ane, with the result that it off its course.

5. There is still one other the airplane may be directionally
bad, and that is distorted surf e planes are ‘“‘cambered,” or curved
to go through the air with t.he t ible resistance. If, perhaps owing
to the leading edge, spars r% edge getting bent, the curvature is
spoiled, that will change of drift on one side of the airplane
which will then have a turn off its course. See the struts in

Fig. 14.

l
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Lateral Stability.—By lateral stability is meant the sideways balance
of the machine. The only possible thing that can make the machine fly
one wing down is that there is more lift on one side than on the other.
That may be due to the following reasons: .

1. The angle of incidence may be wrong. If the angle of incidence
is too great, then it will produce mgre lift than on the other side of them
machine, and if the angle of incidence is too small, then it will produce
less lift than on the other side, the result being that in either case
machine will try to fly one wing down.

2. Distorted Surfaces.—If the planes are distorted, then their cam
or curvature is spoiled and the lift will not be the same on both sides @
airplane, and that, of course, will cause it to fly one wing down.

Longitudinal Stability.—Longitudinal stability means the fore 3
balance. If that is not perfectly right then the machine will try ta
down or tail down. This may be due to the following reasons:»

1. The Stagger May Be Wrong.—The top plane may have k
a little and this will probably be due to some of the wires havi ongated
their loops or having pulled the fittings into the wood. If the top'plane
is not staggered forward to the correct degree then that means that the
whole of its lift is moved backwards and it will then hav q dency to

i e_machine top much. In such a cs l” machine

would be said to be eavy.”
A ¥{-inch error er will make a very considerable difference
to the longitudinal st . '

incidence of the main planes e a bad effect.

If the angle is t.oo g ill produce an excess of lift, will lift up the
noee of the result in it trying to fly tai . If the angle is
too small therg w a decreased lift and the i ill try to fly nose

down.

3. When e is longitudinally out the usual thing is
for the rigger to the tail plane, thinking\that & adjustment relative
to the fusélagéymust be wrong. This is, in X etimes the case, but
it is theJeast likely reason. It is much m ly to be one of the first
two reas : , or the following

downwards, thus giving
If the tail plane has too
much and the machine will

much angle of incidence it will make it
be ““nose-heavy.”
If the tail plane has too little ang OM
and the machine will be “tail-heavy,
4. If the above three points a t, then there is a possibility
of the tail plane itself having assum angle of incidence, in which
2

ce then it will not lift enough,
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case it must be corrected. In such event, if the machine is nose-heavy.
the tail plane should be given a smaller angle of incidence. If the machin-
is tail-heavy then the tail plane must be given a larger angle of incidence.
bué be careful not to give the tail plane too great an angle of incidence,
because the longitudinal stability of the airplane entirely depends on ti.:
tail plane being set at a much smaller angle of incidence than i
plane, and if you cut the difference down too much the machi be-
come uncontrollable longitudinally. Sometimes the tail plm"t. or.
the machine at the same angle of incidence as the main plane,but uali
cngages the air at a lesser angle owing to the air being deﬂechnward-
by the main planes.
STRESSES AND STRAINS

 In order to rig a machine intelligently it is necessary @ ye a correc
idea of the work every wire and every part of the airplanetis,deing.

The work the part is doing is known as stress. If, undue stres-.
the material becomes distorted, then such distortio known as strain.

Compression.—The simple stress of compression p es a crushin:
strain. As an example, the interplane and fuselage struts.

Tension.—The simple stress of fension resul e strain of elonga-
tion. As an example, all the wires. '

of both tensic
pressed.

terial breaks under i:.
e locking pins. Some !
gin a state of shear stresg in some cases, ther
g underneath the boltheads fro wires are taken. Owinz
asion of the wire the lug is i sideways pull on the bol!

o break it in such a way e one part of iv slide ove:

—This is a twisting stress fom of compression, tension, at.!
The propeller shaft t of the engine is a goc.

of cémpression the best of all.
a pound in weight, will, if ki
compression stress of a ton
stick is put under a bending
more than about 50 pou
is of the greatest imports
possible, be kept in a stdte
long as the following cond:

e of Wood under Stre for its weight, takes the stres

ce, & walking stick of about ha
tly straight, probably stand up to -
before crushing, whereas if the san:
it will probably collapse to a stress of no'
is & very great difference and since weigh:
an airplane, the wood, must, as far 31'
rect compression. ‘This it will do safely s
8 are carefully observed.
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Conditions lo be Observed.—1. All the spars and struts must be perfectly
siraight.

Fig. 15 shows a section through an interplane strut. If it is to be pre-
vented from bending, the stress of compression must be equally disposed
around the center of strength. If it is not straight, there will be more com-
pression on one side of the center of strength than on the other side. Th

Fia. 15.—Bection of strut. k

is a step toward getting compression on one side and tension on the other
side, in which case it will be forced to take a bending s which it is

not designed.

pk it will, in effect, becom r, and thus
all the wires attached to theltop ahd bottom of
flight efficiency of the airp ill be spoiled,

F1e. 16.—Effect struts.
besidea an undue and dangerous s g thrown upon other wires,
as in Fig. 16. 4

Where spars are concerned the exception known as the arch.
For instance, in the case of the Matitige Farman, the spars of the center
section plane, which have tb te weig
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result in the weight of the nacelle causing the spars to bend down a little.
That would produce a dangerous bending streas, but as long as the wood
is arched, or, at any rate, kept from bending downward it will remain in
direct compression and no danger can result.

2. Struts and spars must be symmetrical. By that is meant that the
cross-sectional dimensions must be correct, as otherwise there b
bulging places on the outside, with the result that the stress w: be
evenly disposed around the center of strength, and a bending % be
produced.

3. Struts, spars, etc.,, must be wundamaged. Remember from
what has been said about bending stresses, the outside fibe e wood
are doing by far the most work. If these get bruised or en the
strut or spar suffers in strength much more than one at first
sight, and if it ever gets a tendency to bend it is likely t t point. '

4. The wood must have a good clear grain with ng,cro n, knots or |
shakes. Such blemishes mean that the wood is in es weaker

than in other places, and, if it has a tendency to bend, then it will go at
those weak points.

5. The struts, spars, etc., must be properly bedded into their sockets

or fittings. To begin with, they must be a good or gentle tapping

fit. They must never be driven with a hea er. Then, again,

that it will not be evenly

Id be covered with some paint, bedded into the
e paint has stuck all over

around the center !
at will produce a bendi The bottom of the:

I down, all over their cro nal area; otherwise .
ssion will be taken on onm the cross-sectional

atmosphere is sometimes m per than at other times:

cgnses the wood to expan ontract appreciably. This

of Interplane Siruls. struts have to keep the planes

by varnishing the wood % eep the moisture out of it.
apart%but this is only part of th

atter but for the fact that not expand and contract
, but becomes unsymmet: t.e., distorled. This should be-

They must also keep the planes'

in their correct altitude. That is 6n when the spars of the bottom planc .

are parallel with those of the

also be parw. rallel ith the cho the bottom plane. If that is not so then
a* e of incidence as the other one.

eSSA ut all struts the same length, but that is

ated in Fig. 17, the rear spar isnot as thick

It would only seent nec
not the case. Sometimes, 48
a8 the main spar, and it is

ecessary to make up for that lack of thick- |

e. The chord of the top plane must .
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ness by making the rear struts correspondingly longer. If that is not done,
then the top and bottom chords will not be parallel, and the top and bottom

planes will have different angles of incidence. Also, the sockets or fittings
or even the spars upon which they are placed sometimes vary in thickness,
and this must be offset by altering the length of the struts, The proper
way to proceed in order to make sure that everything is right is to m
the distance between the top and bottom spars by the side of each

and, if that distance, or “gap” as it is called, is not as specified e
rigging diagram, make it correct by changing the length of

G. 17.—Length of struts.

When measuring Eap between the top afi spars always be
careful to the center of the spar, as_jt be set at an angle,
and the of r may be considerably lo%n its front.
ADJUSTMENTS AND prton
ces.—The greatest care t exercised in properly
iggi , rudder and elwaw@he pilot entirely depends
upon the managing the airplane.

The ailerons and elevator should so that when the machine is
in flight they are in a fair line with t ace in front and to which they -
are hinged, as in Fig, 18.

If the surface to which they a is not a liflting surface, then rig
the controlling surface to be in i e line with the surface in front.

If the controlling surface is to the back of a lifting surface,

then it is necessary for it to be little below what it would be if it
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was in a fair true line with the surface in front. This is because in such a
case it is set at an angle of incidence. This angle will, when the machine
is flying, produce lift and cause it to lift a little above the point at which it
has been rigged on the ground. It is able to lift owing to a certain amount
of slack in the control wire holding it—and you can’t adjust the control
wire to have no slack, because that would cause it to bind against the eys
and make the operation of it too hard for the pilot. It is, therefo

sary to rig it a little below what it would be if it was rigged in a e
line with the surface in front. Remember that this applies only is
hinged to a lifting surface. The greater the angle of incidence i
surface in front, the more the controlling surface will have to be rigge
As a general rule you will be safe in rigging it down so that the/trailiny
of the controlling surface is 34 to 3{ inch below where it wo; was in
& fair true line with the surface front—or }4 inch down for

chord of the controlling surface. -

//////

Fia. lB.—Rigm'ng'.nN

j the controlling mﬁww%ﬁ control levers must be
in thei position. It is not i them in that position.
m

They blocked into position packing.

ber that controlling surfaces be adjusted with a view

¢ the stability of the Nothing can be accomplished

; way. The only result will the control of the airplane will
be spoile

Control Cables.—The adjustment of the control cables is quite an art,
and upon it will depend to a the quick and easy control of
the airplane by the pilot. The is as follows:

After having rigged the gontrelling surfaces remove the packing which
has kept the control levers ri en, sitting in the pilot’s seat, move the

control levers smarily.
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up to form the propeller have been laid out, they are cut out or
the band-saw, as shown. One of the long pieces is here showr.|
being sawed into shape before gluing and building up. i
In some places the propeller blades are roughed out on a sor
of routing machine, using a form to guide the routing

built-up propeller blank. Great care must be taken
up the layers that form the propeller, as it is abso.
sary that there be a perfect union at all pci.:ts of

Th to be glued must

and then firmly held i ition until absolutely dry.
A his, the propeller is re be worked out by whichever
method may be employed in op. In this case, nearly al!
the work is done by hand 21 showing one end of a pro-
peller cut almost to its p: hape and being tested by care-

fully made templets. 4

As can be seen f Mls on the workman’s bench, the
planes and draw-kni various shapes are the main tools
required. In addition ese a steel straight-edge, a level and
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a surface plate are necessary in testing the various parts of the
propeller at frequent intervals. As shown, the propeller is sup-
ported on a central shaft, or peg, about which it can be turned
so as to bring either end in position for measuring. This is an

as there can be very little variation allowed from the standa

extremely interesting job and one requiring the utmost patien%

shape, length or width, and the matter of balance is ofythe

utmost importance. N

Fi1e. 21.#/Testing shape of blade. Fia. 22, stillg balance of propeller.

Fig. 2 , in its final balancing a propeller built of

black &l and spruce. This is a ¢ f static balance, the
prope ;@ g very carefully mounmknife-edges that actu-
ally can'beJdeveled by special screws h end. The propeller

must stay in any position in whi is placed. The final bal-
ancing is secured by applying coat of varnish near the
outer end, in many cases a megre h of the varnish brush serv-
ing to supply all the extra h at is necessary to put the
propeller in perfect static ba! This is one of the points that
is very strictly watched, as alanced propeller can do much
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damage to the whole machine, as well as be a source of danger to
the aviator.

Another design for securing greater efficiency of the propeller
is that of Dr. Olmstead and shown in Fig. 23. This reverses

the usual design of having the widest part of the blade n to
outer end and makes the propeller widest at the hub@e

pitch angle at the hub is very sharp and the blade TS ;
rapidly from the hub to the outer end, the shape %ﬁng
a bird’s wing in many ways. These propellers, as wi pro-

pellers in fact, have to be designed for the partic a pe of
machine they are propel, the resistance and spe ping  the

prime factors. In some cases these propellers 4 inches
thick at the hub and only 4 inches wide at the ip ng them
' give very

Fia. 23.—Olmatem¥p

ut they are so radicalet, they have not been
yet.

ing fhe design of the pro r the given type of ma-
ine rafting room makes lates of the proper shape and
f and shape of the blade a points along its length.

ese gaging or contour point with different designs from
3 to 6"inches apart, 414 inc ng a good average. In this
way the propeller maker is enabled to get the two blades almost
absolutely alike, which is tial for best results and in
order to have the twd" balance when the propeller is

finished.
The various boards a %\ nations which go to make up the
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propeller are cut to shape on the band saw, each being cut to
pattern to use the minimum amount of material. Black walnut
is considered one of the best woods for this purpose but spruce,
maple and birch are also used. Black walnut and spruce are
often used in alternate layers. These boards are then heal
to prevent the glue drying too quickly, put together in the pro
order and clamped in a heavy press until thoroughly dry.

the rough propeller comes out it looks about as in Fig. d
is then ready to be roughed out. This is usually done by

with different forms of draw knives but is done with a
machine in some of the larger shops. This leaves it i

f1a. 24.—Propeller in the ry \

mately shape and it is then
to the tem already mentioned.

TES’_I'ING THE ES
In tes the various points the ler is laid on an iron
olock having a central stud at ri to it and which repre-
sents the propeller shaft. i ws the templates to be
placed on the blades at the, d intervals, these intervals

being marked on the iron platevitgelf. The angle of the flat
or nearly flat surface can ily measured. A surface
gage is also used very carel test the height of various
3
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portions of the blade from the testing plate on which it rests.
The pitch of a propeller can be measured by reversing this
process, i.e., measuring the pitch angle at various points and
laying these off on a chart. Such a chart should show g uniform
change of pitch from the hub out. If it fails to do this, it indicates
that the propeller has not been carefully measured and @
will not be efficient.

Some allow 1§ inch out of straight for a propeller is
mounted on a shaft and revolved past a given point, ost
makers and users expect them to be nearer straigh this.

inch and some do better than this, as balancing is i
tant feature in propeller making. Horizontal wak enerally

S

The blade length should be correct and unifo? Ue

F1G. 25.—Testing unifor:ﬁght.

used 3 some mount the prope Na shaft with a special
ball g™ This is done after theg? coppered, if it is to be
80 . The final balanci ne by putting a little
more on the light end of\the er, which indicates
ully shaped they must_be.

thod of testing the p@r for uniformity of weight
alongtits length is shown in Fi Here one end of the propel-
ler is held loosely in an openi he whole propeller suspended
with a spring balance at diffe given points along its length.
The propeller is then rew d suspended in the same way

from corresponding the other end. If the weights
balance on both ends propeller, the centrifugal stresses
should be practically eq d the propeller run satisfactorily.
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It is also quite important that the surface areas of both ends
f the propeller should be equal. This can be easily tested by
neasuring the width of the blades at given points on each end
eeing how they compare. The joints are frequently tested by

han that at which it will be run and then examining the joints

-evolving the propeller at from 5 to 10 per cent. higher speed (D' i

~arefully to be sure that none of them have started. Th
oints should not show glue as t.he wooden layers should be

rogether.

FLANGE f gpelier ol ')
- (h:mn&'v?ﬁ
SPACER (Thrust Bearinig)

(7"
.-'6'..; ¢ .t' ock)
6.—A typical propeller mcﬁl

surface should be ve th particularly

where the speed is t test. When it is
e tips sometimes ha speed of 30,000 feet
the surface affects the

ub mountings, one of
This requires no ex-
e propellers are clearly
e propeller be mounted
4 at it is securely fastened.

3 similar manner to that al-
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pin is held in position by a wire running through its head and
around the hub, a groove being provided for this purpose. The
ends are twisted together in the usual way.

The bolts have a taper head to insure a perfect fit in the inner
flange, and the nut on the outer end has a projecting sleeve
goes through the outer flange, so that the thread of the bolt m
not come in contact with the flange at any point. It
noticed that the engine shaft is hollow and that the bolt i
for nearly its entire length. It will also be seen that th
a tapped hole at the front end through which a screw ca

as a jack in lifting the key out of place, should it becomiesjammed
in any way.
Figs. 27a to 28c show the details of the stand b for

engines of from 170 to 250 horsepower.

TESTS OF PROPELLERS
To test the pitch angle the propeller is mom on a shaft

which is mo right angles to a ich is straight

. X ! 4
Flo 29.—Laying out curve of p lers.

ck out some point on ropeller at any given
ym the center of the hmnﬁnd the angle the pro-

peller'mgkes with the beam at t t, by means of a pro-
tractor. Lay out this angle e sheet of paper as in
Fig. 29, this being the chord pitch angle. The straight
or ba.se'lme must represent circumference of the propeller
at the face of the beam. \

If this point is taken a t from the center we have a

circle 4 feet in diameter 3.1416) 12.5668 feet. Bring
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this down to any scale which is convenient, say 2 inches to the
foot, and lay off the horizontal line 25.132 inches. Then the
distance from this point on the circumference line to the chord
line is the pitch at this point. This should agree with the
specified pitch of the propeller, unless the propeller bl i
distorted, due to faulty manufacture or the hole beingin the

place. An error of a half degree is permissible but mMn
this should be reported. This test should be made a

points and the results carefully checked up. The 1‘:@0‘&1

4

also be tested by revolving past a given point; a di
not over %{g inch is permissible. Balance is also

is tested by mounting on ball bearings on a ca eveled
runway or balancing way. It should remain ih ition.

S

Fia. 30.—Testing curve of

If it is ance appreciably S;N be corrected as an
unbalanc peller will do a lot o e to an engine and
vregk applane. The test for w t different points has
egh given, as in Fig. ing this test the pro-
. st be kept horizontal, ing taken to have the
ifferent)points the same di art on each side of the
“Jhe surface area can be ‘edsily calculated by measuring
the width at several given these measurements should
not vary over 14 inch at an int.
The camber or curve of th de can also be tested quite easily
on the concave side by Nstraight—edge along the blade as
in Fig. 30 and noting t%at different points. On the con-

vex side this requires a templates which can be readily
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made from the drawings of the propeller and may be worth while
if there are enough of one kind to be tested occasionally.

The following suggestions for riggers is from the Royal Flying
Corps manual.

NOTES ON RIGGING FOR AIR MECHANICS (D'

Importance of Good Rigging.—It is impossible to exaggerate {
portance of care and accuracy in rigging. The pilot’s life, the speed s
climb of the airplane, its control and general efficiency in flight
durstlon as 8 useful ma.chme a.ll depend upon the rigger. Ggpsid

airplane fails, then all is lost. The responsibility of the rigg
fore, very great, and he should strive to become a sound & elis
pert on all matters relating to his art—for an art it is, and{one Bound to
become increasingly important as time passes.
Flight.—First of all he must have a sound idea of flight and stability.
Flight is secured by driving through the air a surfi r surfaces in-
clined to the direction of motion. Such inclination 1@ the “angle

of incidence. 4
a\surfaces, that is the lifting p secure a lift
n) the speed through the ai flicient, the lift

Lift.—In this
fan the weight of the ai hich must then

ider. The lift which

ofthe pweight, and the thrust which to the drift. The
drift is the reverse of e proportion of lift to
as the lift-drift ralio is of paramount importance

. In rigging an airplane
the Lift-drift ralio. Always
Ansle of Incidence.—The angle o ce is the inclination of the
lifting surfaces. If the angle of i e is increased over the angle
specified in your rigging instructio; both the lift and the drift are
increased also—and the drift is¥i in greater proportion than the
lift. If, however, the angle of is decreased, then the lift and the
drift are decreased and the lift ses in greater proportion than does
the drift. You see then that in'eg e the efficiency is spoiled, because

.
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the proportion of lift to drift.is not so good as would otherwise be the
case.

Balance.—The whole weight of the airplane is balanced upon, or slightly
forward of, the center of the lift.

If the weight is too far forward then the machine is nose-heavy.

If the weight is too fa~ behind the center of the lift then the airplane is
tail-heavy. .

Gel a good understanding of the above before going any further.

ABOUT THE ENGINE " \:

Although care of the engine is primarily the maclinist!s or
engineman’s job it is well for the rigger to know somethifgedbout
it as it often helps out in emergencies, and these are s @ rising
in unexpected quarters. a

As a rule, when the propeller is fitted to the crankshaft, olves in an
anti-clockwise direction when viewing it from the position you stand in to
swing it, or in front of the machine.

When it is fitted to another shaft (which is geared cfankshaft) as in

St t revolves in a

new engines to

Anti-clockwise
Clockwise

Anti-clockwise
Clockwise

Clockwise

Anti-clockwise
Anti-clockwise
Anti-clockwise
Anti-clockwise
Anti-clockwise

© O =1=1© 000000 000
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STARTING THE ENGINE

Sound Footing.—First of all make sure that the ground just in front of the
propeller affords you a good sound footing. Should your foot slip' when
swinging the propeller it may result in serious injury for yourself.

Now place the blocks in front of the wheels, and lay out their cords
toward the wing tipe. (D'

One air mechanic at each wing tip and grasping the bottom of the o
strut to steady the airplane when the engine is running. These air
chanics will pull the blocks away when the pilots signal for such action.

Not less than 2 air mechanics at the tail end of the fuselage in o
keep it down when the engine is running.

Rotary Engines.—In the case of rotary engines it is often necess
ascertaining that the swilch is off, to dope the cylinders with petrol.

exercised to make sure the squirt can is clean. Nmrlaylt.on
The top of the petrol tin is a good and convenient place.

Switch Off.—Before attempting to rotate the propeller e
sure that the 1gmuon switch is “off,” 1.e., in its downward position. Other-
wise the engine and propeller may start unexpectedly isastrous
results to yourself. Themhaabmmarethmonefatal due to
carelessness in overlogkingythis point.

ow ascertain that the petrgl is 6mand the air
y/quite closed, but it is part] ff 8o that the

mixture may be ri petrol in order to facilitate the explosions.

Rotate Propeller. swing the propeller roun will turn the
engine, and the effect of the descending pistons will ck the mixture
into the cylind

Contact. out “contact” to the pilgt. will put the igni-
tion “on” ou “contact.”

Swing ow one good downward the propeller blade
and stand clea: e engine fails to start ask ilot to switch off and go
through the same operation again. -

iger of Backfire.”—When swinging‘h@dhrbemwfulm stand
clear of i p is often a possibility of ifie “backfiring”’ and sud-
denly turning the pmpe]ler the wrong w d. This is usually due
to the ignition oocu.m.ng ea.rly, t.¢., befo iston arrives at the top of the

cylinder, and if the engine is revolvmg ly the momentum of the moving
parts (crankshaft, propeller, flywheel, etc. ¥ not be sufficient to carry it
round in the right direction—the &g that the piston never gets to
the top of its stroke but descends iving the crankshaft back and
round in the wrong direction. Any fitter will show you exactly how
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this works by means of turning round the crankshaft of a partly dismantle:
engine.

Signals.—1. The pilot, when ready to start, will wave his hand from side
to side. This is the signal for the chocks under the wheels to be smartly
pulled away by means of the cords attached to them.

. 2. Now the pilot waves his hand in a fore and aft direction. This i
signal for everyone to siand clear withou! a moment’s delay, and is y

meant for the air mechanics at the tail of the fuselage.
The order ‘of standing is as follows: Nl

Pilot to Rigger........... “Everything all right?”

Rigger........covvvvnunn. “All correct, sir.” (Remember correct”
covers a lot, and that it is duty to
report anything not in perfect ion.)

Pilot to Machinist. ....... “Everything all right?" .

Machinist. .............. ‘““ All correct, sir.” \

Machinist. .............. “Switch off 7"’

Pilob. ....ovviinnnnnnnn “Switch off.”

Machinist. .............. *Gasoline on—air closed 7"’

Piot...........cou.... ‘“ Gasoline on—air clo
The machinist, now rom propeller.

(In the case of a ro e it must first be
doped with gasoﬁneéhed above.)
“Conhctf"

(‘COnm .”

The machinist rgw sings the propeller and
stands clear. ¥

Waves hand si \

Pulls blocks m wheels.

Looks at ~Commissioned Officer or

to see; i8 clear for ascent and no other
ﬁid:mg. If all clear he salutes.
a fore and aft direction. ’

The Engine.—Although yo igger, and not supposed to have a close
knowledge of engines, it ishi irable that you should have some idea of
the way in which they wegk, tation of propellers, and the precautions
and rules in respect of swingin e propeller.

 gylinder is a piston which is connected to the
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crankshaft (see examples in your squadron engine shop) so that, as the piston
travels up and down the cylinder, the shaft is made to rotate.

As the piston travels down the cylinder the inlet valve opens and the
pistonsucksinamixtmreofpetmlnndair,inmuchthammewayass

syringe sucks in water. The petrol is vaporized and mixed with the proper
proportion of air in the carbureter which is connected with the inlet ports of m

The piston then rising, and the inlet valve having closed, it compresses K
mixture, which is much more explosive when compressed.

c&

der, and it is caused by an electric spark between the points of the spa
plug. The electric current is generated by the magneto which is conn

The force of the explosion drives the piston down and causes t -
shaft to rotate.
forced out.

The working of the engine may then be divided into four stro.

the cylinders by means of the inlet pipe.
The explosion takes place when the piston is at about the top of the
to the sparking plug by wires. @
As the piston rises again the exhaust valve opens and the but are
piston, thus:

. : 1. Piston descends, su in mixture.
First revolution of crankshaft. .. .. 2, Plston rises, ‘comyy ixture.
’3. Explosion takes plage, forcing the
piston to desce
[4 Piston rises, fo! nt gases out
of e

that an engine with twé ¢ can have them
losion takes place for ev vglution of the crank-

, more even running of th ine is secured.
this idea is carried s er and engines are con-
with four cylinders, or t, or twelve cylinders,

s follows:

cylinder 1 explosion to ons of shaft.

2 cylinders 1 explosion to tion of shaft

4 cylinders 1 explosion to ution of shaft.

8 cylinders 1 explosiog revolution of shaft

12 cylinders 1 explosi tion of shaft.
Similarly inlet, compression, explosion take place every
two, one, one-half, one-fourth or o olution of the shaft, according

to the number of cylinders.
4
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Fias. 31 to 35.—Diagrams of internal comnbustion engines,



THE PROPELLER 51

The eompression can be readily felt by turning the engine by means of the
propeller, but care must be taken to see that the ignition is off or an unex-
pected explosion may take place.

The diagrams, Figs. 31 to 35, are simply made to show how the engine
works and actual examples can be seen in the squadron workshops. The
parts are named in Fig. 31, to make this clear in every respect. As the
piston travels down the cylinder, Fig. 32, the inlet valve opens and the pi
sucks in a mixture of gasoline and air. The gasoline is vaporized and mi
with the right proportion of air by the carbureter through which it %
When the piston comes up, Fig. 33, the inlet valve is closed and the cha:
compressed, making it much more explosive. In fact if it is com
enough it will explode of itself.

When the piston is almost at the top of its stroke, Fig. 34, t
sends an electric spark through the spark plug and ignites this

L 4

L

a. 36.—How to swing pmp®\
charge whi piston down and ro crankshaft. On the
next rise of the , Fig. 35, the exhaust valyle opens and the burnt gases
are force;

the exhaust. This may be_div. into the cycles of the
ecessary to secure a powe , a8 follows:

.—Downstroke piston dra losive mixture.

by :axplosion. Upstroke forces

Second Revolution.—Piston forced do
i i each cylinder for each two

revolutions, or four power strokes per rev for an eight-cylinder engine.
The more cylinders the more explosions wer impulses per revolution.
Care should be taken in swinging ppeller to always stand clear of an

unexpected explosion or starting of ¢ ine. The compression can be f2lt

\
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as it is turned by hand, but it is safer to have the ignition switch off unless it
is desired to start the engine.

The shape of the propeller will readily show which way the engine is to be
run as the propeller always screws into the air, no matter whether it is a
tractor or a pusher. Then too, the trailing or back edge is always the thin
edge as with a wing. Grasp the thin or trailing edge of the pro,
move it slightly to feel the compression. Fig. 36 shows how to of

the blade.
Propeller.—Before swinging the propeller (i.e., rotating i the
engine) it is necessary to know in which directton it should be ¢

Unless the propeller has been fitted to the engine incorrec
easy to see in which way to turn it.
You. must grasp the trailing edge of the blade and

the trailing edge because it is always much thinner than g edge.
Move the propeller slightly so that you may “feel” the ¢ ! The
rotation of the propeller will now be in such a direction e ﬂatteat side
of the blade will engage the air and press against it thu
Pitch.—The pitch is the distance the propeller will through the
air in one revolution, supposing the air to be solid. As a matter of fact
the air is not solid, and gives back to the thrus propeller blades
so that the propell&r does not travel its full pite h “give-back” is
er may be perhaps
eet. e propeller would

i on a shaft, the latter
The face of the beam

) from the center of the :
%the angle the chord of the !

the’angle on paper thus: ‘

of the propeller. The line !

of the beam. The angle the |

d by means of the protractor. |
le, that the point at wl:uch you |

s make is the angle you
suppose, for the sake
aken the angle is 2 feet f

and then multiplying the resul

(2 X 2) X 3.1417 = 12. .., the circumference at that part of |
the propeller. Bring it dﬂu'g le, s.nd mark it off from the point 4. |
and along the circumf iné™ Now draw the line marked pitch from ‘
B (the end of the circu measurement of 12.5668 feet) and at
right angles to the circum line (see Fig. 29).
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The distance from the base line to the chord line is the pilch of the
propeller at that point (see Fig. 37). '

It must agree with the specified pitch of the propeller which should be
marked on the hub. If it does not do so then the pitch angle is wrong.
This may be due: (1) to the propeller blade being distorted; (2) to faulty

of place.

manufacture; or (3) to the hole through the boss of the propeller being om

O

e\ X= Pitch Angle )
Fia. 37.—Pitch angle of propeller.

4
Degree of Error Allowed.—You may allow an error up togmdegree

more or less of the correct angle, but if it is greater than u must
report the matter.

The propeller should be tested as explained above at_peints along the
blades, the firs$ point about 2 feet from the center of and the
others about a foot apart.

Length.—The should be carefully tes sure the
blades are of eq There should not be a di ce of more than

If a weight of a trifle over an ounce pls
of the boes fails to disturb the balance
as in Fig. 38.

The above method does not, howeye
fugal force, which comes into pla§ ag s

'l‘heteatforcentﬁfugnlbahn' T

The propeller must be kept horij#
at any fixed points, such as 4, B

flyand while in that position, weighed
, E, and F, and the weights noted.

]
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Now reverse the propeller and wéight. at each point again. Note the results.
The first series of weights should correspond to the second series, thus:

Weight A should equal weight F.
Weight B should equal weight E.
Weight C should equal weight D.

Thareisnooﬂicialmlingnstothedegmeofermrsllowed,but@
is any appreciable difference the propeller is unfit for use.

A, B and C must, of course, be exactly the same distance from

of the propeller as the points D, E and F (see Fig. 25).

Surface Area.—The surface area of the blades should be . Test
with calipers, as in Fig. 39.

There is no official ruling as to the degree of error , how-
ever, there is an error of over }§ inch, the propeller is real for use.

The points A, B, C, D, E and F must, of course, be exactl distance
from the center of the propeller as the points G, H, I, J, k

P ¢ e 1S

. 39.—Measuring propeller s :

Camber, i ture).—The camber of es should: (1) be
equal; (2)ai decrease evenly toward gHentips of the blades; and
(3) its greategtdgpth should, at any point of the Blade, be at about the
same p ioh, of the chord from the ing edgé, as at other points.

i test the top camber wi set of templates, but a
fairly ratévidea of the concave cam eath the blade can be
secu ' ly passing a straight-ed the blade—the straight-
edge elfrule will do) being held angles to the length of the

desand ¥ouching both leading and ing edges, thus:

% ncave curvature can now seen, and, as you pass the

aight-gdge along the blade, you 1d) look out for any irregularities

ft irvature which should grad: nd cvenly decrease toward the
tip of the blade.

Straightness.—To test for tness mount the propeller upon a
shaft. Now bring the tip of ong bladé around to graze some fixed object.
Mark the point it grazes, N the other tip round and it should
come within %4 inch of the A it does not do so it is due: (1) to the
propeller being distorted; o the hole through the boss being out of

place. In cither case it is u use.
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Clip Ends.—The general proportions and dimensions for clip
ends are shown in Fig. 49. The dimension A, which is the
width of the arm, depends on the material to which the clip is
welded. )

Shackles.—The shackle shown in Fig. 50 is formed from a steel
forging and the main dimensions are given on page 72.

SUP BT+ v 0 v v n s 0.114 0.11 .001 | 0.072 | 0.057

e | 0.130 0.104 | 0.083 | 0.066
F e I 0.260 0.208 | 0.166 | 0.132
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F16. 45.—Non-flexible cable ends.

D ter of Numb No. wires
cable, inches | of strands | per strand
He 1 19
342 1 19
% 1 19
540 1 19
1
1
1

1%

134
174
2%

Full strength
of cable,
pounds

1%
14
14

MR XX

800
2,000
2,800
4,200
5,600

Note.—Solder full len,

splice without drawing temper of wire.




AIRPLANE STANDARDS OF THE 8. A. E. 69

Rod End Pins.—The general appearance of the rod end pins
as well as the dimensions suggested are shown in Fig. 51.

Bolts and Nuts.—Fig. 52 shows a type of bolt recommended
for general airplane work but not for engine work. These have

ball heads and the table gives general dimensions. These QZD'

of 314 per cent. nickel steel. Fig. 53 gives similar dimensio

for a plain head bolt while Fig 54 shows both plain and c%
nuts with a ball on the under side. Fig 55 shows a plain b%
castle nut and gives its dimensions.

cCoooQOO

coocooo000
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f-neeemeBarrel ———>>|
D 1 1

Length between centers of ¢ -
Threads flush with ends of Barrel.” . ... 4 inches 8 inches
Ends extended a maxinfu \ ...... 4% 83{¢

Ends extended a minifam.. . %y . ..... ; 3y 5%
With two eye ends, th one left-hand and the other right-hand.
oke

With one eye end and one end, thread eye end left-hand.
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e

+lo

{ L8 )¢
kD 3
Fra. 49.—Clip ends.

CLiP ENDS

71
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b1

3

b2

3
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(o—=) (U

r--n‘gure from A&B H‘bémaf ._i\\'l

' ¥ b
G0 * O

F1c. 50.—Shackles.
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* (=
(Boavk) y_ e ) Rk
ésm - -y .‘...:J“ ko RATD)
LI-(--—-]_ m—-
N~ Ypee—— o ——
F1a. 51.—Rod end pin. m
1 not to d 0.01 inch. T.D. = tooling dimension. N

M "si!‘l.‘!‘l!ﬁ
—0.002 —0.002 —0.002 —0.0

All S.F. R=3%,14=>5 R85 14 = > 3]

I T .
No. 8* No. lO'TNo. 1 5e | 3 | He u- 3a®| 34°
..| 32 32 |2¢ |24 |20 ‘ 18 | 18
0.160 | 0.186 0.246 0.308 0.371/0.433,0.496,
0.164 | 0.1 250 0,312 0.375'0. 437 0. 500

W | 361 %e 13e | 33 !
36 3 e | 34 36 '

i : J l L

| 5e b
s ‘K%



74 "AIRCRAFT MECHANICS HANDBOOK

"’50
ot 1o Evceed | (-

A o QORI

© . 4O

[ I T N ) : H‘-f*é’

el [T o™

T=Min Length of usval Thrid, — ~0016

T'sT+5 Thrds.=Extreme Length of Thril .

Fia. 53.—Plain head bolt. \'
All threads U. 8. F. M = %+ 55 T.D. = tooling dimwum‘&
Size—A..... Sen sTETS vn 8 mnse o s wae No. 8 No. 10
‘Threads perinch............... 32 32
Limite—A.......... 4evreienn..]0.160 | 0.186
0.164 | 0.190

Head diameter—B............. 5e | 3
Head height—M............... %e |
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s 0 M

54 | 364 | 342 % 342
54 564 | 1344 349
N 353 | 1M Ka K
%64 382 | Me 2 342
S 362 | 1% 2 33
% % % 3 343
¥ % 3 Y%e | M
b1 He 4 p2
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Pipe-line Markings.—It is proposed to mark fuel pipe lines
with red bands, lubrication pipe lines with white bands and air
lines with blue bands for easily tracing all connections. These
bands are recommended to be 14 inch wide and not over 24

inches apart.
Engine Supports.—The following dimensions (in incl%:e
recommended for standard engine supports:

Distance between timbers......................... 16
Width of bed timbers............................. 2 21,
Distance between centers of bolts.................. 181,

Plan View
Fia. 57.—8!.::.@1:«1; control. .

Spark-plug Dimensions. ollowing dimensions for spark-
plugs are recommended:

Thread: 18 millimetgr, ‘Wg-millimeter pitch.

Form of thread:in M standard (same as U. 8. standard
only with one-half as uncation at root of thread).

Gasket shoulder to shell: 3¢ inch.
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Stick Control.—The illustration in Fig 57 shows the stick
type of control in outline. No proportions are given but the
general idea is clearly shown. This is used mostly on the small,
fast airplanes.

Fia. 58.—" Dep."” control.




SECTION VI
WOODS FOR AIRPLANE CONSTRUCTION

The majority of the wood used in airplane constru w
spruce and in order to secure suitable and uniform ial,
specifications have been drawn up as a guide in accepting
offered.

The specifications which have been proposed
men and which received the informal approval
ernment’s representatives present are as follows Y

Thickness.—Two to 6 inches, inclusive. At I per cent.
to be 3 inches and 4 inches thick. Not more 40 per cent.
2 inches, 5 inches, and 6 inches thick.

Width.—All to be 4 inches and wider; no r 10 per cent.
under 5 inches wide.

Length.—Eiftynper cent. to be 18 feet er. Fifty per
cent. to be ¢ and longer. -

M : idth and thickness al. Lengths in
multiples t.

Grain.—Al\]lumber 3 inches and tl!% be not less than
70 per vertical grain of an angle 90 degrees on each
carl umber 2 inches thic be not less than 30
per 'calgminofsnanngtoQOdegreesoneach
carload.

.—The grades agreed follows:
GRADES UPON

The 50 per cent. of all 1 feet and longer shall be‘elea.r

four sides, straight grai less than six annular growth

kS
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rings for each 1 inch, sound and well manufactured, free from
shakes, spiral and curly grain.

This grade will admit of bright sap, wane, pinworm holes,
slight variations in sawing, or other defects that will not impair
its use for wing beams.

The 50 per cent. of all lumber 4 feet and longer shall yield
clear cuttings, straight grained, not less than six annular growth (U
rings per each 1 inch, sound and well manufactured, free froN
shake, spiral, and curly grain; some may contain knots, p:
pockets, wane, pinworm holes, slight variations in sawing, and
other defects that will not impair its use for the purpose i.n
providing, however, that each piece must produce, for ‘buyer,
clear straight grain, cuttings from 4-foot to 17-foot @
which shall not include over 5 per cent. of such cuttﬂl
to 7 feet, inclusive.

The requirement regarding the number of rings per inchNis the
one most likely to cause trouble as the number of epends

o

on whether the tree grew in good soil or poor to son tent and
there is plenty of tly good spruce with from ¥we” to four
rings per inch. icular requirement will{doubtless have
to be modified to the judgment of inspector in
order to obtain ent material.
nsion
e 2 e
E = Modul. Ultimate
r °'if;'«ﬁg.e' stress E

1,550,000 39,000 | 3,200,000
1,700,000 ...| 20,000 | 1,600,000
1,600,000 .| 20,000 | 2,070,000
2,400,000 17,000 | 1,650,000
1,000,000 12,400 | 1,700,000
2,070,000
1,390,000 Ccmpression
1,700,000 9,500 | 1,550,000
1,650, 8,000 | 1,600,000
1,600,000 8,500 | 1,700,000
8,000 | 2,070,000
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LosT PowER AND OVERHEATING.—(Conlinued)

Part at fault Trouble Effect Remedy
i
Beored Replace with new
Cylingor wall | FOOF lubrication causes Pmm Lap in cylinder
friotion Repair oiling sys
a8 Loose on shaft Fuasten to &
Camshaft | Not properly meshed | ‘TToSularvalve |y, pmp:‘;—N
Drive gear ‘Worn or broken teeth Replace wi
37 Bcored or rough on journals| Overheating uﬁ
Crankshaft Bprung Overheating
P ‘Adjust nning
Bearings and main Defective oiling hisating c_ndlmgw holes
w i
Replenish supply
39 Il Insufficient oiling Overheating and best oil—Mobile
oil | Poor oil burned-out bear- recommended
*umP | Dirty oil ings th kerosene
I with new oil
40 I
‘Water space th sediment or ve and remove
and water ! Oxaziestiug foreign material
pipes ! -
4 of hose obstructs ' \ ReBt or replace with
Radiator hose ning ] 0"""”&‘ new
4 r peller locse on shaft ? J Fasten to shaft
' Dirty Clean
Water pu roken Replace with new
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Noisy OpERATION

Part at fault —[ Trouble Effect Remedy
43 Leal ' Hissi Berew down
Spark plug Replace ﬂ@
44 Bmooth
Cylinder wall | S007ed Knooking with &_
45 Leal Tigh
Maaifold pipe Defective gaskets Sharp hisding ﬂm@u'
Joints :
46
Combustion Carbon deposit Koocking
chamber
a7 Sharp metallio
Cylinder casting | Retaining bolts loose ok bolta
“® Worn contour Metallio knoc szphau with new
49
Piston deposit Knock Remove carbon
w:::; in plston Dull me Replace or bush
‘Worn at wristpin or crank- L 4
o st Duis Pl | A e
7 Sideplay in piston @ poand fit and ol
I Fit cape closs to shaft
M * | Defective lubrication e e
Loose ttent metal- | Refit
Excessive play o
Binding andaqueak | Reline
. |
Connecting-rod | Loose Tighten
bolte, maln-bear- | Stripped threads Sharm kncek Replace bolts
ing bolta
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Noisy OPERATION.—(Conlinued)

109

Part at fault Trouble | Effect Remedy
-— - —_—— e ———— e - m e —I—— -
55 I .
Lower half Looee . Tighten
Crank-case | Stripped threads Knock and rattle | o botte
bolts
56 Covered with scale
Water jackst | Clogged with dirt
57 Loose
Worn or broken teeth
Timing gears | souhed too deeply
o Loose or worn
Camshaft bearing
59 Warped or pitted
Inlet-valve seat | Dirty
60
Inlet-valve rpring
61
Inlet valve

62 with new
val Rattle or clic guide
y
63 - W_ with
Rattle " Replace new
ik &=
‘Too much I Set inlet gap 0.010
v Too little Blo B O&™ | get exh. gap 0.010
b
o |
Push-rod reten- | Nuts loose in car- Tighten nuta
tion stirrupe |
st N Tighten bol
ten ts
Crank-case IL-k Replace with new
67 ! No oll and sharp | Repair oil system
Cylinder or piston| Poor ofl knook Use best oll
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Noisy OPERATION.—(Conlinued)

Part at fault ‘Trouble Effect Remedy
68 . wmngﬂtnﬂty side Grind or dull squeak| Lap off excems metal
Piston slap ity Dull hammer Replace with
69 Insufficient oil Grind and squeak
0il sump Poor oil in all bearings
0 Defective oiling Squeak, hiss, grind
Piston ringa i
1 Defective oilin Squeak
Crankshaft e
72 Loose on frame Dull pound
Engine base
73
. Clogged Engine heats
Water pipe | Defective gaskets

IMPORTANT DONT’SQ

t to inspect the motor thHorgughly’before starting.
ganpline; all three are vital.
t to see that the radiator water.
gat dirt or water into the oil.
get dirt or water into the
orget to oil all exposed working parts.
't try to start without re i magneto; a serious accident
pn’t try to start without t: 'ﬂmthe switch.
10. Don’t start the motor with tirStile wide open.
1. Don’t run the motor idle togdeng; it is not only wasteful but harmful.
12. Don’t forget to watch the gtion; it is most essential.
13. Don't forget that thaﬂ) cley, is the business end of the motor;
treat it with profound res espegially when it is in motion.
14. Don’t cut off the ignitién Suddenly when the motor is hot; allowit
to idle for a few minutes at 18w spéed before turning off the switch. This
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insures the forced circulation of the water till the cylinder walls have cooled
considerably and also allows the valves to cool, preventing possible warping.

15. Don't fail to study the trouble charts in this book before you molest
a thing about the motor, if you have trouble.

D \ Curtiss engine.

16. Don't develop that des! livepdisease known as tinkeritis; when

the motor is working all right, le
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17. Don’t forget a dail* wnspection of all bolts and nuts. Keep them
well tightened.

18. Don’t fail to stop your motor instantly upon detecting a knock, a
grind, or other noise foreign to perfect operation. It may mean the
difference between saving or ruining the motor.

19. Don’t fail to study these instructions thoroughly. (Dl

A sectional view of the Curtiss engine is shown in Flgﬂ
and the cylinder base with all the studs in position is ahow%

, /O'o

pject through the cylinder
a cross-tie at the top of
wh in Fig. 62.

num piston itself and as the

Fig. 61. The short studs sirfi
flange while the long studs go“th
the cylinder. An end view is{s
The piston pin bears in the a
8
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piston expands more than the pin, it is necessary to make the
pin a tight fit when the parts are cold. In order to secure uni-
formity in this the fit is “weighed” as shown in Fig. 63. Here
the piston is held in suitable jaws to prevent marring or spring-
ing and the fit tested by using a spring balance as shown. is.

(

Fia. 64.—St htening connecting rods.

when hooked into theyu nd of the rod, must move the pin

with a pull of 12 po A .
When connecting bent or twisted out of line they
can be straightened n in Fig. 64. This is a substantial
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fixture on which the large end is held as shown. Then a rod
is put through the piston-pin hole and any slight correction
made. The rod is then swung over so the rod comes into con-

tact with the four Ames dial®gageS and shows when the rod is

straight as in Fig. 65. Sfandard rods used for testing arn
shown in both cases.
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After the engine is assembled it is tested on the stand shown
in Fig. 66, which can show both torque and thrust. The
engine sets in a cradle mounted on ball bearings and free to

turn or move forward a limited amount. The turning effort or

torque, is measured by the platform scale and the th
the spring balance shown in Fig. 66. .

”\;
kS
«
QO
&
g §

3
S




SECTION IX
CARE AND OPERATION HALL-SCOTT AIRPLAN

JQ

ENGINES
The Hall-Scott engme is a six-cylinder vertical ty
being largely used in training machines. Those i of
the engine should observe the following suggestions,
To Insure Maximum Service.—The following mstrul:ﬂo be
carried out after every long flight., If used for schooling , daily

care should be taken, as follows:

While engine is still warm remove all spark plugs.

Clean each plug with gasoline and & stiff brush, and sp, plug with
proper 0.015-inch gage. m:;

Remove lower crank-case aump plug, and drain oil in measure,

nd until morning.
ase thoroughly with gasoling,or kerosene.
sene into each cylinder through -plug opening.

@ ipe out distributor
pas oilonm&gnetos

t
er a few times and note

ofo;lleft.t..oatand over into a clean measure, making

i &
N8 he h

h eavier portion of oil and posit is left in first measure. .
Addtothanaoondmmumenoughn il to make 214 to 3 gallons.
Pour oil into sump through breathen pipe lead.
Replace spark plugs and connect :
The engine is now ready to slowly with engine throttled for
at least 10 minutes while the n the ground, before starting on

flight, so that the lubricating oi ve a chance to work up on the
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STANDARD ADJUSTMENTS

Spark plugs should have 0.015-inch clearance between points across
which the spark jumps.

Magneto Breaker Points.—Gap between breaker points in
Magnetos when full open should be 0.020. Use gage furnish
each magneto screw-driver. It might be possible to obtain better
if the breaker gap is closed to 0.018. We recommend trying the
a 0.020 adjustment; if the motor misses at high speeds mdju% 8,
which possibly will give better results.

Oil Pressure.—Qil pressure will vary according to weathe ditions
and gravity of oil used. In normal weather with engine prope warmed
up, the pressure will register upon the oil gage from b to 1 s when

engine is turning from 1275 te 1300 r.p.m.

e

|-
s

Fia. 67.—Valve clea m
.—Air-pressure gage shouldmot ;gister under 3 pounds.
ces.—Inlet and exhaust{v should be set with a full
ine i Fig. 67). This should be
the lower pinion shaft gear
a 0.010-inch clearance, all other

gears have a 0.020-inch clearance.
Bearing Clearances.—Cranks

clearance.
Connecting rods should b Nug, allowing enough clearance, how-
ever, so that the rod may be g ly on the crankskaft bearing without

binding.

rings should have a 0.001-inch
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Lubrication System.—The proper lubrication of all airplane engines is of
vital importance.

Oils best adapted for Hall-Scott engines have the following properties:
A flash test of not less than 400°F.; viscosity of not less than 75 to 85 taken
at 212°F. with Saybolts Universal Viscosimeter. The makers suggest:

Zeroline heavy-duly oil, manufactured by the Standard Qil Co. of Californi
or

Gargoyle mobile B oil, manufactured by the Vacuum Oil Co. Both 1
the above specifications. One or the other of these oils can be obt
all over the world.

Monogram extra heavy is also recommended

Do not experiment with other oils without first obtaining the approy @ e
makers.

Engine Oiling System.—Crankshaft, connecting rods and all
within the crank case and cylinders are lubricated directly or indie
force-feed oiling system. The cylinder walls and wristpins“a cated
by oil spray thrown from the lower end of connecting- B s
68 shows engine partially in section.

This system is used only upon A-5 engines. Upon A-7a and A-5a en-
gmee a small tube supplies oil from connecting-rod beam:ectly upon

Engine Oiling Cix ion.—The oil is drawn from th er located

at the lowest po lower crank case, forced s e main intake
manifold oil jack here it is circulated to fI nain distributing
pipe located pwer left-hand side of uppe case. The oil
is then forced di the lower side of cranksh ugh holes drilled
in each main beari Leakage from th irings is caught in
scuppers the checks of the cran! rnishing oil under
pressure to ting-rod bearings. A-7a engines have small
tubes leadin g f hese bearings which convi he/oil under pressure to
the wristp :

Bypass,— A “Bypass located at the front @e distributing oil pipe
can begegulated to lessen or raise the p . @By screwing the valve in,
the press will raise and more oil wil fdrced to the bearings. By
unscrewingppressure is reduced and less o; .

A-Ta and A-5a engines have oil relief located just off of the main
oil pump in the lower crank case. i regulatcs the pressure at all times
so that in cold weather there will be r of bursting oil pipes due to

excessive pressure. If it is foundat il pressure is not maintained at
a high enough level inspect this I.&stmnger spring will not allow the
oil to bypass so freely and conseq e pressure will be raised, a weaker
spring will bypass more oil and e oil pressure materially,
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80 as to hold them firmly in position during the welding operation.
In this connection it is interesting to note that a large heating
furnace has been provided into which the crank case, already
bolted on its heavy cast-iron form, can be heated as hot as may
be necessary, before the welding is attempted. This, in so
instances, is about 200 degrees below Fahrenheit, the melting
of the alloy, as this temperature has been found to assist,
welding to a large degree and also to prevent warping af
piece is removed from the cast-iron form.

There is also considerable repair work on the engin:
which means sheet-metal work, soldering and brazing
siderable extent. In all the repair departments 1t. is

to exercise extreme care, particularly when green T

broken in.



SECTION XXIII m,

INSTRUMENTS FOR AIRPLANES N
The aviator requires a number of instruments to ins per
handling of the machine. Some of these are n ause

the aviator has no means of knowing his exact pwtb thout

<

S

them. High in air, or in uds with no sight of land, he
cannot tell when he is flyi vel, climbing too steeply or banked

to a dangerous degree,f‘w 'some instruments to tell him his

position. )
These instruments a ometer or engine speed indicator,

346
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which sometimes includes a counter to give total engine revolutions;
compass; clinometer; banking indicator; incidence indicator;
altimeter; radiator thermometer; air speed indicator; drift indi-
cator; stabilizer; clock; map board; engine controls; fuel and
lubricating gages; ignition switches, bomb sighting and droppi

mechanism; camera and machine guh.

The tachometer is practically meter similar to those
used in automobiles.

The compass aids in navig
shown in Figs. 182 and 183."“Ehes# are Creagh-Osborne liquid
compasses, Fig. 182, being of @‘n gual horizontal type. The
inner bowl is filled with a mixtur&of alcohol and distilled water,
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the compass card floating in the liquid. The inner bowl rests
on horse hair which acts as a spring to absorb vibration.

The mixture of liquid for air compasses varies from 45 per cent.
alcohol and 55 per cent. of water to almost pure alcohol. The
high percentage of alcohol is to prevent freezing at high altit

In shipping liquid compasses, the jar due to transit %a
invariably causes bubbles to appear in the liquid.
readily remedied by carefully removing the inner bogl, taking
out the filling plug and adding a few drops of eithepsalcohol or
distilled water with a medicine dropper or founts
This applies to both types of compass.

In the second compass shown, the graduati on the
outside rim of a ring which is mounted on the" i
is centered on a suitable jeweled pivot in both ~

This compass is held in the outer ring by m of the four
spring mountings shown. These also contain goft iron cores with

which to correct certain compass errors, e small round
compartmengs@n top holds permanent m en necessary,
to corre errors. The correcti these errors can
hardly be %aken fip here, as it requires lo ience to insure
success.

The w on the wire ace of the compass
can allow for the drifting N plane. The vertical
whité lin a wire from which the i are taken. The
ho ine acts to some a banking indicator by

sho en the machine is out{of horizontal. The indica-
ifig “wires and the figures and ations on both compasses
ted with radium ma! as to show at night with no

side illumination.
The Sperry Clinometer is in Fig. 184, This is mounted
on the back side of the d ith the small round portion pro-
jecting through. This, the angle of the plane with the

horizontal and shows Mtor whether the angle is safe for
his plane. The scale % he rim of a wheel which is weighted
and the case turns arotmdgthe wheel.



INSTRUMENTS FOR AIRPLANES 349

A very neat instrument is the Sperry banking indicator in
Fig. 185. The outline of the airplane is set level with the
machine and the white bar is connected to a pendulum inside the
case. When the plane is banked for, a turn the pendulum flies
to the outer side of the circle and swings the white line out of t.
horizontal just in proportion to the radius and speed of the turn}'m'

SPERRY 6TRGSCOPE Co

cuNomeETER &
- - o —

: Fic. 184. k
If the Qiﬁ banked the proper t, the white line and

the outline of the plane will be the same as when the
machine is level.
If the plane is not properly, for the turn, the lines

It is a very simple device an efficient. The two screws

will show which way the mac% d be tipped and how much.
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allow a.d,l.lstmg to the plane without requiring too careful work
in mounting.

" |
N\ T
o

Ay m o0 DER /

-

QISG. :
A very necessary i .M is the Clark angle of incidence

indicator in Fig. 186, tens to one of the struts between
the wings, preferably the pointer.and scale can be seen
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by the pilot. The vane is so proportioned, that it remains level
when the plane is in motion.

Electrical connections run to the round indicator shown, this
being located on the dash, and containing three lamps, green, red,
and white. The indicating valve is so adjusted that when flyi
level no light burns. When climbing the green light sh
when the proper climbing angle for best efficiency is reached: N

If @ nbing angle is increase e stalling point—which
is the dangér point, the red light s the aviator to decrease
his angle.

Should he volplane (or glide) steep an angle and attain a
dangerous speed, the while lg i

The three lights give a I—tale as to flying conditions
and make this a particular] I%ﬁl}le instrument.
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THE CLOCK

A high grade, jeweled clock is also an important psrt of the
equipment of a modern airplane as correct timing is very
necgssary for nearly all military operations.

ALTIMETER OR ALTITUDE BAROMETER m

This instrument, Fig. 187, shows the height of the ai e
the earth. It contains a metal vacuum box or chamber ‘Which is
acted on by the varying density of the atmospi This
actuates a hand and shows the height on the dial is
adjusted to zero on the ground so as to show the eight
at that altitude. The lock shown holds the dial in ition

set. The dial diameter is about 4 inches and bot Wnd hand
are made luminous in the dark by radium ma

Q

§
3
S



SECTION XXIV

THE LEWIS MACHINE GUN (D'

The Lewis machine gun is used very largely in airplane
and has proved very successful. 1t is a gas-operated gun an
a positive air-cooling device spmewhat along the lines
Franklin method of cooling gas-engine cylinders. It has
ing drum magazine which holds 47 cartridges and doub
are also used holding 50 more than this number. Theg
weighs 26 pounds 12 ounces and with the army tri :
zine in place it weighs 30 pounds 214 ounces. For aij
it has a special gun mounting which allows it to be easily sw
into almost any position. See Fig. 188.

The barrel is surrounded by, and throughout i h is in

direct metallic copt@etywvith, an aluminum radia e radia-
tor has high long al radial fins, and it is i in a steel
radiator casing t sfopen at both ends an ds forward
beyond the m of the barrel. The b: uthpiece, se-
cured to the b y a left-handed ¢ y tains a cup-
shaped ape gned to direct the muzzle t into the for-
ward exten§io: e radiator casing so %ﬂuce suction of
air from muzzle inside the radi ing and along the
surfaces o . Near the barrel myzzle ahd in its under side
is a po h which powder gas at ressure is admitted
durin e required for the bul from the port to

a gas chamber and
and parallel with it,
-%The piston is pinned se-

ith teeth on its lower sur-
ry of the gear.

the muzzle’¥ The powder gas p
thence into a gas cylinder beneath
in which it drives a piston
curely to the rack, which is prowi

face meshing with teeth in %
23
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Snaking.—Wire (soft) wound spirally or tied around another
wire and attached at each end to the framework. Used to pre-
vent the wire around which it is ““snaked” from being entangled

in propeller in case of breakage.
“Yaw.—To swing off the course about the vertlca.l
to gusts or lack of directional stability.
Angle of —The temporary angular deviation of t.he -

aft axis from the course. O
S
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INDEX

Adjustments and inspection, 21 Banking indicator, Sperry, 349

standard, for Hall-Scott en- the machine, 322 N

gines, 118 Battery systems, care of, 241

Ailerons, 21 testing, 238, 240

adjustment, 281 Bending, 18

construction, 267 allowance for sheet
Air-cooled engines, weight, 83 tables, 370

conditions, 324 Bolta, 69

distributor, 156

pump for Hall-Scott engine, 122 \
Airplanes, engines, 80-96 Cable ends, 66 k

general construction, 1-5 winding, 234

inspection, 221-246 wire, inspection, 231

military use, 81 Cables, stranded wi :

propeller, 27-57 Camber of propeller 44, 54

standardizing work, 36§ of wings, 9

repairs at Toronto, 336
the engine, 303

for repair, etc.,
Aviators, tmuung 307 ing records, 306
suggestions for students, 318 r transport unit, 300
er numbers, 342

Backfiring of engine, 147 N erhauling engine, 342

Balance, 46 pairing crank case, 343
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Canadian training camp at Borden,
selecting mechanics for Royal
Flying Corps, 327
shooting at targets on the
ground, 315
spare parts for airplanes, 328
squadrons, 296
suggestions for students in avia-
tion, 318 :
training of aviators, 307
Carbureter in Curtiss engine, 102
Hall-Scott engine, 123
Hispano-Suiza engine, 207
Sturtevant engine, 148
Care of airplane, 25
Center of gravity, 15
of resistance, 14
Centigrade, degrees, to Fahrenheit,
376
Christensen air starter, 143, 155
Clark angle of incidence indicator,350
Cleanliness e, 25
Clinometer,
Clip ends,

8,

he Sturtevant engine, 154
protection strips for pi
pellers, 37

Crank case, inspection, 229

repairing, 343

Crankshafts, inspection,

Creagh-Osborne liquid

Cubic measures, table, 3

Curtiss Aeroplane & Moto (N
tion, 97

INDEBX

Curtiss engine, 97-116
carburetion, 102
ignition, 100
lost power and overheating, 106
lubrication, 101
magneto timing, 100
noisy operation, 108

overhauling and i ion ™02
setting up, 97 %

sluppmg or megu tion,
spec:ﬁcauon of m
stmghfamngb rods.
114
trouble chart
valve setti iming, 99
Curtiss plant, k Its, 65
Curtiss training machine, aileron ad-
justment, 281
assemb 1-286
dim -291
e 6, 282

assembly to fuse-

pl.nne scout, angle of inci-
dence, 7
ure of propeller blades, see
Camber.
linders, inspection, 228
metal used, 90
position of, 87

Definitions of terms used in aero-
nautics, 378-394

Degrees, Fahrenheit to Centigrade,
table, 376

Diagrams, 362-377

Dihedral angle, 9



INDEX

Dimensions of training machines, Engines, starting, 47

257, 287-291

Directional stability 15

Distorted surfaces, 16, 17

Dixie 81 magnets, 150

Drift of airplanes, 8. See also Sift-
drift ratio.

Drill sizes, table, 373, 374

Drop forgings, 5

Duplex Model O. D. Zenith carbur-
eter, 124

Dynamometer, fan, 367 .

rope brake for engine testing,

364

Efficiency of the machine, 8
Elevator, 21
Engines, airplane, 46, 80-96
air and water-cooled engines,
weight, 83
all-st.eel cylinder, 91

pﬂot’n starting signals, 48
piston speed, 85

position of cylinders, 87
pressure and speed, 85
problem of design, 82
reducing weight, 89
rotary, 47

Sturtevant, 138-150
supports, dimensions, 76
can engines, 219
tests, 81, 226
Thomas-Morse, 160-163 m
U. 8. Standard or leert
volumetric efficiency, 86
ke O
Eyes of the army, 292
Factory inspection, 253
Fan dynamometer, 367
Fastening hard wires, standard, 66
Filley, Major O. D
Flying boat, cidence, 7 .
Flying level in es, 321
Flying positi
Fusela.ge.
ller, 36

table of characteristics of Ameri-
trouble chart, 103
working of, 48
Fahrenheit, degrees,
i
Flame propagal Lion ‘v@ [ engineﬂ,
85
Fuel for
non-flexible cable ends,

Gal

system of Hall-Scott en-
gine, 122
of aeronautical terms, 378-
394
242
engine, 81, 164-197
cleaning cylinders, 182
climbing and turning, 194

N S rTERRE v %
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398 INDEX

Gnome engine, cycle of operation, Hall-Scott Motor Co., 216
190 Handling airplanes, 24

descents, 195 Hispano-Suiza engine, 91, 198-215
handling in flight, 194 adjustments, 201

the piston, 177 attaching propellers, 206
ignition, 192 carbureter, 207

- long-distance flights, 195

disassembly, 200-212 m
lubrication, 205

lubricating system, 193
overhauling, 167 oil tank and cooling 25)9
regulating gasoline for rapid operation, 204
flight, 195 reassembly, 212
removing crank case and mother retiming the eng
rod, 174 timing of m
short crankshaft, 170 valve timing, 26
running, 193 water urcubl i
storage, 196 Hub for propelle

testing connecting rods, 180
timing the.engine, 191
valves, 186

Government instructions to inspec-

21, 26, 221-246

system, 238, 240
windings, 234
le wire, turnbuckles and fit-
Q tings, 231
rank case, 229
crankshafts, 229
feparation for service, 117 Curtiss engine, 102
reassembling engine, 134 cylinders, 228
removing wrist pins, 134 engine, 230
standard adjustments, 11 glue, 242
ignition systems, 236

starting engine, 128 ¥
statistic sheet, 126 N
temperature gage, 125
water circulation, 128

information of materials used,
245
linen, 232
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Inspection, magnetos, 236, 239 Machine gun, Lewis, 353
metal fittings, 234 Magneto base, 75
propellers, 232 care of, 240
radiators, 233 testing, 236, 239
samples for analysis, 245 timing, 100 '
sheet aluminum, 234 Materials, information for i
spark-plug trouble, 242 tors, 245
stamping materials, 244 Mmﬁngthedihedmlang'.em\'
tools for standard equipment, stagger, 12
246 Mechanics, selecting, for Royal
wood, 233 ing Corps, 327
Inspectors of airplanes, U. 8, in- Military airplanes, cameras to
structions, 220-246 batteries, 293
Instructions to inspectors of Gov- engine, ses Hispan -

ernment airplanes, 220-246
Instruments for airplanes, 346-352
Interplane struts, 20

Jannus, Roger, 318

Keel surface, 15

Lubricating syste.m, in Curtiss en-

gine, 101
in Gnome engine, 193

in Bturtevant engine, 144

gine.
observation from,
use of, 81
Military tractor, angle of ence,
7

tion from military airplane,
202

ricating, 119. See also Lu-
, Dr., 32

in Hall-Scott engine, 118-122 % b
in Hispano-Suiza engine, 205 Q bricating system.

Lucke, C. E, 82

hauling the Curtiss engine, 102

- g

N -

- —

o A

- e r

wagE ey

- A

-

el i o L R

3w



400

Packard Motor Co., 216
Packing up from the ground, 24
Photographs from airplanes, 293
Pilot’s signals, 48

Pipe-line markings, 76

Piston speed in engines, 85
Pitch of propeller, 52

Pressure in engines, 85

Problem of airplane-engine design,

82
Propeller, 23, 27457
balance, 53
balancing, 31
blades, testing shape of, 33
camber of blade, 44, 54
care of, 36, 556
copper protection strips, 37
defects, 36

INDEX

Propeller, torque, 556
correcting, 318
two-bladed, 36
wash in and wash out, 57

wood used, 29, 33

Protection of propellers, 37
336

Radiators, inspection,
Repair of airplanes and
Resistance of airplanes,

Rigging, notes from R@ lying
Corps Man %
Rising in airplane,

Rod end pins, 65,
Rope brake dy:w.m
testing,
Rotary engines,
.Roysl Flying Co:
on rigging, 45
on 15

for engine

anual, notes

rps, selecting me-
for, 327

on
Royal Flyi

W., 81

y of Automotive Engineers,
dynamometer for engine

%,

testing, 364

startlng the engine, 47 standards, 65-77
storing, 36 wire loops, 59
straightness, 54 Spark-plug dimensions, 76
surface ares, 54 v NS trouble, 242

condition of, 55 Specifications for U. 8. military
testing weight, 34 training airplanes, 247-255
tests of, 43 Speed of engines, 85 -
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Sperry banking indicator, 349 Stick control, 77
clinometer, 348 Storing propellers, 36
Splices for flexible cable ends, 66 Stranded wire cables, 62
Splitdorf Electrical Co., 125 Stream-lining, 8
magnetos, 149 Stresses and strains, 18
Spruce, for struts, 1 in wing wiring, 62
specifications, 78 Struts, 1, 4
Spur gears, inspection, 230 interplane, 20
Squier, G. O., 255 Sturtevant sirplane engine, 13&59“
Stability of airplanes, 15 bearings, 159 \'
directional, 15 carbureter, 148
factors affecting, 15 Christensen air starter,
lateral, 17 cooling, 154 @b
longitudinal, 17 Dixie 81 magneto, 150
Stagger, 9, 17 gasoline and oil tan @
measuring, 12 ignition, 149 ¢
Stalling the machine, 321 installing, 140 ¢ "
Stamping materials with govern- lubrication, 144
ment stamp, 244 maintaining compression, 159
Standard adqust.meuis for Hall-Scott radiator, 140
run.mng the 43
141
144
d.lstn'but.or, 156
t, 158

7
T
T ing contents, 362
gage on Hall-Scott en-
ine, 125
jon, 18
wn.res, 61
used in aeronautics, 378-394

splices for flexible cable enda.&ﬂ\ engine, 226

thimbles for wire ends, 66 of military training airplanes,
turnbuckles, 66 252
Starting the engine, 47 of propellers, 43
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Theory of airplanes, 6-26
dihedral angle, 9
lift of the wings, 7
measuring the stagger, 12
stability, 15
Thimbles for wire ends, 66
Thomas-Morse engine, 160-163
Tools for inspectors, 246
Torque of propeller, 55, 318
Torsion, 18
Training aviators for British army,
307
camp at Camp Hoare, Canada,
205-345
machine J N 4 B, angle of
incidence, 7
See also Military training air-
es.
Trouble chart, 103
Turnbuckles, 58
inspection, 231
standard, 65 66

INDEX

Velocity and wind, changes of, 325
Vincent, 216

Volumes, conversion table, 377
Volumetric efficiency of engines, 86

Wash in and wash out, 57 (Q,
Washers on bolt heads, 5
Water-cooled engines,
Weather cock stabilit;
Weight of engines, 83
‘Wheel control, 77
Wind, changes of
Wing wiring
Wings, camber, 9
constructie:
Lift, 7 D\
Wires, care of,
Wiring the plane,
loops,
notes yal Flying Corps
61
ds of the 8. A. E, 65-77

tura under stress, 18
specific gravity and weight, 369

tmgonCurtlssenmne,m@ specifications for spruce, 78





