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In the years 1920 to September 1922 a great stir of
interest was caused by the unheard of successes of certain
German soaring machines. For two years, because of the
prohibiting by the Allies of large machines, their efforis
had been directed to the design and perfection of light
weight motorless ships. They held gliding meets in the
Rhon Hille and established soaring and gliding records that
by far surpassed anything that had ever been done before.
These events incited interest in France and England and
provoked certain students of one school in the United States,
the Massachusetts Institute of Thohnology, of Boston, Mass.,
to build a glider which they subsequently entered in the
French meet. At the same time this new spirit could not
have failed to come west to California, and 8o we find two
students of the California Institute of Technology en-
deavoring to put into practice some of the engineering
prinoiples and theory that they had acquired in the previous
three years.

Our practioal engineering experience was very meagre,
and we had to rely greatly on common sense and the helpful
suggestions of our competend advisers. Realising the great
success of certain gliders in Germany, we naturally took
these for models and in particular the ideas of the foremost
German glider, the Hanover Vampyr, of that time. In doing
this we were favored by having access to the published
theory of the designer of this last machine. Our ship is
not an imitation or replica of the Hanover, far from it,
but it does embody the general aerodynamic features of this
plane. In construotion the two are entiraly different and
we can consider our oonstructional work as completely distinct,
the design following the regular prescribed engineering
processes and formulae. We were ailded also by the fact that
each part of the design must be a compromisgse or have the
approval of all four of us, all different in temperfmernt.
Furthermore we all desired, and for financial reasons were
forced to embrace,eimplicity af design and constructional
cheapness. We used standard aercplane parts such as pulleys,
horns, etc. wherever— possidble. Our emall fund of practlocal
building knowledge made it imperative, for safety reasons,
to use simple straightforward designs. We were also limited
in the way of wood and metal tools. We have friende in the
Pasadena High School, BarnMardt Airoraft Company of Pasadensa,
Douglas Airoraft Company of Santa Monica, and our school
authorities to thank for their unlimited advioce and material
aid. Above all mre we grateful to Mr. Merrill and Mr. Claverie
in their unceasing enthusiasm and aid in the consummation of



this work. Mr. Merrill helped us with our engineering
difficulties and made the financing of our project
possibbe. Mr. Claverie, with his long experience and
deep knowledge, did all of the metal work, a not incon-
siderable amount, and has piloted the final result of
our efforts.

~ When judging or condemning this plane, bear in mind
the relative lack of experience, age, shop facilities
and above all the size of the project. We assert ourselves
in saying that we would never have attempted the job if
we had realized only in part the time, trouble, and effort
required, bub we are now sincerely glad that we stuck to it
and put it over, good or bad.

Most of aur work and all assembling and model research
was done in the Aero Laboratory of the California Institute
of Technology.

Fhoto, #1.




It has been mentioned that we were greatly governed
by the precedence set by the German gliders and by
imperative low cost, and by the laok of facilities. It
must not be thought that safety of construction was en-
dangered. Welght considerations were relegated to those
of secondary importance. On the whole we were extremely
conservative in everything, a very wise thing for our first
attempt. Our materials were of class A, in fact, they
conformed to government requirements. We used basswood
plywood instead some of the more expensive kinds, but not
at the expense of safety.

Our considerations lead us to first adopt the cantilever
monoplane type of wing because of our owm private penchants,
and because of the general adoption of this type in foreign
practice in gliders. We chose cantilever comstruction to
eliminate all the parasitic drag we possibly could. The wing
in relation to the fuselage is of parasol type with the cockpit
in front of the leading edge of the wing. This affords exoellent
vigibility to the pilot. The monoplane or biplane polemic has
a*guments for and against each, and no absolute basis of
decision has yet bgen evolved, hence ocur choiloce.

The landing gear of the Hanover was unique but had
geveral disadvantages. We first decided to have skids, made
out of hickory. This would have lifted the fuselage away
from the ground and thus avoided contact withk stones and dbrush.
It would have been of easlier construction than that of the
Hanover. We ended by designing a wheel landing gear without
a oross axle. This eliminated to a degree the ochance of
nosing over when landing in brush country. Again, the ship
would be sasier to launch and transport with wheels than with
skids. We arranged to have our rubber shock absorber inside
the fuselage, thus ellminating some parasitic drag. The skids
were designed and made but we found it so hard to bend them
into the double ocurve necessary thet this Adlfficulity pre-
cipitated us happily to a choice of wheels which we now think
are very much better.

The salient feature that all soaring machines must have
is quick meaneuverability. This is obtained by having large
control surfaces and small moments of inertia of the parts
about the center of gravity. We followed the Hanover in
having a short tail. We decided to have a small horizontal
stabllizer and to have our elevator of twice its area. This
combination was preferred to that of just the elevator alone
as it would give a small inherently etable force and also the
desirable effect of a large elevator. We made our fin and
rudder after the design of the Hanover. The large fin would
tend t0 nose the machine into the gusts of wind. Our rudder
was slightly larger than that of the Hanover.



The new interest in gliders and small horsepower
“machines is the result of a desire to free the aero-
plane industry from the inefficient methods of war
machines. Small motoroycle engines could now be made
use of, The lack of excess power would tend to lead
to improvement along lines which were being neglected.
Increased aerodynamical efficiency wae the goal. Ex-
perimenits by the Germans sought to the development of
more efficient wings and lead in part to the cognizance
of the thick high 1ift wing and it's improvement. The
designer of the Hanover was first to emphasize the
.akiking velocity or rate of descent and to develope
formulae concerning this. To0 soar means to sink more
slowly than the wind rises, hence the great importance
of a small minimum sinking velocity. Good gliding angle
was of secondary importance in soaring. The new donditions
of soaring mhke 1t imperative to teach pilots the necessary
facts in relation to making use of gusts, rising currents
of air, etc. '

In our problem, whioch was very similar to that of the
Hanover, we must find an aerofoil section which had a
very deep camber, deep enocugh to make cantilever con-
struction possible, and to allow an aspect ratio of at
least 10. The sectio st have a high lifiaQ;caefficient,
a good 1if%t over drag?tz:atio, and priparily a large value
for 1ift, cubed, over‘drag, squared.{ms The latter _
oriterion is embraced in the factors'Ifor minimum sinking
speed. The wing must have an area and wing-loading low
enough to permit a low landing speed, around 20-25 miles
per hour. This must be attained to render landing and
taking off easy. With a speed of 23 miles per hour and a
I%fttcoefficient of about .73 we obtained a loading of

Our weights were the next thing to assume. We cal-~
culated from these weights and the loading that an area
of about 150 or 160 sq. ft. was necessary. In view of
the above facts we then looked about for thick aerofoil
gsections and narrowed these down to a cholce of one of
three, namely, the U. S. A, 27, Martin #2, and Fage and
Collins #5. We desired to get an aspect ratio of
approximately 10, so our first task was to reduce the
results of the reports from a basis of 6 to that of 10.
The drag of a wing being divided into two parts, namely
section and induced drag, with the sesction drag remaining
equal for all aspect ratios, we ocomputed the section drag,
found the induced drag for aspect ratios of 10, added

ese two for total drag at 10, and then found values of
) and which are plotted on accompanying geaphs.
e chalide from 6 to 10 changes the drag enormougly,
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approximately one-third, by virtue of the lowered induced
drag. Thus it 1s seen why we endsavored to get a value

of 10 if possible., From the graph it can seen that

Fage and Coll #5 has the best value of [{) and is second
in regard to (%) . The outstanding quality’is 1t's camber
of almost 19% permitting lighter and stronger construstion.
We chose that section. See figures 1, 2, 3, and 4.

We then met a problem which seemed difficult and almost
militated against our using this section. We found that the
tralling edge was 80 thick that it might be Sifficult to-
construct allerons and hinges. Again, we thought that even
if we could make an ailr proof hinge, the ailerons would not
be very efficient. Next we hit upon the scheme that the
Hanover used, a tapering outer section with flaps. This
was adopted with flaps giving rolling moment comparable to
or larger than that of the Hanover. We did not adopt the
sweep back that they used, but we did make our top surface
a straight line thus giving us a slight dihedral at the
outer tips of about 2.5 degrees. A tapered wing has the
advantage, according to recent tests, of higher efficiency
and less end loss. From this it can be seen that the flaps
will be of triangular plan shepe, to glve the entire com-
bination a reotangular form. Our efforts to decide the
shape of the ends of the wing tips lead us to just chop
them off square. This was easy. Exhaustive tests have not
lead to the adoption of a standard shape by manufacturers.
The tapered wing has another advantage in that it produces
a lighter wing loading on the beams at the tips, this effect
moving the center of pressure of each half toward the axls
of symmetry.

Our fuselage is 2 modified Hanover having about the
same size and shape. This shape, although reotangular in
cross section, lends itself .to ease of conagtanction. Recent
papers of the 1922 and 1923 German gliders show the almost
general adoptiqn by other Builders of this type. This
seems t0 bear out the contention of the Hanover designers
that this type is very efficient in conjunotion with mono-
plane wings. They claimed that the combination of wing and
fugelage gave a lift value equal to that of the wing alone
and gave in addition a low parasitic drgg. Our changes in
it's shape consisted in making it adaptable to skids. To
our chagrin we later found that we could not make the con-
templated skide and so we had to design at the last moment
a wheel landing gear. Happily this turned out to be a
success,and approval obtained. The tail portion had to be
thickened t0 allow the easy flow of the alr around the
new position of the fuselage to the wing, which position
we obtained from wind tunnel tests. Our pilot must sit in
front of the leading edge of the wing. We did this to give
him good visibility and to make a favorable location of
the center of gravity easy of attalnment.



We made extensive model tests in the wind tunnel. This
tunnel has an old N.P.L. balance, a 4 ft. sq. channel and
gives a maximum air speedf of 44 ft. per second.
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Our models were made to 1/20 scale and our wing had
an aspect ratio of 6, to make our tests comparable to
%ests in other tunnels. We tested the wing alone first
‘and found that the flow of the air broke at 9° thaldence
instead of the 17 according to the N.P.L. reports. Ve
attributed this to our low speed, which gives a low VL
(velocity x chord) of only 11. Mr. Norton of the Washington
D. C. laboratory was written to relevant to the safety of
our using this wing. He replied that the high value of VL
in actual flying conditions would wash out this break in
the air flow. Our results below this break were the same
as those of the N.P.L. tests, as far as they went. The
model was made of wood except for the skids: and tall surfaces.
We tested this first by varying the position of the fuselage

to the wing until we obtained a position which gave us the
bestf§§ ratio. This necessitated our changing the shape of
the fiselage slightly. Having done this we put on a

horizontal stabilizer of span of 9 ¥t. and chord of about

2 ft. No elevator was put on because we wanted to determine
the smallest stabilizer which would be necessary to Jjust

make the ship inherently stable. We assumed 2 center of gravity,
‘corresponding to current practice, and congtructed the model
spindle so that the model would rotate as a whole about this
agsumed center of gravity. By varying the angle of the
stabilizer with respect to the wing and by gradually cutting
down it's ares, we ohtained a small surfact whichwwould give

a stable oouple with no catastrophic instability. That is to
say, with this small stablilizer we obtained & normal flying
position to which the model would always return of itself,

if changed by forces over which the pllot has no control, to
another position of larger or smaller incidence. This normal
flying position was made to correspond to the position at
‘whioh the sinking velocity yas smallest,or in other words,

to the position where the was maximum. With this stabilizer,
then, the ship would come ground, by itself, 1f perchanges,
the pilot took his hands off the control stick. Our stgbilizer
needed to be only 1 ft. x 9 f£t. and at an angle of -1.3

to the wing.

#e changed our results from aspect ratio of 6 to that
of 10 by use of Prandtl's formuls for induced drgg, and ob-
tajned for the whole ship a best of 16 at 2.5 and a best
Q, at 4 . This means that the bést angle of ingidence for
goaring or staying aloft longest is larger by 1.5 than the
best angle for gliding or going farthest. Our computed
sinking veloocity was 2.7 ft. per second, which 1s equal to
or better than thome of several German gliders. This we
attribute to the Fage and Collins #5 aerofoil section. See

figure (5).
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Our work was done for the most part in the wind tunnel,
except fof the metal parts which were made at the Barnhardt
Aircraft Company. Pasadena High School kindly allowed us to
use their wood working machines. We mere able for a while
to use the wood shop in our own vhysics department. The
cont inuity of the work was approximately as follows, with
overlappings here and there: (1) The tail portion of the
fuselage, (2) the tail surfaces, (3) the center portion of
the wing, (4) the front portion of the fuselage, (5) the
. outer wing sectiors and ailerons, (6) the controls, (7) the
landing gear.

- The materials used were grade A spruce, which we tested
for checks and spiral grain etc., 5/32" basswood plywood,
cold rolled sheet steel, Shelby seamless steel tubing,
Roebling aircraft wire, casein glue, etc. -

The general specifications for the whole ship are as
follows: :

Wing Area, including flaps 180.0 sq. ft.
Alleron-net area-each of (2) 10.0 sq. ft.
Horizontal stabllizer area 8.8 8q. ft.
Elevator area 17.6 8q. fte.
Vertical stabilizer area 39 -
Rudder area 37 - -
Angle of wing to direction of flight

at normal flying attitude 4 degrees
Angle of stabilizer to wing-zero

- getting ~1.% degrees

Angle of wing to ground at rest - 13.5 degrees
Movement of Allerons plus-minue 30 degrees
Movement of Elevator plus 2Y~minus 30 degrees
Movement of Rudder plus-minus 20 degrees
Weight including pilot 410 1vs.
Weight without pilot 270 lbsg.
Wing Loading including pilot 2.2 #/sq.ft.

From the advice proffered, we decided to use the two
beam type of wing construction, the spacing of the beanms
also following conventional practice and being in the ratios
of about 1/5 and 5/8 from the leading edge. To avoid
difficulties, we made the beams of I beam section because
this form allowed the placing of spacer blocks at any time
after the gluing of the web and flanges. The web was made
of 5/32" basswood 3-ply veneer,and flanges, of which there

were two above and two below, were of spruce with the plywood
glued betwsen.
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Since our span was 40', we were forced to split up the
wing into three sectlons. Spruce of 22 ft. length was
the longest obtainable, and so our center section was
22ft. long and each outer section 9 ft. These sizes
allowed ease of handling. :

Since we used no external bracing, our bending
moments assumed those of a cantilever, the center hay
being only 26 in. wide. The loading for normal flying
was 24#/sq.ft. We computed on a basis of load factor of
five, ralsing this, therefore, to 10%#/sq.ft. From a
knowledge of the center of pressure movement and the
beam spacing, we assumed, conservatively, that each
beam would have to be able to withstand the total load
alone. Computations for beam sizes were made simply ,
.according to straightforward beam formulae and cantilever-
moments. In order to cut down on the weight, we tapered
the flanges from the center to the outers along a
straight line untid it became impracticable far them to
be made smaller, and s0 the outer section beams were
overstrength. - To determine the strength of the web in
shear, we subjected a 4ft. length of beam to test and
found it had a safety factor of 2 above our load factor
and also that it required no stiffeners. ‘

Our standard rib was made as the drawing indicates (mqe-D
mainly because of it's simplicity and strength. It was
heavier than necessary. The strength was computed on
empirical formulae prevalent, assuming a total load of
about 55# for each rib. The web was unique in that it
was made of 7-1/8" square strips glued together to the
shape of the section. This was done by gluing 7-1/8" x
3" wide stripe in a jig to the aerofoil shape and then
ripping these into webs 1/8" thick. The rib had it's
flange running over and unde# the beams and was fastened
by gluing and stapling the flange to the beams and placing
blocks at the slde of the web. The ribs were spaced at
15-16 in. apart.

10
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. \9”7 90’“*
m.‘(k. B) ghved Fo wel (R) and Flange (B)

. Our box ribs took the compression of the drag bracing
and were similar to the standard ribs except for the
center section having a solid web of plywood. .The flanges,
of course, were larger according to egize of loadas.

The drag bracing we adopted aroused a bit of skepticism
on the part of wany. One engineer advised us to use strips
of spruce 1/16" thick in place of wires. Thie plan was
very much simpler and easier to make and we followed his
advice. I have since changed my opinion as to it's wisdom.
Our drag bracing was a double system, one above, and one
below, allowable because of the thickness of our wing.
Either system was more than strong enough to support the
total weight of the ship 1in a dive at limiting speed and
the double system also gave us the advantage of resistance
to torque of the whole wing. The strips of spruce were
merely glued to the under sides of the beam flanges.

. We placed two nose ribs in every standard or box ridb
divigion, which gave us & spacing of about $ in. We had
to do this to retain the shape of the nose, a very important
condition to be sought for, in order to obtain maximum wing
efficiency. The nose ribs were of spruce ply similar to the
webs of the standard rib, but only 3/8" deep and with no
féange. They were glued and stapled to the beam and leading
edge. .

The leading edge was made of 1/16 spruce 3% wide, curved
around the nose and with grain running longitudinally. This
gave optimum stiffness with light weight and something %o
which the nose ribs could be easily fastened.

The trailing edge wad made of wire that was soldered
to copper ferrules at the end of eadh rib. This was easy
and also conventional.

The entire wing was attached to the fuselage at four
points. The center fittings which did this are as sketched:

11
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The outer fittings which fasten together the sections
;of the wing are as sketched below: Cover Plete
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° ° ° > A d

Cover Plafe , fuch

4 sttuee | And Shrap are
Braoxed fo,c.‘ﬂ‘

©cam Outer Sedt jon

A Niek. S5 Bott.

: |
pm Center Section

Skids were put on the ends of the wings for the sake

of protection and to serve as handles in ground work and
launching. _ -

The pulleys for the controls were standard Jn. U4 parts.
~The covering consisted of 90# sheeting. Two thicknesses

were put on the nose in order to preserve the section shape.

The whole received four or five cdlts of lacquer and two
coats of varnish.

12
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The allerons can best be shown by the photo accompanying:
Phota. 16 - Aileron.

T

Horn Avé,

The horns and horn-ribs were cantilever in design so
that there would be no wires to the trailing edge. The horn
rib or main rib was as shown below:

e -,~‘_‘\ Rovn

i

Al wood parts gived and
bradoled .

B o i

Yooy iy r-—.f

- Front Bearn ——

The leading edge was covered by aluminum sheet to prevent
atr leakeage.
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Our fuselage was rectangular in crose section with the

bottom longerons running in one piece from tail to nose.
The upper longerons ran from the tail pliece to the rear
flttings, which held the wing. We both assumed or computed our
loads and then stressed our %uaelage members for both
symuetrical and torsional loadings. We found that our
interstitial bracing oarried no load, theoretiocally, 1f the
load was consldered concentrated on the tall plece. The
longerons were then in straight tension or compression, and
we ocomputed their sizes 4n the assumption of pin jointe be~
tween bracing dlagonals. Ve assumed reasonable sizes for
the diagonal and incidence bracing, and we put these in such
& direction that they would be in tension on landing and
compression In flight. We did this because we were sure that
landing in rough coungry would produce greater loads than
those of ordlmary flight. Here should come the explanation
of our bracing system. It ig seen that we used no wires,
but a stralght wooden truss with permanent jointes. This
method we found would be much essler to make and would,
after onee done, obviate the necessity for continuel tuning
up of wires and inspection of turnbuokles, joints, eto.
Against this, of course, was the greater difficulty of re-

alr in case of smash-up, but we chose the fixed joints for

he above reasons.

These joints were accomplished by means of gusset plates
made of plywood. We computed the sizes of the gussets upon
a glue strength of only 1000#/sq.in. which may actually attain
2500#/sq.in. In addition to this, we put & small screw at
the end of the plywood along each member of the truss to
prevent the glue joint fraocture, in case there were one,
from spreading, whioch would be aggravated by infinitesimal
flexures in the whole system. This method of construction
demanded great acouracy of setting up. We succeeded fairly
well, the fuaelage warping only an almost inconsiderable
amount. The tall portion ended in a box like construction
of plywood. This produced rigidity to torsion and gave us
a degirable foundation for the assembling of the tail group.

It will be noticed that on the fuselage the sides are
cut in under the W1n%£ We did this to allow the air un-
obatruoted passage after it passed the pllot's head. The
strute, then, were expos®d a short length and the incidence
dlagonal on that bay could not run to the wing fitting.

This demanded that we put in some bracing between this point
and the wing to make the system complete. We worked ocut a
bracing of small tubing which satisfied both the external
fuselage sghape and strength requirements. The exposed
struts were streamlined with aluminum.

The wing fittings are shown on the photos.

14
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The taill group wae made so that it could all be taken
off with 2 minlimum of effort. The fin could be glipped off,
and of course, with it the rudder. The stabilizer and
elevator were more difficult and willl be taken up in the
discussion of that group.

The landing gear was ultimately designed for wheels.
We were obliged to use Smith MHotor wheels and tires (20x2)
because of the doubt as to the strength of bilecycle wheels.
The smallest alrplane wheelg that we could get were muoh
too heavy and large. Ve wanted to enocase our shock absorber
inside the fuselage in order to eliminate parasitie drag.
We also wighed to avold a cross-axle, which might cause
spille in brushy or roocky country. ﬁast but not lease wasg
the fact to be contended with that we had to adopt our
design to the already fixed fuselage ftrussing instead of
doing the reverse as would be normal. All in all, the
design, as arrived at, was one with which we were all
pleaged. It was all constructed of seamless tubing, without
any special heat treatment and the joints and ends of
the membere were all of brazed construction. The two large
silde strutse were computed for size on a basis of both
bedding and compression and the entire structure was
designed to take an lmpaoct load of 3, which corresponds
t0 a pancake drop of 18 inches. It is interesting to note
that in flight the plane was stalled and pancaked purposely
to test the landing gear and that one axle point, on one
glde only, was bent but slightly. This was bent back and
the whole is still as it was or1§inally. The shock absorber
was made with 3 wreppings of 1/2" dia. rubber eord on each
side. These will deflect about 4 in. displacement under
full load. Ve also gut & check in the shape of a web strap
in oase of overtravel or breakage of the rubber. The rubber
ls wrapped around a oross tube at the bottom of the fuselage
and the ocorss tube of the landing gear, the latter being
higher. This oross tube of the landing gear is allow&d to
play up and down in the groove formed by the fuselage strubs.
Excessive side play is prevented by the rubber itself. Ve
do not need to fear breakage of struts in case of a side
sWipe, Pecause the wheels would ocollapse first, being only
3" acrose the hub. The wheels were streamlined with cloth
t0 make less drag, the cloth heing clinched by the tire
and doped and varnished to tightness. The whole gear was
made adjustable, fore and aft, by having the braces running
to the front, of two parts, telescoping into each other.
Iwo pine were put through them to fix their positions.
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The top of the fuselage in front of an/in back of
the wing was made open to inspection by means of two
detachable turtle backs.
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The tail ekid was a conventional hickroy one with a
shook absorber unit. The gkid support was designed so
that the skid would turn automatically in taxying.
Glimpses of this feature may be obtained from other photo-
graphs.

The seat was a standard one, equipped with life straps
and arranged s0 as to not give the pilot undue discomfort.
It was made adjustable with the controls able to be moved
through a distance, fore and aft, of &".

The control system was of the joy-stick-rudder var type
and ocan be easlly sketched as follows:

—~—— - 'JVOy S’h‘tl't -

L'"”“.-';# Ailerans Neke:
g e ‘When stick 15 moved
perpendicolar fo paper

Frrelron Up

-

Torque Arm brazed hs main tobe. Tcn‘v& Arm moves with T
e prod vee movementol
Ailerom

B W‘tifes b}
o L

4;:1'3 Elevater hovas.

\\m&‘h h

of oo _.vae;’ Vs T Universal Joint
~ (Pulle,ys.

The launching device is one of which we are ©~7 :4.
The plane is launched, that is, for it's preliminazry v.....s,
by means of a 300 ft. cable attached to an aujomobile. The
pilot iz able to free thé ship from the cable at will, by
merely pulling & string inside the cookpit. The device on
the nose ig such that when the pilot pulls this string the
tengion of the oable opens the jaws of the device, which
hold the end of the bable, affording an absolutely sure re-
leage, impossible of catching.

The fuselage and turtle bvacke were covered, doped and
varnished simllar t¢ the wing.
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The fin was buillt t0 be easily removable and the rudder
wae attached to it by means of three hinges. The group was
of cantilever construction. The horn-rib of the rudder was
gimilar to that of the allerons. The section was & symmetri-
cally streamline one we devised ourselves and we conformed
the rudder section to certain new principles. It wae found,
from governmental testgy that if the rudder was a continuation
of the fin section or/even smaller thickness, there was a
certain dead area between whose limits the rudder, when moved,
was ineffective. This could be eliminated by making the
maximum thickness of the rudder larger by 1/4 than the
trailing edge of the fin. They were built to stand 24#/sq.ft.
of load.

To ciminate dead area make mx thickress of redder

ter
than thikness of Fin af hinge. i

C::j’—_ Fin _::::iﬁ%ﬁﬂﬂu——~:='

Photo 26 showing
Fin, rvdder & staoilizers.

C.2.T -r923

Photo 2( shaw'mq Elevator.




Locating cof g (see pa...)
by weighing in Two positions,

(Si\uw'nq’ Asse mbly ot Elevator &s"ib;lﬁ
(3cp- 9

Strap hinges.
Adjusfnblt fealvre.
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The gtabilizers and elevator were of unusual construction.

We wished to make the stabilizer adjustable, so that the
general attitude of the ship could be changed when desired.

he seotion chosen, mainly so that we could get the required
thickness to suit the 13" beam, was that of & wing (Sloane #1)
and we inverted it so that it would be most efficlent when a
down pressure was to be developed. A ghip rarely flies with
an up load on the tail. The total load necessary in a dive

at limiting veloclty was figured from center of pressure
movenents to he 300# downward. We doubled this to 6004 to give
& factor of safety of 2, thus glving a loading of 23#/8q.ft.
We would not make thim cantilever in conetruction and so we
had two Yubes as braces on each side, one running from the
front beam of the stabilizer to the middle post of the fin
and the other running from the main beam to the rear post of
the fin. The main beam of the combination was to act (1) as
the trailing edge of the etabilizer, (2 ) as the leading edge
of the alevator, and (3) as the hinge rod or center. It was
& large tube, 13" dia. x 22 ga., with fittings brazed to it,
at the center, to make it attachable to the tail pilece of
the fuselage. The gtabllizers and elevator were attached by
means of strap hinges. A method of trial computations was
the only way possible to compute the size of the beams becaume
they were subjected to both bending and compression. This: was
done by two ways, the Berry and the Perry methods, each of
which checked the other.

The front beam which was a tube %" x 20 ga. was & hard
problem to solve. The only method we could see, to accomodate
it to the limitations of detachability and adjustdbility,
was to make 1t so that 1t could be pulled right out from
thrcugagzhe fuselage. The side bracing tuhes were each made
with/tu¥nbuckle in them to vary their effec§ive length. The
fittings whioh held this beam at the sides of the fuselage,
were attached to arms,one on each side, which could be ad-
justed up or down to any position desired. These arms, in
conjunction with the tubes having turnbuckles, made the whole
stabllizer adjustable. The horn-ribs of the elevator were
cantilever just as the rudder and aileron horn-ribs.
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When we had completed the whole plane it was then
necesgsary to balance it and to fix it'e flying attitude.
I3 will be remembered that we had three adjustable
features, namely, the seat, the stabilizer, and the landing
gear. The center of %ravity, according to practice, must
be at about 28 or .30 of the chord from the leading edge
when the plane is in normal flying position. ¥We had, at
the be?innin% of our computations, assumed weights and
dimensiong, the resultant of which would approximate this
locus of the ocenter of gravity. To determine it's exact
vosltion, we fixed the seat and wheels temporarily, and
welghed the whole ship, including the pilet, in two positions,
one, tail low, the other, tail high, by means of three
gcaleg, one under each whesl and the third under a point
of the tail skid support. The day was comparatively fres
from wind #nd the weigzhings checked in totals, miesing only
by 1/3 of one percent. By computing the resultant of the
welght for each welghing, we cobtained the existing center of
gravity and found that it was off from the desired by 1 3 /4",
To obtain this desired loous required that we move our seat
as far forward as 1t wss possible. This shows that we
reckoned wisely in making the seat adjustable.

After we had found the center of gravity, as it now
exists, we were then able to definitely locate our wheels.
We fixed them in such a position, that the line through
the point of ground contact and the center of gravity would
nake an eangle of 28 degrees with the vertical when resting
on the ground level. This angle has been found to be the
desirable one for the making of an easy three point landing.

The final adjustment to make wasg that of the stabilizer.
From our wind tunnel tests we found that the setting of the
tail stabllizer should be at ~1.3 degrees to the wing to
give a normal flying attitude for best soaring at 4 degrees
incidence. This we did. Having made our adjustments and
finished wiring the controls, we were all ready to fly.

The ghip wag taken to Ross Fleld, Arcadia, where
there is a field with a length of one-half mile. The
method adopted to test the shlp was to hiteh her to an
gutomobile with a 300 ft. cable. The first trial consigted
in merely taxying over the ground, Mr. Merrill wisely
limiting the speed of the automobile to 25 mi./hr. This
gave the pllot & chance to test the tail surfaces and to
prove the strength of the landing gear. Without much ado,
the next trial found the plane in the alr and thereafter
many flights were made, with a view to testing the
maneuverability of the ship as a whole. Newspaper and
motion picture photographers took advantage of these flights
to ply thelr trade.
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The general consensue of opinion is that the plane

is sucocessful, inasmuch as it is the first work of two
ngineering neophytes. The pllot gave as his opinionm,

?he having never done any gliding before without motive
power) that the controle were slower than for a power
machine. The piltching and rolling controle were safe,
although slow. The real difficulty occurred in yawing.
The rudder was totally inadequate. It is a coincident
fact, that the rudders of all gliders subsequent to the
Hanover Vampyr, in Germany, have been made greatly larger.
One cause 0f our difficulty may have been due to the fact
that the inertia of the wing tended to keep swinging the
plane around notwithstanding the force of the small
rudder to bring i1t back to norm. The two students are
w#ell satiefied with their work ag a whole, but oan see
that the need for large efficient control surfaces is
paramount in any glider design. The reason for this is
that the absence of propellor slip stream reduces greatly
the (according to the ratio of the squares of the velocitiee)
foroces on the rudder and elevator. he allerons are not
affected in this regard but in another, equally potent. The
#ing of a glider is one of the large, perhaps the largest,
weights of a ship and the span 1s concomitantly large.

The centroid of each side of the wing is moved outward
according %0 the above facts and henoe the wing requires
greater rolling moment t0 produce accelerations in rolling
equal to those in power flight. Therefore, it is seen
that all control surfaces should be comsiderably larger
for sailplanes in general than for power machines.

A new scheme for control in yaw has since bsen
deviged by Mr. Merrill, and eonsists of rudders placed
at the tips of the wing, the old fin and rudder being re-
moved altogether. The same effeot is accomplished with
these by turning the rudder on the side of the ship in
the direction it is wished to turn. In other words, a
drag is introduced on one side only, thus glowing down
that side, to produce the yaw. This also helps the aileron
action in that i% drops the side whose rudder is turned.
This method of control in yaw ig very effective and has,
I think, advantages over the conventional type. This has

been tried on our glider and the pilot reports 300% vetter
yaw control.

The monoplane has, in our opinion, proved itself to be
the most efflolent type in soaring practice. The elements
to be strived for to produce efficiency are (1) good wing
sections, (2) 1light weight oconstruotion and extreme
refinements in streamlining and asrodynamic improvements
to reduce, to the lowest possible, the parasitic drag.
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The argument is specious, (I think it can be proved go)
that is sometimes heard, that bvecause of the slow speeds
encountered in scaring, the parasitic drag is non-important.
It must be remembered that gll the forces, including 1ift,
vary according to the same law e.of velocity squared.
Hence, since relatively, the drag depreciates with the
vaelocity and the 1ift depreciates in the same proportion,
it is seen that any diminution of th@ aresitia drag
coefficient will raise the L/D and L /5‘ ratios. We have
now built one machine successfully, and I fully believe
that if we were to bulld another one now that we would
build the new one better and more efficlient than the first,
although we have gained a lot of satisfaction from the
sucoese of our first attempt. It ie to be hoped that we
may see this glider attempt soaring flight over a sultable
terrain some day. But at the present time the pilot and
Mr. Merrill have many research problems they wish to solve
first. A gliding meet in Oakland, California ie contem-
plated for next summer, and 1f it actually occurs, it is
our wigh that we may enter this plane.
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