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The Wings

The most important part of airplane building is the desigh
and construction of the supporting wiﬁgs. Wheever has once -
flown in a very zusty wind can understand to what stresses the
wings are subjectecd and with what care they must be desighed
and constructed. The desizgn néturally depends on the dimen-
sions and loading and also on whether they.are to be cantiiever
- or externally braced. In glider construction, aerodyndmic con-—
siderations are comparatively unimportant. It is sought to re-
duce the wing loading as much as possible, and the structure of
the wings is correspondingly simple. This statement 1s especi-
ally applicable to the construction of "hang gliders.” A small
wing loading 'is especially desirable for gliders with a large
structural drag, in order to keep the sinking speed as low as
possible. Generally speaking, a minimum wing loading is the
principal requirement for imere gliders, while good aerodynsmic
design of all parts is very important for "soarers." The mean
wing loading of gliders varies therefore between 5 and 8 kg/m2

(1.02 and 1.64 1b./sg.ft.), while it lies between 8 and 13 kg/wP

*Translation from Chapter IV, Sections 6-9, "Der Gleit- und
Segelflugzeugbau," by Alfried Gymnich. Published by Richard
Carl Schnmnidt & Co., Berlin, 1935,
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(1.64 and 2.46 1b./sq.ft.). fer soarefs. A glider with a swmall
wing loading 'is superior in all fésspects to one with o larger
wing loading. The excellence of a soarer depends on other
characteristics. This is well illustrated in nature, the best
soarer among the birds, the albatross, having the greatest Wihg
loadingNup to 16 kg/m® (3.28 1b./sqd.ft.). For this reason the
wings of gliders and soarers have different aspect ratios. The
greate: the aspect ratio, the less the travel of the center of
pressure and the easier, on wing-controlled airéraft, the &ings
can ve rotated about their lateral axis. With increasing span,

however, the construction becomes more difficult and the weight

of the wings increases disproportionately. It is obvious
Lo P ,

therefore, that efficiency and weight must be suitably balanced.
In practice, soarers are umade with an aspect ratioc as high as
18 ("Zepenlaub"). The slbatross often has an aspect ratio of
30. In general; present-day soarers have spans of 13-15 m
(40-50 ft.) and aspect ratios of 10-15. For gliders the aspect
ratio is smaller, in order to reduce the weight. On monoplene
gliders. the span is 8-12 m (36-39 ft.) and the chord 1-1.5m
(3.3-4.9 ft.). On biplenes the span is often reduced to & m
(less than 20 ft.). The Wings must be made in sections of such
length that they can be loaded into an ordinary railway oar‘for
transportation. For spans of less than 12 m (39.4 ft.), the
Wingé are usually made in tWo sections, or at most, with a short

c entral cabane section rigidly connected with the fuselage.
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Longer wings are madc mostly in three sections, .the niddls ssc—
tion being usually the longest. The wing shapes vary grcatly,
without zreatly affecting the flight characteristics. he wing

tips are usually rounded, in order to prevent the formation of -

[

vortices. Extending the wing ti

+3

s art. produces inherent stability,
which mcy be so great aos to render tail surfaces superfluous.
Figure 1 gives the wing shdpes of five well-known soarers.

The flight properties of a soarer depend largely on the cross
section of the wing, i.e., the "profile." Figure 2 includes the
profiles for four birds (Wo. 1, brant goose; No. 3, eagle; No. 3,
owl; No. 4, vulture) whicih soar over the land, and two birds (No.
5, gull; Yo. 6, albatrcss) which scar over the sea. A comparison

of the profiles of the land and sea soarers shows that the foraer

03]

are relatively thin and are thickened only at the leading edge,
while the latter are considerably thicker and have their greatest
thickncss at about onc-third of the cherd from the leading edge.
If we ndopt the view that the land soarers utilize ascending ther-
mal Winds and winds which are deflected upward by mountain slopes,
we find these differences comprehensible, for thick profiles en—
able a great increase in the angle of'attaqk, without any sudden
Lessening of the 1ift 6r.mﬁgh increase in the drag. They ére,
thereifore, esﬁeciaily wdcb%ed or dynamic soaring flight. Hence
fhe'Gotting@n profilé 241 (Fig. 2, No. 7) is often used ("Vaapyz").
This hos an-espécially h%ghilift qoeffioient andlits sinking speed

is quite constant for a large range of the angle of attack. The
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similarity of the thtingen profile 441 to the albatross profile
is notewo;thy.

According to measurements by Custav Lilienthal, the raties
of the chord to the thickness of the wings of various birds

are as follows:

‘Upper vart Lower ﬁart'
- of wing of wing
Pheasant o 80 - 30
- Brant gocse 17 L 15
Garrion.cfow» - 3 20
Urubu 9 .17
Brahyiny kite- 8 14 *
Swan B.75 13
Golden Eagle 5 13
Peiican_ 8- 13
Frigate bird: 6.5 10
Concor - 6.7 8.3
Albatross ) 8

- 0f the above birds, the pheasant and brant goose employ
only flaﬁbing flight and the crow soars very seldom; while the
-others only soar.’ The_soaring ability of bvirds, according to
the above table, increases with the thickness of their wings.
It is seen, moreover,. that for.the best soarers, the wings di-

minish less in thickness toward the tips.
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The Wing profile of the Pondicherry vulture is very pecul-

iar, in that it has a recess on the lower side just back of its .
leading edze. According to Henkin, similar recesses are pos-

ssed by the adjutant, crane, and flamingo, hence by land -
‘soarers with aihigh wing loading. It is therefore to be as-
sumed that the recess facilitates soaring. According to Hankin
the birds with the recessed wing profile soar swifter than those
with the eagle oxr owl wing ppofile while, on the contrary, the
gliding angle of the latter profiles is better than that of the
recessed profile. Hankin'sg observetions refer, however, only
to soaring in ascending thermal currents, and heace it 1s not
advisabie to imitnte the rccessed profile, Airplanes with
this profile were wrecked. in their first tests. The recessed
profile is likewise unsuited for dynamic souring filvqt beeause

it develops vortices, which incr

-
Q
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1 ase the drag.

The chief couponents of an alirplane wing are the spars
and ribs. The former are designated according to their loca-
tion as.leading-edge former, front spar, rear spar, and auxili-
ary spar. If either the front or rear spaT is muoh_stronger
than the other, it may also be termed the main spar (Fig. 3).
Airplane wings are generally made with two spars, though there
are exceptions, including single-spar types with rigid plywood
leading edges, which have given good Tresults. The thickness

of the spars depends on the thickness of the wing and this, in

turn, depends on whether the wing is braced or cantilever. It
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is advisable to utilize the .whole ving thickness for the spars,
even though the strength computstion does not call for it, be-
cause the rigidity of a spar depends only on its thickness.

If only one spar is used, it should be situated, if possible,
in the center of pressure of the wing, especially when fhe
wings are to be manipulated for controlling the flight. The
spars previously used on ehOine—driven airplanes can hardly be
used on gliding or soaring airplanes, because their weight is
disproportional to their strength. ‘The"simplest spars are the
ones having a thick web with flanges, as used by‘Pelzner on
his hané-glider; Box spars and I-girders with plywood webs,
which combine. small weight with great strength, are now corm-
monly used. The.webs are often open-worked so as to resemble
lattice girders, in which case they are sonetimes reinforced

by narrow strips. The flanges for the box spars can usually

be bought ready-made in all -dimensions. Fine-grained, knotless
pine is-generally used for this purpose and, when necessary, is
first spliced, whereby care must be taken that splices of the
upper and lower flanges do not come opposite one another. -Then
follows the -fitting of the plywood webs, which must be done
with the greatest aécuraey.’ The webs are glued to.the flanges
end secured with small brads. The glued surfaces must be firm-
1y pressed together, because the strength of the spar depends
on the perfect gluing of the flanges and webs. It is very im-

portant to keep the spar stralght during its conmstruction,
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This can be most easily aogomplished on a perfectly level sup-
port. Since plywood sheété can be procufed only in certaim
sizes, the webs must be spliced more or less, as shown in Figure
7. OfAcourse this must be done before gluing them to the
flanges. Here also cdre musf be token that two splices do not

come opposite each other. The flanges are often reinforced

Wwith thin plywood, as shown in Figure 8, in order to suppoTt

thevedgeé oi the webs and thus relieve the stressés on thelglue.
This reﬁnforcement'must likewise be ﬁade uviider strong pressure,
buf only after the glue on the sides ofhthe webs has become
well set. Box épars are“a1Ways used when only one spar is used
without the plywood leading-edge former, beoauée they are mubh

more torsion resisting then I-spars. TheAlatter are used as

.main spars only when there are two or more spars, or when the

whole leading edge of thé wing, froﬁ the top of the spar around

to its bottom, is coverad with plywood ("Vampyr," "Konsul,"

JGreif," eté.). ‘The construction of an I-girder is considerably
easier and also éheaper, on account of the smailer quéntity of
material réquiréd. The webs are prepared in the same way as

for box spars, but web séctioné are not joined until after the‘
flanges have been added, the plywood connecting pieces being
giued on both sides of the web. The flanges of I-spars are of-
ten grobved to receive the edges of the web. This method 1is

not recommended, howévér, since it increases’the cost, with no

commensurate advantage. In using such flanges, the web must
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fit tightly in the groove aﬂd the flanges must be driven en
firmly with the 1nterp081t10n of a piece of wood between the
hammer and the flange. Any open-worxlnv of the'sper web ig
done with the ald of a etenell a;ter uheAflanges heve veen
attacnhed. |
The ribs receive the air pre sSUres end transmit them to the

spars.' Th°1I snape is aetermlned by the wing profile. There
are two main types, these with Jrlanﬂular braclng (Fig. 13),
and thoo with oFVneworLed Dlywooa webs (Flgs. 13-15). 'The lat-
ter are more dlfflCULt to make and more expen01ve but their:
greater streegth makee them deoidedly preferable to the fermer.
The ribs at the junofiees of the Wing seotiane and the attach-
menfs of the sfruﬂs are'often of the bex pre'(Fig. 15), since
these can w1thsTana greater stresses. | The vafiatiens in the
.plywocd rlbs depend on whether the wing is to be r1g¢d or flex-—
ible. The web is often a single pleoe, which is shoved over
the spef and'seeured with corner brackets. It is alsc often
made in.two or tﬁree seetiens, so.that fhe'spars can be made
the full thioknees‘of the wing.- Webs ¢f the same height are
made with a pattern, which alwa&s feoilitates the werk. The
task 1s more difficult when the wing tapers toward the tips.

In the latter case, each individual rib must be made with the
gfeatest care from.the-working dzsign. The intervale'between
the ribs differ greatly; Someiccnstruetors prefer‘to use many

Tibs, in order to obtain a smooth surface without hollaws,
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while others use only a few ribs and §over the wings 1argeiy‘
with plywood. In general, the intervals are 30-50 cm. (12-20
inches). *With greater intervals, intermediate ribs are-used.
These generally extend but a short distance back of the main
spar and serve principally to prevent the hollowing of: the fab-
ric and consequent profile changes (Fig. 17).

The weakest point of a rib is at the spar. In breaks, es-
pecially of singié-spar Wings,ﬂthe failure usually occurs at -
this point. The Trisk is not so great with sectional ribs.

With continuous ribs, the flanges ére often reinforced at this
point by pieces of plywood, or special flanges are used, which
gre wider at this point. ‘Under no circumstances must nails be
usedk%b fasten-the rib flange to the spar, since the materiai,
weakened by the nails, would break on the least provocation.

" ‘The Tibs ‘are ‘shoved over the spars and secured by small
triangulai pieces which are glued'aﬁd nailed. The riﬁs are then .
glued at équal»iﬁtervals to the leading-edge former. The wing
is then strengthened against torsiom by the intrecduction of
diagonai gide Wallé,‘WhiCh must intersect every rib interval

or evéry seoond interval. This is not necessary on biplanes,vﬂ
since the same cbject is accomplished by the external bracing..
On biplanes every space, or every other space, is braced only
by steellwires, in crder to prevent any lateral displacement

of the ribs. Tnhe same method is employed on cantilever méno~

planes controlled by wing warping. The torsional rigidity is
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then maintained ty the steering contrels conneoted‘with %he eon-
trel stick, which i1s operated by the pilot. In the diagenal
orecing, it is important to uss.firmly fitting attachments

vhich will not weaken the spars. Cne .ernd of the steel wire is
secured as sghown in-Figgre 18, while the other end isﬁattached
tc a turnbuckle,’in orcder tc be able to adjust the whele wing
after the brace wires are installed. After the wing has been
adjus?ed,_all the turnbuokies are secured as shown in Figure 19,
No‘subsequent alterations can be made in.the diagonal bracing, -
fer which reason greab care must be taken to adjust ovcth wings
symmetrl ally as reg rds the angl2 of setting. -Scarers with zero
angle of wing setting‘have often been floWn_successfuliya‘ For
exampie, the angle of wing setting ef the "Vampyr" was zero atb
the fuselage. Likewise, wings with a negative er pesitive angle
«f setting. at the ?uselaga and a negative angle of setting at
their tips whereby sone degree cf aut:matic starility 1s at-
talned have been feund usable..

The setting cf a wing depends:on its profile, wherefore
fidueiary lines for the best angle cf'se tting cannnt be laid
dewn. It should not, hewever, o2 more than four degrees at the
fuselage and sheuld diminish toward the wing fips; In no case

1ould the angle of wing setting te @reatpr at the tips than
at the fuselage. Foz wings with. flexible trailing edgés, the
angle ef oetfinvlnan be a*eater than ¢n perfcotly rigid wings.

It should alsc e neted that the angles of glids of twe other-
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wise similar gliders, one of which has wings with flexible trail-
iﬁg edges and the other has perfectly rigid wings, differ great-
ly from each other. The angle of glide improves with. increas-—
ing flexibility of the rib ends, since the air can then flow

off without forming vortices. This is the case, however, only

so long :as the flexibility does not give rise to a flutter;ng.

of the trailing edge.

The Fuselage.

Thejéhoice of the.fuselage_always depends on financial or
structuréi considerations; for of course the head resistance |
of an aircraft, in which the pilot is exposed to the air our-
rent, reduces fhe flight.sbeed, ﬁhich is.important for aircraft
intended to utilize dynamic soaring effeofs. This factor drops
out for mere gliders which are intended oﬁly fdr"sailing in
winds defledted.upwaid by mouﬁtain slopes. Only the trellis or
skeleton type is adﬁis&ble for treaining airplanes, because it
is cheaper to make and easier to Trepair. |

Theliézl wing-controlled Munich monopiané (Fig. 28) had the
simplest union between wings and tail. The whole structure
consiéted.of four steel tﬁbe longerons joined so as to form tri-
angles. On monoplaneé the runner is almost aiways built into
the fuselage structure. Figure 29 shows the framewbrk of Harth's
S0aTeT. I is'easy to recognize the triangular structure, which
renders diagonal bracing superfldéus. .The materizl st duraiu—

min tubing. A and B indicate the centers of rotation of the
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wings. Struts directly in front of the pilot's head should be 
avoided. On biplanes the wings and tail are best united by
fqur longerons, "two for eadch wing. These ﬁay be mutually
braced by transverse struts.. If it is desired, however, to
build a real fuselage, it is not advisable to leave it uncov-
efed. The small additional cost of the covering is fully off-
set by thevimprovement in its flightlcharaoteristics.

The fuselage can be made in three different types: with
open Wood frame' welded steel or duralumin tubes; or wood
frame oovered with plywood, which distributes the stresses,
thus dlspens1ng with the bdbrace ere dnd more oT 1ess with
the stz uto. The simplest type to construct 1s tne one shown
1n F1~ure 30, which is made square throughout and has no spe-
olally designed oulknuads. | |

ﬁuselages of this type are almost alwayé covered with fab~
ric. if-it is to be éovered with plywood, the frameWork_oan
be made of smaller timbers. In the cockpit, diagonal.struts
and wires must ‘be dv01ded under all cir cumqtanues since it
nust be roomy enouOh not to 1nte¢feve with the greatest move—
ments of the steering cont;ols‘ It is better to put up with a

little greater air resistance than to handicap the pilot by

enclosing him in cramped quarters, thus taking away his view

and fatiguing him prematurely-by an uncomfortable posture.
As shown in Figure 33, the diagonal struts in the cockpit are

replaced by'plywood gussets, or even oy an ash hoop. Experience
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has shown that if iS.adviéébie to place the pilot‘s seat so
high that his'head will be eipogedvto the unobstfucted air pur;
rent, which greatly facilitates.the utilization of favoring.
winds. Of éourse, the chair and headresf (if there is one) |
must be padded. 'Moreover,.it is desiraﬂle fér éil sfrufs and
spars in the cockpit to belwound with 1ihen,AWhich not only
strengthens the wood'but,:moét impéftaﬂt of all in case of ac-
cident; also affords protectioﬁ‘against‘spiintering and con-
sequent injuries to the pilot. This dangef can be still fur-
théir‘dimini;hed by using ash for the front portion of the lon-
gerons and spruce or pine for‘thebréar portion, the spliced
junctions coming behihd'theléoékpit.l Ash is‘§trong and‘tough
and has but little tendency to split. The-giﬁing together'of
hard and soft wood, however, must be done with great care,
since}ptherwise‘the giued joints will not hold. It is expedi-
ent to!spre?dwthiék glue on the ash first and wait a few min-
utes for it to penefrafe the pores before spreading glue on the
pine. The gluéd splice shoqld then be'fdt under the customary
pressure. It is not'advisable fb continue the ash longerons
the whole disténce, since thié would unﬁecessarily increase the
weight of the fuselage. Moreuvver, ash is difficult to Work.
:The longerons and séruts should diminish in cross section towaxrd
the stern, to oorréspond_to the smaller stresses.  In the event
lof a nose dive, 1t is desirable to have as little weight as pos-

sible behind the pilot. If the landing gear is not previded
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with-ehock absorbers, it is desirable to pad the pilot's seat
well or provide it with springs, in order to soften the land-
ing shock for both pilot and fuselage. The fuselage ends in
either a'horizontal or vertical wedge, which is correspondingly
usead for'the.attaohment Qf.tha elevator or rudder. - The ver-
tical wedge is more common on gliders because'ofAthe better keel
effect, While the horizonté} wedgé is better“fof soarers, in
orde“ to facllltat curv1ng fllant

Another very 11ght type of fusclage Waé succeSb;ully em-—
ployed oﬂvuhe.Aachen gliders "Schwarzer Teufel" (Blaok Dev11)
and‘"Blaue Kaus" (Blue Mouse). In this type, two box girders
or I-gir ders serve as loqferons to‘ﬁhich are attached thin
strips ﬁo support the fab?ic covering and give the fuselage
the @esifed shape.

Steel tubing or other metal has been but little used in
the'gonstruction of giiders and'soarers, because this requires
expert wo“kmen nrovided with specially equipped workshops.

This *yoe though heavie T, is stronger and more durable. The
securing of the wings to a metal fuqelage 1s simpler and easier.

Tne(constructlon of a plywood fuselage postulates some ex—
perience in fuse1age or boat buiiding, for it can be accom-
plished only with the aid of a special form. Thé bulkheadé
-must first betmade in exact conformity with the working designs,
which is‘done in various ways according to the shapé and the

requisite strength of the fuselége. The front bulkheads, espec-—
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ially those which are designed to receive the wing fittings,

are made of heavy plywood,. while the rear, less-stressed bulk-
heads are made of thin strips with plywood. reinforcement. One
,advanfage is the elimination of the diagonal struts, since the
bulkheads afford sufficient rigidity. The inside of such a fuse-,
lage is.therefore more.roomy, thus facilitating the installation
of the seat and steering controls. An oval fuselage requires
more bulkheads than an angular fuselage for the preservation of
its shape. This requirement is met by inserting one of two
light auxiliary. bulkheads between everyltwo main. bulkheads. The
number of longérons iikewise depends on the shape of the fuse-
lage., In general, four main longerons are employed, with small-
er intermediate longerons as :equired. Round bulkheads; how-—
ever, require only three longerons. The actual construction of
the fuselage is begun after the completion of all the bulkheads.
A board, whose dimensions correspond to the length and breadth
of the fuselage, is firmly secured by screw clamps to two paper—
hanger's "horses," For a round fuselage, a keel corresponding
to its bottom line is secured to the board and the bulkheads

are attached to.the keel by means of screw clamps. For an angu-
lar fuselage, cleats corresponding to the number and location

of the bulkheadSAare‘fastened to the board. The longerons are
then fitted into notches in the bulkheads and glued, corner
blocks being glued into the angles . between the longerons and

bulkhedds. Then all inner parts, like the seat and steering -
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controls, are installed and, lastly, the plywood covering is
acded., This is easily dome with angular bulkheads. Glue is
applied to the longerons and bulkheads and the plywood nailed
on in as large sheets as possible and so that the joints-always-
cone on a bulkhead. For round or arched fuselages, the diffi-
culty increases With the cﬁrVature, wherefore the plywood plates
must be smaller and must be gpplied slowly, beginning with the
narrow side. - Both lateral and longitudinal bending must not
be attempted with the same plate as this would produce buckling
and unevenness. After the upper and lateral portions have been
covered, the fuselage is detached from the keel or cleats and

its bottom is also covered with plywood.

G2
w
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Landing

Often too little attention has been given to the correct
construction of the landing zear. We repeatedly see gliders,
otherwise well built and with good flying ability, which experi-
ence difficulty in teking off or are irreparably damaged in
the attempt, due to faulty landing gear. The landing gear must
be regarded as an organic part of the glider and not as an aux-
iliery attachment. Offermann published in "Flugsport," 1921,
No. 18, interesting and important observations on the construc-
tion of runners, but wnfortunately few constructors seem to
have derived any advantoge from them. The landing gear is also
the.Vstarﬁing gear". and it is only in the latter sense that we

are considering it here. Runners are now comraonly used en
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gliders and preferably one central runner instead of the forumer
double-runner system. The few attempts to use landing gears
with Wwheels met with little success. The correctly built cen-
tral runner is doubtless the best solution of the starting prob-
lein, since: it weighs but little, is-easily constructed and of-
fers thc least head resistance. The greater friction of-the
central runncr in taking off is of no practical importance{
For ‘example, the "Espenlaub V" (Fig. 40), which has a very sim-
ple central runner, required oﬁly-two mén to launch it in a
wind of 4-8 m (13-20 ft.) per second. There is no danger that
a glider with a central runner will tip over on the wing at a
low take-off or 1dnding speed, such danger existinngnly when
the glider is standing still. ~ Even then the glider tips so
slowly that there is no dangcer of doing any damage.' Hence
-proteotihg~devices on the wing tips are seldom used. The sin-
gle-Tunncr tyvpe has the advantage over the' double-runner type,
in that, aside from the smaller air resistance, the landing
gear (and hence the whole glider) is less endangered in land— -
ing with o side wind, because it is much easier to head into
the wind, Neverﬁheless double runnmers are often used on school
machines, in order to render the take-off easicr for the pupil,
Straizht rigid runners (the so-called "sled gear") (Fig. 41) are
commonly used, though very mistakenly so, because flexible, or
at least beat, runners can be easily made and greatly facili-

tate tone teke-off.
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If we inspect Figures 42-45, we can see why straight rigid

e

runners make the take-off difficult, if not impossible. It ig

assumed that the angle of wing setting is zéro. The take-off
gané pulls on the cable and the pilot raises the elevator, in
order to give the wings the feQuisite'angle of attaék. It mast
be agsumed that the pressure on the elévator, esuiting from
the take~off speed, is great enouéh to oause_thé giider to nose
up and thus increase tne qhgl f atfaok, sinoe.otherwise the
take—off would not be posslble. ﬂhén this héppens, however,

the aircraft is deprived of its supporting surface, since its
whole weight now rests on tﬁe tip of thelrunner which ﬁloWs into

the ground (Fig.

.,5
oY

)« The ground frlhtlon *ﬂcreaces enormously

e

and the aircra ft again tips forward. This frequently happens
but, instead of looking for the oauée, the ta e-0ff gang is
generally increased. Thus 10 to 12 men -are frequgntly reguired
on the starting cable. Ofﬁen.the glider finally takes the air,
but more oftén it *emalns on th ground; The excessive pull
of the large take—ofx gang oometlmcs causes a bad 0t rt, which
usually ends with more or 1ess serious damazes. Somewhat bet-
ter, tﬁough still not to be reqommendedx/is the-arfgngement
qhQWg in Figure 44, which éompels the wings to aséumé fhe angie
of att&ok required er the take—off.— This would probably enable
the take-off, but the time'required WouidAdepend entirely on
the pull by the gang and on the otrengtp of the wind. The ma-

?

neuvering ability of the 11der is first aevelopea in the airx
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vhich fact ﬁay'iikewise'leqd to &ccidents. It is therefnre
better to éohstruot the iandiné geai“in such a way as 1> afférd
tﬁe maximum‘maneuverabilify on the grcund. Such is the caée
vhen the rﬁnnep'is perpéﬁdicular ébnthe lins of'grévity in
every posi{ién of the aircraft; which recessitates a curved
shape of the runner (Fig. 45). In order to omelisTate any unin-
tentional pitching, which w&uld require ceonstant mdnipulaticn

2f the elevatér, ﬁhe.runﬁer_ié given a parabolic shape.' More;
¢Ver, a Plrrular snao vould eause the runner to preos into the
'grwund more and thus increase the frlctlcn. It is still better

1~ use spring TULners whlc“ adapt themselves automatically to

the surfaoe of the grcund. If the runner is used foar the static

m

trunture of the fusv]wgp sprihginevs céﬁ be othined only
through the medlum of a SﬁwﬁalLﬂd "plin d" TUNnaT. rphls blind
runner is used for the StablC structu e anfq the real runner is
S0 attaohed to thp static runner by mcans of SlengS or ruober
cords that they can y¢ 1d and thus al“ow $he Tunner to flt the
.grbund. In the oonst¢uﬂtﬂon it is only nec ecsary to see that
the restiﬁé polnt of the real runmer at the various anglés of
sttack dres net coincide with its point of attachment to the
blind runner. |

Naturally the above statements do not apply to wing-con-
troiled glidefs. These can have straigﬁt rigid runners, because
the alteration of fhe angle of attack dees not necessitate any
change in tﬂe positien of the'fuselage and consequently of the

runner.
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The runner of the 1931 Stuttgart monoplane (Fig. 48) can
be recommended for school gliders. The landing gear on the
Darmstadt monoplane "Geheimrat" was very practically construct-
ed (Sce N.A.C.A. Technical Hemorandum No. 433, p. 18). It con-

isted ofltWo ruﬁners at the outer edges of the fuselage, the
space between the fuselage and runners dbeing occupied by an air
cushion protected by sheet duralumin. This type of landing
gear, hoviever, is complicaﬁed and expensive, The present most
commnon type of landing gear is the single central runner with
projecting and consequently flexible rear end (Fig. 45). With
the correct position and curvature this runner may be considered.
ideal, especially when the landing shock 1s partially absorbed
by an uvpholstered or spring seat. The previously mentioned
"Espenlaub V“ (Fig. 40) has sﬁch'a central rumner, which is so
long as to render a special tail skid unnecessary.. In a normal
landing, this type of gear distributes the shock evenly between
the different joints. The Tunner itsélf should be wide enough
to prevent its sinking into the ground. A width of 6-8 cn (Bo4d—
5.2iin.) is generally sufficient, although this depends on the

weizght of the glider and the nature of the grounds. The take-

off from a sand dune naturclly requircs a wider runner than

from a grassy field.

=3

he runners are generally made of ash or elm. Large run-—
ners are bent, after being allowed to soak several days in cold

water or a few hours in hot water. Forcible bending and gluing,
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without first softening tihe wood, are 1iabie to Tesult in the
1oosening.of,the_runnerAin the event oan hard 1anding.::lt is
attached to the bottom of the fuselage with the'aid of a Vér;
tical'board, about 2 cm (0.8 in.) thick and generally wace of
1ight»plywood.-_The lower edge of this board is given the de-
sired shape of the runner.  The board is then fitted and gluad 
in notches prbyidgdvfor the purpose in the Eottoﬁ of the bulk-
heads. It is braced laterally by small blocks and plywood gus-

5,

sets. - The runner is then glued and screwed on, as

Y

shovm in
Figure 47. Of course the 'vertical board cannot be used on

gliders without any-real fuselage. In this case a curved cen-

tral runner Qan be attachéd only With the aid of a "blind" runher,

The runner may be made in thinlstrips glued singly to. the:
bqtfom of the vertical board and then secured by screws. By
this meﬁhoq,fhe projecting ends can be left of different lengths,
as shown in Figure'48, in order to make the Tunner more flexi—_
ble and springy. In.crder to prevent the runner from catching .
in ruts when landing with a side-wind, the bottom strip ol the
runner is rounded and -its edges trimmed...

AsAalready mentioned, Whecl'landing gears have failed qf
general adoption, because they .are more complicated and expen-
sive and because the facilitation of the teke-off is more than
offset by the increase in the drag and in the length of the land-
ing run.- However, individual wheel landing gears have‘been used

with good resultss The monoplane "Tgpenlaub IV' had, fcr exam-
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nle, a wheel landing gear, whose drag was reduced to a minimum

3

by placing the axle and upper third of the wheels inside the

oval fuselage. A central rurner vwas nevertheless adopted for

henlauvb V!

ct
—
+
@
1
[
®J

Figures 49—51ishow e simple and practicel landing geor
wheel, which was described by Schalk in "Flugsport" 1933,
fo. 14. It consists of a hub with brass bushings, plywood
spokes, rim and covers. The hub (Fig. 49) is turned from hard
wood. The %wo brass bushings are roughened on the oubtside and

0) are set at on

(@)

driven into the hub. The five spokes (Fig.
angle of 72° to one another ond wttached to the hub with cold

glue and nails. They sre madé of S-wa (0.2-in.) plywood. The

o

rim is wade by winding a thin ash sirip around @ circular disk
(Fige 51). The %apercd end of the strip is held against the disk
by a clamp and wedge. After fhe first turn, wedge Hoe. 1 is care-=
. Tully removed and cold glue is applied, all the wedges being‘
successively removed ond replaced after the second turn. This

b
=)
Qe

proceéss is repented until the whole strip is wound on. T

glue can be reinforced With Smali nails. The last end must be
well neilca. After the glue is dry, the wedges and disk are
removed and the rim is.given o trapezoidal cross section. It

is then put over the spokes and the conical covers are glued on.
The latter ere wuade by cutting ond fitting o plywood disk 1 mm
(0,04 in.) thick by 54 cm (21.3 in.) in dicmeter. The overlap-

ping edges cre smoothed off, in order to wmeke ns uniform o sur—
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face as possible. The whole is then carcfully shellacked and
varnished. If the wheels are used for transporting the glider,
it is advisable to protect the rims with leather strips, in or-
der to save wear and dcaden the peculiar noise. The leather
strips'oan be giued on with leather cement, the so-called
"Vienna'paste;" According to loading tests made by Engineer
Kromer of the'Kyffhguser~Technical School, such a wheel has
Iverticdl bréaking strength of about 300 kg (660 1lb.).

An intermediate method between the wheel and the runner
landing gears was adopted by the aviation section of the Han-
nover Technical High School. The gliders "Vampyr," "Greif,"
and "H 6" had rotatable leather balls similar to footballs.

They conformed to the shape of the fuselage and each one had a
valve provided with a rubber tube. This almost. ideal solution
combines minimuwsm air resistance with minimum ground friction
and good sheck abéorption. Onc disadvantagg, héwever, needs to
be remcdied., If the aviator is compelled to land against a
steep declivity, there is danger that the glider will roll back-—
ward and be more or less damaged. This hoppened once at Andreas-—
berg, when éohWarz was compelled to land against a steep hill-
'side, and again in the Rhon Mountains when Martens on the
"Strolch" had to land in the same way. In botﬁ cases the ele-
vator and the tail end of the fuselage were badly damaged. This
danger might beAaﬁoided by means of a Efdke skid operated by'the
piiot or bﬁ inétalling the wheels or balls in such a way that

they caanot turn backward.
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t has already been menticned that no tail skid is required

with sufficiently long runners. With short runners or with

ball landing gears, hoqeyer, a tall skid is reguired to support'
the tail and prouect the tall surfaces., Filgures 52—53 show the
tell ski ds oommonlv used both on al 101 nes qnd on gliders. The
method skown in Fig. bavlaa be used when the fus;l ge ends in a
vertical wedge. ‘The ailr resistance 1is Wéso by tn method.
The rubber cibleo-ﬁ ust, of dourse, e rendarcd exn Sllj accessible
*rougn o trap “door. 1t is.é9511a01° for the skld to be C“ngle
01 YIOldlnT soﬁewhéﬁ lgierﬁlly.. The 1ife of the skid 1is thus
1ncreuscd uqa the strésses o“_ff gtern of ube ;uselao , waen
turnlng, ore oimlnishcd. The éeigdt of the 1d must ve cuoh
ns to‘ullow a Sd*flolbntlj norlzoL ' 1 motion OL. He fusel ze to
enable the 1icrezolno of the ong 1u ol attaqk in taklﬂv off.
When:poss1ole, it is oeﬁter to digpense with the uall skld al-
together. |

The Stecring Organs

Thile we ere striving for minimum sinking speed and cngle
of glide, we must also endeavor to increase the maneuverability,‘
in order to bring the aircraft promptly into the s0st favorable
positiOn for any given air current. Like engine-driven air-
plénes,'gliders requiré three control organs, namely, for later-
a1 and longitudinal stability ead for directional steering.
The_organlfor mainteining longi udinal stobility also serves for

£
&

-vertical steering. The fundomentally new thing on gliders is
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wing steering, which we will consider here. The centrol sur-
~ faces are made considerably lorger on gliders than on engine-
" driven airplanes, in order to correspond to theil considerably
lower speede The commonest error on gliders consists in mak-
ing the control surfaces too small and therefore ineffective.
On "hang" gliders the lateral and longitudinal stablility and
the angle of attack are controlled by shifting the weight of
the pilot. Only a vertical fin, or possibly a rpdder, is pro-
vided, in order to head the glider into fhe wind or give it
limited directional control. |

For preéerving lateral stability, preference is given all-
erons hinged to the outer portions of the wWings. The ailerons
are so connected that the upward deflection of either one is
accompanied by a downward deflection of the other.

Wing warping was emplwuyed by Harth, Messerschmidt, and
others, but failed to come into general use. The reason for
this resides in the difficult construction of the wings for
this purpose>and in the fact that gliders like the "Strolch,"
"Konsul," "Espenlaub IV," "Hannover HS“ ("Pelikan®) and others
with ordinary ailerons give better results, although such éil—
erbns cause more vortices and therefore greater air resistance.
than flexible warping with harmonious transitioné;. For static
soaring flight, the very slight increase in the air resist-
ance due to the ailerons is of no practical importénce, and

the contrelling effect of suitvably dimensisned ailerwns is fully
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ficient. Of course the shape makes a difference, since
square allerons have to be deflected more than obiong ones and -
produce o greater retarding or braking effect. Hence the pref-
ereuoe'is given very narrow ailerons extonding throughout a
large portion of the wing span and oftou taperi g to a point
toward the fuselage, in order to avoid any break in the troil-
ing edge. The manncr of hinging the ailerons to'thekwings is
also important. The formation of an intervening slot must be

avoided in so far as UOSSlDlG oT the slot must at least be

covered by a strip of plywood. Figures 54-55 show typical ail-

eron hinges. Should these forms be impracticable, the nlholng

should be done acoording ro Figures S5-57, which have only a
one-sided slot. On 1light gliders, Ior which 81mp1101ty and
chegagpness are important considerations, the method of hinging
shown in Figure 58 may be used. This very simple method was
tried on'the 1921 biplane of the Darmstadt‘Aviation Club with
satisfactory results and was ccepted by . the é ramining . Oﬂﬂltbeb
of the W.G.L. ("Wi seusohaftllchou Gbsnllsoqu_t fur Luftrah"t")
A geod twisted or braided hemp cord c, of 3-5 ma {(0.13-
0.230 in.) in dia ameter is tightly stretched between two fixed
points and attached to Doth the wing and aileron by windings,
as shown in Figure 38, the cord fitting into a groove in tue

aileron spar. a,  and also into corresponding grooves in the

blocks” ©, which are gzlued to the rear spar of the wWing at in-

“tervals of 15-35 cm (6-10 in.). The windings d, ere then
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doped and aftér they are dry, fﬂe rOpe.is cut so as to 1§ave
short ends, which uré naiiéd fo thc énds of the aileron spar a.
0f course this kind of hlﬂge oan also be used for elcvators

and rudaers, but only on s1mp1b 511ders, The ailerons must be
sufficiently rlgld not to yleld in operatlon and weaken their
effect. |

Elastlc wing Warplng can be accompllqbed in various Ways;
For examplu, on the monOplane "Teufelchen" (thtle Devil) the
Aviatidn Section 6f the Charlottcnbu;g'Technical High Schoql
used an interior tube running pérailel_to the spar, the ends of
the tube being rigidly attached to the terminal ribs. In this
case the wing was pﬁrposely mdde'flexibie, in'ofdér to enable
warping. The undoped Wihg tibs‘obuld fhen be warped by rotat-
iné tﬁe.tube by meqné of‘a handiléver and'in+°rmedimte Spurs.
The "dféif“»(N A.C.A. Technlcal Memorandum No. 433, p. 10) had
a s1mllwr ulng_warplno dev1oe. | '

It wos more d1ff10u¢t to prov1de for warping the whole wing
as was done by erth and messerschmlat (N. A C A. Techqlcml 4emo~
randum No. 433 p. 19) Orlglnally, the ribs were rotated aoout
the Spmr bv means bf cables, but later by tor31on tubes. Nese—
mann used a Uutented conblnatlon of alleron and W1ng warping,
as shown ;n flgure 59. rr‘he rotatable mllcron was covered over
with flexiﬁle sﬁrfaces, which were attached $0 the main ribs
and weére held cloéely.tb‘the éiierbn surféce by their 5wﬁ ten—-

sion aided by auxiliary springs. These smooth transition sur—
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faces prevented the formation of harmful vortiqes. ‘ _
Longitu&inal stability is Lsuﬂlly obtained by an "elevato“ U
ﬁhich is rotatable about a norlzontql ax1s at tho stcrn of the
fuseiége. There is often a horlzontql "utwblllzer" in lront
of phe clevator, but in recent years thls has frequentlv been
omiftéd esoeolmlly on the best soarers, in order to make the
aircraft longitudinally more ocn81t1vc and consequently bettor
adaptad for the fullest p0881ble utlllz“tIOh of o‘u%ts. Since a
glider thelage nearly alv ys ends in a borlzontal wedge thg
eleV°tor 1s ea31ly 1nstulled The 1ong1tudinal_seqtlon of sucﬁ
a balanoea elcvator is aIWajS streamlined. it ié bﬁilf like a'
wing wlth I~g1rder or box glraers and rlbo Its center of ro-
tatlon lies at or Qlléhtly in fronu of one- tnlrd tne dlstuan
from .the leading edge. Its axis 1s usually a steel or duralunln
tuﬂe ‘thougn its attuchnont to thb wood ribs is d11flcult._
When tnelé is a OIlZOﬂtul stublllzer the ele§5£of is hinged
directly to 1it, the samc as the ruadcr is hinged to = vcrtlo 1”
fin. On teoilless gllder , the “ltitude and lonﬂltudlnnl con-
t;ol ¢831de in the sepqrately Mﬁneuveraole ﬁlleronq or in m1ng
Warping. Slnce thc Wlnb tlps are extendéd oqckwwra on such
diroraff, the 1everﬂge tLUS obtalned is generally sufflolen+
for steering and stablllzmtlon. The Ulaolnv of the elevator
in fronﬁ@éf the w1ng has beén tried only on Klemperer's "Ente"
(N.4.0.4. Technical I\"e*noxandum Yo. 434, p. 8). ’ |

Lateral ohanges in alrectlon are 11keW1se produced by a
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vertical rudder at the stern of the fuselage (with the above-—
mentioned exceptions), which is sometimes’preceded by a vertic-
al stabilizing fin. The longitudihal section of the rudder
likewise always has a streamline shaﬁe. The shapes of the ele-—
vator and rudder must be such that they cannot interfere with
eaeh other, even at tﬁeir maximum deflection. - If the vertical
or 1ate£ai eteering ie controlled by the wings or by ailerons,
no rudderl‘n‘er: slevator is needed at the stern, but.in this case
horizontal and vertical stabilizing fins are almost-always pro-
vided.. o o

As already meﬁtloned Wlng Wa+p1ng orlglzzat d with the en-
deavor to take 1mmed1ate advantage of fluctuations in the. wing,
w1thout using the lndlIGCu Way threugh‘the elevator.  For ‘this
purpose, Harth and Hesserschmidt warped the whole wing and thus
obtained excellent results above the gentle slope of the
Heidelstein in the Ehbn Hountains. Not only did Harth gain al—
titude by increasing‘fﬁe:anéleAof.éftaék.énd changing the
fllghu dlrectlon but often succéeded in taklnv off without
the ald of the startlng cable by utlllzlng a favoring gust.
The technlcal dlfflcultles and the small structural strength of
w1ng—conurolled gllders then led to the substitution of ailer—
ons. These were first used, and with good resulfs, on the
Bavarian Aerd'CIub'e 1981‘meﬁepiane glidervdesigned by Finster-
walder and Von Lgssl. vChaﬁges in the angle of attack were ef-
fected by rotating both ailerons 'in the same direction, while
lateral stability was maintained by rotating them in opposite

directions.



%?A.G.A. Technical Memorandum Mo, 439

On the Darmstadt monoplane "Geheimrat" (N.A.C.A, Technical
Memorandum No. 433, p. 16), the whole wing is rotatable. This is
intended -only for utilizing the gusts and ﬂot for lateral controi
“as this is exercised by.ordinary ailerons. For the 1ongitudinal
control there is a stern elevator, which can be operated by means
of a small lever.  The elevator was adjusted according to the
wind conditions and wes not operated during thé flisht, This
method engbled the widest sdaptation to the rmost variant wind
‘veiocitios. AltHough no elevator is necessary for a wing-con-
trolled glider, the installation of one on this plan has been
found adventageous. If a'wing—odﬁtroiléd-glider"éhould, for
-any reason, be throwh into ‘a nosc dive;'if Would*generally be
impossible to flatten out again, on account of the strong forccs
acting on the wings. The greatef~leveragc~of'a stern elevator
would, however, be more effective in such =n emergency.

In designing wing-controlled gliders, it is important to
use a profile with relatively small travel of the center of
pressurcs The correct leverage of the control'éﬁiok'iS»also
important, as otherwise the pilét‘s streangth might not suffice
to hold fhefwings. It is also expediént to provide é'maximum'
deflection 1imit to prevent over-deflection, which usually
causes a fall. ' ‘ o .

Theloperation'of the varioué controls should correspond to
the feel, for which reason it is advisable not %o depart from

the customary stick control. The ailerons or Wing warping
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should bc.controlledvby.1atera1'motions of the stiqk;'the cle—
vator by pulling and pushing'thé stick; and theAfudder by tﬁé
uée of the feet. Wheel coﬁtrél may bé better for giant aif—
planes, but it is not suitable for o slider or soarer, Where
the pilot wmust depend largely Qﬁ the féel-éf"tﬁe contro1s,
Whenevexr possible, only one control stick shouia be used,—
since, although a second stiok can be operated successfully,
its presence complicatés the piloting.

In order to function in two directions, the control stick
must™ have a double or ball joint. On the Aachen monoplane
"Schwarzer Teufel" the tubular duralumin stick runs.through a
hollow steel ball with which it is rigidly combined. The steel
ball is held in a spherical collar of aluminum alloy, so that
the stick is movable'in_all directions. This is probably the

simplest and lightest control stick. Figure 63 shows the mount-

T

ing of the control stick on thc wing-controlled mondplane
1§tdrtebecker.,

Here one angle pf a triangle is connected with the control
stick by plywood gussets, while the two other anglés are con-—
nected with push rods which abtuate the wings. |

The steering levers and surfaces are connected either by
“cables which pass over pulleys of the largest possible diameter,
or by duralumin or steel tubes in combination with push rods.

The latter method is continually becoming more general. It
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offers greater advantages in assembling and disassembling, and
the friction is generally less. The rudder is always con-

nected with the pedals by cables.

Translation by Dwight ii. ¥iner,
National Advisory Committee
for ‘Aeronautics.




H.A.C.A. Technical

L Na
N

g
o

r
L

(53}

Fig.1l

(

P eene —— \
= e 3
e T I .
R
. G
= 1 K ~
e -
P ~
e T T T T T e ~
,/ . — 5

Memcrayidum No.439

ol oo B A NG IUENVN IV o

loleNe M ogit ]

Edith
Konsul
Pelikan
Vaupyr
Charlotte

Brandgans
Alder
Zule
Geier
Move
Albatros

~

Gottingen
it

Junkers

Figs.1,2

3 B

o &>
A &



N.A.C.A. Technical llermorandun NO,439 Figs.3,4,5,6

Auxiliary spar Leading-edge former

Fig.3 Cuts througiu spars of engine-driven airplane.

&= omig
5% %) a,
s R

i

'
1
]

o)
=3
- 2
o
e D

G e

SN
|‘.‘.“|r’g’

P
}
i
i
!

W
~=)

e
ey

o’

FITRENES
(@)
e P AP
o'
s

o

MRUN
SR TN

\“
w

SN
AP e
BRSNS

WA

T
Q N
bl

S,

AT ATES NNV RANNN
Z
N

&

Tl

o ":‘!}a

NS

o]
P
<
RN
i

o g ; £
s M = 2 g vl
Bl s 8 |

a Pine flanges a Pine flanges
b ?1y?ood webs b Plywood webs
Fig.5 Box spar rig.6 I girders.



N.A.C.A. Technical Eemorandum No.439

Figs.7,8,10,11,
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Fig.13 Plywood rib.
a Flange.
b Web.
" ¢ Box spar
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Fig.1l4 Plywood rib with flexible trailing edge.

Fig.1l5 Plywood box rib with flexible trailing edge.
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Fig.3l Sprr fitting.
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Fig.32 Spar fitting for braced wingé.
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Fig.23 Junkzrs wing connections..

Fig.2%4 Wing and strut attachment on biplane of
Darmstadt Aviation Club,19231.
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Schon—Hasenfusé

Ordinary
two-part strut for small
stresses with webs

strut
- of 3 mm plywood
and one-piece
covering of 1 mm
plywood .

Fig.25 Hollow struts.

Fig.28 Adjustable strut attachmant of sheet steel
‘ with half of a turnbuckle welded to it.

. a Right fitting fo: brace w1re
b Wrong "

Fig.27
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Fig.37 Bulkhead of
".U Schoop"
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Fig.36  Fuszlagse detal;? of 1921

Stuttgart monopszﬁe.Plywood
anglz2s and groovad membera,
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Fig.38 Bulkhoad of Fig.39 Bulkhoad of
sparer"Eaitn". oval fuselage.
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a Hing:
b Connzcting strut
¢ Hingad interm»diats rod

Fig.46 Spring runnor oun 1221 Stuttgart monoplanas.,

a Bulkhz~d
b Long->ron
¢ Board
d Runnzr

R —.

Fig.i8 Tip of plywood runnzr.
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Figs

.49, 50, 51
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Fig.52
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Figs.52,53
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Fig.54

(_/ G B 5 B i O

Fig.55

Aileron spar

Rear spar
of wing
R Sy
({@F T P ~:"':‘: o
SR s, . S . )

Fig.b59 llesemann's combination.
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Fig.61 ©Normal control system.

=0

1

a,Control stick.
b, Connecting struts.
d c,Sheet-steel fittings,

d
//}V/N\J d,Plywood ussets.
§ /"\\J
i — 7=
c

Y

,/:_Téﬁ
LS,
Al
, i l\°/:7 1
Fig.63 Control stick Fig.63 Control stick
of "Scawarzer of "Stortebecker",

Teufel",
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