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HATIONAL ADVISORY COMMITTEE TOR AERONAUTICS
TECHNICAL NOTE NO, 776

TEE AILERON AS AN AID TO RECOVERY FPROM THE SPIN

By A. I. Neihouse
SUMHARY

As part of a generel dnvestigation .by the WACA of
factors that affoct the spin, the use of the ailleron as.
an aid to recovery from the spin was studied, Tests of
10 different models, covering a wide range of mass dis-
tributlon, were made.in the NACA free—spinning tunnel to
determine the effects of a large dowanward deflection of
the outboard ailleron -and of normal angular deflections ~
of the allerons upon recovery characteristics.

The results indicate that the direction of-aileron
setting, with or against the spin, which will aid_ recovery
from the spin.depends upon the airplane weight distribu-
tion. For monoplanes and for biplanes with lower-wing
ailecrons, ailcrons with the spin will be favorable when
the weight is distributed chiafly -along the fuselage
(gingle-engine airplanes) and ailerons-ageinst the spin
will be favorable when the. wveight is distributed chiefly
along the wings (multiengine airplanes). Downward.move-
ment of the outboard aileron through a large angle will
not always be effective in-aiding_recovery, the effective-
ness of such a.movement also being dependent upon_the
weight .déistribution of the airplandi

s ’

o+ .+ INTRODUCTION

Humerous “special devices to .insure recovery from the-
spin have beon developed from time .t0 time. Except for
the tail chute, none has been widely .adopted. :

A meothod .of expediting recovery from the spin that
shoved particular promise on tho basis of past expericnce
consisted in deflecting the outboard aileron (left aileron
in a2 right spin) downward through a ldrge angle to assist
the rudder in recovery. At large deflections, the outboard
eilleron shouwld provide considerable antispin yawing moment
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to sugment the moment obtaimable by reversal of the rudder.
A gtudy of this method of improving spin recoveries was
accordingly undertaken in the NACA.free-spinning tunnel.
In order to afford a means of comparison and to obtain a
clear understanding of the results, a study of the effects
of normal angular deflections of the ailerons, with and
ageinst the spin, was included in the investigation.
Ailerons deflected with the spin means that the allerons
are deflected with right aileron up and left aileron down
in a right spin. The results of the investigation are
discussed in thls paper.

Ten models, representing airplanes of widely differ~
ent mass distributions, woere tested. For. one of these
models, tests were made with varied mass distribution.
Tests were made of recovéery by rudder movement alone for
the various aileron settings and also, in some cases, by
simultaneous movement of both rudder andaileroas. The
forces reguired to deflect the controls were neglected.

APPARATUS AYD TESTS

Spin-testing technique in the NACA free-spinning
tunnel and tho construction of spin models arc described
in detail in reference 1. The models, coastructed of -
balsa, arc ballasted by the installation of proper weights
at suitable locations. An automatic clockwork delay-
action mechanism is installcd to actuate the controls for
recovery, The models are launched by hand into the ver-
tical air stream and the air speed is adjusted to kesep
the model at a fixed height until recovery is attempted.

The models tested were all landplanes and, unless
otherwise indicated, represont low-wing monoplanes. The
landing gear was retracted except as noted. Table I gives
a short description of the airplanes represented by the
models and their moments of- inertia., In order that the
effect of the ailerons might be clearly dcemonstrated, ad-
Justments were made to the models so that, without the
use of the ailerons, slow recoverics would be obtained by
usc of tho ruddor. In some cases this résult was obtained
by suitable adjustment of the elevator angle or loading
and in other cases by restricting the rudder travel.,

The models were launched with rpddéf set with the
spin and recpveries by rudder movement alone wvere investi-
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gated for éach of the 10 models with the :ailerons neu-
tral., The effect of a large downward setting (600, or
more) of the outboard aileron and -the offect of normal
settings of the ailerons (approximately 200 up and 20°
down) with ior-against the spin were then determined. In
some cascs, ,the tests were extended to investigate re-
covery by simultaneous movement of both rudder and ailer-
ons. .

Recoveries were evaluated by the number of turns
the spinning model made from the time the controls were
observed to move until the spinning rotation ccased.
Turns for rccovery, shown on the figures and in the
tables, were counted visually and are bclieved to be ac-
curato to within a half turn.

Stecady~spin charactoristics were not studied in the
prescnt investigation,

RESULTS AND.DISCUSSION

- The results of the investigation are tabulated in ~
tables II to XII and are summarized in figures 1 and 2,
In the figures, all the results shown for any one model
arc for conditions in which the ailerons were either prew-
set at the position indicated or were movéd to that po—
sition simultaneously thh the rudder movement.

In the discussion, “it has bcen found conveanient to
separatc the models into two groups according to the rel-
ative distridbution of weight along the fuselage and the
wings. The first group comprises models 1 to 8 for which
the weight is distributed chiefly along the fuselage
(Iy > Iy, where Iy and. Iy are the moments of inertia

about the X and the Y axes, respectively). The re-
sults for this group are summarized in figure 1. The
second group, the results for which are presented in fig~
ure 2, comprises models 9, 10, and 6R, with weight dis-
tributed chiefly along the winos (Ix > IY) The weight

distribution of model 9, an unstaggered biplanc, fell in
the same category as that of model 10, a multicngine de-
slgn. Model 6R was obtained by reballasting model 6 to
simulato the mass distribution of a nultiengine design.
The tests of this model therefore provided a direct check
on the validity of classification of the ailoron effect
according to the typo of mass distribution.

S e wa rm e, e m e v e e R e — -~ .- e o e e . e e
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A study of the results for models 1 to 8 indicates
that the use of a large downward deflection of the out-
board alleron was generally favorable to the spin and the
recovery characteristics. Tests with the inboard aileron
neutral and the outboard .aileron preset 'in various posi-
tions were mdde with -models 1, 2, 3, 5, 'and 6. ..These
tests showed that, as the downward deflection~of the .aller-
on increased, the steady: spin_ tended to steepén, until .a
condition was reached in which the rotation:éould no
longer be maintained. The model then automatically re-
covered when launched into the tunnel in rotation. The
tests were usually stopped when the vertical wvelovcity be-
came too great for the tunnel even thbugh-the'nonspinning
condition had not been attained. With models 4, 7, and 8,
the tests were made for only the 609 downward aileron soct-
ting., The extent to which the model spins were affectod
by & given aileron setting varicecd considerably among tho
models. For example, tho vertical velocity of model 2
became too fast for the tunnel when the outboard aileron
wvas set down 10°; whercas, with model 3, this condition
did not obtain even with a 40° setting. Four out of five
models of this group tested with a 60° downwerd aileron
setting would not spin for this control configuration,

Models 3 and 5-were not tested with 60° settings
of the aileron but, for thesec models as was the case for
model 2, smaller settings were quite effective. The in-
dications are that, in every case, & large downward de-
flection of the outboard aileron would be sufficient
either to prevent the spin or to steepen the spin enough
so that recovery by rudder reversal would be rapid. The
aileron setting required to insure a rapid recovery would
probably be less than 60° for these cases, Drooped ailer-
ons sct full with the spin approximate the condition of
the outboard aileron alone deflected down throuzh a large
angle. These results iandicate the advantages of holding
drooped ailerons full with the spin where the weight
distribution is of the type represented by modelsl to 8.

When the steady spin was made with the ailerons nou-
tral and the outboard aileron moved down simultanequsly
vith the rudder reversal for recovery, the recoveries wero
not so good as when this aileron was presct. Of the six
models tested on which the outboard ailcron and the ruddor
were moved together, satisfactory recoveries were obtoined
for five cases. For models 1, 2, azd 6, a 400 dowaward

Fal
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deflection of the outboard aileron was sufficient but for
models 3 and 4 a 60° deflection was necessary. For model
5, which had a very flat attitude in’ the spia (approxi-
mately 800°), recovery, although showing some improvement,
gtill took on the order of 14 turns ewven when the outboard
aileron was deflocted as much as 800 dowrward.s

On model 4, which would not recover by rudder rever-
sal for ailerons neutral, a test was made in which the
outboard ailoron was moved down after the rudder had been
neutralized., This condition corrosponded to the situation
in which o pilot finds necutralizing of the rudder to be
ineffoctive and follows up his initial manipulation by do-
flccting the outboard ailecron as an added cmergency device.
The ensuing rocovery for the case tested was rapid.

Tests on modols 7 2and 8 indicated that individuel
deflection of the outboord aileron down through a large
angle woas more effective than any other individual deflec-—
tion of either aileron, up or down., Although the compari-
sor was not complete for the remaining models, it was
found that, in general, deflection of ithe outer aileron
down was most effective, dbut in a few isolated instances
other deflections appeared egqually effective,

The rosults for models 9, 10, and 6R, models whose
weight was distridbuted chiefly along the wings, show that
presetting the outboard alleron down 60° had very littlo
effect with these models. With model 9, it appeared that

.an alleron deflection larger than 600 would produce a

Bllght favoreble effect. ¥For model 10, the spin with the
outboard aileron deflected down 60° was slightly flatter
than the spin with this aileron ncutral and, for model 6R,
there was little effect with this aileron sctting.

The cffect of normal angular settings of the ailerons
wvas invegtigated and the results indicated that presetting
thé ailerons with the spian, tried for five of the first
elght models, gave results consistent with those for a
large downward deflection of the outboard aileron in that
the spins were stesper and the recoveries were more rapid
than from the ailleron-neutral spins. Presctting the ai-
lerons against the spin had the opposite effect; the spin
gencrally became flatter and the recoveries slower. Ag
with the larger aileron settings, the magnitudes of the
effects varied considerably among models. With model 1,
for example, the recovery depended critically wupon the
eileron setting; with model:. 54 the effeets were barely

N - -~
- -
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s

perceptible, When the steady spins wers made with the
ailerons in neutral and the ailerons moved simultansously
* with the rudder, similar effects were obtained; but in

no case in which comparable results were available was
the improvemont as great as that for presctting tho ai-
lerons. Only a small effect was observed with model 5,

a model that gave a very flat spin. For model 3, a bi~
plance with ailorons on only the upper wing, there was
practically no effect of nofmal aileron deflcctions.

The reosults for models 9, 10, and. 6R, wvhich were ob~
tained only with preset ailoroms, show that the direction
of the ailoron effect for normal angular settings was ro-
verscd from that for models 1 to 8 in that ailorons seb
against the spin now gave a favorable effect., For modols
10 and 6R, normal angular settings of the ailerons ageainst
the spin provented tho spin evén when both rudder and cle~
vators were set full with the spin, The down-elevotor
setting also tonded to prevent the spin for thesé two
modecls. '

CONCLUDING REMARKS

The data presented indicate that weight distribution
of the model is an important factor in determining the
direction of aileron effect, that is, whether ailerons
deflected with or against the spin arc favorable to ro-
covery characteristics. PFigure 1, which gives results
for models vhose weight is distributed chicfly along the
fuselage (IY > IX), shows that ailerons with the spin,

including the special case of tho outboard aileron down
through a large angle, are generally favorable to rocovery
charactoristics and that ailcrons against the spin givo

an adverse effect., Only for a biplane model that has ail-
lorons on only the uppoer wing was the effect of normal
angular deflections of the ailerons indefinite. Setting
the outboard aileron down through a large angle is gen-
erally superior to normal angular settings of the allerons
with the spin for this condition. Rapid recovery from a
very flat spin, however, cannot always be secured. When
the weight is distributed chiefly along.the wings (Ix >

IY), the direction of «the effect of ﬁormal\angular de-
flection of ‘the; ailerons is reversed and a large downward
setting of the outboard aileron becomes relatively inef-
fective. The scope of the present invedtigafion is not
complete enough to indicate definitely at what value of
Iy - Iy the aileron effect reverses.,

- 7T T T T T T O SRR T
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The results indicate that use of normal angular de-

flectlons of tho ailerons, in the direction determined

by the airplane weight distribution will generally be
vaery effoctive in aiding recovery from the spin., Special
aileron installation, to allow for a large downward de-
flection of the outboard aileron, is not generally rccom-
mended becausc it does not offor a dopendablo aid for re-
covery from spins of 2ll-alrplanes, such as very flat-
spinning single-ongine airplanes or multicngine alrplanocs,

Langley Mcmorial Aeronautical Laboratory,
National Advisory Committec for Aeronautics,
Langley Field, Va., September 13, 1940,
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TABLE I
Moments of Inertia of Airplanes Represented by Models
Full-scale moments of
Model | Type airplane represented?® inertia (slug-ft°)
Ix 1y Iz

1 Pursuit (landing gear ex-~

tended) 1,500 | 4800 | 5,950
2 Scout-bomber 3,250 7025 9,575
3 Purgult (staggered biplane) 1,525 | 2950 | 3,825
4 Attack 4,950 | 9225 | 12,725
5 Purguit 2,875 4200 6,375
6 Purguit (midwing) 1,825 | 4450 5,900
7 Trainer (staggered biplane) 1,575 | 3075 | 4,200
8 Trainer 1,750 ] 4875 6,300
9 Trainer (unstaggered bi- |

plane) 3,125 | 2250 | 4,825
10 Pursuit (twin~§ngine, twin-

tail) 10,800 | 9300 | 19,400
6R Purgpit (midwing - heavily

welghted along wings) . 4,825 | 3450 | 7,850

®Unless otherwise indicated, models represent
gingle-engine, single-tall, low-wing mon-
oplanes with landling gear retracted.

T e e e T i i SRt bt
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TABLE II

Effect of Ailerons on Recoveries from Spins. Model 1: Right Spins
¥V, rate of descent; W, with spin; A, against spin; U, up; D, down

Control setting (deg)
- Turns
Ailerons for
Rudder Elevator recovery
Right Left
Initial| PinaljInitial] Final| Initial|Pinel|Initial]| Final
0 0 0 0 30V 304A 0 0 43
20D 20D 20U 20U 30V 304 0 0 - ©
0 0 10D 10D 30U 30A 0 0 3
a
] Steep; V
0 - 20D - 30 - 0 - too great
Would not
0 - 40D - 30W - 0 - spin
0 ~ 60D - 201 - 0 _ Would not
. spin
ar .
20U - 20D - 204 - 0 - | Steep; ¥
too great
0 20D 0 0 30W 304A 0 0 7
0 20T 0 0 30 304 0 0 2%
0 0 0 20D 30W 30A 0 0 2%
0 0 0 40D 30W 304 0 0 21
0 20U 0 20D 30W 30A 0 0 2%

@Indications are that recovery would probably be rapid.

v e T, e T a2, S
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TABLE 111

Effect of Ailerons on Recoveries from Spins., Model 2: Right Spins
(V, rate of descent; W, with spin; A, against spin: U, up; D, down)

Control setting (deg)

Turas
Ailerons for
Rudder Elevator recovery
Right Left ’
Initial|Finel|Initial| Final!Initial|Final{Initial| Final
0 0 0 0 30w 304 20D 20D 5%
0 0 20U 20T 30W 304 20D 20D -
a L]
0 - 10D - 30W - 20D - | Steep; V
too great
0 - 20D - 30¥ - 20D ~ |®Steeps 7
too great
0 20D ‘0 20T 30V 304 20D 20D ®
0 20U 0 0 304 304 20D 20D 4%
0 0 0 20D 30t 304 20D 20D 2%
0 0 0 40D 30V 304 20D 20D 13
0 0 0 60D 30W 304 20D 20D 13
0 20U 0 20D 30V 30A 20D 20D 2%

&Indications are that recovery would probably be rapid.
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TABLE IV
~ Effect of Ailerons on Recoveries from Spins
Model 3: (biplane with ailerons on upper wing)
Right Spins

(W, with spin; A, against spin; U, upj; D, down)

Control setting (deg)
Turns
Ailerons ‘for
Rudder Elevator recovery
Right Left :
Initial| Final{ Initial| Final|Initial|Final|{Initial} Final
0 0 o 0 307 0 25D 25D 9
10D 10D 0o 0 30W 0 25D 25D | Not in 10
20D | 20D 0 0 30Y 0 25D | 25D o
40D 40D 0 0 30 0 25D 25D ®
0 0 60T 60U | 30W 0 25D 25D 4
0 0 10D 10D 30W 0 25D 25D 8
0 0 20D 20D 30W o 25D 25D 5
0 0 40D 40D 30% 0 25D 25D 3
0 20D 0 0 30U 0 25D 25D o
0 0 0 20U 30 0 25D 25D | Not in 5
0 20D 0 20U 30W 0 25D 25D 8
0 20U 0 0 30V 0 25D 25D | Not in 10
0 0 0 20D 307 0 25D 25D 5%
0 0 0 40D 30W 0 25D 25D 33
0 0 0 60D 309 0 25D 25D 2%
0 0 0 60D 300 30W 25D 25D PNot in 15
0 20U 0 20D 30W 0 25D 25D 8

8Goes into very steep spin when control moves,
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TABLE V

Effect of Ailerons on Recoveries from Spins. Model 4: Right Spins
(V, rate of descent; W, with spin; A, ageinst spin; U, up; D, down)

Control setting (deg)
Ailerons Turns
Rudder Elevator for
Right Left recovery
Initial|{Final}Initial{ Final|Initial|Final|Initial| Final

0 0 0 0 30V 304 25D 25D 8o
60D 60D 0 0 30U 304 25D 25D 8
0 ) 60U 60T 30V 304 25D 25D aco
20D 20D 20U 20U 30W 304 25D 25D oo
0 - 60D - 30W - | 250 - :gzezgéag
20T 20U 20D 20D 30U 304 25D 25D c1
0 20D 0 20T 30W 304 25D 25D ol
0 20T 0 0 30U 304 25D 25D 210%
0 o | o 20D 30W 304 25D 25D ay
0 0 0 40D 30W 30A 25D 25D agk
0 0 0 60D 30V 304 25D 25D ag
0 20U 0 20D 30% 304 25D 25D 854
0 0 0 60D 30V 30X 25D 25D d e
0 0 0 ) 2 304 25D 25D o
0 0 0 60D ) 0 25D 25D 2%

&Flat spin.

¥Indications are that recovery would probably be rapid.
CSteep spin.

dGoes into very eteep spin when control moves,.
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TABLE VI

Effect of Ailerons on Recoveries from Spins
Model 5: Right Spins
(V, rate of descent; W, with spin;
4, against spin; U, up; D, down)

Control setting (deg)

Turns
Ailerons for

- Rudder Elevator °
Right Left re=

= cov—
Initial] Final|[Initial| Final| Initial|Final|Initial|Final| ©eT¥

0 0 0 0 30W 30A 0 0 8
23D 23D 277 27y 3OW 30A 0 0 oo
0 0 20D 20D 30W oA | O 0 e
bSteep;
0 - 40D - 30W - ) - ¥ too
great
27u 27U 23D 23D 30W 304 0 0 20
0 40D 0 0 30W 304 6 0 8w
0 0 0 40D 30W 304 0 0 820
0 0 0 60D 30W 30A 0 0 214
0 0 0 80D 30W 304 0 -0 814
0 0 0 80D Z0W 304 30U 300 | %12
0 201. 0 20D 30W 304 0 0 foo

8Very flat spin.
PIndications are that recovery would probably be rapid,
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TABLE VII

Effect of Ailerons on Recoveries from Spins
Model 6 (midwing monoplane): Right Spins

(W, with spin; A, against spin; U, up; D, down )

Control setting (deg)
Ailerons Turns
Rudder Blevator for
Right Left recovery
Initial] Final|Initial| Final| Initial|Final |Initial] Final

0 .0 0 0 30W 304 20D 20D 2%

0 0 0 0 3ow | O 20D 20D 7%
10D 10D 0 0 30V 0 20D 20D |Not in 9
60D 60D 0 0 30W 0 20D 20D e

0 0 20T 20U 30V 0 20D 20D {Not in 12

0 0 60T 60U 30W 0 20D 20D 5

0 0 10D 10D 307 0 20D 20D 2

0 20D 0 20U 30W 0 20D 20D o

0 20U 0 0 30U 0 20D 20D 3%

0 0 0 20D 307 0 20D 20D 8

0 0 0 40D 30W 0 20D 20D 1%

0 0 0 60D 30w 0 20D 20D 1

0 0 0 60D 30W 30W 20D 20D 1%

0 20U 0 20D 307 0 20D 20D 2%

e T e el i I Rt
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. TABLE

Viil

Effect of Ailerons on Recoveries from Spins

Model 7 (biplare with ailerons on both wings): Right Spins

(W, with spin; A, against spin; U, up; D, down)

Control setting (deg)
Ailerons Turns
Rudder Elevator for
Right Left recovery
Initial| Pinal| Initial|Final| Initial|Pinal|Initial| Final
0 0 0 0 30 304 0 0 2
60D 60D 0 0 30W 304 0 0 ®
0 0 60U 60U 30W 30A 0 0 1%
11D 11D 13U 13U 30V 304 0 0 2
18D 18D 28T 28T 30W 30A 0 0 2%
60U 60T 0 0 30W 30A 0 0 13
0 - 60D - 30W - 0 - ngguigin
130 | 13U | 11D | 11D | 30W | oA 0 0 1
28U | ‘28U | 18D | 18D | oW | 304 0 0 3/4

B

o e e | e e e e s s
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TABLE IX

Effect of Ailerons on Recoveries from Spins
Model 8: Right Spins

(W, with spin; 4, against spiny U, wup; D, down)

Control setting (deg)
Ailerons Turns
Rudder Elevator for
Rieght Left re-~
covery
Initial| Final| Initial|l Finall Initial] Final|{Initial| Final
0 0 0 0 30N Z0A 0 0 2%
60D 60D 0 0 30W 304 0 0 ©
Vould
0 - 80U - Z0W - 0 - not
gspin
15D 15D 30U 30U 30W 304 0 0 3
60U 60U 0 0 30W 304 0 0 3
Would
0 - 60D - 30W - 0 - not
spin
Would
300 - 15D - 30W - 0 - not
spin
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TABLE X

Effect of Ailerons on Recoveries from Spins

17

Model 9 (biplane with ailerons on both wings)$ Right Spins

(¥, with spin; &, against spin; U, up; D, down)

Control setting (deg)

Ailerons Turns
Rudder Elevator for
Right Left recovery
Initial]l Final}Initial| Final|Initial| Final|Initial|Final
0 0 0 0 30W 304 20U 20U ®
15D 15D 0 0 30W 30A 20U 20U o
30D 30D 0 0 0% 304 20T 20U o
60D 60D 0 0 300 304 20T 20T o
0 0 15T 157 30¥ 304 200 20U 4%
0 0 400 400 30V 304 20T 20T 4%
15D 15D 15U 15T 30Y 304 20U 20U 4%
15U 15U 0 0 30V 304 20U 20T o
0 0 15D 15D 30W 304 20U 20T o
0 0 60D 60D 30W 304 200 20U ®
0 0 70D 70D 30W 304 20U 20U 7%
15U 15U 15D 15D 30W 304 20T 20U ®
0 0 60D 60D 30W 204 20U 200 | 2=, b5

8Uppor ailerons only used.

bLower ailerons only uscd.

. e e e
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TABLE XI

Effect of Ailerons on BRecoveries from Spins
Model 10: Right 8pins

(W, with epin; A, against spiny U, up; D, down)

Control setting (deg)
Turns

Ajlerons for
Rudder Elevator re-

Rieght Left covery

Initial{Final|Initial Finall Initial| Final] Initial|Final

2700
steep

0 - 0 - 30W - 30U - and os-
cilla-

tory

Would
nol_gpin

15D - 22U - 30W - 30U -

0 0 60D 60D 30W 304 30U 30U 3/4

22U 22U 15D 15D 300 BOA 30U 30U 11

227 20U 0 0 Z0W 304 30U zoU | 3/4

22U 22U 0 0 40W 204 30U 30U 13

22U 22U 90D 90D 40W 204 300 30U 1%

22U - 0 - 40VW - 20D - Egglgnin

227 227 60D 60D | 40W 204 20D 20D 1%

v
22u - 90D - 40V - 20D - ngﬁlinin

a
Indications are that recovery would probadly be rapid.
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TABLE XII ’

Effect of Ailerons on Racoveries from Spins
Yodel 6R (midwing monoplane): Right Spins

(W, with spin; A, against spin; U, up; D, down)

Control setting (deg)
Turns
Ailerons for
Rudder Elevator re-—
Right Left covery
Initial|FPinal|Initial|Final|Initial| Final|Initial|[Final
3
0 0 0 0 30W 204 30U 30U 13
60D 60D 0 0 ZOW 204 20U 20U 2%
Would
20D - 20U - 30W - 30U = not spin
0 0 60D 60D 30W 304 30U 20U 1%
20U 20U 20D 20D 30W 304 30U 30U o
Would
Would
20D - 20U - 30W - 20D - not spin
Would
0 - 60D - 30W - 20D - not spin
20U 20U 20D 20D 30W 0 20D 20D <o
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Fig, 1
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