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NATIONAL ADVISORY COMMITTEE FOR AZRONAUTICS

MEMORANDUM REPCRT

for the
Air Technical Service Command, Army Air Forces
SPIN TESTS O A 0.059-SCALE MODEL OF THE
CURTISS-WRIGHT XP-55 ATRPLANE

By George F. MacDougall, Jr. and Leslie 5. Schneiter

SUMMARY

Spin tests have been performed in the Langley 20=-foot
free-spinning tunnel on a 0.059-scale model of the
Curtiss-Wright XP-55 airplene. For the tests, the model
was modified as recommended by the NACA to improve the
longitudinal-trim charescteristics by installing a large
elevator with increased deflections and large wing tips
with extensions to the wing-tip trimmers.

The Spins were os~1llato”y in pitch and roll at a

lerge average angle of attack and reversal of the rudders
full" and ralely stopped the rotetion. After *ne rotation
stopned the model nosed down into a dlve when the stick
was forward or free longitudinally for erect spins and
when the stick was back or free longitudinelily for inverted
spins.

INTRODUCTION

As requested by the Alr Technical Service Command,
Army Air Forces, & 0.059-scale model of the XP-55 air-
plane was tested in tne Langley 15-foot free-s»imning
tunnel to determine modifications in airvlane design which
would prevent the eirplane from trimming at flat attitudes.
The XP-55 is a low-wing, canard-type, pusher airplane
with a lasrge amount of sweepbeck in the wing, Phc pOS~
sipility of attaining trim at either large negative or
lerge positive engles of attack with this airplane was
previously indil eted by spin tests of & model of the
Curtiss-Wright 24—% airplane - a light-welght, full-scealse,
flying mock-up of the XP-55 airplane. The medel of
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the XP=55 was modified to include modifications which
prevented trim at flat attitudes as determined by the
longitudinal-trim tests and as recommended in reference 1,
and was then tested in the Langley 20-foot free=splnning
tunnel to determine whether the modified model had satis-
factory spin and recovery characteristics. The results of
the spin tests are presented herein.

The erect-spin characteristics of the modsl in the
clesn condition were determined for the normal loading
and for various loading conditions. The effects of
extending the flaps and landing gear both individusally
and together were investigated for the normal loading.
The inverted-spin characteristics of the model were
determined for the clean condition, normal loading. Tests
were elso performed for the clean condition, normal
loading, to determine the effect on the s»in and recovery
characteristics of linking the '‘extensions of the wing-
tip trimmers with the elevator, rudders, or ailerons.

SYLIBOLS

b wing span, feet

S wing area, square feet

c wing or elevator chord

T mean aerodynamic chord, feet

x/c ratio of distance of center of gravity
rearward of leading edge of mean
aerodynamic chord to mean asrodynamic
chord

Z/E ratio of d ance between center of gravity

at
and fusel
aerodynan
of gravity 1
line)

4=

ge reference line to mean

¢ chord (positive when center
8 below fuselage reference

a
.
L

m mass of airplane, slugs




MR No. L5G31la S

m o o 3 » (e ] o

L= Egg . relative density of alrplane

Iv, Iy, Iz moménts of inertia about X, ¥, and o
Z body azes, Fespetti 'ely, slug-feet

By L

X g;g _ inertia yawing-moment parameter
mb 7
L . p
o < inertia rolling-moment parameter
mb @
Iz -.Ix
e : 1nertia pitching -moment nurameter
mb? ‘
o} alr density, slug peFScutEc TOOE =
a “dngle between fuselage reference line and
' vertical (approximately equal to absolute

value of angle of attack at plane of
symmetry), degrees

g angle between span axis and horizontal,
degrees

v full~scale true .rate of descent, feet per
second

Q full-scale angular velocity about spin
axis, revolutions per second

o) . helix angle, angle between flight path
and vertical, degrees (For this model,
the average absolute value of the helix
angle was approximately 3°.)

B approximate angle of* sidesllp at center of
gravity, degrees (Sideslip is-inward

when inner wing is down by an amount
greater than the helix angle.)

- APPARATUS AND METHODS

.Model

The 0,059-scale model of the XP-55 airplane modified
8s a result of the longitudinal-trim tests reported I1n
reference 1 was used for the spin tests. A three-view
drawing of the model as tested is shown as figure 1. The
.odlfﬁcr+1ons té the model were as follows:
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(a) Removal of the leaaing edge wing-root spoilers
(flﬂﬁ. a)

(b) Removal of the original (small) elevator and
installation of the alternate (large) elevator
(fig. 3).

(¢) Increase ig the elevator deflection from trailigg
edge 17 down and 60° up to trailing edge €0
down and 60° up e

(d) Removal of the original (small) wing tips and
installation of the alternate (large) wing
ips (Tloe tals

(e) Installation of 5/8-inch (model-scale) extensions
of the wing-tip trimmers (fig. 5).

elevator, small

Photographs of the original model ( $1
of the wing-tip
ok

sm
wing tips, and without the extensions
trimmers) in the clean and la ndlnr co
T fiigurEeN R

dimensional characteristics of the airplsne with
nal and with the alternate elevator, and with
~rinal and with the alternate wing tips are given
in table I.

The model was ballasted to maintain dynamic si 1lar1ty
to-the airplane at an altitude of 10,000 feet (p = C.001756
slug per cubic foot). When the landing gear and split
flaps were installed, small ballast weirhts were moved to
new locations so tha t the mass distribution of the model
would represent the mass distribution of the airplane in
the landing condition. A remote-control mechanism was
installed in the model to actuate the controls for recovery
attempts. The moments exertiad on the control surfaces

were sufficient to reverse the controls fully and rapidly.
The propeller was not simulated on the XP-55 model inasmuch
as tests with a model of the Curtiss-Wright 24-B airplane
showed that a freely rotating prooeller would have little
effect on the spin characteristics of the model.

The elevator was mass-balanced when the tests were
started. Because of the difficulty of testing the model
with the mass-balance weights installed and because the
results obtained from preliminary tests with and without
mass-balance weights installed were similar, the mass
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welghts were removed sarly in the test program. The main
portion of the tests wzre therelore performed without
mass balance on the elevabor.

Wind Tunnel and Testing Technique

The tests were performed’ in the lLangley 20-foot free-
spinning tunnel, the operation of which 1s generally
similar to that described in refersnce 2 for the 15-foot
free-spinning tunnel except that the mocdel-~launching
technique has been changed from lamnching with a 1plndle
to lauvnching by hand with spimning rotation. Methode
of obtaining spin-test Cdata and of converting these data
to the corresponding full-scale values presented on the
charts are also described in reference 2.

Spin-tunnel te ere periormed to determine tre
gpin, and recovery ck teristical glfete nodel for Ethe
normal control confisuration for spimning (sticlk full back
longitudinally anc nbnbral laterally, and rudders full with
the spin) ancé for various other stick deflection combi-
nations including neutral and maximum deflections of ‘the
stick for various model 1dings configurations. The
turns for recovery were measurec from the time the controls
are moved to the time the spin rotation ceases; based
primarily on the loss of altitude of the airplane during
the recovery and SuJ"C'uuLt dive, Theé critericn'for a
satisfactory recovery from a spin for the model has been

adopted as 2 turns 0” less. The path followed by the
fuselage rff€rence line after the ro*“‘ion ceased 18 also
ghown on the charts. For tle conditions in which the model
stopped Qplﬁnlng without ccltzol movv"ent when launched in
a spinning attitude with the rudders set with the rotation,
the motlion of the model after the =pin rotation stopped

18 descrived and the results &re recorded ol The AT as
e apin.®

Tests were also performed to cetermine the effect
of linking the extensions of the wing-tip trimmers with

the ailerons, elevator, or rudder. nesmuch as the ailerons
or elevator wvere not moved (except r elevator-free tests)
during any indivicual test, the extensions were not

actually linked with the &ﬁlszons or with the elevator but
Were Lixed at neutral, up, or wn debending upon the
deflection of the a;]crone or e evator No arrangement

waa made for tests with a Ifree ulevator linked with free
@xtensions of the wingntip trimmers. The extenaions were




linked with the rudders, however, and moved with them when
they were reversed for recovsry.

L within the fol-~

0)

results presented werse measure
°

Gy dEEPES . "Ml n e a6 Rl s @ ow e ® me ke Rl
B, degran’ o I Cen, B e b o lel s a e s el m o e s ERL
NV, DEEREnE « oulal T e Ao ol W e sl W wagd e @ e SRS e RS
ls DETCEUE  oRke & % omt Glwk
when ovtained from motion-

i eiturRel reicod ;N GBI T _%
when obteaincd¢ from vigual
estimate, turn . . . =

Turns for regevery

i
i

i

©
°
.
°
o
©

Many of the spi ] IC3 L
magnitude in piltech and roll. 'Inasmuch as €&
tunnel records ncr”?+ ready meas gle
of at*ec“ and bank for onlv EVEYY ‘all revolution, it

appear probable t?at the megnitude of the 0S311¢ations
in piuCh and el duringl the i have been =zomewhat
larger: then Lh;c indicated Cg.

Comparison between the
airplanes {references 2 and
esults are not always in
spiniresults . In" teneral,
smaller angle of attaclz, vl
descent, and with 5° to 10”

h alrplane
gsomewhat
ra te of

it
the ajrn-A 1edh Bhe ¢ ence % c»ored
hat 80 percent of the : preczcted
satigfactorily the corrésnon ecovery chare
acteristics anc that 10 perc ed and 10 percent
1stics.,

underestimated the airplane rebovery okava TS

Because of inadver camage bhae T during the
spin tests, the weicht 18 trdbman s model
varied from the true s following
limitss '
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Mleleght, percent . & « + o o » <o s R SN EEREI N 0]

Cente“-o'-g avity loeation, percent ¢ . . . 0O forward to
2 rearward
of .normal

Moments (Iyx, percent .« » .« . o e BEEE OSSR RN
of Iy, percent . . . o of oGNS USR]
cnertla Iz, percent . . . o« o & SEEE, RIS R ] ol

The limits of accuracy of the measurementis of the
mess8 characteristics were as follows:

lelghty porcent o « o o o o = dcoSEEE L CHEE I ]
Cente;-o~ cravity location, porceniie i LR EEEEEE T
Ix, percent

B9, percent ¥ o o o v » w0 s e sl SRR SRR

i75y percent

v L s, o G
The controls were get with ar agcuracy of i 1

Spin tests' were performed for the coadlitlgns el the
model  listed in table II. ¢ velues of the corresponding

mags characteristics and of the inertia parameters for the
model as tested are presented in table IIL. The mass
characteristics and inertia parametsrs for the normal loading
and the mazximum possilhle 1« ‘¢s from the normal
loading on the airrlane table IV. 1In addition,
he inertia parameters and airplane have
been plotted on ficure

The marimum control deflcctions used for the spin

tests we

’"J

gt rudder, degreed - « « s o = e se NG g4 dedt
Left radoer . derress o o s e moaereiie JENERE £ 40 left
glevator, degrees . « ¢ « o s = o0 SCENENEEOES SR GOWN
Elevator tab, degcrees . . « « . « 25 down when elevator
was 60 up
0 wien elevator was O
2O up wnen elevator
vas 60 down

O when elevator was
free




Ailerons, degrees

When flaps were n

ﬁhen ¢1ups vere 4
ciemriee gt AN,
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o
o
o
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=Xt

a o ° L]
:inp-tlp trimmens, degTee ol o o s o e aiie e Gl el
Hxtengions of  wi n"—tip trimmers, degreed

“hen l:nked with the allerons .+ 28 up when adjacent

')

aileron was 28 up
9 cdown when acizcent
aileron was € cown
hen linked with the elevator . . « Dboth 3C down iiaen
elevator was 60
up '
both 0 vhen eslewtor

e
2

elevator was GO

Py | -y,
cown

hen linked wiith the rucd
Extension of right win
tip tri'yﬂ]er o o o . ° L] °

Extension of left wing-

was Q
both &0 up when
|
; > ]
| BID ErlmmeP. « ve o wi% e

20 up wlen lc_t rudder -
weg 40 left

|
| The elevator on the airplone is connected with the
‘ stick in such a manner that the trailing edge of the

Py

C
elevator moves up vhen the stic's movee forward. This

elevator movement with sticis moverent >eite to that
for conventional airplanes. hs %F elz ent to climb

or dive, however, iz the same zs that for conventional
alrplanes, that is, the stiek wvard to dive and

is pulled rearward to climb.
in the model, elevator de;lectlouc
generally referred to herein in

de

v 18 ‘of c* Location
and movement in order to aveid conifusion.

fariations in mass @i

' né center-of-gravity
tion were made for the

lLoecat: eliiea on ( Tanaing gec ¢
retracted anc flaps neutra # Gos aliiliow SEors ciae

| 1limits of aceuracy of the irnlane and mocel values

| end also to allow for &a p ~ra1;<”frt of loading 1
that might lead to a spinr feon From wlileh recovery
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might be slower than for the normal loading. In an
attempt to show only the effect of a single change at one
time, the weight and center-of-gravity location of the
model werc held. approximately constant when the mass
distribution of the model was changed. Similarly, the
weight and mass distribution of the model around the
normal center-of-gravity location were held approxi-
mately constant when the center-of-gravity location was
changed.

. Tests were performed only for the normal loading when
the model was in the landing condition (flaps deflected
45° down, ailerons deflected 10° up for trim, and tricycle
landing gear installed).

RESULTS AND DISCUSSION

A key to the results presented and a list of the
footnotes used on the subsequent charts are given on
chart 1. The results of the spin tests are presented on
charts 2 to 9. The model data are presented in terms of
full-scale values for the airplane at a test altitude
of 10,000 feet. Both right and left erect spins were
tested for the normal loading, clean condition, and showed
that the model was slightly asymmetric in that spins to
the prilot's right were flatter and hed more rapid rates
of rotation, somewhat slower recoveries, and less tendency
to nose down rapidly into a dive after the spin rotation
stopped than spins to the pilot's left for corresponding
control configurations. The remainder of the tests with
the model erect were, therefore, performed with spins to
the pilot's right in order to obtain conservative results.
The tests with the model inverted were performed with
spins to both the pilot's right and left.

Clean Condition

Normal loading.~ The test results for erect spins of
the model in the clean condition to both the pilot's
right and left are presented on chart 2. This condition
is represented by loading 1 on table III and point 1 on
figure 7. The results chow the same general effect of
control deflections for both directions of spin. The
discussion is arbitrarily based on the slightly conserva-
tive results obtained from spins to the pilot's right.
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The spins were generally flat with oscillations of
rather large magnitude in both pitch end roll for all
aileron deflections when the stick was back or neutral
longitudinally, the spins with alierons deflected against
the spin (stick left in a right spin) being violently
oscillatory. A portion of a motion-picture record of a
typical cscillatory spin with the stick back is shown in
figure 8. Although rapid full rudder reversal satis-
factorily stopped the rotation for all spins, the model
always remained horizontel thereafter indicating nearly
vertical descent at an extremely flat attitude.

he spins with the stick full forward or free longi-
tudinally (the stick floasted at or near the full forward
stop) and the ailerons neutral or with the snin were
generally similar to those obtained when the stick was
neutral or back longitudinally. When the rudders were
reversed with the stick forward or free longitudinally,
however, the model stopned roteting and nosed down into a
steep dive either immedlately thereafter or after a short
glide at a flat attitude.

When the model was launched in the tunnel with the
ailerons against the spin and the stick free or forward
longitudinally, the emplitude and violence of the oscills-
tions in pitch and roll progressively increased until the
model pitched and/or roiled from an erect to an inverted
attitude. The oscillations and the pitching and/or
rolling from erect to inverted and from inverted to erect
attitudes continued until the model hit the safety net.

A portion of a motion-picture record of a typical riotion
of the model after launching into the tunnel with ailerons
deflected against the spin and the stick free or forward
longitudinelly is shown in figure 9. It was noted from
the motion-picture records of the tests that high accel-
erations were frequently encountered during these violenk
oscillations. Inasmuch as & similar motion of the airplene
would be confusing to the piiot ss well as severe enough
to injure him or to cesuse damage to the airnlane structure,
it is recommended that aileron-against deflections be
avoided on the airplane.

The results of the erect spin tests were generally
consistent with results of the leongitudinal-trim tests
presented in reference 1 in that when the stick was fixed
ot back or nesutral longitudinally, the model remained at
a flst sttitude aftsr rudder reversal stopped the rotation
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and that when the stick was forward or free longitudinally
the model nosed over into a steep dive either lmmec1ately
after the spin rotation stopped or after a short glide

at a Clat attitude. 1In this connection, recoveries were
occasionally sttempted when the model was close to the
safety net and the model then glided into the safety net
before having had an opportunity to nose down intb'a dive.
The results of these tests are the apparently inconsistent
results presented on the charts which indicate that the
model did not nose down into a steep dive after rudder
reversal when the sticlk was forward or free longitudinally.
It is belisved, however, that the model would always have
nosed down into a dive after the rotation stopped when the
stick was forward or free longitudinally had sufficient
space been available in the tunnel.

Mass variations.- Test results for erect spins of the
model in the clean condition with the mass distribution
increased along the wings (Ix and IZ. increased approxi-
mately 60 percent of Ix) and with the mass distribution
decreased alons the fuselage (Iy and Iy decreased approxi-
mately 20 percent of Iy) are presented on chart 3. These
conditions are represented by loadings 2 and 3, respec=-
tively, on table ITI and figure 7. The spin character-
istics of the model were not appreciably affected by
elther change in mass distribution. The tendency of the
model to dive imnediately after reversal of the rudders
stopped the spin rotation, however, was increased when
the mass distribution was decreased along the fuselage
and the stick was forward or free longitudinally. The
increased rapidity with which the model nosed down after
rudder reversal stopped the spin rotation whken mass wasg
retracted along the fuselage may be attributed to the
reduced inertia moment that it was necessary for the aero-
dynamic pitching moment to overcome bhefore the model went
into a dive.

Center-of-gravity variations.- The effects of varia-

tions 1n the center-of-gravity location for erect spins
in the clean condition are shown on chart 4. When the

stick was forward or free lnnv1tudina1:y, moving the center
of gravity forward 7 percent of the mean aercdynamic chord
from the normal location (loading 4 on tablie III and
point 4 on fig 7)' Increased the rapidity with whieh the-
model nosed down into a dive after rudder reversal stopped
the spin rotation; whereas, moving the center of gravity
rearward approximately 8 percent of the mean aserodynamic
chord: from the normal location (loading 5 on table III
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and point 5 on fig. 7) decreased the tendency of the
model to dive. These results are generally consistent
with the results of the longitudinal-trim tests presented
in reference 1.

Extensions of the wing-tip trimmers linked with the
controls.- Charts 5 and 6 show the effects of linking the
extensions of the wing-tip trimmers with the elevator,
rudder s, Sor silerons for ereedi spinsg of “the model ins the
clean condwtion, normal loading. Both the magnitude and
the violence of the oscillations in pitch and roll were
increased somewhat when the extensions of the wing-tip
trimrers were linked with the elevator. When the stick
was full forward, however, the model nosed down into a dive
more rapldly after the spin rotation stopped than when the
extensions of. the wing-tip trimmers were maintained at
nentrai,

Linking the extensions of the wing-tip trimmers with
the rudders decreased the tendency of the model to spin,
but also ﬂecre:ned the tendency of the model to nose down
when the stick was forward or free longitudinally.

il
£

The spin characteristics of the model were not
dp“T@CldﬁlT affected when the extensions of the wing- .
tip trimmers were linked with the ailerons, but when the
stick was forward or: free longitudinally, the model would
not nose down after the spin rotation had been stopped.

An analysis of the result s of the tests with the
extensions of the wing=-tip trimmers linked with the controls
indicated that the increased diving tendency obtained for
stick-forward positiong when the extensions were 1inked
with the elevator can be attributed to the negative
pitching moment contributed by the extensions of the wing-
tip trimmers in the down position. Similarly, the analysis
indicated that the reduction in divirg tendency obtained
when the extensions of the wing-tip trimmers were linked
to either the rudders or.the ailerons can .he attributed
to' a positive pitching monent produced by the differental
defilections oif* the extensions.

standard techn 1que fon 1°ec<'\v@r=y from e
of reversal of the rudders followed app
later by movement of thé stick forward
Ailerons are maintained at neutral. Ins
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ltitude lost during the
¥ ilncreaged if.the

3
nleyed. 1In order to

moved nearly full forward, the
sSgim recovery will He unﬁanc-.a
standard recovery technigue i:
increase the wanidity of the nosing down of the airplane
and thereby decrease the alt itu lost during reeevery,
1l strongly recomunended that the stick be mowved full
forward or released longitudinally (to permit it to move
forward towards the stop) simultaneously with reversal of
esrudders., ' JIn.-addition, tHE y;;Ot should -take precasution
to prevent a movement of the ailleroms ln & Gl BacGlon
against the spin in order to avoid the violent oscillations
associlated with aileron-against deflections.

D H @
e

et £

T ot

/‘ I

{
A

QJ n
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Inverted splins.- The resultgigfvinverted e splENiests
for the clean condition, nermal lgading, are presented

on chart 7. The model was slightly asymmetrical for

these tests but, as for the erect spins, the same general
effects of control settings were observed for both spin
directions. Tt is to be noted that the order used for
plotting the data for the inverted qo*r is different from
that used for the erect spins.'  Fap inveprteo s
Yecontrols crossed" (right rudder Dedal forward and stick
t0 left for ?plnStO pilot's right) for the developed

spin is .glven to the right of the chaytiandNsEliciEEEclcd g
at the bottom. When the controls.are crossed in the
established inverted spin, the ailerona aid the rolling
motion; when controls are together, the ailerons oppose
the rolling motion. The angle of wing tilt on the chart
1s given as up or down relative to the ground.

i

I

t ory as were
{ » 08 .atlioeons 1n

r, was generally greater than
Rapid full rudder reversal
spin rotatioh for all eentrol
emained at a flat attitude
rward or neutral longi-

The inverted spins we
the erect spins. The ma
both piteh and roll, h
that for tho ere”t smins.

d 4

L—S:\A
]

B

1
conflguratlons, but the mode
thereafter when the stick was fo
tudinally. When, however, the stick was back or freeo
(the stick floated at or uea“ the full back stop)
longitudinally, the uodel nosed over into a steep dive
immediately after rudder reversal stopped the spin
rotation.

The motion of the model when the controls were
together was similar to the motion previously described
for erect spins with the allerons Sgalnst GHe SIS FOT
the reasons previously noted for erect allsron-against
spins, it is recommended that developed inverted spins
with controls together bhe avoided on the airplane.
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The results of the inverted-spin tests also were
generally consistent with the results of the longitudinale
trim tests presented in reference 1,

Recommended recovery techni@;e irom inverted spins.-
In order to avoid undue losg of altitude during recovery,
it is recommended thet the st_vm be moved full back or
released longitudinally simultaneously with reversal of
the rudders when recovery i3 being attempted from an
inverted splin.

Landing Condition

Test results for erect s m
landing condition and with f1 a i
alone extended are presented on ohartq 8 and 9. A
comparison of the results presented on chart 8 for the
landing condition and for the clean condition shows that
the spins in the landing condition were generally similar
to the spins in the clean condition wi the stick was
full forward, neutral, ‘or full back., tiel

b
al

t C) s
1
)
5]
|—o

ode L *n the
nding gear

When the stick was
free, the spinsg in %e landing condition were somewhat
steeper than spins in the clean cond 1tlon. The model
stopped rotating shortly after the rudders were reversed
fully and rapiﬁWv ol adlYeontral cont ‘vrat ons When
the stick was forward or free. lonz ;kaelquW Y, the model
nosed down inno a dive more rap;dlv after the spin rotation
stopped for the landing ccndltion, or when landing gear
alone was extended, than for the clean condition.

The increase in repidity in nosing down when the flaps
and landing gear were extended may be exp TQined on the
basis of an lncreased negative ritching moremt. The
results of these tests are in general reement with the
results of the longitudinal-trim testﬂ 0“6: nted in

reference 1,

Recommended recovery technique from epins in the
landing concdition.~ The technique oreviously recommended
for recovery from srect spins in the clean condition
should bhe followed when attempting recovery from spins
in the landing condition. The flaps and landing gear
should be retracted as soon as the airplane begins to
dive -
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Control Forces

The discussion of the results of the spin tests has
been based on control effectiveness alone without regard
..to the forces required to move the controls. [For all

-tests, sufficlent forc: was applied to the rudders to
;reverse . them fully and rapidly. The pilot must supply
sufficient force to the rudder pedal to move the rudders

in a similar manner in order for the model and airplane
results to be similar. Although the force required to
.fully reverse the rudders on the model during the spin

was not measured, it 1s belleved that,because of the low
rate of rotation in the spin and the high angle of attack
of the airplane, the pilot will encotinter 1little difficulty
in rapidly reversing the rudders on the airplane.

The elevator on the alirplane will float at or near
the full-up (with respect to the ground) stop when the
airplane is in a.spin, and on the basis of information
furnished by the manufacturer, it appears that the pilot
will be unable to move the elevator from this position.
Inasmuch as this is. the elevator position that the model
tests have shown to be conducive to rapid nosing down
after rudder reversal stops the =pin rotation, however,
it will not be necessary for the pilot to move the-
elevator from this position for spin recovery.

CONCLUSIONS AND RECOMMENDATIONS

Based on the results of spin tests of a 0.059-scale
model of the XP-55 airplane, the following conclusions
and recommendations are made regarding the spin and
recovery characteristics of the airplane at an altitude
of 10.000 feet. 'he conclusions apply specifically to
the XP-5% airplane modified to improve longitudinal-
trim characteristics by the installation of a large
elevator with deflections of *60° and installation of
large wing tips with extensions of the wing-tip trimmers
as recommended by the NACA.

1. The spins for all control configurations and
loadings will be flat and oscillatory. The spin rotation
will stop shortly after rapid full reversal of the rudders
for all control confipurationssd
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2. Spins with aileronz deflected against the spin
will be violently oscillatory and should be avoided on
the airplane.

3¢ When the stick is neutral longitudinally or
back, the airplane will remain at a flat erect attitude
after the rotation stops. The airplane will nose down
into a steep dive after the rotation stops, however, when
the stick is forward or free longitudinally.

4, Hoving the center of gravity forward, decreasing
the mass distribution.along the fuselage, deflecting' the
flaps and extending the landing gear, or linking the
extensions of the wing-tip trimmers with the elevator
will increase the rapidity with which the airplane noses
down into a dive after the spin rotation stops.

5. Moving the center of gravity rearward or linking
the extensions of the wing-tip trimmers with the rudders
or ailerons will decrease the tendency of the airplane to
dive after the spin 'rotation stops.

6. The recommended recovery technique from erect
spine is rapid full reversal of the rudders accompanied
by either full forward movement or release ‘longitudinally
of the stick.

7. The recommended recovery technique from inverted
spins is rapid full reversal of the rudders accompanied
by full rearward movement or release longitudinally of
the stick.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for-  Aeronautics
Langley Field, Va.
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE CURTISS-WRIGHT XP-55 AIRPLANE

Length over all, ft
Propeller diameter, ft

. 29.58
10.0

Wing: e With large wing tips With small wing tips
Span, ft F R s 411,02 L0.57
Area, sq £t . R ) 208.%
Section, root . C-W 6500-0015 C-W 6500-0015
Section, tip- . . . C-W 6500 0015 C-W 6500-0015
Root chord incidence, deg e glin L 525 L.25
Tip chord incldence, deg O.gg Q.75
Aspect ratio . R TR TR 7.-91
Sweepback at 25 percent chord llne, deg s R . . 28.5
Dihedral at 25 percent chord llne, deg I R (1 h.g
Taper ratio . . . - : Pk wes & me e e R 3.8
Mean aerodynamic chord, fra . o bt & A s S E e 67.69
Leading edge of M.A.C. rearward of

leading edge of root chord, in. 62.88 61.08
Leading edge of root chord rearward
of nose of airplane, ft 13,23 1l.2%

Allerons:

Area rearward of hinge line, percent of wing area (with large wing tips) g.l
Span, percent of wing semispan (with large wing tips) T 5 .hi
Chord, percent of wing chord R 2030

Flapss
T¥pe . . . Split
Chord, ft : e
Span, percent of wing semispan (w1th large wirg tlps) . i

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE I.- DIMENSIONAL CHARACTERISTICS - Cohcluded

Large horizontal tail surfaces:
Total area, sq ft
L A L E A R L R S
Distance from normal center of gravity to elevator hinge line, ft%
Tab chord, percent elevator chord

.

° © ° © ° ° ° © .

Small horizontal tail surface:
Total area, sq ft
Span, ft

Vertical tail surfaces:
Total exposed area, sg ft 5 f 5o
Fin area forward of hinge line, SO
Rudder srea rearwsrd of hinge line, sq ¢ o O G
Rudder area, percent of exposed vertical tall area
Over-all height., ft
Aspect ratio Nt ALV T (g NI I e i il
Distance from normal center of gravity to rudder hinge line, ft
Distance from rudder hinge line to plane of symmetry, ft

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II

CONDITIONS OF THE CURTISS3-WRIGHT XP-55 MODEL INVESTICLAT
20-FOOT FREE-SPINNING TUFNEL

4 Extensions of
No.| Configuration | Loading| Type of | Landing Flaps wing-tip Data
(a) spin gear (deg) trimmers S
: (b) chart

i Clean Normal Erect Retracted 0 Neutral 2
e mm (O m———— A —==A0=== | ~=w=dO=== O do===== 3
S dome=—— B wmmfOwmn | mmmmdO=—— 0 O - 3
4 e e QO - C ==~d0=== | ====dOo=-=~ O | =mem—- COmmm=m—m 4
) —————— AQm=m—— D m==l0=== | mm=eO=== 0 —————— do=w=m- 4
6 | mmem dow=m—- Normal mm=dO0=== | ~===dO==-= o E S
T | = AO==m== --do-- ~==00=== | ====d0=== O F 6
8 | mmmmm AO===m== --do=-~ -=-d0~-== | ====dO=== 0 G 5
9 —————— A0===w= | «=d0== Inverted | ===~do==-= 0 Neutral s
10 - Landing. - | ==d0=~~ Erect Extended | 45 down| ==-==- do===-==- 8
B Flap down --do==~ ---do--- | Retracted { 45 down| ----~- do==——- 9
12 Landing gear | --do--~ ~--~-do~-- 1 Extended C B et G e S

; extended

a., Loading:

A. Ix and Iz increased by 60 percent of Ix.

B. Iy and I decreased by 20 percent of Iy.

C. Center of gravity 7 percent of mean acrodynamic chord forward

of normal.
D. Center of gravity 8 percent of mean aerodynamic chord rearward
of normal.

b. Extensions of wing-tip trimmers:
e Linked with the ailerons.
G. Linked with the rudders. NATIONAL. ADVISORY
E. Linked with the elevator. COKMIrTEE FOR AERONAUTICS
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TABLE III, - MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR THE LOADINGS TESTED ON THE CURTISS-WRIGHT XP-55 MODEL

[lodel values sre présénted in terms of full-scele values; moments of inertis sre sbout center of gravita

t T- vit
ten ef;gatﬁ'ﬁ : Moments of inertia Mass parameters M
W Welight Iy Iy T I . 5 M
et Lo e (pounda)ii S e e (Slugs | (slug- | (slugs | XX | ¥ Iz (T2 = Ix | (sea | (10,000
feet”) feet?) feet?) | mp° mb? nb® level) feet)
1 Normal 7707 0.118 -0,018 4120 10,896 14,712 r168 x]()4 ’-95 x 10°% 263 xlo-4 11.52 15,61
I d Iz increased 60
2 X and 17 per- - -4 =
cent of Iy 7806 Q.080 0.008 6639 11,916 | 18,476 |928 x10 159 x 104287 x 1004 11.80 15,99
Iy and I; decreased 20 per- o -4
3 cent of Iy 7851 0.108 | -0,008 5657 8651 | 14,270 [75 x 10" |-137 x 10 |210 x 10 | 11.72 15,88
Center of gravity moved o
% T L PP g e 0.048 | -0.012 5063 12,672 | 17,718 ke x 107 [-124 x 10%510 x 104 11.6e6 15,80
Center of gravity moved reard f - =
5 Rl g el R 7835 0,202 | -0.016 4542 9860 | 14,255 [-130x107%-107 x104257 x 1074 11.70 15.84

NATIONAL ADVISORY
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TABLE IV. - MASS CHARACTERISTICS AND INERTIA PARAMETERS FOR VARIOUS LOADINGS POSSIBLE ON

[Moments of inertia are about center of gravity]

L=650 )

THE CURTISS-WRIGHT XP-55 AIRPLANRE

Ce“”{‘;?ﬁ;%’g"“y Moments of inertia Mass parameters A M
Welght Ix Iy Iz TP e T (sea (10,000
Number Loading (poundas) x/3 2/5 (slug§ (Slug- (Slug= 28 E _};_EEE z - Iy level) | feet)
feet®) feet?) feet?) mb? mb
6 No rmal 7717 0117 -0,019 4300 11,515 15,095 |-178 x10"4-89 x 1074|268 x 10-% 11.52 15.61
7 Maximum increase in 8424 0.123 -0.,024 5707 11,722 16,235 (137 x 1074103 x 1074|240 x 1074 12,58 17,04
Ix and Iy possible
Maximum increase in - = -
8 Iy and I; possible | 9582 | 0.118 | -0.021 | 702 | 11,827 | 16,471 |157 x 104105 x 0-4fpa0 x 1074 12,81 | 17.35
Maximum decrease in -4 4 4
9 Iy and Iz possible 6378 Oe316 ~0,0086 4268 8449 12,027 |-125 x 107*107 x 10™*|232 x 10~ 9.52 12,90
Maximum increase in Ix <4 4 =71
10 and 1z and mgxim 7085 0.303 0,041 5620 8632 | 13,295 [-81 x10~"}126 x 104|207 x 10 10.58 | 14,33
5 gecre 89,10 1Y an 2
2 poggible
11 Most forward center- -4 - =4
of-gjz:g{lty location 7732 0,105 -0,018 4298 11,531 15,141 |-179 x10 (-89 x 10”268 x 10 11,54 15,64
possible
Most rearward center -4 -4 4
12 of-gravity location| 6519 0.321 -0.010 4257 8479 12,081 |24 x 10 |-106 x 10° ~|230 x 10~ 9474 13,19
possible

NATIONAL ADVISORY
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MR No. L&5G31la

CHART 1.- KEY AND FOOTNOTES FOR CHARTS ON SPIN CHARACTERISTICS OF XP-55 MODEL

KEY

o 2}

(deg) (deg)
\' o
(fps) (rps)

Turns for
recovery

Pathof fuselage
reference line
after rotation
stops

Model values converted to corresponding full-scale values
U Inner wing up
D Inner wing down

—» Model glided forward at a flat attitude for a short
distance before hitting safety net.

— Model glided forward at a flat attitude for an
appreciable distance before hitting safety net.

'—} Model glided forward at a flat attitude for a short
distance and then nosed down into a steep dive.

* Model nosed down into a steep dive immediately after
the spin rotation stopped.

FOOTNOTES

80scillatory spin; range of values or average value given.
bViolem,ly oscillatory in pitech and roll.

CAmplitude and violence of oscillations in pitch and roll
progressively increased until model pitched and/or rolled
inverted. The oscillations and the pitching and/or roll-
ing erect-inverted, etc., continued until the model hit
the safety net.

dToo oscillatory in pitch and roll to test completely.

€Model yawed in a circle of extremely large radius at a large
angle of attack. Rotational velocity was low.

fRecovered in a wide spiral glide.

€Wwandering spin.

hSteady oscillation in pitch. Model appeared to gallop.
iModel went into an inverted spin after a short vertical dive.

jHigh rate of descent. Model executed one violent oscillation
in pitch per turn of spin.

kToo wandering to test completely.

Oyery steep, smooth spin with too wide a radius of spin to test
completely.

Npjtched into an inverted flat attitude after short vertical
dive.

Fees b NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




CHART 2.- EFFECT OF CONTROLS ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL

L=650

[Notmal loading; cockpit closed; landing gear retracted; flaps neutral; extensions of wing-tip trimmers at 0°; recovery by rapid full rudder reversal
(recovery attempted from, and steady-spin data presented for, rudder-full-with spins); erect spins; direction of spin as indicated]
Spins to pilot's right Spins to pilot's left
(Loading 1 or. table III and point 1 on figure 7) (Loading 1 on table III and point 1 on figure 7)
b 8, a a, b a a
90 | 6U 74 12U 88 18U 82 10U 66 9u 73 12U
74 | 8D 18D 62 19D 54 6D 54 |[12D 62 12D
182] .19 182| .19 171 | .20 179 171 .13 17000 o 15
3 1 1 1 SR ST
1 Z 2 4’ 4 4’ 4
®
;’ — e — = —  — e e
2 ﬁ—«x 5
T 1Two conditions possible :;'; 3 323
~a,b c a [T a, b a h+e a
=
21 95 9u 91 22U 94 2u 86 13u 97 |19U
E 59 17D A ororalina 5D 65 69 15D 64 |24D
o full Ailerons full Ailerons full Ailerons full
al 182 «15]| No |spin | against 1749 | 2] with 171 .13 178 [l L) against 171 .11 with 161 [.09
E
3}
= L (Stick left) 1 (Stick right) 1% E1N (Stick right)| L =~ L (Stick left)| 1 =~ L
w 2 2 2 4"’ 4 4’ 4
'; == —_— - —— - — —_— >
E ]
E 35 LE 25 :SE Tw dit bl
E ) 2 o conditions possible
o c a IR a c c ok a d
5 76 |19V 97 6U 74 | 10U
= 58 |12D 66 18D 61 7D
o
ot No |spin 174 |.26 72 21 No |spin No |spin 171 .16 Spin
e 1 ok
1 14 1, 1l L, 1
Two conditions possible
¢ a a c c a c
73 | 18U 83 |10U 79 | 11U
o 62 7D 57 |15D 52 | 21D
bol
“ No |spin 171-] .20 166(.21 No |spin No |spin 185 |.16 No |spin
(o]
1 1 1 1
o =, _ 1= S
: 2 4 2 4
= - } |

NATIONAE ADVISORY
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E.oading as indicated; cockpit closed; landing gear retracted; flaps neutral;
(recovery attempted from, and steady

CHART 3.- EFFECT OF MASS DISTRIBUTION ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL

-spin data presented for,

L=650

extensions of wing-tip trimmers at O°; recovery by rapid full rudder reversal

rudder-full-with spins); right erect spins]

~=—————— Elevator fixed at stick position indicated —

Elevator free

Mass extended along wings
(Iy and Iy increased by 60 percent of Iy, loading 2 on table III and

point g on figure 7)

a
7 2D
58 33D
No spin No spin 190 | .17
T
2 2
—- —
oo
el 1)
a,b (iSalts)
Allerons full| g2 |58y | Ailerons full
against 72 75D with
(Stick left) 182 | .09 (Stick right)
AL
2
—
xr—i | o
o
Two conditions possible i) e Two conditions possible
£ a £ DE= = a a
74 10U 28U 75 | 10U
41 11p 70 | 25D 47 | 17D
No |spin|| 182 W11 No |spin 182 | .16 || 177 |.15
3 i1
1 2
-»> -
Two conditions possible
f a T a, ¢
68 16U 78 | 17U
52 9D 58 | 25D
No |spin 182 | .18 No |spin 185 18
1 fo, fz__

(Iy and Iy decreased by 20 percent of Iy, loading 3 on table III and

Mass retracted along fuselage

point 3 on figure 7)

a,b a
89 50U 87 38U 73 20D
56 25D 30 38D 60 41D
190 | .23 179 | .20 174 | .19
3 1 L
4 2 2
e — —
a,b
96 56U
60 67D
e NG g
L
2
—
c a,h a, h
77 |22u 77 320
56 |31D 60 20D
No |spin 177 | .23 174 | .25
K
1 lT
c, i a, h J
72 | 13U
57 7D
No |spin 179 | .24 Spin
ik
2

NATIONAL ADVISORY
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CHART 4.- EFFECT OF CENTER-OF-GRAVITY LOCATION ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL

[Cent.er-ot-gravit,y location as indicated; cockpit closed; landing gear retracted; flaps neutral; extensions of wing-tip trimmers at 0°; recovery
full rudder reversal (recovery attempted from, and steady-spin data presented for, rudder-full-with spins); right erect splns]

L=650

by rapid

CONFIDENTIAL
Center of gravity 7 percent of M.A.C. forward of normal Center of gravity 8 percent of M.A.C. rearward of normal
(Loading 4 on Table III and point 4 on figure 7) (Loading 5 on Table III and point 5 on figure 7)
8, a 8 b a a
73 |21U 75 30U 95 61U 98 38D 90 240
21 |18D 63 12D 47 48D €8 48D 65 44D
No |[spin 174§ .13 177 .20 193} .16 182} .18 179 | .16
18 L 3 1 3
° 4 2! 1 2 . 4
§ — _-— — — —_— >
s ol
= d3a9
Eal "MD
a (%] a, b c a
=
o
by 85 | s0uU 8l | 35U 98
= 48 42D 65 64D 79
o Allerons full . Ailerons full
= No [spin against 171 || +:20 with 185 |.17 No spin 182 .13
-3 (Stick left) (Stick right)
pe) 1
@ = 1 1
2
; — — —
2 Eao
4 SAun A T
= Wdoa Two conditions possible Two conditions possible
e X
e c a @ a b, k c a k a
-
3 49 | su 84 |[19U 93 | a2u 102|390
2 39 §D 55 14D 64 47D 61 44D
o
= No |spin 203 .19 177 | .22 |[Spin No [spin 185 { .22 [( Spin 171 .16
1 1 TS 3 i
2 2 13:12 4 2
1 by — -
Two conditions possible Two conditions possible Two conditions possible
a [} ¥ a a, a c e e
o 57 220 73 | 11U 52 | 1U 76 0 44 | 13U
o 4 0 50 ( 7D |[ 37 | 15D 43 | 14D 6D
e
g 204 | .18 No | spin 177 | .22 [|206 | .21 182 | .20 ||208 |.17 No | spin No |spin No |spin
s
o
= 1 1 1
= 4
. i '
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CHART 5.- EFFECT OF LINKING THE EXTENSIONS OF THE WING-TIP TRIMMERS WITH THE ELEVATOR ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL

ormal loading; cockpit closed; landing gear retracted; flaps neutral; extensions of wing-tip trimmers as indicated; recovery by rapid full

rudder
reversal (recovery attempted from, and steady-spin data presented for, rudder-full-with spins); right erect spins]

-————@— Elevator fixed at stick position indicated — — g

Extensions of wing-tip trimmers linked with the elevator.
2 to 1 deflection ratio between the elevator and the extensions.
Trailing edge of extensions are up when trailing edge of elevator is

Extensions of wing-tip trimmers fixed at neutral

c a down b ) a
92 | 44U 90 6U 74 12u 88 | 18U
54 | 47D 74 8D 18D 62 | 19D
No spin No |spin 189 | .21 182 | .19 182 .19 171 | .20

NS

._.
ool =

l
|
|

Stick full
back

Two conditions possible

a, 'b c a
Ailerons full Ailerons full 95 | 9U 91 | 22U
against with 59 | 17D 7 5D
(Sti left) tick ri )
LTSy tRELCKs Lebt 182 | .15 || No |epin 171 | .21 171 | 13
1 X
2 . 2
- P — —
(o |
3¢
-~
1
e {4
c y & a, g, h c 2 a
87 | 31U 92 23U 76 19U 97 6U
60 3U 53 | 22D 58 12D €6 18D
No pPin 174 18 271 .18 No |[spin 174 | .26 1714 .21
1, li l‘ G y I 1y~ Ak
4 2 4 4 2

NATIONAL ADVISORY
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CHART 6.- EFFECT OF LINKING THE EXTENSIONS OF THE WING-TIP TRIMMERS WITH THE AILERONS AND WITH THE RUDDERS
ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL

[Normal loading; cockpit closed; landing gear retracted; flaps neutral; extensions of wing-tip trimmers linked as indicated; recovery by rapid full
rudder reversal (recovery attempted from, and steady-spin data presented for, rudder-full-with spins); right erect spins}

Extensions of wing-tip trimmers linked with the ailerons, 1 to 1 de- Extensions of wing-tip trimmers linked with the rudders, 1 to 1 de~
flection ratio between the ailerons and the extensions. flection ratio btetween the rudders and the extensions. Right extension
is up when rudders are right.
c a, b e a
94 | 29U g5 | 12v
63 | 31D 11D
No |spin 171 | .17 No |spin No [spin 182 || <12
1l =z
2 4
—_— —_—
®
F 833
° 238
5 4 4 g a
e 81 1U 88 | 38U
-] 71 43D 60 13D
o
E’: Ailerons full Ailerons full 171 | .08 189 | .12
@ against with
o
=~ (Stick left) (Stick right) 1 L
3 s 2
g > e
w
e
- o 1o
L ;‘EE: Two conditions possible
(o) @ * a, b d e e e
b 78 [110
= 59 [24D
3
o
] No |spin 174(.18 Spin| No |[spin No |[spin No [spin
o
=
= L
1 =
Two conditions possible
a, b e e a, b e
= 71 2 74 |2U
) 56 | 16D 41 | 14D
&
o No [spin 1944 17 No |spin No [spin 198 | .16 No |spin
3
11
2 4 2
(=] —_ —
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CHART 7.- INVERTED SPIN CHARACTEﬁISTICS OF THE XP-55 MODEL

1650

E‘Jormal loading; cockplt closed; landing gear retracted; flaps neutral; extensions of the wing-tip trimmers at 0°; recovery by rapid full rudder reversa.
(recovery attempted from, and steady-spin data presented for, rudder-full-with spins); direction of spin as indicated; inverted spins]

—-——— Elevator fixed at stick position indicated ———————p=

Elevator free

Spins to pilot's right

(Right rudder pedal forward for steady spin.

pedal moved forward for recovery)
a

Left rudder

pedal moved forward for recovery)

Spins to pilot's left
(Left rudder pedal forward for steady spin.

Right rudder

75 | 15U A 63 6U
58 | 11D o
153
g
No |[spin 176 | .17 2 174N EIES
G
£ gL ~ U
4 = 2
—_— — = p—
K
o
-
o3
1]
a, b a
111 | 28U | stick full 85 16U Stick full 86 (12U
74 | 40D right 66 29D left 64 6D
166 | .18 169 | .10 1720 el S
1 1 S O] ele
4 2 2 g &4
— - — — —
5
G
-
(@ © [
=
=
w
'
No |[spin No |spin No |[spin
a, b a a
79 4U 90 25U 75 12U
46 18D 57 18D 45 10D
182 ] .16 176 .19 193 .21
L £ L 1L
3 4 2 e
e 1 '

a a
85 | 33U 75 |23U
69 25D 59 (20D
No |[spin 176 | .13 &3 171 | .15
]
A
3 S L
4 = 2
~
— | —_—
—~
E
o
=)
2y
c a ) a
Stick full 101 (50U Stick full 78 170
left 57 | 54D right 67 45D
No [spin 182/.18 b 167 | .14
3
=] ]!
1 E 7
— % —
Rl
=
(5]
Three conditions possibl Two conditions possible
a c a d
86 25U 73] 13U
55 13D 51| 14D
No [spin Spin 174 .18 No |spin 176 | .20||Spin
| IS 1
e 2 1 173
c a a
78 45U 81 170
47 42D 68 15D
No |spin 174 ).17 176 222
1 3 i
R L, A%
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CHART 8.-

L=650

EFFECT OF FLAPS AND LANDING GEAR ON THE SPIN CHARACTERISTICS OF THE XP-55 MODEL

[Normal loading; cockpit closed; landing gear and flaps as indicated; extensione of wing-tip trimmers at 0°; recovery by rapid full rudder reversal
(recovery attempted from, and steady-spin data presented for, rudder-full-with spins); right erect spins]

—~———Elevator fixed at stick position indicated — =

Elevator free

Landing condition (Flaps down 450, landing gear extended)
Two conditions possible

m a
65 (12U 69 20U
54 (14D 58 15D
Spin 176 | .14 179 .16
1 1
2 4
= —
wisls
sl
VJH'D
91 | 27U
Ailerons full| 69 [40D | aAjlerons with
against with
(stick left) | 171 [+09 I(gtick right)
1
4
—_—
S
Cia s
2388
e w a
78 | 15U
58 | 25D
No [spin 176 | <16
;S |
2
a
66 16U 62 9qu 64 13U
22 2U 47 3D 29 15D
7087 16 188 | .16 188 | .14
i G T
2 4 2 4

Clean condition (Flaps neutral, landing gear retracted)

a, b a a
90 6U 12U 88 |18U
74 8D 74 18D 62 (19D
182 |.19 182 .19 171 |. 20
3 1
2 1 =
4 2
Two conditions possible
. b c 3
95 9uU 91 |22U
59 |17D 71 5D
182 |.15 No |[spin 171].21 1720 13
1 1 2
2 2
— —_— —
( a a
76 | 19U 97 |6U
58 [12D 66 (18D
No |spin 174 | .26 171 1«21
1 1
= g ]
14 2
c a a
73 18U 83 10U
62 7D 57 15D
No |spin 171 | <20 166 | .21
IR 14
Pl e A 2
- ¥ '
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CHART 9.- EFFECT OF FLAPS AND LANDING GEAR ON THE SPIN CHARACTERISTICS OF THE XP-55- MODEL

Evlormal loading; cockpit closed; landing gear and flaps as indicated; extensions of wing-tip trimmers at 0°; recovery by rapid full rudder reversal

(recovery attempted from,

and steady-spin data presented for,

rudder-full-with spins);

right erect apins}

—~a—————FRElevator fixed at stick position indicated — =

Elevator free

Flaps down 45%, landing gear retracted

Flaps neutral,

landing gear extended

eo%
s238
w
Ailerons full Ailerons full
against with
(Stick left) (Stieck right)
-
e
w_0od
U)"‘"‘:
a a, b
79 | 10U 87 U
62 | 27D 39 oD
179 | .21 179 [ X7
2L 3
s 14 4
Two conditions possible
a m : a, h
82 25U 87
63 | 18D 49 ( 3D
179 | .19 || Spin 179 19
i 3 A
Bl 4’ 4
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Figure 1.- Drawing of the 0.059-scale model of the Curtiss-

Wright XP -556 airplane as tested in the free-spinning
tunnel. Wing root incidence, 4.25°, leading edge up.
Tip chord incidence, 0.75°, leading edge up. Center-of-
gravity location shown is for the normal loading with
the landing gear retracted. Large elevator and large

wing tips with extensions of wing-tip trimmers installed.
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Figure 2.- Leading-edge wing-root spoilers removed for tests of the
0.059~scale model of the XP-55 airplane in the 20-foot free-

spinning tunnel.

*ON ¥

BTEDST



L=650

Elevator 726, hmge /ne at

Llevator hinge hne
7S percent chord /e T

\

| T
N S - - 71 —
alternate elevat,(:x § ,
original elevator —~cu 3./6 .
- 40/
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Figure 3.~ Comparison of the alternate elevator tested on the 0.059-scale model of the
XP-55 airplane in the 20-foot free-spinning tunnel with the original elevator.
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Figure 4.- Comparison of the alternate wing tips tested on the 0.059-~scale model of the
XP-55 airplane in the 20-foot free-spinning tunnel with the original wing tips.
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Figure 5.- Extension of the wing-tip trimmers tested on
the 0.059~scale model of the XP-55 airplane in the
20-foot free-spinning tunnel.
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Figure 6.~ The 0.059-scale model of the XP-55 airplane as
tested in the 20-foot free-spinning tunnel in the clean
and landing conditions.
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Figure 7.-Inertia porameters for loedings pessible
. or? the XP-55 oruplone and for the loadings
rested o0n rthe X/-80 mode/ .(INurmbers
y refer to leadings 11sted 1n tobles 77T ond I7 ).
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Figure 8.- Typical spin
the XP-55 airplane.
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Figure 9.- Typical motion of the 0.059-scale model of
the XP-55 airplare with ailerons full against the
spin, rudders full with the spin, and the stick
forward or free longitudinally. Camera speed: 64
frames per second.




