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SUMMARY 

An investigation was conducted in the Langley l5-foot 
and 20-foot free-spinning tunnels to determine the effect 
of extreme changes in mass distribution along each of the 
three body axes. Two models of single-engine airplanes 
having different geometric arrangements and aerodynamic 
characteristics were tested with a series of different 
loadings. The test results were analyzed to investigate 
the effects of the individual inertia moment parameters 
upon spin and recovery characteristics. 

The test results indicated that the value of the 
inertia yawing-moment parameter mainly determined the 
effect of aileron setting on recovery, that the values of 
the inertia yawing-moment and inertia rolling-moment 
parameters influenced the effect of elevator setting on 
recovery, and that the value of the inertia pitching
moment parameter determined the attitude of the spin at 
the normal spinning control configuration (ailerons 
neutral, elevators up, and rudder full with the spin) 
when mass was distributed chiefly along the wing. The 
inertia pitching-moment parameter also determined the 
angular velocities of the spins. Steady spins could not 
be maintained when all three moments of inertia were 
equal. 

INTRODUCTION 

Existing literature on spinning indicates that mass 
distribution may greatly affect the spin and recovery 
characteristics of a given airplane. Some of the previous 
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investigations of the effect of mass distr i bution on 
spinning have been presented in references I to 5. 

The previous wor k has indi cated that the nass distr i 
bu tion of airplanes determines the relative effectivene ss 
of the vay-iolls contl'o l s ~n proClu c-t ng recovery from spins . 
Although g eonetric cbaracteristics bave affected the 
numbe r of turns for recovery from a spin, they generally 
have not influenced the re l ative effectiveness of the 
controls in producing recovery for a given loading condi
tion. 

Reference 1 i~dicates that the inertia yawing -moment 
parameter may be used to pr e di c t the relative effec tiveness 
of various control settings dnd movements on re cove ry. 
In reference 2 it is indicated that multiengine mode ls 
spin st e ep l y , that ai l eron- a g ainst settings expedite 
reco v e ry , and that the elevato r is the Hlos t effe c ti ve 
single control fo r recovery . Mu l tiengine models have 
relatively more mass along the wing and less mas s a long 
the fuselage tban single - engine models; that Is, the 
inertia yawing-moment paral'r.9ter is positive for multi
engine mode ls and is genera l ly negative for singl e -engine 
models . Single-engine mode ls may spin either steeply or 
f l at ly, ai19ron-with se tt ings expedite recovery, and the 
rudder is the mos t effec tive si n g l e control for r e covery. 
It was shown in reference 3 that , when the loading along 
the wings was increased fo r several single-engine models 
until the in~rti a yawing-moment p arame t e r was positive, 
control effects typical of multi engine mode ls were 
obtained but the s pi ns were no t so steep as the spins that 
a re cha rac teri st ic of mu ltlengine mod elf3. 

Inasmuch as previous work indicated the effect of 
only the inertia yawing - moment parameter, the present 
investi gatIon was conducted i n the Langley 15-foot and 
20 -foo~ free - spinning tunnels in an attempt to determine 
the e f fe cts of the ine r tia rolling-moment and ine r tia 
pitch1 n3-m~ment p a rameters. A primary purpose of this 
inve s t iGation wa s to dete r mine which inertia moment 
parame ter d8ter'milles the atti tude o f the spin. The scope 
of some of the previous investigations is shown in 
figure 1, whi ch indi cates the enve lopes of the inertia 
mome nt parruneters of the mode ls considered in the investi
gations of r e ferences 1 to 3. The inertia moment param
eters of most of the l~lodels of conventional airplane s 
tested in the Lang16Y spin tunnels sinc 6 the inv6s ti-
ga tion described i n r eference 1 Ii e wi thin or qu i t e close 
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to the envelope indicated for reference 1. Figure 1 
also shows the loading conditions as represented by the 
inertia moment parameters with which the models were 
tested in the present investigation. Very extreme 
ch8.nges 1n the loading along the thr ee body axes were 
mad0 j_n the p::-06eent tnvestigation wi th the hope that the 
resu lts obtained at the extreme conditions would be of 
aid in isoJa.ting the effects of the individual inertia 
m0111e:r:.t Yl-.'..r&.meters. Addi tional tests were made wi th the 
mOlnFJ r:.t.3 of inertia about the three body axes equal in 
order to det ennjne the effect of zero inertia moment 
parameters. Tests were also made to detennine the effect 
of incl'easing all ~noments of inertia by equal amounts 
and -chus keeping the moment-of-inertla differences 
constanr: . 'I'ivo modsls having different geometri c charac
teristics were tested in order to dete~ine whether 
aerodynani c differen ces would influence the effect of 
the large loading changes. 

The effects of control settings on the steady-spin 
and recovery characteristics were determined for the 
various loadings. The center-of-gravity location was 
held fixed, and the total weight was kept constant 
for each model during the test program. All tests were 
made with the landing gear and flaps retracted. 

SYMBOLS 

X , Y, and Z airplane body axes 

m mass, slugs 

b wing span, feet 

S wing area, square feet 

IX moment of inertia about X-axis, slug-feet2 

Iy moment of inertia about Y·-axis, slug-feet2 

1Z moment of inertia about Z-axis, slug-feet2 

kX radius of gyration about X-axis, feet 

ky radius of gyration about Y-axis, feet 



4 

kZ 

V 

a 

p 

p 

q 

r 

k 2 k 2 Z X 

b 2 

NACA ARR No. L5C09 

radius of gyr~tion about Z-axis, feet 

airplane true rate of descent estimated by 
scaling from model values, feet per second 

acute angle between thrust axis and vertical 
(approx . equal to absolute value of angle 
of attack at plane of symmetry), degrees 

angle between Y- axis . nd horizontal, degrees 

airplane angular velocity about spin axis 
estimated by scaling from model values, 
radians per second 

density of air, slugs per cubic foot 

angular velocity about X-axis, radians per 
second 

angular velocity about Y-axis, radians per 
second 

angular velocity about Z- axis, radians per 
second 

time, seconds 

inertia yawing-moment parameter 

inertia rolling-moment parameter 

inertia pitching-moment parameter 

EQUATIONS OF MOTION APPLICABLE TO SPINNING 

If the airplane body axes are asswlled to coincide 
with the principal axes, as is very nearly the case for 
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conventional airplanes, Euler' s equati ons for the moment s 
acting on a rotating body may be written for an airplane 
in a spin as 

Inertia yawing moment = - Aerodyn amic yawing moment 

dr 
IZ dt 

Inertia ro lling moment = - Aerodynamic rolling moment 

= CIy - IZ)qr - IX ~~ 

Inertia pitching moment = - Aer odynamic pitching moment 

= (IZ - Ix ) pr Iy ~~ 

I n a steady s pin, the acce leration terms (the last terms 
i n the equations) disappear; t h e formulas indicate, 
therefore, tha t t he individua l moment s of inertia may 
affect r e cover i e s a lthou gh t h ey should have no effect on 
the steady spin. The moment-of-inert i a differences 
determine the inertia moments acti ng dur ing a steady spin 
at a given attitude and given a ngular ve l ocities. These 
differences ma y be expressed n on dimensionally by the 
inertia moment par ameters 

or by 

IX - I y 

mb 2 
Iy - I Z 

mb 2 

APPARATUS AND TESTS 

Apparatus and Geometric Charac teristics of Models 

Testing technique a nd construction of spin models 
are described in r eference 6. Dimensions of the air
p lanes repres e nted by the two models used for the present 
tests are given in table I. Three - view drawings of the 

I 
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models, which are designated A and R, are presented in 
figures 2 and 3, and photographs af the models are given 
as fi gures 4 and 5. The tests were made with the landing 
gear retracted. ~i!O de 1 A repre sen ts a re cent s cou t-bomber 
airplane and model B represents a recent experimental 
fighter design. The scales were 1/18 fo r model A and 
1/20 for model B . 

Mass Loading s Tested 

The initial loading conditions of the models, as 
represented by the inertia moment parameters, were almost 
the same. In order to obtain the other loading condi
tions tested, l ead ballast was redistributed along the 
three body axes . The total weight of each model and the 
center - of- gravi ty location were held cons t ant . Extending 
or retracting mass along anyone axis increases or 
decreases the moments of inertia about the other two axes 
and therefore changes two ·)f the inertia moment param 
eters , as is shown by the fol18wing table : 
____ ~- __ o _____ .,r--

0 

_____________ _ 

~o____ Change i1n 

Extending" 
mass IX Iy I Z 

1.1ge braic change in 

kX2 - ky2'ky2 - kZ 2 Ikz2 - kX2 _ 0 ___ - ______ 1 ___ _ 

b2 b2 a10nfS 
----t--.--+----+-----I-------if-------~----

X-axis \--- ----- Increase Increase Decrease 
Y-axis Increase -------- IIn crease Increase 
Z- axis IIncr ease Increase -- ---- - - -- -------o_-L.! _ _ ____ J 

Increase 
Decrease 
Incr ease IDecrease 

The three inertia moment parame t e rs the r e fore are inter 
related, and any two oarameters determine the third . It 
is impossible to vary only one parwneter at a time and 
determine its effect. 

In most cases it was impossible to make the desired 
retraction of mass along anyone axis, and accordingly 
changes that gave the desired va l ues of the inertia moment 
parameters were obtained by extending mass along the 
other two axes . In order to chang e a ppreciably the mass 
distribution a l ong the Z- axis, weights were installed on 
rods that passed through the center o f gravity and 
projected into the air stream . Tests indicated that the 
effect of the r o ds on the spin and reco very character 
istics was small . 
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I n t able s II and III , whi ch s how the various loading 
conditions simulated on mo del s A and B, respectively, the 
actu al chang es made to obtain the various loadings and 
the effective changes thus simulated are given. Tests 
for models A and B were made at equivalent spin altitudes 
of 6000 and 8000 feet, respec t ive l y . 

Accur a cy 

Because the mo de ls w e~e damaged frequently during 
the t e sts , it was recognized that the results obtained 
were primarily of qualitative valu e a nd were not accurate 
enough t o permit ri gi d quant i tat i ve comparisons. Check 
tests with the model s in the i ni t ial loading condition 
were made a t the end of the t e st program, however, and 
the results a g r e ed r e asonably well with the original 
r e sults. Fo r s ome l oading s and control configurations, 
the results obtaine d may h a ve been influenced by sensi
tivity t o small vari a ti o ns in cont rol settings - e spe
ci a llyat con di t i o n s f or wh i ch t he results varied greatly 
wi t h cha nge s i n ai l e r on a nd e l evator setting. 

PRESENTATI ON OF RESULTS 

The de t ai l ed t e st resu lts are presented in charts I 
and 2 for mo dels A and B, r e s pect ively. The boxes on the 
charts g ive the steady-spin a n d re covery characteristics 
for principal combinations of a i l e ron and elevator 
settings. The keys in the l owe r ri ght - hand corners of the 
charts show the orde r o f presentation of the results in 
the boxes. All recoveries were a t tempt e d by full rapid 
rudder reversal, and the reco very characteristics were 
determined by the number of t u rns the model made from the 
time the rudde r was fully r e ver s e d until the spin rotation 
ceas e d. 

A simplifi e d p r e senta ti on of the results, which 
shows directly the effects of cha nges in mass distribution 
on the opt imum dire ction of ai l e r on and elevator setting 
for re covery, on the ang le of at tack, on the angle b e tween 
the Y-axis and the hori zontal , and on the turns for 
r e covbry from the s pin at the no rmal spinning control 
configurati on ( a ile r ons n eutra l , elevat ors up, and rudder 
full with t he spin), is g iven in f igure 6 for model A 
and in fi gur e 7 f or mode l B. I n t hese figures, a qu e stion 
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mar k indicate s that the aileron or elevato r setting had 
little appar ent effect on recovery. Quantitative results 
are given in f igures 6 a nd 7 only for the spin at the 
normal contro l configuration fo r spinning. The quanti 
tative e~fects of the changes i n mass distribution o n 
the spins obtained with other c ombinations of aileron 
and elevator settings can be determined from charts I 
and 2 . 

DISCUSSION 

Ini t ial Loading Conditions 

For the present tests, the initial loadings of the 
models corresponded approximately to the basic loadings 
of the airp l anes represented by the models. These 
loadings we r e arbitrarily selec t ed as convenient star ting 
points for the test program and are f airly representative 
of single - engine ai r planes . 

Fo r both models in the initial loading condition 
(condition 1), aileron - with spins (right aileron up and 
left aileron down in a right sp i n) were ve r y steep wi t h 
high angula r velocities and recoveries were rapid. 
Aileron- neutral and aileron - against spins were fairly 
flat and recoveries from these spins were slower than 
from aileron-with spins . For model B, elevator - down 
settings retarded recovery wher eas, for model A, elevator 
settin6 apparently had o n ly little effect on the genera l 
spin characteristics . The diffe r ence in the effect of 
elevator setting for the two models at almost the same 
loading conditions was probab l y caused by the aerodynami c 
differences in the models . 

Variations in Mass along Body Axes 

Along X- axis .- Figur e 6 shows that fo r model A an 
extr enle-extellsi o n of mass along the X-axis (condition 2) 
had l ittle effect on the spin characteristics . A furthe r 
large extension of the mass dist r ibuted along the X- axis 
(condition 3) prevented the mode l from spinning except 
when the ailerons we r e se t against the spin. Retracti n g 
the mass distributed along the X- axis (condition 4) 
steepened the spin at the normal control configuration, 
incr eased the angular velocity , prevented the model from 

1 
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spinning wlth the eleva.tor neutral or down, and reversed 
the effect of aileron setting on recovery from that 
obtained at nO~lal loading since, in this condition, 
aileron-against settings gave the most rapid recoveries. 

The results obtained for ~odel B (fig. 7) were 
generally similar to those obtained for model A. 

Alo~g Y-axis.- For both models, retracting mass 
along-T.i·8;,0_~l1g accentuated the effect of aileron setting 
on r cc0v8~y, and extending mass along the wing reversed 
the effect of aileron setting on recovery. No consistent 
variation in angle of attack with the mass variations 
was apparent. 

AI0~C Z-axis.- For both models, either retracting 
mass alIJ't:g'roe Z-axi s (condi tion 10) or extending mass 
along the Z- axis (condition 8) retarded recovery from the 
spin 8. t the DIJrmal control configuration. Tbe angle of 
attack did not change appreciably as mass was varied 
aloJ"lg the Z-axi s. The resul ts shown in charts I and 2 
show th~t retra cting mass a long the Z-axis tended to make 
the ai l eron-with spins flat and that extending mass along 
the Z-axis tended to increase the angle of bank and 
caused the models to spin with the inner wing Inclined 
up considerably . At condition 9, the change in mass 
distribut ion from the initial value was greater for 
model A than for model B (see fig. 1) and, whereas 
model A would not spin for any combination of aileron 
and e levator control settlngs~ spins were obtained for 
model B when the ailerons were neutral or with the spin 
and the elevators were neutral or down. During these 
spins the fus e lage was nearl~ horizontal, and the inner 
wing was up approximately 45. Recoveri es from these 
spins varied conSiderably, and the model tumbled - that 
is, rotated about the Y-axis - dur.ing recovery. An 
explanation for the fact that model A would not spin at 
condition 9 may be that the inertia pitching-moment 
parameter was z ero and therefore no inertia couple acted 
to flatten the model and hold it in a spinning attitude. 

S.pe cial Loading Condi tions 

Equal moments of inertia.- Tests made with all 
moments of inertia equal (condition 11), so that there 
would be no inertia moments acting during the spin, 
resulted in conditions for both models for which steady 
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spins could general ly not be obtained. Whe n the e levators 
were up and the ailerons were neu tr a l or with the spin, 
however, mode l A continued to rotate a nd the value of a 
varIed b-etween limi ts of -40 and 46 0 and the wing incli 
nation varied between limits af 300 up (inner wi ng) and 
180 down. Reve rs a l of the rudder t ermina t ed the mD ti o n 
rapidly . With the same control settings, mode l B 
descended at a ve l ocity too high to per mit testing . 

Increased moments of inertia.- In an attempt to 
determine the impo rtance o f the moments of inertia a s 
compared with the moment - of-inertia di ffer e nces, a ll 
three moments of inertia were increased by equal incre
ments from the ini t ial s ingle - engine loading conditions 
s o that t he inerti moment parameters remained constant 
a t the initi a l values . The r esu lt s ob tained a t this 
l oading (condit i on 13) indicat ~d little effe ct of the 
increases in moments of iner tia upon e ithe r the steady 
spin or the r e coverie s obtained by rudder r eversal. 

Typical multiengine loading .- Loading conditions 
that wer e considerad repres ent~t ive of the mass distri 
bution of mu lti engine airplanes were obtained by extending 
weight along the wing and effectively retracting we ight 
along the fuselage (condi ti on 12) . The contro l effects 
obtained were typ i cal of rr~ul ti engine mode ls in that 
a i16ron - against and e l evator-down settings t ended to 
pre vent the spin . The a ile ron - with spins obtained were 
much f l a tter t han the corresponding spins for the initial 
lo ading s; howeve r, the s pins obtained with ailerons 
against and at the normal s pinning control configuration 
were steepe r. 

Eff e c t of Aerodynamic Differences in Models 

The two models tested diffe r ed somewhat in aer odynami c 
characteristics a s measur ed by the tail damping- powe r 
facto r (see table I) and in o ther r e sp e cts such a s wing ' 
lo cation. These aerodynami c differences were l arge e nough 
to cause some differences in the test resu l ts . Fo r model A 
in the initi a l l oading condition, for examp l e, elevator 
setting had little effec t on recovery, whereas for model B 
e levator-up settings expedited recovery . Made l A had a 
partial - length rudder s o t hat def l e cting the e levators 
e ither up or down did not appreciably change the shielding 
effect of the hor izontal tail o n the rudde r during spins . 
Mode l B, however , had a full-l ength rudde r and , when the 
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elevators were down, more of the rudder was shielded by 
the horizontal tail than when the elevators were up, with 
the result that the rudder was less effective in producing 
recovery. For both models the spins were somewhat steeper 
with the elevators down than with the elevators up, an 
indication that deflecting the elevators gave an increment 
in pitching moment even though they were stalled. 

With the greatest extension of mass along the X-axis 
tested for model A (condition 3), the model would spin 
when the ailerons were set against the spin; model B at 
condition 2 (which was not so extreme a loading as 
condition 3 for model A), however, would not spin for any 
aileron-elevator combination even when the rudder was 
full with the spin. It was thought that these results 
might be attributed to the difference in the longitudinal 
stability characteristics of the models. Extension of 
mass along the fuselage increases the spin-flattening 
moment acting during a spin and, at very large angles of 
attack, the aerodynamic oro-spin moments have been found 
to become very small (reference 7). For model B at 
condition 2 the spin-flattening moment evidently was 
large enough to cause the model to assume such a flat 
attitude that spinning equilibrium was not possible. It 
was also noticed that the ratio of horizontal-tail area 
to wing area was considerably smaller for model B than 
for model A. Brief tests were therefore made with the 
stabilizer area increased for model B (aerodynamic diving 
moment increased), and spins were obtained when the 
ailerons were against the spin. 

For the two models, variations in mass distribution 
along the Y-axis had opposite effects on the attitude of 
the spin at the normal control configuration for s pinning. 
For model A, extending mass along the Y-axis steepened 
this spin and, for model B, retracting mass along the 
Y-axis steepened the spin. The reason for this difference 
is not apparent. 

Either extending or retracting mass along the Z-axis 
of model B caused the spins with the ailerons against the 
spin (elevators neutral or down) to become very oscil
latory in pitch and roll . This effect was not obtained 
for model A. 

It should be remembered that other models which 
differed greatly in aerodynamic characteristics from the 
two models tested might have given results that were 



12 NACA ARR No. L5C09 

somewhat different from the present results. The indi
cations are, however, that the effects of the mass changes 
on the relative effectiveness of the controls in producing 
recovery would have been tbe same. 

Effect of Individual Inertia Moment Parameters 

Certain inferences concerning the effects of the 
individual inertia moment parameters can be made from the 
preceding results. It appears that, as was previously 
indicated and explained in reference 1, the directions 
of aileron and elevator deflections for optimum recovery 
vary with the value of the inertia ya¥ing - moment param 

kX2 - k~ 
eter Figures 6 and 7 show that, when mass 

(kx2 - ky2 \ 
was distributed chiefly along the wing \ b

2 
positiV~ , 

elevator - down and aileron-against settings generally were 
favorable to r apid recovery whereas, when mass was distri -- (~2-k~ \ 
buted chiefly along the fuselage b

2 
negative), 

elevator - up and aileron-with setting s ~ere, in most cases, 
favorable to recovery. 

Varying the mass along the wing (conditions 1, 5, 6, 
and 7) had little consistent effect on the attitude of 
the spin at the normal control configuration - an indi
cation that, for a constant value of the inertia pitching
moment parameter, variations of the inertia rolling
moment or inertia yawing -moment parameters do not affect 
the spin attitude. This result agrees with conclusion 1 
of reference 3. Vhen mass was distributed chiefly along 
the wing (inerti a yawing - moment parameter positive), 

k 2 - k 2 
the inertia pitching- moment parameter Z X dete r mined 

b 2 

the attitude of the spin at the normal spinning control 
confi guration; l ow values of the parameter resulted in 
steep spins . A simple qualitative explanation for this 
steepening of the spin is that, when mass was effectively 
added along the Z-axis, the centrifugal forces acting on 
the mass along the Z-axis gave a pitching moment that 
nosed the model down . 
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When mass was distributed chief l y a long the fuselag e, 
the spin attitude did not vary consi s tently with any 
paramet e r unt i l the inertia pitching-mome nt par amete r 
wa s made so l a r g e or so smal l that spinning equilibrium 
could not be ma intained. 

A general comparison of all r e s u lts i ndicates that 
the inertia pitching -moment p a rameter also inf l uenced 
the angular velocities of the spins; low values of the 
parameter generally g8.ve high angular ve l oci t ies. 

When mass was distributed chi ef ly a l ong the fuselag e 
(inertia yawing-mome nt paramete r n ega t ive ) , the adverse 
effe ct on reco very of s e tting the e l evator s down was 
emphasized as the inertia rolling-mome n t parameter 
ky2 - kz

2 
approached zero. 

b 2 

CONCLUSIONS 

An investigati o n was conducte d to determine the 
effect of extreme change s in mass distr ibution along 
each of the three b ody axes f or t wo mode l s of single
engine airpla nes having d ifferent geometric arrangements 
and aerodynamic cha r a ct eristi cs. The test results were 
analyzed to inve stigate the effect s of the individual 
inertia moment p ar ameters upo n s p i n and recovery charac
teristics. It was reco gnized that the extent to which 
the spin would be affect e d by mass changes would depend 
upon the aero dynamic cha ract eristi cs of the design. The 
t e st resu lts indica ted the f o llowi ng qualitative conclu
sions: 

1. The value of the inertia yawin g -moment parameter 
mainly determined the effect of ai leron setting on 
recovery, and the values o f b o th t he iner tia yawing
moment and the inertia rolling-moment parameters influ
ence d the eff e ct of 61evator s e tti ng on recovery. 

2 . When mass was distributed chiefly a l ong the wing 
(inertia yaWing -mome nt paramete r positive), the inertia 
pitching-moment parame t e r d e t e rmined the attitude of the 
spin at the normal s p inn ing control configuration. 
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3. The value of the inertia pitching-moment parameter 
determined the angular velocities of the splns. 

4. The moment-of-inertia differences were apparently 
of primary importance in determlning the spin and recovery 
characteristics of a given oesign. The magnitudes of the 
individual moments of inertia appeared to be of secondary 
importance. 

5. Steady spins generally could not be maintained 
when all three moments of inertia were equal. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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NACA ARR No . L5C09 16 

'rABLE I 

DD1ENSIONS OF AIRPLANES REPRESE}TTED BY MODELS 

lJIiing span, ft . . . . 
Over- a ll length, ft . . 
Norma l weight, Ib .. 
Normal c .g . location , 
percent ~ . A . C .... 

Wing : 
Area, S!} ft 
Section 

Root 

Tip 

Root (reference) chor d, i n. 
Roo t-chord incidence, deg 
Tip-chor~ incidence, deg . 
AS]le ct r a tio . . .... 
Sweepback of L.E. 
of wing, deg . . . . 

~~ode l A 

39 
27.8 
6450 

· 259 

· •• N1-i.CA CYR, 
I S percent 

thick 
. NACA CYR, 

11.8 percent 
thick 
98·7 

• . 0 
· . 0 
· 5· 9 

· 1. 6 (approx.) 
Dihedral at 30 percent 

chord line, deg . 
Ou ter { Top, 3 
panel Bottom, 5% 

M.A.C., in .... · . . 83.3 
L.E. of M.A.C. r earwar d of 

L.E. of r oo t chor d , in .. 

Ailerons : 
Chord, perc ent r oot chord 
Area behind hinge line, sq ft 
Span, per0ent b/2 . . . 

Horizontal tail surfaces: 
Total area, sq ft 
Span, ft . . . . . . . . 
Elevator area behind hinge 
line, sq ft . . . .... 

Distance from c.g. to e levator 
hi nge line, ft ..... . . 

. . 3·1 

16.4 
19 · 4 
36.8 

61.1 
14.8 

28.1 

16.8 

Model B 

35 
29.8 
6340 

31·5 

23 2 

l'JACA 0015 

NACA 23009 
modified 

100.0 
2 
2 

5·3 

3·6 

3 

84.3 

5.6 

11·3 
12·3 
~_O. 5 

30·5 
10·9 

12.0 

16.2 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

__ ~ ____ J 



NACA ARR No. L5C09 17 

TABLE I - Concluded 

DIMENSIONS OF AIRPLANES REPRESENTED BY MO~ELS - Concluded 

Vertical tail surfaces: 
To tal area, sq ft . . . 
Rudder area behind hinge 
l~ne, sq ft ..... , 

Distance from c.g. to 
rudder hinge line, ft 

Maximum control settings: 

Model A 

Rudder, deg ..... 

Elevators, deg 

. . . 30 right, 
30 left 

. . 30 up, 20 down 

Ailerons, deg . 

Tail damping-power factor 
(calculated according to 

method of reference 8) . 

. 30 up, 15 down 

0.00007 27 

Model B 

14·4 
8.0 

16.5 

30 right, 
30 left 

35 up, 
15 down 

25 up, 
10 down 

0.000175 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 



TABLE II. - !PULL-3CALB IIA4S DIS1'RIBl1'1'IO. or IIOPG. " P'Oft VAIIIOUS LOADIIIG comITIO.S TJ:S'l'ID 

[Wing 10ad1ng, 25 Ib/.q ttl equi.alent te.t altitude, 6000 tt; relatl.e d.n.it~ -!- at te.t alt1tude, 10.Ol 
PSb 'J 

Actual change !trecti.e change IX Iy Cond1tion from fra. 
1n1t1al loading 1n1 t1al loading (.lUC-t t2 ) (.lUS-tt2 ) 

a1 ---------... _---- ---------------- 4.000 6.680 

2 lIa •• extended (b) 4.000 12.520 along X-axil 

3 -------do------ (b) 4.000 16.300 

lIa .. extended lIa .. retracted 
4 along Y- &lid along X-axil 1~.480 1l..590 

Z-axe. 

lIaee extended lIa.a retrac ted 
5 along X- and along Y-axi. 7 .270 13.230 

Z-ax .. 

6 lIa •• extended (b) 8,960 6.680 along Y-axi. 

7 -------do------ (b) 12.1.40 6.680 

8 lIa .. extended (0) 7.280 9.960 along Z-axi. 

9 -------40----- (b) 9.960 12.640 
lIa.. extended lIa •• retracted 

10 along X- and 
Y-axe. 

alo,,« Z-axl. 6.965 9.645 

lIa .. extend.<1 
cn along Y- and (0) 12.640 12.640 

Z-ax .. 

lIa •• extended lIa .. extended 
d12 along Y- aDd aloq Y-axia 11.,80 9.420 Z-ue. an<1 retracted 

alo,,« X-axil 

lIa •• extended 
13 a10q x., y-. .one 7.150 9,8,0 

and Z-ue. 

aInitial loading ooDd1tlcn (t7Plcal .lngl •• eD81" loa41q). 
bltf.ctl.e chang ..... a. actual cbange li.t.d in pr.o.dins oolYaA. 
cEqual moment. ot Inertia. 
d'fTplcal multl.-sin. loading. 

IZ &X ley leZ 
(.11l8-tt2 ) .,,/2 b/2 b72 

9,960 0.229 0.2fJ7 O.~'2 

15.800 .229 .405 ·456 

19.580 .229 .463 ·507 

1.4.870 .421 ·~90 .442 

13,230 .309 .418 .418 

1.4,920 .343 .2'!7 .it4J 

18.100 ·~99 .2'!7 .488 

9.960 .~09 .362 .~62 

9.960 • .562 .408 .362 

15.900 .~02 .356 .457 

12.640 .408 .408 .408 

1.4.600 • .587 ·.552 .4.58 

1,,110 ·'07 ·'59 .415 

lex2 - le"; II"; - lcz2 lez2 - lex2 

02 1)2 b2 

-88 " 10-4 -108 " 10·4 196 " 10-4 

-280 -108 ~88 

-404 -108 512 

62 -108 46 

-196 0 196 

75 -270 196 

180 -375 196 

-88 0 88 

-88 88 0 

-88 -205 29~ 

0 0 0 

'4 -170 106 

-88 -loB 196 

nTIollAL AD'nSOaY 
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TABLE III . - FULL-SC.lLB lUllS DIS1'III BUTIOJ OP 1I 0DBL B POll V.lIUOUS LO.lDIIIG COIIPIUOIiS TBSTED 

eW1ng loading, 21.~ lb/lq ft ; equl valen t t e.t altltude. 8000 ft ; relatl ve denslty ~ at te.t a l t l t ude . l~ . OJ 
p~ 

.lctual change Effectl ve cbulge IX Iy 
Conditlon from frCIO 

(slug-ft2 ) (llug-tt2 ) 101 tlal loading 101 tld 10ad1ng 

a l _ ..... _----------- --_.------------ ~.050 5.250 

2 M.e. ext.nded (b) ~.050 10.500 along X-axil 

} ------ -------- ... -- --- ... ---------- ---------- ----------
•••• ext.nded MaslII retracted. 

4 along y- and along X-axil 12.650 10.980 
Z- ax •• 

)(a.a ext.nded MIllI. retraoted 
5 along x- and along y-axlo 5.650 10.450 

Z-ax •• 

6 
M .... extended (b) 6. 940 5.250 o.long Y-axia 

7 ------do------ (b) 9.520 5.250 

8 
Mass extended (b) 5.650 7.850 along Z-IU1e 

9 ------<10------ (b) 6 . 750 8.950 

lIasa OX tended lla!l~ rotracted 
10 along X- and along Z-axil 4.520 6.120 

y-ueo 

M.I. extend.ed 

ell 
along Y- and 
Z-axe. and (b) 1.850 1.850 
retracted. 
along x-axil 

x.... ext.nded Malll ext.nded 

d12 
along y- and along y-axil 

6.750 Z-ueo and and retracted 5.250 
retractecl along X-axil 
along x-axil 

W •• ' extended 
l} .lo~ X-, Y-, None 5.990 8.190 

and Z-a.x •• 

aIni tlal loadlng conditlon (typlcal single-englne loading). 
bEtteet1ve change aame as actual chanae li.ted in preceding column. 
CBqual momenta ot inertia. 
dTyplcal multlengrne loading. 

I Z ~ I<y ~ I<X2 - 1<y2 1<y2 - I<Z2 
(.lug_ttZ) b/2 b/2 b2 b2 b/ 2 

7.850 0.225 0.295 0.~60 - 91 x 10-4 -108 x 10-4 

l~.lOO . 225 .418 .466 -}09 -10~ 

---------- ----- ----- ----- - --- --- --- -------- ... _-

1}.580 .459 .426 . 415 69 -106 

10.450 .}06 ·416 .416 -199 0 

11.140 .}40 .295 .441 10 -269 

14.}2O .}97 .295 .481 116 -}15 

7.850 .}06 .}60 .}60 -91 0 

1. 8 50 . }}4 .}85 . }60 - 91 46 

10.190 .214 ·m .424 -91 -169 

7.850 .}60 . }60 . }60 0 0 

9.360 ·}.54 .295 ·}94 62 -170 

10.790 .,14 .,68 ·424 -91 -108 

I<Z2 - kX2 

b2 

199 x 10-4 

411 

---- ... _----

}9 

199 

199 

199 

91 

4 5 

260 

0 

108 

199 

-
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CHI1RT 1 - ,.5PIN CHI1RACT£RI.5TICS OF HODEL II 

[Effect of maS5 variatIons along thf' X-axIs; loading as indIcated; cockpIt clo5ed; landing gear retracted; flaps neutral; recovery 
by ful/ rapId rudder reversal; r'Pcovery attempted from and steady -5pm data presf'nted for rudder -WIth spm5 j rtqht erect sPlflsl 

Condition 4 ConditIon 1 CondItIon 2 Condition 3 
t'ass retrocted along X-axIs Imtlol loading MaS5 f'xtf'nded alon9 X-QU5 

/ry2-1rv2 k.l-k.l 2 2 2 i! ~= 62)(10- 4 ~= -88)(/0-4 ~ =-c80)(/0-4- /f.Xb~Y=-404~/O-4 
k.l-kl kv2-Jr.,t kv~k! i! 2 ~ = -108XIo-4 ~ = -108)(10- 4 G,b ~ = -/08 X10- 4 c kY~~Z = -108 )(10- 4-
/'_2_/'.t J4\2U\ k.,t - Jr!, [I] P 2 [I] 2 <' &-j}r- = ~6~/O,-4 /96~.( ~ = 1~_6_1)( 1~-4 ~ kz;~x = 3~8_ ,~-12- 4 ~ kz ~1x = j~ -4 ~ 

c 

:f ,§;;I 

OI15~IO 
t!12-

Nlo 
~ 

1000111 
!') 

~l~ 
c 

=± 
0 

~~ 
C:Sl< .g 
[ 

a Wondermq spm. 
b Oscll/atory SPin. 
C No means model would not spm. 

c 

/913DII ~ """ § 
~ 
l!:- i5 

55 ID 
131 2.4 
2%.3 

Also spms JerkIly, Fuse/oqe appear.) to yow 
to TIght ODout Z-axis In on attempt 
to Decome hOrizontal. 115 fU5elaqe 
reaches hOrizontal, fight wing 
and nose drop, The cycle then repeat..5, 

1 c 

~ qOI115 
c 

~ 
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COMMITTEE FOR .rRQlWltlC$ 

z 
:> 
(") 

:> 

:> 
::0 
::0 

z 
o 

t""" 
(JT 

(") 
o 
to 

(") 

::r' 
P> 
'1 
c+ 

I-' 



CHAR T 1. - S PIN CHARACTERISTICS' OF NODEL A - Conlinued 

[Efff'ct of m0.55 variations alonq thp Y-axIs; laadmq 0.5 mdlcated; cackplt closed; landmq qeor rf'troctf'd; flops neutnll; rpcovpry 
Dy iul/ rapid ruddf'r rf'Yf'Tso/.. rf'COYf'ry ottf'mptf'd tram and steady -spm data prpspntl?d tar ruddpr-wltlJ Spln5 ; nqllt prpct jpms] 

CondItIon 5 Condition 1 
Nas5 retracted alonq Y-axIs ... Imtlal loodmq 
/(2_/(2 _ 
~ = - 196 x IO ~ Irl-~{ _ - 88x10- 4 

b -

kf~~!:: 0 d Ir i? C a,b ~ = - 108 x10- 4 

ill k/-1/'> -
b -

b,c 

1201 3 

8.9 

d 

ttiQ 

ki-1' -b -

5614U 
1253.3 
31-.31 

g Wandermq .5pm. 

196 1 /0- 4 
r-:-r--l 

OSCIllatory spm . 
~ ex: and f.1 vary Df'tween values mdlcated. 

No mean5 modpi woUld not spm. 

(ondltlon 6 (ondltlon 7 
Nass extf'nded olonq Y-OXIS 

kC-/( 2 

~= 75 x 10- 4 

i? ;: 
kY;1Z = -270)( 10 -4 

!s.l.:.!!l - /96 x /0-4-
b Z -

i . _ , . _I 

XC_irE 
~= /80 )(10 -4 

kVb~l :. -375 x 10-4 

kl-Iri _ 
b Z -

~ 

491201 I In .Z:il 
~ 
~i §-
~ 
I.(j 

42 JU 
d I 5 1~2 J. I 

W(O~t C. e. 
Nlo IOqOln 

d l 

NIO 

d 

NATIONAL AD'I1SORY 
r.o"~lmE fOR IERONAUTlCS 

15 

ex. 
Model va/ups converted (de ) " .. ' I 

to corrp.5pondmq V 
ftl / / - xo /p ro !tiPS. .1l.(:,.Jf Pee"::....:....) "---..<..><..0""1 
U denotes Innpr wmq up; Turns far 
D mnf'r wmq down. rpcover J 
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CHART 1. - SPIN CHARACTERISTICS OF HODEL A - Confl"nued 

[Effect of mass variations alonq the Z-.aXIS; /oadmq 05 mdlcated; cockpit closed; landmq gear retracted;flaps neutral; recovery 

by full rapid rudder reversal; r ecovery attempted from and stead/-spin data presented for rudder-t.Jlth SpinS; nght erect SPins] 

Condition 10 Condition! Condtllon 8 Condition 9 
"tass r erroc ted alon9.. Z-axIs ImtlOl loading !1ass extended alonq Z-axIs 

• -88 x/O-4- f{i-Ifi 
bl =--88 x I0-4 f./-/(i 

bZ " -88 x.10- 4 I'\l-I<./ 
b2 ~-88x/0-4 

=-20Sx/O- 4 xl;;:? =- - /08 x /0- 4 
2 2 2 2 

EE ± k~ -/(1.. '" 0 /(1 iY.lfz ~ 88 x 10- 4 

~ 
hl 

~ ~ = 293 x./0-4 Ir.lb~) =- /96 IC 10-4 Ift-k/ = 88)( /0- 4 /(2-k 2 
7583.9 z x c 0 C 52 52. -=-r rmD r6Ol7D %1 621W . 1'4 Y4 

1342.3 
--

/372..7 
--"-r---

204./ 
-;...-..:... 

c No 
-r--

I62l4U J~4~ !6OI4U 2~ J ~~~.~ r-r ~ ~r--1/3412.4 ~r-'- 1 /28 1z.8 ~f-"- _ ~ c jy. 4 ..... <::I.. 5Tc- J~.3~ ~ §- 16 ""iQ ..... -I--'- ;.;;, r'---

~'r- ~::J .=...:.-~ II §;! Q.. 284U ~~ 
'-,.-'- <u ~ 5. '-r-- ::::. -:---1--'- '-r-- ~ ::J r-;v-J1 n /402.5 ~ n5 i1 ./ ~ Q,1735.3 ..iY ~n.' a 

57t-o~ 2~ 2l 49W~~ :r.,. 63 ~ I\I\er~\'I J3if .l14 c -"'I\~(O 
wit ..::...:.zP-'- ~ j wit '---'-'-- WI --" '--'- N I..lI\.~ '---

(15 134 2.5 n5 .0 on5/10 4.6 c s 0 '6OJu ~1\erO ,t ..3 ~.JJZ 57lw ~t 2J/~2~ 70 5ul~ 00 
'=-I--'-~ 

11\5t '---o-:::r--131 2.6 oqul(1 ~-;; 1253/ aqol(1 ~"--'- !iQ~ aqOI(1~ ~~ -:-_ No aC\<l:::? c 
~~ ~~ 49~ ~Jt ~ ~ 7- 00 1:) ~ 334U ~'-- ~ ~ ~-:-
J~ "'-0 ~,J1 ~ 0 r--2- 2!2 -r-- ~ 0 --::-:- §; 

~ ~ 14621 ~~ 201 53 ~:- /435.3 '-r- ~~ ~'O 
5/IU ~ 4t 3V ~ 62 /IV 2~.3 C 

II 0 4.9 '-'--'-'-'- N o 
'---

1342.6 1343./ rL '58SiJ ~ '567U ~ 7i7siJ 00 
r--

'--- , 
1252.6 ~2:J ~~ "-- r-.!!.JL NATIONAl All'I!SOftY 1---'-'--

~ ,3Y+.3X 00 ro~ ~lTm fOR AERON~l11I:S - - "--

I\y- ~2\1 

o h Wanderlnq Spin. 
Osctllatory Spin. 

C No means model l..Jould not SPin. 
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CHART 1. - SPIN CHARACTFRISTICS OF 110DEL A - CCYlcluckd 

~!Iect ot speCIal loadlnq condItions; loadmq 05 !nOlcated; coclfplt closed; landlnq qear retracted; flaps neutra~ recovery 

by tull rapid rudder reversal; recovery attempted from and steady-sPIn data presented tor rudder-utthspm;nqht erect spms] 

ConditIOn J 

InitlOl l oading 
2 2 • &ifo- ~ -88 xIO-4-

If.ii}f :; -108 x10- 4 

k!tl :; 

564U 
1253.3 
3fi,3}2 

ConditIOn If 
Equal rnornenf.5 of mertia 

k2-k 2 
~ 0 
fr.. 2 _/( 2 
~ =0 
... 2 2 

V 

c 

c 

c 

~~NIOI 

I I ~ INIal with 

INIOl oqQlfl
st 

NIO 

Nlo 

a Wandering spm. 
b Oscillatory SPin . 
C No means model uould not SPin. 
d ex and Rf vary betl.Jeen values mdlcated. 

ConditIOn 12 
Tvplcal multlenqme loading 

Condit JOn 13 
Increased moments ;)oj mertlO 

..2 2 .. 2 2 
~: 64x/O- 4 

fr..l;fl :.- I 70 x 10- 4 

If/ifi 

c 

c 

NIO 

c 

NIO 

~ --88 x/O-4 

Ifli;1l =--I06x/O-4 

kit} 

NATIONAl. AD'iISORT 
COltMlmE fOR ~ERONAUIII 

0( RJ /1odel values converted ~eq) (deq) 
to correspondlnq V ~ 
full-scale values. (Ips) r~ 
U denotes !finer I.Jlnq up; Turns tor 
D ;nner t.ltn(J dOLln. recover;. 
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CHART 2,- SPIN CHARACTERISTICS OF HODEL B 

~ttect at ma5S varKltlOn5 a/om; the X- aXIs; loadmg as indicated; COC/f.plt closed; landing qear retracted j flaps neutral; recove r y 
by full rapid rudder rever5<1lj recovery attempted from and steady-sPIn data pr~sented for rudder-l.Jdh 5pms; rJqht erect spins] 

d Condition 4 Condd/on J d Condition 2 
nass retracted along X-axIs Initial loadtnq /'1055 extended alonq X-axIs 

Ifl-~l 
b 

69 ](/0-4 If Ll- 2 
~ = -91>(10-4 

I(l-~~ 
.6 

~l-1X2 _ 
b -

=-108x/0-4- ~/b~l2 =- -/08 xIO-4-

e 

NIO 

e 

t{J£ 

k 2 -If 2 

~ 

e 

eCO .nr~ 
!:!..lo 

e b.cl 

I Nlo 
I~ 

NIO 

a Wandermq spm. 
b Recovery uas attempted beton. model reache d Imal attitude. 
C .steep spm. 
d CondltlOn.3 U05 not tested lor model 8. 
e No means model l.Jould not spm. 

~ i-If 2 

~ = -309x/0-4-

Ir.';-~l =-/08](/0- 4 
b 

c 

kljfX2 = 417x/0-4-
e 

~ 
~ 
~ §?/ g. 

e 

.!i. 
~ !{.lQ 

e 

e / 00$1 Nlo 
~ qa1n5 _ 

I Nlo 1° ~ 
~l§ 

e 

e 

NIO 

§' • .g 
G:j 

e 

!!'E 

NIG 

NATIOHAL AD'IISOt!Y 
!:eMlolImli fOP I '-O~I.UTICI 

Model values converted 'de 
to cor re spondmq ~i-'f-Lr-:7'r--z4 
lull- scale values. 'f~) rad. 
U denotes Inner I.Ilng up TUrn5 tor 
o mner I..Imq dOl.ln. recover 
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CHART Z. - SPN CHARACTERISTICS OF !10DEL B - Conlinued 

[fffeet of moss vanatlons along the Y-axIs; loadtnq CtS tndlcated; COClrplt closed; landtng gear rdracted; flops neutral; reco ver f 

by full rapid rudder rever.salj re covery attempted from and steady-spin data presented lor rudder-t./tih sPins inc;ht erect sP/~ 

Conddlon 5 
_11055 retract ed . olonQ 

/{./-li :; -199x/0- 4 

/2 
I\~= 0 

/(lb~l = 

441° 1792.7 
00 

y- 0)(1.5 

a 

C 

c 

a i,tVonderlnq spm. 
b Recovery t./as attempted 

reache d f mal ott dude. 
c 5teep 5pm . 
d Oscilla tory SPin. 

ConditIon 1 Conddlon 6 
l'1ass 

Conddlon 7 
extended alona y- aXIs 

543U 
1592.8 
5~,6 

before model 

b,c 

!Y2 

b,c 

/%. 

2 2 -It Kx -I\y _ 70 x 10 
bZ 

2- 4 
kl - kz = -269x!O

bZ 

Ki-K/ 
b'J. 

12,1'2 

f" 

NIO 

:1 2 
¥=J76 xIO- 4 

2 /'(2 
Ky liz Z = -37SxIO-4-

X2 -1r/ 
~ 

Y2,3/f 

f 

NIO 

f 

NIO 

@ 

ItATIOIIAL ,\DY1SOR'/ 
MMMmtE FOR AEROIWJlQ 

481D 
1702.7 
5,6 

t1ode! values converted e ex and Rf vary IJetl.Jeen values mdlcated. to correspondmg 
I No means model t./ould not SPin. tull-5ccr/e values. 'f's) o%'e 
9 VeloC/tle5 and onqles vary between U denotes Inner (Jlnq up; Turns tor 

values mdlccrted . Dinner t./I down. recovery 
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CHART 2_ - SPIN CHARACTERISTICS OF 1'10DEL B - Conlinued 

Iffffet of mass variatIons alonq the Z-axIs; /oadmq as mdlcated; cockpIt closed; landmq qear retracted; flaps neutral; recovery 

by lull rapId rudder revenal; r ecovery attempted from and steady-spin data presented Tor rudder-u/th spln.5;nght erect 5pm~ , , 
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CHART Z. - SPIN CHARACTERISTICS OF 1'10D£L 8 - Concluded 

[[ffect of speC/ol loadmg c0!7d/tlons j loadlnq as indIcated; COCIrPlt closed; landmq qear retracted; f laps neutral; recovery 

by 11.1// rapid rudder reversal; recovery attempted from and steady-spin dot a presented for rudder- t..JJth .5pm ;nqht erect 5pm~ 
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Figure 4.- Side view of model A. 
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retracted. 
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retracted. 
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