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o, A C
RESUME OF NACA STARILITY AND CONTROL TESTS

0P THE BELI P-63 SERIES AIRPLANE

By Harold I. Johnson

INTRODUCTION

t'~A<pésumé report on stability and control tests of
Bell P-6% seried airplanes, which have been conducted at
the Langley Memorial Aeronautical Laboratory of the:
National Advisory Committee for Aeronautics, has been
prepared and is vpresented herein., The purpose of thris
report is to describe briefly and to summarize NACA wind-

tunnel tests conducted on models of the P-63 airplane
and NACA Flight tests conducted with two P-63A-1 airplanes
up to the present time. In general, tests having an
insignificant bearing on the possible development of the
airplane are entirely omitted. Detalls of testing o
technique are also either omitted or treated only briefly.
'In cases where comparable tests were made in the wind
tunnel and in flight, only the flight results are dis-
cugsed. This is done because the wind-tunnel stability
and contrcl tests were entirsly of a qualitativse nature; -
the modsls used were of low scale and the tunnel velcocities
were also low. Major emphasis is laid on conclusions that
may be drawn from the tests and on the opinions of NACA
parsonnel with ragard to thes merit of the airplane and
the merit of rossible changes which may increass the value
of the airplane from the stability and control stand-
point. The remainder ol this section of the report is
devoted tc a brief chronological outline of the wind-
tunnel and flight stabllity and control investigations
which have  thus far been conducted on pP-63% series air-
planes by the NACA. At the time of thls writing flight
tests are still in progress. ..
Wind-tunnel tests of P-63 series airplane models
were started in 19441 when a section model of the



N

NACA CMR No. TLJL19

%P-6% horizontal tail was tested in the 4- by.6-foot
closed~throat vertical wind tunnel. Measurements were
made of horizontal tail plane, elevator and tab
erfactivenass, drag, and elevator hinge moments.

Three different elevator nose shaypes were tested and

of these the cne giving the best over-all characteristics
was- determined. '

Spin tests were macde with a %;—scale mocel cf the
’ -/
XP-63% and P-63A-1 airplanes in the 20-foot free-gpinning
tunnel in 1942. These tests were made tc predict the
abilitv of the full-scale airplane to recover from fully
developed spins.,  The effects on spin recovery of sequance
of contrcl motion, airplane loading, and exterior config-
uration ware investlgateo. In January of 194L, furthe
nredictions were made of the spin characteristics of
hea vily loaded P- 63 airplanes with gross welights ranging
from 3,600 to 12,600 pounds. Results of these predlctions,
as well as theearlier results, will bs diseussed farther
on in this rerort since no . full-scale flight tests were
made oy the. NACA to investigate the spin characteristics
of ths alrplane, ’

A gualitative determination of the reneral stability
, 125 , K

- : 1 .
and contrel characteristics of a “:-scale rowered dynamic
, _ _ ,

model of -the XP-6% airnlane was made in the Langley free-
flight tunnel in the early part of 1943. Because full-

.scale flight tests of a quunt“tatlve nature have since

bsen made, covering ¢ all of the important items investigated
in the free-flight tunnel, the free-flight tunnel tests
will not be,furtbér discussed in this report. ‘

. Flight tests of P- 65 series alrplanes at ‘the VACA
were bevun in the latter part of 1949 when a determina-
tion of. the longitudinal stability and coqurol chalac-
teristics. of one of the first P-éﬁﬁ 1 airrplanes built
(AAF Mo, 1,2-68861) was made, In conjunction thk the se
initial longltudinal- stab Lity tests a few Cata on the
lateral control characte istics cf ©the airnlane were
obtained. '

v

?eglnnlnc in taﬁ f¢rs+ haW* of Hb4 and continuing
until the present time, an extensive flight program of-
testing and development has been. ca““'ed on .with another
p-634-1 airplane (AAP No. L2-£889) at the NACA. The
primary purpose of this program is o jmprove the
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longitudinal stability and control characteristics but
goms effort has also been directed toward improving the
directional- stability and control characteristics of the
airplane., Up to the present time, tests in this program
have been conducted with four different sets of elevators,
two different horizontal stabilizers, and two different .-
vertical tail surfaces. TFuture tests ars expscted to be
made with another set of e¢levators, a dorsal fin, and a
ventral fin. The majcr part of thls report is based on
the test work covered in this most recent flight test
progranm,

DESCR TON OF AIRPILAN

[
o
=
—

AND MODIFICGCATTIONS

Dimesnsicnal characteristics. of first-production
P-634-1 alrnlanes and of the various horizontal- and
vertical-tall modifications tested in flight are given
in the appendix. The follcowling figures contaln

descriptive material which is often referred to in later
discussions‘of tests made with the airplane at the NACA.

Figure 1 oontalns five reproduced pictures of an

sarly model P- O)A 1 airplane. Higbwﬂ 2 is a three-view
drawiao of the same alrplane. Initial flight tests and-
nearly all wind-tunnel model tests were conducted with
this version of the P- 65 series airplane. Allercon
dimensional characteristics are granhically portrayed .,
in figure 5. The various horizontal-tail nlan forms
covered in flisght tests of longitudinal stability are
shown in figure lp. Figure 5 shows cross-sectional
outlines of the different elevators testsed in flight.
Figure 6 describes the two different vertical tail
surfaces used in the flight work done to improve the
directional stahility and control characteristics of °
the airplane. Finally, figure 7 shows photographs of
the modified P-6%A-1 airplane as itis presently being
tested. The airplans represented by figure 7 differs
from that shown by fPigure 1 in that 1t 1s equipped with
larger horizontal and vertical tail surfaces and has a
dorsal fin.



Iy , NACA CMR No. LLJ19

DISCUSSITON

SPIN CHARAGTERISTICS

3 . P kY ° 1 -
All spin tests were conducted with a Ig-sca;e

dynamically similar model of the P-63 airplane in the
Langley 20~foot free-spinning vertical tunnel.

At the outset of spinning tests it was decided
that the spin characteristics of the airplane should
be made satisfactory in terms of the average pilot.

For this reason a criterion was established which
provided that the spin-tunnel model sheuld be able to
recover from fully developed spins in two turns or less
after the rudder had been moved two~thirds full deflec-
tion against the spin with the ailerons set either
one-third with or one-third full deflection against the
spvin and with the elevator set two-thirds full-up.

The original XP-63 model, ballasted to represent
the airplane with a gross weight of 7.17 pounds, did
not meet the recovery criterion., The model spun flat
and recovery was too slow, Adding ventral fin and
rudder -area below the fuselage was beneficial but this
modification was not adopted because the change in
ground clearsnce angle accompanying it was deemsd
objectionable, Instead, the vertical tail was moved
back 17 inches full scale and the fuselage was lengthened
a corrssponding amount. The recovery criterion was
satisfied with this configuration for normal loading
and the rearward shift in vertical-tall position was
incorporated in the design of the full-scale airplane.
After the vertical tail had been moved rearward the
alrplane configuration corresponded to that shown in
figures 1 and 2. When the addition of wing guns and
ammunition was simulated on the model (involving a weight
increase of about [1CO pounds full scale) recoveries were
insufficiently rapid to satisfy the criterion if the
ailerons were set one-third with the spin. Brief tests
of antispin fillets - dorsal fins installed forward of
the horizontal tail nlane - indicated such a modifica-
tion would aid recovery. AS a result of these tests it
was decided that the best all-round recovery technigue
would consist of holding the ailerons in neutral and
completely reversing the rudder against the spin, fol-
lowed by moving the elevator down.
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Further spin-tunnel tests hlth the model reballasted
to gross weig hL simulating the P-63A-1 airplane gave
resal S glmlldr to those described avove. For a gros
weight of 770L pounds, full scale, without wing guns,
recoverie were sufficiently rapid to meet the criterion.
With the weight increased to 8076 pounds by adding wing
guns the 1ec3vpr1es were unsatis fabtory';f the ailerons -
"were held even partially with the spin. Holding ailerons
against the spin exvedited recovery. These tests
indicated that the spin-recovery technigue should vary
according to the distribution of weight in a spanwise .
direction along the wings. When wing machine guns are
installed and wing fuel tanks are full, deflecting the
ailerons against thp spin avpears to be most beneficlal
to rdpid recovery; when no winm guns are present and the
fuel is almost entirely used from wing tanks, deflecting
the ailerons with the snin appears conducive to quick
recovery. ' :

Recently an and17°1° was made to nledict the spin
cheracteristics of the P-6% in the interceptor and lonw—
range - flghter conditions, conditions in which the full-
scale gross weights vary from 8,6%2 to 12,581 pounds.
The eflects of minor moalfacatlans to the wing tips and.
elevator, involving slvgkt increases in ares, were
considered. It was nredicted that recovery could not
‘be made with sufficient ease to meet the criterion for
any of the high gross weight conditions. It was
predicted, however, that rapid recoveries could be made
in any of th se conditions if ailerons were deflected

againat the spin and the rudder was fully deflected
against tbe spin followed by downward movemsnt of the
elevator. :

M3 ll-scale snin tésts of P-63 airplanes made by

the contractor agreed very well with results indicated

by tests of P- CB models made at the NACA with the possible
exception that recoveries from full-scale spins. with , .
wing guns instaglled apneared even more critical than the
model tests had indicated. In this connection the
contractorts flight tésts showed that the exterior shape
of the wing-gun fairings had a pronounced eflect on spin-
recovery characteristics. 1In contrast, model tests
indicat¢d that the direot‘aerodynaWic effect of the
exterior wing-gun installation con spin-recovery charac-
teristics was negligible and that the adverss effect of
installing wing guns was due to the increase in spanwise
Wbiéht distribution. acoomoanylng the installation. If
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the model tests are correct in this regard, no improve-
ment in spin characteristics would be realized by simply.
installiing the wing guns inside the wings instead of
slinging tham beﬂeatq the wings. S

Swming up the P-63 svin cf PaCtGPlStLCS on the
basis oi* dynamic model tests, 1t appears that satisfactory
recoveries frem spins should be easily obtained with
airplane bross welights under. about.' 7700 pounds without
Jing guns instalied. For gross weights rangin
9+Weun 7,700 and 12,600 pounds and/o” with Wlﬂb guns
sta ?ed a DTBCloe seﬂuenca cf corrective. contro1
action is requirsd to cpfeﬂc ‘rapid recovery from the
spinning oonﬁltlon. Spin recoveries should e made less
critical by adding a Ventral Tin aﬂd/O“ rudder area
elow the puuelaox. The additioa of horizontal dorsal
fins should be beneficial to more rapid recovery as
should the use of 'a taller vertical tall such as is
shown in figure 5. Before leaving the oubwat of
spinning 1t should be remarked that NACA fllghu tests
indicate the stall-warning characteristics of the
P-63% airvnlane are excellent so that inadvertent spinnin
would not ordwnarvl be encountered with this aLPOlane.
As the stall is avprcached, elevator buffeting and mild
rolling motvons OC“UP whi ch warn the pilot of an impending
stall in sufficient time so that he can. aprly ccrrective
control action uefore spinning has a chance te cdevalop.

ATFRAT FOY“”PL CHNWQ””_u ISTITS

Brief flisht tests were made to determine the aileron
s a e 5 N 7z 2 .
characteristics of a first-produvction P-03A-1 airplane

(AAF Yo. L12-68361).

The geometric characteristics of the p-63 milerons
ars shown in figure % and .additional dimensions are
listed in the avpendix '

The aileron characteristics wers evaluated on the
basis of tlie maximum rolling velocity and the stick
force obtained by abruptly deflecting the aillerous

predetermined amounts at indicated airspeeds of 120
210 and 315 miles per hour while holding the rudd

lend in i%ts straight-flight trim position. Iﬁulvated
airspeec, ag used thr ouwhout this f900ft corresponds to
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ne reading of a standard U. S. Army Air Force airspeed
ter vented to correct immact and static oressures. As
uch it accounts for the compressibility error at sea
vel znd hence expresses true airspeed at sea level
under standard atmosvheric conditions.

th
me
81
le

Figure 8 shows the data obtained in the test
aileron rolls plotted as stick force and wing- tip helix
angle pbt/2V against estimated true change in total
aileron angle. The parameter pb/2V i's made up of
symbols having the following definitions:

) rolling Vﬁloc_,v, radians per second
b/2 wing semispan, feet
\' true airspeed, feet per second

Estimated true change in total aileron angle is used '
because onlv the position of the stick was measured in
 flight. The loss in aileron deflection due to the
flexibility of the control system was estimated by
~measuring the amount of control-system stretch as a
functiorn of aileron stick force on the ground. Fig-
ure 9 shows the astimated rolling performance of the
P-65 airplane as a function of indicated airspeed for
50 pounds aileron stick force.

On the basis of t“e brief ‘11ght uests to determine
the aileron characteristics of the P-63 airvnlane the
following conclusions are indicated:

The rolling verformance of the P- 63 airplane 1§
generally satisfactory. The maximum rate of roll
possible with full-aileron deflection is exceeded by
but few other current airplanes Ffor which comparable
data are available. Aileron effectiveness per unit area
and oner degree dellectlon is exceptionally high. The
aileron bthk forces are about normal for this type
airplane. Because the stick forces, as a function of
aileron deflection,are desirably 11ne=r and because only
£15© of aileron travnl are presently used, however, it
appears that a further considerable increase in rolling
performance could be obtained by making minor modifica-
tions to increase the aesrodynamic balance of the
ailerons and by increasing the permissible aileron
deflection a few more degrees each way. If such



8 -KACA CMR No. LiLJ19

modifications are made, ~the r-%3 airplanrne should exhibit
axceptionally high rolllng nerformance. - In this connec-
tion, the gquestion of the ability of the airplane to
withstand the large aileron and vertical-tail aero-

dynamic loads asscclated with large aileron deflections
at "1gh speed snould not be overlooked., Vertical-tail
loads cdue to aileron action are discussed later in this
report.,. Two other points awnpesar to require att@ntloﬁ in
an evaluation of the P-63 ailerons.

First, on the ai r“laae used to determine aileron
characteristics (AAF No. 12-63361), the aileron control

system was excessively flexible, Eo” instance, a ground
calibre cion indicated that only 16= out of a possible

30° change in total alleron angle could be obtained
with a stick force of 50 pounds. It is not known if
this is a general condition in all P-6% airplanes but
it is recommended that this condition be investigated
and corrected 1f it is general, FlPXTblllty, of course,
needlessly penalizes the rolling ability of the airplane
in the low and intermediate speed ranges. Second, the
P-6% airvlanes flight tested at the NACA were equipped
with a fixed salleron trim tab which could be adjusted
cnly on the ground. It is strongly recommended that an
aileron tpwm tab adjustatls from the cockpit during
flight be provided if this is not alres ady being done.
The re lm+“v07v small aileron trim-force pha“gea due to
nnequal fuel consumption from the wiang tanks and to

Y]

‘changing speed were considered obJeCL10naole by NACA pllots.

LONGITUDINAL 31 AbILITV XD CONTROL CHARACTERISTICS

\

Complete longitudiraW-otability deterninations were
rot made for any of the variocus elevator-stabilizer =~
combinations tested but items not investigated were those
having little importance in a general evaluation of the.
airplane, Due to the interim nature of this report it
is impossible to include all of the flight results which
have been obtained since many of the results are not vet
plotted in suitable form. Where this apnlies, the data
obtained will be described w1tno.t reference to illus-’
trative figures., The various longitudinal-stability
tests are trested in the approximate cbrononolowzcal
order in which the tests were made.
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Original Horizontal Tail Surfaces

The orvglnaT P-534-1 horlzontal teil surfaces had
the plan form shown in figure Ii(a The elevator .was
i

¢ covered and its ribs were 85 inches apart on the

aze. The elevator section shaps is shown in fig-
‘ure 5(a), It may be hoted that the elevator surfaces

in the trailing-edge region were" flat and formed an acute
angle cf* about 13¢. The original stabilizer incidence
was 2.7° nose up with respect to the airplane thrust
axis. : '

Static longitudinal stability.- The static longi-
tudinal stability cof the orizinal n~65 -1 airplane is
shown in figures 10 and 11 for power on and power ofl,
respectively When the alrplane was trimmec for zero
elevator sbwck force at 300 milss per hour indicated
airspeed, the variation cf stick force with speed slways
went in the wrong dl“PCtTOQ at higher speeds. This )
characteristic was extremely unwegjrable. L was
caussed by aeroelastic distortion of the horizontal
stabilizer and elevator due to the combination of a-
too high positive stabilizer incidence and a very
flexible elevator covering. Further analysis of the
‘elevator-angle variations w?fth speed Indicated thst
the center of gravity for which nsutral stahility would
occur with stick fixed was at 32 rercent of the mean
aercdvnamic chord with either vnower on or off at
10,000 feet altitude for speeds at which the alrplane
wonld be flown for protracted nericds of time. The
- significance of this measurement is budt it establishes
an extreme rearward ceriter-of-gravity 1limit beyond which
the airplane should not be flown even if acceptable
stick~force characteristics are present As can ve
seen from figures 10 and 11, the st1“k~lo *Ce charac-
teristics of the criginal P- (634-1 sirplane in stralzht
flight were unsatisfactory at all center- o;—graVLty
positions at high speed.

3

e

L

(D G)

Maneuvering longitudinal s&

maneuvering stability orf the orig:. rplane
was investigatmﬂ by determining the average stick force
required to prroduce a unit change in normal accelera-

tion and the average change in elevator angle required
per unit change in airplane normal-~force coefficient

in essentially steady turns up to lig total acceleration
and up to 300 miles mer hour indicated airspeed for
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center of-gravity positions. Summary curves of the
ults obtained are shown in figure 12. These res ults
icate the stick-force gradient would be zero 1f the
nter of gravity were at 29.2 percent of the mean
odvnemic chord and turns were made at 10,000 feet
itude. Actually, to have 'an acceptable minimum
ick-Fforce gradient of about 3 pounds per g, the
permissible center-of-gravity location would have to be
kept forward of 26 percent mean aerodynamic chord.
Even this restriction wcoculd nct insure desirable turning
stability at higher altitudes since it is usuval for
longitudinal maneuvering stability to deteriorate with
decreasing air density (increasing altitude).

J

o,
(O

(@]
[¢)]
»r—r'-i ] {.Lm O

S

food
o
-

(O]

IR
ct - O

Incidence and Elevator Modifications with Original
Horizontal Stabilizer

As a result of the generally poor longitudinal-
stability characteristics of original »nroduction
P-43% airplanes, a conference was held between United
States Army Air Force, Materiel Command, Bell Aircraft
Corporation, and NACA representatives tc discuss means
of improving the various unsatisfactory stahility
characteristics. As a result of this conference, plans
were made to investigate the effects of stabilizer-
incidence setting, elevator stiffness, and elevator
cross-sectional shape as a means of 1mprovvav the stick-
free longitudinal- stability characteristics of the
alrplane., Definite objectives set up were the elimina-
tion of the stick-force reversal at high speed in

straight flight and the attainment of the elevator

balance characteristics necessary to give stick-force

gradients which would always bé betwean 3 and 8 pounds
per g at any altitude up to 25,000 feet and for any

center~of-gravity position between 20 and 30 percent
of the mean aerodynamic chord. The following discussion

describes the work done toward obtalning these objectives.

Bffect of stabilizer incidence and elsvator fabric
distortion on static longitudinal-stability charac-
teristics,- The P-6354-1 &l”pldﬂe (AAF No. [ 2-63589)

' {&ed in bGStlnﬂ the modifications referred to above

was nractlcallv identical to the original P-63A-1

tested (AAF No. [2- 63861) except that the elevator

plan form was 01auﬁed by providing a cut-out as is shown
in figure 6(b). Thi s modification was made by the
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Rell Aircraft Corporation to improve rudder effectiveness
in spin recoveries. The longitudinal-stability charac-
teristics were not notably changed from those of original
p-$34-1 airplanes.

Tt was genarally velieved that the stick-force
reversal in high-speed straight flight was caused by
an improper high stabilizer incidence and by resultant
objiectionable changes in elevator cross-sectional shapes
due to fabric distortion. To cure this condition the
stabilizer incidence was reduced irom 2.7°9 to 1.19 and
the original elewvator having unsupported spanwiss fabric
bays of 8 inches (see Iig. 13) was repnlaced by an
elevator of the same cross-ssctional shape having twice.
as many ribs, which cut down the fabric bay width to

5? inches on the average. (See fig. 1lip.)
-+ '

Figure 15 shows a comparison between static longi-
tudinal stability characteristics ol the riginal and
modi fied stabilizer-incidencs. slevator-stirffness
combinations. It may be noted that with the stabilizer
incidence at 1.1° the ‘elsvator is practlically lined up
with the stabilizer at high speeds so that there 1is
practically no tendency for fabric bowing to warp the
slevator mean camber line and hence causs undesirable
stick-force variations. This is borne out by ths stick-
force measurements shown in fisure 15 since no force
yeversal occurred with the lowered incidence, stiffer-
elevator combination.

In order to gain a more complete knowledge of the
effects of stabilizer incidsnce and fabric distortion,
pictures were taken in flight of the upper and lower
elevator surfaces for each of the two combinations
tested. Examples of such picturss taken in level flight
at an indicated airspeed of approximately 250 miles
per hour are shown in figure 16. From pictures such
as these the elevator section shapes at the middle of
represantative fabric panels were determinsd at various
speeds ‘in straight flight and at various normal
accelerations -in turning flight at constant indicated
airspeeds. Results of these determinations covering
the case of changing speed in straight flight are shown
in figures 17 and lé for the original elevator and the
‘double-ribbed elevator, respectively. The sasction
shapes for changing acceleration. are omitted because it
was found that the amownt of fabric distortion was
sensibly independent of normal acceleration at a constant
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indicated airspeed. "An examination .of figures 17

and 18 indicates Lhat by doubling . the nunbesr of elevator
ribs the wmaximum fabric distortion at the csnter of an
elevator panel was cut to. about one-fifth its original
amount at a given spsed. ‘This agrees.well with theory
which indicates the maximum fabric distortion for
essentially constant pressure differentials should be

in proportion - to .the square of the unsupported panel .
gap.distance, ) : ' o - ~ '

. Summarizing the results of the investigation to
correct stick-force reversal at high onevis the fOllOWlnb
voints . may well be reemprhasized:

The stabilizer-incidence. setting of 1.1° nose up
from the thrust axis 1s satisfactory since no stick-
force reversal with increasing sneed exists with this.
ncldence settiig., This lowersd stabilizer incidence
has been sdopted Tor vroducition P~ 6j airplanes., If any

further incldence changss are made thev should be in a
downward direction since this should tend to increase
further stick-free qtabllitv at high speeds. It is

felt that on an airplane capable of spseds often encoun-
tered by the P- 63 alrplane, 'bhe elevator rib spacing
should not exceed about U o 5 inches if fabric 13 to

be used for covering since the extreme fquxw cistor-
tion occurring with greater rib spacings raises doubt of
structural integrity “aéardlc s of stabilizer-incidence
setting, Although a mestal-covered elevator would bhe
deblrable to reduce dlStOftLOH effects, the use of
fabric-covered elevators is not necessarily undesirable
so long &s snough ribs are used to hack up the flexible
fabric covering.

Effect of elovator cross-seéctional shape on stick-
force characteristics.- The second ObJPOt’JL of thne

flight-test program was, as stated previouysly, to- develop

an elevator giving Sthk*LOPCG gradients in steady
accelerated flight always betwesn 3 and & pounds per g
at ‘either . 5,000 or 25,000 feet altitudss at any ‘

cer +e“-0v-0rav+ty.position between 20 and 30 percant’

of the mean aerodynamic chord, To define the starting
point of the problem more clsarly, tests . wers Ffirst
carried out with original-contour elevators to establish
definitely their characteristics in steady accelsrated
flight at 5,000 and 25,000 feet altitudes. The cross-
sectional obanc of original-contour elesvators is shown

in figure 5(a) and thhAhorlzqntgl -tail plen . form was;that
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shown .in f}gure li(e). The rib spacing on the slevators
-averaged hf inches between center lines. - e '
4 f 4

Testing technique consisted in making steady turns
at variocus steady accelerations with dlfferant constant
indicated airspezas at 5,000 and 25,000 feet altitudes.
The data were plotted as. stick force and elevator angle
required to trim against normal acceleration in multiples
‘af the acceleration of gravity. An.example of such =z
Dlot is 'shown in figure 19, From plots of this form the
stick~force grad*elt was found by Gividing the averarn
stick-rforce increment between -1lg - and 50 by ly. . Then,
to determine the stick-free =ansuver point {centsr-of-
cravity position et which stick=force gradien 't would be-
"ero) the stick-forcs braalnnts JE dliLorenc center-oi=
‘5PchtV pecsitions were plotied as & function of center-
of-gravity “OSlthh,aS is shewn in figure 20, and straight
lines were drawn through the test points.. “Fe pertinent
voints brought out by the data for 0f101nal -contour nalf
" rib-spaced short-chord elevators, shown in figure 20,
were the following:

In the c*1tlcal 27,6 W =-Ffoct-altitude condluioh,'
the most aft CenueP-O‘-FraVlJV po%ltloa at which a.
stick-force gradient of 3 pounds ver g could be cbtained
was .about. 2L percent mean asrodynamic uhor4. Furthermore,
the rate of change of stick-force gradient with center-
of-gravity position was such tkhat the force gradient
limits of 3 to 8 vpounds per 3 could be met over only
5 percent mean gercdynamic chord instead of the desired
10-percent range, exﬂlaalng consideration of the loss
in sticknforce,gradlenb with increasing a‘tltude.v It
was therefove concludzd thahb the levato“ balance was
insufficient to meet the desired objective. '

Two new elevators were designed and . built which
‘incorporated increased trailing-sdge Angles as a means
of increasing Lhe aerodvnamlc balance. - Cross szctions
of these elevators are shiown f1 ‘5(b) and 7(0

lg. 5(b)) ¥

)s

S

respectlively. One of ths,

s
. o . . 1 .
Tabrié coversed with & rib spﬂclng of K has and its

irnc
average trailing-edge angle was 21,3C.™ Pr ellendrv tput
indicated. these slevators were too highly balanced,
the bslance was then reduced to owtain the desirsd
i A . s 1
amount by adding 9-inch long strips of g—'nch diameter

wire on the upner and lower surfaces, at the elevator
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trailing edge, on each side of the &irplane at elevator
midspan. The other elevator (fig. 5(c)) was metal
covered and had an average trailing-edge angle- of 17.0°,

B bl .
These elevators had about a =-inch greater chord than
2
elther the original contour or the fabric-coversd

bulged elevators. No extra balance modifications were
necessary with the bulged metal-cdvered elevators.

‘Summaries‘of the stick-force characteristics of the
alrplane with the bulged elevators installed are shown
in figures 20 gnd 21. It may te noted that the variations

of stick-force gradient with center-of-gravity position

were almost small enough to mest the objective but that
the stick=-force gradients were too low at rearward
center-of=-gravity positions, .This was corrected by
installing a 2.3-vound bobweight in the elevator control

system in the case of the. fabric-coversd bulgsd elevators
. ' 1 . A} » ) ) N .
and a 3= pound bobweight Iin the case of 'the metsil-covered

Lt

bulged elevators., A bobweight is simply weight unbalance
in the elevator control system which adds stick force

in proportion to the normal acceleration on the airplane.
In level, or lg, flight the stick-force increment due to

the bobweight is trimmed. out with the elevator trim tab.

The actual variations of stick force with acceleration

.were very satisfactory with'the bulged elevators as can

be seen from the typical plot shown in figure 22.

Besides supplying the desired. stick-force characteristics
in steady . acceleratsed flight, the bulged slevators gave
excellent static stability characteristics, an example

“of which 1s shown in figure 23. Also, the elevator-free

short~-period ‘oscillaticn characteristics were satisfactory,
In splite of &ll these good points, however, some bad
control-feel characteristics were inherent in the use of
these highly balanced elevaters.,.

First, the stick was unusually easy to deflect
when rapid longitudinal mansuvers were made., In most
alrplanes larger stick forces are required to reach

.a given maximum normal acceleration in fast maneuvers

than in slow mansuvers. With very highly balanced
elevaters the reverse 1s true., The bulged slevators, .
then, tended to make nroper control difficult in abrupt
maneuvers when the center of gravity was reagrward and
only small stick movements were necessary to produce
large normal accelerations, ,
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Second, the control feel was objecticnable when
flying in rough 2ir. Whenever the airplane hit a gust
the sticlz would immediately tend to move in a dlvectlon
to return the airplane to its trim condition. The
stick forces accompanying these self-induced restoring
tendencies were objectionable to the pilot,who described
the action as "stick bouncing.'" A part of this trouble
“was undoubtedlv due to the bobweight installation and
a part was attributed to the tendenciles cof these highly
balancéd elevators to float against the relative wind
whensver a change In angle of attack occurred, '

Surming up this portion of the investigation, it
anppears that the satisfactory contrcl-feel charaﬂterlstics
associated with the small aerodyngm cally balancvd
original-contour elevators can be obtained only at the
expense of having a restricted center~of-gravity range
where steadyv flight stick-force characteristics are
altogether desirable On the other hand, desirable
steady flight stwck—Force characberls+1cs can be obtained
over a large center-of-gravity range if certain poor
control-feel characteristics can be accepted. This
analysis overlooks the possibility that somes type of .
artificial dampener might be developed te improve control-
feel characteristics of highly balanced elevators. In
connection with the poor control-~feel characteristics
explained above, it was noted by the pilot that the
undesirable characteristics tended to become less
notioeable as familiarity with them increased.

The 1ongltudﬂnal characteristics with an enlarged
‘horizontal tall are discussed Iin za subsequent part of
this report. : : '

Ability to raisz nose wheel on take- off -~ In the
course of rumning longitudinal-stability tests, measure-
ments were made of the elevabtor sffectiveness available
to raise the nose wheel from the ground in take-off runs
on a concrete runway and of the ability of the elevator
to hold the airnlane off the ground until minimum air-
speed had been reachsd on landing. All tests were made
with the horizontal tail plan form shown in figure L (b
and with the elevators represented by figures 5(a),

5(b), and 5(c).
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s

The test procedure in take -off was to hold the
elevator up until the nose wheel came off the ground at

-which time the airspeed was recorded. Various up-
elevator deflections were used in these runs up to nearly

full-up 6l°vabor angle. The results are plotted in
figurs 2l showing airspeed at which the nose whssl

‘ralssd as a function of center~of-gravity position.

A Gashh line has been faired to indicate the estimated
variation of minimum speed to raise the noss whesl,
using full-up elevator deflection, with center-of-
gravity position. ‘

It may be concluded that the P-63A-1 airplane has
sufficiently great elevator nowser in take-off with any .
of the elevators tested ' since the nose wheel could

~easily be raised from the zround be fore 0.3 of the normal

take-off speed had been reached wi th the center of
-gravity at its most Torward-limit (20 percent mean

aerodynamic chord).

Elevator coatrol in lananJ‘- Testing technioue to
ind i1 sufiicisnt elevator effectiveness were available
for making minimum speed landings consisted in making
power-off landings with flaws fuLl down in which the
pilot attempnted *o hold the airplane off ths ground
until the stall occurred. Landings were made with
various center-of-gravity positions. The maximum
recorded up- clevator a"gleb required to perform such

(UL G 51

)

landings are shown in figurs 25,

Figure 25 indicatss the avallable elevator power
is slightly deficlent to make minimum-speed landings
with center~cf-gravity positions forward of 22 percent
of the mean aerodynamic chord. Since this deficiency
is only marginal and since the vnower~off landing. test
condition is the severest vnossible, it may bhe concluded
that the P-63a-1 airplanre has SdiflClent eievator power
to make minimum- Sheud landings in any condition it is
likely to be uspd in service.

Enlarged Horizontal Tail Surfaces

Because of the difficulty in acquiring sufficient
longitudinal stability at rearward center-of-gravity
positions, the Bell Aircraft Corporation recently put
into prcducclon an enlarged horizontal tail having an
increased aspect ratio. The dimensional charscteristics
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of this bhorizontal tall are given in the appendix and
the plan form is shown in f;ruro (c), This larger-
tail provided a rearward shlbt in the centeW-of—¢rav1ty
nosition for neutral stick-fixed stability of about
2 percent mean aewodynamic chord. The stick-free
stability for a given elevator shape should, of course,
bas affected in a similar manner. Present proauculou
P—65 airplanes are being flgted with original contour
evators having the cross saction shown in figure 5(a).
T’Vr‘n with the galin in stabllLtv provided by using the
larger horizontal- tail, howysver, the problem of supnlylng
adequats stick-force adient° dt rearward CAnter of-
gravity positions and Hlbh altitudes appears critical.
At the reduest of the United States Army Alr Forces,
Materisl Conmand, the NACA Zesigned and is testing another
set of bulged fabric-coversd elévators in an effort to
determine the best tvne'bf elevator for use with the -
enlarged horizontal tail. - In the present test program
the attainment of desirable stick-force characteristics
at rearward center-of-gravity positions is being sought
without resort to the use of a bobweight.

Characteristics with modified elevators.- A cross
section of tne NALA designed pulged elevators is shown
in figure 5(d). These elevators have been tested only
at 5000 feet altitude to date Two -~conflgurations have
so Tar been tested; first, w1tn the elevator-stabilizer
gap open between 1/8 and 1/4 inch along its sentire
- length, and seoond with a positive curtain seal across
the van along the entlre 16n0uh of the elevators excenpt

at *he hinges.

Without the seal installed, the stick-force charac-
teristics were unsatisfactory because the zerodynamic
balan was too great. In straight flight the variation
of s8¢t ﬂck force with speed was almost neﬂl gible as can
te seen in figure 25. In turning Illﬁht the stick-
force gradients were insufficiently hlgh at all except .
forward center-cf-gravity ncsitions, - This is shown .in
figure 27. TFurthermore, the stick Forces rqulrpd to
‘make abrupt maneuvers were much too TOW

With the curtain seal installed the aerodynamlc.
balance characteristics were improved. The variation..
of stick force with speed in straight flight was
satisfactory as can be seen from figure 2§ . The stick-
force gradients .in steady turning fllght were increased

somewhat for forward uenue”-ef—uruv1t] positions bht
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were apparently reduced at far reavward center-of-
crPav1ty positions. (See fig. 29.) he control Teel
in abrunb maﬂeuvers was 5mproved

Further mod1f1catlons nay be dttemnued with this
sat of bulged elevators in the near future.

" Predicted characteristics with present procduction
elevators.- Although no flight tests have been made at
The TACA to- determine the lonaltudlnal—stabil’ty charac=
teristics of nresent-production P- 63 airplanes with
original-contour flat-sided glevators on the enlarged
horizontal tail, it is felt that a fairly accurate
prediction can be made of ths over-all steady turning
stability characteristics of the airplane on the basis
of the accumulated test data gathered in nrevious. tests
of P-63% airplanes at the NAZA. Such a prediction has

been made and is presented in figure 30,

From figure 30 it may bes concluded that the stick-
force gradisnts will be very low for rearward center-
of-ﬂrav1tv pOSlLLono at high altitudes and quite high
at Porwa%a center-of graJJuv positions at low altitude.
Control-feel characteristics in rapid maneuvers should be
satisfactory with this configuration,

* - DIRECTICNAL STABILITY AND COETROL CHARACTE ?L” 103

During the course of the longitudinal-stability
flight test programs, it was found that the directional
stability of the P-63A-1 airplane was inadequate. In
turn entries, small inadvertent motlons of the rudder
caused large amounts of skidding. Also, in certain
steady flight conditions, an undamped directional
oscillation existed even when the pilot attempted to
hold all the controls absolutely fixed. A time history
of such sn oscillation is shown in figure 31. Due to
the anparent wealk directional stability of the airplane,
measurements of its directional cbaracterl,tlcs in typical

"maneuvers were made and then the same tests wers repeated
“after an enlarged vertical tail had been installed to

make the directional stability more satisfactory.

Qutlines of both the ornglnal and enlarged vertical

tails tested are shown in fizure 6. Dimensiocnal charac-
teristics of both vertical ‘tails are gziven in the appendix.
Figure 7 contalins reproduced views of the alrplane with



NACA CMR No. LLJ19

the modified vertical tail installed.
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" The dorsal fin

shown in figure 7 is a recent addition which has not.
yet been formally tested.

Directional Characteristics in Sideslips

The results of all the sideslip tests made with each
vertical tail installed on the airplene are shown in’

figures 32 to 38, inclusive.

The following table is a

kcv showing the airplane conditions corresponding to
oach set of %3@@811p data'

P1gure Servige indicated | . Altitude
; airspeed Power conditions .
1no. . : ) (ft)

- (mph) - ' ,
32 150 ingine idling L1 5,000
55 150 Normal rated 000
(2600 rpm, 13 in. Hg.) 2 ‘
in 250  eeemmeme——- dO m===m==== 5,000
35 300 frememmmee- ~d0,==m=m - 5,000
%6 eo feemmmmmeam o e 5,000
3 . 150 Power on 1 55
o > (2600 rpm, 38 in., Hg.) .2“’000
Y Power on
58 250 (2600 rpmw, 39 in.  Hg.)| 25,000

An examination of these data shows. that,
about twice as much rudder force and rudder deflection is
required to produce a given change in sideslip angle with

the enlarged vertical tail as with the Oriélndl
the rudder-force reversal,which occurs in low-speed

more,

in general,

Further-

hlgh-oowev conditions (figs. 55 and 37), occurs at much
higher sideslip angles with the enlarged vertical-tall

inotaLTleong

In this connection,

the dorsal fin shown

in figure 7 was built for the express purpose of

eliminating the

‘rudder-force reversal altog

ether,

Preliminary tests with this dorsal fin 1nstallpd indicate
“that it does accomplish comnlete elimination of the

rudder~-force reversal.
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Pilots noted the directiocnal stability of the
alrplane was much more satisfactory after installation
of the enlarged vertical tail. Inadvertent skidding
during abrupt maneuvering was greatly reducsd.  There
wags no tendency for the-airplane to perform self-induced
oscillations-in a directional sense, The steadiness of
the airplane as a gun platform was improved. It may
be pointed out here that the desired amount of direc-
tional stability can very likely be obtained by installing
a ventral fin beneath the fuselage in addition to
increasing the haight of the orlﬂlral ‘vertical tail by
the ampunt dene in NACA tests, Such an addition would
be advantageous from d;r@ct&onal stabllity, spin recovery,
and vertical- -tail-load conside rations, " One possiltle
disadvantage of ncta111ng a ventral fin would be the
change in ground clearance angle accompanying its
installation. Tests at the NACA indicate nearly the
entire original ground clearance angle is needed to
effect minimum-sveed landings, If a very deep ventral
fin is added some minor difficulty may be encountered
due to hitting the tall on the ground when making
WLnLﬂun—so ed landlnﬂs

Directional Trim Characteristics

N

The. variation in rudder force with spesd to maintain

wings-level straight flight with a constant rudder tab

setting and 1Lhe douumwaowlnT rudqev ansle va“Jatlon with

are shown in f:*uhe 59 SL%l‘&p data obtalned WLUh the
enlaréed vertical tail on the airnlane are shown in
figure LC, A comparison’ of these figures shows that no

rnotlcew*le change in directional trim characteris thS

was brought about by enlarging the vertical udll

The. ﬁlreﬂtlondl trim chiaracteristics of the

P-£3 airplane are excellent. The relatively small
change. in rudder force with peed indicates very little
use of the rudder trim tab 4 be made in normal
flizht conditions. Since ﬁnlv ahout 20° of rudder
deflection out of a nossible 500 are necessary to’
maintalin straight, laterally level flight at stallinb
speed with high nower, the rudder effectlveneSD is
entirely a d@quatﬁ in ilwlut.
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Yaw Due to Aileron Action

The ability of the vertical tail to balance out
vawing momesnts due to aileron deflection and rolling
is a very important factor in a consideration .of
directionsl stability, perticularly ia the case of highly
man@uvprubl@ fighter airplanes. One series of direc-
tional stability tests made with the P- 63A-1 airplane
consisted in determining what maximum sideslip angles
were reached when the ailerons were abruptly deflected
various amourits at various indicated airspeeds and under
various amounts of normal acceleratﬁon attained by
pulling out of dives. In these tests the rudder was
hald fixed in its trim n031c¢on until after the maximum
sideslin angle due to alleron saction had been reached.

Theory indicates the Vaw'ng moment dua to aileron
deflection and rolling is a direct functiocn of airplane
normal-rorce coefficisnt. For this reason the results
of all abrupt rolling maneuvers were plotted as the
maximum change in sideslip angle divided by the air-
nlane normal-force coefficient against: total aileron
deflection from trim. The resultlno test polnts form
a single curve, which is significan® because its slope
is anerselv proportional to the directional stabillty
of the sirplane., Data obtained and evaluated in this
manner for the P-63 alrplane are shown in figures L1

and L2, - Pigure 1 covers rolls made over & range of
normal aooelurution, at constant indicated airspeed while
figure’ 12 covers rolls made over a range of speeds at

constant normal acceleration.

This series of tests showed that the airplane would
sideslip only £3 percent as much with the enlarged
vartical tail as 1t would with the originel Vertlcal
tail installed for a given yawing moment caused by
aileron deflection and rolling.

Vertical-Tail Loads Due to Aileron Action

Ry nsing the data given in figures L1 and 42 the
vartical-tail dimensional characteristics given in the
appendix snd the aileron-characteristics data of fig-
ure 9, estimates were made of the maximum vertical -tail
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loads which would be expectzd due to the application
of 5C pounds of ailleron stick forece during accelerated
flight., These estimates are portrayed graphically in
fizure 13,

Tt will be ssen that the vertical-tail Ioads likely
to be produced due to aileron action would exceed .the
design strength of the vertical tail Ffor the gust '
condition if fast rolls were made zbove about 3z normal
acceleration, This indicates an immediate need for

‘increasing the vertical -tail strength and alsc, very

likely, for increasing the torsional strength of the
fuselage. Under given aileron-deflection conditions

the vertical-tail load avpears to be somewhat lower for
the enlarged vertical tail. This is due to the large
dirsctional-stability incrsase which restricts the
maximum sideslin angles caused by rolling to much smaller
values. When the sideslip angles are restrictéd the
mstabls fuseélage and vropelier yawing moments are
reduced and,hence, the vartical-tail loads are also
reduced,

In case the alleron-control characteristics are
further improved, attention should immnediately be
given to the qusstion of further increases in vertical-
tail and fuselage -torsional strength, The pertinency
of these load considerations have already been
demonstrated by the loss of some P-63 girplanes due
to vertical-tail-fuselage failures in fast rolling
maneuvers, o
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CONCLUSTONS

. On the barls of stability and control tests con-

hducfed by the NACA on models and alrplanes of the P- 63

_ yoe, tha. fol1ow1ng summary pvaluatlon of the airplane
is indicated. :

Spln Characteris thS

o
'-IG

: ] i o2 AT 3 S ot
pin tests of a I—-scalo dynamic moflel indicated.

that reco erins from fullv~qeveloo°d spins of the full-
scdle airplans should be: efl scted in twd turns or-less

if the rudder _S'fully reversed sgainst the spin and the
_elevator is then put down. For swall alrplane gross
welghts and without wing guns installed, the position of
the silerons during spin recovag is not critical between
the deflection ranges of ons-thni rd of full aileron deflec-
tion either with or against the spin. For high gross
weights and¢/or with wing guns nstalled, it is necessary
to put ailerons aéa*rst *he spin for rapid chavery

epin recoveries will probably ve improved if any one or

a combination of ths follov’lnJ modificetions are‘made_
fo the - orlglnal “-65& atrplane’ -

g

"
1

oG

$'.’)

'3(3) a2ding & ventral fwn a /or rudder srea
oeneAuk the fvscW ge- ' -

, (b) Increasing the -
'vertlcal tail L

1

nei gbt of the originsl

(c) Inutal¢1ng horlznntdl dorsal fins shead of
the stabll‘zer S

‘Flight tests of P- 63 alr01anes showed that the stall-
‘warning ‘charactéristics of the ajrplane are excellent, so
that little trouble is anticipated due to-inccvvltent
spinning.

Lateral Control'J“arocta:wstw,

: Piight tests anm d‘fhﬂt the aileron characteristics
“of the F-63 sirplane compare faversbly with those of
other contemporary fighter airplenes.. The ailerons are
eyceot$on311v effectlvo per unit area and per unit

dcfl ction: Since ths deflesction rénge is now only

+157 -and since the hinge-moment veriationswith deflection
5are'desirably' inear, 1t appears that minor modifications
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~N i ’
1nVOIV1ng slight increases in the erodvn

amic balance
and the total defliection range of the all erons can easily
ba effected to make the alle“or characteristics oatstand—
ingly zocd, particularly at high speeds. Such modirfica-
tions, if made, will probsbly necessitate in creaulné ths

strength of tihie ailerons and will certainly require an
increasa in vertical-tail strength &long with some prob-
8ble necessary increases in fuselags torsional strength.
The allevon control sy stem in the airplane tested at the
NACA was excessively flexlbl If this is a general con-
dition in procduction airplanes, steps should immediately
be taken to *ncveaoe the rigidity of the aileron control
system since excessive flexibility needlessly penalizes
the rolling performance of the sirplane at low and ,
intermediate indicated air spseds. The provision of an
aileron trim tab, Adgustabie from the cockpit in flight,
is strongly recommended. :

Longitudinal Stability and
Control Charsascteristics

Because of an incorrect high stabilizcr inecidence
and en unusually flexible elsvator covering for such a
high-speed al“O]aﬁ originel P-05A-1 airrlanes possessed
extremely undesira 019 stLuA force variations with speed
in the nlgk speed range. These characteristics, consist-
ing of stick-force re veTSalq with incrsasing airspeed,
were eliminated by recucing the stabilizer incidence
from 2. (Oto 1.1°." Due to very great elevator fabric
distortion sat hlgh speed 1t is recommended that the eleva-
tor rib snaolnb for the P-63 airplane should not exceed
h or & inches for fabric-covered elsvator Metal-
covered achaborq are desirable although a resort to
them does not appear necessary. if sufficient ribs are

used to back up a fabric covering. :

I~

The stick-rfixed stability chearac terw stics of original
P-634-1 airplanes in both straight and turning flizht were
generally satisfactory. The present Droductlﬂn enlarged
horizontal tail surfacés tend to improve further stick-
fixed longitudinal stebility in both Ktraight and turning
flight. The stick-free longitudinal-stability character-
istics of original P- 634-1 airplanes in straig cnt and
turning flight were satisfactory in the forward te middle -
range of useable center-of-gravity positicns. At moest.
rearward useable center-of-gravity positions, the stick-
free stability was marglnal to neaat"ve, oart¢oular1y at
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gh altitudes. The present production enlarged horizontal
11 surfaces should improve the stick-free stability
iarachberistics at all useable center-of-gravity positions
uut will tend to make stick forces in turning flight
undesirably high at most forward usesble center-of-gravity
positions, particulsrly at low altitudes. . A small bob-
weight (elevator weight unbaiance) may be used to adjust
the stick-force gradients of airplanes with production
contour elevators without great adverse effects on control-
fsel characteristics. - To gain & much more nearly constant
stick-force gradient over ths entJre useable center-of- -
gravity range at all altitudes; ¢levator incorporating
greater aerodynamic balance could bD used. "Such an
slevator, however, would possess somewhat poor control-
feel characteristic in normal flying and especially in-
rapid longitudinal maneuvers, &s 2 result of the increaséd
aerodgmamic baleance. :

O C‘f"f

_L
5 &l
1
.l.

The elevator power .available to raise the.nose wheel
from ths ground in take-off runs is sufficiently great.
The nose wheel can be raised from a concrete runway long
before 30 percent. of the take<off speed is reached even
with the most. forward permissible center-of-gravity posi-
tion. : - - o o Lo

The elevator Dower,aVQ1lable to makze minimum speed
landings with flaps -full down is sufF1c1ent1y great,
although marginal with extreme forward center-of-gravity
positions. e ' T

Directional °tab'11tj and Cont“ol Characte sﬁics

The dir ctional stabwllty 6f ‘original P-H%ZA-~ l a1r01anes
is inadequsate. Excessive inadvertent yawing occurs in
abrupt rolling msneuvers and the airplane tends to oscil-
late directionally even with controls Tixed in certain
steady flight conditions. ' The directional stability can
be made nesrly satisfacbtory and the value of the airplang
as a gun platform can be greatly increased by increasing
the height of the original vertical tail about 16 1ncheq
involving & Vfrtical-ta¢l arcea increase of less ther
%3 square feet. The use of a relatively small dorsal fin
in combination with this taller vertical tail improves
the behavior of the airplane at large angles of sideslip
in low-sneed steady sideslips using high engine powers.
Besides increasing the vertical- ta11 heléht a further
increase in directional stability. appears desirable and.

1
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. can be accomplished by adding a ventral fin to the taller
‘vertical -tail modification. Such an addition would also
~be desirable from a spin-recovery standpoint and from

vertical ‘tail aerodynamic-loads considerations. One

possible disadvantage of a ventral fin would e’+hat it

¢0h+ change the ground clearance angle enough sd that
minimum-speed landings could no longer be made ‘without
hitting the tall on the ground. In gpite of this possible
objection, it is recommended that a taller vertical tail
and a ventral fin be incorporated in the P-63 airplan
to increase its directional stabi ility and, consequently,

Jits value as a gun platfeorm. TIf the dLreutlonal stability

of the original P-63 airplane is not improved and =&
larger propellér is inats llud to teke care of possibles

“ehgins power irnc reases, serious directional- otabLivty

difficulties are anticipatsd. The direetional trim char-
dcteristics of the P-63% airplane ars excellent; rudder-

-force trim changes due to changing speed are Qes;rebly

low and the rudder effsctiveness is n9b1ly adegquate to
maintsin straight, laterslly level flight at the stalling
speed with high engine powers.

.tﬂmate% of the vertical-tail loads which are ex-
pected to occur on P-6% airplanes as a result of aileron
action during accelerated flight indicate the criginal
vertical tsil is insuf fJClently strong. This probably
also apnlies to the CubcLawe from a torsional strength
standooint. In connection with vertical-tail loads
resulting from rolling, 1nuroa51ng the directional : .
stability of the airplane should bring about a slight
reduction in total vertical-tail load for a rolling

maneuver of given rapidity. If any improvement is made

in the rolllng performance of the leO]aNe, further
increases in vertical teail and fuselage torsional strength
over what now anpears n@oessary should be considsred.

‘Jangley Wemorlal Aeron utical Laboratory

Natlonal Advisory Commlttee for Aeronautics
angley Fleld, Va., October 19, 19l
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GENERAL

Name and type o e e
Englno e e e e e
Rating: ’ '
Teke-off .+ . . .
Normal rated . .
Military rated .

Supnercharger gear ratio

SPEC
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»APPENDIX

FICA;IONS AND DIMENSIONS OF ATRPLANE

C.. 1325

. . 1180 hp

Propeller (special aeroproducts typel

Diameter . « . . .
Number of blades .

.

.

Engine-propeller gear ratio . . . .

Fuel capacity {without belly tank),

Weight empty, 1b .

Normal gross weight, 1b
Wing loading (normal gross wt.', 1B/sG FE cie 0 v e e e e

' Power loading (normal gross wt., 1050 hp',

.

.

-

Rell P-634-1 Pursuit - Interceptor
e o o & v 2 e Allison V“l7lo—93

hp at 3000 rpm, 5k -in. Hg at S.L.
at 2600 rpm 43 in. Hg at 10,000 ft

at 2000 rpm, 52 in. Hg at 21,500 It

6.85:1

. . 0 . . . . . . . . ].l f\t 1 'in.
. L ° . o L] . . . . . . * L] . . L‘.
2.23:1

gale v o e e ae e e e e e 136

B . 5910
7650
30.85

10574 T -0

Over-all height (taxying position) « « « ¢« « ¢« v v o o o o 11 ft h:in.

(wer-all-length . .

Wing:
Span, £t « o .« « &

Area {including section through Puoelaae sq ft . . .
hirfoil section, root

“ Airfoil section, tio .
Mean aerodynamic chord'
Lesding edge ¥.4.C., in.-
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Dihedral (35-percent chord, upper surface), deg.
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Wing flaps (Plair sealed type):
Total area, 89 £t + ¢« o o ¢ ¢« ¢ v o v o
Span (along hinge line, cach), in., .....
Travel, dege « « o v o o e 4 0 s s e e
Lilerons:
Span (along hinge line

, each}, in. . . .

Arez aft of hinge ,en+er line, each, sg ft

vixed belance area, each, €3 ft o o .e
Locatior of inboeard ead of
Locatiun of outboard end of oil

Travel, deg. .

oron,

Horlzantxl

Sran, in. .

Total area, s3 I ;

Stabilizer ares, s f N

. Total ﬁle"ator ared, sq it PR o

Elevator area &ait oL nirge cernter line,
including %ab, sq £t . « + + « .

o
-

L ) * e ¢ 5 & & 9

#

.
.
°
.

.

.
Elevetor arca forward of hings center line,. sq

Elevator trim tab area, s3 ft . . « . « &
Distance elevator hinge ccuter lins

of M.4.C., in. e e
Mlevator travel from stabilize
Ele vrtor travel from stabilize

Vertical tail (plan forms shown in fig. &):

Height along hinge center line, in. . . .
Total area, sqg £t « « ¢ v ¢ ¢ o v o o &
Fin area, s ft o « o + ¢ v ¢ o v o o o
Total rudder area, sq f£t .« + « v « o o
Rudder area aft of hinge center line, sg
Rudder areaforward of hinge center line,
Rudder trim tab area, sq ££ « « + o o ..
Distance rudder hinge center line to L.E.
MehoCoy e v v v o v v o 0 v v 0 v s
Fin offset from thrust axis, .
Rudder travel, deg. « « o o v « o 4 o o

rlan, forms
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(a) Front view.

.- Photographs of original Bell P-83A -1 airplane (AAF Nb. 42-68861).




(b)

Three-quarter front view,

Figure 1.- Continued.
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(c) Side view.

Figure 1.,- Continued.

B8TI[FT ‘ON HND VOVN



(d) Threé—quarter rear view,

Figure 1.- Continued,
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(e) Rear view.

Figure 1.-

Concluded.
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Figure 2.- Three-view drawing of original Bell P-63A-1 airplane.
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FIGURE 3.— WING PLANFORM AND . WING-AILERON -CROSS SECTIONAL
OUTLINES OF BEL.L P-63A-1 "AIRPLANE..

(A) WING PLANFORM.
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SECTION C-C

¢ REAR BEAM

SECTION B-B.
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Figure 4. - Planforms of horizontal fails
fested on the P-63A-1BE airplane |
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TRANSITION FROM

FLAT TO CURVED.SURFACE

FIGURE 5-CROSS-SECTIONAL QUTLINES
THE P-63A-1 AIRPLANE. _ SECTIONS
FROM AIRPLANE CENTERLINE.
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ADDITIONAL AREA 285 SQ.FT.
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FIGURE 6. - ORIGINAL AND ENLARGED VERTICAL
TAIL SURFACES TESTED ON P-63A-1 AIRPLANE
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(a) Three-quarter front view.

Figure 7.- Three-view photographs of modified P-63A-1-BE airplane presently being tested
- at the NACA.
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(b) Side view.

Figure 7.- Continued.




(c) Three-quarter rear view.

Figure 7.- Concluded.
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Bell P-63A-1 airplane,

estimated true change in total alleron angle.
clean condition.

power for level flight,
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flaps and gear retracted.

cooling shutters locked in closed position,
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Engine .idling, all cooling shutters locked.

flaps ‘and gear retracted.

for two center-of-gravity positions.

in closed position,
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Figure 12.- Summary of the longitudinal stability and control

characteristics of an original P-63A-1 airplane (AAF No.
42-68861) in steady turning flight with normal rated power

Clean con-
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dition, all cooling shutters locked in closed position.
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at 10,000 feet altitude
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Flgure 13.- Planform of P-63A-1 normal short- chord elevator showxng rib locations and extent

of unsupport.ed fabric panels.
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(a) Upper Surface (b) Upper Surface

*ON YWD VOVN
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(a) Lower Surface (b) Lower Surface

Figure 16.- Examples of photographs taken to investigate the effects of elevator fabric distortion.
(a) Original P-63A-1 elevator in straight flight at V; = 350 MPH. Elevator rib spacing
8-1- inches.

(b) Stif%ened P-63A-1 elevator in straight flight at V; = 350 MPH. Elevator rib spacing
4 -i_ inches.
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FIGURE 1T, — ELEVATOR SECTIONS AT CENTER OF PANEL NUMBER 4 (FIGURE I3)
SHOWING THE VARIATIGN OF FABRIC DEFLECTION WITrH [NOICATED
AIRSPEED A7" AN ACCELERATION OF 1g. ELEVATOR ANGLES ARE
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Hg),

in.

a3

(2600 rpm,

normal rated power

Ry



L4J19

NACA CMR No.

: 1
TR [T fgeatpEeRafas T T
HEIH Fi
B Tt o : -
A T SEsa
f 3 TR
i : TR B
3 g S : AR s B
1553
= : T Sl j
: = i e A e B i it : AR B
t 1 o T I [Rwka Fall I T >
RS ! ] Biciis i 31 i kR ©
: i (i e HeD - = S e =
HER R § i } o H :
! =2 F SH ¥4 1 —
PP D e : TR RS HiH ; HIE S
D o O R T :
b z E ot ML At Al 2 2
TSRS BT N DA AT 1 & M
SRR e e o o E
i/ o [ R IR AR R ES : 1 BT o
1 DA £ SIRNHEI RPN ity i e [FR | 2R O EE 3
it i SR 34 2
/ £ B e e R A o e i ey e iAo H1oH brce e -
e RGN A aw.\u.f‘ e [ [ | sy g
7 AN G 51 o fes o)
| HE A B S AT 3 3 S B S i T e B P = s K<
e T et 3
e - ey T T : N I H
: it IR b T £y XLl S e IR A0 Ty Ein = E™
§3 1 el L ity TTe] o 1 T o
4 il 3 Hitim > Al HE |t T | i
DA —EED i TeiEi) e e -2 3
AN QRINEENE Hittd i Y LRI T 2
i ; u i S R e e e e HRE H
= et o = =
240 hHin T y EEyEraR e Elahien
TS H ] : i = N ] T g
RS G IR &
N EiglEs il 18
= T 3 :
L OE i : 5
T Btz 1 1 o
& DT HTE 538d=81 i {31}
= b S| e T T S
\m...“, ltcm |., B B 1 ..~ e
lm”..l_ 1 H HHIL TS 47 E_ us
Hir) T30 (ot o s to
E s O L] o = -2
S| ER el it e 3} fey
O S e R D B HR S E by e
HT e Py I D °©
= OE: = . :
Ho Oy DXL /3 Y
Fe o1y o
ghed w,-. ﬂm
ages R vodba i ‘B
= H o o -1
x5 T ; 17
i fra]itcidies i P
> S = =5 L
“. f) fyis P AN o
I apdan: N
= o T E: :
H - ; 5 i @
TEnTRERIEn 3l o i b2 4 B 4
i .‘4» t.fan
s NI, e iRee]
A INSRT o 214 padt .ﬁ“n.
= ; R R 2 4
yH INGENTHE R {
3 H e i E HIERERLCY
Tl e e T TR At o LA
=5 : : T 5 & TR
NS : L a s R s H | m T HE 1:«
EG REESERTNTRE Jesn| T 3 T
i 1 T B I e et i SCEqE R fvactERsdEd

8

original contour half rib-spaced fabric-covered short-chord elevators for
Clet}n condition,

(b) 25,000 feet altitude.

power on, stabilizer incidence +1.1°,

9 inches trailing edge strips, elevator-stabilizer gap —,—-L inch and with
ta) 5000 feet altitude and,

P-63A-1 airplane with bulged fabric-covered short-chord elevators having
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Figure 22.- Variation ‘of st;ick force and elevator angle required to trim in
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Hg), coolant shutters qloeed, altitude approximately 5000 feet..
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f up-elevator deflection. Faired curve is
th full-up elevator - deflection. . Bell P-63A-1

“‘airplane, horizontal tail planform shown in Figure 4B, various different elevators
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zontal tail planform shown in Figure 4B, various different elevators installed.
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Figure 26.- Variation with indicated airspeed of stick force and elevator angle fequired
to trim a Bell P-63A-1 airplane in straight flight. Horizontal tail. shown in Figure

4C, bulged fabric-covered elevator shown in Figure 5D, elevator-stabilizer gap un-
sealed.

Clean condition, normal rated power (2600 RPM, 43 in. Hg), altitude 5000 feet.
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shown in figure 5D, elevator -stabilizer gap unsealed.

horizontal tail shown in figure 4C,
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Hg), altitude -5000 feet.
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Figure 29.- Summary of the longitudinal stability characteristics
of the Bell P-63A-1 airplane in steady turning flight. Enlarged
horizontal tail shown in Figure 4C, bulged fabric-covereéd eleva-"
tors shown in Figure 5D, -elevator-stabilizer gap sealed. Clean
condition, normal rated power (2600 RPM, 43 in Hg), -altitude
5000 feet. o
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Figure 30.~ Predicted longitudinal stability characteristics for
steady turning flight., Bell P-63A-1 airplane with enlarged -
horizontal tail and original contour production elevators at
Vi = 250-300 MPH. Clean coqdition, normal rated power, two
different altitudes, no bob weight. No flight tests have yet
been made at the NACA with this airplane configurations.- '
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Figure 31.- Time history showing an undamped directional oscillation
which occurred with a P-63A-1 airplane with the original vertical
tail installed even though the pilot attempted to hold all controls
fixed. Climbing condition at 22,000 feet altitude. The occurrence
of such an oscillatiom indicates weak directional stability. :
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Figure 36.- Sideslip characteristics of P-63A-1 airplane with rated power (2600 RPM,

= 400 mph at 5000 feet altitude.

in. Hg.) at Vi
i s

43



L4J19

CMR No.

NACA

2 1 i } H
T 3 v
: 3 =
2 H
e B
e : H_
= = K5 5 S
I : 3
= T T it = : -
B i + N : 1}
e == o
R HEHE \ HaH:
i S3EERZ b 7 fassHH
Eear= 8 =} 7 ,
a5 {oE E o |
Sekdeis 1t Qi1 26
A + :
b ket B T el 5
: e : il 3
253 =,
b c} 5
o P E
4 an .
1 7 3
3 H o}
5 + |
T '
i : g
EiEeryss! 1 i
T 2 B a3
g - B
: = =,
22 )
T 3 £
I f : 5
!
: T
3+ t g
S : -
e G
; THIE
) LHE
X0 == =
A. BES &5
= = -
T =T
£ 1
= % B L
: o H
ol { i EaHb
: zx St
H I il
i i B
- i : Hi f| Tl

8 of P—SSA—I airplane with power on

ic

t

is
Hg.) at V

Fi

(2600 RPM,

= 150 mph at 22,000 feet altitude.

gure 37.- Sideslip character

lg

in.

38



L4J19

NACA CMR No.

| _ i TR
= T ST p e
[ : e
T : HHE (B[R
Tl B e IEn]
x s Sy
K : 1 5
- T I o
et
| i ot {1 HIE
T T i - fres "
- t b iR h 3
: : v BSjIF
rel¥ T—
el Pl
e g fEr ey
g £
2251 RACE, 2 ) 54 44143
: = TR
3 )
£
i i : it e
3 = R <3
£ sk i
B i 4 s B o] 2
1 Q C
v i ]
] e fgeatgas
H Qo
: 1 :ﬂuw
= ] ).
= T 2] -0
% I3 4. |
o : 0o
e yy rt T i
FE T i H] B ik
e H ; 2
i 5! L .“m_.
t i
X L ks
B i ] i : B
58 323 = o e
TIh R i H : =
Hi o 150 it P £t it S4ES
93 e 1 ot pa P | B e
% } i & i gl
115 m“m X : g Y ) 1 S ' .‘x. i
T : ot - = =
ol Hio ] : 7| F 3
T T ¥ ¥ ; £
s T 22 : } : :
st = 2 , 26 F 5 5
1|»M AL ) FR 5 A, 2 &
S : _ 3 i
“..:ﬂ_.,w.v, 4 i 35| t 3 Y 7
BH| % i i D 11 HIHER
: T i 7 7 i
= = + T 1t
7 H J Al 1 Ensd dhds
= = 7 2 = =
€ o B joli D
O ¢ i
T e : E gt SR
1t
TR : ; HE :
- ety e : Tale X eaq b T
e HEE T e A B 52 £ 1

39 in Hg.) at Viq = 250 mph at 25,000 feet altitude.

Figure 38.- Sideslip characteristics of P-63A-1 airplane with power on (2600 RPM,
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Figure 41.- Results of rudder-fixed roclls out of pull-outs at
various normal accelerations at an indicated speed of . .
250 MPH at 5000 feet altitude using constant propeller blade
angle and thrust coefficient. Bell P-63A-1 airplane (AAF
‘No. 42-68889). (a) Original vertical tail. Dash line is
faired curve for enlarged vertical tail shown in figure 41b.
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Change in fotal aileron angle ,deg

' (b) Enlarged vertical tail., Dash line is faired curve for
' original vertical tail shown in figure 4la.

Figure 41.- Concluded.
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Figure 42.- Results of rudder-fixed rolls out of 3 g pull-outs at
5000 feet altitude at various speeds using constant propeller
-blade angle and thrust coefficient. Bell P-63A-1 airplane
"({AAF No. 42-68889). (a) Original vertical tail. Dash line is

‘faired curve for enlarged vertical tail shown in figure 42b.
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(b) Enlarged vertical tail. Dash line is faired curve for original
. vertical tail shown in figure 42a. -

Figure 42.- Concluded.
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