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INTRODUCTTION

At the reguest of the Army Alr Forces, Materiel Cone
mand, a flight investigaticn of the flying qualities of
& =tandard Bell P-39D-1 airplane wars made by the KACA
et Lenzley Field, Va, The tezts were canducted during
February and March of 124% and conslsted of 21 flights
rosuiring a total flving time of approximatsly 23 hours.
The present report is a gsummary covering a&li data obtained

in the f?yinﬂ-qualltic investigation.

The flight program, in general, was arranged in
accordance with that sugrested In the Army Alr Forces
stahllity and contrel rejuirements {reference 1l). For
convenience of the reader, the variocus items of ata-
bility and conbrol investigated are glven in the order
of their preagentat on in reference 1.

I{IR _u!llT}_‘u

The Pell P-30D-1 airplane 1z a single-place, =single-
engine, fall-cantilever, low~wing, rursuit-tgpe alrplane
naving pertiul-span, split-trailing-edge type landing
flays and & retractable tricycle~type landling gear. Con-
struction ie of metnl except far the fahrie coverinn on
econtrol surfaces., Powsr ls supplied hy an Alllson V=1710=35
engine mounted below and behind the pilot's compartment
and is transmitted to the propeller by an extension shaft
runmnlng to a reduction gear box in the nose of the airplane.
Armament conslets of two 3C-callber guns ln each ouvter wing
panel, two BO-caliber guns on the cowl, and a 20~-millimeter
cannon firing through the propeller hub, Photcgraphs
snowing general views of the airplane are reproduced in
flgures 1, 2, and 3, recpectively, A three-view drawing



of the airplane 1s shown in figure L, together with eross-
sectlional outline of each asrodynanic aurface. Physilcal

dimensinns of the alvplane, alrplans weights, gnd engine

nover ratings are listed in the appendis,

Relatlons bhstween cockplt control positions and cone
trol surface anglec are given In figures 5 through 7.
Figure &{a)} shows the wvariaficn of =tickr angle with ele~
vator angle vwhile fizure 5(b) shows the variation of ele-
vator trim tad sngle with the cockplt teb Indicator
setting. 3dnllar relatlons for the ailleron control
arsten are ghown in Cigures f{a} and &6(h) and figure 6{c)
shows the gearin~ relations of the Lws valancing tabs
on each aileron, Only the inboarc tah on ezch aileron
i3 uzacd for trimming, Filgures 7{a) and T(b) . show the
ceering relatiors of the radder control and eoddey treim
tab systems, rsencctively.

QTRUVLFRTAT T ON

Ttems nertinent to each phace of the flylng-guallties
investigation were measured wlth the follawing atandard
NACA inatramrenrts

Ttom - NAZA Tnatrument
1. Time Tlmer
Z» Alrspeed Alrapecd recorder
Sa  Positisns of the thres con~ Control-positlon recorders
trol surfacea
4. Rolling veloclty - Rolling-velocity recorcder
cs  Normal, longitudinal, and  Three-component recording
tranzvera2o aceeloration accaleroucter and ln-
dleeting sczelerometer
6, “iceslip zngle ' Yaw~angle recyrder

7. Bank engle or ritch angle Hecording inclinometer

£. Rudder pednl force " Ruddar-force recorder



")

AL

@, Stick ferce Stick-force recorder

10, Pres-ailr bemparature Electrical resistance-
bulb tyrme temrerature
indicateor

The airspesd recording Installation included an FACA
free-awivelirg statlc head mounted on the end of a boom
extonding one chord-length ahead of the right wing at the
tip juncture and a shlelded total~head mater located be~
low and behind the static head. (3¢e fig. 2.) Alrapeed
was read from the service alrspesd indicator during the
ailerorn cheracteristics tests hecause the alirsvsed boom
was removed to eliminate any pesvicls adverae interference
effecta on the right gileron. Both airspesd lnstalla-
tions were calibrated for position error by flying by a

" ¥nown statiec reference polnt as described In reference 2,
"Ingdicated airspeed" 11 miles .per hour, &8 ussd in this

report, ls 45.03/qc, where qe 15 the dlfference between

‘statlic and total pressure in inches of water, as measured

by the calibrated installaticna. -

flevator positions were measured from a point on &
control cable close to the elevator and tie measured angles
were corrvsctad for calle astretch, Allerer anples ware
measuraed directly at the ailerons, Rudder angles were
measured from a control cable witbiln a few fost of ths
rudder so that any srror due tc cable siretch is belisved
to be negligible.

Throughout the present renort, elevator and rudder
anglss are glven with respect to the thrust axis. The

‘alleron anglss are plven with respect to thair neutral

positions,

The recording accelerometer was loecated ahout 6 faet
ahead of the caznter of gravity gso that angular acceleras
Tiona affectaed rocorded lineur accelerations. Whersver
absolute valuses of acceleration woere usad in analysing
data, howsver, the effect of angular accelsvation was
negligitle,

3ideslip angles were measured by means of a small
vang mounted at the end of a voom extendiryg cone chord
lsngth ahead of the left wing at ths tip juneture.
Although no atralght-flipht calibpration of the sideslip
vane wag made, it can be agsaumsd from trevicus calibra-
tion of similar inztallations that the <rrecp in measur-
ing a given sideslip arnpgle deces not »x">cd 20 and that
the variations of si”eslin anpgle at a given speed are
gssentially correct.



Indicating Instruments were -uased to detormine free-
aly temreraturss and altitude. Indicatlions of an elec-
trizal rssistance~bulb type tharromcter wors correctaed
Io» ths adiabatlic rlse to obtaln frzs-alr Leriverature.
The sarvice albtimeber was calicrated wnrilor to the tests
ir order to detsrmine correct vressure altitude.

As Lorgitudinal Stabillty and Control Characterlatics
(1-4) Dynamie Lenpgitudinel Sta»ility:

Tha dynamic stabllity was tested at indicated air-
speeds of 210, Bﬁa, 215, and 73 riless wer four wiith the
Plaps and gear wn and the center of gevavity at 28.1 perw
cert 27 the nmean asrodynamic cnord. e dynamic staw-
Pility was et 1nvwstigatmd at maxlmam limit diving

srasd (V9 = 488 mph) as suggested by refavence 1. Tegts
ware mads Ly apmnhiv dﬁILthilb and relassin 7 the ele~
vator in hoth Sirscliions. Pypical timg nizteries, one of
a pull-up aird ons of a Tush- down, Aarae al oy in figura B,

fesulte stowed that the stierk-Fre: 1onsitudinal
shert-period osclllations always dammaed cubt completaly
in leas thun two cydles as vequired b rofensnce 1,

{(2-A) Statie Longitudinal Stalility:

The static longitudlnal stability was mcasured with
th. cznter of ”PB“lt? at 28,1 ana éu.? pb“” Pt msan
rodynemaic chord with flans and gearn u‘ Lxtansion

(_

'91 £33 landing gear “esul*el i a Ivrward =nLift of the

center of gravity of U.d percent mean acrodynamle cho
Gross weights at take-ofl correspondins Lo these center-
of~gravity locations were "HUQ pounds o fthe [forward
position zand 7OCU0 pounds for tha roarward nonltlon. The
effect of Mfael conzurmpiicn on cewbz;—g?n;‘awity locatlion
was found Lo be vory small  and, lweiiog, wis uealscliod.
For purnosca of anslysls, averass Lml_thu during a fllght
ware agsired -8 7820 and 7420 vounds for thve forward
and rsarword cenioe--of-gravity positicns, respectively.
Condlitions 1in whick fthe airnlarne wapn *togied and flgures
that show tre data cbiaired Mor both :urﬁur-ﬁf-grdvity
pogitions are listsd in table T,
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Ir acdiition to figures 3 tlrowngr 145, which show sta-
bility In tha form of slovater snolar acd stick farnes

required for tidin al varicus indicated alrswiads as well
45 corras nrnuinf dipecticnal Codw characteristics whawe
availailze, [1: 17 rresgents an aealysis of fhe statle

a
nl utakvl*Lv In obt illlr Timure 17, 21o-
e T i

vator angles \53} ad elavefor scick 1P“-es divic 6d Ly
csonre (F/ga) wore firgh wlottsd spainst 110t
coafiicizsut (J3). The slepaa of “3qu]LinT curvas

pavbar-nf-groorit
glcues of thsse
fielente for szach
"1

ware thon mgasured wnd wlotbtsd ora

re3ition as shown 1n timare 17, i

curves wore maasurad at twyo 1ilL cout
o

airplanz ccndltlion Tazgse 1iL o tnients wore
Ci, = 0.9 ard the CL at trim fovr Tle floap-upn, gsar-un

at trim for the
1 fivuTF i7, th=

eonditions snd Cp = 1.2 aid the C
flap-down, pzar-0toyn conditions.
sticl-flxad neutrsl peints are the cunt e*uof-ﬂruvit*
pesitions at which \dﬁe/dCL) i3 zoro; ginilarls, tho
stick~-free rneusrel uointa are ths coanter-of-gravity
rositions ot whlch 4/4Cy (F/3.) is =muro.

2avoral points of intersst ars apparitnt from oan
exanitation ol ks flgures. Ficvrea 2 throuph 10 aud
filgure 17 show that In the hign-sgrzed rance a rapid
ircrgase In stlecl-free stavllisy 1s cxecrisccead with
incrensing ensaid, Pogsihle exylanaciana far this
cnaracts T T s

L L zlevetor favwice puleing and
distrnrtion of *lw hopigonsal ruwrl ~lave, Ir. the lowu-
sreeqd rancg, where the sta%ili“" rranzeteristios ware

nearly linger and, hunre, s"'e" s7insd, the Zats
for the Flar-un, A lers ohow tThat the loss
i 3ud]iw4ﬁy SOLE resin e elavuts a shirft in
ths neutrel coirt atout arcsnt mean asrodynanic
cherd, The lose srdbil cvs to T ‘np ths 2la-

_ TOowWrl T8 g icnlt to
the srall Tallatlord 0 atlielk

('L“l\"'.
wmo
=

vator vlth flang
dete~uinz hzeauss
forcs cxpicisneed,

Ths requlvenents cf refersice 1 state that, for

a delinlite spsed razuge, dewsonding o Lhe alrylano
condition, the curve of elevator arslz sgainst spesd
m 8t have a stable 3lepe and trs coovs of zglevator
stlek Iorce agaiunst sweed musi oo 2£r0 ouly oncs and
then with a StJT.B atops - this s owith the nest
raarward pormiseitls "uﬁtal~,b—pﬂawinf coaition. . The

ost vearward cinter-of-gravity Qostftlion tested was
Ued porcant nean acrodyranic cihord Tovwerd of the mcst
rarard ng }':;‘r;is sitla npalticon (71,00 psrcsnt rMean Scero-
dynaalc chord} listsd in arny Alr Ferces Technical




Order Wo. 01-110FE-1,-r When the data of figures 10

to 15 (conditions covered in referance 1) for ths
gonter-ol-gravity vosition of 30.2 perc-mnt mean aero-
dynamlc chord are compared with the reguiremsnts, the
following conclusions, may be drawn: (Note: In con-
ditilona where atick forces were never zero, rassort wag
mads to figure 17 for determination of the stick-free
stabiliby. g : :

l. }Climbing condition (fig.lle)

The alirplane waa stabls both stick-Tixsed and stick~
fres from 0 to 120 percent of the srsed for nest rate
of climb (V¢ =160 mph) in comnliance with the reguire-
ment.

‘2. - Crutsing condition {fig. 11)

. The alrvwlane was stable Lotk stick-fixed and stick-
frec at all speeds ftested dewn to the aneszd for best
rate of climb. The data indicsate that the stabllity
would continue Lo te positive Larough maxlimum nermiasible
dlving speed (V4 = 468 mph}, thua satisfying the require-
ment. : )

3. Cruisirg maximun ronge (fig. 12)

- Tha airvlare wag stable stick-Tixed but slightly
~unstatle stick-fres between, the scesd for test rate of
clinb and the stalling swead. Hence, the requiremsnt
was ret with the atick fixed but not with the sticit
fraa-.

4, Gliding or diving (fig. 13)

The alrplare was stable voth stick-fixad and sticle~
free from maxirum level-fliuht sceed to thie hizhest
spzed tested. It appears tnat the stabllity would be
positive through maximum vermissitle diving avced
(Vi = 488 mph), thus complying with thée reguiremsnt.

8. Landing-appreoach condition (fig. 14)

The alrplane was stakle stick-Iixed Lual unstable
sbtlck-fres st wll permissible apseds dovm o 120 per-
cent of the s3telling apeed, The reguirement was
thersefors met w1th the atick fixed bul not with the
atick fres



6. Landing conditlen (fig, 18}

The alrplang wasg stable both stick-fixed and stick-
free at all permissinle speseds down ko the shallling spesed
in comnliance with ths requirement.

Two airplans conditions rnot included In reference 4
were nlsc investigated. These were thw fwxlmum levela-
flight aveed and the wave-off conditions. Results of
these Investigations ars shown In figures 9, 16, and 17,

{Z-A) Lonritudinal Control:
1. Hlsvator-control characteristics in turning flight

Te elavetor-control characteristics in turnling
flirht werve irvastigeted in the Tlap-down, geap-down,
power-0ft condition and the flan-~up, soar-us condition
with nommal rated nowsr, Taurng were mads by the s0-
callad "wind-am" nrocedure In whilch a chessn nermal
accels»ution {shown by an tndicabing acceleromatsr) is
gulcklvy reachsd and held conastant whitls btz znesd is
doecreased slowly until the stall occura. The power-
of ¥ landing-conditlion turns were entered from ftrim at
Vi; = 150 milas per hour and the rated-rowar clean condi-
tion turns wszre sntersd from trim in high-snesd levsl
flipght (Vg = 280 wph). Data for the landin<e conditicn
were anulyzed cnly to obhtain the elevator anslas ro-
quirad to stall the anlrplane, Data tor vhe ¢lean condle
tion arg shown in figures 18, 19, and 20, Pipure 18
shows the &levator angles required tc Utriam in turns as
g8 function of 1itt coeflicient for th: *wo 2:nter-of-
gravity positicns tested, Figure 1% shows the varl-
ation of change in stlck foree with change in normal
accaleration for the two center-of-cravity nositions
testzqd. Flipuore 20 plves a summary of “hase charac-
teristics by showing the wvariaticen of the marnguvara-
bility eritsris with center-cof-gravity ncaition, The
Plgure slso shows now the wmeasurod valuss cormare with
the lipita suecified by refarence 1

The slevotor contral characheristics in turning
flicht ray he gumarized as follows:

{&) The fact =hkat only 12.5° wp slesvator was re-
gulred o atall tho al@nlane at varions syneds during
turnas wittin the rermlasible spazd range with flaps and
gear down, vowsr off, with ths center o0 oravity at
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24,0 parcent mean asrodynamic chord, indicates that the
glevator control is sufliclent to attain the maximum
1ift cosfficient at all speseds with the most forward
permiscible center-of-gravity positicn (23.0 percent
mean asrodynamic chord). In the c¢lean conditlon,

the requirement was even more esasily met as ie indicated
by Tigure 18.

(b) With the alrplare in ths clean, rated-power
condition, balanced at the normal centernof?gravity
position (20.2 percent mean aercdyndamic chord), the
stick movemant requirsd to changs from a Cp of 0.2
to Clmax (awDIOfLmatelv 1. 4) during turng was only

1.0 inch. (See fig. 20. With the center of gravity
at 23 percent mean aerodynamLc uhOTd the stick move-
ment was 2,7 inchas. '

{c) The change in normal accelaration was approxi-
mately preportional to the change in slevator stick
force as recormended by refersnce 1. (Ses Tig. 19.)

{d) By extrapolatine ithe data of figure 19 to an
Bg turn, thz elsvator stick foree per unit normal
acceleration with the normal cenbter-of-rravity posi-
tion (30.2 percent mean serodynamic chord) was about
1.8 pounds wmer g ag comnared to the minimum require-
msnt of Z pounds wner g. (S2e Flg. 20.)

Z. Elevator-control characteristics in landing

Eleovator-control characteristics in landing were
investiygated by making several flap-down, power-off
1and1nﬂq at sach of ssveral center-of-gravity positions.
In thesc landings, the airplane was held off the ground
as long as possible by use of the elevator control,

‘Data are presented only for &Zases in whlch the alrplane

attltude ut impact was very cless to that of the stall.
The elevator angles measured at growd contact arse
plotted as a function of center-of-gravity position

in figure 21.

Kelference Ll requires that:.the elsvator be capable
of holding the airvlane off the ground at 105 percent
of %the stalling sveed with the center of gravity at
its mest forward position. Figure 21 shoms that this
xequwtem~ni is easily met by the P-39D-1 airplane. .
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Elavater stick forces at landing were desiranly small,
thang f“r ces revgingg frowm 2 to W opounds 1o all landings
made {(pilot's slisvator tab conrtrel 3¢t 4 gradquaticn

noss up}.

3. GTlavdtor-contrel characteristics in take-ofl

levator control in take-ofl wag investigated DYy
holﬂLng e eisvator in its full-uwo poziticon and deter-
mining tng sresd et which the nose wheel rcse I'rowm The
renway for cenbor-of-previcy nositicns of 24,7 and
22sd4 porcent maan ssrodynamic cliord,.

The spzods ot which thie nose whneel rose vere so
gmall that acoarete determination of them was Jdifficulte.
Fowsver, 1t i3 ‘mown that thess avecds nover excesded
20 wilss per houry and, on the basis cf the ‘data ob-
talned, 1t ls corTtaln tnet ths nose whe=l can be raised
with the most Torward center-of-ravivy weaiticn {~5 O per-
cent mean qmrodynam_c chord) at = ‘”ued wall under the
raximum swvesd (Vi=z. 70 mph) allowed bty reference 1,

2. Iorgitucinal-trirming-control characieristics

The affzchivyznzss of ths elevator trim tah was
determinsd br making statle lonsitudinal stability »uns
witn the slovator kals al itz exirems vosivions Tar
thraa airnlans conditions with one “chter*of~ﬁravit¥
rosition, fzsults from Lhese “esi: ars nresantsed in
Tigure £2, whars Lhs stlck Torce par degree tab dellec-
tion 18 nlottad ss a function of indicased adrspeed.
Dirsct tants wore 2L made Lo dsterulae spesd ranoss
v which the elzsvator stick force could e ontirely
trimmed out; so tha capabilities ol ks slevator tab
were detormined from tab-sfiectivensss date {(fig. 22),
static-stability dats (figs. 13, 1&, end 15), and the
indicatcir-tab »elation (fig. 5(b)). The canhbilities
of toeg clevoater trim tab compave with Lhe roguivements
of ruferance L ac

a2
3

* follows s

(a) With flaps wp, gear up, pousr for Jevel flipght,
gnd ountor of gravliily at Lhe most forvvard or rearward
position, the zlevator stiek force s Le trimmed to
zero &t any spsaed beltwesn high leovei-rlipht aspeed and
120 naercsaat of the shalling snesd.

{(b) With “laps and gear ap, power off, svd the
center ol gravivy at tha most Torward or rezarward
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position, tre wlevator force can bhe trimmed to zero at
all snezds bstween high lavel-f1light suzed and the
maximur permissible diving speed (from axtracolatad
data). :

(¢) With flans and gear down, power off, and the
center of gravity at its most forward positicn the
minimum specd at which the elevator force can be
trimmed to zere ls not higher than 140 percent of the
stalling speed.

The changesz 1 stick force reguired to trim at
140 percent ¢f the lap-down, gear-down, power-offl
stalling speed {l1.4 Vis = 125 mph) with chaross in
fley setting, gear seiting, and nower are shown beloint

Blevator stlclk force

Flaps Gear FPower required for trim, 1b
Uy, Un ¥ormal rated 0
On Up orf 1 rall
Down Dovin Vormal ratad 5ol
Down ijs; Kormal rated T pull
Down Down ore 2eb oull

Tt is immediately apyaront that thasze J=-1rably
small trim changess ars far below the maxinus wllowabls
Tfores charge of 25 pounds elven in refepsacs L.

The elevator trim tab would rstaln sauy ~lven
sgtiing indefinitely asz is required,.

5. Pitching moment dus to sideslip

The pitching moment due to sidsslip was such that
‘more than 1° up-elevator movemsnt wag renuired to trim
when the ruddsr was moved to DO right frow ihs straight-
flight posltion corrasvondlng to zsre snrls »f Lank with

rated power, either flaps nup or Fluns Jowr. Fer 211
other condltions, less than 1° 2ls:.lor was raguired
for 59 rudder deflection. - Ths dats for itheos deter-
minations wers obtained during tssts of tls static
lateral and dirsectional stability ard may bLe scen In
thy flpurss for this lter (figs. 25 through 33).

No tests ware made to delermics tha pltching
momart dua to sideslip at 95 pzreapt 2f fhe moximm
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vermissitvles diving speed. AL the e
stdesling wvers mads, hawaver (V{ = ZZI0 wnh)
foaree 27 14 nounds was required io of'fznt *
momzar.t due to the sldeslin caused Ty a Ila71%
of 18D poundo. (See i, 22.) It appear

higher »ull stick force would be wequirsd to malntain
¥ &
»1

[

?
tre pitcohing
midder fore

luIPitLdlld$ trir with a rdght rudder fao
at the same speed becamuse ol the unsymag cal rudder-
force characteris

B, Lateral .nd Dirsctionsal Stability =nd Control
(L=l) Dynawmic Latersl and Dirschional u&hility
4, Srirsl rods

The P-38D~1 airplane was somewhal wnstable in the
apiral mode as i8 the case witl most airplsnes. Yo
spacific t:st; were made to dotermirve the desrse of
splral Instabrility, but according to pllot's opinion,
the apliral diverce-ece wag mild in stralelit flisht at
the grsed for rexirws L/D at desisr gross welght.

On this basis, the reguirement cf reflerence 1 1s
satisfled,

be HSnort-raviod ascillation

The short-neried control-fres Jutoril end dlreo-
tlonzl cscillatiorn was investlicated with Mlovms and [rear
up, W3ing rowsr tar 3
at apeeds diffecring sucecasszively by about 5C milea por
hour through t”s range Vi = 160 Lo Vi = #C niles ner
hour, At sach swnaed, Jdisturbances were Initiated by

abruptly defleeting and roleasing tho radder and allerons

Separatelya. Tyrieal time historiss of .Zspline and
concwrol moticn duaring and alter tnoszse dlstirvences ure
shown in #Figure 22 Tor ths lowest und highost speeds
at which testy wera made, When the laberal and
directicnal cacillation chuaracterisgrica of tue P-28D-1

airclans are cowmparsd with ths veguiromonis for damring

a

glven in reference 1, pertinent res "iz arve:

1. The latardal oszcillation alweys dorad to leass
than one~-Yali ampiitudz in bwo coyclsa ot il
between tial for maximum L/D and the hitus
tegted (Vi = 350 wphd, The overay:
one-nall amplitude was avryoxilnatsly ono o
congistent variat-or of this valng witsg indioa
speed bsing notad,

apeed at which
=l '[""'u,ll aticlk

-2 phat 4 mach

of 180 pounds

tayal flight or ratod —ewsyr in dives
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Z2e Tae oscillations o1 Lot the radder and the
118

allerons were cornrlotaely darred witalin cone oyclae. The
rudder alwaya re nrnad to 1ts toim noaition tut ihe
Gilerons dic net., Alleran cvarhulacee tarovsiout 701

level-flirht awoad range and the centrol-gyster riction
A a'“-"ﬂ‘r 2 rounda were razoonsiule fo Fhic msatls-
coary characitarcistie Plevea 23 pleaxly chows that

& aitlerons rewainsd in a de Aected stats afisr releage
at Vi = 154 mileo par houn

*
1

{£-b) Staciec Labtaral and Di.ecliosnel Stehility
Y. Tawing momsnt dus tooaidesliu

The yawing momsnat due to sideslin with rvddesr flxed
wWas loavestigated by makirg Mull-~deflocticn sil2ron rolls
whiile Ziclding the rudder ia ita trin nositicrn and noting
tho maximur anples of advsrse yav sesulticz from velling.
Both the clzunrn and tihs landirg CCFQitLCLu of flizlit were
investlgated vithr rower cff ond seower for level nl'j'v"lt
at specds ahout ) peeent mroate ot the De coive
nower-ofD sialling scseds, Data frowm hI2ss parauvsrs
are sown a3 time historiss in fip “d. 3 Ticant
results arao:

i

'q 7 La

g

{n) Tas paxiaou resultise Pro
use of ull ailercr cont TAVY oy iers
gatimated o Le, Josz thaa the 207 raximum altlowad by
rarerince 1.,

Y Tha deornide o3 e
raximum, duer to wour canas?d hy raolluing, wes r_'ls:.- a iz-_*aul}f
amall,

The yawing monent dus

by tha variaticn of rudlier ansle In
esrentially steady sidsslin 5 G4t varlous
speeds in four diiJ rant alenlans :on,1h raticns instoad
of ths thres test corditicrs asrsclfied in relfersiice L.
A1l =ideslips were oads accecodiag to thiw Jellowiag
nrocedare . drom &4 Trismsd condition in STralp -1t

laterally level flight axn a ehogon irdicated airs.end,
raudder was alowly acplied In enordinsilon «2th fThe azount
cf zilzrcn and elavator QO”L“PJ nagesasrT to malncain a

atraignt flisht raih ard aosroximately "ox:taﬂt indiceted
airspesde The rate of y“uiuﬁ vas yastrictsd to avous

1C per second or l1leas 19 all —muna. Dama wera avaliiatsd



intarvals fron. ayncrronlized reco=ds of

witions, eoatrol forccs, nonly engle, sidealip
irdirated ailrsnoed, Fovoieular aimlare

2005 sozeds chodsr oy ts3iiiy togetnsl Wit

ine tre duta obtained are lisied In table IT.

Condibicre for P-290-1 8idaslin Tests

i [ndicated
Condition P]apsiﬂaav Hows airsrvesd

(rph)

i
i

Clenr ¥’ U Normal retsd 110 Z5
(2600 rpm, &% in, Ho.) 155 205
=10 o

whh 2
TEC 29
Clean U Up ort 112 2
| 160 S
| 2085 32
Leanding Now=n | Down Yormal rutad 115 AR
{2602 rrm e Mg ) 140 34
Landing oW et 11z B
14C i
o
Trie deta of figares 26 throvwsh OF have vasen sumsarized
in fipure <7 whiich shovs, QJdﬂtltut vely, the variation
of static latsn) and Cirasotl | ].:TJ“.‘r witl, power,
1lap deilecrion, 4nd irdicoate: I thce ftems shown
being moasuwred aL 3traipght rlichi Lrim with z2sro snsls of

bania

.

The wuw

Lhe variati.“ a: redder aansla with olizs
alwars in che correct alrection exoert a
i

.f_

momant dua to sinsslii, as measured by

lp anale, wug
the lowzst cepoed
ion, 41fhe‘ with

tested (V4 = 110 mph) dc the cleust eundd
ratzd owsr o nower off, T ] '
there weg o vimomg of sidogslin
fizad direct lo-n) stabilit s wa
With the aLecwe swrentions,
riearly ﬁTQ“CTflCﬂul e t?: '
trim fer wnplss of sideslin
where rers 17a0 1 b

ruddsr angslo

inersade In
in the angels
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of sidealip iIn the range above 159 of sldeslip, Tull
rudder deflecticn (35° rlght, 27.5% left) was never
roacned during the sldesllp tests. Flgure 37 shows how
the rudder-fixed directional stability at normal straight-
flight trim varies with power, flap deflection, and in-
dicatzd alrspeed.

The yawing moment due to sideslic with rudder frse,
as indicated by the varfation of rudder pedal force with
8ideslip angle at any glven apeed, was unsatiasfactory
iIn ths ruted-power conditions with {laps up or down at
low and moderute speeds, Tn 1afi sideslips there was
noe definite force gradient while in right sldeslip the
psdal fores began to lighten at about 15° sideslip.
Purthermore, ruddsr-tforce reversal elther occurred or
was imainent in sideslips to either directlon at low
speeds with rated power (figs, 25, 26, 33, and 34).

The force reversals were snccuntaered at failrly large
angles of sideslip, however, and the reveraling forces
were manegealtle. In the power-off clean condition at
Vi = 110 miles psr hour, th: rudder force gradient was
Zore In the rango of sideslip angles where the rudder-
fixed directional stability waa neutral (fig. 30).

For all cther powsr-off condltlens tested, rudder-force
characteristics were gatlafactory.

2. Rolling momant due to sidesli>

The reolling moment due to sidsszlip (ailerons fixed
and free) was measured in the sidesllp tests outlined
in table II abovs, Results are shown in fligures &5
through 36, The varlatlon of the dihsdrel effsct, as
measured at normsal straight flight trim, wlth indicated
alrspsed 1s given in figure &%7.

The rolling moment due to sideslin {stick-fixed),
ag messured by the varlation of sileron angle with
sldeslip angle, was always in the correct directicn in
right sideslips althcugh 1t became marginal at large
angles of sideslip. In certain ranges of left side-
s1ip with rated power at low sreeds, flaps up or down,
the stick-fixed dihedral effect was neutral or slightly
negative (figs. 25, 26, %3, and 34). As shown by fig-
ure 37, ths stick-{ixed dihedrsal effect at trim for zero
bank angle was always in the correct direction. The
rolling moment due to sideslip (stick-free), as measured
by the wvaristion of aileron stick forece with =ideslip
angle, was in the wrong direction in all teat conditions
at speeds below abecut V4 = 200 miles par hour.
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The-roellin~ pomant dud to sideslipy resulting from
shrapt wlloren deflecztions, ruddar fixed, was nover so
grzat thaet a revergal in rolling velocity cecurred,
Thiz 1a In acceoxd with the reguiremsnts. Data 11llus-
trating he eifect on rolling velocity of the yaw dus
o ailzrons for crltical lowe-spsed light conditlions
may be found on Tigure &4,

2. Side furcs due to sideslip

The variation of side orcs with sideslin angle
was daternined Dy peasuving anelss oFf bank during all
the gidesliu teats outlired in table TT and ths results
are anown 1 flrures 25 throush 326, Tre elffect of
wowey, ilabs, and steed on the slde force nesr nornel
Strei hf fligrt trim (zero bank angle) 1s shown in
,iguie SV :

+

Rg e renre 1 Pequiras thet the slds force snould
2lwava Te such that risht Dank sccorpanies ripght side-
allp und lart Tunlr accompanies leoi't sidesliv. The
P=E20-1 gim iaz; ﬂﬂf nitely satisticead thie regalraments
for all flis01 1tions testad.

(3=2) Jtetic Dirsctional arnd Lateral Control;
1. Ruwdder contra

1
Ths acilizy ha rudder to cvercome the adverae
yaw rezulting af ne ailsrons woers abrupfly movad
Foon. trin te thelr fully daiflectsd pezition wes in-
vasliguted 0y waking slmulatza turn entrises in wnich
snough r»adder conursl was uwsed to maintoaln zero 3lide-
slip. fhiose trats wers mads wita {lips aad gear
down uslnog wower ov lovel flith wboabout 120 percent
of thse powsr-off 3Tu111  ospeed, and with flans and
gEHT Uy usiag nowe s For levsel f»#;hb et cheat 12C ner-
cant of ihe nower-ofi stalline swnesd.

The requlremsrts stats that ihs ruadder conirol
shorld ve ea»auls of nentralizirg tha adverse Tow and
that rudder zedal Torecas nacesqarv to acrommlish this
ashould he vnder 130 pounids. The P-29D-1 alpr-lisns
cornnlied witr theas vequiremants.  The sdverse yaw
could e compleicly offsst by usiap ahouL 2all of the

avuilabls ruddsr deflection from tuim. Corrsspondling .
ruadder nedal Torean vers aroroximabaly 100 vounds.

The rudder mave Qufflcxdnt 2lreclional control to
maintein straoiets rround paths during nornal talze-olfa

ah 4
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N

and landings with ruddsr pedsl fovces muacn lower than
120 ncocunds, Tresm chanaciterintics are iz dlresct
comprliance with those ragulrad.

The variaticr of rwider forece reguired to trim in
strafzrt Flignt with irdicatzd elrspesd when tre ruddor
feree was inirially krimaed to zaro ot maximun lsvel-
flipht srneed with morval ratsl powsr 18 shiown In fMg-

ure Id. This figurs iuncludss thz ruddar-foree VAL
aticn for ithe news -0t f cordition with the sarme trim
tab asetting, Ty exira UOWGL?Q" tha ra te;~pow““ RILIVE
o maximen permissinie Jiving snsad (Vi = 468 mob),

it is szern that 60 to Y0 pounds push or bhe loft pedal

weuld by oreoulrsd to trin Tn“ is wall within the
150~pourd maxiznm ailowad Ly refavence 1. When Lha

powar was reduesd from raled powsr to powsr ofl atb
high level-flight spesd, a 1204 padal forece of about
GO pournds was reculred to maintaeln straisbt flight.
The miniman speeds at which the yuddsy force nould

be sntlrely trimwad out in stralpght lstsrally leval
flicht using reted powsy wers Vi, = 10¥ miles mor hour
with flans and gesr up and Vi = 122 niles rar Lonr
with flaps end (esr down,

The rudder-contrel characteristics of th2 F-IZ9D-1
sirplane, in general, were considered pood.

2. Loteral contral

The ailoren control charactorintics were deter-
minoed accoyrding Lo the uwiual Yal4 procedure, Tre
aflrplars weg trirned In Laterally level steady ilight

«t a4 chiosen nower and Qheed; ther the ailorons wars
avraatly dafllected o desired amount while the ~udder

wag eld MMxed in ivg trim vosition. Data ware
evaluatsd or the Tasis of the weximm rolling velocity
attaired in any rivsn roll acd the corresnondlng aileron
sticlk forcw,

Pregliminary tssts ab low apceds gove indlcations
Figh ati~hk forecas would nob nrovide insurancs

2 t dargerous atloron dﬁflcrfions at nign speeds.
Harice, an asnalysie ol tha al on strengil was mads in
crdzr to egtablich a w2l Hto“ uCthJ“ rarrinsihle
allsion deflescticns and ildfcutmﬁ alrepeed. Fipure 39
pragsnts the relation Astornined in self-exnlanaiory
fashion, )

sirnlane conditions used in ths ailaron tezts are
listed by numbar in teble IXT according to the ordsr in
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which the results will bg dlscusssd, Note that refer-~
ence is mode tc tihia figure presentlicg the reanlts fer
aach tegr candition.
TalRld 11T
Ailrolars Cenditions for Ailleron Contrel

Characteristics Tests

_ ; L A ‘Flgure showing
chtaine

1 Laval-Iflleht | Down |Down C8 40

2 Lav:l=-Flight [Down [Dow:n 140 43

O Lavel=Flight) o Up 113 43

4 Level- *ljﬁ}t Uo | Ur 120} 42

H Ieval-illeht} Un (8§ 210 4%

6 Leval- flighf up Ue 28 44

7 Eormal-rated| Up o 1 4.5
2 Fornalerated| Uu Up 7030 43

9 Yormal-rated| Tp e £10 a7
310 orf Down |Down 25 13
1l Qif Down |Jown N 4
12 er=z Un Down 1m0 49
13 cre Nje Down 150 ] 49

Tas curves chiained by failriay the data ccllacted Ln
the tes:ts made with flans Lnd gear up {(conditicns 3
through 9) kave bosn dunllicatad on A cowren set of axes in
fizore 30 to chow wne sfrect of sseed 2n alleron charac-
terlstics. Meoura £1 swmarizes tio data Tor the clsan
eondition in iras form of siloron anyle, 10lling volocity
at 10,000 Fost, a=d  p®/PV  availladle _op sticlt forces of
voth 0 and 50 pounds plotted against inﬁ*cated alrapzs
At speeds ahove T10 miles wev bhour, the rumnary Tlgure
ig nos2d or gxtrapolations of the dita g1ven in ficuraz 50
to stick Tercca of 30 and 50 wounds cor e Iull sileron
deflection, Thaag extranolations wera necanaary at
scaeds above Vi = 210 miles ner rour hacauss 1t was
usually posslile to reach the caleuluted permlssible
aileron deflaatiocne with aticu ferses slightly under
0 nounds,.
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The zlleron control characteristiecs of the P-39D-1
airplane may be swwaarlzed as follows:

() The maximum rolling velocity obtalned from abrupt
delTlactlons of the aileron oont%ol varisd smoothly with
and was approximately proportional to ailleron deflec-
tion from trim in all spscifisd cenditions (covered by
conditions 1 through @ in table III). The allerons
ware ovarbalanced in the level-flight soeed range, this
overbalance covsrlag a progrescivel; smaller percentage
of the total alleron travel as the snsed Ilncreased.

(See fics. 40 and HQ.) Above moaximam level-flight |
apzad (V4 2 280 rmph) 'he ovorbalance disappearsd gntlrely
and Lhs variation of conitrol foree with alleron deflec-

tlen became satisfaclorily smocth,

(b) At apnroximately 120 =ercent of the resvective
nower-off atalling speeds with fleps and gear un or
down, gradients of aileron control force wiith delflection
wera such that the allerons would tend to increass thelir
defllactlion 1f releassd from an irltial positlon near trim
elthsr while meling ailaron rolls or steady sideslions,
Although the friction of ahout ¥2 vounds irn the aileron
control svstem tends to make tlie ovsrbalance less _
Dbuebthﬂiulv, the adverse stick forces were couamsnied
on oy tre pnilot in these maneu-ers. Furthermore, when
high normal acceleratlions were reached durlng recovery
from rolls at Vi = 210 mlles per hour, the stick tended
to whip violently from one side 4o the other. Whether
this wes a manifestation or thes cverbalance accompanying
high anglas of eattack and accentuated by the higher
specd or whether tha elffect resultsd Irom yaw dus to
rolling is net knowns

{e) The time reguired to reach maximum rolling
sceeleration after full alleron deflection was reached
In the rolls Ffor conditions 1 and 3 was extremsly small.
It 1a kaown that thaese time incramsnts we»a much less
than the maximur allowatle pilven by refarasnce 1o The
varlation of rollinrg acceleraticr with time was always
in the correct directicn up to tre time of maximun
rolling velocitv

(d) With power off, gaar dewn, and flaps elther up or
down &t 110 to 180 pe]ceut of the respective rcowsr-off
stalling sveeds, the ailerons were no- sufficiently
effeou*ve to meet ths reguiremenss. In these conditions,



full allarsan geflectiona to both right and left produced
nverage values of pb/2V  of betwesen 0,08 and 0,065 as
compared with a specified minimum ol C.07 {(data shown in
figs, 48 and 4¢9).

With flaps and gear up, the rclliing velocity
obtainzd wy abrapt Pl deflecticon of the ailerons at
2ll speeds betwsen: 110 percent of the powsr-off stalling
spead and tre spaed at which a stick force of 50 pounds
would be renched was such that pb/2V  waa approximately
0.08 ag comparaed with the winlmuim requirement of 0,09
(tig, 51). The speed at which a stick force of 50 pounds
would be roecuircsa o hold full aileron deflescllion was
abecut #40 mlles nor hiowr indicated alrspeed, which is
gomawhat in sxcens of 60 parcant of maximum level-flight
apeead

Aileron effcctlveness at gpecds approaching the
maximum permissible diving spezd was not investigated
vacause of ztructural ”efcrmdtlon and btulging of the
alleron at spesde in excesa of Vi = 410 miles per hour.
Thesa rhenomena are bellsved reapcnsivles for the loas
in pb/2V of about 22 percent for a givsan aileron
deflection at this speed. The bulging of the aileron
fabric at V, = 410 miles per hour wa:s determined by
visual ohservation fom the cockpift.

with flapzs and gesar down, power off, at 110 percent
of tha stalling spesd, ph/2V for full aileron deflec-
tion was such that the product px b was sgual to
apout 18 a2t per second as compared with a minimum
requiremenv of 10 [nat per second,

The alleron trim-forco characteristics were deter-
mined by trimming the airplane for zero stick force at
maximum level-i'light speed with normal rated power and
then obtaining contirucus records of ithe alleron stick
Torce =28 the alrplane’'s speed waos slowly changed from
slightly abecve that of the stall to Vi = 410 miles
per Liour In laterally level flight. One run was made
with ratsed power and cone with power off using the same
teb sebting. Jata from these testg showad that the
allceron trim forece shanges with poweir or speed was
nezligible (under 2 pﬁgrds) for speeds up to Vi = 400
miles per hour., At ¥V, = 410 miles per_hour, however,

a sudden erratic changd in trim ceccurred requiring a left
stick torec of betwaen 5 and & pounds. This phonomenon may
have been caused by the distortion of tho aileron fabric



pravicusly menticned, Bacange the
extznded %o cower gnesds mich Ln e
rer aovr, it is not nossible to st
trim foerce at the hl”u&Su e mnisal
(Vi = 482 mph) would be ander the
o 10 pounde.

+wim »ung were 1ot
xesse of Vg = 410 milles
atz whethar or not Lbke
tle olving spesd
mazxirnmm allowable valuer

Je Rudder and allgron trirprming devices

The rudder end aiJJrow trimrinen deviceg wonld retein
a piven setting indefanltsly as requlired.

C. Btalling Charactzristics

ite atelling charsctaristics of ths P-E€D-1 alrolang
ware dinveastirated for five differsni airolane conflgura-
tiong wibihh ths canter of previty at 25,1 percsnt msan
aerodyranic chord (gear up) at an sstimafted mldflight
groaa welght of 700 pounds.

L. SBtallis cntercd from atralsht Fli-ht

Tebls IV prasents ths alrnlare conficorations in
whinh stalls sntersed from straipht fLight wers rmada.
The firsgt lour confiyrations listed srs Liwess Tor which
tha stalline recuirenconts of rnfereUCG 1.J;ould he satls-~
Tlzd. A1) ths 2talla wepre aonroachod by ceusing the
gread Lo “vop off slowly whils 2atarszlly level, atraight-
ﬂir ht wes relq‘r.d Tacd by minlwmun uga ol the co_'l‘-:lola.
When tio fivst otell Lrealk occarred, one of tha Jollow-
ing thres ~rocedures fer control manisvlation woag usced,
gach proc:dura oeing usad iy at least two gtalls in gech
configpuvrations 1) all thrse conirsls were Tixed:
(2) the ruwldder wos fiied and tns «ilepons wers ussd in
an attemot te countrol ths latsril attitude while the
glavator wan further reiaed: ar, {(Z) the ailernns ware
fixsd and the ruddsr was used in an atilennt to zontrol
the lateral zttituds while tha elevator wasg furler
reilssd. 4 discussicn of *le streirht-flipsnt stalling
chraractsristics follows.
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{a) "he aupsarince of the stall was always marisd
by the simultanecus occurrence of a rmild rell in elthser
direction and a downwa.,d pltching motion. If irmnediate
actiorn was talken to effact recovery by uss ol ths con=-
trole 2t the firat sign of staliing, the airolane 3till
rolled through a certain anele depending on the airplans
confipguration, The alruleane would 1cll in aither direc-
tion for uny given Flight configuration and tuft astudles
made by the pilot indilcated that the small degres of
asvume trical stelling was critically affectad by the yaw
angle gxisting at the time stalliapy occurred. At the
stall, the tufts asiways sudderly reversed directlon
sirmaltanzonsly over lapge varyinr areas of both wings from
the root out teo within about 4 fast of the tipsa, The
tios wsre nsver observed in a stalled ccendition, after
the initial roll occurrsd, the airplang would tend to
return to laterally level flieht with cr witheut use of
th:s controls and then a lateral and pitching osciliation
would ensue as the stall progresssd to highsr normal
accelsrations and airspseds.

(b) In every condition hested, the stall developed
sbruptly. There wae no warinlne of the approaching stall
sither i1 the form of buffating and chaklng of the air-
rlane ov contrela, or in the form of & marked Increase
in the resrward movemsnt of or force on Lhe control stlck.
At the atall break, the allsrons fleated in such a manner
that the stick tended to move in the dirsction of the
Initial roll, This action ococurred too late to conatituts
8 warning, howevar. The movements of the controls re-
quired for trimaing during the stall approach weire nsver
graat encugh to bs corsiderad importunt as stall warnings.
Figure B< is 2 time history of a stall showling the typleal
absence of warning ard snsuing motions of the airplune
when the controls wesre fixed at the stall break.

{c) In any condition, at any tire after the stall
occurrzd, recovery could be effected —romptly by anuly-
ing Zown elevator. The allerons wers relatively in-
affective ln controlling the lateral attitude during
the stall, If the slevator wes held fixed or railsed
to a grester angle, the airplans would ultimately roll
against full ailsron control. The rudder snuesarsd to
be slightly more affective than the allsrons, However,
use ci’ the rudder generally resulted In extrams oscllla-
tory rolling veloclty and sidsslin variations. an ex-
ample of the large amplitudas ozecillations oceurring in a
rudder-cortrolled stall is shown in figure 52.



The rolling end vawlng moments due to stalling
g8 were invuutigqted by perferming fully stelled
. macntrollable yawing woments were net ex-
weed Surings stalled lendings, bBut the rolling motion
iscticnabla.

2, Stalls snbsred from bturnine flisht

Stvalis froo turning flizht waro nade with the air-
clane in sceh of thas first five conflguratioans gliven In

table TV. For tha [lap-down boai’ngarlonu, fhe wurng
ws e antered Urom trim at an Indicatod speed ol sbout
120 wilaze per Niour, TFor the {lap-un xqﬂfi‘uﬂdtioho,
ths corvesponclns toim spesed was about Vi o= 230 mlles

MED FOUr, After Instability due to stalling was
eﬁcour+e“eﬁ, tho offzctiveness of all tho controls was
inveatigated,

ire stalling characteristics in turning flight were
very sinilar to those of otPaLFnt flight: The stalled

tarns xe;u crharaztarized by latsral, dwractional and

pltenliny osecillations which increas d i inteJ51ty with

lncreased un-zlovanor deflsction; the atlerons tended

to 1ozt in the Adinszcticn of the rnlﬁ, the adverss

sticl forces pelnr greater becauss of the hilgher speeds;
U 3tb<1es indicatsd that the low breahdcwn

coccurrsd Lno4a ilar manner to that ozszrved in the

stalls ancored fzom stralsht f]nfht. A tire history
of 4 stallsd vin made with the aivplsne in the clsan
condliiion using rated pewer 1ls shown In flgure o4.

There was o adsgquaie warning of the arsroaching
gta’l in eny airvlane confiecuration spszeified in the
requirownnt o refsrence 1, In ths c¢lean condition
witlt ensgine Ldliaz, there was a glicght shuddering of
the le’ anz Loisdlately hefore the stall occurred.

Eaecovery couvld always be effscted »ronstly during
stallsed turns Uy annlylns Zown slavaior. Tas allarons
ane ruddsy wers offsctlve in contw-ellins ths latseal
attitnde Joy aors Ting afier the Initizl stall occurred
but continuzd auolicaticon of upwleW&uar goon led Lo
excsgsive vowilng cnd rolling.

These tests irnitcate thabt the airrlane doss not
make a sood gan wlavform et angles o attack very near
oot the stall Decszuss of the lateral instavllity
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which accompanies the stall. Although the stall can
occur without complets loss of control, and recovery
is pagitive, *he rolllng that occurs pesults in direc-
tiocral changes that would malke following g target most
difficult.

D. Contrel ¥Friction

The friction in sach of the three contrel systems
wag determined by obtaining continuous sychronized
racords of contrel position and force as the controls
ware slowly moved through their deflection rangss.

Thege tests wers made undey static conditions with the
temparature at about 70° F. The frictlion characteristics
of the slevator and alleron controls are presented
gravhically in figure SE. '

When the control frictior of #he P-39D-1 alirnlane
18 compared with the moximun allowable specifications of
reference 1, thes results may be expressed ln tabular
form as follows- . :

Friction at Yaximum allowable

Control nsutrel deflection friction at nsutral deflsction
(1n) : (1b)

Elesvatorp 1.7 .14

Aileron L RBWE ' ' ' 1.07

Rudder 2.0 10.00

CONCLUSION3

Results frem the (lying-qualitiss tesats mada with
the Bell P-39D-1 airplans {(A.A.F. No. 41l-28378) may be
summarized as follows:

A. Longitudinal Stability and Contrel Characteristics

1. The short-perlod, control-fres longitudinal
cscillations damp out complstely In lesa than two cycles
in all ceornditions tested.

2. The centsr~of-pgravity poaltiona (percent mean
gerodynamlc chord) at which static longitudinal stability
is newtral, asg datermined by tests £t two center-of-
gravity positlons, are as follows.,
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Centor-of-mravity rositlon, Rearward stlick movamsnt,
narcent M.A.0. im. 2t atichk grln

e
* L]
B

A b
0.2
“7al

. In th: clean, rated-nowser condltlon, the sla-
vator stick force gradienta ag rasoured in steady turn-
ing flight at abouvt 10,020 Fest altiiuds [orp the twWo
center-of-spavity nogitiong tested arve:

Contor~of - ravity positlion, Gticli~foras ﬁradient,
nerasnt FLAC, _ (1b/e)
30.2 1.5
2'_"1 rf’l]

The elsvetor contrel 1g ammwle for landinge and
Fa

-
off with ths center »f gwravity anvmihore in the
s7ible ranpe.

. The effectiveness of the lengitudinal trimming
cecntrol 1o adsguate,

8. At Vg = 123 milss » heur the changes in stizk
fores requirced be trim dus uo har“ﬁs ir, flap, gear, and
LOWSYT ap3 never more tharn 3 nounds,

T slevator trimeine deviaey will keep o glven

Ll. In the raved-rowsr conditiosne the pltehing nomenty
auve to aids “llp ta suech fhnt mere than 19 change in ele-
vator enule iz roguirsd to trim when e sideslip I3
chaaged frow that for stralient, lateorally level rlight
to an &ncls correspending to a 5% charnge to the »ignt in
ruddsr angle., Fer a laft rudder dsflsction of 5° from
the same trim witlh »ated pome_, and for power-olfT in
sither diveection, less than 1% chenge in =levator angle
is roquired te waintain the initial spsad.

B. Lateral and Directional Stavrility and Control
1. The spriral divergsence is not cbjectionabls,

Z. The control-fres, short-period, Jateral and
directicnal oscillatlions damn Lo one-half amplitude
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configuration ea compared to desired valuss of 0.03
and 0.07 for the maneuwverlng and landing conditlons of
flisht, vespectivaly. At an indlcated alirspsasd cf
410 nilss per hour, pronounced bulging of the alleron
fahric waa noted.

16. Tha ailerons aere ovarbalanced throughout the

level-flight apeed ranges thlg overbalancs covsrs a
progregaively amaller vercentage of ths fobal ceflection

range as the 3peed increansed. Avove maxleran lnvel-
flirht anes ths overbalance entirely dlsanuzars. Ths
A L ] }

spezd &t which full silevon deilectlion 1o sorompanied
by a stick force of 50 pounds is about @b peveunt of the
maximur level-flizht speed,

il. In straight, laterally lewvecl Fflizhi, the vari-
ation of aileron stick force reguired to Hrim with a
given tab setting is deairsbly small up %o aboubt 400 nilles
per hour indicated airsvecd, At V; = 410 nmiles per
hour, however, a suddeén Tacraase In 3tick force of & to
& pounds to the left 1s regulred to maintain brin.

,....
i
]
4

12, The ruddsr and alleron trimming das
any piven setting iandeflinltely.

C. BStalling Cheracteristics

1. The stall always occurs abruntly wirth essentlally
no warning whether sntered from atraight or turning flight.

2, Recovery from a stalled conditicn can always be
promptly effected by the anplication of down elevator.

2. Tneantrellatle yawingy molions ave not encountered
in stalled landings althourh the relling is ohjectlonable.

1, The airpglans doss nof conmstitats o Dood pun
platform in the region of the stall hocavage abrupt roll-
Ing occcurs when fthe alrplarns stalls; this »o)iing results
in dirsctional changes which weuld make following a
target very diflicult.



D. Control IPriction

Friction in the slevator and rudder conbtrol sysztams
is degiranly smull. The aileron control system frictlon
iz aheout btwice sas great ag the maxisur amount considgrazd
dasirabls.

Langley Momorial Asronautical Labovaiory,

Lan~lay Field, Va,, Ssntsuber 21, 19438,



LPPEIDIX

- - - e W TTRRT AT
":'rﬂf‘ 1.4}_‘,)%.,...; SPE';C.‘.F.’LCL'K‘PIC“Q CF ."xJ.."L.').!..Jh T—J

Nif”l@ E\l’ld 1“:{':’6 4 % % 3 O & W @ B # 4 & p B g oaoaAaD 3 dF YT "D'Cll P“‘?ED'-']-
| (AaA. o, 41-283742)
ﬁ}]"lELhe R T T I e jﬂLlliSOIl Tur"‘l‘?lo--.rﬁﬁ
Rating:
TahE =0 sy sssnenenosnsnnnnsss LIED hip at 3CU0 rpm at
gaa levno
Vazimar continmiots vvevwvean, LUOD hip at 28500 rpm at
10,500 I't
:’il‘.i_:_ I’y T YN RN NN N 1150 h}'} -lt :“D:—f‘-_} I"_'[:_-".i !-it
12,000 't
SuIJ IChL&I’I'&JT‘ ¥ ¢ B EE S FEF AN WSS %il’l";:_ﬂ-ﬁtd{-‘_.e, Sili? lh"u.. 2
uﬂp@“"ﬂam‘e‘f‘ g=an I‘&tio.............-a.....---p- E’t8o]—
Pranellar v eveevaneesnasnasasnssa Ourtlss constant-spsed

Piams be 1.
Dla.metbr P L N N I I B B I B B A Y 10 f't ?J.-‘Ln_.

Humber of OLAAES sevevanaisssosanassssnsnssrasscsasas O

Ge8r PALIO seviesnsssservasescssencaacannarrsean 1a?il
Fuel canacity (without belly tank), ral....... ... 120
)11 capucity {(including 2 gal in ssar box), zal.... 1l.7
-'Ne'j.f::_lt .'Bm'_.f;t'}", 1b c % a w4 K& B d 3040 B FARSBPERFSREEFEYFYCCREdE !.;L.'qg
Mormel zross welght, 10 tiasecacaersseranosnsnonnany 1657
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1. Anon.: Stability and Control Regquiremsnts for U. 3.
Army Airplanes, Ay Alr Porces Specification,
Jurs 10, 1942,

2. Thompson, ¥. L., and Zaloveik, John A.: Alrspesd
Msaguremsnts in Plisht at High Speeds. NACA A.R.R.,
Oct. 1942,
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FIGURE 4~ THREE-VIEW DRAWING OF BELL P-390-f AIRPLANE AND
CROSS-SECTIONAL QUTLINES OF AERODYNAMIC SURFACES

{A) THREE-VIEW DRAWING
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ght rlight, M¥eximum level flight speed conditiont
reted power (2600 rpm, 37.2 1n. Hg at 10,000 feet), fornes trimmed to zero
&t mexime: lavel f1light speed, Fflaps and gesr up,

- The longitudinal atabllity and control characteristics of the P-33D-1 alrplane
as momsured in stral

Flgure 9.
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Pigure 10. - Tho longltudinal stability and control charmctertstica of the P-39D-1 mirplane

as meagured In strajght flight, Climbing conditlons: rated power {2600
rpm, 37.2 in, Hg at 10,000 fest}, forces trimmed to zsro at approximsete

speed for best cllmb, flaps and gesr wp.
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of the P-29D-1 airplane
conditlen: power

rpm, 26 in, Hg at 9000 feet), forces

speed for level flight, flars and gear up.
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Fgurs 4h. - Veriationm of allezxan stick force and pb/2V with

Bell P-39D-1 i

airplane, flaps up, gear up, rated poser,

airspsed of 310 miles per bour.

1 Plgure 45. - Varlstion of allsren atick force a

alrspeed of 260 miles per hour. Bell P-FD-1
sirplarne, flaps up, gear up, power for level

change in total aileron angle at indicated
flight.
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« Variation of alleron stick force and pb/2V
with change in total elleron angle,

8 gur'o 'l.|.9 .

=

Bell

with change 1n total alleron angle,

. = Vapiation of aileron stick foroce and pb/2V

$-39D-1 airplane, flapa dcwn, gear down, power

P-3D-1 airplane, flapa up, gear down,

power off.
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®gure 54. - Time history of stalled turn nade with Bsll P~39D-1 afr;lane i
in elean eondition wilth rated power, Note lack of stall N

warning. Note adverse floating tendensy of allerons at f

17-1/2 ana 23 seconds. KRote témvorary reccvery resulting

Jfrom anplication of down elevator at 21 secondg.



L=-602

Ri

| 1. Maure 55, - Variation of stick forces requlred to move aontrols .
, s11owly as messured upder static no-load condltions at f
fet temperature of approximately '£o°r. Bell P-39D-1 1
atrplane (A.A.F. Fo. L1-2B378).
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