l’--—-

E]

i

I3

Vg

[ RS T ]
.

NATIONAL ADVISORY COMMITi\?gE
FOR AERONAUTICS

iECHNICAL NOTE
No. 1203

A FLIGHT INVESTIGATION TO INCREASE
THE SAFETY OF A LIGHT AIRPLANE
By P. A. Hunter and J. R. Vensel

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

-\"'1

v- ‘ 3 (‘
W'mm .
ms 20190,
WaShingtOn (LCLE AL ',: : f'_.’f.?' fER
March 1947 LIBRART | MN‘A

HAMI PTO" v:

|




\\\\\\\\\\\\\&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

31176

NATIENAL. ADVISORY CeMMITTEE FOR AFRONAUTICS

———————

TECHENICAL NOTE NO. 1203

A FLIGHT INVESTIGATION TO INCREASE
THE SAFETY OF A LIGHT AIRPLANE

By Po A. Hunter and J. R. Vensel
SUMMARY

During 1940 and 1941 a series of modificetions vwas incorporated
in atypical light airplane to increase 1ts safelty. The modifications
included: decreasing the wing incidence, increasing the wing washout,
increasing the area and aspect ratio of horizontal and vertical tails,
moving the elevators cut of the propeller slipstream, depressing the
thrust axis, and limiting the rudder travel. These modlifications were
considered ones which could reasonably te made to eristing airplanes
without basically modifying their external appearence.

The modlflcd airplene possessed. the following inherent ssfety
characteristics: (1) motlons accompenying the stall were greatly
reduced, {2) no mptluns that did not result from the pilot's action
occurred in turns with the elsvator held full up, and (3) the airplane
was spinprovf. The general flylng characteristice of the airplane
were not materially altered in normel flight. The meximum speed in
level fiight and the rate of climb were slightly reduced.

INTREDUCTISN

Analysig of accident data published by the Civil Asrcnautics

' Administration have shown that stalls, with er without subsequent

sping, are responsible for most of the fatalitles and injuries in
light~alrplane accidents. In commnection with flying-qualities tests
of five light eirplanes during 1939 and 1940, it wae noted that
certein stability and control characteristics of the light airplenes
night be modified to increase the safety of these airplanes, particu-
lerly with reference to stalling and spinning.

In 1940 and 1941 an irvestigation was made on a typical light
airplane of a number e¢f modifications intended te increase the safety
of the airplans. The report on this investigation was not cemplsted
at that time Lecause of the urgency of the war work vwhich the NACA
was beglnning te do. It ie uow being published es a part of the
NACA Pevsenel Aircraft Resea"ch Progran in order te acquaint the
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manufacturers of perseonal aircraft with work the NACA has done in

this field. One of the primary objects of the investigeticon was to
reduce the differencs betwsen the up-elevator angles reguired to

stall in the power-on and power-off coenditions and then to limit the
up-elevator deflecticn below that required to stall. It was hoped

tiat under these ccndlitionsg thes airplanc would continue in unstalled
flight with the stick full beck and the power on. To hold the

ehanges to & minimug, te wake them simple enough to be readily
incorporated in airplenes now in service, and not basicully to alter

the appearance of the airylane were also objectives of the investigation.

DESCRIPTION CF #EE ORICINAL AWD TUF MCDIFIED ATRPLANES

The light eirplene used fo Lie tests was a two-nassenger (tandem
seating arvangswent), externally-braced, high-wing cabin monoplune
with fixed lending gesr snd stesrakle toil wheel. The modified air-
plane is shown in figure 1. Detalls ¢of the modificaticns are showm
in fimures 2 to 4. The sirplane was dosl:med for a aroes welsht
of 1000 pounds. and was pcwered with a fovr-cylinder, horizontelly
opposed, sir-ccoled engine, rated 50 horsepcwer at 2300 rpm.

General dimensions and arses of the criginal and the mcdified
alrplenes are in teble I. The modifications mede to the original
alrplane are considered ones that could be reasonably msde to airplanes
already in service. :

The rearwird shift In the center-of -gravity position for the
modified airplare was caused by the additional welght of the larser
horizontal and vertical tails. The loading ccndltions shown represent
the most extreme loedings that the airplane might be exvected to
encounter.

Ir. addition to thes modifications indicated, the modified alrplans
had the thrust wxis depresased TO by tiltiaz the engine nose down.,
(See fig. 2.) The inboard end of the elevator on the modified hori-
zontal tail terminated 28 inches from the plane of symmetry as shown
in fignres 1(c) and 3. The reduced rudder travel also caused s
proportional decrsase in the travel of thie steerable tail wheel since
the tail wheel was controlled through movement of the rudder.

TESTS , RESULTS, AND DISCUSSION
Discussion of Medifications

The first modification made to the airplsene was to dcpress the
thrust axis. The purpose of this medification was to decrease the



NACA TN No. 1203 3

adverse direct-thrust effect and thus to increase the up-elevator

engle required to stall with power on. Since these tests the NACA
has made other investigations of the effect of tilting the thrust

axis. (See reference l.) '

The washout of the wing was veried over the rangengﬁng?ﬁﬁp_5°
before 5° was chosen for the finsl configuration. Wing incidence
wos set at various pesitions between 1.3° and -1.2°. The conbination
of wing washout and incidence in the final configuration increased
the zirplane attitude at any given speed; the increase eased the
problem of making thyees-point landings and at the same time reduced
the tendency tcward inadvertent stalling becanse of the increased
attitude. The washout slao reduceld the tendency for tip stalling.

Moving the elevators ont of the pronellsr slivpstream was
congidered the most effective of the modifications tried in the attempt
to reduce the dilference between the elevator angles requirsd to stall
in the power-on and power-off conditions. The effect of this modi-~
fication wos first tested by removing the fabric from the inboard end
of the elevator. When the larger tail was bullt by adding structure
to the oviginal %all, the elevators were rebullt so that the inboard
part of the original elevator became part of the fixed stabllizer as
ghown in figures 1{c) snd 3. The increased thiclness of the stabilizer
ghovn in figure 1l{c) wss merely to permit the elevator torque tube to
move within the surfaces« A third horizontal tall surface intermediste
in span and avea between the original and the rebuilt tails was built
and used in flight tests but was not as effective as the rebuilt tail
which wag used in the final configuraticn.

Othexr structural chenges that wore tried consisted of sdding
flaps at thie wing root that were set at an upward deflected poelition
and increasing the positive cember on the stsbilizer. The reflex flaps
increased ths angle of attack at the taill and decreased .the.wing
pitching moment. The increase in sngle of attack at the tail made
necesgary an incireased up-elevator angle to stall, and the-decresse
in wing pitching moment reduced the elevator angle reguired for landing.
The addition of these flaps was considered too complicated and expensive
for production and mess modification of airplenes now in service and
therefore was abandoned. The comber on the stabilizer incressed the
elevator angle reguired for stalling, particularly with power on, but
also increased the elevator angle required in landing.

The modifications discussed up to this point improved the
stalling charecteristics by preventing & complete stell of the wing.
A conter-gection stall was found to occur, however, which resulted
in a pitching oscillation of the airplane. In an effort to eliminate
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this pitching oscillation, the break at the center section ceussd

by chenging the wing incidence was falved alternstely bty fabric

f£iilets, balsa fillets, snd sheet-metal fairing cver the entlire

center section. The Genter-section Btall conld not be eliminated,

but the balse fillets prednced the best resulis and were uszd in .
the final configuratdon. These fillets msy be seen in figure L(c).

The elevator gan wes sealedl to increase the eifectivenezs of
the elevator. This change resnlied in an increase in the elevater
deflection reguired to stakl with power off eslthovsh there weg no
great eifect on the elesvator deflection requived to stall with
power on or b0 land. The modliicatlon was thevefore abandcaed.

Tne elevatcr travel was linited at severel valves during the
tests o verious other modificetions. Ib was limited Lo the values
glven in teblc I for thie Final confipuraticn. The down-elevatbor
travel was 1limited because the large dewna~elevetbtor itimvel of the
originai airpicne served nc urefil purwoss. Tay rocrwerd moveuent
of the center-cf-gravity rouge caused Sy the edied weirht of the
larger taill was not an intentional move but wes not resisgted becaune
thls movement eided in producing thies~point landings. AL the time
tie enlerged vertical tail was added to reduce the adverse yaw dve
to ailercns, the aileron travel wzs &lso limited fcr the ssme
purpose but was returned to ncrmal because of tie resulting low .
rolling velecities obtained at lcw fexwerd specds. The i1dsulte for . .
only tite origina. alrplsne and Pfinal modification are given becuuse
complete meesurements were not made on cther less satisfactory
configurations.

Tongitndinal Stability 2nd Cenbrol

The static longitudinal stebility of the airplane was measured
by recording the elevatcr angles anpd the elevator control forcss
required to maintain steady Ilight at various smeeds throughout the
speed renge. The center-of ~gravity posivien forr the tests of the
original airplene wes 27 perceént of the meen sorodynemic chuord and
for the modified airplene wes 30 percent end 37 percent of the menn -
gerodynamic chord. The results ace presented in fipvres 5 end 6.

The incressed lengltudlnsl etebility of the mecdified alrplane
for both the power-off end power-on corditions is aposcent, even
thongh the test center~of-gravity pogition of the orirsinal alrplane .
wes shead of those of the modified sirplsne. This increase in -
statlc stability is the result of the Increcsed horizontsl-tail area
and aspect ratio. '
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Dynamic lengltudinal oscillations with the controls free weyre
‘plways well domped abcve the minimun spsed for both airplanes.

The modified elevator was capable of producing approximately
75 percent cf the thearetical maximum normal acceleration in the
higher spsed range of the airplame. It is belleved that the
elevator was also capsbie of prodveing en acceleration greater than
the design meximum load Ffactor at & speed lower than the maximum
allowable diving speed.

.

Stalling Charecteristics

Stalls from straight level flight were produced, for power=-on
end. power-~off conditions, at various center-of -gravity posltions.
. Entry to the stalled condition was made by a gradnal reduction in
alrspeed with {the wings helid Laberally level. 'Time histories of
typig L galls from btrazgut and level flight are shown in flgures 7
and O, o

Pewer off .- Durirg the power-off stall, tho tlme “history of.
vhich is shown in figure T{a) for the original a;rplane, the pilot
held the elevator full up and atitempied to control the motions of.
the alvnlane First with rudder end eilorons and then with ailerons
alons, Instability occurred about all three axes ag shown by the
engular velocities and the normal acteloratiomn. Figure (0} shows
. a power-of£ stall in the modifisd airplans in which the pilot held
the elevavor full up and atiempted to control the airplene by use
of the ailerons. This figure indicates that some slight motions of
" the airplenme cccurred which were not initiated by the pllot but that
e surpius of ailercn and rudder control wag available to counteract
the, roliing velocities that existed. A mild pliching oscillaticn of
constant amplitude set in after the elevator had been held up for a
long period. Comperison of figures 7{a} and 7(») shows that motions
accompanying the &tall were small for the modified airp;ane ag compared
with the motions for the original airplane.

Power on.- Figure &(a) shows the time history of a power-on stell
in the orlg*nai airplane in which the pilot pulled the stick back
slowly aud held the ailerons and rudder essentially fixed. Less than
one-nnivd of the avallable up-elevator travel wag used to produce this
, stall with the result that large sngular velocities wers not permitted
to dovelop. Another power-cn stall in the original airplane during
which all controls were used and full up-elevater travel wes reached is
shown in figure 8(b}. This figure shows the large rolling and yawing
velocities that rosultsd when lateral instability occurred at the
gtaeil. It also shows that a civergsnt longltudinel ogcillation had
develuped .- Adciticnal teste at different center-of-grevity positions
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indicated similar rolling instability at the stell. The roll could
not be controlled by the ailerons, although some measure of lateral
control could be had by skillful use of the rudder.

A slowly diverging longitudinal oscillstion with a period of
approximately 8 seconds occurred at the power-on stall in the
modified airplane if the comtrols were held fixed. This oscillation
is shown in figure 8{c), a time nistory of a power-on stall in which
the controls were held eesentially fixed. Although almost full up
elevator was used, laterel motions which did not result from pllot's
action wers very emzll. Comparison of figurcs 8(b) and 8(c¢) shows
that motions accompanying the stall were small fer the modified alr-
plane a8 compared with the motlons for the original alrplane. A
pitching oscillation of increasing amplitude developed and mild lateral
instability occurred at the end of three cycles. Thie condition was
not consldered dangerous a3 the stick hed to be held back at or beyond
the stall position for approximately 20 seconds after the Initial stall
occurred before the lateral instability desveloped. It 18 believed
that even a novice pllot would recognize in the long-periocd pitching
ogciliation & varning of incipient lateral instability. If the
gtick was hold back beyond the stelling position with power oa for
a sufficient length of time {about four oscillations), the airplene
would be in a vertical sttitude from which a whip stall would occur.

Elevatzr angles above which inastability existed are shown by
the curves of figure 9. This instebility was prezdominantly lateral
for the original airplane and predominantly longltudinal for the
modified airplane. The difference hetwesn the slevator angles
roquirsd to produce instebility with powsr off and power on is appreoxi-
matsly 12° for the original airpiane as compared with 3¢ for the
modified airplans.

Figure 13 shows & time history of a stell in the original air-
plane rssulting from a tight left turn with power cns The airplane
yawed ond rolled ebruptly to the right out of the turn. In turning
flight the instabllity associated with the complete stall was
esssntially the seme as that in straight flight. The violence of all
motions accompanylng the etall wvas increased in turning flight some-
what, because of the effectively incressed wing loeding under the
accelsrated conditions. Accident data published by the Civil
Aeronantics Administration have shown that approximetely one-half the
stell end spin accidents originate in stalls cut of turns simlilar
to that shown in figure 10. In turning flight with the modified
airplane it wes possible to pull the stizk all the way back without
stelling either with power on or off. The ztail ceuld not be reached
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because of the additional up-elevabor deflection required to produce
pitching veloclity in the_furn. The danger of stalls out of turns
wag thue eliminated.’

The up-elevabtor deflection could not be limited to the extent
required Lo meke the modified airplane stallproof, as had been
originally plemned, because of the up-elevator deflection requirsd
to meke a three-point landing, The aversge up~elevator deflection
reguired for a three-point lending with the center of graviiy at
30 percent of the mesn asrodynamic chord was 27.5° end, with the
center of gravity at 37 percent of the meen aerodynamic chord, was
17.5°., The decrease in inclifience of the wing and the increese in
washout increesed the alrplorne atbtitude at any given specd; the air-
plane was thus permitied to meke thrse~point landings with smaller
up-elevator deflections.

Spimeing Charssteristics

The originel airplene could essily be spun from the stull, with
power on or power off, by crussing the rudder and aileron controls.
Recovery was guickly made eitber by releasing or by centering the
controls.

It war found that the alrplane incorporating all the changes
except limiting the rudder travel to *15° could be held in o gteady
spin to the left., The spin could be =startel only by msking 2 pull-up
. with full power on and ebruptly applying 33° left rudder, full right
allercn, and full up-elevator Just before the stall. If the left
rudder was decreased to 150 after a steady statc of rotation was
obtained (the other controls being keld as at the start of the spin),
the airplane would recover after several turns elther with power on
or power off. The rudder travel was therefore Limited to T15° amd
all attempts to produce a spin failed. The modified alrplane was
thus considered spinproof because autorotation could not he produced
nor sustained if produced by some unknown mesans.

Spin tests were not conducted with the rvdder travel linmited
to ¥15° for any of the individual modifications; so it is nol known
whether the original airplene or tile airplane with sny one combination
of the changes cther than all of them would be spinproof with the
rudder travel limited.

Lateral Stability and Control

The angle of bank thet could be obtained in steady sideslip was
refuced because of the limited rudder travel. The maximum angle of
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bank in the modified airplane with 115° rudder travel was approxi-
mately 20° as compared with approximately 40° in the original air-
plane with #33° rudder travel at an airspesd of 80 miles per hour.

The adverse yawing in rudder-fixed rclls was reduced because
of the increased directional stability provided by the larger reriicel
tell. The limited rudder travel was sufficient to counteract the
adverse yawv of the ailerons.

PerTormance Characteristics of the Medified Airplane

Accurate messuremsnts of the relative performance of the original
and the modified airplanes were not made but, from the naturc of the
changes, oniy & small decresse in maximum level flight speed and
maximum rate of climb would be expected. The adverse eifect on
performance could probably be alleviated, however, if ths features
involved in the modificstlons were Incorporated in sn slrplane in the
design stage. WNo aercbatice were atioupted with the modified alrplane.

Cromnd Handling of the Modified Alrplane

The tail of the modified alrplane could be held down when the
engine wes turned up to full power on the grcund with the center
of gravity at the forwsrd positlon of 30 percent of the mcen aero-
dynamic chord. The airplane with the limited rudder trevel could
not be taxicd satisfoctorily without the tse of brakes., It is
belioved that Improved texying could have becn obtoinsd by causing
the tail wheel to move through its original travel when the rudder

ravel was limited. '

The pilot did not encounter any dirficuliy in raising the tail
during a teke-off run, nor 4id the limited rudder trevel cause any
noticeable lozs of directional contiol during teke-off. Neo crose-
wind take-off and landing deta are available.

CONCLUDING REMARXS

A serles of modifications were incorporated in e typical light
alrplane to increase its safety. The mcdifications were such that
they could be reasonably made to airplanes already in service. The
results of the investigatlon showed the modified eirplane to postess
the followlng inherent safety characteristics:
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1. Motions accompenying the stall were greatly reduced. A
neutral longitudinal oscillation occurred with power off, and &
divergent longitudinal oscillation occurred with power on if the
elevator was held up beyond the initial stall. The resulting
longitudinal motion was considered less dengerous than the lateral
instability encountered on the original alrplene.

2. In turns the stick was held full back without stalling.

3. The airplane could not be spun, power on or power off, with
any setting c¢f the controls.

4. The general flying characteristics were not wmaterially
altered in normal flight.

Langley Memoriel Aeronautical Laboratory
National Adviscry Committee for Asronautics
Lengley Field, Va., August 9, 1946
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TABLE I

NACA TV No. 1203

GENERAL DIMENSIONS AND AREAS OF THE ORIGINAL

Ting:

AND THE MODIFIED AIRPLANES

Alrfoll gection « ¢ o« ¢ « &

Plan form . .

s e & ¢ 8 & @

Area (including séction
through fuselage), sq £t

Mean aerodynamic chord, in.

Aspect ratio .. . + + v . .

Dihedral, deg

Incidence at root, deg . . . .
L ]
Ll

Washout (=ee Fin. 1{b)), deg

AMlerons (Frise typs):

Area esach aileron, sq £t .
Maximvm travel, deg . . . &

Horizontal tail (see figs.

1{c) and 3):

Stabilizer (adjusteble):

Area, sg %

Travel (with respect to
original thrust

axis), deg

Elevator:
Area, Bq £t

Travel (with respect to

originsl thrust
axis), deg

Original

Modified

(dashed line indiczates

. UnS -Aa 35-3

Rectangular
with rounded
tips

9.6

Lyprox. 119

14,65

5, tall heavy;
1.5 nose heavy

10.6h

no change)

L ety ]

- n oy e -y
" o o

- e e

- e v o

=
.
A

NATTONAL ADVISORY COMMITTEE FOR ABRONAUTICS
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TABILE I -~ Concluded
GENERAT, DIMENSTIONS AND AREAS - Concluded

Original Modified
: (dashed line indicates
no change)
Vertical tail {see figs.

1(p) and L4):
Fin:

Aree, sq £t . . . . h.02 7.6
Rudder:

Area, sqg ft . . . . 6.55 (including 5.9 (no horn balance)

hern balance)
Trevel, deg . . . . +33 15

Center of gravity:

Forward position

(12 gal gas

190 1b passenger and

20 1b parachute, 110 1b

pilot and 20 1b pera~

chmte), percent M.A,C. 24,0
Rear position

(2 gnl gas, no

passengsy, 190 1b

pilet and 20 1b pera-~

chute), percent M.A,C. 30.0

30.0

37.0

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



.‘@3"

B it S n Bt ol K i)« ol

(a) Three-quarter front view.

Figure 1l.- Airplane used in tests.
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(b} Side view.

Figure l.- Continued.
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{c) Three-quarter rear view.

Figure l.- Concluded.
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~ Figure 2.~ Three-view drawin i
g of the test airplane showing modificati
i
made to standard model. (Dashed lines indicate modificgtions.) vhene
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Figure 3.- Plan form of orlginal and modified horizontal tall surfaces of the

alrplane used in the tests.
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Fig. 4
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Figure 4.~ Original and modified vertical tall surfaces of

the airplane used in the tests.
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Pigure 5.~ Varlation of elevator angle for trim with indilcated airspeed
for the original and modified airplanes. Stabilizer set full tail heavy.
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Figure 5.~ Variation of stick force with indlcated airspeed in the
original airplane with center of gravity at 27 percent M.A.C,
and the modified alrplane with the center of gravity at 37 percent M.A.C.
Stabilizer set full tall heavy, .
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(a) Original airplane; attempt made to control motions of

airplane.,

Figure 7.~ Time history of a stall with power off. Stabilizer set

full tail heavy.
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(b) Modified airplane; attempt made. to control motions of

airplane.

Figure 7.- Concluded.
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Figure 8.- Time history of a stall with power on., Stabilizer
set f_ull tail heavy.
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