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A COMPARISON OF TWO FLIGHT- TEST PROCEDURES FOR THE
DETERMINATION OF AILERON CONTROL CAPABILITIZS
' OF AF .AIRPLANE '

By Bichard B. Skoog
SUMMARY

A comparison, based on actual flight teets of several
alrplanes, has been made between.two flight-tept procedures
for the determlination of the alleron control capabdbilities of
an‘airplane. The procedures conelst of performing rudder-
filxed alleron rolls from etraisht unbanked flighkt and from

steady turning flight.

For the airvlanee considered in thie report,no signifi-
cant difference wae found to exiet in the index of alleron
power 7pb/2V an determined from data taken with either of
the testing methods. Thils agreement was confirmed as telng
correct 1n a comparison of sideelip angle occurring at the
time of meximum rate of roll. ZExtension of the close agree-
ment shown 1n the report to cover all other present-day alr-
planes 18 believed to be reasonabls.

INTRODUCTION

[ -

At the present time an indication of the ampunt of al-
leron control available in an eirplane 1s determined in
flight from measurements taken 1n rudder-fixed aileron rolls

.1nitlated from etraight unbanked flight. Tho resulte of

these tests are usually presented 1n a curve. of maximum pb/aV
as a function of total alleron deflection; wkhere p 1is the
maximum rolling veloclty Ain radians per second, b is the
wing epan in feet, and V 4ig the true airspeed 1n feet per
second. The method, as conceived originally, admitted the
possibility of adveree yaw due to roll affecting the meaeured
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value of rolling velocity. The quostion now has arisen as
to whether rolling from straight flight ylelds results con-
slstent with the original concept of the test, since enough
additional sidoeslivp may develop due to gravity in rolle from
straight flight so that a lower determination of pb/av
would be obtalned than actually ghould be attributed to the
allerons.

An alternate testing procedure which is believed to
eliminate moet of the effect of gravity has been proposed.
This method .is subetantially the same as the present one,
except that the alleron ralls are to be made from steady
turns, with.the airplane banked about 45°. It should be
noted that in this method the airplane must be rolled out of
the turn.

The purpose of this inveetigation was to compare the re-
sultes obtained from the two methode through an analysis based
on actual flight terts of several airplanes. The comparieon
18 based on data obtained during the course of flylng-quall-
ties investigationn conducted at the Ames Aeronautical
Laboratory, Moffett Field, 0Oalif. The airplanes vwhich are
congidered 1n the analyesis are listed below:

Martin B-26B-21

North American P-51B-1-NA
Northrop F-61lA

Lockheed PV.-1l

METHOD OF COMPARISQN

Comparison 1s made between curves of pb/zv and silde-
s8lip angle as a function of alleron deflection, as detemined -
from comparable data o¢btained by each of the testing proced- -
ures, Simllar conditione of indicated alrspeed, englne
pcwer, flap position, and landing-gear position were congid-
ered in the selection of comparable data. Tests at widely
separated airspeeds under the engine powers listed below and
with flap and gear up were chosen as belng representative.

Airplane Power

B..26B-21 Power for level flight at each speed

P-51B-1-NA Power for level flight at lower speed
Normal rated power at nhigher speed

P-61A Normal rated power at all speeds
PV..1 Normal rated power at all epeeds
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The curves of pb/2V 'and sideslip angle were obtalned
from a consideration of changes in the variables involved
from the mteady state before the roll to the state existing
at the time of maximum.rolling velocity.

RESULTS AND DISCUSSION
The presentation and diacunsion of the ‘curves of thia
‘report will be made in three parte: namely, & rate of roll

comparison, a eldeslip-angle comparison, and 'a general dls-
cusslon, ) to-

Rate of Roll Comparison

Curves of maximum pb/2V plotted againet aileron angle
are presented in flgure 1 for the B-26B airplane, 1in figure
2 for the P-513 airplane, in figure 3 for the P-61A airplane,
and in figure 4 for the PV-1l airplane. Data were avallabdle
from tests at only .two alrspeeds for the P-51B airplane,
while 1t was poessible to conelder tests at three alrspeeds
for the other alrplanes. The figures Lmve been divided into
gseveral parts according to airapeed so that a comparlson can
be made more easlly.

Examination of the curves for the several ailrplanes
shows reasonably good mgreement to exist between the two sets
of data at each of the airspeeds tested. Some scatter in the
date may be seen, as well as apparent trends indicating the
possibllity of some dlisagresment. An analyasls of the probable
error in the pb/2V determinations revealed that these die-
crepanclies may be attributed to experimental error.

The high-speéd curves for the B-26B airplane are not
strictly comparadle because of the great speed difference.
Nevertheless, if all the curvee for this airplane are super-
posed, 1t will be seen that essentially the sams curve was
obtained at all airspeeds.

Sideslip-Angle Comparison

Curves are presented for the B-.26B, P-6ld, and PV.1l
airplanes showing sideslip angles existing at the time of
maximum rolling velocity for the teasts just dlscussed in the
rate-of-roll comparison. 8imilar curvee are not presented
for the P-51B airplane due to insufficlent elideslip dats.
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The curvee of sideslip angle against alleron deflection
are presented in figure -6 ‘flor :the Bi26B alrplane, in figure
6 -for ‘the P-slA atrplane.-and.imsfigure 7 for the PV~ l air-
plane, ° : ” ' : . L

. . 'l‘-; . N

For the teets at 150 miles per hour ‘on the B—BG airplane.
good agreement may be seen from figure 5. More sldeslip 1s
shown to occur 1n rolle from turnes than from straight flight
at 224 miles per hour, however, which 1s opposlte to that
which might be expected. No correlation between this dise-
agreement and the corresponding pb/2V -data (fig. 1(v)) can
be seen. The remaining two sideslip curves are for tests at
widely separated airsespeeds and therefore are not directiy com-
parable. It may be seen, however, that in right roll more -
sldeslip apvarently occurred in rolle from turns at 295 miles
per hour than 4in rolls from straight fllght at 266 mlles per
hour.

Good agreement wag obtained for the P-61A airplane at .
~all alrepeeds considered. Thle airplane exhibited very small
amonnts of sideslip due to roll even at low epeeds. This was
undoubtedly due to the aileron—spoiler type of lateraltcontrol
aystem, .

Tests on the PV-1l airplane also show gbod agreemant as
may be seen from flgurc 7. .

Gensral Discussion'. ’ . v
_ .. e
When the rate-of-roll and sideslip-angle curves are con-
‘#aldered as a whole, it appears that ng significant differences
exist in the results .obtained by the ‘two testing procedures:
The value of. pb/av detormined with elther method .for practl-
cal purposes may be sald to be the same for the airplanee con-
sldered in this report. Thie result appear¥es to be well con-
. firmad in the sldeslip-angle comparlison which shoews, in genaral,
naq difference in the angle of sldeelip at the time of maximunm
rolling velocity wvhen detsermined Dby .the two methods.

A poesible explanation of this agreement might very well
be that the rapidity with which maximum rolling veloclty oc~
eurs, and the moderate angle of bank at which it occure when
rolling from stralght flight, allow for only a negligible
8ldeslip angle to develop due %o gravity. .

Consideration should algo be given to the fact .that an
airplane nocessarily flies at a hlgher angle -of attack 'in
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turning flight than 1ian stralght flight for the same airspeed.
Thig fact would indicate that since the adverse yawing moment
18 ordinarily a function of angls of attack, more adverse yaw
should be expected in rolls from turning flight than from
rolle from straight flight when no sideslip due to gravity
were present in rolls from straight flight.

It 41#2 believed that the agreement between the two meth-
ods shown in this comparison may dbe extended to include all
present-day conventional types of alirplanes.

CONOLUSIONS

1. For the airplanes considered in this report no elg-
nificant differences existed in the curves of pb/aV plotted
as a functlion of allsron deflection as determined from data
obtained in rolling from stralght flight and rolling out of
a 45° bank in steady turning flight.

2. The sideslip angle occurring at the time of maximum
rate of roll was essentially the same for rollas made from
stralght flight as for rolls made from a 45° bank in ateady
turning flight.

3. It 18 believed that the agreement between the results
obtained with these two methods as shown in thic comparlson
mnay be extended to include all present-day conventlional typee
of alirplanes.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Tield, Calif.
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¢ From straight flight, 149 mph
O From turning flight, 150 mph
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(a) Rolls at low airspeed

Figure 1 (a to c).- Comparison between flight determinations of maximum
pb/2V in rudder-fixed aileron rolls from straight,
unbanked flignt and from steady, turning flight. Clean’pondition. power

for level flight. Martin B-26B-21 airplane.
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O TFrom straight flight, 224 mph
O J¥rom turaning flight, 224 mph
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(b) Rolls at moderate airspeed

Tigure 1.- (Continued). Martin B-26B-21 airplane.
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O From straight flight, 256 mph
O From turning flight, 295 mph

Fig. 1c
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Figure 1.- (Concluded). Martin B-26B-21 airplane
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© From straight flight, 175 mph
O From turning flight, 174 mph
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(a) Rolls at low airspeed, power for level flight

Figure 2a,b.- Comparison between flight determinations of maxinmum pb/2v

in rudder-fixed aileron rolls from straight, unbanked
flight and from steady, turning flight. Clean condltlon North American
P-51B-1~-NA airplane.
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© From straight flignt, 240 mph
0O ¥From turning flight, 241 mph
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(b) Rolls at moderate airspeed, normal rated power

Figure 2.~ (Concluded). North American P-51B-1-NA airplane,
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© From straight flight, 183 mph
Q From turniug flight, 188 mph
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(a) Rolls at low airspeed

igure 3 (a to c).~- Comparison between flight determinations of maxirmun

pb/2V in rudder-fixed aileron rolls from straigat,
unbanked flight and from steady, turaning fl:l:rnt. Clean condition, :1orma1
rated power. Northrop P-61A airplane. -
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Fig. 3b
0 From straight flight, 222 mph
O From turning flight, 225 mph
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(b) Rolls at moderate airspeed

Figure 3.- (Continued). Northrop P-61A airplane.
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Pig. 3c
QO From straight flight, 304 mph
O From turning flight, 303 mph
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(c) Rolls at high airspeed

Figure 3.~ (Concluded). Northrop P-61lA airplane.
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© From straight flight, 142 mph
O From turning flight, 144 mph
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Pigure 4 (a to c).- Comparison betweon flight determinations of maximum
pb/2V in rudder-fixcd aileron rolls from straight,

unbanked flight and from steady, turning flight. Clean condition, normal
rated power. Lockheed PV-1 airplans.




NACA ARR No. 5E22 Pig, 4b

© From straight flight, 182 mph
O From turning flight, 183 mph
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(b) Rolls at moderate airspeed

Figure 4.- (Continued). Lockheed PV-1 airplane.
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Fig. 4c
© From straight flight, 222 mph
D From turning flight, 223 mph
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(c) Rolls at high airspeed

Figure 4.- (Concluded). Lockheed PV-1 airplane.
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© From straight flight
D From turning flight
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FPigure 5.- Comparison between flight determinations of change in sideslip

angle corresponding to maximum rolling velocity in rudder-
fixed alleron rolls from straight, unbanked flight and from steady, turn-
ing flight, Clean condition, power for level flight. Martin B-26B-21 air-
plane.
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O From straight flight
O From turning flight
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Figure 6,- Comparison between flight determinations of change in sideslip

angle corresponding to maximum rolling velocity

in ruvdder-

fixed aileron rolls from straight, unbanked flight and from steady, turn-
ing flight., Clean condition, normal rated power. Northrop P-614 airplane.
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© From straight flight
D From turning flight
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Figure 7.- Comparison between flight determinations of change in sideslip
angle corresponding to maximum rolling velocity in rudder-

fized aileron rolls from straight, unbanked flight and from steady, turn-

ing flight. Clean condition, normal rated power. Lockheed PV-1l airplane.
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