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TESTS IN TERMS OF FLYING QUALITIES OF
FULL-SCALE AIRPLANES ‘

By Gerald G. Kayten
SUMMARY

The analysis of results of wind-tunnel stability
ancd contrel tests of powered airplane models in terms of
the flying qualities of full-scale airplanes is advocated.
In order to indicate the topics upon which comments are
considersd desirable in the report-of a wind-tunnel
stability and control investigation and to demonstrate
the nature of the suggested analysis, the present NACA
flying-qualities requirements are discussed in relation
to wind-tunnel tests. General procedures for the esti-
mation of flying qualities from wind-tunnel tests are
outlined,

INTRODUCTION

At the laboratories of the National Advisory Committee
for Aeronautics and at labvoratories maintained by various
universities and independent agencies, wind-tunnel tests
are often made to investigate the stability and control
characteristics of particular airplane designs, Upon
these tests are based, to a large degree, the decisions
regarding changes and improvements necessary in order to
make the final product a satisfactory airplane. Unfortu-
nately, however, the test results are in most cases not
presented in such a manner as to permit their immediate
use in making these decisions; instead, the wind-tunnel
data are usually presented in coefficient form in a
voluminous series of curves and tables.

“As judged in flight testing or service, the flying
qualities of an airplane involve not dimensionless coeffi-
clents, but dimensional guantities - forces, velocities,



accelerations, angles, and other measurable items - which
actually define the stability and control characteristics
of an airplene in flight. :

Various means may be employed for determining from
wind-tunnel test data the particular dimensional values
describing the airplane's rlying qualities, but this type
of analysis has not generally been considered the province
of wind-tunnel personnel. "It is believed, however, that
the value of wind-tunnel tests would be increased con-
siderably if an analysis of this nature were included in
every stability and control investigation. Although the
analysis would augment rather than replace the measured
data as usually presented, the greater portion of the
wind-tunnel report would consist of a discussion of the
actual flying qualities of the airvplane. The inclusien— — — — —~
of such a discussiocn would eliminate the confusion often
caused by merely presenting the test results, facilitate
the practical sapplication of tunnel data, and provide
assurance that no flight difficulties will pass undetected
because of failure to put the accumulated information to
its proper use,. In addition, test programs designed for
this purpose could be planned more efficiently with regard
to the amount of required testing. Many programs in the
past have been laid out arbitrarily without a complete
understanding of the manner in which the resulting data
should be applied. This lack of understanding has at
times resulted in insufficient data concerning trim condi-
tions and consliderable unnecessary data for untrimmed
conditions. _ i .

The purpose of this paper is to ocutline a suggested
form of presentation of the results of a stability and
control investigation in terms of flying qualities as de-
fined in reference 1 and to systematize and review
briefly the analytical work required for this type of
presentation. ¥No effort is made to specify definite test
procedures.

Reference 2 contains a review of testing technigue
for use with powered wind-tunnel models and a fairly_
complete discussion of most of the standard tests neces-
sary for the accumulation of data used in the suggested
analysis. It should prove useful in the preparation of
any stability and control test program. Although flight
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measurements and observations are made with respect to
the airplane body axes, the use of the "stability" axes
as recommended in reference 2 will probably be satisfac-
tory for the normal range of test conditions, and these
axes are used throughout the present paper.

It 1s assumed that all necessary tunnel corrections
will be made before any analysis is attempted and that
the measured data will be sufficiently accurate for use
in predicting flight characteristics with reasonable
precision, ‘

The NACA requirements for satisfactory flying
qualities, as explained in detail in referencs 1, are
used as a basis for the procedure suggested herein and

0o

‘constitute the 1list of subjects on which it is believed

comments should be made in the presentation of wind-
tunnel data relating to stability and control. The com~-
plete series of tests is not considered essential for
every airplane; the list of reguirements is included in
its entirety for the purpose of pointing out the desired
form of analysis for any phase of stability and control
investigated.

It is realized, of course, that the requirements for
satislfactory flying gqualities may undergo constant re-
vision with time. By methods similar to those indicated
in the present paper, however, wind-tunnel tests may bs
used for the investigation of any revisions of the present
requirements or for the Investigation of a completely
different set of criterions.

For purposes of clarity and convenience, each of the
present NACA flight requirements is given in the text,
accompnanied by recommendations regarding its relation to
tunnel testing.

Unless otherwise specified or-implied, the require-
ments should be investigated for all conditions of flight
special attention being given the conditions that appear
to be the most critical.
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cow PI“I“N S AND SYMBOLS -

airplane weight, pounds

area of wing (unless accompanied by subscrlnt a,
e, or r denoting aileron, elevator or
rudder), square feet

wing span, feet

mean aerodynamic chord (M.A.C.), feet

root-mean-sguare elevator chord, feet

root -mean-sguare alleron chord, f et

root-mean-square rudder chord, feet

tail length (distance from center of gravity to
elevator hinge line), fest

angle of stabilizer setting with respect to thrust
: cegrees, positive when leading edge is up

[}
[N
o
o]

-

L

1 n deflection, degrees, positive when g
trailing edge is down

o
=3
o]

elevator deflection, degrees, positive when -
trailing edge is down

rudder deflection, degrees, vositive when
trailing edge is to left

airplane angle of attack (thrust line), degrees
angle of attack at tail, degrees

angle of sideslip, degrees, positive when right
wing is forward

angle of yaw, degrees, positive when left wing is
forward (¢ = - p)

speed, fest per second

mass density of air, slugs ber cubic foot )
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dynamic pressure, pounds per square foot (}%pvé)

airplane mass, slugs (W/g)

relative density factor <E§f>
ie

1ift coefficient <1l*t>
asS

pilitching-moment coefficien5 about center of

pitching moment
qSc

gravity

rolling-moment coefficient about center of
rolling moment '

qSb

gravity

yawing-moment coefficient. about center of
. (yawing moment
gravity

qSb
ateral force
as

lateral-force coefficient (i

relling velocity, radians per second

elevator hinge-moment coefficient
/elevator hinge moment ]

quabe

alleron hinge-moment coefficient
aileron hinge moment

Taba

rudder hinge-moment coefficient
rudder hinge moment

qErabr

rolling-moment coefficient due to rolling

yawing-moment coefficient due to rolling




F stick force, pounds
X linear travel at top of control stick, feet
dCy : | .

change in hinge-moment coefficient per degree

i i
hange in angle of attack

u
0Q
O fb

L.F, maximum allowable load factor

aCpy : :

- change in pitching-mement coefficient per degree
dig change in stabilizer setting
AChe o .
- change in elzvator hinge-moment coefficient
dit ey degree change in stebilizer setting
) 2
g celeration of zravity, feet per second per second

Aap, change in normal acceleration in g units

t time, seconds - : .
DETERMINATION 0% FLYING QUALITIES

The reguirements for satisfactory flying qualities
of alrplanss huve been given in reference 1 under three
main he nGings, melys:

I. Gsgulirements for Longitudinal 3tability and
~ .
Sontrol

IT. Requirements for Lateral Stability and Control
ITI. Stalling Characteristics

The present paper follows the outline of reference 1 and
each of the flying-quality requirements is gquoted directly.

I. Requirements for Longitudinal Stability and Control

I-A:+ Characteristics of uncontrolled lon01tud1nal
motion.

"When elevator control is deflected and released
quickly, the subseguent variation of normal accele-
ration and elevator ang’e snould have completely dis-
appezared after one cycle
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The technique of applying wind-tunnel data to flight
has not vet developed to a state sufficiently advanced
for the guantitative investigation of the short-period
oscillation with controls free, which is the important
factor in the consideration of this requirement.

Control-free stability has been shown in reference 3
and by recent unpublished investigations not to depend as
critically upon the stability characteristics of the air-
plane as upon the design of the control systemn, particu-
larly upon the weight moment, the aserodynamic balance,
and the friction. These factors must therefore be con-
sidered in any speclal study of this requirement. Work
is now Iin progress at LMAL for the purpose of establishing
procedures to make such studies practicable.

I-B: Characteristics of elevator control in steady
flight. '

I-B-1. "The variation of elevator angle with
speed should indicate positive static- longitudinal
stability for the feollowing conditions of flight:

a. With engine or engines idling, flaps
and landing gear up or down, at all speeds
above the stall.

b. With engine or engines dellverﬁng power
for level flight w1th flans down (as used in
landing approacb), landing gear down, at all
speeds above the stall. ' :

c. With engine or engines delivering full
pewer with flap up at all speeds above 120 per-
cent of the minimum speed."

For each of the specified flap and power conditions,
data are assumed to be available in the form of pitching-
moment and hln&e-moment coelfficients against 1ift coeffi=-
cients, as shown in figure 1. These curves may he
obtalned either from constant-power runs or from cross
plotted constant-thrust data. In the absence of definite
1dling data for the engine-propeller combination, the zero-
thrust condition is considered a satisfactory representa-
tion of the idling condition.

The slope of the curve of Cp against Cp is a
valid measure of static stability in power-on flight only



where Cy = O, The slope at the trim point might be

consicdered for each of a number of elevator settings, but
a curve of &g against Cy, or airspeed represents a

more direct comparison with f£flight and is useful in in-
vestigating several other requirements, The curve shown
in figure 2{a), which was obtained by cross plotting for
Cm = 0 on figure 1, possesses a negative slope indicative
of the required stable variation. The curve should be
plotted to the stall in every case because, although full-
power stability below 120 percent of the minimum speed is
not an absolute reguirenment, it is highly desirable.

A sufficient number of elevator deflections within
the trim range should.be tested to provide for a dependable
curve of 08y against ~Op or alrspeed. Complete test

runs with elevator deflections that will not provide trim
in the flight range, however, are not necessary and need
not be mace. For the investigation of elevator effective-
ness at high deflections for landing conditions and maneu-
vers, tests should be made only at high 1ift coefficients.

In addition to the regular =levator runs, one set of
measuremnents should be taken for the investigation of the
take~off requirement, as explained in item I-E,

The terms "minimum speed" and "maximum speed" as used
in this and subsequent requirements should be interpreted
as the minimum and maximum speeds specified by the designer
or estimated for the airplane in free air, (In sach test,
the maximum and minimum values referred to are for the
particular flap position and power being investigated.)
Concditions specified in terms of percentagss of minimum or
maximum speed should be represented by using the 1ift coef-
ficlents corresponding to the appropriate full-scale speeds
at the appropriate altitudes, no attempt being made to use
small-~scale tunnel data Tor the determination of maximum
and minimum speeds, If, however, the 1ift coefficient for
a condition near minimum speed falls on a nonlinear portion
of the model 1lift curve, representation of this low-speed
condition should not be attempted and a higher-speed con-
dition should be substituted.

The center-of-gravity position considered as critical
in the investigation of static stability should be that
specified by the designer as the most rearward position.

Of considerable value in a study of this sort is the
determination of the most rearward center-of-gravity



L-322

O

rosition for neutral stability. The distance, in choerd
lengths, from this neutral point to the center of gravity
under consideration is the 'so-called static margin.
With power off, the static margin may be considered
numerically equal, but opposite 'in sign, to ths slope of
the pitching-moment curve at Cp = 0, and the neutral
point may be located by adding this value to the center
cf gravity about which the moments are plotted. This
procedurse is not correct for constant-power operation
because of the effect upon stability of the different
tail loads associated with trim at alfferent center-of-
gravity locations. The power-on neutral point can be
Alm
df‘L
center-of-gravity positions and extending the curve to
dCm
acr,
will be a straight line, provided that the tail-1ift curve
is linear.
1

In order to use wind-tunnel data in this manner, it
1s not necessary to recompute the pitching moments for
each horizontal center-of-gravity location. A graphical
method 1s illustrated with the curves of figure 1, which
are for a 0.,25c center of gravity. It is deswred for
example, to find the neutral point at - Cp, = 0.8, From
the point at which Cp, = 0 and Cy = 0O, straight lines
are drawn radiating outward and intersscting curves for

)

various elevator angles at Cr = 0.8, For &, = =69,

determined by plotting against two or three
TP g ag

0. As demonstrated in reference li, this curve

the pitching-moment slope is -0.095, The slope of the
radiating line for this point is 0,103. The slope about
a center-cf-gravity location of 0.1l7c ( 250 - 0,103 = 0. lh?),

then, is equal to -0.065--0.10% = -0.1098, For &, = -30,

the measured slope is =0. 10l and the slope of the radiating
line is 0.032, giving a pitchanﬂ -moment slope of -0.136
about a U.aluc center of gravity Repetition of the process
for &g = 0° and &g = 2© supplles the data for the curve

¢

of 35% agalnst center of gravity shown in figure 3(a).

Extended to zero slope, this curve shows the neutral point
to occur at 0.3572c. The procecdure should be repeated for
several 1ift coefficients, permitting the construction of a
curve of neutral points plotted agzainst 1ift coefficients.

. If the pitching-moment curvzs are so shaped that the
radiating lines may be drawn tangent to the curves, the
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slope of each radiating line is numerically equal (but
opposite in sign) to the static margin for the 1ift coef-
ficient at the point of tangency, and the neutral point
is determined with no further consideration of different
center-of-gravity locations. FPigures 3(b) and 3(c)
illustrate the determination of neutral points by this

me thed., (The dashed lines renresent p1+cb1nb-moment
curves and the so0lid lines A and B are the radiating
tangent lines.)

Both methods invelving the radisting lines are based
upon the "rotation" method of moment transfers. This
method is subject to some error st very high 1ift coeffi-
cients inasmuch as it neglects the pitching moment due to
drag.  As shown in reference 5, however, the method is
sufficiently accurate for use in the foregoing analysis.

It 1s poszible toc express the graphical method il-
lustrated in figures 1 and 3(a) in terms of a mathematical
formula involving the slopes of the pitching-moment curves
for any two elevstor settings at the specified 1lift coef~
ficient, the two piftching-moment coefficients, and the
1ift cocefficient. Thus, for a given 1lift coefficient
the static margin is found by the following expression:

Static margin =

where Omy and Omp are the measured pitching-moment
coefficients for the two curves at the given 1ift coeffi-

dV d
cient, and E.éﬁ> and de> are the pitching-moment
N ¥ A "L 3

slopes at each point.

If equation (1) is applied to the curves of flgure 1
for Cr, = 0.8 and elevator curves of -6° and -3°,

96932 (-0.10i) ——555 (-0.095)

-0.095 ~.

Static margin =

0.055 0.025
———= 4+ 0,10l + ——<
0.83% L 0.8

= 0.123
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The neutral point, then, is at 0,250 + 0.12 73
(or 37.3 percent M.A.C.). This point agrees wi

value found graphically in ficure 3(a).

2 0.3
th the

When & vertical center-of-gravity movement is to be
considered, it may be necessary to repeat the procedure
for two or three vertical locations and to set up a locus
of neutral points (which theoretically should be a
straight line) for each desired 1ift coefficient. Refer-
énce 4 contains an explanation of this method, as well as
a more complete discussion of the determination of neutral
points from wind-tunnel data.

I-B-2. "The variation of elevator control force
with speed should be such that pull forces are re-
quired at all speeds below the trim speed and push
forces at all speeds above the trim speed for the
conditions requiring static stability in item 1.V

Although this requiremsnt is shown to be net if, for
each of the spescified conditions, the elevator-free
(Chg = 0) pitching-moment curve cross-plotted as shown
on Tigure 1 crosses the zero ordinate only when it
possesses a stable slope, subsequent requirements make it
desirable to plot an actual curve of stick force against
trim airspeed. This curve (fig. 2(b)) is obtained by
converting to forces the hinge-moment coefficisnts for
trim at different 1lift coefficients (fig. 1) and should
be drawn for different trim-tab, flap, and power corndi-
tions.

The requirement should be studied for the trim-tab
settings giving trim at avppropriate ranges of speed in
each condition. In the absence of reliable test data for
various tab settings, reasonable estimates may be made
from the tab-neutral data, by proper adjustment of the
hinge-moment curves to simulate the effects of small teb
changes, The shift in the hinge-moment curve may not be
constant throughout the speed range but will depend on the
dynamic-pressure ratio at the tail.

I-B-3. "The magnitude of the elevator control
force should everywhsre be sufficient to return the
control to its trim position.”

Figure 2(b) shows a curve of stick force plotted
against trim airspeed, as used in item I-B-2. In the
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absence of quantitative information concerning friction
in the elsvator control system, a value of 0,05 pound
per mile per hour, as suggesded in reference 1, may be
used as a minimun value for the slope near trim of the
curve of elsvator stick force against airspeed (fig. 2).
For very large airplanes, however, this amount may not
be sufficient. .

I-B-4. "It should be possible to maintain
steady flight at the minimum and maximum speeds re-
quired of the airplane."

Examination of curves of elevator deflection against
airspeed of the type shown in figure 2(a) will supply the
desired information. It is assumed that the tests are
made at a Reynolds number sufficiently high that data
near the stall will be fairly reliable. When this is
not true, the minimum-speed trim cannot be investigated
unless the curves can be extrapolated beyond the model
stall. - ' -

I-C: Characteristics of the elevator control in

accelerated flight.

I-C-1. 'By use of the elevator control alone,
it should be possible to develop either the allowable
load factor or the maximum 1ift coefficient at every
speed.

Although it may be desirable to check this requirement
at several 1ift coefficients, an investigation at only one
critical 1ift coefficient is.pnecessary if the previous
static-stabllity requirements have been met. The initial

O
1ift coefficient to be studied will bs Cf, = —fom-. The

model -arrangement considered in the accelerated flight
studies should be that corresponding to the airplane in
its maneuvering condition.

Reference 6 gives a method for estimating the elevator
deflections required for different normal accélerations in
a pull-up maneuver, With a slight variation, the method
can be applied to steady-turn mansuvers. It is possible
to rearrange and simplify the formula of reference 6, ex-
pressing it in a form more suitable for use with wind-
tunnel data for a particular airplane. The equation for
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required elevator deflection then becomes:

dCyy aCyy
Abg ag; = - ACyp - Aag E-g (2)

where

fAYoPN change in elevator deflection. from trim setting at
the initial 1ift coefficient . .

AChm change in steady-flight pitching-moment coefficient
between the initial 1lift coefficient and the final
1ift coefficient with the elevator set for trim at
the initial 1lift coefficient. .

Some difference may exist between computations made
for steady turns and for pull-ups because of the difference
in the change in angle of attack at the tail due to the

curved path, Aag. In a steady turn tightening from Cj,
to Clpaxs
(o}
57’5 CJJ uI’IﬂaX CI_J
Aag = - - c
K L Imax

In general, unless the amount of static stability and the
relative density are quite small, the difference bestween
the two maneuvers will be slight enough to permit coverage
of the various accelerated-maneuver requirements by the
consideration of the steady turn alone, and the examples
given in the following paragraph are confined to this
maneuver, If it is desired to investigate the pull-up
from C; to CLmax’ the identical procedure may be used

but the change in angle of attack at the tail will be

z C
Aoy = 57.3 Imax _ 1
pan CL ’

In both maneuvers, the normal acceleration

_ Clpax
CL

and the change in normal acceleration, if a start fronm
level flight 1is assumed, will be
: Cr
max

Cr, -1

bap =
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In the following steady-turn examples, ssa-levél operation
is assumed. It should be remembered, however, that the
altitude must be taken into account in any actual investi-
gation.

The Getermination of the elevator characteristics in
accelerated maneuvers Involves the. use of pitching-
moment and hinge-moment curves for both stabilizer and
elevator variations, as shown in figures L and 1. The se
curves should be plotted for a constant thrust coeffi-
cient, the value of which is determined by C; and the

rated power for the mansuvering condition. If the initial
lift coefficient investigated is low (as may be expected
in the case of pursuit airplanes if normal values of load
factor and Clmax are used), the thrust coefficient may

be sufficliently close toé zero to permit the use of idling
or zero-thrust data. -

As indicated by the equation, the elevator deflec-
Ei??mmgstv;upp}y_enouggcpitching moment to balance the two
factors ACm ;ﬁd Awgagf. The amount of deflection
necessary to baiance ACpy 1s merely - -the difference between
the elevator settings for trim at Cp and at CLmax' The

additicnal deflection is required to overcome the damping
of the horizontal tail. (For a conventicnal airplanre, the
damping effects of the wing, fuselage, and other airplane
components are considered negligible in comparison with the
damping cf the horizontal tail.)

The use of equation (2) can best be demonstrated by a
sample solution for a steady-turn maneuver for a 6000-pound
airplane with a tail length of 16.5 feet and a wing area of
250 square feet. The airplane has a maximum up-elevator
travel of 25° for a 10-inch travel at the top of the con-
trol stick, with an essentially linear variation of &,
with x. Pitching-moment and hinge-moment coefficients
for the maneuvering condition are shown in figures 1 and l.
If a maximum 1ift coefficient of 1.5 and an allowable load
factor of 9 are assumed, the 1ift coefficient investigated
1.5

is CL:-—-S—

ac,,

dig

= 0.17. TFigure L gives -0.028 as the value

for The relatiﬁe—density factor
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_ £000
BT 32,2 x 0.002378 x 250 x 16.5
= 18.99 at sea level:
The term
ac Cim Cy,
Aoy 2 = 203 o (mAX 0.028
aig 21 Cr, CLmaX

573 x 0.17 <}.5o i O.1T>O'028
57.98 0.17  1.50

= 0,063

The elevator setting for trim at Cy = 0.17 is 1.8°,

as shown by point A in figure 1. The setting for trim
at Cr, = 1.5 (point B) would be -8.6°, Adding a -
pitching-moment increment of 0,063 at this point results
in point C, which shows the elevator angle required for
the maneuver to be -12.5°, A total upward deflection
of 11.3° from the original trim position is required;
this deflection is within the limit of available travel.

I-C-2. "The variation of elevator angle with
normal acceleration in steady turning flight at any
given speed, should be a smooth curve which every-
where has a stable slope."

If all previous criterions are assumed satisfied,
this requirement will be met if the pitching-moment
curves of figure 1 and the variation of Cp with &g

and with 1y as determined by cross-plotting from
figures 1 and . are all smooth curves.

If so desired, the method used in item I-C-1 can be
applied by keeping Cy, constant at any value and by

using in place of CLyax & 1ift coefficient that gives

any particular value .of Aap. Various normal accelera-
tions can be used and plotted against the required 1~
elevator angles as in figure 5.

I-C-3. '"For airplanes intended to have high
maneuverability, the slope of the elevator-angle
curve should be such that not less than I inches of
rearward stick movement is required tc change angle
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of attack from a Cp of 0.2 to Cj in the
4 “max

maneuvering condition of flight." : ‘

The elevator deflection for the steady turn starting
from Cp, = 0.2 in straight flight and tightening to Canx

may be taken directly from figure 5. The angle can be
converted to stick movement by consideration of the
mechanical linkage, cdata for which was nfev1ously given.
Figure 5 shows the deflection to be 14.1¢ correspondlng

~

to a stick movement of 5.6 inches.

I-C-li. "As measured in stesdy turning flight,
the change in ncrmal acceleration should be propor-
tional to the elevator control force applied."

If curves of Cp cross-plotted against &g for
Cm = O (as illustrated in fig. 1) are smooth, this re-
guirement will be met, provided that requirement I-C-2 has
been satisfactorily fulfilled.

I-C~-5. "The gradient of elevator control force
in pounds per unit normal acceleration, as measured
in steady turning flight, should be within the
following limits: :

a, For transports, heavy bombers, etc.,
the gradient should be less than 50 pounds per. g.

b. For pursuit types, the gradient should
be less than 6 pounds per g. ‘

¢. For any airplane, it éhould requirea:.
steady pull force of not less than 30 pounds to
obtain the allowable load factor."

Although this item may be investigated for several
initial 1ift coefficients, theory indicates that the force
per unit normal acceleration 1is independent of the trim
speed. Unless the slope of the pitching-moment and hinge-
moment curves vary appreciably with 1ift coefficient, the
force in pounds need only be computed for the elevator
deflection required for the development of allowable load
factor (itemt I-C-1). This force should be less than bhay

for pursuit types, less than 50Aap for heavy bombers,
and more than 30 pounds in any case.
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ase [ WChe\ 1 o_ 5
Fo T —a—;L— &Auhe +  Act dit -e—p\lace be (3)

ACy, difference between Cp_, for ths initial elsvator
setting at ©

Val

v

L
setting at ' I

-max

The operation of the suggested formula can be demon-
strated by an example appllpd to the airplane investigated
in, item T-C-1. The root-mezn-sguare chord of the ol@v tor
is 1.} feet and the elsvator span is 13 feet, The dif-
ference between OCn_ - at point A and Che at point C
(fig. 1) meggures 070286; figure L gives -0.,0006 as the

(4\.1’16\ .
value for — The computations then proceed as follows:
dit . I
\ dbe _ 25/57:3
dx  10/123._
= 0,52l
3Cha " 1.5¢ 0 .
dag —2 = 2ldg g 129 22T g 0go6) =
diy 57.96 0.17 1.50
= 0.0013
l , WS T:O‘C‘ ;
prz 74 = = 141.2

2 T Cp 250 x 0.17

= 0,52l x (0.0286 - 0.0013) x 141.2 x (1.4)% x 13

= 51,5 pounds

1.5
The force gradient, then, 1is ? ‘2 = 6.; pounds per g,
_ g1, ' ‘
A hadil
which 1s reasonably close to the spscified limit for pur-
suit airplanes, and the force is greater than 30 pounds.,
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It is possible, through the use of the principle of
axis rotation employed in item I-B-1l, to investigate the
elevator deflecticns and stick forces in accelerated
maneuvers for any center-of-gravity position. If, for
example, the steady-turn maneuver discussed in the pre-
vious paragraphs were investigated for a center of gravity
located at 21.8 percent of the mean aerodynamic chord
rather than at the 25-percent position used in figure 1,
the radiating line representing a forward center-of-
gravity movement cf 0.03%2c (fig. 1) would be used. At
Cr, = 0,17, this line shows the elevator setting for trim
at the new center-of-gravity location to be 1.5°, At
Cp, = 1.5, the distance Cp = 0,062 (the damping

term Aay

1t

sidered independent of center-of-gravity position) is
measured from the radiating. line rather than from the

Cm = 0 axis, and indicates a final elevator setting of
-16.7°.  The hinge-moment coefficients for &g = 1.5

at Cp = 0.17 and for &g = -16.7° at Cp, = 1.5 are now
used instead of points A and ¢ to determine the value

of 4Cp, to beusedin place of 0.0286 in the stick-force

bm . L , :
,, which for practical purpcses may be con-

equation,

I-D: Characteristics of the elevator control in
landing.

I-D-1. "{Applicable to alrplanes with conven-
tional landing gears only.) The elevator control
should be sufficiently powerful to hold ‘the.airplane
off the ground until three-point contact is made."

I-D-2. "(Applicable to airplanes with nose-
wheel-type landing gears only.) . The elevator con-
trol should be sufficlently powerful to hold the
airplane from actual contact with the ground until
the minimum speed required of the airplane is at-
tained."

The elevator effectiveness in the presence of the
ground may actually be investigated by use, for example,
of the plate method described in reference 7 or of the
combination half-ground-board and imasge model as employed
in reference 8. These procedures, however, should not be
necessary for consideration of the landing requirement.

Through the use of the methods and data of reference 8,
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the change in angle of attack at ths tail A4Aat can be

estimated. Tne e1evator deflection for the landing can
then be found in the same manner as point C on figure 1
dCyy, '

(item I-C-1) by use of Aax as the pitching-moment

v ai
1t
increment. For the case of the landing requirement,
however, the data used will be Ifor the mJp--down idling
condition, and the 1lift coefficient will be either the
airplane maximum 1ift coefficient or the 1ift ccefficient
corresponding to the angle of attack determined by the
three~-point ground angle of the airplane at rest. Extra-
polation beyond the model stall may be necessary for the
representation of the full-scale landing condition.

I-D-%3. "It should be possible to execute the
landing with an elevator control force which does
not pycped 50 pounds . for wheel-type controls, or
35 pounds where a SL‘CK—-ype control is used.”

The stick force for landing can be co¢puted from
equation (%)

where

~Che elevator hinge-moment coefficient (with stabilizer

or trim tab set for speed of approach) for eslevator
deflection (item I-D-1 or I-D-2) required for
landing :

Aay change in angle of

T ¢ of tall computed for
tem I-D-1 or I-D=-2.

=8 u,

1

The remaining terms have already besn defined in item I-C-5.
I-E: Characteristics of elevator control in take-off.

During the take-off run, it should be possible
to maintain the attitude of the airplane by means of
the elevators at any value Between the level attitude
and that corresponding to maximum 1ift after one-half
take-off speed has heen reached."

For an airplane with & conventional landing gear,
force and moment mea ﬁvrcmenus at « 0 should be made
for the take-off condition with the slevator set at the
maximum available positivs deflection and the center of
gravity at 1ts most rearward nosition. The power condi-
tion represented should be that corresponding to take-off
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power at one-half take-off apeed. The measurements
should, if possible, be made in the presence of a ground
board or some similar device, In the absence of actual .

ground representation, an approximation may be made
neglecting the slipstream displacement and the resulting
change in elevator effectiveness. By the same me thod

as ‘that employed in item I-D-1, Aat duve to the presence
of the ground can be estimated. The effective pitching-
de . de
| iy where ais
obtained from curves similar to figure L. but for the cor-
rect power ccendition. This coeflicient can be converted
to an effective pitching moment M' = Cp'gy13c, where q3
corresnonds to the sea-level dynamic pressure at a speed
equal to one-half the take-off speed.,” The 1lift at this
speed 1s Lj = q3CS; it is believed that the ground effect
on 1ift is sufficiently small that it may be ignored in
this problem.

moment coefficient OCn' = Cp + bag is

the infcrmation
n. The normal

Figure 6 presents a sketch showi
necessary for the study of the criteri
force at the whsel, Py =W - Lj. The friction force
Pn = wa, where f 1is the coefficient of rolling fric-
tion, the value of which can be obtained from reference 9.

'3

The requirement is met if the term ‘M' + hPy - tPp; does

ng
o]

not have a nositive value.

- If the sample eirplane is used as an exawmple, it may
be assumed that: -The values of Cy and Cj are measured
as -0.32 and 0.40, respectively; *the dynamic pressure at
§ne-halfotake—off speed is 6.0; reference 8 shows ’
a = 5.6%; curves similar to figure l for the flaps-
neutral, take=~off power condition give H%Q = -0,0L0;

: t
h = 1.1 feet and ¢t = [.9 feet; and reference 9 gives
f = 0.05. Then, '

Cm = ‘0052 + 5.6 (‘O.OL’.}.)
= -0.5)

MU = -0.5L x 6.0 x 250 x 6.45
= -5225 foot-pounds

Ly = 6.0 x 0.L0 x 250
= 600 pounds
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Py = 6000 - 600
= 5/ 00 pounds

Py = 0.0% x 5,00
= 162 pounds

M' + hP, - tPp = -5225 + (1.1 x 5400) - (L.9 x 162)
= -5225 +5940 - 79l
= =79 foot-pounds

The total Dltchln” moment bas a negative value, and the
requirement is met. '

If the geometry of the 2irplane is such that the
weight moment in tke three-point attitude appears suf-
ficiently incre to cverbsalance tne diving moment
(which in the thre -point attitude is increased consider-
ably because of the rplane's stability and the more
potent ground effect), the procedure may bs repeated for
this attitude. ' :

For an airplane with a tricycle landing gear, a
similar analysis may be made, In this case, however,
the critical angle of attack will be that determined by
the three-wheel ground angle, and the most forward center-
of-gravity position will be critical for a given airplane
weight. Maximum up-elevator deflection is required here.
rather than maximum dowun+elevator deflection, and the
requirement will be met if the resultant pitching moment
is greater than zero in a vositive dirsction.

I-F: Limits of trim change dus to power and flaps.
I-F-1, "With the eirplane trimmed for zero
stick ferce at any given speecd and using any combina-

tion of engine power and flap setting, it should be
possible to maintain the given speed without exerting
push or pull forces gre tnr than those listed below
when the power and flap settlng are varied in any
manner whatsoever,

a. Stick-typé controls - 35 pounds push
or pull. '

Wheel-type controls - 50 pounds push

@)
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I-F-2., "If the airplane cannot be trimmed at
low speeds with full use of the trimming device, the
conditions specified in item 1 should be met with
the airplane trimmed full tail-heavy."

By compariscn of the stick-force curves (fig. 2{(b))
for the various flap and power ccnditions the combination
of flap-setting and power changes that will cause the
greatest changes in trim can be determined. At any
speed . the difference in forces regquired for the two
extreme conditions at the same trim setting should not
exceed the specified limit.

For a complete investigation. curves for different
trim-tab settings covering the range of settings required
for trim in the different flight conditions should be used,
When reliable curves for different tab settings are not
available, the investigation should be restricted to the
determinatlon of power and flap trim changes with trim tabs
neutral, This investigation may not reveal the most
critical conditlions, however, because of the possible vari-
ation in trim-tab effectiveness in different flight con-
ditions.

The critical centsr-of-gravity position for the trim ~———
changes will in most cases be the most forward position
rather than the most rearward position investigated for
static stability.

I-G+ OCharacteristics of the longitudinal trimming
device,
ble

I-G-1., "The trimming device should be capa
in

a
of reducing the elevator control force to zero
steady flight in the following conditions:

a. Cruising ccnditions - at any speed be-
tween high speed and 120 percent of the minimum
-speed. :

b. Landing pondition - any speed betwsen
120 percernt and 140 percent of the minimum speed,"

This item can be investigated for each condition by
two elevator-Iree curves similar to that shown in figure 1,
he curve for maximum teil-heavy trim tab or staviiizer
gsetting and the svrve for the maximum nese-heavy setting
should intsrsect the &, = 0 1line at two points which cover
the specified range of speeds., '
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If the trimming device is a small tab, the study may
be feasible only in large-scale investigations,. It may
be wnossible, however, to estimate tab effectiveness theo-
ret cqlWV from prav101slv accumulated data - for example,
the data pressnted in reference 1C and in the various
papers listed therein as references,

I-G-2. "Unless changed manually, the trimming
©2  device should retain a given setting indefinitely.m

Althcugh the load on the trimming device is, of
course, determined by aerocdynamic. forces, this requirement
(I-G-2) is chiefly a problem invelving the construction of
the full-scale mechanism; its Iinvestigation in connection
with wind-tunnel models will ordinsrily be of no value.

II. Requirements for Lats

(0]

ral 5Stability and Control

IT-A: Characteristics of unconirolled lateral and
- directional motion.

control

e - e lateral cscillation
amp to one-h:

IT-A-1. "Th
m gmplitude within two

snould always d
cycles.,"

fre
S,
a L

II-A~ "When the ailerons are deflected and
cased qulnklv they should return to their trim
ition. Any oscillations of the 'ailerons them-
s shall have disappeared after one cycle.,™

II-A-3. '"¥hen the rudder is deflected and
released quickly, it should return to its trim posi-
tion. Any oscillation of the rudder itself shall
have disappeared after one cycle."

In gensral, wind-tunnel study of this item, which is
concerned with the control-free lateral oscillation and the
oscillations of the lateral control surfaces, 1s impracti-
cable for the reasons advanced in the discussion of uncon-
trolled longitudinal motion. As stated in reference 1,
however, the requirement for damping of the control-free
osclllation is not considered critical as a design con-
sideration; experience has indicated that the uncontrolled
lateral motion will usually be satisfactory when other
regquirements of fin ares and dihedral are met.



IT-B: Aileron-control characteristics (rudder locked).

TI-B-1. MAt any<piven speed, the maximum rolling
velocity obtained by abrupt use c¢f the ailerons should

- vary smcothly with the aileron deflsction end should

be approx1mately ;roportlonal to the aileron deflec-
tion."

Aileron data will be assumed to be available in the

form shown in figure 7. The alleron tests should be made

for

all flap conditions; power-off runs will ordinarily be

sufficient, but the use of the power most commonly associ-
ated Nlth each flap cond¢t10n would be desirable if con-
venient.

The information necessary for the otqu of this re-

unrement can be obtained directly by inspection of the
curves of rolling moment against aileron deflection

(fig. 7), which should be smooth and approximately straight
lines. F'or standard-type ailerons, the aileron-~control
characteristics should he mest carefully considered in the

high anglie-of-attack range. For unusual lateral-control

devices, such as spoilers, the low speeds may not be
critical, and egual attention should be paid to the aileron
curves at lower angles of attac

II-B-2. "The vari atlon of rolling accele ration
with tvme follow1ng an abrupt control deflection
should always be in the correct direction and should
reach a maximum value not latsr than 0.2 second after
the controls have reached their given deflection."

This requirement, which is intended for spoilers or

other unusual lateral controls that may exhibit lag in the
development of the rolling moment or initial rnlling
tendencies in the wrong direction, need not be given con-
sideration in tests of airplanes equipped with the conven-
tional type of aileron,

If necessary, the time lag and the initial adverse

rolling moment associated with the action of a lateral-
control device can be measured in special wind-tunnel
tests, Investigations of this nature are reported in
reference 11,

II<B-3. "The maximum rolling velocity cbtained
by use of the allerons alone should be suéh that
the helix angle generated by the w1n tip.

'pb/2V, 1is equal to or greater than 0.07 . . ."
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The helix angle ph/2V. for the relling velocity
produced by a gilven alleron deflection, the effects of
sideslivn being neslected, is equal to CZ/CLp where Cy
is the rolling-moment coefficient resulting from aileron
deflection. It may be necessary to correct the value
of CLn deteirmined from reference 12 for the section-

lift-curve slope of the wing in guestion (i.e., multiply
b section-lift-curve slope per degree
y ‘ .

0.099 . ©
moment coefficient used should represent the maximum tot
rolling mome produced by both ailerons at any one stic
position, This nosition may not represent the maximum
deflection if the aileron effectiveness drops off nctice-
ably at high deflections.

The rolling-
al
k

.
ic

4o
ne

Values of pb/ZV computed from wind-tunnel data are
likely to bs somewhat higher than full-scale flight
values, Adverse yaw at low speeds and wing twist and
compressibility at high speeds are largely responsible for
this discrepancy. Although actual ceonsideration of the
losses In each case would bs desirable if practical, an
arbitrary correction factor appears to offer the simplest
means of arriving at valid flight values through the use
of tunnel datea, Several recent attempts at correlstion
macde at LMAL have indicated that O.bCL/CLD may be used

¢ a reasonable anproximation of the airplane pb/2V.

For examplse, if the sample airplane has a wing with
an aspect ratio of 6,and a baper ratio cof 0.5, reference 12
gives a value of 0.6 for Cpne Figure 7 shows the total .

P .
rolling-meoment coefficient for maximum aileron deflection
(2L,° up, 20° down} to be 0.021 + 0.026 = 0.04,7. The
3 . 0.0L.7 .

estimated airplane pb/2V, then, is 0.8 OLHS) = 0.032, a
satisfactory value. A curve of pb/2V plotted against
total aileron deflection is shown in figure 8.  The
setting of each aileron for any total deflection is ob-.
tained from a linkage curve (fig, 9).

It should be realized that 0,07 has been set as an
absolute minimum value. The rolling capabilities of an
alrplane increase directly with pb/2V, and the greatest
nmarieuverability in rolling is exhibited by the airplane
with the highest value of pb/2V for its span. This
fact should be remembered especially when a large-span
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fighter is being judged or when two airplanes designed for
the same purpose are being compared. '

IT-B-l. "The variation of gileron control force.
with aileron deflection should be a smooth curve.
The force should everywhere be great enough to return
the control to trim position,"

The aileron hinge-moment data of figure 7 can be used
to developn-a curve of stick force against alleron deflec-
tion., The 80-percent maximum-speed condition and one low-
speed condition should te inve ;tlgated The reguirement
that the control force should everywhere be great enough to
return the control to trim position, aside from ruling out
the possibility of a reversal of forces, is not specific;

. but in this case, as in that of item I- 3- 3, an arbitrary

value might be set as a minimum slope of the curve of
stick force against aileron deflection for a given speed.

From data for ths appropriate 1lift coefficient, the

total alleron force for an airplane rolling gteadlly can
be computed as

LovPr,5,2 |-dog dCh a6, dCn_
2 oS u(,h b a Ac)- d Ch _ a
57.3 ax gu  da ax 84 da

where Cba and C,
u

gl
o
i

are the alleron hinge-moment coef-
d . 3 3 doau

ficients at the given up and down deflections, and
dbg

Ala

ax

and - are the slopes in degrees per foot of the curves

ax
of aileron deflection against stick travel for each aileron
at the appropriate deflection. A linkage curve of this

nature is shown as figure 9. If the linkage curve is
given in terms of angulsr stick deflection 8 the term
asé ad

7;3 should be revlaced by 7;% divided by the stick length
X .

in fest,

The term Ac wused in equation (L) is the change in
effective angle of attack of the down-golng wing. This
term has a vositive value and can be found for a given

pb/2V as /} . Ox)

_ pb
fa = £2
2V
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The length y 1s the spanwise distance from the fuselage

center line to a point on the wing. . The location of
this roint varies with aileron shape, and to a certain
extent, with aspect ratioc and taper. As indicated by

the results of unpublished investigations, however, it
may be assumed fcr most conventional ailerons to be at
lO percant of the aileron span outvboard of the inboard

S ACp,
aileron tip. The valus ol 5 is obtained from
curves similar to figure 7 for different zngles of attack.,
dCn
<8 .
Unless —a—— varies considerably with aileron deflection
a
an average value may be used throughout the &g range.
Figure 8 presents curves cbtained by application of
this method to the sample airplane (b = 38.75, y = 13.l,
ba:998 Ca:].OO> ’

II-B-5. "At every spéed below 80 percent of
maximum level- flight speed, 1t should be possible to
obtain the specified value of ph/2V without ex-
ceeding the Tollowing control—¢orop limits:

a. iheel-type controls: %80 pounds ap-
plied at rim of wheel.

b. Stick-type controls: %30 pounds ap-
plied at grip of stick."

The stick force for the reguired . pb/2V, as deter-
mined from figure 8, should not sxceed the given limits.
In the present examul figure 8 shows the force at
pb/2V = 0.07 to be 39. 9 pounds for the high-speed (80 per-
cent maximum speed) condition. :

II-C: Yaw due to ailerons.

“With the rudder locked at 110 percent of the
minimum speed, the sideslip developed as a result
of full aileron deflection should not exceed 200,"

Because the amount of sideslip developed in & full
alleron roll depends largely upon dynamic fdctors, it has
not yet been found practicable to estimate the sideslip
simply on the basis of static tunnel test data. The com-
plete solution involves the use of standard dynamic-
stability equations similar to those discussed in refer-
ence 5. With the aid of certain simplifying assumptions,



28

however, it is possible to set up a general expression
for sideslip as a function of time.

B = 57,5{%1'+ kp cos pt + k3 s}n nt
—eAtOQLcos Bt + kg sin Béﬂ (5)

The angle of sideslip can then be computed by substitu-
tion in the formula for several values of time. The maxi=-
mum sideslip should not exceed 20°, An explanation of the
constants and a more comnlete discussion of the problem and
its solution are given in the appendix. -
Tunnel data necessary for the investigation of the
requirement include aileron curves for the low-speed condi-
tion (figs. 7 and 8) and vaw curves similar to figure 10
for high and low rower conditions, flaps both extended and
retracted, at the 1ift coefficient corresponding as closely
as possible to 110 percent of the minimum speed in each
case., From the aileron curves, the aileron yaswing-moment
coefficient Cn, and the helix angle pb/2V for the maxi-

munm aileron deflection can be found, These values and the
directional-stability data obtained from the yaw curves are
used in ‘the determination of the constants in equation (5).

II-D: Limits of rolling moment cdue to sideslip
(dihedral effect). -

II-D-1. "The rolling moment due to sideslip as
measured by the variation of aileron deflection with
angle of sideslip should vary smoothly and progres-
sively with angle of sideslip, and should everywhere
be of a sign such that the alleron 1s always required
to depress the leading wing as the sideslip 1s in-
creased. " ‘

Rolling-moment coefiicients can be obtained directly
in yaw tests of the model with neutral ailerons. Curves
of C; against B (fig. 10), drawn for idling, cruising,
and high powers, should be smooth and should pdssess
negative slopes throughout, indicating nositive dihedral
effect. The range of sidesliv angles included in the
tests should extend at least 10° beyond the angle at which
maximum rudder deflection will give trim in yaw.

' II-D-2. "The variaticn of aileron stick force
with angle of sideslip should everywhere tend to
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return the aileron control to its neutral or trim
position when relesased.”

This requirement may be investigated by a study of
the stick-free effective dihsdral, in a manner similar to
that used in the study of stick-free stability in item I-B-2,

For esach of several combinations of 1left and right
aileron deflections determined by the known aileron
linkage, flap-up and flap-down yvaw tssts should be made.
If practicable (that is, if the rudder is equipped with
remote control), the rudder should be set as closely as
possible for trim in yaw at esch peint.

Curves of hinge-moment ar

nd rol’ -
cisnt against angle of sideslip (a2s in fig. 10) can be
drawn for various total aileron deflsctions. The hinge-
moment coefficient should be the total aileron hinge-
_dﬁau 1084
moment coefficient Chay, —ax Tt Chag —yy—» where the

d8g
slope -gx 1is that msasured &t the appropriate up or
down. aileron setting.

The zero Hinge

moment polnts can be spotted on the

C1 curves. in the same mannsr as the zero elevator hinge-
moment points were spotted on the Cp curves in figure 1.
The resulting curve will bs a measure of the stick-free
effective dihedral, which should be positive in order to
satisfy the requirenent. '

II-D-3. "The rolling moment due to sideslip
- should never be so great that a reversal of rolling
velocity occurs as a result of yaw due to ailerons
(rudder locksd)."

Although this requirement actuzlly demands a theo-
retical study similar to thag of the yaw dus to allerons,
a simple check of tunnel data may be mude which should
give adequate indication of the ability of the airplane
to meet the requirement. The check should reveal that
the rolling-moment coefficient at the angle of sideslip
developed with full aileron deflection and neutral rudder
(determined in item II-C) is always considerably less than
the rolling-momsnt coefficient contributed by the full
aileron deflection at zero vaw. '
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II-E: Rudder control characteristics.

II-E-1. "The rudder control should everywhere
be sufficiently vpowerful to overcome the adverse
aileron yawing moment." :

The total.adverse yawing-moment cocefficient (En due

to aileron plus Cnp g%) developed with maximum aileron_

deflection in the 110-percent minimum-speed condition, as
previously determined for item II-C, should always be less
than the yawing-moment coefficient at zero yaw contributed
by maximum opposite rudder deflection.

II-E-2.  "The rudder control should be suffi-
ciently powerful to maintain directional control
during take-off and landing."

The problem of rudder control will ordinarily be most
critical on the take-off at the high-power low-speed con-
dition, In this attitude (with the flaps set to the
prescribed angle for take-off) the rudder deflection
necessary for Cp = 0 and Cy = 0 is found. This re-
quired deflection should not approach too closely the
maximum avallable travel,

In figure 10, for example, the airplane shows trim in

gaw and lateral force with 15° right rudder deflection at -

.59 left sideslin. This amount of sideslip is normal in
the take-off of a highly nowered single-engine airplane,

Although ground effect as related to this requirement
may merit further study, the information available at pres-
ent appears to indicate that the requirement may be investi-
gated with sufficient accuracy with no ground representation.

II-E-3. "The rudder control [on multiengine air-
planeéL should be sufficiently powerful to provide
equilibrium of yawing moments at zero sideslip at all
speeds above 110 percent of the minimum take-off
speed . . . with any one engine inoperative (propeller
in low pitch) and the other engine or engines devel-
oping full rated power."

For the specified power conditions, flaps up and flaps -
down, curves of Cp and Cpe similar to those of figure 10
should be drawn for different rudder deflections at the
110~-percent minimum-speed attitude. Yawing moment should

equal zero at a rudder deflection well within the limits of
travel.
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The "inoperative! engine should be the one whose
failure would cause the maximum asymmetry of thrust.
It should be run at windmilling rather than at idling
power, Reference 13 may be used as an aid in setting
up test conditions to simulate the action of a dead
engine being turned by a propeller,

II-E-L. "The rudder control in conjunction
with the other controls of the airplane [should
provide| the required spin-recovery characteristics."

Fxemination of this quality is not suitable for
usual wind-tunnel programs.

II-E-5. "Right rudder force should always be
required to hold right rudder deflections, and
left rudder force should always be required to hold
left rudder deflections,"

This requirement may be considered satisfactorily
met 1f a curve of Cpn against £ for Chy = 0 (as

shown spotted on fig. 10) shows a reversal in the sign
of Cp only where it possesses a pesitive slope. Al-
though a stable slope of this curve would be desirable
throughout the sideslip range, it.is not considered
absolutely essential provided the curve does not cross
the zero ordinate at any voint at which its slope indi-
cates instability.

In the event that large trim-tab deflections appear
necessary for reduction cf pedal forces in straight

flight, the possibility of a force reversal with the
required tab setting should be considered.

II-E-6. "The rudder forces required to meet
the above rudder-control reguirements should not
exceed 180 pounds (trim:tabs neutral)."

The highest vpedal force computed from the rudder
hinge-moment coefficients associated with the deflections
necessary to meet the foregoing rudder-control require-
ments should be less than 180 pounds.

II-F: Yawing moment due to sideslip (directional
stability).

II-F-1. "The yawing moments due to sideslip
(rudder fixed) should be sufficient?’to restrict the
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yaw due to ailerons to the limits specified in
requirement (II-C-1)."

This item is included in consideration of require-
ment II-C. :

II-F-2, "The yawing moment due to sideslip
should be such that the rudder always moves in the
correct direction; i.e., right rudder should pro-
duce left sideslip and left rudder should produce
right sideslip. For angles of sideslip between
1150, the angle of sideslip should be substantially
proportional to the rudder deflection."

A curve of Oy against 3 can be plotted for
Ch = 0 (fig. 11), supplying the necessary information
for both portions of this requirement. The words
"left" and "right" should be interpreted as being rela- .
tive to the normal trim point, inasmuch as rudder-neutral
trim may not occur at zero sideslip in some power con-
ditions.,

II-F-3. "The yawing moment due to sideslip
(rudder free) should be such that the airplane will
always tend to return to zero siceslip regardless
of the angle of sideslip to which it has been
forced."

The rudder-free curves drawn for item II-E-5 (fig. 10)
supply the necessary information for this requirement.
As already mentioned, a stable slope is not demanded at
every angle of sideslip, but the signs of the yawing-moment
cosfficient must not reverse in an unstable direction.

In tests of wind-tunnel medels in yaw, data should be
considered for sideslip angles extending at least as far
as 10° or 150 beyond the angle at which the maximum rudder
deflection will provide trim because an airplane may be
forced accidentally to angles of this magnitude. The
characteristics of the curves at greater angles of side-
slip are of no concern in flight, inasmuch as the angles
represent attitudes impossible for the airplane to attain.

A considerable amount of testing and computing time
may be saved by eliminating test points at high positive
sideslip angles with large amounts of right rudder deflec-
tions, and at high negative angles with large left rudder
deflections,
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II-F-4. "The yawing moment due to sideslip
(rudder free with airplane trimmed for straight
flight on symmetric powsr) should bs such that
straight flight can be maintained by sideslipping
at every speed above 1hOrpercent cf the minimun
‘speed with rudder free with extrems asymmetry of
power possible by the loss of one engine."

A yaw test in the 1l,0-percent ninimum-speed attitude
with the rudder free to floatb seems to be the most direct
approach to the study of thils requirement. With th
rudder-trim tab set for straight flight on symmetric

"power, the model should be operated with all motors

simulating full rdted power sxcept the one whose failure
would result in the greatest asymmetry of power, Trkis
outboard engine should simulate the windmilling condi-
tiOl’l. . ’ : :

Typical curves of vawing-morent and rolling-moment
coefficients measured Iin the rudder-free yaw run are
shown in figure 12.. From aileron curves similar %o
those of figure 7, the total ailercon daflection required
to balance the rolling moment at each -angle. of sideslip,
and the yawing-moment coefficient Cngy assoclated with
the total deflection. can be found., A curve. of —Cné
is then superposed on the Cp curve of figure 12. In
order for the reguirement to be met, the Cn curve must
cross the Cy = 0 axis, and the curves of Cpn and " -Cp,
must interssct. '

IT-G: Cross-wind force characteristics.

"The variation of cross-wind force with side-
slip angle, as mesasured in steady.sideslips, should
everywhere be such that right bank accompanies right
sideslip and left bank accompanies left sideslip.”

Inspection of the yaw curves should show that the
slope of the curve of Cy against B 1is negative, as is
indicated in figure 10. ‘

o]

IT-H: Pitching moment dus to sideslip.
"As measured in steady sideslip, the pitching
moment due to sideslip should be such that not more
than 1° elevator movement is required to maintain
longitudinal trim at 110 percent of the minimum



speed when the rudder is moved 5° right or left
from its [original] position for straight flight."

At the 1ift coefficient corresponding to 110 percent
of the minimum speed, the trim rudder deflection for each
power condition can be found as in item II-E-2. For a
rudder deflection first 50 to the left and then 5° to the
right of the trim setting, and at the angle of sideslip
for Cp = 0 1in each case, the pitching-moment coefficient
should nct be sufficiently different from the pitching-
moment coefficient at the trim point to account for a dif-
ference of more than 1° elevator deflection. The angles
of sideslip involved are relatively small; it appears,
therefore, that the use of elevator effectiveness data
for unyawed flight (fig. 1, for example) is justified.

-

II-I: Power of rudder and alleron trimming devices.

II-I-1. "Aileron and rudder trimming devices
should be provided if the rudder or aileron forces
required for straight flight at any speed between
120 percent of the minimum speed and the maximum
speed, exceed 10 pnercent of the maximum values
specified in requirements (II-B-5) and (II-E-6),
respectively, and unless these forces at crulsing
speed are substantially zero)

The rudder hinge-moment coefficients for straight
flight at the specified speeds are obtained from yaw
curves (fig. 10), the method of item II-E-2 belng used
for the determination of straight-flight conditions. The
rolling-moment coefficient for each straight-flight atti-
tude apprears on the same curves, The aileron settings
required for trim in roll and the hinge-moment coeffi-
cients for these deflections are determined from aileron
curves (fig. 7).

If the difference between the maximum and nminimum
forces computed from the alleron hinge-rnioment data exceeds:
8 pounds at the rim of a wheel or 3 pounds at the grip of
a stick, the provision of an aileron trimming mechanism
should be recommended. A similaer recommendation should
be made for a rudder trimming device if the difference be-
tween the maximum and minimum rudder forces exceeds
18 pounds. If the forces at the crulsing condition are
not substantially zero but the variations fall within the
desired limits, the trim can be changed by rigging, and
tabs need not be recommended.



TI-I-2. "Multiengine airplanes should possess
rudder and sileron trimming devices sufficiently
powerful in addition to trim for straight flight at
speeds in excess of 1.0 percent of the minimum
speed with maximum asymmetry of engine power."

It is presumed that if aileron tabs are supplied for
the model, data will be obtained in some form vermltting
construction of curves similar tc those shown in figure 13,
For this requirement, as for requirement II-D-2, the hinge-
morment and rolling-moment coefficients are for the com-
bined settings of both ailerons.

The rolling-moment coefficient due to asymmetric
power Czl can be measured in the straight-flight atti-

tude representing 11,0 percent of the minimum speed with
the model motors representing the condition of maximum

asyrmetry of nower. A tab setting within the limits of
travel should nrovide zero hinge-moment at an ailsron de-
flection required to balance this amount of rolling. On

figure 135, for example, a tab angle of anproximately 10°
meets the reguirement, :

A similar procedure can be used for the rudder. It
would be desirable, if feasible, to study the requirement
in a more direct manner by making straight-flight measure-
ments of rolling-moment and yawing-moment -coefficlents. at
various tab settings with rudder and properly linked
ailerons free to float. The requirement would then be
met if Cp and Cj; were found to egual zero at noints
within the limits of tab travel.

Because the study of this item depends on the action
of small tabs, the investigation of this requirement will
probably be advisable only on models of fairly large
scale,

II-I-3. '"Unless changed manually, the trimming
device should retain a given setting indefinitely."

This item does not appear suited for normal wind-
tunnel investigation.,

ITI. Stalling Characteristics
ITI-1. "The approach of the complete stall

should make itself unmistakably evident through any
or all of the following conditions:
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~ a. The instability due to stalling should
develop in a gradual but unmistakable manner.,"

Tuft studies appear to be mandatory in connection:
with this phase of the investigation and with the stalling
problem in general. Information concerning the flow
phenomena and hence, to soine extent, the behavior of the
airplane at the stall can be acquired from observations
of the action of tufts on the model as the angle of attack
is increased until the complete stall is reached. The
development of instability is usually gradual when stalling
appears first at the wing roots and spreads gracually for-
ward and outward in such a manner that the flow over the
ailerons is the last to become disturbed.

b, "The elevator pull force and rearward
travel of the control column should markedly
increase . "

The curve of elsvator stick force against airspeed
(fig. 2(b)) and the curve of elevator deflection against
airspeed (fig. 2(a)) should each show a marked increase
in slope as the stalling speed is approached.

c. "Buffeting and shaking of the airplane
and controls produced either by a gradual break-
down of flow or through the action of some
mechanical warning device, shculd provide unmis-
takable warning before instability develops."

This item is best studied in the wind tunnel through
the tuft observations. Tuft behavior, for example, that
indicates an initial flow breakdown near the wing center
section and, consequently, turbulence in the flow over the
tail, is wusuwally an indication that tail buffeting will be
nresent, If a mechanical stall-warning device is intended
for use on the airplane, the angle of attack at which the
instrument gives 1ts warning should be appreciably lower
than the angle at which the tunnel results indicate that
instability will develop.

ITI-2. "After the comnlete stall has developed,
it should be possible to recover promptly by normal
use of controls."

Although mechanical difficulties tend to diminish the
value of any quantitative tunnel msasurements beyond the
stall, the tendencies suggested by measurements of LTI
pitching moment through the stall may be of some use in '
consideration of this regquirement,



L-322

57

ITI-3. "The three-point landing attitude of
the airplane should be such that rclling or yawing.
momasnts due to stalling, not easily checked by
controls, should not occur in landing, either
three-point or with tail-first attitude 2° greater
than that for three-point contact.”

The angle of attack corresponding to the three-point
ground angle of the airplane can be determined from
drawings of the complete airplane. The angle of attack

‘at which tuft studies indicate bad stalling in the flap-

down, idling-power condition should be more than 20
greater than the ground angle.

CONCLUDING REMARKS

An attemnt has been made in the present paper to ,
present methods of analysis of wind-tunnel tests in terms

of flying gualities c¢f airplanes, The suggested methods

have been presented in an effort to demonstrate the
practicablility of this type of analysis and also to
stimulate interest and discussion among design and test
personnel, It is hoped that, with the cooneration of
interested groups, more satisfactory methods will be
developed in the near future.

In the present rather general treatment of the.
subject, it has naturally been impossible to cover unusual
cases that may require special treatment, If, for ex-
ample, an airplane is provided with some mechanical device
that influences the control forces in certain maneuvers
although the measured items in the wind tunnel show no
effect, this device should be considered in the study of
the relevant requirements. In short, every effort
should be made to regard the subject of the investigation
as an actual flying airplane and not as a scaled-up repro-
duction of a model. '

In conclusion, it is believed that wind-tunnel tests
of powered models can, if properly analyzed, be used to
examine the flying qualities of airplanes and to determine
the extent to which any particular airplsne will satisfy
requirements for satisfactory stability, control, and
handling characteristics in flight. It is recormended
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that this type of testing, analysis, and presentation
data be generally employed in wind tunnels engaged in
testing airplane models for stability and control.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.

of
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APPENDIX

SIDESLIP IN ATLERON MANEUVERS
Symbols and Definitions

The~ following terms, in addition tc those previously
defined, are used in the computation of the sldeslip angle:

5Cp
X P s n
Cp vewing-moment coefficient due to rolling = I
p | e<-
2v/ |
oCn
C vawing-moment coefficient due to yawing
n, : _ J r
é )
\2v
r vawing velccity, radians per second
ko radius of gyraticn about Z-axis, feet
(mknz = yawing moment of inertia, Iw)
L y]
0] angle of bank, radians

Np and N lateral-stability derivatives in terms of unit
8 r . .
moment of inertia of airplane

T
A = fz
2 .
Ny
B =g - —
VR T
N

P = (;V /i?/

The value of CnD for the appropriate angle of attack

is found by the use of reference 12, Reference 1l may be
used for the estimation of Cnr'
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where

Sideslip Formula

As stated in item II~-C, the angle of sideslip
developed by a conventional dlrﬁlane in a rudder Tixed
aileron roll may be expressed as

g =57.3[kg + kp cos pt + k3 sin pt

_eAtfy S a TR
et {y), cos Bt + kj 31n_Bﬁﬂ (7),

kl:

~
o
|

1
5

+

o
no

ku 1

k5 = —~——B

After the constants have been evaluated, the side-
slip angle may be determined for any value of time by
substitution in equation (5). This substitution
should be made for half-second intervals covering a rangs
of time sufficlent to allow the airplans to reach an

angle of bank of 90° (or less in the case of an extremel
g v

large airplane).
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Discussion

Thm‘anblas of bank reached in a full-aileron roll
re far too large to permit the use of the usual assump-
tion thau ¥ = sin d. .The customary solution must
therefore'be ‘further compiicated by the introduction of
the sine of the angle in the eaquations of motion.

The expression presented herein offers a somewhat
sxanlfied solution but suffers a corresyponding loss in

accuracy. The greatest possible scurce of error lies .

in the fact that the der:vat;on assumes tke airplane to

. be rolling at a steady rate, The error introduced by
.neglect of the small initisal pericu cf acceleration is

not believed to be serigus. ' If, “however, the sbumptlon
is delled to an airplane with pronounced'spiral insta-
bility, it may be considerably in error after several
seconds because the rolling velocity of the alrplane: would
be" 1ncr6451ng rather than remzining constant, Qithou sh
the error in the assumed rolling vmlocitv would lead to
sideslip angles (indicating
reasing olaes11r) it is

erroneous values of computed

a peak rather than an ever-increas T
believed that, for coqve“tloqu; alrplanes with reasonably
effective ailerons, the brevity of the maneuver will per-
mit the use of this methcd with reasonable accuracy.

The effect of the lateral-force derivativa; which is
relatively small, is neglected. The equations upon
which the solution is based are

ag _gsing o T

T - I

as v
g% = BNg + rip + Hg
where , .
- “\/pb
Ng-= <0L> (V%)( 7

7= pt

and @ 1id exnressed in radiens,
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The equations may be combinéd and expressed as

a2 ap

p N
— - Np— +[3J@=_~:;§cospt-—g——£sinpt-l\lo
at?  dt v

The solution for ( then becomes

V(Kq2+p%8()\l +02~) £x1x2 p ) cos pt-p<>\2+>\1\; sin pt:]

- gNp [
2 - N\ > sin pt—‘n()\ +A )cos t]
2 2 p 172 1t P
V(KZ +p )()\. +o—)
No At Aot
-2 Cq@ ¥y Coe 2 : H6-)
ANA2 : : o '

where Ap and )\2 are roots of the eguation -

dep ap
=E .y 4 PNg = O
at2  dt Plig
or 5
' _ _ Ny tﬂmf - liNg
Mihp = >

Cl and Cp are constants determined from the knowledge

that el aﬁd ——@ are both equal to zero when t = O,.
The equation i 6 ). for sideslip may be used for any dis-
tinct values of )\1 and Ao other than zero. For a con-

ventional airplane with even slightly better than neutral
directional stability, however, the term Npe - h.hﬁ

will be negative, and the roots will take the form
A % Bi, Substitution of these roots for Ay and Ap

results in the expression

B(radians) ~ k1 + kp cos pt + kz sin pt

—eA'E(kL.k cbs Bt + k5 sin Bt)
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It should be noted, then, that if the term Nr2 —hNB
is positive, the intermediate expression involving Ay
and  Ap must be used instead of the final expression

given in item II-C in terms of A and B.



bl

lO'

REFERENCES

Gilruth, R. R.: Requirements for Satisfactory Flying Qualities
of Airplenes. NACA ACR, April 1941.

Recant, Isidore G., end Swanson, Robert S.: Determination of
the Stability and Control Characteristics of Alrplanes from
Tests of Powered Models. NACA ARR, July 19k2.

Greenberg, Harry, and Sternfield, Leonard: A Theoretical
Investigation of the Lateral Oscillations of an Alrplane
with Free Rudder with Special Reference to the Effects of
Friction. NACA ARR, March 1943.

Schuldenfrei, Marvin: Some Notes on the Determination of the
Stick-Fixed Neutral Point from Wind-Tunnel Data. NiACA RB
No. 3120, Sept. 1943.

Jenney, William: The Effect of Horizontal Variations in
Center of Gravity Position on the Static Longitudinal
Stability of Alrplenes. dJour. Aero. Sci., vol. 3,
no. 2, Nov. 1935, pp. 43-45 ‘

Donlan, C. J., and Recant, I. G.: Methods of /nalyzing
Wind- Tunnel Data for IWDamlc Fl;gbt Conditions. NACA
TN No. 828, 1941.

Recant, I. G.: Plate Method of Ground Representation for
Wind-Tunnel Determination of Elevator Effectiveness in
Lending. NACA TN No. 823, 1941.

Katzoff, S., and Sweberg, Harold H.: Ground Effect on
Downwash Angles and Wake Location. NACA Rep. No. 738,
1943. (Issued also as TN No. 845, 1942)

Wetmore, J. W.: The Rolling Friction of Several Airplane
Wheels and Tires and the Effect of Rolling Friction on
Take-Off. NACA Rep. No. 583, 1937.

Ames, Milton B., and Sears, Richard I.: Determination of
Control-Surface Characteristics from N.CA Plain-Flap and
Tab Data. NiCi Rep. No. 721, 1941. (Issued also as TN
No. 796, 1941.)



L-322

11.

12.

13.

1L,

b5

Wenzinger, Carl J., and Rogallo, Fremcis M.: Wind-Tunnel
Investigation of Spoiler, Deflector, nnd Slot Lateral-
Contrcl Devices on Wings with Full-Span Split and
Slotted Flaps. NACA Rep. No. 706, 194l.

Pearson, Henry A., and Joﬁes, Robert T.: Theoretical
Stability and Control Characteristics of Wings with
Various jMmounts of Taper and Twist. NACA Rep. No. 635,

1938.

Hortmen, Edwin P., and Biermann, Dnvid: The Nsgative
Thrust and Torous oif Several Full-Scale Propellsrs and
Their Application to Various Flight Froblems. NACA
Rep. No. 641, 1938.

Campbell, John P., and Mathewa, Ward 0.: FExperimental
Determination of the Yawing Mament Due to Yawing
Contributed by the Wing, Fuselage, =ud Vertical Tail
of a Midwing ‘irplane Model . IACA ZFR No. 3F28,
June 1943 .



1,-3%4

~ NACA

[——— ™ l g
[ [ 8oy deg l Ge, deg ] T _
E’ 2 . —— ,e — .9 l . -
"é 0)04 — ". e O e = -12
e | T el
e ——— -1 —
L e
& O
23 ;
2 \\_\‘— - \ @
g, .02 - =]
o P~ - S F—
+ O X .
lg o T T~
(5] R e T T~ -
o Sl N S —— S S—
-~ o  _ - \,‘ - [——
™~ rm———
Y S b —
pal— = = I
. P | eemsampmrmem e ~ — L ] ——
I}-\.__\._\‘ :;:“,‘_.(:.,.—\—ﬂj-‘" ; ~— -
! AT T _ T~ 1 S
Cm =D \'““‘\W\\ i i ~—i
\."\\\\
-.02
N
«
’2 i
i : N
I Ty e S \
OE — 1 N << < A) .
i ~1. NN
© 1 1= R : :
8 : I =~ AN N \
'S ~ . - . />\\\ i Y C.' \
LN - -~ . A N
o s Theo IN_[® D
Q{LI S - ~ ,,,,.‘—3—{' """" \ j
8 S~ ~\>< '\—’\’5<*”"‘\' N M.
— ] I PR ey < \ \ E
+ o - '
5 0 e : . .
g I L Rt S \ N \ )
o ! \\ T A « B
: s N L
& h SO NN
ot N\ AR
5 \ ) . S e
O n
::|> - ol X \ \\ e
\'\ \
} NN
!
-ol 4
0 .4 .8 1.2 1.6 2;

Lift coeff

icient, Cy,

Figure 1.~ Fitching-moment and hinge-moment curves for a typical
fighter airplane; 8¢ = 0;.idling power;

mn =

T, = O.

0



1,-322

NACA

Fig. 2
Up
-12 T i
i
&)
(0] i \_‘_
< -8 ; N
:1) \
«©
. . ™.
Py ~& \\ . |
?ﬂ H \\ E
o : ~— !
< 0 i P T
B i i \~\
o T ~—
- i
[ .
P 4 4 -
- + l,
= : :
* |
Down 5 ! !
2.0 . 1.6 1.2 .8 4 0
1itt coefficiznt, {y
(a) Variation of elevator trim setting with 1ift coefficient
Pull for a typical fighter airplenec; &y = O; idiing power.
10 - ey
0O :
~ e e }
o 5 ;
Q 1
54 ~
(o}
&4 =~
M ~—
3 \““"w\
41-/; \“‘\. -
& T
~
o
-+ \\
@3 )
e |
m .
) ' | i
Push | 5 i

£0 120 160 200 240
© Alirspsed, mph

(v) variation of elevator stick force with trim airspeed for a
" typical fighter airplane at sea level; &8s = 0; idling power.

Figure 2.~ Blevator angles and stick forces for trim.



Fig. 3a

NAGA

*qutod TBIINOU JO UOTFRUIWISYS(Q -°C @InIITg
*U0T3eO0T £3TaBIF-JO-I99U80 3Sulede odoTs JuEWOW-FUTIYOLTH (&)

*0°'V*'H 3uedoxed ‘£31A8IF JO J99ULD
gz

cg

ST

w}
i " W i ' J_ b
1 t i L
i i ; \\\
iN . e e m >
| e
\\\
- J e e n s - 4 -
. ! m A
! i i -
i ! : . /
H s
S ST oo . : —_ S
i
I )
.._. e M e —— - - [ VUSRNSSR AU
| Voo
MV\ ! |
.......... _ R—— . e S | S e
| e
P
\\ |
1 !
~ M
A i
S \\.l ..... qll -
. | ;
\\ | m _
\ H i 1
P . 3 - + —dme 1. J— s B
A : “ i t
! \\\\w i “ | | m
P f !
; _ |

0/

a
]
l

1490

co’

‘odots qusmwow-2uiyortd poumiti]

2. A,
Qo
B,



NACA

‘Neutral point, percent M.A.C.

[WM)
(92

[SN]
(91

30

Fitching-moment coeffi

iy .- — —- v
10 ! 3
. i H
& i
. : .
A4 | :
i
: i
42 i
2 ™~ |
3 i % |
3! . |
5 | AN
&5 |
- i |
£ ; ;
.r; i 1 ;
& : i i ]
~ : : :
g | ! ! 5 i
B i € ! !
9 : i i NG
= : i ! ‘ :
a ! ; ! \
w2 i | ? l
w0 : N @

Figs. 3b,c

2 — e :
! 1 4
~ ? i
S R — i ;
"~ H ~ 1
e 4
‘\I\ \‘\\ | §
~—t T —— - i
\ P~ T e
O ‘EF'LiﬁL,N - 1 H
\\\Ayh\\ T re— ] \\J\ !
\\ o —MQ.-\\.‘\"‘L‘\\JL“
\\\\4 ! ! - -;:\\.\ A
..... N e S - ‘ ooty ]
— T —
l \ | . i
— | 7 :
i ]\\
| ; 3B
i1
i :
z | s

-.2! :

0 o4

1.2 1.
£t coefficient, CL

8 2.0
i

L

(b) Detecrmination of neutral point from pitching-moment curves.

Ratcd power,
neutral.,

center of gravity at 256 percent M.A.C., flaps

(¢) variation of
power, flaps

Figure 3.- Concluded



e-moment coef

b3

1N

-

Elovaror X

icient, Gy

o
€11

Pitching-morient co

-.02

-

NACA

O

.1

1
Ll
[

-8

Figure 4.~ Fitching-moment and hing

plane; &6¢ = 0] 85 =0; T

g-moment curves for

Co

o

<y

ical fi

i
]
1]
H
—
J————y S
\“~\4\\ - i
i e ' el
\\L - —
“\\~-‘ - —r ———
; H
, § ii.deg
- , : . — 0 ____]
i — =
| -5
P :
1 i
‘ RUDURPIR SR . L ——
T 1 i
TP | E
R ;
s i
ey e N R
H i
i ! ~
| | I
| : i !
: i .
i
; I \\
e o=t 1 i N
o j R a——
. RN
\\‘l\ \
—
T ! i
P i = f AY
; \
‘ l \‘\\ ‘
H 4 ~ \
‘ 1 ~ i
. ! * i
4 . E PN
: ! . .
i \\ .
- . | i ™~ —
| N
| ! N
i i .
i H
| i i \\
i i \
o
-k O o .8 1.2 1.6
Lif% coefficisnt, CL

hter air-



MENESUVETSs,

! ! i i :
| i i i !
| { i ! o
! i i i
; | i i
: o s S £t
| | <
: Eoe !
T ! | <
i . { ot @
: . : | o >
| ~ M “ ®© @
.. . . S e meeas U USSR S -
i ¢ ® <]
{ ] i o
i “
: Q a
, ; 13} o
R ¢ 4
] I
| u . | m ~=
“ ~ 4y
! } Q )
_ ] £ Bt
_ — _ _ s} 1)
[ ot o)
4+
B g o i
. . LI ) ! >
i e & ®
0o @ —
< =
“ | &
\ H .
} : 0
D
]
£
ot
ey

SPY SRS S

NACA

AN}

Q ¥ ‘UOT309TJeT J09wASTS UT 23uwvysd

TN

4+
v



wd
o
=

NACA

N
”lﬂﬂil..lllu‘\)...
A
g
m
H
i
!
t
!
!
]
-~
o2e-"1 1
\
. :

o = L

oy




L7

U5 ¢quot1o133900 JuOWOW-OUTY UWOIETTY
. ’ < o
- S 3 e S S
. * ¢ - , I ] + 7
cpo ' 4 M s \
Py ' i - ,
‘ i ‘ w0
i i , 7 =}
| . /
| \ \
[ " N
- 5 \ J
/ ! ,
! \ | r/ ©
¥ ! f T i
| ! A
I I A
{ i 7 i
| / a
1 . N N -t \
{ i , ) /
! ; e
, ) \ \ /
! N it \ \m —
i } 2 .\ .\ K
_ w Ly A /1
| ! ﬁ C ok r i ¥ \ B
! , ©
i - N. 7o WH hr 1
. / ieNeNe Iy
1 ! ! PR /
| / 2 e \ !
+ 7 f i \ ;
} ! ‘
) ! * \ !
+ ! f ! w\ : m
1 ! .\ s ]
! 1 \ 1 \ 3
N .~ I
“ ! \ - ' i
/ ;
! ! \ \, <t
! ; ! / il 9_~
1 I H L !
- o 9
¢ o o g 8 8 8 ©° 5§ & 38
M. < : * * ‘ ! 1 1
Y0 ‘3ua10133000 19 ¢qus1011I1000 JusuOW-SLITION:
1UBUCU-~SUTLR T ErTaR : ,

Right aileron deflection, 8., deg

Figure 7.- Typical aileron curves. Power off, &8¢ = O.



NACA

, 10

w

force,

-~

Aileron stick

b

elix angle

H

Fig. 8
40 T
- - g ’
20 e
e J P g ‘—A/—."/—/-—
0 ===l
«, deg
14.0 (110 percent Vpip)
————— —— === 1.0 (80 " Vimax)
.08 |- e -t
///// g
7
P A
7
//// s
- V' /
.08 |— Al
/ g
& ) AL
s
| A
7
.04 T
/ b |
// 7 7
L. ‘ ~
i ’
-~ A .
Oé //
7
7/
44
/
/
v SO S
0 10 20 30 40 50
Total aileron deflection, Satotal , deg

Figure 8,- Variation of estimated helix angle and stick force
with aileron deflection.



Fig. 9

NACA

D e 1

~ H
. i N {
A ™ i

— el I Jr;W/// 1 e

e N
: v R ./
[N
? \ . .Ofv o H
! AR .
- S S S -

————
<
e /
/

H

Y - \\ e — S “l» i B

—_— . - . . i IS A
: | _
_ i
| i
SRR (U TEP U SR S -t —i {3 .:.I\x!t.w..-. s ..l.y!.‘!:m.l -
uzog & « © © Q 5 & dn
) )

Bop ¢®y ‘uoryocTzep wOTATTY

- RO

ol

*
-

<
v

con

£

ment at top of

ron 1i:

&

10V E

r
4k

-8
3
Figure 9,- 4il

Left



= - A .
Sl <wiaoye00 Juswow-buoy T Yy uapyjeod  Juawouw-abuly Jappny ‘

- N o 2 w o o (w2e/01 =%2019 )
T Wl I T ]
=10 NNEEE il TR

Y _ WV Mzmw:uo:wm\._u,hwm _\_\\ \\ \ L1/

o LW \ WS DB
k! AR AR AR VA
D R il AN o5

& DTk T AT

So [ WA aH NS ASD N

= N N I / AN o8

5 W WA il A AW AN | 7=

@ NN ATINUN T Anye

i AT

1 //ﬁ W SE VAVVATAZ N
N Rl EEEREE \RE RSV EEaR
i | W ANirATAan _.

N © N S S o 3 S

. D U300 3DJ0}-0IR10 T Uy ¢ UaIIP00 EwEoEw@c_BQ

5 | . |

=z

zze-1 . - , .

e

pical fighter airplane. Rated

y
14

0, ot

FicUrRe 10— Yaw curves for a t
power, §¢



&0

Fey

NACA

&)

ep

Gl

=TT ean@Tg

EFiY

UCTLBTITA

ca-

Cg~

] B ! R
w . ._ 1 i . ] N H H 4
; i : . : { i ! :
o | R T
_ | i : .. 3
“ i L N ” i i i : i
| ; I T ANy e e 7 i !
| H } i . : ; i : ' : i
i | , m ~ , i ! i : : |
m i ! ; N i i ' H i ;
_ _ : | N | : | | “
- i, BN SO PO S : : i
W m // . s ,..J.“,!..l:. : - 4 0T
i i N : i ] i :
i ; ] ! : i i
R ' ! i ™~ | ! | m m M
H - .= = 2 i i } i i
i w “ ; : ..)A.ﬂ.;.? - i‘!«. e L_N — .!_rl: l.T ———— “ k
i ] ! i L | ! i H N
; ! ! | AN : i i ! :
! i i i i 4 i : i !
, ; ! ; // ; “ i “,
“w ; ; i : S, ! : W :
1 ] i | g _ <40
| | : W _ W
” ,, N _ . M
| ! N ! _“ i
m i i : ; :
L - - AR N NUTUUSUUE IO S U 1 ;
| w i N A B
_ : | -
| : ; ” ; ™
T H _
_ m | , o D R R 01
. ! H ¢ ”
{ i i : i “ ///
i : H ” N
H i _» i ~
| SUNSISRNN R S :
! i m i
4 i m i
I USSR SR SO S S SNV, SRR SUUEPRUR ST SR
w ; e Sl EE T SRR I ¢ 24
i i
i i |
L m ! | !
i i

og-

Q

0 Gt
‘g *‘drisepis jo o1fuy



L-322

fraca

Fig. 12

i i}
! i &)
1 -
i -1 oo e e e d .01 45
.0
—1 o
// '9‘
Yt
- aweis emasin e e drnn e v bt e s b .1. ...... g - .——..,/ I %
I -"/ l o
——' 1 U
— :
Q
g
5 o
T &
/ } éc
— ]I g
1 H
- ! '6‘
! b 201 2
!
(5] :
~
i . O i —~ : 1
a3 \\ i Cn ,
= \j\ ;
3 Ny
g - S oo ]
(&} ~
™~
- ~
+© L .
& ~ 1 i
o 0 <~%ﬂh~_N—N_“_“‘“‘-~~—_., ~~\\\;\ f !
T ——— |
o -0 Bt S N
Q -
o
O
P t
5 |
0
a)
o _— -
S
8 | ; |
0 4 8 12 16 20

Angle of yaw or sideslip,

V or -8, deg

Figure 12.- Yawing-moment coefficient and rolling-moment coefficient
curves required for item II-F-4,
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Figure 13.- Aileron tab characteristics., -
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