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SUMMARY [_2 [

An investigation was carried out in the Langley free-flight tunnel .
to determine the trends in low-speed dynamic lateral stability and
control characteristics produced by large variations in the mass distribu-
tion of a free-flying model with a 45° sweptback wing of taper ratio 0.6
and aspect ratio 4. The value of the relative-density factor was held
constant in the investigation. Calculations of the characteristics of
the lateral motions for the model were made to correlate the trends
predicted by theory with those obtained from the flight tests.

In the investigation, increasing the rolling moment of inertia alone
or increasing the rolling and yawing moments of inertis simultaneously
was found to reduce both the controllability and oscillatory stability
of the model. Increasing the yawing moment of inertia alone did not
materially affect the stablility of the model but made it more difficult
to control. The general flight behavior became progressively worse
as the moments of inertia were increased. Feirly good agreement was
obtained between the trends predicted by theory and those obtained from
the flight tests. ’

- =
INTRODUCTTON  PTIC QUALITY JHEFECTED S

Some investigations have shown that the stability and control
characteristics of airplanes may be greatly affected by changes in
mass distribution. One investigation of this type made to determine
the effects of mass distribution on lateral stability and control of a
model with an unswept wing is reported in reference 1. Recent trends
in airplane design, however, have resulted in a range of mass-~distribution
parameters more extensive than that covered in reference 1. 1In addition,
changes in the general configuration of airplanes, such as the use of
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highly swept wings and long fuselages, have resulted in combinations of ,

the aerodynamic parameters different from those of the model with the ®
unswept wing used in that investigation. An investigation hus therefore e

been carried out in the Langley free-flight tunnel on a free-flying

dynamic model airplane with a sweptback wing to determine the trends in

low-speed lateral stebility and control produced by large variations

in the mass distribution.

The model used in this investigation had a 45° sweptback wing of
aspect ratio 4 and taper ratio 0.6 and a vertical tail having an ersa of
5 percent of the wing area. This configuration was chosen in order to
obtain a combination of aerodynamic parsmeters typical of present-day
airplane configurations. The investigation consisted of a series of
flights with the yawing and rolling moments of inertia systematically °
increased. The weight was held constant throughout the investigation.

Calculations of the lateral stability and disturbed motions of the
model were made to correlste the trends predicted by theory with those
obtained from observation of the flight tests.

SYMBOLS

All stability parameters except as noted are based on the stability
axes. The positive directions of the forces, moments, and angles are ®
shown in figure 1 and the relation of the stability axes to the other
reference axes is shown in figure 2.

S vwing area, square feet

c mean aerodynamic chord, feet °
\') airspeed, feet per second

b span, feet

1 longitudinal distance from center of gravity to center ®

of pressure of vertical tail, measured parallel to
longitudinal stability axis, feet

2 vertical distance from center of gravity to center of
pressure of vertical taill, measured perpendicular
to longitudinal stability axis, feet

q dynamic pressure, pounds per square foot (% Ve)
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weight, pounds

acceleration due to gravity, feet per second per second

mess, slugs (W/g)

relative~density factor (m/pSb)

angle of attack, degrees

angle of attack of principal axis of airplane, positive
when longitudinal principal axis is above flight path
at nose (fig. 2), degrees

angle between body axis and principal axis, positive
when body axis is above principal axis at nose
(fig. 2), degrees

angle between body axis and horizontal axis, positive
when body axis is above horizontal axis at nose

(fig. 2), degrees

angle between flight path and horizontal axis, positive
in climb (fig. 2), degrees

alleron travel, degrees
rudder travel, degrees

angle of yaw, degrees or radians
angle of cideslip, degrees or radians
angle of bank, degrees or radians

radius of gyration about longitudinal principal axis,
feet

radius of gyration about vertical principal axis, feet

nondimensional radius of gyration about longitudinal
principal axis (kx o/b)»

nondimensionsl radius of gyration about vertical
principal axis (kzofg

T TR
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nondimensional product-of-inertia param-

eter ((KZO2 - Kxoe)cos 7
yawing moment, foot-pounds
rolling moment, foot;pounds
lateral force, foot-pounds

' 1ift coefficient (Lift/qS)

yawing-moment coefficient

rolling-moment coefficient

lateral-force coefficient

radian

radian
radian

radian
radian

radian

radian

sin ﬂ)

{N/qsSb)
(L/aSb)

(Y/a8)
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oCy
Czr = o per radian
aav
BCY r radian
= —— a
I "3m
v
P ’ rolling angular velocity, radians per second
r yawing angular velocity, radians per second
t time, seconds
P period of oscillation, seconds
T time for amplitude of oscillation or spiral mode to

1/2 decrease to one-half amplitude, seconds

APPARATUS

The investigation was carried out in the Langley free-flight tunnel,
which is equipped for testing free-flying dynamic models. A complete
description of the tunnel and its operation is given in reference 2.

The static longitudinal and lateral aerodyramic parameters of ‘the model
were obtained from force tests run on the six-component balance described
in reference 3. The dynamic lateral parameters of the model were obtained
from force tests run on the six-component rotary balance described in
reference 4,

A three-view drawing of the model used in the investigation is
shown in figure 3 and the physical characteristics of the model are
given in teble I. The wing with 45° sweepback of the leading edge, taper
ratio of 0.6, and aspect ratio of 4 was incorporated in the design because
this plan form has been used in a coordinated investigation on the part of
several research facilitles and is considered typical of current design
trends. The center of gravity of the model was located st 22 percent of
the mean aerodynamic chord for all tests. A vertical tail having an
area of 5 percent of the wing area was used throughout the investigation
since this tail was found in preliminary tests to provide satisfactory
directional stability for the basic condition of minimum inertias. The
boom or stick type of fuselage was equipped with extensions at the nose
and tail and also with a vertical mast extending above and below the
center line at the center of gravity of the model. The fuselage exten-
sions and mast were used to support the weights which were shifted to
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vary the moments of inertis. The rudder and alleron control surfaces
vwere interconnected to give a coordinated control movement and were
operated by the pilot through a remotely controlled servomechanism in
the model.

The model was ballasted with lead weights to obtain a wing loading
of 4.32 pounds per scuare foot. The yawing and rolling moments of inertia
were systematically increased by disposing these weights at various
locations along the fuselage boom and the vertical :mast, The pltching
moment of inertia was likewise increased by this procedure. Becauae of
the symmetry of the airplane, the effects of pitching moment of inertia
on lateral stability are negligible and the changes in pitching moment
of inertia were therefore disregarded in the investigation. The
principal axes wWere alined with the body axes (e = 00); therefore,
shifting of the ballast along the body axes did not change the inclination
of the principal axes of inertia. The weight of the model was kept
constant so that the moments of inertia and the radiil of gyration were
solely a function of the displacement of the ballast weights from the
center of gravity.

METHODS

Stability and Control Calculations

Calculations of the period and damping of the lateral oscillation
were made by means of the equations presented in reference 5 for a
series of moment-of-inertia conditions which covered the complete range
of the flight test conditions. For all calculations, the aerodynamic
parameters were held constant at the values shown in table II. Values
for the lateral-stability parameters CYS’ CZB, and CnB were avallable

from static force tests of the model with and without the vertical tail.
Values for the parameters Cy , Czp, and CnP of the wing-fuselage
P

combination were available from rotary force tests and values for the
parameters Czr and Cnr of the wing were obtained by calculations

based on equations presented in reference 6. Values for the vertical-
tail contribution to the dynamic-stability parameters Cy and Cnr
r

were calculated from the equations given in table II. The value of the
tail contribution to Cnp was estimated by the methud described in

reference 7. The values of the tail contribution to Clp’ Cy , and CYP
by

were assumed to be zero.

.y

1PN T IR =

.
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The rolling and yawing motions of the model produced by a continu-
ously applied rolling moment (C; = 0.001) or a continuously applied

yawing moment (Cn = 0,001) vere calculated for four combinations of
Ky and KZO by means of the equations of motion presented in
0

references 8 and 9. These motions were used to show the effects of
KXo and KZO on the response to aileron and rudder control.

Flight Tesnting Procedure

The damping of the lateral oscillation was observed for each test
andi a gualitative rating was assigned to each condition according to
the relative degree of damping. Responge of the model to lateral controls
was observed and qualitative lateral-control ratings were assigned. A
general-flight-behavior rating based on the relative lateral steadiness
in flight and the smount of attention required by the pilot to fly the

model in the center of the tunnel was also assigned to each test condition.

These ratings are listed and defined in the following table:

) Oscillatory General flight
Rating damping Rating Lateral control Rating behavior
A Stable, A Gocd A Good
17+ -

gz;;;dj Satisfactory : Satis-

B [Stable, B l¥Feir B Fairj factory
moderately
damped

C Stable, c Poor c Poor
lightly Unsatis- Unsatis-
damped factory factory

D Neutrally D Uncon- D Unfly-
stable trollable able

No attempt was made to assign ratings for spiral stability because it is
difficult to evaluate in the free-flight tunnel and has been shown not
to vary with mass distribution (references 1 and 10).

RANGE OF VARTABLES

A1l flight tests and calculations were made at a lift coefficient
of 0.7 sand with a wing loading of 4.32 pounds per square foot which
corresponded to a value for the relative~density parameter b, of 20

o N - I e s PR
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at sea level. The aileron travel of the model was restricted to e total
of 40° for the flight tests and the rudder travel was varied for each
test to obtain the most satisfactory coordination of controls.

Since the total weight was held constant in the investigation, the
results can be discussed in terms of the nondimensional radii of gyration

in roll and yaw KX and K + The combinations of Kx and KZ for

24 0
which flight tests were made are given in table III and figure k, The
effects of changing KZO without changes in Kxo can be shown by com-

parison of conditions 1 through 3 and the effects of chenging Kx without
o]
changes in KZO can be shown by comparison of conditions 4 through T.

Comparison of conditions 4 and 8 %hrough 10 shows the effects of changing
Kx and KZ simultaneously. A chenge in Kzo with h and the total

weight held constant corresponds to shifting equiyment such as guns,
spmunition, and fuel tanks forward and rearward of the center of gravity
along the fuselage; whereas, changing both Kxo and KZO represents the

shifting of equipment along the wing. Changing Kx with Kz and the

o]
total weight held constant corresponds to relocation of equipment from
along the fuselage to along the wing or to shifting weights wvertically
above and below the center of gravity.

Calculations for the period and the time to damp to one-half
amplitude of the lateral oscillation were made for a range of values
for Ky = from 0.107 to 0.225 and for K ~ from 0.216 to 0.600. This

range includes all the flight-test combinations and is represented in
figure 4 as the region enclosed by the dashed line. The calculated
motions of the model were made for the four combinations of KX and KX

Z,

which are represented by the diamond-shaped symbols in this same figure.
These combinations are designated by the numerals I, II, III, and IV and
are arranged so that a change from I to II or III to IV represents an
increase in KXO, a change from I to III or II to IV represents an

increase in X; , and a change from I to IV represents an increase in
o

both KXO and KZO'

In order to illustrate the practical range of these two varisables,
the combinatlons of KXo and KZO for several current military airplanes

are shown in figure U4 and are represented by the circvlar symbols. The
range of KZO covered in this investigation was extended beyond that

defined by these circular symbols because of the expected trend in future

-

[ 4]




[ R e |

e e skak o o 08 i ot

[N ST )

Yoy
|

NACA TN 2313 9

airplanes. The hatched diagonal line represents a boundary below which
no combination of KXO and Kzo is expected to exist for any practical

airplane, that is, where KXO is greater than Kzo.

RESULTS AND DISCUSSION

Results of recent investigations have shown that the effect on
dynamic stability and control of any one particular parameter is usually
dependent on other variables entering into the stability equation. The
effects of mass distribution on lateral stability and control which were
determined in this investigation therefore apply only to configurations
and conditions generally similar to those used in the flight tests.

Oscillatory Stability

The qualitative damping ratings obtained from the flight tests are
given in table III. The lateral oscillation was found to be stable for
condition 1 and as Kzo was increased (by changing from condition 1l to

condition 2 or 3) the damping of the oscillation increased slightly. The
oscillation was stable for condition 4 and became less stable as Kxo was

increased (by changing from condition 4 to condition 5, 6, or 7) but did
not become unstable even at the largest value of KXO. The effects of

various simultaneous increases in KXQ and Kzo (by changing from

condition 4 to condition 8, 9, or 10) were found to be similar to those
when KX was increased independently; that is, the damping decreased
o

as both KX and KZ were increased.
0 o

Results of the calculations of the period and time to damp for the
lateral oscillation are presented in figure 5 in which F and Tl/2 are

plotted against KXO for a series of KZo values, This figure shows
that the period increases as either KXO or KZO or both increase but

that the time to damp to one-half amplitude increases with increasing
KXO and decreases with increasing KZO. The time to damp can increase,

decrease, or remain constant with simultaneous increases in Kxo and

KZO depending on the ratio by which they are increased.

K i a3 et 1 b o ALt e a
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In reference 11 the effect of increasing KZ on oscillatory
o]
stability was shown to be destabilizing for small values of 1n. As
the value of 1 was increased, however, this effect was shown to be
opposed by a stebilivling trend produced by the product-of-inertia param-
eter Ky, which is a function of Kzo, KXO, and 1. The stabllizing

effect of increasing KZO as determined in this investigation is there-

fore apparently the result of the corresponding increase in Kyy. Addi-
tional calculations indicated that, for some smal’er values of 3 (and
consequently smsller values of KXZ)’ increases in KZO would have been

destabilizing.

The comparison of experimental and theoretical results presented
in figure 6 shows that fairly good qualitative agreement was obtained
between the theory and experiment. The theoretical results are given
in this figure in the form of lines of constant damping which were
obtained by cross-plotting and extrapolating the data of figure 5. The
flight-test damping ratings indicate the same trends with changes in
Kx and KZ as do the calculated lines of constant damping. The

o

thébretiéal results appear to be somewhat conservative since they
indicate instability for two of the flight-test conditions which appeared
to be slightly stable. This discrepency is probably partly the result

of using estimated va’ues rather than measured values for some of the
stabllity parameters, in particular, for the vertical-tail contribution
to Cnp‘ A change in the tail contribution to Cnp in the positive

direction was found to shift the stability boundary in figure 6 so that
stability was Indicated for all flight conditions. This change would
produce better agreement between the theoretical and experimentsal results.

Lateral Control

Response to lateral control.- The lateral-control ratings assigned to
each of the conditions are listed in table III and are also shown in
figuwe 7. Boundaries have been drawn in figure 7 to enclose the points
of equivalent rating. The best response to lateral control was obtained
with minimum inertia as shown in this figure and the control character-
istics became worse as the moments of inertia were increased. For & given
increase in Kxo or KZO the reduction in the control rating was about

the same.

As Ky was increased, the rolling acceleration was reduced. This
o

reduction caused a lag in the response of the model to control and

il
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increased the time required for the model to reach s given angle of bank
or to return to a wing-level attitude. The model also had a tendency

to overshoot after a corrective control was apprlied so that steady wing-
level flight was difficult to attain once the model was disturbed. When
KZO was increased, the flight behavior appeared to be either better or

worse depending upon the magnitude of the disturbance. For small disturb-
ances, the increased yawing inertia tended to delay the building-up of
the yawing motion so that the adverse yawing was less than that for the
low-inertia condition. For large disturbances, however, there was
sufficient time for the yawing motion to build up, and the high inertia
tended to keep the model in a yawed attitude and 1“wus made the adverse
Yawing appear larger. During the flights, even with proper coordination
of ailerons and rudder, more difficulty was experienced in controlling
the model as the rolling inertia was increased. On the other hand, when
the rudder travel was increased along with the yawing inertia, the
detrimental effects of increased inertia on the control characteristics
could be minimized.

Time histories of the calculated lateral motions of the model
produced by a continuously applied rolling moment /bz = 0.001}) and by a

\
continuously applied yawing moment Cp = o.ooi) are presented in figure 8.

The rolling and yawing moments are assumed to be produced by the ailerons
and rudder, respectively.

When KXO is increased by changing from condition I to condition II

(fig. 8), the time required to reach a given angle of bank or yaw for a
iven aileron or rudder deflection is increased. This effect of increasing
KXO is the result of an increase in the time required to reach the final

rolling and yawing velocities and is attributed to the reduction of the
rolling acceleration as previously mentioned. The magnitude of the final
rolling and yawing velocities (as indicated by the slopes of the curves)
is apparently not affected by changes in KXo' The effect of increasing

KXO by changing from condition III to conditior IV is not so readily

apparent from the curves of figure 8 because of the oscillatory character
of the motions.

The effect of increasing KZO (changing from condition I to condi-

tion ITI and from condition II to condition IV, fig. 8) is to increase the
time required to reach a given angle of bank or yaw as the result of a
reduction in the final rolling and yawing velocities. 1In the initial
phase of the motion for the case of the applied rolling moment (fig. 8(a))
this effect is attributed mainly to the product-of-inertia parameter KXZ

which increases with increases in KZO. (See table III.) With a positive
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value of Kyg, a positive rolling acceleration produces a negative yawing

moment which increases the adverse sideslip. It is this increased adverse
sideslip which /because of the effective dihedral -CZB of the model

produces an increased rolling moment opposing the applied rolling moment
and therefore causges a reduction in the rolling velocity. Since ‘this
incremental adverse rolling moment decreases with time because the
difference in c¢ideslip angle between the various conditions does not
persist (see fig. 8(a)), this effect does not adequately explain the
reduction in the final rolling velocity. This reduction in the final
rolling velocity can be attributed, at least partly, to the reduction
in yawing velocity with increasing KZO. Through the stability deriv-

ative Clr ( the rolling-moment-due-to-yawing parameter) this reduction

in yawing velocity reduces the rolling moment in the direction of
rolling and therefore causes a reduction in the rolling velocity. 1In the
case of the applied yawing moment (fig. 8(b)), the motions are somewhat
different from those for the case of the applied rolling moment but the
effects of KZO are similar and can be explained in a sirilar manner.

The effect of increasing KXo and KZo simultaneously (changing

from condition I to condition IV) is to increase the effective time lag
in reaching the final rolling and yawing velocities and also to reduce
the magnitude of these final velocities. This result is attributed to a

combination of the individual effects of KX and KZ .
0 o

Lateral-control coordination.- It was observed during the flight
tests that, as the moments of inertia were varied, the coordination
between rudder and ailerons had to be changed in order to obtain the most
satisfactory control characteristics for each condition. The aileron
travel was held constant throughout and control coordination was changed
by varying the amount of rudder travel. Optimum combinations of aileron
and rudder travel for the flight tests are given in table III. Thes=
data reveal that increased rudder travel was required as KZO was

increased and that for the higher values of Kio the ailerons had to be

rigged up to reduce the adverse yawing moments of the ailerons. When
KX was increased, however, the required rudder travel was reduced and
o]

at the highest value of Ky , the rudder was fixed and flights were made
o}
with ailerons alone. When the various simultaneous changes in KXo and

KZO vere made, only very small changes in rudder travel were required.
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These trends are apparently related to changes in the nondimensional
product-of-inertia parameter KXZ as previously mentionedi. For example,

the large increase in Kyp caused by increasing Kzo (changing from

condition 1 to condition 3) increasnd the adverse yawing. On the other
hand, the reduction in Ky, caused by increasing the value of KXO

(changing from cordition 4 to condition T) decreased the adversr

yawing. In order to illustrate this point the initisl portion of srne
of the yawing motions from figure 8(a) are presented in figure 9 plotted
to a larger scale. The data of figure 9 indicate that the rolling
acceleration produced by deflected ailerons causes an initial adverse

yawing motion for condition I. As KZ increases (by changing from
o)

condition I to condition III) this adverse yawing motion is increased buc
as KXo increases (by changing from condition I to condition II) the

motion is reduced. The magnitude of the yawing moment that must be
applied simultaneously with the rolling moment to overcome this adverse
motion is obviously dependent on the magnitude of the adverse motion.
Consequently, the rudder deflections required to produce this yawing
moment should increase with KZo and decrease with KXo in the same

manner as noted in the flight tests.

General Flight Behsavior

The general-flight-behavior ratings assigned to each of the test
conditions are listed in table III and are also presented in figure 10.
Boundaries enclosing points of equivalent rating are also shown in
figure 10. This figure indicates that the best general flight behavior
was obtained with minimum KXO and KZO and that the behavior became

worse as the moments of inertia were increased. In the case of increasing
KZO, a comparison of the damping and contrel ratings with the genersl-

flight-behavior ratings indicates that the deterioration of the lateral
control was the predominant factor affecting the pilot's opinion of
general flight behavior. In the case of increasing KX , the flight

o

behavior became worse as both the damping and the control effectiveness
decreased and it was not apparent to the pilot whether one of these
factors was more important than the other in producing this trend.
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CONCLUDING REMARKS
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Results of recent investigations have shown that the effect on
dynamic stability of any one particular parameter is usually derendent '
on other variables entering into the stability equations. The effectn
of mass distribution on lateral stability and control which were detex -
mined in this lInvestigation must therefore be applied only to configura-
tions and conditions generally similar to those used in the flight tests.
The effects of mass distribution on the low-speed dynamic lateral stability
and control characteristics of the model with a h5° sweptback wing at a 4
1ift coefficient of 0.7 as determined in this investigation may be ,
sumarized as follows: 3

*
TR T T T AW YT

1. The damping of the lateral oscillation increased slightly with E
increasing yawing moment of inertia and decreased with increasing rolling 4
moment of inertia. :

2. Increasing the rolling and yawing moments of inertia decreased the
response of the model to lateral controls. Increasing the rolling moment P
of inertia increased the time required to reach final rolling and yawing
velocities but did not aprreciably affect the magnitude of the final
velocities; increasing the yawing moment of inertia, however, decreased
the magnitude of these final velocities and increased the time required
to reech the final velocities.

3. Increasing the yawing moments of inertia caused an increase in
the rudder travel relative to the aileron travel required for smoothly :
coordinated maneuvers; increesing the rolling moments of inertia, however, E
caused a decrease in the required rudder travel. :

. L, The general flight behavior became worse as the rolling and yawing
moments of inertia were increased.

5. Fairly good agreement was obtained between the trends predicted
by theory and those obtained from the flight tests.

Langley Aeronautical Laboratory L
National Advisory Coumittee for Aeronautics
Langley Field, Va., December 21, 1950
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TABLE I

PHYSICAL CHARACTERISTICS OF MODEL

we igh.t , lb . . L L] . . L] * L] . . * . L] . . . . . [ L] . L]
Wing loading, W/S, 1b/sa £t . « « v v ¢ v v v v e 4.
Relative-density factor, My . . . « « o v v v o0

Center-of-gravity location, percent ¢ . + « ¢« « « .+ . .

e s
e o
« e e
. o o

Inclination of principal axes of inertia to body axes, €, deg

Wing:
Airfoil section, perpendicular to

e e
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8.6k
k.32
20
22

0.25—Ch0rd line ¢ & 6 s & 6. 0 s 2 e & & s+ ¢ + ¢ RhOde Sto Genese 35
(12 percent thick)

Area, sgqft . . . . . . ¢ 000000

Span, ft . . '0 . . L] . . . . . . L L] . . * . L[] . L] . .
Aspect ratio . . « ¢« ¢ ¢ v 0 e e 0 e e e e . e
Sweepback, leading edge, deg « « + « + o v 4 4 o . .

Dihedral, deg . « « ¢ « & ¢ v o ¢« 4 o o« o & o« & o o
Taper ratio . « ¢ ¢ ¢ v 4 0 4 e e e e e e e e e e e
Mean aerodynamic chord, €, ft . . . . . . . . . .
Location of leading-edge mean aerodynamic chord behind
leading-edge root chord, ft . . . . . . . & o . . .
Root chord, £t . . . . ¢ v ¢ v v v v v v v v oL
Tip chord, i 2

Aileron:
Span * L] . L] L) . * . - . - L] L] » . . . » » * * L] . * .

¢« o o
¢ o
*» e 0
e e o

* e s 0

¢ o o

.

2.01
2.83
4

45

0
0.6
0.72

0.65
0.89
0.53

Semispan

Chord . . . « ¢ ¢ v v v v v e s v s s 4+« 0.20 chord perpendicular
0.25-~-chord line

to

Horizontal tail:
Area, sq £t . . ¢ ¢ v o v v 0 0 e s e e e e e e e e
Span, £t « « ¢ ¢ o o 00 0 e s s e e e e e e e e e
Taper ratio . . . v v o v v 0 0 e e e e e e e e e e

Vertical tail:
Area, sq ft . . .

Span, ft . e e e e e e e e e . e e e e e
Taper ratio . . . . . . . . o e s s e e . e
Aspe ct ratio . * . . * . L] . . . . . . » .
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TABLE II

17

MASS AND AERODYNAMIC PARAMETERS USED TO CALCULATE

CHARACTERISTICS OF THE IATERAL MOTION

Lha ® & & 8 8 & & & & 8 o & 6 & e s 0+ s o+ s s o

=

-
[=7
[{4

1]

Z/b e & 5 8 & & & 6 ¢ & & & & s & s o s o 2+

. * * . 20
0.107 to 0.225

0.216 to 0.600

e e 0
o s e o ().'?

« o e e 16
c e e 16
‘o0 -17
e oo . 0.859

o 0. 0.55
oo oo 0,077

Wing + fuselage Tail

Total

-0.223 0
Ce e 0.028
-0.052
-0.290 0
. -0.0k%0
Oyp + v v+ - 0.300 0
Cp vov e v 0.175
-0.037
Oy, « » v o - 0 0

-0.223
0.142
-0.264
-0.290
8.0.076
0.300
0.193
-0.161
0

&yalue of -0.04k4 used in calculations for the lateral motions

presented in figure 8.

bpail contributions were determined from the following equations:

2l 2z
bryai1 Db C¥Btail

oL 5
= — -CY
<b> Btail

C

C
Drtail

R

R
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’ M
. a |
X = Q=
———————l Y
WIND DIRECTION
°
2
WIND DIRECTION M
X p ®
¥
l o<
AZIMUTH REFERENCE T~ ;
kY ® _
. :
.
$ ~NACA <
z ;
e Figure 1.- Stability system of axes. Arrows indicate positive directions ‘
of moments, forces, and angles. This system of axes is defined as an L4
orthogonal system having the origin at center of gravity snd in which
- % Z-axis is in plane of symmetry and perpendicular to relative wind,
X-axis is in plane of symmetry and perpendicular to Z-axis, and Y-axis
is perpendicular to plane of symmetry.
®
® L o 9 ® ® ® [ L
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Body axis

Principal axis a ~

Flight path X U] -

Horizontal axis

Figure 2.- System of axes and angular relationship in flight. Arrows
indicate positive direction of angles. n =6 - 7 - €.
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-

'tu-- 12 - 20.08 - et 1767
40.06- 12

Figure 3.- Three-view drawing of model tested in Langley free-flight
tunnel. (All dimensions are in inches.)
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.60 <@>—-——————qg>» ]

(3
50
Z
9]
40 O Current military arplones
o O  Model flight test conditions
| < Conditions for which motons
> i S Igere c?/cu/a/;e% o and
———— Ronge for whic an
1 @& . 9 I dam,gcsng were calculoted
P | Numbers inside symbols
Zy 30 | /naicate test or ga/cu/ahon
o conaitions -
oo ||
o |
D3l
20
D
G
10
Region of impractical
combinations of KXO K Z,
i
]
9 0 [0 20 .30

K}b

Figure 4.- Range of values for mass-distribution parameters, KXo

and KZO, covered in investigation ccmpared with values for
several current nilitary airplanes.
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(a) Continuously applied rolling (b) Continuously applied yawing
moment (C; = C.001) produced moment (Cn = 0'00i> produced
by deflected ailerons. by deflected rudder.

Figure 8.- Time histories of calculated rolling and yawing motions of
model showing effects of moments of inertia on effectiveness of
lateral controls.
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Condition KXO KZO KXZ

L 0./107 0.2/6 0.0094 ;
Iz 200 216 .00/8 .
————— 1T 107 b00 0924 g
/6 3
q
|
®
3
1.2 ;
®
y,deg
®
°
1, sec o
Figure 9.- Time histories of calculated yawing motions of model produced %
by a continuously applied rolling moment (C, = 0.001) showing effects
of moment of inertia on initial adverse yawing motion. (Initial 3
portion of curves of fig. 8(a).) N
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Figure 10.- Flight-test ratings for general flight behavior.

NACA-Langley - 3-13-61 -850

[ ] w o ® ®

27

Fom bt g & e s T

I A L Y YA i ok ot e T 57 P e e L

skt bt A, S

8 i

<

Ao 0 a8 A

o b R SRt M s L AR e Rl

SUEIURVIFE LI L NP~ 4

FRCRCUVRTINEE WO S RN ¥ TP SPATY S

L




TN TR IR TR W SR TR T TR

R

o ® ® ® [ J ® ® ] L ] L L
(°PTs 2813849y UO 198128qQY) (9PTS 9819A9Y UWO 30BILSQY) N ® :
E
TG6T UDIBRW TGET UOXBR
€1€e NI VOVN €T€2 NI VOVN
®
samag °¥ PrRUCQ A4 gsoMoy °F PTreuoq £g
-SutM Yorqidosg oGh B UITA TIPOW ® JO -JuTM Xovqidemg oCh B UFTHA TOPOR B JC
80T718TI9308I8YD TOIYUCH PUB £4TTTABIS TBIL3¥] OTweUA(Q §0T18TI9708IBYS TOIFUO) PUB KITTFQRAS TBI23¥I dTusulq
posdg-#0OT 3Y3} UO UWOTINQTIISTE S8BW JO 85303334 SYL poadg-AOT SU3 UOC UCTINQTIFSTd SEBW JO S309JIH oYy ,
— GG — TR ’
C°8°'T g9 TTBNd BUTATL | €°2°Q°T TeUOTFOdITQ ‘TOIIUOCDH ,
(3PFe 88I849Y UO 308I384V) (3PTg 98I949Y UO 308I38QY) “0
TG6T UoI8H TGET UOIBH
1€2 NI VOVN E€T€S NL YOVN
®
S3M3H "d PTBUOg £g BaMag *q PrBUOq A£G
*BuTy F0BqIAIMS oCH B UITA TIPUW B JO *Bury ¥ovqQIdomg G B URTA TOPON B JO
g0738TI930818Y) TOI3U0) Pus A3TTTARIS [8I938] OTWUAQ 857787I93498I8U) TOI3UO)H pus KL3T1TqR1g TBISYE] Ofweul(q
poadg-#MoT 9Y3 UO TWOFANQTIFSTA SSBW JO 8309FJFH UL poadg-#A0T7 9U3 UO UOTINQTIFBT(Q SEBW JO SIO3LJH UL
L J
VOvN — YOV
STmeuLg - TBUO;303II(Q
g'e 8T TeIege] ‘TOIWOD| 2°2°1°8"T pue TBIo3ET ‘KITTTARIS
L]
[ ) S
it ] 9 ) [y . ”




sTouumy AUIITI-991F LoTBusT SU}

Ul Topom OTWBUAP JUTATI-99IJ B JO 54597 WOIJ PSUTILIILIP

as0yy yata L1083yl £q PIUTWIILSD §PUSIY dY3 99BTIIIOD 03

spBUW 9J54 SUOTYBINOTB) *Juta yovqydoss oG B U3TA Topowm ®

I0J DOUTULISYSP aIaM UOTANQTIZSIP SSvW 23 JO SUOT3BIIBA £Qq
poonpoxd [oxzuod pus A3TTIqRIS TwISQBT UT SPUSIY 3YL

708135QY

I N T R S N TR IR T T T T A W IR T Gl 8 TN T T N T VAR O T S Y R IR R Tl 3 T g S ™ T TR Ty §44J

*Touuny qUSTTI-991F LeTBuey aUl

Ul Topow OTWBUAD BUTATI~99IJ B JO 538533 WOIJ POUTULIILSD

280y Y3 T# A109yz £Qq POUTWISYIP SPUSI] Y SFETIIIOD 03

SpBW 9I3M BUCTYBINOTB) °Juls josqadems oG 8 YTA Topou ®

JOJI POUTWISLOD BJI9M UOTINQIIZSTP SSBW ayz JO suoTqeitea Lq
paonpoad Toxquod pur L3TTIABIS TBJISYIBT UL SPUI] SYJ

198I35QY

*fouung JUSTITI-9917 L3TBue] aUl
ut Topow OTwWRUAP JUTLTI-95IF B JO S$7.891 WOIJ PSUTULISLSP
250Uq U3 TA LAI103Yyy £q PoUTWLISLIP SPUSI] 9UL 394BT3II0D 03

9P3BW SI9M SUCTYBINOTBY *JUTA yowqydams oCH 8 Y3TH TopoW B
JO0J POUTULIDLSD SI9M UOTANCTILSTP SSBW 3Y3 JO sUOI3eIIBA AQ
paonpoad Toaquod pur A3TTIARIS [BISFBY UT SPULI] Yy,

358135QY

*Tauumy JUSTTI-991F LsT3uey auy

UT T9POoW OTWeUApP BUTATI-991F B JO $383% WOIJ TIUTWIIYLID

280Ul YITM LI0syj £q POUTWIDGSD SPUSIL SYJ 238TIII0D 03

spell oJaM SUOTLBINOTBY *JUTM }omvqaidaons oGH B UATM TopOW ®

JI0J pOUTULISLSP 3I3M UOTANQTJIZSTIP SSBU I3 JO SUOTeTIBA LQ
paonpoxd Tox3uod pus ALTTTABIS 1BISIBT UT SpUaIyl aYj

308138qy

._
|




