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NATIONAL AIVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1359

EXPERTMENTAL VERIFICATION OF THE RUDIFR-FREE STABILITY
THEORY FOR AN ATRPLANE MOTEL EQUIPPED WITH A RUDIER
HAVING POSITIVE FLOATING TENIENCIES AND
VARIOUS AMOUNTS OF FRICTION

By Bernard Maggin
SUMMARY

An investigation has been made in the Langley free-flight
tunnel to obtain an experimental verification of the theoretical
rudder-free dynamic gtability characteristics of an airplane model
equipped with a rudder having poslitive floating tendencies and
various amounts of friction in the rudier systeme. The model - .
was tested mounted on a yew stand that allowed freedom only in
yaw, and a few tests were made in free flight. Tests were made
with varying amounts of rudder zerodynamic balance. Most of the
stability derivatives required for the theoretical calculations
were determined from force and free-oscillation tests of the
model. The investigation was limited to the low relative-density

range .

The results of the tests and calculations indicated that,
with negligible friction in the rudder control system, the
general rudder-iree stability theory adequately predicts the
period and qualitatively predicts the damping of the rudder-free
oscillations for the normel range of csirplane and rudder parameters.
If the general theory is simplified by neglecting rolling, lateral
displacement of the center of gravity, and rudder moment of inertia,
the theory still adequately predicts the periocd and quantitatively
predicts lower values of the damping of the rudder-free lateral
oscillation. The investigation showed that, with friction in the
rudder system, a constant-amplitude oscillation exists for a range
of combinations of positive floating-moment and negative restoring-
moment parameters. A simplified theory approximating solid friction
by an equivalent viscous friction predicts the characteristics of
the rudder-free lateral stability for values of friction hinge-moment
coefficient in the rudder system enccuntered with present~day
airplanes.
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INTRODUCTION

Dynemic instebility in the rudder-free condition has been
experienced by some alrplanes. Other airplanes have performed
a rudder-free oscillation celled "snaking," in which the airplane
yaw and rudder motions are &0 coupled as to maintain a constant -
amplitude yawing oscillation. These prencmene have been the
subject of verious theoretical investigations, and the factors
affecting the rudder-free stability have been explored and
defined in the theoreticel analyses of references e 3n

In order to obtein an experimental check of the verious rudder-
free theories, & series of tests has been conducted with a

-%rscale airplane model in gliding flight in the Langley free-

|
|
flight tupnel. The first part of this investigation dealt with

the experimentel resulte of tests made to determine the rudder- -

free dynamic stebility characteristics of an airplane model

equipped with rudders having negative floating tendencles eand

negligible friction. (See reference 3.) The results of the

second part of this investlgation, presented herein, deal with

the rudder-free dynamic stability of the model equipped with |
a rudder having positive floating tendencies, negative restoring |
tendencies, and varying emounts of friction in the rudder system. ;
For convenience en all-moveble verticel teail was used to obtain ;
positive floating tendencies, but the results are applicable to

any rudder having the range of parameters considered. ‘-_J

The model was tested both in free flight and mounted on & \
yaw stand that allowed freedom only in yaw in order to determine
experimentally the differences cavsed by neglect of the rolling
end laterel motions of an airplene with rudder free.

|
\
!
/
Tn order that the results obtained by theory and experiment |
might be correlated for the conditions without friction in the \
rudder system, calculations were made by equatlons involving. «
four degrees of freedom end by equations involving fewer degrees
of frecdom and neglecting verious airplene and. rudder parameters.
(sec reference 3.) For conditions with friction in the rudder |
system, calculations were made by a simplified theory approximating 1
golid friction by en equivalent vigcous friction, (See reference 2.}
Vexrious force, hinge-moment, and free-oscillation tests were made ‘
in order to determine some of the stebility deriveatives for the ;
rudder-free stebility calculetions. ¢

\
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SYMBCLS

W welght of model, pounds

v free-stream airspeed, feet per second

2

1

wing area, square feetl

wing span, feet

wing chord, feet

vertical=-tail (rudder) area, square feet
span of vertical tail (rudder), feet
masy of model, slugs

mass of vertical tail (rudder), slugs

radivs of gyration of model sbout longitudinal (X) axis, feet

" redius of gyration of model sbout vertical (Z) axis, feet

radius of gyration of vertical tail (rudder) about hinge
axis, feet

distance from center of gravity of vertical-tail (rudder)
system to hinge axis, feet; positive when center
of gravity ie back of hinge

moment of inertia of vertical tail (rudder) ebout hinge
line, slugs per square foot

distance from model center of gravity to vertical tail
(rudder) hinge line, feet

period of cscillations, seconds

time required for motions to decrease to one-half amplitude,
seconds

time, seconds
dynamic pressure, pounds per square foot (%pvij
mass density of air, slugs per cublc foot

model relative-density factor (m/pSb)
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vertical-tail (rudder) relative-density factor

(1 /pbyCy2)
root-mean-square chord of vertical tail (rudder), feet
angle of sideslip, radians unless otherwise stated

angle of yaw, radians unless otherwise stated

rudder angular deflection, radians unless otherwise
gtated

11t coefficient (I.'_l.fl?\
as /

lateral-force coefficient <Lateral force}
\ 95

rolling-moment coefficient (Folling mﬁmen€>

\ aSb
' yaw1ng—moment coefficient (Tavingmoment
j gSb
hinge-moment coefficient <§i§§§4§9§225)
' qbvé.v.i2 8

friction-hinge-moment coefficient <??10tlon hinge momeni)

rate of change of lateral-force coefficient with angle
of sideslip - (OCy/OB)

rate of change of rolling-moment coefficient with angle
of sideslip . (9C7/0B)

rolling angular velocity, radians per second
yawing angular velocity, radians per second

rate of change of rolllng—momﬁnt coefficient with rolling
engular-velocity factor Bcl/anv

rate of change of rolling-moment coefficient with yawing
angular—ve1001tv factor (ch/ﬁr
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(2]

ng rate of change of yawing-moment ccefficient with angle
of sideslip (9C,/0B)

Cnﬁ rate of changs of yawing-momcnt coefficient with rudder
angular deflection (3C,/d8)

C rate of change of yawing-moment coefficient with rolling
Db

rtT

angular=velocity factor <§Jn \

Cn rate of change of yawing-moment coefficient with yawing
T _ . / rb
angular=-velocity factor (BCQ’BE€
Chy rate of change of rudder hinge=-moment coefficient with
Y angle of yaw (3Cy,/dV); flouting-moment parameter
Cn rate of change of rudder hinge-moment coeffijcient with
T : ;
yawing angular-velocity factor (?Ch BEV
Cn rate of change of rudder hinge-moment coefficient with
. rudder angular deflection (dCy/dd); restoring-moment
parameter
Chrb rate of change of rudder hinge-moment coeiflcient with
=
rudder angular-velocity factor <éch/5 i
¥ amplitude of yaw oscillation, degrees
5 amplitﬁde of rudder oscillation, degrees
R Routh's discriminant; boundary for zero damping of

the lateral oscillatior
APPARATUS

The tests were made in the Langley free-flight tunnel, a
complete description of which is given in reference 4. The

model used in the tests was a modified l-“c@Le model of a

Fairchild XRZK=l airplane. PFigure 1 is a three-view drawing
of the model. The mass, dimensional, and aerodynamic character=
istics of the model are presented ir table T,

The verticel tall (in this caee, the ruddey) of the model was
a gtraight-taper all=-movable surface with an adjusteble hinge line.
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Veriation of the rudder hinge line ellowed for adjustment of the

udder flosting-moment parameter Ch\y end the rudder restoring-

moment parameter Chs@* In addition Chﬁ wag adjusted by a special

spring attachment. I‘mwe o is a sketch showing this speclal
spring attaclment, the rudder-freeing system, and the friction
rgbem. The megnitude of the friction moment in the rudder gystem
was determined by a torque meter which regigbtered the torque
required to maintain a steady rotaticn of the rudder post and

pulley.

2

\

A photograph of the model installed on *'-'he vaw stand used
in the tesho is showvn as Tigure 3. The stend wae Tixed to the
tunnel floor and allowsé the model complete fre edom in yaw bub
restrained it from rolling and sidswise displacement.

Iy
LD -

Tegts were made to determine the period and damping of the
rudder-free lateral cscillation of the model in froe flight and
mounted on the yaw stand. '

Free-flight tests of the model were mede for the conditions
for which daba ere p‘\eoenued under the "Flight" columns of
tables IT end ITI. These tests were made by flying the model in
the tunnel and by photographing the rudder-free lateral oscillations
as described in reference 3. The flight-test program was not
more extensive because of the difficulity of obtaining film records
of gufficient length during the mncontrolled part of the flight
+6 determine accurately the period end damping of the lateral
oscillabion. :

The yeaw-stand teste of the model were made as described in
reference 3, for conditions for which data are presented under
the "Stand" columms of tables II and TIT. These tests were
made under conditions reproducing those considered in the
analyticel treatment of reference 2.

The sgtability derivativea used in the calculations were
obtained by the methods descri ibed in reference 3.
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SCOPE AND METHODS OF CALCULATIONS

By use of the coefficients given in table I, calculations were
made of the damping and period of the rudder-free lateral oscillations
of the model without friction in the rudder system for the range of
rudder parameters indicated in table II. These calculations were made
by equations that provided four degrees of freedom as well as the
fewer degrees of freedom which resulted from the neglect of rolling
or from the neglect of rolling and sidewise displacement of the center
of gravity as described.

Calculations were also made of the period and amplitudes of the
rudder-free lateral oscillation of the model and of the rudder with
friction in the rudder system for the range of rudder parameters
indicated in table III. These calculations were made by a simplified
theory epproximating solid friction by an equivalent viscous friction
proposed in reference 2.

RESULTS AND DISCUSSION

The results of the tests and calculations of the airplane and
rudder motions are presented in tables IT and III. Table II gives
the period and reciprocal of the time to damp to one-half amplitude
for the conditions investigated without friction; table III.gives
the period and amplitudes of the airplane and rudder motions for the

conditions investigated with friction.

The reciprocel of the time to demp to one-half amplitude was used
to evaluate the damping because this velue is a direct rather than an
inverse measure of the degree of stability. Correlations of: the
celculated and experimental results are presented in figures 4 to 8.

Rudder-Free Stability without Friction

Calculations and tests.- The stability calculations made by use
of the general theory indicate that the motions of an airplane with
rudder free consist of two aperiodic modes and two oscillatory modes.
In each tvpe of mode, one mode has a period two to six times the other.
When rolling is neglected, or rolling and sideslip are neglected, the
equations of motion predict only the oscillatory modes. If rolling,
lateral motion of the center of gravity, and rudder moment of inertias
are neglected, only one oscillatory mode is predicted. This mode
corresponds to the long-period mode predicted by the general theory.
The yaw-stend and free-flight test results (table II and figs. 9
and 10) indicate that this long- period mode is the predominant yawing
motion of the airplane.
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All the theories reasonably predict the periods and values of
floating-moment and restoring-moment parameters for zero damping
of the rudder-free lateral oscillation. Values of the demping of
the motion predicted by the various theories, however, are not
in agrecment. (See table IT and fig. 4.) Neglect of the terms
involving lateral motion of the center of gravity results in an

appreciable reduction in the predicted velue of the demping of
the rudder-free lateral osc1llatlon

Correlation of calculated and experimental data.- Good quali-
tative agreement in prediction of the R = 0 -‘boundary by theory and
by tests is shown in figure 5, which presents a representative
calculated R = 0 boundary and the range of conditions covered
herein. The yawing and rudder oscillations of the airplane as
obtained from yaw-stand tests for tests 6, 7, 9, and 11 (see table II)
are presented in figure 10(a).

The data of figure b4 show that the period of the airplane
yawing motion obtained in the tests is reasonably predicted by
any of the theories considered but that the damping of the
motlon obtained from the tests is in only fair qualitative
agreement with the theories. The demping obtained in the yaw-stand
tests agrees more closely with the theory neglecting lateral
displacement of the center of gravity and rolling than with the
more complete theories. This result is to be expected because
the yaw-stand teste simulate the restrictions of the theories
neglecting rolling and sideslip, and neglecting rolling, sideslip,
and rudder moment of inertia. It would also be expected that the
flight-test results would be predicted best by the general theory.
Flight tests, however, were not extensive enough to indicate which
theory would predict the rudder-free lateral Suabllity character-
istics in free flight.

From these data it appears that the theory neglecting rolling,
lateral displacement of the center of gravity, and rudder moment
of inertia gives lower values of demping of the rudder-free lateral
roscillation than the general theory but can be used to predict,
at least qualitgtively, the characteristics of the rudder-free
motion of the airplane.

" Rudder-Free Stability with Friction

Calculations.- The results of calculations showing the effect
of friction in the rudder system are presented in table III.
These date indicate that for some combinations of restoring-moment
and floating-moment parameters a constant-amplitude yawing
oscillation will result. This oscillation consists of a yawing
motion of the airplane accompanied by a rudder oscillation.
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The amplitudes of these oscillations are oroportional to the
amount of friction in the gystem but the period is independent of
friction. Figure 8 shows the combinations of C and Chg

; . y e V
which result in thls friction phenomenon.

Tests.~ The TGQUIto of the yeaw-stand and flight tests
presented in teble ITI end in Tigures 9 and 10 show that with
friction in the rudder system there is a congbant-amplitude
oscillation for a range of restoring-moment and floating-moment
paremeters for which, with negligible friction, there is a

damped oscillation.

Correlation of calculated and experimental deta.- In figures 6
to 8 the results of “he tests and calculatione made to evaluate
the effect of friction on the rudder-free lateral stability cheracter-
istics are compared. ' The data of figure 6 ghow good qualitative -
agreement of the damping results obtained by tests and by calculations
and indicate that the theory ol reference 2 can be used to: predlrt
the region of constant-amplitude motion resulting from friction.in g
the rudder system. TFigures T and 8 show that quantitatively the .
theory of reference 2 predicts the period of the constant-amplitude.
ogcillation through the renge of variables considered but that
the amplitude of the rudder and alrplane motions are reasonably
predicted only up to values of friction-moment coefficient of
about 0.019. This value of friction-moment coefficient is well
above the average friction-moment coefficlent of precent-day
airplanes, according to & Britich sumary of actual friction hinge
moments of service airplenes. This summary showed a minimum
friction moment of 1.7 foot-pounds and & maximum of 10.5 foot-pounds.
The average friction moment was 4.4 foot-pounds, which corresponded
to a value of Cp, of 0.010. '

The data of Tigure 8 show that the theoretical verilation
of the amplitudes of the airplane yawing motion and rudder motion
with friction is a straight line. The test results, however,
indicate that the amplitudes are not a linear function of friction
but that the rate of increase of amplitude with friction becomes
smaller with increasing friction.

CONCLUSIONS

The following conclusions are based on the results of an
investigation conducted in the Langley free-flight tunnel to
determine the rudder-I{ree dynamic stability characteristics
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of an airplane model having a rudder with positive floating
tendencies:

1. For the case of negligible friction in the rudder control
system, it appears that the general rudder-free stability theory
adequately predicts the period and qualitatively predicts the
damping of the rudder-free oscillations for the normal range of
airplane and rudder parameters. If the general theory is simplified
by neglecting rolling, lateral displacement of the center of gravity,
and rudder moment of inertia, the theory still adequately predicts
the period and quantitatively predicts lower values of damping of
the rudder-free lateral oscillation. .

2. The investigation showed that, with friction in the rudder
system, a constant-amplitude oscillation exists for a range of
combinations of positive floeting-moment and negative restoring-
moment parameters. A simplified theory approximating solid friction
by an equivalent viscous friction predicts the characteristics of
the rudder-free lateral stability for values of friction hinge-
moment coefficient in the rudder system encountered with present-
day alrplanes. '

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., June 1k, 1946



WACA TN No. 1359

1. Jones, Robert T., and Cohen, Doris:
of an Alrplane with Free Controls.

2. Greenberg, Harry, and Sternfield, Leonard:

REFERENCES

it

An Analysis of the Stability
NACA Rep. No. T09, 194il.

/A Theoretical

Investigation of the Lateral Oscillations of an Airplane
with Free Rudder with Special Reference to the Effect of
NACA ARR, March 1943.

Friction.

(P8}

Verification of the Rudder-Free Stability Theory Tor ‘an
Airplane Model Equinped with Rudders Having Negative

Floating Tendency and Negligible Friction.

194k,

4. Shortal, Joseph A., and Osterhout , Clayton J.:

|

|

|

. McKinney, Merion 0., Jr., and Maggin, Berhard: Experimental ‘
|

NACA ARR No. LhJ05a, |

Preliminary |

Stability and Control Tegtg in the NACA -Free-Tlight Wind ‘

Tunnel and Correlation with Full-Scale F
NACA TN No. 8]70), 19%). . 3 B

light Tests.



TABLE I
MASS, DIMENSIONAL, AND AFERODYNAMIC

CHARACTERISTICS OF MODEL TELSTED

(Y

: \b /

1‘:2 & W e e e e e l . 08 2
e\,

BDg e h e e 3 .f".}'r{ ( ___é‘\

. = - \b /I

b . . . L - L Ld L] . :.';"75 C . . - . .

Tv’ir'-ooAuoaoo 3'91—:

L% & % W@ ¥ 8 % ()-785(3--'00

NACA TN No. 13%

v » 0027

o 0405336
. o =0,0646
s v OOERY
. & =0J0F73
o8 “0:l3
5 tel 1060
s & =Dl
oo ~0R0L(S

1o [ OREES

“-v . e o g B @ L] L] 12 . 65 CI.J»‘ . . - . . ° ° "O ° 106
ig‘ - . . ° . - . . O
s ¥R LT
o - N G (f“_'v:\ i,
na dy'(f_ ‘ T - LSIDTe) b / |

"'O .038 L
-.083 0.079 | 0.061 O
-+ 154
-52200 L
-.011
- 002”‘;’ ;
=072 1| 156 .12k -.069
-, 00L F
-.120
= .l‘\;"“" [

-.007T N
-.073 g 236 | 184 -4062

!

Rl

o .li)h’

iy 2)-}'3

0.,000599

000497

000443

NATTONAL ADVISORY
COMMITTEE FOR AZRONAUTICS



TABIE II.- COMPARISON OF PERIOD AND DAMPING FROM FREE-FLIGHT AND YAW-STAND TESTS AND FROM CALCULATIONS

[Negligible friction in rudder syetem]

Long-period oscillation

Tests Calculations
Test| Test conditions folling, sideslip,
= Rolling and side-| and rudder moment
Flight Yaw stand General theary Rolling neglected M1T teslboted Spdileias
neglected
Cy Cy, P L/ P il P 1/r P 1/T P 1/7 P 1/T
W 5}
i ( -0.038 - ———- (a) (a) 7,01 -0.34 1.0k -0,35 1.05 -0.626 1.09 -0.022
2 8o 0195 | --083 --- - 1.56 0,39 1,14 1.1k 1.19 1:13 1.20 it 1.26 .808
2 -7 -.154 - —— 1.63 .58 1.30 1.38 1.36 1.37 1.39 993 1.39 972
Iy | --220 - ———- 1.70 .62 1.36 1.39 1.43 1237 1.h44 .993 1.46 .983
5 [ -.o11 --- —--- (2) (a) .859 [ -3.32 .868 -3.37 759 | -3.19 818 | -2.12
6 -.024 (a) (a) (a) (a) .85 T > T e B B TSty (RS
T -.072 308 0.34 1.10 16 91 L e et Bl Tt (NS
8 [\ 176 -.081 - =res 1.18 -267 949 | 1.07 973 1.08 986 .723 1.0k .825
9 5 -.120 ——- ——— 1.18 .318 1.08 1.39 | emmem | mmeee | mmmee | emmmen | emeem el
10 -7 - —— 1.95 .582 1.1k 1.49 1.18 1.49 1.19 3} G 5o} 1.08:
11 -.175 - ———— 1.30 435 1.20 R e e B B T i, S
12 -.228 - ———— 1237 653 1.25 1.49 1.30 1.48 S 1.10 1.32 1.08
13 ( -.007 ——- ———— (a) (a) 155 | -k.60 762 -4.,65 JT66 -4.92 L6904 -3.46
14 236 -.073 --- —--- 1.06 .219 - T -793 .809 .81k .822 472 .880 <TT5
15 - 1 -.154 - ——— 102 .333 1.0k 1.65 1.08 1.64 1.09 1.26 iLant 1.22
16 -.2h3 --- ———- 1.18 970 1.18 1.59 1.22 1.58 3.23 1.20 1.24 1.18
Short-period oscillation
2 [-0.083 ~—- - e B 0.453 | 14.41 0.453 14.%0 0.453 14,39 | eemem [ e
3 |%0.0795 [{ -.15k - S e 292 | 1417 .292 14,16 .292 B b T
I | --220 --- — m— =sba- 235 | 14.16 .235 14,16 RG] e | e
8 ;’ -.081 - ———- e B 419 [ 15,1k 420 1550 A19 | 15,15 | mmemm | mmmeee
10 156 ) =147 - - R B 272 | 14,74 273 14.76 273 W76 | mmmmm | mmmeee
12 L -.228 - ———- EEEE R B .209 | 14.75 .209 14,77 209 | WLTT | memememm | mmmeee
1k -.073 - ——— B R L34 | 15,72 433 15.72 433 15.68 | semmm | mmeeeo
15 f .236 -.154 - - P I 249 | 14.90 249 14.88 249 | 1490 | ---e- --
16 L -.22 - ———- e ,190 | 14,96 .190 1494 A90 | 95 | mmmmm | mmmees

8
Unstable oscillation.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE III.- COMPARISON OF PFRIOD AND DAMPING FROM FREE-FLIGHT

AND YAW-STAND TESTS AND FROM CALCULATIONS

[Friction in rudder system |

\
|
!
J
Test Conditions Tests Calculations ‘
Flight Yaw stand ‘
Ory, Chg Cne P | ¥ | P k2 2 ¥ 4 |
0.079L { -0.038 [0.0041 | === | === [ 1.65 ( 10.5 | % 1.26 | 81.6 | 6.07 J
.00’*1 SN b 105 6 ,"'05 12.3 20.1 ‘
-0082 . s 105 6.7 3-5 127 211-.6 3!»0.2
.099 -.065 g || ame il oo IS ENE 4.5 = 36.9 | 60.3 ‘
OL6h | === | === | 1.45 | 10 6 49.2 |80.k |
156 -.02% | .oou1| (a) | (a) | (a) (a) | (a) (a) () () J
.156 -.0T2 <ookINT 21 3eT7 | 13 6 8 1.1 | 5.86 |10.5 ‘
i NS O B VR 5 4.88 | 7.87 ‘
.156 -.081 0082 | === | === | 145 | 6.2 5 1.27 [$ 9.76 |15.74 ‘
0123 | === | === [ 2.65( T 5 14,64 | 23.61 [
L0081 | === | === | 1.30 g 6 ggg g.’?g (
00082 e ok, Sl lo6 05 7-5 . .
156 | -k (gt T [ (1 | 7T | 5es [T ) 9n2 | Bler
016k | === | === | 1.1 75 (5 12,16 |11.56 J
.00k | 1.5 | 2 182 | 5 2.5 2.68 E:;ﬁ \
.0082 | === | === | 1.7 545 5.37 .
A6 |0 =120 Q70103 | ees | -a- [ 1.6 | 65| 6 1.50 N 8,06 | 6.55 “
016 | o= | e== | 1.7 T2 N6 10.70 | 8.60
0081 | === | === | (b) (® | (®) | (») (®) | (») 3 ‘
.156 =147 L R e Rl Il B sssell Fom=s o=S= [
0123 | mmm | mom | meem | mme | ama S e o
.156 =175 ookl | () | (®) | (D) (®) | () (») () (p) /
.156 -e228 | .00kl | -~= | ~== | (D) (») { (v) (v) (v) () J
] |
0041 | == | ~== | 1.6 55112 2,92 u.og |
y $0082 | === | ~== | 1.5 55 (1.5 : 5.84 | 8.1
2 o oie || el e || SRTGH I GRE| | 2 e 8.76 | 12.24 ‘
016k | —-- | ==} 1.5 i iy 11.68 | 16.32 ‘
004 | == | --- .90 ;‘: 3.5 2.& u.sg /
.236 EX 0082 | === b owem .90 5 350 5. 9.3
5 - $0123 /| === | === 92 | 5.5| 5.5 2 8.22 | 14.04 |
016l | ——- | -== | 1.5 T2 T 10.96 | 18.72 ‘
WO0UL | =em | -a- eUTiE2e5 2.9 | 2.4 |
.236 “-15h 0082 S s - lol 1} I}.e lok 5-8 hos |
0123 | === | === 5 4,5 8.7 T.2 \
o gl el B R L 5 08 mm S |
.236 -,198 |¢ .0082 | === | === | (D b e | mmm-- ———
4 20123 | m=m | wem &b) (v) { (b) | mmme- ———- .

S0nstable oscillation.

b

Stable oscillation.

NATIONAL AIWISQORY
COMMITTEE FOR AFRONAUTICS
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Figure 2.- Rudder-freeing system, friction system,

Ch5 on model used in the study of rudder-free lateral stability charac-

teristics in the Langley free-flight tunnel.
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Figure 3.- Three-quarter front view of —77—-—scale model of modified Fairchild

XR2K-1 airplane mounted on yaw stand in Langley free-flight tunnel.

g '814






NACA TN No. 1359

Q

|
~

|
~

Reciprocal of Fime to damp 10 one-palf a/nplyuds, 1/7,,
|
PaN) =

Fig. 4

1
Cp, 200795 Gepera/ Jheory
¥ ,_I/_:.\ Ko/ling neglecred
I (Fbling and kteral
2 - motion of c.g. /
r N-1 neglected
/ aJJ O\ &ollyng, faleral
[/ O Staste| |moton of cg,and
e /ecled )
BN R TERA FEER
l’ Unstab /e
; -,
z 2
zQ2/56 General theory
AP L \/90////1_9 neglected
Lolling and /aferal
/’ /J-— — | motron of cg.
/ / neglecTed
' Golling , lateral
/éb % Statle |motion of c.g
o and 1o ﬂcy/ccfet/ 0
PTG DA T S A L L éo‘g
Unstable 2
I L
f B
/ S
C
X
U
/ o
C) =0236 ]
hy
Genera/ Theory
=y ¥ {_,Gb///n_g neglecied
/ LR~ fRo/ng and lateral
e, ol| motion of
i 4 \l g heylected
4 Wng, lateral
o 3 motign of ¢g,
Stable o/l neglected 0
/////// WA [ A
Unstable
=/
(0] -/ -2 3

i
o I, neglected,
(0]
o)
i &
25\ | (Rottnag regtecred
/ o Lolling and kateral
| £General_||mofion of c.g.
theory |lneg/ected
o Yaw-Sland rests
O free -/7ghr fesrts
- N/ theorsas
L
Q B"”
| Nt ad theores,
NATIONAL ADVISORY i
COMMITTEE FOR AERONAUTICS
O -/ e =15

Lestorng-momeny Leramerer, e

Argure 4 .— Comparssor oF colcuroted arndexperimental Fudder-
free stability charecrorrsrics 7o negligible frictron /N rudder
Sy.s7Em.




G "31q

“\ Stab/e
3\: " Yaw <starnd Tests  Free-riight rests
§ — 3 O Stoble O Staple
S 0 > V| v V Unstoble & Unstabke
S 7
N L | Unlstable
B o
~ . L
)
K=0 bounaar
é\ Y/ /{J} /76’9/807‘6’(7 4
ey
N
\ '3
AR
U)’d NATIONAL ADVISORY
O COMMITTEE FOR AERONAUTICS
-3 -2 -/ ./ 2

o
Aesroring ~moment paramefter, C/g,

Frgure 5 .- Comparison oF calcu/ated and experimeéntal rudder - Ffree Stabilit
Sharacter/s7/cs of an amplane moade/ 1&sted inThe Langley free -#/19ht tunnel mr‘%’
negligible frict/on In rudaer sysiem.

B8GET "ON N.L VOVN



4
|
Calculored
friction boundary
{P=O bounaary
J L reglecred
' Constant  amplituae
N\ Yaw -Stand fests Free-flight Tests
/ jﬂ O JSwble O JStable
@3 A L i P = Zm;v‘zfzf amplitude 9 20/7;297 amplitude
- \ nsiaoe nsiabe
R > Z‘E M -
S =
9 Stable /% 7\ Unstable
% | ) 7
S @ e
. gL LW oo S © 7
£ 7
: Z 4
e . /
S
5 X v
$ N
NATIONAL ADVISORY
O fTOHNlTT‘EE FOQLAEROIMIITK.S
ol A L J

% o %4
Restoring-mornent parameters, G, 5

flgure & .= Comparison of 7he calcu/ared and experimensal rudder-+ree s aé///ff CHIracrer/srcs
OF an g pl@ne podge/ 7esred i 7He Lar o

(Calculatéd data oefermined by  method

ey ' free- Hight TUnnel wilh
7 or refe%nce 2.)

prcrron 17 rudder System.

69€T 'ON NI VOVN

9 "3tq



Fig. 7 NACA TN No. 1359
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