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EXPERIMENTAL VERIFICATION OF THE RUDDER-FREE
STABILITY THEORY FOR AN AT RPLANE MOTEL
EQUIPPED WITH RUDDERS HAVING NEGATIVE

FLOATING TENDENCY AND NEGLICIBLE FRICTION

By Marion 0. NMcKinney, Jr. and Bernard Maggin
SUMMARY

An investigation has been made in the Langley free-

flight btunnel to obtain an experimental verification

of the theoretical rudder-free stability characteristics
of en airplane model equipped with conventional rudders
having negative floating tendencies and negligible
friction. The model used in the tests was equipped with

a conventional single vertical tail having rudder area
0 percent of the vertical tail area. The model was
tested both in free flight and mounted on a strut that
allowed frecdom only in yaw. Measurements were made

f the rudder-free oscillations following a disturbance
in yaw. Tests were made with three different amounts

of rudder aerodynamic balance and with various values

of mass, moment of inertia, and center-of-gravity
location of the rudder. Most of the stability derivatives
required for the theoretical calculetions were determined
from force and free-oscillation tests of the particular
model tested.

The theoretical analysis showed that the rudder-
free motions of an airplane consist largely of two
oscillatory modes - a long-period oscillation somewhat
Similar to the normal rudder-fixed oscillation and a
short-period oscillation introduced only when the
rudder 1s set free. It was found possible in the
tests to create lateral instability of the rudder-free
short-period mode by large values of rudder mass parameters
even though the rudder-fixed condition was highly stable.

The results of the tests and calculations indicated
that , for most present-dey airplanes having rudders of
negative floating tendency, the rudder-free stability
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characteristics may be examined by simply considering
the dynamic lateral stability using the value of the
directional-stability parameter ¢,  for the rudder-free

condition in the conventional controls-fixed lateral-
stability equations. For very large airplanes having
reletively high values of the rudder mass parameters
with respect to the rudder aerodynamic perameters,
however, enalysis of the rudder-free stzbility should
be mede with the cormplete equations of motion. Good
agreement between calculated and measured rudder-free
stability characteristics was obtained by use of the
general rudder-free stability theory, in which four
degrees of lateral freedom are considered.

When the assumption is made that the rolling
motions alone or the laieral and rolling motions may be
neglected in the calculations of rudder-free stability,
it is possible to predict satisfactorily the character-
istics of the long~period (Dutch roll type) ruddsr-free
oscillation for airplanes only when the effective-dihedral
angle is small. With these simplifying assumptions,
however, satisfactory prediction of the short-period
oscillation may be obtained for any dihedral. Further
simplification of the theory based on the assumption
that the rudder moment of inertia might be disregarded
was found to be invelid because this assumption made it
impossible to calculate the characteristics of the short-
period oscillations.

INTRODUCTION

Some military airplenes have recently encountered
dynamic instability in the rudder-lree condition.
Certain other sirplanes have performed a rudder-free
oscillation called "snaking" in which the airplane yaw
and rudder motions are so coupled as to maintain a yawing
oscillation of constant amplitude. These phenomena have
been the subject of various theoretical investigations,
and the factors affecting the rudder-free stabllity have
been explored and defined in the theoretical analyses
of references 1 to 3.

In reference 1 the most complete set of the three
sets of equations of the ruddsr-frce motion is developed. .
The equations of reference 1, however, are very involved
and rether unwieldy, and use of these eguations to
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determine the rudder-free stability characteristics 1s
consequently laborious. Such equations are usually
simplified by neglecting certain degrees of freedom or
certain parameters and thus obtaining approximate though
satisfactorily accurate solutions.

In reference 2, the equations were simplified by
neglecting the rolling motions of the alrplane. In
reference %, which supersedes reference 2 for the rudder-
free theory, further simplification was obtained by
neglecting sidewise motion as well as rolling motion.
An additicnal simplifying assumption of reference 3 is
that the rudder moment of inertia might be neglected.
It was realigzed that these simplified equations were
not applicable throughout the entire range of the
variables that could be obtained, but the results were
believed to be generally applicable to airplanes of
that veriod.

In order to obtain an experimental check of the
general and simplified equations, an experimental program
ie being conductad in the Langley free-flight tunnel. The
results of the first part of this program are reported
herein and are concerned with the rudder-free dynamic

stability of e l--scale alrplane model in gliding flight

equipped with rudders having inset-hinge balances and
negligible friction.

The rudder-free stability characteristics of the
model were investigeted for varying amounts of rudder
aerodynamic and mass balance. The model was tested both
in free-flight and mounted on a strut that allowed
freedom only in yaw in order to determine experimentally
the differences caused by neglect of the rolling and
lateral motions of an airplane with rudder free.

In order that the results obtained by theory and
experiment might be correlated, calculations were made
of the theoretical rudder-free stability of the model
tested by equations involving four degrees of freedom
and by equations involving fewer degrees of freedom.

In addition, the rudder-free stability of the model was
calculated by an approximate method that neglected all
of the rudder parameters eXcept those causing & reduc-
tion in the directional-stability parameter CnB for
the rudder-free condition.
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Various force, hinge-moment, and free-oscillation

tests were run in order to deterinine as many as possible
of the stability derivatives required in the calculations
of rudder-free stability. .

o

SYMBOLS

wing area, square fest

free-stream airspeed, feet per second
wing span, feet

wing chord, feet

span of rudder, feet

mags of model, slugs

mass of rudder, slugs

radius of gyretion of model about longitudinal (xX)

radius of gyration of model about vertical (Z)
axis, feet

radius of gyration of rudder about hinge axis, feet

distance from center of gravity of rudder system
to hinge axis; positive when center of gravity
is back of hinge, feet

distance from model center of gravity to rudder
hinge line, fecet

7a)\

\ds/

distance traveled in spans (Vt/b)

differential operator

period of oscillations, seconds

time required for motions to decreese to one-halfl
amplitude, seconds

time, seconds
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G, S0 "8 coefficients of stability quartic for
rudder-fixed lateral stability

Al,Bl,Cl,Dl,El,Fl,Grfﬁ_coefficients of stability septic

feir rudder—freellateral
stability

Az,BQ,Ca,Da,Ea,Fz coefficients of stability quintic

‘for rudder-free latersal
stablllTy

A}’Bg’c3’Dz’E5 coefficients of atefiill iy guertic for
=4

rudder-free lateral stability

Ah,Bh,Cb,DL, coefficlents of stability cubic for

A

¥o?

Q

O & = ™

‘an

rudder-free lateral stability
root of stebility determinant (A = a' t ib!')

imaginary portion of complex root of stability
quartic

real root or resl portion of a complex root of
stability ‘quartic

dynamic pressure, pounds per sqguare foot (%DV2>
mass density of air; slug per cubic foot

model relative-density factor (m/fSb)

rudder relative-density factor (mr/pbr€r2)
root-=mean-square chord of rudder, feet

engle of attack, radians unlsss otherwise defined

angle of sideslip, radians unless otherwise defined

(65]

0g

le of roll, radians unless otherwise defined
angle of yaw, radians unless otherwise defined

rudder angular deflection, radians unless other-
wise defined

flight-path angle, radians unless otherwise defined
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rolling engular velocity, radiens per second
yawing angular velocity, radians per second

lateral component of velocity, fset per second
Llft

1ift coefficient

drag coefficient (Drag)

t (Pltcnlng moment>

pltching-moment coefficien Ty
(%2

lateral-force coefficient (Latcral force)

q\
olano moment)
qsb

rolling-moment coefficient (

awing moment
qsSb

yawing-moment coefficient (

e oy Hinge moment
hinge-moment coef11c1ent< =

. G2 2
Qbrbr

rate of cbance of lateral=-force coefficient with
angle of bldes*lp (8 Cy/08)

rate of change of rolling-moment coefficient with
angle of sideslip (8C;/08)

rate of change of rolling-moment coefficient with

rolling angular-velocity factor éol/bg—%)

rate of change of rolling-moment coefficient with

yawing angular-velocity factor (écz/5§§>

rate of change of yﬂw1nb-mom~pt coefficient with
angle of sideslip (8¢ /0 B}
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~n

Ch@

@
hD 5

angle of yaw

i}
"rate of change of yawing-moment coefficient with
oC,
= =

rate of change of yawing-moment coefficient with

of pb
rolling angular-velocity factor (SCn/B§€>

rate of-change of" yawing-moment coefficient with

' rb
yawing angular-velocity factor (acn/a§§>

rate of change of yawing-moment coefficient with
rudder angular deflection (8Cp/00)

rete of
with

rate bf

with

rate of

with

rate of
with

rate of

with

change

of rudder hinge-moment coefficient

angle of sideslip (dCp/ B)

change

of rudder hinge-moment coefficient-

Cn
¥ il » e ga— . s
angle of yaw (é\b Ch@)

change

yawing

change
rudder

change

rudder

of rudder hinge-moment coefficient
angular-velocity factor (%Ch/6§%>

of rudder hinge-moment coefficient
angular deflection (dCp/0)

of rudder hinge-moment coefficient

dd 4,
angular-velocity factor |[dCy /0 9%5—

APPARATUS

The tests were run in the Langley free-flight tunnel,
a complete description of which is given in reference L.
The model used in the tests was a modified 1/7-scale
model of a Fairchild XR2K-1 airplane with its center of
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gravity located 23%.8 percent of the mean serodynamic
chord. Figure 1 is a three-view drawing of the model.
The mass and dimensional characteristics of the model are
given in the following table:

TN(&W Q.ht pound S . . ° . . . . . s . . . . e e . . . 5 ° 32
Radius of gyration, kz, £808 & 5 onl w v w0 ORT

Wing areea, sguare feet « ¢ « o « o s s s o o o 9 E.
Wing spat,; feet « o & v & & v & & s e s = w s B e .gS
Wing chord,. foob w s » 3 w ¥ 5 6 ¢ ¢ -
Distance from alrplane center of gravity

to ruddsr -hlnge line, feef .« « o« « &« o &« o & 2 o7
Helght ‘af audder, OOt . v @ & » oo b wo & w, o5 o Q667

Root-mean-square chord of rudder, foot . . . . . . 0.185

The vertical tail of the model :was a stralght -taper
surfece with a rudder of the inset-hinge type. The area
of the rudder behind the hinge line was l.0 percent of
the vertical tail area. Three different nose bslances
were attached to the rudder in order to vary the amount
of aerodynamic bslance. Sketches of these surfaces are
glven dn fisnrel 2. N Thel massachardeterlisties of “the
rudder were varied by moving weights within the rudder
or along a thin metal strip thet protruded at the base
of -the rudder trailing edge. The rudders were mounted
on. ball bearings to raﬂuce fiictlon to a minimum,.

. The yaw stand used in the tests was fixed to the
tunnel floor and allowed the model complete freedom in
yaw.but. restrained it from rolling or sidewlse motions.
A photograph of the model installed on the yaw stand is
shown as figure 3.

TESTS

Tests were made to determine the period and damping
of the rudder-fres lateral oscillations of the model
during free gliding flight and when mounted on the yaw
stand. No tests were performed to determine the effect
upon the rudder-free stability of eliminating only rolling
motions,
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Scope of Tests

The range of rudder aerodynamic and mass character-
i1stics covered in the tests is given in table I. The
test range investigated was obtained by altering the mass
characteristics of the rudder by addition of weights at
various locations. TIn this menner the mass, center of
gravity, and radius of gyration of the rudder were varied
simultaneously. This procedure was followed for the rudder
equipped with each of three different amounts of aerodynamic
balance. All tests wers run at a dynamic pressure of
1.90 pounds per square foot, which corresponded to an air-
speed of approximately !0 fcet per second. The 1lift coef-
ficient was approximately 0.6.

Flight 'Tests

Flight tests were made for the model test conditionsl
to 3 and 10 to 13 of table I. These tests were made by
flying the teqt rodal freel ly within the tunnel as explained
in reference li. During a given flight, & mechanism within
the model was so activatad as to free the rudder after an
abrupt rudder deflection of about 15°., The rudder-free
lateral oscillations resulting from the rudder disturbance
were recorded by a motion-picture camera. The period and
damping characteristics of the flight oscillations were
obtained from the motion-picture record and were corre-
lated with corresponding records from the yaw-stand tests
and with calculated characteristics. Several runs were
made at csach test condition and showed a veriation of
period of about 2 percent and a variation of damping of
less than 10 percent. Typical flight oscillations are
shown in figure Li(a) for a stable condition and in
figure li(b) for an unstable condition,

Yaw-Stand Tests

The yaw-stand tests were made for all test con-
ditions listed in table T. These tests were made under
conditions reproducing those considered in the snalytical
treatment of reference 3, in which the rolling and the
laterel motion of the airplane center of gravity are

eglected. For the yasw-stand tests, the model was attached
to the stand and the rudder was deflected 15°, At the
given test airspeed, the rudder was abruptly released

and the resultlng owcillations were photographed by means
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of a motion-picture camera installed above the model. .
Records of the period and demping of the yawing oscilla-

tions were then obtained in the same manner as for flight

tests. Approximately the same scatter of period and

damping values was obtained in the yaw-stand tests as in

the flight tests. Plots of representative yawing oscilla-

tions obtained from the yaw-stand tests are shown in fig-

ure li(a) for a steble conditicn and in figure L(b) for

a neutrally stable condition.

Method of Analyzing Test Data

Stability theory indicates that the rudder-free
lateral oscillations are composed of two superimposed
oscillatory modes, one of which haes a shorter period than
the other. The test oscillations, however, after a short
interval of time reprecsented only one of these modes -
the one that subsided later because of the period or damplng.
In general, the stability ealculations showed that the
short-period mnde damped 1. one-half amplituce in roughly
1/50 the period of the otlor mode. The test oscillations
therefore represented the long-period mode for most of
the test conditions. -

Measurement of Stability Derivatives g

The stebility derivatives necessary for the calcula-
tions are given on table II and were obtained by the
following procedures: The partial derivatives of yawing-
moment coefficient with respect to angle of yaw and rudder
deflection, an and Cna’ were determined from force

tests of the model on the six-component balance of the
Langley free-flight tunnel degscribed in reference 5. - The
results of these tests are presented in figures 5 to 8.
The hinge-moment derivatives duc to wngle of yaw and
rudder deflection, Chw and Ch@’ were determined from
hinge-moment tests of the model rudder, the data from
which are prescnted in figures 9 to 1ll. The rudder
hinge-moment derivative due to yawing angular velocity

Chr was then calculated by the relationship 4
. _ 21
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The yawing-moment derivative due to yewing angular
velocity Cn (fig. 12) was determined by the free-
oscillation method described in reference 6, and the
rudder hinge-moment derivative due to rudder angular
velocity Cp was similarly determined. The measured

values of the parameter ChD5 (-0.0236 for rudder 1

end -0.0L2L for rudders 2 and 3) did not agree with the
value of -0.1L2 as calculated by the method presented in
reference 7 except that the frequency of the oscillation
was neglected. The cause of this discrepancy was not
determined but is believed to have been the hiph
oscillation frequency: at,which the tests were

run (about 6 cycles per second at an airspeed of Lj0 feet
per second). This frequency corresponded approximately
to the calculated frequency of the rudder in the rudder-
free teosts of conditions 1 to 9 iz tRble 17,

Measurements indicated that the frictional damping
of the rudder was about one-tenth of the air damping.
This value was considered negligible and no attempt
was made to introduce friction derivatives into the
calculations. Four runs were made with each rudder snd
the scatter of values of ChDG was less than 10 percent.

The partial derivative of the rolling-moment coef-
ficient with respect to the rolling velocity
parameter C7o was determined from the charts of
reference 3. The derivatives Cy and Cp were
r D
determined from the formulas given in reference 9.

CALCULATIONS

Scope

Calculations were made of the damping and period
of the rudder-free lateral oscillations of the model for
the range of eirplane and rudder parameters given in
table I. 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 the neglect of rolling and lateral motions.

Other calculations were made to determine the effect of

varying the effective-dihedral parameter CZ upon the
B

rudder~-free stability characteristics.
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Me thod

The customary methods of stability calculation
(outlined in reference 3) were employed in the present
investigation. The equations of motion were set up,
rendered noncimensional, and so treated as to obtain the
stability equations defining the period and damping of
the lateral-stability modes.

Equations of motion.- The nondimensionsal equations
of motion used in the calculations are given in the
following paragraphs.

The equations used for the rudder-fixed condition

are
'(2;11) - cYB>B + (=Cp)Z + (2uD + Of, tan 4 =0
5] 1
-C 3 2 <~=-‘- R T <__ T r
< LQ‘”‘I‘“.D)D it eyt ) R R T )

\ il 1 .

Equations (2) yield the familiar lateral-stability
equations of the form

a4 B2 4 o2 # DA+ E =0 (3)

The general equations of motion for the rudder-
free condition (four degrses of freedom) are
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-\
<2uD - CYB>B + (-C1)F + (2uD + Cp, tan y)¥ = 0
= A\ 2
< e A | |t
-0 3+ E‘_L(—“) D==- 5C; DI0 + [-=( =0
e 2717 |# T EREE Y
; .Y 3 '}
St Z 2 P g o -
<—Cnp>(3+ (ECnp7¢+ !_2“(\"}5 D® - 5y lillH —Cré\,o =
p== )
-(\.lq X
GZHT ~6—D-Cl'lp) H
£ T . A
2 (—-Ii) D” = 2\, =D+ 2y —L DF - =0 D_"@J
I‘\b/ & b 85 b . hI‘J
2
NN Et\l 3‘3 G- i Y el =0
‘J'I"\\b/ "ﬂ@ s J

Equations (l.) yield the rudder-free lateral-stabi 1Ty
equations of the forwm

6

M

gl

r J :
Alk7 + ByAT + CiM7 + Dl?\"’ + A + F AT+ GM+ H; =0 (5)

i 1

For the rudder-free condition, when rolling is

neglected (three degrees of freedom), the equations are

=

- :3"' ?.,Jlr.z'.\ T)Z_}..f" D :,_ ~GER\iats ©
< ID‘S) -t-«[\\’i.)) 2»_11«11'.[)] : ( ul’.‘.@) -

S;r 3 N i e} \
2hp 5 D-Cn,)8 %
N = 3
-l"\."—\*d Xp Lx ]
+ I:Egr,(':g— - - 2ls 5 D+ 2 by d—.DZ = z-’fnp’) v
i

(6)
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Equations (6) yleld stability equations of the form

Wren the rolling motion and the lateral motion of

the center of gravity are neglected (two degrees of freedom),

the equations are

B . i
£
Z\ 2 il ~ =
2P«< b D *VD.I,D an W ('bn(s)’ O
o -1
[ AN i¥
:;_ = _,___I; 2 - l“ - -
’2%(}3) D= + 2y, 2 D /j{“hrD “x‘l«glw b (8)
P |
‘r} 2) A
T = D= == Dila-= 0
| Pr(b/ b 02 hmsJ r

Equations (&) yield stability equations of the form

Mook C N DA+ E, =0 (9)

b
Azh" + By 3 3 3

Tf, in addition to neglect of rolling and lateral
motion of the center of gravity, the rudder moment of
inertia 1s elso neglected, the equations are

r‘kap . A
2e\g) D7 - 3Cn D‘Cnu,,\"’<0n6>5:0

’(10)

7N
=
IT; A
m' !
|
g
i
N
e
i
s
o
Q
1ay%
<=
+
T
N
e
5
&)
I
o
)
=
57
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o
i
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Equations (10) yield stability equations of the form
ARD + BAE o N D B (11)
Ly I Iy L ;

Determination .of period and demping of 1
oscillations.- Tne roots of equations (3), (5,

| J
(91, and (11) are of the form A.= 8 or = al ib'.
The roots are used in the following equations to deter-
mine the period and the time to damp to one-halfl
ampli tude:
: 2m b
= - - )
i oY (2 )
and
-lo 0250.5 p
s = ,'__i_ (1%)
a

RESULTS AND DISCUSSION

The results of the tests and calculations ars presented
in table IT, which lists the period and the reciprocal of
the time to damp to one-half amplitude for each condition
investigated. The reciprocal of the time to deamp to one-
half eamplitude was chosen to evaluacte the damping, because
this value is a dircct rather than an inverse measure of
the degree of stability. Negative vaelues of the reciprocal
of the time to damp to one-haIL ampli tude refer to the
time to increase to double amplitude.

Correlation of Tests and General Equaticns

Calculations.- The st bility calculations made wit
the general equations of motion indicated that the motlons
of an airplane with rudder free consist of two aperiodic
modes (convergences or divergences) end two oscillatory
modes, one of which is of a period 2 to 10 times the other.
As shown by the results presented in table II,these
calculations indicated that, as long as the rudder radius
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of gyration and mass unbalance were small (conditions 1
to 9), the short-period mode was very heavily damped and,
consequently, the characteristics of the more lightly
damped long-~period mode determined the nature of the
rudder-free oscillations. Table II indicates also that
the characteristics of the long-period mode were only
slightly affectzd by the rudder parameters as long as the
rudder mass paerameters were low (conditions 1 to 9).

When the radius of gyration and the mass unbalance
of the rudder were large (conditions 10 to 13), the
calculated period of the short- -period mode increased
considerably and the damping decreased. At high negative
floating ratios (conditions 12 and 13), the calculations
indicated that the destebilizing effect of high rudder
radius of gyration and wass unbalence was sufficient to
cause lateral instability.

Ilight tests.- The results of the flight tests are
presented in table II. These data indicate that, for low
values of the rudder mass parameters (conditions 1
to 9), the less demped and hence ths apparent mode had a
period of about 1.5 seconds, which corresponded to that
calculated for the long-veriod mode. For high values of
the rudder mess parameters (conditions 10 to 13), either
the long- or the short-period mode was the less damped
of the two modes and hence determined the characteristics
of the apparent motion, depending upon the magnitude of
the rudder aerodynamic paramesters Chﬁ and Chﬁ' For the

condition of high rudder aerodynasmic parameters (condi-
tions 10 and 11) the long-period mode was the less damped.
Condition 12, however, showed the short-period mode to

be the less ﬂamned at somewhat lower values of the rudder
mass parameters than those of condition 11, and condition
13 gave an unstable short-period oscillation for even lower
values of rudder mass parameters.

Comparison of theoretical and calculated results.-
The tests confirmed the results predicted by the theory
inasmuch as an unstable latéral oscillation was obtained
for test conditlion 13. The quantitative correlation of
measured values of period and damping with corresponding
values calculated by the use of the general equations is
shown in figure 13%3. Thesec data show that the agrecment
between measured and calculated values of period was
excellent for all conditions tested. This agreement was
also shown in the correlation between measured and calcu-
lated values of damping except for conditions 12 and 13.
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For conditions 12 and 13, the calculations indicated =
larger degrée of instebility than that encountered in the
tests, This apparent discrepancy was explained by .
further calculations which showed that the rudder-free
stabllity wes critically dependent upon the rudder rnass
characteristics for these test conditiens., The'results
of the further calculations are given ina figure 1L and
show thet the degree of instability enéountersd in tost
condition 1% was indicated bty theory to occur at some-
what smaller values of mass unbalance than that used for
the tests. Another possible explenation of ths discrep-
ancy hetween tests and theory for conditions 12 and 9

i1s that the actusl value of Cbrs for theése low-frequency

conditions might have been higher than the values used in
the calculetions end obtained from high-frequency measure-
ments. Yore information is required to determine the

effect of frequency of the oscilletion on this parameter.

AAAAA

Physical interpretation.- In order to explain more

clearly the physical &spects of the long- and short-period
modes of the rudder-free oscillations, additional calcu-
lations were made of the rudder-fres and rudder-fixed
stability characteristics over a wide range of dihedral.
In this way, it was possible to observe anelytically the
change of lateral stability with dihedral when the rudder
was free.

£ comparison-: of the results »f the rudder-fixed
and rudder-free calculetions indicated that the short-
period mode of the rudder-free oscillations had no counter-
part in rudder-fixed flight (table II, condition 1l).
This mods, therefors, was an entirely new oscilletion
created by the new degree of freedom that occurred when
the rudder was fresd and prebably represznls- the oseil-

lation of the rudder sbout its own hinge lins. Ths calcu-

lations also showed thet the cheracteristics of ths
short-period mode werc virtually independent of the
effective~dihedral paremster 07 . | The' vearlabion of ‘the
4
calculated values of period and damping of ths shor:-

& g of
period oscillation for condition 2 with the effective-
dihedral paramster is as follows: :

ry
\/

i
“E = (§gglw_%ilZ§i_l~

0 0.087 e
-.Ch .08 Pl
-.08 087 | e
ai . 067 ‘ 1l .50
-.16 . 087 1h..%55
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The additional calculations indicated that the
characteristics of the long-period mode of rudder-free
oscillations varied with the effective-dihedral
parameter C; in a manner similar to the variation of

the rudder~fixed oscillations with this parameter.  The
results of these calculations are presented in figures

15 and 16 and indicate that the characteristics of the
long~-period mode for the rudder-free condition were of
the same order as those of the rudder-fixed oscillation
but were of lower damping and higher period. Inasmuch

as freeing rudders of negative floating tendencies is
known to decrease the directional-stability parameter CnB

and a decreace in this factor is known to decrease the
damping and to increase the period of the lateral
oscillation (references 10 and 11), the long-period mode
of the rudder-free oscillations appears to be a modifica-~
tion of the familiar Dutch roll oscillation normally
encountered in controls-fixed flight. The characteristics
of the long-period rudder-free mode may then be concluded
to be largely dependent upon the same parameters as the
rvdder-fixed oscillatory mode. For alirplanes having rudders
of negative floating tendency, then, instability of the
long-period rudder-free mode should occur at smeller
values of effective dihedral than for the corresponding -
rudder~fixcd condition. :

Correlation of Tests and Simplified Equations

Neglect of rudder pareameters.- Inesmuch as most
present-day airplanes have low values of rudder mass
parameters, the long-period mode is the predomlinant
factor affecting the rudder-free stability character-
istics for airplanes having rudders of negative floating
tendency. Consideration of the rudder mass parameters
would therefore not seem necessary for these airplanes.
An approximate solution for the rudder-free stability has
been obtained by simply considering the controls=fixed
dynamic lateral-stability equations (2), in which the
value of C, for the rudder-free condition is used.

Calculations were made for the test conditions by
this approximate method, and the period and damping
results are presented in table II and, for condition 7,
as points on figures 15 and 16. The value of Cn‘3 for
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the rudder-free condition was calculated by the following
relation from reference 1: y '

>

L g
Ch

gL v =
Ng

, - o
P(rudder free) ﬁ(rudder fixed)

‘Vn
5 o)

The values of period and damping obtained with.this
method are in good sgreement with the values calculated.
by the general equations for test conditions 1 to o)e

For conditions 10 and 11 the correlation is rather pocor,
as was expected, because of the high values of rudder

mass parameters at these two conditions. Because the
approximate method cannot predict a short-period oscil-~
lation, this method failed completely to prediet the
important features of the rudder-free motions for con-
ditions 12 and 13, for which the short-period oscillation
was about neutrally damped. These calculations indicsate
that, although the predictions ylelded by the approximate
method are good at low values of the rudder mass varameters,
a more complete analysis is necessary at high values of
the rudder mass parameters.

Neglect of rolling motion.- The simplification obtained
by neglecting rolling motion was investigated for the
present report by comparing the results obtained by the
general equations with those obtained by equations
neglecting rolling (equation 6). The valves of period
anc camping for the test conditions as calculated by
equation (6) are presented in tsble IT. TIn figure 17 the
characteristics of the short-period mode obtained by this
method are compared with those calculated by the general
equations. The correlation of the characteristics of both
the long- and short-period modes calculated by the modified
equations with those obtained from flight tests or from
caiculations by the general equeations is falr except for
conditions 10 and 11. This fact might indicate that the
simplified theory gives noor correlation for the case of
near-neutral stability of the short-period mode when the
period of the long- and short-period modes is nearly
equal.

Equations (6) show that neglect of rolling eliminates
all of the derivatives involving rolling moment as well
as those involving rolling motions. The effect of Cy
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on the laterel stebility cannot, thersfore, be predicted
by this simplified method. The effect of dihedral on
the long-neriod mode is to reduce both the period and
the damping, &as is shown in flgures 15 end 16. Tor
dihedral angles less than 5° ( LB-( ff 06) however,

neglect of rolling in the equations givesconservative
results, because these equations indicate less damping
than the general equations for low values of rudder mass
parameters (conditions 1 to 9). This result is obtained
meinly because with low dihedral the rolllno componpnu
of the motion 1s small ;

The effect oh the stability of neglect of rolling
with rudder fixed has also been investigated. The
results of these calculations are given in table IT
under condition 1l. and show reasonably good agreement with
tha results obtained By the general theory for 'the rudder-
fixed condition. This agreement is further proof that, for
low values of dihedral, rolling msay be neglected in
making these calculations., On the other hand, for air-
plane" having high dihedral and large values of relative
density and radii of gyration, the long-period oscilla-
tion might become unstable, as shown in references 10
end 1l1l. The naglect of rolling for these conditions
would invalidate the results for the condition with the
rudder either free or fixed.

Neglect of rolling and lateral motion.- In the
theoretical analysis of rudder-free stability published
in reference 3, the equations were further simplified
by neglezting lateral motion of the airplane center of
gravity as well as the rolling motions. These simplified
equations also predicted a long-period and a short-period
pdelllaticne.

Tests of the model in the rudder-free condition
were made on the yaw stand in order to reproduce the
theoretical assumptionsg made in reference 3 (freedom in
yaw about the girplane Z-axls and freedom of the rudder
about 1its hinge line). The results of these tests are
presented in table IT and indicate thsat, for low values
of the rudder mass parameters (conditions 1 to 9), the
long-period mode was the less damped end hence determined
the characteristics of the spparent motion. For higher
values of the rudder mass parameters (conditions 10 to 13),
either the long- or short-period mode was the less damped,
depending upon the magnitude of the rudder aerodynamic
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parameters. For conditions 10 and 11, the long-period
mode wes the less damped;whereas, for conditions 12 and 13,
neutral damping of the short-period mode was obtained at
lower values of the rudder mass parameters.

Tt may be of interest to note that in unpublished
data from yaw-stand tests,made at higher values of mass
unbalance of the rudder than those presented herein, an
unstable short-period oscillation was obtained. This
‘unstable oscillation could be started with a very small
disturbance and would increase in amplitude until it
became a constant-amplitude oscillation of about +15°
yaw.

The results-of calculations made by utilizing the
equations of reference 3 are listed in table II and have
been compared in figure 18 to measured values obtained
from the yew-stand tests. The data presented in figure 18
show that the equations of reference 3 closely predicted
the rudder-free data obtained in the yaw-stend tests for
stable conditions. Like the general theory, however, the
simplified equations predicted instability of the short-
period oscillation at lower values of rudder mass parameters
than did the yaw-~stand teste.

A comparison of the yaw-stand and free-flight test
results shows that the elimination of the rolling and
lateral motions results in somewhat longer period and
less damping than is obtained in flight, as long as the
long-period oscillation is the controlling factor in the
apparent motion in flight. When the characteristics of
the short-period oscillations are apparent in flight,
tests on the yaw stand give nearly identical results
with those from flight tests. These data indicate that
for small effective dlh@d“a] angles neglect of the
rolling and lateral motion yields conservative values
for the long=-period, rudder-free oscillation and accurate
values for the short-period oscillation. This fact
confirms the conclusion, drawn from the analytical
investigation concerning the effect of dihedral, that
the characteristics of the short-period mode are
relatively independent of dihedrel, which is a basic
rolling derivative,

The data of table IT indicate that the simplified
theory of reference 3, which neglects rolling and lateral
motion, predicted the characteristics of the short-period
mode just as well as did the general theory and that use
of the simplified theory was therefore Justified in this
resgect.
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Neglect of rolling, lateral motion, and rudder
moment of inertia.- A further assumption suggescec in
reference 5 is that the moment of inertia of the rudder,
in addition to rollipg and lateral motion, might be
disregerded in the calculation of rudder-free stability.
The results of calculations made with the rudder moment
of inertia neglected are presented in table II and
indicate that, for airplanes with small amounts of
effective dihedral, application of the theory gives a
reasonably accurate prediction of the rudder-free stability
characteristics as long as the long-period oscillation
is the controlling factor in the apparent motion. TFor
conditions in which the short-period oscillation is the
less damped modes, however, the assumption must be con-
sidered wholly invalid for rudders of negative floating
tendencies, because the calculations indicate that, when
the rudder moment of inertia is neglected, the short-
period mode is replaced by a heavily ddmped convergence.

CONCLUSIONS

Th
invest

e y1lowing conclusions were drawn from an

ig
rudder-f

of

il

ion in th@ Langley free-flight tunnel of:the
stabllity characteristics of an airplane
pped with rudders of negative floating
and having negligible friction:

ﬁ

model €

ifi
T
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A
tendancies

a
i
s
e

l. For most present-day airplanes, consideration of
the rudder mass parameters is not necessary in an analysis
of the rudder-free stability characteristics. These
characteristics may be examinsd siwply by considering
the dynamic lateral stability and by using the value of
the directional-stability parameter Cng for the rudder-
free condition in the conventional controlsfixed lateral-
stability equations.

2. Analysis of the rudder-free stability of airplanes
heving relatively high values of the rudder mass parame-
ters with respect to the ruddsr serodynamic parameters
(such as would be encountered in very large airplanes)
should be made with the complete equations of motion
. for the rudder-fres condition.

4. The rudder-free s

. ta ty characteristics of the
model tsested were satisfact

v calculated when all four

font it
oril



NACA ARR YNo. Ll JO5a 23

degrees of lateral freedom were considered in the calcu-
lations.

li. The rudder-free characteristics of the model
tested were predicted feirly well when rolling motions
or rolling and lateral motions were neglected in the
gelenlations. Instabillity of the ruducr~ere Duteh roll
type oscillation, however, could not be predicted by
this method.

5. Large amounts of rudder mass unbalance caused
an unstable short-period rudder-free OcClllgthH fex the
model tested.

6. The characteristics of the short-period oscil-

lation are found to be independent of the airplane
effective dihedral and were satisfactorily predicted for
the model tested by either the general stability equations
in which all four degrees of lateral freedom are considered
or by the modified stability equations in which either

the effects of rolling motions alone or of rolling motions
and lateral motions of the alrplane center of &rav1ty are
neglected.,

T. When the rudder moment of inertia was neglected -
in the calculations, the charzcteristics of the short-
period rudder-free oscillations for rudders having
negative floating tendon01°s could not be predicted.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronau+ ics
Langley Field, Va. ]




6.

NACA ARR No. ILLJ05a

REFERENCES

Bryant, L. W., and Gandy, R. W. G.: An Investigation
of the Lateral Stability of Aeroplanes with Rudder
Free. L3Ok, S. & C. 1097, British N.P.L., Dec. 18,

1939.

Jones, Robert T., and Cohen, Doris: An Analysis of
the Stability of an Airplane with Free Controls.
NACA Rep. No. 709, 19L1.

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

Shortal, Joseph A.; and Osterhout, Clayton J.: Pre-
liminary Stability and Contrcl Tests in the NACA
Free-F1light Wind Tunnel and Correlatlion with
Full-Scale Wlight Tests. NACA TN No.: 810, 1941.

Shortal, Joseph A., and Draper, John W.: Free-Flight-
Tunnel Investigation of ths Effect of the Fuselage
Length and the Aspect Ratio and Size of the Vertical
Teil on Latersl Stability and Control. NACA ARR
No. 3D17, 19L.3. - » G o

Campbell John P., and Mathews, Ward O.:  Experimental
Determination of the Yawing Moment Due to Yawing
Contributed by the Wing, Fuselage, and Vertical
Taﬁl of a Midwing Airplane lModel. NACA ARR No. 3m28,
1943, :

Theodorsen, Theodore: General Theory of Aerodynamic
Instability and the Mechanism of Flutter. NACA Rep.
No. L96, 1935,

Pearson, Henry A., and Jones, Robert T.: Theoretical
Stability and Control Characteristics of Wings with
Various Amounts of Taper and Twist. NACA Rep.

No. 635, 1938,

Bamber, Millard J.: Effect of Some Fresent-Day Airplane
Design Trends on Reguirements for Lateral Stability.
NACA TN No. 81L, 1941.




NACA ARR No. ILJOS5a 25

10. Campbell, John P., and Seacord, Charles L., Jr.:

Effect of Wing Loading and Altitude on Lateral
Stability and Control Characteristics of an
Airplane as Determined by Tests of a Model in
the Free-Flight Tunnel. NACA ARR No. 3F25,
1943. “

1l. Campbell, John P., and Seacord, Charles L., Jr.: The
Effect of less Distribution on the Lateral
Stabllity and Control Characteristics of an
Airpleane as Determined by Tests of a Model in. the
Free-Flight Tunnel. NACA ARR No. 3H51, 19,3.




NATTIGNAT, ADVISORY

TABLE I.- TEST CONDITIONS

COMMITTEE FOR AFRONAUTICS
Test 3 5 - - - 2
con- |Rudder ns Chy, | Cnps Cn.. Cng TR v oo o0l B 5 k.
dition I
1 1 -0.390 |-0.172! -0.0236-0.1196 1-0.0396 122.37 | 0.061 [0.00282 {0..,08 | 0.000355
2 : -.390 { -.172| =-.0236| -.1496 | -.0%96 {16.39 | .167 | .00773 | .267 .0C0153
3 1 -390 | -.172| -.0236| -.1496 | -.0396 |22.89 | .308 | .0le2 | .L66 . 000,65
1 2 -.26 | -.002! -.042h! -.0780 | -.0L08 |27.30 | 0O 0 .185 .000073
5 2 -.26L | -.092| -.clol| -.0786 | -.04g8 {27.30 | .055.| .00253 | .185 .002073
b 2 -;26u -.092! -.0h2h -.0783 | -.0ln8 |27.30 110 | .00507 | .185 .00C073
7 2 -.172 | -.092) -.042l| -.0789 | -.0516 |27.30 {0 0 .185 .000073
8 2 -.172 | -.092| -.0L2h| -.0789 | -.0516 |27.30 | .055 | .0025% | .185 .000073
9 3 -.172 | -.092} -.oh2hi -.0789 | -.051€ |27.30 | .110 | .00507 | .185 .000073
10 1 -.390 | -.172| -.0236| -.1196 | -.0%956 {29.13 | .550 | .025L5 | .755 .001225
11 1 -390 | -.172| -.0236| -.1L96 | ~-.0%396 |34.57 | .710 | .0%3280 | .882 .001670
12 2 -.28y | -.092| -.0h2l} -.0789 | -.0498 [36.L0 | .61L | .028L0 | .950 .001785
1% 2 -.172 | -.092| -.oh2h] -.0789 | -.0516 {31.20 | .67 | .02160 | .79 .001272
1l Rudder fixed
For all tests the fcllowing parameters were held constant:
, =3,12 C,, = =0.0842 C; = =0.45
Iy ‘p
2
kg z
(7;> = 0.052 Cn, = -0.1126 cZr = 0.166
e
b 4 o
<_b_> = 0.0273 CL = 1086 Cn]O = -0.0173
1/b = 0.435 €y = =0.0L26 Cy = -0.406

y=7°.

B8GOLTTI *od u¥y VOVN
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TABLE IT.- COMPARISON OF PERIOD AND DAMPING FROM FLIGHT
AND YAW-STAND TESTS AND CALCULATIONS

& Tests Caloulations
i Rolling,
Rolling sideslip, Rodder
Test General Rolli and d
aon;;tlon‘ Flight Yew stand th:ory noZlac!t‘gd sideslip mon::!:t of p‘"’“t’”;
neglected inertias neglected
neglected
Long-period oscillation
1 | Period, P .72 1.80 1.69 1.gﬁ 1.66 1.6; 1.60
Damping, 1/T 1517 .90 1512 3 .92 .9 1.39
2 | Period, P . 1.61 1.78 1.60 1.60 1.63 1.62 1.60
Damping, 1/T 1.09 .90 1.10 1.27 .8 .9 1.39
3 Period, P 1.48 1.66 1.40 1.70 1.60 1.61 1.60
Damping, 1/T 1.06 1.00 1.10 1.32 .98 1.00 1.39
L Period, P 1.69 1.60 1.70 1.68 1.68 1.60
Damping, 1/T .90 1.38 1.26 .93 .93 1.39
Period, P ———— 1.65 1.56 1.60 1.6 1.66 1.60
5 | pemping, 1/T S .90 1.39 1.30 .9 .96 1.39
¢ | Period, P —— 1.62 1.56 1.60 1.62 1.62 1.60
Damping, 1/T e 1.00 1.[1 1.26 .99 .99 1.39
Period, P — 1.86 T 1.80 1.8 1.82 1.7k
7 | pamping, 1/1 R .90 1.33 1.20 .8 .88 1.39
g | Period, P ——— 1.79 1.63 1.72 1.78 .77 1.7%
Demping, 1/T ———- .90 135 |F o .92 .99 1.39
Period, P ———- 1.72 1.53 1.60 b 1%, 1.72 1.7k
9 | pamping, 1/T o 1.00 1.30 1.30 .9 .97 1.39
Period, P 1.30 1.60 1.20 1.20 1.h9 1.50 1.60
10 | pamping, 1/T .90 1,05 .92 1.03 1.03 1.1 1.39
Period, P 1 1.50 1.05 1.20 1.3 1.41 1.60
11 | pamping, 1/T .8; 1.20 -9 1.55 1.23 1.30 1.39
Period, P —— -— 0.96 0.39 1.08 1.16 1.60
12 | pamping, 1/1 e . 5.30 5.80 3.85 1.74 1.39
Period, P _—— —— 0.97 0.98 1.3 1.2 1.7
15 | pamping, 1/T A i 5522 5.19 5.62 1.60 1.39
Period, P ——— 1.56 l.ao 1.66 1.50
1 | pampiag, 1/7 TEEX 1.60 1.87 1.hh 1.85
Short-period oscillation
Period, P e ———- 0.16 ——— 0.15 ——
1 | pamping, 1/T ———— —--- 5.66 e k.92 Loo
Period, P ——— -——- 0.09 0. 0.08 -
2 | pamptng, 1/T | ----- ---- 15.15 | 1h.35 14.16 38l
Period, P | ===e= ———- 0.20 0.18 0.12 -—-
3 | pamping, 1/T | =---- — Lb3 | 3.h0 3.46 370
Period, P ————- R 0.10 0.10 0.10 -
4 | pamping, 1/7 | ----- a— 32.30 30.80 32.30 152
Period, P | =e==- ——— 0.10 0.10 0.10 -—-
5 | pamping, 1/T | ==--- P— 32.30 30.80 32.20 k7
Period, P | ===-= ——— 0.10 0.10 0.10 -
6 | pemping, 1/T | ==-n- et 32.30 30.80 32.20 U
Period, P | === 0.12 0.12 0.12 ——
7 | pemping, 1/T | ====- 32.30 30.80 32.20 99
Period, P 0.13 0.13 0,13 -——
8 | pamping, 1/T 32.30 30.80 32.20 oL
Period, P 0.13 0.13 0.13 -
9 | pamping, 1/T 32.50 30.80 32.20 88
Period, P R ———- 0.80 0. 0.36 -
10 D:;p:nér 1/T | ==--- ——— 1.90 .gg .76 322
Period, P ————— ——— 0.8 0. 0.51 -
11 | pamping, 1/T | ===-- ———- 125 .Zgl ’ PS ?78
Period, P 0.83 0.88 0.88 0.91 0.90 -
12 | pamping, 1/T .10 .00 -3.31 -2.73 -1. 71
Period, P 0.92 0.90 0.86 0.92 0.8l -
13 | pamping, 1/T =5 ~00 -2.76 -2.19 -.9l L5
Period, P Ee==s J— Se=ne s | == o
bl Damping, 1/T7 | =-==-- e e e B T -

%p ana T given in seconds.

bAppmximate method, all rudder parameters neglected except those affecting C

np'
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Figure 3.- Three-quarter rear view of %% -scale model of modified Fairchild

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

‘ON ¥¥V VOVN

BGOLT 1T

3Ty



)2
i
3
5 4
3
B
S
)
BN
S
N
-8

@)

O———— Flight lest

Yaw <siand st

e i

45°

13

.':::' :6\%% el :
..‘_'/ h%i’ags gaaﬁaj 'ﬂéb;

Sond  Jes’s  for a Stbl conditon.

q NATICEAL ADYISORY
0] A4 8 L /6 20 24 28 7 3.6 40 L4 48
Time , Sec
(a) Conartron /0.
Figure 4 . — Comparison OF e sruatler-rfree molorn 7o ot andd pou-

*ON YV VOVN

GOV

‘314

'Y



Angle of ey, ¥, g

7ime | Sec
(b) Conaynon /3.

flgure  4.- Conclucked,

| ‘ | r
! i 4\ h A
L\) b || i AR =
R AR NN | 3 ‘
5 S EEMRREE AN ER
S\ wf | W] ] 7[’ IR =
Wt - DA Y R S Q\
bl / ol 1L | AR
Y 1 W\# N 1
. | b e

a¥ *314

©GOL¥YT *ON ¥¥V VOVN




NACA ARR No. L4JO5a Fig.

I
§Q§ «
O
8 B
o ©
R
S 9 it
L &
Qt =/
A_r ~O
/0 | () /0 >

W

Drag coefficient, Cp,
= N

&

(o))

B
- F
Sy

L | B
3

§ 0 %,

e JEE -7

S 57 | 8

EN E CD' @ K0e

O mand S

O DOMP:ITIEE FOR AERONA!
O 4 8 /2 o 0 ey
Angle  of arrack, X,akg Pitehing - mormeny

coeffitient, C m

Flgure 5. — Aeroaynamic choractertstics of the mode/
wsed 1n the Tree-1lght-tunne! mvestigation of rudder-
Tree stabily

(@]




NACA - ARR No. L4J0ba

Fig. 6a

05 4
(dqu
.oﬁg\ SEn
A s
AR == %
- L I\M\ A———v== ~/0
G ENYR i Bina o v )
Bl \%i AP i i1
WSS SiNNaE =
Q
g o/ |
% Y N T
: 0 \\é\ A\kz
3 NN
S NN
S =0y \\ Roh : %
Q e 5
S NN NN
- IR
= Q\ 3 g N
AN RPN NN
-03 A oY
camm AL ADVISORY ’: \\\\$
~Hso 20 0 0 10 Yo 8o 0

Angre of yaw, ¥, deg

Figure 6.~ Rudkder effectiveness for rudder /.




Lateral-force coefficient, € y

Rolling-moment  coerficient, C,

NACA ARR No. L4J05a

P Z
F /2/ s’
/ Z
» /:/'
0 % 7
7, ) /;’
‘./ /’,
4
/ 74
-2 & —
=
-1 of
@eg)
e
S T %,
AT
CARD DGR
— B e
L T Z
gl e 7
Dl TRIGPCIN a
o PR
- it o
il “
(
S
o
-02
NATIONAY ADVISO|
~O355 25 B 0 W

-/10 0
Angle of yaw , ¥, deg
Figure 6.— Concluated.

Hiatgs

€b




NACA ARR No. L4J05a

Yawing-rmornent coefficrent, C,

05
& Gl
5
P geal Ly |
A 15
v 20
4 e
 TREREH G
l>\ B———: -': ;\2
WA T
' mp e
N N
o \\Y\T\f\\dﬁi\ WY
s \\\\\E]\\:&\\ NN
TARIERY
VARAS: Sk e
4 s
-03 e
T\§
TIONAL
-04
1

5 o T ¢ 0] /0
Angle of yaw, ¥, deg

20 30

Flgure 7.— Ruodder erfectiveness Jor rudder 2.

Pig. 78



¥ Al

NACA ARR No.

coefficrent, Cy

Laferal-force

oment
G

=/7
Cler)

&

Ol

L4J05a
B
Lz
Z
3 o
e
o
7 O
-
d
i ” (deg)
& -
/;/, A - 15
/ A el
N b s e
N B
P8 —na
L s T
;T W
AN
T
/.
%/(‘J
-r,l
D
L
/}'
//) NATIO ADVIJORY
i
e 1
o @) -20 =/6) O 20 JO

/0
Angle of yaw, W, deg

Froure 7. - Concluded .

Fig. 7b




NACA ARR No. L4J05a Fig. 8a

Q5 (d‘:?)
: 9
st i S-mm = 10
L Ry
03 &\\\\’ s o gg
NSl aE=1
N : —_— -
S w pERPRYH == ¥
TG 4_‘———“_—-
< \\\\&. : ]
3 RRGRNK | ————
g o \:>\\‘L‘J?\‘\
o> P NN e
: B ANAN
-0 .\\g:\\
g NV AN
e ol \\\\\\&\\ﬁ R\
é’ N RS N
- NGV N
8 - $ S
x \\_\ X : \}l
"ﬁ%\\\ 5
‘03 \Q\:\\\
NATIONAL ADVISORY
_04 COMMITIEE £0RA

=50 -0 -/O o /0 D JO
Angle of yaw, ¥, aeq

Flgure 8. — fuader effectiverness 1ar ruaaer 3.




8b

Fig.

L4J05a

NACA ARR No.

oL

PEOTPUOD - 5 bl

bop " A ‘moA g0 Jbuty

24

O/

O /-

Oml =

$OIL0

YNOYIY

AYOSIAG

L TYNOIL

o
1

YN

T
|

O

.,
.

AD QU114 4200 BO/OY- QIS0



NACA ARR No. L4J05a Figs.
N
= N
3060 5 m
L £ w
oo mm ,w
! _ M AV 5.6 ~ wm
m _ | K \V\ 71 e - g 8
| radia ., 4 SE 1o% %
_ gl Am\. TR R
S 4 =
b Az s R ,m
G W\O\ m/ §
s ShY §
A W. &
'S
QI m
T3 §
7\V J
5 < W
g %
3 ] 3 Q N N =
] ] | m
Yo pelotpte0s  pSow-obuik _,W.
= ¥ S
: dFobeln ey
omo_ 4pbp o
Fedd 5 e
[ _ m \n\\v;W\D ¢ »
<) o O A §
el sl v o o
ISgF o |o”
\\\\Q \\ M)
| P d- o1
A A W\\ 3
G o e g < S
il \\&\\\\\ N
X B AP ; ,w
V\\v Ho\\m\o m,w
S e E\O\ m W
T . <
« 4 \4 9
e “V\ s 2
- \ 3 3 SR 3 3
{

-6

| |
Yo Cpusiorsto05  pussow - 26U L

9,10

Figqurs 9 .- Hinge -rmoment character/sties of rudder /.




Hinge -moment coeffrcient, Cy

J2

&

O
K

]

-.04 N
NATIONAL Anv:onv O\
g | I
=20 =10 o /0 20

Rudder deflection, o, deg

Figure /] .~ Hinge -moment  characteristics of
rudder 3.

/4
Toul
O 0n
O Off
J2
do o——T | 7a/ on
.JO
08
—Cnr 06
04
B 7/ off
02
NATIONAL ADWSORY
— COMMITTES
o I
(@) 2 4 6 7S] /O /e

L7t coefficient, Cp

Flgure 12, — Yawing-moment coefficrent due to
yawmng for the mode/ used in the free-flight
tunnel investigation of rudder-/sree stabi/ity

*ON ¥dV VOVN

BGOLY1

‘8814

1T




Calculated daamping, /T, //sec

o
Wk
~—

L6 20
Y Condtron 2/ =
onayfion /4
4 < ) \)Aé B
/AR S 3 — 3
e Q:
" L /0 E‘ 12 0% AR
3 /
e
/2 |—4
3
3
o) S 4
BL < é NATIO!
276 . /é
4 0 - # 8 he v A6 i A .8 LB XS P
Damping wrom flight r#ests, /)7, Ysec Perrod  From FlIght tests, P, sec

rrqure /3. — Comparisan of perrod and aamping of the rudder-1ree  oscilations of
7@/ /Z?dc;/ 7‘05 cajculated by the compléfe “theory with those measwréd From
1. ests.

*ON ¥¥V VOVN

BGOLV1

‘314

g1



NACA ARR No. L4JO5a

Fuader center-ofgronty focation, %4/,

Fig.
3
;Co/cu/afed
2 4
% /
J
: ‘\\ X
g2 \ o
> X
§\ \ Measured
N (condition /3)
Q \
\\
_2 X
NATIONAL ADVISORY \
COMMITIEE FOR AERONAUTICY \\
ey
Z J 2L i 4 & -

Figure [4.— Camporison of calculated and measured
dampng of the short-period rudder-rree asallation.

14




- P
24 ‘__C)l for test condition 7 __|
2.0
|
| =—Approvmate methoo,
» rudder free
'\
16 e
I T —
3 ' e
B s fudder free
e > |
ot
9 : Rudder fixed
D
Qs
|
P2
T
o |
Q O4 .08 S J6

LT7ecrive ovhedral parameter, - C[/s

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

Figure /S —Comparison of the variatiorn of the
period of the /ong-period osci/iation with )
as calculated, rudder f1xed and rudder fres,
for tes# condition 7.

24 ——C Is for test condition 7
2.07 .
~N
\\ \ ~I
ot
16 2 Rudder #xed
; I ~|¢
) ~
N N —Aporox/marte Thag
': /12 N /method, rudder iree
NN \\
N
8 t
g l L.
g Rudlder #ree
4 T
|
o]
(9, O4 .08 N2, JSE
Effechive dihedral ,Dammefer)-q 7

Figure /6 — Carmparisan of the wvaration of the
damping of the fong-period ascillation with C )
as calculated, rudder #ixed and ruddsr Ffree

) ¢4

for test condrtron 7.

Ld

‘ON HY¥V VOVN

BGOLYT

'S3Ty

9T‘GT

|
-
\




S§ 30 Conaiton 4 o 9 —9_|

g

8\ cO

BN

8 =~

S

g

NN 3

&

§§ 5 o7

& “/5/3 “

a0 i et e
Y Complere  11eary,

1771/ sec E B

Figure I7.— Comparirson
asc/lig/rons  as  calculafed Ly e  complete

e Iheory reglechirng rolling.

Feriod, neglecting rolling, ~, sec

10

oF perod and ampir

%

f

Conaystior /3—=
12—
/[
/O~
ya 3
2 o 8‘ NATIO ADVISDRY
4r6
O = 4 6 8 L0

femad, complete 1eory, B sec

of e Shor?-period  ruaer7ee

ory With 7710se  calculared by

*ON ¥¥V VYOVN

eGore

31y

LT



12 Coajiron /! —
10—
97
4;5: { .
B4l =

O

94— 3

-

r182| —hg— /.
l

Calewaved aynoing, /7, 1/Sec
3 3

Calculated perrod, P, sec

-4 0 4 8 /2

Lomping 17am Stan@ 7es’s,
) Y

<0

16

12

0

figure /8. - Comparison of perod and cemp
%e/ as calculared neglechng  rolling ggnd veral displacement with  ose

measwed f7om yaw-Siaid /esr’s.

NATIQNAL ADVISORY

0

of e rudlaer-ree osciliations of 7hHe

4 8 A2
Ferod from Stand #&s7s,

16 &0
15 Sec

*ON ¥4V VOVN

BGOr"1

*314

8T



