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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1394

FLIGHT INVESTIGATION ON A FIGHTTR-~TIYPE ATRPLANT
OF FACTORS WHICH AFFECT THE LOADS AND LOAD DISTRIBUTIONS
ON THE VERTICAL TAIL SURFACES DURING
RUDDER KICKS AND FISHTAILS

By John Boshar
SUMMARY

Results are presented of a flight investigation conducted on
a fighter—type airplane to determine the factors which affsct the
loads and load distributions on the vertical tail surfaces in
maneuvers. An analysis ig made of the data obtained jn steady
flight, rudder kicks, and fishtail maneuvers.

For the rudder kicks the significant loads were the "deflection
load" resulting from an abrupt control deflection, and the "dynamic
lcad" consisting of a load corresponding to the new static equillibrium
condition for the rudder deflected plus a locad due to a transient
overshoot. The deflection load is proportiocnal to the angular
acceleration which in turn is dependent upon the rate and amount
of control dcflection and upon the directional response character-—
istics of the airplane. The dynamic load had an angular acceleration
leoad superimposed on it as a result of the rudder being reversed at
the time of maximum sideslip. The critical loads on the rudder
were agsoclated with the deflection lcad, and those on the fin,
with the dynamic load.

The minimum time to reach the maximum control deflection
attainable by the pilot in any flight condition was found to be
a constant.

In the fishtail mansuvers, it was found that the pilot tends
to deflect the rudder in phase with the natwral frequency of the
airplane. At the condition of resonance the lcad on the fin and
that on the rudder are approximately 90° out of phase. The maximum
loads measured in.fishtails were the same order of magnitude as
those from a rudder kick in which the rudder is returned to zero
at the time of maximum sideslip.
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TNTRODUCTTON

The problem of evolving methods for designing the:tail surfaces
of fighter-type airplaneg for the dynamic effects which occur in
maneuvers has received much attention in recent years. In the case
of the horizontal tail, methods by which the loads may be determined
for an arbitrary type of elevator motion have been introduced
(references 1 and 2) and the type of control deflection to be
assumed in design has been specified (reference 3).

In the case of the vertical tail, however, the current design
specifications consider only steady-state conditions for loads
associated with a specified steady yaw or a specified rudder angle.
Indications have been that the loads on the vertical tail are more
critical in maneuvers than in. steady-flight conditions. For instance,
. in reference U, critical vertical-tail loads in rolling pull-out
maneuvers were shown to be related to the ratio of aileron power
and the static directional-staebility derivative of the airplane;
whereas, in reference 5 the dynamic loads in abrupt rcudder kicks

or in fisghtail maneuvers were shown to reach hign values. TFor
some time, therefore, there has existed a need for a systematic
"flight investigation to evaluate the factors which influence the
vertical-teil loads.

The purpose. of the present paper is to present the results of
a flight investigation.of -the factors which affect the loads and
the load distributions on the vertical tall surfaceg. in rudder
- kicks and fishtail maneuvers. An attempt has been made to. isolate
the effects of power, of gpeed, of rate, amount, and direction of
control deflection, and of initial sideslip. FEmphasis has been
placed upon the presentation of the experimental results in the light
of theoretical considerations. ‘

SYMBOLS

Oy .- rudder deflection angle, degrees

Sr maximum rate of fudder deflection, degrees pef'second
O elevator deflection angle, degrees

B sideslip angle, degrees ;

F pedal force, pounds
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: Ny normal force on vertical tail, pounds
N, normal force on rudder, pounds
N normal force on fin, pounds
Nvl first load peak on verticel tail, pounds
er first load psak on ruwdder, pounds
Nfl first load peak on fin, pounds
Nv9 second load peek on vertical tail, pounds
N second load peak on rudder, pounds
I‘2 2
NTE second load peak on Iin, pounds
i : s
Cy normal-force ccefficient on vertical tail Vj)
5
Cy normal-force cosfiicient on rudder
\
| Cx normal-i'orce coefficient on [in -l-:>
| T qs,,
\ bl

With the foregoing uymbolu, the prefix 4 vrepresents an
increment; for maneuverg, it indicates the maximum increment measured
" £rom the initi&l steady~flight value; for steady sideslip, it
| reprosents an increment measured from the trim value for wings

| level..
v airspeed, miles per hour
Ve equivaleht airspesd, miles per hour
Sy total vertical tail area, square feet
Xy - distance from centor of gravity to rudder hinge line
(absolute value), feet
q dynamic pressure, puunds per gquare foot \RpV“
IZ moment  of  inertia abouﬁzz-axis, pound-foot-second3
7, thrust cosfricient (T/pVEDéf} ‘
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i propeller thrust

Qe torque coefficient (@/pVEDg)

Q propeller torgue

D propeller diameter

b wing span, feet

S wing area, square feet

P pressure coefficient

N' yawing moment, foct~-pounds

o] mass density of air, slugs per cubic foot
5 yawing-moment coefficient, tail-off (IN'/qSb)
¢ n@iimum yawing velocity, radisns per second

angular acceleration in yaw

wi first maximum engular acceleration in yaw, radians per second?
WQ second maximuﬁ angular acceleration in yaw, radiang
per second~
) maximum pitching velocity, radians per second
Ei first meximum angular acceleration in pitch, radians

per second®

At time interval during which maneuver is allowed to continue
before rudder is returned to zero, seconds

FAYe increment in angle of attack of vertical tail
ac
- rate of change of yawing-moment coefficient with
ap sideslip angle (tail off)
measured rate of change of normal-force coefficient on
dB /v vertical tail with angle of sideslip, including the

effect of rudder deflection
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@%- rate of change of sgideslip with change in rudder angle
dor (from steady sideslip e asurerents )

Gil8
<§5L> ectimated rate of change of 1ift coefficient with
/v contrcl defleection for isolated vertical tail
(1.20 per radien)

ac
<§E§) stimated rate of change of 1lift coefficient with
o angle of" atteck for isolated vertical tail (1.43 per
radian)

<§%}- estimated rudder effectiveness (0.77)
te .

DEFINITIONS

Deflection load: Meximum increment in load due to abrupt

\

control deflection at the start of meneuver (first load peak).

Dynamic load: Meximun increment in loed including load due to
the static balance condition for rudder deflscted, load due to
transient overshoot, and load due to rudder reversal (second
load psak).

U-type control manipulation: Hypothetical control menipulation
h)

in which both the initisl kick and the return of ruddsr have the
game emount and rate of control deflection.

APPARATUS

Test airplane.- The investigation was conducted on a modified
Curtiss P-ULOK airplane which is a low-wing fighter airplane weighing
about 8200 pounds and equipped with & V-1710-F4R Allison engine
rated at 1000 horsepower at a pressure altitude of 10,800 feet.
Pigure 1 shows photographs of the test airplane and figure 2
presents a three-view drawing and a list of some pertinent gecmetric
characteristics.

The military equipment, radio, and fuselage gas tanks were
removed to permit the installation of the recording instruments.
The airplane was flown with a center-of -gravity location of
29.5 percent of the mean serodynamic chord.
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Tall surfaces.- In order to improve the directicnal stebility .
characteristics and to permit the pilot to fly more easily through
the speed range with cnly one setting of the rudder-trim tab, a
a fin extension was added (see fig. 3), 2nd the fin offset Was

changed from 13 laft o OF o¢1set a8 sug ggested in reference 6.

The horizontel tail surfaces were unchanged with the exception
of the fairing added at the juncture of the fin and horizontal
tail to cover the pressure lines. The amount of protuberance of
this fairing is shown in the photographs of figure U,

Orifices were installed opposite each other on the left and
right sides of the vertical tail at the locations shown in figure 5.

Flight instruments.- Instruments instelled to measure the
differential pressures, the control forces, control deflections,
and the motions of the almnu,ne were as fo’lows.

(1) Multicell manometers to measure the differential pressures
over the vertical tail swurface at the points shown in figure 5

(2) An NACA airspeed recorder with the swivelling static head
located approximately one chord Iorward of the right wing tip
(See fig. 1(a).)

(3) Control-force recorders which measured the forces exerted
by the pilot on the stick (aileron and elsvator) and on the rudder
pedals

(&) NACA electricel control-position recorders which measured
the elevator and rudder-control positions at p01nts on these controls
near the fuselage center line

(5) A sideslip-angle recorder mounted approximately one-half
chord above and one chord iorwerd of the left wing tip (See
igs Lld).)

(8) Accelerometers which recorded transverse and normal
acceleraticns at points 59 and 172 inches behind the center of

gravity

(7) Tuwrmmeters which measursed the angular velocities in yaw,
pitch, and roll

(8) A timer used to synchronize all records
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Prior %o each test the pilet noted the manifold pressure, the
pressure altitude, the airspeed, and the cocknit settinge of the
rudder, elevator, and aileron trim tebs.

TEST PROGRAM

Ths test program may be divided into three parts: (1) tests
conducted to obtaln steady-rlight data, (2) tests in which rudder
kicks wore made, and (3) tests in which fishtail mansuvers were made.

Steady-flight runs.- Inasmuch as the vertical-tail loads on
an airplane are relafed to its steady sideslin characteristics, a
number of steady-flight runs were made at verious valves of steady
sldeslip and speed, and at two power conditions. The data were
recorded ai'ter the pilot had trimued the airplens .at the test
condition. Runs were obtained through & gveed range of 100 to
380 miles per hour with power on (power for levsl flight or rated
pover when necessery) and 100 to 220 miles per hour with powsr off.

Rudder kicks,- Rudder kicks (single abrupt rudder dsflections)
are useiul in the study of the directisnal stability characteristics

of an airplane and for the investigation of the efiects or rate, amcunt,

and direction of control dsflection on the vertical-tail loads.

A total of gpproximately 50 left and right rudder kicks were
made during which pressure digtributions were measured. Of these
runs approximately 30 wers kicks from the wings-level ¢ondition
and 20 were kicks against an initial steady sideslip. The runs
were made at sweeds of approximately 100, 200, and 300 miles per hour
with power on and power off. The rudder kicks were perforned at
medivm and fast rates from trimmed flight. In addition, 70 rudder
kicks in which lcads were not measured were found to bhe useful in
the analysis.

Fightail maneuvers.- Fishtall wmanouvers (periodic rudder
oscillations) were mede with power off ehd pover on at speeds
of 150 and 200 miles per howr during which the pilot attempted to
maximize the loads on the vertical tail. Also, runs were made
at 150 miles per howr during which the pilot applied an abrunt
rudder deflection ageinst the swing at the time of meximun yawing
velocity. A second pilot was asked to perform mild fishtail
meneuvers at speeds of 200, 250, 300, and 350 miles per hour. For
this series the pilot was free to use as much coordingtion as he
wished so that informetion would be obtained to evaluate the
maneuvey under such conditions.
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METHODS

Pressure distributions.- The records used in evaluating the
pressure distributions were read at time values which would permit
an accurate time history to be represented. The chordwise integrations
were performed in two parts so that the chordwise and spanwise
loads could be obtained separately for the fin and rudder. A
numerical method of obtaining the spanwise cedte“ of load on the
fin was used.

Qther records.- The engle of sideslip for the steady sideslip
regults was corrected for the effect of inilow as determined from
the results of a calibration flight in which similar sideslip-
angle recorders were installed con each wing tip. This correction
was not made for the sideslip angle records in the time histories
since only incremental values were used in the analysis and the
angle of inflow correction was nearly constent throughout the
maneuver.

The only other corrections made were the compressibility
correction to the alrsgpeed end the correction to the rudder and
elevator angles for the amount of trim tab deflection required to
keep the wings in level trim.

The rate of control deflection an anguler accelerations ?

were obtained by mechanically differentiating the control deflection
and. the angular-velocity records, rec poctl"el*

Separation of load compenents.- The method of separation of
load components on the vertical tail was found to be accomplished
most conveniently by considering tﬂO load to be mede up of two
components: one necessary to balance the unstable wing-~fuselage
yawing moment in sideslip and one due to yawing acceleration, or

Ny =g TR as 2o D (1)

However, some use was also made of the expression for the load in
terms of effective angle of attack at the tail; that is

/407 e
Ay = Lo, \da:>v (2) 4
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where, approximately,

e

The form of equation (1) is particwlarly useful in the present
case because both the parameter dC,/df and the factor. IZ/X_V
were derivable from flight results as shown subsequently herein and
also because the meximum loads could be defined when only the value
of maximum yawing acceleration V{ and the maximum angle of sideslip
OB were known.

RESULTS AND DISCUSSION - STEADY FLIGHT

W1nrs level.- The pertinent data obta*nﬂd from tests Wluh

© wings Tevel are shown plotted in figures 6 and 7. Figure 5 shows
the variation with speed of the amount of rudder, elevator, and
gideslip angle required to maintain wings level for power on and
power off. Figure 7 shows the variation of the normal-force
coefficients over the fin, rudder, and total vertical tail, and
the spanwise variation of center of locad on the fin with speed.
These curvesg are typical for a single-engine airplane. The
variations shown in figures 6 and 7 are caused by the effects

of propeller rotation in producing a twisting slipstream and by

a direct asymmetric thrust due to the inclined propeller. With
power off the variations are probably the result of & windmilling
propeller, particularly at speeds lower than 200 miles per hour,
where the amount of blade adjustment possible is insufficient to
maintain the rotation of the constant-spesd propeller. The spanwise
center of load on the fin moves outboard with decreasing speed
but, from consideration of the loads, tiils movement with wings
level is not very significant because of the small bending moments
involved.

Steady sideslip.- Steady-sideslip data are presented in
table I and in figuree 8 to 12. The data are shown as incremental
values measured from the condition with wings lsvel. ;

Figure 8 presents the changes in rudder deflection, rudder
pedal force, and elevator deflection required for changes in
sideslip measured from the wings-level trim value. The increments
in pedal force are shown as pedal-force factors, which are cbtained
by dividing the pedal force by the dynawic pressure sc that the
date from all speeds may be combined. The change in elevator angle
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required with a change in sideslip results from a change in the
pitching moment of the airplane with sideslip. The varistion of
rudder angle with angle of sideslip is seen to be approximately
linear throughout the speed range. Figure 9 presents the variation
of the normal-force coefficient with sideslip for the rudder,

fin, end total vertical tail surface. The variations shown are
consigtent with the trends of figure 8. The rate of change of
normal-force coefficient on the vertical tail with angle of

ag.
sideslip (;iﬁﬂ is used to define the load required on the
v

vertical tail to balance the unstable yawing moment of the wing-
fuselage configuration. From this value the parameter an/dB
may be obtained as

ac, (ch\ %y Sy
ap  \dB./, b S

Figure 10 presents isometric views of the pressure distribution
over the vertical tail at various incremental values of sideslip
for power on at an airspeed of 220 miles per hour. The spanwise
load distributions on the fin and rudder corresponding to the
isometric diagrams of figure 10 are shown in Tigure 11.

Figure 12 shows the variation of spanwise center of load on
the fin with change in sideslip from the wings-level trim value at
airspeeds of 100, 160, and 220 miles per hour. With change in
sideslip from the wings-level condition, according to figure 12,
an inbhoard movement of the spanwise center of load occurs which
is probably a result of the displacement of the tail from the region
of greatest fuselage boundary layer.

RESULTS AND DISCUSSION - RUDDER KICKS

Time Histories

Data pertaining to the rudder kicks are plotted in figures 13
to 41. The data far all the rudder kicks are shown in tables II
and. ITT. Before a detailed analysis of the loads is made, 1t
would be of value to note the general nature of the airplane motion
and the sequence of events. For this purpose typical time histories
of the msasurements are shown in figures 13 to 18.
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Figures 13 and 15 present the time histories of right and
left rudder kicks, respectively, made at airspeeds of 100, 200,
and 300 miles per hour with power on. The normal load on the fin,
rudder, and totel vertical tail surfaces associated with these
measurements are shown in figures 14 and 16. Time histories
for two rudder kicks applied ageinst initial steady sideslips to
the left and right made at airspeeds of 200 miles per hour
are shown in figure 17 and corresponding normal loads on. the
vertical tail surfeces, in figure 18.

From a study of the time histories the following sequence of
events and items of interest may be observed:

(1) Before the meneuver is started the airplane is in steady
trim flight as indicated by the constant initial values of the
variablses. ¥

o) After the application of an abrupt pedal force a lag of the
e " p oL

order of a fraction of a second occurs before the rudder begins to

espond bhecause of flexibility in the control systeri.

(3) The airplene yaws as goon a8 the rudder is dellected.

(L) The greatest rate of change of yawing velocity (the maximum
yawing acceleration) following the rudder deflection occurs before
the value of sideslip has changed from the trim condition.

(5) The time interval from the start of the maneuver to the
time the maximum yawing velocitly is reached is, rougnhly, inversely .
proportional to the airspeed.

The time histories show that an eppreciable amount of pitching
is induced during the maneuver. With right rudder deflection
the pitching is nose-down and with left rudder deflection it is
nose~-up. The pitching is caused priwarily by two eifects; namely,
the precessional moment which results from yawing the propeller
disk and the change in airplane pitching moment with sideslip.
The precessional effect precedes the efiect of sideslin by a phase
relation of approximately 90° mince it depends upon the yawing
velocity rather than the angle of yaw; .also, the sign of the
preoessiondl pitching monent depends upon the direction of yawing;
whereas the sign of the airplane pitching moment due to sideslip is
negative regardless of sideslip direction, as is shown by the variatdon
of elevator required with sideslip (fig. 8). The net effects are
additive for right rudder kicks and cencelling Tor- left rudder kicks.
This result explains the phase difference between the yawlng-
velocity curve and the pitching-velocity curve for left and right
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rudder kicks. The corbined effects for right rudder kicks produce
a decrement in vertical acceleration as high as approximately 1.7g
at the center of gravity, as is indicated by figure 13(c) .

The time histories of the loads on the vertical tail surfaces
(figs. 1k, 16, and 18) exhibit the same general characteristics as
the load variation on the horizontal tail following an abrupt
elevator deflection. The first significant feature is the load
peak due to the abrupt deflection of the rudder. This first load-
peek increment is termed the '"deflection load" herein. The second
feature indicated by the load time histories is the build-up of
load in the opposite direction as the airplane responds to the
unbalance created by the control deflection. In seeking tc assume
a new static equilibrium position a trangient "overshoot" occurs,
the magnitude of which is a function of the dynamic lateral stability
of the airplane. The maximum balence load thus congists of a static-
balance trim value and a transient load. This second load peak
increment is referred to as the "dynamic load."

The load variation with time on the rudder and fin shows that
the rudder carries most of the deflection load; whereas the fin
carries most of the dynamic load.

The deflection load and dynamic load will be discussed separately,
use being made of the breakdown of the lcad into the component
necessary to balance the unstable yawing moment of the wing-fuselage
combination and that asgociated with the yawing acceleration.

(See section entitled "METHODS .") A time history of the component
of load due to each factor and a comparison of the combined effects
with the measured vertical-tail loads is shown in figure 19 for
flight 1lla, run 1. As expected, the agreement is particularly good
since the parameter an/dB (as already shown) and the factor

IZ/xv were determined with the aid of experimental results. The
details of determining Iz/xv will be given in the following section.

In the subsequent discussion the definitions illustrated in
figure 20 may be helpful.

Deflection Load

General relations.- In the deflection load, asg shown in figure 19,
the component of load necessary to balance the unstable wing-fuselage
moments in sideslip is absent and the deflection load is defined by
the angular-acceleration componeht.only; therefore, when the values
of the first yawing acceleration ﬁl, the moment of inertia of the
airplene IZ, end the tail length Xy are Inown, the load may be
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determined by the relation

This relation is shown in figure 21 in which the maximum yawing
acceleration wl is seen to be linearly related to the experimentally
determined deflection load. This curve, then, is an experimental
determination of the factor Iy/Xy. Inasmuch as figure 21 shows

that such a definite relationship exists,it will be used in the
subsequent analysis to determine the deflection load from the

value of yawing acceleration only. This relationship permits
determination of taill loads by use of the rudder-kick data

presented in table ITIT for which direct tail load measurements were

not available. '

As an introduction to the factors which affect the magnitude
of the deflection load, it is convenient te consider two extremes
of control menipulation, zero and infinite rates of rudder deflection.
When the rate of rudder deflection is zero or very slow the airplane
will adjust itself to a new static equilibrium position as each
infinitesimal increment of unbalance is impressed and the deflection
load will be zero regardless of the amount of control deflection
or the airplane stability or mass characteristics. When the rate
of rudder deflection is infinite, however, because of the inertia
about the Z-axis, the lift is experienced belfore the airplane can
respond and the deflection load becomes approximately equel to
that on an isolated tail with a value corresponding to the amount
of control deflection attained, that is;

For actual cases, where the rate of deflection is between zero and
infinity, the deflection load is dependent upon the rate of
deflection, armount of deflection, and the response characteristics of
the airplane.

For an airplane of given characteristics the amount of control
deflection that can be applied and the response characteristics of
the airplane are, in general, fixed so that it becomes convenient to
consider the rate of control deflection as the prime determinant of
the deflection load. The dellection load thus involves a determination
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of (1) the maximum rate of control deflection the pilot employs and
(2) the load corresponding to this maximum rate.

Rate of control deflection.- From the many rudder kicks performed
in this investigation some information was obtained which pertained
to the rate at which the controls were deflected. It is to be
emphasized that these are the rates that the pilot actually used,
which may or may not be thoge of which he is physically capable.

Date pertalning to the maximum rate at which the pilot deflects
the rudder is shown in figures 22(a), 23(a), and 24(&) for kicks
made from the wings-level condition and in figures 22(b), 23(b),
and 24(b) for kicks against an initial sideslip.

In figure 22(a), the rates of control deflection are shown
plotted against airspeed for all rudder kicks made from the wings-
level condition and in figure 23(a) the rates are plotted against
the meximum incremental pedal force. The faired lines in figure 23(a)
define the envelope of the maximum rate of control deflection
attained. The meximum rate of deflection is noted to decrease with
increase of pedal force, or amount of resistance to deflection.
This result is in agreement with the results of tests made on the
ground to determine the retes of elevator deflection used by a
number of pilots (reference 7). On the basis of the relation
indicated in figuré 23(a), the envelope describing the maximum
rate (fig. 22(a)) can be explained by the amount of resistance
encountered.. For instance, the rate of control deflection is
greatest for the condition of power off and low speed.

In figure 24(a) the ratio of rate of control deflection and
amount of control deflection is plotted against spged for power on
and power off. This figure shows that the ratio 6r/66r approaches
an upper limit of 10; the reciprocal of this ratio signifies that
the minimum time to reach the highest control deflection the pilot
can attain at each flight condition is a constant equal to 0.1 second.
The conclusion that the ratio A9,/ is a constent may be deduced
from the fact that both the maximum amount of deflection the pilot
can attain, A®,, and the maximum rate of deflection, ©,., are
proportional to the same factor (the pedal force). It should Dbe
pointed out here that the rate of control deflection Sr used in
the ratio is the maximum measured during each rudder kick (see
symbols) so that the minimum time value is derived from values of
the ratio,which are themselves minimums. '

Similar data obtained from the rudder kicks against an initial
sideslip are presented superimposed on the data obtained from kicks
made from the wings-level condition in figures 22(b), 23(b), and 2u4(b).
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It is shown in both figures 22(b) and 23(b) that the rates of
deflection are higher than the maximums defined by the envelope for
the data for rudder kicks from the wings-level condition. This
result is obtained because the increment in pedal force is measured
from the initial sideslip value, which in this case is an untrimed
value, so that a resistance to deflection is indlcated that is
higher then actually exists. Actually, the rudder tends to move
toward the trim position of its own accord when the pilot releases
it to apply opposite rudder. Figure 24(b) shows that the time to
reach the meximum rudder’ deflection is the same constant value as
that obtained by rudder kicks from the wings-level condition. In
this case, the greater rates are evidently balanced by a greater
increment of control deflection.

Deflection load associated w1th maximum rate of control.
The meximum deflection load per unit rudder deflection is shown
plotted against dynamic pressure in figure 25 and is compared with
the value computed from the geometric parameters of the tail for
an infinite rate of deflection. The loads with power on are
shown to be greater than the computed velues at the lower speeds
due to the fact that for the computed values the dynamic pressure
at the tail was assumed to be equal to the free-stream dynamic
pressure. At high speeds the actual maximvm load experienced is
almost 100 percent of that for an infinite. rate of control
deflection for this airplanse.

In figure 26(a) the theoretical efiect of rate of rudder
movement on the deflection load is shown. The computations were
made for the linear-tyme control deflection by the method indicated
in reference 5. The figure shows the deflection load in percent of

0o
the load for an infinite rate of dexlectlon ér- 0 plotted

S
against the time to reach meximum deflection (ABr/ér). For the
maximum rate of control deflection used by the pilot (a minimum
time to reach meximum deflection of 0.1 sec) the load at 100 miles
per hour is almost equal to that for an infinite rate of deflection.
At higher speeds the rate becomes more critical in that the
airplane responds more rapidly; however, even at a speed of
300 miles pexr hour the deflection load for a control deflection
completed 1n 0.1 second is approximately 95 percent of that for
an - infinite rate. As previously mentioned, the value of 0.1 second
is based upon a linear-type control deflection which has a constant
rate equal to the measured maximum rate. The assumed control
deflectlion compared with a typical flight control deflection is
shown in figure 26(b).
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Dynamic Load

General relations.- In figure 19, time histories of the component
of load on the tail associated with the anguvlar acceleration and the
component due to sideslip are shown for one run, together with a
comparison of the time histories of the swmation of the components
and the measured vertical-teil load. In figure 27 the meagured
dynamic loads are shown compared with the load computed from the
relation

aC b dile b
AN = it S = - ey
Vo T ag 4898 %y xv‘VQ

The data for rudder kicke against sideslip (fig. 27(b)) are
noted to have a slightly different slope from those of rudder
kicks from the wings-lsvel condition (fig. 27(a)). The difference
is presumed to be a result of differences in the action of
secondary effects such as demping in roll or linear acceleration.
The comparisons, however, indicate that for the test airplene the
equation adequately represents the dynamio-loads date. Thus the
dynamic load following a rudder kick may be easily determined if
the maximum valve of sideslip AR and yawing acceleration Rﬁn
are gvailable. ’ =

Some Turther discussion is needed regarding the factors which
affect the angle of sideslip and the angular acceleration attained.

Angle of sideslip.- For steady sideslips the amount of sideslip
attained by a given rudder engle is proportional to the factor
dB/dGr (fig. 8). In abrupt rudder kicks, however, for an airplene
with less than critical damping, a transitory angle of sideslip
which is greater than the final steady sideslip will occur. For
the case of zero directional damping and an abrupt rudder deflection,
this transitory angle of sideslip would amount to twice the steady -
gtate value of sideslip for the same rudder angle ov a(dﬁ/dar).

The test airplane has low directional damping (as do most
conventional ‘airplanes) so that an overshoot resulting in a
magnification factor of 1.9 to 2.0 over the ateady-state value is
to be expected. An approximate value of this factor for the test
airplane may be obtained from figure 28(a) which shows a plot of the
ratio of angle of sideslip reached in rudder kicks to the value
which would be reached in steady sideslips with the same rudder
angle. At speeds of 100 and 200 miles per hour the full
megnificaticn factor is not reached because the rudder generally is
reversed befors the maneuver has continued long enough for the
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potential sideslip angle to bs realized. The early rudder reversal
relative to the time of maximum sideslip is shown in the time
histories of the rudder kicls made at low speed (see fig. 13) and
the computed effect of various times of rudder reversal on the
sideslip reached is shown in figuwre 28(b). At 300 milés per hour
the rudder, in general, was held long encugh for the full sideslip
to be reall ed so that the magnification factor of approximately 1.5
obtained. at this speed is believed to be near the true value for the
test airplane.

Anﬁular acceleration.~ The maximum angular acceleration W is
made up of the superposition of a component that is proportional to
the amount of overshoot and a component resulting from the reversal
of the rudder. The component due to the amount of overshoot depends
upon the amount of' demping, being zero for the case of critical
damping and equal to the deflection anguler acceleration VY, for
zero damping. The component of angular ecceleration due to rudder
reversal is dependent upon the rate and amount of contrcl deflection
in the same manner as is the deflection angular acceleration.

If the reversal dsflection has the same rate end amount as the
initial deflection (U-type rudder menipulation) the reversal
component would exactly equal the deflection angular acceleration Wl

The two parts maklng up the yawing acceleration W are
indicated in figure £9 in which the time histories of tﬁe load
associated with the yawing acceleration only are shown for two
rudder kicks in which the rudder was returned to zero after different
time intervals. The time history for run 5 indicates the maximum
angular acceleration without the reversal whereas in run 5 the
rudder was reversed at the time of maxinum sideslip so that the
maximum yawing ecceleration includes the effect of rudder reversel.
From this figure it is evident thet the rudder kick in which the
maneuver was stopped earlier results in higher loads because of the
superpogition of the two yawing-acceleration components near the
time of their maximum veluss.

In order to indicate the likelihood with which the angular
accelerations superimpose at their meximun values, the ratio of the
second pealk angular acceleretion to the first oewb Yoy is
shown plotted sgainst speed in figuwre 30(a). In general, an approach
of the ratio to a factor of 2 would indicate that the angular
acceleration components superimposed at their peeks; without the
reversal component the ratic would be less than 1.0 since the over-
shoot component of \ke alone will always be less then the deflection
value. Strictly speaking this value is obtained only for a U-~-type
control manipulation end, as indicated by some high values of the
ratio (as high as 2.h5), the rudder was rebturned past the trim
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position in some cases. The time histories (figs. 13 and 15)
indicate. however, that although the rudder reversal was mede at
rates and amounts sometinmes greater and sometimes less than the
initial rudder kick, the U-type menipulation revresents an average
type - '

The computed effect of the time interval duwring which the rudder
is held upon the mamner of superposlition of the angular acceleration
components is shown in figure 30(b).

The data of figure 30(a) show that at 300 miles per hour the
average of the components of angular acceleration due to overshoot
and rudder reversel superimpose neair their maximum values and
also that the U-type rudder manipulation is not an wnduly conservative
one as is sometimes felt in the specification of control motions.

Egtimate of maximum value for dynamic load from flight data.-
An approximate formula for the estimation of the order of magnitude
of the dynemic load would assist in assessing @ne relative significance
of the factors involved. For this purpose the expression for the
load on the vertical tail in terms of an effective angle of attack
is most convenient; that is

aC
o ke 3 4

.’/d_C\
LB“L(@) ri\G e P

This expression is adequate when maximum values are considered inasmuch
as the angular velocity is zero at the time of maximum B; also the
gidewash factor may be assumed to be zero.

The angle of sideslip attained in a rudder kick may be written as
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where dB/dd, is the measured slope as obteined from steady
gideslips and k is a magnification factor which as noted previously
would range from a value of 1 for a critically demped airplane to

a value of 2 for zero damping. Thus,

/dC
) B,.a5¢ + > OpaS,,

For the critical case of a rudder reversal at the time of

/aC
maxinum dynemic load the term -(—-i) 8,.q3y 1is added to the

p:m

AI%.A =

expression. If the reversal is ;ssumed to be made at an infinite
rate and to be equal to the initial deilection, the load becoues

ANV = - rlo (dm) rq%‘v

For the test airplane dB/d@r is approximately equal to 1.5
(fig. 8) end as an upper-limit value, k = 2.0. The comparison of
the measured load with the load computed from the approximate
formula is shown by the line in figure 31.

Load Distribution

In order to furnish a general picture of the distribution of
load during a rudder kick, isometric views of the pressure distribution
over the vertical tail dwring right and left rudder kicks are shown
in figure 32. The figure shows the dis stributions on the vertical
tail for steady flight, the time of maximum deflection load, an
intermediate point in the meneuver, and the time of maximum d)nauic
load. It can be seen from this 11Ourn and the time histories (figs. 1k,
16, and 13) that the rudder caerries most of the deflection load and
that the fin carries most of the dynemic load. As regerds the
chordwise distribution of load, all types of distributions appear
to occur during the rudder kick. The deflection load represents
the zero-yaw full-rudder lcad; the intermediate point dwring the
maneuver is the balance-type load, and, the maximum dynamic load is
a high angle-of -attack type of load, with high leading-edge pressures .

Distribution of load between rudder and fin.- Further information
on the distribution of the load between the rudder and Tin is given
in figures 33 and 34. A comparison of the magnitude of the deflection
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load on the rudder with that on the total wvertical tail is showm

in figure 33(a) for rudder kicks from the wings-level condition

and in figure 33(b) for rudder kicks apainst initial gideslip. As
shown by the time histories of figures 14 and 16 the maximum
deflection load on the rudder occurs after the maximum on the

total vertical tail so that the load values plotted in figure 33 do
not necessarily occur at the same time. From figure 33, the load

on the rudder is found to be epproximately equal to the total
deflection load. For the high locads which were attained at 300 miles
per hour the rudder deflection load is actually greater than that

on the total vertical tail. This condition results from a combination
of the lower rate of control deflsction with the more rapid

airplane response, with the consequence that the airplane starts to
yaw befcore the rudder has completed its travel. The yawing velocity
imposes a load on the fin that is opnosite to the rudder load and
results in a lower net load on the tail. This effect is illustrated
in figure 32 by the higher pressures on the ruldder at an intermediate
point during the mansuver rather than at the time of meximum
vertical-tail deflection load.

A comparison of the dynamic load carried by the fin with
that carried by the total verticel tail is shown in figure 34(a)
for rudder kicks from the wings-level condition and in figure 3u4(Db)
for rudder kicks against steady sideslip. The fin is shown to
carry approximately 90 percent of the dynamic load in rudder kicks
from the wings-level condition and about 100 pesrcent of the dynamic
load in kicks against sideslip. When the fin carries a load greater
than 100 percent, the total load includes a rudder load in a
direction opposite to that on the fin.

Spanwise and chordwise load distribution.- The spanwise-load
distributions on the fin &t the time of umeximum fin load and on
the rudder at the time of maxiimm rudder load are presented in
figure 35 for power on and figure 37 for power off for the most
severe rudder kicks made in each direction and at each test speed.
The symbols in these figures are used to distinguish chordwise-load
points of two runs having approximetely the same value of load.
The chordwise pressure distributions over rib V (fig. 5) obtained
at times corresponding to the times for which the svanwise load
distributions are shown are presented in figures 36 and 38.

Figure 39 shows that the spanwise center of load on the fin
varies slightly depending upon the direction of kick ag well as
upon the airspsed. On an average, the spanwise center of load is
10 percent farther outboard than the air-load distribution for
which the surfaces were designed.
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b The chordwise-load distributions in figures 36 and 38 chow that

| (except at an airspeed of 100 mph) the meximum fin load is,in general,

i agsoclated with a small value of lecad on the rudder, whereas the

| meximum rudder load occurs during en intermediate pocint in the
maneuver when the Tin has some load due to yawing.

| Load Diagrams

The construction of load diagrams for the vertical tail
surfaces may be mwade by the use of the foregoing results. For
instance, the deflection load was shown to be critical lfor the
rudder. At high speeds the total deflection load was less than
the loed for an infinite rate of control deflection (see fig. 25)

| but the load on the rudder was greater than 100 percent of the
deflection losd and it is therefore reascnable to assume that the
critical rudder load mey be equal to the total deflection load at

an infinite rate of control deflection. Thus,

\

; In figure 40(a) the load computed by this equation is shown to
compare well with the maximum values of measured rudder loads.

The dynamic load was found to be critical for the fin. The
load on the fin may be expressed as some fraction K of the
dynamic load. The factor K mey be determined from the geometric
characteristics of the tall for the assumption of a hypotheticel
control motion in which the rudder is returned to zerc at the time
of maximum sideslip; that is

MYy =K Ay
P B .
/'ac
=K |-k == =) 8%, a5,
C'-_OI- ..doz’« v A

| For the test airplane the factor K for this condition was
ghown to be 90 percent in ruwdder kicks from the wings-level
condition (fig. 34(a)).
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In figure 40 this relation is shown on the basis of the load
per degree rudder deflection against dynamic pressure, along with i
experimental values. In the calculations the magnification factor k

was assumed to be 2.0 and g8, =il
dar

The load diagrem in figure Ul was constructed from the
preceeding Tformvlas. The dashed lines show computed loads for two
pedal forces and the points represent the largest experimental
values obtained at equivalent airgpeeds of 200 and 300 miles per
hour.

RESULTS AND DISCUSSION - FISHTAIL MANEUVERS

Vertical-tail failures have occurred on military airplanes
during evasive action or fishtail meneuvers. Some concern has
therefore been expressed about including the {ishtail maneuver as
a critical design condition because the weight penalty for adequate
strength was considered prohibitive. In addition, there was for
a time an impression among some designers that the vertical tail
could faill on any airplane if the rudder were deflected in a sinusoidal
manner at the natural frequency of ,the asirplane. A specification
as to how far the maneuver was to be continued consequently seemed
to be in order. For this purpose, an analagous system which is
familiar in simple dynamics may be used to furnish useful information
concerning the fishtail maneuvers.

Considerations from Siuple Dynamics

As was pointed out in reference 5, the fishtail maneuver can
be agsumed to be a flat yawing maneuver so that the solution to
this problem might be equivalent to that for a linear single-
spring system. A brief review of well-known results of the spring
gystem from simple dynamics will therefore furnish a useful back-
ground. The curves shown in figure 42 (taken from reference 8)
apply to the case of an external sinusoidal force acting upon the
gpring system.

Figure 42(a) shows the amplitude megnification factor plotted
against the ratio of the frequency of the iupressed force to the
natural frequency of the system for systems having different ratios
of damping to critical damping. In figure 42(b) the phase relation
between the impressed force and the amplitude is presented for the
same conditions. In terms of what happens in the fishtail meneuvers
the following observationg may be made from this figure. .
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(1) For en airplane with some damping the sideslip (or amplitude)
magnification will reach a finite equilibrium value even for the
case of a rudder oscillation having the same frequency as the airplene.
The amount of magnification ls dependent upon the ratio of the
damping to the critical damping end, of course, upon the frequency
at which the rudder is deflected relative to ths natural frequency
of the ailrplane.

(2) The ruvdder angle (or forcing function) is cut of phase with
the angle of sideslip (or amplitude) by an amount depending upon
the amount of relative damping. At resonance, however, the phase
relation is always 90°. For resonance, therefore, for a perfect
fishtail, the rudder angle will be zerc at the time of maximum
gideslip and maximum at the point of zero sideslip.

It should be noted at this noint that these curves could have
been derived in terms of loads in which case the magnifications of
figure 42(a) would then be expressed in terms of load magnification.
For the case where tho impressed frequency is the same as the
airplene frequency, in which case the rudder deflectlon would be
zero at the time of maximum sideslip (iig. 42(b)) the expression
for the loed in a fishtall maneuver would become

dC%)
AN, = =Bl =/ g5

Analysis of Tests

The results obtained during the fishtail investigation are
given in table IV. The first eight of these fishtalls were slightly
artificial since the pilot deliberately tried to obtain high tail
loads, whereas the last four were made in as natural and comfortable
& manner as possible.

The first set of maneuvers wag intended to show how critical
the maneuver could be if the pilot deliberately tried to work the
rudder control at the same frequency as the airplane frequency in
order to reach high angles of yaw. The time histories of these
maneuvers are presented in figures 43 and 4L for the power-on and
power-off maneuvers made at 150 and 200 miles per hour, respectively.
In figure 45 are presented power-on and power-off {ishtall maneuvvers
in which the pilot kicked the rudder against the swing at the point
of meximum yawing velocity. ALl of thése maneuvers (figs. 43 to 45)
were very uncomforteable to the pilot because of the severe pitching
which resulted.
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The second set of tests consisted of the fishtail mensuvers
in which a different pilot performed a mild fishtail maneuver in
as comfortable a manner as possible. These maneuvers are presented
in figures 46 and 47 at speeds of 200 and 250 miles per hour
and 300 and 350 miles per hour, respectively.

A study of the time histories of the fishtail maneuvers yields
the following:

(1) The maneuvers in which the pilot was free to coordinate
the controls show that the pitching was very much less, with the
result that the maneuver was not particularly uncomfortable.

(2) Within only one cycle of rudder motion the loads attain
values cloge to the meximum measuvred during the whole maneuver.

(3) As the meneuver continues, the load on the rudder tends to
bear the 90° phase relation with the load on the fin. This result
is expected from figure 42(b) for the condition of resonmance.

(k) The abrupt rudder deflection applied against the meximum
velocity of swing results in high rudder loads (fig. U5). If the
rudder is moved ageingt the airplene swing, the phase relation of
the rudder and fin loads is disturbed so that the loads become
additive.

Freguency of rudder operation with relation to frequency of
airplanc.- One of the points of interest in the rishtail tests wes
to note whether, as might be expected, the pilot tends to move the
rudder in phase with the airplane frequency. In order to obtain
the average rudder frequency for each mancuver, the actual control
manipulation was arbitrarily approximated by a sine function. The
rudder control deflections for all 12 runs are shown in figure 48
in nondimensional form; the actual control deflection was divided
by the amplitude of the sine curve used in the approximation of the
motion. The assumed sine curves are also shown. The natural
frequency, fp, of the airplane was computed from the expression

where Kj; ‘and Ké are determined from the asrodynamic characteristics
of the airplane and =re defined by equation (5) of reference 5.

o
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Inastmuch as the period, 1/f,, is a more usual way of plotting
the airplane response, the data are shown plotted in thet wenner in
figure 49. From this figurs it is seen that the {ightail mansuvers
made by ths pilot when his actions were unrestricted (symbols with
tails) were as close to the airplane pericd as those mansuvers in
vhich he attermted to work the controls at the same period as the
airplene. Although the control deflections are irregular, the
results indicate that tie pilot does tend to work the controls in
phase with the airplarne frequency in performing a fishtail.

Comparisons between measured and ostimaced load.- A comparison
of the measured loads with those computed on the basis of the theory
of flat vawing (reference 5) is presented in figure 50, which shows
the maximum tail load measured per degree of rudder deflection during
gach run. Mean amplitudes of rudder deflection were used to obtain
the experimental values of load per degree. AlsO included in
figure 50 is a line corresponding to the lcad per degree for a
control motion in which the rudder wag assumed to be returped o
trim at the time of maximum sideslip: Figure 50 shows that the loads
measured during the fishtalls did not reach the computed resonant
value bub were more nearly equel to the values given by the equation
representing the hypothetical U-type contrel motion.

Load Distributions

The fishtail mansuvers, as indicated by simple dynamics, yileld
an angle-of -attack load with rudder &t zero deflection plus a
zero-yaw full-rudder load according to the phase relations indicated
by figure 42(D).

Figure 51 presents the spanwise load distributions over the
rudder and fin at various times during the power-on fishtail
maneuvers of figures 43, 44, and 45. The spanwise and chordwige
load distributions and chordwise load distributions over rib V
during the fishtails of figures 4G and 47 are presented in figures 52
end 53, respectively. Tigure 5h(a) presents the center of load
on the fin at the times of meximum loeds on the fin during the
fishtail. Also, for illustrative purposses, time histories of the
conter-of -load varistion during the fishtails of figures 46 and W7
are presented in 54(b).

CONCLUSIONS

The conclusions are grouped under the general subject heading
from which they were derived.
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First load psak following a rudder kick (deflection load).-

1. The deflection load can be dstermined with sufficient
accuracy by the product of the moment of inertia and the first
maximum yawing acceleration divided by the tail length.

2. The minimum time used by the pilot to attain the maximum
rudder deflection at each flight condition appeers to be a constant.

3. The deflection load on the verticel tail of the test
airplane reaches values close to those for an infinite rate of
control deflection.

Second load peak folldwing a rudder kick (dynamic loed).-

1. The dynamic load can be determined with sufficient accuracy
by the sum of the component of load necessary to balance the unstable
yawing moment of the wing-fuselage combinetion in sideslip and the
component of load due to angular acceleration in yaw.

2. After the initial rudder kick the return of the rudder
to trim was, in general, maede at the time of maxinum sideslip so
that the load due to abrupt reversal of the rudder was super-
ilmposed at the time of maximmun overshoot load.

3. A rational approximate formula based upon a U-type control
deflection satisfactorily cxpresses the upper limit value of
the measured dynamic loads for this airpnlane. This formula is in
terms of the sideslip-rudder ratio from steady flight results and
a magnification factor which considers the amount of directional
damping in the airplane. :

Load distributions.-

1. The critical loads on the rudder are associsted with the
deflection load. The deflection load on the rudder is approximately
equal to the total deflection load on the tail.

2. The critical loads on the fin are associated with the
dynamic load on the tail. The upper limit of the measured dynamic
loads on the fin is satisfactorily expressed as the fraction of
the total dynamic load which would be carried for the rudder at zero.

3. At the time of waximumm fin load the spanwise center of
load on the fin is 10 percent farther outboard than the design
airloed distribution.
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Fishtail meneuvers.-

1. The maximum lcads measured during the fishtail maneuvers
were no greater than those which would result from a hypothetical
U-type rvdder kick in which the rudder is returned to zero at the
time of maximum sideslip.

2. As might be expected the pilot tends to work the rudder
in phase with the natural frequency of the airplans.

3. At rescnance the rudder angle and sideslip angle are 90°
out of phase so that at meximum sideslip the rudder deflection is
zero and the load is proportional to the sideslip angle.

4, An ebrupt stopping sction in which the rudder is kicked
egainst the swing results in high rudder loads. If the control is
worked against the airplane swing, the phase relation between the
rudder and fin loads is disturbed so that the loads become additive.

Langley Memorial Aeronautical Laboratory
National Advisory Cormittee for Aeronautics
Lanzley Field, Va., April 9, 1947
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TABIE I

STEADY-SIDESLIP TESTS

29

Vo op s, | 08
e
P ) | ()| T | % (aeg) | (@) @ | @) )| | % “,
Power on

3 | 105.0 | -11.40 | 0.109 | 0.007 | -5.25 [ —2.50 | 102 -1 | 101 | 0,156 | —0.002 | 0.155
4 | 105.0 9.95 .109 .007 7.55 | 1.10 | -162 26 | =136 | —.248 040 | —.208
5 | 103.0 15.90 .108 .007 13.30 | —.90 | -235 86 |-149 | —.373 137 | =237
7| 162.0 | —3.05 .05 00k | =175 | —e 120 | -28 87 .0T7T | =—.018 &
8 | 162.5 ~T.15 .Olk .00k —4.30 | —2.69 246 -23 221 .159 -.015 2143
9 | 164,0 | -12.00 Ol . 004 =7.05 | =3.59 307 -57 249 2193 -.036 156
11 | 165.0 5.30 .043 .00k 2,50 .11 | -186 38 | -149 | =116 024 | =093
12 | 161.0 8.15 045 .00k 5.10 | —.59 | -286 107 | -178 | —.188 070 | =117
13 | 159.5 | 10.15 046 .00k 6.85 | -1.37 |-388 | 150 |-241 | —.261 2101 | -.162
1851 01725 -3.80 .030 .00k ~1.24 -T2 176 -19 157 .06k —.007 .057
16 | 218.5 | -5.45 .030 004k | —2.29 [ -1.32 | 275 | 54 221 .098 | —.019 .078
17 | 219.5 ~7.85 .030 .00k 4.4 | 2,12 418 68 350 L1NT —.024 .123
18 | 217.0 2.70 .030 .004 1.41 | =12 | =157 2 | =115 | =057 .015 | —.042
19 | 218.0 3.65 .030 .00k 2,01 | -—.32 | -267 82 | -185 | —.095 .029 | —.066
20 | 218.5 5.35 .030 .00k .34 | =82 | =377 143 | 234 | =13k .051 | —.083
79 | 2T7.5 -2,05 .022 .00k -.60 =17 171 -39 140 .038 —.009 .031
80 | 275.5 -3.50 .023 L00k | —1.05 | —.17 267 | =18 197 .060 | —.017 4

81 | 275.5 | —4.35 .023 .00 | —1.05 | =47 331 | -11% | 225 0T | =025 .050
82 | 277.0 1,15 .023 .00k o35 .03 | =100 39 | =53 | —.022 .009 | =012
83 | 277.5 2.20 .022 .00k .99 | —.07 | -239 -151 | —.053 .018 | —-.033
8y | 276.5 3.20 .023 .004 2.20 | —.17 |-3k2 | 122 |-212 | —.076 .027 | —.047
86 | 339.5 | -1.00 .012 .002 03 | =02 | 150 [ 3% | 113 .022 | —,005 .017
87 | 334.5 | -1.65 .013 .003 -17 | —.12 | 209 | -61 | 148 | .032 | —.009 .023
88 | 337.0 | -2.10 .013 .003 -17 | —22 | 252 | -68 | 185 .038 | —.010 .028
89 | 337.0 .50 | 013 .003 WS4 | =02 | -154 46 | =107 | —.023 .007 | —.016
90 | 335.5 .90 .013 .003 .83 .10 | =250 ™ | -176 | —.038 011 | =027
91 | 334.5 3.10 .013 .003 1.33 -.02 | =315 oh | —221 | —.048 014 | —,034
93 | 379.5 - .009 .002 —02 | =.12 124 | -h49 76 .01 | —.006 .009
94 | 378.0 | -1.10 .009 .002 =12 | =02 16 | =59 106 .020 | —.007 .013
95 | 372.5 o5 .009 .002 .18 .08 | =169 36 | -13e | =021 .004 | —,016
96 | 37k.0 .75 | .009 | .002 .48 .08 | —224 W | 275 | —.007 .005 | —.021

Power off

36 | 100.0 | —18.85 |=ree= | w==e- -6,08 -.30 118 -13 109 .201 -, 022 .186
AT INA0h:0 | ~46.3R | === | o= —29.78 | .35 | 153 | —28 | 12k .239 | —.04k .197
ARBINN05.0 | 10,88 | ~r-c= | =ev=- -14,03 | —4.05 189 | -62 125 .290 | —.095 192
o | 105.0 8.28 | ==e== | o==-- 5.67 | =1.85 | =96 26 | =T3 | —14T 040 | —-.112
41 | 105.0 13,68 | ===== | ===-- 9.47 | —3.85 |-160 39 | =124 | —.245 .060 | —.190
42 | 108.0 16,13 | ===== | =s=== 12.22 | =5.35 |-1Th 54 | <126 | —.253 079 | =.197
Ly | 158.5 5. EeE I BT TS -2.28 | -.22 137 | -39 s .093 | —.026 .050
45 | 159.5 | =10.22 | ===== | ===-= —6.73 | -1.34 292 | =101 167 196 | —-.068 112
46 | 161.0 | —12,28 | ===== | =-=== —-9.80 | -1.86 367 | -128 | 217 241 | —.084 142
48 | 164.0 535 | ==m== | =m=e- 4,09 | -1.34% |[-138 51 | =109 | —.087 .032 | —.068
49 | 161.0 TTT | ===== | ====- 6.05 | -1.95 | —230 68 | —184 | —.151 045 | =121
50 | 161.0 11,87 | ===== | ====- 10.80 | -3.95 | -338 112 | 248 | —.222 074 | =163
ERRINSBLO || (=347 [ === | == -1.57T | =17 | 175 | 49 18 062 | =017 .0h2
BllE@Bl0 | =BiBR | === | so=== —3.22 | =47 92 169 .095 | —.033 .060
BENINSIRLE | OB | ~e==- | ==mes 4,67 | -1.08 | 352 | -163 192 125 | =058 .068
56 | 218.5 2,83 | ===== | ===-- 2.33 -.28 | -170 62 | —113 | —.060 .022 | —,040
57 | 218.0 R R 3.48 | =57 |[-245 96 | —-154 | —.087 034 | —.055
58 | 218.5 5,43 | =mmmm | meees 5.03 | -1.08 |[—345 | 138 | 212 | —.122 049 | =075
G0l 010,5 | —RB2 | =n=== | weeer -1.07 | =12 | 140 | 48 86 049 | =017 .030
61 | 219.0 | -5.62 —2.67 | =51 | 259 | =93 | 160 .092 | =,033 .056
62 | 218.5 | -6.67 —3.97 | =96 343 | =145 193 122 | =051 .069
64 | 219.5 2,08 1,18 | —-.22 |-113 37 | =82 | —.040 .013 | —,029
65 | 219.5 3.38 2,48 | =52 |-195 73 | —128 | —.069 .026 | =045
66 | 216.5 3.89 3.T3 —.18 | 246 108 | =143 | —.090 2039 | —.052
67 | 159.5 =37 | -==mm | mee-- -.03 | —.18 22 -2 4 .015 | =.001 | —,003
68 | 159.5 =T | =mmmm | =mm-- -.18 | -.23 T 5 | -12 .005 .003 | —.008
69 | 159.5 =37 | mmmem | === —.25 -.23 14 -1 —1h .007 —.00L [ —.009
70 | 159.5 =TT | mmmmm | = .05 | =13 40 -9 | -13 027 | = —.009

8Tnitial steady flight value (increment

from wings level).

NATTONAL ADVISORY
COMMITTEE FOR AFRONAUTICS
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NACA TN No. 13%4

TABLE II
RUDDER KICKS

Flight | Run| Ve | Power (ﬁgg) Q OFy o5, &y :‘;1 v
(mph) (=) (1b) | (aes) |(aeg/sec) | (rea/sec?®)| (red/sec)
4 | 100.0| Om 0 | mmmmm| mmee- 75 10.08 26.08 -0.22k4 -0.200
6 6 106.0| On 0 | ===m=| ==e-- =55 -10.08 -73.13 347 .194
T 101.0| On 0 | ==e==| =mem= - -9.59 -45.05 .28 .178
9 | 100.0| On 0 | =m=ms| =mem- N ET R 93.00 | =emme--e- -.266
8 2 198.7 | Rated 0 0.007 -138 -5.30 -57.04 .34 .220
4 198.2 | Rated (] .007 125 4.05 43.48 -.27h -.187
8 4 203.0 | Rated 0 .007 ——— -11.91 -43.43 883 .40
1 199.5| Om 0 .00%4 271 6.44 16.55 -.435 -.298
8b 2 | 203.0( On 0 .004 285 6.4 55.29 -.487 -.319
3 202.0 | Om 0 .004 6,000 -271 -7.73 -22.%0 .51k .308
1 | 296.5| On 0 .003 | 6,000 -332 -h.51 | -20.17 .6l 246
1a 2 298. on 0 .003 6,000 -328 -4.51 -16.15 .600 .269
3 | 297.0 | On 0 .003 | 6,000 269 4.03 35.30 -.65¢2 -.134
4 | 296.0 | On 0 .003 6,000 280 3.8 17.22 -4yl -.224
1 | 100.0 | off L B 7,000 26 -8.62 -66.48 .158 167
¥b 2 | 100.0 | orf [ R e e 5,000 32 7.8 60.85 -.112 -.133
3 102.5 | off 0 |===== | ==-e- 7,000 -32 -11.50 | -116.23 .178 .19k
L | 101.0 | ore [ e 6,000 38 . 10.86 86.42 -.145 -.178
2 |101.0f 0t | O |-eemm |emee- 6,000 | ---- | 25.53 | 12k.60 -7 -.377
3 101.0 | Off 0 | =mmem | = 5,000 -93 | -20.81 -41.99 .296 .366
% L | 100.0| oeg | 0 |-mem- |--me- 6,000 | ---- | 26.02 70.9k -.366 -.Le2
5 101.0 | off Q0 | mmmem | mm——— 6,000 ———- | -21.46 | -184.7h 274 .333
2 | 200.0 | off [ R 650001 | =200 FIE=10230 I=B6 T2 eme= o=l io=cosszos
™ 3 | 192.0 | off 0 || =me== | =r=== 6,000 238 12.08 908 N iesec s slliiesssasss
4 | 197.0 | off 0 f=====|=mm-- 6,000 | -212 =9.98 Bl =22.61 1 ||c==c=co=ci || =escecess
5 | 203.0 | off 0 ||i==ae= [om=-- 6,000 223 9.66 30165 | === lllliesssessss
6 | 294.5 | off L e 6,000 -354 -4.83 sl 4l 751 269
1 7 | 295.5 | off o 6,000 -313 -4.03 «31.88 2551 .22k
A 8 |299.5 | off 0 |--==- |===-- 6,000 332 4.90 8.10 -.521 -.235
9 299.8 | off 0 || ===== | ===—- 6,000 309 4.51 10.10 -1 -.22k
ok 5 157.5 | On .00k 6,000 -391 -20.15 | -137.35 799 .588
6 164.5 | On .00k | 6,000 306 17.4%0 1h1.47 -.897 RS
1 | 204.0 |Rated .007 | 6,000 239 6.76 11.62 -.3hh -.280
2 198.5 |Rated .007 6,000 239 7205 53.20 -.3%2 -.258
12a 3 | 197.5 |Rated .007 | 6,000 | =267 -9.66 -3.55 .58 .381
l 198.5 |Rated .007 6,000 -276 -9.66 -92.20 .65 .381
1 |199.0 | on .00k | 6,000 313 9.3k 89.47 -.618 -.336
£ 2 |198.5 | om 00k | 6,000 | -343 |-12.08 | -99.80 .876 S
i 1 299.5 | On .003 6,000 -368 -6.41 | -63.24 .819 313
e 2 |299.0 | On .003 | 6,000 339 5.50 | 68.67 -.866 -.29h
Ths [asgio tEart | L1 9 [ =ce==t [====s 6,000 -420 -26.56 | -125.91 .86 .661
2k 8 |154.0 | 0ff |-15.65 |=mmmm |----- 6,000 | b6 | 28.17 | 189.46 -1.065 -.588
5 | 198.0 | off t--=- | 6,000 221 10.95 16.94 -.Lol -.336
6 200.5 | Off | -5.00 |===== [--=-- 6,000 254 10.95 93.62 -.698 -.358
1oa 7 | 197.0 | ogr | 5.40 |=mmms [--me- 6,000 | -321 |-10.k7 | -58.2k4 .599 137
8 |'200:0 | OFf! | 5.10 |==m=== |===== 6,000 -313 -9.90 | -1k9.30 627 .358
’ £3 {2980 [gre =85y | mpes =mees 6,000 304 | 13.52 | 109.33 - .80k -.h1h
15 k |199.5 | off | 5.8 |--=-- |----- 6,000 | -354 |[-10.63 | -110.88 715 .392
3 290.0 | Off | 5.00 |[-==== |====- 6,000 -k20 -6.18 -48.86 .ThO .316
2k L{u R R A e 6,000 332 6.1 | 63.7h | -9 -2m1

8Tnitial steedy flight value (increment from wings level),

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




NACA TN No. 13%4

TABLE II - Concluded

RUDDER KICKS - Concluded

) 0 28 ¥, ANp. | AWy, | AW ANp, | Ay, Ay, At

Flgt | B | uatee) |(raafbecd) | (08 | (raaseec® | (1) | (18} | (33 | (uf | @) | (f | (se0)
b 0.08 0.186 8.56 | mmmmmmmme- 30,0 115 | 112 | ==m=c | ===e= | moe-e 0.90

6 -.179 -.240 -4.97 -0.345 -51.0 | =150 | -196 130 138 229 .80

6 O T R 43.0| 70 | 123 | 712 3| ™ .95
9 046 056 | =mem=r | memmeeee-- 64.0 | 155 216 -322 -216 -535 1.10

8 2 -.203 -.238 -9.94 -.456 -55.0 | -187 | -193 459 53 613 1.55
s .054 BUS) 5.52 .20k 15.0/| 159 138 -498 46 -426 2.10

8a b -.364 -.372 -19.33 -.871 -35.0 | =418 | -U435 810 60 880 .70
1 075 155 13.53 725 10.0| 373 305 -830 -188 -963 .90

8 2 .107 SES et .736 k20| 350 | 332 | -798 | -169 | =955 .8
3 -.268 295 | ====-- -.659 -20.0 | -18& | -230 735 188 790 1.00

1 -.228 -.292 -8.84 -1.137 -80.0 | -460 | -k0O 115 155 1458 .80

11a 2 -.228 -. -9.11 -1.082 12k.0 | -504 | -450 1297 T2 1400 .75
3 .057 127 6.90 8717 10.0| 368 | 370 | -1135 -83 | -118 .55

" .057 .54 6.90 .798 -15.0 | 332 | 250 | -1115 -80 | -1067 .70

1 -.020 -.009 -30.0| 68 | <§5 | ====- | === | ===-- >2.90

" 2 .031 .034 17.0| -79 95 | =—-== sWeas | mse-s >3.00
i 3 -.010 -.018 24.5 | -8 | <207 | === | ===== | m=e-- 2.80
L .031 046 36.5| 85 | 117 | -=mem | memem | -e--- 2.40

2 -092 110 61.0| 184 | 239 | =e=e= | -mem= | =emee >1.00

3 Y -.012 -30.0 | <131 | -153 | =m=-= [ ==eem [ =me-- »1.20

%9 b .056 .109 27.0| 180 | 199 | =--=m | mmmem | mo-e- >1.30
5 | =e=e=-e-- .017 46.0 | =154 | -189 | --=== | ===== | ===e- 1.30

2 -.21h -.201 -53.0 | -398 | -L45 192 -50 720 0.8

™ 3 s .283 90.0 | 352 405 -750 -98 -833 1.00
4 -.18 173 -25.0 | =351 | =305 669 -135 540 | >1.20

5 .075 .10 32.0 | 293 308 -708 -101 -807 .90

6 =dTd -.220 -15.0 | -468 | -48 1405 173 1539 .95

T -.114 -.199 27.0 | =305 | -265 1083 217 1150 .80

1a 8 .057 177 30.0| 318 | 300 [ -975 -59 | -1077 .80
9 .057 .132 -10.0 | 284 190 | -1070 -8 | -1111 45

o { 5 .20k -.297 -27.98 -.728 -142.0 | 258 | -420 | 1148 12 | 1220 1.20
6 -.053 456 20.48 .Th0 45.0( 125 495 -915 -55 -975 1.00

3 .120 167 13.44 566 18.0| 271 220 -813 -y -835 1.10

2 .137 .218 12.60 .589 65.0 | 252 315 -728 -59 -780 1.20

12a 3 -.200 .292 -14.84 -.652 -49.0 | -346 | -370 870 -8 855 .90
" =177 -.283 -18.20 -.669 -77.0 | =385 | -k52 843 31 898 .95

5 { 1 .143 222 14.70 .580 13.0| 200 | 345 | -872 -4o | -8%0 .70
> ANt “215 | seeee- -.730 -115.0 | -510 | -608 | 1020 45 919 .55
" 1 -.085 .263 -9.56 -.930 -20.0 | -b75 | -455 | 1255 -20 | 1235 535
2 2 .085 .29h 9.56 720 90.0| 597 | 6ko | -1180 152 | -990 .50
" i .192 .297 -29.76 -.987 -85.0 | =460 | -540 1095 -25 1050 1.%0
2 8 -.043 .353 29.76 678 135.0| 528 | 630 | - 33| -8% 1.10
5 .103 -.ko6 16.80 .621 27.0| 286 | 263 -808 -30 -832 .60

6 .11k -.363 15.68 550 102.0| 383 k75 -761 -1k =175 .65

12a 7 -.057 -.699 -1h.56 -.863 -50.0 | -305 | =300 82 139 | 1010 .60
8 -.057 -.046 -12.60 -.643 -57.0| -301 | -358 750 115 847 .65

3 125 261 20.72 .651 103.0 | 395 500 | -1012 50 -920 .70

15 o e B -.215 -16.80 -.8i7 -100.0 | -38 | -500 990 5 975 1.05
ol { 3 -.075 -.305 -9.56 -.773 -65.0 | =455 | =395 1215 =130 108 | >3.20
L .043 -.315 9.56 .693 77-0| 450 koo | -1163 155 | -1018 | >2.70

NATIORAL ADVISORY
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32 NACA TN No. 1394

TABLE ITI

RUDDER KICKS (IN WHICH KO LOADS WERF MEASURED)

T
v A8 Altitude| AF.| A, ]5:- ¥ ¥ 8 —[ 8 AR 7 .
F1 th ® | pover|(deg)| T, 2l 1 2 u
Ay (zmon) (a) o | % (£+) (1b) | (aeg) (:%S) rad/sec?) | (red/sec)| (rad/sec) (red/sec®) | (deg) [(rad/sec?) |(sec)
1/102| om | 0 |0.127/0.007| 10,000 | -28| -6.50| -34.16] 0.172 | 0.111 -0.138 | -0.143 >1.h0
2| 100 on | O .122| .007| 10,000 86| 8.13] T0-94 ~-.341 -.255 .087 a6k .80
6 3(100| on | O .122| .007| 10,000 | -29| -4.88| -18.21 133 .089 -.153 -.139 .60
5/100| on |0 .122| .007| 10,000 | -97| 11.06| 111.59| =-.375 -.300 -102 20k .10
8 | 100 on | O -122| .007| 10,000 |===={ T.15| 25.34 =-.254 -.166 .01 061 .30
1| 100 |Rated| O 80| .029| 10,000 |-159| -8.37| ~79.56|  .311 .187 -.268 -.217 )
6 2| 100 |Rated| O .480| .029| 10,000 |-174 |~10.30|=106.18 276 176 -.241 -.217 .20
@ 193|100 |Rated| O .480| .029| 10,000 | 153| 10.95| 51.28[ ~-. -.275 102 A9k .80
4 | 100 |Rated | O . .029| 10,000 | 219| 17.71| 18.07| -.549 -.37h 107 203 | 15.19 562 .80
1|200 |Rated| O .060| +007| 6,000 |-157| 3.87| -35.38 204 -.214 -.196 -8.98 -.333 1.90
3| 200 |Rated| O .060| .007| 6,000 | 102| 2.90| 10.70 =143 032 .109 Lak 175 | 2.05
8 5 | 200 |Rated| O .060| .007| 6,000 |-280| -8.53| -19.83 .330 -.321 =356 |=meee- -.553 1.65
6 | 200 |Rated| O .060| .007| 6,000 |-287(-13.01| =65.82 478 =471 =483 [=eee-- - 1.50
7| 200 |Rated | O .060| .007| 6,000 | 234| T7.08| 23.91 -.319 064 AB80 | mmeee- 858 .70
8| 200 |Rated| O 060 .007| 6,000 | 261 T.h1| 53.95! - 06 136 |=emee- o 80
1200 |Rated| O .060| .007| 6,000 | 282| T7.73| 35.12 -.330 06k 156 .80
8a (<2 |200 |Rated| O .060| .00T| 6,000 | 350| B8.69| L41.81 - .086 215 1.00
3 (200 |Rated| O .060| .007| 6,000 |====| =6.93| -46.38 275 -.310 -.272 1.30
8b 4 | 200 on | O .032| .004| 6,000 |-290 | =-9.98| -T7.28 .385 -.257 -.369 .60
1/30| On [0 .024| .004| 6,000 |~261| -k.19| -37.10 W51 22k -.160 -.209 | =7.60| ~-.870 .70
2 | 300 on | O .02k| .00k| 6,000 |-229 | -3.22| -22.61 458 .190 -.160 -.204 -7.32 - 87k .80
11 |93[300| on |O .02k .00k| 6,000 | 234| 3.95| 26.80| -.k97 =157 057 k3 6.35 762 .90
L | 300 on | O .02k .00s| 6,000 | 195| 3.06| 8.5 -.278 -.17h 068 .106 5.80 .683 .80
asil - sili325 ]l ‘onlij O .024| .00k | 6,000 |=267 | =2.90|======= 576 .218
1| 99| off | O 2| 5.69| 11.23 =-.083 -.122
2|100 | off | O -23 | =7.80| -18.80 .100 .200
4 |¢3|100 | Ooff | O ———- .081 .161
k{100 | off | O 70 | 18.23| 93.85 -.195 -.178
5(100 | off | O -59 =1k .47 |~-125.23 32k 272
1|100 | off | O ———= 21520 |~133.98 .330 266
2|100 | off | O 89 | 24.07| 161.48| -.337 -.220
ba |{3|100 | Off | O 51| 13.50| 66.54 -.215 -.189
4 {100 | off | O -h2 |-13.01| -63.46 214 222
5|100 | off | O 59 | 12.85| 102.03| ~-.219 -.200
4% | 5|10 | off | O ~21 .46 |=150.03] 309 .333
1(102 | off | O =13.01 | =T7.39 .215 .250
2(100 | Off | O 14.96| 89.50| =-.245 -.220
51 [3]100 | ofe [ O -3.93 -26.43| 225 .278
4| 99 | off | O 86| 25.78| -.2uh -.266
5| 99| off | O 17.89| 39.39| -.254% -.278
1(100 | off | O ~21.48 [-185.92 .335 278
52 |Y6|100 | off | O l17.89 | 122.07| -.251 -
7i100 | off | O =13.01| -29.59 173 266
1200 | off | O -9.43| ~T1.85 .388 194
2 ({200 | off | O T.80| u5.46) =-.257 -.155
3(205 | off | O T7.97| -14.73 .233 167
T Ni|198 | oer | 0 6.88] 13.63) -.230 | -.133
51192 | off | O 006
6202 | ore | O F17.07| ~97.65|  .T36 o3k
1/200 | off | O -8.05| ~26.28 .369 297
2|200 | oft | O 8.37| 17.48| -, -
Ta 3|200 | off | O -8.86| ~63.79 478 2352
4 |200 | off | O 9.01| 33.97| --525 e
5200 | off | O -9.34 | ~63.12 588 319
T | 1/200 | ofe | O mm——— | m——— 6,000 |==== F11.59 | =70,20|========= m———— -.257 =314 [=11.88|-==s===-=d >1.10
51300 | off | O -3.38 | =1k4.04 .336 140 -.057 -.150 -6.21 -. 1.50
11 6|30 | off |0 -3,22 | ~16.42 ko3 168 =11k -a31 | =691 - .90
7|30 | off | O 3.38 23.28| =-.399 =157 057 460 1.20
8300 | off | O 3.86| 12.50 ~-.hok -.213 .0h6 .T26 J
1la| 5(300 | Off | O mmmen |mm——— 6,000 |-=== | =k.51| =39.62 526 168 -.086 -1.117 .60
1/200 ! on |-5.25| .033| .00k | 7.08| 22.26] -.382 - BhIN <50k 62
12 102|200 on (-5.45| .033| .00k 8.69| T1.89| =-.510 =347 211k 597 .70 |
[73]200 | on | 5.55 .033 .00k -9.66| =T1. 151 420 -A71L -.621 50 |
|L | k200 | oOn 3.65| .033| .00k -8.37| -82. .606 2336 -.11k =57 | LTO |

8Tnitial steady flight value (increment from wings level trim) .
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TABLE IV
FISHTAIL MANEUVERS

[ A1t1tuas, 6000 ft]

— Initial | Mean | Max. load | Max. rMu-r ?ﬁ
Flight | Run Power JaXe) JaXs) first cycle | load udde R X
(mph) 3k 1b load load omaris
(deg) | (daeg) (1p) (1v) (1) | (1)
16 1 150 On 8.0 9.0 -600 -670 | -160 | -660 |Attempt to maximize loads
2 151 off 13.5 14.0 -450 570 125 630 (high sideslip amplitude)
1 151 | Rated | -11.5 11.0 960 1070 | -420 | -780 ;
2 154 | Rated | 13.0 1.5 -780 -1070 | =300 | =790 |Attempt to maximize loads
182 |3 | 151 | off |-14.0 | 16.0 720 9% | 350 | 660 (rudder kick against swing)
L 153 Off 136 11.0 -610 -930 270 | -T710
258 1 199 | Rated | -8.5 05 880 -1200 | -290 | -970 |Attempt to maximize loads
2 198 Off -8.2 > 1000 1130 290 860 (high sideslip amplitude)
1 200 | Rated | -6.5 3.15 580 640 | -290 650
6 2 250 | Rated. | -3.1 2.00 470 600 | =200 620
2 3 | 300 | Rated | -2.3 1.65 750 810 | 210 | 810 |Natural mild fishtail
Ly 345 | Rated | -2.2 1.50 640 -840 | -290 | =760

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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NACA TN No. 1394 Fig. 1

Yow angle
( recorder

MY cirspeed mstallation
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(a) One-quarter front view.

(b) Side view.

Figure 1.- Photographs of test airplane,






Wing
Arca 236sgt?
Span 3729 Ff
MAC 6517
Roolchord 9 fr

Section at root NACAZ22/5
Sectron at fp NACA 2209
Angle fo thrust ne | °

Dihedral 6°

Aspec’ raro J.9
£Engine

Type Allison V-1710-4R

Normal power at 1980011 /000 fp
Propeller gear ratio 2.
Propeller diameter /1

Flight gperanon
Average weight in flight 8240 /b
Average pasifion 299 percent MAC.

Alrplane ¢ haracrterishcs

Vertical tall surface

Toralarea 2295917
Heght above fuselage 671t
Fin area(less faring area) 918 sq 11

Rudderarea(incluaing /94sq/ of
balance and .55 sqff ol rat) 1374 sqf
Distance from  cg /o rudder
hinge /ine 20/3171
Fin offsct i

Horizontal 7al! surface

Tofal area 48.3sqft

Span 279 1

Stabilizer area (incluahng 3.54sqf1
of fusclage) 2086yt

Elevalor arca(incluaing 3 8sqf of
balance and 164 sq 1 of fat) 17445017
Distance fromwingrodt LE. /o elevator
hinge line 200 ft
Stabilizer set abovethrust line 2°
Horzontal fai/ obove fuselage center
lire /.50 1t
/Tax. elevofor deflection 3.5 up
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Figure 2.- Three-view drawing and list of geometric characteristics of test airplane.
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Figure 3.- Plan form of vertical tail used on test airplane and profiles of the airfoil sections
around which pressure orifices were distributed.
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NACA TN No. 1394 Fig. 4

NACA LMAL
~40330

NACA LMAL
40334

(b) Side view of fairing.

Figure 4.- Photographs of vertical tail showing profile and
plan form of protuberance caused by fairing over pressure
lines,






NACA TN No. 1394
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Fig. 5

’ Onifice /ocotion, percent chord From léading sdge

Rofel T 1213 <[5 [6l7]8 19 /0] ]2
7 13401/1.31231|526|659|76.2/594

U 1492 4./|102356(458/529|589\73.2|904

V 632 38|/133|378|448(528\576\687\82./ |93

W 750l 3./| 60/04£|163\278|<./\5/.7\96460469.78/./ 1957
X [286| 74|37./1633860

Y 13/21/0914/47/8\894

Z 228| 751404776

Figure 5.- Location of orifices at which pressures were measured.
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Figure 6.- Variation with equivalent airspeed of rudder and elevator
control deflections and angle of sideslip required to maintain
wings level with power on and power off.




NACA TN No. 13%4 Fig. 7
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Figure 7.- Variation with equivalent airspeed of normal-force
coefficients on surfaces of vertical tail for wings in level flight
with power on and power off and variation of spanwise center
of pressure on fin,



Fig. 8 NACA TN No. 13%4
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Figure 8.- Variation of increments of rudder and elevator control
deflections and pedal-force factor with incremental change in
sideslip measured from wings in level flight with power on and
power off.
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Figure 9.- Change of vertical tail, fin, and rudder normal-force
coefficients with change in sideslip angle measured from
wings-level condition with power on and power off.
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Figure 10.- Isometric views of pressure distribution over vertical
tail surface at various increments of sideslip for wings in level
flight at 220 miles per hour and with power on. Airplane lift
coefficient, 0.28; Tc = 0.03; Q, = 0.004.
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Figure 11.- Spanwise load distributions on fin and rudder, corresponding
to the isometrics of figure 10.
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Figure 14.- Time histories of normal forces on vertical tail surfaces
for right rudder kicks of figure 13.




NACA TN No. 1394

300
[gwt(/]/ak/?f . 200
argoeed, mph -
0
20,
—/byaty:
Stick force, 1b 0 j% I
Lol Tt
Left 400
Feaal force, 16 29
O =T 1N
=£00
Left "Ryt
LDown e
Confrol position ,dcg/o I
bk = ]
ot
Right 20
Angle of sikslp, atg 0 T =T
_20 =
, Right 2 (=1 L
77‘7/7§V;?f56 | N i B B
occeleration, g
Sl
.
\ertical acceleraton, © —cg
g L
=2
Nose wo 4 '\
Nose r/gp/n‘/l "'/):/gi\{\c/h
Angular vecities, O T /T
radians/sec AT
A A

w) Flighté, run9,
; lé-/gm 7Y

| ——1

=

~N ol

N
g

0

f 2
lime, sec

g-200 mon.

3

(8) Fhght &b, runz,

Fig. 15

(oA =T i
- NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

© Fhght 1o, run 3,

V=300 mpr.
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Figure 17.- Time histories of left and right rudder kicks against
left and right sideslips, respectively, at V, = 200 miles per

hour with power on.
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Figure 18.- Time histories of normal force on vertical tail surfaces
for rudder kicks against initial sideslip of figure 17.
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Figure 19.- Comparison of measured load on vertical tail with sum
of component of load necessary to balance wing and fuselage
moments and component associated with yawing acceleration for

flight 11a, run 1 (figs. 13 and 14). V, = 300 miles per hour.
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Figure 26.- Computed deflection load on vertical tail of test airplane
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reach final control deflection and comparison of typical control
deflection with linear type assumed for computations.
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Figure 28.- Ratio of angle of sideslip in rudder kicks to value in
steady sideslip for corresponding amount of rudder deflection
plotted against equivalent airspeed and illustration of computed
effect of the time of control reversal on sideslip angle reached.
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two types of rudder manipulation in otherwise similar runs.




Fig. 30 NACA TN No. 1394

o fower o

o fFoner a7

NS 24 ;
el /0 aronag
s % :
QN &—
S| S /
S ’ 0 7
HR g : :
SR WL | |
R ]
NI 4
SESS -
AN N

Ry 700 300

Lguvaren’ arspeed Vs, mth
@)  Meosuread  magicaion.

Putr Dass 3 T//Wfaﬁ/f/%/
caelkciion 4o, e T e

_._ A7 | fimaamenial
L7 Yo/ 788
A reversal

OWING
aecelean, v

NATIONAL ADVISORY

7/_”75 =% COMMITTEE FOR AERONAUTICS
(6) Conpuied effect of contol reveri/
ar Several Tmée ervals.

Figure 30.- Ratio of second and first maximum angular accelerations
plotted against equivalent airspeed and illustration of computed
effect of time of control reversal on angular acceleration in yaw,




Dynamic  balonce  logd

per aeg rudaer aelecnan,

A, 46, 1 fotg

700
o Fower on s
eo0—-o Eower off B
(7er! on symbal denotes | |4 Z(ddd@(ag/da)vqjv
500 ryaaer Kick against —|_L-
Inital Siaeshp) |
o
40 -
@)
300 /// @
200 o —
oA o v
j2%aat.
0 00 00 300 00 200

Dynamic pressure, g, /b/ sq 77

Figure 31.- Dynamic balance load per degree rudder deflection plotted against
dynamic pressure,

7661 "ON NI VOVN

1¢ "314
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Figure 32.- Isometric diagrams of pressure distributions over
vertical tail during right and left rudder kicks.
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Figure 33.- Comparison of magnitude of deflection load on rudder
with total deflection load on vertical tail in rudder kicks.
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Figure 35.- Spanwise load distributions on the fin and rudder for
the time of maximum load on each surface during rudder kicks
at Vg = 100, 200, 300 miles per hour with power on.
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Figure 37.- Spanwise load distributions on the fin and rudder for the
time of maximum load on each surface during rudder kicks at
100, 200, and 300 miles per hour with power off.
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Figure 38.- Chordwise pressure distributions over rib V (see fig. 5)
for spanwise load distributions of figure 37.
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Figure 39.- Variation with equivalent airspeed of the spanwise center
of 1oad on the fin at the time of maximum fin load for most severe
rudder kicks with power on and power off.
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Figure 40,- Variation of load per degree rudder deflection with
dynamic pressure, including estimated maximum loads for load on
rudder and for load on fin.
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Figure 41.- Diagram showing loads on rudder and fin plotted against

equivalent airspeed.
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Figure 45.- Time histories of measurements recorded during power-on
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Figure 46.- Time histories of measurements recorded during mild
fishtail maneuvers at 200 and 250 miles per hour with power on,
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Figure 47.- Time histories of measurements recorded during mild
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Figure 51.- Spanwise load distributions over the rudder and fin at
various times during the power-on fishtails of figures 43, 44,
and 45.
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Figure 52.- Spanwise load distributions over fin and rudder and
chordwise load distributions over rib V (see fig. 5) at times of

maximum yaw for fishtails of figure 486.
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Figure 53.- Spanwise load distributions over fin and rudder and
chordwise load distributions over rib V (see fig. 5) at times of
maximum yaw for fishtails of figure 47.
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Figure 54.- Spanwise center of pressure on fin at time of maximum
load on fin for all fishtail maneuvers against equivalent airspeed .
and time history of spanwise center of pressure during fishtail

mansuvers of figures 46 and 47.




