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NATIONAL ADVISORY COMMITTEE FOR AERONLUTICS

VMEMORANDUM REPORT

for the
Army Air Forces, Alr Technical Service Command
ESTIMATES OF THE VERTICAL-TAIL LOADS OF A BELL P-634-1
AIRPLANE ( AAF NO. L2-68889) IN ACCELER/TED ROLLING
MANEUVERS BZSED ON FLIGHT TESTS WITH
TWO VERTICSL-TAIL ARR.NGEMENTS

By Harold I. Johnson
INTRODUCTION

At the request of the Army 4lr Forces, Air Technical
Service Command, extensive flight tests are being made at
the NACA with a P-63A-1 airplane. One phase of these
tests is concerned with the directional chsracteristics
of' the airplane because it was found thet the original
vertical tail did not provide a sufficient degree of
directional stebility. To improve this characteristic
an enlarged vertical tail wss desigzned end built. Identical
directional-stability tests were run with both the
original and the enlarged vertical tails installed on
the airplene. These tests included mesasurements of the
amount of sideslip developed in abrupt rudder-fixed
aileron rolls from pull-outs end steady turns at verious
speeds and normel eccelerations.

A recent analysis (reference 1) indicates that very
large vertical-tall loads may occur in accelerated rellitins
maneuvers depending on the aileron power end directional
stability of an airplane. For this reason estimates were
made of the verticel-tail loads expected to be encountered
by P-63 airplanes -in such maneuvers. Since deta on the
yaw cheracteristics of the airplene were aveilsble for two
different vertical-tail installations, it was possible to
study the effect of directionsl stability on the vertical-
tall loads in rolling maneuvers., The results of this
Study are presented herein. It is believed these results
throw light on the cause for vertical-tail failures and
fuselage torsional failures which have been encountered
recently with some P-63 airplsnes.
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AIRPL.ANE 2ND INSTRUMENT TNSTALL/TION

General dimensions of the P-6% sirplene are listed
in the appendlix of reference 25 - Side views of the
P-6%34A-1 airplsne tested, with both the original and
enlarged verticel taeils installed, are shown in figures 1
and 2, respectively. Detail pictures of the two vertical
tails are given in figure 3 whereas figure I} is s line
drawing which brings out the size and. shape relationships
of the two vertical tails tested. The following table
contains mejor dimensions cof the original and enlarged
vertical - tail surfaces.

TABLE I.- DIMENSIONAL CHARACTERISTICS OrF VERTIC

C
TESTED ON P-63A-1 ATRPLANE (AAF NO. L2-58889).

{Over-all] Total | Fixed | Total | Rudder area|Rudder area
height.| area fin |rudder | forwaerd of aft of
(in.) |(sq ft)| area area hinge € hinge
(sq £t){(sq £t) (sq f£t) (sq ft
Origingl| 78.87 | 23.73 | 13.L7 | 10.26 1.96 8.30
Enlarged | 9l..62 26,58 | 15.86 | 10.62 1.97 8.65
i !

Automatically recording NACA flight instruments were
used to record airspeed, sideslip angle, the positions -of
the three flight controls, the three components of
acceleration, -rolling velocity, yawing velocity, elevator
stick force, and rudder pedal force.

The' airspeed pitot-static head was mounted on the
end of a boom :Y . chord length shead of the right wing
near the wing tip. (See fig., -1.) Service:indicated
eirspeed is used throughout this report. This eirspeed
is the reading of a standard Army-Navy airspeed meter
connected to a piltot-static system that is free from
position error,and has the definition

Vi s LD d 0B Boava,
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where

Vig service indicated alrspeed, miles per hour

fo standard sea-level compressibility correction
Eactor

Qe difference between total-head and statlic pressure

corrected for pitot-static position error,
inches of water

Sideslip angle wes messured by means of a vane, free
to line up with the relstive wind, locsted on the end of
a boom ‘1 chord length ahead of tne left wing, near the
wing tip, :

Control-position recorders were connected directly
to the elevator, rudder, and each aileron.

TESTS AND EVALUATICN OF DATA

Abrupt rudder-fixed aileron rolls were made during
58 pull-outs at service indicated airspeedsof approximestely
290, 250, end 300 miles per hour at 5000 feet sltitude.
At Vigq = 250 miles per hour, rolls were also made from
level flight and from 2g and lijg pull-outs. 1In gll these
tests, the propeller thrust coefficient and blsde angle
were held constant at the values determined by using :
normal rated power (2600 rpm, L3 inches Hg, = 1050 horsepower)
at the indiceted airspeed of 300 miles per hour. Various
alleron deflections, set by a chein from the stick grip
to the side of the pilot's compartment, were used to produce
rolls in each test condition. A time history of a typical
roll from a 3g pull-out is shown in figure 5. A limited
number of rolls from stesdy turns was also mede, but the
data are not used in this report because it was found that,
for comp&araeble initisl test conditions and within the
accuracy of the measurements, the same smount of sideslip
was obtained for a given alleron deflection in rolls from
either turns or pull-outs.

The dete obtalined in the rolls from pull-outs were
plotted as the rstio of maximum chenge in sideslip angle
divided by the airplane normal=force coefficient agelnst
change in total elleron angle producing the roll. The
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airplane normel-force ccefficient wes celculated from the
average speed and normasl acceleratioan occurring in each
roll., This method of data eveluation wes chosen because
theory indicates the primary yawlng moments 1n rudder-fixed
rolls vary directly with airplene normal-force coefflcilent;
therefore the maximum sideslip angles reached in rudder-
fixed aileron roils would be expected to vary almost
directly with sirplene normel=force coefficient.

Pigure 6 shows the data resulting from the rolls out
of 3g pull-outs at Vi, = 200, 250, and 300 mlles per
hour for both the original snd enlarged vertical tails.
Figure 7 is a2 similer collection of data obtained from
the rolls with 1, 2, 3, and Lg normal acceleration
at Vi, = 250 miles per hour, Examination of the data
and comperison of the slopes of the curves of figures
and 7 indicete  the directional stability of the airplane
is essentially constant over the entire range of speeds
and sccelerations covered; also that the directional
stebility oi the airplene was increased approximately
60 percent by the installation of the enlarged vertical
tail.,

CALCULATION OF VERTICAL~TAIL" LOADS

Estimates of the maximum verticsl-tell loads to be
expected in rudder-fixed elleron rolls during accelerated
flight, using en eileron stick force of 50 pounds, are
presented in figure 8.. The curve of alleron deflection
possible with 50 pounds stick force was taken from previous
tast data and was extrapolated from Vig = 315 to :
Vig = 1,50 miles per hour for celculetion purposes.

The averesge sSlopes of the faired curves of chenge in
sideslip angle divided by eirplene normel force coefficlent
against chsenge in total elleron angle (figs. 6 and:7)
over a range of total aileron deflectlon of €109
were used to estimate the meximum sideslip angles to be
expected. For this purpose the airplane gross weight was
taken as 7850 pounds. The maximum vertical-teil loads
were calculated by estimsting the slopes of the normal -
force coefficient versus angle-of-sideslip curves of both
vertical tails, then multiplying them by the respective
maximum sideslip engles, vertical-tail areas, and
frede-stream impsct pressure. The smsll effect of yawing
velocity during the maneuver was neglected 1n calculeting
e tail load. The slopes of the normel-force coefficlent
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versus engle-of-sideslip curves for the original and
enlorged vertlc 1 tails were estimated to be 0.0l05 arc
00517 per degree, respectively. These values are based
on computed aspect ratios and a collection of wind-tunnel
deta. Load computations were carried out over the range
of conditions where the vertical tails were assumed tc be
I'n &n unstalled condition, In thils connectlon the stell
angle of the enlarged verticsl tail was assumed to be
1695 I%._was further assumecd that:bothsvertica
talls were capable of producing the same maximum uormal-
force coefficient. These conditions fixed the stall -angle
of the woriginsl vertical tall at 20.

DISCUSSION

The estimates of vertical-tail loads in accelerated
rolling maneuvers shown in figure 8 indicete that vertical-
trilr2eads more critical than that calculated from the gust
design condition are likely to occur on P-63 airplanes in
fast rolls made with normal accelerations above about 3g.
This figure shows that the most critical speeds are not
the highest speeds at which the airplane would be flown
but, rather, the intermediate speeds at which most flying
18 probeably done. In this. connection, it sheuld be
possible to cover &8ll the conditions of normal acceleration
for which vertical-tail load calculations are shown in
figure § without stalling the airplane wing, excepb
possibly at extreme altitude. The reason the wvertical-tail
load decreases with increasing sneed at a given normal
geeeleration and alleron control effort is because t%e

rolling effectiveness in terms of the helix angle %7

decreases with increasing speed. The data of figure 8
gllislo indicate that increasing the size and effectiveness

of the vertical tail, and conseqQuently the directional
stebillty of the qlrolene, reduces the maneuvering
vertlcél-tall loads.. This trend appears legicel for the

following reason. Both vertical tails must balance out
the same yawing moment due to aiWeron deflection and
relifing, “rFeoardless of " the -sidesllvu angles involved.
However, the fact that the larger tail resiricts the
sideslip angles to smaller values means that it will not
be required to balance out such large unstable fuselags
and propeller yawing moments as will the smaller vertical
vaill.
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A comparison between the loaas calculated from ths s

gust design condition and those obtainec 1n Bl S
shown in figure 8. The horizontal line showing
100 percent of the design load for the original vertical
tail wsas determined by taeking 1.5 times the predicted
vertical-tail load caused by a sharp-edge gust of
20 fest per second when the airpleane 1s flying at maximum
permissible diving speed. If the same procedure were
followed for the cnla“ged VG"tl al tail}] 100 'percentiof
the design loed for the gust condition would be about
3530 pounds instead of LE?O nounds With a design
strength of 353%0 nounds the vertlcal—taﬁl loads 1
aileron maneuvers would be relatively much less critical.
It avppears the gust design condition generally fails to
DPOVldC enough VGLthHl tail strength for rolling

aneuvers, especlally when the directional uLabllity of
the alﬁplanv is low.

The balancing design cond1t1on required about
20 percent greseter vertical-tall st rength for net load
in one” direevion tban the gust condition in the case of
the P-6% airplane but the gust conaition is used Lor
comparison purposes beceause of the similerity of the
air-load distributions occurring in gusts and in rudder-
fixed aslleron rolls.  Aectusally, in static tests conducted
at Wright Field, the P-63% vertical tail failed at
105 percent of the balancing load, which represents &
net load of about 3100 pounds in one direction. It 1is
not known whst effect load distribution has on fallure
loed for the P-63% vertical tail; unowever, figure &
indicates net loads in excess of 3100 pounds would be
encountered in abrupt rolling maneuvers with Le or mnore
normal acceleration on the alrplane in certain sp
ranges. The pull-up condition required much less VthLCdl—
tail strcncth than either the gust or balencing condltions.
Therefore, a need is indicated for the establishment of
a new vertical-tail design load condition which will
logically relate vertical-tail strength to thﬁ aileron
power and directionel stabili ty of airplane

Emphasis has been placed on rucdder-fixed rolling
maneuvers in this revort as opposed to coordinated use
of the rudder end ailerons during violent latersal
maneuvering. While it is truec that proper use of the
rudder will tend to reduce vertical- tieill loads in rolldng :
meneuvers to some extent, it appears that if rudder 1is
used against the SlchllD after some sideslipping heas

developed, the vertical-tail load msay exceed that which 2
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would heve occurred had the rudder been held fixed. It
mey also be noted that memny airplanes have rudder forces
which are too heavy to permit correct rudder coordination
in rolling meaneuvers at any other than low speeds.

CONCLUSIONS

Based on the data and estimates of vertical-tail
loads given in this report, the following conclusions
may be drawn:

1. Vertical-tail loads more critical than that
imposed by any design condition are likely to be
encountered with P-63% series airplenes in abrupt rolling
maneuvers made with normal accelerations above lig in
the intermediate speed range.

2. Por' a given normsl acceleration and, alleron
control effort, the likelihood of encountering critical
vertical=tail loads in rolls decreases with increasing
airspeed so long &as the vertical tail remains unstalled.

5. Increasing the size and effectiveness of the
vertical tail, and therefore the directional stability of
an airplene, decreases the msaximum vertical-tail loads in
accelerated rolling maneuvers in the usual case where the
fuselage-nropeller combination is directionally unstable.

L. A new loading condition for vertical-taill design
strength appears necessary for highly mansuverable air-
planes in order to relate vertical-tail strength to the
aileron vnower and directional stability of the airplane.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., November 30, T9lLl
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Figure 1.- Side view of P-63A~-1 airplane with original vertical tail,
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Figure 2.-

Side view of P-63A~-1 airplane with enlarged vertical tail.
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(a) Original vertical tail.

(b) Enlarged vertical tail,

Figure 3.- Close-up views of original and enlarged vertical tails on
P-63A~1 airplane.
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