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SUMMARY
An analysis 1s presented of the vertical-tall
loads to be expected as a result of abrupt allsron
action in accelerated flight, as in rolls from turns

or pull~outs, for example.

The formulas derivad show that the vertical-tail
locads obtained in rolling pulle-out meneuvers are directly
proportional to the lcad f‘otor, wing loading, and
allercn effectivensss and ars *mv@rsely proporticnal
to directicnal stability. Y calculations for an

3]

o

agsumed fighter airplane ore pregented and discusssed.

It appears that critical teil loads may occur in
rolling pull-out maneuvers, varticularly on alrplanes
with good allerons and low directional stability.

INTRODUCTION

In fighter and dive-homber airblanos, abrupt
alleron action is frequently used in accelerated flight,
a8 in rolls from turns or pull-outs, for esxample.

Because of the large vawilng moments produced
ailerons in accelerated flight and becauss of the
increase in ailercn nower achieved since the war, the
verc.ual tail loads obtainable in rolling pull-out

eaneuvers have been examined anslvtic wllv und the
iaotors on which the lcads depend have been determined.

N yvawing moment, foct-nounds
C yawing-moment coefficient
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Cr, wing 1ift coefficilent

i8] rolling velocity, radians per gsecond
b wing span, feet

) true airspeed, feet per second

pb/2V  helix angle generated by wing tip, radlan
g sideslip angle, degrees

dcn/d@ alrplane directional stability per degree

q d-mamic pressure, pounds per square foot
S vertical-tall area, sgquare feet

of tall normal-Torce-cocfficient curve yer
Ex]

gree

n load factor, g

S wing area, scuare fes

W alrplanse gross welght, pounds
by tail length, feet

Ly load on vertical tall, pounds

DEVALOPMENT OF FORMULAS FOR DITERMINING VERTICAL-TATL

LOADS IN ROLLING PULL-QUTS

For elliptical span loading, the yawing moment due
to aileron deflection and rolling velocity may be
expressed with suffl ient accuracy in terms of the wing
11ft coefficient and the helix angle in the roll as

.
n 8 2v (1)

The sideslip sngle B3 developed in the roll with
rudder fixed is obtained, to a first approximation, by
dividing the yawing-moment coefficlent of oquation (L)
by the direc ulOﬂd] stability coefficient of the alrplane;
thus,

CONFIDENTTAL



NACA CB No. LhH1l CONFIDRFTTIAL %

A,

Q el _...9.];’]..4..-
aCy, /48
C i
<1, pb
=z P (2)

8“. 2Y (lCn. lhu;»

The vertical-tail loads resulting from sideslip
angles are the rroduct of the sideslip angls, the
vertical~tail area, the dynamic pressure, snd th
glope of the teail normal-force-coeflficient curve; that
is,

—~
N
N

Since qCy, is egquiwvalent to the product of wing

loading and the load factor, eguation (3) may be rewrititon
as

=R Epb o S9N 1 (L)
Vg o e PV i 4
¢S5 2V dp d'(\}n// d L‘l
From eguation (L) the vartical~tall lcad in a roll may
be seern Lo increase in direct proportion to the load
factor, the wing loading, and the aileron effectiveness.

1

The loads are also proportional to the vertical-taill arsa
and normal-force-coefficient slope =znd are inversely
proportional to dircctional stability. TIuncreasing the
tail size and acpect ratio should, iIn genera l reduce
the loads because the QLPuctlon41 stability 110 26328
faster than the product of area and normal-force-
cosfficient slope; that is, an incresse in tall effsc-
tiveness should reduce the loads by restricting the
sidaeslip angles and thereby reducing the unstable moments
onntPLbufod by the fuselage and propeller The lOddo
representsd by equation (L) would be chisfly loads on
ical tall,

¢
I

e

the fin due to angle of attack of the vert

I the rudder were sufficiently light per degrée of
deflection and rolls could bs pe erfectly coordinated, the
; v s
A
(%) o

s L2

all load would be
I, = N
v T
w
n W pb b (5)
T e mem st e oY
8¢ 2V 1y t
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This load would be pri
would be conside
although the

by the

a rudder load
» than that of
Jb/ZV might be som:
ue to vawing,

,.3

("J

Y
ra?ly
value of
rolling moment

rilly
alle

‘:ﬁ

N

@ Sb SR
in sddition, howsver, that with a light rudder th
counld be zpplied after substantial sideslip
so that rudder leoads would be added to the

tion (I1).

CALCULATION OF

TATL

TYPTICAL

WTOHITER

ARTPLANE

i

Tn ordsr te 1llu:
loads to be expected
sample calculations
The assumed dimsnsic
plane are as f« 1low

ot

S, sguare feet
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de/br, ﬂcr ABETEO v wnevrsorcnconceranronsasssns
an/QQ, NEY GOEIEE 4o ooseossosansoaosanossssosss
[ T =1 T T R R I I
The variation with indicated a:rspecd of ph/2V
able with a 50-pound stick feorece for the assumced
is ashown in figurs 1(a). The sutated 3 6
slip { produced as a result of rolling

stick force combined with normo vc@ela:

and fg are shown as a function of
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figure 1(b
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figure 1(c)., The load on the tzil witl
accaeleration and a H0-pound stick force, with
rudder used to maintain zero sideslin, is o shown 1n
figure 1(c).
DISCUSITIONW
As may be seen {rom figure 1 or from fermulas (1)
to (5) frou which figure 1 was constructed, large
CONPIDENTIAL
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vertical-tall loads wmay be produvced by the Lle ‘cn control,
Although the loeds are much lower when the is usad
to maintalin gero sideslip, rudder forces ar ra’
far tco heavy to veymit use of the ﬂuﬁaer &
relativnly low speeds. Also to e congid
in which the rudder is -0“" ed 9F+—f aida
loped sgo that the rudder action would tand
rather than to decreass the loads,

-

In the example shown in fizure 1, the direc
stability was azssuwned to be constant over the
sideslip angle. In most actual casss, however,
yJWngwmone%t—v cefficient slone 1s smz 3” buTO“-l

C‘:e'j ("!'

oderats raxnge of :deslip snzle  and
greau st larger angles. A small slope
will cause the maximm 1z to bp p'n
speads higher than thosa £
actual case calcuvlations ve

3 .

vawing-moment curve cobtaineg

G O
orn a model cn which & pr@pcl] r heving
force factor was installed,

Present methods of calc
and therefore tiie loads

are open to qusstion.
herein i3 bellcved to g
angles than those actus

sample loads presented

The aﬂﬂlys.' ragented ind
pernaps critical loads B
in rolling pull-nut
nportional to the load

effectivensss and are
djfectlcﬂdl stabili“y

2 snd
1 ccecur
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Langley Flelﬂ, Va.
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(a) Assumed values of pb/2V obtainable with 50-pound stick force,
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(b) Angles of sidesllip obtained in roils at 3z and 6g,
]
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A »6g (aileron only)
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6g (aileron ang/(/P* f\‘\\~\*‘\~\m“_
o rudder) | i
100 200 300 400 500 600
Indicated alrspeed, mph )
{c) Vertical-tail loads at 3g and 6g in rolls using alleron only -

and at 6g using both aileron and rudder,

Figure l,- Sample calculations of vertical-tail loads in rolling
pull-out maneuvers,
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