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ANATYSIS OF EFFECT OF ROLLING PULL-OUTS
ON WING AVD AITERON LOADS OF A
FIGHTER ATRPLANE
By Henry A. Pearson and Willllam S. Alken, Jr,.

SUMMARY

An analysis wes nacde to deternine the effect of
rolling pull-outs on the wing and eileron loads of a
typical fighter alrrlane, The origin and magnitudes
of tho loads, eshewrs, vendlns monents, &end torques were
determined for ronlling nmull-outs at six selected ooints
on the V-n diarra:. Tnec results notained 1Indicated
that hirher loads ure imposed upon thie wings and allerons
by the rolling »ull-out than would be impesed by applica-
tlen of the loadiiy re j-lrements for which the airplane
was designed,

An Increase in wing weilzht of 102 pounds, or ebout
15 percent, was found to be rcgyuired 1f the wing were
designed for a rolling pull-out ianstoad cf the usuul
syrmetricel naneuver,

The analrsls cof the alleron loads indlcated that
altr.ough the swllsron was structurally able to carrT the
maximum computed loamds, the reiulrements for which the
alleron was originally dealsned were found to he lnade-
quate,

IM'RODICTION

One of the cormon combat maneuvers used by fighter
pllots involves the use of ailerons in corbination with
either positive cr negative load factors. -Some pillots
bclieve that the use of this maneuver would be desirahls
at all speeds within the fllght range ancd with all normal
accelerations within the V-n envelope.
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Because neither angular acceleration nor angular
velccity causes phiysiologlcal eflects so severed as those
encountered with normal accelerations, rilots have less
hesitancy 1in moving the ailerons than they dn in mcving
the elevators, As a result, larzer loads and torjues nay
Ve placed on tre wings and tall surfaces than those for
which tliese surfaces would ncrically e deslgned.

The two extremes of tne rollling pull-out would bs
(1) a steady angular velocity coivined with a high normal
accelaration, a1d (2) an asagular aczceleraticn combined
with high normal acceleration either with or without
rollins veloclity. Ths first extrerme was usually associated
witi: a slngle falrly rapid move.ent of the ailerons,
whereas the second was assoclatsd with elther an extrsmely
rapid rev e“se rovement of the stlcl: at a time when maximum
rolling veloclty exlsts cr an extremely repld single throw
of tha contrels,

Althougr trs old structural deslipa requirements
listed an unsyattricel load condition feor the wings, the
rolllng pull-out 1is not sveciflcally considered; also,
separate regyuirements arce mgiven Tor the wing and the
alleron. The strensth of the wing is detsrilined by loads
that are asswrad to oceur at selected »oints cr the V-n
dlagram and to be distribuated syruetrically over the wing
span, The astrennth of (he ailerons and wlag hln;e fittings
are thenr deterrined by separate design speciflications.
Annlization of tiie unsymaetrical load requ:irements (100
to 70 nercewt) to a f‘bbter airnlane usuclly produces a
eritlcal conditlon only for the fuselage vuliheads to
wijch the wings are attached, because wne caange 1s involved
from tlhe sym:etrical case ln elther tiie span loading cr
toraue distr:zbution. In the comblned rolling aud ncrmal-
accelseration measuver, woth ti:e spanwise load and torque
distributions are cons;derably changed from tie symietrical
condiilon,

At tine time the present analysis was started, amzll
difficsulties, which were tnought might Ye assoclated with
a rolling pmll-out, had been espirienced with tne allsrons
on early versions of +he P-i7 alr-lsns. Because this
alrnlane was of cmiventional de3i;n and rejyrcesentative of
modern filghater alirpglaanes, 1t was chesen as the typical
alrplanc for pursoses ol aaslysis, Mo rosults obtalned,
althcuh not °v"'fically applicablie te other fi-lter
airplancs, should bo ol siznrificance aaa gencral ilnterest.
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-. . .The present analysis was itade to show the origin of
the loads occuriihg on-the-wing.-and ailerons in the
rolling pull-out, to indicate the order of magnitude of -
these loads on a modern fighter alrmnlane of conventional
conflguration, and to estimate the increase in structural
welght that would resnlt i1f the wlngs and allerons were
designed for these loads. The analysis Included not only
the use of experimental data obtained from flight, wind-
tunnel, and static tests but also several steps and load
dlstributions usually neglected in structural computations
of thls nature. The detalls of analysls therefore are
also glven,

SYBOLS
p alr densit,, siugs p3r cubic foect; with suwscript O
denotes value at sea level

true airspeecd, feet ner second

v
Ve equivalent airspeed, foeet 2er second (?51/2>
c

a veloc*ty of sound, fect per second
K Mach muber (V/a)

q dynamic pressure (%pvz)

n wing load fector

W airplane weight, nounds

D airplane dracs, pounds

S gross wing area, sruare feet

b wing span, feet

c wing chord at any station, feet

Ca aileron chord at any station, foet
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oa/c alleron chord ratio

a engle of attack, degrees

o] alleron angls, degrees; positlve downward

8g component of alleron angle duve to differential
motlon of sallerons, fdegrees

Og equal snd opovosite comronent of alleron angle,
dezrees

F erplrlzal fretor for modifying alleron an;:las for
effects cf compresaibility (see fig. 10)

o) angruler veloclty In roll, radians ner second

o) angular acceleration in roll, radians »er aecond

per second

frevitational conetant, feet per second ner second

e

pb/2V lelix angls described by wing tip, radians

1 running load at any spanwise statlon, »nounds per
foot: with subscript 2 denctes aileron
running load

cy wing section 1lift ccefficient (1/qc)
cy wing sectlon 11ft coefflcient at zero wingz 1ift
b wvi+th allerons neutral (¥ = 0): nomenclature

from refererce 2

2

cy rate of change of winz secticn 1lift coefficient
81 with wing 1ift coefficisnt [(dc;/dCy
romenclature Ifrem reference 2

318 rate of chanje of winz sectlon 1i1ft coefficlent
a with ejuel and orirgite sllerecn deflsction (M =0)
c, rate of change of ving section lift coefficlient
6g with sllcrons deflected together as flans vhen

ailerons cre overated differentially (u = O)

] rate of chenge of wing section 11ft coefflcient
P with helix angle pb/2V (¥ = 0)
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czt rate of change of wing section 1ift ccefficlent with

T . dcz
wing-twlst perameter 5
FOad __
VA - M2
Cn wing sectlon normal-force coefficient
Ch elleron section normel-force coefficient (?a/QCa>
a
Cn alleron section normal-force coefficlent at zero
) 11ift with ailerci: undeflected
Ch wing section pitching-moment coefficlient
Cr wing section nitching-momert coecfflcient about
© aerodmma:iic ceatcr (M = 0)

bc incrersnt 1n wing aection pltering-rnoment coeflil-
cient dus to sillsro= deflzctlony with suo-
serinl d dsioves Zart due to flap-tyre deflec-
tion (@rooup) and wlth sudbacripnt & denotes
rert due to egaal and opposlte a'leron defllection

Cy, wing 11Tt coeffizient (ni/qS)

Cp airnlane drag coefficisut (D/qS)

e distanece fro.s section s3luastic ceater to section
eerodrnsmic c2nter, feet; poeitlve when clastie
center 1s behind serodynaaic center

¥y dlstance elong win:s spun Ifrom plane of syrmretry, feet

y! a partlcular distance ulonr wing span, feet

t locel or dlstributed torque at any sectlon about
elastic axis, nound-fest per foot

F'
T accumilated torqae at any statioan t dy,

b/2
pound-faat

Sh vertlical shear, pounds
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B. M. vertical bsnding moment, foot-pounds

c? rolling-moment coefficient
czp rate of change of rolling-moment coefficlent
ith helix angle : dien (ag, /a2
wi ellix angle wer radien ( R/EZV
(see ejuation (23%3) ifor definition)
0 rete of change of rolling~momwent coefficlent
‘6 w#ith alleron angls per degrse (dC;/dF5)

(see equation (21) for definition)

op) rete of change of rclling-uoment-loss coefficient
t dCy N
due to wing twist ‘ (see equa-
__‘1_1‘2_
nﬁf- "%é/
tion 25) for definLtion)
My torsionsal modulus of rlg;d‘ty of ving at a glven
statlion, foot-nounis ner degree
0 angle of twist et any section due to torgue,
degsrees
w distributed wing welght, pounds ver foot
wy veizht of concentrsted load ltews, nonunds
Ky radius of gyrraticn about X-sxls, feet

BASIS DATA

In order to accompilsh the objJectives of the present
analysis, data from several sources were ased. Tn a’idi-
tion to information on the georstry of the wing, aileron,
and aileron linkage, use was made of data from flight
tests on the attaeinsble alleron angles, static tests nn
the wing torslcnal stiffness, and wind-turnel tasts on
some of the wing-alleron section characteristics. Some
of this information ordinarily would nct be avallable at
the design stage; however, establlished englneering »nro-
cedures exist for estimatling the requlired quentities.
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Geometric characterlistics of wing and alleron.- The
"characteristics of the wing, including the plan form,
the chord distribution, tke ratio of alleron. chord to
wing choréd, the quarter-chord line, the elastic-axis
location, and the line through the center of gravity of
each section, are shown in figure 1. These data were -
obtained from the manufacturer for the analysis of the
Wi.ns .

The variation cf right and left alleron angles
measured on an early version of the alrplane is shown in
figure 2. For the analysls thlis motion was considered
as the sum of two motions: &an equal and opposite motion
of the right and left ailerons. and a simultaneous upward
motion of both allerons. The deflection ©&6g produced
by the equal and opposite motion is plotted as the
aoscissa in flgure 3 and is numerically ons aealf of the angle
between the right snd left allerons. Then an alleron
moves dovnward Sg 18 positive; when 1t moves upward Oy
1s negative. The deflection 63 produced by the simul-
taneous uopward motion of both ailerons is nlotted as the
ordinats in figurs 3 snd in this case is negative for
both allerons. Th's dsaflecticn is hereln referred to
as either the "ejulvalent flep effect! or the "alleron
drooo." The &ctual deflection of an alleron & is the
algebraic sum of &6y, and &3,

Torslonel stiffness of wing.- The torsional-stiffness
distrihutlon cf the wling that was used in the enalysis
fshort-Zesh surve !n flg. L) was obteinod from static tests
made by tte Alr Tachnical Serviece Cormand, Army Air Forces,
mriiht Tield, Chio of & P-}7R wing. fhe ordinate in
figsure L 13 the torque in vound-feet that would have to
be epplied at & zlven station in order to produce 1° of
twist at the station relstive to the wing center line.

The short-Cash carve was selected because 1t was bellsved
to renresent mcst nearly tne wing torsional stiffness
of the slrnlcne as flown.

As en inflicatlon, rowvsver, of the amount of veria-
tion that might he expected if a simlilar analyslis were
contemplated for another alrslane, two additlonal curves
are shovn in figure L; the long-shert-desh curve 1s an
experimental curve that opplies to an efrolane with
locsely fitted ammvnlition doors or wlth doors sither
entirely removed or op»en. The solid curve represents
results obteined from ccmputations that were made by
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the manufacturer; in these computations the torque was
consldered to be resisted by the action of two main torgue
boxes end by two-spar actlon of the main spars. A4Also in
the calculatlions a number of conservative assumptions were
used; for exampnle, the ammunltlion doors and ell the
structure behind the 7O0-percent-chord point were assumed
to be completely ineffectlive 1n carrylng torque.

Limlt V-n diarram for normral gross-welzsht condition.-
The 1limit V-n dlagram at sea level for the airplane,
which was the dlagrsm used in the design of the wlng as
well as In the »rssent enalysis, 1s shown in figure 5.
The critical voints A, B, C, 2rd D, for which the wing
was desligned, reoresent maneuver cornditions. The diagram
given applies to & normal salrplane gross welght ¥ of
12,000 pounds and & gross wing area S of 300 sguare
feet. The wing 1lift coefficlents et the corners of the
diogram were listed by the manufacturer as 1.75, 0.L19,
-0.206, end -2.820 at the points 4, 3, ¢, end D, respec-
tively. The equlvalent alrspeed V, &t points B and C
is 553, at noint 4, 271, end at point T, 2651 miles per
hour.

¥ind-tunnel data.- The sectl~n charscteristics of
the aileron that were used in the analysis were obtained
from tests msde in the Langlew 5-foot high-sneed tunnel
on a model representing the wing sectlon located 171 inchss
from the airplene center line. (Sce fig. 1.) Tn these
tests the pressure distrlbution was measured at various
alleron engles and angles of attack at Mach numbers
varying from 0.2 to 0.75. Some of the results obtalned
In the tests, vhich have not been previously vublished,
are shown in figures 6 to 9, vhich glve the variation
of aileron sectlon normsl-force coefflclent ng wlth

wing sectlon normal-force coefficient ¢ for varlous
alleron angles. Results are shown only ?or ¥ach numbers
of 0.25, 0.475, 0.60, and 0.725. These results represent
the values of the tunnel tests closest to the sea-level
Mach number at polnts A to D on the V-n dlagram.

The tunnel deta could not be obtained at high "ach
numbers in combination with either large angles of attaci-
or large aileron deflections; 1n order to investligate
high angle-of-attack conditions (upper and lower left-
hand corners on the V-n dlagrsm), therefore, extensive
extrepoletion of the tunnel data was necessary. The
extrapolations are shown by the dashed lines in
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figures 6 to 9. The extranolations shown are straight
. and. parsllel in accordance with thin airfoil theory.

Tor the P-L7B alleron, the ratio of alleron chord
to wing chord is not constant along the alleron spen,
and because the wind-tunnel tests had been made at a
value of ca/c = 0.2¢9, extension of the experimental

data to other values of o¢y,/c was necessary. In order
to accomplish this extrapolation the data for cg/e = 0.269
were analyzed to obtein values of de,/d6, doz/aa,

and do;/d8, and thelr variation with Mach number. Below
the critical Mach number dc,/d6 and dc;/da were found
to 1lncrease i1n ths usual manner, that 1s, approximately
according tec the factor 1/46 - M°. The ratio de,/ds,
hovever, did not vary in thils manner, with the result

that the alleron effectlivsness factor da/dd derived

from dej/da and dc;/d6 decreased with an lncrease

in Mach number. fomrparison of the tunrel results for

the P-L7B aileron at ecy/c = 0.269 with the experi-

mental variation of de/dS with cg/c for unssaled
ellerons given in figure 11 of reference 1 Indicated
thet at a ‘rach number of 2.4%85 the values of <¢a/ds
would cecincide. The curve in figure 11 of reference 1
+as therefore assumed to aonly to the P-47B eileron

at M = 0.505 over the range of cg/c required. The
Aeterminatior of the emplricel correction factor F to
account for other ¥ach numbers was ths final steyo 1n
the procedure. TFlgure 11 of reference 1 and values of
the empiricel fector F rejuired to mocdify the beasic
curva for iach number eare given in figure 10 of the
oresent paper., Tn this deterrinatlion the lmpllcit
assunptlion is that the geometry of the elleron gap
remeins tie same.

Becauss doblm and dcm/EG were found to lnzrease

wlth Wach number in aoproximately the same marner, the
following convenient ratio wes formed:

(doy/da)(da/as)
do,,/d6

f(og/c) =
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A curve f(cg/c) (fig. 10) wes then passed through the
experimental tunnel point at og/c = 0.269 and pro-
nortioned in accordance wlith the theoretical curve
obtained from the wing section theory as shown by the
dashed 1line in figure 10.

Flight data.- In addition to the wind-tunnel data
glven in figures 1 to 9, use was made of flight-test
results giving the measured relation between salleron
control force, alleron angle, snd the narameter pb/2V
at the t'me of maximum rolling ve1ocity in ebrunt
alleron rolls from strsalght flight. For use in the
nresent analysis the original fli:ht data were converted,
cross~-plotted, and extrsnolated to obtaln stick force and
alleron angles for esch of a number of values of the

factor 'LA/E - ¥ yarying from 100 to 162D nounds per
sgquare foot. These results are shown in figure 1l. The
flight deta 1ncluded values of gileron stick forces
rangjng from sbout 29 to €2 pounds and values of

q/@i - MZ of less than 700 nounds per sguare foot.
Values beyond these limits were based upon an avsrege of
a number of 1ndependent extrapclatlons.

Flight data on the hinge moments have been used in
oreference to wind-tunnel data becsuss the flight
results were belleved to be more nesrly indicative of
the actual case. The dats glven in flgzure 11, however,
could have been commuted from wind- tunxn el- test reasults
i1f the geometry of the ving and ailerons and the
torsional stiffness of the wing were Ynown.

OQUTLINE OF METHOD OF AFALYEIS

In the »nresent analysis the basic data were ermployed
in the followlng menner to determine the effect of &
rolling normal-acceleratlion maneuver on the wilng and
alleron losads:

(1) Tre wind-tunnel results were used to obtain
section data concerning the slonme of the 1lift curve
dej/da and the aileron flan effectiveness da/ds for
each station along ths span.
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(2) By use of ths results from step (1), six separate
aerodynamlc spanwlse loed distributions (in this case ¢y
conpbrents only) were' computed. - N ;

(3) The varlation ulong the wing of the vertical
shear, wing btending moment, and torgques about the elastic
axls ceused by unlt values of the varlous aserodynamic-
load components of step (2), were obtained.

(L) The load dlstributions due to wing weight sand
concentrated welghts were established and lntegrated to
glve the shear, wing bending moments, and torques about
the elastic axls Aue to both normsl and angular inertia.

(5) Tie rolling-moment coefficlents asssocilated writh
the spenwise loadings of step (2) were used to establish
values of maximum rate cf roll that conld be obtained
at vartous ejulvalent elrsneeds and alileron deflections
when wing twlist due to gllsron deflection was taken into
account.

{6) Pesults of flight-test cate, 1n which the stick-
force variation with alleron deflection and the airspeed
were measured durling steady rolls, ware then ussd to
establish 1imit lines ccrresvondirg to several values of
the alleron sticik force for the results obtalned in
step (5).

(7) The values of the rolling-veloclty parareter ph/2V,
agsonrnialed with the uwllieron d=2llention 8s entenlished
ir stan {6; for maxi~ur =«lleran <tiak forze, wrre
asaumed to exlst simulteneously with the i-~ed lactoers
nccurring at eanii of the selscted poinis of the
V-n diagremn,

(8) From the asercdynamlic-load distributions oc:zurring
at each sslectsd polnt on the V-n diagramr, the vsasriation
of wing section normal-force coefficient alorg the spun
was obtelned. 3y uss of the high-s)yeed wind-tunnel data
of figures 6 to 9 the elleron norrel-Torce coefflcient
along the alleron s»an was determined.

(9) The aileron loesd distributlons from step (38)
woere integratsd ascross the allaron span to obtaln the
total load corresvonding to each selected point on
the V-n dieagram.
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LOAD LISTRIBUTTOKS

Aerodynamic

When experimental spanwise load distributiona are
not avallable, designers usually obtsin the distribu-
tions required in sten (2) of the preceding section by
an annlication of the 1li1fting-line theory. In the usual
asnlication of this theory the distrivution of 1lift cver
the s»oan 1s assumed to be & linesr function of the angle
of attack at esch point of the span. This assumntion
makes 1t posslible to sunerimos=e various tynes of zero
1ift distributions on a distribution faue tc angls of
attack of the wing as m wholes. The p»rocedure followed
in the present paner for the comdutetion of snanwlse
aerodynamlc-loed distrloutions is gliven in both refer-
ences 2 end 3. The methods nutlined 1n these referencss
have been followed wlth only sli.ht modlfications in the
dstermination of the merodynamic-loed distributions that
follow.

The serodynamlc-load distribution on the wing was
considered to consist of six component dlstributions as
follows; an sdditlonal eerodynamic losed, a bullt-in-
twist serodynamlc losd, er glileron-drocp eserodynamic
load, an equel and opposite alleron-deflectinn aarody-
namlc 1lned, a danrping-in-roll aerodynamic load, and an
aerodynamic~load dlstrituvtion cue to wing flexibllity.
For each of these serodmanmnic-load distributicns, the
runring loed, the shear, the bending moment, and the
torque were flrst calculatsd 1n » aeneral form so thet
the curves could be used in eveluatinz loeds, susars,
and =20 forth at several polnts on the V-n dlegram.

In general, the running lcad in any one of the fore-
going component distributlons may be written as

1 = Ke, c (1)

where the constasnt ¥ might include combinations of
factors such as dAyneriz pressure, compressipllity cer-
rection, &ailercn :ngle, Lellix angle, wing losad factor,
and wing loading. The ving section 11ft coefflcient (%x

depends on the tyoe of load distributlon considered.
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With this definition of load per foot as & bhasls,
the shéar, bending moment, distributed torque,--and
acoumuleted torque at a particular sectlon y' become,
raspecilvely,

yl
S, = K Jr cy_o dy (2)
b/2
A rsr'
Bebi. = '{‘/ J c, ¢ 4y dy (3)
b/2 Ypfa
t = ¥c, ce (1)
X
:!
T =X J( °Lx°e dy (5)
b/2

The integratlions required in eguations (2) to (5} were
performed mechanically. The quentities ¥ and ©1,

are determined for sach of tne various load dAlstribut:ons
in the folloulng naragranhs.

Additional serodynamlic-loed distribution.- As part
of the structural load rejulrements the load distribution
due to en untwisted rigid wing ls cdeterminsd. Thls
distribution 1s termed the "additional aerodynamic-load
distribution” and 1s ussumed to retaln the sume shape at
all angles of attack and at all alrspeeds; the ordinates
of the distribution sare slmnly proportional to the 11ft
coefficient of the wing. The load 1 at any point is
zlven by

Since
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then

. %
1 = n‘S" czalc (6)

and therafore for the adéltionel zer-dynsmis-load distribu-
v:
tion K = ngy and Ciq = Clg. Figure 12 gives the

results for the load ver foot, vertical shear, hendiing
momant, and aczcumulated torgue crusgd by the z2dcitional

aziadynamic lned in terms of K = ng. By use of the

custmmary assumctlion that the shape of the asrodynamic-
load distribution &nd the locntion of the section aero-
dvnanile centsrs o nont charge with ¥.ch number, the
results of flgzure 12 v11l1l wuorly et all alrsoeeds.

herodynatnic-load disiritucicn due to bullt-ln tvist.-
As constructed, the wing hed h' of washoat, wnlch started
from the snenvlise station 1ocated at 10D inches. The
gerodrnamic load du= to the built-in twlst may be written
as 1l = qc¢, c vhere 1y Is a cection 1lift coefficient

at zero wing lift computed by the method of reference 2.

jecause the sestlon ungles of attsck due to bullt-
in twist rematln constrnt and the slones of the seﬂt nn

11ft curvas tend to very w!th the factor 1 Vi - ¥ , &s
e firat avrroximetlion the section-1ift-co=fflcien t varia-
tion slong the span focr any given zere-1liit tyje of
asrofiyrevic-load distribution wes esavred to Increase
vith iech wu7rder in tre same wmanrer. Thi loegd coyuation
feguation (1)) ~e7 then he written as

1 = —-——?-?’f cz'bc (7)

For the Mallt-in-twist asrcdyne~lce-1loud dlstrinution,
tharofcre, ¥ = q/@g - Ma eni cZx = eq,+ Flgure 13
glves the distributions of the loed, shear, bending
mcment, and aczurulated torque In terms of K.

™e merthod used for including the effect of com-
press._tllity is base? cn =n assurntiorn that 1s either
comnonly used or Implicitly assumed 1n apalying
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conventional methods for» the computation of spanwise

Acrodynamlic~load distribution due to allerons
deflected as flans.~- Although the two preceding
aerodynamlc-load distributions are usually computed in
the course of a wing anaslysis, the four aerodynamic-load
distributions that follow are not usually comnuted.

As noted previously, when allerons are deflected
differentially, a part of the ésflection can be rconsldered
as a deflection of the allerons together as flgps (iig. 3)
and a part es &n equel and opposite deflectlon of the
right and left allerons. A zero-1l1ft distributlion due
to the flan deflectlion of the silerons (droop) was com-
puted by the methnd of reference 2 and by the use of the
aileron-effect!veness factcors glven in figure 10 in
comhination with the alleron flap-chord-ratlo varietion
(leadin- edge to tralling edje) shown in figure 1l. 71he
slopes of the section 1ift curves dc;/da were the
seme as those used in the adlitional and bullt-in-twlst
asrocynaric-leced distributions. The zero-1ift distribu-
tion waa therefore obtalned with the loed at any ooint
given b

1 = Fog —— o1y © (3)

\/{—_ 2 od

whers cib 18 the section 1lift coefficient for a vnit

d
deflectlion and T 11s the factor requlred to modifr the
effective camber for a glven deflectlon. The fantor F
varles vith !"'ach numbsr as noted in figure 17. 4s before,
the factor 1/v{ - ¥ wes used to modify the local loads
for an increacse due to Mach number; therefors

K = F&d-—~g————. The results siven in fizurs 1l are for

a deflectlon 6r droop 64, 1n degrees, and the proper

angle of droop for a gilven sjual and ovposite ailsron
deflection nust bs obtalned from flgure 3.

Aerodynaemlic-loed distrlibution due to equal and
onposite alleron deflectlon.- By use of tns foregoing
procedure the serodynamic-load distribution for the wing,
due to the equal and opnosite deflection of the allerons,
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was computed for a unlit atleron angle. Such a computation
ylelds a zero-1lift distribution Zirectly but with a result-
ant rolling moment.

The load 2t any polnt a;ong the span may be given
in a form siniler to eguation () as

q

a ——r— p———

{ = F8 cy
'Vé. - 1'2 5 a

c (9)

For thse serodynemni~-load dlstribution due to the equal
end opoosite alleron ceflection, therefore, ¥

H = Fdg e
w2

and czx = czﬁ . The dlstributions for load, shear,

banding moment, and accumulated torque in terms of

= Fb, — %_72 are given Iln figure 15.
- M

Asrodynamic-load 4lstribution cue to damzing in roll.-

As a result of tne rolling velccity thet 1s caused by tlie
ejqual and ooposite part of the eilaron deflectlon, =
dawning memsnt occurs. The load dlstribution due tc the
danming morent was ccmouted as thouch tne wing had a
lincar antisymmetriceal twist incra-sing from zero at the
airolans center line to & unlt valne at the tin.

ha loed gt any polnt alonz tie snman may he .iven
anuatliacn

(D—J

by th

__._g-_—cz C (11\

For ths serodjnamnic-~load cdistribucicn Jue to dumping in

o1l ejae.tisn (19) shows that o = Rt ——1;::: and
'7"" ' :'d

o~

]
n I'd
< |o

1. = Cp. T3 gure 16 <lves the distrisarisns for load,

snrar, verﬂlﬂ" Toasnt, and accuwrulzt=3 Sorque in terms
-tk __2¢
Z‘, f

of

r-‘ll
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Aerodynanic-load distribution due to wing flexibllity.-
" Tor a rigld wing the previous distributions are. all that
would be required. In the case of a nonrigld wing, how-
ever, a twist exlsts that 1s ceaused by the torgue con-
tributed by the londs (when the elsstic axls and line of
aerodynamic centers do not coinclde) and by the section
pltching moments. The torque may csuse an aponrecilable

wing twist when the airspeed is high or when the torque
caused elther by the sectlons or the allerons is large.

The twlst caused by the various torques on the wing
induces a load distribution unon the wing. The total
nrimary wing twist at any section may be divided into
the followlng four parts:

(1) Twist caused by the distributed winz weight as
well as that contrituted by large welght 1items. (Such
a twlst occurs when the centrolds of the weights are
displaced from the elastic axis. See fig. 1l.)

(2} Twizat caused by aerodynamic loads that act at
the line of aerodynamlic centers. (fuch a twist occurs
when the aerodynamic center lire does not colnclide with
the elastic axis. See fiz. l.)

(3) Twist caused by sectlon »itching moments
(allerons undeflscted).

(L) Twist caused by deflecting the allercns either
together as flaps (63) or equally and oppositely as
allerons (6gq).

The =aerodynamic torgue glving rise to the twist
may be represented by the e.uation

t = c;qce + (11)

_..ic-z-_— o} -+ Ac +Ac
e

The brealkdown cf the torque Aistributions contributed by
the Zarious 11ft dlstributions is presented 1n figures 12
to 16,

The local torgue acting ebout the elastic axis due

to the sectlion moment cmo in equation (11) 1s given by

t 2 (12)
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The local torque contributed by elleron deflection &g
is

t = Acqp qc2
_ dom 2
= ?E; 6gac” (13)

The facter depn/40 was obtained from

ée (deq/6a) (da/db)
o _ L/ / (1h)

dab f(zg/c)

Numericul values of d1/86 and f(cg/c) are available
from figure 19. “hen egquation (lh) is substituted in
-

equation (13), the frector 1¢/ is introduced to
azcount for Increased section lift-curve slopezs and the
factor F 1s Intrcduced to modify the value of da/ds,
the followling eguation for ths distributed torque acrcss
the silercn spen 1s obtalined:

da 4s
1/4 - f(ce/c)

Flgure 17 shows the distributed torque for the P-4 7B
wing a3 com:uted from equatione (12) and (15) and the
curves 1ven in figures 1 and 10. The accumulated torque
at each ststlon caused by the foregoing torgue distribm-
tlons ia also given In figure 17.

(15)

t =

If the wing torslonal stiffness 13 defined as the
torque reguired at s particular spanwise station y' to
give a deflecticn cof 1° at thst station (sse filg. L for
variation), the twist € at any station resulting from
the sectlion pitching moments (ailerons undeflccted) is
given by

2
d
> ep o 4y

(16)

o .1 [T .2
vier el |

'y"
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where my 1s the stiffness &t the partlicular sectlon

and mgy 18 the varlable stlfiness at sectlions inboard

—— e

of y'. If emo' 18 a constant, equetion (16) can be
rearranged as follows: '

0

]
: =1 fy c? dy +f o2 a (17)
= - = 4y
cmoq/\/{ - Tf2 93" v/2 y! o

The twist caused vy deflected aillerons is given by

dc dc
=1 1A g-_g-_ 02 0 A dx 2 d'_\:l

—_— a b 8=
6 1 f” da_ d& v +f da d5 ° )
—_— m ( ) maf(ecgy/ce) '
’ = 0, fley/c of(ca/
76,q/A/1 - ¥ ' Yp/2 y!

The twist curves computed from e.uations (17) and (10)
are shown in flgure 18. Tnese curves were obtained by
use of figures 1, L, and 10, toiether with the values of
dcz/du used 1n ovtaining the aerodynamic-load dlstribu-
tions. Filgure 18 shows that the twlst curves due to sec~
tion pitehing moment me and atleron ceflection §,

are fduite similar in shape in spite of the fact that the
twist curve due to cmo arises as & result of an

integration over the comnlete sran, whereas the twlst
curve due to alleron deflection results from an integru-
tion of torques acting over thes alleron snan.

Although separate zero-lift load distributlions can
be computed for either of the twist curves given in
figure 13, the distribution associested with the twist
due to the section pltching moment °mg 1s of less

1mportence than that assoclsted with the twist due to
deflected allerons bcp - The effects assoclated with

the distribution due to Acma are more important in the

determlnation of the reductlion of the rolling ability of
the airplane than in ths chenge produced in tlie shears
and bending moments along the span. The changes 1n the
load dlstributions due to the twists resulting from

and dopy are such that no change in the rolling
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characteristics of trke alrplane results because the
loadings produced sre szmmetrical about the center line.
The results of fizure 10 indicate that epproximately 1.4°
of alleron deflection would cause the same twist at the
wing tip as would tkhe section riltching moments when c,.

o}
is teken as =0.008, wkich was the low-sneed value of the
section vl tching-mnomert zoefficient used in the design of
the wing. Tor a wing with a afgh pitching-moment coeffi-
cient the twlst due to the sections bezomes more important
and may not be omitted.

pecause the zero-lift loads vrocduced by the slastlo
delormation of the wing ere in generul of sszondary
Itnoortance comvared with other loads, 8 losd curve was
comruted only for the twist distriution caused by egual
and ozoosite deflection of the allerons. oy the msthod
used in computing the loaciny for 2 rizld wing with equal
and owpos.te deflzction of the silercna and {or tiis lord
distritution due to derning ia 10ll, the 1ift at any —oint
8long the s»an dae to the twist fistrivution cun bds cefined

by

™5,q
1= =S, ———-o (12)

= c o
'\‘5- - RFE i’ VAR 1—'2

In equeticn (19) Gy is tha liccal lif% coeflficisat

tnat woul.' be associcted wlith the aitisymretrical-twist
curve given hr the sclid 1lin= 1n flgure 16. The
factor T for the leced distrimution “ue to the wing

b=
flexioillty concidered 1s thesn egual to Féa-—il—jg.
1-W
The loed, shear, ovendlng moxrent, end accumulated-torque
dlstrioutions are shown in fignre 19.

Sariery of the assrodymanic-lord coefficients.- For
convenience the coefficients 4n egaations (1) to (5)
that were used wilth the distribhutions shown in fiyures 12
to 16 and 19 are summerized in the following table:
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Type of distribution |  F 1y
Additional n¥ cy
8 &1
Built-in twist —3__ N
Drooped ailerons de . o~ 015
A - a
Equal and onvosite allerun Péa ———3—:: cy
ceflectlon 4 - ¥ 8
Damping in roll nb ———3——: ey
2V VA-‘ ¥ e
@ _
Wing tw!eset F8g — > 3
1-N t

Weight and Tnertia

hormal-inertia distribution.~ The wlng welght

Aistribution used in the anselysls, exclusive of laryge
concentrated loads, 1s given in flgure 27. This dls-
tribution wes furnlished by the menufacturer for the
structural enalysis of the wing. 1In addition to the
distributed welight, a number of lerge concentrated weilght
items, such as the landing gear, wachlre guns, and
ammunition boxes were housed in the wlng. The locations
of these 1tems along tre svan relative to the elastic
axis are siven 1In figure 1.

The running-load curves, including the effects of
the concentrsted loads, were integrated to glve the shear
end bvending-roment varlations along the span. Tn addi-
tion the torque distribution of the running load and
the concentrated weixhts about the elastic axls were
Intezrated to glve the accumulated torque at each span-
wlse station. The ordinates of the curves shown 1in
figure 20 ere proportional to the load factor n,
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Anguler-inertia dlstributlion.- The angular-inertia

dlstributlon for the distributed wlng welght was evaluated
from the resvlts gilven in flgure 20 for the running load.
The equivalent wing welght at sach station with an

angular acceleration present is egual te wdy'/e and

the egnivalent weight of each of the concentrated loads

is wiﬁy'/g. The running-logd surves for the angular

*nertiae were intagrated to give the sheer, bending-
nmoment, and eccumulated-torgue curves resulting from
the wing weiaht. TIThsse curves are shovn In flpure 21,

VALTES CF PATATETERS USED FOR
L2AD O 20TATIONS

Although the previcus sections have been devoted
to the ¢etermination, in & gjenaral form, of the loeaed,
shear, heading moment, and torguss of the various com-
ronent loadings, the values of .b/2V, 5, F6y, and

q/@ﬁ - Ha tkat can bs sattalned must be eotablished in

order thet the results given in figures 15 *to 21 caix be
applied et the various zoints on the V-n “lagrsm.

Hellx argls pb/2V.- The apntisyrretrinal snanwlse
aerodynemic~-1load cdistributions, theat is, the distribu-
tions “ue to egual and coHposite zileron delleatinm,
dameing in roll, snd wing twist, rust he used 1w tlre
deterininatlion of the attainaovle value cf the Lelir
argle,

Ths a)>nllied rolling moment for a unit equal and
opposlte allsron deflection is

c

i,

The annlied rolling moment 2:n be redefined by ths equa-
tion

Rolling moment = 2Fdg ’l cy dy (20)

- a
Polling moment = ——— (¢, qSb (21)
4
V-2 e
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In the span-licad computaticns, the valus of CZG
was computed to be 0.00263 (645 in deg).

The damping moment due to roll from equstion (10)
is given by

0

J =

Damping woment = LI c; oy dy (22)
- - 2‘7 Lp v -
V£ - ¥ b/2

The dauming moment cen be redefl lned by the equation

Rb __a
2V 6 - NZ

The value of C1p used 1n ejyuation (23) was found from the

snan-load comutations to be C.4ly when the helix angle
nn/2V¥ was given 1n radians.

Damping moment = C, sb (2%)
D

The loss in rollling moment Jdue to twist resulting
from ejyual and oonoslte alleron deflection 2an, frow
egquation (19), be given by

5 qa
Nolling-moment loss = -——EfE jr O dy (2ly)
1 - ™
1 'b/2

The rolling-moment loss can we releflnsd by the equation

- 2
FOgq
Rolling-mcrent loss = ———-—5 thSb (25)

_4
where the velue of Czt was comzuted to be 1.586 x 10"

(6 in deg).

By the use of equations (21), (23), and (25), when
the damolng moment is equal to the applled rolllng wuioment,
the following relation between the =ttainable value of
the paramster pb/2V, the alleron ancle, end the alrspesed
18 obtelned:
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Fdgq Fﬁaq ob q

A2 0 1-¥ Ct —EVE'EGZQSb

(2€)

"hen equat:ocn (26) 1is =iwplified send solved for pb/2V
the following ejuatlion 1s sbtainad:

qCZ
n — —_——E—— 5'6
Yig — =Yg

v - : (27)

n

By twe use of the vzlues ~7 G5;_ , £, , 2ani1 2 given
o)

by
in the pracedlng naragrsphs the verlation of b/2v viith
19 shown In Tigura 22 for = mumdber of values cf

=5
q/@d.— ¥2. In figure 22 the ailexrorn reversul sneed mnav

S
\A - ¥

Anguvlar azceieration  p,- Althouzh the limlbing valwas

of q/@ﬁ.- ¥  and 5, tn he used in the czomoutstinns

have not bsen established, the value of woximum an; wlar
cccelaration in terms of »%/2V for an sbrurt aileron
reversal from & stesdy rnll cen e determined. Exauiaa-
tion of eqguation (2€) Indizates thst Lf the stlick move-
ment were assumed to e mede instantaueously and oo lag
in 11ft occurred, the angular zcceleraticn would be
theoreticelly twice that obta*neld »n a single aoveneant.
Tnder thesa condltlons the ratio of the maxirum angular
acceleration to the gravitational constent g 1s

be sesir to Le reschedl et B wilue of

nd .__._q'_-.= Cy 8¢
T AT
== / - (23)
S ‘s d'.:'



NWACA ARR No. L5IOL 25

"hen numerical values ere asségned to the constant terms
Czp, S, b, and W and ky~ = (5.75)¢, equation (2C)

becomses

o jo-

= 0.02735%2 —4. (29)
NV

- N

Maxlmun value of q/ﬁé - ¥2.- The maxirum values of

q/@ﬁ - ¥ that can be obtained depend on the alrplane
drag coefficient, the wing loeding, and the alr density.
When the el rplane weilgiit equals the drag the relation
bstween the attalnsble tlach number ¥ and these varliables

is
|y '
¥ = —23\’,;" (30)
£a /“D

The long=-short-iash zurves of figure 23 show the varia-
tion ohtained from equition (ZD) ror sevaral standard
pressure sltitudsas with a wing losiing of £ = L0.2 pounds
ner square ioot. Tre solld-line conefflclent curves
(curves A and B) in figure 23 ar2 hased cn wind-tunnel
results. Ths das'ied continiatioir of these curves reora-
ssnts the extrapolstlion required in order to anply the
tunnel results. Jurve A represents tne varlution used
by the manufacturer 1n the desliin, and curve B was
obtained from 8 generalized curve furnished by the
TLangley O-font high-speed tunnel. The *ntersections

of curves A and 3 with the zurve computed by equaticn (39)
represent the terminal *u:h numuver that would be reschnad
at each of the altituvdes llisted when the alrplane wes
diving in a standard atrmosshsre of the density and
temperature exlsting at that altitude.

A relatlon between q/@4 - ¥° end Ve. 18 siown in
figure 2. for a number of standard ~ressure altitudes.
Thls figure also gives the relation between q and V,.
By use of the results shovn in flgure 23 1limlt lines can
be drewn on figure 2l to indlcate the maximum speeds thet
the alrmlane could sttain at various eltitudes. Tua limit
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lines A and B correspond tn simllar ones 1In flgure 23.
The part of the 1limit lines between 30,000 end 0,000 feet
(anprox. the ceiling of the airplane) has bsen arbitrarily
faired to a polint &t L0,000 feet correscvonding to YV,

of 250 miles per hour. Figure 2l shows that the alleron

reversal speed corresvonCling to q/QE - LE of 1660 1is

anout 620 miles per hour 2t sea 1lsvel and oxnly 320 miles
ser hour (true alrspeed ci 5E0 woh) at 10,000 feet. The
actuel or prectical mergin agerinst aileron reversal, Low-
ever, la sreater at the higher altitudes than 2t the
lower altitudes, as may Le sesr from the 1limit lines A
and B. Tithout a conpressibility ccrrection, the
reversal speed 1s &75 m!les per hour at sea level.
Aileron englas.- Tn addition to establishin: the

]
-

limitinag values of q/Vi - ¥  the vzluess of the vararzter
55 that can be reached must also Le esteclished. TIn
the enalyesis these valu:s were obtained -y the use of
the flizht-test date gilven in fizuve 1ll. Thase dats
were used to establish the zurves In fizure 2z fov 20,
7, 60, and 80 o—ounds chanwe in feoree on the stic’t, the
O=-pount change 1n sticiz forzce being conslderad a mazimum
tnat a nllot could exert although & lower value mishit be
more reasonable.

In & simllar anelysis, winé~-tunrel resulte could
have bzen vsed to establish the lirit lincs. Tn the
nresent case, however, the flicht resuvlts are J>referetls
because an integrated vuslue is obtained.

SELECTION COI CONDTTIOLS TCOL ANALYETS

The precedlng sectlcna have been devoted to the
presentation of the basic data that were used to shcw
how the load-distributlon curves were obtalnsd in a
genersl form, and to the determlnation of limiting valuwes
of various paruameters thut are needsad to evaluate the
loads., Ths next step 1s the selecticn of the conditions
for 1nvestigatlicn of the loads on the primary structure
of the wing and ailercn.

In the design of the »rimary wing structure the
coniitions reguirinz investligation are the usual ones in
which the larzest u»n or down load occurs in combination
with & far-forvard center-of-nressure nosition (points A
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and D on the V-n diagrar) and also when the largest up

. or_down: loacds occur 1in combinatior with a rearward center-
of-pressure positlon (poluts B and € on-the- V-n diazram).
Tnsofer as the front spar or spars are concerned in the
rolling maneuver, the crlitical desizn load will occur

near the highest value of Fﬁaq/< - ¥ that can be

ovtained for e glven egqulivaelent alrsneed when the
alleror 1is deflected upward, the elrplsne is rolling
steadlily, and the maximum allowable normal eccelerating
loed 1s on the wing. In thls condltion the positive
pltching-moment increment dve to the upward-deflected
alleron results irn a forward movement of the center of
nressure. The reduction in load due Lo the upward-
deflected alleron, hovever, is aprroximrately balancsd
by the Increesse in lozding due to damping. Flgures 22
and 2l. show that this condition wculd occur st an
altitude estimated to bte above 32,030 fest with = vslue

of VE - %8 = 275 at VY, = 271 (point A on V-n diagram)
with Fbg = -11.0° and 22 = 90,0553,
2Y
Similar reasonings s+ thast In the rolling menauver
the critlcal dasign losd for the resr spar vould occur

at the hizhest value of Féaq/oi - Ha that can e

obtained at the limiting squivalent a‘rsdezd (V, = 553)
with the aileron ir the down oosition, the alrnlane
rolling steedily, and trs maxirun accelerat!ng lcad on
the wing. Tigures 22 ond 2L also skow thut this con-
dition would occur at an altitude of abeut 227D feet Ior

a value of vé - ¥ = 1170 at V. = 553 with

F6, = 3.78° and gg = 0.0066.

Tnsofar as the design of the alleron 1s concermed,
the largest loads wlll occur vhen F3g; has the largest

value for a glven equivalent airsceed amd stick force.
Figures 22 ard 2L show that this large valus of F&g

occurs when V{ - ¥ has the smallest values - that
1s, at sea level - although at this stuge in the -~resent
anelysis 1t 1s not known whether the steady roll or the
angulerly ‘accelerated condition is the more severe.
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The analysls has revealed that -a number of altltudes,
as well as e number of equlvelent alrspeeds, would be
involved 1n the selection of critical conditions for
the wing and alleron. Xost of the crltlicsl conditions
for the wing and slleron deslgn occur at relatively low
altitudes; tkerefore, for simplizity andéd to lzeenm the
crmputetions within reasoncblse bovnds the anslyslis for
the P-L7B airnlane has teen confined to sea-level con-
ditiona.

Because the basic wind-tunnel and fli-ht dats
require extensive extranolation in the consicderstion of
nolnts £, B, C, ard T on the V-n ’iezarer in combination
wlth a sticlk-force irecrement of it nounds, 1nvestigation
of two interrediute yvolrnts where the extrapoletion of
tunnel and flight data would not be so severe seermeld
desirable. £&n estlmate nf tiis loads thus would ve
obtalned betwesn polnts 4 and B on the V-n diagrmn in
whet might be considsred a more commron meneuver. Polnts E
end ™ of the V-n disgram wsre therefore investigated for

a Lo-2ound stick-force increunent.

The values of the various »arameters that would
a>ply at sea level for each of tiae selscted pcociats on
the V-n ¢lagrem are glven in teble T. "he values for
points ¥ end T are listed for a LD-oound stlick force,
wnereas thas values for the other =olnis correspond to
an 80-~ound sticzk forcos. Bzceuse general 2urves of tihe
various loadings are gilven, olher conlitlons cculd bs
chosen for 1lnvestigetion if desired.

CCWPUTATION OF ®ReESULTE AT SELECTED
PCINTIS OF V- DTAGFAY

Tin-s

Te genersl lnad curves having been determined
(figs. 12 to 21) and thze rcon?itlons sele~nted for the
analysis (tedle T), the losds cceurring con the wing
and ailerons were computed.

The perameters usad for the comoutation of load,
shear, bendling momert, and torqua on the ving &re given
In table IT. Ths values listed were obtsined fr-m
fizures 12 to 21 for several selected spanwlse staticns,
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Span loadlng.- The net span-load distribution along
the wing was computed from the values given in tables I

and IT for each of the selected polnts on the V-n diagram.

The computatlions are made in table III in which the
ordinates of the various load curves (table II) are
multiplied by the appropriate constesnts (table I} to
determine the load at a glven spanwise statlon.

Tor each polnt on the V-n disgram, the loads are
subdlvlided into three groumns, each group consisting of
one symetrical and two antisymmetrical loadings. Cne
of the two antisymmetrical grouns refers to the loadings
thet occur in a steady roll, whereas the other refers to
the loadingzs that occur in a roll at the meaximum attain-
able pb/2Y with maxirum angulagp acceleration (stick
reversal).

The results glven in figure 25 for the curves of
symretrical load were obtained frow rows 5, 17, 29, L1,
53, and 65 of table ITI, from rows 2, 21, 33, 45, 57,
and 63 for the surves of aatisymzetrical load; and from
rows 12, 2, 36, L6, 62, and 72 for the curves of stick-
reversal load. The results shown epply to the right
wing In & right roll. The results foply equally well to
the lerft wing 1f the silgrs of the antisymmetrical parts
are reversa4d,

Sheer distribution.- The net ghear distribution
for eachi of the selectsd V-n dlegsrer points is compsuted
In taeble IVv. A division 1s mucCe In thals iable similar
to the one emvloyed in tatle III for the loads. Iu
table TTJ, loads actirg upward are esasumed to produce
pnsitlive shear, and the two numbers that erise from the
shear contributlons of concentrated loads ars braced
together. The usver number 1n the braze refers to the
shesr just outboard of the loceation of the concentratsd
logd, whereas the lower nurber refers to the shear just
Iinboard of the concentrated load.

Flgure 26 givas the results for the right wing in
a rlght roll in such a marner that the effect of the
antisymratrical loads on the itntal shear at any snanvise
station can be seen ilmwediately.

Rending-moment distrlibutlons.- The bending-moment

distributions are computed 1n table V and the varliations
obtalined are given in figure 27. -The notatlions in thils
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table follow those of taebles III and IV and, as before,
the bending-moment distrlbutions of the right wing in
a right roll are divided into symetrical and anti-
symretrical parts.

Torgque distributions.- The accumultted torjue distr:-
butions about the elastic axis of the wing are computed
in table VI. As in the otler tables, the varls>us torjue
dietributions ere dlvided .nto those thet are syametricel
and tiance thet are sntiaymstrical about the ailrslane
center ilne. Tine twon nunbers tnat occur 1n the brecas
arise from the contributlons caused by concentrated loads,
Tne unper narber in the braze rofers to the accumulated
torque Jjust outboard of the concentrated load, whereas
the lower number refers to the torgue just inboard of
the concentrated lozsd. Stalling mwoments result in
posltive torywes. Ths results ol torgue distributions
on the right wving in a right rcll ars given in figure 28.

Alleron Ioad Distribution

The load distributionrns across the allerons were
determined at each of the selected points on the V-n
diagram as follows:

(1) From the aerodyramlic-load distribtution on
the wing in way of the aileron (table JII), the total
wing section 1ift coefficient st the various spanwise
statlons was found from the egqustion

(21 leference was made to the wind-tunnsel data
(figs. ¢ to 9) end cross plots of these dcsta were
made to determine the over-all values of c¢n, at the

proner ‘ach numbers. The cro3s nlnts of the tunnel
data consisted of a plot of the alleron nermal-force
coefficlent at zero 1ift with flans undeflected
azainst ifach nurmber, & nlot of dcna/ﬁcl agatnust
Mach numher that 1ncludes the use of the slojpes cof
the straight lines of figures 6 to 9, and a olot of
Cp against 6 at cp = 0 for various Xach numbers

a
from the stralght dashed lines of figures 6 to 9.
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(3) Because the alleron flap-chord ratio varied
alonzg the span and the wind-tunnel data anplied only to
a flao-chord rdtio of 0.269, the results of step (2?
were adjusted for chord ratio. This adJustment was
accomplished by multiplying the results of step (2) by
the ratio of the flep parameters obtalned from the wing
sectlon theory at various flap-chord rstlos with the
corresgondtng flap parameters for a flap-chord ratio
of 0.269.

(L) ™e over-all values of en, obtained from

step (3) were divided into several increments arising
from the various soanw?se distriiutions that were con-
sidered. These lncrswental values of Cn. Wwere sub-
stituted 1n ithe eguation a

Ala = Acnaqc

1n order tn determine the aerodynamlc load st any station.
Jecauss the data obteined rfrom the tuninel had been
evaluated in thls maaner ifcr the different Mach numbers,
it was deslirable to employ the same detiniticn rather
then to correct low-speed results for ¥ach number by use

of the fector F/\A - iE.

The commonent aerodynamic-load distributiona
obtained Lty the foregoing procedire ere shown in fig-
ures 292 end 30. Flgure 29 gives the component aerodynamic-
load dlstribution obtained in the pull-out with steady
roll, amd figure 30 gives the correrponding uerodynuwric-load
distributions for the rolling pull-out wlth maximum
ansular acceleration (stick reversal). The only distri-
butlons shown in figures 29 and 30 are those due to the
additionsl distribution on the wing, equal and opposite
deflection of the ailerons, the totsl asrodynamlc-load
distributbion, and a comblined distribution compossd of
secondary alleron losdings resulting from rolling, wing
twlist, geometrlc twlist, -nd alleron droop. The
asrodynamic~load dletributlons given by figures 29 and 302
were integrsted to obtaln eaclhi com:onent load as well as
the total load on the alleron that occurs at each sslscted
point on the V-n disgram. The results of the integra-
tions are glven In tetle VIT in such form that the con-
tribution of each of the comyonent serodynemic loads way
reedlly be determined and the importence of the contribu-~
tion estimated.
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DISCUSSION
Wings

The results in figurs 25 and table TII indlcate that
lergear antisyrretricel load differences nccur slony
the svean in the rolling and normal-acceleratlion maneuver
In which the stick is reversed then iIn ths steady-roll
mansuver., Ir elther wmaneuver the spanwlse-losd &iffer-
ences are not so lar:ce as migh{ be exnected from the
severity cf the conditions !nvestigated. In the steady
rcll the aerodynarlc~loed distribution due to alleron
deflection not only produces a rolling moment that is
egual and opnostite to the sum of the moments dus to
damping 1n roll and slastic twlst, but the shspe of the
distribution curves is quite siwiler. In the an;mlerly
accelerated ccondition the accelsrating dersdynanic-load
and the anguler-inertla-load distributions, in addition
to being nearly agual and opposite with respect to total
moment, are of anproximately the seme form. Teference l
shows similar results and discusser the effect oI verious
wing welght éistributions and alleron sizes end positions.

The small spanwise-loading changes give rise to
relatively small shear and bending-moment changes, as
may bs noted trom figures 26 end 27 and tebles I and V.
The large changes in the torque distribution shown in
figure 28 indicate, however, that the more important
changes occur in the chordwise loading rasther than in
the svanwlse loeding.

Figure 28 and table VI indicate that, with the
excention of point B on the V~-n dAlagram, the torgue
increment at the root due to deflected allerons is slmost
as large as the symmetrical torgue &t the root. At the
outboard ving stations, however, the torque lncroment due
to the deflected allerons 1s in some instanzes seversl
times greater than the symmetricel torgue. A commarisnn
of the results in figure 22 shows thet the angularly
accelerated maneuver oprnd.:ss sliglhitly larger torjue
1ncrements than ths steady rolling maneuver. The largest
torques are seen to oecrcur &t ooini C cn the V-n diagram,
The results in table VT show thet the torques contributed
by the aerodynamic loads acting at the aerodynamic
centers and the normal-inertia loads actlng at the
canter of gravity nf the section are large with respect
to torques from the section »itching-moment coefficlent.

|
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The fact that the torque increment in the most
severe case 1Iinvestigated 1s approximately twice that
for which the wirg was presumably designed is,.in the .
present case, offset by the fact that the experimental
stliffness was about twice the calculated stiffness.
(See fig. L,.) The stresses in the beams and in the skin
for the maneuvers considered would therefore be little
more then those for which the wing was originally designed
and, so far as the primary structure of the wing is con-
cerned, the alrolsne probably could withstand the stresses
lmposed in the combined rolling pull-out.

The intermediete polnts E and F, which were lnvestl-
gated vith the LD-vound stick force, in general show
values that are lntermediate between those for the {C-nound
gstick force at either roints A and D or B and C. The
loeds at points ® and F therefore ere not so critical as
they are at the other polnts. These loads are, howevser,
more criticsl than those occurring in a symmetrical
maneuver beceouse the increase in torque 1s roughly
60 percent of the increase obtalned vith the 30-pound
atlclkk force.

Although the present anslysis indicates that dif-
ferent comnonents of the structure would have different
eritical decsign altitudes, altitude has 1llttle efiect on
the shear and bendlng moments because the extra shear
and bending-momsnt comvonents are small relative to the
symmetrical components even though, roughly, a 20-percent

difference in the attainabls values of Féaq/vi - MZ

would exlist between O and 30,000 feet. The torque
values, however, will be Increased by about 20 nercent.
Because of the extrapolation required in the present
case, the magnitude of tke increase cannot be stated
very definitely. If, however, the percentage increase
were of thls magnitude, the various altltudes would
have to be taken 1nto account in the design of the
primary structure of the wing.

An estimate cen be made of the increase that would
be required 1n the wing-structure weight 1f the wirg had
been designed for the rollling pull-out. In order to
obtaln this estimate the wing-weisht running load along
the span was divided into component running loads con-
sisting of shear-carrylng material, torslonal-moment-
carrylng material, and miscellaneous weterial. The



2l ~ NACA ARR No. IS5IOL

division was made in accordance with the assumptlons used
in the analysis of the wing - that the vertical shear

was carried sclely by the solid spar webs, the bending
norent was cerried by the snar flungss end certaln
adjacent stringers, and the torsional moment was carried
by the ouvter skin and by bending action of the spers.

The foregoing division of the runnins loads is shown in
figure 31.

Tn order to determine the weight lncresase necessary
with respect to shesr-carrying raterial, the distribu-
tion for the shear-carrying meaterisl (flg. 31) was
multiplied by the ratio of the largest antisymmatricel
shear tn the largest symmetricel shear occurrinz at that
same station. Tntegratlon of the curve thus obtain=d
indicated that a =inimm of 5.2 nounds of shesr-carrying
:aaterial would have to be added to the spar wets »f sach
wing in corder to withstand the extra sheers introducsd
by the wreneuvers considered. The awount to be added
would, in a nractical cese, probably be somewhat largsr
because cof the Imnractliceblllty of graduating the web
thickness as rejquired by the computations.

In order to detersine the wei.ht incrense nscessary
with respect to the bending-moment-carrylng meterisl,
the distribution for twe bending-moment-carryling material
(fig. 31) was multiplied by the ratio of the largest
antisymaetrlizal banding m~-ent to the largest symretrical
bendinz moment at the sar.e stetlon. The curve thus
obtained was integrated across ths span, and the amcunt
of add!tional bending material was determined as

205 pounds per wilag. This amount of weight would be

distributed along the span either as edditlons to the
spar flanges or in the form of larger or mors nulerous
stringers.

In order to estimate tho weipht incresse in the
torque-carrylng materlali the assunntion was made that,
for the type of construction used, the snar flanges
eand ilhe sdlacent strirgers wouald carry sore of the
torque by differential bencéin,:, and the slin and the
torgue boxes would csrry the rest of the terjyue. The
extra materlal that was requlred could thersfore ba
out elther entlrely in the siin or ovutlrely in the arvar
caps, although an alternative oroceduvre would be to
provortion the extra materlal between both for most
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efficient use along the wing span. At the outer stations
- the greater part of the torque loed 1s carrled by the
skin; therefore, the most efficlent use of - the material
would be obtalned 1f the extra welght were added in the
form of skin material at the outhoard astations and in

the form of spar material at the inboard statlons.

The estimate of the welght 1ncrease, when the skin
material at the outboard statlons and the spar material
at the inboard stations are increased, was obtained by
determining & new torsionsal-stiffness curve for tke wing
that would give the same twlst variation along the span
under the largest total torque (point ¢, fig. 28) as
would be obtalned with the largest symretrlcal torque,
also shown in figure 28 with the originsl ccmputed
torsional stiffness. Although this viewpolnt is onrly
one of several that could be tawen in order to determine
the weight increase, it had the advantage that the parts
of the wini: that are not stiffened would, to a first
aoproximation at least, not be subject to greater stresses
than in the symmetrical manseuver.

Tn the applicatlion of the foregolng estimate, the
metlrod outlined in reference 5 for the celzculstion of
wing torslonal stiffness proved useful. The detailed
procedure for the computatlinns was one of "cut and try-
in which the uppner snd lowa>» skin of the torgue boxes
and the spar webs, which formed a part of the torque
bnxes, were lncreuased along tre sren untll the desired
torsional-stiffness curve wus ottained.

The weight lncrease per wing in the torque-
carrylng material wes determined as 77 pounds, of which
61 pouncs were added to the skin and 16 pounds to the
snar webs.

The welght lncrease for the entirs wling would thus
be about 102 pounds or 1ll.35 percent.

Allerons

The serodynemic-load dlstributlions over the aillerons
(figs. 29 and 30) are in general of the shape that would
be expected from the aileron nlan form. (Ses fig. 1.)
Table VII shows that for these allerons the loads due to
droop, bullt-in twist, and elastic twlist ere generally
small with respsct to the loads due to equal and opposite
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deflectlion of the allerons and also with respect to the
alleron loads due to the additionel aerodynamic load.

The results given in table VII indiocate that the highest
loads occur at point ¢ on the V-n diagrem (fig. 5). The
serodyneric loaed occurring in the pull-out with steady
roll differs very little from that occurring in the pull-
out with alleron stick reversal. If, however, alleron
inertie were taken into account (each eilleron weighs
26.5 1b) the load for the steady roll with comblined
normal ecceleration wouvld be slightly lsrger.

The largest ailleron loads given in teble VII are
downward-acting loads, whereas the requirements of
reference 6 specify thet the downward load need be only
one-half the upwerd loed. Aside fror the difference in
the direction of the critical loed, the computed 1limit
load, in accordance with the requirements of reference 6,
would be 957 pounds per aileron, whereas the computed
1imit merodtneric load with the rolling pull-out (Cz and
max. pb/2V) would be roughly 3300 pounds. Table VII
also shows that the computed atlsesron loads &t any of the

oints investigated, whether withk 2~(points E and F) or
D-pound stick forece, are larger than 257 pounds per
aileron, Static tesis of the aileron by the Republic
Aviation Zorporation are understocd to have shown &
breeking load of 3760 pounds when chordwise loadings
girllar to those obtaired in tvs wind tunnel were used.

The large d!ffererice between the rejulred loads
and thiose of the present comnputatlons, togsther with the
large margln of safety that exists batween the breaking
load and the design losd, 1indlcates thet a large imgrove-
ment In alleron design could be had by the 1improvement -
of both the load speciflcations and the method of apnpli-
cation of the losds to the design.

COUICLUZI.IT RE*.ARES

The enslysis of the effect of the 1ro0llinz pull-out
on the wing and alleron loads of a typicel fighter air-
plane indlcated that evallavle arplicable aerodynamic
data were deficlent 'n the coverage of angle of attac!:,
aileron deflectlon, ard ¥ach number. Secause of the
limi tations of the wind tunnels, eny similar analysis
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wlll probably show the same results whether the aero~
dynamic data were obtained by specific tests or by an
analysis of exlsting results that necessitates extra-
nolation of the data.

The followling specific conclusions applying to
the P-47B airplane may be drawn:

(1) The computations indicated that if the
eirplane were designed to take into account the
rolling pull-out,an increese in wing weight of
at least 122 pouncs, or epproxlmately 1.35 per-
cent, would be aecessary. The divislon of welght
would be roughly as follows.,

20 pounds extra material in the spar caps for
extre bending

5 pounds extrs material in the sosr webs to
tal'e care of extra shear

€l pounds extra waterial in ithe upprer and
lower skins that form the torque hores

1€ pounds extra material in the webs »f
the torgue boxes

[2) The corntutetions indicated that the ailercns
of the P-L73 eirplane could withstend the loads
imposed in the rolling pull-out with elther a LO- or
an £S-pound =stick force wlthout exceeding the
ultirate breaking loads, althiough the loads would
be larger in elther case than the specified 1limit
loads for which the allerons were designed.

(3) The results showed an ailercn rcversal sjeed
of 620 miles per hour at sem level and 660 miles
ner hour at 40,000 feet. Even though terminal
veloclty for this alrplane were taken as 553 mlles
oer hour at sea level, the computed reversal speed
would he only 12 percent grasster than the terminal
veloclty.

4 penerallzation of the results-obtelned in the

arnielysis for the rolling pull-out indicated that:

(1) The meneuver that combines ths maximum
normal accelersatlon wilth maximum rolling veloclty
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and anguler acceleration (that 1s, stick reversal
from steady roll at maxisum load factors) is likely
to give rise to loedings on the primary wing
structure that are slightly more severe than those
that occur in the steady roll performed 1ln combina-~
ticn with maximum load factors.

(2) The serodynemic-load distribution due to
deflected allerons being simlilar In shape and
opposite In magnitude to the distribution due to
damping in roll results in only small changes in
elther the shear or bending moments that pass a
gliven spanwlse station. The engular-lnertia distri-
bution belng simliler in shave end apoproxlmately of
the same maznitude, but opposite in dlrection, t9
the distrlbution due to deflected allerons, the
change In soan loeding or the wings in the angularly
accelerated meneuver 13 due rrimarily to the dewmding
in roll. A net loeding thst results In somewhet
lxrger values of sheer nnd ocencing-moment increxents
than are obteined Ln steady roll is oroduced.

(3) The shear end bending-moment Incrsments
In the rolling ,ull-out will be smell; *hs torque
increment ¥*11l bs large and mey bs dcuble the
initial symnretrical torjue on the wirngz.

(i} Txisting reguirements for tre loeds on
the allcrons not only give values ~f th=2 1031 that
are ton small, but the rdirecticr. n. tihs lersost
l1:a¢ m2y be in en opposite direckt’or to the inad
doterrined by prasent sjyecificeaticnc.

Laigley Yemorliel Asrcnautlcal Laooratory

Xational fdvisciy Comriitee for Asronsutics
Langley Fleld, Va.
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TABLE I

@ea level; stick force, 80 lﬁ]

VALUES OF PARAMETERS USED IN COMPUTATIONS

Fog

Angulsr

Point on Ven -Eggiggézgt Mach q/}ro; ue p??%l from f§2m acceleration
diagram |from fig. 5 | number | rig, 22 |fig. 21| 18« 21| p150. 11] from equation (29)

(mph) (deg) (rad/secl) -

A 271 04355 200 0.0673 12.75 1.106 11.82

B 553 725 1120 .0078 2.96 .860 7.66

c 553 . 725 1120 .0078 2,96 .860 | T.66

D 281 368 217 L0610 12,30 1,106 12.19

E 4,60 603 679 &,0125 | #3.55 .982 a7.45

F L60 603 679 8.0125 83,55 982 an .5

. _
Stick force, 4O pounds,
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TABIE IT

PARANETRRS USED TN OOMPUTATION OF LOAD, SHEAR, EREDIXG NOMENT, AND TORQUE DISTRIBUTTONS

e
o e 2o| 225 | 220 | s | 160 b5 o 120 100 | 60 & 2% |mg.
|components
Losd

1{additionel 2.19 5.38 5.6k 6.70 7.1 ;.51; 1.6 8.08 8. .11 8.89 9. 12
sliinis i (o3| Sipol2le | iy | s | B0 | el | s | sl B |l | T | B
Ll ieron dreihotea| 0252 .059 3208 | Jizhi | X 7] 0700 | .o 0293 | .o13f | .0026 |15
Zhutllo“' 28 |38 |61 | s | 515 | .L€6 | .382 | .282 .10k | .12 051 |1
Eniw, [LF |ER[RD | E5 | E0 | 85| Lo B BEER (5 |4 |3
B|Momier tnareta [135 | 275 |385" | 33 5 355 35 865 3% |34 E7 ) % |3

9]additional 1.0 L. 11..20 27.2 ;6.2 h5.6 L49.0 61.6 '_rz? 9.0 101,5 139.0 | 12
10|Built-1in twist =, 10 -.& =1, -2,28 | =2.47 3 'ﬁ? . .11 | -2.75 -1.L3 - R
11}Alleron droop -3 .0 122 o2 .;'m . . i . 33" L6l | .3 <31 1
12| Aileron :;ihahd .010 | .062 ].259 .5 710 . .915 1.055 1. 1.192 1. 1. 15
1 1 o .60 11.91 .28 L.o L. L.97 . 6,2 6.6 6.86 . 1
12 ;:-::n: 1?2 15.0 hs?o .5 98. nz-.'o 122.6 ihz?s 169.55 131.50 196.0 31 0 [ 1

620

815{rormal tnertts |2 13 |50 {,9‘{5 3h5 {ggg }
%16 Anguler 1nertta |70 | 300 Jos0 {,}& | 5300 u% }5590

i.‘g@ quo 1025 {% }16;0 29

13500 [} 12,099 212,550 ({17:099 [} 25,500 | 22

17[saa1 10081 ° L (a2 6 102 17 178 27 562 |516 68 on |1
18[Matic cn terat -3 -6!6 el e I Eéz ;nﬁs -IEé} 1| | e i 207 | B
| Ayeron drooe edlo ™ 0 3 | 1% | 132 | i 3.25 o | LR 33 | 155 | fles | s
21| Twtst » 104 0 . 2.9 8.2 12.8 18.2 Eo.s 29.3 0.2 |L9.9 ?5.9 81.0 19
] i e - B (< /] 0% | 90 | B | 3% |38 8o | 2
a
2% Mogalsr inertis |00 | 300 |1600 Zggoo 10,600{ 17,200 ,1%] 36,900 | 55,009 ‘?Zzoo 33,100 | 1hd500] 21
Torjue

1tional -] 0.60 |2.k L.y .60 6. Te 8.1 9. 11.00 12. 20.1 12
BRlchie RO b ) oh ) G| b | bR | 6B ||
A iaron Srpeneted| Z00007] 5080 12025 | -a8% | - v1265 | Lam5 | . 1355 | 1378 R | e 15
20| rwtat » 10" 005 |.082 |.307 | .5%0 | .63 709 728 787 .857 | .88 .920 986 | 19
30| Dawping .2 1.9 (7.2 12.6 | 15.2 174 0 | 20,1 | 22.0 [ah1 | 25.9 30.2 |16
310, [+ 1 |62 7 20E a1 295 39 505 | 622 720 968 17
32]80,, 2 .n35 |.L28 1.012

, 1.108 | 1.920 | 2.09k | 2.365 | z.365 |2.365 | 2.365 | 2.365 | 17
o eI N Wl Il W U I T 0 S T P N
31| Angulsr tnertia |10 [120 |00 L[{},gg }1520 L }z:.zo {;;9 }hhho spo B0 [reum |2

Swhen two Nuwbers are braced togsther, the upper number refers to a point just outboard of s gonsentrated load
whereas the lower mmber refers to a point just inbosrd of the oonoentrated load.

NATIOKAL AIDNISORY
COM'TTTEE FOR AENORAUTICS
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TABLE IIT
COMPUTATION OF LOAD DTSTRTEUTION IN NIGET ROLL
* [Losds given 1n 1n/rt]
Station A R
Row ) (in.) | 2boj 225] 200} 175 ] 160| 45| 40| 120| 00| Bo| 64| 26| Distributiem
(n)
Point A; stiok foros, B0 pounds
1if1] » ow/3 701 (1274 | 1805 | 214 | 2288 | 2ha3 | 2448 | 2586 | 2698 | 2767 | 28U5 |2925
2|[2] » AL -2 65| 98| -8 | 43| -20] o 6] a6] 38| u7]| s0| s
3|3 % roqh - | -1| 9| -22| 25| -20f - | -1l o] 0| 26| 18| 29 |Syemetriom
b 7;| xn =51]-118 ! - 532 =183 | =205 | =231 |~243 | =293 | =347 | -381 | =398 |-h19
5 |€71) to () 8L 1 1893 | 2043 | 2168 | 2200 | 2319 | 2399 | 269 | 2515 |2579
6|0 x ro, aAA - ¢ | -6 |-152 | -306 | -367 |-3u2 | -266 [-267( -276 [~202 | -su| -3 | -7
7|[5] * ro a2 - w| 27| 32| 33| 30| 26| 25] 20| Ww| 10 7 3 Antisymetrionl
8|6l = Blopf - 102|170 | 211 | 219 | 215| 206 | 202| 182 | 250 | 131 208 | ue| T
91(t6) + (T) + (8) 7| bs| -63{-115( -9T| -56 | -bo| 2| 71| 87| 61 ] k2
10 |=(6) = (7) + (B) 13L[ 295 L35 553 | 327 L6B | LLk| 3ho T 15[ 35 |
ulfd  p/a <8101 | -126 | 123 | -127| 130 |-231 | -23, [-132 |-118| 9B | i1 |{EEieE veversa)
12 [r10) + (11) 86) 194 | 369 | L30 | 200| 333 | 313| 206 | 115 | 57| 37 9
Polnt B; stiok force, 50 pounds
13 |[1] * nw/s 701 |127L | 1805 | 214L {2288 | 2h13 2448 | 2586 | 2698 | 2787 | 2845 [2925
1 2] * oA - 02 366 [-skg | -u68 | -2h3 |~14| o | 32| wn| 217 261 281 | 302
15 |[5] * Foqaph - 2 0 1| -22| -0 7| -6] o s| 8] 9| 9 |syemetriom
16 a % n -&1‘ -118 | -153 | =183 | =205 | -231 |-243 | -293 {-347 | -361 | =398 |-k19
17 13) to (16) 2 603 | 11753 | 1706 | 1959 | 2175 {2231 | 2437 | 2573 | 2675 | 2737 |2817
18 [1] * roapfh - = | -81|-26k | -533 | -639 | -596 | -501 [-u65 | -320 |17 [ 9L -59 | -12
19 [[5] » Foue2/1 - ¥ w126k | 308| 325 | 295| 256 | 22| 190 | Wwo | 96| 70| 26 .
symaetriocal
20 |[6] ~ W 66 110{ 137] w2 | wo| 134 | 131 116| 1035 | 85| 70| 30| (stemdy ro11)
21 [(18) + (19) + (20) 126 110 | -88 | =17y | =161 | =111 | =92 -2 66 87 81 Lh
22 [-(18) - (19) + (20) 6[110| 362 k58| Lha| 37 [35h[ 238 | Lo | B3 59 [ X[ L Ll
23 |[6] = ¥/8 -31| 65| =75| =80 | -B2] -84 | -85| -87| -85 | =-76| -63 | -27 | (etlak revarssl)
24 |(22) + t23) -25| Ls| 287| 378| 359| 295 | 269 151 | S5 7| b} -11
Polnt C; stick foroe, 80 pounds
25|[1] = ows -350|-637 | 902 1072 |11kl |-1206 |222L |~1293 F13he 139k [-2ka2 162
26|[2] - =366 |-5L9 | -b68 | =243 | =224 o| 32| 4| 217 | 261] 281 | 302
27|00 * rogaii - ol 4| -11| -22| -10] 7| -6 o} s} 8] 9] 9|aymeetrica
28 xn 26] 59 76 92| 02| 116| 122]| 146 | 174 | 190| 199 | 210
29| 51(25) to (28) =690 {=1131 [-1305 [-1235 |-1166 |=1097 1076 |~1003 | =953 | ~935 | =933 | -9k1
30|[] x maan - v | -Baf-26k| -533| ~639 | -596 | 501 | k65| 330 17T | 9k| -%9| -22
51[[5) % ro,e2/1 - W | aj 26k| 308 323] 295| 256 2h2| 190| Wo| 96| TO| 26,4, mmetrioa
32|[é « ‘z"b, - 66} 110| 137] 42| o] ask| 31311 18] 103| 85| 70| 30 (stesdy roll)
33 {(30) + (31) + {32) 126 110| =B8] ~17h | =261| -111| -92 -2 66 87 81 Ll
3L[<(30) - (31) + (32) 6] 110 62| L58| LLi| >79| 354| 238| o[ &3] 99| 15
35|14 x #/e 1| -65| 15| -Bo| w82| -an| -85| -B7| -85| -76| -63| -z7|{obiepetriesh,
36{(3k) + (35) -25] 45| =287| 378| 359 295| 269| 151| 55 7] 4| -n
Spusbers 1n traskets [ Jrefer to rovs in tadls II. bers in par { ) refer to rows in tabls TII.

NATIONAL ADVTSORY
OOMNTTTRE FOR




NACA ARR No.

L5104

43
TAMLE III - Conoluded
COMPUTATION OF LOAD DISTRIBUTION IN RIGET ROLL - Conoluded
Station
Row {in.) 2ho| 225|200 | 175 | 160 | 145 [ 140 | 220 | 200 | B0 | 6hL} 26 | Dlstritmtion
Formula .
(a)
Point D; wtiock force, B0 pounds
37| 0] x nw/s -350 [-63T | -902 -1072 |~114) [-1206 [-122); | ~1293 |-1349 [-139k]-1h22|~14b2
38|[2] % oph - -ma|-106 | -91| 47} -22| o} 6| 28] ua| s1| su| s
39{0] »mgari -2 | -1 -9 -22| -2h| 20 -} -n of 10| 16 18] 19| symetrtoal
ko{f7) * o 261 59| 76) 92| 102| 116 122 174 | 190| 199] 210
n Sz to (4o) 396 |-693 | =939 |-1051 {-108)y |-110} |-1107|-1119 |[-1123 }-1137 |-1151}=-21Th
b2 |[u] » Fogash - ¥ | -kg|-159 | -321| -385| -359| -302 | -280| -187| -107| -57{ -36] -16
L3 [5] x w8ga2/1 - | 16( 31| 36/ 38| 3k 30, 28] 22] 16| 11 8 3| agtiaymetrical
bl €] ;-%I/v‘--_lz 106] 175 | 218| 226| 222| 212| 208| 188} 16| 135] 11| n7| 'Y roil)
bstha2) + (h3) + (Lh) | 73] 47| -67| -321] -103| -60| -bh| 23| 73| 89| 83| 3k
L6 |=(L2) - (43) + (b)) | 139| 30 503 573| su7| L8L| L6o| 353| 255| 1B1] 139 60
7 [T8l * 578 35 |0k | 35| 23| 350 | 13k | -135| -238| -138 | 12| -100| Ly Mmtiegemesical
L8 |th6) + (47D 90| 199 | 384 Lu6| laT7| 3501 325| 215 19| é0f 39| 17
Polnt E; stiok foroe, LO pounds
L9 |[a] = nwys 701|127} | 1805 | 224 | 2288 | 2L13 | 2uLB| 2586 | 2698 | 2787| 28L45| 2925
50([2] » qpfl = @ |-222(-333 | -284| -i7| -69] o 20| 88| 132 158] 170{ 183
51|[3] » FoqaAL - | o -2| -u[ -5 -u[ -3| =2 o 2 3} 3] L[| symetrteal
[f] = =51 =118 | -153 | =183 | =205 | -<31 | ~2u3 | =293 | ~347 | -381| -398| -39
53 | 3tha) to (52) L28{ 821 | 1364 | 1609 | 2010 2179 | 2223 | 2381 | 21,85 | 2567 | 2620 2693
sk | » PogaVL - W& | hbf-akh | -290] -348| -32 ] -272| -253] -169| -96( -51| -32| -8
55 |[5] » ¥0,a2/1 - ¥ | L6| 87| 02| 106 97| 84| Bo| 62| L6| 32} 23 7| Antisysmetrical
(steady roll)
56 ([6] = Pz_:q/ﬁ_-? éu| 207 | 133| 138| 136] 30| 127| 115] 00| 83| €8] 29
57|rsL) + (55) + (56) | 66| 50| -55| ~20h| -91] 58| -Lé 8| so| &] 59| =28
58 I-(5L) - (95) + (56) | 62| 164 | 321] 3Bo| 363] 318[ 300| 222] 150] 102 T
59 [th * /e 5| =95 [ -109| ~127| -120{ -123 | -22L| -127] -125 [ -11] -92| -30| {EbEeTTevircal)
60 |(58) + (53) 17| 69 212| 263 243 195] 176] 95| 25| -9| -15| -9
Point F; stlek force, 4O pounds
61 ([1] = nw/s -350 |-637 | -902 [=1072 |-1111; [-1206 |-122]; [-1293 [-13L9 {-139k |-1422|-2k62
62|rj > - 222 |-333 | -28L| -2b7| -69 o| 20| 88] 132| 158| 170| 183
5[] » ogaAi =@ | of -2 b 5| 4| 5| -2f o 2f 3| 3| L| symeetrical
6l xn 26| 59 76 92| 102 116| 122]| 146| 174§ 199| 199| 210
65 gsn to {6h) 546 [-913 |-111h |-1232 |~1115 |-1093 |-108) |-1059 [-1041 {~1043 {-1050]-1065
66 [[I] » FogaAd = »= | -hh|-1lk [ -290| -348| =324 | -272] -253| -169| -96| -51} -32] -8
67|[5] x *0aq?/1 - ¥? | L6| 87| 102| 106 37| 8u| Bof 62| L6| 32| 23 7| Antisyamptriosl
68 |[6] x B2qpA - 6| 107| 133] 138| 136] 130| 127] 115] 00| 83| e8] 29| (etemdy rI1)
60766 + 167) + (68) | 66] 50| -55] -a0h| -91| -56| -hé €f sS0| 6} 59| 28
_(66) - 167) + (68)| 62| 16k | 321| 380 363 318 300| .222[ 350| 192 T1| 30
'-n [8) x o/g -hs| =95 | -109| -117| -120| -123( -12L] -127| -125| -111| -e2} -3a ﬁﬁ:;‘:::::_::i)
72 |170) + (71) 17| 63| 212| 263| 2L3) 195| 176 95 25 -2 -15 -9

Syumbars in brackets [ ] refer to

rows 1n table TI.

Kumbers in perentheses { ) refer to rows 1n table III,

NATTONAL ADVISORY
COMMITTZEZ FOR AERONAUTICS




NACA ARR No. L5IO4 44
TABIE TV
OCOMPUTASTON OF SNEAR DISTRINUTION IN MGET ROLL
[lhn'n given 1n 1b x m“]
- - - o 3 -
row| » (1n.) 2250200 | 175 160 | w5 120 8 | 6. Dlstritation
a
Poink A3 shlek foree, 80 pounds
1|[9] = ou/s 32| k| ek | 880 |1168 | 1439 wn 2880 | »als8
2|0d] woph - | 2| -2]-me| b5 | 49| - 48 35 | -2
3|00 xvogeri | o 2 & -12 | - - -12 =10 Symmetrieal
b nd xn <a|-10]| -0 {_,‘E j-276 ﬁ {z Lm R
% [S1 o a|m|m {12 e {125 u {23
6|08 % rogoph - | 2] -26] -6 | -236 |-181 | -2 -269 -30h | -311
7|0 wre, A -] o] 3] 0] | aa| 29 30 35
slpg » W 2] 20] 62 ] 106 | 13 | 159 200 a2 | 266 etemay reil)
9(6) + (T) + (B) of 71 7| -15 | -27 | -39 =40 =18 «10
10[-(6) = (7) + (8) | 33|25 | 225 | 295 | 357 ko 522 sha
B |0g = d/s =3|-11) =35 {-;. 19 {:;3 {:ﬂs -héL {:h Antisysmetrioal
P12 ((10) + (11) 1| 2| s (R oo Y {2 a|{ 2 (stiok reversal)
Point B; stilok
15 |[[] = ow/s 32 |1hh | heh | 680 |1168 | 1459 68 2880 | »2L8
1h |0 x oAh B |22 69 far9 | ~2s5 |-217 | 285 | 282 196 | =260
15000 nragaAA - | of of 2| L 6| 7| -7 -6 -5 Syesstrioal
%5604 % n -2|-10| 40 |{3B [}er6 {:ﬁgﬂ 9 820 {_;2772
57 [Sr13 to (26) 19| 65| a3 {;ﬁz 609 {% 73 1858 [igg;
18|33 » rogqAA - % | L }-28f111 | -237 |-315 | -386 | <ho5 =528 | -5L0
19|0M] « reqa?/r -2 | L} 30| o5 | 165 | 200 | 237 | alt 33 3bo Antisymmetriosl
0[] »BpA - | 1 13| 39 & 86 | 5| 109 163 ;) (ateady roll)
2118) + fl9) + (20) 1] 5] 23 =5 -25 b6 | b9 =47] -35 -27
22 |-(18) = (19) + (20) 1| 11] 5% U3 252 267 361 373
b25 (B4 = b/ =| |- 3% }-zz6 38 e 9 33 [b-se | totiarmesaieth)
bah {t22) + t23) -1 b 32 ?ﬂm{I&Ls; Gz{%
Point C3 atliek
as ]l aw/s -16 | -72 [-232 | -4ho | -384 | -T30 =986 Hhko | -162)
26 ol - f-u|-69kare | -ass |-zr7 | -283 -268 -196 | -160
by Illil wregMi -] o| ol 2] 4| -6| 7 -8 -£ -5
%5 = 1| 5| @ |38 e |23 a8 l{3 wo ff 138 —
29 | S(as) to (28) 26 f136 f30s {583 fres I{26 0% ama [£3332
30|Dd x reaqp/l - w8 | 4| -28[111 | -257 | -315 | -386 -h67 =528 | -sho
31|Df = veae®a - | L] 0| 95] 163 | 200 | 237 28 530 | 30 Antisymsetrigal
5 i LY g 1] 13| 30| e | 8 | 103 130 163 73 (steady roll)
s3lso) + 51y + 320 | 1| 35| 3| -5 | 28| -us -l | hrf -35 | -27
shl-30) - (31) + (32) | 1| 1] s5 | 1b3 | 200 [ 252 31 361 |30
vys | g x b/8 2| -7 -2 |{ 338 [Fo=e |{232 = - {352 {atiel reverand)
b36 t3h) + (35) al wf 2 |[{G ]} ™ ({%8 % 62 5
:..P.:."m’.;::::.:lt Toed top rm £ t$ IE—&r I‘lf.l't to a pol.nt juﬁt) "r“ “ofm . nbl.:_r! load whereas
the lower pumber refers to & no!.nt Ju nboard of the aoncsntrsted

NATTONAL ADVIBORY
COMETTTEE FOR AEROZAUTIOS




45 NACA ARR No. L5104
TARIX TV - Oonoluded
OOMPUTATTON OF AEEAR DISTRIBUTION IR NIGHT BOLL ~ Comoluded
Statlon
Pow Formala 225/ 200 |175 | 160 |45 | o | 220 |100 8o 6L 26 stribution
{a)
Polnt D3 etiok forae, 80 pounds
37| @] x aw/s =16 |-T2 |-232 |=bho | =58 | -730 | =784 | -986 |-1208 |-14ko | -162k | -2080
38|Dd xapA -2 |-z |-wmf-35 | 50| -su| -s5| 55| 52 | k6| -8 | ;| 13 .
3|6 xegAb -] o] 2] b | 9] 22| -] | -15 | -w| -2 | -0 L
o|0g x 1| 5| = {38 [Fase ({323 [t aus {302 [} oo hao [{ 435 [} esaprmerrtem
1| 7 to (LO) -17 [-82)-251 {3 }-512 cg‘s‘g' -605 {:;?; -ee8 2060 {1229 [Tauis
L2|[1d] « voaAA - | -3 [-16] -67 | -1k | -190 | -232 | -2bh | -2€2 | -3oh|-318 | -s26 | -33:
L3| 4] = moe2/ -] 1| 4] 12 19 PN 28 29 33 56| 38 Lo %
b 0] » BPapA - | 2 | 21| 62 [ 209 | 137 | aeu | a3 | 206 | 235( 260 | 275 | s00 [ffEieTaeertiom
L5(th2) + (L3) + (4} -} 9 6 =1k -29 -ho | <42 43 -33| -20 -11 10
:ES -(h2y - (B3) + (L[ & [ 33] 118 zz: 303 [ 368 | 300 h53 v3 [ Huo _361 590
= |l - -219 - o
w71 6] = o/a 5 |-12] -6 :& -200 -ﬁl }-525 31 }-hsh - |42 } 586 "(‘:&:.’—HS:*,::{,
o8 leue) + (47 [z @ PR (W] e 1‘,’1}1;9 o |{ B
Point ¥; stiok forss, 4O pounds
Lo ] x nw/s 32 |k | ke | 880 | 12168 | 1h59 | 1568 | 1971 | 2416|2880 | 32L8 | Liéo
50 ][};3 = gl - =7 |=k2]-109 | =155 | =168 | -172 | -171 | =162 =143 | ~119 -97 =40
51 x roggA - | o| o] 1 -2 -2 - -3 2‘-3 3| -2 -2 -1
b - -T2 - - N -872 1. yametriosl
52| x n -2 [-10f o 572 [L276 96 (L340 [} -r60| -0 [ 072 }uour‘
Bs3 | S(ha) to (52) 23 | ea|su 3 [} 722 |I705 [} &08 |f35 [ rsao|2m (35T [} 2805
skl = .ro.qg/f-_:: -2 |-15( 60 |-129 [ <171 | -210 [ 221 | 25k | -275|-267 | -29h | -290
55|14 » Foaq - 2|10} 31 5l 66 78 81 93 102 | 109 112 117
56| = E:Ah 1] 13| =8 ér 8 | 190 | 106 ] 126 uL| 150 1€6 183 (Matesdy rolt)
57)esk) + ?;5) + (56) 1 8 9 -£ =21 =32 <3 =35 =23 | -13 -1 1
S8|-150) - 155) + {56)) 1] 18] 67 | 1=z | 19 | 22| 248 ;ﬁ 317\ 35T | 9% 355
- - = - = - 1 - 1
591 = e 2 (-] 33 {55 [Tam (353 [bess ({350 [F-hae ) a6 | {538 [} - reiiormtnian
bgo[rs8r + 59 1| 8| s {_29, } 5 {.2;' b 52 {.;ZS } -99| -99 {:}o }'175
Point F; stiok force, LO pounds
1| [l » ows -16 [-72|-232 | -uho | -58 | -730 | 78U | -986 |-1208 f-uuko | -162 | -2080
62| gl x aph - =7 |-h2|-209 | -155 | -168 | -172 | -172 | -262 | -1L3 | -119 -97 4o
63| nr = roy - o] o] -2 -2 -3 -3 -3 3| -2 -2 -1
a0 - | 5| 2 (a8 [p (08 fp te ({508 [} o] o [ M8 e preemen
bgs| Sen to t6h) |22 faog |32z |E35Y (V-eae [F1E [b-mo |5} [}eom pars {EET [h-wes
66| g » ro.q{\/.[-—:: -2 |-15| -60 | <120 | -172 | -210 | 221 | -25L | -275] -287 | -29h | -299
67 * *p.q - 21 1| 31 54 66 78 81 93 102§ 109 112 117
68 Bﬂ » !!’;/,/{1 2| 1|13 8| ér| s | 10| 06| 126 | wh| 150 | 168 | 163 (iremmy eoiny
69]166) + ﬂ'r) + (68) 1 8 9 -8 =21 -32 =3h =35 29| =19 -1 1
0[-166) - (6T7) + 168)| 1| 1 67 uﬁ 189 | 232 2hé z(;"r 317 | 337 z ) 555
. i ] e o 2% -3 . -L51 |1
b (18] = /e 2 | -10( -33 {-132 }-131. 2% }'2’8 -39 Fus6 | -uzs {:ggf ]t ey
bral t79) + (71) -1 §| 3u |q .27 } 5 {-25 } =52 -183 }"‘9 -9 {_.165 }'173

Swumbers in brucksts [ ] refer to rows 1n tsble II.
®hen two numbers are brsced togsther, the upper numbe

in par

( ) refer to rows in table IV.

whereas the lower number refers to a polot just inboard of the aonseatrated losd.

HATIORAL ADTISORY

CONMITTEIE FOR AERONAUTICS

T refers ‘éo s point just cutboard of a concentrated load




NACA ARR No. L5104 46
TABLE ¥ -
OOMPUTATTON OF BENDIBG~MONENT DISYRIBUTION IN RIGET MOLL
Eu.ln;m- ﬂmuﬁ-b-lﬂ'ﬂ
U BN ) s?-q.en 1 N
fow ro 100 Jaio | 225 |200°] 175 | 160 s | 0| 130} 200) 80 |- &4 |- 26- | -DLetribation
(a)
Point A; stiok force, 50 pounds
1| = nws o | 13| 70| 208 | 326 | 502 | s70] 86| 2222 |2631 | 207 | 5235
2|08l « oph - o 2] 6| -ap|-20]26]-29 -.51 | 50| 55| -&
3 ® Poqqi - 2| 0] o] =2 =3 -5 =5 “=10{ 13| -14] -16
b xn o0 | 1| 7] -28 | -50 | -85 |-105 | 200 | =312 |46 | -56 | -951 | Evmmetriead
5 | 2{1) to (L) 0 1§ 57| 264 | 255 |38 | h31 | é19| 856 |11L2 | 1k | 2207
6 |Ba] = m.:ﬁ o | 2| -8]-29 |9 |-13]-85|-225]-172 |-222 | -262 | -363
7T Eﬂ »* Fogu /1 = 0 0 2 h T 9 10 13 20 25 30 u Antl trical
83 » W o | 1| ol 26| wo | 59| 66| o7| 135 | amk | 212 | 296 | “Cstenay sor1)
9 (6) + () + (8) 0 [} 3 1 -2 =5 =7| -13) =19 | =23 =20 -26
0] =16 -5}7) U R R R R FEIFEIE ‘;f‘z“ 818 | antseymeetrion
11 x b/g o|-1]-6]- =39 3 | -7 |- -202 {-276 | - -
12 [?ﬂ) + (11) o 1|.9( 35 i, € g 13_; 83 | 95| 1oz 2& (stiok reversal)
Point B; stiek forse, 80 pounds
13 |f7] * awa o | 13] 70| 208 | 326 | 502 | 570 | 86k |1222 |2651 | 207k | 3235
W | x oA - -1 | <4 |-32 | -80 |-113 |28 |-160 | -205 | -2kB |-282 | -307 | -3kk
15 |9 x roy - (] (] o -1 -2 -2 -3 =l -5 -6 -7 =8 | Symmatrical
16 |B3] = n 0 | -2| ~7| =28 | =50 | -86 |-105 | -200 | =312 |-Lhé | -56L | -951
17 {&023) to (16) =1 8] 31] 99 161 |266 | 302 ]| Ls5 ] 657 | 917 | 1196 | 1932
18 (@9 w régqAA -2 | 0 | -2 |-15 | =50 | -85 |-128 |-2hk |-227 | =299 [-386 | -L56 | -631
19 [BO x re?/a - | O 211y 1n| 6| 90| 01| ays| 294 | 2483 | 292 | Loz | Antisymmetriosl
20 |pg M—?— o 1| 6| a7 ]| 26| 38| us| 63} 86| 2a3| 138 192 {steddy roll)
21 [18) + (19) + (20) o 1 5 8 5 0 0 91 -19 | -25 -26 ~-37
22 |-(18) -ﬁug) +(20) | 0 1 -h7 26 Lt IT’ % 132 191 | 251 302 hz’i antie troal
23 * 3/g o] - «10 | =25 | <41 | - -86 | =131 |-179 | -222 | -3
pr LE% + (23) o | o]l 3| 16| 22| 36| 38| u9]| €| 72| 80| "By | ferick reverssD)
Point C; stlck force, 850 pounds
25 |BF x nws -] -6 | =35 | =104 |-163 [-251 |-285 | =432 | ~611 |-826 |-103T |-1618
26|68 » o - [-1 | -u[-32 | 80 |-113 |48 (-260 |-205 | -248 |-282 | -307 | -3kk
a7|0d xregpi-|o | o] of | 2| 2| 3] | 5| 6| -7| -8| symmetriem
28 E‘z % n o o] 4| 1] 25| u3| s2] 00| 156 { 225 | 282 | K76
29 | 2(25) to (28) -1 |-10 |-63 |-372 [-2%3 [-358 |-396 | -5k1 | ~708 |-891 |-1069 |-1L9k
30 |BR x - o -2 |=15 | =50 | -85 |-128 |-} |-217 | =299 |-386 | -h56 | -631
5 |RY !:.qz/l -wlo | aju| k) 6} 90|02 ] ak5] a5k | 248 | 292 | KOZ | L0y oonirian
32 » - [ 1] 6} a7} 26| 8 ) L3 63 861 113 1381 192 (stesdy roll)
3% 1(30) + (31) + (32) [) 1 5 8 5 ] 0 9] =19 | =25 =26 =37
sh [-(30) - (31) + (32) | O i 7| 28| | | S6[ w5 w1fas| zo2f haf o erionl
x /8 o | -1 k| -20]-25]-ba|-48| -86]|-131 [-279 | =222 | -33k e 2
;2 l[;l_?) + (35) [ ) 3 16 22 36 38 Lo| &0 "2 80 &7 (-uemnuu)

"yumbers 1n btrecksts [] refer to rows in tabls II.

Bumbers in parentheses

( ) refer to rows in table V.

NATTONAL ADNTSORY
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47 NACA ARR No. L5104
TABLE V - Conoluded
COMPUTATION OF BENDING-MOMENT DISTRIBUTION IN FIGHT ROLL - Oonoluded
Station
Row (in.)
TV corsala 2ho 225 [200 | 175 | 160] 145] 140] 120] 100] 80 | & ] 26 | pistrivution
(a)
Point D; stlek foroe, 80 pounds
3707 x nw/s 0| -6[-35 104 [-163]|=-251|-285 |-L32 |-611]-B26 |-1037|-1618
38|0d x oAh - 2 0{=-1]-6|-15)-22] -29{ -31| -ho| 48| -55] -60{ -67
9109] x Poq9/i - ] o] of o -2| -3] 5] -5| -8] -20] -22] - ~16 | symmetrical
oéﬂ:nd ol o] 4| 4| 25 l.,; 53100 156 | 223 z% L76 yrmetriof
L1 ]|2(37) to (Lo) 0 { -7 |37 }107 |-163 |-2k2 [-269 |-330 |-513 |-670 | 829 |-1225
L2 |pg x rogail - | o -1| -9 -30|-52| -77| -87 |-131|-180|-232| -275| -380
b3 Rl x roqq?/1 -] of o 2| 5| 7| 10| 22] 17| 23| 29 3| W7 Antisymnetrioal
i | Ba » BBAh - o] 1|0} 26| 42| 61| 68| 100 138| 179| 229| 305 ‘"EUUT T
Ls|th2) + (43) + (bl 91 O} 3 1 =2| =6 -7|-14| -19| =24 -a2]| -28
1112y - (3) + Uiy [ 0| 2[ 37 51 _Eg 1281 13| 2ni] 205) 3%2f WEOf €38, i aymmetrical
L7 * /g Ol=-1]=-61-1 =65| -76|-136 |-208}-2 =352| =531
L8 &?) + ((7) o] 1|11 35| ue| 63| 67] 78| €7 ?% 198| 107 { (otlek reversal)
Point E; stlok forae, 1O pounds
Lo {A7 x nw/s 0|13 ] 70 | 208 | 326| 502| 570 | 86k [1222 |1651 | 2074 ] 3235
sof 08 x AL - @ ~1| -3 |20 | -48 | =69 | =90| ~97 |-12L |-150]-271| -186] -208
51|Rg x PegepA - | o of o o -2 «a| -1 -2} -2| -2 -3| -3 |symetricm
52|Rg xn o}-1|-7}-28|-50| -86]-105 -200 |-312 =4li6 | -564| <951
53 | S(h9) to (52) -1| 9| L3 |132 |206| 325| 367 538 7568|1032 | 1321| 2073
5k |PG x roqq//l - %] o]-1]-8]-27]-46] -69] -78 }-118 }-163 [-210 | -2L,8} -3L3
55 B x Fogq%/1 -~ | o of 5] 13| 21| 30| 33 LB| 64| 82| 96| 132 Antieymetrisal
56[B8 = R2qpA - | of 1| 6| 16| 25| 37| b2 61| 8u| 110 134 187 4
57 l(sk) + 7‘5’5) +(56) | ol o] 3] 2] of -2] -3 -9} -15} -28] -18] -2L
58|-r50) - (55) + (56) | o 2] 9 [ 30| 50| 78| 67| 131.|155] 236 | 2B6] 39§
59 | BRIl x b/a 0|-1|-6|-15 |-37| 60| -70 |-125 191 |-261 | -323 | -ie8 | fobi o metrical,
60 |(58) + (59) ol 1} 3| 15| 23] 16| 17| 6| -8| =23} -37| -92
Point F; stiok force, LO pounds
61|A7] x nw/s 0| -6 |35 }1ol {163 |-251 }-265 |-L32 |-611 |-B26 1037 |-1618
62 | i8] x b -1|-3 20 |-LB | -69| -90| -97 |-12h {150 [-171 | -186 | -208
65|09 x Poqaht - | ol o} o| of -2| «1| -1 2| -2| -2| -3| -3 |symmetricm
6L |B3] % n o] ol L | 1] 25| L3] 52]100) 256|223 ] 282] L76
65 | 2161) to (6l) -1 | -9 |51 $138 }206 [-299 |-331 |-158 [-607 |-776 | -9kh |-1353
66 |4 x Poga/A - of-1|-8|-27]|-46| -69] -78 118 |-163 {-210 | -24€ | -343
67 (1 x Fo,q%/1 - 2| o| of 5| 13| 21} 30| 33| L8| 6k| B2]| 96| 132 |nt1eymmetricar
68|28 xRBqpf -2 | o| 1| 6| 16| 25| 37| u2| 61| 8uf110| 134 | 187 | (wtesdy rell)
éa jr66) +7Z7) +(68) | 2] o]l 3| 2| o] 2| -3| -9{-15{ -18| -18| -2k
10 -166) - (67) + (68)}] o 2| 9| 30| 50f 76| 87 {131 |185]{ 238 286 338
7|RE * b/ 0}-1]|-6{-15|-37] -60| -70 125 191 |-2621 | -325 | -L&8 (‘:zi:‘{“::::},:ﬁ)
T2 1170) + (M) o| 1| 3{ 15| 13| 16| 17 6| -6| 23] -37] -90

"Numbers in brackets [] refer to rows in

in table V.

table JI. MNuwbers 1in parsntheses ( ) refsr to rows
' 4
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COMYITTEE FOR AERONAUTICS



NACA ARR No.

L5104

TABLE VI

OORPUTATION OF TORYE DISTRIBUTION IN RIGHT ROLL

E‘hrq-- givan in 1b=f% x lﬂ'g

48

.r;:u)n - [ A
ow . - 2o|2as/200 | 175 160 |45 |0 | 220 | 200 | B0 & 26 | otatrivution
{a)
Poind A3 stiok forse, 80 pownds
1|pg = nw/e 0|19 78 a2 | 179 | 208 | 2aé 26 352 (5} ] 63
2| »ah -2 o 2|5 1| 8| 8| -8 -8 - -6 - -1
3|8 » roauii = 2 of ol -1 -1 -2 -2 -2 -2 -2 - °
LB x o aif - of-2|-10 | <] -33 | -bb1 -h7| -4 -200 | _-115 | -255 [symetriema
b pg xa 1| bjas [} e 16 | { 11 s ({ b3 |} as
% X1 to (5) 1|00 | {i [}a2 295 |{ i1 618 BT [fues
1R H.:{\h- ‘!' o|-zf-n 22 | =28 | -32 | 34| -37 -39 | -kO =11 -h2
a o o] 2 3 3 b 3 b b b H 5
9 ol sfa| | 20| 3| & 22| | s 35 | Tt
10 pa = M/:T-F' o] of109 | 258 | 560 | ud9 | 5| 603 | 603} 603 | 603 | 603
11 |7y + (B) + (9) + (10) o0 | 10]110 256 36, | LBh | sa8 597 58 | 599 602 607
12(7) - (8) + {9) + (10) [o | -h|-90 | -222 [-32h [-L38 | -460 | -5h3 | ~538 | -53% -532 | -82%
. =h2 ~108 ~2)
P15 |64 = s o |8 {.ﬂ s ({8 |}ome |58 [foaes |-aoe | {B3] [}emsm potiaprmseniont,
b J12) + (23) o|-slws {25 |Joeo |E22R [Foss |88 {1-mor |-m0 | {2 }-m
Polnt Bi atlek fores, 80 pounds
15 |RY » nw/3 0 |19] 78 W2 | 19 | 208 | 226 | 26 298 | 352 k13 &5
16 |26 = - -1 | -9|-29 ho | <th | 45 | k3| <h3 ~4o | -36 -30 -6
17 |RT ~ reqand - E o] 9] » Al | 2| -1 - aaf a1 -1 )
15 |pq = a.oq/vi'-_i! o |-10]-56 | -137 | -186 |-ath | -2 =338 | k32 |-557 | ~6h5 | -~B83 [symmetrieal
b1 (B4 x n 1| ufas 5 ] LT3 Jrz6 { $33; | 280 | o1 {m ]
®20 [St18) to (29) o sl |{ B }5& ';} }hz ] 65 | 132 {ﬂ; Lo2
21 m x n.qM o|-ul-x9 | -39 | o | 56| 58| -& | -68| -1 n| -t
22 w o 2 o| Ljas 26 51 35 36 39 L2 | Lk L6 L9
23 Bd_] P—:/\n ol 2 6 1| 13| 15| 16| 18 1| 2 23 26 [\iteray moia)
2h [ x o | 16}192 hhe 6h2 1 92€ | 1048 10h8 | 1268 1948 10iE
29 [f21) « (22) + (z;) + (2h)| o | 28(192 hlé 637 5 922 | 1041 10l | 1043 1046 10h9
26 [-t21) - (22) + (23) +(2h) [0 {-1k]aB0 | -hal, [-6m1 [-B1% -1005 | -1003 [1051 'mm 7
ver B3 » 8/ ofslaz [ [os ({32 [Fsoff B [rwoe[-as |{34 [} o [tostopmmtnionl,
b8 f26r + (27) o [-arhma |{37} [Fear [£BE [Fouo (ISR fruos fum |1 [fus
Polnt 03 atick forse, 80 poumds
20 §5] = n o |-12]-39 -7 =90 |-194 | =113 | -130 =1h9 | =176 -206 =322
31 » q;ﬁ - -1 | -9|-23 40 | bh | b5 | 45| -b3 -o | -36 =30 -6
31 gﬂ = 1O, of{ of o -1 -1 =1 -1 -1 “<1| -1 -1 9
32 = - o |-10{-56 -137 | -166 | -2iL | -26k | -338 =h32 | -557 ~649 =883 mywretrionl
bys g x n o | -2|-13 {:ﬁ 43 {82} 136 |}-wo [-er {228 [} a3
a1 | S129) te (33) -1 |-31]|-57 3% 36 :ﬂg :2;2 -T82 | -957 :ﬂ%g 1534
35 |2 » roal - o | <h|-19 -59 | <o | -56 | 58| -64 -68| =10 -n -
36 |24 x n.qzn ui o u] s 26| n | 3| 3 ha| Hy L6 he
57{% » of 2| s nl 13| 1| 1] 1 | 2 2 1Y et L
52 |pgy - rq/‘/x-_lr o |16f19d | 16 | ehe | 851 | 9261 2048 | 2088 |1008 | 2946 | 108
30 k35) + 136) + (37) + (38)] 2 | 218|192 LLt 637 | a5 %22 | 10h1 10kl | 10b3 10h6 10h9
ho F(35) - '36) + (37) + (35)| ~ |-14]2B0 | Lah | 611 | -8a5 | -890 | ~1005 | -1003 1001 | -1000 | -»7 riae
o1 ([36] ¥ #/6 o|-3{-2 |{F } -5 32 [} 0 { & 06 |20 |23 }-151. St iT Teveraal)
%2 fhO) + (; o |-l |47} j—u-'r -8 [Poo [FIS18 [Fuee fanr | R }-1151

“Lumbers in brioketa[] reier to ross in tsule II.

aumuérs in sarsnthases ( )} reler to rows 1n tlbh 1
Tan Lvo numder3 are orsged tosethear, the uvcer curvd¥s refare t2 & polnt Just ruted

iy

rd of & 3

whlle ths lower nuoher refers to w ypolut _ust lnoowrd 21 the ooogentrsted load.
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49 NACA ARR No. L5104

TARIE VI = Qonslmded
OCNPUTATION OF TORQUE DISTRIBUTION IN RIGET NOLL - Consluded

g
Be
Pow 225 200 175 160 | 145 |10 (120 | 100 [BO | &4 26 | ndstrimation
{a)
Point Di stiok foree, 80 pounds
ul B4 = ow/s 0|-101-39 | <1 | -90 | -10k | <213 |-130 | -2hk9(-276 | -206 | -322
bhf @ x oA - 2 o|l-2|-6| 8| 8] 9| 9| 5| 8 7| 4|
hs| B » reqaAf = R ol ol 2] aa| 2| 2| 2| 2| 2] 2] 2 °
hs| Bl = o_oq/‘)i_-? of=2[-a2 | 26| 36| &7 | -5 | -69 | -88-208 | -225 |-268), .
ny g xa ol (- B b {8 [}-o {528 [Fuojwer 228 Doz
w8 Sh3) to (47) o |- |- 13 [rare ({338 [}es8 |32 [[ser|-ueo ({386 [eun
m@!-n.w’l_l’ of-2fu-a| | 2| 2|38 wa|x2] a5 [ w
50| B4 x req21 - o| o 2 3 L L 11 5 5| 5 5 6
51| pd » W o| s[w| 18] aa| a| 25| 28| s su| 36 | azfTerenty reil)
roAA - of 9|uy | 2 386 631 | 631] 6 e | 65
;; Ea : (50) + (51) + (52) |0 | 10|12 zR 382 a 5533 6;6 6;6 6?8 639 6;5
b"' =(h9) - (50) + (51) + (52)| o | <h |95 |-232 | -3k0 [ ;58 | =503 -m =36l [-560 | -587 | -551
| B = o/e Ahid S 1S 5 I Al
Bg | esh) + (53) o -8fam (37 [Lase [{:336 | ses [£453 [}-ma|-ve0 ({12 [}os
Point X; stiock foree, 40 pounds
57|25 * ows o|19| 8| w2 | 19| 208 | 226 | 261 | 208352 | L1y | 6us
58|26 » AL - ¥ of -6]-18| -25 | 26| 27| 27 | 26| -a5{-22| -8 | -3
59|[27] = voarAd - 2 o] of o 0 0 0 o o o] o 0 0 -
6|1  gp aph - of -6)-s [ 8o [-15 | 148 | -260 [-217 [ 27 |-538 | -391 | -526 [rymmatrtcn1
v |[g] * = 1| u)ae ({8 [ e [f 133 [baze [{338 [} amo| omu | g8 [} s
b2|(57) to (61) 1| 52 {293 [} s hzg }:.55 {2‘{ 279 | 366 ts‘g 762
63| » reaaph - o|-2f-w0 | | 26 30 32| 35 37| | 39 |
6h| 24 » roe?/L - @ o| 1| 5 9| 10) 12| 12 13| w| w| 15] 16
antisyrs trioal
65(pg » b o| 2 1 13 15 15 17 19| 20 22 26| (nteady roll)
66 [ ] - - o §| 10 2LhL sh9 L6y 505 570 51| 5™ 570 370
ﬂk;%uxnws)ués) ) 91°i 23 | 3u6 | Lo | 500 | 565 | 566|566 | 568 | 572
68[-r63) - (6i) + (65) + 166)[ o | -5| -92 | -221 | -320 | k30 | -b70 | =531 | -526|-526 | -52h | -520
(B4 = of f-r {28 koo ff 2 |}pom {CBF (Jrasefam | {357 [|-ea frassaprstctent,
bro[ceg) + (69 o -9f-209 428 f}-373 {:ng {44 }-682(-720 {I;’?E }"’“‘
Polnt Fi stick forss, 40 pounds
njpg = o|-10] -39 -2 | -90( -204 | -213 | -230 | -2h9]-176 | -206 | -322
72] B¢ » q/,ﬁ " o] -6] -8 =25 -26 =27 -27 -26 -25| -22 =18 -5
BBl = AL - R ol ol o o ° ° ° ° o] o ° °
| B3 * op b - of 6| -3a| <80 |-113| -148 | -260 | ~227 | -2Th|-338 | -391 | -526 |gymuetriaer
D of 2| -1 (42 [} 45 {{ 253 [} -65 [{.338 [} -wo|-1ev |{ 223 [}-325
Bg| ST to (75) 0 | -2k |-10h {2307 [t-272 {333 [}-363 f?,é -588|-725 %i,i a7l
77| (26l » ro q/ﬁ_? o| -2 -20| -21) -26] 30| -3a]| -35] -37] -38] -3 | -0
78| [26] » ".qul. Fo| 1| s 9 10 12 12 13 | 14 15 16
| 9] of 2] 6] a| | 15| 5| a7 9] 20 22| 26[*FHrTeinien
) rq/‘ﬁ i’ o| 8f 03] b4 | k9] w63 | 05| 50| 50| % s | 31
81%+(7€ +(79) +(80)| o o 10h| a5 | 3L6| Lbo | 500 ]| 565| 566 ,Zz 58 | 572
82[-(TT) -~ (78) + (19) + (80oY of -5 -92a | 221 | -320 | 30 | 470 | ~831( - =526 =520
“es| BE * /s of -k -a7 .;25 3B} -n _igf -23h] -28 | {7397 [} 228 fmtisymmetrical
Pau| (82) + (83) ol -9)-29 {252 |}om [ 25E [1-sb [{=E22 [} -682| -mao | { T30 [}-mutd

Spambers in brsokets [hl refer to rows in table II. IHumbers in parentheses ( ) refer to rows in table VI.
Bungn two numbsrs are aced together, the uppor u-hlr refers to a point Jut outboard of s gonsentrated losd sheress
the lower nuxber refers to & point just of the ted load
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NACA ARR No. L5104

. TABLE VII N
MATIONAL ADWESORY
ATRODYNANTO LOADS 0¥ AILXRORS IN RIGHT MOLL COMMITTEE FOR AERDIAUTICS
Steady roll Stiok reversal
Point on V-n diegras Type of load Oonditions
Lafs Right Left Right
7T T |asdattena” 1 906 906 906 906 g 187
Bailt-in twist =20 =20 20 =20
= 200
Alleron droop -81 =140 =10 =87 ﬁ?
A A1leron defleotion ah6 =-1248 1248 ;-3 8y = 11.52
Twist =11 11 1n =11 8, = ~Lb3
Dewping -93 93 -93 93 g% = 0.0673
On, 2, H 2, 2k
Totel . 1565 =37 =560 . 17151 Op = 1.75
Additlonal 505 505 505 505 Q= TN.5
Boilt-in twlét =75 =75 -7 =75 —a = 1120
[Alleron droop =66 =59 =59 =66 ﬁ_-?
B Alleron defleation 2110 «2T35 =-2735 2110 8, = b.60
Twist =50 50 50 =50 8y ® =0.16
Damping -33 33 -33 1] 2 » 0.0078
% -187 | -187 -187 -187
Total 2204 | -2,68 -2530 . 2270 Gp, = 0.419
Additional =216 =246 -2L6 -2hé q = T71.5
Built-in twist <75 =75 -75 =75 - 1120
Alleron droop -66 -59 =59 -66 x - :
c Alleron deflection 2110 -2735 =2735 2110 8q = L.60
Twlst ~50 50 50 =50 84 = -0.16
Dexping =33 33 -33 33 &% = 9.0078
On, =187 -187 -187 -187
Totsl 153 =3219 -3285 1519 Cp, =-0.206
Additional =460 =160 =460 =l60 q = 201.8
Built-in twist -26 =26 ~26 -26 - 217
Alleron droop =01 =132 =132 =91 z - F
D Alleron defleotion qo7 | -1308 -1308 907 8, ™ 11.12
Twist -13 13 13 -13 og = -1,30
Derping =97 91 | -9 a7 3¢ = 0.06k0
Cn, 26 26 26 26
Totsl 246 | -1790 -19EL Lho ¢y, = -0.80
Additional 1188 1188 1188 1188 q = 5h1.6
Bailt-in twist ~105 =105 -108 =105 —a a4
AMleron droop ., =20 =35 =35 '-zo -
= Alleron defleotion 1932 | -1330 =1339 1032 bq = 3.615
Twist =43 L3 L3 =443 ug = -0,09
Damping =76 76 -76 76 & = 0.0125
Cn, 0 0 [\} 0
Totel 1976 -163 =315 2128 or, = 0.60
Additional =588 =588 -588 -5068 q = 541.6
Bullt-in twiat =195 =105 =105 =105 = 679
. 41leron droop =20 =35 =35 =20 ;E - ii
F Alleron defleation 132 | -1330 ~1330 1032 6, = 3.613
Telst =43 b3 b3 -3 83 = -0.09
Damplog -76 %6 -76 % E® » 0.0125
. 0 o ) (]
Total 200 | -10%9 -2091 352 O, = -0.296

50°
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NACA ARR No. L5104 Fig.
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Fig. 5
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Fig. 27a-f : NACA ARR No. L5104
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Fig. 29a-f : NACA ARR No. L5104
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NACA ARR No. L5IO4 Fig. 30a-~f
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