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NATIONAT, ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

STRESSES AND DEFLECTIONS OF A SWEPT
BIPLANE WING

By George W. Zender and John E. Duberg

SUMMARY

The results of experimental and theoretical structural studies of
a so0lid swept biplane wing composed of a sweptback front wing and a swept-
forwaerd rear wing joined at the tip are compared. The 45° swept biplane
with wings of L-percent thickness is structurally comparsble to the solid
45° swept monoplane wing of between 2- and L-percent thickness.

IRTRODUCTION

One of the configurations which has recently been of some Interest
1s the swept biplane wing. Among the types of swept biplane wing under
consideration 1s that which comnsists of & sweptback front wing with the
root attached near the upper forward part of the fuselage and with the
tip joined to the tip of a sweptforward rear wing with root attached near
the lower rear part of the fuselsge. Wind-tunnel tests (ref. 1) of models
of this type at subsonic and transonic speeds have shown some favorable
aerodynamic characteristics as compared with swept wings, particularly
with regard to pitch-up tendencies.

In order to obtain information on the structural behavior of the
swept biplane wing, stress and deflectlon measurements of a model of this
wing were obtained for bending and twisting loads. The purpose of this
peper is to compare the results of these tests with a theoretical method
for the calculetion of the stresses and deflections. In addition, some
structural comparisons of the swept biplane configuration with swept
monoplane configurations are presented.

SYMBOLS
o engle of attack due to loads
9 angle of twist (see fig. 11)
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angle of sweep, deg

dihedral sngle (see fig. 2), deg

slope at root triangle (see appendix)

Lagrangian multipller

constraining or equilibrium function (see appendix)
root chord (see appendix), in.

seml-gap at rigid tip (see fig. 2)

aresa., in.2

modulugd of elasticity, psi
modulus of rigidity, psi

moment of inertia, in.J+

torsion constant, in.)+

semigspan of wing (see fig. 2), in.
length of beam (see fig. 9), in.
bending moment, in-1b

torque, in-1b

local wing loading, 1b/in.

..force, 1b

distance along beam from origin (see fig. 9), in.

distance from root (see fig. 2), in.

upward deflection, in.

deflection at gage location n caused by application of =a
unit load on center line of front (aor rear) wing at sta-
tion &, in./1b

normsl stress, psi or ksl

- stress at gage location n caused by application of a unlt

load on center line of front (or rear) wing at station &,

psi/l1b
S
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Subscripts: _

n specific gage locations shown in figures
X,¥,2 coordinate axes

AL gpplied load _

P front

R rear

V,H,W,T type of stress component (see fig. 6)

TEST SPECIMEN AND METHOD OF TESTING

The swept-blplasne~wing model shown in figure 1 was formed from a
single piece of steel plate to the dimensions shown in figure 2. The
root of each wing (front and rear) of the model was clamped between the
support blocks shown in figure 1. A concentrated 1ift load was applied
at the center line of the cross sectlion at each of flve spanwise loca-
tions on the front and rear wings. Longitudinal stralns were obtained
at the locations shown in figure 3 with Baldwin SR-4 type A-T strain
gages and the deflections were obtalned with dial Indicators of 0.000l-inch
least division at the locations shown in figure 4. In addition, a pure
torque was applied near the tip of the front wing of the swept biplane
wing as shown in figure 5. The longitudinal strains were obtained in
the same meanner as for the 1ift loads at the locations shown in figure 3
and deflections were obtalned at the locations shown in figure 5.

The longitudinal strains for both the 1lift and torque loads were
converted to stress by multiplying by E = 30 X 106 psl; the effect of
the ftransverse stresses on this conversion were neglected, the gages
being located near the edge of the plate.

EXPERTMENTAT. RESULTS

The experimental deflectlions and stresses for the 1ift loads are
given in tables I and II, respectively, in the form of deflection and
stress influence coefficients, that is, the deflection and stress at the
various gage locations due to unit loads on the center 1ine at the indi-
cated stations, &§. In order to approximate a more realistlc loading of
the swept biplane wing, the data given in tables I and IT were used to
obtain data for an elliptically distributed loading slong the 17-inch
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semispan. Two-thirds of the elliptically distributed loading was assumed
to be supported by the front wing and the remaining one-third by the rear
wing. The losding st the root of the front wing was assumed to be cos A
and at the root of the rear wing 1/2 cos A. The front-wing loading then

\f 2
is given by Pp = cos AL - <%> and the rear-wing loading by

2
PR = % cos A\l - (%) o« The total 1ift load on the biplane semispan is
then 20.03% pounds.

The deflections w,, at the various gage locations n, due to the
elllptically distributed loading were obtained by the following formula:

in which

WnF,R cos Af PF anF R(g)dg

where th(g) and th(g) are the Influence coefficients for loads on
the front and rear wings, respectively, given in table I. The quantity Vg

represents the deflection at the particular gage location due to the load
on the front wing while the quantity whﬂ represents the deflectlon at the

same gage ‘locatlon due to the load on the rear wing. The integrals for
Vg and Wnp Were evaluated mechanically and the results are given in

table III. The same procedure when applied to the stresses produced the
values of. gp shown in table IV. The deflections and stresses for the

pure torque load were reduced for wmit torque load and are presented in
tables V and VI, respectively.

A more slgnificant stress plcture 1s obtalned 1f the stresses shown
in tables IV and VI are separated into four components assoclated with
stress distributions of the type shown in figure 6. ‘One stress component
is assoclated with normsl bending identified by the symbol Oy while another

bending action, particularly significant in the swept biplane wing when
compared with more conventional configurations, is the chordwise type of
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bending designated o in figure 6. Another stress component is asso-
ciated with direct extension or contractlon represented by the symbol O

in figure 6 while the fourth stress component Oy is due to restraint of

warping of the cross section (these stresses are often called bending
stresses due to torsion). By using the four stresses on each cross sec-
tion normal to the leading or trailing edge given in tables IV and VI,

it is possible to solve for the magnitude of the four stress components.
The values obtained for the stress components are given by the test points
in figures 7 and 8.

THEORETICAT, ANALYSIS

An analysis, given in the appendix, of the swept-biplane configurs-
tion was made by means of a strain-energy aspproach. The enalysis was
applied to the particuler cases of the elliptically distributed 1ift
loading of 20.03 pounds and the unit torque loading. The structure con-
sldered was broken up as shown in figure 9. The tip part was assumed to
be rigid, the trianguler-root parts were considered in the same manner
as given in reference 2, and the parts of the elliptically disitributed
loading scting in the triangular-root parts were neglected. The inter-
mediate front and rear beams were assumed to behave according to elemen-
tary beam theory. The unknowns in the analysls are the forces and moments
on the cut sectlions shown in figure 9. The values of these quentities
are glven in table VII for the 20.03-pound elliptically distributed
loading and in table VIIT for the unit torgue load. With these forces
and moments known, the stresses and deflections can be computed.

COMPARISON OF THEORY AND EXPERTMENT

Stresses

Bending.- The experimental and theoretical stress components for
the elliptically distributed 1ift load of 20.03 pounds are compared in
figure 7. The theoretlcal stresses shown by the solid curves in figure T
are obtained from the elementary formulas My/I or P/A evaluated for the

entire loading, that is, the three components of the appliled elliptically
distributed loading and the forces and moments at the cut sections. The
werping stresses oy are not given by the theory but an approximation may

be made by introducing the twisting moments at the cut sections into the
equation at the bottom of page 13 of reference 5. The Oy stresses

obtained by this approximation are given by the solld line on the plots
for Oy in figure 7. The bending siresses Oy aend og for both the front
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and rear wings comprise the main portion of the total stresses. The
O stresses are negligible as compared with the other three components— o

The effect of having the front-and rear wings Joined at the tip is indi-
cated by a coiparison of-the biplane stresses with the unjoined tip or
cantilever stresses glven by the dashed lines in figure 7. Joining the
tips causes an sppreclable reductlon in_the;gv stresses of both the front

and rear wings with a small Increase in the Ox

stresses.

Torsion.- The experimental and theoretical stress components for the
unit torque load are compared in figure 8. The theoretical stresses are
obtained from the elementary formulas My/I or P/A for the forces and

moments at the cut sections. The warping stresses Oy were approximated
in the same manner ad for the bending loads.

DEFLECTIONS, ANGLES OF ATTACK, AND TWISTS

Bending.~ The sqlid curves in figure 10 show the theoretical center-
line deflections for the elliptically distributed 1ift load of 20.03 pounds. =
These deflections were obtained by superposing the deflections of the
beam parts of the wings on the deflectiohs due to the flexibility of the
root triengle. Elementary beam theory was used for-the beam parts and
the root friangle was treated by the method of reference 2. In these . -
calculations only the component—of—the applied loading normal to the wing
surface and the P, forces and M., moments at the cut sections were included.
The effect—on the vertical deflections of the other components of the T
loading and the transverse and longitudinel shears and moments at the cut co
sections was negligible. The theoretical center-line deflections in fig-
ure 10 are seen to underestimate the experimental deflections. The dif-
ference appears to be largely due to the approximation of the contribution
of the triangular-root parts to the deflections of the outer parts. The
gpproximation for the effects of the triangulsr-root distortions on the
deflections of the outer part of the wing were of sufficient accuracy
for the cantilever types of wing configurations of reference 2 since they
represented a small part of the total deflections of the outer part. -
The deflections, however, of the beam parts of the biplane wing due to
the applied loads sre largely canceled by the deflections due to the
P, forces and moments at the cut sections with the result that the
deflections due to the triangular~root parts represent a -large part of:
the total deflections (in this case approx. 60 percent of the total tip
deflection).

The theoretlcal angles of-attack shown by the solid curves in fig-
ure 10 were evaluated from the elementary beam equations 1n the same
manner as the deflections and are compared with the experimental angles
of attack.

T *
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The effect of having the front and rear wings jolned at the tip is
again indicated by a comparison of the biplane deflections and angles
of attack with the cantilever velues given by the dashed lines in fig-
ure 10. The cantilever deflections and angles of attack are the distor-
tions that would occur if the front and rear wings were not Jolned at
the tip. However, when the tipe are Joined, the cantilever distorsions
are opposed by the distortlons due to the tip loads; the result is smaller
total distortions for the biplane configuration.

Torsion.- The structural twlsts & are obtained from the elementary
equation Tx?GJ for the applied torque T and the My values at the cut
sections. 1In addition, the twist of the front and rear beams contributed
by the triangular-root parts is included by the method of reference 2.
The experimental and theoretical twists 6 are compared in figure 11.

The deflectlons of the center line due to the torque load are very small
and therefore are not presented.

Again, the effect of joining the front and rear wings at the tip is
indicated by the cantllever (dashed curves) and biplane (solid curves)
values of the structural twist 6. The effect of the My load 1s to reduce
appreciably the twists of the front wing and In addition toc produce a
slight twist of the rear wing.

COMPARISON OF SWEPT BIPLANE WING WITH SWEPT

MONOPLANE WING

Iz order to relate the swept biplane wing structurslly with the swept
monoplesne configuration, the information obtained for the particular
biplane configuration discussed herein was compared with swept monoplane
configurations of the proportions shown in figure 12. The proportions
of the swept biplane wing are also shown in figure 12 for comparison pur-
poses. The models have equal spans and 1lifting areas and consequently
equal aspect ratios. The L-percent-thick swept biplane wing is derived
from the 2-percent-thick swept monoplane wing by placing the resr half
of the monoplane wing into the position shown for the rear wing of the
biplaene, while the k-percent~thick swept monoplesne configuration is com-
parable in frontal area to the swept biplane configuration. In addition,
the 6-percent-thick swept monoplane configuration is included since ref-
erence 1 includes aerodynamic comparisons for a 6-percent-thick swept
monoplane with a L-percent-thick swept biplane configuration.

The deflections and angles of attack for the swept monoplane con-
figurations for an elliptically distributed 1ift loading of 20.03 pounds
computed by the method of reference 2 are shown by the dashed lines in
figure 13. The agreement of experiment and theory presented in reference 2
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permits confildence in the-accuracy of the computed values for the swept
monoplane models. The deflections and angles of attack of the biplane
configuration (experimental) are shown by the test—points in figure 13.
The deflections of the LY-percent-thick swept biplane fit between the -
deflection curves for the 2-percent-thick and 4-percent-thick swept mono-
plane models. The angles of attack of the front and reasr blplane wings
are of opposite sign over most of the span and reach thelr largest abso-
lute values at sbout one-fourth the semispan. The absolute values of the
angle of sttack of-the swept biplane over most of the span are bracketed
by the angles of attack of—the 2-percent- and L-percent~thick models.
Based on solid sections then, the deflections and angles of attack due

to wing loads of the swept biplane configuration are comparasble to the
swept monoplane wing of between 2-percent and b-percent thickness.

A structural comparison of-the swept—biplane and monoplane config-
urations on the basis of stresses 1s more Ilnvolved than the comparison.
made on the basls of deflections and sngles of stteck. In addition, the
secondary stress effects are much more Ilmportant in the case of box-~type
structures than for sdlid structures so that stress comparisons based
on 50l1id sections might not be especially significant. However, some
information is availsble in a comparison of the primary stresses of the
swept biplane and mondplane wings of figure 12. The bending stress com-
ponent oy for the Y-percent-thick swept biplane is shown by the test
points in figure 14 for the elliptically distributed 1ift load of
20.03 pounds. The My/I stresses for the same 1ift load on the swept

monoplane wings of figure 12 are shown by the dashed lines of figure 14.
It 1s eppdrent that, near the root, the oy values for the Y-percent-thick

swept biplane wing are between the stresses for the 2-percent- and
h-percent-thick swept monoplane wings.

CONCLUDING REMARKS

A method has been described for the stress and distortlion analysis
of a swept biplane wlng and the results of the method are compared with
experiment. Satisfactory agreement of experiment and theory is obtained
except for the deflections where the differences of the theory and exper-
iment are primarily due to the inaccuracy of the assumptions made regarding
the triangular-root parts of the front and rear wings. While these assump-
tions have a minor.effect on the stresses of the biplane wing, their effect
on the deflections 1s appreciable. N

An investigation of the solid 45° swept biplane of 4-percent thick-

ness indicates that the configuration is structurally compsarable to a
solild 45° swept monoplane of between 2- and Y-percent thickness.
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Preliminsry wind-tunnel data have indicated that the drasg of the
h-percent~thick swept biplane wing--body configuration is approximately
the same as the 6-percent-thick swept monoplane wing-—body configuration
at transonic speeds; since the 6-percent-thick swept monoplane config-
uration evidently has a stiffer wing, there is doubt as to the useful-
ness of the swept-blplane-wing configuration. However, it should be
noted that the objectionable pitch-up ‘tendencles of the swept-monoplene-
wing configuration are not experienced by the swept-biplane-wing config-
uration; the advantage of this eliminstion of the pitch-up tendency may
well outweigh the stress and distoritlion advantages of the swept monoplane.
In addition, other consideratlions might favor the swept-biplane-wing con-
figuration such as weight saving of taill surfaces and favorable wing-
body designs resulting from applications of the transonic area rule.

Langley Aerongutical Laborsatory,
Nationel Advisory Committee for Aeronautics,
Langley Field, Va., April 22, 195k4.
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APPENDIX

An analysis of the swept biplsne wing based on the minimm comple~
mentary energy principle may be developed by comsidering the five compo-
nent parts of the biplane shown in figure 9. The five parts are the
front and rear beams, the front and rear root trisngles, and the tip part
which is assumed rigid. The unknowns in the analysis are the forces and
moments shown on the cut sections at the rigid tip in figure 9. Since-
the cut sections are inclined slightly due to the geometry of the wing
configuration, the forces and momentis on the cut sections are inclined
to the vertical and horizontal ss indicated In figure 9. TIm addition,
since the applied loads on the structure are in the vertical plane, the
components of the loads in the planes of the inclined axes are used in
the analysis.

The front and rear beem parits of the biplane wing are assumed to be
loaded as shown in figure 9 and the strain energy due to these loads is
glven by

o ) Py e 3 e [ e

2
ax
By(L - %)z

];LEPA%+PQE%+LLE4MX+@2—
(1)

(Negative sign is required in the third integral for the front beam since
the component of applied load is in the opposite direction to the axial
force Py; conversely, a positive sign is required for the rear beam.)

The loads assumed on the
root triangle (the effect
of loads not shown is
assumed negligible) are
as shown on the sketch to
the left. The strain
energy of the root tri-
angle due to these loads
is then glven by
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S.E. = E’ALZ(x=o) + PE\?P + E'IAIV(#O) + My o+ PZE‘%M + EALZ(kO) + P,y +

E&AI;X(J&O) + Ma-ea—T + EALZ(x=0) + Py|wp + Eﬂy(x=o) + My + Pzﬂ‘lrr_p
(2)
From equations (A16), (ALl7), (A20), and (A21) of reference 2,

-

L, —
Wp = c551n31\. cosA PAI. + Py
1GEIy B Z (x=0)

e2sindA cosIA

™ = 6EL, tan A EAIV(EO)+MY+PZI_l

c251n3A cosBA

o

oy = c siz:;j;ycosaAEAIx(x=o) + an\

¢ 8in2A cosdAlT )
= P,L
¥ 2EI, tan A MLy (o) ¥ ¥ * P2 ‘

WIII =

- (3)

¢ sin2A cos3A—
q’T = 2EIy- MALX(X,:O) + M:ﬂ
e
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Substitution of equations (3) into equation (2} gives for the root triangle

_ ' - 2 ¢38indA coslta
S.E. = E’ALZ(X___Q) + Pﬂ 3PET, + E{ALY(x=O) + My +

2 it 2
e [y, ] e 2

ll-EIy tan A
251in3A SA 2 o sindA cos2A
P cesl cos
zb 6EL, ten A Eﬂx(mo) * ME' LEL, *

' o | c2sindA cosIA
Ez(x=°) * Pi_] Eﬂx(xw) N ME] 6EI, ¥

' 1n®A cosJA
O R A | LS Ee— e

The total strain energy of the swept biplane wing may be cobtalned from
the sum of the strain energies of the -front—and rear wings (eq. (1)) and the
front and rear root-triengles (eq. (4)}). The total strain energy is

Ly 2 Iy
S.E. =/; EMyF + Myp + PZF(LF - XF) -2% +j; (-PAle +
Iy
PXF)Z EF +~/; EALZF + Map + Byp (I - xFﬂ BET,,

Ly Ir
2 Oxp
f (MALXF *+ MXF) Gap | L EALYR + Myp ¥ PZR(LR -

O
L L
2 _d.xR f R 2 d.XR f R
B A
N2 dxg 2
Mzp + PYR(LR - xR:):‘ —_-2EIZR + ﬁ (MH R + MxR) E_GJR +

(equation continued on next page)



P + P 2o
EALZ (X=O)F Zﬂ

5sin3AF coshAF . (F

AL?(X:O%? *

52ETy.

o CF sineAF

P%; E%éQY(x=O)F *Wrt

—12 Cx sinBAF coseAF
¥l hEIyF

+

chsin5AF COSEAF
MX] 61313,F

iz

c sinzAF cos3AF
M%}F

M, 2 cR sinBAR cosaAR
]

6EIyR

N&%%cﬂgsin5AR cos3AR

gagpe
| YR

cos3AF
+ |P +
4ELy tan Aw I:ALZ (x=0)p

251pn0 3
cp sin“Ap cos Ay
Py g + |Mar 4+
% l 6ETy. tan Ap (x=0)F

N EALZ(X=0)F T PZ,;_\ EAI“(X=O)F ¥
EAIY(}{:O)F + MyF + PZFLF] EALX(X=O)F +

2 cpdsindAp cos’Ag

+ E‘ALZ (x:O)R + PZ% | BEEIYR

2 cR sin cosBAR
Pty (o * m Poi| ~TEn,—wam | Pr(xeo)g

chsin5AR cosBAR

Pzg\ Eﬂy(ko)R F e Y PZR%\ OBy tan B Eﬂ"(ﬁo)R ’

’ EALZ(X=O)R ’ P%l Eﬂ’x(ko);{ :

o 51 ey

(5)
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where the terms within tbhe—dashed brackets asre those due to the front and
rear root triangles.

There are six equetions of equilibrium among the unknown forces and
moments on the rigid tip shown in figure 9. These equilibrium conditions
are for the transverse forces,

cos AFPXFIF cos yp 8in AFPyFLF sin 7FPZFIF
fp=——L . + .
LF\{]_ + cos2Ap tanlyp LF‘E + cos2Ap tenZyp Iy
cos ARPxRLR cos YR sin ARPyRLR sin 7RPZRIR (6)
+ - =
I

I\l + coseAR 'baneyR LR{l + cosEAR ‘_banzyR

for the wvertical forces,

cos Ap tan 7’FPX_FLF sin yp sin AFPyFLF cos 7FPZFIF

g, =
2 Ly
Lp\l + cos2Ap tenZyp IT‘%— + cosgAF tan®yp
cos AR tan 7’RPxRLR sin 7R sin ARPyRIER cos 7RPZRIR 1)
- - =0 7
g

Lyl + cosaAR tanem LRJl + coseAR tanayR
for the longltudinal forces,

gin AFPXFIT cos AFPyFIT
¢3 = + -

LFql + cosQAF tan27F Ly cos -rFﬁ + _c_oszAF ta_n27F

sin cos ApP
e REy IR o ()

I.qu + coseAR tanzyR LR cos ')’RJl + cosEAR tan27R
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for the rolling moments,

sin ApMxp ) cos AFMy‘F

-+ -

Py

ql + cosaAF 'ba.neyF cos 7Fﬁ + cos2AF ta.nayF

sin ARMXR cos ARMyp
-+

vl + cos2AR tanz'yR cos 7Rﬁ + coszAR taneyR

hp cos AFPXELF . by cos yF sin ApPyply by sin 7FPZFLF .

I
I.F‘Jl + cos@AR tanyp I.F\Il + cos?Ap tan®yp
hg cos ARPxRLR hp cos R sin ARP.YRLR hp sin 7RPZRLR
+ - =0
Ir
I.R\Il + coszAR 'ba.nayR I'Rﬁ + cosaAR ta.nzyR (9)
9
for the yawling moments,
cos Ap tan My gin yy sin A
¢5= E - :l_i?i;yF_+cos7-FMzF..
ﬁ_ + coseAF ta.nz'yF Vl + coesz_/sF ‘ba.nayF
cos Ap tan ypM, sin 7, 8in A
R RMyR
R - R + cos yRMgp = O (10)

Vl + coshg tanyp Vl + cos®Ap tanyg
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and for the pltching moments,

cos ApMxp cos yp sin Ay
¢6 = . e — - T - gin 7FMZF+
di + cos2AF taneyF Vi + cos%‘\.F tan27F

cos ApMyp cos YR sin
+ + sin 7RMZR +
Jl + coseAR tan27R Jl + coseﬁ.R tanayR

by sin ApPxply by cos AgPy Ly
+ +

2
LFql + cosTAp tan%yF Ly cos 7p “1 + cosaAF tan27F

hR sin.ARPxRLR hp cos ARPyRIR

- =0 (11)
I.R\/l + coseAR taneyﬂ Ig cos 7R «l + coszAR tanayR

Tt is desired to minimize the total strein energy, equation (5),
with the condition that equations (6) to (11) be satisfied. In order to -
do this, it is sufficlent to=set "

=6
5<3,.E. + iZl 7\1¢i) =0 (12)

where the A's are ILagrangian multipliers (refi—4). Substituting equa-

tions (5) to (11) into equation (12) and setting the variation equal o

zero resulis in 18 linear simmltaneous equations. The 18 equations : =
obtained for the swept biplane model of figure 2 subjected to the ellip- -
tically distributed 1ift load of 20.0% pounds are given in matrix form

in teble IX. The first 12 equations in table IX have been multiplied by

the constant E for convenlence of computation. The equations may be }
solved by a numerical process; the particular method used in this ingtance

is that given by reference 5.

The elghteen equations obtained for the swept-biplsne model subjected .
to the unit torque loading ag shown in figure 5 are 1ldentical to the ’

A .
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equations shown 1n table IX except for the loading constants on the
right-hand side of the equations; these constants are all zZero with the
exception of the fourth term which is

= 2220 - 97 = -2317

_ fIT o B _ CFT sindhp cos®hp
o Gy 2Ty

The resulting values of the forces and moments at the cut sectlions
are given in table VII for the elliptically distributed loed of
20.03 pounds and in teble VIII for the unit torgue load. With these
forces and moments known, the stresses and the deflections of the fromt
and rear beams can be readily calculated by elementary theory.
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TABLE II. - JTRESHES FOR CONCERTRATED LIFT LOADS
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TABLE IIT.- EXPERIMENTAL DEFLECTIONS FOR 20.03-POUND LIFT

LOAD ELLIPTICALLY DISTRIBUTED

n wnF, in. wnR, in. Wps in.
1 0.72 x 10% 0.06 x 1074 0.78 x 10
2 9.10 1.22 = 10.32
3 14.84 1.36 16.20
i 45.70 6.84 52.54
5 43.30 4.90 48.20
6 65.20 1445 79.65
7 65.20 11.10 T6.30
8 T7.40 21.60 99.00
9 69.65 16.45 - 86.10

10 69.00 25.50 - g4 .50

11 58.70 19.35 178.05

12 52.90 30.65 83.55

13 45.80 35.80 81.60

4 45.15 37.40 82.55

15 39.35 36.10 1545

16 30.70 32.60 63.30

17 25.30 3%.20 58.50

18 15.48 22.55 38.03

19 12.38 : 23.85 - 36.23

20 3.49 6.00 _ 9.49

21 3.03 7.87 10.90

22 0 .33 - 33
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TABLE IV.- EXPERIMENTAL STRESSES FOR 20.03-POUND LIFT LOAD
ELLIPTICATLIY DISTRIBUTED
El‘ensile stresses positive:l

n | %o, psi UnR: psl | o, psi n | %ops psi crnR, psl | o, psl
1 -262 18 - 244 23 53 113 166
2| -1050 -207 -1257 24 -119 -12 -131
3 197 25 220 25 -202 67 -135
h -112 -126 -238 26 =438 -5h -492
5 415 57 Y2 fl 27| =311 9 -302
6 248 -55 193 28 -85 -89 -5Th
7 451 8 535 29 -201 ~40 =241
8 356 =5 351 || 30 -263 -115 -378
9 p=IE 100 3. 31 307 379 686
10 232 b 276 32 77 163 240
11 -112 ~220 =332 33 164 6 170
12 ~-246 -286 -532 34 20 -112 -92
13 6 110 116 35 79 -111 =32
1 -155 -13 -168 36 -62 -196 258
15 ¥ 202 275 37 -18 =157 -175
16 -59 41 82 38 -132 ~200 -332
17 146 227 373 39 -109 =117 -226
18 ho 195 237 Lo -196 =123 -319
19 223 1 36l 41 25k L5 299
20 ik 132 276 42 =152 81 el
21 624 10 764 43 k20 102 522
22 T96 55 851 bk 200 -155 45
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TABLE V.- EXPERIMENTAL DEFLECTIONS

FOR UNIT TORQUE LOAD

Wp, 1n.

[n}

-3.% x 10-6

-26.7
0

-46.1
=33.3

-8.0
-17.8
-16.0

W] I WP H
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TABLE VI.- EXPERIMENTAL STRESSES

FOR UNIT TORQUE LOAD

EI'ensile stresses positivej

n Op, psi n On, psi
1 3.969 23 2.106
2 1.812 2k -1.350
3 2.058 25 2.922 |
4 -1.389 26 .686
5 -4.875 27 2.904
6 -2.676 28 3.048
T -2.205 29 .918
8 -2.,709 30 5.784
9 -.867 31 0
10 -3.117 32 -2.550
11 3.534 33 1.749
12 0 3k 1.497
13 1.970 35 2.886
14 -1.272 36 0
15° 645 37 5.716
16 -2.658 38 1.626
17 -.933 39 6.495
18 -l (395 40 4 .083
19 -3,189 §| L1 2.451
20 -6.582 42 5.940
21 1.098 43 o}
22 -6.,900 Lk 1.626

NACA RM IS5LEOQ3a
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‘TABLE VII.- FORCES AND MOMENTS AT CUT SECTIONS FOR

20.05-POUND LIFT LOAD ELLIPTICALLY DISTRIBUTED

Front wing:
o T Y =b] 0]

XF’
ID 4 4 4 o o o o o o s 8 o 4 8 4+ s e s e s e e e e s e« . 10.028
ID 4 o o & o o o = o o & s+ 4 o s & s e e 4 4 e 4 e e« . =3.204
MXF,lb-in...................'........-6.362
MyF,lb-in...........................-0.7011-

ID=3Te o o o o o o o o o o o o o o e e e e e e e e .. =19.934

Rear wing:
I < e Ko A X

1D 4 ¢ o 4 & 4 & 4 4 s s e e e e s e e ae e s e e s e TJBTO
ID 4 v o v 4 s e e e e e s e e s e e e e e e e e e e e .. =0.837
MxR,lb-in...........................3.549
MyR,lb-in..........................-10.636
MZR,lb-in...........................19."{86
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Front wing:

PyF,

b .
Ib .
b .
Ib-in.

lb-in.
lb-in.

TABLE VIIT.-

FORCES AND MOMENTS AT

FOR UNIT TORQUE LOAD

.« o . . s & &
. « e
. « o . . .
* e ®© & e e & & a s @
. " . o ¢ o o @ .
. . . « e
. - . « e a .
s s e e a e & & a
= & & & e & e & .
* & & & e « e o
. a . . .

CUT

NACA RM L54EO3a

SECTIONS

 0.019

0.162
-0.01%
-0.768

0.223

. —1.172

0.161

. =0.021
. ~0.020

-0.081

0.285
1.310

4



TABLE TX.- HYOTEM (F 15 RQUATIONS F(R SMXeT RIPLAWA WIXH 20.05-POUND LIFF 10AD ELLTFTIOALLY DISTATHOTED

0 0 0 o 0 o ¢ 0 0 ) 0 JT0RS L6 o -0158 0 O 019,-; [_r,rx; F’-:BN—
0030 0 [+} 1} £,4368 0 [} 4 0 o [} ~.6033 -01%1 a7 a8 0 010k Pyl -55.096
0 32,0 WT.66 2113.3 0 0 0 0 o 0 o Q60 -,9870 [ - 00k 0 0 Pogle -111ay
0 w766 9668.1  100.90 0 4 0 0 0 0 0 0 0 0 R (v G & TR -] L ~1ch31
) )33 100,90 8.2 0 0 o o 0 0 0 o o 0 T U3l -.6033 | My ~1391h7
6.0368 ] 0 [\] 2.8 0 ] 0 0 0 [+ 4 0 0 0 L0710  -.1610 L 58,406
a o 0 0 0 L% a o 0 0 0 JOBS - L1kE -.T028 L0192 O 0192 (o Ty| | -.2660
o [ 0 [+ 0 0 h.oonp [ 0 0 64568 0% -3 a7 .0 1] -, 019 P’hln -2, 548
1} [i} 0 0 0 0 [} Wse.0 10766 2113,3 4 =, JA10 = 9670 ] -.00kh 0 1} r,nrn n | =A5.h
0 [+} 0 0 0 0 0 107.66 2658.1 100.90 0 9 0 o -.1088 <135 7025 L 5219,
[+ 0 ] 0 0 Q 0 2113.3 100.90' Mlge O 0 a 0! T -3 6B My ~595T5
0 0 0 0 0 0 5.4350 0 0 0 12,67k 0 0 0 0 9870  .1610 L -3 250
-£9%5 L6110 0 0 [ LT3 6953 -.1510 1] [+ 0 L . Q. o, [ [ 1] 5% | Q
-A35L -.9870 0 0 0 D5 TR LT, RPN\ I o 0 0 0.« ! 0 ol 0 Akt Q
JUT o 0 0 o w2 ST o o 0 Q 0 o & 0 0 0 M o
01 =00k TOPS .TLAT 0 0192 188 -.00kk  -,TORS WTUIT Q o 0 ] 9 o o 'S | 0
0 ] I LT L 1.3 R ] 0 o 0 -1 -1151 L5870 a 0 0 Q e [+ MA o
Q0% 0 SToE5 -.69%  -.16l0 L0092 -.0l8h O J088 L6633 810 O o 0 o 0 9 HJ _;51_ | |

BCOTHCT W VOVH
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L=83917
Figure 1.~ Test sebtup of swept biplane wing.
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41.75

Figure 2.,- Details of swept biplane wing.
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- NACA RM I54EO3s

/4 Ispacej_s at
4g= 163

.- Circled numbers indicote gages on
. underside. Gages 42 8 are on
front wing.

Flgure 3.~ Location of strain gages for 1ift and torque loads.
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Figure 4.- Location of deflectlion gages for 1ift loads.
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Figure 5.~ Location of deflection gages for unit torque load.
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Figure 6. Four stress components assumed acting on biplane cross section.
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Figure 7.~ Comparison of theoretical and experimental stress components
for 20.0%-pound 1ift load elliptically distributed.
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Figure 8.- Comparison of theoretical and experimental stress components
for unit torque load.
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Figure 10.- Comparison of theoretical and experimental distortions for
20.03-pound 1ift load elliptically distributed.
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Figure 1l.- Structural twist of swept biplane for unit torque load.
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Figure 12.- Details of models used for structural comparisons.
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Figure 13.- Deflections and angles of attack of swept biplane wing and swept
monoplane wings for 20.03-pound 1ift load elliptically distributed.
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Figure 1lk.- Stresses of swept biplane wing and swept monoplane wings for
20.03-pound 1ift load elliptically distributed.
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