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SUMMARY

The results from & stress analysis of a thin skin, foam core,
high aspect ratio wing indicate a possible method of constructing
sailplane wings. The analysis includes an approximation of the
maximum core and skin shear stress, a computer program to evaluate
the stress distribution and displacements of a thin walled unsym-

metrical tapered cylinder, and the accountability of creep.



THEORY OF COMPOSITE BEAMS

Composite beams are designed so that each material in the beam
is most efficiently used with respect to weight, position, and
resistance to forces.

Take for example the beam shown in Figure 2. The flange material
is positioned so that it resists the maximum normal and shear stresses.
Therefore a high modulus material should be used. The core material
is positioned so that it spaces the flange material and resists the
maximum shear stress. A lighter weight material is choosen for the
core material because it occgpies the most volume of the beam. But
the Lighter weight core materials usually have lower alowable maximum
normal and shear stresses. This is of no consequence because the

core's normal stress is small (Ec <K E ) and the core's maximum

ore skin
allowable shear stress is within working limits. So the only two
limitations are the flange's maximum allowable normal stress and the
core's maximum allowable shear stress. With these two design
requirements a beam can be designed with a tolerable reduction in
maximum strength and a substantial savings in weight.

The construction of most high as@ect ratio sailplane wings
today include one spar, ribs, and a thin skin, Figure 34. Most of
the high performance europian sailplanes have wings constructed of
spar and thick skin with no ribs, Figure 3B. The skin has a
composite sandwich construction with a fozm core laminated between

layers of resin and glass cloth. The spar is usually constructed

from epoxy resins and glass fabrice In such a construction the



skin resists most of the normal forces and the shear webs in the

spar resists some of the shear forces. The shear webs are kept

thin as in an I-~-beam to make efficient use of weight. The idea of
using a different type of shear web such as foam core is possible so
long as the same shear stress requirements is sateisfied. Buckling
of the skin is at present resisted by the thick laminated skin,

The thick box beam spar also resists buckling of the thick skin
because of the short chord. The use of a foam core would also resist
buckling. Therefore the use of a low density foam core instead of
a thin higher density shear web is completely with in reason. And
such is the objective of this senior project, to structually evaluate

a high aspect ratio wing constructed of foam core and resin-glass skin.
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SYMBOLS

Modulus Of Elasitcity For The Core
Width Of The Composite Beam Crossection
Total Thickness Of Composite Beanm
Poisson's ERatio
Maximum Shear Stress
Maximum Core Shear Stress
Maximum Skin Shear Stress
Skin Thickness That Resists 'r

S max
Skin Ultimate Normal Stress
Skin Thickness That Resists ¢

S vibimate
Wrinkling Stress
Constant
Constant
Skin Thickness For Favorable Wing Deflections
Skin Thickness That Resists G,
Skin Thickness
Modulus Of Elasiticity For The Skin
Bending Moment
Core Thickness

Core Width



SYSTEM DEFINED

The wing crossection was defined as a NACA 4412. The root
and tip chord are 8.5 and 4.25 inches respectively with no sweep
back at theleading edge, Figure 1. The span was 51.1875 inches
with a 17.7 aspect ratio. This particular wing had the same
dimensions as a wooden wing used on one of the authors radio-
controlled sailplanes. The small size made it practical to build

and hopefully at some future time fly.



SKIN-CORE APPROXIMATIONS

As shown in Appendix A the flexural rigidity (bending modulus)

of a composite beam shown in Figure 2 is:

Esb 3 .3 Ec
(Encomposie = 12.(131\1-?‘) [d' -t (l_ /Es) W

For beams in bending the deflection egquation shows that the

&z M

o= (2)
dy® (E‘:)Ccmé ostle

deflections will depend on the combined rigidity of the skin and
core materials.
If EX<X E; then the flexural rigidity is seen to depend only

on the skin modulus of elasticity.

- Esb 3_ 43
(EI)CamPomre T (1-a?) [CL tc (3)

The percent of deflection due to shear was assumed to be
small and therefore neglected, Appendix C.
Unfortunately the core cannot be totally ignored. Although
the core does nolt resist bending it does resist a part of the maximum

shear stress and resists buckling of the thin skin.



MAXIMUM SHEAR STRESS

If the airfoil shape is simplified as a rectangular composite
beam the formulas used to calculate shear stresses can be used,
Appendix D. The equation for the maximum shear stress of a thin skin

foam core was derived.

2
2(tcr d)b +t (2F +w, EVEQ] [\m(at W, o< E]
2 e T, [ 8bt +4(2t+wWcEe/E,) Es)a

MO Car Srans [b(cl?'-tf') + t:(a‘t +W, Ec/E,)] [at +WCES/E.5] /12

Using the method of equivalent areas a relation for the shear forces

in the core and skin was formulated, Appendix D,

72 N =53 (5)

for the airfoil shape at midspan,

By approximating the dimensions of the airfoil at midspan as a
rectangular composite beam the equations (4) and (5) were solved
simultaneously for core and shear stresses at a maximum shear load

of 10 1bs. (7G's),

T = 33%s T, & 1w Ve

¢ max max
Skin thickness necessary to resist ’t“ <’ Appendix D,
a

- 0,025 .
Shear

(4)



MAXIMUM HORMAL STRESS

An approximate maximum noraml stress at a 7G wing loading is

calculated by using the elastic flexural formula. The root airfoil

G, = 6240 psi 1

= 0.00431
S sitimate 91 .

Normal

is approximoted as a rectangular crossection so that the moment of

inertia can be found as a function fo skin thickness, Appendix E.



SKIN WRINKLING

A method for determining skin thickness required to prevent

wrinkling of skin as a function of core and skin properties was

outlined by Knightsi

The compressive stress in the facing material =t which

wrinkling will occur is given bys

) 2%
Gy=B Es  E. (&)

The constant Bi is plotied as a function of{o whereygis given

bys
i '
r=— (Es/E.) €
te
For values of{>£0.25, Bi is a constant, By=0.575.
iz 2/
6= 05715 E E.° (8

Substituting the skin and core modulus of elasticity into (8) give:

a wrinkling stress.

6}v 2 E;+75' psi



Considering this as a maximum normal stress.

again be determined as in Appendix E.

Tw - o0.011

The skin thickness can

.

10



THIN WALLED-UNSYMMETRICAL CROSSECTION-TAPERED CYLINDER

The fact that the core properties could be ignored in the
composite beams deilections motivated the stress analysis of a thin
walledmunsymmetries1 crossection=tapered cylinder,

A computer program was writien to take any defined shaped thin
walled cylinder (wing shape) and give deflections and {wists along
the span for any defined wing loading, Appendix g,

The program was tested for accuracy by defining a2 cylinderical
shape whose deflections, moments of inertia, shear center location,
weight, etce were compared with hand ealculations. The program was

found to be very accurate for the thin skin approximation.

i1



APPROXIMATE DEFLECTIONS

The wing was approximated as a rectangular box with a uniform
distributed load simulating different G loads, Appendix G. Skin
thicknesses sufficient for resisting G;ﬁhmdhand buckling produced
inteolerably large deflections. Therefore the skin thickness was
increased so that deflections reasonable for aero-elastic effects
would be realized. A final skin thickness was calculated to give

reasonable deflections for a 7G simulated load and resist the

fs = 0.02§5 wn

maximum shear stress,

iz



WING FABRICATION

With regard to money and time the wing was not constructed
with the best material or fabrication procedures. Instead relatively
inexpensive materials and simplified fabrication methods were used to
construct a testable wing. The skin thickness was not closely
controlled so long as the thickness was known and related deflections
measurable.

The foam/core was constructed of CPR 9005-2 rigid urethane foam.
Originally it was hoped that the foam core shape could be cut by 2
hot wire quided over root and tip airfoil templates. Unfortunately
it was found difficult to cut urethane foam sections longer then
a few feet. The urethane core was therefore shaped by sanding
spanwise with the root and tip airfoil templates as quides,

The skin was fabricated by wet lay up of 6ounce glass cloth and
polyester resin. The surface was sanded once and = finish coat
applied.

A one inch wide hard wood root airfoil shape was glued to the
foam and was also covered by resin and glass. This served as a
noncrnshable'rigid support for the fixed condition of a cantilever

beam, Figure 4C, 4B.



TEST PROCEDURE

The wing was mounted in a fixed condition at the root, Figure 4,
with the flat side of the airfoil facing upwarde The flat side of
the wing was leveled so that an eveﬁiﬁ distributed load could be
applied on the flat surface in a predictable manner. Time and presence
of creep permitted only a 1G and 2G load for measuring deflections,
Table I.

Wing G loading was simulated by 2z uniform distributed load using
a string of metal slupgs attached to a line of tape. The slugs were
measured and distributed to simulated a2 1G and 2G load. The load was
applied to a line drawn from the root aerodynamic center to the tip
zerodynamic center,

The wings airfoil shape at the root and tip were measured, Table II.
The skin thickness along the span was measured, Table III. A piece of
the skin was removed from the wing and tensile tested for z modulus of
elasticity, Table V. The above was substitu%ed into the computer progranm
to obtain the calculated deflections which are compared with the exper-

imental deflections in Table I.

i4



RESULTS- AND DISCUSSION

The deflections were calculated assuming the core was insign=
ifeant in resisting bending. The modulus of the core and skin werse

experimentally measured and the term

(I - E‘U/E;) (a)

in the composite flexural rigidity equation was found to be so
nearly equal to one that the core had little or no effect on the
composite beams deflections, Appendix B. The experimental deflecs
tions varified that this was a good approximation, Table I, The
percent error in deflections are a combination of, the core mater-
ials contribution to resisting bending, accuracy of deflection
measurements, creep, and numerical methods used to calculate defl-
ections, The core's contribution in resisting deflection, although
shown to be small, account for the smallest of the possible error
sources. Creep is the largest contributor, since the percent errors
are seen to be higher for the larger G loads. The error in measuring
the deflections with a2 1 inch travel 0.001 inch dial gage was less
then 1%, The error in the numerical methods is shown to be less then
1%, Appendix F.

The presence of creep was noted, Table IV. For the wing being
tested, 1little should be said about the creep since the fabrication
mgthods and materials were not the optimum. Bul creep can and

should be accounted for in réinforced plastics who’s materials and



fabrication are more closely controlled. A method for determining
time; temperature; and rupture stresses in reinforced plastics shows
that creep in reinforced plastics can withstand large stresses for
long periods of time at room temperaturese3 For example from a series
of tests Plaskon 920 (a polyester resin-glass laminate) can resist

a stress of 28,500 psi for more then five years before rupturen3 It
was found that these long stress to rupture estimates could be accure

ately predicted by a relation derived by Larson and Miller.3

T = Temperatore

T ( 20 + Iog t) = constaht A

S0 that long-time low temperature creep results could be calculated
from data of short-time high temperature creep tests.

The shear stress distribution used to calculate the shear center
location for a thin walled unsymmetrical tapered cylinder is gquestion-
ably used for the composite wing since it has already been shown that
the core material resists a substantial portion of the total shear load,
Appendix D,

The normal skin stresses calculated by the computer program
accurately predicts the real stress experienced by the composite
wing since it has already been shown that the skin resist almost
all the bending in the beam.

The foam core as was previous shown resist only the maximum
core shear stress. Unfortunately the lowest density foam core has
an ultimate shear stress much greater than the maximum core shear

~

stress. A lower density foam could be used so that z lighter wing

16



will result without lowering the ultimate shear stress past the
maximum core shear stress. As of now the wing in comparsion with
an jidentical wing made of wood is zbout twice as heavy.

It can be shown that the modulus of elasticity for glass-fiber=-

reinforced polyester resins vary a small amount with respect to the

orientation of the glass cloth weave.#

17



CONCLUSTONS

The computer program used to calculated deflections and normal
stresses for the thin skin only, are the same deflections and skin

stresses existing for the composite (skin and foam) so long as the term
w A
O c/Es)

in the flexurzl rigidity of a composite is approximately equal to one.

Creep in glass reinforced plasties at room temperatures can
withstand large stresses for long periods of time before rupture.

Skin thicknesses adequate to resist the maximum normal stresses
and buckling produced inadequately large deflections. The skin
thickness depends only on the desired magnitude of deflectinns and
the maximum skin shear stress,

The foam core resist only the maximum core shezr siress and
therefore the lowest density necessary to safely resist this shear

stress should be used,

18



RECOMENDATIONS

It is now possible with the established methodology to optimize
such a wing with respect to weight and strength. Time did not permit
optimization of the composite wing and the lack of information on the
construction of present sailplane wings did not justify a comparisions
The a2uthor feels that both points should be covered before any large
wing fabrication is considered.

At best this senior project demonstrates that such a2 wing is
possible to anslize, bulild, and could possibly be competative with
the present high aspect ratio sailplane wings.

As already pointed out the shear center location, although
accurately czlculated for the thin skin only, was nolt proven t¢ be
accurate for the composite case. Specially shaped composite beams
can be constructed so that the emperical shear center location for
the composite beam could be compared with thg location calculated by

the skin approximation method,

ig
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APPENDIX A

FLEXURAL RIGIDITY CF A

COMPOSITE BEAM



DERIVATION OF THE FLEXURE RIGIDITY OF A CCOMPOSITE BEAM

e Modulus of elasticity of the core in the

span wise direction

Es Modulus of elasticity of the skin
te Thickness of core

d Total thickness

b Length of panel edge

Poisson's ratio of plate
Is Moment of inertia of the skin only

D Flexure rigidity of the compositebeanm

A guick first approxzimstion

D% E L= 2s]d-12]

A better approximation can be made if we assume that a
beam is very wide compared to the depth then the lateral
deformation is prevented and the beam is stiffer. In our case

we have two face plates whose width) thickness.



Consider a wide beam in pure bending.

AX =y p®
$=(r+v)ae-ax
£= vae

VA .
Ax r

Stress occurs on an element of length Ax located a distance v

from the neutral axis.

Z
- b ol

|
z Nevtral Axis

J 3-"—%@:‘2_173#1,:@5:_0‘; By

Since lateral movement is prevented therefore eyx 0

Then Sy is induced in the material to keep sides straight

and parallel,

From Hooke's laws assuming 6'.&E T =Y=0

XE yz
Y o
E 7 7 Ev
S,= —— (e_ + =
* -t (/" »/e,,) (-4

AZ
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Eb
M = [ S, ¥ dA 2
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area _Q&
L e B
Recslling the basic relatiens. ¥ EL
Ebd?
121-a2)

Fer twe face plates seperated by cere material,

Epd>
E——————

T 2 (1-sr

5 3
_ Egbd® _ Egbf. | Esb 4"-1:3]
w2O-Ma) 12(1-%) 12 (1 =A2)

The idea of adding er

subtracting the preperty of EI fer varieus

sectiens frem the eriginal whele cressectien can give an evan better

appreximatien.

3
~ E‘ bt°

Cove 12.(1-2)
3 3
3
o = _ Esbd” _  Egble Ecote
2 1-u2) 12 (1-a%) 12 (1- M%)

Eg b

“ 3 43 _E
D= 12t ,‘d. -k, (v c/g_‘)]

oo
(W3]



APPENDIX B

CORE MCDULUS



CORE MCDULUS

The core modulus was calculated by measuring the deflections

of a slab of CPR 9005-2 rigid urethane foam.

Dimensions: Length in. 56
Width in. 10
Depth in. 1.75

I, = Moment of inertia of the beam = 454?;nf

LOAD P DEFLECTION § o7
at midspan 1b. at midspan inch. '8
0135 0078 1.73
U270 Velnl 1.0U0
Ue 540 0.327 1.66
Pls _=1.73
avg
P L
E, S e = !
R s

We can now evaluate the term

oy
ol

-E, /)

From Table I E 6.6 x 105

it

=

(1 -E /E )=0.99785

S

Bl
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DEFLECTIONS DUE TO BENLING ANL SHEAR

fmm ]m Mt o ailll [111,
; A—Jongm MC‘%»‘ITI
2' - h=. H®x/Ln Ly - __4.,

= 3x(exfHex/L x exdWx/b
M 5(_._..._..‘_3._._) + Q% v 3 @
M Y 41
58 =X 3Q
i L
2 v
1 l'ﬂ l-p
w/zad* +]ien“*

L L
Y m M v Y
R T - — d + T
Sa JQ—]EIa * /Gnaa
o [+ ]
L L
s s 3x/2x\ [ Wix ] ] ! 2x (Hix\ °
S0 m | B vex] [ ax + L[ [z () o ][1] %
o o
Set @=0
L L
2H A 2H KE
. 2H ) " x tdx
Sq_ SEIL”‘L dx 3@&\_"'3/
o o
. L
M 2 W 2H 2 S
8:: 7 x 7y x
e SEIL: 9 36AL2 5 .
4
g . awmt 4w it 1=’ c.2¢  Asbh
a 45EX ' 15 GA 2 B
_ 48000 MWL 1o AL _ Bt
Sa * I3 Eb 5 Eb TO6h.L Eb " Eb

’/6 $ duele = il X 100 = 0.625 °/o
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SKIN AND CORE SHEAR STRESSES

A core material surrocunded by a thin layer of flange material,

such that E; E; , is shown in Figure Di.

FIGURE D1
/ Ao_ﬁ‘ SECTION A=A
Z SECTION A- EQUIVALENT AREAS
,’;TTTTTTTTT'[TT M CTION A-A EQUIVA RE!
7 ]
4 A | — — 1
A t> =W, |t % +
— B ..--—-._E-—-- veduwe Care
\\\—sx > Wee
™ " t- 5 et
PG | — |

Plain-Sections Remain Plain

€. €

5
S . £
ES Ec
Be | &
Es G
Equivalent Areas Shear Forces Acting Over Equivalent
Areas
Ghc = Gy hee
Fo = Tw
ch = wc Eﬁ/E Fce ce L
s = Tat)
Fetfs™ 2tE (D1)

A ratio between the force in the equivalent core and flange can
give an average shear stress ratio when these same forces act over the

true core and flange areas, Figure D2.

FIGURE D2 Z‘—r < 112 —_— f
;"/
- ~
" ¢{/25 %




Formula D1 can be used on an airfoil crossection, Figure D3,

at midspan to determine a ratio of skin-core shear stresses.

/ _ Principal Cenbrovd Aus e

L
0- !.1 '_-b 4—

T

T W, E
F_iF = Wk FIGURE D3 E 2 ootk
TR R e’ T b B,
For Graphmg Rssume
Fca = 1 Dﬂlt
Fy = 0.517 Fy = o.909
Ft Ft
Yovg = T—— = 8.24 Vi 2T 8.2
A ﬁ;ug = 0,14 e
c -

Other parallel cuts will all show that the core material resists
a substantial portion of the shear load. Therefore the location of the
shear center will be influenced by the 'shear flow distribution in beoth
the core and skin materials,

The maximum allowable composite shear stress can be approximated
for an airfoil shown in Figure D3. The airfoil shape is approximat
by a rectangular shape so that the math can be used in solving for ’tmﬂ

Figure D4,

i
o



3 t " ' T = Vinax Q@320 - Vinax [(*ar:) (ﬁt“t“b.l
¥ max T width T wdth

s = s

| 1S (d.3~12) 4 {(et+ Ngg) t:

"""w S i2

t e

= Width = Wee + 2t Wee = W E‘Es
2
t,+d)bt + (Wee +28)tc t,
7 canz 2lictd) Aty = 3 (wer2t) 5t

4t, (Wce t2E)+ 81t

[ 2(tc+d) bt +f;a(at+wc55’e9]Ibt-l-(at-n-wc‘i&)t_c
_ Veax | 8ot + 4(2t+w. E/mg) Fs'2

max Cma o [b(d.!’—‘té') + 12 (etew, EVE;J][ 2t w, Ec/Es] Eia

(03)

T Toua = T

S max

Assume 3 Y P
avg , *
5

And solve (D2) and (D3) simultaneously for a maximum shear load of
10 1b. (7G's). Dimension for a rectangular crossections eguivalent to

the airfoil in Figure DY were used.

: : 3
Dimensions: t= 0.025 b=8,w, =795 T =095,d=1, E.=1o, Es=6.6xldi

’me‘ 180 by
Y,

SMI

"

177 o/n2

3 by,

Smax

Note the skin thickness to resist T was t=0,025=1T_ ..
S'“ﬂx DAL

k=
L¥
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MAXIMUM NCHEMAL SKIN

~

The root airfoil shape is approximated as 2

rectengular crossection

so that the moment of inertia in the elastic flexural formula can be

written as a function of skin thickness, Figure El.

Simolated 76°S

0175 “,/“' n&wltﬂﬂtivmux = q‘bs. 41:
b L A A 3 A b o f ‘f 1
) il - = -t te d
J . 5y
il i F
e P ——
/ b/'l 3
N 3 e a tt‘{‘;
< L > I=bf12 (&7 =) +2 12

I=1/12 ( 6t°tb -

b = Root chord = 8B in. L = 50 n,
d = Conservatively low root thickness = 1/4 in,
I=1/12 ( 12,5t = 51t2 + 67> - 16t% )
From Table I @, = 6240 psi G = l\_“_z_
Sult, I
1
B e B [aces)] ‘& —
Sout I Yz {1251 2 3-16tt
2 §12.5t-518% + 67t }

20

oo
Jy{"—z,

Smee T 15 small

$12.5 t Jise-22.1

o2

t=

t3 £ 51t% -12.5t + 0.1084 =0

= 0.009% = tﬂomaL

txj
(Y



APPENDIX F

THE STRENGTH ANALYSIS COF
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THE STRENGTH ANALYSIS OF THINWALLED-UNSYMMETRICAL~-TAPERED CYLINDERS

This model assumed that the core was missing and only the
skin remained., This restriction was necessary if the original
shape of the wing was to be included in a workable mathematical
model. Even with this restriction the mathematical model will
still give useful information.

The following is a outlined step by step procedure used in

evaluating this mathematical model for deflecltions and stresses,

I) Assume a 1ift, drag, and torque distribution as a function of span
position.

A) Assume a 1ift distribution L=f(y)
B) Assume a drag distribution D=f(y)
C) Assume a torque distribution T=f(y)

Comments The 1lift, drag, and torque distributions represent the -
loads acting on the wing at the aerodynamic center.

II) Calculate direction cosines for aerodynamic center line.

IIT) Establish a set of reference axis for defining an airfoil shape
at any span position,

A) Define the location and shape of the root and tip airfoils
using the reference axis.
B) Calculate any other airfoil shape by using analytical geometry.

Comments The airfoils shape was spproximated by drawing line
segments between 32 points defining the location of the thin
skin. The wing shape is defined by drawing straight lines
between corresponding points defining the root and tip airfoil
shapes,

IV) At any sprwise airfoil section
A) Determine the location of the aerodynamic center
1), Define the location of the root and tip aerodynsmic center.
2) Caleculate any other aerodynamic center by using anslytic

geometiry.

Comments Any cther aerodynamic center location was defined along a

ri1



Comments Any other aerodynamic center location was defined aleng a
1ine drawn between the root and tip aerodynamic centers

B) Determine the centroid location and moments g;pinertia about
a set of centreidal axis referenced parallel with the reference
axise
Comments The accuracy of the centroid location and moments of inertia
depend on the skin thickness. The thinner the skin the more accur-
ate the results.

C) Determine the location of the principal centroidal axis and the
moments of inertia,

Comments The angle of rotation needed to locate the principal axis is )

calculated by using the moments of inertis caiculated from the

previous centroidal axis, This assumed prineipal axis is then

used in caleculating the product of inertia, If this product of
inertia is not with in 2 set minimum value then the axis is

rotated again until this minimum value is obtéghed.

D) Determine the bending moment, shear force, and torque.
1) Assume the 1lift, drag, and torque act at the aerodynamic

center.
2) Use the trapezoidal numerical methoed for calculating the

torque and shear forces.
3) Use a2 numerical method analogous to the trapezoidal for

caleulating the bending moments.

4} Using the direction cosines previously calculated transfer-

the 1loads from the azerodynamic center line to a set of axis
parallel to the free stream velocity.

5) Using the angle of attack and chord angle the loads along
the X,Z2,Y axis and the XP,ZP,Y axis are calculated.

Comments The program was generalized to handle any shaped load diste-
ribution, But interval spacing for elliptic shapes gives the most

accurate results. 7
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E) Determinethe shear center location and the shear flow due to the
shear forces acting along the prinecipal centroidal axis and at the
shear center,

Comments The method of closed thin walled sections was usedf’ The
accuracy depends on how many points are used to define the shape
of the thimwalled crossection and the skin thickness. An error
in shear flow values exists because the the formulas assumed
nontapered beams and the shear flows were averaged and not curve
fitted between points.

F) Determine the constant shear flow due to the torgue acting at
the shear center,

Comments Again the accuracy depends on a thin wall approximation.
G) Determine the normal skin stresses.

Comments Because the principal centroidal axis and the neutral axis
are coincident the normal stress maybe simply calculated from

the flexural formula, SN BECAUSE “0ADS ARE [BEsoWVED (NTO
- THE P& P
H) Determine the twist and deflection g i ;

DieEcnans,
4 Displacement _ M e = 1 s 48
- d Spanz? - BI T 2{area)G " t

Comments The differential eguation could be solved by using the

fourth order runge=kutta numerical method. The flexural rigity (EI)

for the skin is equal to the flexural rigidity of the composite.

Shear deformations are shown to be small with respect to deformations

due to bending, Appendix Cs SEM
Unfortunately the runge-kutta and adams-multon methods of solving B33, .

the differentizl egquations were time consuming. Instead the solutions ngﬁﬁ

for deflections for point and distributed loads where used. Starting ] eV

at the wing root the wing is divided into as many sections as desired e-® odﬂé

for accuracy. BEach section is treated as a freebody of constant a&ﬂz

crossection. The deflections for each section due to moment and

shear loads where accumulated using superposition as the program

progressed from the root to the tip. Twisting deflections were

calculated for each section as a2 function of the shear flow distri=-

bution in the skin due to the torgue load.

F3
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NUMERICAL DETERMINATION OF THE BENDING MOMENT, SHEAR FORCE, AND TORGUE

b Yf=1 in
" n
Force = j:ﬁ!, dy = % B(4+£,) = Sl refv2f, + oo +a5;_‘+,¢n] 1=1ib
b n }n' + fo'ﬂ Yo+ Y e ¥ .
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-

&

Eldw «ty, ¢ fu
ety *’f,”a""i’?
sy, *hy iy,

= ovv s

L )('h-l Yot i )(;l-tY"' ¥ )Cﬂ-yﬂ"i'

hn]

s
]



SHEAR FLOW IN CLOSED THIN-WALLED SECTICNS

The following is quoted from Bruhn 3 In this solution, we
determine the centroid of the internal shear flow system for bending
of the closed section about axis X without twist. This point is
called the shear center. The external shear load can the be resolved
into a shear force acting through the shezsr center plus a torsiocnal
moment about the shear center.

We start the solution, as shown in the example problem, by
assuming the shear flow is zero at the cut section. This section will
bend without twist if the external shear load acts through the shear
of the open section,

The closed section will be assumed to bend without twist, and the
resulting shear flow pattern will be determined.

The equation for angular twist per inch length of the beam is,

9’-{,“};6- = Si-:s" s where s equals the length
of a web or wsll.
or @A = -é_— S %':5. o The right hand side of

this equation represents the total shearing strain around the cell
which must be zero for no twist of cell. Since G is constant, we can
assume it as unily as only relative values of strain are needed in the

solution. Thus the total shearing strain § around cell is proportional to,

= 38_
S-Et

F8



If the cell is not to twist the relative twist of & must be
cancelled by adding a constant shear flow around the cell to give
a total shearing strain. This shearing strain for a constant shear

flow is,

If this constant shear flow is added to the shear flow for the
open section then the shear flow for the closed section results.

Now that the shear flow pattern for the closed section is known
the shear center can be located by swming moments about some point

and dividing by the shear force.

Fu 28
IF,

The moment of the external load will cause a torque about the

shear center, The resulting shear flow is calculated by

F9
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EXAMPLE PROBLEM

Zz
i
2™/n Core densit;'= 0500116 1b/in
‘b JP ol L0 - o oo b 1 ‘,f.
Skin density = 0.033 1b/in

E, = 6.6 x 10°

by

\
\

{

|

)

|

|

|

0
‘R‘m

Ne—

5 Y

o
% 0 181920 NP U WA 5

POINTS
LOCATED

M3RiMwee8 7¢54 32 1,32

RESULTS

TIP DEFLECTION

Analytic 0,0132 in Error 0.7%

Numerie 0.0131 in - st

MIDSPAN CALCULATIONS
Moment of inertiaz about X and Z axis

1
Analytic 1895.2 in'

- ; 2
Numeric  1898.5 in* Error 0. %
Preduct of inertia

£ g T

Aradytie 9 No difference

Numeric 0
Shear in the X and Z direction

Analytic 100 1b

% : = No difference
Humeric 100 1b

10

b



Moment about the X and Z axis

Analytie 2500 in 1b
Numeric 2500 i 1b

Centroid location

X 2z
fnalytic 11.25 11.25 ,
Numeric 11.25 11.25 No difference

Shear center locatiom

£ Z
Analytic 11.25 in  11.25 in
Numeric 11.279 in 11.251 in - Error 0.2%

Shear flow distribution

nalytic See page Di2

ticable diff
Numeric See computer output listing Ho nekissnle diflonengs

Normal stress distribution at point 16

Analytic 29.70 psi
Numeriec 29.63 psi

Error 0.2%
Weights

Core

Anelytiec  58.725 1lb i
Numeric 58,725 1b No difference
Skin

Analytic 74,25 1b

Numeric 74,25 1b  No difference



SHEAR FLOW DISTHIBUTION

Equalions Used

.
V- REA O, R L 9%y

x

Open Seclion 1'&’ 1898.5 V4 = +loo -\ég = 0.0526731630
= i 4
c d -
A
cq -Y2(.025)22.5(0.25)
100 b q.= 9, x( o.25)22.%
T q = +3.333223598
b ~ < - e 2050 e
0.25 -
il - +3.33323598
\Spllt ¥ © )
o
o &
o
ca
<— 22,50 —> -

Vz
N e e B H.25(0.25)
9= 9, 1_.x( 5.625)

= -
9= + 416652 9497 e
Vz St
q =q - — (5.625)1.25(0.25)
c v I \ &
=+ 3.332323598 \ ——x

qc'—

4.1¢¢529497

9,= 9 +—I— 2 (i25)22.5(¢0.25)

q;=
d +3.333223549
VE
= - — s 1. a,
967 9, IX(S(’ZSN 25(0.25)
Yo & 0.9333058990

Ca.l.cu!_a.tmq Unkalance Closed Section
9225  Fall-25 +(=t.,—%3 0.667(11.25)
2 o.25 .25 0,25 ]

Ti
|
i

- 2.4999174qg

E—*—=2

qe 0.667(1.25)

o.25
5.3 T = 599.280247¢

m[ | ! I HT +3.3%322359¢6
L666611799

Consbont Shear Flow toresist Unbalance

2.4999171¢98

§%. 2 > = -599.980247¢

q = -1.6e6 11799

- 2,8%%3058%



COMPUTER OUTPUT LISTING
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APPENDIX G

THIN WALLED CANTILEVER
BOX BEAM

DEFLECTIONS



THIN WALLED CANTILEVER BOX BEAM LEFLECTIONS

Using the same 7G uniform 1ift distiribution and the same
moment of inertia assumed in Appendix E an approximation of the

maximum wing tip deflections can be made by the formula;

o _wr¥
Imax = 8EL
4
_ 0.175 (51)
mE B (e.ex108) Yy, {na.St-sn‘-r e7t3-10t%)
Y & 2.69
frax 12.5% - 51tt+ 7t -1 tt
t = 0.0l wm. quz = 8.4' in,
t= 0.025m Yoy = 10 1.

g1



