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SUMMARY

The root constraint problem associated with uniform
rectangular swept boxes, having ribs normal to the spars is
considered. A strain energy method using self-equilibrating
internal end load systems is usede

Solutions are presented for the cases of a single cell
box having either all ribs rigid, or the root rib flexible.
In addition; a consideration is made of second order effects
combined with a flexible root ribe. The case of a box having
two equal cells, with all ribs rigid and a built in root is
investigated; and the method of dealing with special root
connections in this case is indicated. The effect of the
flexibility of the root rib in the two cell box is also
considered.

In all cases, the boxes are analysed for loading by
a torsion couple; and a normal force applied on the centre-
. line &t the tip.

The basic theory apertaining to this method of
solution, together with the equivalent unswept solutions,
are given in appendices.

BHF

% Work carried out under the auspices of a 1951 Clayton

Research Fellowship, awarded by the Institute of Mechanical

Engineers.



3.0

LeO

LIST OF CONTENTS

Notation
Introduction 5

Single Cell Swept Box 6
2ele All Ribs Rigid
242 FleXible Root RiDb

Two Cell Swept Box 10
Sala Fixed Root Conditions

3020 Flexible Root Rib

553, Special Root Conditions

Single Cell Swept Box - Second Order 20
Effects

Appendix 1 - Basic Theory 27

Appendix 2 = Unswept Box Theories 30
1.0. Single Cell
2.0 Two Cell
5340 Single Cell - Second Order Effects

Appendix 3 - Treatment of Triangular
Skins L5

Figures 1 - 8




-3 =
NOTATION

The following notation is used throughout this reportsi-

Oxyz System of orthogonal axes, based on rib and spar directions

Ay (i=1,2,3,R) Boom ares.

A = Ay 4+ 2A1 Sum of boom areas on one side of plane of
symmetry.
a Typical length of shear panel, in particular rib pitch.
&, Rib pitch in first bay of swept boxes.
a, . Strain Energy Coefficients, defined in Appendix 1 Egs.(1),
3 7(2) and (39,
82 By ak{ Particular Values of aij’ defined in Appendix 1.
Bb Coefficlent used to define shear flow, given by Appendix 2
Eq. (19).
b 2¢c b e
2 g)(®ey
b Total depth of spar webe

01,02,0 Constants used in solution of strain energy equations,
and defined in Appendix 1 Egs. (6), (8) and (9).

e Width of skin panel in direction of ¥ axise.

d Typical length of shear panel.

E Young's Modulus of Elasticity.

G Shear Modulus

k Particular rib station, used in derivation of formulae.
L, Torsion Couple (applied at rib i).

{ Length of box along the front spar.

n Number of ribs in box, root defined as O.

Py (i=1-6,R) End Load in booms.

1(ima,b,c) End Load systems used as unknowns in strain
encrgy calculations.
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M

Skin thickness

Spar web thickness

Rib web thickness

Strain BEnergy

Loading in Z direction, applied on x axis at tip

Specifically used to denote section between ribs
k, k + 1, (x = 0 at rib k)

Normal load on box

Coefficient used in calculating C. Appendix 1, Eg.(5),
oo = cosh &

Complement of angle of sweepback

Function used in definition of a , Appendix 1, Eg. (5)
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1. INTRODUCTION

The solution of the root problem of a swept wing having
ribs normal to the spars, using the fundamental method involves
much algebra, and it would seem that a strain energy method is
preferable, It is known that one of the more satisfactory ways
of applying a strain energy method to the solution of a structure,
is to use the methnd of self equilibrating end load systems,
suggested by Ebner and Kgller(1) and developed by Hemp =
This method has been applied to a single cell swept box with
rigid ribs, by Hemp in some unpublished worke

Amongst the advantages of this method are that it
provides a solution which is relatively simple to apply, and
that 1t can be readily modified to take into consideration the
effects of flexible ribs and second order quantities, such as
shear lag. Different root conditions can be solved without
the necessity of evolving a completely new theory. It must be
mentioned that one disadvantage of the method is that it can
only consider discrete panels carrying pure shear, and hence
only average shears can be calculated. When attempts are made
to overcome this, the calculations become lengthy and most of
the advantages are lost.

In add.tion to the solution given by Eemp, which is
included for completeness, this work gives solutions when
shear lag and a flexible root rib are considered. The case of
a two cell box with a fixed root is also dealt with, and the
method »f solving the problem when special root conditions
apertain is indicated. There is evidence that the flexibility
of the first rib joining the mainspar root to the front spar
is of importance, and the modifications to the solution for the
two cell box with fixed root to cover this case are given.

All the solutions are given for loading by a torsion
ccuple, and a normal force applied on the centreline of the
box, at the tip.

Appendices contain the basic theory, procedure for
solving the strain energy equations, and the solutions for the
equivalent unswept boxese.

/ Be sseuuni



SINGLE CELL SWEPT BOX

2e1 All Ribs Rigid

This solution has been given by WeS. Hemp, but is
included here for completeness, and because the results are
needed for the other cases to be considered.

The geometry of the box structure is shown in Pig. 7.»
It is basically similar to the unswept case, Appendix 2, B
except for the root configuration. The first bay is triangular
in planform, and the hypotenuse of the triangle, which forms the
root, is built in. The first rib pitch is a e

The assumptions made are the same as those for the unswept
case, the triangular skin being treated by the method of Appendix 3

Internal Load Systems

As for the unswept case, the basic internal load system
is the doubly antisymmetrical forme

Consideration of the spar and rib boom equilibrium in
Bay 0 gives:-

TO
- i B - % = ~ 8 Bp = By
L] a 81 + 82 = O
s i
— — — — — _O
°© e 5_1 = 82 = 8}4- = 28'0 L (1)

The distribution in bay k (k #Z 0) will be as for the
unswept case App.2 Egs. (1) and (2).

Calculation of Strain Energy Coefficients

a =%a

- l for unswept case as there is only half

(e]e]

a a4 J' the structure contributing to the

-

o1
coefficients.
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. o Using Appe. 2, Bgs (7),(8) and (9):-

2a
5 o 0 2 6}_ )

oo = %mA *t LGa_ \E" -

There will be half the unswept contribution to a
and a full contribution from bay 1.

fa
- o5 depf o L(_J_ 1Mo e
« 3 iy E BEA.( A 2 g B e (3)

+o

ao 1 b i

o1 = 3EA T LGa_ (ET *

cHo

11 from bay O,

All the other coefficients will be as for the unswept case.

External Load Systems

(1) Bending by Z wise force applied on x axis at tip Z = - W
Statically Correct Solution:= S, = - 8, = e
! @ vo ()

P = %(€ —. ak)

where P is the end load in the upper spar booms at rib k.

Strain Energy Coefficients

End Load System TO.

There will be a contribution from Bay(o on%y
a8 -=X

e - —E,r_ '3 - O _.‘}S‘...
End Load at section x in Bay 0O = sl X)+TO"—E;—— + T1°a0
) 3 T - TN TO e T1
Shear in Web = gﬁ + E—é-c: 27‘.‘;
RPN . + s (5)
»E T 2bEA T oty

the contributions being from two booms and one web.

End Load System T1

In this case there will be contributions from both
bay O and bay 1. The bay 1 contribution will be zero, due to
the internal loads being doubly entisymmetric, and the external
loads singly antisymmetric about the Oxy plane

Wa X Zad W 5
From Bay 0;- S4a =T ! - 37 )" LGt' oo (6)

End Load System T, (k £ 0, 1)

All contributions will cancel.
en = 0 (k% 0, 1) oe (7)

L AB) ssevs
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(2) Loading by Torsion Couple L; applied at i

Statically Correct Solutioni= - == = 8,= S.= §

Strain Energy Coefficients

End Load System To

8,5 = z a,p for the unswept case, as there is only half
the structure

L )
° i Cc b
« «From App.2 Eq.(10):- 85 = LGS (E - Eﬂ «e (9)

End Load.SystemT1

i e v \
From Bay 0O:- Contribution = - LGbe \t ~ ET/
. !
From Bay 1:- Contribution = EE%E (% - ET}
L : ‘
s s i g b
*4E = LGbo & ?% - (10)
End Load System T, (k # 0, 1)
This will be similar to the unswept case
-°-a = 0 (k # Q=1 i) 1
kE L . ,‘ e e (11)
. \
sl madt o b
iR 2Gbe T ET}

242 Flexible Root Rib

Apart from the fact that the flexibility of Rib 1
1s considered, the details of this box are the same as these

for S52.1
Internal ILoad Systems

The doubly antisymmetric system will still apply.
From Appe.2, Egs. (1), (2), and (3) we have:-

T
. ; k
Shear in rib webs due to T,: § = g = e
B° TRpyq TByy 22
R
Rk a
o " T1 TO T2 T1
e « Shear in web of rib 1 = SR1= - 55" o+ §E— 3 §E - 55
fe) o)
(12)

/ Modification eees



external coefficients are unchanged.
will be identical to those calculated in S2.1

Modification of Strain Energy Coefficients

be
2
MaOGtR
where tp

- - mbit fidavd.
to a01 7z EaOGtR (a + ao>

be ( 1 i
HGtR . 2

Contribution to aoo =

Contribution

Contribution to a

. g 31
1| aoa a2)

There is no external load in the ribs, hence the

£ Tr Snanmin

i
|
|

|

is rib web thickness

g

L= gu.. (13)
. ; bol? be 7 : I |
Contribution to a12 = E5§€£ (a + an) i
i
Contribution to 855 = ~—%9~— t
La Gty |
Contribution to a = be j
02 an.a.GtR A
The values of the coefficients now become:~
Using Eq.(2) & (3):-
a == ?i_ + 1___ ’Ib & c % be |
oo = 3EA ¥ LGa (?’ L,
a “
o 1 (b c . be {1 4= |
894 = 3EA e TV + T + 7 91+ —
o1 ~ 3EA Ga \fw t p 18 aO{)
/ N y)
o e fuB 5 a) o db Lo BB . 2 e S48 &
%1 = 3Ei (2 +8) + 5g o a}\? * 3)* Tot (2t ats)b
j \ e}
w Bl sk 1B o8 8T
12 T 3EX T BaE \ET Y § Ot B, g " agy
hodig $6 i O /b e be &
22 = 3% * Ga K? * 3 Dat)
a
02 Eloom-GtR 3
(14)

All the other coefficients
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35« TWO CELL SWEPT BOX

Zw) Fixed Root Condition

Fig.8 shows the structure of this box. The general
arrangement is similar to the two cell unswept box considered
in App.2 §2, but there are two triangular skins at the root,
which are assumed to be built in. The same assumptions are
made as for the unswept case, and the triangular skins are
dealt with by the method of Appendix 3.

Internal Load Systems

All the three load systems of Fig.2 are possible.
Consideration of the spar and rib boom equilibrium conditions,
shows that the load distributions are the same in the root
bays, as for the unswept case, App.2, Egs. (13),(16),(17),(20),
(22) and (25).

Calculation of Strain Energy Coefficients

End Load System a

Only the front spar booms and skins will contribute to agﬁ).
From App.2, Eq (26):-

(a) _ eh., c
Roo = 3EA1 2 Gtao -+ (15)

In the case of ag?) there will be contributions from

the same components as above

a

o a® B g
* % %t = WL Gta_ .e (16)

Both bays 0, and 1, will contribute to agﬁ)

Front spar booms give:- uao/BEA1

Main spar booms give:- Bao/jEA2

Bay O Skins:- c/GtaO Bay 1 skins:- Ec/Gtao
* (&) - EEQ 1 2 Le
« §%Y T8 il W g Gta_ w17

/ The front sesas
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The front and mainspar booms and skins will contribute

(a)
to a12 . ao /1 )
Booms contribute:- =% L;; + 1
and skins:~ = BQ/GtaO
a,
e e a(a) 1 o A’- o —& -y (18)
12 3E A1 A2 Gta
o
Bay 2 will contribute fully to aég), but the bay 1 effects

. i o8 L0 2\ . e
will not be complete. Bay 2 gives:~- E5 (A + Az + 5ta

2a /1
Bay 1, spar booms contribute:- -— \A
4
Skins give:- Bc/Gtao
a 2a a + a
o.o af(‘a) B < ( = W ) + L.L( O)( 'i }i e (19)
22 3B | A, A, J Gt a,

In all other cases, k,A > 2, App.2 Eq (26) will apply.

End Load System b
The front booms, web and skins will contribute to a(g)
Using App.2 Eqe(27),

Booms give 2ao/3E‘A1

a b .b b
. g b B b(B
Skine givs Ggot (1 - B )2, and web §¥T( 0) = E%TE%—

X 2a 2 2]
o = T+ skl 6 g0 - o

0‘; J

The shear contributions to aé?J will be equal to that

fopr agz . but opposite in sign.

-

2 2;
Shears give:- %T (Bb) & %(1 - Bb) }

Ty e
Gao
and booms give ao/3EA1

! o 27
T THIL L %
o1 -= 3EA; " Ga iﬁf (g2 » (1 -~ B°) L (21)

/ FOPr ssiveee
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2a
b " { b
For a$1); Bay O gives:~- BEAf =" G;O‘IET (B

2 2]

¥ +%<1-B’°>}
2]
i

2a r 2
. = o/1 .4 i I - N - 2 PR <
Bay 1 gives: %ﬁ—(%;*A;) + EE_IBET(B J # T (1-B )

Lia 2 2
B )R R -]
] (0]

In the case of agg), the skin effects are equal to those from
Bay 1 for 8547 but opposite in sign.

a : { 2 2
S Rt B~ C G e e
0"

The contribution to a(b> from Bay 2 will be complete:=-

22
1 2
La {1 5 T P I 2¢ by = |
_ +57=137r (B") + 5= (1 -B") I
3E \&; *E) Y@ |t T )
2a 21
P 3 1 b b . NN
Bay 1 gives: 7h (A1 + Az) + &8 i5€T (B") "% T (1 B") |
2
2a+a_) b b
o =(h) i( 0 Y b(B) (6. 5\, c4-B)/4 3
‘.t fee T ETL = A2(3+ao) * 7ot atg jt (E*a
2 O o
(24)
For coefficients where k,~€'? 2y Appe2 Eg. (27) will hold.
End Load System c.
The front booms, web and skins contribute to agg). Using
ADD.2 Eq-(28):_
2a
(e) _ 0o 1 b c
800" = 3EA1 ” uGaO i -« (25)

The shear contribution to agg) will be equal and opposite to

that for a(c)
00

a

. Jhe) 0 1 b ¢
e o ao,! = BEA,.I - lJ.GEIO ‘_b—r + "_E oo (26)

/ The DaY ecesvses
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The bay 0 contribution to agf) is the same as that for agg):—

28‘0 . 1 v c
3BAy T LG \3IT %

: 1 (‘b 3
Bay 1 contribution:- BEE1 + E@g; ;ET + 't)

« le) B8 1 (1 2_0)
2 o fitenf Sl D \Boit A o 427

The shear contribution to agc) will be equal and opposite to

- (o) %
that from Bay 1, for 5114J

. (e) _ %o 1 (b c
e o 8.12 = 3EA..1 = J—J-G‘ao :_ET EN it- ] (28)

g _ _ _\ olig 1 /b 20
855" has a full contribution from bay 2: BEﬂ1 SGalt Tt

b

2a
; 0 1 b 2¢
Bay 1 contributes 384, + hGao (fT - 'b)

" 2(a
e s D e 2 &Hw

L

For k -f;>2 a( c) and afi? will be as App.2 Ege. (28).

External Load Systems
1) Bending by Z-wise force applied on x axis at tip Z2 = - W

Statically Correct Solutions:-

This 1is assumed to be the same as for the unswept case.

WA WA
8, = - 8), = —ekr 88 el
== 8y = peen w = B5A

vhere 2 A = 2hy+ 1y
End load in front and rear upper booms at rib ki~

b WA_' ({

1 = b4

End load in mainspar upper boom at rib k:=-
Y rrh

Py = A({ k)
(30)

/ Calculation seses
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Calculation of Strain Energy foefficients
End Load System a

£11 the contributions will cancel about the Oxy plane, due to the
nature of the internal loading system.

e al® a g vo {3%)

End Load System b

The front booms and webs will give the only contributions to

. (b)

ok a, ( ) ?
oo ” Wﬁ1 ao—x ~ W&O ﬂo
s) :
' ab WA, ob Wi, BY
Webs give - T Esiz ° 5; = ARSI
a - b
... (b) J o Wao/( . aO . Jlir-{";1B
®E =" BEEL \! " 3%) - = e o0
There will be contributions to agg) from bays 0, and 1
a
o "
WA Wa & 28
; gt LY s W 4 X B 0 " 0
Bay 0, front booms give: EAi } bZ’A({ x).adx = bEzA& 31)
0.
‘ﬂrfa.‘TBb
Front Web:- T4
a
.0
o WA
Bay 1:- Front booms give == —({ -2 —x)in———ldx
T b*“A
o)
Wa ({, Ll-a
- bESTA \ 3 )
5 fo 2WA,, ‘- (a_-x) 2Wa ua
Main booms give ETQH.J -2.:-( -& —-x)—--—-o—dx oE Eiﬂ
b -
o WA1B ¥ 2B th aob WBb el v
Gt! A ao bz.&ﬂ Gt G"trz b ) 1
. (whok TS, > oma,
* ¢ ME'T T ZbESE * G4 we (33)

/ The boom ccoew
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The boom contributions to agg) in bay 2, will cancel

one another, and the front and main web shears will cancel
from bay 1 to bay 2.

wA, B
Bay 2:~ Rear Web gives - m
o J - ({’ ) Wa 7, 5ao)
Bay 1:~ Front booms:- == - = ——— -“§ =X)0% = = v
* By J T &g z o bEsz\ 3
4
: W. 2Wa 5;«
. o | 2x WA ;
Main booms:- EA_ J % %—gq—-(f e -x)dx = bEz;A Qf
o
Y TEy C 5a W, B
e o B5n EE::— \ﬁ " oo (3L)
Z1A Gt A

For afJE’)g k> 2 App.2 Eqe(31) will apply.

End Load System c
The front spar yields the only contribution to aég)

: wa £ a, ab , WA, WA,
FNMbWME”&‘ﬁﬁﬁ(“ﬂ and web ETe Zarb5E = TETEA

if_ a_\ WA
(o) Y8, o 4 -
B = bE A (1_3_',!+2Gt2:_.A - (35)

In the case of a( ) also, only the front spar will

1E
contribute, the webs cancelling from bay to bay
We £ ; 28
Bay O, booms give bEEA ;\1 - T
Bay 1, booms give bEz*A &I - = )
° Wa A 2a
= ( ) 3 2V g { o
.~ iEE ' 777 (36)
There will be no contribution to aé%) Trom bay e
We fﬂ 5a0‘ = WA.I
Bay 1, front spar booms give PESIA \\— —-5——), and web G SA
: 1
S o - 5a R o {37)
¢ TR ‘oE}:‘A 2Gt'33 A

For akéc), k> 2 App. 2 Eq. (32) applies.

£ B) ssnsaie
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2) Loading by Torsion Couple L;, applied at the 1" rib

Statically Correct Solution:-
1o
= S

—.bc= = S. =8

1 2 3 = SLI- = 85 = 86 LR J (38)

End Load System a
All contributions will cancel about the Oxy plane

S &ég) = 0 °o (39)

End Load System b

The web and skins contribute to a(b)

oE B
- a_b -L; -BP LB b
Front Web gives:~ zfr « r= . a_ = hibe-* &Y
%2 . 4 (1=20 -
Skins give:- . o 1 A%
Gt * bbe = & Habo b
: T
o, ghil _ SRl d.B % -8y . 8
* * 8% = LGbe iB i (1 =B) » t s [

The web contributions to a(b) will cancel.

1E
Ba ; 5 .
Yy O skins give IGbo (1 - B ) 2
b
T . = 3
Bay 1 skins give 258, 1 (1=8%) ' Ty08: _(4_pP) - L, (1-B") s
Gt “lbe & oGt ~a_ - ThGbe 3
o &0B)
"0 e (41)

All the contributions from bay 2 to aég) will cancel about the

X E8xild.

Ly bye I,B" b
Bay 1 skins give G55 (1 - B )f , and webs — LGos * T

%
oty aég) = EE%E {(1 ~ B0 £ - B°, %%] s (43)

Uik L .Y
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End Load System c¢

The web and skins contribute to a(c)

cE
Webs =~ 42%0 . 2ET and skins Eg%E . é%
ceald) - ks (8- 2) v (43)
Only the skins contribute to agg) as the webs cancel from
bay to bay.
™ a1(§) = %‘E oo (Ll)

The only contribution to aég) will be from the rear

web, and a "triangular half" skin from bay 2, as the rest
will cancel with bay 1.

N e _ b
74 Rgg MRNNEES Ly Tr «o (45)

Bl Effect of a Flexible Root Rib

There is some evidence that the degree of flexibility
of the half rib joining the mainspar to frontspar at station 1,
is of importance, and the modifications to the strain energy
coefficients are given in this sectione.

End Load System be.
The load distribution is given in App.2 Eq. (21)

5 o
2(1-28P) &7 g be(BP) ;

Contribution to agg) = 5 5
ol I
: b b
= Contribution to 855 and 8.0
2 2
Contribution to a(?) » -4(1-28°) &7 _ 2bc(BZ) Lee (L6)
o}
BEARaO GtRao
= Contribution to agg)
2 2
b
Contribution to a$?) = 8(1-28 % o” & QbC(BZ)
3EApa Gtoas )

/ End Load esocoeoe
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End Load System c

This load distribution is given in App.2 Eg. (25).

Contribution to agg) e/

]

4
oo P
c c
= Contributions to 302 and a22
Contribution to ag$) - -:—295 whYe )
2GtRa0

f

Contribution to agg)

Contribution to a(c) N -
g =
GtRao

There will be no contribution to the coefficients due to the
statically correct solution. The contributions of Egs. (L46)
and (47) must be added te their respective coefficients as given
in §3.1e

353 Special Root Conditions

The effect of special root conditions is to reduce the
number of redundancies at the section corresponding to the special
connection. For example, consider the case of a two cell box,
simllar to that discussed in 8341, except that only the mainspar
is bullt in at the root, the front and rear spars being arranged
to transfer shear, but not end loads, to their supports.

At station 0, the only internal end load system will be
similar to that considered for T0 in the single cell swept
box §2.1, and it will be statically determinate in that it must
be equal and opposite to the front spar boom loads given by
the statically correct solution at rib 0o

/ The lOad scceese



._.19....

The load system T1, will also give only one possible
system, which will act in the front and mainspars, and be similar
to the load system T . At rib 2, the load system must fulfil
certain equilibrium conditions. There must be egquilibrium of
the system on the inboard side of rib 2, although there can be
no end load corresponding to the rear spar booms. Also there
must be no discontinuity of end loasd across rib 2. The only
end load system which will meet these requirements is one similar
to that of T1. This will give no internal loads in the rear
spar booms, and an additional statically determinate system
must be added to cancel the statically correct loads in the
rear spar booms at station 2.

The distribution of these loads into the individual

structural components, and the calculation of the strain energy
coefficlents, are made as given in 8 3.1,

/ LI-Q moo00oe
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SINGLE CELL SWEPT BOX = SECOND ORDER EFFECTS

The structure of this box is shown in Fig.8. Except
for the omission of the centre web and the half rib Jjoining it
to the front spar at the root, it is similar to the two cell box.
The centre booms are retained and the root is built in. The
flexibility of rib 1, which in this case is complete, is
considered. All the other assumptions are identical to those
of the previous cases; Appendix 3 indicating the method used
for dealing with the triangular skin panels.

Internal Load Distribution

All the three load systems are possible, and the load
distributions resulting from them will be similar to those for
the unswept case. App. 2 §3.

Calculation of Strain Energy Coefficients
The coefficients due to the internal load systems (a) and
(b) will be the same for internal loads only.

IEnd Load Systems a and b.

The contributions to aéi) will be from the front booms, with
rart contributions from the centre booms, front and rear skins
and rib booms.

a
pO
2 a
: 2 2X o)
Centre booms give EA (5_) ax = =
e - <
o/2

2ca 1) 5
The front and rear skins will give——2 ) = =<2

OBst 9, Gta
c (@]
2 3
The booms of rib 1 give E%g f(% . §—) dy = ——QE—E
e SBAga
s of8) () _ % .o = 2¢ e
*SBee ™A RO (A1 ks Az) * Gta_ P ) oo (48)

In the case of ag?) there will be similar contributions.

Centre booms give EaO/BEAz and skins - Qc/Gtao

Rib booms give

L
Ehp

o C ™ EEARaO e o)
s oail) . Ab) T 3 . s Ba had 4 g
CeRg Y8 v (A1 + A2) Gta 3EARaO(a + 3



There will be the normal unswept contribution to a,ﬁ‘l)
from bay 1, in addition to the boom and reduced skin
contribution from bay O.

qa 4 2 _:1.2.
From bay1 5 (A1 ) b
%o
7a
Bay 0, centre booms give =<— 2 J (Zx) dx = BEE
2 a 2

Skins give 2c/Gta_  and front spar booms 2a0/3EA1

o]

§ 12 3
— c. e el (4 2 4
Rib booms give: _H_Ef L{(°+; ).Xg = s (32 + =E= g 2)

.
e Dl Ul ™ )+3EA (R, 20(2 H (1_2‘*—*_12"\

aa BEAR

he: There will be contributions from rib 1 to agg)s aég) and
a
a

00 9 which will otherwise be as for the unswept solutione

c
(2)_ L [_fe.Ble, e} uc3(1 4 )
Rib Boom contribution to a = = == dy = = —
EAR;L k 2{& 8, BEAR a2 a2
. (a) (b) 2 Pt geetuiatog
e o = 8.12 = ( :Q,_2-) Gta BE-ARa (8. s ao) (51)
£ 2 3
Rib boom contribution to aég) is Egi-[(g-. 1) ey = —Qﬁ-wﬁ
SEhge
o, af8) 2 a(®) _8a 1, 2y B Le”
S X T e — <+ ca (52)
22 22 3E A A Gta e
1 2 3E_A.Ra
(o i Bt
3 3 g B o il 8 aangpo ol F
Rib boom contribution to aj,’ = FA JD (‘,:1 . 2 . . c) dy
oo a) o o) 403
s 0 o

For the other bays, k,zf) 2, the unswept values,; App.2
Bas. (L6), (47) will apply.

/End [N I
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End Load System c

The contribution to aég) will be due to the front spar, and

rib 1 web, together with part contributions from the skinse.

Rib web contribution = 282 (1l.)” _ __be
Gt 28 £
o] 2Gt._.a
R o
.« oo} SR 4 b oa be
** %0 = T%Ei, TER (76"'*?) " P s (54)
1 (o} 2Gt..a
R (o}
: — (ods N2abl 4. M4 ..1_}_
The rib web contribution to ao1 is Gt |33 178 S T =
R (o] - o)
be (1 1
— ——————— -m+—-
2GtRao a ao
% ule) 8. o wd. 2B . 6 be i1 1
* 2 ot T B S e (2r & 55) - otpa (g + g:) oe (55)

In addition to the effect due to the rib web, there will
be a normal unswept contribution to a$1) from bay 1, and a

partial contribution from bay 0. Bay 1: BE? + Eég (%# - %—J
2a
e 0 1 b 2¢
el 3EA, * LGa_ (gr e
2
2bc 1 be 1 2
Rib Web:- (5= & ) = (5 + === + L)
2a 2a G R a2 a_a a?
(e)_ be2 143202 151 @ Ba /1 B 4
84q'= 3m (2840, )47z %’r(a*fa")*t—(a*a“)} -l - R w
o 0 R \a o N
(56)

h 1 s : : (c) (C) (C)
There will be rib web contributions to 840"s 855’ and 8.5

which will otherwise be similar to the unswept case.

(o) .: .2¢b .1, g "o ol = be /1 1
Rib 1 effect on 85’ = EEE {23(— = 55—) = E@%—a(g * =
“ o R o]
. (o) _ 28 4 b 2c be 1 1
vt * 3EA, ~ ZGa i« ) - 2Gta g * a, .« (57)

/ Contribution «eeee
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2
Contribution from rib 1 to a(c) & SR8 (J—) - el
22 Gt 2a <4
R 2GtRa
s _zle) 8a ot 08 2c be
e P a — + R (—-'- + _) + — e e o0 (58)
22 3EA1 Ga ‘t i 2GtR32
: 2 (e) _2be .1 1
Contribution from rib 1 to 8,5 = §¥E (55 . EE;
« (=2{e)v3 be
e e 502 = _——__2G't’Raoa oe (59)

For the other bays, k,g 2, the unswept values given by App.2
Ege (48) will apply.

External Load Systems

1) Bending by Z wise force applied on x axis at tip 2 ==W

Statically Correct Solution

This is assumed to be the same as for the unswept case App. 2

Eqe (49):- AR ol § N ... NPT
- et - By 106 Prer By sl =0
WA
» et A0 _
Py = Fe% A~ ak) x(60)
A
& Guom it el il o 2
8y = Bgi= =85 = oy = g (% v =)
where Z2ZA = 2..5&,1 +A2

Calculation of Strain Energy Coefficients

End IL.oad System a

The doubly symmetric nature of the internal system, together
with the fact that the statically correct solution is antisymmetric

about the Oxy plane only, implies that all contributions will

cancel about the plan of symmetry " aig = 0

End L.cad System b

There will be contributions to agg) from the front and rear

skins and front and centre booms.
E.aii ﬂ(l..A‘l)_QWC(i__L)
Gt °* b2 228 T WD 2 DA

The skins contribute: éL ®
0

/M&in LB -
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a
e
2(a,~ x) VA wa £ a
. . . 2 2 e [ S
Main booms contribute: _EA2 J ——---—-——0 554 (( -x) = bEE_';‘A(E 3J{)
8o/2
. f° (a_- x) WA, wa f g
Front booms give: - B, T MEEL £=x)dx = - m(-} - -37,\)
o
1
. (D) _ 2We (3__‘”*1 _ Wak s B
= OE = Gtd A 2bE2 A

Both bays O and 1 will contribute to a'lE(b) In bay 1;
the booms will cencel one another, leaving only a skin
contribution. ' j

d P
Bay 1: L}?{,z EAJ

The components contributing from Bay O, will be the same as for

(b)
8or ° &
- 2TNC .1_ e L1
Skins: - &ty iz -—--8 A}
%o
WA, _wa X 28
S K e 1 o
Front booms: B, | ({ -X) e bbf . 4% = 5EFL (1 3T)
y O
WA, Wa fl:' 7a
TR 2x _ 0
Centre booms: EAy (»Q x) bEA b—ﬁ—- (2 ET)
a
0/2
o LAB) . SN 11 Ay Wa £ %o
¢ s By TEE 2T T YOS (1 =ip) .o (62)

o(P)

kE s, k»>1 will be as for the unswept case, ADpe«2 IEQge (51).

End Load System c

The front booms; web, and skins will contribute to agg)

a

Front booms: Eii J‘O(ag; x) ! §g1ﬁA( ~-x)dx = z;%i;“ . 3,(9.)
Front Web: ;fg—?- . Em% . 2';0 - ﬁc;ltr

rron. sanes } - e} - By 38E - - B (- )
rear stnes - {4 - o} 2 - ek - o -

+ TaET .o (63)
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1§), the contributions from bay 1, will
be self cancelling due to the nature of the load systems.
The bay O contribution will be from the front spar and skins.

In the case of a(

wa 4 2a
Front booms m (1 - T)

Front Spar = - Eggr

& 3
Front and Rear Skins = —ﬂ%& {% — —l~j

i .. (Gae8 Wa0{ = el we 1 _ Ay } W
*e 84y’ =fEsx (- 1) + e {2 =il " Iat os (64)

2) Loading by Torsion Couple L4 applied at i*® rib

Statically Correct Solution:
Ly
TSN =By AR, R By = W e (8D

Calculation of Strain Energy Coefficients

End Load System a
All ccoefficients due to this system will be zero.

i a:li%) = @

End Load System Db

The contributions will be due to the skins only.

s, i U h i
FPront Skins: 5 &t ° g; * " Ibe T T Bbo.ot
L ac L c

- v A S .
Rear Skins: - 75 . Ibe * Gt ° a, ~ 8Gbc t

L
Ve aég) = = W%-_E oo (66)

/ T the 3 dews
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In the case of agg) all the bay 1 contributions will be
self cancellinge. Bay 0 effects will be similar to agg) but

opposite in sign. L
.. a(b) e

' 18 = LGbE .o (67)

aig), k>»1, will be as the unswept solution App.2 Eq. (55).

End Load System ¢
Both webs and skins will contribute to a(c)

ok
Front Webg = i%c . Zg? . 2;0 — 2%0 . %%
Skins: - E%E . iioc . Eal - uiic . %
a§§)=;(-}%—c(2t—°-%‘2r) .. (68)

The bay O contribution to agg) will be equal to that

for agg) but opposite in sign, whilst the bay 1 effect will

be twice as much but of the same sign

L,
o.o 8.1(%) s B—G'%E (2—1_?-— tﬁr) e (69)

For aég), k> 1, the unswept values apply, Appe2 Eqge (56).

B e b ]
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APPENDIX 1

Basic Theory

In this method, the unknown quantity is the unit of a
self equilibrating internal end load system. The end load
system is assumed to act only in the bays adjacent to the rib
at which it 1s applied, and to fall linearly to zero over the
rib pitech. Fige1 shows the typical form of an end load system.
This latter assumption resulte in the minimum of overlaep of the
effects due to the unknowns, and a resulting simplification to
the final equationse.

One or more of these systems are applied to the structure
at each rib station. The number of separate systems at each
rib station is determined by the number of spanwise booms, m,
and is equal to (m - 3). The three systems used for the
solutions considered here are shown in Fige 2

The externally applied loads are distributed in the
structure in a statically correct solution. As the internal
loads are in self equilibrium, the overall equilibrium
conditions are fulfilled. The actual stress distribution is
that due to the most general combination of the statically
correct solution, and the internal systems.

The numerical values of the units of the self
equilibrating internal end load systems are determined by
using the theorem of minimum strain energy.

: = 1 s :
In general; strain energy, U = % i‘?aijTiT;}"' ?‘aiETi"' constan‘f :
1

where Ti’ Tj are the unknown units of the internal load systems,
aij are coefficlents dependent upon on the geometry and elastic
properties of the structure, and aiE are coefficients

dependent upon the applied load as well as the structural

properties.

Using Castiliano's Theorem of Minimum Strain Energy,
and differentiating the strain energy with respect to the
end load system at rib k, for the case where the 'overlap'
of the end load systems i1s restricted to one bays-

Uk=1,k Tkt * O T * By 1004 Thyq + 8 = O e (2)

/ Partioular eeses
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Particular Cases for calculating the coefficients, aij’ ares-
(1) Members subjected to end loads:-—
S LT S
& s |
(aij) « 4Ty = j s Ox
o

(2) Members subjected to shear (panels):-

ad
(aij) » 4T3 = 8385 « G

where, Si, Sj are the shear flows resulting from Ti, Tj

respectivelye.

In practice, the coefficient akE may be zero for parts of the

oo (3)

structure not adjacent to discontinuities, and Eg.(2) becomes:—

T 0 o e

T e S iy T0 B I

Also a = a if the structure is uniform.

k—'1 ,k k,k+1
Use is made of these occurrences in simplifying the solution
of the equationse

a
Writes- —EEe. . - 24

8%, k~1 (
o mcogh @ J

The solution of the Homogeneous Equations (4) is:-

T, = C, cosh K§ + C

% sinh Kﬁ o

2

A further assumption is that the internal load
system falls to zero at the extremity of the structure.

Hence Tn = 0 .e
Gy
and from Eq. (6):- 5 = -~ tenhn g .o
2
Gy =Csinhng ; C,=-Ccoshng |
and Ty = C sinh (n - k)@ ’

/ SUbStitution soee
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(5)

(6)

(7)

(8)

(9)
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Substitution From Eq. (9) into the equation for the
internal load system at the discontinuity, which takes the
form of Eq. (2), enable the value of C to be found, and hence
the numerical values of Ty-

S

Procedure for Solution

1) Idealise the structure to conform with that dealt with in
the solution given.

2) Distribute the applied loads in the manner of the statically
correct solution used in the calculation of 8y

=

3) Calculate the strain energy coefficients, s Byds yp
L)  Form the elasticity equations of the type of Egse. (2),(4).
5) Solve the equations as shown aboves

6) Calculate the load distributions due to the internal load
systems.

7)  Superimpose these results upon the statically correct
solution in the most general way possible.

This will give the corrected distribution.

/ APpendix 2 eecee
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APPENDIX 2

Unswept Box Theory

1. SINGLE CELL

The geometry is shown in Fige3e The box is of uniform
rectangular section, referred to the axes 0xXyze The skins
z = * b/2 and the spar webs y = + ¢/2, are assumed to carry only
shear loads, any end load carrying capacity that they possess
being integrated with that of the spar boomse. The total
effective area of each spar boom is A. The ribs are rigid and
placed at a pitch a. The box is built in at the root which
corresponds to rib O.

Each of the shear panels is assumed to be subjected to
@ constant shear flow, this implying a linear variation in end
load between the ribse.

Internal Load Systems

In this case; only the doubly antisymmetric load system 7°
of Fige2 is possible. The shear notation is shown in Fige5e

Consideration of the equilibrium of internal loads at
the spar and ribs booms, due to Tk’ in the bays adjacent to
rib k, yields:-

T
k
At Pib (kat)s= 8. = 8. = = = S +8,= 0
2k 1k a Rk+1 2k
S =g, = 0 "
Bye1 Tk " L
™ e -k- e (1)
e @ SR = <4 'éE
k+1 T J
k
B, = 8, = =8 = < 8 = e
2 Gl B 2k by 2a
At rib (kx-1):= g -8 =0 S # 8 =0
T R Temt By
S - g =0
Cpmq  Rpy
| - \ Tk
| Y SR = 4 'é'a' oo (2)
k=1
Ty
S = 8 = = 8 = = 8 = - ==
Tt Sy 21 b 28
At rib k:- - 8 +8,-8.=0
... S = = _IE
Rk a

There are no rib boom end loads
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External Load Systems

1) Bending by Z wise force on x axis at tip Z==-W

0 8l
2o 55 = 2 o sy
P:;J—b-(f-ak)‘,'

Statically correct solution:- 8

where P is the end load in the upper spar booms at rib k.

2) Loading by Torsion Couple, Ly, applied at (i)th rib

Statically correct solution:-

He
e Iyl Syn @k gy 12 ORS)

Calculation of Strain Energy Coefficients

At a section in the kP bay defined by x from rib k, the
end load the front spar top boom is:-

‘}
. T . X (a = x) |
5 ({ - ak + x) + Bpe T+ Tpus =
LR NR—, 7 S {a=x) X
In the (k-1)"" Dbay: 5 (f a(k=1)+ x) T S B
where in this case, x is from rib (k-1).
Shear Flows in kth bay - ;
1 48 2a 2b  2be 2~ 2a 2a 2bc 5 (6)
T el 7 . g e B k. 5
3 28 2a 2b 2be L = 2a 2a 2be
In (k~1)* pay:-
PR 3 W I o T g I
17 " 2a* 728 Y3 " Bbe 2 ®%a " i2% 2bo
G u ook oimeh & T g o k. e ta
S 2a 2a 2b 2be i 28 2a 2be ¥
The ribs are rigid.
h 2 72
e _ &8 V . .2w 2 k 4 /ba  ca
Thenakk.Tk-EAJTko—zdx-f-LL—-aG(:t-r-!-t)
L a a
(Contribution from L booms, 2 webs, and 2 skins in each
of bays k, k-1)
° 8a 1 b &)

/ aka sc0oco000
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a
A 5
_—— x (a=x - kX 2 (ba . ga
akg.. Tk.Tﬁ. = B4 J Tk.T.E, . & a > @ G (F + t)
o

ford = kel, k-1
(Contributions from L booms, 2 skins and 2 webs in bay k)

. T W el AN ol
*c 8 =38~ 38 (3T + P K= k-1, ket } e (8)
ayg =0 £ # k=1, kel

At the root there is a contribution from bay 0 only

..aooz%&kk o0 (9)

The 8y due to the Z wise force are zero, as the
contributions from the front and rear spars cancel. This implies
that for this case Tk = 0 1ie.e. the solution assumed is correct.

Due to the torsion couple Li’ in bay k:-
20 L

_ = i (_ba  ca

%xe*Tx = 25 * 5% ( T+ T (k<)
o ey 15 o B
Bx = WS (T~ v

There will be an equal and opposite contribution from
bay k-1,

o.o akE = D (kjé Oy l) '(
i ee (10)
e
R = < B4p = ST~ on)

This allows for warping constraint effects.

/ 2 sso0esnn
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TWO CELL

The structure of the two cell box is shown in Figel.
It is similar to the single cell box, apart from the additional
centre spar. The same assumptions are made.

Internal Ioad Systems

There are three possible internal load systems, as shown
in Pige.2. All three are considered, although in practice,
for the external loads which give rise to stresses which are
antisymmetric about the Oxy plane, the doubly symmetric system,
Ta, is 2zero.

Using the notation of Fig.5 for the resultant shears
across the section to be zero:-

: P,
= T, - et | o
8; = 8, - 1= 2,6 L
{ s e (11)
P.
o I R -
Si--S,! 5 +SW 1—39)495 J
For zero resultant moment on section:-
L |
8y =8, +35(s, + S5 + S5 + S¢) s 112)
End Load System a
a
e b kRl Tk } e (13)
a
P2 = P5 = e D )
From Bgs. (11), (12), (13):~
s
W
81— SL‘_-——"?
S a 8 2
2o S o & e
s2 - 2 a 83 =% ¢+ %
5 5 af = W
B e R B & =l e
5 2 a 6 2 a

/ The strain ee.
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The strain energy of the shear flows is:-

SW S

2 2
ath {2 W
U= 56 %T(%w - Tr + Ir)+

1
e U _ 3 2 (AN
*Y SeLc 38 [Sw (2t + t);

w
. 18]
For minimum energy T = 0
W
ie€e SW (%3')' + % = 0
v . SW =40 s (15)
From Egs. (14),(15):-
8; =8 =8 =0 :
1 LI- " Ta lv se (16)
8p =85 =-8;=-8g=~% |
End Load System b
b
P1 = P3 = = Ph £ = P6 —
p b .e (17)
P2 = - P5 = OF
From Egse (11),(12),(17):-
S ;
8, =~=8, =~ =&
1 ” < s b [ e (18)
35 lle 8L & o oi® o+ X /D |
: TRRE 5 < i 2 a
] 2 2 29
S S /S by 7}
Strain Energy: U = -2% i%?r(%siruﬂ) + % ][u(_zl‘}’. - %—) I
- . & 2
b b
$ ‘4 2 g . f. B g YR oakd
- » lsw (zt » f} (8w T v % &) ;) ot
W
b
. C b 2¢
il Sw=?'gt_/(%r+_t“)
or writing Bb = %c_ (tb + %) ee (19)
T By
From Egs. (18) and (19):- 8y = -8, = Sw/z" - -—a—(‘l - BY)
b (20)
= I _(q-pP
Sz=86—--83—-85-a(1 )J

/ Consideration seeee



Consideration of the equilibrium of the rib booms gives:—

_35-—

S ! 1
SR = SR = - Rk = - Tk B
k-1 k41 2 a ( )
L ] 21
P b
Pp = Py it BElg WLP (GBS uBY
k=1 k41 2 a
End Load System c
— — - e = c
Py =P, =-P; Pg =T j[ i
P2=P5= 0
From Egse (11), (12), (22):-
S c ) o
i v sl e el . e
8y = = ¥ i p e o2
B c 8y, ¢ -« (23)
Bp=8g =~ (7 + 55 83 =8; =7 - &g
2 2
: a | b ffr® Sy 2 {Te B\
Strain Energy:- U = == | = (—- - —;) + 87 & (_- + -
2G-[t [Ea 2 w a 2}
2 2
{ S c S e
c ¥ & B . B
+€}2(§*+‘"§) +2('§“ 2a}}
2, 247
e Bl b8 . P e {42 ¢ B
*toes, IET‘§2 Sy + (57) }+ t }Sw + W) .
. [30 . 2¢] _
L] .S,w. .‘t + tr '—'O
o J
c'c SW = 0 L] (QLI-)
From Egse (23) and (24):- Sy =8, = m° /28
TC
82:SB:S5=86='—-§§L
eo (25)
Consideration of the rib boom equilibrium gives:-
S c }
k=1 k41 2 2a

/ Calculation seeee
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Calculation of Strain Energy Coefficients

End Load System a

(a) _ _8a 16a 8¢
ke = 3EA1 > 3&&2 *.0%a

where the contributions are from the front and rear spar booms,
mainspar booms, and skins respectivelye.

: (2) Ba .1 _ 2 _8c ;
°'akk_3E(A1+A2)+Gta !
(a) _ 1 _(a) '
aoo s akk {
(26)
aéa) = 0 (4 £ %1, k, k1) e
i
|
(o) @a4d ) 24 .5 4s Fee 8 |
. v AT Ag) Be 0.0 0 Bl B J
where the contributions are asg for aii)
End Load System D
The boom contributions to a(b) are as for a(a)
kk kk
B\? b W /1 1.b y
. : - B 28 2B a i - Qac
Shear contribution = 2{(51) ° GET +<‘a ) ¢ FET Ha P 1‘} —

™
N (1 [1 - Bbf> 2ac
a | ot

1 2
La® o fa b, 2y A5 B g - 8

" kk T 3B A o Ga ]
2 gy
aﬁi) e (L # k-1, k, ke1)

5(27)

The boom contribution to aé?) ({ = x-1, k+1) is as for aé%).

The shear is (- %) the contribution to CIN

o Bk ) - &R F e b -e)

£

k=1, kel

/ End Lo&d eees



End Load System c

There is no end load in the mainspar booms, and the

contributions to a(c)

be as for the other end load cases.

® (C) = 8 a 1 b 2¢c
il i EA, ¥ Ga (gr + %)
the contributions being from the front and rear spar booms,
front and rearspar webs, and skins respectively.

ok %

(e)
oo T 2 akk

ai%) =0 (£ # k-1, k, ke1)

The end load contribution to aé%) is the same as that for

the front and rear spars to a ), (£ = x+1, k-1). The skin
i
a

contribution is (- %) that to Kk

° (C) ” 23- o 1 b 20 L
e fl’ = 3 " mgE Gr ot D) A

External Load Systems

1) Bending by Z wise force applied on x axis at e o Do

Kk from the front and rear spar booms will

/(28)

- W

WA
R Iy, = _ 1
Statically correct solution: 81 = 3= 5S4 ~
sidlad WA2
w - bxA

where 2 A = Ay + 24,

> (29)

At rib ki~ WA

End Load in upper front and rear spar booms:- EE%E-(E— ak)
WA2

End Load in upper mainspar booms:-— 5S4 (4 - ak)

Strain Energy Coefficients

End Load System a

The internal loads are symmetric, and the external

loads antisymmetric about the Oxy Plane, hence the contributions

from menbers on either side of the plane will cancel.

. algz) 2 D

J Bhd 1088 sesee

(30)
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End Load System b

Due to the choice of the external load distribution, Eq.(29),
and the nature of the internal loads, the end load contribution
to aig is zZero. The mainspar boom effect is cancelled by
that of the front and rear spar boomse There is no shear in

skins from the external loads, and hence no contribution from
the skins.

b

WA1 B
In bay k:= Contribution from front web = - ot T

= Contribution from rear web b

QWAQB
Contribution from centre web = @ETETZ
b
. (b) _ _ _2WB 3
s @ akE = W (A1 A2)

There will be an equal and opposite contribution from bay k-1.

o’ alg:té) = (k. 5! Oy n)

b
aég) . e a§§)= - ﬁ%ﬁgfz-(A1 - &) s (31)

End Load System c

In this case the contribution from the internal and external
loads will be zero, as the former is doubly antisymmetric, and

the latter singly symmetrice. Cancellation will take place
on either side of the x axise.

grogied oo
° akE = 0 oo (52)
2)  Loadi : i o8
ing by Torsion Couple Li’ applied at i rib
Statically correct solution:-
Ly
= IEEYarea5 et Bra TN %80 0 ve (33)

Strain Energy Coefficients

End Load System a

The statically correct solution gives a doubly antisymmetric
load distribution, and as the internal load system is doubly
symmetric, there is no resultant contribution.

«‘e ai%) = 0 oo (34)

/ End ILoad eceses
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End Load System b

In this case the internal load system is singly antisymmetric
about the Oxy plane, and contributions will cancel about
the x axis.

of s Bu0), 0 .o (35)

End Load System c

There 1s no external load in the booms, and therefore no
contribution from this source.

In bay k:- the contribution from the webs is:-
. b
Ibe * at'
Li  2¢
and the contribution from the skins:- Y ke V' ar

There will be an equal and opposite contribution from
bay (k=-1)

. i al({d%) = 0 (k ?f O, i)
)
oty = - a{d)= s (- &) ce (36)

SINGLE CELL — SECOND ORDER EFFECTS

The structure of this box is similar to that of
the two cell box, Fig.l, except that there is no centre
webes The centre booms are retained, and the assumptions
are the same as for the single cell casee.

Internal Ioad Distribution

The three systems of Fig.2 are possible.
End Load System a

a
P, =P, =P, =P, =T
. } ee (37)

T a
P2 = P5 = o

/Sw [ R R RN N
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Sw is zero, as there is no centre web, hence from

Ege (16):"’
S, = 8; == 8, =~ 8;= - =

3
- Mg - a t A

As there is no spar web shear, there can be no rib web shear.
Consideration of the equilibrium at the rib booms gives:-—

P P a
Fret o Breod oo EE
c C a e (39)
2 a
Rk J 2Tk
c a

for both upper and lower surfaces, where PR is the end load

in the rib boom at y = 0, falling to zero at y = & Ce.

End Load System b

b
P, 2 P, =2 =P == P, ==
1 2 L 6
P L Pl P } -
2 5
Using Egse (20), (21), and writing Sy = O
8, = 8, = 0
1 L Ti ’L s» (i)
Again there is no rib web shear.
Rib boom loads on top surface:-
) B b
2 I R
c B c T8
»e (42)
P b
afx gis §ln
g . a

These will be opposite in sign on the lower surface.

/ End Load ecoess
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End Load System ¢
P, =P, ==P.=+=P, = T° |
1 . 4 . } oo (U43)
P2 = P5 =0
Ty
From Eq. (25):- Sy =8, = 55
T} oo (L)
By w8y e Wyl ol Blgisw o~ el

In this casge there is

y L N ;% 1
k-1 k41
R J e (45)
Rk > a
Calculation of Strain Energy Coefficients
The ribs are assumed to be rigid.
End Load System a
The load distribution is identical to the two cell casee.
Hence:~- a(a) H 8:’; (..j._ _2—) 8c N
ke = 38 Ay YA/ * Gia
2(8) _ 1 . (s)
oo 2 "kk oo (46)
aﬁi) =0 (£ # x-1, k, k+1)
(a) _ 28 1 . 83 . e e
%l =GR g o ton k)

End Load System b

The distribution is similar to the two cell case with Bb ZEIroe
The coefficients are then identical to those obtained for
load system a.

o . a}(c;) = algf{)
es (47)
)« ofp

/ Bnd Losad ssees



End Load System c¢
This is again identical to the two cell case.

e aéi) = 3231 # é%'(%% + %?) ]
£ < 3o |

S e (L48)
al8) = o £ # k-1, k, k+1) ;
P B BB U |

External Load Systems

1) Loading by Z wise force on x axis at tip Z = - W
1 L] v — — -ﬂ
Statically Correct Solution: 81 & SM = 5%
The end loads assumed to be distributed to give constant
stress across the section.
i.eet~ Load in upper booms at rib k:-
WA1 y
P1 :PB-—-.b—'zA(—ak)
b W e > (L9)
2., bZA
where FlA = A2 + 2A1
There will also be skin shears:-—
A
& i . A . T
S, =8g=-85="-8;=¢ (3 T)

Strain Energy Coefficients

End Load System a

In this case the internal loads are doubly symmetric, and
the external loads antisymmetric about the Oxy plane.
Therefore all contributions will cancel about the Oxy plane.

o i8] _ 0 e oo aim, {50)

/ End Load eecee
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End Load System b

There are no web shears from the internal loads, and the
boom contributions will cancel due to the choice of the
statically correct solutione

In bay k:- Skin shears:-

There will be an egual and opposite contribution from
bay (k=1).

o' &ISZE) = G (k ;é Oy 1'1) ‘L (51)
(0) o - g(®) e ft A 177
g =~ %E® < Gtp 12 ZAl

This allows for shear lag effect.

End Load System c
As the internal loads are doubly antisymmetric, whilst the
external loads are antisymmetric about the Oxy rlane only,
the contributions will cancel, on either side of the x axis.

Pl al(c;) = O o0 (52)

2)  Loading by Torsion Couple L,, applied at 1*P rib

Statically Correct Solution:-
m=81=82=83=su=85—86 os {53)

Strain Energy Coefficients

End Load System a
The statically correct solution yields loads which are
doubly antisymmetric, the internal loads being doubly
symmetrice.

o' ® al({%) = O L (51-")



End Load System b.

Here the internal loads are singly symmetric about the Oxy
plane, and contributions will cancel about X axise.

itabic) 340 .s (55)

End Load System c

The load distributions are the same as for the two cell
case. Hence:-—

aéE) w 0 (kfo, )
o] . . of8). 2 e o) (56)
%8 = "%z Ighs T 1T v 1
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APPENDIX 3

Treatment of Triangular Skins

-

The forceé on the triangular skin are shown in Fig. 6.
A uniform shear flow, S, is assumed to act along the two
perpendicular sides. This assumption corresponds to that
made for the rectangular panels previously considered.
Equilibrium is maintained by a shear flow, S', along the

hypotenuse, and a system of uniformly distributed normal
forces, p'.

Resolution of forces normal to, and parallel to the
hypotenuse givess:—

-~ 28c cos § = Zp' = P! oo (57)

Where the root is built in, P' will be reacted along
the built in edge. For the case where the hypotenuse is not
built in, P' will be reacted at the spars.
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