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INTRODUCTION

A rather extensive treatment of the stresses in fuselage main
bulkheads is given in NACA Technical Report No, 509, The Least work
equations developed in the report are for the most general case, The
examples given are for concentrated loads, which are in bslence, and
epplied at various points on a circular bulkhead,

ﬁow.the shear loads which are transmitted by the skin and stif-
feners to a main ring exist in the form of a distributed load which
veries around the bulkhead,

The purpose of this paper is to present an analysis of a main
bulkhead in which the wing reactions are balanced by a varying dis=-
tributed load around the bulkhead, The shear distribution although
not exact because of the interaction of skin and stiffeners, seems
however, closer to the actual existing conditions than would be a
case in which the shear loads are treated as concentrated loads,

To somewhat simplify the energy equations the bending and tor-
sional shears were treated separately, the work due to the shear end
axial load deformations were also neglected, The error introduced is
relatively small,

In the particuler airplane to which this solution was applied
80% of the fuselage cross section area consisted of skin and the re-
maining 20% consisted of stiffeners, Hence the shear transferred by
the skin is of mejor importance,

The case chosen as an illustrative example is an unsymmetrical

condition since this is the most general case,
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A rather extensive treatmept of the stresséS'in fuselage main
bulkheads is given in several Technical thes and Reports. In'generélv
all vertical shear loads are treated as COHCBﬂurauSd external loads,
vhiczh are in balance, and applxed at various n01nts on the bnlkhead. j
The equations obtained are valid for this particular_ty§§ 6fvassumed';i‘_' -
loading. Howewver they do not consider the fact that the skin plus o
stiffeners prd%ide the av*erqal rapntaon. Thiq raﬂction is obviowslv‘
not conoontratad but existSin the fnrm of 8. diutributed load which
veries arnnnd tha bulkhaad. _ :

" The purnose of this paper Is bo present a.method of analysis %
in which the wing reactions are balanced by a varying distributed :
load aréund the bulkhead. The shenr distribution althouzh not exacﬁv .
beéanse of the inbteraction of skin and stiffensr,seams however, clo#ér'
to.the actual existing conditions then the method of concentrated
“loads. ‘ .

In the particular airplene to which thisfsolution#wasvapﬁiied

- 80% of the fuselage orosg section area consisted of skin and the re- -
maining 207 consisted of stiffeners. Hepce the method’of soncentrated

loads would give a rather poor epproximation ef the @xtérna11y»app11ed

The osse chosen sk nn 411lustrative exsmple is sn unsyrmetrical con- .

@ition since thie is the most senersl case.




GEITRAL DISCUSSION

For the unsyrmetri 081 conditisn 707 of the lord is aoplied on
dﬁe wins and 1007 on i:ﬁo other.,

: As specified m ISR .Bulletin TA and 28, the resulting une -
bé.lar-med zz';omeub will ioe balanced by the inertia of the wings :_;.ml
‘such maséea., 1Acé‘qed tn or on thé ving, whioh may Eé aésﬁned COfw
centrated at tharv'a.-r'ioué poixrl:s of locetion. The manent a‘osor-bed by
: eééh element bbeingcpropqrbi;bnal to its ’dietzaho'e’ﬁrm ‘the lateral
ﬂ’?g;’z&jﬁvp&iﬁiqn:pf!',thé alrplane. The result is, there will exist a
‘E&fﬁional nagent Jivn the f’use"laée due to the '.-i._uerv'bia of the fuselsge

and"_such m’asvsasz aé the tail surf-aees which are attached to the fus~
élage.
The external applieci iqad's in the bulkhesd will then be,
' the mng, reactions =t the polints of a;tachﬁent to t"}fe main v}ing V
‘béa.m ('assuming, for simplicity a mbnospaxf ccn‘s’tmmtion) and a tore
sional moment in +he fuselage. ‘ :
: “‘aeh load*ng will bo treated aeparately end the requlbinr ,

forces m the bulkhead added algebraiceally. .

iy erosc section view of the fuselage for which the solution ;

t below — F16L
'”_is wo:’k’ed aut i.n detail is shoum G-n—‘s-hsw. The circular and

- bwo ver wal port:mna are a close approvima’cmn of the acﬁual shape :

<o of the f.‘usalaga. :
With a shl,ht modlfioation the solutlon can: be applied to

clxvcular bu’lk}wads a8 m.ll be ahw:n-
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CROSS SECTION VIEN OF THE FUSELAGE AT THE MAIN BULKHEAD

In ordex _'t;‘hat a reasonable solution f'of the moments, shears and
axial loads in the bulkhead may be arrived at the following assumpw
tions will be made,

1., Since the moment of Inertia of the maln beam is of the order
‘ei‘ 1000 times that of the bulikhead it may readily be as;wned that
the bulkhead is atbached to & member of infinite rigidity. Hence
in the snergy equations only the bulkhead will be oonsi':lerfad..

2. The torsional moraenﬁ in the fuselage will be assumed trans=-
mitted bhrough t}ma skin to the bulkhead by a \:&nii;om shear as shown

s g
in the sketoh o=pEEE=r® . The magnitnde of the unit shear being
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w = My /24 (1bs/in,)
Where My = Torsional moment
A = Total eross sectioral arse of the fuselege
3 The i'egctiuna E)_;(see sketoh below) are caused by the vertical shear in
the fuselage and sre transmitted to the fuselege bulkhead by the skin and
,-s%iffaners. The distribﬁticn being ag follows,.
a») Over the oiréular portion of the bulkhead the shear Wi,‘;l be a function
of the a.ngle ¢, whers @ is measured from the vertioal centre l:\ne of the
bulkhead. The > magnitude of the untt +angential shear being q = fe.sive ("/ %)

TR
Csee e wvo.&'wﬂ) /\

F/&.ﬂq : J P"»'f

T@ICR\;TIAL SHEaR PiDTTED A’I‘ RIG'I‘I‘ ANGLES TO: T}:IE NEUTRAL

AX,IS OF “‘}:Lh BU UEHEAD

. For this type ol leading the maL mﬁm shear:x occm‘ie‘ ét"‘tiqé sides and 18 zero
. at the top. A mauit which is suba‘bantia’ced by tests on - thin walled eylinders. .
, Alacs a sts.tic test of ’bhe Loekheed Vodel 12 f‘uselage, in vmioh a smila.r
bulkhead is usad, indi.oafbed essen i&lly the same resulta. e
b) A‘l; yeint BorD hhe un.it ‘bwgmbial shear over the eiroular portion:

mu be vertieal a.nrl of the magm’cude q ® /aa Ibs/ine (from

f F wkn 2‘ a,n& (,\ s:tz :

(l) E@ B}“‘Edb, 7 c«ol“ '“\l"u.xu fxn, p&?ﬁ / 1 ‘ 18960



It iz then sssumed that the unit veritlsal shear aleng the straight
vt d av s g P s poa et o Tt - P°
POrS1Ion 1S uniiorm anda ol wne rﬁ?ubﬂludde q e
' mE
0} fhe valus of "g" is derived for a eoirsular bulkhesd, however,

A

it is reoasonahle to assume that over the eircular portisn bthe egustion
for Yg" will still be applicable, It will, however, be necessary to calwe

culate an equivelsnt v&;ue of P, in order that the total vertisal shear

o
salsulated on the besis of q z:ﬁi:f/fYé will equal the sum.of the verw
icul reastions at A and E. |
4) Tne derivahion for the vertieal shear di.atr;b;tion :&s bwsad large}.y'
on the follawin%agsumptionsz
a) That the skinm which lies hetwesn btwo longitudina.l stiffeners vwill
behave as a shear web in a deep thin webbed beam, in which the &tiffeners
ach a8 flanges, and th&tfan;element of skin adjacen£ %0 the ?iﬁg'w111
Sarry & shear load proportionsal to its statio moment about the neutpal
<.(2)
b) That even after buckling, the skin will continue to transmit
ghear as e’fectiveiy a8 belore bacxlinb, a proportion, oorresponding
to the buekling strese, in dxract shear and the proportion extending
beyond the buekling loa.d in tamion.(s) | '
From the above assamptiom it wnl be poe«sible to oa?;eulate the
proportion of the total shear to be applied to the vertical and odre

cular seotion.

(Y Hakoks Wagner, " Flab Sheet Nebal Girdess with very Thin iisbal
Nabs L Parg I and II N.A, .&. Teclmical Memrandum No 604 and 605': e
(8) Herbert Wagnisr ARy W Ba...lerstedt " pepsion neldsm; Qrigzmlly n e

Curved, Thin Sheets during Shas.rinb Stressas&‘ 'f‘eehnioal
Memorandum no 77%
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SHEAR DISTRIBUTICH OVER A UNIFORM CIRCULAR RING

M+AM
oo

d

fiez

'I'o derive a mathematieal expressien for the shear dis’cributian over

the ring )1t will be neoessary to ma.ke the asaumpta.on ‘chaﬂ; )

“the slc:.n and stiffeners zu:'e replaoed 'by an equivelent skin of a thickness to‘ :

From the wel“l kmm ec;u&i:mn. :

Pendine etress = Ne/1
The load on tﬁe.differenti&l léngth RA$ 1s: :
: d@i = M.Y t E‘J ¢
The foree on the eircqlar are i‘mm ¢ =0 o f = ¢ is:
A /za / Bl , 4 Bcos g
i gl @,
T /gl- E’z/"co.s;p g = /’2?%5’,a E’ S/Ifﬁ
This is tha toval 10&&&1:6»0 e i S
Qn_D - d
‘ - (/"hAMj z‘ £ .:mnzﬁ
Difference
' e //’r’"ﬂd/’?/ 2 j//y;ﬁ /7 A E"‘?J//V;ﬂ
: T _
= 4__5__’72" = d/xyﬁ
' SHEAR =/§ ‘ AM’,. i AN . "A{A,‘ E iae

e M /”¢‘= BEL wind Ads




It "q;’ is the horizental shear in 1bs per inch

Then Z}Lﬁ = /g__/?zé:, TenD, ZL

A
;;{ e L savd @25(:>
L & F/«‘-.éZI’

For a 411..?0\1* circular ring, &8 shovm os-'bhe-—pmoeé&n-g—p&ge—-we—haw
el / 7‘5‘ f’c/gﬁ = // Fz€a~$‘¢ & £ @

(58

2L F /9/-.4.!//)'6)/ = /7‘5‘;?‘_5

Substituting in equation @

ﬁ: /?/3 LB, v «.:'»._'Ig_v_-?_‘/)vﬁ
/T‘foEJ ' : o TR :

Thl’is the }oﬁ zon’cal s‘\e&r. Ii we TOW consider 8 emall elemen‘b

of gm'faae dy dx

: me the st&binty of the sheet ::t follewa that the horizont&l ‘.

sheer is equal to the tange‘cial shear.

: ’ - Bewd
nit Te ngemoial Shear = Uni’c uor* zanbal Shear = g = ——/}—P*

e, 08
‘

Where P, = _tg‘ca}. Shear
' The above equation for "g" cap also be directly derived 'frqm‘ 'fche; standard

beam equation,. : { : :
: Horizontal shear = VQ/It (lbs/saein.).

" or q '-"VQ,/I (1‘cs/i_n.)

Where Q = Static meoment V = Total vertical shear in 1bs = }f:
t = Thickness ¢ = Shear in lbs/in. :
&= g & Loy gy = Kcosd
G ~
WMo a0
= Al‘gfé--@’":’/ﬂﬁ I /7/#:"3




SHEAR DISTRIBUTIOHN

For the determinaiion of the shear carried by the eurved portion of
the bulkhead and the vertical portion the assumption was made that;
At the points B and D the wvalue of the unit vertical shear = q = E2 (Ibs/ins)
: AT :
It is then asswned that the value of the unit vertical shear along the
straizht portiom will be uniform and of the magnitude q‘yx% (1bs/iny
T

Below is shown a‘eurve for the vecrtisal shear over half the bulkhead. The

. unit wertiocal shear over the curved portion being of the magnitudze e P 5’%

/ r . e . Ll
> ,_[E J /‘765?

The area undsr the shear curve for. tha curved pert:.on of the bulkhead

% Orrths
is: Vsc:‘ /’ Psw ¢Ed(p -—7{/ P Sy ¢d¢
. g[g ;1:«297/} - =l

z{emw the mean value of the unit snear a.}x)mf the. curved: pmr‘txon iss
o B e a2 G '
Z4 T s
Whieh 1s half the vs.lua of the unif s‘lem* over the eframht portion.

i

3

T_he total area under the shear curve is, if we assume w = unit §h6,&l'

¥ - il 4-21:‘ Ew = w.(./.-,»zz*z)
, 2
Fow Vg is the total vertieal shear over one half tqe fuselage and equa.ls

the reaction F Rt F‘!&)E .
T "“‘”’i“m
ﬁeme W o= TR ﬂ: 2
Now the total vertical shear over the curved. nor‘c‘an will be:s
Pt = ,‘LJ_..IL.‘.@
» _ ‘ 2L
Substituting the above value of w’ - -
1
- e e = 1 EF
(L+ LR 4 4L+ p)
2 < 4 5 4 "



It was shown on the preceding page thst P! = Po/é
Hence the equivelent P, is:
2 fovis
F=apP = RPITE
: : L+ L2
Check

The vertical shoar over half the bulkheid i1sy from the curwe on
h.thé.prgoeding pagé

YVS‘*" FgL =+ _52. X /Zg - FODL— +§ ;
I 2 2 e )%
S : ek
Substituting the equivelent value of P, &§
: N
; : ' ‘N
Ve BEE L L mE v N
(A.+_n;z)ntz (4+[,¢e/4
= F/:[ ] /
A.+”E /
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Y'rﬂv?rr,‘ T,

3incre the bulkhead

oal

OR0E &

about the verti

bulchead will be cut st

The 1oads on easch half

identicale.

From the symmebry of

A -
A

and the losed it

vertical shesr ot L}

ba 2810.

In the abova case t

il

is symmetrica

cantre line,

the point

=17,

Rsin
St Ede

1

the

the point C.

will be

/'76‘2

t tangertial -shear load
lo J//r //ffp o Qver the strs

ight portion

over the cirsuler portion iz g =
the unit veriical shear is =0 o
e roical ; £ Q /,/7/C“'
The moment ot apy roinkt an tha oir-nlar partiocn due to a = Dah/y‘9/£? St

/oD Q_’_//v

7

Ma?%:a

Now 1 f we dresi%n

e (97

!

i 1
Y er = EE = Cos &
e Z g A

stance to the geu

(/ ) ?l‘/
radins by

/ézf

the owter

; Bl
5 trel

R and the di

rwl’»e

axis by Ry, then the total moment over the cirsunlar portion is
/‘;79,7) « Mr L - &) o it //—60:;(5:’ - j//y&J @@
{7 { fo s 2 .
7 -
TREY Do - 7 / s - - 4 &2
s s . 2 U te e bg
V4 7
Ror oge quart of the ciroular portion the horizontal shear is
gty eI NP e - e " -
Sf '“;Qmwﬂwgc45§ AT = e
bl e 27
Trom the aquilibrium equation = 4 =
[he harizontal shesr et &. 7/, 1 A = - 2 —
3 1€ = /‘:_; S / ,;5 /;::,X‘Z ),:' / "‘
m2nt at any point X along the wertical portiocn is then:
s e = ] o R
Ve 2P -GL-7)- Bx.FPr-<5 0@
Zt = A P
Trare /Zf x 1s the ecrgntri s momant Por an grgenbricitv & (=R o K.
: el iy
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Arplving Castiglisno's theorem: The Principle of Least Work,

The energy from C to 7 is % ’%' 4
2 energy from C £to & is then 2 P
U/ My &edo » [ 17
e 2ar i e
Substituting the wvalues of %(r) and ‘/VA, the eperzy equation bscomes
Z ' :
; : z
o= /-/77‘ ot //—(&5:9/ - Pef://-c‘“adﬁ—_é ey 627 £ &
/fz' o '

= T i
sz_//wﬁe Pé’//f} k- ___Qm__]‘?x

To determine the unknown quantities take the partial derivetivse with respect

yes«/trng
to each unknown and set the penlbiwe sauation equsal to zerco-

Nots: When integrating the sbove expression /@/de will beeome £ c/® when

operating on the tarm E/E;’//‘C'(P.ﬁ'@~.€.ﬁ’/n/£); this will teke into account
L 7 & .

the eccestricity. In taking the partial with reépact to P the resulting Ry
will multiply through as such. The moment of Tnertia will be considered

sonstante F

) e Fie - L = L Y /é’
vat{ /Z ~ c//c‘aﬂé;j E// ~CO5@ ,Q:r/ ay] e

L
f"/[/‘?’f*p.é* /3’ //,gz/ L£x L x-S0 % d); o

'"“""‘ me

Intezrating, collec'ting terms and simplifying

: 2 : ;
5.2;1_74 - M(fr,éj “L) £ P (0572088 4 EL +2% ) f}s(/a 702 £°
@)

+ 0. 2/56 L ¥ L2 +£47-/ =
| dd - '

7

.Q(./ | /Z /‘7’%/”3// €I58) - PE//-f,cs@ -8 5//;2@](/-505‘9)55;‘4:/@

;\

+ ///\7+Pé’ /"& //—,4/:/ x *P,x f/’x]/fw-;ydx =0

Inkszrating, collactong terms and smplifylng
J = 2 v . B 2 S5l ;
sl = MZ‘O'S'M 8 Birs (& +z./z)_/+/=' o. 2562 B+ L R +2)
o P ' :
+43/J F’{aos>5.§”8,€’ +oz/4f;f’/f=/_f£°4(/+e'

PO o7 L b L - E 7 -
2 A @



nts

ubstituting the values for the comsts

L= 18", R = 81.57, Ry ™ AT R 1" the equations red
follewing.
' 69.1 M + 1350 P » 94,0 P, =0 (@
1850,0 M + 47,844 [ = 3880 F_ = 0 &
Selving simiitaneously gives
N =2 0.895 p =

Since P is a funection of the wel ;r‘f*, whiiah is suhiect to ma

it was felt that it would be advantagsocus from 2

2

to give all moments, sheurs and axial loads in terms

cal shear, as it will facilitate the checking lozds in

for changes in weight,

Using the values

moment equation

obtained for M and P and sevalueting the terms

{7&,?& I &

in acuations @ anc @

uee

340899 B

Ty ¢h an*e 3

the bulkhead

in the

.8 VAT FE (r-cos6) F’/&’ //—caag f 5//:/6 27
g ”‘ S T 'S A A L e e e PN B B Y - R B e TR o XTI v S Ay T TR S8
e = ) D.1104 P - ,0011 P - 0,283 F
4{2 : De83 4 043104 Po 2001 o o 5
= | R REE ik el R G A L L S et 5
: } B Qz B ) d(’zs“ P - ’\. 2 - 01; 9(.; p
4 i \‘30‘.«.‘7 o LB IRy B o OslC PC‘ 8] 5
- 1 oo o oy
v & o Fon e 4 & i ]
% - 0,593 B | 0.951 P - 0,129 P Gui10 B
ERCRISIRIEY N S ol AT S N e s e e S SN
ﬁ'/; « 0,893 P, | 14623 P, - 0.8018 ?O Qlafito b
ST | _ 0,592 P 406 P = 13158 B 0,658 F
& : 0 o 4
L : - e e b St o 53 g - e e o e ot s i
g |- 0.593 P_ | 3,246 P = 9.9%E p 0,870 P
oy : : - < B s e
Substituting in eq.@D the valucs obtained for M and F sives

- 0.0005 P_X
o

.,,7’) T‘

- 0,155 PCX + (0999 POX

YWhen X = 6
e e e R ¢ 2 e
Mo = 00870 Pl e 04116 P = = 0,046 P_
» ®

X el e o

When X = 12
B e e g e Ay = i el
M= a0 - T B2 RS !’lr:» = o= 0 4BET-P,

When X = 1¢
V"K o ATOR e 1,2248 ;::0 = o- DaR648 r
R i — ~

NDTLERA

Fi6. 2Z

St o

Aoy



SHEAR AT RIGHT ANGLES TO THE NMUTRAL AXIS %

From the follewing shear moment equation

S i Cl\i- = d__ﬂ . C.L@

(¢iven in any utrength of Materials)

dy de dX' o - Text
Cl\}‘ €de
$- du .de - LdH
de  Bde Eds
5P dM
; d.6

Frem equation @ pege 10

SEBo= dli = M+P€(f—cosg)

g -COS& §.5M‘27
)= AR syne = BiR-isine - Bicasé i .mre)j
Wil ' N 2 Z

) = ‘=‘ - E -
FPR s/~e b (J//Ye ecos )

X : = .099% Fg
Kogail i ses B s vh - B (5//;/9 aco:se)

Note: The radi} heve been assumed equal 1n the above derivation. Sime the
the ratio R/R; =

1403,the above result is close emough for practical
purposes,

EVALDATING THE TERMS IN THE ABOVE EQUATION FOR VALUES OF © FROM © =0 T0 & = 12‘::

& . 0858 fj//vo iz (://m-adase}] : 5’ | Foz"‘.the straight pétion
s s e . from eguation @;pﬁgzﬁf-
=00 22 3 4
42 | D258 Te 0008 P, 00249 P ' S
T | .o - — - d W4 PE-BR (s
Z 0499 P, . | =,0073 B, :042(, Py il el
Tl e ey L foonep 0464 P ~ B Pes ey
‘< - T 5 i 4 i i
L | ,0865 P ~40546 P 0319 . - :
3 L4 : (¢] ; Lo} L Po e /5‘?‘_“{{; 2 é‘ /,;
TGRS Z 7 Tk
.9:/57 «0965 P, “o1003 P, - | =40038 P , S
/ - :
VA 0999 P 1590 éﬁ is smwall and may be neglected
b o *e - » G
£ i Mol te . _hence the shear will be '
t al to t hear
SEE UTACR AL ol m Fl(n m , Z%ngtam?éanq ecuxl o the she

ks’ J
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AXTAL LOAD ot any point Rdd

- on t‘he bulkhead. ,EKSINQ Cde
T

Due to the svmnetry of the bulkhead and

’che"_)_.oading, the axial loads in the left
© half of the bulkhead will be equa.i to the

| | axial loads in tiae__ right half. o
- Fcr equllibrlmn

z’%_ /*7+P,€+/~3ze> /7 /PJM/ e

/‘?’a /pré?//-c:asa) e 60<9 95/#59)
;7' i

o

A;/ye:é- z/% i /m P£+P€ W PE (- c:c:).s&) > ,gg. (1= cos@
: 7
__22 5//)»’&] - 2”/ C&!séﬂ/

/*7,;/74—?,‘ /’,{: g /’E 7‘-/‘9{:)(,.6?.‘,6 +/%,é> é‘? TOSE

o —————n

& f’i; 8 e — B 4 BE COS8 =0
e “}%‘“ oy T s
& R Pze‘ca::s —~ ok B = O
g o ‘ zm _
FPw B e'.-’r//yg“-v/?casa'- (P= .os9s )
. : a2 o Sl '
. Eveluating Py for va{'iousvvaluesvof 8
s L insaoniges ) Re wmllc it e e en e
! . oot 2_..# : Py - For the_vl-gtraight portion
f— : } ok g,
L 6965 P 02078 P, |=.08572 P By = 0200, F5 + Py x
| & |=w0s65p, | .oa18%  |hoser | o '
: AL e : L2} Yhen » = 18
s .970590 | _.oags B | f._0179 ?9 p =0 R
g |we02995 P, |° L1484 P, | +.0945 B e
el o | 1 SEE DIAGRAN espasas /6 IX
';:z'- '?503558"90 i e 2510 Eg | +el754 P, e ;
e Ee -2800 P %2500 P, | - G
g : : o : (o) ik s i
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F~76 Vil

Mement diagram for vertical shear. lMoments are plotied on

Compression side. Soale 1" =P

76 par
_ Shear diagrem for vertical shear. Sheay perpendiocular

to neutral axis, Seale 1" = Ok Py



AXTAL IDAD DIAGRAM

6 IX

Axial load diagram for vertical shear. Compression is plotbed

on the outside, Seinle 1B = 0.5
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TORSIONAL SHEAR

In the above case the borsional moment in the fuselage introduce
| a uniform torsional shear "w" around the fuselage ( w =M, /24 )
e Since the bulkhead is symmetrical about the vertieal'centre line,
the bulkhead will be cut at the point C. The loads in the left half
will be equal in megnitude to those in the right half but of opposite
8isne
from the -symmetry of the‘bulkhead it can be seen that at C there
will be a point of inflection hence the moment at C will be zero.
St cor a/w e Shown rhat *he axeo/ oo o/
e el B 4, . #-proof-for -thie—ltavbor-sbatc~
- 15 zevyo

s

L

The moment due to the unit shear "w" ab any point on the cire

cular portion is:

&
- /»79@)‘, /"w,?7}_. 6@5(5~¢527d¢

/«n?*’p-. COSE Tozp + T :/N¢/d¢
: @j L: ou/"z/¢ Cose sSrveg - :r//fecad;a)/
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& : @» {
Mot = wk /52 ((’..-&'.d//r& + G B CO5S- 5//:/‘9 aw/Q(a-sme)-

The moment at any point on the ourved surface iss
/79(7_) P/E’ e — e E (9 5/#6’/ m @
Where R) = distance to the neutral axis ;
R = dlstance to the outer surface. S
; AN g £
Yhen & » 7T /72,?) =*P€,*w‘5;,{§~/)
The horizontal shear st & sez - /% o 4 :
i SRt g 'gﬁgf 'wE‘cQsedQ
‘ 7 T g v, .
wEStne/ el

The moment: alo:ag the vert:.ca.l pertian at & distancs X from D iss

M Mm + ShH X f‘d X e
PR, —w B’ (E-/) WBx-Ewx & (D
Where C2d X is the eceentric noment dus to an eecentmcity £ (i R = Ry)
Wiriting the energy equq.‘cions anwi‘ollmving the proeedure as siven
for the vertical shear cbndit’iozll,_vwa haves -
The total enerzy from C to E isz ‘ , - _ '
]ﬂ,/[/”f‘ s/,vp-f wé?’/a .5/4«*527 Fa‘e zé,]/[/’f’

*wpe’ (‘T-—//+w£?x +£w;>5_7 o x
Tanmg the partial derivative with respect to P and noting that

Rlde becomes RA® when operatin{r on the term wE(G S/Ne) in order

that the eecentriclty may be Saken into account, we have:
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g_.,;g - /PL .3’//)/5+ zwf’ /& 5m-éy] ://w dg 7‘/[7’@ ;
le} :
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3
\6‘“ + /[Pé’ + wz@z.é’(gz‘../ +w.€’e X #& e ;f]dx C,
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Collecting teme

A : o) +ew EF EL g el -LLrt? Acfwé..z"?g
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Stmplifying snd solving for Pr ' | i ‘ :
== | [wE ez ,2' & 57056’4 "-:54.] é’fw.d,P‘
/é”(ie u.) ( o i |

' Wbatiw*ing the valueg for the oonstanhs in the above equation
R =33,6", R =325%,L=18", £=1"
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Bwvaluating the terms in eguation Q‘ p&&&-?ﬂ'
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MOMENT ALONG THE VERTICAL PORTION
e = - ——sz/J-,// w/{")(—-fw)c

fhen X = 6 : ' f‘f el
T -:‘61.4ws—201,w—ew = 268 w : ‘

When X =,12 < i fad «
My = 6led Wb -46;3 w,ev“'],av w 5*475 w

- When X =18 :
_Mx" 61.4 w-603 w—lSw—- 682w
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 SHEAR AT RIGHT ANGLES ol mz NEUTRAL ms
‘From ’che shear moﬂen% equa’cion sdaan ‘ '. s S e
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 Evalusting Terms:
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Axial lond at any point on

the bulkhead.

The axial loads in the left half of the
bulkhesd will be equeal to the sxisl losads
in the right helf but opnosite in sign.

For eguilibrium .

: i e
LMco- PE- 11, - F [wkdg
_ - 2 . :
| '/‘7/’.—_ -PrR sive -a.)ffz(e——'sﬁrej
e B Z’fh /’/:'j.://ve + sz/g_, S/v8) — w e
 = ?f, + PR /e ~- wé-?d/wﬁ = e
//7=-P5//Vé+ ) £ sy -‘P\-‘-rz.gsw /E:‘ss.s“

E = FI17.8E W TN E + 335 e S c A+ S/ 35D LB

Por the straight portiony
Fia +$038 D dx = g w (S 35+ %)

Eveluating Py for various values of &

e w 5).35w gin© P
B R SR B ST e For the phraight portion:

éf + 15,3 w + 13,3 w P, = +51"5 5w
éﬁ" ¢ 26.7w 4 25.7 w For x = 6

b e At Inlisee i e S & s b el sl P, = 457,35 w
f— + 36.3 w : + 55_.;”5' w _ For’bx e
_}E v 44.5 W 4 44.5 ‘ ) +M
}%{ + 49,6 w ' ¢ 49.6 w qu A——la By = 4 69.35 w
‘2”: ¥ 51a36 w + 51.35 w
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MOMENWT AND SHEAR DIAGRANS

16 X

Moment diagram for torsionsl shear, Moments are plotted on

compression side, 3Seals 1" = 1000 w

5 ‘ \ : \ : l /
N\

Fr6 7

Shear diagram for torsional shear. Shear perpendicular

b0 neutrsl axis. Scale 1" =40 w



AXTAL LOAD DIAGRAM

Axial load disgram for borsional shear. Compreesion is. plotted

 on the outside. Seale 1" = 100 w
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BRTICAL ¢ SHEZAR bOLUTION VOQ A CIRCUlﬁH BULKﬁhAD.

The vertical shear solubion gilven co—vames—dSedmr=3f or the non-

siroular buikhead can-be usszd for a ciroular

r bulkhead, as shown in the

firpure, by letting L = 0. -

The momsn®

/79?

And the

equation will ther bes
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/‘7’* L fr—cosp) — (£ f/-~Coss ~L T/ve
& )~ e / 2 7 J
Fﬂm'w.f ef:waFimA i

o M FE e ns@
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From equaﬁon@-?g-i-ﬁ, when L = 0

rom G 60 D is:

E// cose- 2 .-f/n/ajj e ,

: s /:,__'e'z.&.w;/“s_ A
é}’;ﬁ 57 +(£‘~/)E | ?‘g/g 2o i
From .equation M, when L= } :

S HESCe 1) v PRz L ~ -z

2u - MEE( g0 2 PR -

”E e /zhz,swg‘ ,

I7E5(Z-q) + Pe? P BB 3 _25)=0
. | ( Y (%’ . o // - (5_'/)
Simplifying: : : et
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Selving smilﬂmeously :
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may bs obtained in terms of Pa e

ssbituing the values for R and Ra
< | e

/79 = “4/09/%7“/‘95'

Substituting the waiues of M and P in the moment esouation t

the moment

~. 2095 £ 0595 B LY coss) -
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at any

_f_fé@/ ~cos# }e.m{eg “

A g ) e GG tosa s s
e ( Cﬁ,’j a/a.:eée/)‘

in the moment equatlon:
& o /935S fi-cos &) |10 55/9(/ cos8-gs/me) /.
j% = «366 P - 0011 Fc
A = 42001 P e2995 P - 0320 P,
- 555 R
Z 2 Sl e
4 o .v:’“'i .’"{} .ﬁf_'?‘.?’ ‘“:’fr - oE,Ug(«,’ PC}
= «3680 P, - 5012 Pg
A - 3209 P 164350 P, - 11280 P
o 0 = Q
A -
= - P 149350 P, ~ 242850 P
For cases in which the .spar attaschment is such that 975’5 thes
upper limit of integration in the general solutica may he chanzed to the
raguired wvaiue cof 8 « The solution can then be ohtained by the proper :
dgifferentiation nad inbegrsticne.
Due to symetry the moments in the left sida will be enual £o those in
i
the ripght sides
The shesr and axial lomd sciution 13 similar to that of the non-
cireuiey
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 PORSIONAL SHEAR SOLDTICN FOR A CIRCULAR BULKHEAD

The torsional shesr solution may be used for

*

the. circular bulkhead, as shown in the fligure, by Jletting L. =0

The .moment equation will thenbgi-

Mo = ~PL /iy = w £ (5’"-5/”‘9/

And fhe energy f’“nm € to D is:

& = =4 /1/‘\‘/7{’ S + (9 J//waj E?dé;
FET
From mua‘xmﬁ Blpspe—fiis—when w:-:, when L =0

e s e seellE iy
SF o ‘ ¢

""’-=='- E"’"P - 1

- e.«.z.,é?_, e Z)

= - /:m—"‘ A7
"§x o8 wé’-(fgg/

T29 2 P, = P72 et
Substituting the value of P in the monment equation, the moment

"

at any point on ths bulkhsad may “é obtained in terms of "w
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CONCGLUSIONS

The rsaults obtalped from this btype of losd distribution sesn
raasopabis, 4 bulkhead desizn based on thls amalysis compares favorably
with bulkhsads whish, through stalic tssts ol the complated airplane,
have proved fe te gatisfasbory from a meipht as well as strength stande
polint,

It may ve of interest tc note that when s sbtraight section is
added bto the elrcular sectisn the loads incresse rather rapidly.

The anslysls and procsdure may seem somewhat too specifis
however, 1%t was fell that there exist a definite need in the imdustry
fo: a scluion of thie type, dealing with a specific design problem
and ye% gzeneral enough so that by a slight modifleation it may be
apnlied to preblems of similapr nature, The represenﬁaticn of & number
of abetract formulse and equations lsad too often teo misinbérpretation

and confusion,
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