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Summarg

This report 1s based upon the work of

W.J. Goodey 1), Tt explores the variation of shear
stress distribution at a lcaded frame in a reinforced
circular cylinder, conseguent upon the variation of
several geometrical parameters such as frame stiff-
ness, skin thickness, stringer svacing,; stc. The
results are given in Wigures 5-17 which indicate the
shear distribution around a Trame for a single con=-
centrated radial load of 1000 lb. The parameters
chosen are those common to aircraft design, and 3t
15 possible to obtain a reasonably accurate shear
distribution around a frame from the data supwvlied,
without doing the asctual lengthy shear calculation.

The work is confined to the particular case
where the loaded frame 1s removed from the end of the
cylinder (sec Figure 1).

Indication 18 also given as to when the
heam theory distribution of shear can be used with
a reasonable degree of accuriacy

The Apiendix gives the method of obtaining
the shear load duc to a tangential load and moment
from the radial load expressions.
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NOTATION

The notstion used is:

it

il

the radius of the frame a2t the skin line. 1ins.
the actual skin thickness ins.

the moment of incrtia of the adjacent framesu
about an azis vparallel to the gkin line ins.

the moment of inertia of the loaded fraﬁe about
an axis parallel to the skin Iine 1ins.

frame spacing 1ns.
Poissons ratio, value taken as 0.3,
shear per ins in the skin.
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ratio of oquivaleat skin thickness to actual
skin thicknvss, sec fig. (2)
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If the skin is not buckled ko= (A, + bt)
bt
If the skin 1s bucklizd and the
cffeetive width of skin is bl k, = (A, + b't)

bt



Introduction

M2

The problem considered is that of the shear

distribution around a non-rigid frame of a reinforced
circular eylinder, with the loaded frame at a distance
away from the ends. The method of ~olution is

obtained by superimposing the results of the two cases

1ndicated below and

shown in ®igure 3.

Cases: (1) A long circular cylinder with the loaded
frame at the middle,
(zi) A long circular cylinder with the loaded
frame at the free end.
A
.
/ ™
y ‘ \
JpT T T T e e TemtTmemm e m mwen o M2 R "“‘i
# [
/ | = i |
/ I ; — —
/ £ . g
k & I ty o 4 v
i & 2
RIGIRE 3
Solutions

The solutions contained i1n this report are
for the cases (1) and (11) ahove, and the expression
for the shear in the skin at the loaded frame, due to
a radially applied load v, ig given by

v {O0+1) (N =112 0y #1) (hy=1)2 } 1 81m o

|

%0 "R £ A1 O =112 (E 42-r)= (0 +1) (A =12 (E 42-1)
(A1) (A - w, )y RS Vet
+ e sin 8, ceeenes (1)
2R
or
.o f 2. 2 . N
. W aia"3in 2¥+a(a”-2)8in¥Y-a Sin¥in8in nd
Hyo = 7% Z:: N - - NN T o
n=1 _SlnY*{Qa (a“+2a Cos¥-3)-r(a~-6a"+1)-2ra(l+a )Cos?i

q
+ _ﬂ_ Sin 9.

o veranes (2)

The above sXnressions for lixg are given by Goodey where,
for the loaded frame, k= 1.

Tn expression (1) above A1 and KE are
ovbtained as shown bclow,

Solve thes sguation

—

=
X9 + UX + V 0

- |

n® (n®-1)%(n%-2e) _ )], '
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where
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Ve y }nz(n2~1%2 (0748} | =mmmmmmmmmmem= (5)
L

The roots of equation (3) are X, and X,
Next solve the squations

A+ 1l=2X; and A

i

The roots of eguations (6) arefkland}!5 » and A, and

+_I;:X2 ———————————————— (6)
e

,Rq regpectively, wheref&lm 1 and}~2: 1.
.;\3 Py
The values of Aused in the expression (1) for N g

are those legs than unity.

If the roots ¥ and X, of equation (3) are less than 2.0
then we use exgression (2) fTor L

"oatl and “"",,,’“ are ohtained as shown below.
Y- (V) T+ U7 2 0 ceeeccmmmmmem e (N

where U and V are given by expressions 4 and 5,
The roots of esguation (7) arc Y, and Y, wherc one
root 1s greater than 4.0 and,on% less fhan 4.0.

Lot ¥, be the root greater than 4.C and Y,
the root less than 4.0, we then solve the eguations

(& + 1) = +xf§& and (2 Cos )< = Y, ---(8)
a

The valuess of ' a'' found are aq and a, where fq=

1
go
and the valuc of ' a'' used in the cxpression (2) for
Moy 18 that which is lcgsg than unity.

The valuc of ' ., used in tho exoression (2) for N g
i3 the valuc given by Y2 which is of opposite sign

to " U" in cxpression (4). This is so, becaunse
- U = 2(a+l) Cos W
a

the torm (a+l) is always +ve hence Cos’ymust be -ve,
i.es the sign of ", " must be ovposite to that of " UM

The exnrcssion for Nxa carn be written in the form

£

)

Nx@ =W ;;.F(F\lﬁ.zkﬁl") n3innd + ¥ S1in 0 =eceea (9)
R 2R
n=]
or
[
< .
Nxa = U f> F(asrsk,r) n Sin no + YU 8in 6 ——e—-- (10)
TR Ty 2R

In both ¢xpressions 9 and 10 the value of F(wew-)
n 8in no for n=1 is equal to Sin
2
For practical purposcs it is sufficiently accurate to
take the 7> term up to a value of n=6, hence the
=
expression for shear can be written as
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Nog =0 8in8 + W > Ploceo)n Sin 18  —m—mmmmemmn(11
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The curves of figs. £-20 were obtained by putting
numerical values in the cxprepnsion (11) above, The
parameters for each particular case are given in the
accompanying curves.

I am indebted to Dr. Kairkby and the com-
puting section of the Asrodynamics Department for the
valuable ald given in the computation of the numsrical
examples.

Conclusions

1) The distribution of shear around the frame is not
gensitive to variations in wvalues of "gg'the results

show a maximum increass of 796 in value of Nxe at

30° (i.e. mexirum value) for a 100% increase in
value of k, , see figs. 15, 16 and 17.

2) The distribution of shear around the frams 15 not
sensitive to variations in skin thickness " t'" ., In
aircraft structurecs going from one gauge to the next
is approximately an increase of 306 and for this
increase 1n skin thickness the averagg percentage
decrease in maximum value of N,g 18 47/. This 1s

assuming that kx remaing constant.

3) The distribution of ghear is not sensitive for
reasonably large variations in thc mement of inertia
of the adjaccnt frames, and to take a mean value of
If is sufficiently accurate for the results, The

effect can be obtained from fig, (5) where 1t 1s seen
that increasing the stiffness of the adjacent frames,
the loadcd frame remaining constant increases the
maximum value of NX@‘ For the paramcters chosen it

is seen thatothe avCrage percentage inercase i1n value
of N_o at 30" is 0.12/ for a 1.04 increase 1n value

of If'.

4) The distribution of shear is not sensitive for
reasonably large variations in thce moment of inertia
of the loaded frame, 2nd 2 mean value is sulficiently
accurate for the results. This effect can be obtain-
ed from figs. 12, 13, 14, 18, 19 ~nd 0.

5) Thc distridbution of sheer is not sensitive for
moderate variations in frame spacing. For a frame
radius upoto ho Bhe average increase in value of
Neg at 307 18 0,47 for a 1.07 increasc in value of

tm? and for a radlgs of 60" the 1ncrease in value of
N, g ot 307 is 0.22/ for a 1.0/ increase in 'm" .

This cffect can be obtained from figs. 18, 19, and 20.
6) The beam theory distribution of shear is sulfic-
iently accurate if the velue of rIf lies above the

line of fig.?2l. This curve 15 obtained by extra-
polation of the curves figs.lz, 1% and 14, and is
intended to give the lowest wvalue of ris for which

the beam theory Ls a reasonagble approximation.
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7) The shear loading on frames adjacent to the loaded
framc can te obtained with sufficient accuracy for

practical purposcs by interpolation, The shcear dis-
tribution on a frame 3 frame spacings distant from the

loaded fremc cen be taken as that given by the beam
theory and intermcdiate frames can be obtainesd by a
straight line interpolation between thoe framcs, sce
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(1) Royal Azronautical Socilety Journal Nov,1946.
" The stresscs in a circular fusslage' by W.J.Goodey.



APPENDI A

Derivation of the shear load duc to tangential
load and moment from the radial load EXPresslorn.

Goodey in his work indicates a method by
which the shesr load for a radial load and moment
may be obtained from the exnression Tor a tangentially
aopnlicd load, Here the completesolutaon is given for
obtaining the shear load due to a tangential load and
moment from the radial load exorecsions.

Lot (Nxel.: shear load duc to a tangentially avplied
load T

This will be a function of 7T and 8,

W) = —1f (6c)

~T£(68) + Taf'(H)

when o is smell
Ta = W and T = 7 Cos a.

2 La(Wyg) = Taf'(8) = WET(0) = (Nyg)y
ST P N A ()
XOW T g5 7 (Nygg).
(Myg) = : E + T i
X0 1(Nxa)me S 57 g (NXG)W A0 wmme—- (12)
LT a - o
where the torm (y 6)} is a constant of integration
X -
. T O=0

and can be evoluated by considering the eguilibrium
of the frama.
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the constant of integration for (12) above.
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For the case considered, of a loaded frame along a
cylinder
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Let (N, ,) = shear load due to an applied moment.

(M) =N (o). + ar(e);
3 R ! d@z 1

vhere £(6)_ is the shear duc to unit tangential load.

!
£ (6), = L{_;L_ - Cos 8 = » F(-=--=)Cos n B; see (14) above
P ) n=2 3

)
f
1), = 1 (Sin 8 =) ¥(=---)n 8in w0,
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