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SUMMARY

This report extends the work of W.J. Goodeyl)
and gives numerical examples of the shear distribution
around a frame subjected to a single concentrated rad-
ial load for variations in the parameters; such as,
frame stiffness;, skin thickness, stringer spacing, etc.

It also indicates when the beam theory dis-

tribution of shear can be used with a reasonable degree
of accuracy.

: The report contains a nunber of curves, figs.
5-17 giving the shear distribution around a frame for
a single concentrated radial load of 1000 1D The
parameters chosen are those common to aircraft design,
and it is possible to obtain a reasonably accurate
shear distribution around a frame from the data supp-
lied, without doing the actual shear calculation.

The case chosen is that of a-long cylinder
with a closed end, or that of a long cylinder where
the portion aft of the loaded frame has a restraining
effect upon the forward section, see fig.l.

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

The notation used is:
= the radius of the frame at the gkin line. ins.

= the actual skin thickness ins.

= the moment of inertia of the adjacent framesu
about an axis parallel to the skin line ins.

= the moment of inertia of the loaded fraﬂe about
an axis parallel to the skin line ins.

= frame spacing ins.
= Polssons ratio, value taken as 0. 3.
= shear per ins in the skin.
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k ratio of equivalent skin thickness to actual
skin thickness, see fig. (2)

A
= R%_ %
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Fig, (2)
If the skin is not buckled k, = (A, + bt)
bt
If the skin is buckled and the
effective width of skin is Db, k, = (A + b't)

bt
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INTRODUCTION

Goodey in his work considered two cases;
namely (a) A long cylinder with the losded freme at
the free end.
(b) A long cylinder with the loaded frame at
a distance from the free end.

The most practical case is that of (b) above,
which was investigated by Goodey by considering a com-
bination of the cases of a long cylinder loaded in the
middl? ?nd & long cylinder loaded at its free end, Sece
figo B«
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Fig. (3)
SOLUTIONS

The solutions contained in this report are
for case (b) above the expression for the shear in
the skin at the loaded frame, due to a radially app-
lied load W is given by.

P f :

N =W .
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The above expressions for N are given by‘Goodey,
where for the loaded frame K=1.

In expression (1) above
kl andaiz are obtained as shown below,
Solve the equation

X2+U'X+V=O ___________________ (3)

where

O L TR ) TS R (1)
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V=2L4 {1 }n2(n2-l)2 (n2+ql; ——————————————— (5)
2 ¢ :

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

A+ l=X; and Mot l = Xy mmmmmmem e (6)
= s
F5

The roots of equations (6) arefklandﬁa , and\ , and
A, respectively, where}ll: 1 andp,=1 .

"3 Sy
The values of Aused in the expression (1) for N_g

are those less than unity.

If the roots X,and X, of equation (3) are less than 2.0
| then we use expressidn (2) for Nyg®

"a' and ™" are obtained as shown below.
')
Y- (Vi) Y+ 0° = 0 mmmamcmacmn o e (7)

where U and V are given by expressions 4 and 5.
The roots of equation (7) are Yl and Y, where one
root is greater thap 4.0 and ong less tThan 4.0.

Let Y, be the root greater than 4.0 and Y,

the root less than L.0, we then solve the equations

(& + 1) = +VY aud (2 Cos)” = Yo semtB)

: 1

]

he values of ' a' found are a, and a, where a;=1
a

o
and the value of ''a'' used in the expression (2) for
Nx@ is that which is less than unity.
The value of '"y/" used in the expression (2) for N,g
is the value given by Y, which is of opposite sign
to " U" in expression (4). This is so, because

- U = 2(a+l) Cos W

a

the term (aﬁ%) is always +ve hence Cos}/must be -ve,

i.e. the sign of "y " must be opposite to that of " U"

The expression for N can be written in the form

i x6
Nog =¥ 3 P(AqAgk,r) n Sinné + W Sin 6 ----- (9)
TR =3 2nR
’ or
Nog =% > Fla,¥iker) n Sin no + X8I0 9 —en—e (10)
) xR s=h 2%R

In both expressions 9 and 10 the value of F(====)
n Sin nd for n=1 is equal to Sin ©
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For practical purposes it is sufficiently accurate to
take the 5' term up to a value of n=6, hence the

i ] o]
expression for shear can be written as

.
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The curves of figs. 5-20 were obtained by putting
numerical values in the expression (11) above. The
parameters for each particular case are given in the
accompanying curves.

I am indebted to Dr. Kirkby and the com-
puting section of the Aerodynamics Department for the
valuable aid given in the computation of the numerical
examples.,

Conclusions

1) The distribution of shear around the frame is not
sensitive to variations in values of "g;‘the results

; ; 0, .
show a maximum increase of 7/ in value of Nxﬁ at

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

2) The distribution of shear around the frame is not
! sensitive to variations in skin thickness " t'", 1In
aircraft structures going from one gauge to the next
| is approximately an increase of 30,% and for this
increase in skin thickness the averagg percentage
decrease in maximum value of NXe is 4 /0. This is

assuming that kx remains constant.

3) The distribution of shear is not sensitive for
reasonably large variations in the moment of inertia
of the adjacent frames, and to take a mean value of
If is sufficiently accurate for the results. The

effect can be obtained from fig. (5) where it is seen
that increasing the stiffness of the adjacent frames,
the loaded frame remaining constant increases the
maximum value of Nx@' For the paramecters chosen it

is seen thatothe average percentage increase in value
of N.g @t 30" is 0.120 for a 1.04 increase in value

of If|

: 4) The distribution of shear is not sensitive for
reasonably large variations in the moment of inertia
of the loaded frame, and a mean value is sufficiently
accurate for the results. This effect can be obtain-
ed from figs. 12, 13, 14, 18, 19 and 20.

5) The distribution of shear is not sensitive for
moderate variations in frame spacing. For a frame
radius up _to 40" the average jncrease in value of
N.g 2t 30° is 0.4% for a 1.0/0 increase in value of

"m" and fgr a radigs of 60" the increase in value of
N.g &t 30~ is 0.22% for a 1.076 increase in '"m" .

This effect can be obtained from figs. 18, 19, and 20.
6) The beam theory distribution of shear is suffic-
iently accurate if the wvalue of PIf lies above the

iine of fig.21. This curve is obtained by extra-
polation of the curves figs.12, 1% and 14, and is
intended to give the lowest value of rIf for which

the beam theory is a reasonable approximation.




7) The shear loading on frames adjacent to the loaded
frame can be obtained with sufficient accuracy for

practical purposes by interpolation. The shear dis-
tribution on a frame 3 frame spacings distant from the

loaded frame can be taken as that given by the beam
theory and intermediate frames can be obtained by a
straight line interpolation between the frames, sece
fige. 4.
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APPENDIX A

Derivation of the shear load due to tangential
load and moment from the radial load expression.

Goodey in his work indicates a method by
which the shear load for a radial load and moment
may be obtained from the expression for a tengentially
applied load. Here the completesolution is given for
obtaining the shear load due to a tangential load and
moment from the radial load expressions.

Let (N,q) = shear load due to & tangentially applied

This will be a function of T and 8.

(Nyg), = —1f (6-0)

i

-TF(6) + Taf'(6)

when o is small
Tag = W and T = T Cos a.

'.‘éb(Nxe%'= Taf'(8) =WE'(0) = (Nxe)w
ofe (Nygly= & ¥
X a8 1 W)
IC RIPE 0
= } |
x6% T {(Nyg) ! d % | (Nygly @0 ====-- (2)
- J@:O o ;_:}O :
where the term E(N )? is a constant of integration
i X0'rig=o

and can be evaluated by considering the egquilibrium
of the frams.
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(9]
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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 (Nxa) = shear load due to an applied moment.

(NKGX; : % FE(O). + adf(elé
/ 2 } (01
ae“ -

where f£(6) is the shear due to unit tangential load.
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