CHAPVER III

SOLUMION PROCEDURE

In order %o investigate the effect of uniform axial compression
on minimum weight of an internally stiffened cylindrical shell, one
wants to know that when the uniform axial load is changed ( either
inoresse or decrease ) how this new load will effect on the
corresponding minimum weight of the stiffened cylindrical shell,

In this work, the author increases the uniform axial
compression and finds the corresponding minimum weight of the .
stiffened cylindrical shell by using tho method proposed hy V;
Ungbhakornl several times, Then zraph of load against minimum
weizht is plotted, From the plotted graph, one can study the effect
of uniform axial compression_on the minimum weight of internally
stiffened cylindrical shells,

Since this work is considered to be continued from -

Ve Ungbhakorn's research and in order to save computer time, the
author selects the result of his research in Appendix C, case 1
for TSRR (tee stringer and rectangular ring), as a starting point
in this research, From case 1 in Appendix C of V. Ungbhakorn's
research, an internally stiffened circular cylindrical shell is

under a uniform axial compression of 800 1lbs./in., The minimum

- s mi wme -

Lngbhakorn, Vy Opy cit.
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weight of this shell was found +o be 703.4 lbs. The shell under
consideration has the following properties:

R = 95,5 iney L = 291 ine, N = 800 1bs/in.,

=
n

- 6
bx = Ey = 10,5x 10 psi.,

/Osk =Py =)0y = 0,101 1bs/ in‘.,

Y = 0,33, 6= 50,000, psi.
Stiffeners are tee stringer and rectangular ring (TSRR) and they

are attached inside the shell, ‘fhey have the following properiies:

cx = 1.097 9 cf::= 1. 9 ks= 0. 35,
Cy = 0. 9 cfy= 0. ] kr': 0‘
MG ( minimun gauge ) = 0,02 in,

Then the author increases the uniform axial load up to 900 1bs/in.
or 12,5 % increases from the original load , and he tries to find
the corresponding minimum weizht of the stiffened cylindrical sheli
by using V. Ungbhakorn's method. There are two stages in his m;thodz
Phase 1 and Phase 2,

In Phase 1, non—linear programming search technique of
Nelder and lead combines with golden section methodz(senrch by
golden section) are used to prepare charts and tables(see guide
line for data generation in Appendix])). In order to move a simplex
toward the minimum W in 5\1_{- ;(W space for each Z, and a pair of
(éﬁx—aZ;), E;x at every vertex of the simplex is evaluated,

cr
To achieve this, the well-known and the most efficient unmidimensional

2Himmelh1au, David 1l,, Applied Nonlinear Programming( New
York, McGraw-Iiill Book Coe., Ince., 1972 ), pp. 42-44,
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search technique, the golden section, is employed. To find -E::x
C

-— P

I
for each point or vertex in tho /)\:.cr" }\.‘,’Y space when m is an

integer, the golden section has to be applied twice. The process
is as follows:

During the optimum secking procedure, at a point in the
5\11— A\ space, all cuontities, except m and ﬁ in equation (16)
are known. First, m is treated as a continuous variable and tho

e

golden section is applied in etunation (17) to fina /5 for ny .
or

From equation (17) one can compute me In general, this m will not
be an integer. Then m is considered to be two consecutive integers,
except Oes bounding the non-integer m found previously. From these

two m's, by using equation (26), one can find /g 's and then KH'B.

r cr

The value of ﬂ and the corresponding m, giving the smaller K S
or

will be taken as the solution for X__ at this pointe. There is no

it

or
convergence problem in finding the minimunm ¥ with this method,

Instructions and computer listings used in Phase 1 are given in
Appendix E.

In Phase 2, the design charts and tables are used to attain
the minimun W satisfying all constraints, Steps in designing for
minimum weight of the stiffened cylindrical shell with SRR are
as follows:

1, FPor each Z, locate the minimum weight parameter W in
the 02}{-— Xy apace (charts or tables) and the corresponding 5\'8.

Since the expression for the stress in the rings is baged on thin

rinz theory, % must be greater than 20, This implics that ’éé'é'%h"
wy

One then follows step 2 throuzh 7 such that no constraints are
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violated, If any constraint is violated one must increase the
weight ond repeat the procedure., Note that in meny ceses minimun
W is a linc rather than a point,

2, Calculnte the stresses in the skin, rings, and stringers
by using equation (5).

Tf all stresses are leass than or ecunl to the yield stress
or certain limiting stress level the next step is continued,
Otherwise, one must move to the next hicher W and repeat step 2.
Note thet since the skin is in o biaxial state of siress , one
should use an appropriate yicld criterion.

3¢ The stringer and ring heights are computed from the

definitions of o _ and )

y
(1+G€¥.k {ET 7 = (l+C y'kr)h_
y oy T .
W (1o, ok )T X i 8 (1+ﬂcny.1:r)“ X

4., The rotios of the stiffencr thickmess to the stiffener
spacing are determined from the definitions of /)\ and ')\

th B 7\ il ?\Eyh

1 i 2
) v luy(l-‘U )(1+nykr)dwy

I--‘Lid'

'x B (1—'33 )(1+c,fx X

5. Trom the constraint of skin wrinkling

> |

xxsk f xxsk
cp

one has,

: 2
1 £ h - TE
- 3(1"'1’ )l JQCS1’

6. From the selected lx’ calculate the stringer web thickmess,

f , from step 4, Then the stringer flange thiclkness and width
are determined from

t-P = c-Pv.tmv 5 ‘b'F'?':: kﬁ.dtn!‘.

-,
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7 Trom the constraints of stringer flenge buckling

’6

xxsf |> '6‘3
cr st

one has, . g -
1y< = ST SR ST . |
GV T2l8_ T o
‘V 1'[‘25_-, fx bl
X
—1- -t
where d. = H(bfx “fx)'

If quentity under the radical sign is negative, then any 1y
will sotisfy this constrynint, 'The scleotad'ly rmot be checled to
ensure that ponel instability must not occur,

For small k (i.c. d. is small), the stringers are equivalent
to the hulb~head stringerss thierefore there will be no _. . .

strinier
flange buckling, "Thus,; one 141l not have the above expression for
1
y!
with number of rings beinz greater than three,

but 1y is determined on the bosis of ponel instability alone,

8. Jrom thc selected 13;’ coloulate t'-'-‘I}' from step 4, Next
the ring flonge thickness ond width ore determined from
tfy = cfy'tw " bfy = kr'dwy'
Tho simultonecous occurrcnce of gencral instability, ponel
instobility, and local instabilitices can be avoided by proper choice
of 1:(: and 1y'

9. Check the local stringer web buckling

5 : TrzEx tmt 2 1,
XxXSW__ = (=) for <i— » 1.
cr 2\'d
3(1-9 7) Twx WX
(] ZEx g pie 1. o 1
i =) s +?1-L-) :E’or-alu er
or 12(1-y°) “wx Ty wx e
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If

xxst|{, one goes to the next step, Otherwise,

6 4

the weisht must be incrensed nnd step 2 through 8 are repeated.

XXSwW | >
cr

10, Calculate the weight of the stiffened shell by
W= 211‘1{1::1/051;1?

11, Repeat the above steps for o number of % volues ( h )
and plot W ageinst h (see guide line for dato gencraiion in
Appendix D). At least three volues of h are neceded. TFrom the plot
one can located the absolute minimum weight with the corresponding
value of h ~nd hence Z.

12, With the value of Z for minimum weight in step 11, one
then generates the required date (design charts ~nd tables) and
repeats step ) through 10 to fimalize the dimensions. 'This last
step is performed only when the exact minimum weight configuration
is desired,

In renlity, it will be very difficult to prepare choaris and
tables, if computer time(for scientific research) is not available
such as in our country. The cost for hiring computer time in our
country is very expensive. Thus, in order to save computer time

( or money ) in doing this research, the author tries to search for

- —_
=

» i i -' o € I.".J Z < -‘ L= i 4

the minimun W in ?\xy )\TJ space for each Z, and a pair of (a(x, "(y)’
by combining Phase 1 and Phase 2 together without preparing charts.
Pirst, he selects the arbiirary pairs of (0(“, ozy ) for each % ai

—

random. The value of'O(V_and 0<y must be distributed to cover all
possible ronges. These pairs of (0(:.{’ ‘Zy ) are used in Phase 1.
Then the results from Phase 1 are used to secrch for minimum W in

Phagse 2, Iach pair of (ch,:z;_) which satisfies all constraints
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will give the roughly desisn result for minimum We Next, the
author selects the new value for each pair of (5?%,5{3) from the
above suitable design results, then he uses these pairs of (Z x,fzy)
in Phase 1 agnin, Results from Phase 1 arc used in Phase 2 and
the minimum U received by these results will be less (or more) than
the first time. The author repeats his research in this vy until
the minimun W is obtained,

The author then increases axial load up to 1000 and 1100
1bs/in, respectively and ot the sane time he triés to search for
the corresponding minimum weicght of onch load by using the same
method mentioned above.

Finally, graphsbetween uniform axinl compression ,'ﬁ', and
the corresponding minimm weirht, W ,are plotted. These graphs
will give the relation or the effcct of wniform axial compression

on minimun weizht of internally stiffened cylindrical shells.
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