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SYMBOLS

Lower Case Latin

semi-diameter perpendicular to Z-axis in ellipsoid
semi-diameter parallel to Z-axis in ellipsoid

position parameter for parabola; distributed loads in
local coordinates

shell thickness; face sheet thickness

index: beginning edge of shell segment; independent joint
of kinematic link; subscript "inside"

index: ending edge of shell segment; dependent joint of
kinematic link

index on harmonic

subscript "outside"

radius

index of segment; coordinete in cylinder or cone
core thickness in sandwich shell

normal deflection, positive inward

Upper Case Latin

stiffness eccentricity parameters; offset distance in ogive
bending stiffness parameters

Young's modulus (1b/in2)

lineal force (1b/in)

shear modulus (1b/in2)

extensional stiffness parameters

bending moment on shell (in-1b/in)

membrane stress resultant (1b/in)

assumed membrane stress resultant (1b/in)
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SYMBOLS (continued)

transverse shear stress resultant (1b/in)

radius

temperature

Cartesian coordinate, 6 = 0 at X-axis
Cartesian coordinate

Cartesian coordinate ~oincides with axis of revolution

Greek

angle between rotated coordinates

ratio of semi-diameter parallel to Z-axis in ellipsoid to semi-
diameter perpendicular to Z-axis

shear strain; non-linear parameter: angle of inclination of
kinematic link

normal coordinate, positive inward

circumferential angular coordinate (rad)

shell parameter

Poisson's ratio

normal stress (1b/in?)

shear stress (1b/in2)

meridional angular coordinate (rad)

rotational displacement (rad)

rotational displacement in "global" coordinates (rad)
displacements in fixed or "global" coordinates

segment length parameter

Miscellanecus

equivalant
sin ¢

cos ¢

Other symbols are defined in text where used.
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SECTION 1

PROGRAM CAPABILITY

The use of an accurate shell theory to analyze structural shell problems
usually involves complex mathematics and numerical techniques, which are nearly
impossible tc treat without the aid of automated procedures. On this basis, a
digital computer program based upon the Love-Reissner first order shell theory
has been developed. This program can analyze orthotropic thin shells of revo-
lution, subjected to unsymmetric distributed loading or concentrated line loads,
as well as thermsl strains (Reference 2). Furthermore, a shell with arbitrary
boundary conditions, under loads which vary arbitrarily with position and under
a temperature variation through the thickness, is tractable with this program.

The shell can consist of any of the following geometric shapes:

1) Ellipsoidal - spherical
2) Ogival - toroidal

3) Modified ellipse shape
L) Conical - circular plate
5) Cylindrical

6) Parabola

The shell wall crossection can be a sheet, sandwich, or reinforced sheet or sand-
wich. The reinforcement can consist of rings and/or stringers, or a waffle
construction rotated 45 degrees to the principal coordinates. The reinforce-

ment material properties can also differ from those of the main shell.

The basic approach to the problem (Reference 1) is to cut the structure into
several shell regions. These regions need to be singly-connected shells, and
can only have line loads applied at their end points. There are no restric-
tions on geometry, or uniform or thermal loads. The regions are further sub-
divided into several shell segments, each being free to have its own geometric

shape, provided that the shape falls into one of the categories mentioned above.




Stiffness matrices obtained for each segment, are coupled by standard matrix
methods to obtain region stiffnesses, which, after being reduced in size, are
in turn coupled to form the total shell structure under analysis. Currently,
the program is capable of handling a structure composed of up to 24 segments

in each of 19 regions arbitrarily connected to each other. There is a limita-
tion on the size of a shell segment, which is a consequence of the demand that
boundary disturbances be felt throughout the segment. This limitation is
mathematically described in Section 2 pages 2-18 to 2-20 as a length parameter.
This parameter, however, is not reliable near the apex of any shell shape

(¢ = 0), and the segments needed in this region are actually much smaller than
predicted by the parameter. A mathematical singularity occurs at the apex
where r, (the radius of revolution) becomes zero. It is this singularity which
prevents the length parameter from being meaningful near the apex. Further-
more, the point (¢ = 0) is not an acceptable input point of the program, al-
though any point outside a circle of infinitesimal radius is satisfactory.

There is considerable latitude in what can be done within each shell segment.
The thickness of any segment can be symmetrically tapered and it can contain
up to 14 points of discontinuity, provided that the segment centerline remains
continuous and describable by a single shell geometry. A temperature distri-
bution through the thickness can be specified at three points in a homogeneous
shell, and 4 points in a shell of rigid core sandwich construction. The dis-
tribution is considered to be linear between these points. Thus, it is possi-
ble to approximate temperature distributions other than linear distributions.
In the event of physically discontinuous shell centerlines, a kinematic link
is available for use in the enalysis. The link relates displacements across
the discontinuity. This link may be used between regions, and between
segments within a region.

The present program is also capable of a non-linear analysis of axisymmetric-
ally loaded shells. The analysis of this large deformation case is accom-
plished by use of iteraticn. Details of the non-linear theory involved are
presented in References 1 and 4, and the program utilization of this option
is described in detail in Section 2 of this report. In the linear analysis
of unsymmetrically loaded shells, the partial differential equations of the
shell theory are reduced to ordinary first order differential equations,
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which are solved with the aid of a Runge-Kutta method of numerical integra-
tion. The reduction is accomplished by use of a Fourier series expansion in
the circumferential coordinate, 6. Axisymmetric loading is represented by the
"zeroth" term of the Fourier series alone. For distributed loads, such as
aerodynamic pressure, inertia louds, and aerodynamic heating, the Fourier
series expansion is convenient since these loads vary smoothly in the circum-
ferential direction. For the most general inertia loads, only the zeroth,
first, and second terms o' 1ilie series are necessary. For reasonably smooth
pressure distributions, the same terms will usually describe the loading
adequately for‘the purposes of the stress analyst. Concentrated point loads
can also be described by Fourier ceries expansions. Although, in general,
many terms are necessary for a good representation, occasionally for certain
cases of loading and structur«, cnly a few representative terms need be com-
puted, the remaining ones being obtained by interpolation on log plots. Such
was the case in the analysis of the Spacecraft adapter for the Lunar Module
under various load conditions (Reference 2), in which a conical shell was

loaded at four discrete points.

Fundamentally different types of loading are represented by the various
"harmonics". Pressure and temperature affect all harmonics. In addition,
certain components of the three harmonics n = 0, 1, 2 reflect particular

physical loads (see Reference 3, Appendix A).

e n =0 (Zeroth Harmonic): This is the axisymmetric contribution.
Loads are due to axial translational acceleration, and centrifugal
forces. Net axial load is produced only by this type of loading.

e n =1 (First Harmonic): This is the antisymmetric contribution.
Loads are due to angular, centrifugal, and lateral translational
accelerations. Net lateral load and a bending moment, which do not
cause circular cross-sections to deform, are produced by this
load contribution.

e n = 2 (Second Harmonic): Because of the character of the deforma-
tion, this is called the "ovalizing" contribution. Loads are due
to centrifugal accelerations (see Reference 3, Appendix A).

No pet loads can be obtained for n 2 2; these higher harmonics contribute

self-equilibrating loads due to pressure, temperature, and concentrated f{ources.
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The output of the program for each harmconic is the amplitude of the dis-
placements, stress resultants, and stresses at the inside and outside sur-
faces, as a function of the radial coordinate, rye A value V at a particular

point (ro, 8) on the shell it thus given by:

V(ro, 8) = Z V(n)(ro) cos nf
w0, Y.

This output is printed out ror each segment of the shell at intervals speci-

fied ty the user of the program.

i-4



SECTION 2

INPUT INFORMATION

The preceding section provides some insight into the capability of the program,
and the potential that it might have for future use. If the program is applied
Judiciously it can be an extremely powerful tool. The mechanics of applying it
should be clearly understood. With this in mind, the remaining section should
be studied carefully.

The required input data may be subdivided into three main parts, namely:
geometric, topological (or coupling orientation) and joint data (degree of
freedom description for each joint component). Each segment requires its

own geometric configuration and numerical integration control.

The output consists of stiffness coefficients for each shell segment ana the
actual symmetry of the coefficients is presented in a ccnvenient form for a
check on the accuracy of the integration through the segment. Region stiff-
ness and their symmetry checks are also provided. Final stresses, displace-
ments and Huber-Von Mises-Hencky "effective stresses" are printed out for each
shell segment at intervals alc.g t'e segment as specified by the user of the
program. The output will be further discussed in Section 3.

The full program capacity is described in the table below:

Table of Program Capacity

I. Segments: 2L
II. Segment joints: 25
III. Regions: 19
IV. Region Jjoints: 20

V. Number of points available
per segment for specifying
geometric or load data: 30



Table of Program Capacity (continued)

VI. Number of points available
through the thickness for
specifying temperature data: 4

VII. Geometries: ellipsoid, sphere, modified ellipsoid,
ogive, toroid, cone, annular pnlate,
cylinder, second order parabola.

VIII. Wall cross-section options: single sheet, equal face sheet sand-
wich, unequal face sheet sandwich,
eccentric reinforcement (rings,
stringers or both), waffle reinforce-
ment rotated 45° to coordinate axes.

&

IX. Number of material property

tables per submission: 10
X. Number of points per material
property table: 10
XI. Number of consecutive load
conditions per submission: 10 (Except thermal or non-linear = 1)
XII. Orthotropy options: isotropic or orthotropic sheet, iso-

tropic or orthotropic sandwich, iso=-
tropic or orthotropic sheet or sand-
wich reinforced by different property
rings or different property stringers
or both, isotropic or orthotropic
sheet or sandwich reinforced by a dif-
ferent property waffle system rotated
450 to coordinate axes, other com-
binations obtained by redefining stiff-
ness parameter formulas (see Reference
1 Section 4 and Appendix A, and pages
2-27 to 2-33 of this report).

Figure 2-1 shows the detailed option flow chart for the present program.
GENERAL NOTES

Before discussing the specific input order, it would be advantageous *o intro-
duce some general guidelines in the area of idealizations and topology. 1In
many computer programs there is such an abundance of numerical computation,
that minimizing numefical roundoff errors becomes as important as getting the
final answers. In some cases the engineer can aid the program in this effort

through the use of Judicious idealizations. Such a possibility exists in the
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STARS II program, since many internal operations are involved with building
and inverting stiffness matrices. The object of the user therefore, should
be to help the computer by avoiding the creation of ill-conditioned matrices
at any step (see Reference 5). Physically, the way to achieve this end is

to have all the segmant stiffness matrices of the same order of magnitude.
This will in turn produce region stiffness matrices which are of similar
orders of magnitude, and minimize possible ill-conditioning in the total
structure matrices. The user can help to achieve this end by sizing his
segments in such a way so that no short stiff segment is contained alone in
a region with all other long flexible segments, or that no region comprised
of all short stiff segments exists in a structure whose other regions con-
tain only long flexible segments. No accurate measure can be given on the
relative stiffness or flexibility of segments allowed, and thus the best
check is to see if a structure is in equilibrium under the applied loading.
It also must be kept in mind, that if an idealization has provided useful re-
sults for axisymmetric (zeroth harmonic) loading, it need not necessarily be
a good idealization for other harmonics, but if good results are obtained for
the first harmonic, then other harmonics should alsc encounter no adverse
behavior. The symmetry checks of segment and region stiffness matrices are
useful for many reasons, but will not necessarily alert a user to ill-

conditioning.

In the use of regions, one other type of accident must be avoided. If, for
instance, in problem two of Section L4, the four segments were combined into
one region, the problem could not be solved. This is because the single
region in the structure would have both fixed ends, and therefore no suitable
boundary condition matrix could be formed for the structure. Thus, in the
use of region idealizations, which are less physically meaningful to a user
than pure segment idealizations, care should be taken so that all boundary
conditions are not zeroed out. The problem corresponds to a single fixed

segment in the older STARS program, which would also have been rejected.



ORDER OF INPUT (See Figures 2-1, 2-2)

GENERAL INTRODUCTORY CARDS

1. Title Card

A. Alphameric title (submission description)

2. Program Control Card

A. Number of regions to be coupled
(Max. = 19)

B. Total number of segments
(Max. = 19 x 24 = L56)

C. . Number of Material Property Tables
(Max. = 10)

D. Value of the harmonic

To use this program for an axisymmetric shell
analysis, one has to set the value of the har-
monic equal to zero on the program control card.
This will automatically reduce the shell equa-
tions to an axisymmetric form. The use of har-
monics is discussed on pages 1-3 and 1-L.

E. Number of problems in this submission

The user is able, in one submission, to analyze
his structure under several independent loading
conditions (Max. = 10). The number of these
loading conditions will determine the number of
load clue cards which will be necessary per
segment., If there is a thermal load or if the
run is to be non-linear, this number can only
be unity (1).

F. Coupling code

1
0 or blank

1. Coupling to occur Code
2. No coupling Code

If no coupling occurs program will give only
individual stiffness matrix of each segment; if
coupling occurs the program will run to comple-
tion and give state of stress and deformaticn of
the entire structure. Items 10 through 12 of
the segment cards and the boundary condition
cards of the regions are not included in an un-
coupled run. In addition, the number of regions
is one (1), the total number of segments and the
number of segments on the first region identifi-
cation card must be the same. Also the second
region introductory card (topology) is not in-
cluded. Uncoupled runs present a way to size
segments by use of stiffness symmetry checks,
without a full execution of the problem.

2-5

6-7

8-16

17-18

19

Format

16Ak

12
I3
I2

F9.6

I2

i



ya
[JOIN‘I‘ LOAD CAMUC (IF ANY)
[Jom‘ LOAD CUNTROL CAKD (sLANK IF NO JOINT LOADS)
L
[IIJIDAHI CORDITIONC

£

lﬁﬂ'n-amwn KINEMATIC LINkC (LIF ANY) \
I.mm' CONTHOL DATA CAKD
ya

llﬂ'M-REGX.)N KINESATIC LINRS (IF ANY)

I SEGMENT TOFULOGY

/ :

rruu: = Ny VALUES (Ir HON=LINLAF)

. X
['mz.: = DISTRIBUTED LOADS (IF ANY) J
Rep for ¥ o =
each ssgment _fl‘lbl.t. - THERMAL LOADS (IF AY) \
Repeat for 7 \
['ruw = WALL CHOCUECTION GEOMETRY
each region. /
[ —
[ruu - $0R 3 \ )

in ngm.wamo CLUE CAKD

[mn CLUE CARD

[omxc DESCRIPTION

[m:c CONTRCL AND SeIMENT SIZING _M

Ismunrr IDENTIFICATION CARD
[mxou TOPOLOGY

J’wxol IDENTIPICATION CARD

; \
== Vil S

[nocm CONTROL CARD

TITLE CARD
—
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MATERIAL PROPERTY TABLES (Max. = 10 sets)

As many sets of these cards are used (<10) as there are
different material property segments in the structure

to be analyzed. These tables will be used to obtain the
thermal variation of material properties if thermal load-
ings exist. Thus the range of temperature in this table
should be greater than that of the thermal loads. If no
thermal loads exist, the values given in the first column
of this table will be used, and the rest of the table can
be left blank. If there are thermal loads, the range

of' the table is to be considered as that between the
second and tenth columns.

1. Identification Card
A. Material Title (Alphameric)

Any name can be made up as long as it is con-
sistently used on the segment cards to which it
refers. The same name cannot appear on more than
one (1) table.

B. Type of Table

One of several possible alphameric clues is
written here. These clues serve to size the
number of cards in the property table, and de-
fine which properties belong on which card. The
possible clues are:

ISOT

ORTH

STIF
Their definitions are provided in Item 2 below.

2. Material Property Cards

The material property cards below are given depending
upon which table type clue is used. If the table type
clue is "ISOT" (isotropic table):

A. Temperature values (5 values per card; 2 cards)

These are the temperatures at which the values of

material properties will be given. The first value
in the table must always be the room or stress-free

temperature, since the material properties in only
the first column of the table will be used in an
analysis involving no thermal load.

2-7

Column

1-L

11-1k

Format

AL

Al

S5E1kL.T



MATERIAL PROPERTY TABLES (continued) Column Format
B. Values of Young's Modulus at the given temperatures. SE1L.7
(5 values per card; 2 cards)
C. Values of Poisson's Ratio at 'the given temperatures. SE1L.T
(5 values per card; 2 cards)
D. Values of the thermal coefficient of expansion
at the given temperatures. SE1L.7
(5 values per card; 2 cards)
If the table type clue is "ORTH" (orthotropic table):
A. Temperature values SE1L.T
(5 values per card; 2 cards)
These are the temperatures at which the values of
material properties will be given.
B. Values of Young's Modulus in the 6 direction (E )
at the given temperatures. SE1L.7
(5 values per card; 2 cards)
C. Values of Young's Modulus in the ¢ direction (E )
at the given temperatures. SE1L4.T
(5 values per card; 2 cards)
D. Values of the Poisson's Ratio Vg at the given
temperatures. ¢ S5E1kL.T
(5 values per card; 2 cards)
E. Values of the thermal coefficient of expansion in
the 6 direction (ae) at the given temperatures. SE1L.7
(5 values per card; 2 cards)
F. Values of the thermal coefficient of expansion in
the ¢ direction (a¢) at the given temperatures. SE1L.7
(5 values per card; 2 cards)
G. Values of the Shear Modulus G¢)e at the given
temperatures. SE1L.T
(5 values per card; 2 cards)
If the table type is "STIF" (table to be used for
reinforced shells):
A.-G. The values in these locations are the SE1L.T
same as those- above for the "ORTH"
clue case, and refer to the basic shell.
H. Values of ring Young's Modulus (n ) at SE1L.7

the given temperatures.
(5 values per card; 2 cards)
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MATERIAL PROPERTY TABLES (continued) Column Format
I. Values of stringer Young's Modulus (Es) at
the given temperatures. SE1lL.T
(5 values per card; 2 cards)
J. Values of ring thermal coefficient of expansion
(uR) at the given temperatures. SE1L.T
(5 values per card; 2 cards)
K. Values of stringer thermal coefficient of ex-
pansion (us) «t the ¢’ ven temperatures. SE1L.T
(5 values per card; 2 cards)
Note: In a rotated waffle construction, items
H and I, and J and K, are respectively identical.
REGION INTRODUCTORY CARDS
These two cards are placed at the beginning of each region
data information. Each region contains the following data
set (see Figure 2-2): a) Two region introductory cards;
b) data cards for each segment within the region; and
¢) kinematic link cards describing the kinematic links
within the region, if any.
1. Identification Card
A. Number of segments within the region (s<24) 1-2 I2
B. Number of kinematic links between segments
within the region. 3-L 12
C. Any alphameric information (region description) 5-69 16A4
2. Topology Card (Coupling Orientation)
A. Region Number 1-5 9
Number of the region under consideration.
B. Joint (i) th 6-10 15
Joint associated with i (beginning) end of
the region (TIC).
C. Joint (J) 11-15 15

Joint associated with jth (ending) end of the
region (STOP).

There is no coordinate flow in regions, such as
that shown for segments in Figures 2-3 tc 2-9.
However, the start joint of a region must match
with 1 in segment numbering, and the end joint
must match with the highest segment joint number
in the region (see Figure 2-12 and page 2-41).
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Figure 2-3,

Typical Shell Segment
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Top Ellipsoid

Specify =, B = 2

Bottom Ellipsoid

Erecify a, B =1
or use ogive with
Y =a, C=0

Figure 2-4. Ellipsoid
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Figure 2-5.

n
—

b/a = 0.707
b/a = 0.666
b/a = 0.639
b/a +»0.618

Modified Ellipsoid
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Standard Ogiv
Specify T c>0

Torus

Specify r C<o0

Specify r C<O0

l'

Figure 2-6. Ogive
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Parabola z =f + f r + f r2

2 2 3

Specify fl’ f2, f3

Figure 2-7. Paraboloid
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Standard Cone

Specify ¢ > O

b S Ut Plate

[N

in J Specify ¢ = 0

out

i in Inverted Cone

Specify ¢ < 0

Figure 2-8. Cone
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Figure 2-9. Cylinder
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witwithin the region.

1.

A.

B‘

A.

B.

C.

D.

SEGMENT CARDS Column Format
This sequence of cards is repeated for each segment
Identification Card
Segment identification code 1-2 F2.0
1. Ellipsoidal or spherical shell Code = 11
2. Modified ellipse shape Code = 12
3. Ogival - Toroidal Code = 13
L, Paraboloid Code = 14
5. Conical - Circular Plate Code = 21
The plate is ‘treated as a cone with zero angle.
6. Cylindrical shell Code = 31
Any alphameric information (segment description) 3-66 16Ak
"MAGIC" Control and Segment Sizing Card
Initial value of ¢ in radians or s in inches
(TIC) 1-1b4 Elk.1
Final value of ¢ in radians or s in inches
(STOP) 15-28 Elk.1
Interval at which final answers are printed out
(DTAU) 29-k42 Elk.1
The ¢-coordinate is defined for all geometric
shapes except the cylinder, cone and plate,
for which the s coordinate is used. Figures
2-3 through 2-8 describe these coordinates
for each shape.
Difference 43-56 Elk.1
The value recommended depends upon the com-
nuter used. For the IBM 7094 it is 1.0 E-6;
for the IBM 360-75 it is 1.0 E-k.
Integration interval 57-T0 Elk.1
Recommended interval = .01 x segment length
Delta T1l=T2 F2.0

For a fixed-step integration, Delta = 0.

This card controls the Runge-Kutta numerical
integration scheme. The suggested values
above yield accurate results for a fixed-step
integration method.
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Calculaticn of Segment Length

There is a restriction on the length of the shell segments. Physically, the
restriction demands that boundary disturbances at one edge be distinctly felt
at the other edge. This is a consequence of using a matrix approach which
requires the calculation of stiffness matrices for the segments. Since the
stiffness matrices must be symmetric, the magnitude of each matrix element
must be such that a computer round-off error never becomes prominent. Limit-
ing the segment length insures satisfaction of this criterion. This length
is a function of both geometric shape and segment location within a specific
geometry. One of the limiting factors is that the ratio of the radii of re-
volution at the initial and final points of a segment be greater than one
hundredth and less than one hundred. This requires smgller segments than will
normally be predicted by rormula in the area of an apex. In addition, note

that (¢ = 0) is not an acceptable input point.

For a cylinder, the seguent length parameter,
A= (1+y);’e s

should be held to about 4.0. 1In this expression, "y" is a non-linear param-

eter. For homogeneous shells:

o o6 - (e

EH

It is zero for a linear problem.
"g" is a measure of the rate of decay of a disturbance in the shell.

"As" is the meridional length.
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The values of Bh and As for various shell geometries are given below:

Homogeneous Cylinder

T

Sandvich Cylinder -
Equal Pace Sheets

i

T

l"--—’#—'-]—r' :

.-o’(u ¢ 6nt o 3t°)

., e [H"q
r
"‘l . uo) . milot(hl *hy e t) ]

2

Por ve 0,3, Ash

i
3.11(r 0)°

-

(Qey)

& s 3011 [roz(bh' . 6nt o 3;2)]

To .
8 5 3.1 [.l—.r‘] [(n‘ *h) e 1mntin en o v.)]

¢

Approximate formulas can be obtained for near cylindrical regions of generally

curved surfaces.

The length parameter,

should be held o about 4.0.

as in the cylinder case.

In this expression "y" has the same definition

A=(1+Y);§)\A¢

"\" is a measure of the rate of decay of a disturbance in the shell.

"A¢"
1

The values of Ah

= %E is the angle intercepted by a meridional arc length "As".

and As for various shell geometries are given below:

'
r

N T

o

Homogeneous Construction

2, b
" 31 - v)r
Sandwich Construction - 2
Equal Face Sheets

Sandwich Construction - 2

-
r,2(kn? o 6nt o 3t?)

301 - Ve

]

Unequal Pace Sheets '(.
1 °

1)
. |°) . m‘n t(h,

[I “h
o, et L]

I

For v = 0,3, Ash:

i
3.0 H)°

as s
(1 v)"

s 300 [r:(hhz . 6nt s :v.’)]

i

2
r
4 s 3.1 [?é-‘:] [(I’ . l.)" s1mmein, on, ¢ t)]

¢
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The minimum allowable segment length is 1 x 10-3 (inches or radians).

Column Format
3. Geometric Description Card
A. Ellipsoid and sphere (Figure 2-k)
1. Semi-axis perpendicular to Z-direction (a) 1-1k Elk.1
2. Ratio of semi-axis in the Z-direction (b) 15-28 Elk.1
b
to (a), 8 = (3)
B. Modified ellipse shape (Figure 2-5)
1. Axis ratio coefficient (n) 1-1k E1bk.1
2. Semi-axis perpendicular to Z-direction (a) 15-28 Elb.1
C. Ogive (Figure 2-6)
i Rl = radius 1-1L Elk.1
2. C = offset distance 15-28 Elk.1
D. Paraboloid (Figure 2-T)
- TR e position parameter 1-14 ElL.1
2. f, = shape parameter 15-28 Elk.1
35 f3 = shape parameter 29-42 Elk,1
E. Cone (Figure 2-8)
1. Angle ¢ in radians (for flat plate, 1-1k Elk.1
¢ = 0). Keep in mind that this ¢ is a
constant for a given cone and should not
be confused with the ¢ on the MAGIC
Control and Segment Sizing Card.
F. Cylinder (Figure 2-9)
1. Radius 1-14 Elk.1

L, Master Clue Card

This card contains a series of clues which determine
the program and table locations to be used for the
segment being described. For a master flow chart of
clues and options in the program see Figure 2-1.
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Column

Format

Material Table Type Clue 1-4

This clue defines the type of material property
table to be expected for the segment. This, as
well as the following clue determines the mate-
rial properties that will be used in the structural
analysis for the segment. Thus these two clues
should match the two clues used on the identifica-
tion card of the corresponding material property
table. As mentioned before on page 2-T, the
three possibilities are:

ISOT

ORTH

STIF

Material Title 11-1L

This name should be the same as the name which
appears on the material property table which
contains the properties to be utilized for this
segment.

Sheet Clue 21-24

This clue informs the program as to what kind

of shell wall crossection to expect. If the
shell is of single sheet construction, the clue
to be used is: SING. If the shell wall is an
equal-size face sheet sandwich, the clue to be
used is: EQUA. If the shell wall is a sandwich
but the face sheets are not equal, the clue to
be used is: UNEQ. Finally, if the shell is
reinforced by rings, stringers, or a waffle, the
clue to be used is: BLAN.

Reinforcement Clue 31-34

This clue describes the type of reinforcement
that is present on the shell. If the shell is
purely of single sheet or equal or unequal-size
face sheet honeycomb construction (no reinfercing),
the clue to be used is: THIC. If the reinforce-
ment consists of rings or stringers or both, lo-
cated along the coordinate axes (6 and ¢ or s),
then the clue to be used is: ST10. If the rein-
forcement consists of a waffle which is rotated
45 degrees to the coordinate axes, then the clue
to be used is: RWAF. If another shell cross-
section (for instance some sort of layer combina-
tion) can be cast so as to have the same
integrated Hooke's Laws as either of the

2-21
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Reinforcement Clue (continued) Column Format

reinforced cases (see Reference 1, Appendix A),
then the appropriate clue, ST10 or RWAF, can

be used for its description. The formulas for

the appropriate stiffnesses need only be changed
(Ref. 1 and pages 2-2T to 2-33 of this report) so
as to describe the new shape properly. The numbers
based on these new formulas can be input in card
set 6 as described on pages 2-25 to 2-26, and this
new crossection will be analyzed by the program.

Thermal Clue L1-L4Y AL

This clue describes the type of thermal problem
which exists in the segment. The user is re-
minded that if there is a thermal loading on

the structure, only one load problem may be run
in the submission (see page 2-5). If there is

no thermal load on the segment, the clue to be
used is NOTH. If the thermel loading on the seg-
ment is of a general, standard type, that is if
there is variation of temperature through the
thickness as well as in the coordinate directions,
the clue to be used is THST. If the thermal load
is such that the variation is all in the coordi-
nate directions, and there is no thermal varia-
tion through the thickness, the clue to be used
is THCN. The last clue concerns a shell which

is inhomogeneous in the meridional direction.
This is not really a thermal problem at all, but
merely a manipulation of the material property
tables. If a structure has a wide variation in
material properties in the meridional direction,
without this last option one must take short seg-
ments of constant properties for analysis. With
this option, however, the property variation is
placed in the material property table, and ex-
pressed on the segment as a function of temperature.
No thermal loads are calculated, however, and the
temperatures are only used to interpolate for
material properties as integration is progressing
along the segment. Thus continual variation of
properties in the meridional direction is accom-
modated. The clue for this option is THIN.

Stress-free Temperature 51-60 E10.2.

The value of the temperature (usually room
temperature) at which the segment has no thermal
stresses or distortions induced, is provided here.
This is the temperature at which the shell was
manufactured. If there is to be no thermal analy-
sis,)this value is not used and can be set to zero
(0.0).
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Column Format

G. Non-Linear Clue 61-6L Al

If the analysis is to be linear the clue is LINE.
For a non-linear analysis see Reference 1 Section
T and use the clue NPHI.

H. Table control - Number of points in each of the
following tables. T1=72 I2

This can vary from 2 to 30 dependiné upon the
shell geometry and loading. For a linearly
varying geometry and/or loading only 2 input
points would be required. These two points
would be the end points. For more general
loading and/or geometry a larger number of
points are required. In particular, each abrupt
change is specified by two points. One should
use as many points as necessary (up to 30) in
order to completely describe the problem.

5. Table of ¢ or s Values

A. Initial, intermedia*te and final values of SE1L.7
¢ or s. Each point requires 1lh columns on a
card and thus there can be 5 values per card
and up to 6 cards to make a total of up to
30 points. '

In preparing input data for this card, one should
always make the first table value slightly smaller
than the initial value of ¢ specified under item
2A. The last value has to be slightly greater

than the final value of ¢ given under item 2B. The
minimum value of this overlap is 1 x 10=4%. The
table overlap is necessary to initialize the
interpolation scheme.

6. Table of Well Crossection Geometry

The contents of these cards (up to 6 cards per item below)
are dependent upon the clues registered on the Master Clue
Card. If the shell to be described contains no reinforcing,
the pertinent clue is item LC, the Sheet Clue. For these
cases the geometry is input and the stiffnesses are calcu-
lated internally by the progrem (see Figure 2-10). The in-
put is presented below as a function of the Sheet Clue.

If the Sheet Clue is SING (single sheet construction):

A. Initial, intermediate and final values of wall SE1L.T
thickness (hj) at points defined by table of ¢
or s values,.
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Column

Format

If the Sheet Clue is EQUA (equal-size face sheet
sandwich):

A. Initial, intermediate and final values of face
sheet thickness (hi) at points defined by table
of ¢ or s values.

B. Initial, intermediate and final values of core
thickness (t) at points defined by table of
¢ or s values.

If the Sheet Clue is UNEQ (unequal-size face sheet
sandwich):

A. Initial, intermediate and final values of inner
face sheet thickness (h;) at points defined by
table of % or s values.

B. Initial, intermediate and final values of core
thickness (t) at points defined by table of ¢
or s values.

C. Initial, intermediate and final values of outer
face sheet thickness (hy) at points defined by
table of ¢ or s values.

If the shell is reinforced, the Sheet Clue will be
BLAN. In this case it is the following, or Reinforce-
ment Clue (item LD) which will determine the contents
of card series 6. For the reinforcement cases the
geometry can be complex and varied, since all types

of reinforcing are to be included. Thus rather than
geometry, actual stiffness parameters will be input.
Formulas for calculating these parameters are derived
in Reference 1 (Appendix A and Section U). They are
presented for those and additional cases on the Tollow-
ing pages. The reinforced shell input is presented
below as & function of the Reinforcement Clue.

If the Reinforcement Clue is RWAF (waffle reinforcing
rotated 45° to the coordinate axes):

A. Initial, intermediate and final values of the
reinforced shell extensional stifness in the 6
direction (K;,) at points defined by table of ¢
or s values.

B. Initial, intermediate and final values of the
reinforced shell Poisson's ratio effective
extensional stifness (KlQ) at points defined by
table of ¢ or s values.
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C. Initial, intermediate and final values of the
reinforced shell extensional stiffness in the
¢ direction (K22) at points defined by table of
¢ or s values.

D. Initial, intermediate and final values of the
reinforced shell shear extensional stiffness
(K33) at points defined by table of ¢ or s values.

E. Initial, intermediate and final values of the
reinforced shell bending stiffness in the 6
direction (Dj;) at points defined by table of
¢ or s values.

F. Initial, intermediate and final values of the
reinforced shell Poisson's ratio effective bending
stiffness (Djp) at points defined by table of ¢
or s values.

G. Initial, intermediate and final values of the
reinforced shell bending stiffness in the ¢
direction (Dyy) at points defined by table of
¢ or s values.

H. 1Initial, intermediate and final values of the
reinforced shell shear bending stiffness (D33)
at points defined by table of ¢ or s values.

I. Initial, intermediate and final values of the
reinforced shell waffle eccentricity parameter
(Cll) at points defined by table of ¢ or s values.

If the Reinforcing Clue is ST10 (reinforcement consisting
of rings or stringers or both):

A. through H. The items contained on these cards
are identical to those described for the RWAF
clue above.

I. Initial, intermediate and final values of the
reinforced shell ring eccentricity parameter (Cll)
at points defined by table of ¢ or s values.

J. Initial, intermediate and final values of the

reinforced shell stringer eccentricity parameter
(Cpp) at points defined by table of ¢ or s values.
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Reinforced Shell Stiffness Formulas

I. Waffle Construction (RWAF Clue)

A. Single sheet reinforced by rotated waffle:

E h EA Eh E_A
K1 =1 . *% Koo = 1 *i;"
Vo0V 0¢ “Vo6V04
v.. Eh E.A EA
Kyn = 1-3 ue * % Rag = Mg %
{ $0 0¢
E_AC -E.h° I
s By =i st
a S — !
1 -5 22 = T2li-v gvg, S
3 3
-E.h E I G hS E.I
i 12(1-3 Vo) —2— 5t 12 - g
$6 69
3
| L B’ Bl
- 12 7 T2(1-v gvg,) S

B. Equal-size face sheet sandwich reinforced by rotated waffle:

2E h E_A 2E hi E_A

91 R ¢ R
K.. = + K,, = + —_—
b 11 1-v¢eve¢ S 22 l-v¢ev6¢ S
K. = “Veg®e"s + = ' K.. = 2G..h, + A
. 12 l-v¢eve¢ S 33 $0 i S
: E_AC -Eh[hh2+6ht+3t2J E_I
v oot e i i __R
11 S 22 6(l-v¢eve¢) S

-
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2 2
I 'Eehi [hhi + 6hit + 3t ] i
11 6(l-v¢eve¢)

S

2 2
o )
5 ) v9¢E9hi [Lhi + 6hit + 3t ] E.I
12 6(1-v

y g .

6"0¢

2 2
G¢ehi [hhi + 6hit + 3t ] E_I

R
D33 3 * 5

Unequal-size face sheet sandwich reinforced by rotated waffle:

E.(h,+h ) EA E (h,+h_ ) E.A
Kll=¥+% 1(22=;1#’_+.%.
V4686 BT
. - VgoEe(hy* ) ) Egh T e Egh
12 l-v¢eve¢ S 33 61 o S
p ERAC
11 S
(h.+ h )h+ 12h.h t(h.+ h + t) E_I
D.. = -E i o io i o it
2 -
11 8 lg(hi-b- ho)(l v¢eve¢) S
(h,+ h )h+ 12h.h t(h.+ h + t) E_I
D - i (e} io i o] - ==
12 8¢ 6 12(hi+ ho)(l-v¢6ve¢) S
(h.+ h )“+ 12h.h t(h.+ h + t) E_I
D = -E i 0 i-o a4 0 = l
22 ) L 12(hi+ ho)(l-v¢eve¢§ ] S
(h.+ h )h+ 12h.h t(h.+ h_+ t) E_I
D=3 i o Lo i o + =t
33 ¢ 12(hi+ ho) S
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where in the above presentation:
A = area of reinforcement
C = eccentricity of reinforcement (measured inwards from the shell
middle surface as positive)
I = moment of inertia of reinforcement about basic shell centroidal axis
S = spacing of reinforcement

and subscript R refers to reinforcement properties.

As can be seen from the changes in corresponding equations for the single
sheet and sandwich basic constructions, any basic construction reinforced by
a rotated waffle can be analyzed by the program, by merely calculating its
stiffnesses and adding to them the appropriate reinforcing stiffness terms.
In addition, any other well crossection which is not explicitly reinforced
can be analyzed by this option if the integrated Hooke's Laws of the cross-
section can be cast into the form of Equations 4-10 in Reference 1, and the

definitions of the stiffness parameters thus derived are used.
II. Ring - Stringer Reinforced Construction (ST10 Clue)

A. Single sheet reinforced by rings and/or stringers:

Eh  Zg A E.h Y
¥ g - TR S + R
i i l-\)¢eve¢ Se 22 l-v¢eve¢ S¢
v..Eh
Ko 163 ev 3 Bgg ™ Gt
“7¢6 09
B Ceto Fog o
G = C —eii
11 S, 22 s¢
3 E, I 3 E I
fees -Egh g 0 s -E& = ¢ ¢
i 12(1-\,“\;%) 84 22 12(1-\»“\)%) s¢
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=Vg Eeh3 Gth3 G¢RJ¢ GORJO
D ._?_. D., = + +
12 12(1-V¢6v6¢) 33 12 hs¢ hSe

Equal-size face sheet sandwich reinforced by rings and/or stringers:

E. A

. . 2Egh, \ B
il l-v¢e\»e¢ Se
2% h B, A,
K., = $ i + R
22 l-v“ve¢ S¢
2v. . E h
K, = 1eg 81
V46 06
Rag ™ Eiggly
Ey Cohg
e, m
11 Sq
E, C,A
¢p ¢ 0
Cos * 8
[
2 2 E. I
: =-Eehi[hhi+6hit+3t]_ 60
11 6(l-v¢eve¢) 8
2 2 £ 3
i -E¢hi [hhi + 6hit + BtJ - "¢
22 6(l-v¢eve°) s¢
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2 2]
-v“Eehi [hhi + 6h1t + 3t |

D) = 6(1-v )

48”06

Lh +6ht+3t] G¢RJ¢ eRe

_ ety [
*Is

33 © 6

D
¢ 6

Unequal-size face sheet sandwich reinforced by rings and/or stringers:

Eg(h,+ b ) Eq B4
K = + R
i b 1-v¢e % 5,
E A
Ey(hy+ B)) “ope
K2 ®* 1. v.. ' ¢
$0 6¢ ()
Vg Ee(h + h )
Kig ® —
¢9 6¢
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Eg Cohg
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E CA
0 ¢ 0
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2
¢
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L
N (hi+ ho) + l?hihot(hi+ h°+ t) i o ¢
22 ¢ 12(1-v¢eve¢)(hi+ ho) so
(h,+ h )h+l2hht(h+h+t)

D — 3 0 io 3 0
12 64 0 12(hi+ ho)(l-v¢6v9®)
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where in the above presentation:

A = area of reinforcement
C = eccentricity of reinforcement (measured inwards from the shell middle
surface as positive)
I = moment of inertia of reinforcement about basic shell centroidal axis
J = twist constant of reinforcement crossection
S = spacing of reinforcement
subscripts 6 or ¢ indicate coordinate directions, and subscript R refers to
reinforcement properties. With reference to reinforcement properties, ¢

refers to stringers and 6 refers to rings.

The ST10 equations are somewhat approximate. First, since the reinforcement
properties are "smeared", the equations will not be accurate where the rein-
forcement is widely spaced. To this end, when loading a shell with a high
circumferential harmonic (n) loading, one should check if the load peaks
attain closer spacing than the stringer reinforcement. If this is so, the
ST10 equatiors are not applicable. The load patterns should similarly be
checked in the meridional direction. Second, due to the first order theory

assumption that M , the torsional constant is only approximate in

08 = -Me¢
cases where reinforcement properties GJ/S are not equal in the two co-
ordinate directions. For an axisymmetric loading this approximation will

have no effect, unless a pure torsion load is applied.
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As previously, changes in corresponding equations for the single sheet and
sandwich basic constructions indicate that any basic construction with re-
inforcement can be analyzed by the program, by calculating its basic
stiffnesses and adding them to the appropriate reinforcing stiffness terms.
Again, any other wall crossection which is not explicitly reinforced can be
analyzed by this option if the integrated Hooke's Laws of the crossection

can be cast into the form of Equations L-1 in Reference 1, and the definitions

of the stiffness parameters thus derived are used.

Both the ST10 and the RWAF equations are applicable to obtain accurate stress
resultants for a reinforced shell structure. Stress calculations based upon
"smeared" properties, however, are inaccurate, and are not carried out by the
program. The user, having the actual geometry and the stress resultants can
easily make this calculation (see Appendix B).

T. Loading Clue Card Column Format

The contents of this card are numerical clues which
alert the program to the types of loads that exist
on the segment. In addition, if the clue indicates
that some load does not exist, the appropriate cards
in series 8 which would ordinarily contain the
numerical values of this load are omitted from the
sequence.

The series of cards T and 8 are repeated for the
number of problems indicated on the Program Control
Card (item E) up to a maximum of 10. If for one of
these problems, no load exists on the segment, then

a blank Loading Clue Card is inserted in the sequence
at this point and the load cards are entirely omitted.
For instance if there are four load patterns to be
investigated, and for the second pattern some seg-
ment is completely unloaded, the card sequence for
that segment would be:

Loading Clue Card for pattern one (card 7)
Load Values for pattern one (cards 8)

Blank Card

Loading Clue Card for pattern three (card T)
Load Values for pattern three (cards 8)
Loading Clue Card for pattern four (card T)
Load Values for pattern four (cards 8)
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A'

Column Format

The appropriate clues are as follows:

Thermal Clue 1 1

If there are no thermal loads (Item LE is

NOTH) the clue number is zero (0).

If there is a standard thermal variation through

the thickness (Item LE is THST) the clue number

is four (k).

If the temperature is constant through the

thickness (Item LE is THCN) or if the in-

homogeneous option is used (Item LE is THIN)

the clue number is one (1).

If a thermal loading does exist on the

structure, then the stiffnesses matrix is

thermal dependent, and only one loading

problem may be run per submission (see

Program Control Card, item E).

Circumferential Load Clue (fe) 2 11

If there are no circumferential loads, then

the clue number is zero (0).

If there are circumferential loads, then the

clue number is one (1).

Meridional Load Clue (f¢) 3 Il

If there sre no meridional loads, then the

clue number is zero (0).

If there are meridional loads, then the clue

number is one (1).

Normal Load Clue (fC) L 11

If there are no normal loads, then the clue

number is zero (0).

If there are normal loads, then the clue

number is one (1).

Circumferential Moment Load Clue (me) 5 I1

If there are no circumferential moment loads
then the clue number is zero (0).

If there are circumferential moment loads, then
the clue number is one (1).



Column Format

F. Meridional Moment Load Clue (m¢) 6 IY

If there are no meridional moment loads, then
the clue nunber is zero (0).

If there are meridional moment loads, then the
clue number is one (1).

G. Any alphameric information (load description) 7-T0 16AL

8. Table of Applied Loads (see Figures 2-1la, b for
sign convention)

The appropriate card sequence is given below as a
function of the Loading Clues on card 7. If the Thermal
Clue is one (1):

A. Initial, intermediat: and final values of the SE1kL.T
temperature of the thell at points defined by
table of ¢ or s values. (These values will be
used either for a thermal problem where there
is no thermal variation through the thickness
{Clue = THCN}, or to calculate varying material
properties along the shell for an inhomogeneous
problem {Clue = THIN}.)

If the Thermal Clue is four (L):

A. Initial, intermeaiate and final values of the SE1L.T
temperature Tj; at points defined by table of
¢ or s values. (The subscripts "nm" indicate
temperature location - see below.)

Tii Inside i

Face Sheet
\
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B. 1Initiel, intermediate and final values of the
temperature T, at points defined by table of
¢ or s values.,

C. Initial, intermediate and final values of the
temperature Toc at points defined by table of
¢ or s values.

D. Initial, intermediate and final values of the
temperature T  at points defined by table of
¢ or s values.

If the Thermal Clue is zero (0), the above cards are
omitted.
If the Circumferential Load Clue is one (1):

E. Initial, intermediate and final values of the
circumferential loads f, at points defined by
table of ¢ or s values.

For a discussion of distributed loads see
Reference 3, Appendix A.

If the Circumferential Load Clue is zero (0), cards E
are omitted.
If the Meridional Load Clue is one (1):

F. Initial, intermediate and final values of the
meridionsl loads f¢ at points defined by table
of ¢ or s values.

If the Meridional Load Clue is zero (0), cards F are
omitted.
If the Normal Load Clue is one (1):

G. Initial, intermediate and final values of the
normal loads f_ at points defined by table of
¢ or s values.

If the Normal Load Clue is zero (., cards G are omitted.

If the Circumferential Moment Loac Clue is one (1):

H. Initial, intermediste and final values of the
circumferential moment loads m, at points
defined by table of ¢ or s values.
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Figure 2-lla.

Forces on Shell Element
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Figure 2-11b. Moments on Shell Element
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Az, AR,w = AC’ and v = A¢ lie

// in rieridional plane

Figure 2-1lc. Shell Element Geometry and Displacements
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Column Format

If the Circumferential Moment Load Clue is zero (0),
cards H are omitted.

If the Meridional Moment Load Clue is one (1):

I. Initial, intermediate and final values of the SE1L4.T
meridional moment loads m, at points defined
by table of ¢ or s values.

If the Meridional Moment Load Clue is zero (0), cards
I are omitted.

9. Table of assumed Meridional Membrane Force N, for
axisymmetriz non-linear problems. 0

If item 4G on the Master Clue Card is NPHI:

A. Initial intermediate and final values of ﬁ; SE1L4.T
at points defined by table of ¢ or s values.

If Item 4G on the Master Clue Card is LINE, card
sequence 9 is omitted. If the problem under considera-
tion is non-linear, then the stiffness matrix depends
upon N, and only one loading problem may be run per
submission (see Program Control Card, item E).

Non-Linear Analysis

The present STARS II shell program is capable of considering non-linear
effects, but under restricted conditions. The only non-linear behavior that
can be currently analyzed is that due to axisymmetric loading, and the only
mode of deformation that is considered under this loading is the axisymmetric
mode. The iteration technigue which is not automated, can be accidentally
made to diverge. To ensure convergence, care must be taken to satisfy the
segment sizing parameters, since symmetry of the stiffness matrix for a non-
linear analysis is no longer a requirement. A non-linear analysis would then

use the following steps:

1) The first approximation to N is obtained from a linear solution,
which may yield larger results than the actual non-linear final
value.
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2) After the preliminary values are obtained, the structure segments
should be resized in the areas where local non-linear behavior is
suspected, using the non-linear sizing parameter (y) described on
pages 2-18 to 2-20.

3) If non-linear effects are locally large, the value for N obtained
from a linear solution (step 1) may dominate the loading terms in
a non-linear analysis, and cause oscillations. To eliminate this
possibility, the first N approximation should be lower than the
value predicted by a linear analysis (90 to 50 percent depending
on the suspected magnitude of non-linearity). If oscillations are
encountered at any stage, they can be eliminated, and a trend to-
ward convergence reestablished by using smaller values of N.

L) With this step the procedure is repeated. A non-linear analysis
is made and the N output is compared with the barred (assumed)
quantities. This procedure is carried out until convergence is
reached.

Column Format

. 10. Stress Clue Card

This card contains a series of clues which are used to
identify the proper Hooke's Law to be used for stress
calculations.

A. Meridional Stress Inner Edge Clue 1-4 Al

This clue informs the program as to what kind
of construction exists at the meridional inner
edge of the shell segment. If the construc-
tion is part of the basic shell, the clue is:
SHEL. If the construction is part of the
rotated waffle reinforcement, the clue is:
WAFF. If the construction is part of a
stringer, the clue is: §STRI.

B. Meridional Stress Outer Edge Clue 11-14 AL

This clue informs the program as to what kind
of construction exists at the meridional outer
edge of the shell segment. The same possibi-
lities as in Item A exist, and the possible
clues again are:

SHLL.

WAFF

STRI
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Hoop Stress Inner Edge Clue 21-2L

This clue informs the program as to what kind
of construction exists at the hoop inner edge
of the shell segment. If the construction is
part of the basic shell, the clue is: SHEL.
If the construction is part of the rotated
waffle reinforcement, the clue is: WAFF. If
the construction is part of a ring, the clue
is: RING.

Hoop Stress Outer Edge Clue 31-34

This clue informs the program as to what kind
of construction exists at the hoop outer edge
of the shell segment. The same possibilities
as in Item C exist, and the possible clues
again are:

SHEL

WAFF

RING

11. Reinforced Stress Calculation Table

The contents of these cards are dependent upon the
Reinforcement Clue (Item L4D). If this clue is THIC,
the whole set of cards 10 and 11 is omitted.

If the Reinforcement Clue is RWAF:

A.

Initial, intermediate and final values of
extreme inward distance to reinforcement

edge at points defined by ¢ or s table. This
is a signed (%) value, measured from the
basic shell centroid to the extreme point of
shell or reinforcement, positive inwards.

Initial, intermediate and final values of
extreme outward distance to reinforcement
edge at points defined by ¢ or s table. This
is a signed (*) value, measured from the
basic shell centroid to the extreme point of
shell or reinforcement, positive inwards.

Initial, intermediate and final values of
waffle reinforcement spacing at points defined
by ¢ or s table.

Initial, intermediate and final values of

waffle rib thickness at points defined by ¢
or s table.
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Column

Format

If the Reinforcement Clue is ST10:

A.

Initial, intermediate and final values of
extreme inward 6 distance to reinforcement
edge at points defined by ¢ or s table.
This is a signed (%) value, measured from
the basic shell centroid to the extreme
point of shell or ring, positive inwards.

Initial, intermediate and final values of
extreme outward 6 distance to reinforcement
edge at points defined by ¢ or s table.
This is a signed (*) value, measured from
the basic shell centroid to the extreme
point of shell or ring, positive inwards.

Initial, intermediate and final values of
extreme inward ¢ distance to reinforcement
edge at points defined by ¢ or s table.

This is a signed (*) value, measured from
the basic shell centroid to the extreme
point of shell or stringer, positive inwards.

Initial, intermediate and final values of
extreme outward ¢ distance to reinforcement
edge at points defined by ¢ or s table.

This is a signed (%) value, measured frcm
the basic shell centroid to the extreme
point of shell or stringer, positive inwards.

Initial, intermediate and final values of
ring reinforcement spacing at points defined
by ¢ or s table.

Initial, intermediate and final values of
stringer reinforcement spacing at points
defined by ¢ or s table.

Initial, intermediate and final values of
ring thickness at points defined by ¢ or
s table.

If the rings or stringers are other than a
plate rib in shape (i.e. hat or "c" sections),
the values in items G and H should be the
largest width dimension of the reinforcement

construction.
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Column

Format

Initial, intermediate and final values of
stringer thickness at points defined by
¢ or s table.

If the reinforcement is uni-directional
(i.e., only rings or only stringers), the
appropriate values in items E through H
referring to the non-existant reinforcement
can be replaced by blank cards.

Segment Topology Cards

A.

Segment number 1=5
Number of the segment under consideration.
Joint (i) 6-10

Joint associated with ith end of the segment
{TIC),

Joint (J) 11-15

Joint associated with the Jth end of the
segment (STOP).

Since within a region the segments are all
singly connected, the segment joint numbers
should be in adjacent nurerical pairs. That
is, if Jjoint (Jj) is 6, Joint (i) could only
be 5 or 7. This is true only within a region.
In addition, the initial joint of each

region must be 1 in segment topolc gy
numbering, and the final joint of each

region must be the last (highest) number

in the segment topology numbering (see

Figure 2-12). The coordinate ¢ or s

increases from TIC to STOP, i to j. The

user is again advised to see Figures 2-3 to 2-9.

INTRA-REGION KINEMATIC LINK CARDS

These cards, if any exist (region introductory card,
item 1B), are placed at the end of all the segment data
for the region. They contain the following information:
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A. Joint (J)) deperdent joint

B. Joint (i) Independent joint

For intra-region kinematic links these Jjoints
must be in consecutive decending order. That
is, Joint (J) should always be greater than
Joint (i) by one.

C. Angle y in radians (see Figure 2-13)
Y cannot equal O or m.

The angle y describes the orientation of the
link; it is the inclination angle of the link
from the vertical (Z axis). The number of
kinematic link cards must equal ‘he number
specified in item 1B, of the region intro-
ductory card.

REGION JOINT CONTROL DATA

These cards are placed at the end of the data for all
regions.

1. Joint Control Data Card

A. Number of region joints
Total number of region joints for problem
(Max. =20).

B. Number of kinematic links

Total number of kinematic links between
regions for problem.
2. Kinematic Link Cards (inter-region)
A. Joint (J) dependent joint

B. Joint (i) independent joint
For kinematic links between regions there
are no restrictions upon joint numbering.
C. Angle Yy in radians (see Figure 2-13)
Y cannot equal O or .

The angle y describes the orientation of the
link; it is the inclination of angle of the link
from the vertical (Z axis). The number of kine-
matic link cards must equal the number specified
in item 1B of the Joint Control Data Card.
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Region Numbering

Numberirg of Segments Within Regions

Fiynre 2-12. Topology Schemes
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Column

3. Boundary Condition Cards (Joint Data -
one card per region joint)

A.

B.

Joint Number

Joint component conditions on:

1) A

2) 4, or AN (see Figure 2-14)
3) Ap or AQ

L) 2

3-4
5-6
7-8

9-10

There are 4 different codes that are used
to prescribe joint component conditions.

no displacement allowed.

displacement allowed in the

indicated direction.
Az and AR

are rotated through an

angle of (/2 - a) and become Ay and AQ
respectively, while a displacement is

ellowed in N

They are:
a, 0=
b. 1=
c. 2=
d' 3 =

‘"~ A_ direction.

Az and Ar rotated through an angle
of (m/2 - o) and become Ay and Ag
respectively, while a displacement is
allowed in the A_. direction.

Q

When using rotaticn codes:

Code 2 can exist only as
Code 3 can exist only as

Codes 0 and 1 can appear
column 4 or column 6, in
columns 8 and 10. Thus,
twelve possible boundery

AZ coding;

AR coding.

in either
addition to
there are
conditions

when rotation codes are used.

(0 = ¢ for table below)
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Free edge (possivle | A, = 0, normal Ay
to apply shear and/ sap
or membrane loads)

load)

= 0, membrane
port - (possible support (possible to
to apply membrane apply shear load)

AT’ Qe

f'ree

1,2,3,1 1,2.89

3505351

AT’ Qe
fixed

0:42,3,6 0,2,0,0

0,0,3,0

AT fixed

Qe free

0,2,3,1 0,2,0,1

0,0,3,1

AT free

Qe fixed

1,2,3,0 1,2,0,0

140,350

See Figure 2-1lL for an explanation
of codes 2 and 3.

NOTES: 1) To establish a datum for
measuring displacement, free body
motion must be eliminated from the
structure. This should be accom-
plished by suitably applied boundary
conditions.

2) The ability of a dependent
Joint in a kinematic link to prescribe
motion independently should be removed
by setting all boundary conditions of
that joint to zero. See pages 2-42
and 2-53.

C. Angle o in radians

To be used only in conjunction with a 2 or

3 code.

NOTE:

There must be as many boundary

condition cards as there are joints as
indicated in item 1A of the Joint Control
Data Card.
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Shell
Crossection

Figure 2-1ka. Description of General Coordinate Rotation (a # ¢)
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Rotation Code

Matrix

Rotation Code

Matrix

Rotation Code

Matrix

R ORR P i

Figure 2-1kv,

+1

+1;

— — — — — S— —

sin

-cos

cos

sin

COs a

sin o

+1

+1

—

Provision for Local Rotations
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JOINT LOAD DATA

X.

Load Control Data Card

A.

B.

Number of Joint Loads 1-4

Total number of Joint loads in analysis.
(Line loads can only be applied to region
Joints.)

Any alphameric informetion (load description) 5-69

Joint Load Cards (as many as in item 1A above)

A.

Problem Number 1-5

Number of loading problem in which the line
load exists. (See Program Control Card item 2E.)

Row Identification 6-10

The identification is the location of the degree
of freedom at which the load is applied. This is
obtained by counting the non-zero codes entered

in the Boundary Conditions Cards, starting with .
Joint 1; T, Z, R, g, Joint 25 T, Z,......etc,,
and stopping at the joint and degree of freedom
where the line load is to be applied. The loca-
tion number of this degree of freedom is the
information necessary.

Applied Joint Load 11-2L

The input is 2mrp times the running load in
lb./in. In the particular case of the axial
axisymmetric load, this is simply the net force.
For sign convention see Figures 2-11 and 2-1L,

Problem Termination Card

A.

A blank card is required by the program only
if there is no Joint Lecad Data.

NEW PROBLEM CARDS

It may be necessary to repeat a problem with some different data.

accomplished in the following ways:

2~-952
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l. Loading changes - With the present program ten separate loading
problems can be run simultaneously. This applies both to distributed
and line loads. No backup cards are needed for this purpose. (See
input Information.)

2. Harmonic changes on uncoupled runs - A new Program Control Card must
be included at the end of the data deck. This card will contain the
same information as the original Program Control Card, except that
it will have the new harmonic value. The sequence of new problem
cards can be repeated as often as desired.

3. Full data duplication - If it is desired to analyze a new structure,
it is necessary to submit the complete individual data decks backed
up. The number of full data decks that can be backed up on one sub-
mission is limited only by time requirements.

It is hoped that the user is now able to use the STARS II program to good
advantage. It is a powerful tool, which will increase in value to the user as
he uses it. One of the more complex areas of useage is the description of
topology, especially when involved with rotation codes and joint loads. An
fllustrative example of a Y joint representation is therefore presented below.
(See Figures 2-15 and 2-16 for the structure and idealization.) The idealized
structure contains four regions and two kinematic links. The Jjoints are num-
bered from 1 to 7. Membrane loading is applied to joints 1 and 5 and the
structure is supported by membrane action at joint 7. All regions must be

coupled and we are interested in the LR basmonte.,

The second card in each region description (topology card) is as follows:

Region Joint (i) Joint (J)
1l 1 2
2 2 3
3 b 5 :
4 6 T

The Joint Control Data card would contain a 7 in column 5 and a 2 in column 10,

In this example, the restraints at joints 1, 5 and 7 must be rotated from the
fixed (global system) to a local system such that membrane action may be

applied. In addition, joints 3 and 4, and 6 and 3 are to be coupled with
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kinematic links. Thus, the motions of joints 4 and 6 are dependent upon the
motion of joint 3. This dependence will be insured by using 2 kinematic link
cards and setting the displacements of joints 4 and 6 equal to zero. It should
be noted in this particular case that the motion of joints 4 and 6 is not being

equated to zero, but rather, the ability to prescribe moticn independently is

being removed. The required data has the following appearance.
A. Kinematic Link Cards (2 cards)

Joint \j)  Joint (i)  Angle Note: 1In a double link of the

" 3 type shown in Figure 2-16, one joint
s 3 Y must be consistently independent (Jjoint
i §
3 in example).

B. Boundary Condition Cards (7 cards)

Joint T Z R 8 Angle
2 : ! 1l 1
3 1 i 8 13 1
Y G 0 0 0
2 1 2 3 1. an
6 0 0 0 0
i 0 0 3 1 ey

The Load Control Data card would contain a 2 in column L.

The external membrane loads (one load problem assumed) are applied to the
structure through the Joint Load Cards which, in this example, would appear

as (2 cards):

Problem No. Row Load
1 2ﬁr0 x Membrane Load (1b/in)
13 amr, x Membrane Load (1b/in)




SECTION 3

OUTPUT INFORMATION

The output of the STARS Il program is straightforward, however a description

is in order since the user should learn the significance of the various checks
that are provided. In addition, familiarity will be required with the possible
srror messages. It is important to point out that the output of the program
will include a print-out of the input data. This gives the user the opportun-
ity to check whether or not the input data was correct. In the detailed
description of the complete output which follows, the user should refer to the

output of the problems in Section 4 as examples.

The title page of the output conteins all the data from the General Intro-
ductory Cards, prominently placed, and needs no comment. The next page of the
outrut contains the first region Identification Card in the center. The
following output is then presented for each segment in this region (in

order of appearance):

1. Contents of segment Identification Card

2. Contents of MAGIC Control and Segment Sizing Card
3. Contents of Geometric Description Card

L. Contents of Master Clue Card

5. The materiasl prorerty table used for the segment
6. Crossection description table

T. Temperature load table (if any)

8. Distributed load tables (printed per problem)

9. Contents of Non-Linear Cards (if any)

10. Segmeut influence coefficients (MAGIC output)
11. Segment stiffness matrix
12. Stiffness matrix symmetry check
13. Segment load matrices
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Item 12, the stiffness matrix symmetry check, is a check upon the validity of
segment'sizing and the accumulation of round-off error. For perfect symmetry
to exist, it is necessary to have zeros above the main diagonal, and zeros or
ones below the diagonal, The amount of error induced by improper sizing or
round-off is related to the amount that the off-diagonal terms in the lower
triangle differ from unity. An attempt should be made to keep the upper limit
on this difference at one percent (meximum number in lower triangle should be
0,1010..., E 01), -

As mentioned previously, items 1l-13 are repeated for all the segments within
region one, At this stage in the output, the topology of the segments within
the region, and the description of the intra-region kinematic links is
presented. In the segment topology, the radius of revolution at every joint
is alsc given, These should be checked at correapondinq Jeinte of adjacent
segments to make sure that proper coupling has been specified.

At this point in the output the raﬁion matrices are presented, Given in order
are: the region stiffness matrix, the stiffness matrix symmetry check, and
the region load matrices., Again the numerical round-off, evident in the
symmetry check, should be kept to a maximum of one percent (0,1010,.. E Ol in
lower triangle). The output to this point, that is, sets of items 1-13, seg-
ment topology and links, and the region matrices, are now repeated as a group
for each region within the structure, When this is completed, the region
topology is presented. In this area, the appropriate radii of revolution are
again provided for checks, The next items to be provided by the output are
the desoriptions of the inter-region kinematic links and the boundary conditicns.
At external points of the structure theise are physical boundary conditions.

At internal points they merely state the faot that no restraint exists and the
Joint in question is free to move, The last column in this set, gives the
angle ¢, vhich is zero unless & rotation gode ig indi.ated, It is important
to refer to Figure 2-1L once more and point out that o represente a rotation
of the coordinate system,
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There are a variety of errors that can be made in submitting input data.
Certain errors may be detected and can be signaled by specially programmed

error messages. The messages are mainly self-explanatory, and are presented

below:

IERROR = 8000

ONE OF THE MATERIAL PROPERTY TABLES CANNOT BE IDENTIFIED AS ISOT,
ORTH, OR STIF.

IERROR = 8036

A MATERIAL PROPERTY TABLE NAME FOR A SEGMENT CANNOT BE' FOUND IN THE
TABLE LIST.

IERROR = 8086

THE TYPE OF GEOMETRY OF A SEGMENT CANNOT BE IDENTIFIFED AS ONE HANDLED
BY THE PROGRAM.

IERROR = 8087

THE TYPE OF MATERIAL PROPERTY TABLE FOR A SEGMENT CANNOT BE IDENTIFIED
AS ISOT, ORTH, OR STIF.

IERROR = 8089

. THE WALL CONSTRUCTION OF A SEGMENT CANNOT BE IDENTIFIED AS SING,
: ~ EQUA, UNEQ OR BLAN.

IEKROE = 8090

THE TYPE OF TEMPERATURE INPUT FOR A SEGMENT CANNOT BE IDENTIFIED AS
THST, NOTH, THCN, OR THIN.

IERROR = 8013

THE PROGRAM CANNOT DETERMINE WHETHER THE PROBLEM INPUT IS LINEAR OR
NCN-LINEAR.

IERROR = 8009
THE PROGRAM CAN EXECUTE ONLY ONE NON-LINEAR PROBLEM PER DATA DECK.

IERROR = 8031
THE LOAD INDICATOR CLUES CAN ONLY BE ZERO, BLANK, ONE OR FOUR.
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IERROR = 8008
THE PROGRAM CAN EXECUTE CNLY ONE THERMAL LOAD PROBLEM PER DATA DECK.

IERROR = 8001
THE MAGIC CYCLE HAS GONE PAST STOP BY MORE THAN THE PERMITTED VALUE.
CHECK TO SEE IF FIXED STEP SIZE IS TOO LARGE.

IERROR = 8003
THE fIRST ST TARLE VALUE (PHI OR S) SHOULD BE OVERLAPPED.

IERROR = 8006
THE LAST ST TABLE VALUE (PHI OR S) SHOULD BE OVERLAPPED.

IERROR = 8007
THE INTERPOLATED VALUE OF TEMPERATURE FOR THE MATERIAL PROPERTY TABLE
IS LESS THAN THE SECOND TEMPERATURE VALUE.

IERROR = 8067
THE INTERPOLATED VALUE OF TEMPERATURE FOR THE MATERIAL PROPERTY TABLE

IS GREATER THAN THE LAST VALUE OF TEMPERATURE.

TERROR =
THE

IERROR =
THE

IERROR =
THE

IERROR =
THE

TERRCR =
THE

IERROR =
THE

8101
K11 STIFFNESS

8102
K12 STIFFNESS

810k
K22 STIFFNESS

8105
K33 STIFFNESE

8106
D11 STIFFNESS

8107
D12 STIFFNESS

PARAMETER

PARAMETER

PARAMETER

PARAMETER

PARAMETER

PARAMETER

IS

IS

IS

IS

IS

IS

ZERO.

ZERO.

ZERO.

ZERO.

ZERO.

ZERO.
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IERROR = 8109
THE D22 STIFFNESS PARAMETER IS ZERO.

IERROR = 8110
THE D33 STIFFNESS PARAMETER IS ZERO.

IERROR = 8088

THE PROGRAM CANNOT DETERMINE WHETHER THE PROBLEM INPUT IS TEIC, RWAF,
OR ST10.

IERROR = 8120
THE Y2 BLOCK IN THE SEGMENT MAGIC OUTPUT IS SINGULAR.

IERROR = 88L1

IN THE COMPUTATION OF THE REGION STIFFNESSES, THE K22 MATRIX WAS NOT
POSITIVE DEFINITE.

IERROR = 8777
IN THE COMPUTATION OF THE REDUCED FLEXIBILITY MATRIX, THE REDUCED
STIFFNESS MATRIX IS NOT POSITIVE DEFINITE.

IERROR = 8797
FOR KINEMATIC LINKS BETWEEN SEGMENTS, THE DEPENDENT JOINT NUMBER MUST BE
GREATER THAN THE INDEPENDENT JOINT NUMBER.

IERROR = 8787
THE NUMBER OF POINTS IN ST TABLE MUST BE BETWEEN 2 AND 30.

IERROR = 8501
FOR NON-LINEAR ANALYSIS, HARMONIC MUST BE ZERO.

All the above error messages will undoubtedly be caused by erroneous input data,
including the ones on matrix singularity. Error 8120 will most likely be caused
by improper segment sizing. Error 8841 could be caused by bad segment sizing,
bad segment topology, or bad intra-region links. Error 8777 c¢culd be caused by
bad region topology, bad inter-region links, or improper boundary conditicns.

If the problem is correctly set up and idealized, only an unfortunately awkward
geometric combination could cause matrices which are so ill-conditioned so as

to trip one of the singularity errors (see Reference 5).
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After having corrected any errors, so that it is now possible for the program
to run to completion, the problem solution .can be discussed. The first item
provided which represents the solution of the problem is the structure

flexibiiity matrix. This matrix should also be checked for symmetry. After
the reduced flexibility mgtrix, the applied line loads and the region end de-
flections are presented per problem. The deflection values are given for the

region joints in numerical order, starting from joint 1.

Following this output, the program prints the internal load distribution
results per segment. First there is a reproduction of some input data pre-
viously discussed. Next, there appears a cdiagram which cutlines the format
of the tabulated results. Below that appear the numerical results for each
point where a print-out is called. They are printed-out at a prescribed
interval, and per problem. Special cases can occur depending upon meridional

and wall crossection geometries. Treating the block of numbers as a matrix:

1. The 1,2 element will be zero for cylinders or cones.

2. The 6,2 and 7,2 elements will be zero for a non-sandwich
construction.

3. The 6,2 and 7,2 and the 6,6 and 7,6 elements will be
zero for any reinforced construction

L. The 3,2 and the 4,2 elements will be the same for linear analyses.

This completes the program output. The user is reminded to check continuity of

stress resultants across segment boundaries where applicable.

In utilizing the program, it is frequently necessary to relate applied edge
loads to the net forces across a section. The relation between forces in the

fixed (global) coordinate system and any rotated coordinate system is given by

(References 1, 3 and 4):

F (n) 1 0 0 0 F (n)

T T

F 0 -s¢ -c¢p O F

4 v o (2-1)
FR O +cd -s¢ O FQ
M 0 0520l M

for any harmonic "n" (see Figure 2-1kb).
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The relations between the net resultant external loads and the magnitudes of

distributed edge loads are:

Axisymmetric Loads (n = 0)

’ +Z

s\ (0)
A ~ !
F ~
Z FZ C 1 0 O FZ
_ = 2”?0
MZ ry O 0 O FR (3-2)
M

+X +y
Antisymmetric L:ads (n = 1)
Here, the integration of the distributed
forces is not obvious.
2n 2T
~ (1) ) ) (1)
F, = v/‘(-FT r,d6) sin 6 + (FR r,d6) cos
0 0
~ 1) (1)]
¥ = _p
X nro [ FT + FR
2n 2m
~ (1) ) , ((l)
MY = f(— FZ rode (rocos §) - M*™'r d6) cos 6
0 0
ﬁ*z ~ (1) (1)] (3-3)
MY = nro [—rOFZ + M
(1)
FT
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When the loaded edge has standard coordinates, Equations (3-2 or 3-3) are used
to relate the applied edge loads to the net forces across a section. In the

axisymmetric cese, this is straight forward; contributions to ¥_ are made only

by FZ(O) and there is a similar relation between ﬁé and FT(O).

antisymmetric case, there are four uniknowns and only two equations. Thus,

However, in the

additional data is required. Often, these loads are applied in a region of

(1) (1)

assumed membrane stress; then FR = 0 (cylinder) or FZ = 0 (plate) and
M(l) = 0 since these are transverse shear and bending stress resultants. When
the load is applied at an angle to the fixed (global) coordinates, Equation
(3-1) is used to transfcrm (3-2 and 3-3) into a form which permits evaluation

(1)

ot FT and FN(l) (for membrane problems only: ¢ = a, M = E, = 0

It is frequently desirable to be able to calculate net forces at a cut section,
or a built-in edge directly from output values, in order to check equilibrium.
The net forces in terms of the stress resultants (in local coordinates as they

appear in the output) are:

(0)

i
T¢e(3)
~ .1 i
FZ(J) O +s¢ +c O N¢(J) X
= :2nro (3-5)
~ i 1
MZ(J) “ry O 0 0 J¢(J)
§
M¢(J)
and
-1y
1
T¢B(J)
~ i i
Fx(j) +1 -c¢ +sp O N¢(J) (3_6)
= tﬂro q
ﬁy(z) - 0 -rys¢ -rycé +1 J¢(3)
i
M¢(J)

where the sign is chosen to correspond with the edge (i or j) on which the

applied force is desired.
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Equations (3--4 through 3-5) should be used to check overall shell equilibrium
for unfamiliar geometries since it is a good check on the solution to the

problem.
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SECTION L4

EXAMPLES OF INPUT AND SOLUTIONS

This section contains the full input and output maps of the two
standard test problems which were used with the original STARS program.
These problems were rerun with the STARS II program, and the necessary

inputs and computer output sheets are provided on the following pages.

Test problem one is shown in Figure 4-1, The structure is a

spherical cap, clamped at the bottom edges, and under a uniform ex-

ternal pressure of 2,000 psi. The top edge contains boundary conditions

to simulate a closed apex. The apex condition could be further ap-

proached by adding a few more small segments. Although the problem is

a small one (only L4 segments), it has been broken into two (2) regions

so that a more typical input and output example is obtained. This is
certainly not necessary in this case, since a region can contain 2L
segments. In addition, two load problems have been called out, so that
another facet of the printout is included in the example. The loads in both
problems are identicel in this case, so that no new information will te pro-

vided, but the type of output per problem will be shown.

Test problem two is shown in Figure 4-2, The structure is a

cylindrical shell clamped at both ends. The only loading is a linear
distribution of temperature through the wall thickness. This problem

has been treated as made up of four regions :..ch containing one segment.
Contrary to test problem one, this problem cannot be solved as a single
region. The reason for this was discussed in Section 2, and concernc +he
boundary conditions. A single region with both fixed ends would create

a null [BC] matrix and thus be insoluble in that form. The problem
could have been solved however by considering two regions each with two

segments, instead of the present idealizatiomn.

In each of the two ~ases described above, the results of the STARS
II program runs essentially duplicate the original results from the

earlier STARS program, as expected.
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Fixed Edge

0
0.1 rad.
-
gt 1 Constants
R = 56.3"
h, = 2.36"
¢ = 0.6806784 rad.
v = 0.2
E = 3.0 x 107 psi
£, = 2000 psi
Figure L-1., Test Problem One
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Figure L-2. Test Problem Two
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APPENDIX A

HIGHER HARMONIC LOADINGS

The representation of unsymmetric loads by the use of Fourier Har-
monic coefficients is a mathematical simplification which allows the
elimination of partial differential equations from the derivations of
particular shell theories. Since there is no physical reasoning behind
these simplifications, the use of harmonics for load representation may
present some difficulties for the user. These difficulties may perhaps
be best eliminated by the discussion of a general physical problem
involving unsymmetric loading.

Suppose that some general shell of revolution surface is loaded by

an arbitrary unsymmetric loading such as may occur in aerodynamic
problems. If any circular crossection of this surface is unwrapped for
plotting purposes, the intensity of the loading (normal or shear) along
the crossection can be plotted as a function of circumferential location
from 0 to 2mr, (see Figure A-1). Since the location of the origin for

8 (circumferential angle) is arbitrary, a significant simplification is
gained by locating it on a line of symmetry of the external loads, as
shown in the figure. In the STARS II prorram, one line of symmetry must
exist in the loading if it is to be amenal.e to solution. This require-
ment is due to the fact that only one-half of the Fourier Series was
used in the derivations (see Reference 1 Section 2). Once the origin

for 6 is set for one crossection, it becomes fixed for all crossections.

On a typical crossection, the aerodynamic load will most likely be
given in tabular form (the points shown in Figure A-1). Thus the prob-
lem becomes: How to represent an approximate curve drawn through the
points (analytical equation unknown) in terms of a Fourier Series? One
solution is as fellows:

Step 1. Utilize the point plot to obtain a smooth analytical func-

tion (recommended = a polynomial).
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Step 2. Obtain a Fourier series representation, cosine only or sine

only as appropriate, of the analytical function found in Step 1.

The manipulations involved in these steps are discussed in most calculus
and differential equation texts and won't be belabored here. The
Fourier coefficients thus found quickly decrease in magnitude for mcst
smooth loadings, and only a few are necessary. (See Figures A-2 through

A-L for sample shapes.)

This procedure is repeated at as many crossections as necessary,

since the loading to be presented is not a planar area, but a space
volume, using a Fourier Series variation in the 6 direction, and linear
interpolation, at up to 30 poiats per segment, in the ¢ direction. The ‘
Fourier Harmonic coefficients thus obtained, are the necessary load

inputs to the STARS II program.

The output for a problem, in terms of stress resultants and

stresses, will also be Fourier Series coefficients. Thus the final
answer is obtained by summing the appropriate series at various values

of 6. Algebraically summing the coefficients will give the correct value
at 68 = 0, but other values should also be calculated. For instance, if
the highest harmonic considered in a problem is the fourth, the co-
efficient A(b) will pass through the values + |A| and O twice, and

- |A| once, all between the values 6 = 0 and 6 = n/2, Strictly speaking,
therefore, for an accurate picture of the results in a solution where

the highest harmcnic is "n", one should consider 6 increments of the

form n/2n.
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APPENDIX B

STRESS CALCULATIONS FOR REINFORCED CASES

Several items must be noted when a stress analysis is performed upon a
reinforced construction by use of the current program. Some of these
items can be treated as rules and some require engineering judgement.

The rules to remember are as follows:

1. The hoop and meridional stresses output in a waffle reinforcement
are rotated 45° from the 6 and ¢ coordinates, and are actually in

the waffle rib directions.

2. For areinforced section, the in-plane shear Qtress is calculated
for the meridional face only. This means that for a conctruction
such as that shown in Figure B-1, T¢e outer is calculated at point 1,

and 1,  inner is calculated at point k.

$6

Items requiring engineering consideration in the stress analysis, are the

following:

3. If a shell crossection contains materials of different properties,
either actually or due to differential thermal loading, there is
no guarantee that the stress at the extreme point is the most
critical. The analyst should decide whether a check of stresses

at each location where material properties change is necessary.

L, For a structure such as that shown in Figure B-1, the program
will calculate direct stresses at points 1, 4, 3 and the bottom
point below 3, and in-plane shear stresses at points 1 and 4.
While strain is linear from point 1 to point L4, there is a stress
discontinuity at point 2. This will occur even if the material
properties of shell and ribs are the same, since the governing
Hooke's Laws differ (see Reference 6). The enalyst must again
decide whether the stresses at point 2 could be more critical

than thoce at the extreme points.
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Any additional stress calculations that the analyst decides to make on

the basis of items 3 and L, should be always made using the program strain
and curvature output, and Hooke's Laws for ring, stringer or shell (Ref. 6).
This can be done automatically in the program by providing the correct ¢
distance (instead of the extreme) and by setting the stress clues for the

appropriate Hooke's Laws (segment card data sets 10 and 11).
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