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ABSTRACT

This report describes the results of an
investigation for the numerical analysis procedures
of shells of revolution and consultation on the
execution of shell problems at the Air Force Flight
Dynamics Laboratory Facilities. A computer program
for the analysis of the thick shells of revolution,
the analysis of thin shells subjected to torsion
and the theory upon which it is based is presented.
This computer program is tailored to an existing
program previously written by Dr. Kalnins under
Air Force Contract No. 33 (615)-3870. Detailed in-
put instructions and three example problems are
included to illustrate the added capabilities of the
computer program. In addition, numerical procedures
and subroutines that effect an improvement in
numerical integration procedures and efficient eigen-

value search techniques are discussed.
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SECTION I
INTRODUCTION

The following report covers the consulting
effort Anamet has performed for the Air Force Flight
Dynamics Laboratory (AFFDL/FBR) over the peried from
June 1969 tc February 1971. The primary purpose of
the consultation is to provide a computer program for
the analysis of shells of revolution to include the
effects of transverse shear deformation. The second
purpose is to investigate numerical procedures that
may effect an improvement in computer efficiency and
cost effectiveness for numerical integration procedures
and for eigenvalue search techniques. The third
purpcose is to provide consultation on the execution of
shell problems at the AFFDL computer facilities.

The presentation of a thick shell prcgram
is made on the basis of developing the governing system
of first order linear differential equations using
an existing shell theory. The development is tailored
to an existing equation solver. The analysis of multi-
layered orthotropic shells of revolution subjected to
nonaxisymmetric surface loads is provided by the com-
puter program written by Dr. Kalnins under USAF Contract
No. 33(615)3870°17,

The numerical analysis of the governing
system of equations based upon classical shell theory
was partially developed during past association with
and during the course of research by the personnel of
Anamet and Dr. Kalnins(2). The basis of the basic
computational method has been well documented in both
(3)(4)(5) (6)(7)

private and archive sources . Other
authors have also independently developed the basic

numerical analysis technique to other classes of shells
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and structures. This has been adequately brought out

during early discussions(e)
(9)

as well as excellent

presentations by Kraus (10).

and by Anderson et al
The formulation for the governing equations
for the deformation of layered orthotropic shells of
revolution including the effects of transverse shear
deformation and normal stress has Lbeen presented by
Hildebrand, Reissner and Thomas(ll). The presenta-
tion of an early version of a computer program based
upon Reissner's equations was supplied to FBR at the
onset of this consulting effort. FBR found it
desirable to be capable of analyzing thick or thin
shells of revolution subjected to nonsymmetric surface
leoads with the same basic shell code. On the assump-
tion that transverse shear deformation can account for
the static behavior of moderately thick shells, the
same program could be used as previously developed.
In this way, minimum changes in the input parameters
could be attained. The user would not have to drasti-
cally revamp his input data format. Thus, his utiliza-

tion of the basic shell code could continue.
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Reference 1.

SECTION TII
THIN SHELL COMPUTER PROGRAM

The development of the fundamental equations
for shell analysis has been presented in Chapter III,

In addition the procedure for generating

the terms from a particular shell theory tc a set of

linear first order differential equations has been

presented.

In order to make this report complete, the

derivation of the system of equations is repeated. The

equations are again as they appear in Reference 11,

pages u48-53.

1‘

The stress-strain relations for each layer

BASIC ASSUMPTIONS AND GEOMETRY

of a layered orthotropic shell of revolution where

effects of normal stress have been ignored are given

by the following:

where:
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In describing the shell's properties, and
deformations, it is convenient to choose directions
depicting the shape of the shell by specifying the
two principal radii of curvature; therefore, the
indexed directions in Equation (1) would replace 1
by ¢, 2 by 6 and 3 by z. If the material lines of
orthotropy do not coincide with the principal direc-
tions of the radii of curvature and differ by an
angle a, the new coefficients are expressed as:

# 4 2 2

a;; ® a;] cos a + (2a12 + aBG) sin® a cos® o

. r l+
T a5, 51N

-

_ .2 2
ay, * (al1 + ayp - Qal2 - aee) sin” o cos” a
+
412
a* = [a sin2 ¢ - a cos2 o
16 22 11

+ 1/2 (2al2 + ass) cos?2e] sinlo

a* = a sinu a t (2a + a..) sin2 a éos2 o
22 11 12 66
4
+ d,, CO5 o
a* = [a 0052 ¢ - a sin2 o
26 22 11

- 1/2 (2a12 + 366) cos?2al] sin2a

% _ .2 2
e T H(a11 + a5, - 2a12 - 366) gin® o cos® o

+
456



AFFDL-TR-71-116

Figure 1, Element of a Shell of Revolution
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If the lines of orthotropy do not coincide
with the lines of principal curvature for the shell,
the shell's deformations and stress distribution will
no longer follow the laws governing orthotropic shells
of revolution and the procedures developed in this
report would not be applicable.

The remaining assumption restricting the
behavior of the orthotropic shell is the displacement
vector (referenced to triad, Figure 1) given by the

relation:

2 =71 (u, + ZB¢) + %B {u

6 6 + aBe) + nw (2)

8
where all deformed parameters are only functions of
¢ and 6. Again, it should be pointed out (Reference 6)
that once %¢ and %9 have been chosen, the direction
for the normal vector is dictated by:

n=t, x%t

¢ e

Using the above assumed relation for the displacement
vector, the strain-displacement relations are taken to
be:
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(1 +

(1 +

2(1 + %;) (1 +

2(1 +

2(1 +
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For a multilayered orthotropic shell contain-
ing m-layers (Figure 2) with a total thickness h, where
z; denotes the distance from the bottom surface of the
shell to the top surface of the i-th layer, and where
z, is the reference distance from the bottom of the shell
surface to the reference surface, the stress resultants

are defined by:

N g, (1 + =)
¢ ¢ RB
m Zi*l"".zp Z
NB¢ 0¢3(1 + ﬁ)
= dz
N o, (1 + 2
8 R
*9 i=1 Z;"2, ¢ ¢
A
NS 0'9 (1 + ﬁ"-)
L | $ _|
-~ Tz - T
M¢ Ud) (1 + "R-'e—) . : {4)
m 21417 %p , z_s
M o 1+ =
$0 [ $0 Rg
= zdz
M g, (1 + 2
8¢ v $0 R
i=1 2;-2, ¢
LMé % (1 + ﬁ—;)
~ - m Zi+17 %p i z 7]
Q¢ U¢Z(1 + ﬁe—)
= dz
Z
Q g, (1 + =)
i 8 | i=1 f B 9z R¢_J
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Figure 2. Multilayered Shell Element
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Substituting Equations (3) and (u4) into
the inverse of Equation (1) with the usual assumptions
that:

=
[ae]
i

the resulting stress resultant-strain relations are

obtained:
N¢ = C11 e¢ + Cl2 €g + Kll Y¢ + K12 Yq (5.a)
Ngg = 1 Yy * Eyp Yo * Fyp 8y ¥ Fpy 6 (5.b)
Ngy = E1p Yo * Epp Yg * Flé 8y * Fyp 84 (5.c)
Ng = Cyp 8¢ % Cog 8g ¥ Kyp Yy + Kyp 7y 5.d)
_M¢ = Kll_€¢ + K12 €q + Dl1 Y¢ + D12 Yg {(5.e)
M¢e.= Pip Yy * Fip Yo * Hyp 8 + Ty, 6 (5.£)
Mg = F1p Yo * Fop Yo * Hyp 8y * Hyp Oy (5.8)
Me = K12 e¢ + K22 eg * D12 Y¢ + D22 Y (5.h)
Q¢ = H55-Y¢z (5.1)
Qe = Hgg Yog (5.3)

where the elastic parameter is given for a layered
shell:

19
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11 11
,,7mm1
‘ R m n-1
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Buy = G4e 5 Bgg = G4y 3 Bgg = Gg, (19D
Finally basic equations of equilibrium for
a shell element and in terms of the stress resultants
defined in Equation {(4) are required:
r - -
Ne,e + ﬁ; N¢B,¢ + 2 cos ¢ Nqu + Qe gin ¢ + rpy = 0 (16a)
T r _
N9¢,ﬁ + ﬁ; N¢’¢ + (n¢—ne) cos ¢ + ﬁ; Q¢ + rpy, = 0 (16Db)
Q + - Q +Q, cos ¢ - sin ¢ Ny, - = N, + rp_ = 0 (16c)
8,0 R¢ ¢,0 ¢ e R¢ ¢ n
r -
Me’e + ﬁ; M¢B,8 + 2 cos ¢ Mqu - rQe +trmy = 0 (17a)
M + LM + - - + = 17
84,80 R¢ ¢, (M¢ Mg) cos ¢ PQ¢ rmg 0 (17b)

As zstablished for the isotropic case,
Equations (3) through (17) have the order of 10 when
transverse shear deformation is included, and the order
of-eight when transverse shear is neglected. Since the
above defined displacements and stress resultants enter
into natural boundary conditions at the edge of a
medium plane where ¢=constant, then the two point boundary
problem for rotationally symmetric shells can be solved.

i3
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2. DERIVATION OF THE GOVERNING SET QOF EQUATIONS

The object of the following procedure is

to develop a set of first order ordinary differential
equations. The fundamental set of generalized

displacements w, u¢, Ug B¢, BB’ and generalized

stress resultants Q¢, N¢, N6¢’ M¢, MB¢ can be expressed
in such a manner as to be consistent with the thin

shell theory of either Reissner or Naghdi.

Also it is
convenient to reference all derivatives to the intrinsic

coordinate system along the surface meridional length.

In this way, continuous shells having a geometry where

more than one radial station lies at one latitude plane

of the shell can be analyzed (e.g. a circular plate).

In addition, it is assumed that the variables are

separable in the form:

W! u¢! B

Q¢’N M

¢9 ¢3NB‘) e
P

ue! Be? Qe’ Meq)

Moo > Nog> Nyo

To set up displacement derivatives it 1is necessary

to use Equation (5). Considering Equations (5a) and

(5¢), we obtain:

e = 1 D
¢n " T2 11
[Cy3D1y - K]

(N

- Ky (M

14

én ~

¢n

C

- K

12%8n

12%n ~

- K12K9n

D12%en

)

)

cos n 6

sinn 6

(18a)



AFEDL-TR-71-116

Kyn = . KyaWon = Cro%6n -

11711 © 1l

- C, (M - K

11*n 12%n ~

Combining Egquations (5e) and (5b) we obtain:

1

Yon T Tpm . - 72 HyyWNyen = E12Ygn -
12f11 - 1

- F11Myen ~ Fio¥en -

Sn = == ] F11Wg0n = E1o¥en -~
[E. Hy, - F2.]

11711 11

= B33 Myen = FioYen

From Equations (3¢}, (3n), and (5¢) we get:

u
- _¢n _
“h,s - R¢ B¢n * Y¢zn
or using Egquation (5i)
u Q
W :_1]3._8 +.£1.
Nn,s R¢ $n H55

From Equation (3) we obtain:

3 1
Yon,s - “én ~ R, Yn

uBn,s Tq:n

15
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B¢n,s = K¢n (21d)

Noting that these quantities are already functions

of the fundamental wvariables:

_n ..
®oan = v Yon * T Ysn * T ¥ (22)
", =g + Cos ¢ B (23)
fn r "On r ¢n
- _n _cos ¢ .
Yon * "% %n r  Z6n (24)
§, = -Bpg _Cos¢@g (25)
on ¢n T 6n
_ n _ sin ¢ .
Ygzn ~ _(r ¥n r uﬁn) Ben (26)

the following functions, therefore, can be solved

using Equation (5}):

Non ® C12%n ¥ Co2%¢n * 1250 ¥ Koo%en
Mon = Kiofon * Koofen ¥ Dyg¢n * Doo¥onq
' (27)
Noon * F12%en ¥ F22%0n * T12%n * T22%n
Moon = T12Y¢n * FooYen ¥ Hip%gn 7 Hopdey

n HBBYezn

LD
@
i

16
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Finally from the equations of equilibrium,

N .
= _ Cos ¢ _n _$n , sin ¢ -
Q¢n,s T Q¢n T QBn * R¢ * r Nen Pn
N = _Cs ¢y _ Dy + S98 ¢y L Egﬂ - P
¢n.s r on T 6¢én r on R¢ on
- - cos ¢ _n _&in ¢ -
Noon,s v WMeon*Negn? - T Ngn =~ 7 — Qn ~ Fo
= _ cos ¢ - n -
M¢n,s T (M¢n MBn) Me¢n Q¢n M¢n
- _cos ¢ - n -
Moon,s v Meon™Mogn’ ~ F Mon T Yn ~ Men

By calculating Equations(18)through (28)
we develop the set of first order differential equations.
Therefore, these equations can be solved numerically
using a direct integration over a segment length where
sufficient accuracy is maintained and the numerical

scheme discussed earlier.

17
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3. PROGRAM MODIFICATICN

The computer program SP presented in Reference
1 had been written for the IBM 7094. Modifications to
this program to accept the effects of transverse shear
deformation have been forwarded to FBR. This program
has modification identifiers located in column 80.
This particular listing for the IBM 7094 is on file at
FBR but will not be maintained. A CDC 6600 version
under the UPDATE mode will be maintained at this faci-
lity and is presented in Appendix A. This version re-
maing within a core 1limit of 777778. However to remain
within the framework of the original program and core
limit, the total number of segments had to be reduced
(from 100 to 65 segments) for the thick shell option.
The thin option can still use 100 segments. Other
versions have been submitted for the IBM 7094 utilizing
overlays that permit 150 segments but again will not
be maintained.

Program size and governing common block
allocations will be deferred from discussion until
Part 5. In order to maintain the essential input para-
meters and organization of the original code, the des-
cription of those modified parameter cards are presented.
Since the thick shell equations are based upon an order
of 10, modification to the original code is required.
For axisymmetrically loaded shells the order is reduced .
to six. Thus every parameter defined in the original
code relating to nonaxisymmetric loads had to be vredefined.
Further additional subroutines and control cards are
employed. All other parameter cards not mentioned here-

in remain the same.

18
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The following card is added and must precede
the original data deck:

Card 1 Analysis Control Format (A6,4X,A8)
Col., 1-6 ITYPE If ITYPE = THICKA

Thick Shell equations are to be used.

If ITYPE = THINAA

Thin Shell equations are to be used.
Col.1l1-18 JTYPE If JTYPE = TORSIONA

Torsion problem to be solved.

ITYPE must equal THINp A

Normally JTYPE = blank

Elastie Parameter Card
Application - SP, AEP, NEP

Number of consecutive cards = as many as the number of

layers (MLY), starting
with Layer No. 1. One

such set per Part.

Variables Format Column Description
If ITYPE = THINAA

B1ll F10.0 1-10 Isotropic - Young's modulus
Orthotropic - E¢/(l—v¢ve)

B12 Fl0.0 11-20 Isotropic - Poisson's ratio
Orthotropic - v¢E¢/(1—v¢ve)

B22 Flo0.0 21-30 Isotropic - Blank
Orthotropic - Ee/(l—v¢ve)

BG66 Flo.0 31-u40 Isotropic - Blank
Orthotropic - G¢B

ALl Fl0.0 11-50 Coefficient of thermal

expansion in meridional
direction. Not used in AEP
and NEP

19
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Variables
AL?2

RHO

IL1

If ITYPE = THICK

A
B11

B12

B22

B66

ALl

AL?

Format Column
F10.0 51-60
Fl0.0¢ 61-70
15 71-75
F10.0 1-10
F10.0 11-20
F10.0 21-30
Fl0.0 31-40
F10.0 41-50
F10.0 51-60

20

Description

Coefficient of thermal ex-
pansion in circumferential
direction. Not used in

AEP and NEP.

Mass density of material.
For SP used only in spinning
Not used
for stability analysis.

If IL1=0, then all elastic

parameters are constant in

shell is analyzed.

this layer. For variable
elastic parameters, see

Comments.

Isotropic - Young's modulus

- E 1~y v

¢/( P 8)
Poisson's ratio
v.E, /{(1-v, v,.)

¢¢ $°6
Blank

- Ee/(l-v
Blank

- G¢e

of thermal ex-

Orthotropic
Isotropic -
Orthotropic -
Isotropic -
Orthotropic ¢“e)
Isotropic -
Orthotropic

Coefficient
pansion, in meridional dir-
ection. Not used in AEP and
NEP.

Coefficient of thermal ex-
pansion, in circumferential
direction. Not used in AEP

and NEP,.
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Variables Format Column
RHO Fl1o0.0 €1-70

Description

Mass density of material.
For SP used only if spinning
shell is analyzed. Not used
for stability analysis.

If TL1=0, then all elastic
parameters are constant in
this layer. For variable
elastic parameters, see

Comments.

Orthotropic G¢z

Orthotropic GGz

isotropic layer is identified by setting B22=0.0.

= Young's modulus in meridional direction.

= Young's modulus in circumferential direction.

= Poisson's ratio (contraction) in ¢ direction

produced by normal stress in 8 direction.

= Poisson's ratic (contraction) in ¢ direction

produced by normal stress in 8 direction.

= vaEe]

1Ll 15 71-75
If ITYPE = THICKA and B22#£0
B55 F10.0 1-310
Bhy Fl10.0 11-20
Comments
1. An
2. E
¢
Eg
v
¢
Vg
G¢B = Bhear modulus in ¢, 8 plane.
G¢z = Shear modulus in ¢, z plane.
Gez = Shear modulus in 8, z plane.
Note that v E
[Note oF¢
3. If

IL1=+N and ITYPE=THINAA then N designates the
code number of the first of six FGEN card sets,
by which variablesBl11l, B12, B22, B66, ALl, AL?
are read, in that order, immediately after the

Elastic Parameter Card of an orthotropic layer.

21
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4. If IL1=-N, then N designates the code number of
one FGEN set, by which Young's modulus is read
immediately after the Elastic Parameter Card of

an isotropic layer.

Boundary Condition Card
If ITYPE = THICK, and NX on the wave number card £0
additional bhoundary conditions need to be considered.

Two additional parameters need to be defined. The complete
set would be:

1 for U3 2 for ng 3 for Uy s
y for Qz; 5 for E¢; 6 for M¢;
7 for Ugs 8 for N¢B; 9 for BB;
i0 for M¢9.

Starting Edge
Application - SP, AEP, NEP

Number of consecutive cards = one per subcase.

Variables Format Columns Desecription
1A(1) 15 1-5 Code number of first pres-

cribed variable on Starting
Edge.

GA(L) F10.0 6-15 Its prescribed value.

IA(2) Is 16-20 Second prescribed variable.

GA(2) F10.0 21-30 Its prescribed wvalue.

IA(3) Is5 31-35 Third prescribed variable.

GA(3) F10.0 36-45 Its prescribed value.

TA(W) I5 456-50 Fourth prescribed variable.

If NX#0

GA(H) Fl0.0 51-860 Its prescribed value.

TA(S) 15 61-65 Fifth prescribed variable.
If NX#0 and ITYPE=THICKﬂ

GA(5) Fl0.0 66-75 Its prescribed wvalue.

22
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Comments :

1. Tor code numbers of prescribed variables see
Item 6, Section 2, Chapter I, of Part II(l).

2. Remember that the prescribed edge loads are
actually the Fourier coefficients for a given
wave number NX.

Final or Branch Edges
Application - SP, AEP, NEP

Number of consecutive cards = as many as Branches

plus one. One set per subcase.
Variables Format Columns Description
IB{1,K) IS 1-5 Code number of first

prescribed wvariable on

Final or Branch Edge.

GB(1,K) F10.0 6-15 Its prescribed value.
IB{2,X) 15 16-20 Second prescribed
variable.
GB(2,K) Fl10.0 21-30 Its prescribed value.
IB(3,K> I5 31-35 Third prescribed variable.
GB(3,K) F10.0 36-45 Its prescribed value.
IB(4,K) I5 46-50 Fourth prescribed variable.
If NX#D
GB(4,K) F10.0 51-60 Its prescribed value.
IB(5,K> Is B1-65 Fifth prescribed variable.
If NX#0 and ITYPE=THIC_KA
GB(5,K) Fl0.0 66-75 Its prescribed value.
Comments

1. The first card of this set refers to the Final Edge
of Main Shell. The second, third, etc., cards
refer to Branch Edges in the order in which they
are encountered, when going from the Starting to
Final Edge of Main Shell.

2. TFor code numbers of prescribed variables, see Item 6,
Section?2, Chapter I, of Part II. (Reference 1)
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3. Remember that the prescribed edge loads are

actually the Fourier coefficients for a given

wave number NX.

Load Parameter Card

Application - SP only

Number of consecutive cards

Variables Format Columns
VK(I,1) F10.0 1-10
VK(L,2) F10.4Q 11-20
VK(I,3) F10.0 21-30
VK(I,u) F10.0 31-40
VK(I,5) Fio.0 41-50
IK? Is 51-55
INCRM I3 5B6-58
2y

one per Part.

Description
If INORM=0, then surface
load along normal, p.
If INORM=1, then surface
load parallel to axis of

symmetry, Py

If INORM=0, then surface
load along meridian, p¢.
If INORM=1, then surface
load perpendicular to axis
of symmetry, Po-

Surface load along circum-
ference, Pg*

Temperature on inside
bounding surface of shell
{(in -7 direction}, TL'
Temperature on outside
bounding surface of shell
{in +Z directicon), TU'
If TK2=0, then all loads

are constant along meridian.
Otherwise, ILZ2=number of
variable loads.

INORM=0 means that surface
lcads are along the normal
and meridional tangent

of Reference Surface. INORM=1
means that they are parallel
and perpendicular to axis

of symmetry.
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Variables Format Columns Description

IPRESS I1 59 1 Pressure on outside
specified else O
Il 60 1 Pressure on inside
specified else 0
RPM F10.0 61-70 Revolutions per minute for
a shell spinning about
its axis of symmetry.
Comments
1. For positive directions of rotated loads, Pl
and P2, see Figure 9.(Reference 1)
2. The values of variable loads, entered on Load
Parameter Card, are used for reference only.
3. Remember that the loads entered here are actually
Fourier coefficients for a given wave number NX,
4, TFor a spinning shell, the same RPM must be
entered on Load Parameter Card for every Part.
5. 1IPRESS is normally set equal to zero for the
pressure is stated at the reference surface.
When IPRESS=10 the pressure is assumed to be along
the outside surface and then calculated within

the program as:

zZ -2
p:p8 [1-—.%3-—.—-”}
6

When IPRESS=01 the pressure is assumed to be acting

along the inside surface.

"z -z
ref “1
Pzpi[l+ R ]
- 8
Note: 1If above option is used, 2., Cannot be at
Z1a5t OF Z7-
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4. DEVELOPMENT OF TORSION

Under the assumptions in the development of
the thin shell equations, the Reissner equations un-
couple for the Fourier harmonic n=0. They take the
form:

¥ : 1
g Yol . A8 o Yo %
ds Yn i
If the usual initial boundary value problems are
determined in the form:

71 - |2
¥y 3
2/

two rows and columns of matrix Y, are singular for

2
the n=o torsion problem. Re-arrangement of the rows

and columns of Yu and Y, will permit successful

2

solution. If JTYPE=TORSI0NA on the first control
card and ITYPE=THINAA, the singular matrices are

converted to nonsingular matrices.

5. PROGRAM SIZE

The present version compiled on RUN compiler
of the CDC 6600 system has a program length of 65100
or 2?10010.

number of parts, segments, materials, layers, branches

8
The size of the program is based upon the

etc. Common block size and allocation are described

below. Thelr names in general follow the association

or area to which each common block pertains.
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Cemmon Block Size Principal Size
Name Governing Egquation
GARB 8109 [NSEG(NDE+1)+1] [NDE+1]
RUN 6L --
MATL 720 PARTS * NL *9
XM17 54 --
GEOM 1235 (NL+10)PARTS + NBR+1
+(NBR+ 2) NDE *NDE
THICK 15 --
TRIA 130 NDE/2 % (NBR+1)+NSEG+5
ADAM 3 -

For the present case, the maximum values are:

NSEG = 100
NDE = 10
PARTSz 20
NL = 4
NBR = 4

Note for NDE = 10(THICK option) NSEG < 65, for
[65(10+1)+1] [1i0+1] = [65 x 11 x 11 [11] = 7876
which is less than the limit 8109, If one wanted to
use a single variable Blank Common, the above calcula-
tion for each common length could be used to RI'L the
length of the program to meet the problem being

considered.
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SECTION III
THE EIGENSOLUTION

The present dynamic shell program uses a "cut
and try" method for an eigensoclution. TFor a system of
homogeneous equations that govern the free vibration of
shells of revolution, nontrivial solutions exist when
the determinant of coefficients vanish. Blum and Fulton(ls)
have shown that the problems associated with the deter-
minant using Potter's method (which is the essential
basis for the multisegment method) are:

1) "changes in sign of the residual associated
with the poles may be incorrectly interpreted as crossings
(zeros) of the residual.

2) if the poles are near the zeros, two
successive cholces of A (eigenvalue) ..no change in sign,
and a zerc may be missed in the search.” The same pro-
cedure can be followed and stated with the present pro-
gram's parameters. If the parameter DETB is plotted
as a function of Omega, w, the zeroc of the parameter
DETB will be A, the eigenvalue. The present program
utilizes an interpolation procedure which is adequate
when w=A, If w>>A, one would have to review the modal
pattern in order to establish which way should be
applied. For some shell structures, this modal pattern
behavior may not be as well behaved as one would like,
especially for highly orthotropic junctured shells.

For any search method utilizing the deter-
minant of coefficient the procedure that should be
followed is:

(1) examine the determinant relative to
determinants at adjacent frequencies for an indicated

zero by change in sign.
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2) examine the modified determinant for
change in sign.

3) examine mode shape.

When all three items are satisfied, the assumed fre-
quencies can be utilized for an interpolation of the
true eigenvalue. The pitfall in employing this
procedure occurg when one or more of the items indicate
a zero (and in particular the mode shapel). If the
step size (Aw) is sufficiently small, one may circum-
vent one of the pitfalls and the present interpolation
procedure may be utilized with some partial success
but at the expense of a great amount of computer time.
This procedure can be followed provided the eigenvalue
is known a priori.

To illustrate the possible difficulties with
and to further amplify on Blum and Fulton's observations
one could experience utilizing the above technique,
we present results of some problems that were recently
solved. In Table I a list is presented of frequencies,
determinants, modified determinants and nodal (number
of zerc crossings) points for a cantilevered conical
shell having variable extensional and bending rigidities.

From Table I the first indicated zero lies
between §§ = wlL/c = .004 and .005. The next indicated
zero (by mode shape) lies between §§ = .006 and .008.
This turns out to be a false indicated root. In fact
a total of five false zeros were encountered for the
entire frequency range investigated. In order to verify
the existence or nonexistence of each indicated eigen-

value, three to five additional runs had to be performed.
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TABLE I
RESULTS FOR CANTILEVERED CONICAL SHELL
191 Z gm M Nedes
ctl
.002 -0.120 34 x 1073 0
.003 ~0.624 .33 x 1078 0
.00 ~0.028 .62 x 1078 0
.005 0.567 .58 x 1077 1
.006 1.350 .53 x 1077 1
.008 1.370 42 x 10%7 3
.010 0.517 16 x 1077 1
012 ~1.210 .10 x 1078 2
.01 ~2.470 30 x 10%7 y
.016 ~2.200 .17 x 1077 2
.018 ~0.400 .70 x 10709 2
.020 -0.200 .29 x 1078 m
022 4,200 .22 x 10"’ 3
024 -0.190 .93 x 1078 n
.026 0.256 .13 x 1077 L
.028 0.251 .61 x 1070 5
.030 ~0.470 17 x 1077 6
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Thus a total of sixty-seven computer runs were required
to establish the eigenvalues. Approximately one and
cne half hours of computing time were required to pro-
duce these results., Similar results were obtained for
other classes of problems that typify the above find-
ings. During the course of our investigations, many
numerical procedures have been attempted that show the
futility of the present approach for engineering prob-
lems when the eigenvalue cannot be adequately estimated.
More direct methods are available such as Stodola,
Rayleigh quotient, Householder or even Jacobi. These
methods require an extensive modification to AEP and

would require discarding the bulk of the present program.
1. MODIFICATION TO ALEP

An attempt to salvage the program and develop
a more automatic procedure within the framework of
the program has been made. This modification is primar-
ily concentrated on the subroutine TRIANG and in MAIN
immediately after the call teo TRIANG. The modification
of the program's logic is set so it will follow the
original executlon path if Aw (DOMEGA) in the program
is read in as a nonzero value. Otherwise, the alternate
path will be followed. Figure 3 gives the logical flow
for the alternate procedure. The dotted lines signify
the same logical path as the original AEP.

The method is simply to specify the range of
the eigenvalue search by Wy and Wee Aw is set by:
We-g

2

Aw =
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A solution is obtained at three frequencies
w, s wM=wO+Aw and We e If the parameter CM(DETB) is
the same sign for all three values, two additional

points are obtained at:

€
"

W, + Aw/Yy

and

£
"

w_ + 3Aw/u4
o

The sign between adjacent values of CM are again
checked. If no change is seen the interval of Aw
is halved and new values are obtained. This procedure
is followed for six iterations. If unsuccessful,
the procedure is stopped. If successful the usual
interpolation formulae are used to obtain A. If the
solution converges the procedure is continued between
Ai and We until all the desired numbers of eigenvalues
are found.

Again, it must be noted that the above procedure
has the same shortcomings of the original procedure.
The method will, however, allow for a more systematic

search.
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LD

= ISGN

NPASS

0

T
IFRCT

]

NFLAGW

NAC = §
IM = 0
!

ITR = 1
NB = 0
W = Wy

Figure 3 Flow Chart of AEP
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L}FRCT=IFRCT+1
1
IISTR=ISTK

T

(CALL TRIANG)

> B> > bt—
MmO oo

NFLAGW=0

NEW = NFLAGW-1

SO,

[ KEY(IFRCT) = IFRCT l

YES

Figure 3 {(con't)
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——"/ . K\ :

/- NB =0 "';“ - RS T '

-0 “T“” (;EHANGE )
0L e

H

lwisTﬁRTEEU_Q [END=IFRCT-]

—— 1

!
IFTR(IFRCT)-1

1
§
t
¢
L
!

PN

4
f 1800

|
,,1\<:1
L_ISTR D> prmt

"\\ - - /

\.\ j

s

IX = 1

Kty
|TC2=0.0

B

£18T=1ST—1

e

-

; i
;
J

f
[

Figure 5 {con't)
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INDEX=3

1

NFG=3
1

i

!

1933 NFLAGW-U4

NPASS=1

NF3=0

Figure 3 (con't)
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Figure 3 (con't)
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YPS=NPS+1

/

1

= N
d .
“

1

[

0{

w !
TART-1" T|

F NPS-2 NPAS/

: X OMSAV

@
5
e

AW=AW/2
IFR=2
NPS=0

-95%
Figure 3 (con't)
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TCh= | 4, |
TCAC=ACC#*TC2

N

™

NB=NB+1
IFR=1
IM=1
IFTP=2

2040
@ Figure 3 {(con't)
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PRINT PLOT |
\_ /
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; TSTART= \
IFRCT+2 \
ISGN=0 }
\_LD=0 _
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_g Lb = 0 ]
g;NXC -NX (/6 ; P e
W w \ 720
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[
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Figure 3 (con't)
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SECTION IV
NUMERICAL INTEGRATION PACKAGES

One of the common problems when a researcher
is investigating a particular area within his particu-
lar sphere of influence is that he must utilize tools
that have been developed by others. An independent
evaluation is sometimes difficult to obtain. It is not
the intent to suggest a better numerical scheme on the
basis of running time or solution accuracy alone.
Running time, soluticn accuracy, ease of application
and implementation are all necessary factors for evalua-
tion. Acceptance of a method must be on the basis of
the general problem solver. For example, if the problem
reguires a good starting estimate, one may use a Runge-
Kutta method. If a considerable amount of halving or
doubkling is regquired, Adams' method is attractive,

For in-core solvers, the Adams' predictor-
corrector methed appears to be one of the more over-
all efficient techniques. The inherent difficulty with
the Adams' method is that it requires a separate starter
procedure.

The original shell program developed in
conjunction with Dr. Kalnins used a sixth order Adams'
method. This TORTRAN II program required parameter
definition through Common. A listing of several differen-

tial equation solvers is presented.
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1. ADMIP
USAGE
1) Set up initial values in YTAB(I)
and Y(1,1)
2) Set up Starting X0 and Finishing
Smax values for interval of
integration. STA array will
contain these values.
3) YTAB(I) will contain the corrected
terms at Smax'
Typical Call
D@ I N=1, NSEG
X0 STA(N)
Smax = STA(N+1)
D¢ 2 I=1,NDE
Y(I,1)=0.0
2 YTAB(J)=0.0
D¢ 3 I=1,NDE
J = NBCON(I)
Y(J,1) = 1.0
YTAB(J) = 1.0
CALL AMIP
D¢ 3 K=1,NDE
D(N,I,K)}=YTAB(K)
1 Continue

]

Since this routine was written for the FORTRAN II
compiler on the IBM 7094 computer, double precision
arithmetic is required. Further the starting procedure
requires six evaluations prior to testing for halving
or doubling the step size. This routine may be

used on CDC machine but extensive revisions would

be required.
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# AMIP
* LIST8 o e e .
% LABEL " T e T B2

. BIAGOL . AFEDL-TR-71-116
- - SUBROUTINE AMIP R L o
CAMIP

C

£ . _ B _

COMMON YTAB» ZTAE: Z. 4ThD, ITAB o .
D COMMON YDPs YPD, vPOPs YCDs YCDPs Y :

. COMMON_WANLs VASNLs UANLys_ BANL : o
DIMENSION YTAB(1G)s ZTAB(10)s 2(10, 12). ATAB(20)s ITAB(10)
DIMENSION YDP{10}s YPD(10}s YPDP(10)}s YCD(10)» YCDP{10)s Y{10+12)

e EQUIVALENCE.  (YTAB{ 1) WN)s (YTAB( 2)s YN}y (YTAB( 33s UN):

1 (YTAB{& )y BN)y (YTABL 531 XMN}s {YTAB( &6)» XNPN!;
2 {YTABL 7)s XNN)y (YTAB{ 8)s QN}
e EQUIVALENCE [ZTAB( 23y wouTis (ZTABL 239 VDOT)s (ZTAB( 3}, UDIY -
1 {ZTABL &)y BUOTYs (ZTABL 5)9 XMDOT)#(Z7TAS( &) s XN&sI_ T
2 {2ZTABL T)oXHNDOT)s (2TAB( 8)y QDOT)
o EQUIMALENQE__(ATAB( “l)s . KOYs_[ATAB( 21y  S)s CATABL 30y Al
1 (ATABL 4)9EPSTLY» (ATAB( 5)s  DX)s (ATAB(5:. FLAL
2 (ATABL T)+DELTAJs {ATAB( 8}y RTN}s [37AB{ $)» SM. .-
- 3 C{ATAB(10)sHSTAR ) s (ATAB(11}DBLGT Iy (ATa3{12)sHAVE iy
4 (ATABI{13) s GAMMA)
EQUIVALENCE (ITAB{ 1}s NDEQ)» (ITAB( 2)s L)s (I7A3L 3)}»INDEX},
Y HITABD 4 K} I
L =1 L
RTN = 0.0
= DR e
5 = L0 ——
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T 10 CALL DEGNS
DO 20 I = 1, NDEQ
20 2(1,L) = ZTABLL)

IF(L = %) 304304 4
30 CALL STARTII)_:#
. GOTO 10 ;

40 LSTAR = L
50 L = LSTAR
S5 = X0+ H

INDEX = 1~
= K = 2 . :
o CALL SIART!Z}

130 FLAG = 0.0
CALL TEST
. IF_{INDEX =1) 170s 150> 150 _

=150 DO 160 J =2+ 6
o DO 160 I = 1s NDEQ
_“D.16Q Y(Isadt = Y({Is J+53)

GOTO 50
170 5= XO
. DO 175 1 = 1y NDEQ

U175 YTASUI) = Y(Ie1)
€ CALL DEGNS
CALL OUT(L) .

DO 190 J = 24 &
$= 5 +H
_.D0_180 1 = 1y NDEQ

T 180 YTAB(I) = Y(IsJ) o
€ CALL DEQNS S
2190 CALL OUT(2}).

DO 195 I = 1,NDEQ
D YOP(I) = 0.0
D 195 YOP(I) = ¥Y(1.6)

200 5 = X0 + 6.0 * H
~.21% CALL PRED
. CALL TEST

IF (HAVGT) 230,230,220
220 CALL Hav
60TO0 215

230 IF (DELGT) 245s 245 24
240 CALL DBL |
.- 245 IF{RTN} 215 215, 250

250 RETURN
END

STARY.

LABEL

*

* LISTS
#

_*_  DIAGCL

SUBROUTINE cTART(Ix)
CSTRRT




" AFFDL-TR-71-116

" COMMON YTAB, 2ZTABs Z, ATAB, ITAB ' o )
COMMON YDPs YPDs YPDP, YCDs YCDP» Y - |
. COMMON_WANL > VANLs UANLjs BANL_ _ i

DIMENSION YTAB(10Js ZTAB(10}s Z{10s12)» ATAB(20)s ITAB{iG:
) DIMENSION YDP(10)s YPD(10)s YPDP{10)» YCD(10)s YCOPI(10)s Y{1.1,12)
e EQUIVALENCE  _(YTABL 1)s  WN)s (YTABL 2)»s VN)s (YTAB( 3]s UN)}s_ !
(YTAB(4 )y BN)e (YTAB( S)» XMNJs {(YTAB( 6)s XNPN)» :
: (YTABL 7T)s XNN)s (YTAB{ 8)s QN)
e EQUIVALENCE (ZTAB{ 1)s WDOT)s (ZTABt 2)9-VDOT)s (ZTAB( _3)» UDOT)»

[N

1 (ZTAB{ &)y BDOT)s (ZTAB( S5)s XMDOT}» (ZTABU &) +sXNPDOT)
29 {ZTYAB( T)sXNNDOT)» (ZTAB( 8)s QDOT!
e EGUIIVALENCE  (ATAB( 1) _ XO)s (ATAB( 2)s S)» {ATYAB(_ 3)s  Hly _
1 (ATAB( &) 9EPSIL)Y» (ATABL 5) DX)s (ATAB(E)}s FLAG)
2 (ATAB{ 7)+DELTA)s (ATAB( 8)» RTN)s (ATAB( 9)s SMAX)»
e i e LATABL10) s HSTAR) 9 (ATAB(II?:DBLGT); _(ATAB(12) sHAVGT )
4 - ) (ATAB(13)+GAMMAY " ;
EQUIVALENCE (ITAB{ 1) NDEQ)’ {ITAB( 2)1 LY (ITABL 3)sINDEX)s 5
A — AITAB( &)y . K} ; e '

GOTO(10230)» IX B .
10 D0 20 T = 1s NDEQ

D DU 2 GeQ . —
: DL = H * Z{Ta.L1} R
] vitsl+l) = Y{IsL) + DUM .fﬂ

— JEQ YTAB(LY = . Y{lal+l) et

525 +H

w2 Lo+
. & ‘ETQRN N . o

e -X=INJEX

oY (40sb0960 70-801» 1NDEK
—_—— so o4l l = _1s NDEQ L
o -J‘T = 0.0
N3 = H 7 14400 #* (47540 * Z{Jsl) + 14270 » L{1s2)
—_— ; r98 O ¥ Z{l+31_+ 482.0 * Z(Ig4) - 173-0 * Z(Is5) 27 0 * Z{Is6))
S W Yl eldl) = Y{Isl) +'DUH o : .
' “CTO 104 :
L . D0 B8Y T = 1 NDEQ )
T DUM = Q. o .
DuM = H/5040 % (2840 ® Z{Isl) + 12940 % Z{142} + 1440
— 1 % Z{1s3) + 1420 % Z2{1,4) ~ 6-0 * leo5l + Z(i;ﬁ))
© 51 Y{lasl#1l} = Y(I:l) + DUM*“ o i
GOTO 100
.60 DO 61 1 = l» NDEG -
B DUM = 0.0
buM = H % 0201875 % (170 % Z(1s1) + T3.0 # Z{1+2) +
1. 3840 % Z(]1»3) + 3B.0 ® Z(Ip4l - 7-0 * ZtljS} + Z{1,46))
b 61 Y{Ist4l) = Y(I»1) + DUM

GOTO 100 S CRPITEE B : : o
T0.D0 71 I = 1y NDEQ SRS I
D DUM = 0-0
DUM a 2+0 ¥ H / 4?.0 * (Te0 # 2(1sl) + 3240 % Z([»2) +
1 1240 % 7113} 4 32,0 % Z(le4h]l + T.0 * Z(I1,5)}
D 71 Y(IsL+1 = Y(I» 1) + DUM :
GOTO 10,
o BO LD 81 1 : 1» NDEQ@ i X N
D Ulﬂ L] OoO




.. CALL, DEGNS

APFDL TR 71- 116 a0

“DuM a 5.0 ¥ H / 288.0 # (19,0 % Z(1s1) + 7540 % Z(1s2}
1 + 5060 % Z(Is3) + 500 % Z(Is4) + 7540 % Z{1¢5) + 1940 % 2Z(1+6))

D81 Y(Ial#l) = Y(I»l) + DUM
100 DO 101 1 = 1» NDEQ . .
101 YTABCI) = Y(IsL+1)

DO 110 ! = 1s NDEQ

110 Z(I+K) = ZTAB(L}

L= L + 1
K= K+ 1 SR
INDEX = INDEX ¢ 1 :
S e S +H . X
IFIK=6) 30:30s 9999
END
% PRED
* LISTS
* LABEL
* DIAGOL o
: 5$UBR0UTINE PRED
ﬁ CPhED_
< _
c
COMMON YTAB» ZTAB, 2Z» ATABs ITAB
COMMON YDP, YPDs YPDP, YCDy YCDP, ¥ N
COMMON WANLs VANL» UANL, BANL ° T
DIMENSION YTAB{(101s ZTAB(10)» 2{10,12i, ATAB(20)s ITABL1O)
D DIMENSION YDP(10)s YPD(10)s YPDP(10)}s YCDU1O)s YCDP(10}s Y(10s12)
EQUIVALENCE (YTAS( 1)» WN)s (YTAB( 2)» VN)» (YTAB( 3)s UND»
b (YTAB{4 )s BN}» (YTAB{ 5)» XMN)» (YTAB( 6)s XNPN))»
2 (YTAB{ 7)s¢ XNN}s (YTAB( 8)s QN} - :
TTEQUIVALENCE {ZTAB( 1Y, WDOTYs (ZTABU 27s VDOTYs {ZTAB( 31 UDOTTs
1 : (ZTABL 4)s BDOT)s (ZTAB( 5)s XMDOT)I»{ZTAB( 6)»XNPDOT}
-z__ e {ZTAB{ T)sXNNDOT}» {ZTAB( 8)s QDOT)
EQUIVALENCE (ATAB( 1Yy X0O)» (ATABU 214 STs (ATAB( 37, His
1 {ATAB( 4)4EPSIL)s (ATAB( 5} DX)s (ATABUS)s FLAG)»
2 (ATAB( T)sDELTA)s (ATAB{ B)s RTN)}e (ATAB(L 9}s SMAX)s
3 (ATAB{10)sHSTAR)}»" tATAB(ll!.oBLGT:. (ATAB{12) sHAVGT ) »
4 {ATAB(12)sGAMMAY _
o __ EQUIVALENCE (ITABI{ 1) NDEG)s (ITABC 21, L)s CITAB( 3)»INDEX)»
1 {ITABL 4)y K) '
DO 10 I = 1» NDEQ
o DUM = H / 14400 * (427740 * Z{1yK=~1) — 79230 * Z(IpK=2) +
1 598240 ¥ Z(IsK~3) — 72 0 * Z(1, K-a: + 2877.0 ¥ I(IK-5) =
2 4750 % Z{I X~61)
: U R £ 2 8 & IR L) I o N
YyoD(1} = SUM
D veop(l) = 00
b

VEDPLTY = YOP{]) + YPDUI)

YTAB(T) = YPDP(I)
CALL DEQNS
DO 20 I = 1, NDEQ

Z(IsK) = ZTABLI)

g
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LIGKY + Y427:0 % Z(T7k=1T =

) DUM = H / lﬁxﬁ"b * (ﬁTS"U *

1 798¢0 % ZUI9K=2) + 4B82.,0 % Z{[sK=3) ~ 173,0 ® 2(IsK~4) + 270 #

2 Z(I:K-5))

D YCot1) 2 0.0
YCDLIY = DUM .
D YCDP{I} = 040

D YCDPR (1} = YDP(LI)
20 YTAB{I) = YCDP(I1}
CALL DEGNS

+ YCo(I)

FLAG = 1
~ETURN
END

¥ DEONS
* LISTB
% LABEL. ... .

* DIAGOL
SUBROUTINE DEQNS
__CDEQNS

10

COMMON YTABs ZTABy Z»

ATAB, ITAB

COMMON YDPs YPDs YPDP, YCDs YCDPs Y

COMMO 1"0! NHALT

'DIMEwa.ON YTAB(10)s ZTABU1O)y Z(10+12)»

ATAB(20Ys [TAB(lO)Y

D CDIMEMSION YDP(10)s YPD{10)s YPDP{10)s YCD{10}s YCDP{10)» Y{(10+12)
- DIMENSTON A{6&) L -
' EQUIVALENCE (YTAB{ 1)s = QlY}» (YTAB{ 2)» Q2)y (YTAB( 3 Q3,
1 (YTAB( &)y Q&) (YTAB{ S5)» Q51s (YTAB( 61> Q6)s
L 2 AYTABU T G7)s {YTAB( 8)s as) L
EQUIVALENCE (ZTAB( 1) Pl)s (ZTABC 2V P2)s (ZTAB( 333 P3)s
1 (ZTABL 4)y Pals (ZTAB( 5109 P5)s (ZTAB{ 6)>» P&)y
2 _ {ITAB( T} P7)s (ZTAB( 8)» P8} ) o
EGQUIVALENCE (ATAB( 1) X03» (ATAB( 21 SYs (ATABU 3) HY'y
: (ATAB( &)+EPSIL)s (ATAB( 5)» DXYy (ATABU6)s FLAG)»
Y- o __LATAB( T)+DELTA)s (ATAB( 8)s RTNIs (ATAB( 9)» SHAX)»
3 {ATAB(10)sHSTAR)s (ATAB(11)sDBLGT)s (ATAB(12)sHAVGT)s
4 {ATAB{13)»GAMMA)}s (ATAB(18) XN)
___________ ¢ LIVALENCE (ITAB{ 1)y NDEQ)s (ITAB( 2)s  L)s (ITAS( 3)+INDEX),
j (ITAB( 4)y - K} S o

el "ALENCE (ITABU 61: JUMP }

\D! 10410420

1 FORMAT (I10» 6F100)

“I¢ REAL INPUT TAPE B9 To NFGN» Es xmu. Cs ZZ

1 OPFl6.4»F1140» FlS-l!

DD 15 1 = 1.8

"5 BUD = FGEN{(I#1s5)
N = NFGN - 8
DO 16 I = 14N

66
~ wWRITE QUTPUT TAPE 65 3, Es XMU» XNy Cs 22

3 FORMAT l1H0/8X:1HE-16X.3HXMU,llxoZHXNo13Xo1HCr14x.2HZZ /1PElé4.4, ’
F15.1 //) %
70
80

90

100

J= 1 +N+7
16 BUD = FGEN{.Js1+3)
__WRITE QUTPUT TAPE 6

4

4 FORMAT ([1H1/)




AEFDL=~TRaZl=llb

7100 IF{ABSFUH)=HMINI120,120101 ) T
101 DO 103 I=1,NDEQ
D DIF{l) = 0.0  ___ o
) DIF{IY = ABSFIYPD{IY = YCD(T)]
103 EMAX(I) = MAXIF({ABSF{YCDP(I))s GAMMA)
104. DO 105 I = 1s NDEG

c TEMAX(TI)= 0e25 ®# ABSF(YCOP(I)) + 0«75 * EMAX(I}
C EMAX{I) = MAX1F (ABSF{YCDP(I))s GAMMA)
C IF(DIF(I) _— C1 * TEMAXtI1) 105, 105, 110

IF (DIF(L) = Cl # EMAX(I)) 105s 105 110
105 CONTINUE
€ DO 106 1. = 1s NDEQ_
C 106 EMAX(I) = TEMAX{I)
GOTQ 120
110 HAVGY = 1.0
CALL QUT(2)
GOTO 70
120 DO 125 1 = 1» NDEQ
Z{IsK} = ZTAB(I)
D 125 YOR({I) =z YCOP(T)
e JIF UK m11) 1309 140 140
130 K = K + 1
13% CALL QUTL2)
S =5+ H
GOTO 200
140 TF{ABSFIH)I—~HMAX)14121604,160
141 DO 150_1 = 1s NDEQ

D DIFILY = Q.0
D DIF(L) = ABSF(YPD(I}) - YCD(I))
e CEMAT) = MAXLIF{ABSF(YCOR(1)) s GAMMA)

IF(DIF(EY = €2 * EMAX{I)) 150 150y 160
150 CONTINUE
_ DBLGT_= 1.0
CALL OuUT{i2)
“o0T0 T¢
160 20 170 1 = 1 NDEQ
20 1710 J = 1s 10
170 2414d) = Z{1sJ+1)
e SOTO 13
200 iF {SIGNH # (S8 — SMAX))Y 65 220 210
210 HSTAR = SMAX -~ § + H
_CALL MOD _ —
220 & = SMAX - 0.00001
221 CALL PRED
5 = SMAX
CALL OUT(1)
RTN = 10
e BOTOLBS
£ND

Lg




© AFPDL-TR-71116

“» DIAGOL
SUBROUTINE HAV
...... CHAV . _
c _ =
. _COMMC: YTABs ZTAB». Za ATAB. ITAB
COMHCHN YDPs YPDs YPDPy YCDs YCDPs Y
COMAON WANLs VANLs UANL, BANL
 DIMENSION _YTAB(10)s ZTABI(10)» 2{10+12)s ATAB(20)s ITAB(10}
D DIMENSION YDP(10}s YPD(10}» vpop&loa. YCD(10), YCDP(10}» w(1o.12:
DIMENSION ZH(10:3) :
) _ EQUIVALENCE (YTAB( 1)» WNJ)s (YTABL 2)s VN)» (YTAB( 3)e UN:.
1 {YTAB{& ¥» BN)s (YTAB{ 5)» XMN}s (YTAB{ 6)s XNPN)»
2 (YTAB( 7)s XNN)s (YTAB( B8)y QN)
o FOUIVALENCE (ZTAB{_1)» WDOT), (ZTAB{( 2)s VDOT)s (ZTAB( 3}s UDOTI,
1 (ZTAB({ &)y BDOT)s (ZTAB( 5)s XMDOT)s{ZTAB{ 61} +XNPDOT)
. ' C(ZTABU T)9XNNDOT)s (ZTAB{ 8)». QDOT)
mﬁﬂPEQQIYALENCE__JATAB[Ml): XO)s (ATABL 2)s ~ - -S)s (ATABL 319 H)»
1 (ATAB{ 4)+EPSIL)s {(ATAB({ 5)y DX}» {ATAB(6)s FLAG},
2 (ATAB{ T7)+DELTA}s (ATAB( 8)y RTN)» (ATAB{ S)s SMAX}»
o 3 {ATABL10)sHSTAR)s (ATAB{11)sDBLGT) s {ATAB(12)+HAVGT)
& {ATAB{13),GAMMAY 5 = o '
. EQUIVALENCE (ITAB{ 1)y NDEQ)s - . . {I1TAB{ 3)sINDEX}),
Y tITABC &)y K} i B
H=H / 2.0
CON = 100 / 256.0
o IF {SENSE SWITCH 6) 1, 2 3
© 1 CALL OUT(3) - ‘
.2D0O 51 = 1, NDEQ
ZH{I»1) = CON * (7.0 * ZII.K-63 - 45.0 » Z{I1sK=5) + 12640 *
1 ZUIsK=4) = 210e0 * Z(I14K=3) + 315.0 ¥ Z{[,Kk=2} + 6340 * Z{I:K=1))
ZH{132) ®» CON % (=3,0 # Z{I,K~8) + 2140 % Z{L:K=5) = 70.0 *
1 Z(IsK~4) + 2100 * Z(I3K=3) + 10540 #* Z2(I4K=2} = 740 * Z(I4K-1)}
ZH(T93) = CON ¥ {340 ® Z(IsK=61 — 2540 % Z({IyK=5) + 15040 %
1 ZUIsk=4) + 1500 * Z(I.K-Bl'-ZS.D * zcz.n—zr + 340 % 2{IsK-1))
5 CONTINUE I
L=~1
M=5
DO 10.J .= 1y &
L =L + 2
M= M- 1
N=K=-M
DO 1G I = 1, NDEQ ;
10 ZtIsL) = Z(IsN) i
L.= 8.
. DO 20 N = 13 3
: L= -2
! ...DO 20.1 = 1y NDEQ@ __.
: 20 Z{IsL} = ZH(1sN)
; K = &
: - T
b IF © SENSE SWITCH 6) 30s 100 -
! 30 11T OUTPUT TAPE 69 39 ((Z(IsL)s L = 1 610 I = 1y &)
L 3 FORMAT (28H  VALUES OF PAST DERIVATIVES/{1P6E20.7/)//)
100 RE”URN
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END

* DBL. -

% LIST8

* LABEL

* DIAGOL
SUBROUTINE DBL.

CDBL o7

c

¢

COMMON WANL »_
DIMENSION YTAB(10), ZTAB(10)s 1l10.121. ATABT 20}y ITAB(10)

COMMON YYABy ZTABs Z» ATAB, TTAB
COMMON YDPs YPDs YPDP, YCDOs YCDPD Y

VANLs UANLs BANL

"DIMENSTON SAVZ(10212)
DIMENSION YOP(10)s YPD(1O}s YPDP(10)s YCD{10)s YCOP{10)» ¥{10,12)

___20.DO_30 I=1,NDEQ
T7 DO 30 J=1,11 :
30 SAVZ(I,2Y=Z(Lled}
- DO _40 I=1sNDEQ

40 Z(14J)=SAVZLIaK)
T K=

. CALL_IEST

DO 60 J=1.10_

EQUIVALENCE (YTAB( 11, WN)s (YTAB( 2}s VN)Ys (YTAB( 3)s UN)»
1 (YTAB(4 )y BN)» (YTAB( 5)s XMN)s (YTABL 6)s XKPN)»
2 {YTABL T)s XNN)» (YTAB( B)y QN) o
o EOUIVALENCE (ZTAB( 1) WDOT)» (ZTAB( 21+ VDOT)s {ZTAB( 3)s UDOT)s
e 1 © JZTABL %)y BDOT)s (ZTAB{ 5)s XMDOT)s{(ZTAB( &) »XNPDOT])
L2y "{ZTAB( T)aXNNDOT ) s - IZIAB( Ble QDOT) B ]
EQUIVALENCE {ATAB{ 1)» XO)s» (ATABIL 21)» SYr {ATAB({ 3}, H)»
]l (ATAB{ 4)EPSIL)» (ATAB{ 51 DX1y (ATABLE)s FLAG)
2 {ATAB{ T7)},DELTA)» (ATAB{ 81s RTN)s (ATAB( 91+ SMAX),
.8 (ATAB(10) +sHSTARY» lATAB(llerBLGTl’ [ATAB(lZliHAVGTi;
4 IT{ATAB{IBJoGAMMA) LT
EQUIVALENCE = (ITAB{ 11s NDEQ)s (ITAB( Z)t Llr IITAB( 3) s INDEX)»
1 {ITAB( &) K)
5AVS=S
SAVH=H_ —
H = 2,0 # H _
. . SaS+H 3
e FLAGE2.0
CALL TEST

IF{RTN~1.0)20+100+100

DO 40 J=1,6
K=2+#J-1

CALL PRED

IF{HAVGT)100,100,50
50 DO &0 I=1,NDEG

60 Z(1sJ)=SAVI(Isd+1)

K=1l1

HAVGT = Q.0

H=SAVH

50
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160 RETURN

END

* MOD

* LISTS8

_* LABEL

* DIAGOL '
SUBROUTINE MOD

CMOD

C

C

e COMMON_YTABs ZTAB» Z» ATABs 1TAB

COMMON YDP, YPD, YPDP, YCDs YCDP, Y. .
.~ COMMON WANLs VANLs UANLs BANL R
. i DIMENSION YTAB(10}s ZTAB(10)s Z(lOolle ATAB(20)s ITAB(10)

B DIMENSION YDP(10Q}s YPDI10}s YPDP{IOIo YCD(10}s YCDP{10)» Y{10,»12)
DIMENSION YST{10s 5)
_EQUIVALENCE (YTABL 1)s  WN)» (YTAB( 2)s VNIs (YTAB( 3)s UN)>»

1. " UYTAB(4 }s BN)y (YTAB( 5)» XMN)y (YTAB( 6}s XNPN}»
2 ' AYTAB( T)s XNN)s (YTABC 8)y  QN) -

EQUIVALENCE (ZTAB{ 1) WDOT)s {ZTAB{ 2)s VDOY)s {(ZTAB( 3)s UDOT),
1 (ZTAB{ 4)y BDOT}s LZTAB( 5)» XMDOT)#(ZTAB( &) sXNPDOT)
2y {ZTAB( 7T).XNNDOT}» (2TABL 8}s QDOT)

ﬁWWMW~___EQUIyALENCE“"(ATABJ_JJJ X0}y (ATABL 20y S)e (ATAB( 3)» Hls

{ATAB{ 4)EPSIL)s (ATAB( 5)s DX)» {ATAB(6}» FLAG),
{ATAB( T)DELTA)» (ATABL B)s RTN)» (ATAB( 9)s SMAX)»
{ATAB{1Q}+HSTAR)» (ATAB(11),DBLGT)y (ATAB(12)sHAVGT)

o R

{ATABI13) 2GAMMA)
EQUIVALENCE (ITAB( 1) NDEQ)s (ITAB( 2)» Lis C(ITAB( 3)»INDEX)»

1 AITABC &)y KD
CON = 1.0 / 12040 - i
HI = HSTAR / H
e DO.10 M.®m 135

mmon o
® Hiuw R H

1.0
D010 1 = 1, NDEQ

10 YST(I,M) = CON * (—8 * C_ * D % E * z;x. k=61 + 5.0 ¥ A®C* D
1 % E* F ® Z(1,K=5) = 10s0 # A * B % D #.E % F. % Z({IsK=4) + 10.0 %

*________2 A% B % C *F % F t_lLLLK_ilmr4500 * A * B ®C WD ®F * Z(]K=2)
34+ A% B ® ¥ D% E*® Z{[yk=-1}) -

CO 5 1 = 1s WNDEQ

5 2(1s6) = Z{19K=~1)

WL 6
JO 20 J ® 1 5
. . W

DO 20 1 = 1 NDEQ
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T Z UMY = YSTITed)
H = HSTAR
K= 7

TTRETORN T
RETURNS

52
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2. GLAUZ

The second package used a routine obtained
from SHARE written by R. Glauz. This routine was
written in FAP and later converted to MAP. The program
used a third order Runge-Kutta as a starter routine and
then switched over to Adams' method. The nice feature
about this routine is that after a full difference table
has been set, halving and doubling could be accomplished
without re-evaluation of the derivatives at three or
four additional points. A FORTRAN subroutine has been
written following the general logic.

53



AFFDL-TR~71-11b

fallras)
T90%218Y

-0904Z1SY

£50¥Z1SY
8504215Y
LSOYISY
9509215V
5505215V
5045215
€50v218Y
2604215Y
150%215¢
0504215V
69049215V
go0%215Y
Le04215Y
9450%Z1SY
SY04TISY
¥H042TSY
£204215Y
Zr0YzISY
1904215V
0v0%Z15Y
6£04215Y
9E0%21SY
LEOYZTSY
SE0®ZISY
SE09Z15Y
EOH2TSY
EEONZISY

ZE0Y215Y
1L0%215Y.

OE0%215Y
6205215y
209218y
LZOHZISY
FZ0HZTSY
£Z0%215V
N2OWTISY
EZ0%215Y
ZZOY2ISY
1Z0%Z15V
0209215V
6105215V
BIO»ZISY
L10%215Y
STO»Z1SY
STONTTISY
Y10%Z1SY¥Y
£10%921SV
Z104215Y
TI04#215Y
GI0%Z15Y
6OCHZISY
goCHZ1SY
L00%215Y
900%215Y
SCO9ZISY
£00%Z15SY
10CH2TISY

2718Y1 0¥3? 01 4007
14378v4 4430
147 DI N&

4 ININOEXT ADVHNIDY

28T+ D1 T9Ad3I 13§ AdVENDDY
1NdNT ADY¥YUNIIY D¥32 W0d IS31
YELNGNT ADVENDIY

Y¥! D1 N

9y74 0w3az

378YL 1NdNT ADVENDDY

*30% H
*J07 X%

207 3nA 4531

Z|

JTEVL ENINDAXI AIVENDDY
. z-

*337 *N34 €70

NG~

=307 37avi 4410

1+

+307 318VL 4410
NOTLYIDT 431S W1LWvd
1+

=301 4315 WILevd
*50% 3NIvA AT¥3Q

T+

201 AI¥3d

NOE1¥2307 INTYA NDILINN4
¥oav NE T

*307 NIILINNG 4

¥0av NI NS

47 ¥00vV 01 NS

N+

NY

¥aav NI N

79 40 uOQY OL K

40ay OL N

23% O N

& FTY 1%V NtEr
TEAND . OXS .
1is 1xy
1¢141-9 .3 .
2 *215
R S & ] L} g
ThuTR] ¥xs
LAZ 1 T4 N L L |
144403 X1
[ 232 o1s | = I
13vd qaoy
. LNSYM . WNY
1531 Y1)
. 0% elIN . __
yinx wa ad
028 _ _ vy
LA A1) Yxs
e DY TAS _S3UWAY.
B-tetlen 1%k
0y .S
135WaY . oav
w9 1) o
HI vis .
B L7 TN & - N
X vis
L1 | & b+ I
L] vis
L.dWAL . ans
¥ ¥is
_dn3l ans
3 ¥is$
Yduil ens
22 vis
23sSw@y . Qay _
L 11 L ]
3. . wis_
13S#0Y aay
oely WYY ___
al vis
13sway . oaav _
yie ¥12
47 ___. V1S
135KQY aay
L LY SR & = B
YdW3ii o1s
42 .18
dWii aav
R 4 s
dWIl 01§
% ¥is .
Bt Sy

¥ 1 Y1) L3SWOY
BYINOY AMING
WOOIWOY __ AWIN3
INTNOY AWIN3
SIMNQY AYINI _ ..
13SWQY AWIN3

NOLLIVEO3INT 30 OOHL3W SWYOY - ZN¥TD & _
NORIVYOIANT QOHLIW SWYOY - IANILNOWBNS mnva »

davd *

54



ATFDL-TR-71i-116

[T481481
T2T¥21SY
TeLyZISY
oRT¥21SY
STTHZISY
RLIHZTSY
LITHZISY
9TIw2ISY
SITHZISY
*ITH215Y
CTIHZISY
Ziiw2isy
TIT%21SY
OTTH2ISY
&0THZISY
BOTS215Y
10T9215Y
9014215y
SOTYZISY
YOTHZ15Y
€OTHZTISY
20142157
1314215
QOTHZISY
H6NH2TSY
B609ZTISY
1609215y
96052 TSY
SE0YZISY
S609215Y
E50%Z15Y
2609215y
1605215y
QECHZTISY
BBDYZISY
gann2isy
LRO%ZTSY
9804 Z1SY
S80%215Y
YROYZ15Y
£804215Y
80%215Y
TROHZTISY
OBCHZISY
6LCHZISY
GLOYZTSY
LI0%215Y
9L0%215Y
SLO%Z1SY
wiOwZ15Y
ELONZISY
2109215V
TLONZISY
oLO%21SY
690%ZTSY
BYIDH215Y
L90%21SY
9904Z7SY
S905215Y
¥90421SY
€909Z15Y

dA 130 - 2A 130
¥43NIVA 1534
ININOJXT L1JIHS
ATND LNINOAXT 43N
*ONOTLAINNG

"l OL N

07 3719V¥L ¥N123uw0)

#43INTVA 1531 ¥0101038d
¥IANVYA 1534

»¥l OL N

11 ¥330 01 ©

15814 01 09 99714 D¥37

NOILlVYND3 LX3N
YENOTLINNG
¥*NITLINAY GO
#43NTYA 1532
H

244307

YIARNIG

¥l 0 O

430D iX3N
IINTFYISSI0 LX3IN

Z¢4307
1¢378v] J410
Zwl 0L S

TH1 GL NS
41 DL N

X NI 3wais
H
X

07 39vL a33Nd

¥*NO1LIONNE QY0
¥*NOTLINNA

: ¥l DL N
olutawu—zzahmu

"Y00Y N¥ML3I¥ IWDLS

-

dss
yiydgWal _ San
97 (1 E ]
SIvd . @NS .
1NSYH NY .
LAY T S | ) N & N
- %478 L2 4]
¥4dwo) = XS1 I
¥ ¥Xs
¥43430) il .
T'%'yQ X1l
¥'ydw3l . 04§
" «¥1) va
wiz9 WXV . L
1l ais
$eObul | VXS B
133 ) F] 371
9vYI13 Y1) MOIMGY
L AR | vl .
Tss . 1IX¥ 3 2 S—
Zhex my T
L2 1uy ¥l _
T*#*qD X1l
47 =005 . WI___
A *Qvd W3
Wian 04 9T __
HI LCLE]
R b S,
dwial vy
DY __edwd
B LI ) bay o3
z2Lo i —_—
1240 X1t
T='T*T+2 _ IX1 e
ELENE 018
a3l avd —
Zten dnd 03
T%s¢ _ DOY 232 __
dwit 218
Z'¢ . 1%V . 8
T'%% iy E )
R A { ] 1
¥uyl s
Z42wY __ wxS
114l XS 4N0D
- L A% SURNG . 7
Cyiae IXy Iy
. X2 *01%
2] avi HI
e [ 3]  _
LAF L {1}) XSt
4402 s
¥*+d430D Xy 4d
Te9*2-9, _ X14 __
LLE 0is ]
N ey
biew XY e
Lok SRR | 7 S
bLAE] 1IN
¥4yl . ¥XS_ AINIMQY

55



AFFDL-TR-71+116

YRTH215Y
EBTHZISY
ZBIYZISY
jats21sy
08IY21SY
6LTH21SY
BL14Z1SY
Li1w21SY
91152157
SLINZISY
LIRR YA
ELTH21SY
2119215V
TLI21S5Y
0LI»Z1S5Y
69T421SY
8915215y
1915215y
99T14Z1SY
§9T4215Y
#915215Y
€919215Y
ZITHZISY
191%215Y
091%21SY
6STH215Y
BSIHZISY
LST9215Y
9514215y

¥51¥21SY
€ESTH21Sy
ZSIH215Y
1614215y
05T%21ISY
By THZISY
Y121V
Letu21SY
9nTHZISY
£oTe218SY
Ye1%Z1SY
fY1%¥Z15Y
ZHIH9215Y
1914215y
CHIYyZ1SY
HETHZISY
BEIYTISY
LETHZ1ISY
ELHRZISY
SETHZISY
ETH215Y
EETHTISY
4382431 )
1€ 14215y
DETHZISY
619218V
BZTHZ1SY
L21%215Y
9Z19215Y
LZ1v215W
»Z15215V

1*379vL 1410

*4410 1SYd ¥0 A 1SYd 3IAON
*307 141HS NI wul 3WO0LS
¥] 0L &

ydl 0L ¥

tul 01 NS

376YL 4410 N1 ATY3Q IX3IN 0L JADW
1#31dvL Jd14

#*ATHIQ

Tdl 01 N§

SHI DL N

THl 3901S

G¥32 wAR3 ION 9v14

1¥W AQ O3ADULE3Q 2u1*T1¥! J60IS3IY
. H MaN

g

H

dn O3NIVE %

H
X

378¥L ONIATYH
H

0z

H

376NCT O¥IT »»

3410 LX3IN
*0

1"379v1 4410

1431av1 3410

1'378vy 140

AT YL E]

B - R 01§
T4l 01 NS

T A8 IND 33n0G3Y

$HT 0L N

FATYH DY3T ON

JATYH ON O 1531 INIATWH
0 ¥3AD 9¥13 379N00 ON

318nDg 0 1531 9INII8ADa

.3

dW31
=411+
dinl

2t

yiy
invul
1'43
€+INIHOY
Tien
1149¢-2
G=111T+»

sa iy i0bul
144447
1421443
T-614142
44300

w224

LAFT]

— il

o007 _wi
118

1x: .
axs AL
Ixy .
1y ni
ws .
Xl ¥
L 2. | R -
Ixvy 18]
XIs

1%1
w01S .
«¥1]
Lial
¥
v¥s e
LS 15814

x51
«DL1S
di3d
L1l N
*D1S
@S
Y1)
|+ S

"ws .

LXY _AINH.
L2 T .
Lxv_ Dy¥y
*01%
R LER
«Da1
wSL .
¥xs

e TG ST

e

R L IL e

586



L,-TR-71-116

ATFD

SHIYIISY
YyZH2ISY
€y29T1SY
t4riT481)
TeZy21sy
Ov2éZigy
sE29218y
QEZYZISY
LEZy215y
YRSV
LedvZtsy
YE24Z18Y
CE24215Y
TETHZISY
1€2%2t5y
0€2Zy21ISY
6224218¢
azZZy2isy
L2z%218y
9ZZTYZISY
GZ2HZISY
SEZHZISY
fltezisy
f2zeitsy
{z2s2ISy
b2ze215y
at2v215Y
Bizev215y
L1ehzise
A4 T433]
f1ze2tsSe
STEH215Y
t1ze2tsy
2IZH2T5Y
T1Z%Z1SYy
G1ZeZ1SY
024215Y
R0ZH2ISY
LOZHZISY
SOTHZISY
£02921%¥
yOZ¥Z15Y
£029215Y
22215y
T0ZvZ15Y
DirZezisy
B5TH21SY
GoTHZISY
LET21SY
LIAL Y434 ]
Colv218y
YETNZTIAY
£615215¥
2619215y
1614278y
[ 138441 ]
bA1YZ1SY
LTRETAEY )
LarvziISy
4e1218Y
CHTH21ISY

000000000220+

000090000200+
000020000LLES
QLLLLLLLEDOD
0094LL1LL000
8z

L LT

LA %)

vy

yiyy

[LLF)

. WP 244H0D
R

44D

¥'W2)

(1F%

LRdrh]

yiydnil

T41¢ 140

Zhvauili

141494031

2ty

1

¥ird

13390

®433

IV 01 NS SOiOAY LI ET

tipitis

yiy<@dnal
) S-¥dnNal
d 40 SuImod TAVEINDD shy.

(LLET

S-vdWil D1 o S=¥dWilL

d=H/ =X H3

xX=d¥ %3

dax w1

yryddul

1yl

Ze2ut

¥'1

Yian

HONONHL Y1 w0 WY3L A D1 3AOW T*1'ML
1 A8 %¥1 Iing3w TytAy

»Hl L3S Toythy

1*118vL 4414 23

4410 918D OL NIvE 3A0W 1T ea
Suttdl 3wbu Wod 09 Tiyixy

*4300 A1x3N N1 FAO0M f=42¢148

‘3410 Lx3IN OL 3ADN 1 S0 L P Y
danay

FEEY

24303 1WH 2ise

TI2iguy

190 1avd
130 $9vd
C A0 ANSWN
130 0asve
430 HWSYA -
LT

L%V _vawnl _
s

ixy

L H

—_

i3
¥xs

e WXS_
YES wydulv

avd
dWd Al

A g LN,

rv—rs

e b B

57



E6ZH215Y
Z6ZYZISY
162%215Y
0629Z1SY
ERZHZISY
BEZHZISY
LEZ9215Y
98ZHZ1IsY
CEZHZISY
YEZHZTISY
€82»21%Y
ZHZY2TSY
18Z5218Y
08Z4215Y
61Z%Z15Y
8i2YZISY
LizZu215¥
SLZHZISY
SiZvZlIsSy
¥LZ%215Y
€LZHZISY
CLTHZTISY
1L2¥215Y
0LZHZTISY
BPZHZTSY
geZHZ1IsY
L9ZHZISY
992%Z15¢Y
S9Z42IS5Y
yoZH2lsY
E9ZH¥Z21ISY
TIZH215Y
19Z4215Y
C9ZYZISY
6G292TSY
852ZH215Y
L929215V
9GZHZISY
S5ZHTTSY
#G24H215Y
ESZHZTISY
eeZHTISY
1524218y
0GZHZISY
6425215y
BY2HZISY
LuZH2ISY
SHZHZTISY

ozL/1s2
0zZLret

0zZL7601
QZL/E9Y

oZLsi62
4 ¥4

LIl

9’1

9/1

1

¥271
B/1=0ZL/06
0Zis01t

9T/ 1=02L/5%

oz2L/e
TITLT198%€E*

60988€970"

0ZL/ 6%
GHRBAETST"
RBEILTIST"

TTIT198%€"
BrE
199999014 "
2r%

1

aN3

0T-dW3L  __ NAS
T«dW3ad NAS

. NOWHWD)

902~ NIWWOD

*9r . __.323¢

*21- J334a

b} 230

1 J3¢

o= _ 330

4 J3g

.. "0 ___J3a

0 334

‘1~ J3q

*2 J3q

§290* __ 230

§ice0" 330

. 62T _ . 30
s218L0" J3a

£Z1* 334Q

62* J3e

52906€0° . 330
sZ90" 330

§Z1°  __ 230

s" 33a

E A & 1]
199999997 J3a
£99999991* )30
L93999%391° 230
49999997150 _ D30
s21°* 234
82LLLLEST 9230
§290° 330
EECEELEERQO® _ _ 230
LL%H9LenGLLT+ 130
‘0. J30

L LZO99ZO9IELT+ 130
9656550890 __ 234
£099209949L1+ 170
T9S50ySTS00T+ | 130
o 230
LEYwILlyhsiile 130
SLe* 33a
€5ESESLSILLTIy . 170
s 230

*1. __.030

0 dON

00000000CZET+ i30

gdWal__
¥duilk
W3

LAe0A

av1d
1531

R e L V. L )

58



AFFDL-TR-71-116

3. DZ BKY ZAM

A subroutine written by Meissner at
University of California, Berkeley Lawrence Radiation
Lab, using an Adams-Moulton predictor-corrector method,
with a starting procedure based upon Zonneveld formulae.
The subroutine uses a variable step size, but the steps
are forced to land con multiples of the specified print
interval. If change in step size is encountered, re-

evaluation of the difference table is required.
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FORTRAN IV SUHBROUTINE INTO(NOyX,0ERI ,Y,FyT,HPRO) _
COMMON ZINTC/ IPMX,AREF,EMAXySSSRyHFAC,SHAM, SKEX

COMMON /INTP/ HPRyXX3N,EUBSELE ;TP IT,NRKSySHWIN
DIMENSION Y{1),F(1),T(3,1)

LOGICAL SHAMSWEXsSHWIN
INTEGER HFAC

_DCUBLE PRECISIGON Y HPRQO,HPR,XX _

OATA IPMX,AREF,EMAX,SSSR,HFAC, SWAM, SWEX
$ /10 2‘4, 1.0 l.._.'_ E"6 ) i Q_G__ 0 ‘2 . ._T_&UE_., o_r“RU_E__o_/* _

e e o e ——t —  mieea e o rra—— e —— e - b —— e

HPR=HPRO
XX=DBLE (X)
N=NO
EUB=EMAX
ELB=EMAX/SSSR_____
IP=1

11=¢

NRKS=0

SHIN=SHEX

CALL DERI (X,Y,F)

T(5, D =DELE(Y(I))
9 CONTINUE

RETURN

END_ e

SUBROUTINE INT(X,DERI ,YsF,T,SHPR
X

COMMON ZINTC/ IPMX,AREFEMAX,SSSR,HFAC,SWAM,SHEX

COMMON /INTP/ HPRyXXyN,EUB,ELE,IP, IT,NRKS,SWIN

DIMENSICN Y(1),F{1),T(8,1)
LOGICAL SHAM,SHEX,SWIN
LOGICAL SHPR
INTEGER HFAC

DOUBLE PRECISION_ T,HPR XX & _

DOUBLE FRECISION DyH

6000 FORMAT (36H0 CANNDOT DECREASE H BECAUSE OF HMIN.,  ,1PE16.8,120)

€

1 CONTINUE
SHPR=,FALSE.
TEST=0,0 o
H=HPR/DBLE(FLOAT(I1P*24))
IF _((NRKS «LTs 3) +OR. (.NOT, SWAM)) GO TQ 200

BO
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AFPFDL=TR=7I-116
ADAMS-MOULTON STEP,

190

CONTINUE
DO 109 I=14N

D=DBLE{(F(I))
T(4y1Y=0

YII)=SNGL(T(5,1) +H*(
55.000%0~ 59-ﬂDQ:lL;;ILz;l;ﬂpn_ltall1:“34Q9u2111413_))

109

CONTINUE
X=3SNGL (XX+24,0D0%H)

CALL DERI (X,Y,F)
DO 119 I=1,N

D=DBLECF{I))
D=( V(5,1) +H*¥{

9.000%0+19,0D0%T (4,10~ 5.000*T(3,1)+ T(2,1I) 3}
T(6,1)=D

E=ABS(SNGL(D) =-Y(I))/14.0
TEST=AMAX1(E/AMAX1(AREF yABS(SNGLLD})) ,TEST)

CONTINUE

G0 YO 300

ZOKNEVELD STEPR.
CONTINUE

DO 209 I=1,N
D=DBLELF(I))

Tla,1I)=D
1

Y(I)=SNGL(T(5,1) +H*{
12.000%D )

209

CONTINUE
X=SNGL {XX+12.0D0%*H)

CALL DERI (X,Y,F)
CO 219 I=1,N

D=DBLE(F(I))

T(6,1)=D
4

Y{I)=SNGL(T(5,1)+H*{

219

X 12.000%0 ' N

CONTINUE

CALL DERI (X,YsF)
DO 229 I=1,N

D=DBLE(F(I))

3
Y{I)=SNGL(T(5,I)+H*(

229

24.000%0 ' })
CONTINUE

X=SNGL (XX+24,0D0%H)
CALL DERT (X,Y,F)

00 239 I=1,N
D=DBLECF(I))

T(8,I)=0
4

Y{I)=SNGL(T(5,1)+H*{

3.75D0*T(L,1)+5.2500%T(6,1)+S.7500%T(7,1)~0,75D0%*D ))

238

CONTINUE
X=SNGL{XX+18.000*H)

CALL DERI (X,Y,F)
DO 249 I=1,N
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D=DBLE(F (1))
E=ADS(SNGLIH¥(

=164000%T(4yI) +4B.000%T(6,L)+48.000%4T(7,1) +48.000%T(8,I)
-128.000%D 1))

5
D=¢ T(5,1)+H*(

4.000%T(4yI)+ B,000*T(6,1)+ 8.000¥T(7,1)¢+ 4.000%T(8,1)
))

T(6,I)=0
TEST=AMAX1(E/AMAXL(AREF ,ABS {SNGL{D))) ,TEST)

249
c

CONTINUE o

c
300

BOTH ADAMS-MOULTON AND ZONNEVELD METHODS CONTINUE FROM HERE.
CONTINUE

X=SNGL (XX+24.00D0%H)
IF (TEST .LE, EUB) GO YO 310

IF (IP*HFAC .GT. IPMX) GO TO 309

REPEAT STEP HWITH SMALLER H.
NRKS={

IP=IP*HFAC
IT=IT*HFAC

DO 305 I=1,N
Y(I)=SNGL(T(5,1))

305

F{I)=SNGL(T{(L,yI})
CONTINUE

c

GO0 T0 1

c
309

CANNOT DECREASE H BECAUSE OF HMIN.
CONTINUE

IF (.NOT. SWIN) GO YO 310
PRINT 6000, X,IPMX

SWIN=.FALSE.

310

CONTINUE

ACCEPT CURRENT STEP.

X% STILL HAS NOT BEEN CHANGED SINCE ENTRY.

YY{XX) IS STILL IN T(5, ).
FL{YY) IS IN T(k; Js

OO 0O0COO 00 ©

_IT=IT#t

XX=XX +HPR/DBLE (FLOATCIP))
NRKS=MINO (NRKS+1,4)

AP o L —— - ———— 1 R———

DO 319 I=1,N
D=T(6,1)

T (5’1)=D
Y (I) =SNGL (D)

319

CONTINVE
X=SNGL(XX)

CALL DERI (X,Y,F)
IF {IT .LT. IPy GO YO 320

X IS A MULTIPLE OF HPRINT.

SHPR=.TRUE,
IT=IT=~IP

320

CONTINUE
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L IP=IR/HEAC =

_RETURN |

AFFDL-TR-71-116

~ IF (TEST .GE. ELB)Y G0 TC 330
. IF (MODCIP,HFAC) +MOD(IT4HFAC) .NE. 0) GO TG 330

_-PROCEED TO NEXT STEP WITH LARGER Hy, USING ZONNEVELD METHOD,

NRKS=0

IT=IT/HFAC

330

PROCEED TO NEXT STEP WITH SAME H.

__CONTINUE

00 339 I=1,N
- o T41,Id=7(2,1) e e -
T(2,1¥=T(3,1)
e T A3, 1) 2T (4, 1)
339 CONTINUE
. RETURN ) I e
END

63
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4, AL ADAM

This subroutine written by Jeske at NASA-Ames
uses a fourth order Adams' method with an iterated
fourth order Adams' first sum methoed with a Mersman

starvter included. This routine uses a fixed step.
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SUBRCUTINE ADAMS(TsAsDERIV,HsK,N}
DIMENSION A(9,N)

DO LOOPS_ON THE SECOND SUBSCRIPT IN THE A ARRAY ARE INDICATED BY

J=1{1JN IN THE COMMENTS. THE SUBSCRIPT J DENOTES THE JTH COMPONENT
OF WHATEVER VECTOR IS INDICATED (I.E., THE JTH CCMPONENT OF XsF,

ETC.). SECOND SUBSCRIPT IS OMITTED IN THE COMMENTS (TeEasAl=A(1,J)
A2=A{2,J),ETC.}) .

NOTATYION=--

T=INDEPENDENT VARIABLE _
A= ARRAY OF DEPENDENT VARIABLES,OERIVATIVES,BACKHARO DIFFERENCES,

AND FIRST SUMS
DERIV=NAME OF THE SUBROUTINE THAT CALCULATES THE DERIVATIVES

F{X,T) AND STORES THEM IN A2 FOR J=1(1)N. _
H=INCREMENT OF INTEGRATICN (I.E.,INTEGRATION STEP,STEP-SIZE,OR

DELTA T)
K=ENTRY CODE (DEFIKED BELOW) _

N=NUMBER OF FIRST ORUER DIFFERENTIAL EQUATIONS

*
x
L

FOR A DISCUSSION OF THE METHOC SEE NASA TN D~2636, SELF-STARTING
MULTISTEP METHGDS FOR THE NUMERICAL INTEGRATION CF ORDINARY

¥¥*¥ DIFFERENTIAL EQUATICNS, BY WILLIAM A, MERSMAN, JULY, 1965,

OQOOOOOCOO0OOCOOOO0O00000O00COO0O00

ENTRY PCINT-=8EGIN SUBROUTINE=--

If (HeEQe0.0) CALL EXIT

DT=H L o o
B=T
M=N
C
c SELECT MODE-- o . e
€ R, FORWARD STARTER (K=()
c B. BACKWARD STARTER (K=-1) L o
c C. INTEGRATE ONE STEP ®ITH PREDICTOR - CORRECTOR (K GE 1)
C
c
IF _(KeLT.0) GO TOQ 2 o . -
IF (KaGT.0) GO TO 49
. - -FORWARD =-BACKIHKARD S TARTER = = = = = =
. H IS SET TO =H IF THE FORWARD STARTER IS REQUESTED.
C THE COGING 1S WRITTEN FOR THE BACKWARD STARTER.
c

b5
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BEFORE THE FORWARD OR BACKWARD STARTERS CAN BE EXECUTED THE A
ARRAY MUSY CONTAIN ==

A1=XD, THE INITIAL VALUES OF X FOR J=1{(1)N, ALSO SET T=T0, THE
INITIAL VALUE OF T.

QIO OO0 O

DT=-DT7

D=0T/1440.
CALL DERIV(BsA)

DO 24 J=14M #
A(9,J)=A(1,4J)

A{B ) =A(1,J)=0.5*0T*A(2,J)
DO 26 I=317

26
24

A{I,J)=A(2,J)
CONTINUE

STATEMENTS 2 - 24 CALCULATES FO, SAVES X0, SEVS FOsF1zF2=F3=F4,

AND COMPUTES FS4 (THE FIRST SUM AT T=TO+4H). THIS COMMENT, AND ALL
FURTHER COMMENTS FOR THE_FORWARD STARTER, APPLIES TO_THE BACKWARD_

STARTERy TOO, IN WHICH CASE REPLAGE F1 BY F~1, F2 BY F=2, F3 BY
F-3, F4 BY F-4, FS4 BY FSO ANC X1 7O _X& BY X=1 TO X-k,

THE A _ARRAY NOW _CONTAINS FOR J=1(1)N

Al1=XQ
A2=FD

A3=F0
A4=FO

AS=F [
AB=F(

A7=FQ
AB=FS4 QR FSQ

OOOQOOO OGO OOOO OO

A9=XQ

28

00 38 II=1,8

B=8-DT

SEY T=T0+H QR T=TQ=H

o0

DO_27 J=14,M

27

A{15J)=0(8,J) +D¥(11.0%A(79J) ~66e0%A{6yJ)) +192.0%A(54J) =830, 0%A(ksd)
11467, 0%A(3,J))

CALL DERIV(B,A)
00 29 J=i,M

29

Al4y J)=A(24J)

A NOW CONTAINS FOR J=1(1)N
A1=X1 OR X-1

A2=F1 OR F=1
A3=F0

A4=F1 GR F=-1 T
A5 =F 0

A6=FD
A7=FQ0

A8=FS5S4 COR FSO
A9=X0

B=B-DT

[eliz Ryl QO OO0 OO OO0 OO0 OO

SET_T=T0+2H OR T=TO-2H

DO 30 Jg=1,M
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30 AL, N=A(8, 01 =D* (11, 0%FA(75J1 =82.0%A(6,J) +720 e 0%A(5,0) #1522, 0%A (lyd
1)+1423.0%A(3,4))

CALL DERIV(B,A)
DO 31 J=1,M

o
-

Al5,J)=A{2,J)

A NOW CONTAINS FOR J=1{1)N
At=X2 OR X=2

A2=F2 QR X-2-
A3=F0

Ab=F1 OR F-1
AS=F2 _OR_F=-2 ) .

AB=FQ
A7=FQ

Ag=FSh QR FSQ
Ag=X0D

B=B-DT

SET _T=T0+3H OR T=T0=-3H

(e ile o) OOOoOO0O0G0O0O0O000n

po 32 J=14M

32 AC1, ) =R (8, ) +D*¥ (27 0%A(73J)=610s0%A(6,J)=1632.0%A(5,J)=13T4L.0%A(4
1y J)=1451.0*%A(3,J))

CALL DERIV(B,A)
00 33 J=1,M

(]
L2

A{B,yJi=A(2,J)

A NOW CONTAINS FOR J=1{1)N
A1=X3 QR X~-3

AZ=F3 OR F=3
A3=F0

A4=F1 OR

F=1
AS=F2 QR F-2
AB=F3 OR F~-3
A7=F0

A8=FS4 QR FS1O
A9=Xx1

8=8-0T

SET T=T0+4H OR T=TO0-4H

OO0 OO OO OO O8N OO0 00

DO 34 J=1,.M __

34 A(L1, 1 =A(8, ) =D¥(475+0%FA (73 ) t1302.0%A(6,J)+110L.0%A{5,J) +1586.0%A
1 (b, JY+1413.0%A(3,J))

CALL DERIV(BsA}
D0 35 J=1,M

[ Y]
Ut

A(T7,Jl=R(2,4J)

A NOW CONTAINS FOR J=1(1)N
Al=X4 QR X-4&

AZ=Fh OR F-§
A3=F O

A4=F1 OR
AS=F2 OR

A7=F4 QR

F-1
Fe2

AE=F3 OR F-3
F=t

S

AB=FS4 QR F
Ag=X10

0

OO0 OO0 OO0 OO
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DO 36 J=1i,M

36 A(By J)=A(9,J)+D%(270%A(75J)=146.0%A(6,J)+336e0%ALS,J)=L62.0%A (4L,

1)+3965.0*%A(3,J))

38

B=T
CONT INUE

STATEMENTS 28 THROUGH 38 CONSTITUTE AN_ITERATION L0OP (WITH EIGHT

ITERATIONS) FOR THE FORWARD OR BACKWARD STARTER.

DURING THE ITERATION THE A ARRAY CONTAINS FOR J=1(1)N
A1=X1,X2,X3; OR X4 == OR X=1,X=2,X=3, OR X=4

A2=F14F2,F3y OR F4 == (R F=1,F=2,F=3, OR F=4

A3S=F0 (ORIGINAL VALUE)

A4=F1 OR F=1 (CURRENT VALUE)
AS=F2 OR F-2 (CURRENT VALUE)

A6=F3 OR F-3 (CURRENT VALUE)
A7=F4 OR F-& {(CURRENT VALUE)

}
1
I
;
!
;
i

i

AB=FSh OR FS0 (CURRENT VALUE)
A9=X0 __(ORIGINAL VALUE)

37

BEGIN CALCULATION OF BACKWARD_OIFFERENGES =-—

IF (KeL.T.0) GO YO 39

DIFFERENCES FOR FORKWARD STARTER ==

THE A _ARRAY CONTAINS FOR J=1(1)N

Al=X4
A2=F4

A3=F0
Au=F1

A5=F2
AB=F3

AT=F&
AB=F Sk

A9=X0

DO &40 J=1,M

noa loooojooooloaoaoo olonaooolbomoloooono

STEP ONE

R e

ACL,0)=A(9,J)
A(2,J)=A(3,J)

41

DO 41 123,6
ALT, ) =A(Tel,J)=ALT,J)

STEP _TWO

QOO

DO 42 1I=1,3

42

L=7-1
ALy J)sA{L,yJ)=A{L-1,J)

STEP THREE

O O

AlG,J)=A(6,J)=A(5,J)

A(S,J)=A15,4) ~Alk,J)

o0

STEP FOUR

&8
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AlBy JI=A(B4,J)=A(5,4J)

DO 43 I=1,3

L3

L=6~1
ACLy J)ZALL 9 Ud=ACL+L,J)

OHOoOO

SYEP FIVE

A{75J)=A(5,yJ)=A1(6,)

49

Alby, J3=Alhyd)=A(Tyd)
A5y J)=A(7,,J)=A(64J)

FOLLOWING TABLE. AN EXAMPLE CF THE NOTATION IS 202F3, WHICH MEAN
YHAT _THE SECOND_ITEM STORED IN_THIS COLUMN (INDICATED BY THE FIRS

DIGIT 2) IS THE SECOND DIFFERENCE (INDICATED 8Y D2) OF F3. THE
SECOND COLUMN IS THE DATA THAT WAS_IN THE A ARRAY AT THE TIME OF

COMPLETION OF THE ITERATION. ALL TABLE VALUES ARE FOR J=1(1)N.

LoC STEP ONE STEP TWO STEP THREE STEP FOUR  STEP FIVE
T A1 X&  1X0 o T
A2 _Fu _ 2Fg o _

E3F0  301F4 401F0

A% _F1 4D1F2 302F2 302F1 202F0
A5~ F2 GDIF3 202F 3 203F3 2D03F2 3D3F0
A6 F3  601F& 1D2F & 103F4 1D4FQ o
A7 Fhk 103F1
A8 _ FS4 -
ICEET

"UNOTE =~ IT7 IS ASSUMED THAT D4F 4=04F3=D4F2=D4F1=D4F 0=CONSTANT

THE A ARRAY NOW CONTAINS FOR J=1{(1)N
Ai=X10

A2=F]
A3=D1FD

AL=D2F0
AS=D3F0

AB=D4F D
A7=D3F1

AB=FSh
Ag=X1D

FSQ WILL NOW BE CALCULATED AND STORED IN A8

OO QOO0 OGO OO GO OOOOGO OO OO0 0O0O0000000

==0

93
A

DO 44 J=1,M
A(ByJ) ALy J) +D* (2T D%A(65J) +38.0%A(5, J) 460 0% A(4y J}+120.0%A(3,J)

1720.0%A(2,0))

(o N o]{e]

END OF FORWARD STARTER

CALL DERIVI(T,A)
RETURN

DIFFERENCES FOR BACKHARD STARTER

39

DO _45 J=1,M

o0 o0

STEP ONE
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Al1,.J)=A(9+J)

A 2,J4)=R1(3,J)
DO 46 I=3,6

46

AT, D=4(I,J)=A(I%+1,4)

STEPS TWO, THREE AND FOUR

DO 47 I=1,3
L=6

48

LL=1+2
AlLy J¥=All=1,))=A(L,J)

LsL-1
IF (L.NE.LL) GO TO 48

47
45

CONTINUE
CONTINUE

THE DIFFERENCES OF FO0 HAVE BEEN COMPUTED ACCORDING TO THE

FOLLOWING TABLE. AN EXAMPLE CF THE NOTATION IS 202F-1, WHICH
MEANS THAT THE SECOND ITEM STCRED IN THIS COLUMN (INDICATED BY_ TI

FIRST DIGIT 2) IS THE SECOND DIFFERENCE (INDICATED BY D2) OF F-1.
THE SECOND COLUMN IS THE DATA THAT WAS_IN THE A ARRAY_ AT THE TIMj

OF COMPLETION OF THE ITERATICN. ALL VALUES ARE FOR J=1(1)N.

LOC. STEP ONE  STEP TWO  STEP THREE  STEP FOUR

Al
A2

]
+& &

iXo
2F0

A3
Ak

30iF0
40TF-1 302F0

| I ]

SD1F=2 2D2F-1  2D3F0
601F-3 1D2F -2 103F=1 1D4F O

AS
A6

N M| MM

|

A7
A8

[
Cy i A e

e alini]
=37/ 28]

A9 -

THE A ARRAY NOW CONTAINS FOR J=1(1)N
A1=X1D

AZ=FD
A3=D1iF(

AL =D2F0

A5=03FQ

AB=D4F 0
AT =F =4

AB=FSO
A9=X0

END OF BACKWARD STARTER

GO TO 63

BEGIN INTEGRATION WITH THE ADAMS-BASHFORTH PRECICTOR AND THE

ADAMS-FOULTON CORRECYOR. AT TRIS ENTRY PGINT THE A ARRAY CONTAT}
FOR J=1(1IN

Ai=XI
A2=FT

!

‘ODIOOOC‘)ODOC} OOOOIIT0000O000000000 0006000 000000000

A3=01iF1
AL=DZFI

- - . P

AS203F1
A6 =OWF Y
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A7=
AB=FSI

FEOL-TR=Z1=115K
vl

A9=PREDICTED VALUE OF FI FROM THE PREVIOUS INTEGRATION STEP

WHERE FI=F(X(TO+IH),TO+IH),

I=1329394eas

DSFI SHOULD BE NEARLY ZERD AND IS AN INDICATION OF THE ACCURAGCY

OF THE INTEGRATIONS

-~ =ADAMS=~BASHFORTH PREDICTORGC-====m=

BEGIN PREDICTOR

OO OO0O0 00 G0 O

43 DO 570 KK=1,K

B=8+0T

00 92 J=1sM

I=7

S0 A(I;J)=A(1I=1,J)

I=1-1

IF (I.NE.2)

G0

10 50

92 CONTINUE

D=DT/1440.0

D0 51 J=1,M

- - ——

51 A(1,J)=AdB, ) +0* (475 0%AL7 ) +502, 0% A6, ) +54060%A (5, J)+600.0%A L4,

10) +720.0%A(3,J))
CALL DERIV(B,A)

00 52 J=1,M
DO 53 L=3,7

53 AlLsJ)=A{L=1,J)=A(L,yJ)

52 CONTINUE

THE SOLUTIONS X(I+1y=X(T0+{I+1)H), DERIVATIVES AhD BACKKARD

DIFFERENCES HAVE BEEN COMPUTED IN THE ORDER INDICATED IN THE
FOLLOWING TABLE

——— -

LoC. ONE___THO THREE o i
At XI X(I+1) o
Az FI FII+1)

A3 DIFI FI D1F (I+1) .

AL D2FI DiFI B2F (171D

A5 D3FI D2FI D3F (I+1)

A DeFI 03F1 DaF (I+1)

A7 D5F1 D4FI D5F (I+1) -

A8 FsSI

END PREDICTOR

~ ~ A0 AMS-MOULTON CORRECTOR ==« ===

BEGIN CORRECTOR

THE A ARRAY GONTAINS THE FOLLOWING FROM THE PREODICTOR FOR J=1(1)N
(THE LEADING P IN THE ENTRIES MEANS PREDICTED VALUE)

Al=PX{I+1)

A2=PF(I+1)
A3=PD1F(I+1)

QOO OOOOOOO0D OO0 OO 00 OO OO 00 OO0 000

AL=PD2F (1+1)
AS=POIF{1+1)
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6=PD4F (I+1)
A7=PD5SF (1+}1)

OO0

AB=FSI

556

00 557 J=1i,N
AllsJ=A(1,J)+475.,0%D*A(7,))

557

A(9|J)=A(2’J)
CALL DERIV(ByA)

559

DO 565 J=z1,N
DELTA=A(2,J)=A(9,J)

5686

DO 566 I=3,7
A(I,J)=A(T,J)+DELTA

565

CONTINUE

THE CORRECTOR FORMULA HAS NOW BEEN APPLIED TO THE PREDICTED
VALUES, AND THE PREDICTEC BACKWARD OIFFERENCES HAVE BEEN ADJUSTED

IN TERMS OF THE CORRECTEC VALUES. THE ORDER IN WHICH ALL THIS WAS
DONE IS SHOWN IN THE FOLLOWING TABLE «(THE LEADING P_INDICATES

PREDICTED VALUES AND THE LEADING C INDICATES CORRECTED VALUES) e
ALL ENTRIES IN THE TABLE ARE FOR J=1({3i)N,

LOC. ONE Tuo JHREE

Al PX(I+1) 1CX(I+1)

A2 PF(LI+1) 2CF(1+1)
A3 PDiF(I+1) 1CO1F(I+1)=PDIF (I+1)+DELTA

[

At POZF(I+1) 2C02F(I+1)=PD2F (I+1)+DELTA
A5 PD3F(I+1) ICD3F(I+1)=PO3F (T+1)+DELTA

Ae PO4F(L+1) 4CDLF (I +1)=PD4F (I+1)+DELTA
A7 POSF(I+1) SCOSF(I+1)=PDSF(I+1)+DELTA

A8 FS1
A9 PF(I+1)

THE LEADING DIGIT_IN COLUMNS THO AND THREE INOICATES THE ORDER_INM.

WHICH THE ENTRIES WERE STOREDC.

THE A ARRAY NOW CONTAINS FOR J=1i(1IN
AL=CX(I+1) =X

AZ=CF(I+1)=F
A=CD1F (I1+1)=01F

AL=CDZF (I+1)=02F
AS=CD3F{I+1)=03F

AG=CD4F (I+1) =0u4F
A7=CO5F (1+1) =05F

AB=FSI1

END OF PREDICTOR CORRECTOR

QOO0 OO OO0 OO000O0ON OO ON OO O GIO O O OO OD

o
+

COMPUTE FIRST SUHM
00 59 J=1,M

A8, 1 =h(B,yJ)+HPA(24J)
CONTINUE

ON RETURN= A ARRAY CONTAINS FOR J=1(1)N-=
Al=X

A2=F
A3 =DiF

AL=D2F
AG=D3IF
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AB=DLF
_A7=05F

A8=FS

END
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5. DZ C STR

This routine was written by Hudson from
Commonwealth Scientific and Industrial Research
Organization, Canberra, Australia. Two FORTRAN
statements require a CDC 3600 configuration. A
trivial modification can be made and this program
can be executed on the CDC 6600. The basic integra-
tion is a self-starting variation of the Adams'

method incorporating automatic step size control.
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6. D2 GDC CSPDIF

This routine is a single step integration
procedure utilizing a pseudo-Runge-Kutta method.
This program is a catalog routine from Data Centers
Division - CDC.
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b2 CS PDIFEL,DIFEL11PSEUDO-RUNGE-KUTTA METHOD
PDIFEL PERFORMS A SUNGLE STEP OF JINTEGRATION BY A PSEUDO-

RUNGE=KUTTA METHOD. IT REQUIRES A #STARTER# ROUTINE FOR THE
FIRST STEP. THE ROUTINE USED IS CALLED DIFE11l WHICH USES

THE RUNGE-KUTTA-BERSOMN METHOD.

SUBROUYINE POIFELC(DERIW, NDUMMY 2HOUMHY, X5 Y,YZ)

VARIABLES. THESE ARE INCLUDED FOR THE PURPOSE OF OUTPUT

c
_.C e et
c THIS SUBROUTINE PERFORMS ONE STEF OF INTEGRATION BY THE
C PSEUDO=-RUNGE-KUTTA METHOD. IT USES THREE EVALUATIONS
c OF THE OERIVATIVES PER INTEGRATION STEP.
c
c DERINW =EXTERNAL NAME OF SUBROUTINE WHICH EVALUATES THE DERIVATI
c NDUMMY _ =NUMBER OF DIFFERENTIAL EQUATIONS IN_THE SYSTEM
c HOUMMY  SINTEGRATION STEP SIZE
c X =VALUE OF INDEPENDENT VARIABLE _ . i
C Y =VECTOR OF VALUES OF THE INTEGRATION VARIABLES
C YZ =VECTOR OF VALUES OF THE DERIVATIVES OF THE INTEGRATION
c
c

EXTERNAL DERIW
COMMON / DIFEQO 7/ YY(Z8) ,P1{78),P2(78) ,P3(78),Pk(78),P5(78),P6(7

PG (78)
¥ sYZ (78) yXLDP,DUDP ,HOP
DOUBLE _PRECISION XLDP,YLOP, DUDP, HOP

DIMENSION Y{1)
COMMON 7 YLOP / YLODP(78)

H= HDUMMY
N=_ NDUMMY

IF (HeGT.0.0) GO TO 100
CALL DIFE11(DERIW, Ny Dal Xy Y,P5,YZ)

ASSIGN 200 YO IP
RE TURN

100 GO TO IP ,(200,550)
200 ASSIGN 550 Yo IP

00 250 I=1i,N
250 YY(I)=Y(I)

X1=X
CALL DIFEL11(DERINy;NyHsXyY4P5,Y2Z)

Ui=.541
U2=,763

U3= Z2.0%*L2¥{U2-UL)/(U1% (h.0~5,0%U1))
C1= (5.0%{UL+U2) ~6.0*U1%U2=~4.0)/(12.0%U1*U2)

C2= (4.,0-5.0%U2)/112.0%Ul*(U1-U2))
3= (5.0%Ul-4.0)/7(12.0%U2*{U1=-U2))

U2 HU3I=UZ-U3
300 CALL DERIW(X1,YY,P1)

X2=X1+U1*H
X3=X1+U2*H

DO 400 I=1,N
P1(I)=H*P1(])

400 YZ(I)= YY(I)+ UL*PLI(D)
CALL DERIW(X2,YZ,P2)
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DO 500 I=1,N
P2(I)=P2(1)*H

500

YZ(I)= YY(I)+U2MU3*PL(I) +U3*P2(])
CALL DERIN(X3,YZ,P3)

DG 600 I=1,N
YZ{I)=P5(I)

P3L{I)=P3(I1)*H
RETURN

CONTINUE
X4=X+U1*H

X5 =X+U2%H
CALL DERIH(X Y ¢Phk)

DO 700 I=1i,N
Ph{I)=PL(I)*H

700

YZ{I)= Y(I)+UL1l*P&(])
CALL DERIW{(X4,YZ,P5)

00 800 I=1,yN
PS{I)=P5(I)*H

800

YZ{I)= Y(I)+UZMU3*PL(TI)+U3*P5(1)
CALL DERIW{XS,YZ,P6)

00 900 I=1,N
YZ{I)=P&(I)

Pe(I)=P6(I)*H

Du= Ph(l) =CI1*{PL{I)~-PL1(I)) + C2*(P5({I)~P2(I))

»

+C3*(PB(I)}-P3(I}))
DUOP=DELE(DU)

YLDOP(I)=YLDP(I)+DUDP
Y{I)= SNGL(YLDP(I))

P1{I)=P4(I)
PZ{(L)=P5(I)

90

P3(I)=P& (I}
XLDP=_XLOP+HDP

X= SNGL(XLDP)
RETURN

END

SUBROUTINE DIFE11(DERINW, NOUMNHY ,HOUMMY,X,Y,F5,YY)

J— . J— e

THIS SUBROUTINE PERFORMS OME STEP OF INTEGRATION B8Y THE

MERSONS MODIFIED RUNGE-KUTTA METHOD. IT USES FIVE SUBSTITUTIONS
INTO THE DIFFERENTIAL-EQUATIONS AND GIVES AN ESTIMATE OF THE

LOCAL TRUNCATION ERROR, WHICH CAN BE USED FOR THE ADJUSTMENT

OF THE STEP-SIZE

DUMMY=-NAME FOR SUBROUTINE FOR _THE EVALUATION_

OF THE RIGHT HANC SIDES OF THE DIFF.-EQUATIONS

DERIW =

N =

H = STEPSIZE

X = INDEPENDENT VARIABLE
Y(I) = QEPENDENY VARIABLE
ERR(I) = LOCAL TRUNCATION ERROR

THE COMPUTED VALUES OF X AND Y ARE SAVED IN DOUBLE=-PRECISICON__

FOR THE USE AS INITIAL-VALUES IN THE NEXT STEP

EACH TIME WHEN A NEW INTEGRATION SEQUENCE IS STARTED, THE
SUBROUTINE MUST BE CALLED WITH H=0 AND THE INITIAL-VALUES OF X AND

NUMBER OF THE EQUATIONS IN THE SYSTEN

A B nene e o m—— T ki

COOOOOOOO0ONOO0OOOOOOOOO00

Y{I.
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THE_SUBRQUTINE TESTS IF THE VALUE OF H IS THE SAME AS IN VYHE

PREVIOUS STEP

IF YES.. IT COMPUTES THE NEW STEP WITH THE X AND Y-VALUES =

AT THE END OF THE LAST STEP

IF NO.. IT COMPUTES THE NEW STEP WITH THE X AND Y-VALUES

AT_THE BEGINNING QF THE LASY STEP

TO REDUCE_THE ROUND<-OFF ERROR,OOUBLE ~PRECISIQM IS USED IN

INCREMENTING THE DEPENDENT AND THE INDEPENDENT VARIABLES

QOOOO0OOOOO0OO0O0 O

COMMON_/ DIFEQD / YY(78) ,P1(78),P2(78) ,P3(78),PL{78),P5(78) ,P6(78)

¥

s YZ(78) y XLOP, DUDP yHOP
DOUBLE PRECISION XLDP,YLOP,  DUDP,HDP

COMMON /YLDP/ YLDP(78)
DIMENSION Y (1)

EXTERNAL DERIMW
H = HDUMMY

N = NDUMNY
IF _(H) ©60,20,60

20

XLDP=DHLE(X)
D0 40 I=1,N

40

YLOP(I)=DBLE(Y(I))
ASSIGN 80 TO IP

60

RE TURN
G0 TO IP, (80,160)

——— -

80

c L R J

ASSIGN 160 TO IP
RESTORE X AND Y

100
129

DO 120 I=1,N
Y(1)=SNGL (YLOP{I))

1440

X = SNGL (XLDP)
HQ H

HOP = DBLE(H)
H2 H/2.

H3 H/3 .
HE H/6.

fije

H/8.
H15= H/15. 1

160

GO 10 220
CONT INUE ,

G *¥¥»

220

PERFORM ACTUAL INTEGRATION
CALL DERIW {(X,Y,P1)

240

DO 240 I=1,4N
YY(I) = Y(I) + P1(I)*H3

XX=%X + H3
CALL DERIW (XX;YY,FP2)

260

00 260 I=1,N
YY(I) = Y{I) + (Pi(I)+P2(I))*Hb6

CALL DERIW (XX,YY,P3)
DO 280 I=1,N

2840

P3{I) = P3I(I)*3,
YY(IY = Y(I) + (P1(I)+P3I(TI))I*HB

XX = X + H2
CALL DERINW (XX,YY,PW)

DO 300 I=1,N
PL{I) = PL(I) * 4.
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300 YY(I) = Y(I) + (P1(T)=P3(I)+PL(I))*H2
XX_=_ X+H

CALL DERIW (XX,YY,F5)
DO 320 I=1,N

C ***% DU = SINGLE PRECISION INCREMENT IN DEPENDENT VARIABLE
DU = (P1(I) + PL{I) + PS(I))*H6 _ _

GuUDP = QEBLE (DU)
YLDP(I) = YLOP(I} + DUDP__

Y(I) = SNGL (YLDP(I))
320 CONTINUE

XLOP = XLOP + HODP
X = SNGL_ {XLOP)

RETURN
—  ENOD
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SECTION V
SOLUTION OF EXAMPLE PROBLEMS

The following three problems typify the
extended use of the SP computer program. The first
case illustrates the program's capability to accept
torsien. The second and third cases illustrate the
effects of pressure on the inside and outside surfaces
of a cylindrical shell respectively.

AL ).1

Ne¢=103 1b/in
3 © P;=300 K
3 Fr v 7 +FF¥Fr| -1-66
R - T 0T B Y &b ¥ k¥ b b b3 okt
3 ®
Figure 4 ]
Torsional Problem Figure 5 ]
Internal Pressure Loading
P =300
o}
e % % ¥ |
T h=0.667
r=1.6 ¥
| IS ..
T 3 T I
Figure 6

External Pressure Loading

86



Hoop Stress (gs)

AFFDL-TR-71-116
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-

750 *

700

INTERNAL PRESSURE

Lame's Sclution

650 |
600 _| <;r—Present Solution
550 .
500 |
A
L L} Li) 1
0.0 0.25 0.50 0.75 1.

Position Across the Thickness

Figure 7
Hoop Stress Versus Posltion Across Thickness
(Internal Pressure Loading)
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1100

1000

900

800

700

600

EXTERNAL PRESSURE

Lamé's Solutien

Present
Solution

LN Y Y
g.0 0.25 0.50 C.75 1.00

Position Across the Thickness

Figure 8

Hoop Stress Versus Position Across Thickness
(External Pressure Loading)
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The analysis of a circular cylinder subjected
tc a torsional end moment is known from elementary
beam theory. The angular twist is linear with the
meridional length and the shear stress is constant.
Problem one illustrates this solution and is trivial.
Problems two and three illustrate the effects
of a thick shell solution. TFor a free circular cylinder,

the Lamé solution away from the ends is given by:

for internal pressure:

-

- p. az(b?+r2

o
+ r2(bz—a2)

]

for external pressure:

bz(a2+r2)

o = -P
rz(bg-az)

6 o)

The Lamé soclution assumes °r+°e is invariant through

the thickness. Since the shell equations are based

on the assumption that 0,70, a discrepancy in the two
theories are known at the onset. Even so, the numerical
deviation is less than ten percent as indicated in the

two solutions.
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