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ABSTRACT

A theory for the analysis of stresses in laminated circular
cylindrical shells subjected to arbitrary axisymmetric mechanical
and thermal loadings has been developed. This theory, specifically
for use with pyrolytic graphite type materials, differs from the
classical thin shell theory in that it includes the effects of
transverse shear deformation and transverse isotropy, as well as

thermal expansion through the shell thickness.

Solutions in several forms are developed for the governing
equations. fhe form taken by the solution function is governed by
geometric considerations. A range in which the various solution

forms occur was determined numerically,

As a sample problem, the slow cooling of pyrolytic graphite
deposited onto a commercial graphite mandrel was considered, In-
vestig;tioa of normal and shear stress behavior at the pyrolytic
graphite - mandrel {iterface showed that these stresses decrease
in maqgnitude with increasing E/Gc ratio and increasing deposit to
mandrel thickness (hy/hy) ratio. This implies that a thin mandrel
and a material weak in shear are desirable to minimize the

possibilities of flaking and delamination of the pyrolytic graohite.

3
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a, b

NOTATION

subscripts indicating.upper or lower lamina

a4 bij constants defined by equations (C.2) and (C.3)

A,B

My Mg

constants defined by (C.8)

preferred direction in a transversely isotropic material

roots of equation (22) defined by (C.11) and (C.13)

Ec h

i™ (i = a,b)
3
E; by

2
]2(] -V i )

d/dx

natural base

Young's Modulus in the plane of isotropy and "c¢" direction
respectively

shear modulus relating stress and strain across the plané

of isotropy (=6,, = Gg, = G,, = Gq)

constants defined by equation (C:4)

individual lamina thicknessas

ha + hb

subscripts

constants defined by.equation (C.6)
constants defined by equation (C.7)
constant defined by (11a)

stress couples

o e



Tx’ MTe thermal couples
1] defined by equation (41)
N, N stress resultants

Tx® NTe thermal resultants defined by equation (41)
P14 o, (h1/2) (i = a,b)

P21 o, (=hy/2) (i = a,b)

p(x) Pia = P2p

h h
pJ Joint normal stress (=cz (-1§) . e, (+—§9
Qi shear resultant
[1] defined by equation (41)
R Radius to shell reference surface
T temperature measured from the stress-free temperature

of the material

Ues Uy deflections in the "x" and "z" directions respectively

Uo, axial deflection of lamina middle surface
uf virtual displacement of shell middle surface
LT radial displacement of lamina middle surface
¢ - Py
Wy Jo (a.T); dz (i = a,b)
! wg virtual radial displacement of lamina middle surface.
X axial coordinate for cylindrical shell
2 cylindrical coordinate .
a,a thermal expansion coefficients in the “x" and “z" directions

respectively




t = 3

01j

01 92

()

rotation of the normal to the undeformed lamina middle
surface due to deformation

defined by equation (C.10)

defined by equation (C.9)

virtual rotation

defined by equation (21)

strain component

Poisson's ratio in the x - © plane (Vo = Vox)
Poisson's ratio (v,, = vg,)
Poisson's ratio defined as the negative of the ratio of the
strain in the j-direction to the strain in the i-direction
due to a stress in the i-direction

stress component

Joint shear stress (=o_, (-h /2) = o, (+hy/2)

cylindrical coordinate in the circumferential direction

defined by equation (C.10)

d
()
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I. INTRODUCTION

The ever- expanding missile and space technology continually
demands materials capable of maintaining structural integrity at
very high temperatuﬁes. Of late, attention has been focused on
refractory materials, their anisotropy in physical and mechanical
properties making them ideally suited for a wide range of

insulation and/or structural applications.

Of the many refractory materials possible, pyrolytic
graphite (PG) has probably received the most attention of late
although it was known to Edison (1)* in 1883 who described methods
for its manufacture, the technique involving formation of carbon
deposits onto substrates heated in carbon-con:aining gases. For
structural use, pyrolytic graphite is generally deposited at
temperature from 3500°F to 4000°F in a stream of hydrocarbon gas,
such as methane, onto a substrate of commercial graphite maintained
at temperatures of 1500°F to 5000°F. The rate at which the material
is produced depends un a number of factors which include the

temperature, the reaction pressure, the hydrocarbon flow rate and

*Numbers in parenthesis indicate corresponding references in the
bibliography

* o N g il Wl i)
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the surface to volume ratio of the substrate surface (2), (3),
(4); (5). X-ray analysis of the resultant deposit shows a well-
crystallized structure having much ‘in common with the singie
graphite crystal (6). Growth is always normal to the substrate
surface and after a thickness of 0.1" - 0.5" is reached, the
deposition process is stopped and the deposit allowed to cool for

several weeks.

The result of such a formation process is a material

highly anisotropic in physical properties. The PG has one plane

of isotropy parallel to the mandrel surface (x,6 direction -- see

] M . i

figure 1I-1 for geometry) and a single preferred direction (2z),

a state commonly referred to as transverse isotropy. With thermal
conductivity between 100 and 1000 times greater in the (x,6)
direction than in the (z) direction, the material acts as an . i
excellent conductor along its surface but also as a good insulator

in the thickness (Z) direction. The coefficient of thermal

expansion in the (z) direction is from 10 to 30 times greater

than that in the plane of isotropy (x,8) so that thermal expansion
through-the-thickness must be considered inmany analyses of the v

material's thermal behavior.

Other curious effects due to the anisotropy are manifest

o R

in the Poisson's ratio which is negative in the plane of isotropy

=y _ = -0.21) but large and positive in the preferred direction ﬁ

(vxe ex



(“xz * v, ® +0.9). Furthermore, tﬁe ratio of the elastic modulus
in tiie isotropic plant to the shear modulus .in the transverse
plane (Ex/ze or Ee/Gez) may range from 20 to Sd, compared to an
E/G ratio of 2.5 for an isotropic material with v= 0.25. There-
fore, in an analysis of a structure composed of such material,
transverse shear deformation even for thin cross-sections must be

considered.

Thermal and mechanical properties can be found readily
(2), (5), (7), (8), (9), (10), (1), (12). Typical properties ,
gfven in Table I-1, are taken from (10), which are reasonably close
to those given in other references, discrepancies most probably being

due to variations in the deposition process.

Among the earliest analyses of structures of pyrolytic
materials were those of Garber (13) and Levy (14) who treated
thermal stresses in cylindrical and spherical shells and also
the residual stresses caused by the general anisotropy of
pyrolytic graphite, but neglected transverse shear deformation
and did not Sccount for the high thermal expansion coefficient
in the (z) direction. McDonough (15) has considered thermal
stresses in shells of revolution of pyrolytic graphite type
materials subjected to axially symmetric loads, including trans-
verse shear deformation and thermal expansion through the thick-
ness. He was able to show that neglect of transverse shear de-

formation would lead to an over-estimate of the stiffness coefficient

10



TABLE I-1 PHYSICAL PROPERTIES OF PYROLYTIC GRAPHITE
MECHANICAL PROPERTIES

Young's Modulus (PSI)

TEMP (x,8) Direction (z) Direction
70°F. 5.4x10° 1.5 x10°
1000°F 4.3x108 1.29x108
2000°F 3.5x10° 1.05x10°
3000°F 2.7x10% 0.81x10°

Poisson's Ratio

70°F Vg = 0.21 vy * 0.90
THERMAL PROPERTIES

Thermal Expansion 1in/in - f

70°F 0.0 13.1x1076
1000°F 0.6x10"° 13.1x1078
2000°F 1.2x107° 13.1x10°8
3000°F 1.7x10~6 13.1x10°6
Conductivity, BTU/hrft-CF

70°F - 290.0 1.25
1000°F 165.0 0.82
2000°F 100.0 0.60
3000°F 60.0 0.60

11



for properties representative of P6 while excluding thermal
expansion in the (z) direction leads not only to erroneous
stress predictions but that even the sign of the stress (ten-
sion or compression) may be wrong. Kliger (16), (17) has ex-
tended McDonough's work for the case of conical shells in that
he derives equations for non-axially symmetric mechanical and
thermal loadings. Raju (18) studied the case of shallow shells
of pyrolytic graphite type materials subjected to a variety of
axially symmetric and non-axially symmetric loads. Daugherty
(19), (20) treated the case of hon-circular cylindrical shells

of pyrolytic materials.

The preceding deal with single-layer shells. Anisotropic
laminated shells of revolution with elastic properties symmet-ic
about the middle surface of the composite shell are extensively
treated by Ambartsumian (21), whereas Dong (22), (23), et al (24)
treat layered shells wherein the structure is assumed to be
composed of an arbitrary numbers of bonded layers each of dif-
ferent constant thickness, different orientation of elastic axes
and different anisétropic elastic properties. Since Dong does
not assume elastic symmetry about the middle surface, flexural
and extensional deformations are coupled and solution techniques for
homogeneous shells do not carry over directly for anisotropic elas-

tic shells. Hence, alternate methads of solution are developed.

Radkowski et al (25) considered laminated isotropic shells

of revolution with variable thickness using E. Reissner's for-

12



formulation (26). Radkowski extended this work to include variable
laﬁinated orthotropic material properties (27). Both formulations were
restricted to axisymmetric loads. In Radkowski's works and that of
Sepetoski (28), the governing equations were cast in finite difference
form and solved with the aid of a digital computer. The introduction
to Dong's paper (23) makes interesting reading regarding the hazards

of this perfectly valid techniue.

Other treatments of laminated cylinders have been by Jones
and Whittier (29), Tsai and Azzi (30), Paul (37), Au (32), Keeffe
and Windholz (33), These, and most other references cited herein
are characterized by neglect of transverse shear deformation. A
recent work of great theoretical elegance, even though it neglects
transverse shear deformation,is that of Zudans (34) which presents a the-
ory for arbitrarily loaded (mechanically & thermally) shells of revolution
with internal masses and ring stiffeners, derived under the Kirchoff
Hypothesis and consistent with balance of energy as well as linear
and angular momentum and invariance under transformation of middle
surface coordinate systems and rigid body displacements. The ele-
gance, unfortunately, does not carry over to the computational

techniques (35).

Laminated isotropic plates have been considered by Vinson (36)

who treated thermal stresses in circular plates, neglecting transverse

shear deformation. Summers (37) treats thick and thin isotropic

and orthotropic laminated plates including transverse shear deformation,

13



Mehta (34) considers orthotropic and isotropic laminated as well as
single-layered rectangular plates of pyrolytic graphite type materials
under static mechanical and thermal loads. Wu (39), (40), and (41)
treats the lateral vibrations of both small and large amplitude for

rectangular plates of pyrolytic and graphite materials.

Except for those references dealing with pyrolytic graphite
type materials, all the works reviewed which analyze multi-layered
structures are characterized by their neglect of either transverse

shear deformation or thermal expansion through-the-thickness or

both.

Prompted by the absence of a definitive treatment of
laminated shells applicable to pyrolytic graphite tyoe materials,
this thesis was undertaken., It is an extension of '"lcDonough's
work in that layered cylindrical shells, including the effects of
transverse shear deformation and thermal expansion through-the-
thickness, subjected to arbitrary axi-symmetric loading are

considered.

14



I1. DERIVATION OF GOVERNING EQUATIONS

The coordinate system used is shown in Figure (II-1). The

three-dimensional equations of thermoelasticity (uncoupled) for the

case of axial symmetry are given by:

Stress-Strain Relations (transversely isotropic material)

€ =%(°x - vae-\éoz) + al

€ = -E— (c:('3 - vo, -vcoz) + aT

(1)

9 Ve
P S 3 +0.) +
€2 B, E (0, tag) +a T

- O%2
Xz~ ZGC

where €p 6, EC o % 0y, ® 0 by symmetry

€4 and %43 are the physical components of the strain and stress

tensors respectively, and for brevity %43 =0y when i = j.

E; Ec »Vp Voo Gc.are five independent elastic constants where again

=y, and v_ =v =Vgy G O are the coefficients

for brevity v = Bx P I -

Vx8
of thermal expansion in the x and z directions of the materials. T
is the temperature measured from the stress-free temperature of the

material in units consistent with the a's.

15
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The preferred direction for the material is everywhere
coincident with the z coordinate. This restriction is carried
throughout this work.

Equilibrium Equations

The equilibrium equations when applied to the present pro-

blem become for each lamina:

Zy 30 2y 30 "
R(T + ) %% +R(1+ R) 2 xz +9,, =0
axX ¥4
(2)
90 90
4 Z Z XZ
RO+ Ry 5z * RO R 5"t og m oy =0

The third equation is identically zero .rom symmetry considerations.

Strain-Deformation Equations

The strain-deformation relations can be written correspondly as:
ou
X

€ 8 e———

X X

1 u

) Z z
R(1+§)

(]
"

(3)

0 by symmetry

[ =
"m

17



The displacements arc positive in the direction of the positive
corresponding coordinate (See Figure II-1).

Assumptions:

1. Thr. thickness of the shell is small compared with other

dimensiciis | hence Love's First Approximation is applicable:

fe. Do (4)
min
2. The displacements are small compared to the thickness of

the shell and the angles of rotation are small compared to unity.

3. The transverse normal stress is small compared with other
normal stress components and is neglected in the stress-strain
equations.

4. A linear element normal to the undeformed middle surface
undergoes translation and rotation and remains straight, implying
deformations of the form

u, = uy(x) + z8(x) (5) .

5. Transverse normal strain due to thermal expansion will
be included; that due to mechanical (or isothermal) 1oads will be

neglected.

This implies a deformation of the form

u, (x,2) = w(x) + w(x,2) (6)

where
_ p/
w(x,2) = [ o Tdz
0

18



6. Material properties are constant for each lamina.

With these assumptions, the equation (1) becomes:

€ =%—(ox-voe)+aT

™
"

o T (oe - vax) + al,

(7)

Making use of equations (5) and (6) and neglecting z/R in comparison

to unity, the equations (3) become:

= ‘4 -
€y u0 28

€g = T]!- (w+ w)
(8)
W
Ez = 3—2
€y = 1/2(8 + w7)

where ( )% =p( )=9 ()

19
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The stress resultants and couples are defined as follows:

<L
2

i |
2
N = °xdz

i=a,b

Integrated Equations

=

il
2
MTX1 = ZE1adez
=z
Chy
5
MTe1 = inadez
Ny
2

20
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The equilibrium equations in terms of stress resultants and

couples are readily obtained. Integrating (2) directly yields

. T = (

/
Ny, * 7 21

X 1i

/ hy hy
”x1 "ttt 0

(10)

i=a,b

Solving equations (7) for normal stresses, first integrating
them from 'hi/2 to + h1/2; then multiplying through the equations by
z and integrating once again between the same limits, making use of
the definitions of the stress resultants and couples (9) and

simplifying, the following stress-strain relations result:

21



N i 1 ( n/ t 1} -”1 [ z d
= u + - + w

]'V‘ ) ‘h1
5
hy
N
E; h /7 W Té E 2
N, o= (viu o + 1 ) - LI i w.dz
0 2 i‘oi = R; Tev, =— 2y i
|| (1-v,€) i i R;(1-v,%)
i i i --h,l
>
hy
en® o Mg By z (1)
Mx Risseamsspe ;o g 5 zwidz
1 ]2(]“\)1 ) 1 Ri(']-ui } "h,l-
5
hy
3 M
Eshy / To, E; ‘T

Me; = ——p— B, - + zw,dz
i Rl
z_

1=a, b

22



An integrated shear stress strain equation is required in
addttion to (11). The necessary expression is obtained using weighted

integration, the procedure being analogous to that in reference 15,
and for convenience given in Appendix D.

Q. = §5-+ 2 Gi (g, + w') +
i T8 6 Mo B T T Yy

(11A)

=N
where mi = 2 (T-l.i + TZi)

Solving for Qa and Qb from the second of the integrated
equilibrium equations (10) and substituting into the third, making

use of Mx and Ne. from (11) and the definitions

i i
E;h, Eihi3
Ci =— D, = — (i = a, b)
i
(l-v1 ) 12(1-vi )
h h
a ) . b
Ty © o7 )= 9 3 )
h h
% 3y . _b
PJ 02(2) Oz(""z)
two useful relations are obtained:
C.v.h C.v.h h C C
3 a'a a a‘a b a ava a
D08, - —5— D8, - ——55— D08, *+ 5 Dr; - p, - Du. -5 W
a "a 2Ra a 2Ra b 2 J J Ra oy ZRa b
s O L §
17 (12)
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h Civ C
3 b b”b b =
DbD Bb + '2—- DTJ- + pj - % Duob = ;'2- wb = 027 + TT2 (]3)
b .

Note that in the above, use has been made of the conditions
that the laminae are bonded together and that no slippage occurs in

the joints between laminae. The former is given by

-h, hy : . - N, - hy
"z(°§—) = "z(i") which implies that wa(x, —E—) tw, = wb(x, E—) Wy
- N . Ny
or w, =w, + wb(x, f—) - W, (x, —5—)
=w +E (14)
PS — hb o -ha
where E = wb(x. E—Q - wa(x. -—5—).

The latter condition is expressed by

-h h
ay . b
Ux(—i-) u, (5 )
' h h
' a b
U -3- B8, =u +3 B
°a 2 "a ob 2 b
h h
= _a b
uoa uob * (2 Ba * 2 Bb) (15)

Making use of (11), (14) and (15) in the first integrated

equilibrium equation, two further relations are obtained:

24



aa ab 2 2 a a _

3 D By + 5 D By - T + caD uob * ow = a3y + 7y (16)
a

. + CD%. + “oVb B = gl #n (17)

J b ob Rb b 47 4

Using (11A) and the second of the integrated equilibrium

equations together with (14) and (15), two final relations are

obtained:
2. 5 _.a 5 5 .a _
D078, - & Gchafa * 72 MaTj ~ 6 EPaMy T 957 * s (18)
2 5 .b 5 5 b _
where in the above
h
N - -
Te C.E E 2
N Ty " T T W,d2
R\ATVal R RE(1-v€) s
a a d -h
_3a
2
i "a
Tx E.v 2
+ 02{] a. 24 2w _dz}
-V 2
R (1-v4)
a
2

25



Nrg E 2
a = b - b W dz
b b -h
b
2
My E 22
X v
+p% (=2 . _bD Zw_dz)
1-v 2 b
b g (1-v})
b b -h
B
2
X C.v E.v 2
. a __aap_ _"aa
a7 =0 05~ - R E Wad2}
a R_(1-v3)
a a -h
_a
2
" "y
%y =D O - ? Wpdz}
b R (1-v)
b''v ),
_b
2
M "a
a Txa Eava 2 -
agy = 8, * D (E + =2 - 5 2w, dz)
Ya R_(1-y )
at val)
_a
2
L P i
X \v 2 _
a7 = 8y * D {]-vb - =2 bz 2w dz}
b Rb(]'vb)
)
2
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h
= .4
L T S Py J LY
h
n, = +p --—b-Dr
2 2b =72 YT2b
"=-
3 Ma
"4 =Y T2b
= _ 9
" = 72 MaTa
Moo= - 2 hot (21)
6 12 "bT2b
h;
s L lai=7 2z2f.i=-7 1(°? .
by = 7 2 Ec Wy o= [FT) Gc Wt ndy dz (i= a, b)
< ; -h.
b _
2 2

The governing equations may be transformed to a more useful form for
solution. Since they are cumbersome for manipulation in their present
form, a matrix notation was used to define the coefficients of the un-
knowns. These are tabulated in Appendix C. After some manipulation of

the governing equations, the following are obtained:

27



7 5 3
@D +¢gD°+q0°+ D) w = L,(x)
] 2 93 9N T

2

(b]]D4 + b, .D

12
a DBZ+L (x) ~ (a Dz+a ) B~ a,,0w
23" "a [I1 217 22+ "b  “24""b

2 . 2

_ 2
T3 = Ly (x) = kgD%upy = kgDwy

3

28

_ 3
* Dyg) By = Lpp(x) - (61407 + by D) W,

(22)

(23)

(24)

(25)

(26)

(27)



II1., SOLUTION OF GOVERNING EQUATIONS

Homogeneous Solution:

Consider first W . Assuming a solution of the form W = e%X

and letting y = 52, (22) then takes the form

Y+ gay?+ g3y +gp=0 (28)

9 N 9

for the homogeneous solution.

The solution of equations in the form (28) is developed in
reference (42) and leads to three possibilities for the roots:

Case 1: there are two conjugate imaginary roots and one

real root
.Case 2: there are three real and unequal roots

Case 3: there are three real roots of which at least two

are equal.
Case 1 leads to a solution of (22) which is of the form
Woy = V;eC1% + Voe C1% 4 eCZX(V3cos c3x + Vgsin c3x)
+ e7C2X(Vg cos c3x + Vg sin c3x) (29)

where V] - V_ are constants to be evaluated through boundary conditions.

6
The constants cy - c3 are defined in Appendix C.
The Case 2 solution can take on several forms depending on

wether the roots of (28) are positive or negative. The final forms

29



for the case of one, two and three positive real roots respectively,
are:
Wpp = V1€%4% + V,e7C4% « V5 cos cgx + Vg sin cgx
+ Vg cos cgx + Vg sin cgx (30)
Wpy = V18X + V,e7CaX + VqeC5X + V emCoX
+ Vg cos cgx + Vg sin cgx (31)
Woy = V1eC4% + V,e7CaX + V,eC5% + VgemCs*
+ VgeC6% + Vge 6" (32)

where, again, the V] - V6 are boundary value_constants and Cq - Cg

are defined in Appendix C.

Case 3 represents the degenerate forms (30) - (32) where two
of the roots are equal. The equations then take the form:

= U oCaX = :
L V,eC4X + Ve C4xX + (V3 + V5X) cos cex + (V4 + Vgx)sin csx (33)

WpH = (V] + V3X)ec4x + (Vz + V4X)e-c4x + Vg cOs cgX
- + Vg sin cgx (34)

Wy = (Vg + V3x)e°4x + (v, + V4x)e'c4x + Vsec6x
+ VGE'CGX. (35)

In treating single-layered cylinders, it is possible to
write the Cy - C explicitly in terms of the physical quantities

30



involved and thus have a feel for the physical tehavior of the shell.

n the present derivation, however, these expressions are so lengthy
and involved that, unless one has a specific example in mind, their
explicit form for the general case is of dubious utility. A point is
reached where one must decide whether to obscure the physical situation
with mathematics or obscure the mathematics with the physical quantities
involved. The former course was chosen to show where the mathematical
formulation is analogous to that for the single-layered cylinder
(Case 1) and where it diverges (Cases 2 and 3). To import greater phy-
sical significance to the equations it becomes necessary to either con-
sider a specific case and determine the form and constants listed in

Appendix C will take or resort to numerical evaluation of the constants.

€onsider next equation (25). This may be inteqrated directly
to give

where V, and Vg are also boundary value constants. Since there are
also eight boundary conditions, four at each edge, it follows that the
homogeneous solutions for the remaining unknowns Ba and Bb are not
required. Their particular solutions will suffice to satisfy the
governing equations. This is equivalent to setting the boundary value

constants of the Ba and Bb homogeneous solutions to zero.
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Total Solution:

The total solution will consist of the homogeneous solutions
given in the previous section together with whatever particule-
solutions are called for due to the mechanical and thermal loading for

any given problem., Total solutions for displacements will take the

form:

Wp(x) = Wpy + Wy part (37)
B5(x) = By part (38)
Ba(X) = 85 part (39)

where Wy is the particular solution of (22) due to Lx(x). and

part
Bp part is the particular solution of (23) due to LII(X) -

(by403 + bysD)Wp(x), and

Ba part is the particular solution of (24) due to Lyp;(x) -

part
(32]02 + azz)eb(X) - 324ow(x).

Once (37) - (39) are known, Upp MY be found from (36) and the

b
joint shear and normal stresses from (26) and (27) respectively.

32



IV. BOUNDARY CONDITIONS

Boundary conditions for plates and shells are listed
in many sources (21), (34), (37), (36), (37). For the axi-sym

metric case, they are usually stated as:
At the edges x = 0 and x = |

efither u or N prescribed
efther w or Q prescribed (40)

either g or M prescribed

For multilayered problems, the same boundary conditions
usually apply if N, M and Q are interpreted as resultants N,
‘W, . Considering a two-layered cylinder for example, laminas a

and b, the resultants would be:

N=R, + N
T- 0+ 0 (41)
Mon My + M+ (2w DN,

However, (40), (41) do not make use of the no slip - no

delamination conditions. These provide two constraints not only

on displacements but on boundary condtions as well.

Appropriate boundary conditions can be derived using the

principle of virtual displacements of the layer middlé surfaces.
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B * (1 = a,b) @2)

where the asterisk denotes a virtual quantity. Multiplying
equations (10) by the virtual displacements (42) in the order
listed, adding the products, integrating over shell length and

summing over the layers, we get:

b
Zf{ [N xl+ ('TH = iZi)ﬂ u* +
¢

i=a

qu = Qi + 1/2 hi (r” + TZi)] Bi* +

i (43)

[Q = (/RN 4 + (Pyq = Py)]wy* } dC] =0

since the virtual work done by a shell in equilibrium through

a vtetual displacement is equal to zero.

After integration by parts, the virtual work principle
for the multilayered cylinder takes the form:

b L
{[N u*+Ms*+QW*]
;zE: X3 i Xy i i S

{=a

L
"} ((+ 15~ 24 )"1* + 1/2 hi (TH + Tzi) Bi*
o]
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*o g - Rp) W T dx =

b L
E . [inUi* + MX- Bi* + Q]'(Bi‘ + wi*) (44)
i=a !

N .
61
+
R wi] dx

The first quantity in brackets on the left hand side of (44)

invelves terms which are specified at the boundaries, namely:

b
2 3 =
Z [inu1* ¥ Mx1 81* * Q'iW'i"]o

i=a
Summing over layers gives

* A Y * * L
I:Nxau a* ¥ an Ba 2 Qawai'r b Nxbu‘b * bee b* + Qbwb]o

S*-._a this derivation does not allow for slip or delam-

ination, the virtual displacements must be constrained to:

Wt eu * +0/2)ha 5% + 01/2)hy 8 *
a b a b ( 49

A SR U
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Substituting into (49) and collecting terms, the quantities

to be specified at x = 0 and x = L are found to be:

either Nx + ”x or
a b

Uy specified

either 1/2 haNxa + an or Ba specified

ge

X

either 1/2 hyH ~ + M or 8, specified
a b

either Qa + Qb or wp shecified

Qa (wy - w,) specified

Note that the first four conditions are not a unique set,
Other possibilities are (u,, Ups B9 W ) or (ua,u b? Bb’ wb) soecified,

but the set (46) seems to be a qood choice.

_The last condition of (46) is the result of retaining thermal
expansion through-the=-thickness while dropning terms of order h/R
throughout the remainder of the derivation. For cases where w must be
retained, the following procedure can be employed. For simplicity,
free-free boundary conditions are considered, though the treatment

is analogous for any set of conditions specified.

Since the last of (46) is a temperature dependent, Wb - Wé

36



is a priori specified, Hence, for free houndaries, either Qa = 0

or (va -w )=0, Qa=0 is acceptahle for special cases but is not
a

generally true, (va - ;'—a ) can be rigorously satisfied by redefining

the reference surface location in layer a, i.e.,
" g (x,2)
w. (x, Z,) = a. T, (x,2) dz
a ‘\"* “o Jo c, @ {,/7)
=)

hb/2
Wy (x, hp ) = J o Tb (x, z) dz
2 (o] b

Under these conditions, the no-slip requirement beccmes

§%)

u, * uob + (-2, 8, + 1/2 hysp) (M)

and all other results remain the same if 1/2 ha is renlaced by -Zge

Note that when this approach is used, the second strain

definftion of equation (8) must be usedin the form:

in order to have a zero stress state for the case of an isotropic

material with the same a. in both layers and T = constant,
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V. SAMPLE PROBLEM

The problem selected was the slow cooling of pyrolytic graphite.
Because of the difference in thermal expansion coefficients in both "a"
and "c¢" directions of the pyrolytic graphite and mandrel material and
also because of curvature effects, normal and shear stresses at the de-
posit-mandrel interface will be formed during the cooling process. These
may be of sufficient magnitude to cause flaking or delamination. An
investigation of their behavior with changing material and geometric
properties is therefore of interest.

The test case considered a laminated cylinder with free-free
edges and a constant temperature T0 = -1000°F. The material oroperties
used were averaged in the range 3000°F - 2000°F. Layer a, the top-most
layer, was taken to be pyrolytic grapnite, layer b commercial {ATJ)
graphife. The properties used are given in Table (B.1). The calculations
were performed with the aid of a COC 6600 computer. The program tab-
ulation is given in Appendix A. Results showing the behavior of Tj and
pj due to variation in lamina thickness and/or E/Gc ratio are in Ap-
pendix B. From these, the following conclusions may be drawn:

1. Figures (B.1) and (B.2) indicate a decrease in normal
and shear stresses at the mandrel - PG interface as the E/GC ratio is

increases, implying that a material weak in shear is desirable to min-

imize stresses and therefore the possibility of debonding.
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2. Figures (B.3) and (B.4) show results when h = 0.50,
E/Gc £ 20 and 5 _>__ha/hb > 1. Figures (B.5) and (B.6) show the case
where hb = 0.25, E/GC = 20, 4 _>__ha/hb > 1. A1l the curves indicate
that a high ha/hb ratio is the desirable, for given material proper-
ties, for minimization of normal and shear stresses at the joint. This
implies that a thin graphite mandrel is preferable to a thick
mandrel. Note that when ha/hb = 1, the ultimate stress (ou]t = 18,000
psi) in tension for pyrolytic graphite is exceeded.

3. To determine the behavior of the roots of equation (22)
and establish a range wherein the various forms of solution (29)-(35)
will occur, computations were also made for 1000 > h,/h, > 0.001 with
E/Gc at 50, 20 and 2.6. Results show that the Case 1 solution in the
form (29) occurs whenever h,/hy > 1 independent of the E/G_ ratio.
The constants ¢, - ¢cq are affected by E/Gc’ the constant ¢y being

much more sensitive to a change in E/Gc than C, Or Cj.

4. The first two terms of (29) have their principal effects at
the edge only. It was also observed that for ha/hb >>1, the value <y
becomes so very large that the boundary value constants V1 and V2 tend
to become very small, and as a first appromation the terms containing
them can be dropped from the solution functions. In this case, (29)
takes on a form simi]af to that for the solution for radial displacement
of a single-layered cylinder, with suitably defined constants.

5. It should be kept in mind that all the above remarks are

based on the numerical results and are valid in the range.

1000 » h_/h,% 0.001; 4003 L/ 3265 0.052% h/R> 0.0033
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FORTRAN IV PROGRAM PGE(INPUT ,JUTPUT,TAPES= INPUT,,TAPES=QUTPUT) eosos |

47

OIRENSION [COt6), 1IMI6), IRE(SD) PGE 2
OINENSIO ORQ(I0), HP(L10), HQULLO), COEFIS)e GIACOIS), ROVTIS{2,6) PGE 3
COMMON /SHEAR/ QA,QB,FQ PGE 4
CORMON /KLP/Z7 ICYoIC200CIoICA ICSoICO MY UIM2,IM3, IN4, tM5,IM6,IRL,IPCE 5
IR2. 1IR3, IRG, RS, IRS PGE 3
CORMON DLTEMP PGE 7
10A¢03¢HiCAZBCAPCB I IUNUGGAMALGAMBK(40) o AISS ) oGl TIoAT(IC) FITOA,FiPGE 9
2708 ,B0€(620) ,LOADL 1AMISI) gLOAD2sEN(G 7)o FNRAFNXB FMXALFMXB, FNX, FMPGE 15
)X.F‘OA.FNOB.AC()’ IKL"'(LL.OELPN.zo,'v‘b".L‘ 18) o WM OMWe DDOWNW o W8, OWPGE 11
4B DONB,00DWB s WA, DAy WU 9 OWUe DOWU 4 UDDRU o TAU, OTAU NP J, WA o DWWA o WUA UNPGE 12
SUA PGE 1)
EQUIVALENCE (IC1o1C0000D,y C(EML TINMCYD), (IRL,IRE(LL)) PGE 16E
REAL NUANUAL JNUBNJBC NUNU,Ko LUADL ,LIOAD2 PGE 1S
READ (S5¢12) (ORQtI),1s]l,4) PGE L6R
REAC (5,120 (HP(l),l=1,06) PCE 172
REBD (5,12) (HQ(P) M=l ,6) s PGE 18R
READ (5,11) TEMP,OLTEMP PGE 19R
READ (5,11) EALEAC,NUA,NUAC PGE 20R
REAO (S5,11) EB,EBC,NUB,NUBST PGE 21R
READ (5,9) BT(1),AT(2),8T(3),8T(s) PGE 227
READ (5,10) (DELPHUJ)Jdol,sll) PGE 23R
MRITE (9:,13) (HQ(M),Mal,0) PGE 24w
WRITE (9,14) TEMP PGE 25w
WRITE (9,15) EA,EAC/NUAGNUAC PGE 26w
MRITE (9,106) EB,EBC,NUB,NUBC PGE 21w
COEF(1)+50, PGE 24
COEF(2)=22C, PGE 29
COEF(13)s2,.6 PGE ¥C
00 8 Il4a1,0 PGE 31
00 8 Mo}, PGE 32
DO 8 L=),) PGE 3
HA=HP (1 16) PGE 36
MHB=HY(M) PGE 35
R=3), PGE 3o
GIALO(L)I=EA/CCEF(L) PGE W7
G3A=534.0(L) PGE 38
C38:2EB/12.9().oNUSBCH) PGE 39
CALL PRELI™M (LoMells) PGE &0
CALL POLYR (6+G+RO0TS,0) PCE &}
CALL RICF (ROUTSAC.KLLIP) PCE &2
CALL THENRM PGE &)
CALL MISC PGE &4
DO 7 lJr:l,s PGE &S
ELL=CRQ([JP) PGE &b
BF (ELL.EQ.0Q.0) GO TO 7 PGE &7
AR(1)=AC(2)002-AC (3 )80 PGE o8
AR(2)=2,¢(AC(2)eACIIN PGE &V
AR(3)=AC(2)ean(1)=-AC(Y)eaM(2) PGS SO
AR{a)nACiI)oamil)eal(2)0a7(12) PGE 51
AN(IT)SAMIL) SACT Y I=AM(2) 84, (2) PGE 52
AN{L1B)=AM{L)0aC(2)eaVM(2)0ACH2) PGE %)
AR(25)2AM{LICAT(2)eAm(2)8aC () PGE S
AR(26)sAM(L)SACI ) ) =AM 2)0AC(2) PGE $S
AN(S)=AC(2)AM (Y )~AC (V) ®AN (&) PGE 3o
AR(S)=sACLI) ean(I)enC12)0ANM(S) PGE 57
IF (xkLIP-5) 1,2,) PGE 34
I CONTIIUE PGE 59
IF IKLIP-2) 4,5, PGE 6v



® ~4 *ow & - N~

10
11
12
13
14
15
16

CALL ExLIPS
G0 YO0 &
CALL ExLIPS
60 10 o
CaLL ExLIPL
60 70 &
CALL EKLIP2
CONTINUE
CALL MISC
CONTINUE
CONT I NUE

FORMATY (AEL1S,T7)

FORMAT (6E12.9)

FORMOT (&4EL5,0)

FORMAT (16F4.0)

FORMAT (&M MB=12F9,3)

FORMAT (1X,S5HTcmMP=EL2,5)

FORMAT (1X,6HAPROPSAELS,T)

FORMAT (LXo6HBPROPS4GELS, 1/)

END

SUBRGUTINE UCOFF (FNTWN,CONST 4 X)

COMMON DLTEMP

COMMGN TEMPLEALEAC NUAGNUAC,EB,EBC NUB NUBC,HA,HR,R,GIA,GIB,CALCB,
LOA+OBoHyCACB o CAPCBoNUNU GAMAGGAMB ¢ K (40) o ALSS5)oGITIBTI3I)FNTOA,FN
2TOB,ODE(AO00) yLOANL JAMISO ) sLAD2e€EMN (6o 7) s FNXAFNXB FMXA,FMXB,FNK,FM
IXoFHOA L FUOD oAC(3) JKLIPLELLyOELPHI20)oVIA) gALILB) MWWy UWHyUDWW, WA, DW
48,00WB,DD0WB ¢y WA OwWA WU DaUsUOWU0D0WU s TAUDTAUSMPJo WA, DNWA, WUA ¢ UW
SuA

REAL MUA,NUAC ¢ NUB4NURC ¢ NUNU Ko LOADL ,LOAD2

PPA=-(ELL/2.)%ACITL)

PPSs—-{ELL/2.)°ACI(2)

PPOs=-(ELL/2. )%ACILY)

CONST=BUE(L19)OWA+HDE(20)eWB*BDE(21) oFNTWN-BT(20)0X/CAPCS

RETURN

END

SUBROUTIME PRELIM (L,Myl164)

COMMCN DLTEMP

COMMUN TEMP EALEAC ,NUA,NUAC,EBEBC ¢NUBoNUBC s HAoHAR,GIAL,GIBICA,CB,
T0AsNB My CATR o CAPCE , IUNU G GAMAGGAMR K&, AISS),GETIeDTII0) e FNTGA,FY
2TOB,AVE(600) s LOANTL JA1IS0) dLOAU2,ENTG ) yFNXA,FNXC,FMXA,FMXB, Flik, Fp
SXoFNIA,FMNIBoALILD) o XL IPGELLICELPHIZ20) oV I(O) o 8L ILB) ¢wely DWWy O0uW ¢ WB,Un
6..00\!0.000“0. .‘c ONA. HU’O"U' ODHUoDOOHU. TAU.DTAU. "J. HHA.Od-‘A. UUA.DI
SUA

REAL NUASNUAC o+ ™MUP ,MUBC ¢ NUNU Ko LOADL ,LOAD2

CAsEaeMA/(]l,.-NUASS2)

COSEBOHA/ (1, ~NURse2)

DAsEAC(HRre0 3) /(12,011 e-NUARS?))

DBszZBes (e ) /(12,.9(1,-NUBS®®Q))

HsHA+HE

CAZB=CAs(S

CAPCOB=CA+’S

NUNU=zANUA-UD

GAMA=(S,/6,19(GC3AeHA} .

GAMB=2 (S, /0e)®(GIBOHB)

K(15)=1,¢CB/CA

Ktlo)=Ll,eCA/CH

K(l7)=MA/MB

48

PGE 1

PGE 15
PGE 76

1%-
ssese
PRELI
PRELL
PlelL
PRELT
PReELl
PRzl
PRELT
PRELI
PRELILO
PRELILIL
PRELIL2
PRELIL)
PRELI LS
PRELLILS
PRELI LG
PRELILT
PRELI LS
PRELILY
PREL 120
PRELIZ2L
PRELI22
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All11)o (1, /712.)08(HACO2)ooHA/lG0K(16))
Al(L2)s=HASNUNU/((2.%R)*K(106))
AT13)a(HBOHB) O (N (L1S5)/K(L16))/12.0HeHB/ (40K(106))
All4)onBeA(]12) /A

AllS)==(H/HAY®A(12)

FOUMs (CASNUACZRO*UR) 002

COUMsCAP_Ree?

BOUM=s (CAeCAPLBIC(Ree?)

AlLo)a (FOUM=CUUN) /ZRDUM

A(21)=(HA082) /12,015,726, )0 (HBO¢2)/K(15)
Al22)2-(5e/0. )1 (GIA/ER)S (] ,-NUB®*2))
A(23)=(5, /26, )OI HASHB)/K(L1S)

Al24) == {{S,/b,)9HB/HA)SA(12)-A122)

A3l )a(tle/12. 00 HASO2) )8 (] ,05,/(2.®K(16)))
Al32)e-(S,/76. 18( (GIA/ERD® (L,-NUA®®2))
AldIIsIR(LIS)I/KILAY)IO®A(2))

Al381=(5, /712, )%IHA/(ReX(]16))})=-CArA/CA

Alsl) = 36LL) AlSLl)=8(21)

A(a2) = B(L2) A(52) = AL22)
Al&3) = B(LY) ALS3) = 68(23)
Al44) = BLLW) A(54) = B(24)
ALA3) = B(1S) ALSS5) = B(25)

AfAL)=A(13)ea(2))-AC11)0AL2]))
AL&2)=A(16)CA(23)-A(L1]1)0A(22)-A02]1)¢A112)
AlAd)a-A112)10A(22)
Ale4a)=a(15)eA123)-A111)8A(24)
AlAS)sA(10)%a(2))-A112)10A(24)
AtSLl)=als3)ee2-a131)ea(21)
AtS52)=-A(31)0A1221-4(32)24A12])
AlS3)s-a(32)%A(22)
AlSa)=A(2)3)0A(36)-A131)04A(24)
AlSS)=-A(32)6A(2s)

6t1y = DI

Gt3) = D2}

Gi5) = D(I)

GLT) = Ols)
ClYI=AISL)CA(GG)-A(M1)0A(54)

CUII=AISLISA(6S)A(S2)0A(46)-A(42)0A(54)-A(4]1)8A(5S5)
CUSIAIS2)10A(AS)eA(S))ICA(&L6)=A(42)0A(55)-A1&))0A(SS)

GETI=ALS3)0A(45)=-Al63)0A1S55)
5121-0.0
6(4)GL2)
Clo)aGis)
MRITE (9,3) LoGIA,GIB
WRITE (9¢6) MA,MB R, TEMP
WMRITE (945) (10P,GLIOPI,IOP}, T)
WRITE {9,1) CA,CB,DA,00
WRITE (9,6) CACR,CAPCR,SAMA,GANY
WRITE (9,8) MAMHBLELL,LyR{LT)
WRITE (9,7)
K(l)=1,0
K{2)=GU13}/G1LL)
KE3)=GISI1/GHL)
(SRS RAVAARE!
FRUMP= {3, ®K(3)=-K(2)082)/),
MRMPa (2, ,0(K(2)003) =9, 0(K(2)K({I))e2T7.,0K(A})/2T7,
FRUMP = SMALL A
HRPP = SMALL B
RATIO=MA/HS

49

PRELIZ2]
PRELI26
PRELI2S
PRELIZ2o
PRELI27
PRELTZ2H
PRELIE2Y
PRELIDIO
PRELIDIL
PRELIAZ
PRELII)
PRELI 3G
PRELI1DS
PRELI3G
PRELIDT
PRELI3Y
PRELTII9
PRELI&O
PRELI&L
PRELI&2
PRELI4]
PRELI&S
PRELISS
PRELISAG
PRELI&/
PRELIGS
PRELISY
PRELISO
PRELISY
PRELIS?2
PRELIS)
PRELISS
PRELISS
PRELISS
PRELISY
PRELLISSE
PRELISYO
PREL 16D
PRELIGIL
PRELIGZ
PRELIGS
PRELIGA
PRELISS
PRELIGO
PRELIGTW
PRELIGHW
PRELLIGYW
PRELI 70w
PRELITIW
PRELTIT2W
PRELITIw
PRELI TS
PRELITS
PRELLI TS
PRELITY
PRELI 78
PRELIT9
PREL18O
PRELIBL
PRELIB2



DISCes(HRPPOO2) /4,0 (FRUMPOE®} ) /2T, PREL 18D

WRITE (9,2) MANB,RATIO0,0ISC PRELI84w
DISCRIMINANT, LT, O IMPLIES RLIP = 2,3,4, OR 5 DEPENDING O8 RPRELIBY
DUSCRIMIANTLEQ,N IMPLIES OFGLENERATE CASE PREL VG
DISCRIMINANTLGT,) KLIP = | MODIFIED CLASSICAL SULUTIUN PRceL18?

RE TURN PREL I8

PRELI49
PRELIIO

1 FORMAT [IX,JHCAZE12,5,1XIHCB=EL2,5,1X¢ 3HDAREL2,541%,IHOB=EL12.5/) PRELIVIL
2 FORMAT (/71X ,3HHA=F104 Vo1 Xy IHHB3F L1043, 5K, 6HHA/MD®F LS, T95X, LIHUISCRPICLIIN

LIMINANT=2ELS.T777) : PRELLY)
3 FORMAT 2X,44HLIATL12,2H)=ELS4T,4HGYIB ELS, T/ PREL T4
& FORMAT (2XobH NMARF[D,2,2X06H HBaFLlQ0,2,2X42HR2F10,2+2X¢6H1 TEMP=FLO,PRELIYS

12/7) PREL LIS
S FORMAT (4(2X,2HGIT12,2H)I0EL2.8)/3(2X2HGI 12,2H)=E12,5)) PRELIST
& FORMAT (2Xy5HCACPR2EL245¢1X9gOHCAPCBaCL265+1Xy5HGAMASEL245,1X, SHCAMBPREL 173

12€12.57) PRELI9Y
T FORMATY (201 A(Ll) ARE } PRELI
8 FORMAT (FL12.5F12.5:F12.5¢03,1Xo7TH HA/HB=F12,.9) PREL!

END PRELI -
SUBROUTINE MISC ! sesss |

COMMON OLTEwP 2
COMMON TEMP EAEACINUAZNUAC 9yEB,ERC o NUBo NUBC, HA,HB R, CIA,GIB,CALCB, )
10A,08sH,CACB CAPCO NUNUJGAMALGAMB (K (4D) o A155)oGUT)oHBT{30),FNTOALFN 4
2T08,NOE(600) LUADL JAM(S5I) LCAD2sENIOsT7) o FNXAFNKY FMXA,FMXYyFNK,FM 5
IXeFUOAGFNOH AT(Y) yKLIPLELLIOELPHIZ20) o VIO ) oALILB) W, UWN,DUNW, #8404 6
48,00W0 yDODWB WA, IWA, WU 04U, OUWUOOUANUy TAUGNTAU 4 WP JydiWA,DWWAy WwUA,OW 7
SUA [ ]
REAL NUAZNUAZNURLNUBC ¢NUNU K, LOADL,,LOAD2 9

BOE(L19)sCACHA/ (2, 024PCD) 10
BOEL20)s(HA/HA)O®RDE(L9) 11
BOE(21)el1s/R)SICACHUACCBONUB) /CAPCD 12
BOE(22)4CB 13
BDE(23)sRDE (22)8NUA/R 14
BOE(26)=(HBe02)¢ADE(22)/712. 15
B0E(25)sHA/ 2, 16
BOE(26) *RDE (2217 (Re®2) 17
. 10
K(1)=80E(19) 19
K(2)=BDE (20) 20
K(3)=80€(21) 21
K(4):80E(22) 22
K(S)=K(8)=80E(2)) 23
K(6)sHDE(24) 24
K(7)=BDE(25) 25
K(9)=BDE(26) 26

21

28

AM(26)2AC(2)0020AC(3) 002 29
BDE(3IT)IsCAMACAMB 30
MOE(3IR)=ROE(37)-(H/12, ) SRDE(2)) 31
LOAD2=0T(11) 32
L0AD1=0,0 33
3%

35

BDE(61)*BDE(19)6ADE(22) - 3%
BOE(62)"HDE (20)*BULEI22) 37
BDE(63)=NDE(21)0RVE(22)-ADE(23) 38
BOE(65) =DOE 12410B0E125)¢(BOE(22)8DEI20) ) 39
BDE(6S)sADET25)8 (BOE(22)¢B0EL L)) 40

S0



BOEI66)=MODE(25)08B0E(6)Y),
SDE(LTi»ROEL23)0BDE(19)
BOE(638)*BOEL23)ORDE(20)
BODE(69)sMDELI26)-CDE(2))ONDE(21L)
ANE32)e(CASNUASCBONUB) /R
AR(33)=CASHA/2,
AR(3s)=CAaOHA/2,
AN(3IS)IsDAs(HENA)CCA/S,
AN(36)=00s (HeHB) *CA/ 4,
AR(I?)sAamM{33)eaM(3s)
AR(IB) =AM IT) eNUA/R
AR(39)aGANACGANS
AR(42)sDAS(CA/G, )¢ (HASSQ)
AR(AI)s(NASHB )OS (CA/S, )
BDE(BL)Y=AM( 33 )SNUA/R
BOE(B2)=AM{ 34 ) *NUA/R

AMIAL ) =AP (6 2)-AP ()1 *BDE(19)
AR{4S)=AP{A3)-AN()))*ADE L 20)
AR{46)=0CE(BL)~-AM(IIISADE(21)
AR(AY)=DRe({CA/b, )®(HBOe2)
AR{AB) =A™ &) -AM{34)¢BDE( 19)
AR(4I)=A™ (4T )~-AM{ 34)*RDE (1 20)
AR(S0)=8CEIA2)-AY(Y4)®ADE(2])
BDE(83)=0¢/12, )¢ (RDE(22) ¢BOE(L19))
BDEIRS ) =M/ 12, ) (ROE(22)#RDEI20))

BOE(AS)sAN{IY)e(H/12,)0(BDE(22)+BDE(21)-BDE(2)3))

BOE(T1)=am(33)-CAeBDE(LY)
BOE(T2)=aN( 34 )~CABDEL20)
BULE(TI)=CASINUA/R=RDE(21))

BOE(T4)=CAC{NUASAT(INI/ReATI2I)/CAPCBI-BTI(5)/(Lle=NUA)

BOELT1S5)=~CASBOEL19)
BDEITO6)=—LBeBLE(2V)
BOE(TT7)sCl¢(NUB/R-LDE(21))
BOEIF]1 ) saANM(s6 ) eAM{68)
BDE(92) =A% (45)¢ar(63)
SOE(93)=aM(46)eaAN(S50)

RE TURN

En0

SURARQUTINE THERM
COMMON OLVEMP

sesee
YHERN

CORMON TEMPoEAIEAC s NUASNUACIEByEBC, NURGNUBC . HA HAR,GIA,GIB,CALCB, THERN
104,08 My CACB,CAPCBNUNUGGAMAGAMD R {G0)¢A(SS) oGUT)IoAT(I0)FNTOAFNTHER Y

3'."0‘.'1950‘:(‘,o“L".éLLoOELPN(ZO.lV(b,"L‘l.’oUHQOHHQDDddQHB.OQfHE(H
AB,00NByODOWA o WA, DWA s nUsO WU OUNU,DDODWU y TAU DT AU ¢ WP oA UWWA, WUA, Gt THE M

sua

REAL NUASMUAZ ¢ MUB . NUBC o NUNU, K, LOADT ,LOAD2

BT(1l) = ALPHAL(A)
AT(2) = ALPHA(ACQ)
BVI3) = ARPHA(B)

BY(s) = ALPHA(BC)
BT(5) = NTRA = NTOA

BT(6) = NEX3 = NTOB

BT(7) = wiBAR-A) AT I = -HA/2,
BT(R) = S(BAR-A) AT I = +MB/2,

8¥(9) = E(BAR) s W(®AR-8) - w(BAR-A)

BT(10) = AaLPrAlL, 1)
BT(L1] s ALPHAL2,, D)
B¥(12) = mIxa

1

2

3

'y

2TO0B,80E(MAI0) e LOADL s AMISO) oLuADZ2,ENIO ) T) o FNXALFNXRFMXAFMXBFNK,FMTHEIM &
6

4

8

9
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THERM

THER™M

THERML O
THERMLL
THERM] 2
THERM] 3
THERM | 6
THERML S
THERMIL 6
THEAML 7
THLRML 8
THERML Y
THER™ 2V
THERM2 1



& wNe

eTi13)} NTXB THERN22

-

BT(14) » EXPANSION IN THICKNESS DIRECTION - A THERM2)
OT(1%) = EXPANSION IN THICKNESS OIRECTICN - 8 THERM24
BT(16) = MCDIFIED AXIAL THERMAL RESULTANT A THERMZS
BTLLT) = AXIAL THERMAL RESULTANT (MOIDIFIED) - B THERM26
BT(18) = BT(1s) THERN2T?
OTE19) = BTLLS) THEAM28
ST(S)=lEACHA) O (TENPORT(])) THERM29
BT(O)=(ERGHDBIO(TEPPOAT(2)) THERMIO
STITI=-BT(2)0(TEMPOHA/2, ) +DLTEMPE(BTI(2)6HA/B,) THERM)L
BT(B)=BT(4)SITEMPONHA/2,)s0LTEMPO(BT(6)oHL/B8,) . THERM)2

THERMI ]

8T(9)=8T(8})-8T(7)
BTLIOI=ATIS)/(Re(1,=NUA))=-CASBT(9)/(R®€2)-(DA/(2,*HA))O(DLIEMP/(ROTHERNDS

162))eBT(2) THERM)S
BTILL)=AT(6)/7 (RO (1,=-NUB))~(OB/(2.%HB))S(DLTEMP/(ROE2) )BT (4] THEIIMIG
BT{L12)=dTEMPCBT(L))CIEATHASED )/ (12.0R)*(EAPHASODIS(OLTEMPOBTIL)I/ITHIRNIT
112,0HA) THERMIB
ATILI)n(TEMPOBT()))C(EBOHBOOI)/ (L2, 0R)e(EBOHBOEI)C(DLTEMPOBT(3))/(THEIMII
112, ¢H8) THERMAO
BT(L1a)=C(DAONUA)IS (TEMPORT|2) ) /R THERM& L
BY(LIS)=1DBONUBI*(TEMPSAT(4A))/R THERYG?
BT(16)=BT(S)/{1.~NUAI=-CAS(NUACBT(9))/R-(DASOLTEMP/(2,*HA) I O(NUA®BTTHEIMGS
142)/R) THERMGS
BYL170=BT16)/11,-UB)=-(DRODLTEMP/(2,0HB) ) S(NUBERT(4)/R) THERMAS
BT(LA)={OACNUA/R)G(BT(2)6TENMP) THERNM&O
BTLI9)=(DBONUB/RIS(AT(L)STENMP) THERMG
BT(22)=B8TLL6)*BI(1T) THERMG
BTI21)=(VAS(OLTIEMOSAT(2))/(2,9HA) ) S (NUA/R) THERMG9
BT(22)=(0BS(DLTENFPOBTIG))I/12,%HB) ) ®(NUB/R) THERNMSO
PPIsA(23)*A(S)) THERMS]
PPLOA[I2)V®A(63)-A(12)04(5)) THERMS?
ADUN=(PPI/CAIS(BTILD)*RT(1])) THERMS S
BOUM=(CAONUAYIBONUBL/(CAPIROZAPCE)) THERMS4&
COUM=PPI®(BT(16)¢8T(1T7)) THERMSS
DOUM=ADUMEC DM THERMSS
EDUM=ADUMSDLUM THERMS?
FOUM=CASHR/Z(CHOLAPCD) THERMSY
GOUM= (FRUME (9, /12,1 )0 PPl JeaT(S)/(]l.-NUA)) THEMSY
HOUM=(5,/712.)¢IHR*OP1O/CAPCB)®AT(]10) THERMLO
POUMzEDUM~GLUNSHDUM THERMbIL
QOUM=(PPLO/(CI*(M“T(13)-RT(18)) THERMH2
ROUM=PDU™® QUUM THERMS)
BOEL49)aR0UM/GIT) THEQMb4
WRITE ¢2,1) THERMOOSW
WRITE (9,%) ADUM,BDOUM,COUM,DOUM,EDUM,FOUM,GDUM, HDUM,POUM,RUUM BDE( THY *MobW
149) THE RMo Tw
WRITE (9,2) THZRMbuW
WRITE (9,3) (B8T(1),1%1,30) THERMO69W
RETOAN THERMTO
THERMT]
FORMAT (1X,35HCOMPOUENTS OF BDE(49) ARE /) THERAMT?2
FORMAT (LXo1CH BT ARE } THERMT S
FORMAT (1X,6E12,5) THERM TS
FORMAT (1Xx,4c15.7) THERMTS
END THE M TG~
SUARGUTIMNE caLiP) secee |
DIMENSION JIViLL) ExLIP 2
COPMON /SHEAKR/ QALQN,FQ ExLIP )
COVMOR OLTEMP EXLIP &
COMMON TEMP LEAEAC,"IUANUAC 4EB,CBC,NUB,NUBC, HA,HA,R,CIA,GIB,CA,CB,EXLIP S
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10ADRoM CACB,CAPC R NUNUJGAMAGGAMBR K (60 )4 ALUSS )4 GULTI,RT(30)FNTOA,FNEKLIP o
2V0B,BDE(600) s LOAD L JAMISI) JLOAD24ENIO 1) o FNXAFNXB,FMXA FMXY, FNX,FREXLIP 7
IR FNOAFHOBoALED) JRLIPGELLIUELPHI0 ) VIO ) o ALLLA) yWH, LW, DD wB,ONEXLIP 8
QH.DONB.OUOHB.ul. DwA, WU OWU, COwWUL000wy, YAU-OYAUoN"J.HHA.UhHA.uUA.OdEKL [ )

SUA

REAL NUA,NUAC yNUB ¢ MUIBC o NUNU Ko LUADL ,LOAD2
REAL J1P

PasAZEL)eELL

PS=AZE2) e LL

POHAC LYY oL L .
BOE(LVsa(6o)o(AC(L1)00))eA{aS)eAC(])

BDE(2)=a (G ) (AZ(]1)o0a)er(a2)0(AC(]1)002)eA(4))
AMI30)=RDEL L) /RDE(2)
BOE(3)2AM(S)eA(G])eAMIL)OA(42)0Al4])

BOELAI =AM (L) SA(ML ) eAM(2)0A142)
BDE(S)=saAr(3)ea(es)ea((2)0a(6S5)

BOE(b) =AM (G )®A (&) AC(Y)*A(6S)
BOE(7I=ANT (S)®BNDF () +2DE(6)*BDELS)
BODELRYI=BDF (6)e8Ic ( V)=PIE(SISPVE(S)
BOELII=8DE (3)082eHDE(G)002
BDE(LO) =00 (T )/ACELIW)

BDE(LY)=LOE(B)/RDE(I)
AMITY2=a(1260)0ACIL L eAMIdD)e(AL221)0(ACIL)®e214A(22))
AM{B)=A(23)8(AC(1)ee)

BDE(L12)=AM(2)/AM(H)

AMULO)sAa (21 )0AM1)eA(22)

AM(20)=2(2110aM(2)

AM(2LD=a(24)0AC1(2)

AM{22)=A(246)0ACL )

BOE(LII =AM 19)eRDE()0)~AM(20)¢0DE(LIL)-AM(21)
BOE(14) =AM (L1)SRDE(L11)eaM{20)0BDE(1D)-AMI122)
BDE(1S)=RDELLSI/A(2))

BOE(Ll6)=0DE(Le)7A(2))

AM(I) =AML )082eaM(2) 082
AMULIDI=AV (] )e3DE(L1S)*AM(2)98DE(LG)
AM(LL)sAP (L) *5DEILO)-AM(218BDE(LS)
BDE(LT7)=AM(1D)/74M(Y)

BDE(18)=2aM(]11)/7AM(9)

AM(13)=~RDE(LI)ONOE(L12)+BDE(20)0AMII0)~-ADEI21)/7AC(1)

EXLIPLIC
ExLIP]]
ExLirP12
EXLIP])
EKLIPL 4
EXLIPLS
ExLIPLlS
ExLiPL?
EXLIPIY
EKLIPLY
EXLIP2G
ExLirP21
ExLIP22
ExLIP2)
EXKLIP2¢
EXLIP2S
ExLiIP26
EXLLIP2?
EXLIP28
EXLIP2Y
EXLIP3S
EXLIP))
ExXLIPY?
EXLIPY]
ExLIP3s
ExLIPIS
EXLIP)G
ExLIP3Y
EXLIP3Y
ExLIPI9
ExLIP&Q
EKLIFS
EXLIP&2
EKLIPa)}
ExLIPOs

BOEI2T7)=BOC (1910 (AM(2)®RDE(L1B)-AMILISRDE(LT))eBDEL20)0(AM(L)®BOEILEKLIPGS

101 -AM{2)¢80ct1l))-RDEI21)*AC(2)

EXLIP&S

BOE(28)==RBOE {191 (AM(2)9BDEILTISAM(L)SBDE(L1B))IORDE(20)0|AMI))OBDE(EKLIPG?

111)eAP(2)9R0DELL0) I=-POE(2119AC( 3)
BDE(29)=aM( 1 )#3DE(27)14AM(2)%ROE(28)
BOE(30)=AM{ 1) eBDE(2R)-AM(2)9BOE(2T7)
AMULA)=0DE( 291 /A (9]}
AR(15)=8DE{30)/AM(9}
BOE(3L)=EXP(PS)eCOS(PS)
BDEFI2)=CXP(PYH)OSINIPS)
BOE(33)=+EXP(~P5) e 0S (PO}
BDE(I&)=EXP(=PS)eSIN(OPH)
BOEISLI=ACIL)o{HACBDELL2)-HBOAM(IO)})
BOE(52)=-RUE(16)sHAGRDE(LL)ond
BDE(53)=80E( L /10HA-AQEIIVUI®HE
BOE(S4)Al (3)0BDEIS2)eAl(2)%30E(5))
BDE(SS)=2CL2)*0DE(S2)=AL(3)*BDE(SY)
AR(12)eB8T120)/CAPCB-BODEL21)BT V)

SDE(T70)=LO0AD2+0BDE(23)¢AT{20)/CAPCS
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EXLIP&S
EXKLIP&Q
EXLIPSO
ExLIPS])
ExLIPS?
EXLIPS S
ExLIPSS
EXLIPSS
ExLIPSS
ExLiIPS?
EXLIPSS
EXLIPSI
ExLIPOO
ExLtPol
EXLIPOH?2
ExLIPOL)
ExLIPOS
EXLIPOS



BDE( 7B)=CR*BT(20)/CAPCB-B8T(6)/1Le ~NUB) ExtiPos

00 L I=1,s EXLIPOL?
vil)=0.0 ExLIPOB
00 L J=1,7 EXLIPOLY
EN(T4J)20,0 EXLIPT0
CONT INUE ExLIPTL
ENGLLU)nAC(LIO(AM(AL)SBDECL2)=-AM{AS)oAM(I0)I0AM(GS) EXLIPT2
EN(L,2)=ENIL, 1) ExtLiery
ENCUL,3)2aM1646)0ACI2)10RDE (L T)-AC(I)*BOE(LB))eAM(&LS)O(ACI3)IORDECLILIERLIP TS
1=AZ(2)10RDF(L1D110AM(46) EXLIPTS
ENGL o) =aM{46)e(ACII)I®RDE(LTISACI210BDE(LB))-AMIAS)0(ACI3I®BDE(L10)CKLLIPTS
LeACL2)*RUE(LL)) EXLIPYT
ENCEL,S)sFENIL,)) ExLIPT8
EN(1,h)2=-ENI]1,4) ExLIPTY
ENL2,1)2AC 1110 (BOE(1216AM(AB)-AM{30)CAM( &) ) +AM(50) EXLIPHO
ENL2,2)=FEN(Z2,1) ExLIPH]
EN(2y3V2aAMiuA)O(=-AC(3)e3DELL1B)*ACI2)¢RDE(LT))oAM(&Q)S(ACII)IORDE(LIEKLIPGL
1I=AC{2)eFDE(LO) VoA (SO} ExLIPY)
ENL2,6)3AM{Gn )0 (ACIY)®BOEC(LIT)CAC(2)¢PDE(LB))I=AM(G9)O(ACI I)OBDE(LIOICEKLIPHS
1¢ACL2)%B0C(LL)) EXLIPHS
ENTE2:5)scti(ls 3) ExLiPHS
ENE2,6)3-TN(2,6) ExLirPy?
ENC3, 108 E(nS)®AC(1)~amM(30)s(DOEIBA)IS(ACIL)002)eCAMB)*BDE(L12)¢(BOEXLIPAY
1E8I)*(AC(1)902)eCAMA) EXLIPAY
ENU3,2):-EN13,1) ExLIP90
EN(3,3)30DC(o5)%AC(2)-ROE(10)®(GA™B+BDE(34)eAV (1)) eRDE(LL)SIBUE(BSCKLIPII
1ISAM(2) VI ¢4DE (LIS {GAMACAML)ORD=(MIN)I-BUELLIAIS(PDZIHIISA(L)) EXLIPI2
EN(3I 031 3)6BDEIRSI-ROFE(LL)*IGAMBeRIE(BA)I*AV (L) )=-20FL1U)I{HDE(BAEXRLIPY)
10CAM(2))¢BC- (L 330 {CAMACAM(L)*BOCI83))*BUE(LTIS(RUE(BIIOAI(LZ)) CRL P
ENTI,S5)==-2N(3, ) EXLIP9IS
ENLS,6)2r%1D,0) EXLIPYS
EN(&, ) e XPLPOYOEN(L,L) EXLIPI?
ENIEA,2)35KP{~-Pe)oENI],2) ExLIPO8
ENCOod)aZN{L,y3)eRIEL31)-2NlLy4)eBDE(2) EXLIPY9Y
ENCO6)a=NELyd)OPLEII2)ecNlL,ye) 2BRDE(I]Y ExLIP
EN(Q,S)=rNIL,2)8PNELIVI=-EN(L,h)OLDELYG) EXLIP
ENUL,6)sCMILeS)ePUEl 3G NILiO)ORVE(S)) ExiLlP
ENES,1)sEXP(PG)IOFN(2,1) ExLLIP
EN(S,2)stXP(=P6)®E2(2,2) EXLIP
ENIS ) IIsENIZ2e3ICROE( 1) -EN(2,6)¢ADE()2) gExLIP
EN(S,M)3ENT2,3)0R0E(42)e=NIZ,6)®00E(31) ExLIP
ENES 9= N12s5)10PDE( DY )=EN(2:6)8A0E( )0} ExLIP
ENIYS40)s=NtL2y5)ORDELIG)eENLI2,6)¢BDE( ) ExLiP
EN{G L) XP(PO)OLE (A, 1) EXLIP
ENEG,2VSEAP(-P&L)OENL},2) ExLIP
ENTEO,I)sZNE3 3)oADEL3L)=2N1),4)6R0DE()2) ExLIP
EN(O &)= 13, 3)0POL(32)0ZN(3,4)0BLE(IL) ExXLIP
EN(O1S)Ia NUIoHISADE(II)-ENII,6)8IVEL)G) EXLIP
ENM(OG,O)ISENIDoS)ISEOE(34)ecN(3,6) e RDE(Y)) ExtL P
ExLiP
ENCLyTI=AM(3Y)OBT{20)/CAPCB*ROE(ARLI®BTII)eAT(18)I-(MA/2,)0(BT(S)/LLEXKLLP
1e=NUANI=AT(121/7(1o="1UA) ¢ (HA/2, JORT(21)¢AM(&H)OANF( &I} gExLipP
ENC(2,T)2AM(36)0BT(27)/CAPCBe0DEIR2)¢AT( VI OMT{IV)-(MY/2,)10(BT(SI/ILEXLIP
1o=NUA)I-HTLLI3D /U e =NUR) G (HB/2+4 ) ORT(22)00M{SCIOBUC(&V) ExiLIP
ENLL T)e-ENLL,T) EXLIP
ENL2,T)s=ENL2,T) EXLIP
Entd,7)sLGADL ExLIP
EN(4, T)ENLL, 1) ExLIP
EN(S,7)eEN(2,7) EXLIP
ENCO,TIeENt 3, 1) ExLiIP
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exiLir

WRITE (9,3) (BDEIT),1=]1,100) ExLIP
WRITE (9,9%) 113914
MRITE (9,4) (AM(J),Je]1,9%0) ExLir
MRITC (9,10) ExLiP
WRITE (9,0) ((ENLL,J)odel, T)elml, b)) (13814
CALL FINGLE (ENV) ExLir
MRITE (9,7} (L ¥il)el=l,0) 1 14914
ExLiP

. ExLiP

AR(121=BT(20)/CAPCR-BOE(2))980E(49) ExLIP
PPL=AC(Ll)oCLL/2, ExLIP
PP2eACL2)05LL/2, ExLiIP
PPIsACLIIOELL Y2, ExLiI?
CALL CHECKL (VY AL ,PPL PP2,PP)) ExLIP
MRIVE (9,7) (l,vil)elel,e0) ExLIP
eExLir

ALCL)s=-AM(3Q)ev(]) ExLtP
AL{2)=aM{30)oV (2] ¢ ExLer
ALUD)a=-R0ELLO)OVIVI=-0DE(LLIOVIA). ExLiP
AL(A)«BOr(L11ov()I=ADE(L1O)eV(G) ExLir
ALUS)*BDE(LO)oVISI-RULLLL)OVIS) (13914
ALEO)sBOE(LLIOVIS)+RrDELLIO)ISVIS) ExLiIP
ALIUTI=sRDELL2)evL ) exLiP
AL{B)=-ANS(L2)0¢(2) ExLIP
ALEF)sBDc (L 710V )+ADE(LBIOV(S) ExXLIP
ALCLOIe=RDECLB)IOVII)IeBOELLT IOV (A) txLir
ALILLI)s~BOELYLTIOVISI*RDEILBIOVIG) ({79 [
ALUL2)==BDE(LBISVISI=ADE(LT)oV(®) ExLIP
ExLir

ExLiP

ALY )=sam13devinY extLie
ALCLA)n-aAM()B)oOV(2) ExLir
AL(LS)sam{le)oviY)eAn{1S)0oV(a) eExLiP
ALULG)s-AN[LIS)ov(3IeaAM(lalov{e) eExLiP
ALCLT7)a-am(la)ov(S)eam{)rloyv(s) exLir
ALULB)e-aMIL1S)oVISI-AM{Ll4)OV(D) exLtir
WRITE (9,R) gxLtr
WRITE (9.,9) (AL(T),l=l,s10) 1199 1
ExLir

DO 2 Kfe],ll ExLte
ReDELPHIKF) ExLtr
IF (X,GT.ELL) GO TO 2 ExLIP
PlsAC (1) ex ExLIP
P2=AC(2])X ExLIP
PleAl(3)ox EXLY?P
ExL P

XL

CALL ODIFF (P1,P2,P)) ExXLiIP
ExLIP

Exetr
MUeVLLIGEXP(PLICVIIGERP (=P LICEXP(P2IO(VIIICCOSIPIIOVIQICSINIPIY JeEXLIP
QEXP(-P2)eiVIN)ISCOSIPIIOVIO)IOSINIPY))IOBOELA9) EXLIP
OWWeViLI®BOELLIOLIoVI2IoBLELLILL)ovVIIICBOECL21)evVIAISBDE(LIL)CV(S)IoBERLIP
LOEtLaldeovio)enDE (15T ) EXLIP
OOWWeVLI®AIELLI2)evI2IOADE(LL2)eVIDIOBOELL22)eVIAIORDELLI2N OV (SIOEXLIP
LBDE(142)ev(0)oBLELLY2) ExLiP
MUBSALITIOEXP(PL) s ALI2)ISCERP{=PL)IeEXPIP2IOLALIDIIOCOSIPIICALLIAIOSINIPEKL P
130002 aP(-P2)e (AL (5)eCOSIPIIoaLl(6)eSINIPY)Y) ixLie

OWB=AL(1)ODCE(LOLIOAL{2)OBOELANI)OALIIIOBOEILI2U0¢ALIGICRDELLIL)OALEXLEP
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L(SIeBOE(L4L)sALIGIORDE(L1S]) Exeip
OOWBAL{11®DDE(L10210ALI210BDE(LL12)¢AL(D)*BDE(L122) *ALIA)OBOE(]1)2)+AEXLIP

LLUS)IORDE(L42)¢AL (6)OBNE( 152} ExL P
ODOWA=AL (L) ®BDELLIO03)*ALI2)BDE(LLINCALID)ICADECL2IICALIS)ORPE(ILIIICEKLILP
LALC(S)®BDE(LAd)eAL(6)®RDE(LSY) ExLIP
MASAL(T)SEXP(PL) ¢ALIHICEXP(-PLICEXP(P2)®(ALI9)*COSIPIIOALILO)OSINIEKLIP
IPINICEXP(=P2)@(ALILLIOCOSIPII®ALLL2)0STIN(PY)) ExLip
OWA=AL ( 71eBOE(LI1)¢AL(BI®BOEILLL)*ALII)OBOE(L21)¢AL(L0)OBDELLIL)CAEXLIP
ILELL)eBDC (LGl oAl t12)eROELLSL) ExLIP
DOMA=AL(71%BLE(LD2)+AL(B)ORCELLL2)¢AL(9)*BOEIL22)¢ALIL10)®BDE(L132)¢EKLIP
BALULI)IOROEILQ2)0AL IV 2)*BDE(152) ExLiIP
OODWASAL( 7TIOBUEILDI)¢ALLARIOBOE(LLIICALI)IOBOECL123) Al (20)¢BDE(IINIEXLIP
LeAL(L1)*BOE(143)¢ALI12)0RDE(L15]) ExLIP

EXLIP

FRYMNE (), ZACUL) DS (VIL)ICEXPIPL)=VI2)SEXP(~P1))S(EXP(P2)/ANI24))O(VIEKLIP
13)10(ACI2)6COS(PIICACIIIOSINIPINIOVIA)S(ACI2)OSINIPYII-ACIDI)ISCOSIPIIEKLIEP
2V (EXP(-P2)/AMI26))0(VIS)I®(-ACI2)OCOSIPIIOACIIIOSINIPI)I-VIO)IO{ACEKLIP

J(2VOSINIPI)CAC{3)ICOCONSIPII NI eBDE(6T) ox EXLIP
I1F (KFLENel) CALL UCOFF (FNTWwW,CINST ) EXLIP
WUs-BDE(1I)owA-BDEI20) O JR=-BOEI2L)OFNTWHOIATI2D)/CAPCRIOX+CUNST EXLIP
DWU=-BDE(19)¢DWA-RDE(2)) sOWR-PDE(21)oWa*BT(20)/CAPCD EXLIP
ODWU==-BDE( L1 4) *DNWA-RDE(2D)100UWB-BDE(21)¢0wWw ExLIP
DOOWU=-BULE(19)*D0DWA=-NDE(20)000LWB-3DEL21)*D0wM ‘ ExLIP
TAUsLOADL ~80c (22 ) 00NDWL=BNE(2Y)*DWW ExLIrP
DTAU=-RDE(22)$VUDCWU-RNE(2)oD0OWN eExeiP
MPJI=LOAD2-RUE(24)¢UDDNR-BNE(25)*VTAUCBDE(23) *OWUCBDE( 26 ) *uN EKLIP
WUA=WUHAS WA/ 2, *HR®LB/2, ExLiP
ONUASDWUSHASOWA/ 2, +HBSDWA /2. EXLIP
ODWUASQDWUSHASDDWA/2,+mBSs0DNB/ 2. EXLLIP
CALL RSLT (x) ExLIP
CALL PRINT X)) ExLIP

2 CONTINUE ExLIP
RETURN Ex{ (P
EXLIP
éxcliP
3 FORMAT {1X,94 BDE ARE /(10E12.%)) ExLIP
Q& FORMAT (10f12,5) ExLIP
S FORMAT (20M AM(J) ARE ] ExLIP
& FORYAT (1Xy€Elle4) ExLEIP
T FORMAT {(G(1Xo2HVIT12H)=EL2:9) /201X, 2HVIT]L,2H)=EL2,5)) EXLLIP
@ FORMAY (1X,2CH AL(1) ARE ) EXLIP
9 FORMAT (6E12.5) ExLiP
O FORMAT (21H EN(Il J)BY RUWS ARE ) ExLIP
ENO EXLLP
SURRDUTINE EKLIP2 sooee |
DEMENSION JIPILY) ExLIP 2
COMMON /SHEAR/ QA,OM,FQ ExLIP 3
COMMON DL TEMP EXLIP 4
COMMON TEMP,EAJEAC yNUAZNUAC yEB¢ZAC, NUByNUBC, HA,HR,R,GC3A,C)¥d8,CA,CB,EXLEIP S

IDAGOR M, CACB, LAPCO IUNUGGAMAGAYB (K {40) s A(SS) oGl T uTIIO)FNTOAFNEXLIP o

VOB, BOEL60I) s LIADL  AMIS) ) qLUAD24ENIBT) o FNXAGFNXRFFXA FML, FNK, FMERL TP 7
X FNCAGFUIBLAC Y)Y oKL IPLELL LELPHLIZ2DY VIO ) o AL L LB oo, DWW, UONNW WA OWEKLIP &

A8, DONB o DODWHE ¢y WA, DAy WU, UNWUyUOWUsODDWU s TAUGDTAU g WP Iy WwA UwdAy wUA,LWEXKLIP 9
Sua EXLIP1O
REAL NUAGNUAZ (NUB  NUBC,MUNUKLIADL,LOAD2 ExLIPL]
REAL JIP ExLiIPi?2
Pa=AC (1 )eFLL ExLIPL)
PS=AC(2)eFLL EXLIPLS
PosAC (I eELL EXLIPLY
BOE(1)sA(44)(AC(]L)003)-A(4S5)0ACIL) EXLIPLS
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ROE(2)=sA(Al)e{AC L) o4 )=-A(A2)0(ACI1)002)¢A(A))
AR(3O)=BDE(L)/BDEL2Y
BOE(Y)mAM(S)IOAIAL)eaAM({L)IoQ(A2)0A(A]))
BDE(M)=AM(bLICAIA]L)oAVI2)8A(62)
BOE(S)=AM({I)oA{AG)ACL2)0A14S)
BOE(b)sAM({4)oA (66 )eal(Y)0A(4S)
BOE(TI=ROE(S)OADE(I)eRDE(L)SBOEIS)
BOE(8)=R)C(6L)I*BDELI)~BDc(S)eRDE(S)
BOE(9)=BDE(D)00242DE(4)002
BOE(I10Y=RDE(T)/RDE(I)

BDE(11)=8DELB)/BDCELI)

AM{ T)as=A{26)0ACIY )¢ AM{0)O(A(21D®(ACIY)O02)-A(22))
AM(8)=A(23)s(ACI1)002)

BOE(12)=AaM(T)/AM(8)

AM{19)=A(2]1)eaM(1)eA(22)

AMI20)=A(2]))eANM(2)

AM(21)=Aa(26)0A012)

AM(22)=A(26)8AC(DY)
BOE(LIIcAN{19)eBDE(LI0)-AM{20)*BCEILL)-ANM(21)
BOE(1&)=AM(LIYIORDE(LL)eAM(20)OBDE(LIV)-Ai1122)
BDE(15)1=30E(13)/74(2))

BDEL16)=RDE(LA}/A(12))
AM{9)=AR{]L)e02eAM(2) 082

AM(L10)=AM{1)*ADE(LS) ¢AM(2)9RDE(L1S)

AMIL1 ) =AM(L)®BDE(LG)-AM(2)eBDELLS)
BOE(L1T)=AMm{IC)I/7AMI)

BDE(18)=aa(11)/A (N

AM{13)=-RDE{1I)®BDE( L2)¢RDE(20)eAM({ 30)=-BDE(21)/7ACH L)

Extirl?
ExLIPLS
eExLiPl9
ExLIP20
ExLIP21
ExLiIP22
EXLIP2)
EXLIP24
EXLiIN2Y
é€xtLipP2e6
ExLip27
ExLIP28
ExLIP2Y
EXLIPIY
ExLiPy)
ExLiP)?2
EXLIF))
ExLIPYI4
EXLIPIS
ExLIPIS
ExLIPY?
EXLIPIY
ExLIP3Y
ExLIP&O
EXLIP4]
EXLIP&2
EXLIP4)
EXKLIP&S

BOE(2T7)sRDELLIVIS(AMIZ)ISADC(18)=AM(L)ORDE(LT) IeBOEL20)91AM(L)OBDE(LEKLIPGS

10)-A¥(2)¢B0E(L1D)=-0DNL (21 10AC(2)

EXLIP4L

BOE(28)5-ROE(L1Y9)®(AM{2) 0 DE(LT)*AM(L)®BDEC1B))IeBDE(20)0(AM(L1)OBDEIEXLIPSGT

111D eAr(2)BUE(LIII=-DE(21)04C( 3)
BDE(29)=AM(1)eBDEI2T )eaM(2)030E(28)
BOE(3C)sAMI1)SBUEL23)-AM(2)9BDCEI2T)
AM{14)=RDEL29)/74M(9)
AME15)=8DC130)/74M(9)
BOEB(IL)=EXPIPSICCOSIPO)
BOE(32) 2t XP(PS1OSINIPS)

BOE(3II ) =cXP{-P5)SCOS(PS)
BDEL3A)=CEXP(~PS)OSINIPO)
BDE(SY)=AC(L)eo(HA®RDE(L2)-HRO®ANM{3O)®
BDE(52)=-3DE(L3)1enAsCOF({L1)oNnB
BOE(53)2BDE(LTIONA-ACE( 1)) 0NN
BDE(56)sAC{3)03DE(521¢AC(2)¢ADELS))
BDE(S55)=ACI2)19ANE152)~AC i 3)I*ADE(SI)
AM{12)=B8T7(20)/7CAPCB-BDEL21)BT (9]}

AM{32)={CASNUACCASNUB) /R
AM(3))=CAeHA/2,
AM{34)=CaoNB/2,
AM(35)s0A¢(HOHA)OCA/ S,
AR(3I6)=ORe(HONHBIOCA/ G,
AR(IT)IoaAMId3)eANL DSG)
AM{38)=aM{3T)eNUA/R N
AM{39)sCAMAIAMS
AM(&2)3DAS(CA/6,)8(HAGR2)
AM(43)=(HAOHB)IS(CA/S,)
BODE(YiI}=AM(3))ONUA/R
BOE(B2)sAM(34) ONUA/R
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EXLIP4B
EXLIPAY
EXLIPSY
EXLIPS!L
ExXLIPS?2
ExLIPS)
EXLIPSS
ExLIPSS
EXLIPYSS
ExLIPS?
EXLIPSY
€EXLIPSS
EXLIPOO
EXKLIPS]
EXLIPO2
ExtLirPed
EXLIPOSG
EXLIPOLS
EXLIPOO
ExLIPS?
ExLIPLA
EXLIPGY
ExLIPT)
ExLIPIL
ExiLiPT2
ExLIPT)
EXLIPIS
EKLLIPTS
EXLIPTS



! ARS8 )eAM(62)~AM(33) $BDE(19) EXLIPTT

i AN(6S)sAM(43)=-AN(3))*NDE(20) EXLIPTS
AM{4G)=BDELBL)=AM(IV)eBOE(21) ExLIPT?9
- AM(&TISORO(CA/&, )0 (HE®e2) EKLIPBO
! AM(AB)ISAM(&3)=AN{3&) ¢ADE(19) EXLIPS)
i AM(49)sAM(GT) =AM Y4) oHDE( 20} ExLIPB2
AM(53)eBDE(32)-AM(36)ORDE(2]) ExLIPB)
BDE(B3)»{H/12.)¢(RCT(2218RDELL9)) EXLIPdS
! GDEIB&)=(M/12,)8(ADEL22)6B03(20)) EXLIPSS
BOE(BS)ISAM(I9)e(H/12,)¢(HDEL22)%BDE(21)-BDE(23)) exLIP8e
: EXLIPS?
00 ) 1s=1,6 ExLIPyS
Yi1)=0,0 ) EXLIPOY
DO 1 Je),7 ExXLIP90
EN(1,J)0,0 EXLIPOL
1 CONTINUE EXLIPY2
EN(L,1)=ACIL)O(AM{46)OBDE(L2)=AM(4S)SAM(I0) ) ¢AN(46) EXLIP9)
ENI1,2)=C00 EXLIP94
EN(L1o3)5AM{4G)IS(ACI2)OBDE(LT)-ACII)ISBDELLB))AM{4S)IC(ACIDIISBDECLLIEKLIPYS
J-AC(2)9BDE(L1D))eaMlas) : ExXLIPY0
ENCLo4)=aAM{4L)S(ACLII)SADE(LT)SAC(2)CBOEILB))~AN{&5)C{AC(I)OBDECLOIEXLIPI?
1¢AC(2)0BOE(11)) EXLIPIS
EN(L1,S)IsENIL,3) ExLIPY9
EN(1,6)==EN(L ) ExLIP
ENI2,1)=ACIL) S (BDE(L2)SAM(AB)=-AM(I0)SAN{49]))+AN(SO) ExLiP
EN(2,2)20,0 exLiP
ENI2,2)EN(2,1) EKLIP
EN(2¢3)2AM(6b)*(=AC(3)SBDE(IB)CACI2)¢BDELLT) VeANI49)O(ACII)ONOE(LLEXLIP
1)=AC(2)0PDELLI))+AM(50) ExLIP
EN(294)5AMI&3)S(ACII)OBDELLTICACI2)eBOELLIB))-AMI49)e(ACIIIOBDELLOIEXLIP
19ACL2)19BNE(LT)) exLIP
EN(2,5)=ENL2,3) EXLIP
EN(2,6)=-EN(2,4) EXLEP
EN(3,1)=0.0 g ExLiP
- ENC3,2)=BDE(US)IOACILI+BOE(L2)¢(BDE(B3)OACIL)O02-GANA)-AM(3U)IS(BDEIEKLIP
104)6ACLL )00 2-CAVE) ExeLir
EN(3,3)2°DE(AS)CAC(2)-ADE(L10)S(CAMFB+BOE(BL)SAN(L))ISRDE(LL)S(BDELBLEXRLEP
TIGAMI2))*ROE(LT)S(GAMACAM(L)ICBOE(G3))-B0LILS)S(RDEIAIIGANI2)) ExLiP
ENI3o4)=AZ(3)0BDELBS)=-BOE(LLIO(GCAMB4BDE(NG)IOAN{L))-RUELLC)IO®IBOELGLERLIP
2)OAMI2) )¢BDE(LB)*(CAMA+AM(] [SBOEINRI))I*BVELLT)IS(BDE(BI)I®ANL2)) KLip
EN(3,5)2-EN(3,3) ExLiP
EN(3,8)sFENI)9s) EXLIP
ENI4,10=6N(L,1)6CIS(PS) exLiIP
EN(Oo2)3ENIL,LIOSINIPS) exLiIP
ENCO,ID=ENILoS)*BDE(IL)=EN(L,4)®BDE(32) ExLIP
EN(4,8)sEN(L,3)9RDE(32)oEN(L,4)¢BDE(3]) exLtr
EN(O,SI=ENIL S)IONNE(III-EN(L,6)0BDELIS) exelr
EN(4,06)2ENTLs5)0BDEIIC)*ENIL,6)*RDE(II) ‘ gExLiP
EilSeLICENIZ,1)0COS(PS) . ExLir
EN(Ss2)2ENI2,1)8SINIPA) exLlipP
EN(Se3)IoEN(2,319RDE(I1)=ENI2,6)0RDE(32) ExLliP
EN(So&)=ENI2,3)0BUEII2)0ENI2,4)0RDE(3]) ExLIP
EN(SeS)sENI2,5)90DELI3)=ENI2,6)98DE(34) ExLir
EN(S,6)5cN(2,5)9BDE(34)ICENI2,6)%80DE(3)3) éxLiP
EN(6, 1)s=EN(I, 1085 (N(IPS) ’ ExLte
ENL 6y 2)=EN(Y,1)0COSIPS) _ ExLIP
ENCOo3)EN(I,IIOBOEIILI=ENII,&)®BDE(32) exLIP
. EN(GsOI=ENIDI,I)OROE(I2)*ENIIs4)ISADE(3L) [ {{§]
' EN(GoZ)=ENI3,5)¢B0DE(II)=ENII0)080E(3s) ExLIP
3 EN(O,O)SENIIS)IOBDE(IS)eENII6)008DE())) exLir
P

"
¥
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ENCL,7)sAM(33)0BTI20)/CAPCBBDE(B])
1e=NUAII=DT{12)/11e=NUA) ¢ {HA/ 24 )8BTI
ENC(2,7)sAM{36)eAT (20)/CAPCR*ADELB2)
To=NUAII=PTI131/(1s=NURI*(HB/2,)08TI
ENIL,7)==ENLL,T)

EN(2,T)=-EN(2,T)

ENL(3,7)=L0A0L

ENCa, TIsENIL, T

ENLS,T)sENI2, 1)

ENCLO, 7)=EN(3,T)

(9,3) (BOE(I),1-1,100)

‘9.5' ¢

(9,8) (AM(J),J=1,50)

WRITE (9,12

WRETE (9,6) ((EN(ToJ)oJdsleT)oi=l,6)
CALL FINGLE (EN,V}

WRITE (947 (1,vi1)els1,6)

WRITE
WRITE
MRITVE

AM(12)=8T7(20)/CAPCB~BDE(21)*BDE(49)
PPLI=ACIL1)eELL/2,

PP2=ACl2)¢ELL/ 2,

PPI=AC(I)*ELL/2,

CALL CHECK2 (VAL PP ,PP2,PP3)
WREITE (9:7) (Levil)olnl,0)

ALLL) =AML 30)oV(L)
AL(2)=z=AM(3 ) oV(2)
ALE3)==BDE(L0)oV(3I-BNE(ILIov(G)
ALCA)=BULE(LL) oV ) =RLCE(LD)OVIL)
AL(S)=B0C(LICIosVvIS)=-ACE(LLIOVIG)
ALCO)=BDE(LL)OVISISPUE(LD)IOVIS)
ALEUT)==0Ncl12)9v(])
ALEB)2B0FR(12)8v(2)
ALCT)=BDE(L2)8vi 1)
AL{R)=s=-ROE(L12)V0v(2)
ALU9)=0DELIL/)OVII)eBDE(L13)OVIS)
ALE1D)=-RDE(L1Y)evI3)IeCOE(LTIOVIG)
ALELLI==RDE(L17)evISIeRCI(L18)OV (L)
AL(L2)=-BOE(L18)ev{S)I-BOE(LY)evV(E)

WRITE (9,8)
WRITE (9,9) (ALUL),0=1,412)

00 2 KF=l,l1
X=DELPH(KF )

IF (X.GT.ELL) GO
Pi=AC(Ll)ex
P2=AC(2)ox
P3=AC(3)eX

10 2

CALL OIFF (Pl,P2,P))

ExLIP
COT(INeATILIBI-(HAZ2,)*(BT(S)/11EXLIP
2LV AMILA)OADEL 6Y) ExLIP
SBT(F)IAT(19)=(HA/2, )C{BT(S5)/(L1ExLIP
22)1¢AM(50)0BDE(49) ExLIP

ExLIP

ExLIP

ExLtP

exetp

ExLIP

ExLIP

139§

ExLtP

ExLIP

EXLIP

ExLiP

ExLiP

ExLIP

Extie

ExcLIP

EXLIP

Extip

ExtLip

EXLIP

EXLIP

ExLIP

ExLIP

ExLIP

ExLIP

ExLIP

EXLIP

ExLIP

ExLIP

ExLiIP

ExLLIP

ExLtP

ExLIP

EXLIP

ExLIP

ExLIP

ExLIP

EXLIP

EXLIP

Excip

ExLlP

ExLiP

ExLIP

ExtiP

ExLiP

EXLIP

ExLIP

ExL 1P

éxLiP

exttip
g<Lip

EXLIP

EXLIP

WHsV(1)8COSIPLIOVI2)OSINIPLICEXPIP2)O{VIIICCIASIPINOVIA)ESINIPI))ICEERLIP

IXP(=PZ)S(VI3)0COSIPY)oVIG)IOSIN(PY) ) oQVE(4I)

ExLyP

OMMW2V(1)ORDELLIBL)IOVI2)SHOE(LIN DoV (3)eNDEL12L)oVICIOBOELLIL)OVIS)OBEXLIP
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32)0SINIPIICAC(I)IOCIStIPI) ) DonDE (W)X ExLtIP
IF (KF,€Q0.1) CALL UCGFF (FNTWW,CO04ST,0) ExLIP
WUe=BDE(19)oWA-R0E(20)ewWB=BOEI21)OF ITUWe(AT(20)/CAPCB)IOXOCONST ExLIP
OMU=-BDE( 13 ounA-POE(2D) ¢0WA-BUEL21 ) oWaeBTL2C)/7CAPCE ExLIP
DONU==-BOEL 13} ¢00WA-ADE({20)00DWB-BLEL21)8DNWu ExLi?
DODOWU*=ADE(19) oNDONA-0DC120)9JLLVR-AOE(21)9D0WN 1 {4814
TAUSLOADLI-RDE(22) *0MNU-PDE(2)) o)W ExLir
OYAUS-BDE(22)000DWI=-nDE(2))eUD W ExtLir
WPJI=LOAV2-BDE(24) *DDUWR-RDE(25)¢0TAUCBOE(23)90WUIRDE(26) oW ExXLEP
WRITE (9,12) w8,048,00wd,000wBwAeOmuA,DUnA,000%A exLiP
WUA=WUSIHAOWA/ 2, 0BOWB/2, (1914
OMUASDUWUSHAPUWA/ 2, o11°DuA/2, ExLIP
DOWUA =0DWUHASDOWA/2, ¢ MBS ODNB/ 2, exLir
MRITE €(9,11) wWU,OWU,DOWU . WUA, DWUA,DLUNUA 7 éxtir
CALL RSLT (Xx) EXLIP
CALL PRINT (X) ExLtiP
@ CONTINVE ExLi?r
RE TURN ExLiP
exLir
ExLIP
3 FORMAT (1X,94 B0E ARE /(10E12.5)) 1 {1814
4 PORMAT (10€12,9) exuiP
S FORMAT (20N ANMIJ) ARE ) ExLiP
& FORMATY {1X2,T7€ELLss) éxctr
T FORMAT (40L& 2MVITLo2MIBEL2,5)/7201Xo2HVEIL,2H)0EL12,9)) exLir
0 FORMAT (1X,25H ALII) ARE ) ExLLP
9 FORNAT (6EL2,5) ExLir
10 FORMAT (/71X,294 BETA(RIDERIVATIVES TEL2,%¢1X0E12:.9:1X,EL2,9,LEXLIP
EXo€125/71%,20r NETALA) DERIVATIVES/ LXK EL2e50s1X0E124%01X0EL2e%¢ LR EEXLIP
21d.5%717) ExXLLP
31 FORMAT (1X,200 ULB) DERJVATIVES JIXe€126%¢ IXoEV2.9, LR EL2,5/71X,2EKLIP
1OMULA) UcPIVATIVES TUXeE126501R0E12e501%0%12,977) ExLiP
§2 FORMAT (21M ENLI,JIAY RO4S ARE ) exLir
EnD exLtier
SUBROUTINE ExLIPS ssose |
DIMENI IO JUPiL)) ExLir 2
COMSON DLTEMP ExLiP )

J0E(241)evIG)IoBDE(1ISL) (18] 4
OOMMaV{L)oBRI182)evV(2)10ADELL192)eVIIICBDEINL22)eVIAICBDEL132)oVISIOEXLIP

ABDEL142) eV I6)*BDEI1%2) Extir
HBoALI1)OCOSIPLICALI21OSINIPLICEXPIP2)1OLALEIISCOSIPIICALIN)OSINIPIEKLLP
BIDOEXRP(-P2)O(ALISISCOSIPIIeALIGIOSINIPI)Y) gxLir
OMB=ALI1)OBUELLBL)¢ALI2)OBDEILIL)ICALID)ISADTIL21)0ALLA)OBOE(LDL)CALEXLIP

BUSISBDEL L4 )eaLIG)ORDELLST) ExLip
OOWBoALIL)SBOEIIB210ALI2)IOBLEILI2IOAL(IICBOE(L122)¢ALIAIOBDELLI2)sAEKLIP

BLUSIORDE(L42)0AL (6)eBDELLS2) ExLie
OOOWB=ALI{L)SBUE(LA3) ¢ALI2)06D0E(19))ALIDIOBOE(123)0ALIA)ISRDELLIIICEKXLIP
BALESI®BOE(L4)eAL(6)eRDE(LISD) ExLiP
WARAL (T10COS(PLICALIBIOSINIPLICEXP(P2)C{ALIIIOCOSIPI)ICALILUIOSINIPEXLIP
S3DICEXP(-P2)e(ALILINIOCISIPIICALLL2)0SIN(PY)) ExLiP
OWASALITIOBOE(LIALIALIBICBOECLILICALIOIONDE(L21)¢ALI20ISBOElLIL)GAEXKLIP
ILELLICRODECLOLIeALIL2)SADELLSY) ' ExLir
ODWASAL(T)CBUE(1H2)10AL(B)CB0E(L1T2)0AL(9)*BDE(L122)0ALI10)*8DE(LI2)EXLIP

TALELLDODOEL4200ALIL2)9RDELLS2) ExLirP
ODOMASAL(TISBOE(IBYII AL INISADEILIIICALIO)ISADE(123)0ALI10ICBDE(LINIEXLIP
BJOALILL)*BDE(L63)*ALIL12)980E(15)) ExLiP

ExLir

PNTWNS (1, Z7ACILDIO(VILICSINI(PLI=V(2)OCISIPLI) ¢ (EXP(P2)/ANI24))2IVIIEXLLP
B)GCACI200COStPIICACIIISSINIPIIIoVIA)IO(AC(2VOSINIPII-ACII)IOCIS(PI)IEKLIP
QIGLEAP(-P2)/ANI26) )0 (VIS)IOI-ACI2)°CIS(PIIACITISSINIPINI-VIO)O(ACLEXLIP
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————

COMMON TEMP ,EAEAC ¢NUANUAC 2EB EBC NUB NUBC HA HB, R GIA,6G3B,CACB,ENLIP
DA, 08,H,CAZHoCAPCBNUNU, GAMA,GAMB,K(&40)yA(S551,GIT),BT(30)FNTOA,FNEKLLP
2T08,ADE(600) o LOAOL oAM(9D ) oL AD24ENIOWT) o FNXKAGFNXH FMXA,FMXDoFNX,FMEKLIP
IR FUIAFNOBGAC () oKLIPGELLGDELPHI20 )4V I(6) o ALILB) o uni o DWH, DOWW, WA, OWEKL [P
48 ,00WB o DOOWE o WA o DWA ¢ MU DOWUeDUNU 00DNU s TAU s DOTAU s dPJ g WA ¢ DWWA, WUAo OREXLIP

SuA

REAL NUA o NUAC ¢NUB o NIBCoNUNY oK LOADL ,LOADR
G0Etli=A(ab)o(AC(L]0e))eA(0S)eACI])
BOE(2)3AtGL)S(ACIL)004)eA(42)O(ACIL)002)¢A(4]))

BOEL3)=ROELL)/BDE2)

SOE(&)=Al&e)O(AC(2)08Y)~-A(05)0AL(12)
BOE(S)oAlGL IO AT (2)086)~A(4210(ACI2)092)¢A(43)
BDE(6)=ACE (&) /BDE(S)

BDE(TI=A(AG)O(ACEI3)e0])=A(45)0AC))
BOEIBI=A(SL)IC(AC(3)004)=A(42)8(AC(3)¢92)¢A(4))
B0E(9)=BDEL 7} /BOE(D)

)
SOE(10)=RDE(I)SlA(21)0(ACILI002)0A(22))-A26)0AC(1)
SOE(L110=4(23)0(AC(1)002)

GDE(12)=RDE(LO)/ADE(LY)

BOEIL3)=B0E(6)0(A(2110(ACI2)002)-A122))-A(24)0ACI12)
BOE(L1&)=A(23)6(AC(I2)8902)
BDE(L15)=BDE(LII/COE(LS)

BOE!16)=0DEI9)SIAL21)(ACI3)002)-A122))-A(24)0AC(3)
BOEI1T7)=Al123)8({AC())002)

SOE(18)=RDEIL6)/RDE(LT)

PoeAlCl)®ELL

PSeAC2)9ELL

Po=AC(3)SELL

ENELo1)=tAM{A4)OBDE(L2)-AMI45)0BDE(I)ISACIL)oAN(4S)
ENIL2)=ENLL, 1)

EN(L, X))o (ANIAG)SROEILS)=AMI45)OBOE(6) IOACI2) cAN(46)
ENt1,4)20,0
EN{1,5)=(AM(S4]SBOE(L8)~ANI4S)SBOE(I))SACI3) cAR(4G)
!NCI.G)-0.0

EN(4, L) =ENLLoLICEXP(PS)

ENLA,2)2ENIL 2)10FEXP(~Ps)

EN(8,3)sENLL,3)0CISLPS)

EN(4,4)=ENTL,3)eSINIPS)

ENI4,5)2EN1L,508COS(P6)

EN(&L,6)=ENELD)ISSINIPS)

EN(2,1)=(AN(4U)ISBOEIL21-AN(49)OBOEI3)ICACIL) ¢AN(SO)
EN(2,2)=ENL2,1)
EN(2,3)=(AMI48)CBOE(LS)-ARI49)SADE( L) )OACI2) *ANR(50)
EN(2,41=0,0
EN(2,5)=(ANI48)OBDEILL)-ANIA9) C0DE(D) IGACII)+ANISO)
EN(2,6)20.0

ENIS,LISENL201)0ENPIPS)

ENI3s2)8ENL202)0EXP(=Ps)

EN1S,3)2EN(2,308C0S(PS)

ENIS)4)=ENI2,3)0SINIPS)

ENISe LI =ENL2,510COStPS)

EN(S+6)=ENI2,5)SINIPS)
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ExLiIP
ExXLIPLIO
EXLEIPL)
éxLiP12
exLirl)
ExLIPlS
ExXLIPLS
ExLiIPlS
ExLiIPL?
EXLIPLS
EXLIPLY
ExLIP20
ExLIP21
ExLiIP22
EXLIP2)
EXLIP24
ExLIP2S
EXKLIP26
ExLiP2?
ExLIP28
ExLIP2Y
EXLIP 3O
ExLIPIL
ExLiPl2
ExLiP3)
EXLIPYS
ExLIP3S
ExLIP3S
EXLIP3Y?
ExLIP)S
ExLIP3?
ExLIP&O
EKLLIPaL
EXLIP&2
ExLiIPA)}
EXLIPaS
EKLIPSS
EXLIPaS
EXLIPA?
ExLIPAE
EXLIPaY
EXLIPSO
ExLirS]
eRLIPS2
ExLIPS)
EXLIPSS
exLIPSS
ExLIPYS
ExLiIPS?
ExLIPSS
EXLIPS9
ExLIPOO
EXLIPOL
EXLIPO2
ExXLIPO)

Boiid s



ExXLIPbs
EN(3,1)sPOE(BS)ICACILI~-ANE(I)C{BUE(B4)O(AC(L)®02)¢GCANB)*BOELL2)0(BLEKLIPOS

l 1E(83)e{ACIL)®02)eGAMA) ExLIPbS
EN(3,2)0EN(3,1) ExLIPO?
EN(3,3)20,0 EXLIPOY
ENU3o4)sQUEINSI®ACI2)-BUEISIC(BOE(BGISIACI2)1802)eGAMRIGBDEILS)O(BLEXLIPLY

BECB3IS (AL 2)002)eGAMA) ExLIPT0
EN(Y,5)20.0 ExLIPTL
EN(3o61sRDEINSICACIIICADELLO)IS(ADE(AI)IS(ACIIIOG2)=-GANAY-BDEIF)O(BUEXLIPT2

JE(BG)O(ACI3)002)-GAMD) EXLIPTI
EN(O, L)SENII, L)SEXP(PS) ExLIPIG
EN(692)3ENL3,2)85XP(=P4) EXLIPTS
EN(Oy3)n=EN(I,6)eSIN(PS) “EKLIPTS
EN(6,6)=ENL3,4)8CCSIPS) ExLIP??
EN(6eS)s=ENII,8)051N(PS) ExLIPT8
EN(6,6)2EN(3,6)9COS(PS) EXKLIPTI

EXLIPBO
WRITE (9,2) (BOE(!)V,1=1,20) ExLIPBIW
MRITE (9,3) ExLIPB2W
WRITE (9,6) ((EN(IoJ)odnloTfol=l,e0) ‘ EXLIP33M
CALL BINGO (EMN,V) EXLIPES
WRITE (9,95) (I,V(l)elnl,b) EXLIPBSW
AM{12)sBT(20)/CAPCB-BDE(21)¢BDE(49) EXLIPxG
PPL=AC(LISELL/2, - EXLIPB?
PP2sAC(2)SELL/2. ExLIPBY
PP3I=AC(3)®ELL/2. EXLIPuY
CALL CNECKS (VAL PPLoPP2,PP3) EXLIPYO
WRITE (9:5) (lyvi])ylal,b) EXLtPYIw
EXLIP9?2
AL(1)==BCE())*VI]) EXLIPY)
AL{2)=BVE(3)ovi2) EXLIPY4
AL{3)=BUE(BIOV()) EXLIP9S
AL(&)==BDE(E6)OVIAN) EKLIPYS
AL(S)sBUE (V) eVin) EXLIPI?
AL(6)==BDE(9)OVI(S) EXLIP9Y
EXLIP99
ALLT)=BOE(12)evIL) EXLIP
ALIR)=-BDE(12)9V(2) EXLI®
AL(9)==BDE(L1S)8VI)) ExLIP
AL(10)sBOE(1S)oV(4) ExL1P
ALILL)=-BDE(LBIsVIO) ExLiP
AL(12)sBUE(LlB)OVIS) ExLIP
MRITE (9,6) EXLIP W
WRITE (9,7) (ALIT),1=1,12) ‘ EXLIP W
EXLIP
00 T KFsl,lt ExLIP
X=DELPH(KF) ExLiP
Pl=AC(l)eX ExLiP
P2=AC(2)0X EXLLIP
P3=sAZ(3) X EXLIP
ExLIP
WUSY(LICEXP(PLIOVI2)OEXP(=PL)oV(IIOCOSIP2)eVIAIOSINIP2)eVIS)IOCOSIPEKLIP
13)0VIGIOSINIPIICROEIS49) EXLIP
OMWSV(L)OHOS1101)eVI2)OB0E(LLL)ovI3)OBDE(201)evVIAICBDEL21T )0V (S)oREXLIP

IDE(221)eVIb)SHDEL231) ' ExLIP
DONN=VIL)IOADL (L102)eVI2)ONRDECLL2)eV(3)0BDEI202)4VIA)OBOE(2L2) eV(SIeEXLIP
SBDE(222)4Y(0u)eBDE(2V2) EXLIP
WBSAL(L)CEXP(PLICALI2)SEXPL=PLIGALIIIOCISIP2ICALI&)OSINIP2IOAL(S)ICERLLP

JCOS(PIIcALiL)OSINIPY) ExLIP

OWBsAL(1)eBOEIL01)oALI2)0BOEILLLICALIDIORDE(201) AL IA)CBOE(21)¢ALEXLLP
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~OVIWN

1(5)eBDE(221)+AL(6)°RDF(2)1) 14914
DOWB=AL (L) eBOE(LO2)0AL(2)BDE(LL12)¢AL(310BDEL202)¢ALIG)OBDEI212) ¢AEKLIP

ILISIeCDEt222)¢AL(O)CRDEL2)Y2) ExLiP
DOOWR=AL (L) CBUE(LIO3)¢ALIZ2)*RDELL1D)eAL(DISRDE(20))0AL(4)OBDEC(2Y1D)eEKLIP
JALIS)ISBOE(22Y)eAL (6)*RDE(2))) ExLiP
ExLIP
WASAL(TICEXP(PL) ¢ALIB)IOSLAP(-PL)ICALID)CCOSIP2)oALILI0)OSINIPRIGALILIEKLIP
1)eCOSIP3IYcAL(12)0SIN({P)Y) EXLIP
OWASAL(T)SBOELIOL)I¢ALIRICRADE(LLILISALID)CBDE(20L)¢A1F10)OR0DE(211) CAEXLYEP
IL(LL)eDDE (221 )+AL (12)900DE(23]) ExLIP
OOWA=AL(7)e¢nDCEtLIO2)¢AL(NICBCE(LLI2)¢AL(9)OBDE(202V¢ALI10)OAYE(212)¢EKLIP
BALULL)®DBDEL22210AL (12)08DE(2)2) ExKLEP
DOOWA=AL(T7)OPUECLOI)I ¢AL(BICSRDEILL3)CALI9)IOBOEC203) ¢AL{1D)OBDE(213)EKLIP
1eALILLDSBUE(223)¢ALI12)¢8DEL233) EXLIP
ExtLlip
FNTHN=(VIL1)IOEXPIPL)=V(2)EXPI=PL))I/ZACLL)O(V(IIOCOSIP2)-VIG)eSIN(PREKLIP
LIV/ZAC €2 UVIS)IOSINIPI)=vI6)oZ0S(P3))/7ACI3)*RVE(49) 0oy ExLLIP
IF IKFoEQel) CALL UZCFF (FNTWw,CONST,O) ExLIP
WUs-ROE(19)oWA-BDE(20)owB-BCEI21)SFNTuie(RT(20)/7CAPCLIOXOCUNST EXLIP
OWU2-RDE(L1F)ouwWA-BOE(2J)19DWR=-B0L(2L)0wwenT(20)/CAPCH EXLIP
DOWU=s=BCLE (1) eDDWA-HDE(2D)oLUowB=-POE (2L )0UwWW ExL e
00DWU==-BDE(19)eCODWA=~BOE (20)¢DDDOWB~B0E(21)°DD4M EXLEIP
TAUsLOADL-RUE(22)*DDwU=-8BUELC)) oL an ExLIP
DTAU=-B0E(22)¢000wWI'~BDE(23) DWW ExLIP
WPJ=LCAC2-BUE (24) ¢DDUWB=-BOE(295)*0OTAU*RDEL23) COWUSRADE(26 ) ouw ExL1IP
CALL ARSLT X} ExLIP
CALL PRINT (X) ExLIP
IF (XeEQ.ARSIELL/24)) CALL VINSON (X EAJER MA,H8,GIA,G3R,FNXB) ExLiP
CONTINUE ExLI®
RETURN ExLIP
ExXLIP
FORMAT (1X,9HBDE ARE /(10€12,5)) ExLiP
FORMAT (1X,23H EN(1,J) ARE ) ExLIP
FORMAT (L1Xo78L1.4) ExLIP
FORMAT (G(LXa2HVII1,2H)®212,5)/7201X¢2HVIIL1,2H)3EL12,9)) ExLIP
FORMAT (1X,2)H AL{I) ARE ) EXLIP
FORMAT (6EL2,5) ExLiP
END ExLiP -
SUBRZUTINE EnLIPS seeoe |
DIFENSION JIP(L11) EXLIP 2
COMMUN DL TEMP EXLIP )
COMMON TEMPLEALEAC yNUAGHUAC sEB ¢ ZBL o NUB NURC o HAZHRGR, GIAGIDCACRLEXLIP &
T0A VDB H CAZB CAPCE " IUNUGAMAGGAMALR (6D ) ¢AISS ) o GUTI T IC b NTCALFUERLIEIP &
2T0B ADECCOO) s LOADUL o A\MISU ) oL AD2+ENIO, 7Y FNYA,FHXB,FrRA PMEIg FNL,FNTKLIP o
IXeFNOAGFNCRAGAC I3 ) oKLIPsZLL yUELPHI2D) ¢VIO) s AL (LA ) g WH ONNyCUAM ymB, UWEXLIP 7
4B8,0O0A DVOWB s mACWA L RUyUNUsUOWUDUCHU s TAUGDT AU d#PJ A UNWA,WUA,UnERLIP ¢
SUA EXLIP 9
REAC NUALHIUAZ oNUR G NURC o NUNI oK LSADL,LOAD2 EXLIPIV
BOE(L1)sA(Ga&)e (Al (L)oo )oA(ar)oal(]) ExLiPL]
BOE(21sA(alIotAC I )0ec)op(b2)0(AC(L)002)0A(4Y) ExLiPL2
BOE(3)=HODE(1)/BVE(2) ExLiIPL)
EXLIPLSG
BDE(&)=A(GA)IS(AZ ()OO )0A(465)0A%(2) EXLIPLS
BOE(S)sA{6))® (Al (2)0046)0A(62)8(ACI2)002)0A(4)) ExLIPlS
BDE(6)=BDE(4)/EVE(S) EXLIPLT
EXLIPIN
BDE(T)=a(Gb ) (AZ ()00} )-A145)0AC()) ExLiPotY
BOE(B)IsA{LL)S{AC())00G)-A({G2)0(ACL3)002)0A(4)) ExLIP2Y
BOE(9)=BDE(TI/ADE(B) EXLIP2]
ExLiIP22
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BOECL1O0)sBDEIIIOIAI21)0CACILIO02)¢A122))-A124)0AC1D)
BOE(LL)=A(23)0(AC (L) ®e2)
BDE(12)7SC€(10)/B0EILL)

BDE(13)=RUEIG)ICS(A(21)1C(ACI2)002)0A(22))-A(24)0AC12)
BDE(16)sA(23)0(AC(2)902)
BOE(15)=8DEL13)/80E()4)

BLE(16)=BDE(I)O(ALI21)ICIACIDI)®02)-A(22))-41240)0AL(3)
SCEI17)sA(23)0(AC(3)002)

BOE(L8)=NDELLO)/BDEILT)

Pa=AC(LIsELL

PS5=AaC{2)%ELL

PoaAC (I)ELL

ENGL 1) lAMIGL)OBDE(L2)-AMIAS)OROE(D))CAC(L)eAM(AS)
EN(L,2)%ENCLLL)
ENMELed)s(AM{46)CBDELL1S)-AMI4S)OBDE(G)I*ACI2) *AN(4S)
EN(Ly4)eEN(L,))
EN(L,5)0(AM(46)OBDE(LB)-AM(45)OBDEID))ICAC(I)eAN(AG )
EN(1,6)20,0

EN(6,1)sEN(Ly1)eEXP(PS)

ENCL,2)2ENLL,2)0EXP~P4)

ENEA,3)sENIL,VICEXPIPS)

EN(A 4 )SEN(]L,4)OEXP(=PS)

ENCA,5)sENIL5)eCOS5(PS)

ENLA,0)ENTL S)eSINIPE)

EN(2,1)21AM{6B)ICBDOC(T12)-AM{4I}SBDEII)ICACIL) +AM{50)
ENE2,2)3EN(2,))
EN(2,3)5(AM(OR)OPDE(LS)~AMIA9)SBDE(S))CACI2)¢ANIS50)
ENC(2¢6)=EN(2,3)
EN(2,5)s{AMI4E)*RDE(LB)-AM(4T) ®BDEL ) ISAC(3)¢AM(50])
EN(2,6)2),0

ENLS,L)sEN(2,L)00XP(P4)

ENES2)EN(2,2)85XP(=P&)

ENIS3)sENI2, 3)0EXPIPS)

ENIS 4] kN2, 18LXP(-P5)

EN(S5,5)2ENI2,5)0CUSIPS)

EN(S,6)sENI2,5)8SIMNLPE)

eExLiIP23
EXLIP24
EXLIP2S
ExLIP26
ExLiP2/
EXLIP28
ExLIP29
ExLIPIO
ExLIPI]
ExLIPI2
ExLIP3)
EXLIP)S
ExLIP3S
EXLLIPIS
EXLIP]T?
EXLIP3E
EXLIPIY
EXLIP&D
EXLIPS]
EKLIP&2
EXLIPe)
EKLIP&A
EXLIPAS
EXLIP4S
EXLIPAY?
EXLIPsSB
ExXLIP49
EXLIPS0
ExLIPS1
EXLIPS2
EXLIPS)
EXLIPSS
EXLIPSS
EXLIPSS
ExLIPST
ExLIPS8
EXLIPYS
EXLIPHO
ExtirPel
EXLIPO2
EXLIPG)
EXLIPGS

EN(3,1)=00E(N5)I6ACI1)-B0E(3)O(BDEIBGISIACILIC®2)+GAMB)*BOE(L12)¢(BDEKLIPOLS

TECB3)o(AC(L)082)0%AMA)
ENLY,2)3CN S, 1)

EXLIPGS
ExLiPe?

ENIY,))sPDE(AY)CACI2)-HDE(6)S(BDE(BA)G(ACI2)002)¢GAMB)*BLELL5)O(BOERLIPOY

1E(83)e(ACI21002)0GAMA)
EN(I &) s=ENL 3,4 3)
EN(3,5)20,0

EXLIPGEY
EXLEIPTD
ExLIPTL

ENI(3,06)sRUE(BS)CACIIICADE(LBIS(BOE(BIIS(ACIDIOO2)~GCANA)-B0E()®(RDEALIPT2

LEC(B& ) (A (3)002)-AMB)
EN(O,LISEMNI S L) CP(PSG)
ENLO,2)=" N(3,2)1%CEXP(=Ps)
ENCO,IVsEti(de))0840(PS)
EN(G 4)sEN Y 0 )0 XP(=PS)
ENC(O,5)s-EMNL)o0)0S51%1(PA)
EN(G,6)2EN({3,0)0 . 0S5(POT

WRITE (9,2) (UOELI),1"1,20)
WRITE (9,3)
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ExeLir?)
ExLIPT6
EXLIPTS
EXLIP/S
ExLiPT?
gExLte7s
ExLLIP?9
EXLIPAY
EXLIPBIW
EXLIPB2W



MRITE (9,4) L(EN{T,JYeJdoleT)el"1,0) EXLIPBIW

CALL BINGO (EN,V) ExLIPLG
MRITE (9,5) (Lov(I),091,8) EXKLIPBSH
AR(12)8T(20)/CAPCB-ADE(21)*RDE(49) EXLIPHG
PPLsACCL)*ELL/2, ExLIPB?
PP2:AC(210ELL/2, EXLIPRY
PP3I=ACII)I®ELL/2, ExLIPEY9
CALL CHECKS (V,AC,PPL,PP2,PP)) EXLIPI0
MRITE (9,5) (Lyvil),lml,0) EXLIPOLW
ExLIP9?
AL(1)=-B0E(Y)eV(]) EXLIPY)
AL(2)s8DE(Y)ev(2) EXL1P9¢
AL(3¥) s=PIE(BIOV(Y) EXLIPYS
AL(&)sBDEISIOV(G) ExLIP96
AL(S)=BOE(FIOVIAn) ExLIPI?
ALLS)==8DE(I)eV(5) EXLIPYE
¥ EXLIPIY
AL(7)BOEIL2)eV( L) ExLIP
ALIB)==PIE(L2)ev i) ExLIP
ALL9) =80 15)ev: )] ExLiP
AL(LD)==:DE(LS)oV(4) ExLIp
AL(11)=-BDE(lolev(e) ExL1P
AL(12)=BDE(L1816V(5) eExLiP
WRITE (9,6} EXLIP W
MRITE (9,7) (ALII),[21,12) EXLIP
EXLLP
DO 1 KFsl,ll eExLiP
KaDELPHIKE) ExLIP
PisACtLl)ex Extie
P2sAs (20K ExLIP
P3I=AL(3)*x ExLIP
exLiP
wa-vtt1o-xP(91tovcz»—txp(-vunoV(ln-exv(rzlov(~)OExvc ~P2)eV{S)ISCUSIEKLIP
IP3)evI6IeSLial P} +RDE (&) EXLIP
nuw-V(I)OBOEllul)OVI?)-abitlllIOV())'BOEllbltOVGG’OBOc(l7ll0V(5)‘BEKLI9
EDEL221)ev(6)o3DE(231) EKLIP
OOWM=V{L)®ADE LIS IeVI2)0BIE(LL12)eV(3)CBOE(162)evI(A)SBDEILIT2)eVISISEKLIP
IBOE(222)eVI6)e4DC(212) EXLIP
MB=AL(L)CEXP(PL) ¢+ ALI2)%EXP(~PL)GALIIICEXP(P2ICALIG)ISEXP(=-P2)+ALIY)EKLIP
18COSIPI) sALIG)ISSIM(P]) EXLIP
OUBALELIOHUE (L1 IeaLI2)*MDE(L1L)eALIIISQDE(16L)GALIGISBDELLTL)PALEKLIP
LES)ISBDE(22L)1¢ALI61ONDEI2Y]) ExLIP
DOWNsALII)®POEIL 5200 ALI219BCELLL2)0AL(3)SBDE(162)¢ALIA)ORADE(LT2) sAEKLLEP
LLUS)IORDE(222)¢AL(45)8RDEL232) EXLEIP
OODWA=ALIL)SADECLICII ¢ALIZ2I®3DEILLY)eALI3)I®NDE(L6)CALIG)CHOUELLTI)eEKLIP
RAL(S)SBLE(22))+AL16) SRDE(233) EXLIP
ExLIP
WASAL(T)IOEXP(PLISALIA)ISEXP (=P )CAL(FICEXP(P2)¢ALILOIOEXP(-P2) AL LLIEKLIP
BRDCCOS(PIIeaL (L2)8SINIPY) exLtep
DMATALIT)OBLE(LDLIeALIY)IORDE(LILICALI9)BOE(LOLICALILINIOBOEIL Y1) 0AEKLIP
TLC11)0BDE(221)eaLI12)BDEL2Y]) EXLIP
DOWAALITIOHIE(LC2)¢ALILICBLECLL2)2ALI9)ORDE(LO2)eALLLIOICAUE(LT2)eEXLIP
BALILL)OBUEI22210AL11219B0E(2)2) ExLip
OOOWA=AL(T)OAUEILIIISALII)S4DE LIV *ALIIISRDELLOI) AL I 10)CBOE(LTIIEKLLP
BSAL(LL)ORDE(223)+ALIL2)eCDEL2)33) ExLIP
exLIP
ENTUNa (V110 XPIPLI=VI2)SEXP{=PLI)/RCIL)¢(VIIIGENP(P2)=V(&)OEXP(-PEXLIP
B2)1/74CHL2)0(VIS)ISIMNIPYII=VIOIOCUDLIPIII/ZAL L) *RUEIGY) oX ExLiP
BF (XoEUe=SLL/24) CALL UCIFF (FNTWW,CINST) ExLIP

WU=-RDE(19)6wA-BOEI20) OuR-BOE( 211 OFNTWdwe (BT(20)/CAPCBISRICUNST ExLIP
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OWU-B0E(19)0DWA-BDE(20) ¢DWA-BD5(21)oWneBT(20)/CAPCE
OOWU==ADE(19)*DOWA-BDE(22)000WB-BOE(21 )60

O00WUe-80E (19)¢000WA-80E(201°000WB-B0E(21) 000U
TAU=LOADL-BUE(22) *00WU=-BDEI23) VNN
OVAU=-0DE(22)000DWU-80E(2)) 200w
¥PJ=LOAD2-80E(24) *DODWA-B0E (25 ) *0TAU+BDE(23) SOWUSBDEL 26) oun
CALL RSLT (X)

CALL PRINT (Kx)

QAs(HA/L12.)0TAUCANAS (WA 2 DWN)

Q8o (HB/12,197AUSGANNO(WB*DNN)

FQ=QAQP

WRITE (9,0) 04,08,F0Q

F (XeEQ.ABSIELL/2+)) CALL VINSON (X,EA,EB,HA,HB,GIA,GIB,FNXB)

B CONTINUE
KRETURN
& FORMAT (1X,9H8DE ARE /(10EL12,%))
D FORMAT {(1X,20M EN(T,J) ARE o )
& PORMAT (1X,7E11,4)
S FORRAT (AULXo2HVIELo2MISEL2,5)/7201Ke2MV (11, 2M)0EL2,5))
@ FORMAT (1X,206 AL(L) ARE L
T FORMAT (6E12.95)
@ FORMAT (1RoIHQA®EL2,502K,IHCBSEL2,5,2K05MQ8AREL2,5/)

€ND

SUBROUTINE ExLIPe
DIMENSION JIP(11)
COMNON DLTENP

CONNMON TENP oEAEAC oNUAINUAC sEBEBCNUB,NUBC MA HB R, GIA,GIB,CA,CB,EK . IP
BOAGORoHoCASB CAPLB ¢ NUMU s GCAMA GANB KIAU) o ALSS)oCITIoNTEILIoFNTCAFNERLEY
2T00,00DE1600) o LOADY JANISO0) JLOAD2ENIO,T) o FNXALFNXB o FMXA,FMRoFNX,FMEXLIP
X FNCAGFNOBoAC I3 ) JRLEIPLELLIDELPHMIZ20)oVIOD AL LLB)oWW,ONNy COWWoWB,ONERL (P
48,00MB yDOOWS s WA oOWA, WU OWUDDONU, 000U TAUOTAU WP oA o DWWA, WUA,OnEXLIP

SUA

REAL NUANUAC s NUR ¢sNUBC o NUNU X, LOADL,LOAD2

CASE OF THREE REAL ROOVS,UNEQUAL.PUSITILVE
BDE(1)=A(A0)o(ACLL)00))0A(AS)0ACIL)
SOE(2)sALALI®{ACIL)O0R) oA (42)O(ACIL)I®O2)eA(4)Y)

SOE(31=80E(1)/8DE (2}

GOELSIvAL40 IO (ACL21003)0A(03)0ACI2)
BOE(S)cA(ALISIAC(2)000)0A(A2)0(ACI2)002)0¢A(4))

BOE(6)=B0E(4)/BDE(S)

GOE(7)eA(48)0(ACI3)00))0A(45)0AC(D?
GOE(B)oAI41)O(AC(3)004)2A L4200 (ACI3)002)0A14Y)

GDE(9)=B0E(T7)/80E (M)

GOCI(10)200E(310(AI21)0(ACILDO02)0A(22))-A12000AC(1)
B0E(11)sA(23)¢(AC (10002}
80E112)=00€110)/80EL L))

SOE(13)2B0B(010(A(21)0(ACI2)002)0A122))~A126100AC(2)
BOEL14)eA(23)0(AC(2)002)
Q0E(13)=0DEI13)/BVE(LS)

GOC(16)BDE (91 LA(21)0(ACIDI0C2)0A122))-AL20)0ACID)
SDE(17)eA(25)0(AC3)002)
BOEI18)=00E(16)/780ELLT)
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extir
ExLir
ExLiP
ExLiP
ExLIe
(1391 4
113914
Exite
ExLip
ExLir
ExLtr
ExLir
exLiP
gxLtr
Extie
exLir
ExLir
Extir
ExLie
ExLirP
ExLiP
ExLLP
ExLiP
Extie
[ I X1 ] ]
ExLiP
ExLie

OE NV PwN -

ExLIP
ExLIPIO
ExiLirll
ExLir12
ExLiPL)
ExLIPLS
ExLIPlS
ExLirle
ExLiry?
ExLiPLY
ExLIryY
ExtiIP20
ExLIP2])
ExLIP22
exLir2)
ExXLIP24
exLiP23
exLir2e
ExLIP2?
ExLIP2s
ExLIP29
ExLIP3O
exLiP3L
exLir32
ExLIP3)
ExLIP3s
exLIP)S
exLiPde

. TEE



PasAC(1)¢ELL
PS=ACl2)eELL
PesAC(3)eELL

ENCLo L) (AMIGOISRDELL12)-AN(AS)OBDEC(I))CACIL) ¢ANLAS)
ENLLo2)%ENIL,1)
ENCL1,))ntAM{GO)IORDE(LS)=-AMIAS)OBDE(O)ISACI2) e aANML4S)
EN(L14)EN(L,3)
EN(LS5)es(AM(4A4)ORDEILIB)=AM{AS)SBOELD) )*AC(I ) eAM({4b)
ENLL,6)=EN(L,5)

EN(&,L)cEN(L,1)oEXP(PS)
EN(4,2)sEN(L,2)%EXPL=P4)
EN(&,I)SEN(L,I)eEXP(PS)
EN(A,A)SENIL,6)eEXP(=PS)
ENIAS)ISEN(L S)SEXPIPS)
EN(O,O)=EN(L,0)SEXP(=PS) d

EN(2,1)a(AR(4B)*BDECL2)=-AMIA9)S0DEID)ISACIL)¢AN(SO)
EN(2,2)2EN(2,1])
EN(2,3)(AM(GB)ISBDE(LIS)-AM(A9)OBDE(O))IGACI2) ¢AN(S0)
EN(2o4)=ENL2,3)
EN{(2:,S)o{AM(@U)SFPDE(L8)=ANIA9)*RDE(9))ISAC(I3)eAM(S0)
EN(2,6)2EN(2,5)

EN(S,LISEN(2,LI%EXP(PS)
EN(S,21=EN(2,2)10EXP(-P6)
ENC(S9 IISEN(2,3)eEXPLPS)
ENIS,6)sENL2,4)1%EXP(=~PS)
ENISS)I=ENI2,5)%EXP(PL)
EN(S:06)sENI2,618EXP{=~PS)

ExLIPYTY
ExLIP3Y
EXLIPI9
EXLIPAO
EXLIPa]
ExLIPs2
EXLIPS)
EXKLIP&S
EXLIPGS
EXLIPAG
EXLIPAY
ExXLIP4Y
EXLIP49
EXLIPSO
ExLIPS]
EXLIPYS2
ExKLIPS)
EXtL (P5&
EXLIPYS
EXLIPSS
EXLIPST?
EXLIPSS
EXKLIPY9
EXLIPOU
éExLirPe)
ExLIPOR
ExXLIPO]
EXLIPOS
EXLIPGS
EXLIPGS
EXLIPeT?
ExLIPLY

EN(3¢1)=DDEISS)SACIL)-ODE(IIC(BDS(BA)SIACIL)I®C2)+GAMB oBDELIL12)0(BOEXLIPOY

LELB3)s(AC(L)em2)eaAMA)
EN(3,2)=ENLI, L)

EXLIPTC
EKLIPTL

EN(3,3)=CDE(US)SAC(2)-ADELLIO(BUE(BSICIACI2)®02)+GAMBIOBDELLS)O(RDERLIPT?

1E(83)e(AC(2)002) 0GANA)
EN(3s4)=-EN(3,3)

EXLIPT)
EXLIPTS

EN(3,5)=ADEIAS)IOACI3)I-BDE(I)IO(BOE(B4)OIACINIICE2)eGAMD)*BDELL1B8)O(ADEKLIPTS

LE(BI)e(AC())e82)eGAMA)
EN(3,6)==EN(3,5)

EMIG,1)=ENTI, L IEXPIPA)
ENIB, 2)=ENI 3, 2)0EXPI=P&I
EN(G: 3I=ENI S, J)EXPIPS)
ENIG &) =ENI Y, &)L AP =P%)
ENAL, S1ENLY, SI0ERPIPS)
EN{osb)=ENL S 61 =EXPL=PbI

AL(1)=-8DEC(3)oV(L)
AL(2)BDE(3)ovI2)

AL(3)==-BDE(b)eV(]})
AL(A)=BOE(6)OV(S)

ALIS)==BDEL9IOV(S)
ALI6)=BDE(I)ov(s)
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EXLIPTS
ExLIPT?
ExLIPTS
ExLIP?9
EXLIPKO
eExLiPBl
ExLIPB2
ExLtPa)
eExLiPOS
ExLIPES
EXLIPuS
Exviva?
ExLiPEY
eExLirPa
EXLIP90
EKLIPIL
ExLIP92
ExLIPI3
ExLIP9%
ExLIP9S>
ExXLIPYS

il




i 4

AL(7)=8DE(L2)8V(L) ExLIP9?

AL(B)=-BDE(12)0ov{2) ExXLEIP9S
ExLIP9S
ALI9) =BDEL1S)eV()) ExLir
AL{10)==-BDE(15)eV (4} éxLir
. ExLIP
AL{L11)=8DCE(LIB)OVIS) ExLIP
AL(12)==8DC(18)eovVv (b} ExLiP
ExLIP
WNsVCLIOEXPIPLIOVI2)SEXP(~PLICVIIIGERP(P2)OVIG)OEXP(=PR) OV (S)CEXPIEKLIP
LIP3V IGICEXP (=PI ) +BNE(49) excir
DW=V (1)eBOELLOL ) eV(2)SBDE(LLL)IeVII)ICBDELLOL )V (AISBDEILTLIeVIS)GBEKLIP
L10€12402 )¢V (6)*B0E(251) ExLIP
DONWaV(L)CHUELL102)+VI2)OBOE(LL12)0VIIISBOE(L162)eVIA)ISBNEILT2)¢VIS)ISEKLIP
J8DE(242)eVI6)*BDE(252) EXLIP
WBEAL (L)SEXP(PLICALI2)CEXPI-PLICALIDICEXPIP2)CAL(SG)SEXP(~P2)eAL(SIEKLIP
JOEXP(PI)eAL(6)SEXP(=~P])) EXLIP
OMBoAL(L)CRUE(ION I eAL(2)%BDECILL)CALII)*BOEILOL)GALIA)CBDE(LTL)SALEKLIP
1(5)¢RDEL241 ) 0ALIO I *RDE(251) ExLIP
OOWB=AL(1)SAOELLN2)¢ALI2)%BOEIL122)¢ALIIISBOEILO2)¢ALIAIOBDE(LT2)sAEKLIP
RLISIOBDEIBOL(242)¢aL(6)*BDEI252) ExLiP
DDDHBl‘l(l,‘OUE(lO)iO‘L(2D‘EDEIll"’ll()"boe‘l""lLIQ)‘BUE(l”)’EKLl'
LALIS5)*BDE(24))¢AL () *BDE(25)) EXLIP
' EXLIP
WASALC(TICEXP(PL) ¢ALIBISEXP(=PLICALII)*EXP(P2)¢ALIL10)CEXP(~P2) AL (LEXLIP
LUISEXPIPIN4ALLIL2) sEXP(-P)) EXLIP
OMA=AL(T)ISHIE(LOL)eALIA)SADELLLL)¢ALI)SBDE(L16Lo¢AL(L0)SBDE(LTL) CAEKLLEP
TLILLDOBDE(241)04L 112)¢BDE(251) ExLIP
DOWA=AL{T)SBOE(L102)¢ALIB)*BOELLLI2)¢ALI9)ORDEIL162V¢ALIL0IOBDE(LIT2I0EXLIP
JALELY)SBUE(2621AL(12)08NE(252) EXLIP
ODOWA=AL( TIOBUECLO)¢AL(d)SBUEILLII)CALIT)IOBDE(L6I)eALIL0)CBOEILTIIEXKLIP
10AL11)0B0E(263)0ALI12)220DE(125)) ExLlIP
ENTRNS(VILI®ZEXP(PL)I-V(2)eEXP(=PL)IZACIL) ¢(VII)GEXPI(P2)=VI&)SEXP(~-PEXLIP
L1200/7A512) ¢ (VIS)CELP(PYI)=V(O)CEXPI=PO))/ACII)¢8DEI49) X ExLtP
F (X EQa~ELL/2+) CALL UCOFF (FNTWM,CONST) EXLIP
WUs-BOE(19)eWA=BOE(2)) ¢uiB=-ROS(21)F 4T (BT(201/CAPCO)SXCONST ExLIP
OWU=s=~ROE( L9)*OWA-RDF (20) s0OWB~-BODEI 2] )owweBT(20)/CAPCS EXLIP
OONU==-BDE (LY} *D0WA-AROF(23)0DDWB-RDEL2] ) *oUwW EXLIP
000WU=-B3DE(19)¢00NWA-RDE(20)¢0D0CWB=-BUE( 21 )eDDWNM ExLIP
TAUSL CAD) ~BOE(22)*DDWU-BDE(23) #0uW Exeip
OTAU==BDE(22)%000%U-BDE(2 ) oDD NN ExLLP
WPJsLCAD2-BDE(26)¢DODOWDB-BOE(25)¢DTAUCRDE(2I)*DWUCBDE(26) *un EXLIP
ExLIP
CALL RESULT (X) ExLIP
CALL PRINT (Xx) gxLip
RETURN ExtLtir
END ExtLiIp
SUBROUTINE OIFF (PL1,P2,P)3) ssoee |
2
COMMON OLTEMP )
COMMCN TEMP,EAEACNUA,NUAC,EB,5BC,NUB, NUQC.HI.NBQR.G".G]BQC‘.CO' 4
10A,UR HoCACB CAPCE JNUNUGGAMAGGAPR K(6I) o AISS) 4G T, 4T(ICI FNTOALFN )
2T08,ONELHI0) JLOADL s AMISO ) JLIAU2sENCOoT) o FNXA FNXBFMXA,FKB, FlLoFM [
IR gFNOAF DB ACTII) oKL IPELLICELPHIZ2D) oV(O)oALIL18) g WuoDOWN,00mWy28,04 7
;QODDHGOOUOUBONloDUlQUU'DNUoUUUU'UODIUof‘U'O"Uod’Johd‘oOI'linloD' ]
Uk 9
REAL NUA, NUAC ¢NUB oMUBC ¢ NUNU R, LOADL 4 LOAD2 10
BOE(L1O01)=AC(1)eERP(P]) 11
BO0E(1C2)s40DE(I0L) oL L) 12
GDE(103)=80L(102)0AC(1) 13
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GOE(104)=BDE(103)¢ACI(])

SO0E(111)=-AC(1)OEXP(=-P])
BOEI112)+=RDELLILL)*ACIL)
SOE(113)=-8DE(L12)0ACHIN)
SOE(L14)=-BDE(LL13)0AC(L)

BOE(L121)sEXPIP2)*(ACI2)0COSIPYIYI=ACIDIOSIN(PIY)
BOEL122)1:EXP(P2) 0 (AM(1)8COS(PI)-AM(2)0SINIPY))
BDE(L23)sEXP(P2)*(AM(3)8CIS(PIN~AM(G)OSIN(PI))
BDE(L124)EXP(P2)S(AM(5)0COS(PI)I~AM(BO)OSIN(PI))

BOE(13])=ZXP(P2)S(ACID)OCOS(PII+ALL2)0SINIP3)Y
BOE(132)=EXP (P2} (AU(2)0L0StPIDeANMILICSINIPI))
BOE(133)scXP(P2)O(AM(4)SCASIPI)eAM( 3)OSINIPI))
ODE(134)EXP(P2)*(AM{IS)SCOSIP3 ) eAM(>)OSINIPI))

BOE(L140)n-EXP{-P2)¢{ACI2)8COSIPII*ACIIIOSIN(PI))
BOE(1Q2)s¢EXP(=P210(AY(L)16CISIPIIeAMIR)®31NIPI))
BDE(L163)=-EXP(~P21C(AMI3)IOCOSIPI)eAV{A)OSNIPI})
SOE(L40)seEXP(-P2)O(ARIS)IOCUS(PII*AMIGISSINIPIY)

SOE(ISII=eEXP(-P2)S(AC(IICCOSIPII=~-ACI2)0SINIPY))
BDE(152)s=EXP(=~P2)0LAMI2)8COS(PII=LMILIOSINI3))
BOE(153)2¢EAP(~P2)0(AMIG)OCIS(PI)=aMIIIOSIN(PINY
BOEL1SQ)2+EXP (=PI (AN(6)SCIS(PS)-AM(S)IOSINIPIIY

BOE(161)°ACI2)0EXP(P2)
BOE(162)sAC(2)08DE(161)
BOE(163)sACI 219005 (162)
BOE(L64)sAC(2)¢RDE(16))

BOE(1T1)2-A0 (2100 XP(=P2)
BOE(1T72)=-A0(2)*POE(LT])
BOE(1T73)==-AC(2)¢RDEILT2)
BDEL174)>-AC(2)080E(17))

SDE(181)=-AC(L)eSINIPL)
BOE(L182)s-LAC (1) 0e2)eCOS(PL)
SOE(183)s(ACIL)e®))eSIN(P])
SOEL184)s{AC L 1)0e6)eCOSLPL)

BOE(121)sAC (N )eCOS(PL)

BOCI192)s-(ACLLI82)sSINLP))
BOE(193)=~{AC(1)®e3)eCIS(P])
BOE(194)2(AC L)oo )eSINIPL)

BOE(201)==AL(2)0SIN(P2)

BDE1202)==(AC (2)0¢2)¢C0S(P2)
SO0E(203)s{AC (21883 )08INLP2)
BOE (204 ={ACL2)004)0C0S(IP2)
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75

SDE(211)=AC(2)%COS(P2) T6
CDE(212)v=(AC(2)80¢2)8SIN(P2) 7
BOEC213)a=(AC(2)90))0CO0S(P2) 70
BOE(214)s(AC(2)004)eSIN(P2) ::
[}

BDE(221)s=AC ()1 SINIPY) 02
BDE(222)==(AC(3)002)8CO5(P)) 83
BDEC223)s(ACld)sed)oSINIPY) [T
BDE(224)=(AC(3)®e4)eCOS(PI) 1
86

. 87
GDE(231)=AC{3)*COSIPI) (1]
SDE (23212~ (AC(3)002) S IN(PI) (1)
SDE(233)s=(AC(3)ee))eCOSIPI) A 90
BDE(234)=(AC(3)s00}oSINII)) L 1
9?2

9

SOE(24]1)=AC(3)SEXP(PI) 9%
BOE(2642)sAC (3 )*ADE(261) L } ]
BOE(243)=ACI3)*ADEI242) %
BDE(244)aACI3)*BDE(24)) L
9%

999

BOE(251)s-AC(3)SEXP{~-P]] 100
BDE(252)=-AZ(3)eRDEL251) 101
S0E(253)e-AC(3)®00E(252) 102
8DE(254)=~AC(3)&BDE(25Y) 103
104

RETURN 105
END 106~
SUBROUTINE POLYR (N,COEFF,RO0TS,D) esees |
DIMENSION At(SL.3), [A(SLy3),y ROJITSI2,N)s O(L1), COEFFI(1) 2
INTEGCER DEGREE 3
OEGREE*N 4
NESOEGREE L s
®=10 'Y
MMAX=1S 7
DELTA=0, 0001 (]
EPSILON=O, 000001 L ]
D0 § Isl,N] 10
ALB G ISCIEFF(L 11
tatlot)ed 12
CALL SCALE (Atl,1)ylA(I,1)) 13
CONTINUE 16
CALL RSSR (A, 1AROOTS,OEGREE, Mo MMAX DELTALEPSILON, D) 15
1F (NL-(UEGREE®L)) 3,3,2 5 16
RETURN 17
PRINT & 189
RE TURN 19
20

FORMAT (21HOSOME ROOTS NOT FOUND) ) 21
EnND 22-
SUBROUTINE RSSR (A JA ROOTS,DEGREE,MyMMAX,DELTA,FPSILON, D) sseee |
OIMENSION A(S1¢3), [A(S)1,3), ROCTS(2,50)9 DIS1)y ROMCO(SO), MROMCO 2
36500, NONRT(50), MNONRT{5D) 3
INTEGER DEGREE 4
NoDEGREE 'y
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IF (M) 1,1,) ¢
1 DEGREE=NCUR L4
2 RETURN e
3 NlsNel d

N2=Nle} 10

00 5 lei N 11

ReN2-1 12

BF (AIK, 1)) 644,06 13
& SN~ 14

ROOTS(1,J)=0,0 15

ROOTS(2,J)90,0 16
§ CONTINUE 17

DEGREE0O 18

60 0 2 19
6 Ni=XK 20

Nek-1 21

MNCUR=N O a2

NL =N 23
7 CALL ROOTSQ (A,1A,NCUR,NM) 24

CALL REALRT (A, JAMoNCURJOELTALEPSILON,ROMOD,MROMOD, NONRT MNONRT (N 2%

1CO,R00TS) 26

BF (NCO) 12,1248 27
@ NIsNIURe| 28

CALL CONPRT (As1AROMIDIROOTS o My MNONRT , NONRT s MROMOD,NCO,OELTALEPSI 29

JLONGNCUR) 30

BF (NCUR) 12,12,9 3
9 EF (NL=NCUR) 1letl,el0 k ¥4
10 ML sNCUR 3

6d 107 34
11 K=ne} 3

BF (MMAX=-M) 1,7,7 36
22 CALL RECON (ROOTSoALL LD olA(Lo02)sDOEGREE) »

60 10 1 38

€N 39~

SUBROUTINE ROOTSQ (A,1ANCUR MN) sesee |

OINENSION A(S])e3)e [ALS1,43) RTSQ 2

MleNZURL RTSQ 3

DO 1 J={,NI] RTSQ o

Al 212A(J,1) RTSQ S

LTYPIYALIRIEIRE RTSQ &

AlIe3)=0,0 RTSQ 7

TAlJ,)3) 00 RT1SQ o
1 CONTINUE RYSQ 9

00 10 Hs)l ,mM RTSQ 10

00 7 Jel,N] RTSQ 11

Ki=Nl~J RTSQ 12

x2sJ-1 RTSQ 1}

RRsXMINOFIK] K2} RTSQ 16

BF (KM) 2,5,2 RTSQ 15
2 D0 5 L=1l,KkM RTSQ 1o

LR=XMODF (L, 2} RTSQ 17

MNeJ-L RTSI 1o

MAPsjey RYTSQ 1Y

BF (LR) 3,3,4 RTSQ 20
3 XsAl.) ,210A0JLP,2) R1S0Q 21

BXelAtIL 2)eA(ILPL2) RYTSQ 22

CALL SCALE (X,Ix) RTSQ 2)

CALL ADD (ACJo3) ol ALJI)) o XoIXoAlIe3)olAlJeI)) RTSQ 26

G0 Y0 5 RTSO 2>
@ RoA{JL2)10A(JILP,2) RTSQ 26
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IXsTALIL 2L ALJILP,2) RTSQ
CALL SCALE (Xx,1X) RTSQ
CALL SBTYRT (A1Jy3)01ALSe3)eXelXoAlIeI)elAlI0I)) RTSQ
CONTINUE RT1SQ
AlJe3122.00A14,)) RT50Q
CALL SCALE (A€Je3)el1ALI3N) RTSQ
X=AlJy2)002 c RTSQ
IXslA(J,2)¢1A(J,2) RTSQ
CALL SCALE (X,(X) RYSQ
CALL ADD (AGJI¢3) o LA{Je3) e XoIXsALSoD)o1ALI,I)) RTSQ
JReXMOOF { J,2? R1SQ
BF (JR) 6¢6,7 RTSQ
AlJ,3)e=Aldy]) RTSQ
CONTINUE RTSQ
IF (PM=M) 10,10,8 RTSQ
00 9 J=1,Nl RTSQ
AlJe2)=A1Jy)) RT1SQ
IACJ,2)=1AL 4. )) RTS0
A(J,3)%0.9 RTSO
IA(JS,3) 20 RTSQ
CONTINUE RTS0
CONTINUE . RT7SQ
RETURN RTSQ
END i RTSQ
SUBROUTINE REALRY (AoBA¢MNCUR,DELTA,EPSILON,ROMOD,MROMOD, NONRT, MNOs oo o
LONRTNCO,ROUTS) TIIY)
DIMENSIUN A(SL,3), [A(S143), ROOTS(2,50), ROMOD(50), MROMOU(50), NRLRT
LONRT(S50), MNONRT(S50), RATIO(S1), IPIV(SLl}, ARED(S0), LARED(50) RLAT
RATIO(L) =L, v RLRT
DO 6 l=2,NCUR RLRT
I1=XMCOF(1,2) RLRT
IF (AL143)) 241,2 RLRT
RATIO(1)20.,0 RLRT
GO T0 o RLRT
Tsa(l,2)8A01,2) RLRT
BVslatl,2)¢1A0},2) RLRT
CALL SCALE (T,IT) RLRT
TeT/Z801,)3) RLRY
ITelT-1A(1,)) RLRT
IF (17=2) 3,3,1 RLRT
IF (1T702) 146,46 RLRT
CALL UNSCALE (T,IT) RLRY
RATIO(L )T RLRT
IF (11) S5,5,6 RLRY
RATIO(I) s=RATIO(!) RLRT
CONTI%U: RLRT
RATISINZURSL)=1,0 RLRT
feivil) =1 RLRT
IPIVINCURS L) =) RLRT
DO 9 1=22,NCUR RLAT
X=ABSFIRATIJ(I1=-1.0) * RLRY
IF (X-DELTA) 7,8,9 RLRT
tPivit) =]l RLRT
60 10 9 RLRT
IPIVIL)=O RLRT
CONT(*UE RLRT
NCURIsNCUR® RLRT
110 RLRT
MULT=O RLRY
1o} RLRY
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12
13

14
15

16
17
18

19

20
21

22

23
24

2%
26

r 3

feel

I1=f1el

f2s110]

RULT=PULT®L

IF LIPtviL2)) 10,10,11
ROMOO(T&)nA([2,3)/7A01,3)
IROMOD=IA(8243)-LAL(T,3)

CALL SCALE (ROMOD(14),1ROMOD)
IF (ROMID(I4)) 12,13,13
ROMOD(14)=~RIMID( [ 4)

CALL DOURLOG (ROMOOD(14),IROMOD, XNy I XN)
Ta2e0pe|]

XN=sXN/T

CALL SCALE (XN IXN)

CALL OLEXP (XN,I XNyROMOD([4), IROMOD)
IF (IROMOD=76) 146,14,15

IF (JROMUD*T6) 15,195,116
ROMOD(14)50,.0

1ROMNOD=Y

60 T0 17

CALL UNSCALE (ROMODLI&),IRO™DD)
MROMID(IG)=MULT

IF (NCUReL=-[2) 19,19,18

=12

Jaxlael

MULT=0

{1=0

GO 10 10

Q=0.0

NCO=D

D0 28 1s1,1e

Ki=]ée]l-(

Wa=ROMODIKL )

§1S=sMIOMOOIKL)

00 26 Js1,I5

J=J

CALL TESY (A, lAsWsQoNCUR,ROMOD(KL ) oEPSTLON,X)

IF (K) 23,423,211
ROOTS(14NCUR) »v=w
ROQTS(2,1TUR)I =0, 0
ARED(1)=A(1,1)
IARED(L)=TA(L, 1)
00 22 L=2,NCUR
YSARED{L-1)eow
IV=LAREDI(L=1)
CALL SCALE (Y, lv)

CALL SBTRT (A(LoL)olAILs1)cY, LY, ARED(L), IARED(L))

AlLyY)sARED(L)
JAtL 1)1 ARED(L)
CONTINUE

60 10 25

IF (W) 24,27,27
| LEd ]

60 v0 20
NCURsNCUR-1
CONTINUE

G0 1V 28
NCO=NCOe}

NONRT (NCO) =L
RNONRTI{NCO) s 5¢L~J
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RLRY
RLRTY
RLATY
RLRT
RLRT
RLRT
RLRT
RLRY
RLRTY
RLAT
RLRT
RLRT
RLRT
RLAT
RLRY
KLAT
RLAY
RLRY
RLRT
RLRT
RLRT
RLRT
RLRT
RLRT
RLARY
RLRT
RLRY
RLRY
RLRT
RLRT
RLRTY
RLRT
RLRY
RLRT
RLRT
RLRT
RLAY
RLRY
RLRT
RLRT
RLRT
RLRT
RLRT
RLRT
RLRT
RLRT
RLRT
RLAT
RLRT
RLRT
RLRY
RLRTY
RLRTY
RLRT
RLRT
RLRT
RLRT
RLRY
RLRT
RLART

el
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28 CONTINUE RLRTY 97

RETURN RLRT 98
END RLRT 99-
SURROUTINE COMPRT (A JA,ROMODRIOTS ¢ MyMNONRT s NONRT ¢ MROMQCoNCO,DEL To8 000 |
TAEPSTILONNCUR] seese 2

OIMENSEIO ALS),3), 1AISL,3), ROMOD(SO), RONTSL2,500s SR(51,3), ISR 3
1(5143), SACMUD(SU)s SROOTSI2:57), PNONRF(50), NONRT(50), MSROMOD(S 4
20), NSONRT(49)y MSNORT(49), MRUMOD(SO0), UI(2)y R(2)y BI49) S

00 28 1=]1,NCO 6

JASNONRT (I} ?

11«MNONRT(T) [}

9

1lst)/2

1F (11) 121,42 10

1 (1s1 11
2 IF (ROMOD(JA)) 3,28,)3 12
3 Q=ROMOD( JA) 1)
00 27 Jal,ll 14
CALL SUBRES (A,1ANCUR,SR,ISR,Q) 15

IF (NCUR-4) 5,4,6 16

& NSCURs2 . 17
co0 70 7 18

S NSCURs] 19
J2s1 20

GO 10 8 21

& NSCUR=NCUR-3 22
T J2sNSCUR 23
8 LL*NSCUReL 24
1F (NSCUR-1) 9,9,11 25

9 IF (SR{LsL)) 10,112,410 26
10 X=2S3(1,%i 21
IX=ISRI1,1) 26
Ya$R(2,1) 29
1YsISR(2,1) 30
CALL UNSCALE (X,1X) 31
CALL UNSCALE (Y,1VY) 32
SROOTSCLs1)2-v/X 33
NSCUR=0 34

0 10 13 35

1 CALL ROOTSO (SR, ISR(NSCUR M) 3%
CALL REALRT (SReISR.MNSCUR,DELTAL,EPSILON:SROMOD,RSROMOO ,NSONRT,MS 37
INORT ¢ NSCO,5900TS) EY)
IF (J2-NSCUR) 12,12,41) 39

12 SROITS(1,J2102,0 40
13 SRONTS(1,42)sSROOTSIL,J2)SROMODIJA)D 'Y}
TsROROOD(JA) e RUMOOD( JA) 42

IF (SROOTS(1,42)=T) 16,21,21 43

14 WeSR00TS(1,42) 'Yy
WE=ROMOD( JA)SROMOD( JA) 'Y

. CAlL TEST (AylAgWyWE NCUR ROMODIJA)4EPSTILON,K) 46
IF IK) 20,29,15% a7

19 ROOTSC1,NCUR)*=072,0 48
Vo4, 00 NE 49
Usiow S0
Tot-v . s

IF (T) 16,16,17 : 82

16 Te-1 53
U=SQRT(T) %4
ROOTS (1,NCURI=ROOTS({) NCUR)=U/2,0 L1
ROOTS(14NCUR=L 2= (W=-U)/2,0 s6
ROOTS(2,NCURI =0, O 57
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= — g —— . . .=

17

19

20

21
22
23

24
25
26

27
28

ROJITS(2,NCUR=-])=0,0

GO0 70 18

Us=SQRTI(T)
ROOTS(2,NCURI=U/2,0
ROOTS(L,NCUR-L)sROOTS{1,NCUR)
ROOTS(2,NCUR=1)=2-ROOTS(2,NCUR)
Dil)ew

Dl2)=wE

CALL QUADIY (NCUR A LAyR:DoB)
JX=NCUR-1 .

DO 19 JYy=],Jx

AlJYe1)=BJY)

IA(JY,1)=0

CALL SCALE (A{JY L) lALIY, 1))
CONTINUE

NCUR=NCUR~-2

GO 70 27

We-W

CALL TESTY (A JA W WE NCURJROMODIJA) EPSILON,K)

IF (K) 21421415

IF (J2-UNSCUR+L)) 28,422,246
IF (J2-1) 26,28,2)
J2=J92-1

SROOTS(1+J2)20.0

GO 10 14

IF (SROJTS{1,J2)~-SRO0OTS(1,J2=1)) 253,26425

J2=J2-}
60 70 13
J2=J2-1
GO 10 21
CONTINUE
CONTINUE
RE TURN
END

SUBROUTINE TEST (AglA WeQoNsRORUD,EPSTILON,K)
(st3), vt 2),

DIMENSION A(51+3) TA(S143), B(3),
8(11=0,0

1Xx=0

IW=0

i18(l)=0

8(21=4(1,1)

18(2)=1A(12,1)}

00 2 Isl,N

X=Wep (2)

Ix=1812)

CALL SCALE (X,1IX)

v=Qen(l) )
Ey=intl)

CALL SCALE (Y.1Y)

CALL ADD (XoIXoYolYeloi2)

CALL SBTRT (Atlel,l)olAlled 1),2,12,B83),18(3))

IF IN=1}) 2,241
eil)=p(2)
18tl)=100¢ 2)
8l2)1=R()3}
18(2)=1R())
CONTINUE

KOUNT=]
CEPSIL=EPSILON
T(1)=0,03712)=0,0
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€c2), CtS1)

00000
TES!
TEST
TEST
YEST
TEST
TEST
TESTY
TESY
TEST
TEST
VEST
TEST
TESTY
TESY
TEST
TESY
TEST
TEST
TESTY
TESY
VEST
TEST
TEST
TEST
TEST



w &

[l
[ -X X K

13
1)
15

16
17

21
22

23
a4

|"-|

NleNe )

Re2,COEPSILON
YeXoROMNOD

Et1)oRONCDOY
R(21=R0ON00CEPSIL *RONMOD
00 6 I=s}i M)

18 (A(D 1)) 3,4,0
Cilim=A(i, l)slColALl))
60 10 9

Cilrsati ldniCotall )
CALL UNSCALE (CtI),IC)
TelIeR L I0E(L1)eCH L)
TE2)eT(200E(20¢CH 1)
CONTINULE

DIFsTI1)-T12)

IF (0) 18,7,10

IF (RE3)) 8,99
8(3)e-8(3)

IF (18¢03)-74) 10,10,12
IF (IRE3)eT4) 12,11.110
CALL UNSCALE (B()),181)3))
IF (DIF-81(3)) 12,12,17
k=0

IF IKOUNT=2) 13,160,160
IF 13) 19,14,15

IF tw) 19,16.16

SENSE LIGHT 2
KOUNT=KOUNT ]

RE TURN

Re}

c0 10 te

IF (1812)=-T6) 19,19,12
IF (18t12)eTe) 12,20,20
CALL UNSCALZ (B12).08(2))
IF (18(3)-74) 21:21,12
IF LIRC3DeTa) 12,22,22
CALL UNSCALE (B8¢(Y),1013))
XeQeB(2)08(2)
Yeueg(2)e8i3)

2581 V100 ¢))

YeXxevel

1P 1Y) 23,1724

Yooy

DIFeOlFeDtF

1F (DIF=Y) 12,172,117
ENO

SUBROUTINE SUBRES (A lA)NoSR,ISR,ROXO0D)
OIRENSION AlSLs3)e LA(S14D)e SRISLeI),

NleNo}

Vel.0

00 | leoloN

JoNl-I

TaT020100
CltIieat I )t
1Celatd,l)

CALL UNSCALE (CIJ),1C)
CONTINUE

CINL)sAINL, 1)
fCelainl, 1)

CALL UNSCALE (CIN1D,IC)

1SA(51.3)y CUSL)e RISOe3)
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TEST
TEST
TESY
TEST
TESY
Te8T
TeE. v
TESY
TEST
TESY
TeEst
TEST
TEST
TEST
TEST
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TEST
TESY
TEST
TEST
TEST
TEST
TESTY
VEST
TEST
TEST
TEST
TESTY
TESTY
TEST
TESY
TEST
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TEST
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TEST
TEST
TEST
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TESTY
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IF (4=2) 17,117,2

2 N2#N-2
DO 3 I=l,N2
8tl,1)=3,0
68¢1,2)=0,0

3 CONTINUC
iI=2
8(1,2)=C (1)

& BlLl,3)=CtI)-BILl,1)
00 9 J=2,N2
BlJ3)==-B(J-1,2)-R1J,])

S CONTINUE
IF (N-13+1)) 84606

6 I=le)

DO T Js1, N2
BlJIel1)=8(J,2)

v BlJe2)=8L1d)))

T CONTINUE
GO 10 &

8 IF (N-4) 19,9,1)

9 IF (N-(2¢])) 12,110,410

10 l=le)

D0 11 J=1,2
BlJeli=B(J,2)
BlJe2)28(J,))

11 CONTINUC
GO Y0 &

12 8(3,3)==-R1(2,2)
SR(3,1)==C(5)¢8(1,3)
ISR13,1)=0
SR{2,1)=8B(2,))

ISRE2,1)=0

SR(1,10=2813,3)

ISR(1,1)=0

CALL SCALE (SR{1,1),1SR(1,1))
CALL SCALE (SRI2,01),183(2+2 )
CALL SCALE (SR, 11,15R{3,1))
GO 10 1o

13 SRIN2,1)=CINI-B(]1,3)
ISRIN2,1)=0
SRIN2-1o1)=s=CINL)-B8(2,))
ISRIN2-1,1)20
CALL SCALE (SRIN2,1),ISRIN2,1))

LCALL SCALE (SRIN2-1y1)olSRIN2=1,41))
IF (N2-2) 1b6,106,10

14 DO 1% J=3,N2
Keti2et-J
SR(Kel)=-8(Jy3)

ISRIK,1)=0
CALL SCALE (SRIK,1),ISRIK,2))

195 CONTINUE

16 RETURN

17 SRil.11CH))

ISR(1,1)=0
SRiE2,1)s=-Ct2)
ISR(2,1)=0

18 CALL SCALE {(SRIL,1),1ISR(1,1%)
CALL SCALE (SRI2,1),I8R(2,1))
60 V0 1o

19 SR(1,1)e=C(4)
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o O

[ 3]

SRI24,1)eCU3)=ClL)
1%R11,1)0

ISR(2,1)0

60 70 10

L {1)]

SUBROUTINE RECON (ROOTS, A 1A,D0N)
DIMENSION ROOTS(2,50), O(S))
LYY

IXsta

CALL UNSCALE (X,IX)

00 1 Jel,N

0(8)=0,0

CONTINUE

OiNel)e],0

fe]

NLeN-1

IF (ROOTSI2:,1)) 3,7,3
T=ROOTS(L . 1)eROOTS(L, 1)
UesROOTS(2,1)8R00TS(2,1)
YaTeu

Us2,00R00TSIL, 1)

00 5 JeloNL

IF t10J-4) 35,4,8
OlJIVoD(Je2)eToDl )
DlJ)eD(II=yeD(Je})
CONTINUE

DIN)=TOD(N)
DINI=2D(N)-YsDING L)
DiNel)aToDINGL)

Isle2

1F (N=1) 10,2,2

D0 9 Js],N

1F tJel=-N} 9,9,8
0lJI=DIJoL)=01JI)oRONTS(L, 1)
CONTINUE
DINoL)o=D(NeL)®ROOTSIL,1)
jafel}

GO 70 o

NSshie}

00 1l [l=1l,NS
Otil)=Ollldon

CONTINUE

RETURN

END

SURROUTINE QUADIYV (YN,A,14,R,D,8)

OIMESION A1S1:3), 1AISL,3Y, R(2), VI2),

Bll)ea(l )}
10s=ia(t, 1)

CALL UNSCALE (B(1),108)
IF IN=2) 644,]
Ad=A{2,1)

fAAsLA(2,1}

CALL UNSCALE (AA,IAA)
Bl2)eaa-R{1)e0I1)

1F (N=3) &,4,2

NTeN=]

00 3 t=3,:T
ENsAf{L-1)eDt1)
YHeB(l-2V0012)
AdeAt( ], 1)
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[ R 4

FAA=lLA(l, L) 17
CALL UNSCALE (AA,lAM) 10
Bll)sAA-(XNIYN) 19
CONTINUE 20
XNsB(N-1)eD(L) 3
YNsBIN=2)¢D(2) 22
AASA(N, L) 23
JAA= (AN, L) 26
CALL UNSCALE (AA,1AA) 2%
REL)sAA=-(XNOYN) 26
AAesA(NeL, 1} 27
JaA=(A('el,1) 20
CALL UNSCALE (AA 1AM} 29
R(2V=AA-B(N-L)®D(2) 30
RETURN 31
END 32-
SUBROUTINE DOUBLOG (XeiKeYelY) sooee |
T264,0 2
IF (X)) 142,) k
PRINT S 4
¥s0.0 )
1¥«0 [y
GO 10 & ?
T0=(X [ ]
YaALOGIK)¢TUSALONITY 0
jve0 10
CALL SCALE (Y,IYv) 11
RETUAN 12

1
FORMAT (&6HOTHE LDG OF A NON-POSITIVE NUMBER IS REQUESTED) 16
tND . ‘,.
SUBRCUTINE DLEXP (X, IXe2,1L) ss00e |
2=EXP(X) 2
12=0 3
IF (IX) 1,8,6 [ )
fa-tx s
tlebet [
00 & J=],I! 7
RKaXMODF(1242) s
IF (K) 24342 9
Iiel2-1 10
"“.o.l .‘
2=t 272 12
2=SQRT(Z) 13
CALL SCALE (2,12) 14
CONTINUE 19
RETURN 16
febelx A7
00 T Jel,l 10
Lel9l 19
I2sllell ¥ 20
CALL SCALE (2,182) 21
CONTINVE 22
60 10 § IS}
CALL SCALE (2,10) 26
GO 70 S 2%
END 20~
SUBROUTINE ADD (XeIX,VelVY,2,12) osose |
1F (X)) 3,1,) 2
Loy 3

79




B s b e i et e

T

- TR g e g —— g

SN

10
11

12
13

SPWN -

[ ]

- g
-0e ® <9

1l=(lv

RETURN

IF (Y) 9,4,5

=X

12=1x

60 Y0 2

101FFaix-LY

IF CIOIFF) 69147
lAs]lY

8=X :
IDIFF==10D1FF

60 10 ¢ .
JA=lx

A=X

8syY

IF (16={DIFF) 9,9,10
1=A

1Z=]A

60 70 2

1F (IDIFF) 11,13,11
00 12 (s1,I0IFF
8=0/64,0

CONTINUC

cCONTINUE

2sAeB

I2=14A

CALL SCALE (2,12}

GO Tu 2

END

SUBRCUTINE SBTRT (XolXeY,IVY,2,12)
Ws-Y

CALL ADD (X, IXeW,olYolZ,il)
RETURN

EnO

SUBROUTIME SCALE (XelX)
IECO"I.OIGQ.O

BF (x) 1,11,2

VYe-X

GO 10 3

YsX

'F ‘6‘.0-', 6-505
Ya¥/64,0

IX={xe1l

Go 10 )

IF (Y-RECO4) 6,7,7
YaV¥ob4,0

IX=§x-1

o 10 S

§F (X) B8,9,9

Xs=Y

GO Y0 10

£ 4

RETUN

i1X=s0

G0 10 1V

€80

SUBROUTIME UNSCALE (X,Ix)
IF (IXeR&) |,2,2
X=0.,0
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N

- & v

IX=0

60 70 o

IF (IX=-84) 4,4,3
R=1,0E¢15)3
1X=Q

PRINT 7

€0 N0 ¢

IF (IX) 3,6,9%
ReXoob 000t X
1Xed

RETURN

FORMAT (25HOEXP, OVERFLOW IN UNSCALE)

€NO

SUBROUTINE CHECKL (VyACPPLPP2,PP)Y)
OINEXMSION via)e AC(Y)

Yil)s¥il)eEXPLPPL)

Vi2)2V(218ERP(=-OPL)

AVIEXP(PP2 o (VI IISCOS(PPIIsvILIOSTINIPPY)D
AVAsEXP(PP2)O (VI &)OCISIPPI)=V(I)eSINIPPY))
AVSSEXPL=-PP2)o(V(S5)eCOS(PPI)Iev(LIeSINIPOPY))
AVOsEAP(-PP2)s(V(0)eCOSIPPII-V ()OS IN(PP]I))
V(3)sAy)

Via)=AVS

viS)=AvS

vid)=AVS

RETURN

ENnD

SUBRCUTINE CHECK2 (V,AC,PPL,PP2,PP))
DIZENSION VI6)e ACHY)
AVIsVILISCOS(PPL)evI2)oSINIPPL)
AY2s=VILIOSINIPPLYIOV(2)0COS(PPL)

Vill=aAvl

Vi2)=av2
AVISEXPLPP2)O(VIV)ISCOSIPPIIovi&)OSINIPPI))
AVASEXP(PP21o(VI&ISCOSIPPI)=VIIIeSINIPPY))
AVISEXP(-PP2)o(V(5)eCOSIPPIIOVIS)OSINIPO))
AVOSEXP(-PP2)O(V(6)eCOSIPPII-VIS)IOSIN(PP]I)
Vi3)savy

Via)sAve

Vi3)=avs

Vib)=Ave

RETUAN

ENO

SUBROUTIME CHECKS (V,ACPPL,PP2,PP3)
OINCUSION Vis),y ACHY)
Vildsvit)IeEap(PP])
VI2)=V(2)10EXP(~PPL)
AVISVII)SCOSIPP2IeVIG)IOSINIPP2)
AVAs=Y(3]IOSINIPP2)ev(4)eCOSIPP2)
AVSaVIS)IeCOSIPPI)evio)eSIN(PPY)
AVEs-V(5)oSINIPPI)evIL)IC®COSIPPI)
Vi3)=av]}

vis)=ave

vis)=avH

Vis)save

RETURN

END

SUBROUTINE CMECKS (V,AC,PPL,PP2,PP))

81

17-
so0se |
CHECK 2
CHECK 3
CHECK &
CHECK S
CHECK o
CHECK 7
CHECK &
CHECX 9
CHECKX]10
CHECK1IL
CHECKL2
CHECK])
CHECK L&
CHECK]S
essoe |

PONORNIPWN

10

12
13
14

16~
ssese |
CHKS
CHKR G
CHK4
CHK S
CHK S
CHK &
CHKS
CHR &
CHRA 10
CHKS 11
CHKS 12
CHKS 13
CHKS L&~
[YYXI I

CEwOCVIEWUN



OIMENSION Vied, ACIY) CHKS 2
Vilisvil)eERP (PP ) CKKS 3
Vi2)ovi2)oERP(-PP)) CHKS &
VI eVID)ISEXP(IPPQ) CHRS 9
VIA)oV{QI0ERPI-PR¢) . CHKS &
AVSaV(IS1OCOSIPPY ) evVIB)IOSINIPPY) CHKS 7
AVOe-V(3)OSINIPPYIevVI6)0LO0S(PP)Y) CHKS &
v(3)eavs CHKS 9
Vie)eave CHKS 10
RETURN CHKS 11
N0 CHES 12-
SUBROUTIE RICF (ROOT,AC,KLIPY secee |
OIMENSION 1CO16), LiMie), IRELS) RICF 2
OIMENSION ROUTI2,6), ACIH!? RICF
COMMON /KLP/ 21CYL o 1C241CY, ICO,ICS,1CO,IMUL,IM2, N3, (M&, INS,IM6,IRL,IRIZF &
IR2,IRI 146, LIRS, iRS RICF S
EQUIVALENCE (LCRLICOCNI D, EIMLo0IMELD), LIRLLIRECLD) RICF  oF
WRITE (9,29) RICF 1w
MRITE (9,21) ((ROOT(1,d)olaby2)4d01,00 RICF 8w
00 | Jslob RICF 9
1C0(J)=0 RICF 10
1IntI1e0 RICF 11
IRECI) =0 RICF 12
1 CONTINUE RICF 1)
IRe) RICF L&
1C=0 RICF 15
11=0 RICF 1o
00 S Jel,6 RICF 17
IF (ABSIHOOT(LeJ))elTols€E=-12) ROIT(L1,J)=C.0 RIZF 14
IF (ARSIKOOT(2,J))elTale€-12) RIITI2,J150,D RICF 19
IF (RCO0T(2,J1.€6Q4042) GO TO & RICF 20
IF (ROOT(1,040) 24342 RICF 21
2 1CeI1Ce] RICF 22
1C0L1CYI=Y : RICF 23
€0 10 S RICF 24
3 L. .alle} RICF 25
Lintit) ey RICF 26
€0 10 95 RICF 27
A IR=IRe] RICF 28
IRECIR) =Y RICF 29
$ CONTINUE RICF 30
WRITE (9,22) IR, 1L,IC RICF 3w
t1F (IR.EC.2,AND. IC.EQ.4) GO TO & RICF 3¢
. ‘IF (UR.EQe2.ANU. IM EUs®) GO TO 7 RICF 33
IP (IM.EQ.6) GO YO 9 RICF )&
IF (IP.EQ.2.AND, IC.EQ. %) GO TO 16 RIZF 3%
BF (IR EG. 4, ANDe TM EWL2) GO 10 L7 RICF 30
IF (IR.EQ.8) LO TO 19 RICF 37
€0 10 19 RICF )
RICF )9
RILF 40
& KLIPe) RICF &1
RICF &2
ACI1)=ABSIROITIL, 1)) RICK &3
ACI2)*ARS(RGITIL,ICL)) AILF &
ACIV)«ABSIRIAT(2,1CL)) RICF &5
RETUIN - RILF &b
T KLIPe2 RICF &7
RICF o8
ACLLI®ABSIROITVIL IRL) D RICF &y
'
‘i
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T,

10

11
12

13
14

15

16

17

18
19

29
21
22

ACL2)=ABSIROOT(2,1INM1))

IF (ACUL2).NCLABS(ROITI2,1M2))) GO TO B
ACLI)=ARSIRCOT(2,1IM3))

RETURN

AC(3)=ABSIROOT(2,1IM2})

RETURN

KLip=3
AC(1)=ABS(ROOT(2,IM1))

IF (ABS(ROOT(2,I1ML}),NE.,ABSIROOT(2,EM2))) GO TO 10
AC(2)=ARS(ROOT(2,1M3})

RICF 30
RICF 51
RICF 52
RICF 53
RICF 54
RICF 55
RICF S&
RICF 57
RICF 58
RICF 59
RICF 60
RICF o1

IF (ABS(ROOT(241Ma))eNEoACil)e ANDeABSIROOT (29 IM&) ) NELACI2)) GO TORIZF 62

1R12 .

CO Y0 1¢

ACI2)sARSIRIOT(2,1IM2))

IF (ADS(ROOTI2,1M3)),EQ.ACLL)}) GO TO 11
IF (ADS(ROOT(2,IM3))1.EQ.ACL2)) GO TO 13
ACU3)=ADS{RULOTI2,1IM3))

RETURN

1F (ACSIROOT{2,1M&)),EQ.ACLI2)) G2 TO 14
ACI31=A8SIRUOT(2,1Me))

RETURN

IF (APS{RODT(2,IM&)) NE.ACIL)) GO TO 1S
AC(3)=aBS(RIITL2,1IM5))

RETURN

AC(3)=ABSIRI0OT(2,1IM4)])

RETURN

KLIP=4

AC(L1)sABSIRONT(2,1M1))
AC(2)=ABSIRVUTIL,ICL))
AC(3)=ABS(RLOT(2,41C1))
RE TURN

KLIP=S

AC(L)=ARS{ROCT(L,1IRY))
AC(3)=ABS(RUDT(2,1M2))

§F (ABS{ROQTUL,IR2)),EQ.ACIL)) GO 1O 18
AC(2)=ABS{RO0OT(L14IR2)}

RE TURN

AC(2)=ABS(RCOTIL,IRI))

KLIP:1T76

RETUIN

FORMAT (10X,10H RQOTS )

FORVAT (1X,E12.,5412%X,E12,.5)

FORMAT (10X o3N[R=[&,3XyINI{a]a,3X,IHICm]4/)
END

SUBROUTINE FINGLE (EN,V)

ODIMENSION FENI(3,3), VP(3)

OIVENSIOY DEFE3e3)s ENLO, ), VIO), DUDULGL), CU3,1)
00 1 Is1,)

00 1 J=1,)

OENLT4J) 20,0

CONTINUE

00 2 I+1,)

83

RICF &)
RICF 64
RICF 65
RICF b0
RICLF o7
RICF &8
RICF 69
RICF 0
RICF T
RICF T2
RICF 73
RICF 7«
RICF 715
RICF 76
RICF 71
RICF 78
RICF 79
RICF 80
RICF 8)
RICF 82
RICF 83
RICF 8¢
RICF &>
RICF 8o
RICF 87
RICF &8
RICF 89
RICF 90
RICF 91
RICF 92
RICF 93
RICF 94
RICF 9%
RICF 96
RICF 97
RICF 98
RICF 9v

RICFL0G-
esesse |
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]

ODEN(To1)=EN(L1e3,1)

DEN(1,2)=ENI[¢),3)

OEN( T3 )=ENITe3,4)

CllsL)eEN(L¢3,7)

CONTINUVE

WRITE (9,9) ((DENIL, I ed=1e3)¢l=1,))

CALL LEQ (DENyCo3y914s3,3,DET)

Vil)eCll,yl)

Vid)sCl2,1}

Via)=Ci3, 1)

WRITE (9,10) VIL1),V(3),VI&)

00O 3 is},)

00 3 J=1,)

FEN(1,J)20,0

CONTINUE

00 & (s},) :

PENILT,L)=ENLIT,2)

FEN(DT42)=ENLT L S)

FENC(T3)=ENLLE,LO)

CONTINUE

ClL oSN o TI=CENtLoLISVILI-ENIL3)ISVII)I-FEN(1,4)0V(4}
CU24L)OEMI24TI=ENI2,L)OVILI=EN(2+3)OV(I)-ENL2,0)0V (&)
CU3 U I=ENIY, 7)=ENI3, L)oVIL)-ENII, 3)eV(3)=-EN(3,4)0V{e)
WRTITE (9:¢9) (UFEN(LJ)oJd21e3)elal,y))

MRITE (946) CUlLlo1D),CH2,1),4CU301)

CALL LEQ (FEN,Co3o1,3,3,0ET)

Vi2)sCtl.1)

VviS)=Ct(2,1)

Vi6Is=sC(d,1)

MRITE (9,11) VI2),VI5),VIb)

00 5 I=1,6
ODUDULTI=ENIL o 1)OVIL)¢ENTT 2)0VI2)4ENCTIIOVIIICENITAIOVISIGENLTLS

JISVISICEN(L o0 dOVIO)I-ENII,T)

CONTINUE
MRITE (9,73 (LDUOULT) o 1=],8)

RETURN

& FORMAY (1X,25H FOR THE FEN MATRIX 710X THC( 1o 1)=2EL2.5,5X, THCI

?
]
9
10
11

120102€12.5¢5K,THC (3, 1)2E12,5/)

FORMAT (1X,36H SOLUTICN CHECK BY SUBSTITUTIIN IS /(6E12.5))
FORMAT (1Xo2uM FEN(I,J) BY ROWS [S/(3€S15.7))

FORMAT (1Xx,2CH DENIL,J) BY R04S IS/(3ELS5.7))

FORMAT (1Xo5HV(1)3E12:5,2Xs5HV(V)aE12.5,2X,5HV4)=EL2,9)
FORMAT CIXySHYI2)2EL2.502X95HVID)2E12.5,2Xy5HV(6)8EL2.5)
END

SUBRIUTINE LEQ (A,ByNEQS NSIUNSeIA,ID.DET)

LINEAR ECUATIONS SILUTTONS FORTRAN [ VERSION

SOLVE A SYSTEM OF LINFAR EQUATIINS OF THE FORM AX=8 8Y A MOOIFILED
GAUSS ELIMINATION SCHEME

NEQS s NUMBER OF EQUATIONS AND UNKNOWNS

NSOLMS = NUMRBER OF VECTUR SOLUTIINS OESIED

IA = NUMBER OF RO4S OF A AS DSFI(%ED BY DIMENSION STATEMENT ENTRY
§8 = NUFMBRER OF RNaS JF B AS OFFINEU BY DIMENSION STATEMENT ENTRY
ADET = DETERMINANT OF A, AFTER SXIT FROM LEQ

DIMENSION AllA,lA), B(1B,(108)

NSIZsrEQS

NBSIZaNSLLNS

NORMALIZE E£ACH ROW BY ITS LARGEST ELEMENT. FORM PARTIAL OETERNT

84
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0ET=1.0
00 & 1=l ,NST2
831G AL, 1)
§F (NSIZ-1) LT,17,1
1 00 3 J=2,NS1Z
IF (ARSF(BIGC)-ABSFIA(L,J))) 2,3,3
2 B8iG=ALT,J)
3 CONTINUE
86=1.0/816
DO & Jesl NSIZ
& AlL,J)=AL],J)°8G
DO % Js) NARSILZ
S 8(l,J)=8(1,J)°80
DET=DETOA{G
& CONTINUE
STARY SYSTEM REDUCTION
NUMSYSsNSTZ-1
00 16 Is] ,NUMSYS
SCAM FIRST COLUMN OF CURRENT SYSTEM FOR LARGEST ELEMENT
CALL THE ROw CONTAINIMG THIS ELEMENT, ROW NBGRW
NN=jo)
SI1G=A(1,1)
MAGA WS [
D0 8 JeNN,NSIZ
IF LARSF(BIG)I=-ABSF{ALJ,I))) 7,06,8
T 8IGsAlJ,])
8GR wa )
8 CONTINUE
0G=1,0/816
SHAP ROW | wiTH ROW NBGRW UANLESS I=sNBGRW
IF (NBGRa=1) w12,
SWAP A-MATRIX ROWS
900 10 Jol NSIZ
TEMPsAINBSRu, J)
AINBGAN, JI=A (L o4}
10 Al1,J)=1cmp
DET=-DET
SWAP B-MATRIX RCWS
DO 11 Jsi,NBSIZ
TEPP=R{"INGRW, J)
BINBGRN,JIsB(LJ)
11 Al Jd)aTEMP
ELIMINAT: UNKNOWNS FROM FIRST COLUMN OF CURRENT SYSTEM
12 00 15 x=uN,nSIZ
‘COMPUTE PIVLTAL MULTIPLIER
PHULTs=A(K, () *080G
APPLY PMULT Tu ALL CCLUMNS OF THE CURRENT A-MATRIX ROW
0O 1) Js'honNSI2
13 AR Q) ePMULTe Sl 4 J)eAlKyJ)
APPLY PMULT TO ALL COLUMNS OF MATRIX 8
00 16 Lel,NDSIZ
14 BUiKL)IoPHULTOBITL)e8(K,L)
15 CONTINUE
16 CONTINUE
00 BACK SUBSTITUTION
NITN R=MATRIX COLUMN = NCOLB
17 DO 22 NIGLB=1,N051L
00 FOR AOW = NAROMW
00 21 Is1,NSIZ
NROW=NSIZ2e)-1

85



16

TENP0.0

NURRER OF PREVIOUSLY COMPUTED UNKNOWNS = NXS n
NASsNSTL-NROW 78
ARE WE OJING THE BOTTOM ROW 19

tF (uxs) 18420410 80

NO [ 3

10 00 19 kel NKS 82
KKeNST2eLl-K [ } ]

19 YEH'-!ES?.RCKK.NCOLI!OAQNRON.KKi [ L}
20 l(Nlov.NCOL.l-(b(wlou.NCOLn|-!ENPlIA1Nﬂ0u.NROul [ }]
MAVE WE FINISHED ALL ROWS FOR B-MATRIX COLUMN = NCOLS [ 19

21 CONTINUE [}
YES 1 1)
MAVE wE JUST FINJSHED WITH B=-RATRIX COLUMN NCOLBeNSIE 9

22 CONTINUE 90
YES L 1
NOM FINISH COMPUTING THE DETERMINANT 92

00 2) sl nSHL L 2]

23 OEI-OE'Oltlali ( 1)
WE ARE ALL DONE NOW L )
WHCMe oo 9%
RETURN 97
END 90~
SUBRQUT T NE PRINT (X) sse0s |
COMMIN DLTEMP PRINT 2
COMMON r{nr.tl.flc.ﬂul.wumc.tu.iic.nul.ﬂunc.ul n;.l.ﬂil.ﬁil.il.tr.riiul 3
lnl.nn.u.:tch.tlrtn.wuﬂu.ulnl.ulnh.uttnl.ntsai.nlli.nrtxul.rwtut.runiquf .
IIﬂl.luilﬁual.Lalnl.lnliuj.Latu?.tulb.rl.Fu:u.Fuln.fnui.rnlu.Fu:.fnrulﬂl 5
ll.ruul.iual.tttll.uttl.:LL.u!LPnl:um.vlai.lL|lll.uu.utu.nJ.u.-i.u-luawr °
‘l.ﬂﬂ'l.uﬂﬂﬂl|il|ﬂﬂltllhIJiUrll.-iDHU-ﬂDﬂlUlTlu-ﬂllUl"JlIlliD-ﬂ‘luIU‘ID‘"IET '
SUA PAINT B
CORMON JSHEAR/ 0A.Q8,F0 ERINT 9
REAL Nuu.uunc.\un.WIac.NUNU.K-LOADl.LOAoz PRINTLO
WRITE (9:4) lv“‘v"bofllo“o'é"' PRINTLILN
WRITE (9,2) xLIP PRINTLZA
WRITE (9,%) WH e MWA PRINTL IV
WRITE (9,6) Wd,nd PRINTLOW
MRITE (9, 7) WUNUA PRINTISA
WRITE (9,8) TAU,wPJ PRINTIOW
MRETE (9,9) FNXA,FHKB,FHNXA, FNXD PRINTL I
WRITE (9,10) FNX FML PRINTIEW
MRITE (9,3} FHOA FNJB PRINTLIOW
PRINT20
MRITE (9.1) QA,Qn,FQ PRINT214
RETURN PRINT22
PRINT2)D

PRICT 24

1 FOAMAY (lloJﬁGA-ElZ.Sullo!NCG-Ell.S.ZloSHOlAR-Ell.$I) PRINTZ2S
2 FORMAY (12,294 xLIPe 1Y) PRINTZO
3 FORMAT l2!-bﬂfﬂﬂllll!.iq?I-EHFhii-!li.ii PRINT2?
& FORMAT Illo?ﬂlifﬁ.t.iHHllF‘.I.JlliﬁﬂllFﬂ-liIliiﬂiLLIF?-I'II'IHIlFlFII1TIJ
I.I.II.!ﬂrlﬂ!-t!.lr: PAINT2Y

8 FOMMAT l::.sh-taI-llz.i.!l.!ﬂutll-llz.mr: PRINTIO
& FOAamAT Ill|lHH!FIlHIl!lliiu?l-lhllllli!-fl!.ill PRINTYI
7 FORMAT lal.mnullt-Ell.i.ll.inulnl-!l!.ifa PRENTDZ
B FORMAT t::.sHTlu-il:.i.zl.!rﬂtJ}-tlz.sfr PRINTIS
9 FOAMAT lIlnhHNlllllEII.i-Il.bHNllI!lEIJ-i-lI.Iﬂﬂllli'i11¢5¢Ilqlﬂﬂlillﬁlii
LIBN=END.5/) PRINTYS
40 FORRAT ltl.ﬁﬂunl!-llt.!.:u.&nnnll-lll.il PRINTIE
END PRINTAT-
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SUBRCUTINE RSLT (X)
COMMGN DLTEMP

COMMON TEMP,EA4EAC NUAZNUAC,EB, SBCoNUB NURC,HA,HR R, GIA, GBS, CALCB,RSLT
10A, 0B ¢HoCACR,CAPCA IUNU GAMALGAMBKIAI) ¢ AUSS o GUT)oRTCID)FITOA,FNRSLTY
2TOR,ACE(6II) o LOADLyAMISI) JLUAD2+ENIOs T o FUNXAGENXRFI XAy FMRu, FUuX FIRHLT
IXeFHOA G F NIDGACIV) o KLIPLELL yOCLPHIZ20 ) oVIL) g AL L1 B) ¢WW DWW Caw o wB,,DwRSLT
4B, 00NR OUOWH e WAL UWA WU, ONU, ULUWUD0DWU s TAU DT AU ¢ WP Iy delAg UnwAy dUA, LR SLT

Sua
COMMON /SHEAR/ QA,QR,FQ

REAL NUAZNUAC 4NUB  NUBC 4NUNU oKy LOCADL,,LOAD2

WWASHNONT (D)

DWwAsOWW

WUAsWUS® (HA/2, )OWAS (HR/2, ) *WA
OWUAZDWUS (HA/2,) 0)WAS (HD/ 2. 1 8D WYH

FNXATCASDWUA® (CASHUA/R) O (WWA)=BT(S)/{1.-NUA)AT(21)
FNXO=CHODAUS (COSNUR/RIS (W) =BT o)/ (Le-NUB)*HT22)

FNX=FNXA¢FNXH
FMXA=DASOWAA=2T(12)/(La=NUA) BT (IN)
FMXR=0BONWA=BT(13)/(1s-0J) 3T {L19)
FMXFPXASFMXNG (HA/2, ¢HA/2,)8FNXA
QA=(MA/12, )¢ TAUsGAMAS (WA DWR)

QO (viIN/12, )10 TAUSLAMNYS (W eDW W)
FQ=QA+(CH

RETURN

END

SURRCUTINE CING) (EN,V)

DIMENSI JHN DUMMY(6)

DIMENSTION EN(beT) s RENLL.O)s ClOs1)y VIG)

DO 1 l'lvb
00 1 J=1,b
REN(LyJ)=ENIL o J)
Cltlotdmin(l, 1
1 CONTINUE
CALL LEQ (REN Cobslyb,06,02T)
D0 2 I=1,8
vl =Cctt, 1)
2 CONTINUS
00 ¥ I=1,6

ss0ece
RSLY

RSLY
RSLTY
RSLT
RSLT 11
RSLY 12
RSLT 13
RSLT 14
RSLTY 15
RSLT 1o
RSLT 17
RSLY 14
RSLT 19
RSLY 20
RSLT 21
RSLY 22
RSLT 23
RSLT 24
RSLT 2%-
eso0s |
8NGO 2
BMNGO 3
BNGDY 4
ANGO S

[

1]

8

9

-
OLE VOV & wiNoe

8NGO
84G)
8GO
8NGO
8NGO 10
BNGO 11
8NGO 12
8NGO 1)

OUMMY (LD 2N T o) SCUL o I OENTTo200C 2,1 00ZNUT o IIOCIY, LD0ENCT,400C14,AIGD 14

LIS T oS0l ) e illon)eCiby L)=ENIL,T)
3 CONTINUL

WRITE (9,4)

URI".IU.S' (OUMPY (1), l21,6)

RETURN

& FORMAT (40H SOLUTIOM CHECK BY SURSTITUTION

BNGO 1S
BNGY 16
BNGO L 1Iw
8:4G0 Ldw
8NGO 1Y
8NGO 2V
8NGO 21

S FORMAT {1X3dHSRAR(IISEL12, 901X dHMAARIDIPCL2,5, 1N ANCPARINISCL2,9/,R450 22

UKo OHUBARIGU) 2E1 2.9 1Ko IHMRARI G JIOE 12,50 LRo IHCHARIAGU)SEL2,5/7)

END
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APPENDIX B
Data




TABLE B.1

AVERAGE MATERIAL PROPERTIES FOR PG AND ATJ GRAPHITE

PG

3.1 x 10 psi
-0.21
+ 0.90
varies with case
40 in, .
1.43 x 1078 in_
in - °F
13.1 x 1070 in_
in - OF

89

ATY

2.26 x 10% osi

+ 0.30
+ 0.25
30 in,
40 in,

525 x 10°% in_
in - °F

4.25 x 107 in
in - °F
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APPENDIX C
DEFINITION OF TERMS
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_ h
Zy = (Cy *+ Cp) D (lag; + apy *+ my + 1)) - 50 (aygy + my))

C.v.+C v
h 2 a‘a b'b
PG ) (agy Fagy o oy

: 5
Zp = (G + Cp) tagy * g = 17 My (ag7 ¥ mg))

5
12 "elp (ag7 * agy * mg +ng)

5
3% (g * Cp) fagy + w5 = 7 0y lagy *+ 1))

~N
"

5
37 0l (agy + agy + n3 + 1)

_ 2
Zy = a2y - (a0 + ay5) 7,

_ 2 2
Zg = 330725 - (a3y0" + 23,) Z,
C.C.h_h
- \ a’ba
M D, (Ca+cb’+“—r"
- =-CaCbha Va _itl)
1277 &R
C.C.h.h
abb
a3 = Dy(C, + Cp) + 47—

97

(C.1)



o

Gh

N
)
o

S5 cch R2-R)+(c +C,)
2 "3 b Ra R a b

A 5 2
=D, (Ca ¥ cb) tog cacbha

- 3 g
C T (ca ¥ cb) 6 Gcha

98
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i

a13az3.‘ M

414223 - M2 T 1%
" 2%

415223 ~ A

416223 = 12%4

423%23 " 4319

- (237839 + 3353p)

- 332%22

a23?34 - 331%4

= a378

99

(c.3)



9, = b b -b b
21 14 11 24

g, = b b +bb -b b -bb
21 15 22 14 1224 11 25

g3 = b b +b b -b b -b b
22 15 23 14 12 25 13 24

=b b -b b
2316 13 25

Ly(x) = (b 0P +b 0% +b )T -(b D
21 22 230 4 M

LX) = 2

L (x) = 7,

Liy(x) = 1/(C, + Cp) (ag; +ayy +mg 4ny)

Ly(x) = ayy +my
Lyr(x) = ap; + 1,

k] = Caha/Z(Ca + Cb)
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Cahb/Z(Ca + Cb)

= 1R (Cy, + Gy )/(C, + Cy)

]
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(@)
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o

"
-
o
~
~N

2
= ¢, /R,
93 92,2
1/313('9—]') = (ET) ~k
92,3 92, I3 94
]/27{2 (aT) -9 (a) (51—) + 27 (51—)}

{- n/2 + nl/4 + m3/27§ 1/3

{- n/2 - n2/4 + m3/27§ 1/3

A+B-1/3(35/9)

+1/2 (A + B) + 1/3 (g,/9;)
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A3

Vs

7 &

s B)

_ 2 2
r= ‘Az) + ()‘3)

tane] = -A3 /xz
tane2 = 13/A2
c, - (A])l/z
C2 =T 1/4 cos (6]/2)
C3 =T 1/4 sin (e]/z)
. - 2 . 3 11/2
Y A
¢y - (_n)1/3
Cg = =1/2 {c4 + 3 (2q)‘/3‘$
g = - 1/2 {c4 - 3 (ZQ)V;S
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APPENDIX D

Derivation of Integrated Shear Stress Resultant
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The required shear stress-strain relation can be developed by
weighted integration in order to obtain the factor 5/6 that is gen-
erally accepted for isotropic plates and shells. The method follows
that in reference (15). For convenience, the procedure for cylindrical

shells is reproduced here.

Expressions for normal stress distributions with z can be ob-
tained by replacing the strains in the stress-strain relations (1)
by the approximate forms (8) and neglecting (z/R)i in comparison to
unity in the same terms. It is to be understood that the following

hold for each lamina.

. _E / /’ =
o. = - W EaT vEw
X ]-vz (uo R +z8) - T i 2 (D.1)
R(1-v°)
o, E W 7, EaT Ew
6= 2 (\)Uo + h" + vzR ) = ]'\) + 2 (0.2)
1-v R(1-v7)

Expressions for the stress distributions in terms of stress
resultants and couples can be obtained by using equations (11) in

(D.1) and (D.2).

h
N, M 2 Jl27, Mo e (b
X h (]-V)h Rh(] \)2) -h WdZ h3 X ]'\) R(]-Vz) -h
2 2
— EaT , vEw
wzdz | - + (D.3)
_] v R(1-v9)
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h
N N = —
0 To F 2 M
o, = =t oy - oo . 12 2 To
0 h (]"\J—)h Rh(]'\)?) -h WdZ + 'h-3' l.idﬂ + ]—\)
2
h
E 2 -
— 7 — EnT E W
2 wzdz|- + + ———5 (D.4)
Rh(1-v") " 1-v R(]-vz)
-—2" -

The shear stress is related to the normal stress by the equi-
librium equations (2). If the first of these is integrated with respect

to z, the following is obtained.

5 M (h ) 4 (D.5)
i R IX VX "t

N (5 GO F S 4 1 (2
o2 T2 T W, iRNx %) ZRY fdz + 5 . q dz (D.6)
2 2
where
N ] (2-
- R 3 { Tx , 12z } Y SN I A -, =
LR v T B MR (T hf_h wdz +;‘]-§-Z-J h‘”d’- E
2 -7 B

Refering to the integrated equilibrium equations (10) and re-

placing the normal stress resultants and couples in (D.5) by their
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equivalents in terms of the shear.stress resultant.

2 P4
_ ] 122 62 €z 1
Oxz = '1'21 = HJ [‘ ;'-2-— Q + (] + ﬁ")T-h = (] " h )T?sz + RJ-thZ (0.8)
-h 2
2

Performing the indicated integration

_ 3 22\ 2 Bk 4z 2z 2| ‘i 4z
Oz T T2i T '2‘[1 ["ﬁ)]% T[1 “ho 3(7) ] T[] "h
2z\ 2{ 1 (¢
-3(ﬁ—) ]+ EJ adz (n.9)

h

2
adz = 0

~h

2

(D.10)

h

2
Qzdz = 0

-

2

The shear stress distribution (D.9) satisfies shear stress
boundary conditions arnd the definition of the shear stress resultant.

To prove the latter it is necessary to make use of (D.10) and
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=
~N
1=

- 2) f(z) dz (D.11)

Y=

f(y) dydz (

N>

McDonough (15) points out that the effect of the last term in
(D.9) is to modify the classical quadratic shear stress distribution
but not the magnitude of the shear stress resultant. The modification

is due to the nonlinearity of the normal stress distribution, primarily

its distribution with x.

Proceeding with the weighted integration as in (15), the shear
stress-strain relation of the set (1) is multiplied by the weighting

function [; - gﬁ){]ﬁand then integrated through the thickness of the

shell to vield:

h
2
22,2 _
[l'(—ﬁ):]oxzdz"zgc

-h
2

0% 1 e of

\1_- (?—ﬁ}f]r;”dz (D.12)

Ihe integral on the left hand side is evaluated using {D.9) with

h
2

the aid of (D.10) and (D.11). The integral on the right hand side
is evaluated by using the shear strain given in equation (8). After

integration, rearrangement and simplification, equation (114) resuits:
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