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A FORTRAN V PROGRAM FOR PREDICTING THE
DYNAMIC RESPONSE OF THE APOLLO COMMAND MODULE
TO EARTH IMPACT

By William E. Thomas, Jr.
Manned Spacecraft Center

SUMMARY

A digital-computer program, capable of determining the nonlinear motion (in a
gravity field) of two six-degree-of-freedom rigid bodies connected by shock struts and
subjected to ground impact, is presented in this report. A sample problem is included
to provide a correlation between computer results and actual test results. All axis
systems and equations used in the digital-computer program and a procedure for using
the computer program are also presented in this report.

INTRODUCTION

A mathematical approach for determining the dynamic response of a falling body
to impact with a soil surface is presented in this report. Although the approach pre-
sented in this report is specifically applied to the Apollo command module structure
and crew couch, the approach can readily be adapted to a wider range of similar dy-
namic problems associated with the impact of falling bodies.

A successful Apollo manned mission terminates with the command module (Cm)
impacting on water. If the mission should be aborted, however, a land impact could
occur, and this impact would result in severe loading on the capsule-couch system.
Under these circumstances, couch acceleration must be kept within human exposure
limits, and couch-strut stroking must restrict couch excursion to a specified accept-
able clearance envelope within the CM. To determine analytically the dynamic re-
sponse of the capsule-couch system to earth impact, a 12-degree-of-freedom
mathematical model was formulated, and a digital-computer program was written to
carry out the computations.

The three types of capsule-couch interconnecting struts that may be handled by
the computer program are linear spring shocks with damping proportional to the square
of the velocity, honeycomb shocks with Coulomb damping, and cyclic-deformation
struts with structural damping. The computer program contains four independent
empirical soil-force equations with nine input constants, which can be altered to corre-
late with different soil types. The computer-program input also permits the user to



specify the location of a three-axis accelerometer anywhere on the crew couch. Ap-
pendix A gives the computer-program listing. Appendix B provides data on the general
input and output of the program.

Al

A2

A3
A4
A5
AT

ACCEL, , 5, ACCEL

ACCELZ’ K, 2

2,3, 2

AC(n)

AKC

AKNT

AKP
n

AKPS

SYMBOLS

number to control the switch from truncation error to
relative truncation error in the variable-step

Adams-Moulton integration routine (order 10° 3)

upper bound for the single-step error in the variable-step
Adams-Moulton integration routine (order 10—5)

lower bound for the single-step error in the variable-step
Adams-Moulton integration routine (A3 = A2/55)

lower bound for the step size in the variable-step
Adams-Moulton integration routine (A4 > 0.0)

upper bound for the step size in the variable-step
Adams-Moulton integration routine

factor for reducing the step size in the variable-step
Adams-Moulton integration routine
components (parallel to the iz-, j2-, and kz-axes,

respectively) of the relative-displacement vector
from c.g. 9 to the accelerometer mounted on

body 2, in.

elemental areas associated with points
S1 n mn=1, 2, ..., NSK), in2

H

soil coefficient for the dynamic vertical force due to the
velocity of the structure moving vertically into the
soil (for use after soil-wedge formation)

slope of the dynamic vertical soil-force loading line
prior to soil-wedge formation, lb/in.

slope of the honeycomb SHOCKn compression unloading

line (n=NS +2, ..., N+1), Ib/in.

S

slope of the honeycomb couch-bumper unloading line,
1b/in.




AKT
n

AMU

AR0
AREA1
AREA2

AREA3

ARS1
ARS2
ARS3

BKC1S

BOFF

ST

CD
n

CDO

CGO
CK
n

CL
n

slope of the honeycomb SHOCKn tension unloading line
(n= NSS +2, ..., N+1), Ib/in.
friction coefficient between the structure and the soil

origin of the Apollo reference-system coordinates

area associated with any given point on edge ring 1, in2

area associated with any given point on edge ring 2, in2

area associated with any given point on edge ring 3, in2

relative-displacement vector from AR to point RS1
along the X-axis, in.

relative-displacement vector from AR to point RS2
along the X-axis, in.

relative-displacement vector from AR to point RS3
along the X-axis, in.

slope of the honeycomb couch-bumper loading line, 1b/in.

slope of the static vertical soil-force unloading line,
1b/in.

structural damping coefficient for the cyclic-deformation
shock struts (when they are used), lb-sec/in.

equivalent fluid-damping coefficient for spring

2, 2
SHOCKn m=2, ..., Ngg + 1), lb-sec”/in

soil drag coefficient for the horizontal drag force due to
the horizontal velocity of the structure moving through
the soil

soil drag coefficient for the horizontal drag force due to
vertical penetration of the structure into the soil

spring constant of spring SHOCK n=2, .. Ngg + 1),
1b/in.

equilibrium position of SHOCKn m=2, ..., N+1), in.

center of gravity of body n (n =1, 2)



Co8ey p? c.g. ,C. 8. components about the in- s jn-, and kn-a.xes, respectively,
b
of the total torque acting through c.g. m=1, 2),

in-1b
DENSTY soil density, lb/in°
DR1 compression stroke required to reach the constant-crush

level of a point on edge ring 1, in.

DR2 compression stroke required to reach the constant-crush
level of a point on edge ring 2, in.

DR3 compression stroke required to reach the constant-crush
level of a point on edge ring 3, in.

E modulus of elasticity for the heat-shield facing material,
. 2
1b/in
ELlCn strut compression stroke required to reach the first

constant-crush level of honeycomb
SHOCK (n=Ngg +2, +++, N+1), in.
n SS

EL1CS couch-bumper compression stroke required to reach
the constant-crush level, in.

EL1 Tn honeycomb or cyclic-deformation strut tension stroke
required to reach the first constant-load level of
honeycomb SHOCKn n= NSS +2, v.., N+1), in.

EL2Cn strut compression stroke required to reach the end of
the first constant-crush level of honeycomb
SHOCKn (n= NSS +2, ..., N+1), in.

EL2Tn strut tension stroke required to reach the end of the
first constant-crush level of honeycomb
SHOCKn n= Ngg + 2, ..., N+1), in.

EL3Crl strut compression stroke required to reach the
second constant-crush level of honeycomb
SHOCKn n= NSS +2, v.., N+1), in.

EL3Tn strut tension stroke required to reach the
second constant-crush level of honeycomb
SHOCKn n= NSS +2, ..., N+1), in.




FB, i,n’ FB, j, ’ FB, k,n

Fy, MAX

Fg max

F

X, 1C

C,F

n’ Fy,1 n’ z,lcn

F_ ,C

X,2°n’ Fy, 2C

F_,C

n’ z,27n

FA

FD
n

FD(n)

FEC13M
FEC13P

FEC13S
n

FEM13S
n

FFNSN
n

components of couch-bumper force acting on body n
along the in-, jn-, and kn-axes n=1, 2), respec-

tively, 1b

maximum force in the honeycomb shock struts, 1lb
maximum force in the spring shock struts, 1lb

components of force due to SHOCKn m=2, ..., N+1)

acting on body 1 parallel to the il-, jl-, and k, -axes,

respectively, lb 1

components of force due to SHOCKn m=2, ..., N+1)
acting on body 2 parallel to the i,~-, j,-, and k,-axes,
. 2 2 2
respectively, 1b

internal soil-friction angle, rad

total damping force in SHOCKn m=2, ..., N+1), 1b

total horizontal soil force acting at point
Sl,n m=1, 2, ..., NSK), 1b

left-side couch-bumper compressive force at the start
of a computer run, 1lb

right-side couch-bumper compressive force at the start
of a computer run, lb
strut compressive force in honeycomb SHOCKn

= +2, ..., N+1)at the start of a computer

Nss
run, lb
strut tensile force in honeycomb SHOCKn

n= NSS
run, lb

+2, ..., N+1)at the start of a computer

strut friction force in honeycomb SHOCKn

(n = Ngg

from the equilibrium position in the compressive end
of the cylinder, 1b

+2, ..., N+ 1) when the piston moves away



FFNSP
n

F FPSNn

FFPSP
n

FHD(n)
FHS(n)

FK
n

FR1
FR2
FR3

FS, 1 FS

1,17 8 1o FS 4

FS,

1,1,n’F

FS

S.
i1, " "k,1,n

FSN(n)

strut friction force in honeycomb SHOCKn
n= NSS +2, ..., N +1)when the piston moves
toward the equilibrium position from the compressive
end of the cylinder, 1b

strut friction force in honeycomb SHOCKn
n= NSS +2, ..., N+ 1) when the piston moves
toward the equilibrium position from the tensile end
of the cylinder, 1b

strut friction force in honeycomb SHOCKrl
n= NSS +2, ..., N +1) when the piston moves away
from the equilibrium position in the tensile end of the
cylinder, 1b

components of the gravity force acting on body n along
the in-, jn—, and kn—a.xes (n =1, 2), respectively, 1b

dynamic horizontal soil force acting at point
S m=1, 2, ..., NSK), 1b
1,n

static horizontal soil force acting at point
Sl,n m=1, 2, ..., NSK), 1b

total nondamping force in SHOCKn mh=2, ..., N+1), Ib

constant-crush level of a point on edge ring 1, lb
constant-crush level of a point on edge ring 2, 1b
constant-crush level of a point on edge ring 3, 1b

components of the total soil force acting on body 1 along
the il-, jl—, and kl-axes, respectively, 1b

components of the soil force acting on body 1 at point
S1 n n=1, 2, ..., NSK) along the il-, jl-, and
b

kl-axes, respectively, lb

component of force FSR(n) normal to a tangent plane at
{)kc))mt Sl, n (or at point Sl, RSI, n) m=1, 2, ..., NSK),




FSR(n)
FVD(n)
FVS(n)

FVT(n)

G

GB, 1,0 9B,j,n’ OB, k,n

Gi’ G,?, GE

G

Gx, 1,n’ Gy, 1,n’ z,1,n

Gx, 2, n’ Gy, 2, n’ Gz, 2,n

GCONST

GPOWER

GS. ,GS. .,GS

i,1° 7,1 k,1

GS, , .,GS, GS

i, 1, i, 1,n’

k,1,n

total soil force actmg at point S
VFD()? + FVT()?) (n = 1, 2,

o (FSR(@m)| =
, NSK), 1b

dynamlc vertical soil force acting at point
,(=1,2, ..., NSK), b

static vertical soil force acting at point
Sl,n m=1, 2, ..., NSK), 1b

total vertical soil force acting at point
Sl,n m=1, 2, » NSK), Ib

acceleration of gravity, in/sec2

components about the i 0 j 0o and k ,-axes, respec-

tively, of the torque actmg through c.g. (n =1, 2)

due to the couch bumper, in-lb
components of the acceleration of gravity along the

X-, Y-, and Z-axes, respectively, in/sec2

components about the il-, jl—, and k1 -axes, respec-
tively, of the torque acting through c. g4 due to
SHOCKn n=2, 3, » N +1), in-1b

components about the iz-, j2-, and kz-axes, respec-
tively, of the torque acting through c.g. 9 due to
SHOCKn nh=2, 3, , N+1), in-1b

soil coefficient for the static vertical force due to verti-
cal penetration of the structure into the soil

power to which the vertical penetration of the structure
into the soil is raised in the static vertical-force soil
equation

components about the 11-, j1-, and kl-axes, respec-
tively, of the torque acting through c.g. 1 due to the
total soil force, in-1b

components about the il—, jl-, and k. -axes, respectively,

1
of the torque acting through c.g. 1 due to the soil

forces acting at point S (n =1, 2, , NSK), in-1b



HEATB

hh

Ii', n’ Ijv, n’ Ikl’ n

LBC

H, MAX
N 1, MAX
S, MAX

SS

component of the relative-displacement vector from
ARO to the edge of the capsule along the Z-axis, in.

average heat-shield thickness, in.
body n moments of inertia about the i' -, j' -, and
n’’'n

k;l—axes (n =1, 2), respectively, 1b-sec2/in.

arbitrarily oriented orthogonal body axes originating at
c.g. m=1, 2) (jl-axis must be parallel to X-axis)

principal inertial axes for body n (n=1, 2)

unit vectors directed parallel to and in the positive
direction of the i_-, jn—, and kn-axes mn=1, 2),
respectively

unit vectors directed parallel to and in the positive
direction of the i -, j! -, and k;l-axes m=1, 2),
respectively

length of the radius r which defines a ring con-

LBC
taining the bolt-circle points (figs. 10 and B-3)

matrix of the direction cosines for transforming vector
components from the principal body axes of body n

(n = 1, 2) to the arbitrarily oriented axes of the
same body

mass of body n (n=1, 2), lb-secz/in.

total number of spring-damper and honeycomb struts
(not including couch lateral bumpers)

identifying number of the honeycomb strut which has
the maximum force

identifying number of the honeycomb strut which has
the maximum stroke

identifying number of the spring strut which has the
maximum force

number of spring struts




Ng s, MAX
NBC

NOOR

NOTHT
NPHS
NPR1
NPR2
NPR3

NSK

1,n” " 2,n

Py nP2,n

Py Paor,

PENETRATION(1)

S,n

RC

RS1

identifying number of the spring strut which has the
maximum stroke

number of points on the heat-shield bolt circle

number of rings of points on the heat shield (includes the
bolt-circle ring)

number of radial lines of points on the heat shield
heat-shield point corresponding to YHSM

ring 1 point corresponding to YRIM

ring 2 point corresponding to YR2M

ring 3 point corresponding to YR3M

number of points of the heat shield which are capable of
deflecting

point of intersection of plane R and the heat-shield rim
in the direction of the vehicle velocity vector

points on bodies 1 and 2, respectively, for which the
relative-displacement vectors are determined
mn=1, 2, ..., N +1) (also the shock attachment points
for n=2, 3, ..., N+1)

magnitude of the relative-displacement vector from
point P1 n to point P2 n m=1, 2, ..., N+1), in.
] )

tips of the right-side and left-side couch lateral bumpers,
respectively-

depth of penetration of point S1 1 into the soil, meas-
?

ured parallel to the Y-axis
plane defined in figure B-1

position vector from c.g. 1 to point S1 a (or to
2

point S Yn=1, 2, ..., NSK)

1,RS1,n

origin of the outer heat-shield radius (must be on the
X-axis)

origin of the edge-ring 1 radius (must be on the X-axis)



RS2

RS3

LBC

1,n

S1,RrS1,n

S1, RS2,n

51, RS3,n

SH, MAX

Sg, MAX

SC1

SC1S

SC2
n

SE3M
SE3P

SEVC3
n

SEVC3M

10

origin of the edge-ring 2 radius (must be on the X-axis)
origin of the edge-ring 3 radius (must be on the X-axis)

radius which defines a ring containing the bolt-circle
points (figs. 10 and B-3)

radius from the center of the heat shield to the ring
(of points) n m =1, 2, ..., NOOR) on the heat
shield, in.

points on the outer surface of the undeflected heat shield
for which deflections are to be determined
n=1, 2, ..., NSK)

points on the outer surface of undeflected edge ring 1
m=1, 2, ..., 24)

points on the outer surface of undeflected edge ring 2
=1, 2, ..., 24)

points on the outer surface of undeflected edge ring 3
m=1, 2, ..., 24)

maximum stroke in the honeycomb shock struts
maximum stroke in the spring shock struts

first constant-crush level in the compression of honey-
comb SHOCKn n= NSS +2, ..., N+1), b

constant-crush level in the compression of the couch-
bumper shocks, 1b

second constant-crush level in the compression of honey-
comb SHOCKn n= NSS +2, ..., N+1), b

left-side couch-bumper compression stroke, in.
right-side couch-bumper compression stroke, in.

strut compression stroke of honeycomb SHOCKn
mh=N

run, in. =

ss * 2, ..., N +1) at the start of a computer

left-side couch-bumper compression stroke at the start
of a computer run, in.




SEVC3P

SEVT 3n

SHOCK
n

ST1
n

ST2
n

vC
n

right-side couch-bumper compression stroke at the
start of a computer run, in.

strut tension stroke of honeycomb SHOCKn (n= NSS + 2,

, N +1) at the start of a computer run, in.
shock strut connected to points P and

1,n
P2,n m=2, ..., N+1)

first constant load tension level of honeycomb or cyclic-
deformation SHOCKn n= NSS +2, ..., N+1), b

second constant load tension level of honeycomb
SHOCKn m= NSS +2, «v., N+1), Ib

components along the in-, jn-, and kn-axes, respec-

tively, of the total force acting onbody n (n=1, 2), 1b

components about the i’ - j' -, and k' ,-axes, respec-
t1ve1y, of the total torque acting through c.g.
m=1, 2), in-1b

time, sec
thickness of the stainless-steel face sheet on one side of
the heat shield at point S (n =1, 2, ..., NSK) and

point S (n = NSK + 1 , NSK + NBC)

1,B,n

components of the translational velocity vector of
c.g along the in-, jn-, and kn-axes n=1, 2),

respectively, in/sec
initial velocity-vector component perpendicular to the

X7Z plane, ft/sec

velocity component of point 81 1 in the XZ plane,
in/sec

initial velocity-vector component parallel to the XZ
plane, ft/sec

velocity component of SHOCK m=2,3, ..., N+1)

along the shock center line, in/sec
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X,Y,2

Y

XAR’ YAR’ ZAR

Xn’ Yn’ y/

X Y Z
p,1,n’ "p,1,n’ "p,1,n

Xp, 1+L° Xp, 1-L

Y 7
p,2,n’ "p,2,n’ "p,2,n

Xp, 2+L° Yp, 2+L° Zp, 2+L

X5 2-17 Yp, 2-12 Zp, 2-L

XRe

XS, 1,n’ YS, 1,n’ ZS, 1,n

X5, 1, RS1,n’ 'S, 1, RS1, 0’

23,1, RS, n

12

orthogonal Apollo reference-system axes

components of the relative-displacement vector from
.8 to ARO along the il—, jl-, and kl—axes,
respectively, in.

components (parallel to the i1- , jl-, and kl-axes) of
the relative-displacement vector from point P1 n to
H
(n =1, 2,

point P , N +1), respectively, in.

components of the relative- dlsplacement vector from
cg1 to point P (n-1 2, , N +1) along the

1 - ]1 , and kl-axes, respectively, in.

components of the relative-displacement vectors from
.84 to the right-side and left-side couch-bumper

bearing plates, respectively, along the il-a.xis, in.

components of the relative-displacement vector from
cg2t0p01ntP mn=1, 2, , N +1) along the

s Jo-» and k -axes, respectively, in.
1975 g~ 2

components of the relative-displacement vector from
.8 to point P2+L along the 12-, jz-, and kz-axes,

respectively, in.

components of the relative-displacement vector from
.89 to point P2-L along the iz-, jz-, and kz-axes,
respectively, in.

relative-displacement vector from AR to point RC
along the X-axis, in.

components of the relative-displacement vector from
ARO to point Sl,n parallel to the = 31 and
kl-axes (in the body 1 axis system) (n =1, 2, ...,
NSK), respectively, in.

components parallel to the il- , jl-, and kl-a.xes (in the

body 1 axis system) of the relative-displacement
vector from AR to point S1,Rs1,n m=1, 2, ...,

24), respectively, in.




X5 1,RS2, 0’ 'S, 1, RS2, v’

25 1,RS2,n

X3, 1,RS3, 0’ 'S, 1, RS3, 0’

25 1,RS3,n

Xg,1,1’ ¥s,1,1' %5, 1,1

Yp, 1+L° Zp, 1+L

Y5, 1-12 2p, 1-L

YHSM
YRIM
YR2M
YR3M

a a a
1,n” "2,n’ "3,n

components (in the body 1 axis system) of the relative-
displacement vector from AR0 to point S1 RS2. n
H H

parallel to the il-, jl-, and k1-axes m=1, 2, ...,

24), respectively, in.

components (in the body 1 axis system) of the relative-
displacement vector from AR_ to point S
o 1,RS3,n

parallel to the i-s jl-, and kl-axes m=1, 2, ..., 24),

respectively, in.

relative-displacement vector from c.g. 1 to the edge of
the CM along the jl-axis, in.

inertially fixed orthogonal axes or vectors directed along
the X-, Y-, and Z-axes

components of the c.g. n displacement vector along the

):(-, ?—, and %—axes, respectively, in.

components of the inertial displacement vector of
point S1 1’ in.
]

components of the relative-displacement vector from
C.8: g to the point of application of P2+L on the

right-side couch-bumper bearing plate along the

jl- and kl- axes, respectively, in.

components of the relative-displacement vector from
.84 to the point of application of PZ-L on the

left-side couch-bumper bearing plate along the
jl- and kl-axes, respectively, in.

maximum ground penetration of the heat shield, in.
maximum ground penetration of edge ring 1, in.
maximum ground penetration of edge ring 2, in.
maximum ground penetration of edge ring 3, in.

functions defined by equations (23), (24), and (25),
respectively (n =1, 2, ..., N+1)

vehicle stability angle, deg

13



[T]

V,6,9

14

an element of [I]
matrix defined by equation (1)

orthogonal transformation matrix for transforming vec-
tor components from the inertially fixed axis system
to the arbitrarily oriented body n axis system
(= 1, 2)

orthogonal transformation matrix for transforming vec-
tor components from the arbitrarily oriented body 1
axes to the arbitrarily oriented body 2 axes

deflection of point Sl, RS1,n along a normal to the skin

at point S (m=1, 2, ..., 24) while moving

1,RS1,n
from the current depth of penetration of the rigid
structure to the ground-structure equilibrium posi-
tion, in.

deflection of point Sl, RS, n along a normal to the skin
at point Sl, RS1,n (n=1, 2, ..., 24) while moving

from the current depth of penetration of the rigid
structure to the unloaded ground line, in.

structural deflection at point Sl, RS1,n normal to a
1,RSL,n m=1, 2, ..., 24)

when the ground and the structure are in equilibrium,
in.

tangent plane at point S

structural deflection at point Sl, RS1,n normal to a

tangent plane at point S m=1, 2, ..., 24),

in. 1,RS1,n

Poisson ratio for the heat-shield facing material

angle, positive in the clockwise direction, that VT

makes with the negative E-axis, deg

angle from the 0° reference line to the radial line
(of points) n(n=1, 2, ..., NOTHT) on the heat
shield, deg

general Euler angles defining the angular orientation of
the arbitrarily oriented body-fixed axis systems with
respect to some other set of orthogonal axes, deg




V.,0. ,¢ Euler angles defining the angular orientation of the
n’n n . ) . . L
arbitrarily oriented body-fixed axes iy 3y and

kK (n = 1, 2) with respect to the inertially fixed

axes X, Y, and Z, deg

«
|
<Y

Euler angles defining the angular orientation of the
arbitrarily oriented body-fixed axes iz, j2, and k2

with respect to the arbitrarily oriented body-fixed
axes il, j1, and kl’ deg

Q <, 1L Qy, 1L’ Qz, 1L functions defined by equation (19)

e, Qy’ o’ ﬂz, 0 body n angular-velocity components about the -

jn-, and kn-axes (n =1, 2), respectively, deg/sec

\ Al \ - 3 i' -
Qx, o’ Qy, 0 Qz, n body n angular-velocity components about the i-

j;l-, and k;l-axes (n =1, 2), respectively, deg/sec

Subscripts:

proj indicates assumption that AC(1) is a square area
followed by projection of AC(1) perpendicular to
the vector V

S, 1,1
RTS vector components directed from RC to point 81 1
H

Sl, 1 values associated with point Sl, 1

Operators:

(") differentiation with respect to t

") differentiation with respect to 2

[] matrix transpose

ANALYSIS

This report is a result of the need for a method of determining the dynamic re-
sponse of a falling body when it impacts a soil surface. The mathematical analysis
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presented in this report is general in scope and is applicable to a large class of
dynamic-response problems which involve the nonlinear motion of two rigid bodies
connected by deformable links and moving in free space, in a gravity field, or with

a soil surface (subsequent to impact of one of the bodies with the soil surface and with
one of the bodies in contact with the soil surface). The digital-computer program ap-
plies this analysis to the specific problem of determining the dynamic response of the
Apollo CM to earth impact. The computer program provides for connection of as
many as 19 deformable links between the two bodies and for monitoring of as many as
322 impact points on one of the bodies. The impact points are presently divided into
200 points on the CM heat shield, 50 points on the CM bolt circle (which attaches the
heat shield to the CM inner structure), and 72 points on the outer edge of the CM.
Although only the edge rings are considered to be deformable in this report, few
computer-program changes would be required for application of the program to a
deformable surface on the entire impacting body.

Axis Systems and General Vehicle Orientation

The general body orientation is shown in figure 1, and the specific body orienta-
tion selected for the sample CM problem is shown in figure 2. In the analysis which
follows, body 1 will represent a CM structure without the crew couch, and body 2 will
represent the crew couch.

Each body has two fixed orthogonal axis systems originating at its center of
gravity. One of the axis systems within each body must be coincident with the body
principal axes. The equations describing the body rotational motion are written with
respect to this axis system and thus reduce to Euler equations. The angular orienta-
tion of the other axis system within each body is arbitrary but usually coincident with
any existing geometrically symmetric axes. This arbitrarily oriented system is lo-
cated in an inertial frame by the set of Euler angles defined in figure 3. Equations
that describe the translational motion of a given body are always written with respect
to the arbitrarily oriented axis system within the body. The two arbitrarily oriented
systems (one in each body) are related to one another by a set of relative Euler angles
which reduce to pitch, roll, and yaw for small angles (fig. 4). Within a given body,
the two axis systems are related to each other by a set of direction cosines.

The computer program requires several coordinate transformations. To sim-
plify the description of many of these transformations, the following general matrix
will be required.

rI"11 1"12 I"1 3_ [cose cos Y cos g sin ¥ -sin o
[r] =|r r . |-|-sin¥cos ¢ + cos ¢ cos Y + sin ¢ cos ¢
21 22 23 sin ¢ sin ¢ cos ¥ sin ¢ sin g sin ¥
I‘31 1"32 F33 sin ¢ sin ¢ + -sin ¢ cos ¥ + cos ¢ cos g
L - |[cos ¢ sin ¢ cos ¥ cos ¢ sin g sin ¥ )

(1)
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The principal body axes are related to the arbitrarily oriented axes in the same
body by

i i’

n n
in (=[] {in (2)
k k!

n n

where n=1, 2; and [!Zn] is given by

i1 i . j' ik

n n n ‘n n n

_ e . T" red . -—' - . _'
[ﬂnj - Ih kn (3)

k-1' -3 k -k

.’n n n °n n  n|

The inertial axes are related to the arbitrarily oriented body axes by

i X
e [rn} Y (4)
k Z

where n =1, 2; and [I"n:l is given by equation (1) after the following substitutions are
made: [T] = [I“n], Pmpz Fmp,n’ Y= t,Un, 8 =0,,and ¢=¢ where m=1,2, 3
and p=1, 2, 3. The arbitrarily oriented body axes of body 1 are related to the arbi-
trarily oriented body axes of body 2 by

) (11
jz = [T] jl (5)
ky kg
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where [T] is given by equation (1) after the following substitutions are made:

[T] =[T], T , 6=6, Y=V, and ¢ =¢ where m=1, 2, 3 and
p=1,2,3.

=T
m

mp p

Equations of Motion
The equations used in the computer program place no restrictions (within the
limitations imposed by physical interference) on either angular or translational dis-
placement of the two bodies relative to an inertial frame or to each other. The bodies

may also have completely general geometric and inertial properties.

The equations of rotational motion used in the computer program are

L 0@ - Q;r,nﬂé,n(Ij,’n - Ik,,n> = TG, (6)
Ij',ns.zgz, n- Q;c, ngé, n<Ik',n - Ii',n> = TGy,n (7)
Ik',ns.zz':,n B Q;{, nﬂy'r, n(Ii',n B Ij',n) = TGz,n (8)
where n =1, 2. Integration of these equations yields Q}'{’ . Q}',, 0’ and Qé’ . Body

n angular-velocity components about the arbitrarily oriented body axes can be obtained
from

Q Q!

X, N X, n

Q =|{ Q! 9
y,n [n] y,n ®)
Q Q!

Z,n Z,n

where n=1, 2.
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The equations of translational motion for body n are

1t ty _ ) o

M Gt 4 Mn<ﬂy, a0, v ) TF, . (10)
) e _ ey _

MV Mn(ﬂz’ 2o - R W ) TF, (11)
) vy _ vy

M W'+ Mn(QX’ n'n' <9y U = TF, (12)

where n = 1,2, Integration of these equations yields ur'l', Vr'x" and wr'l'.

The time rates of change of the inertial Euler angles for body n are given by

6, = Qy,n cos ¢ - Qz,n sin ¢ (13)

bp =R prtano (szy,n sin ¢ +@,  cos ¢n) (14)

{t/ =(Qy, p Sin gbn + Qz, n €08 ¢>n)

CcOS (15)
n en

where n =1, 2. Integration of these equations results in the Euler angles shown in
figure 3. The time rates of change of the relative Euler angles are given by

5 =<9y’ 2= 0y 1L>cos P - (QZ, 2"y 1L)sin r) (16)

. (Qx, 2" % 1L> +tan g [(Qy’ 2~ 9y 1L)sin ¢ + <Qz, 2”9, 1L>cos ﬂ (17)

V- (95,2~ 9y, 1) B +(8 5 - @, 1y Jeos 9

cos o

(18)
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where

2 1L 21
o t= [T 2 (19)
Qz, 1L Qz, 1

Integration of equations (16), (17), and (18) yields the relative Euler angles.

Within the arbitrarily oriented body 1 axis system, components of the time rate

of change of Pl, an n are given by

’

X =Y Q ,-2Z8 .-ul'- [ +Y Q

n nzl "nvyl Zp,l,nﬂy, p,1,n z1
+Tey o+ T91% n+T'31%,n (20)
7 - _y!'! o
Yn - Zan, 1 Xan, 1~ "1 Xp, 1, an, 1t Zp, 1, an, 1
+Tppay n+Top% n+I39%3 0 (21)
; — - - LI I
Zn - xnQy, 1 Yan, 1~ V1 Yp, 1,an, 1 Xp, l,ngy, 1
+Tpgay o+ To3% n+T'33%3 n (22)
where n=1, 2, ..., N+1 and
—_ 1t -
@) =ust 2y o 1% 27 Yp, 2,0, 2 (23)
—y!? _
a2, n- Ve * Xp, 2, an, 2 Zp, 2, an, 2 (24)
—_ "-
A3 n=V2 ¥ Yp, 2, an, 2 Xp, 2, nQy, 2 (25)

Integration of equations (20), (21), and (22) yields the components of the relative-

displacement vector from point P to point P, .
1,n 2,n
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Force and Moment Equations

As stated previously, body 1 represents a CM structure without its crew couch.
The forces acting on body 1 are the stroking forces of the interconnecting shock struts,
ground-impact forces, and gravity forces. ’

The forces acting on body 2 (the crew couch) are caused by shock-strut stroking
and gravity. The shock-strut-stroking forces are considered first. The three kinds
of shock struts that may be simulated by the computer program are spring-damper
shock struts, honeycomb shock struts, and cyciic-deformation shock struts. The
spring force developed in the spring-damper shock struts is given by

FK_= CK <lml CLn> (26)

where n=2, ..., N + 1. Energy absorption per cycle caused by damping is expressed
by the following nonviscous-fluid damping term

FD_ = CDn<VCn> (lvan (217)
where n=2, ..., N+1; and VCn is given by

Xn).( +Y Y + an
Ve, = n (28)
|P1 n-2, n|

where n=2, ..., N+ 1; and FDn and FKn are directed along SHOCKn with signs

determined by the arbitrary axes of body 1. Equations (26), (27), and (28) apply in-
directly to the other two types of shock struts, as explained in the following paragraph.

Assume that FKn represents the force generated by the crushing of honeycomb
in the shock strut. Such a force may be determined numerically by the computer pro-
gram, which computes \ Pl, an’ n
from the last integration step) to locate the corresponding honeycomb force in a table
generated by the computer from a curve of the type shown in figure 5. Coulomb damp-
ing in the strut is represented by FDn. This type of damping results in a constant

‘ and uses this value (together with the value saved

friction force that acts on the strut (whenever it is in motion) in a direction opposite to
the instantaneous strut velocity. The computer program is capable of handling four
discrete values of FDn for each strut. These values depend on the direction of the

stroking and on whether the stroking is taking place in the head end of the cylinder. A
table in the computer program may be used at any time to obtain FDn as a function of
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instantaneous strut length and velocity. A visual representation of the combined action
of honeycomb crushing and friction force is shown in figure 6.
If the user requires a simulation of cyclic-deformation stroking, FK repre-
n

sents the force generated when the strut material is deformed by motion of one end of
the strut relative to the other strut. The force FK is determined numerically by the

computer program. The computer determines the current value of ' P nl and
’

uses the value (together with the value saved from the last integration step) to locate
the correct deformation force in a table generated by the computer from a curve of the
type shown in figure /. The structural damping in the strut FD_ is expressed by the
following damping term n

FD = CST(VCn) (29)

where n=2, ..., N + 1. The components of force caused by SHOCK acting on
body 1 at point P1 n are given by

X

F .C =-(FK +FD\)—— (30)
X,17n < n n) ———Pl,npz,nl

Fy 1Cp = (FK +FDH)F)1—YL2—’— (31)
n n

FZ, 1Cn = (FKn + FD )—i‘—-— (32)
‘Pl n 2, nl

where n=2, ..., N+ 1,

The shock force acting on body 2 will be equal and opposite to the shock force on
body 1. The components of force (in the arbitrarily oriented body 2 axis system) caused
by SHOCKn acting on body 2 at point P2 n are given by

Fx, 2Cn Fx, 1Cn
F =-[T

s 2Cn [T] Fy, 1%n (33)
F

z, 2Cn FZ, ].Cl'l
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where n=2, ..., N+ 1, The components of torque (in the arbitrarily oriented body 1
axis system), acting through c.g. 1 and caused by SHOCKn acting at point P

are given by Lo
Gy 1n=Yp 1, n(Fz’ 1Cn> -2 n<Fy, 1Cn) (34)
Gy 102y, l’n(Fx’ 1Cn) - X, 1,n<FZ’ 1Cn> (35)
G1n=%p1, n(Fy’ 1€n) = Y, 1, n(Fx, 1Cn) (36)

where n=2, ..., N+ 1. Similarly, for body 2
Gy, 2,n = ¥p, 2,0(Fz,2) - Zp, 2, n(Fy, 2Cn) (37)
Gy 5= Zp, 2’n<Fx, 2Cn) = X, 2’n<FZ, ZCn) (38)
Gz, 2,0 %p, 2,n(Fy, 2%0) = ¥p, 2, n(Fx, 2Cn) (39)

where n=2, ..., N + 1.

The computer program provides for two honeycomb couch bumpers, which are
constrained to deform in compression only in a direction parallel to the iz-axis. The

tips of the bumpers are located as shown in figure 8. To determine the bumper forces
and torque acting on the system at any given time step, the computer program first
establishes which, if any, bumper tip is penetrating a bearing plate. If, for example,
interference exists between point P2+L and the right-side bearing plate, the computer
program will stroke the bumper parallel to the iz-axis until P2+L lies on the bearing
plate. The force in the bumper acting on body 2 FB j 9 can then be located in a table

generated by the computer from a curve of the type shown in figure 9.

Note that FB, i, 2 and FB, k, 2 both equal zero and that F

right-bumper contact. The point of application of point P

B,i, 2 is negative for

9.1, 0 the right bearing

plate (Xp, 14L° Yp’ 14L° Zp, 1+L> is computed in the arbitrarily oriented body 1 axis
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system. The components of force in the same axis system that are due to the couch
bumper acting on body 1 are given by

FB,1,1 Fg i 2

—__IT71
FB,].,1 =-[T] 0 (40)
Fp k1 0

The components of torque (in the arbitrarily oriented body 2 axis system), acting through
c.8. 4 and caused by the couch bumper acting at point P2+L’ are given by

Gp 4,20 (41)
Gp,j,2 = Zp, 240(FB, 1,2) (42)
Gg,k,2 = "Yp, 2+L<FB, i,2) (43)

The components of torque (in the arbitrarily oriented body 1 axis system), acting through
.84 and caused by the couch bumper acting at point P2+L’ are given by

Cp,1,1 ¥p, 140(FB,k, 1) ~ Zp, 1:0.(B,5,1) (44)
Gp 1,1 = Zp, 142 (FB, 1, 1) = %p, 1.0(F, k, 1) (45)
(46)

Gp, k1~ %, 1+L<FB, i, 1) Y, 1+L(FB, i, 1)

To compute the ground-impact forces acting on body 1, the CM structure is divided
into two distinct load-carrying areas, the heat shield and the outer edge (or toe) of the
structure, which extends beyond the heat shield. The heat shield is a spherical surface
with a radius originating at RC and will be considered first.

Several points are located on the heat shield in polar coordinates. The points are
numbered clockwise and outward, beginning at the intersection line ¢8 and ring 1

(fig. 10). The outermost ring of points is located at the edge of the heat shield. A ring
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of points must also be located at the bolt circle, where the heat shield is mounted to

the pressure shell. These bolt-circle points must be assigned higher numbers than any

other points on the heat shield. All the information required to locate these points is
loaded into the computer and stored in the computer memory. To compute soil loads
on the skin, a portion of the heat-shield area is assigned to each point, except for
points on the bolt circle. Because the heat shield is considered simply to be supported
at the bolt circle, loads there do not contribute to heat-shield bending.

Figure 10 indicates the manner in which the areas are assigned to the points.
(Radii and angles bounding the areas are selected midway between adjacent heat-shield
points, excluding the bolt-circle points.) At a given instant, the computer program

will determine which heat-shield points are below the XZ (inertial) plane, that is,
below the undeformed soil surface. Assume, for example, that point S1 1 is below
b

the XZ plane and has a soil force acting on it (fig. 11). The point is located in the
inertial system by coordinates fS 11 Y
== 3 ’

YS 1.1 gives the current depth of penetration into the soil. The computer also has

S, 1,1’ and ZS, 1,1 The coordinate

available in memory the previous depth of penetration of point S1 p as well as the
b

permanent soil deformation, if any, associated with the point. The inertial-velocity

components ()—(S, 1,1° YS, 1,1 and ES, 1,1 of point Sl, , are computed from the
translational and rotational velocities of body 1. The resultant horizontal-velocity
component VS, 1,1 (parallel to the XZ plane) is then computed. The soil forces act-
ing at point Sl, 1 are broken down into horizontal and vertical components, both of

which consist of static-force and dynamic-force terms. The equations used are ob-
tained from reference 1. The manner in which both static and dynamic vertical soil
forces vary with penetration depth and velocity is indicated in figure 12.

The equation for the static vertical force at point S1 1 (assuming a loading con-
dition) is ’

FVS(1) = (0. 09)(GC@NST)[ AC(1)] [ PENETRATION(1)] SFOWER (47)

The equation for the dynamic vertical force at point S

1 prior to soil-wedge forma-
tion is ’

1

FVD(1) = (0. 09)(AKNT)[ PENETRATION(1)][ AC(1)] (48)

After soil-wedge formation, this force becomes

. 2
FVD(1) = (0. 5)(DENSTY)[ AC(1)](AKC) (?S . 1) (49)
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The total vertical soil force at point S1 1 is given by
3

FVT(1) = FVS(1) + FVD(1) (50)

For the computation of the horizontal component of soil force at point S1 1 the area
’

AC(1) is assumed to be square and projected perpendicular to the vector VS L1 This
projected area is then used in the equations for the horizontal soil force. »w

The equation for the static horizontal force at point S1 1 is
FHS(1) = CGO(DENSTY)[PENETRATION(I)]AC(l)prOj(tan FA) (51)

The equation for the dynamic horizontal force at point S1 1 is
2

FHD(1) = CDO(DENSTY) [AC(I)proj] (VS’ 1, 1)2 (52)

The total horizontal soil force at point S1 1 consists of the drag forces given previ-
b

ously and a friction-force term that follows.
FD(1) = FHS(1) + FHD(1) + (AMU)[ FVT(1)] (53)

The friction force is resolved into components FD(I))=( and FD(l)—Z- along the X

and Z inertial axes, respectively. In the arbitrarily oriented body 1 axis system, the
components of soil force acting at point S1 , are given by
’

FS, 1 n FD(n)3

. =[r
FS]’I’n [ 1] FVT(n) (54)
FSg 1,1 FD(n)5

where n=1, 2, ..., NSK.
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The components of torque (in the arbitrarily oriented body 1 axis system), acting
through c.g. 1 and caused by the soil forces acting at point S1 n are given by

Gs; | 4 FS, |,

—_\
GS; ; o(=Rg o xIFS; | (55)
S, 1,n) FS 1,n

where n=1, 2, ..., NSK.

The geometry is shown in figure 13. The three edge rings are simulated by coni-
cal frustums with arbitrarily selected heights. The rings are located relative to the
X-axis by imaginary cones with slant heights that are perpendicular to the edge-ring
slant heights and that intersect them at their midpoints. All three rings have 24 points,
numbered identically. The points comprising each ring are equally spaced and have
equal areas. The ring-point numbering system is related to the heat-shield-point num-
bering system, as indicated in figure 13.

The data required to locate the edge-ring points and the areas assigned to the
points are loaded into the computer and stored in the computer memory. Two options
are available for loading the edge-ring data. For the first option, the edge rings are
considered to be rigid and are handled in the manner prescribed for the heat shield.
The second option permits edge-ring deformation as well as ground deformation. A
load-stroke curve of the type shown in figure 14 is assigned to each ring. At each time
step, an iterative procedure in the computer program determines the equilibrium posi-
tion between the ground and each edge point in contact with the ground. A curve of the
type shown in figure 15 is constructed by the computer program for each point in con-
tact with the ground. By assuming the structure to be rigid, a value y of FSN(n)
may be obtained from the dot product of FSR(n) and a unit vector normal to the edge

. 5 .
ring at Sl, RS1,n’ The value 1.n ™May then be determined from the current depth

of penetration of point S1 RS1.n ,and the previous ground-structure equilibrium posi-
? ’

tion saved in the computer memory from the last integration step. The value x of
FSN(n) (corresponding to 61 n) may now be obtained from the soil-force equations, if
, _

the velocity of point S1 RS1.n at a deflection of 61 n is assumed to be the same as
the velocity at the undeflected position (because 6 1 n<< IRS n| ). Given the value x
of FVS(n), deflection 52 n may be derived from the slope BOFF of the unloading
curve, because any further structural deformation from the previous equilibrium posi-
tion will result in unloading of the soil force.

The next step is to supérimpose the load-stroke curve (fig. 14) for the edge-ring
point onto the FSN(n) versus 6n curve. The intersection point of the two curves, de-

termined numerically by the computer, represents the structural deflection 6e n

’
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required for the ground and the structure to be in equilibrium. The computer provides
for the intersection of either the loading ramp or the constant level (FR1) of the struc-
ture curve with either of the two sections of the FSN(n) versus Gn curve. The case

of an undeformed structure falling between the unloaded ground line and the previous
equilibrium position is handled similarly.

Whether the edge rings are considered to be rigid or flexible, the result of the
analysis will be force and moment equations similar to equation (54). In the arbitrarily
oriented body 1 axis system, the components of torque acting through c.g. 1 and caused
by the couch-bumper, shock-strut, and soil forces are given by

N+1 NSK
-8y 1= Gx, 1,n+GB, i1 +ZGSi, 1,n (56)
n:2 n=1
N+1 NSK
c.g. = G G, - E GS, 57
&y,1 Z y,,n *¥B,j,17 j,1,n (57)
n=2 n=1
N+1 NSK
c'g'z,1=§ :Gz,l,n+GB,k,1+§ :Gsk,l,n (58)
n=2 n=1
respectively. Similarly, for body 2
N+1
c.g.x’2=§ :Gx,z,n+GB,i,2 (59)
n=2
N+1
C-8y 2 -2 Sy,2,0% 58,12 (80)
n=2
N+1
c'g'z,2=§:Gz,2,n+GB,k,2 (61)
n=2
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The components of the total torque acting through c. g., may now be transformed to
the principal axes as follows.

TG’x,n c.g X,

1
TGy ;1= [ﬂn] C.8y (62)
TGz,n \c g z,n

where n =1, 2. The components of the total force acting on body 2 along the arbitrar-
ily oriented body axes are given by

N+1
TFx, 9= E Fx, 2Cn + FB i,2 + FGi, 9 (63)
N+1
y,2 ZF Cn+FG] 9 (64)
N+1
TFz,Z = E FZ 2Cn + FGk 9 (65)

The components of the gravity force acting on body n along the arbitrarily oriented
body axes are given by

FGi,n Gg
FGj,n =Mn[1"n] Gg (66)
FGk’n Gz
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where n =1, 2. The components of the total force acting on body 1 along the arbitrar-
ily oriented body axes may now be obtained from

N+1 NSK
TFX, 1= .S. Fx, 1Col + FB, i1t E FSi’ Ln*t FGi, 1 (67)
| n=2 i n=1
[N+1 ] NSK
TFy’1= E Fy 1n +FB’].’1 + z 1~*s].’1,n+1~"(}j’1 (68)
_n=2 ] =1
N+1 ] NSK
TF, 1= 2 :Fz, 1Cnl *FB k1% 2 : FSy 1,n " FCk 1 (69)
Ln=2 ) n=1

CONCLUDING REMARKS

This report presents the six-degree-of-freedom rigid-body equations of motion
for each of two bodies connected by shock struts and subjected to ground impact. A
basic digital-computer program was presented for determining the dynamic response
of the complete configuration subjected to gravity, strut-deformation, and soil-impact
forces. The digital-computer program was written in subroutine form to facilitate the
addition of equations representing other hardware and impact surfaces.

Manned Spacecraft Center
National Aeronautics and Space Administration
Houston, Texas, April 15, 1971
914-50-20-17-72
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Outer heat shield
spherical radius—\

Xs 1.rs1nt”!

Note:
Point AR, is on the outer surface of the heat shield and on the CM axis
of symmetry.
The iy-,j;-, k- axes are parallel to the Y-, X-, Z- axes, respectively.
The iy-, j1-, ky- axes are parallel to the io-, jo-, ko~ axes, respectively.

(a) Axis orientation selected for current CM studies.

Figure 2. - Axis orientation selected for current CM studies with approximate
crew-couch-strut locations.




Accelerometer
(on body 2)

ACCELZ' i 2

Longitudinal

\ struts

P17

P16

(b) Crew-couch struts.

Figure 2. - Concluded.
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(a) Initial position. (b) Pitch.

(c) Yaw. (d) Roll.

Figure 3. - Order of rotation for the inertial Euler angles.
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(b) Pitch.

(¢) Yaw. (d) Roll.

Figure 4. - Order of rotation for the relative Euler angles.
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Honeycomb force

AKP A

AKT
n

|
|
|
!
I
[
|
|
1
L

Compressive ELBCn ELZCn EL1Cn ELIT EL2T  EL3T Tensile
stroke n n stroke
——| |——Tensile stroke (positive)
| -1 =
N !

Compressive stroke (negative)—-l I-—

Figure 5. - Couch honeycomb-shock-strut characteristics.

Total shock force

}FFPSI-D. (loss of outstroke
friction)

}FFPSN (gain of instroke
friction)

STln + FFPSPn_- —-

Tensile
ELITR stroke

0 Initial position of unstroked strut

1 End of first tensile stroke

2 Return stroke was assumed continuous back to
equilibrium position of shock strut, at which
time a second tensile stroke began (dotted line)

Figure 6. - Mechanism of friction and hysteresis in
the honeycomb shock struts (tensile stroke used for
example purposes).




Force

STln

» Tensile stroke

STl
n

0 Initial position of unstroked strut

1 End of first tensile stroke

2 Returned stroke was assumed continuous back to
point 2, at which time a second tensile stroke
began (dotted line) and continued past point 1

Figure 7. - Cyclic-deformation-shock-strut characteristics (tensile
stroke used for example purposes).
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Right-side
couch-bumper
bearing-plate
plane (parallel to

the jl- k1 plane)

Left-side couch-bumper
bearing-plate plane
(parallel to the j1 - k1 plane)

Figure 8. - Bumper-tip locations.

Honeycomb
force

SC1S

AKPS —— BKC1S

Compressive
stroke ELICS

Figure 9. - Honeycomb-couch-bumper characteristics.
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Points on bolt circle must have al Reference line for starting to
‘ ' ir

higher numbers than other points number points on each circle

Figure 10. - Heat-shield-point locations; plate example (view from inside the com-
mand module).
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Figure 11. - Information required for the determination of ground forces.
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Static vertical force

/
/

/

Curve /
extrapolation—/»/

N
I

Soil-wedge

BOFF | formation

Represents permanent
soil deformation l

Penetration depth

(a) Static vertical force as a function of penetration depth.

AKNT

Functions of
impact velocity

| S,

~ | Soil-wedge formati
~N g mation
I/

Penetration depth

Dynamic vertical force

(b) Dynamic vertical force as a function of penetration depth.

Figure 12. - Vertical soil-force characteristics.
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| HEATB |

AREA 3 :
S 1 S
1,RS3,2 —| 1,RS3,1
AREA 2
- c.g. bRS1 51 Rs2,1
AREA 1 . .
S — 1,RS2, 24
1, RS1,2—L N 1
XR ( T r=d— Fdge ring 3
' N ¢ # *—— Edge ring 2
S Edge ring 1
~ P
So e < 51,Rs1,24
Heat- - - S
shield RS3 1,RS1,1
outline RS2 Heat-shield point 41
AR

Figure 13. - Command module edge-ring geometry.

Force normal to the skin

deformation

Stroke normal to the skin

Figure 14. - Load-stroke curve for edge-ring points
(same curve for each point in a given ring).




Normal to the skin at point S

Current depth of point 1,RSL,n

>1,RSLn,
assuming no structural
deformation

—Unloaded ground

line
Permanent soil
deformatlon

ﬁ%ﬁr— I 11 Original undeformed
soil surface
FSR(n)—//q \ 1 \—Equilibrium position at

FSN(n) / last time step
1 RSL,n

(a) Physical representation of equilibrium.

62

FR1

FSN(n)

I
|
I
|
L
DR

(b) Mathematical representation of equilibrium.

161n 62,n

Figure 15. - Method of determining ground-structure equilibrium for a
point on edge ring 1.
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APPENDIX A
FORTRAN V PROGRAM FOR PREDICTING THE DYNAMIC RESPONSE
OF THE APOLLO COMMAND MODULE TO EARTH IMPACT

EXPLANATION

As presented in this appendix, portions of the FORTRAN V program output re-
quire a high-speed microfilm recorder. If the recording equipment is unavailable,
affected portions of the output may be bypassed by punching the appropriate number
in position 7 on the first data card of each set. The computer program is capable of
simulating impact cases involving certain CM hardware not used in the author's cor-
relation study. Body 2, represented by a Weber couch, becomes a unitized couch
when line 51 of subroutine INPUT is changed as indicated in line 50. To substitute
honeycomb or linear springs for the arbitrarily specified cyclic-deformation shock
struts, simply revise subroutine CABFOR per lines 74, 114, and 120.
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COMPUTER PROGRAM LISTING

SEG mAlh=(eb,»C)
6 StG SRCI=SRCL=SRCI=SKCH=SRCH5aSRLOSRC7 =5k (B=SKkCe=5RCIQ=5RCLII"}
54&12-SNC15-5RClH-SRLXS-SRQlb-SRCl?-SRLl&-SRC)9
C StG 5SrFOQ

MAIN

CumMMON VARIKNT (KFSTHL
UIMENSION VARI9999) yNTEGER (50 ,0YuX(100)
LuulVALENC£(VAR(301).NTEGER(It)o(NTEGER(HZ).NPP).(VAR(IUIJ.DYUX(X)

1)
C ZJERU CORE AT INITIAL LOAVLING
DO 30 JF1.9999
30 VAR(J) = 0e0
C SET DFRIVATIVE U+ INDEPEWDENT VARIABLE wRT ITSELF EwuAlL TO Unt
pYDX(11=1,.0
20 CALL RK
10 IFINTEGER(R5)12U+20421
21 CALL FILMIWNPP)
60 10 2U
END

SRC1

SUBRUUTINE RK
DIMENSION Y(LUD),0YOX4100) .60 (100),00100) PE9549) yNTEGER(50)
1 WAR(9999),T(1000)
COMMOIN VAR kKNI KFST
LOMMON/ADM/f.NN.TMESH.KAl.Al.AZ.AJ.AH.Ab.A7.MAP.SSE.YP.xPRNT
EQUIVALENCE (VAKU1 )oY (1D e fvARCIGIDsOYOXCLI D o tvar(Z0L) 0l
1 1)) s CVAR(3OI D oNTEGERII DI EVARIIGI DI 4D L1 1o (VARLAELI D 4P 1) )
2UNTEGEREE) yN) 3 {NTEGER(32) 4nPP)
C LOAD liPUT DATA InNTO COmrVUTER
CALL IwPUT
ASsP(105)
A7=P(106)
Alzp(23)
A2=P(2%)
AdeP(25)
A4sP (104)
KAI=NTEGER(F)
NPP=Q
REwINL 9
REwINUD 11
Pig)==0.000001
NTEGEK{23)=0
KNT=0
KFS5T=0
P{5964)3P15966)%0+6
Pls965)2p(596/)%0e6
60 TMesnHEP (1)
NitsN=1
NTEGENK(22)3Nn
L0 30 J=31aNN



30 Teur=vid+l)
Finel )=y (1)
MAPS|
CALL nKAN
CALL rONSAV

N CALL wUTPUT
[FLY(1d=PL2))u0+3304330

87 (CONTINVUE
CapL KKAN
CALL nONSAV
GU 10 70

130 RETUKN

END

SRC2

SUBRuuUTIwE 1.,PUT
UlenSTON YB2RIU(29) W FVRIOQ129) ¢ YudR20E29)1aFVvR20(24)arYB2r3u124]),

IFvk3ot29)

DIMENSION YOI00)sutlon) 1PUIS49) yNTRWERISU ),V
LAR(9999),Y82510(200) FV0I(2:0)
2, THISPL40 ) s RSP L2001 s ac 20U sacREIY) 4aCTHT 4L spLLEOUE/2)

CUMMUN VR
EWUIVALENCE (VARG1 ) oY (1)) o (vARL201) 0 (L)
1 v OVARI301 ) oaNTEGERCLID ) (EVARLIESL) 4P (L))
P4 .(NTLGLN(O)|N)|lNT£GEH(Z)0NP)o(n1Eth(5)lNSK)
Bl TEGERIZ28) 4iypak ) o (PL31581,Y432515(1) 00 p 2998 spvoliddstplogun)
420a06) e EP(3967)4FA) 4 {P(3964),AKC)
E (PUIF70)4AC 1)) o (P LOSULY s THTISP UL s lpPlaS4l)arSP L))
EwitIVALENCE (PL6783)3vB2Kkiat1 1) s(r{6855) FVRIOIL)) tplosy?),
1 YRR2RZOGLI )Y s (P(0B79) yFVRZ2011)) o lP(6B31)yy2R30(1) ),
2 (P(&Y03) FYRIO(1) I, (P (7301),0kLEew0(L))
RLAD CUNTRUL INTEGERS INIO PROBLEM
ReAu (53 30)(NTEGER( U suEl,9)
KYal FURMATLYLS)
WRITE (6,500 INTEGER(U) yumy,9)
00 FURMAT(IHI?IS)
NTEGER(24)ENTEGER(6)
NTEGER(OI=I3ONTEGERIY) +25+NTEGER ()
NTEQERI29)3NTEGER24)+]
NTEGER(ID)ISNTELGER(29) ¢4}
NTEGER(Z2] )BNTLGER(Y) + |
NTEGEK(25)8NTELGER(T7)
NTEGER(Z26)SNTEGER(B)
REaINL 13
DO 504 J=29.1307
KEAD(13)INDsPLIND)
wWRITELS6sSOSYINDIPINDY
W05 FORMAT(I[6,E2048)
s04 CONTINUE
RevilINU 13
CHECN FUR INDIVIDUAL FLOKTING POINY wATA ENTRY
IF (NP 38043804110

e D0 140 J = ] NP
READ (5,130%1, (I
130 FORMATULIS L1840

WRITE (6,150)],P(])
190 FORMAT(]64+E2048)




N

FOR

aln

501

420

CONTINUE
PhiR=pP(112)*0.0175
THEAS(=P{114))00+01745
STHEA=SSINITHEA)
CTHEA=COS(THEA)
TTHEA=STHEA/CTHEA

XPRIH=69¢ 1561 THEA
UNITIZED COUCH (HANGE B8746u TO B4.35
XOPRM=87 465¢TTHLA
KONE=(25.4+XDPRMI®STHEA
XKTWwO=XDPRM/STHEA
XTHR= 120l +XPRM)*STHEA
XFOUsXPRM/STricA
VTz=P(110)*2COS({PhIR)e(=]124r)
XDBRWU=1240*P (11U} ®SIN(PHIR)
ATRA=P(1111®(=~12.0)
22001745
COTh=CO0S(P(113)»2)
SIThReSINIP(L13)%2)
COPS=CO0S(PLLILIS)*2)
SIPS=SIN(PLlLIs)*L)
SIPA=SIN(PLLIL4)eZ)
COoPH=COS(P(l14)1%2)
COM1I=COPHeSIpPy
CaQn2=C0PHeCOPS

PU110)3COTHOCUPS®APBRW*COT . ®S1PSexTRA=SITHeVILZ

PEI11i=(SIPHeS [ TH®*COPS=CUM) )oxDBRL+(SIPHasITHeSIPSe(OM2)saTRAY

ISIPHe(OTHeVTZ

P{112)=(SIPSeSIPH+COMZoSIT, )8 XDBRw+((OMLleSITH=SIPHe(CUPSIeXTKp

1+COPHeCOTHeY T
PLLLII=ZPLLLO)
PE12013P(111)
pli121I1=p(ll2)
Pl1231=P(L114)
Pl1221=P(113)
Pl124)1=P(115)
PIL993)3540+{20e | +XPRM)OCTWEA
P{5996)35,0+(25¢4+XDPKM)®CrHERA
PISTI/)=XTWO=XONE=AFOQU+XT Hu
CALL INAID
WRITE(6,501)
FORMAT(IHL}
ZERQ THE W AwD SET In IC
DO 420 J = ] ,N
GlJ) = 0.0
CONTINUE

SET HEAT SHIELD SKIN POINT cOnRDINATES INTO THEIR WORKIne LUCATJOUNS

1

BODY | SYSTE# NITH ORIGIN AT CaGel)
D0 1 J=] 4NSK
PLU+1582)=P(J+982)+P(965)
PLU+1782)P(J+]18214P (%66
PlU+1982)sp(J+]1382)+P1967)

CONTINVE

SET RING SKIN POINT COORLINATES [NTO THEILIR

50

BODY | SYSTEM WITH ORIGIN 4T CeGa1l)
D0 5g J=1,72
PLU+6563)3P(U+T7014)+P(96Y)
PLU*6635)=P (Jr70861+P(F66)
PlU+6707)=p(J+7158)+P(967)

CONTINUE

NPAR=NTEGER(4)=nNTEGER(24)

IFI(NPAR) 3434

ZURKING LUCATIONS

(PUY

InN

(tPUT

IN
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C

[a)

[a}

48

PUT HONEYCUMB SHUCK INITIAL ConDETIUNS In THEIR mORKING LUCATIUNS

4 D0 2 J=l 4NPAR
PlLy+2483)1=p(Jyt2423)
Ply+2503)=P(J+2443)
P(u+2523)=P(J+2463)
Ply+2043)=P(y+2623)

2 CONTINVE
DU S J=1,NPAR
PLU*2543)=p g+ 22031 /P(JU+21a3)
PLU*2563)=Pg+2443)V/PLJ+2223)

PLU*25B31= (P y+e263)=pPlU+2,031) /(40 u+22830wp(u+23u3h)
PUU*2603)5 (P g+2323 ) =p{g+2543)1 )/ (p(J+2343)eply+24563))

12

H (OnTInVE

3 CONTINVE
STUE SHOCKS
P(2751)=P(2747)
PL2752)3pt274b)
P2753)3P(2749)
P(2754)3P(2750)

CALCULATL YgAr CUMFONENT OF PASETIOW VECTOR FROM Cul TU KRS ,K5Z,KS3

K} SYSTEM
PLO7BUIEP(HY3L)+pP(T66)
Ple781)=p(5936)+p(T661?
PL6782)=2p(5937)+P(966)

CALCULATE YBAR CUMPONENT OF PaSITION VECTOR FROM Cul Tu RC IN 114d1,

Kl SYSTLH
PI96912P(96B)+P(966)

SET SOIL PENETRATIUNS ANy FORGCES TO ZEROGIF [T IS ULESIKEL 10 INPUT

SOIL [,CeS UTHEKR THAN ZERO,THEY MUS( BE SET TO WURKING ValLutS HeKEe

DO 31 J=],NSK
YB2510(J)=0eQ
FvO(JU)=0,.0
31 CunTINUE
SET solL TO ZERO FUR KRING |
DO 40 J=1.24
YBZRIOL(J)=U Y
40 FyrR10(J)I=0e0
SET SulL TO ZERO FOR RINw 2
DO 41 J=1.24
YB2R2u(J)=0eQ
4] FyR20(J)1=0e0
SET solL TUO ZERO FUR kKING 3
DO 42 Ja],24
YB2R30(J)=0.0
492 FVYR30(J) =040
SET RING DEFLECTIONS TO 2ERO
00 503 J=s1+72
sU3 DELEQO(J)=0.Q

CALCeYBAK COMPONENT UF POSeVELTOR FRLM CGLl TU KSL4RSZ, K53

PI7375)%P(59351+P(966)
PL7376)=2pP(5936)+P(966)
PL7377)3p(5937)1+P(966)
ANGESIN(FA)/COSI(FA)
IF(AKC=0e001)64647

& AKC= ]} 0+649e00ANGE*]
7 CONTINUE

COMFUTE SOIL LOAL AREAS FOR EsCH SKIn PUINT(AC(L)
LBC=p(5942)
NOTHT=P(5941)
NOGR®P(5940)
NOTHTMHSNOTHT =}
NRADDU=NQOR=1

THRU AC(iNSK) )

IN

1lauls




C ComMPuTE RADI] BounLlInG THE ARc-AS
DO b1 J=)]4NRALDO
1F(JeuT e (LBC=2))GO TO 52
ACRUJISUIRSP I+ 1) =RSPLII I/ 2.0 1+RSH (U}
Gu TO 51
52 JFiJeGTelLBC=1)1G0 TU 53
ACREJIZL (RSP (U+21=RSP(UI)I/240)+RSHLJ)
G0 TO b1
53 [FlJsEW@eNRADDUIGO TO b4
ACRUUISHIRSP(U+2)~RSPUU+1) 1 /72,01 ¢xSPlu+l)
G0 To 51
by ACK(JI=ERSPINOQOR)
51 CONTINUE
C COMPUTE ANGLES BUOUNDING THE AREAS
ACTHT(L)e (THISP(L)/240)+{{THTISP(LOTHT)I=THTSPINOTHTH)}/2e0)
ACTHTLZ)=THTSP(Z2)Y/240
DU 55 JSIWNOTHT
ACTHT(J)E (THTISP(J)=THISF( j=2))/2.0
55 CONTINUE
C COMPUTE THE AREAS
C INNER RING AREARS
DO S6 J=14yNOTHT
56 AC(J)I= (0e00B7266%ACRI I e 0aCTHTIY)
NINDEXASNQTHT +
NAC=E]
NTIMESSNOOR=2
VO 57 Ja],NTIMES
M=)
NEND=WINDEX+NUTHT=]
DU 58 K=NINDEKXKNEND

MEMt]
58 AC(KI= QeQ0B7266%ACTHTIM) a(ACRINAC*1)®® =pcRINAC)®S2)
NAC=NACH+]

NINDEXSNINDEX+NOTHT
57 CONTIWUE
ATOTAL=0.0
DO 59 J=| ¢NSK
59 ATOTAL=ATOTAL+AC(J)
WRITE(64A0)ATUTAL
60 FURMAT (35H TOTAL COMPUTED w,.S,PRUOJECTED AREA=ELlb,8)
RETURN
END

SRC3

SUBROUTINE HONSAV

DIMENSION YB2RI10(24) sk VRI0(24),Y82R20(2%),RVR20(24),YB2R3y(24),
IFVvR3I0(24)

VIMENSION YB2R1(24),Yg2R2(24),YB2r3(24)

DIMENSION PU9549) yNTEGER(5n) yVaAR(Y999)4CsU3120) yNSTUR(ZU) 1COLE(2U
1).VBZSI(200).VBZSH)(ZQQ).FVO(”_)D).FPR(ZQn).beR(Zuo)anZRTS(ZUU).
2Y82RTS(200),2B2RTS(200) ,VECTB(200),AIN(200)
3|A(‘2U0)9Y(‘UU’

DIMENSION VECTBN(72) ,¥B2RS~(72) sX62RSNI72) ZB2RSN(T2)+DELEGU(T72),
IDELEQO(T72)

CIMMON VAR

EQUIVALENCE (P(6783),Y82RIa(1))+(r{68BS5) [FYRIULLIDII,(PLEBLUT ),

1 YB2R20U1 I I s(pPloB87F9)3FVR2011) 1+ LPI6B3ILYayE2RIUCL)D,

2 (pl6903)+FVRIO{LILW(PI7303) )pELEWOLL))

EQUIVALENCE (P{6927),¥82R111)) 4 lpPi6951)ey2R2E1)II2(PI69TS) 4 Y42RA
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50

3
4
5
Sa
10
il

12

13

>a

ls
70
71

15
Sa

64
92
93

64

T v P t7231)5peblbwb ()} ) o lp(2303) DELEGNOLL))

EaULVALENCE (PU7378) 3 VECTBw L) o tr (7450) ,YB2RONLED I (P (75220,

Ik 2RSSt ) s (PI7594) 9 Z82RSN 1))

EUUIVALENCE(NTEGER(292 ¢NSPSH)Y o INTLGER(I0 10 INDE) s (P LP49) yNSTUR(L) )
Lo (P LUl ) yCSUB3LI)) W tP(661) ,COEENL)) o INTEGERIZ1D WNCABLE),
ZUNTEGER{28) yNFAR) Gy IVARIIUL ) JNTEGER (L)}, {VAR(Y4D]),P (1))

3ol TEGERE20) yWLATP )Y s (F {2791 ) ¢SEVCIP) o (PLuS9) 9STROKP) 4 (P 127D3) 4FC
HE3P )W UNTEGERCIF) aNLATHM) o (P12752) 4 SEVCIM) (P (460) sSTRORMI»IPL2754)
S FECIIM) g INTEGERIS) aNSK ) 4 (¢ (27580, Y8251 01)),(P{3158),Ygés510t)))

b lpl2YSBIyFVOLL) o tPU3961) .6CONST) o iP(3762) yGPUWERD) 2 (P(35581,FPR
TULY Yo tP L3558 ) 3 XSTREIIPatp(a758) aveCTall o (PUYLIBU) s Xg2ZKTSILI D,
BIlp(4300) ,¥B2RiISELI)) s {p(458n) 4Z82rTSEL))

Dol P (39701 ,ACLLEI ) o (VAREL ) wY (L))

EQUIVALENCE (F(681)sAl) s (P{682)anl s (PLER3)CL)siP 634101 a(P168Y
P e 1)+ (P U6BE) s FI) 4 (PL6B7)4G1) (PL6BB) HiVs(PlodY)analld,tptoaypl,a2)
2o p i1 ) a2ty tpley2)ec2) Jiplo93t,u2)stPla94)ae2)ipleds),b2),tP6Y
360,621 o (PLETTIyn2) o (PLETE) JAL2) s tr ! 4780) +ALNLL))

EQUIVALENCE (PU766%2) sYHSMX) 4 (p(7670) 4nPHS) J(PLT7671)4YRIMADY
LR UT7672 o NPRIDVwEPETETI) yYR2MKDI 2 (P ITO74) ayPRZIIPL/675) Y r3MALY
2(Pp176/76) ynPKRY)

IFINPARIS S 96

DU 4 J=INDIWNCABLLE

Jd=J=iSPSH

IFINSTOR(J) )3 v 402

PLOJU+252313CQLEVJ)

pPlyJ+24d3isCsunadiy)

w0 TO 4

PlygJd+2643)=C0LEty)

PlYJ+2dU3)1=C5udd(Jd)

CONT [WUE

CUnTINUE
VE SIDE STRUT STROKES AND FaR(CeS

LFINLATP)IIO10W1I

SEvCIrP=STRUKP

FECLIP3P(441)

@0 To 11

IFINLATMII2012413

SEVC3IMFSTRUKM

FeCl3n=P(450)

COnTInNUE

Ve GROUND FORCe AND PENETKATION DISTANCE

YHSMX=0e0

DO 15 J=]yNSK

IF(Yp2S1{dl=Yo25100U)rtbslasls

Y2S10(JIEYg2SL(J)

IF(YB2S10(J)+YHOMX)TIOD 91,9

YHSMX==YgRa510by!

NPHS3Y

CONTINUE
FVOUUIE(GCONSTelABSIYB2S1( 1)) )esuPOWER)I*aCIJ)/ 1] elUdy?
CONTInUE
VE GROUND FURCr AND PENETKRATION DISTANCE FUR KING I
YRIMK=0eQ

DO 64 uUmi.24

IFEYBRRI(U)I=Yu2r10(J)})65,64,64

YB2RIU(J)=2YB2KR]1 (J)

IFIYB2RIOIJ)I*YRIMXIFP2493,93

YRIMX==YB2RIOUJ)

NPRIS8J

CONT IwUE
FVRIO(JU)I=(GCUNST*(aBSEYB2R 1 ) ) ) eeGPUWERY®p (6561 )/ 1el447
CONT INUE




C
C

SAVE GROUND FORCE AND PENETRATION DISTANCE FOR RING £

67

94

95

66

YR2MX=Ue0

DD 66 J=1,24

LFIYBLR2(J)=YB2K20(J) )67 467466

Yg2R2ulJy)=YB2Kk2(J)

IF(YBZR2O(JUI+YRLZMX)IFTH499549

YR2MX==YB2R2Q(J)

NPR2=J

CONTINUE

FVRZO(JI 2 (GCONST*IABSIYB2R2 (U ) ) ¢ aGPUWER ) *P(6562)/] ) e0447
CONT INUE

SAVE GROUND FORCE AND PENETRATION DISTANCE FOUR KING 3

69

96

?7

&8

YRAIMX=U0

DO 68 J=1,24

IFUYB2RIUJ)I=YB2rIVIJ)IIET ,69 468

YBZR3IV(J)=aYB2K3I(J)

IF{YBEZRIOD(J)I+YRIMA)IT6,97 497

YRIMX3=YB2R3IQ(J)

NPR3I=J

CONTINUE
FVR3O(JUI=(GCONST®UABSIYB2RALy)) ) #2GPUWER)I*p (656307 ] 1eulu7
ConTinut

SAVE RING DEFLECTIUNS

72

73

74
7%

76

77
78

80

DO 71 JB1,72

IF (DELEQU (J)=DELEQOtU)Y)IT1,71472
DELEQUIJI=DELEQUIY)
IF(J=24)73+73474
pELCk=P(7010)
YFIX=p(737%)

60 To 77
[FtJ=48175475,76
DELCK=P(7012)
YFIXspP(7376)

«o 10 77
DELCK=P(701%)
YFIx=P(7377)

TFIDELEQUIUI=DELCK) 71471478
DELMOU=DELEQU(J)=DELCK

WRITE(6,80)J,0ELMOD

FORMATI?H EDGE PTel4416H Has PERMeSET OFElS.n)
DELEQUIJ)=DELEQU(J)=DELMOD

MODIFY RING PT UNLUADED POSITiON

7}

VECBN=VECTBN{J)=DELMOD

THTONZARCOS (ABSIYB2RSN(J)) /VECTBN(J))
STHTONESIN(THION)
YB2AUX=VECBN®CQOS(THTON)
YBZRNE=SIGN(YB2AUXYB2RSN( j))
RSUBN=VECBN®*STHION
WSUBNEVECTBN(J)I*STHTON
XB2RNE=XB2ZRSN(J)*RSUBN/QSURKN
ZB2RNE=ZB2RSNIJ)*RSUBN/QSUaN
SUBINNZA|®XB2RNE+BI*YB2RNESCleZB2nNE
SUBZNW=D ] ¢ XB2RNE+ELI *YB2RNE+F | « ZB2rNE
SUB3NN=GIeXB2KNE+Hl eYS2RNE &ALl «ZB2KNE
Plu*6563)=SUBINN+*P(T965])
PlU+6635)=SUBZNN*YF X
PLJ*6707)=sSUBINN+P(967)

CONTINUE

DETERMINE PLATE QEFLECTIUNS,XSTR(J) ,wHERE NEEQED
LET ALL LOADED PUINTS HAYE PERMANENT SET EGWUAL Tu ASTR(Y)

REwINUD 15
KOUNT=0

51
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NLAST=0
aRITE(64 1)

1 FURMATULIH )
DO 18 J31#NSK

¢ ODETERMINE WHICH POINTS ARE LOLDED

[F{ADSI{FPRIJI)I=0e01121419919
19 IFINLAST)220422443
22 wRITE(624) Y
24 FORMAT(ITH+LOWEST NUsPT&IN CONTACT wilTH SUIL i514)

¢ REPLACE THE FOLLOWING CARD WHeN STRUCTURAL MATRIX 1S avValiaoLbs.

23 CONTINUE
NLAST=J
KOUNT=KOUNT+]
GO YO 18
¢ REPLACE THE FOLLOWING CARD WwHeN STRU_TUkaL MATRIX IS avalLAoibe
21 COnTINUE
18 CUNTIWUE
WRITE(6129)KOUNT s NLAST
25 FORMATUIH*42X,39HTOTAL NOenF PTS4LN CONTACT wiThH S0lL IS14%9¢bH wla
LHEST NOePTeIN CUNTACT IS4
WRITEL6181)P16999) 4P L7000 P 7001
8] FORMAT(27H EDeE RING FORCES lisJ1+K1®3E2ned)
RETURN
END

SRC4
SUBRUUTINE JwAlD
DIMENSION Y (100D, PL9549) NTEWER(S9U ) VARL99Y9)
COMMON VAR
EQUIVALENCE (VAR(C1) oY (1)) (VAR(3UL) o NTEWERLL ) 4 LVA

RI451) 4P (L))

EQUIVALENCE (P{IUY,DLITII o PELILDLLIL2) s (PULLYsuLll3) ipl
13)40L121)0tPULIY),DLI22) 4 (PE1S),DL123)stpllel o ldldotrll
7)OULIJZ)n(P(18)oDL133)o(P(Zbl»UL2|1).(P(27)|UL212).(P(25
).DLzls).(p(zv).o,22.).lp(so).DLzzz).(9(31).0L24J).(p(32)
»DL231) o (P(3I3)4DL232) 4 tPE34),DL233)
PULIO7)I=0LI11*P(97n)+DLI21*P(Y71)1+DLI31*P(972 )
PUIOBIZDL1129pt97 ) epLl22°P (971 0%pLL32OP(972)

PUIOYIE DLIIA*P(9701+pL123%P(971)4DLI33eP(972)
PULL6ISOL211%PI98)) +pL221°P1981)+DL23 0P (982)
PUIL/ISDL212¢pP(98n)+pL222%P (981 )1+pL232%P(9b2)
P(l16)‘0L213'P(98n)00L223'P(981)*uLZSS'P(9d¢)

SET IN INITIAL CONDITIONS

Y(1)=p(9)
yt2) = pP(I07)/572957795
Y(3) = P(IOKRI/RT7e2957795
YL4) = PL109)/6742957795
Yis) = P(L1IO)
Yyi6) = Pl1)1)
yi?7) = pPl112)
YI8) = P{113)/57¢2957795
yi(9) s Pl114)/657¢2957795
YO10) = PUI15)/57e2957795
YUl11) = P(116)/5742957795
Yi12) = pl117)/87e2957795
yt13) = Pl118)/572957795
YUIN) = P(119)
Y(i5) = p(120)
Y(l16) = p(121)
YUL7) = P(122)(572957795




Yi18) = p(123)/57¢2957795
YU19) = Pl124)/57e2957795

PL35)=SINI Yi(8))
Pi36)=COSs( Y(8))
PL3B)=SINI Yii17))
PL39)=C0s( YUi71)
Pl44)=SINI Y{9))
PLa5)=C0S( Y(9))
Plys)=SIn( YUi181}1)
Pi47)=CUst yi18))
PIL976)=SINI Y{ti9))
P(u927)=SINI Yeios)
Pis976)=C0S I YOi9y)
P{S9727%)=Cc0s | Yii04)

AW2aP(39)ep(by748)

B2=P(39)sP (5976}

C2==p(34)
DE=P(46)*P(33)eP{(5978)=P{5976)%P(47)
E2=P(47)ep(5978)+P{4slep(38)epil59/64)
F2=P(46)8P(39)

G2EP (59786 1%P (48 ) +P (47 9P (35)%p(5978)
H2=P (47 )ep(38)*p(5976)=pP(4s)*p(5978)
AlZ2=p(47)spP(39)

Al=P(36)eP(5979)

Bl=P(36)eP(5977)

Cl==p(35)
DI=P(44)epP(35)epP(5979)=P(5977 18P (45)
E1=PU4S I ep(5979)+pl4q)ep(35)#p(5977)
Fl=P(44)ep(3s)
GLlEPlo977)%p(44)+pl45)ep(35)¢p(5979)
HISP(45) 2p(35)ep (5977 )=pl4y)ep(5979)
Al1=pl45)*P(3s)
XXPR=A2¢G|+B2eH ]| +C20A])

AKKPR= D2eGQl+E2%H]| +F2eAl])
ZIPR=Q2%GI*H2O¢HLI+AI2%4]1

Y(20)=ATANZ({=XXPR) s (GQRTI(AKKPR®®2+;2pRo*2)})

Y{2])2ATANZ{AKKPR,Z2ZPw)

YE22)=ATANZ((A2#U]+B2oELl ) (A2eAL1+B2481+C20C1))

Y23)=P{5992)
Y (24)=P(5993)
Y(25)=P(599Y4)
Y(26)1=P(5995)
Y{27)=P(5996)
Y{28)1=P(5997)

C SET IN CABLE INITyAL CONLITIONS

NCABLE = NTEGWER(2])
NRESKV = NTEGER(3)
NUO = J3®NCABLE

DC 450 U = JNpO

NPUT = J + 22 + NLESRYV
450 YINPUT) = P(j+139)

RETURN
END

SUBRUUTINE peRrRFUN

DIMENSION Y(100) s, YDXtI0U)sP(9549) yNTEGERISU ) o VARIF99V ),

-—

XIPLE20) sy 1P (200.21p1020)9X2P2(20)9Y2P2020)vz22pP2L200,
ALUZ20)9A202000A3050) FX1I020)0FylT(200 0 FZ1I420)2FX21020)
FYZ1(20)+RZ21020).6X1(20)s6Y1020) 46210200 ,4Xx2(20)1aY2(20)

53



54

»yGZ2120) v X8RE201sYBR120) 428K (20 »yx3RUTcU) YRy ZU) s 8RO
20),71000)
CUMMUN VAR

COMMOW/ADM/T

L SO U LN

[ e

€~ & ~NOo U e N - L T ~ o

w N -

£ o ~w O v

E ~ 0 U &£ &N —

EQUIVALENCE (VARG1 D) oY tL1 ) (vARCIUL) oWYDXLLI )0 (vARIS0L),
NTEGERUED ) w LVARIYa1 ) yP U1 1) (Y L2y oOMALIPI 2w LDYDA( L) yOMXIPD )
(YU aUMYLIPI L DYD(3)40nYLIPLI by {4)a0MZLIP DalY (D), UlpPP),
COYUXUS)I S ULPPO Y vy (b)) VIrpP) s (DYRXIE) o VIPPDY s YL AW PP,y
COYOXE/ D anlPPD) s (v (B THTILI I LOUYDXEB)WTHTLIO) s Y LYW PHIL)
(DYDX (D PHTI DY o (v (1) apsll) oDy llOY PSSO 0Y L) oMK
PlsadDYuXU11)3OMXZPD) 4 IY (121 sUMY2P) o lUYDXULZIIOMYZPU)

(Y CE3)20MZ2P ) o (0DYDXE13) ,uMZ2PDY LY LLY ) yu2pPP ) tuYur Y,
U2PPUl o LY (15 ) yV2PR Yo (UYDXULIS) W VoPPLY s (Y LL6), wePF) s lUYUX
(16) ,%2PPO) LY7o THT2) o (DYDX LU 17D THTZ20) , (Y 1B),PHI2)
EQWUIVALENCE (DYOX (18) 4 PHIZUD) (Y (19} sPS12)4t0Y0LA(1T),PST2V
Yoy T2UIHTHTIBR)Y W (OYDX (20 s THTIBRO) 4 (Y21 sPHIOR) ,LDYDA(2])
yPHIDRUD 0 (Y1221 4P 18RIV (UYUXI2213PSIBRUIZIP I3 ZCLXXL),
(PUA) W CIYY L) 4 (PUBY G CLZZ1dalplo) Cul)slP IO ULl datpPL L)
sDLLIE2) o tptp2)apL 3t lp 13 snlaer) o tPpUL s ce) s lpi 5y
DLIZ23DY v tp 1) DLt ) o tPOIT)a0LER2) 0 tPLLIBY 4DLL33)4(P(19)
CIXX2) v (PL20)aCIYY2) P21 aCl272) 0 tPI221sCm2)aipl26),
DL2LID) v P27 014D 212 tPUZBY W DL213)0 P2 su 21 (PL30)
L2221y tPt3 1000122304 (P 320012310 P33, L2321 e0P 134,
L2333 (PUIS) oSTHTLI s tPL3I6) ,CTHTLI) » (P37, TTHT L)
EQUIVALENCE (P(38),STHTZ)I (P33T sCTHIZ)»lpla4UITTHI2),
(PEY1) 3 STHTRR) s (P42 aCTHToR) s (P4 s TTHTBR) (P t44) ySPHTI
Padp (9913 CPHIL) w lpl46)sspHIZ2 s tp(47)0CPRHI2I W IPI4B)ISPHIBR
Palp 4y ) s CPHIBRI v (PIG0) soXIP) o lp(BLlaGYIP) 2 tPISLIGLIP) WY
PLS3) yuXZP )yt p(54) ,60Y2P) s (PISS) ,az2P)slptso)apgmall)slpln?)
VOMYE )P LS8 4 0nZ 1) s (PUSY) M2 0 P lOU) s uMYR) JlPLBL), UML2
).(P(b()lul).(P(b'\l.vl).(P(b‘Q)!a‘bl).‘F(Ob)uuz'O(P(66)|V2)l
(PLO7)0w2) o (PL6B) GAMBLL) o (P I6T 1 GAMBLIZ2) s (PL70)  0AMBLI)
(PL7 1) 2 uAMB2 L) g lP(T72)46a1B22) s (PL73)s0AMB23)(F(74),6AMB
1)y iPU75) 2 GAMBA2) 4 (P (761 3GAMBIR) (PI77),SP51BK)
EWUIVALENCE (P(78),CpSIiakR) s (PU79),GALT) iP(BU) oYL}, (Pls
FXaGZ 1) Pld2)4ax2T )4 (p(BI)yGY2T) o (PIBY) ,6seT I (PlES),
FXLITY o PUBOY FYLIT) UP(bBT)WFZIgTIs P OB} FX2IT)alP(BY),
FY2IT) 0P IYOIWFZ21T) WPyl ) saxlpT) o (P(R2)GYipTialp(yd),
GLZLIPT) stPl94) 46Xx2p T (PLYS) 3GY2pT) o tP(F6),622pT) s P97,
SINPH2)I W EPLI8) 4 cUSPH2I2 (P {99),COSTH2) 3 LPLIUUY ,SINPHL) (P
LOLY 2 CUSPHRIDNWIP(1n2) 4 COSTHL) (P 1Z21)sXKIPLUL)) 4 tPL2Y1 ),
YIPIRL) ) o (P61 az21P1 1Y) o (pi28y),x2P2 1)) s(PL30L)sY2P2L])
VI dpt3210022P2 010 ) w341 oat 1)) stpl361)aa2010)atp(38])
VAJCL) Pl WFx Tt o tPLa8LYsrYLECL))

EQUIVALENCE (PIS01) oFZLI1 (1)) o (P(SE1)sF221L1)),tPL70L},6X]
CEX atp 720006y ) o (PE74L) 062101 ) (PU76L Y aGa2lLY ),
(PE781 ) aGY201 ) s tp (801 uZ201))  (PlEL2L)aagRULIIWLPLBY] ),
YaR{II) o (P UBOL) 4 ZARULDI )y (PUBBL) XxgRUGED YW IPLYDL ) aYeru(]))
2 (PU921)2ZBR(1)) L (PI128) sAGXIPT) (P LI29)va0Y PTIstpLl30)
YAGZIPT ) o P U131 aGX2PT) o lPI132)1sa0YLPTIa(PUL33)saGLLPT )
(POI34) 2 AFXLET ) wlp 135 saFYLIT) (PULI3O)AFLLITIWIPLL37 ),
AFXZITI s PLI3B) yApY2 1T tPUL3F) LAFZ2ITI(DYDALY)

OMZIPD I iPUIB21) W Fx2l (1)) (P(bYLYyFY2LC1))

EQUIVALENCEIP(5976)4SPSIZ2E) (P(S9,7),4SPOTLIE) (P byrR)sCPSI2E),

LOPUS979) 4 CPSTIE) » INTEGER(9) ¢KAL) JINTEGER[22) sNN)
IFIRKAL=3)343,¢

3 U0 4

JELGNN

4 Y(ue1)aT(J)
Y(L)aT{NN+1)

SET up THE KELATIVE CONSTANT
NCABLE = NTEGER(21}
NRESRY = NTEGWER(3)




SET IN Xy Yy Z BAw VALUES WHICH KeSULT FROM The
INTEGRATION

DO 12 Vv = | ynCABLE

JUMPL = 38y ¢+ 20 + NRESRV

XBR(J) = Y(JUMPYL)

YBROJ) = Y{JUMP] + |)

LBRIJY = Y(JUMPL + 2)

CALCULATE TRIGNOMETRIC FUNCTIONS
STHT] = SIN(THT])

CTHT1 = COS(THT1}

TTHTI = STHTLI/CTHT

STHTZ2 = SIN(THTZ)

CTHTZ2 = COS(THYZ2)

TTHTZ = STHT2/CTHY2

STHTUR =
CTHTER
CPSIIEe=COSIPSIL)
SPSILIL=SINIPSTL)
CPsl2e=CpsiPsy2)
SPSl2e=3INIPSI2)

SIN(THTEBR)
= COS(THTBR)

TTHTBR = STHTBR/CTHTHR
SPHIL = SIN(PHIL)
CPHILT = COS(PHIL)
SPHI2 = SIN(PHI2)
CPHIZ2 = COS(PHIZ)
SPHIBR = SIN(PHIBR)
CPHIBR = CUS(PHIBR)
SPSIuR = SIN(PSIBR)
CPSIbR = COS(PSIBR)

CALCULATE GAMMA BAR vALULS FROM TRIG FUNCTIUNS

GAMBIl = CTHIBReCPSIBR

GAMg12 = (THIgReSpSIKR

GAMBI3 = =$THTBR

GAMBZ2] = ~CPHIBReSPSIBR + SPHIBReSTHIBRSCPSIBR
GAMB22 = (PHIBReCPSIRR + SPHIBRO®STHTZR*SPSI1IpR
GAMBZ23 = SPHIBR®CTYHTHR

GAMB3]l = SPHIBR#SKHSIgR + CPHIBReSTHTIBRe(PSIoR
GAMB32 = =SPHIBKeCPSIBER + CPHIBROSTHTER®SPS [k
GAME33 = CPHIBRSCTHTRR

TRANSFURM PRINCIPaL AXIS ANGULAR VELUCITIES INIU SYMMETRY

AXIS CUMPONENTS
OMX1 = DLILl1eOMXxle « DLII2#0UNMYLIP & DLILI3eOMZIP
OMY1 = OLIZ21eOMXIP + DL1£2%0MYLP + pLIZ3eQMLIP
OMZ1 = OLI3]1e0Mxlp + DLII2*0OMYIP + DLI3I®gMZIP
OMX2 = DL211®0MX2r ¢ DLL212°0MY2P + VLZ213e0MLLP
UMYZ = DL22)e0Mx2p + DL222°UMY2P * DL223%0MZZP
OMZ2 = DL23)%0MX2p * DL232%0MY2p + DL23I3I*QML2P

Ul = ulPp

vl = viPp

Wwl = wlPPpP

U2 = u2pPp

V2 = y2PP

w2 = W2PP

OMXIPP2OMXI®*GAMBLI+OMY | ®GAMBL2=01c1*STHT R
OMYIPPEOMX ] *GAMB2LI *OMY | #GAMB22+0M 1 *GAMB23
OMZIPP=OMX1eG6AMBI1 +0MY ]} eGAMBIZ2+0MZ] #6AMBI3
CALCULATE THETA, #HI, PS| BAR DERIVATIVES
THTBRUZCPHIBRO®(OMYZ2=0MY PP =SPHIBk® (OMZ2aOMZIPP)
PHIBRUSOMXZ2=0MXIPP+TTHTBR®*SPHIAR®(OMY2=0OMY IPPI+TTHTURO®(PH|BRS
I1tomMz2~0MZ1PP)
PSIBRUSSPHIBR® (UMY2=0MY1PP ) /CTHTpK*CPHIBR®(OM2Z2=0MZIPPI/CTHTGR
CALCULATE THT, PHI, PSI UERIVATIVES
THT10 = CPHILI®0MY] = SPHIle®OMZI

PRILU = OMX1 & TTLT1e(SPnIleoMY| ¢ C(PHljsonzl)
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[a}

C

[a¥al

C

+ CPulleumZy)/7CTHTI

2P2(J)euMLe
2P24 )1 20MAL

PSTlu = (S5PH]|«0MY]

THT2p = CPHI2#0nY> = SPu 2%0MZ2

PHI2p ® 0MA2 + TTHT2#(SPHI2%0MY2 + CPHIZ®0NL2)
PSI2u & (SPHI2%0My2 + Cpni2%0Umiz)/cint2

NOW CALCULATL THE ALPHA vALUES

DO 620 J = 1 NCABLE

Al(Jy = U2 & 22P2(J)sOMY, = Y

a2l g) = V2 + X2P21yle0MLice =

A3( ) = w2 + Y2P2tJ)egMxe = X

THEN CALCULATE x,
ATTACHMENT PUINT
XBRO(J) = YarR{J)®aMZY =
= Zipl(J)*OMY]l + YIPLILJI*OM]

Yo

—

IBKLJ)®pmMyl =

2P2191%0MY 2

7 6AR DEkIyATIvVES FuR tACH

vl

+GAMBLI®AL (U +GAMB21*A2(J)+GAMBILeasLJ)

YBRD(Y) = ZBrt
- XlPltJ)*OMz1
2 + GAMBL2%AL ()

ZBRDUJ) = XBR(
1 - r1PILJ)*OMXI

—_—

~20

JI*omMx1 =
+ Z1P1(J)eOMXI
+ GAMB22es2( U}

JleaMYyl -
+ xlPi(JIeOMY]

abRly)®oHZl =

YBR(J)*oMxl =

2 + GAMBII®AL{U) + GAMB23wa2(J)
TRANSFER TO THE SHOCK FORCE SUBROUTINE
CALL CABFOR

TRANSFURM SYMMETRY aXiS rOR(E

AXIS FURCES [N BODY 2

DO 790 J = 1 +NCABLE

FX21(J) = = GAMglyieFx1li(y) -
1 - GAMBLI3*FZ11(J)

FY21I(J) = = GAMB2ieFXx1I(J) =
1 - GAMBZ3SFZLi(J)

F22I(J) = = GaMp3jerxtilitu) =

1 = GAMBJI3*FZLI1(J)

CALCULATE SYMMETRy AX1S mMOMew

vl

+ GAMBI2*AS(J)
Wl

+ LAMBI3*a3iu)

S N BULY 1 INTU Stampliny

CAMp 2%t Y1l ty)
GAMB22¢F YL I (U]}
GAMg32*FYLli(J)

TS UN bOTH glLIES

GX1UJ) = YIPL (JI®FZLII(J) = Z1PL LJ)efpYlgty)
GY1(JI®m ZIPL (gIeFX1T4JY = XIPL (Q)*F21ic0)
GZIEJI= X1PL LQYeFYLIty) = Yiel (glekallc¢d)
Gx2lyl=® Y2P2 fg)eFZ214y) = Z2P2 (Y)*FY21 ()
Gy2lJt= z2P2 (J)*FX214J) = x2P2 (ul*Fz21l ()
790 GZ2(Jd1 = X2P2 (J)SFY21(J) o Y2P2 (J)*FR21(J}

TRANSFER TO LATERAL SHOCK SUBwOQUTINE
CALL SIUSHK
CALL GROFOR
CALL HINGF

NOW SUM THE SYMMETRY AX|S CONPOWENTS OF

QAITEBP {445 )+p (454 ) +P(4177)+p(7002)
GYLIT=PLU4qe)+P(455)+P(4178)+pP(7003)
GZ1T=P{447)+P(456)+P(4179)+P(7004)
GX2T = 00
GY2T=P(448)+PL45s7)
GZ2T=p(449)+p1458)

DO 920 J = 1 «NCABI E
GXIT = GXIT + GX1tJ)
GYLIT = GYIT + QY (J)
GZLIT = 61T + GZ1(W)
6XK2T = GX2T + Gr2(J)
GY2T = GY2T + GY2(J)

920 GZ2T7T = GZ2T + GZ2(J)
NEXT, SUM THE

FXTITSPL442)+P (4511 +PLU}T4)+P (6999)
FYL1T=P(443)+p(452)+p(4]175)+pP(7000)
FZIIT=P{444)+p{453)+pPL4]76)+p(7001)
Fxzlr=p(441)+p(450)

FY21T = 00

FZ211 = 00

MOMENT

SYMMETRY AAIS COMPUNENTS UF FURCE



[al gl

1n50

1280

o~

DO 1u5S0 J = 1sNCABLE

FXI1y = FX11Y + FxllitJd
FYLIT = FYLIT « Fyilod}
FZLIT = FZLIIT + FZ11CJ)
FX21Y = FX21T + Fx21(J)
FY2IT = FY2IT + fFy2l1(4)
FLZ21T =5 FL21T * Fr21(J)

TRANSFORM SYMMETRY AX]S (OMPONENTS OF

PRINCIPAL AX1S COmMPONENTS

GXIPT =
GYIPT =
GLIPT =
GX2PT =
GY2PT =
GZ2P7 =

OL11begrln
pLll2eGXxlT
oL1I13eGXxliT
pL211*Gx2T
pL2t2%G6x2r
OL213*GXx2T

+
+
+
+
+

+

DLIZi®gYlT
pLiz22%uY1T
pL123*ayYly
pL2e1%*ayYeTy
pL2z22*gy2y
pL223%ayY2T

4+ + 4+ 4

+

ToTaL

pL131lsGZIT
pLidZsuZliT
pL133*GZ1T
pL23l*6z27
DLZ32%GZ2T
pL233eazan

CALL FORCING FUNCTION AND GRAvVITY SUBROUTINE
CALL FORFUN
CALCULATE THe ANGULAR VELOCITY DERIVATIVES

OMX1PD =
+ AGRIPT/CIXX]
OMY1PD = (GYIPT +
+ AQYLPT/CIYY]
OMZIFD = {GZIPy +
+ AGZIPT/C1Z2]
OMX2P = (GX2PT +
+ AGX2PT/CIXX2
OMYZPD = (GYZPT +
+ AGY2FT/CIYY2
OMZ2PD = (GZ2PT +
+ AGL2PT/C1Z22

CALCULATE BODY AX:1S VvELOCITY RATES
OMY1®nlpP « OMZLI®VIPP + FXLIIT/7(MI

UIPPD = =
+ AFXL1IT/CMI

VIPPD = = UMZIi*yicP + OMx1ewlPP

+ AFYLLT/CML

*

+

FYLIT/CMI

FZLIT/CML
FAZIT/ M
FY2ZIT/CME

FZ2IT/CM2

nomMENT

(GXIPT + OMYlPWUMZIPalclYYlaClZZl))/CiRAL
OMX1PeuMZiPelclzZLi=CIXAL ) /ClYY]
OMxIPeuMYLIP®(cIxxi=ClyYl))/Cleal
OMYZP'UMZZP‘(cvaZ'CllLZ)l/clklz
OMX2PsuMZ2P*(C1ZZ2=CIXA2}1/ClYY2

oMx2PeumyY2Pelclxx2=Clyv2il1/clic

WIPPU = = OMX1eVIPP + ONYL®ULPP
+ AFZ11T/7CNMI

UZPPY = = OMY2%32uP ¢ On.2%V2PP
+ AFXx21T/7CM2

VZPPD = = OMl2%y2pP + OMAR2*w2PP
+ AFY21T/7CM2

wW2PPL = <« OMx2¢v2vP ¢ OmY2*u2PP
+ AFZ211/CM2

SET I[N RATES OF CHANGE OF COORDINATES AS. DYDAS
DO 1280 J = | +NCABLE

JUMP2 = 3#J + 20 + NRESRY
DYDX{JUMP2) = xBRD(J)
DYDX(JUHNP2 + 1) & YBRDI(J)
DYDXIguMP2 + 2) = zZgwrD{Y)

DYDX(23)= Pledl)eyulpP+plsBuleyiPr+PlbaT)en]PP
pleB2reylpp+plaBg)eylpp+plesBlesnwlpPP
PloBI)*ULlPP+P(ABS)eyIPP+P (639 )sw]PP
Pl6I0I*U2PP+P(693)0y2PP+P L6961 8 W2PP
Pl6Y1IoU2PP+Pl69u)ey2PP+P (697 ) en2PP
Ple92)2u2PPepleds)ey2Pp+P698) an2pPP

DYoX{24)=
DYLX(25)=
pYux(26)=
DYux(27)=
DYDX(28)=
IFtKA]1=3)
NNNaNH+]

00 7 u=2Z,
JJU=NintJ

T{JJJuiI=0Y
CoOnNTINUE

515406
NNN
Dx(J)

RETURN
END

INTO
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SRC6

SUBryUuUTINE CABFOR
DIMENS {ON P(9549) NTEGER(S50 ) VAR(IY?I)wFXi[l2GHsFYLjr20)

i 1 FLL1020) o XxBRI20)D .28 120) s xbRDE2UBIYBRULZ0) s 2rRLL2UD,
2 CABLE(ZO) 2SPRK(20),CAMP(20) +KPIP2{20)sFURSILU) 2 COREL20)
k) s YBRE2019CSUB 1 120U o CsUB2120) 4CSUB3(20) ywSTURLZU)

COMMUN VAK
EQUIVALENCE (VAR(301) JNTEGERTLIDI) o (VARLAS1) P L1 (P LYBL)
FXLEGL D) 0 tPLUBL) Yl IO ) s (P (SO ) 4FZLT0L) ) s (P (B srpRL)
JalPiB8Y9L)aYBRUL)) (tptBoIIaZurILIV) y(PLBBLY s ABKDUL) W (p(T0L
JaYBRDULD ) w (P21 42aRULLII)tPLADL D aSPRRUL) ) (P62 ),
COAMPIL) ) o lP(64] 1 4RPIP2U1DI)I W IPLZQL V9P URS (1)) ytPLlabL )
COEELL) o tP(SB]1 ) ,CARLELL))

I VALUNCEINTEQER(29) yNSPSH) o INTLGER (30N o INUI Yo (PLF4Y) yndDTOUR(T1))

Fetitsul)yCOUBIILY))

Ew  IvALENCE (Plobl ) yA1 ) o (PLaB2)aa)) s (PLoBI) L) (P (O0%) L)y (PLEBS
1Dt ]) o (plotel s Fi)olploB87)aul) lpleBBl ML) (plosYl Al tpladg),a2)
2ot ley 1y B2Y o (Pl692)402) s lrle93),02) (P4 ) E2) JtPLeYS) F2),(P(6Y
36)0u2 )2 lPU697),4n2)(PL6LTB).AL2)

Al=P(36)eP(59/79)

pl=pl36)lepiby /7

Cl==p(35)

UDI=P(44)0p (35)ep (5979)=p (5977 )P 145)
LIzPI49)ep (5979 )+pP(44)ep(34)ep(5977)

FlePl44)lepl36)

Gl=PISY77)%P{44)+P(45})0P (3L, )8p(5979)
MISPI4951eP(35)18P (5977 1=P(44)*p(5979)

Al1=P(4S)eP (36)

A2=P(37)eP{5978)
32zF (39)eP(5976)

(2==p{38)

LV2BPI4b6)eP(38)ep(5978)=P(5976)8P(47)

E2sP (47 18P (5978)+P (46 )P {3IN)SP(5976)

F2eP(46)eP{39)
2P (59761 *P (46 )+P{47)ep(38)ep(5978)

HLeEP (47 )ep {38)epP(5976)=Pl4s)ep(5978)

AL2=PL47)eP(39)

NCABLE = NTEGER{21)
IFINTEGER(2%) )1 9] 02
C COMPUTE INSTANTANEUUS SPKING SHOCK LENGTH
2 00 180 J = 2sNSPSK
RPIP2(J) = SWRT(XuR{J)es2 + YBR({U)ee2 + [BR(J)ss2)
Ul tdiatxBrIJISXBRO(II+YaRIJI®YERD(JY)I*ZuR(J)I®LgrDiU) )/ RPIP2 L)
CSUBJItJIERFIP2(JV)I=~CABLE(Y)
COLE(U)=SPRK(J)* CSUs3(y) +CDAMP(J)®CSUBLtU)eABS(LSUBI
FANER
CSub2(JI=COEL(J)/RPLIP2(J)
FXLI(J) 3CSUB2(J).XxBRIV)
FYLItJ) =CSUB2(JU)aYbR{J)
FZLI4J) =CSUB2(U)eZBR(J)
180 CONTINUE
FCABNABO L0
SCabBmMaz0.40
VO 30¢ J=2,NSPSH
IF(ABS(COER(J))=FCABMX)I00,30u,301
AUl FCABMA=COEE(U)
[YY L]
V00 IF(ABS(CSUBI(U))=SCABMX)307+302+303
103 SCaBMAaRCSUBA(J)
spe=y

[P0 N Y S




102 CONTINUE
PLZ2D0)=FCABMX
PLa991=SCABMX
P{700)=8B8B
PIST90)=AAA

1 FxiI1(1)=0e0
FYLI(1)=20.0
Fe11(l)=pe0
RPIP21U1)aSQRTI(IXBRIL)I*82eyR (1) @02+7HR{1)e"2)
IF(NTEGER(28))3+304

4 D0 5 u=INDIsNCABLE
JJzJ=NSPSH

RPIP21J)2SURTIXoR(J)ee24YR5(J)1e82+78R(JIen2)
CSUBLLJI=Z(XBRIJISXBRO(JII+YRRIJI®YBRO(YI*ZBRIJICLRDIWIN/KELIP2( )
C FOR HONEYCOMB STRUTS CHANGE THE FOLLUWING STATEMENT TO
C RAMDME=0,
RAMDMF2P(622)eCSUBI LS
CSUB3LJ)=RPIP2(J)=CABLE({J)
6 IFICSUBI(UIIT 7,48
8 IFICSUBILJII=P(JJ+2483)19,9.10
10 IF(CSugdtUI=PLUJ*2183))11sl1s12
11 CUEBE(JDI=P{JJI+2543)¢CSuUBIY)
NSTUR(J) =]
50 To 26
12 IFICSUB3(U)=pLgu*r2303))13s13414
13 CORE(J)= PlUJ+2403)
NSTORLJ) =]
G0 TQ 26
14 IF(CSuUBItYI=P{Ju+2283))15415416
1S COBELJYIZP(UJ+2583)8(CcSUR3LIYI=P(JIJ+2303)}+PLIJ*+2403)
NSTOR(J) =]
G0 TOo 26
16 COEE(JII3P({UUr2263)
NSTOR(J)=]
wu TO 26
7 IF(=CSUB3(J)+P(uu+2b03))17,17,18
I8 JFUl=couBI(JUl=pP(YJ*2223))19,19.,20
19 CORE(U)3PLIJ+2563)CSUBILY)
NSTOR({J) ==
GO To 26
20 IF (=C5Ud3(J)=pP(JJ+2363))21421.,22
2] COEE(J)==P(JJe2243)
NSTOR(J) ==
GO Yo 26
22 [FU=CSUB3LI)=P(UJU*r2343))23,23,24
23 CORE(UI=ICSUBIIJI+PIUU+2363))eP(Ju+2603)=PiJIJd*2243)
NSTOR(JI==}
@0 10 26
24 CORE(J)I==PJU+2323)
NSTOR(J}==]
G0 TOo 26
9 COLE(UIBPIJYU+2523)=Plgy+23ul)e(P(yJ+2483)=CSUBI(JI)+iRAMUNP
NSTOR(J) =0
IFICOEE(U)I2% 429026
¢ FOR HONEYCOMB STRUTS,(HANGE TWHE FOLLUWING STATEMENT TO
C 25 COEE(JI =0,
25 IF(COLE{Y) oL To(=PJU*+2203)))COEE(U)==PlUy*220U3)
GO T0 26
17 CUEELJIBPLUJ+2643)=P(gJ+24n3)e(P(4J+2503)=CSUBI(Y))+ramMLNP
NSTOR!JI=0
¢ FUR HONEYCOME STRUTS,CHANGE THE FOLLUWING STATEMENT TO
IF(COEE(J)I26420,25

[}



60

C AND REMOGVE STATEMENT NUMBER w10
lF(COLE(J))Zéle.qu
410 IFICOEE(J) eGTaPlUJ+22493))1COEE(I)=F(dUs2243)
¢ COMPUTE HUNEYCOMg SHULK FRICT1ON FORCE
26 [FLCSUB3(U) 30593054306
305 [FICSuBl(J))IN7»308,309
107 FRICF==PJJ*2683)
60 TO 310

108 FRICF=0s0
w0 T0 310
309 FRICF=EP(JJ+2663)
G0 To 310
306 IFICSUBLIJYI3110308,3)3
Al FRICF=E=P(JJ*2723)
60 To 310
VI3 FRIcF=Pgy*2703)
C MODIFY FRICTION FORCE FOR LOw STRUT VLLUCLITY [F NECESSAKRY
110 STvagsS=ABS{CSubl (J))
IF(STVABS=142)400,400,401
400 FBUTSWRT(STVABS/1e2)
G0 TOo 402
401 Fou=l.0
4U2 FRICF=FBUSFRICF
FORSIJIBCOEE(J)*FRICF
CSUB2(J)SFORS(JI/RPIP2(J)
FXLI{J)I=CSUB2(J)eXBR(J)
FY11(J)3CSUB2(J)*YBRI(U)
FZ11{JI=mCSUB2(J)I*ZIBR(J)
5 CONTINUE
FCABNA=0.0
SCABNX=0.0
DL 27 JsINDIJNCABLE
IF (ABSIFORS(J))=FCABNX)}Z2B+28429
29 FCABNAXFQORS(J])
AAAASY
28 TFLABLICSUBA(U)I=5CABNX)27.,27,30
30 SCABNX=CSUBI(J)
BbesbBsJ
27 CONTINUE
P(979)=FCABNX
PE94])=SCABNYK
P(942)3BBBB
PI943)=AAAA
3 CONTINVE
RETURN
END

SRC7

SUBRUUTINE FORFUN

DIMENSION Y(J00)s0(9549) 4NTEGERIS0 ) 2VARI9999)

CUMMON VAR

EQUIVALENCE (VAR(1)eY(1))s (VAR(IOL)'NTEGERLLI) ) (VARL45])
1 NASRE
EQUIVALENCE (P(6B1) ALY 2P (6B2) 181 )s(P(6B3YCLIo(PI6B4) UL} (PL6BS
V2B s lPleBoY sF L) o PleBT)4Gg1) o (PlaBB) ML) (PLOBTYsal))lpteTn)a2)
2:00pte91)482)4(ple9214C2)atlple93) L2) (P a94)su2)tple¥8),F2),tpPLeY
36),G2) s {PLBT7)aH2Z) 4 (PLLTFB)ALZ)

EQUIVALENCE (P(12R)4aGXIRT) o (PE129)AGYLIPT) ipl130),AG21P
1 Tl otpll31)oAGX2PT) o lpl132)saGY2pT)s (PUL33),AGL2PTIWLPLL3




C

C

C

C

C

C
C

2 Y)yAFXLITI s (PLI3B) W AFY2IT) s (PEL13T)AFZZIT)
3 W (P U130 )y AFYLIT) o (P(136),AFZ1LT 1P CL137)sAbX2LIT)
4,0P(5932) yFA1G),(PI5933),FY1G),(P(5934),FZ1G)
(=3
GO TOUI014102,4,103)41
THE FOLLOWING ARp PRINCIPAL AXES COMFONENTS
11Ul AGXLPT=P(S9583¢SINIPIS99F)ey (1))

AGYIPT2P (5957 )5S IN(P(5999 ey (}))
AGZIPT=P (5956 )1 85IN(P{5999)eY (]]))
THE FOLLUWING ARE SYMMETRY AXES COMPUNENTS
AFX11 SP{5948)1S5IN(P(5945)sY(1))
AFYL] =P(SF47)1#SIN(PI8T4S)eY (1))
AF /11 SPLS9461¢5INIP(S945) ey ()))
Tt FOLLUWING CAKD SAOULY READ AFX2130,0 1T waS CHANGEDL FOR
TEST PURPOSESsTO AFX2I==aFX1]
AF x21=0e0
AFY21=0+0
AFz21=0.0
w0 10 |
THE FOLLUWING ARt PRINCIPAL A<ES COHPONENTS
102 AGR2PT=2P(5958)eSINIPI5999)eY (1))
AGY2PT=P(5957)sSINIP(BT99)eY (1))
AGZ2PT=P (5956 ) *SIN(P(5995)eY (1))
THE FOLLOWING ARE SYMMETRY AXES COMPUNENTS
AFX2] =P (59481 «SINIP{BF4L)aY(]))
AFY21 =P (5947)¢SIN(P(5945)eY (1))
AFZ21 =P(5946)#SIN(P(ST45)eY (1))
AFXx11=0e0
AFYL]I=0e0
AF 211=040
GO 10 1
103 COnTINUE
AFXx11=0+0
AFYL11=0e0
AFZ11=0.0
AFXx21=040
AFY21=De0
AFz21=040
CALCULATE GRAVITY +ORCES ON BnTH BODIES
THE FOLLUWING ARt SYMMETRY AXES CUMPONENTS
| Fxi1Ge Pl6)®(AIeP(125)+BleaP(126)%C1 *PL127))
FY162 Pl&I*(plep(125)+ELep(124)*F1 *pP{127))
FZ16= PloI®(GLeP(125)+HIeP(126)*+a11%F(127))
FX26aP(22)*(A2eP 1 125)+B2eP(]1256)%C2 *P(127))
FY26aP(22)9(D24P (125)+E2eP (126)4F2 sP(127))
FZ262P(22)10(G2ePL125)+H29P (126)%412%P(1271))
AFXLI1T=AFX11+FXIG
AFYL1T=AFYLI+FYIG
AFZ1IT=AFZ11+FZ16G
AFX2ITRAFX21+FX2606
AFY211=2AFY2]+FY20
AFZ21T=AFZ221+F 226G
RETURN
END

61



62

SRC8

SUBRUUTINL QuTPUT

DIMENSIUN Y100} suYDX(IGUI 2 PI9549) yNTEGER(S0 VevaR(9999),
IRg 392
CUMMOI VAR sgNTs KFST

EGUIVALENCE (VAR(:).Y(l)).(VAR(IUI)-UYUA(I))n(VAk(JOl).
I NTEGERUID )2 (VAR(Y401),P (1))
4.(p(qul).Yce).&P(b??u).xch).(p(s?&?).Zce).(P(b?ba).anzcu).(P(s9
5u7».yuR2cu).(p(5986).zaRZCn).(P(soasn.PS;(AP).(P(:vuu).PMICAP)

LuulVALLNCE(P(5970,.Ex2).(p(5969).EYZ)-(P(5966)o£L2)

EwUIVALENCE (P(oal).Al).(P(bey).al).(P(baa).cl).tP(baﬂ).uA).(pfgeg
1)-ex).(Ptésai.rl).(P(be7).a|).(P(baa).Hx).(P(bav).A[l),lptbvg),AZ;
2'(P(by|).BZ).(Plb92).t2).(P(693).uZ).(P(bvﬂ).tl).tP(b95).F2).(P(69
36).uzl.(P(b?l).HZI.(P(b?d):A[z).(mYLGER(JZ).NPP)

twUIVALENCE (P(lao?).YHSMX).(P(7510).NPHS).(P(7°71).YN]MA).
1(p(’b?Z).NPRI).(P(7673)nYRZMX).(P(7674)|“PR2)1(P(7675).YK$MA)0
2UP(7676) NPR3)

6x57,295779%

0u11=1P(lU)‘uYDA(2)0P(ll)'uvux(3)*P(lz)‘DYDX(4))Ou

UUTZ'(P(13)‘DVDA(£)*P(lﬂl'uYDx(JloP(lb"DVDX(H})'u

uurJ-«P(16)ouvox(2)oP(17)-nvux(3)¢P(Au)-ovox(HJ)-u

UUT7=P(56) 8
UUTBaP (57 )8

QUT9=P(58) g

ouTH =(P(26)00vux(li)fP(27|-Dva(12)0P(Za)oovux(ld))-o
uuTS =(P(29"uvux(ln)'P(JUn*Dvuxtlzlop(Jl)-oYDxtls))'u
uuTe =(P(321‘UYUX(11’*P(SJ!'DVUX(lZ’*P(34’ODYDx(lJ))'6
QUTIO=P(G8Y) ey

UUTIIEP (60 g
QUTI2=P L6} ) e
VUTI3=LYDX(8 jeu
QUTI4=DYDX(9 ey
OUTIS=uYpX(lp)es

OUT162DYDX(17)eB
UUTLIZ72=0YDX(18)ep

UUTIB=0YDX(]19)ep
VUTI9=Y(8)e8
ouT20= Y (9 J)eo
ouUT21= Y  (Q)en
GuU122 Y (17)eb
QUT23s Y (18)ep
QUT24= Y (]|9)eb
QUT25=P (221 )8
VuT26=P (1222188
OUT27=P( 1223 )8
QUT30=DYDX( S)I+riST7)ey( 7)1ap(n8leyl &)

QUTII=DYDXI 61+pP(SBleY( S)ap(nbley( 7)

QUTA2=DYDX( 7)1+p(S6)ey( 6lep(nu?ley( 5)
0UY33‘UVDxll4)‘P(6OI'Y(]6)-9(6])07(15)
UUTJ“‘DVDX(lbl’P(blPCY(IQ)-P(59)01(16)
OUYJb‘DYDX(le)'P(59)’Y(lS)-P(AO)‘V(l“)
0UT36=2Y(20) 8
QUTI7=Y(22)e3
ouT3a=Yl2])ey

P(973 1= Al *QUT30 + D! eQuTidL + Gl eyutTa2
Pi974 1= Bl eQUTID gl *QuUT3] » nl eguTd
(975 )= Cl *0UT30 + Fl eoutdl <*alje0uta2

P(976 )= A2 *QUT33 02 *QuUT34 ¢+ Gg *QUTA3S
PL977 )= B2 *0UT33 E? *0UT3I4 H2 *QuUT3S
P(978 )= C2 suUT33 + F2 *QuUT3y Al2eyuT3s




C CALCULATE STAglLITY ANGLE(SAN, IN OUIPUT)

51

52

LD
61

53
by
55

56

57

58

102

Aall1G=P(5932)/P(6)

AJ)1G2P{5933)/P(6)

AK]1 =P (99341 /P {6)
ALIVEAL®DYDX(23)+Cl*DYDXI2R)
AJIVEDLI®DYDX(23)+FLl*DYDX(25)
AKIy=Gl*DYDX(23)+AllepYDX(25)
AJIN=AKIG#AlivV=AKLIV®*ALllG
AKIN=AllGeAJLIV=ALlIV®AUIG
AlLINZAJIGE*AK] I v=AJ]IV*AKIG

SUb2=AKIN/ZALLN
SUBI=(AJIN®P(5930)/A1IN)I+P (965)
SUa3=(SUBLeSUB2=-P(9674)/(SuB2e*2+140)
SUg42(SUBLI®®2=-p(593])ee24p(967)%e2)/(SUB2**2%1sU)
AlNTG=SUR3**2=-SuBY

IF(AINTG)IBL 152,452

STAANG==1,0E10

G0 Yo 58
PKIS(5QARTCAINTGI)I®IAKIV/ABS(AKLIV))=S5UB3
EOSUBS({P (5931 )1¢22)=(PK1=P(967))%e2
IF(EDSUB)I60 160461

EOSuUB=0+00001
PLI=(SQURT(EDSUB)I*ATIV/ABS(allv)I+F(965)
STAANGUSARCOS(ABSI{AJIG*PI5930)+AKIGOPKI*Al1GePTIL)/Sknl(laulGen2e
LAK 1 G**2+A11G*+2)¢(P(S930)ee2¢PKlee2+P[]1%e2)) )]
STAANGSSTAANG/QeO17453

AJABS=AUS(AJIN)

AKABS=AdS(AK]IN}

AlABS=ABS(ALLIN)

IF(AJABS=AKABD)53153 404
1F(AKABS=ATABS)ISH 150,54
IF(AJABS=AlABS)55455,57
ALINASAJIG*PK])=P({5930)%AK 1
STAANG=STAANGeATIN®ABS(ALINA)/(ATINA®ATARS)
GO To 58

AKINASAT1GeP(5930)=PlleAdlo
STAANGZSTAANGO®AKIN®ABS(AKINA) /{AKINASAKABD)
w0 Ty 58

AJINASAKIG*P1=PKI*AL LG
STAANGESTAANG*AJIN®ABS(AUIAA)/(AJINA®AJARSY
CUONTINUE

[FINTLGER(25)13U1,301,302

WPPENPP+L
Epaspt59)ep(Tosel+plaplepirser)eptol)epliesd)
EDBEP (5 )*e2+p(6D)e®2+4P(4])002
EDC=QUTHeP (7668 )=0UTHeP(7647)
EDD®OUT6eP(76646)1=0UTH®P(T7648)
EOLEQUTH*P (7667 )=0UTS*P(7666)

ReCi1 1=v(1)

REC(2 )=3pP(402)

KECt3 1=P(403)

REC(Y4 }=P(404)

REC(5)=P(405)

REC(6)2P (H4006)

REC(71=P(407)

REC(E )=P(662)

RECI9 )=PL663)

REc(1Q)=p(664)

RECI11)®P(665)

RECV12)=2p(666)

RECU13)=p(667)

REC(14)=p202)

REC(15)=pP (2031

RECt16)13P(204)
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ReCc(17)=P{205)

REC118)3pP(206)

REC(1Y)I=P(207)

REC(20)3P(459)

RECtL211=P(460)

REC{22)3P(44]1)

REC(23)3P(450)

REC(249)=Y(23)

RECE25)3Y(24)

REC{26) =Y (25)

REC(27)=0UT32

REC{28)2QUT3]

REC(2Y)3SYRT(QUII0®*2+QUTI #82+00732822)
RECI3UI® SURT(QUTI3e®2e0uT 140024 T30002)
REC(31)1=DYDX(23)
REC(32)‘0U1330EDA'P(59)-LDn'P(7boA)*ED('D'Ul7HSJ
REC(33)=0UT1Y

REC(3I4)I=DYDX (24}
RECIIDI®QUTI4+EUA®PI6U)=ELDRSPITEA/)YELD®Qe0 ] 7453
REC(36)a20UT20

REC(37)=DYDX (251
RECI3B)30UTISHEDA*P 6] ) =L DROP(Tbbu ) *EUE®Neg} /4953
RECtL3IY)I=guT 2]

WRITE(I)(REC (L) yim],39)

101 CONTIRUE

64

IFLY(1)=p(2))20+50450

20 IF(Y (U} )=p(8)) 150450450

50 CONTIHNUE
ARITECSOL0UIPI973 DaPIF7Y 1 oP(975 Vspl9T74 )spPl977 Yap(978 )y

lovox‘za).DYDx(ZH)-DYDx‘ZS).Dva(zb).ovox(zv).uyox(za).y(¢3).
2yU24) 0¥ (2580 0y 2600y L2704y (8],
3 0uTts0UT2),
HOUT3+0UTH,4QUTH,0UTS
WNlTE(6'206’0UT7-0UIB.0UT9.oUrIU-uUTll-OuTlZ-P(ZOU).p(599u)|p(979)
1»pl944)op(699)-p(700).0u719.ou72u.ou121.ou122-ou113.ou144
NRITELGO1207 )Y (1) o0UTI6IQUTI7 s 0UTIBPITHL ) p(T42) ]
wkllgtbnzoalP(BZI)nP(BQl).p(BA]).P(Z?bl).P(2752)lSTAANQ
EMAGIEP(4174)+pP(6999)
EMAG2=PI4175)+p(7000)
EMAGI=FP(4176)+PLT7001)
EMAGH=F (4177)+P(7002)
EMAGS=P{4178)+pP(7003)
EMAGA=P (4 179)+PL7004)
WRITEL61209)EMAGI vEMAG24EMAGI EMAGH yEMAGS yEMAGS
?RllE‘§-ZIU)P(7ob9).NPHS WPU7671) 4nNPRI WPU7673)  nvPRe WP(7675
}2aNPR

210 FURMATISH YHSMELI58,7H NoHSI1S 78 YRIMELISebs7H NPRITLS 47
IH YR2ME 158, 7H NPR2115 /6H YK3ME15e847n NPR3LL1S//7)

100 FORMATISH XIDUDEISe897H YIDDELIS e s 7H 71D0E15eb97H X200k 15ebs700001H
2M Y20DE15+847H Z20DE15+.8/5H4 XID E1SeRs7H YID E15e847H 21D pouul43
3E15+807H X20 £1548,7y4 ¥20 E15+8:7H 120 E158/54 X1 E15847H0p000144g
4 YIi E15¢8,47H Z1 E15eRy7H X2 E15.8,7H Y2 E15¢847H L2

5 E15487

6 S5H UXAIDL1Se8,.7
7w OYIDELISe8,7H OZIDEL1S5.897H 0X2pElSe8¢7H OYZUEL1Se8,37H 0z
82D 1548)

206 FORMATISH 0X] E15¢8,7y Ovl EL1Se827H 021 ELISed47H Ux2 klbebaZgyuuolinag
2H 0Y2 E15e8. 7y 072 E15+8/06H FSMXELSeBs7H S NOL1SeBr/7H FHMAQUUU1430
3E1Se8¢7H H NOEL1SeB47H SSMXEIS5e847H S NOEISeB/bBH THI EiSeB27HOUUUI
4 PH1 E15e8,7H PSI E15¢847H TH2 €15.,8,7H PH2 £15ebs7H PSQ
S E1548)




207

FORMAT(SH TIMEELISeBa7H THBRE!Ssus7n PSBRELISsua7H FrhoRblSens?7

2H SHMXELSe847H H NOE15.8)

208

FORMAT(SH XBRIELSe897h YRRIEISs647H ZoRIELSeba7H SE3PEISeb 4/

ZH SEIMELIDSeB,47H SANGE15,.8)

209

FORMAT(5H FXGQRELISeB47n FYGRe15eus7H FLGREIDsB s 7H GAGRELDeab 7

In GYGRELSeB8,,7H GZGRE15.8)

121
122

120
130

150

C CH

i0

¢ PO
C Co

Pla)=pr(8)+P(7)
NTEGER(23)=NTEGER(23)+1]
IFINTEGER(23)=2)1200121412]
WRITE(65122)
FORMATULHL)
NTEGER(23)=0

IFtY (1) = P(21)150,130+130
END FILE 11
ENu FILE 9
CONTINUE
RETURN

END

SRCY

SUBKRQUTINE SlushK

DIMENSION PL9549) 2 VARLP999) yNTEGERK(50)

COMMON VAR
EQUIVALENCE(VARIASL) 4P L1)) ,(PL6B)GAMBLLII L (PL69),6AMBLI2) 4 tPLTGY,
1GAMBLI3) o (PUT 1), GAMB2E3 4 (P (72),6ANB22) 4P (73) s0AMBLZ3) 4 (PI74),6aN0
23114 (PL75)4GAMBI2) 4 {PUT76).cAMBI3 1 (P (4371 4XBP2PL) W (PUY921)4XBPIPL),
J(P(ﬂZl).XBl).(P(“Zb).YBPZPL).(P(429).18P2PL).(P(459).STRUKP).(VAR
H(Jol).szuER(n)).(NTEGER(Zn).NLATP)-(9(2751)-SEVCJPI.(P(2745).EL1
S5CSHy(PI27494) 4aKCIS) 0 lpPl27492),SCISI I PI2763) 3FECIAP) v LP(2746) 4aKPS)
6y (pl438) o xBP2uL) s (PU424) s xupImMl) o (P431) ,YBPZML) 2 (PY432)428P2NL)
7(P(460).5rkoxn).lp(%Z?).xepZPl).(P(qao).xaPZMI)o(NTEhtR(19l.NLAIM)
Balpl2752) 9SEVCIM) o (PL2754) (FECIINI o lPIBY ) 4YB1) e tP(bb1)szni)
ECK RIGHT SIDE(+) STRUT

X8P2PL={ XBPIP|~XB1=GAMB2| *YBP2PL~GAMB31*ZBP2PL)/GAMBI ]
STROKP=XBP2PL=~XBP2P]

IF{(STROKP) 24141

NLATP=1

G0 To 1

IF(SEVC3P=STROKF}3,3,4

IF(=STROKP=ELICS)515,6

P{44]1)138KCIS5*STROKP

NLATP==]

G0 To 10

Pl44]1)==5CIS

NLATP==]

GO T0 10

Pl44])=FECIAP=-AKPS*(SEVC3P-STROKP)

NLATP=|

ILFIP(441)) 10411911

YBPIPL=YBI+GAMBI 20 XBP2PL+GaAMB228YaP2ZPL+GAMBI2¢ZBPZPL
LBPIPL=ZBl+*GAMBI3*XBP2PL*GAMB2I*YEP2PL+GaAMB33*ZBP2PL

INT Pl+L IS NOw COINCIDENT wiTw TIP OF LATERAL STRUT
MPUTE FORCES AND TORWQUES (SYMMETRY AXES)
P{442)=(=]1+0)9GAMBllsP(44])

Pl443)2(=1+0)9GAMBI2eP (441)

PlUd44)=({=140)eGAMBlI®pP(44])

PL445)®YBP |PLOP L4444 )=ZBPPLOP (44])
PlY446)mZ8PIPLOP(442)=XBPIPLO*P (444)
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PI447 I=ABPIPL*P(443)=YBPIPL *P(442)
PL4481=28PLPLePI441)
PLY449I=(=1e0)oYDP2PLeP(44])
G0 TO t2
1] bo 7 J=1.9
7 Plg+sU)}=0e0
¢ CHECK LEFT SIDE(=) STRUT
12 xBrP2mL=(XaPINL=XB1=GAMB2)oyBP2NL=GAMB31®25P2ML)/GaMELI
STROKINSXBP2ML=XbPZMI
TR (STROKM)II3 413014
Js NLATM=|
6o T0 20
14 [F(STRORM=SEVCIN)IISslnsie
16 IFISTROKM=ELICSILI7417418
7 P(4501=8KC1S*STROKM
NLATM==]
60 TOo 19
ba P(Y450)=5CIS
NLATM==]
wo To L9
15 PLY450)SFECI3M=AKPS*(SEV(IM=STKUKN)
WLATM=L
[F(PLY450) 120020919
ly YBF’\HL:VBlOGAI'IBlZOXBPZMLQGAHBZZOYbPZMLQGAHQSZOZbP‘ZML
ZuPlML=ZBl‘GAMBlJ‘XUPZML*hAM623‘YnPZNL*GAHd3J'leZML
¢ POINT Pl=L IS NOw (OINCIWLENT #1Tw TIP UF LATERAL STRUT
C COMPUTE FURCES AND TORWULS (SYMMETRY AXES)
P(u4Sli=l=1s0)eGAMBLIeP (450,
pPluS21=3(=1e0)eGaMBLZ*P (450
plys3)3l=jeptegAMBLI®PI450)
PI4SY ) ZYBPIMLOP (453 )=2BPIM P (452}
V(HSS]=ZBPlML'P(“51)'XBPIHL‘P(453D
Pl456) AP IMLPPLY452)=YEP I ML®P(45])
Ply4sS7I=ZBP2MLep 450
plasB)=l{=]1e0)eYusPZMLOP(450)
0o To 21
20 PO 22 J=149
22 PlLy*449) =00
21 CONTInUE

RETURN
eND

SRC10

SUBROUTINE Solgt

DIMENSTON PL9G4Y) yVARIF999) , Y251 12001 +FvO(2UU)sY82510lcUu)y
lNYthER(SD)nAC(ZUD)-XBZRTS(ZDO)nYBZRTS(ZOH).loZRTS(ZUU)uvL&Tu(ZDU)
COMMQOiN VAR

EQUIVALENCE (VAR(451),PU1)1,(P(2755),xB2nS1),4(P(2756)4YbevSI,
l(p(27b7).lb2051)-(9(2758).y82q1(l))n(P(2958)nFVO(l)).(P(3l55)o
ZV&ZSIU(l))-lP(“lBD)vXBZRTS(l)l-(P(436U)0YbZRTS(l)).(P(HSHU)-LbszS
)Yt (3758, veCTBELD))

3. UVARCIOL YV aNTEGEREIDI )y INTEGER(31)4J) o (P (6000 sANG) s (P L3Y64) saKC)
4.(p(3958)-c60).(P(J9bu)ouENSTv).(P(39b9),(Do).(P(JVbl).uLUNSTlu
SUP(3962) ,GPOWELR) v (P13963) u0FF)strt3968) ,aKNT) (P (3%66) a0 1P(3
6 9701 sACEL o tPLYLIT0) 4 FSR)LIPISLIT I 4FyT) (pUHLT72)FLAIPL4LTI

7 ) JFDL)

IF(YgeSitdl=Yp25100Jd)ilalae2
] FYSR(GCONSTeac(J)e{=Yy 251(yr)esGPUWER)/L o044/

w0 T0 3




2 FVS‘FVO(J"bUbF"VBZSIO(J)_YBZSI(J))OAc(J)/ll-0477
IFLFYS) 444,45

4 FVS=0e0

G0 TO0 S
3 IF(YB20S1110,11411

11 FOYNASDWQ
GO0 10 &

10 DYNAM=0-5'DtN5TY'AC(J)'AK(.YBZDS]0'2
CONEBAKNT®l=YB2S1(JII®AC(U)/]1]+0447
LFLCONE=DYNAMIT 748

7 FDYNA=CONE
G0 To o
¢ FOYNASDYNAM
6 FVTI=FvS+FDYNA
GO0 JO 9
5 FVT=FyvS
CHECK FOK DRAG FORCE ON THE PaD
9 IFIFVS)I13,13,14

13 AF=0,u
GO0 TO 12

14 GAMMA=ATAN2(252RIS(J).XBZRTS(J))
BEE=ATANZ2{ZB2US1+xB2DS])
GRAAaGLAMMA-BEL
IFIXBERTS{UN)IS,16416

1S JFUZEZRTSIUI 17418419

In THIRD QUADRANT

17 IFIGRAA*447122)1204204)16

20 GRAAZGRAA+642838
GO T0 16

IN FORTH QUADRANT

19 IF(GRAA=447122116421,21

21 GRAA=GRAA~6+28318
G0 To 16

18 wRITE(6,22)4

22 FORMATII9H CANT TELL IF POINT[4452H 1S In QUADRANT 3 Uk 4eASSUME

IRAG 15 O AND CONTINUE)

16 CONTNUE

CHECK DRAG FORCE CUNDITION
IF{ABSIGRAA) =} 457071)23,13,43

HAVE DRAG FQRCE

ASSUME AREA ASSIGNED TO GIVEN POINT |S SUUARE aNL CUMPUITL Slue wF T

23 ACSIDE=SQRTIAC(Y})
WPA=ACSIDE*COS(GRAA)
IHTOaARCOS(ABS(YUZRTS(J))/UECTH(J))
HPA=ACSIDESSIN(THTO)

COMPUTE FRONTAL (PROJECTED)AKE, OF PUINT
AFaHPASHPA

12 FD]=Ch0'DENSTYO(-YBZSl(J))OAFGANG
FUZICDO’DENSTvﬁkF'(XBZDSI'OZOLBZDSI"Z)
FO=FDI+FD2+AMySFYT

COMPUTE RESULTANT VELOCITY Iv. INERTIAL Xx=Z PLANE
TVBZS12SQRT(Xx52051%%2+782D5] #e2)

RESOLVE uRaG FORCE INTO INERTIAL X AND Z COMPONENTS
FOXx=(=FD)exB2usli/TVB2S)
Fuz=(=-FD)ezB20S1/TVB25]

DETERMINE RESULTANT SOIL FORCE
FSRESURT(FDX#02+FDZes24FyTaoz)
RETURN
END



SRC11

FUNCTION SINE(X)
SInbE=5TH(X)
RETURN

END

SRC12
FUNCTION ARTN(XsY)
ARTN=ATANZ2 (X,Y)
RETURWN
END
SRC13

SUBROUT INE GROFOUR
DIMENSION YO100) 4P L9549) yNTEGERISU) s VARI9II9 ) syBZ31 (2000 sk PR IZ0OUD
lnAbZRTS(ZUO)OYBZRTS(ZUO)|ZR2RTS(2UU)0VECTbl2UU)
COMMON VAR
EQUIVALENCE {VARCIDsY (1)) ¢ (VAR(30IDsNTEGERIL) I lvaARLaS LI P LLY),
l(NTEGLR(b)-NSK)n(P(56)-OMX|).(P(bl)-UMYl)-(P(:e).U"Lx).(P(ZY&b).
2xazosl).(P(27561.vu2051).(p(27s7).zazosn).(p«Z7bu).vuzsxtl)).(P
304170) sFSRI W IPI4ITINaFVT ) o tplalT2)0F0x)a P (4173)5FDZ)0tpP(3308),
HFPR(I)).(p(J758)-VLCTu(1)).(P(Hlun)oxBZRYS(l)).(p(qéud)-YuZKl:(l)l
By lp (4801 sZB2KTSHL1D)
tqulvarENCE (v(bﬁl)-Al).(p(baz).ul).(p(eas).cl).(P(boﬁ).ul).(r(beb
ll-tl).(P(bﬁb)cFl’n(P(687).le.(P(bBB)-Hl)u(P(éd?)oAll)-‘P‘bVU)oAZ’
z.(p(691).azl.(9(692'.cz).(p(b93).u2).(9(694).Ez).(p(bvsl.rz).(ptbv
361 ,62) 2 (PI6TT) H2Z) W (PLE9E) [ALQ)
C INITIALIZE GRUUND FORCES AND TORQRUES ON p0DvY 1 TO LERO
Pl4174)=0e0
P(41751=0s0
Pl4170)3040
Pi4177)=00
pPly4178)30e0
Pi4179120.0
DO 1 u=1,NSK
¢ DETERMINE WHICH POINTS ARE wELOW INEwTIAL A7 PLANE
YB2S1(J) =Y {24)+B1*P(J+15821+E1*P(ue1782)+H1*FP I+ 1982)
IF(YB251(J) 12,343
COMPUTE INERTIAL VELOCITY OF rOInTS gELOW X7 PLANE
C VELOCITY IN SYMMLTRY AXIS SYSTEM
2 VELIsY(5)=0MZ1eP(J+1782)+0MY1eP(J+1982)
VELJaY (61 =0MX18PLJ+1982)+0MZ1eP(g+1582)
VELKEY(7)1+0Mx10pP(J+1782)=0nyiepP(y+1582)
C  VELOCITY IN INERTIAL SYSIEM
kB20s1 sAleyELI+D]eyELU*geVELK
Y820s1 sBlevELI+ElevELJ*HI®VELK
Z820s! sClevELI+FlevVELJ+ATILISVELN
C CALCULATE POSITION VECTOR FROs R¢ TO S1(J) [N INERTIAL CUORDINATES
SUBIaP (J+1582)=P(765)
SUB2aP (J+1782)=P(969)
SUBIup(J*1982)=pPL967)
XB2RTS(J)sAleSUBLI+DlesSUB2+al®sUB]

o
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YB2RTIS(J)=vlesSUbl+bl1e5UB2+H) eSUBY
ZB2RTS(J)=ClesUnl+FlesuB2+altesSUpa

VECTB U =SORTIXp2RTSIYI 22, YB2RTISIJ)e#2+72RTS(J)®e2)
NTEGER{31)=J

CALL SOILF

TRANSFORM GROUND FURCES FROM INERTIAL AXLS TU BULY | AXES

FOXI=Al®FDX+BleatVT+Cl oFDZ
FVTI=DI®FDX*Eleb VT+F] #FpIZ
FOZLI=GLe*FDX+HI&FVT+ALL®FCL

COMPUTE TOTAL FORCES AND TORQUES ON u00Y] Dyw TV GROUNUL

PL4l74)=P(4174)+FDXI
PL4175)3P(4179)+FVT]
PLa176)1=P (41 76)+FUL]
PLYIT/ISPIALT7)+FD21*p(J+1782)~FVT1®*P(J+19R2)
PLA176)3P(4178)=FDLLI*P{JU+1682)1+F xl®*P(J+1982)
PLY179)=plal/9)+FVTIoP{J*1aB82)=Fuxi®*p(d*1782)

VDETERMINE THE COSInE OF THE ANGLE BETWEREN Ve(CTe ANV FSK

CSaB=(FOXOXB2RTS(JI+FVT®YB2ZRTIGIJISFDZe/BORTS(VII/ZIVECTHB(JV)#FSK)

DETERMINE SOIL FURCE COMPONENT NORMaL TU HELT SHIELD

&2

4l1

4lz

445
414

413

FPREJI=S{=-FSR)«CSAB
G0 To |
Y251(4)1=0.0
FPR{J)I=200
CONTINUE

Re TURI

END

SRC14

SUBROUTINE RKAM
DIMENSION TUHIDOUW)
COMMON/ADM/T J NNy SPACE KAl , 4l A24A3 A4 ,AD A7 (MAP,SSE,YP KPRNT
DIMENSION BET(4),SET(4)
DATA(BET O s f=104)/72000501.0s0e07(SETCLII 121040/ alsdocelrliaus
GU TO (502+412,503+411)M4Ap
NlsNN+l

N2ANL=NL+N]
NIXNI=ENZ2XNI+NI
NY4XNI=NIXNLI*NI
NSXNIENYXNL+N]
N7XNI=NIXNI+*NYXN]
NIOXNI=SNSXNLI+NSXNI]
NIZ2XNI=SN1OXNL*NZXNI
CALL vERFUN

LiL=l

KKk=1

MAP=2

[ONS=Q

RETURN

D0 415 I=]sKR
LRRENIXNI®(KR=]+1]}

D0 415 J=]sHNIXNI
LR=LRR+J

LRJISLR=N3IXNI
T(LR)=T(LRJ)

CONTINVE

MApP=2

IF(KReGE«4)GO TO 44

DO 20 1l=]1NN
IP2NI=1+N2XN|
T(IP2N1)=0.0
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<Y

32

159

33

37

40

<47

aUh

ah6

44

48

a4
1903

101
107

ConTinbk

K=1

D0 350 Is] NN

[Pulzi+h]

P21zl +NZXN]

[P3NtI=I+N3XN]

UDELYI=SPACE*T[PNL)

TCIP2L1 )T UIPeNTI ) *+DET(K)eweLY ]

TLid=sTUIPANT )+ T IR ) pELY]

IF(ReuEoe4)060 JO 37

TAN))STINYANTL )+ TI(K)®SPACY

CALL VERFUN

KSR+ ]

w0 Tu 32

VU 40 I=1NN

IP2NLISI¥N2ANI

IPINIZI+NIXNI

IPSNLST*NSXAN]

CALL UPFADUTULIPINLI»TEIPONI ) »TUIP NI /60T iy TUIPLNED)

COuT Iyt

Tl )sT(N4XNL)+5PACE

CALL WERFUN

IF(KALeLTeO) 50 TO 506

KR=KR*+1

KPRNTSKPRNT+ 1

IFERALeGTelLYGU TO She

RETUKW

IF(l0veNESl )au TU 412

RETURN

I1ONZ=0

WO 48 [ =] 4NN

IPINI=]*N3XN]

[PYUNT =] +NYXN]

IP?7NI=[*+NJXN]|

[PIUNIST+NIOXW1

IPI3NISIPION]TeNIXN]

DELPSPACE®ISOeeT L PANT =0T 0T (P70 *+3/ 08l ( PLlUNL)=Ye®T( pldnII)/
2401)

Tt =T {IPINTL)*pEL

YPasT (1)

CONT JivUuk

TANI)STINUXNL ) +SPACE

CALL VERFUN

S5t =00

KBAKP =0

KbAK=vU

vu 51 =] eNN

IPSNLI=[*NSXN]

IPNI=l+N}|

IPYNL =l +N4XN]

IP2NLI=[+N2XN]

IPINL=]l+N7AN]

IPLONI=T+NIOXNY

IPINI=ST+NIXN]

VDEL=SPACE®(FeoTIIPNI)*)9e0r (JPd4N]I=SeoT(IPINII*TLIPIUNLI)II/2460

Y{sT(IPINL)+DLEL

IFi{KALeEQeU)GU TO 103

IFTABSIY 1) sGTeAL)IGO To 301

EPSIL=ABS(~19«0%(YI=T(]))/570.0)

60 TOo 307

EPSIL=ABSI=19e¢0{YI=T(1))/(270+0%Y]))

IFIKALsEWGeU)LO 10 6969

60 TQ 704




6969

701

704

302

~01

~02

~00

702

703

705

35

39

140

501
504

~04
~03

142

343

555

360

s03

CALL ERROR(YI,]1EROQO)
IFIEROeLTCEPSILIGO TO 701
Gu TO 704

KBAKP=KBAKP+}

KBAK=|

IF(SSE«GELEPSIL)IGO TO 302
SSE=EPSIL

CALL UPFADCTOEPINL) s THIPON baEL I (E) T IP2NLD)
CONTINVE
IF(KBAKP)SUU,y00uL601
WRITE(6+602)KBAKP
FORMATULIH 13,4161 ERRORSeGO TO RK)
CALL UERFUN
IF(RKALEQeDIGU 10 702

G0 To 70%

IF(KBAKSsEQel )60 TO 703

60 TO 39

KBAK=U

G0 TO 342

IFLA2¢GTeSSE) WD TO 35
IFCABS(SPACE) o GTeA4) GO TO 3140
jon=]

GO To 342

[F{SStLeGEA3) WO TO 39
IF(ABS(SPACE 4L TeAS)G0U TO 360
CONTINUE

LL=2

KR=4

RETUKRN

SPACE=SPACE®*A)}

GO TO(34]14342),LL

DU S01 I=)1sN3xXNI
IP12N1=T+N12xn]I
TEI)=T(IPI2N])

COnTINUE

LL=l

IFtKA1)6030604,603

KR=3

GO TQ 412

KR=al

60 To 412

DO 343 I=] »N3aNi
IPINI=I+*N3XN]
TCI)=T(IPAINYL)

CONTINUVUE
IF{I0OneEQel)lau TU 555
G0 T0 504

LL=2

KR=|

60 To 412

MAP=3

RETURN

U0 362 I=m]yN3IXiI

IP3N1=]1+N3XN]
IPINIZT*NSANLI+NYXN]
IP12wl=T1¢N12XN}
TOIP3WL)I=TL(I])
TOIPYINIDIaTEIP 21 )
CONTINUE

KR=3
SPACE=2+0*SPACE

GO0 To 414

END
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12

10
14
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13

SRC15

SUSROUTINE DPFAUL(AAWBHCCynDER)
VoUbBLE PRECISION Al,B1,C|
EQUIVALENCE (A)sA(L)) g (Blaal3))s(CLlsA(L))
DIMENSION Al6)

DATA A(4)/0e0/

A())shAA

A(2)=b8

At3)=CC

ClzAal+i1l

DO=A(L)

LEE=A(6)

RETURIN

END

SRC16

SUBROUTINE ERKkOK(YIW1,EROQ)

ANT=0

YCK=ABS(Y])
IF(YCReLTeleQ)lGU T0U 19
LOB=YCLK

KNT=KNT+1]

LOB=LUB/1U
IF(LOReEWDILU TU 12
e To 11
tROBJUsUeeKNT /1 UeQony
60 To 13
IFLYCKeLEoolE=O JGO Ty 15
YCK=]UeD®YCK
IF(YCKReGE®]sQ)IGU TU 12
KNT=KNT=1

@0 To 14

LRO=elE=3

RETURw

END

SRC17

SUBROUTINE RINGF

DIMENSION Y(LIQ0) yP(9549) oNTEGER(SUI s VARIGTIIF) s YB2RI(74) vAB2RSENTT2)
10YB2R5NUT72) 0 Zu2RSNE/72) o VECTBNIT72) JFVRKIO(72)4YB2RIGI72) ,DELEQULT2)

COMMON VAR

EQUIVALENCE(VARILIDaY (1)) o {vARI30L ) JNTEGERILIDI DI s {VAR(45L)sPLL)),
LIP(S6) s OMXL ) (PUS2)I oMY LYo tpluB8),UMZI ) o plTOUS)eFSRINLPL700S),
2FVTRIZAPUTOO07 Y 4FDZR) 4 (PL70U8) JFDAK) 1 tP(593B)sTHTQ) 4 {PL3Y63) suUFF)
30lpl6Y27)0YB2RILID V0 UP(ABSG) WFVRIU(L)) o (p(e783),Y82RIVU(1))

4o (PlT7231)2DELEQUITI) 4 (PL7378) VECIBN(})) (P(7T450) Yu2RSnE1)) (P (
57522) 9 xB2RSN( ) ) o (PU7594), ,B2RSN(}))

EQUIVALENCE (P(681),A1),(P(682),61),(P(683),Cl),(PleBY),L]l),(P (685
FHeE1 )0 (P (6BO) 4F ) o (PLl6B7),4G1) o lPLLBB) M1 (Pl68T)salL)trlady),a2)
20tple91 1482 (Plo92)4C2)  tpt893),u2),(Pla94),E2) (pPle95) 4 F2) (FloY
36) 26210 (PLEFT) 4214 (PLL9E)  AL2)




[alKal

C

C

INITIALIZE GROUNp FORCLS ANL TORWUES ON 40DY 1 TG LEKO
Pla99Y)=0e0
PL700U)=0Qe0
PE7001}=0sU
PL7002)30.0
PLI003)=0.0
PL7004)30¢0
00 | v=l.72

DETERMINE ¥HICH FOINTS ARE wE1 ON INgwTIlAL XZ PLANE
YB2RIUJ)ISY(24)+0] 9P lU+65631+E | *P(u+6635)sH1*P(J*s707)
1F(YB2RI(J))2Z2,3,43

COMPUTE INERTIAL VeLOCITY OF POINTS sELOW X7 PLANE

2 VELIR=Y(5)=0MZ1*P(J+6635)+0MY 9P (u+6707)
VELJREY L) =0UMXLI*P(JU+6707)+0MZ1%P (U+6563)
VELKR=Y (7)1 +0MKL *P(JU+6635)=0MY 1 #P (J*+6563)
XB20R=AISVELIRsUI®VELUR+GlaVELKR
YB2UK=sBlevELIReEI®VELJR+H] e vVELKR
IB2DR=CIsVELIR+FI*VELJUR+A] | #VELKR

CALCULATE POSITIUN VECTOR FRUM RS1,2,3 TU S1KS1,2,3(y) IN INeRTJAL (v

URDINATES.
SUBLA=P I J+6563)=P(965)
SUB3ASP(J+670/71=P(967)
[Ftuy=24)31s11412
11 SUR2A=P(J+66135)=P{6780)
GO To 15

12 1F{J=48)13413414

13 SUBZASP(J+6635)=pP(678])
wQ To 15

19 SUB2A=PlJ+6635)=p(6782)

15 XB2RSN(J)SALleSUBLA+D ] eSUB2,4+G) *SUBIA
YB2KSw({J)=BlesUBLA+E]l*SUB2a+HI#»SUB3A
LB2RSNI(J)=ClesUBLA+F 1 #SUB2A+A] 1 ¢SUB3A
VECTBNIJ)I=SART(AB2RSN(J) o824 Y 2RSNIJ) o2 52RSNIyInsl)
IFINTEGER(11)600126000s60L0N0

6n01 [FUYB2RSNIJ) 144343

4 CONTIWNUE
YBZRIASYB2RSN(J)
VECTBISVECTBN{J)
LB2RSI=ZB2ZRSNI(J)
AB2RS1=XB2RSN(J)
FVROI=FVRID(J)
IF(J=24)16916417
16 AREAR=P(6561)
RIRX=P (7010)
RIRY=P (7009)
60 1o 20
17 IF(J=48)]18,18,19
18 AREAR=P16562)
RIRX=P(7012)
RIRY=p{7011)
60 To 20
19 AREAR=P(6563)
RIRX=P(7014)
RIRYsP(7013)
20 YB2rROI1=YB2RIO(y)
YB2IR=YB2ZRI(J)
CALL SOILRICYR2IR,Y32ROI yAREARIFVROI2sYB2OR sZ54RST 1 XB2NRS1 4 LB2DK Xl
1DR,YB2RIAyvECTBL)
DETERMINE THE COSINE UF THE ANGLE BETWEEN VECTBN AND FSKRI
CSABIS(FDXROXGZRSNIJIFVTIReYg2RSNIJI*FDIR®ZG2ZRSNI I )/ (v Tghi(ule
1FSRI}
DETERMINE SOIL FURCE CUMPONENT NORMaL TO HEAT SHIELD
FPRI=(=FSRI)e(SAB!
IF(FPR1)343+5
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(el

5 COTHTU=CQS{THTO)
TFCTBLRI(JII=Yu2r10(JUII647 47
The FOLLUMING CUuULL GIVE TROUUGLE WwHen CUTHTA 1S SMALL
6 DELSISABSI{YBeRI(J)I=YB2RI0(J)II/COIHTO)
VELS2=ABSI(FyR]UlJ)®11e0447)/(BOFr®AREARSCOTHTIU))
VELSMISDELSLI+VELS2
VETERMINE SOJL FURCE IF SKIN LEFLECTS TU TS BREVIOUS pwUfLgRIUM POS
ITIONG(YB2RI0(U)JASOSUML VebLaClITY anD POSIYTION CHANGE OF PTeliv muvl
Ng THRU OELS] 1S NEGLIwIBLE.
CALL SOILRI{YR2ROI +YB2ROI s aREARIFVROI s YB2URVZ02RS| ¢ XAusdRS5102B2UR,
1XB820RYBZRIA,vECTBI)
ACSABLIS(FOXROABLKSN(JI+F VT oo Yg2RSANIJ)+FD7ROZBLRSN(JI )/ (VvECToNIU)
LFSKID
FPRLI={=FSRI)sACSADL]
IF{FPRLL)IBLB,9
8 FPRL1=0e0
wll=1
w0 To 14U
9 NII=2
GO0 TQ 10
7 VEL31=ABSUILFVRIOIUI®] 1 o047/ (b0FF*AREAR) )eacS(YBeRIO(JI=YBLR]I( U]
111 /€01HTIQ)
wlis|)
19 CALL WRSTEGINIT+OELSIFPR]I RIRXeRIRY JFPRLL,OELSMI2sDELC WL
YB2RI(J)I=YB2RI(J)+ABSIDELEQL®COTHTO)
DELEWU(J)=DELEQ]
6nul w0 TO |
3 YB2RI(J)=0.0
IFINTEGER(] ) )00U201s)
6n02 DELEGUIJ)=0eD
I ConTIwUE
EITHER GRe=STeEWUILIBRIUM VALUES UF Y82KI(J) HAVE BEEN peTermINpy OR
ELSE TB2RI(J) HAS bEEN SET TO ZERueALL 72 J VALULS HaVE otkN CONSI
DEREDUSE THESE VALVES Tu HETERMILE GrOUNU FORCES ANy TURWUES ON
BOUY 1
DO 21 J31./2
TF(YB2RIGYIDI2Z421021
272 VELIR=Y(S1=0UMZ1*P(JU*6635 )+ MY 1*P (46707}
VELJRZEYLE)I=0MALO®PLY*6707 )4, ,MZ1 %P L y+6563)
VELKREY(Z)I*0MRLI*PLU*6635 )= MY | *P(g*b5613)
XB20R=AloVLL I n+U ]I ®VELUR*G] o VELKR
YB2URsBleyELIR+EloVELUR+H ] wVELKR
Lo20R=CleVELIRK+t leVELUR+A] 1 oVELKR
YHZR]ASYBZRSNLJ)
VECTBI=VECTBNI U]
IB2RSI=ZB2KSN(J}
AB2RSI=XB2KRSNLJ)

FYROI=FVRIO(J)
[F(J=24123,23 424

23 AREARE=P(6561)

00 T 27
24 [F(J=48)25425,26
25 AREAR=P(6%62)

@0 To 27

26 AREARSP(6563)

27 YB2ROI®YB2RIOtJ)
YB2IR=YB2RI(J)
CALL SUILRI(YB2IRIYB2ZKOI vAREARIFVROIVYB2DRZBERS T 1 X025 12 ZBCORXB4

loR.YB2RIA,VECTBI)

TRANSFORM GROUND FURCES FROM [NERTIAL AXES TO BODY | ARES
FOXIREALSFUOXR+BI*FVTR+CleF(HZR
FVYTIR2D1#FOXR+EI*FVTR+F | eFOZR
FOZIRSGI®#FUXKR+HI®FVTIR+ALll®FDZR




—

C COMPUTE TOTAL FORCES AND TORWUES UN s00Y)l Duk TU GROUNL=RIinG INTERACTIUN
PLLFIYI2P (6999 )+FUXIR
PE700U)=P(7000)+FVTIR
PL700113PIT0UL)+FDLIR
PL7002Y=P L7002 *FLZLIReP(J+6635)=FyTIReply+s707)
PL7003)3pP(70U3)I=FD2IR*P(J*4563)+F XIRepl #6707
PLI0049)2P(7004)+FVTIR*P{JU+46563)=FurxIkeP( j+6635)

21 CONTINUE

RETURN
END

SRCI8

SUBROUTINE SOILRI(YB2RIWYBARIOWAREARFVROWYB2URI 4 LBL2KS T yAu2KRS],
14B2DRIsXB2DR1+YB2ZRSTWwWECTB )
DIMENSIUN P(9549) VAR(9999)
COMMON VAR .
EWUIVALENCEIVARIUD I} 4P (11D (P L600UI1ANG) (P I396% ) 0aKC )y lP (3958,
1CGO o (PU396U) 4 DENSTY) s (PI395F)4Cpul 1 (Pl3961)s0CUNST)WlpL3T62),0r
20WER) v (P (39631 ,60FF s (PI3FaS) sAKNTI s (P(3966)sAMUd (PL7GUDS) sFSKII
3Lpl7006)sFVTRISIPLTO07) b DRI W (PL7008) 4FpAR) s (pPiSPIBIITHIO)
IF(YB2ZRI=YB2R1OI1s1s2
1 FVS=(GCONST®*AREAR® (=Y 2R ) e#GPOWERK)/11e0447
Qo TO 3
2 FVS=FYyRO+BOFF*(YB2RIO=YB2R1)®AREAR/Z1] 40447
IFIFVS)444,5
4 FVS=0.0
@0 TO 5
IF(YB2DRIIIO 1101
11 FOYNA=OD.0
GO To &
10 DYNAM=045®DENSTYeAREARSAKC,.YB20R] 002
CONE=AKNT® (~Y52R])®AREAR/ 1140447
IFILCONE=DYNAM)T7 4748
7 FDYNA=CONE
GO0 T0 &
8 FUYNA=DYNAM
6 FYTR=FVS+FDYNA
GO To ¢
S FVIR=aFVS
C C(HECK FOR DRAG FURCE ON THE PaD
T IFIFVS)Y13,13,14
13 AF=0.u
GO ToO 12
19 GAMMA=ATANZ{ZB2KS])XB2RS])
BEE=ATAN2(2B2UR!l +XB2DK])
GRAASGAMMA-BEL
[F{XB2RSI)15,16,16
15 IF(ZBZRSTI)I17,18419
C IN THIRD QUADRANT
17 1F(GRAA+447122)20020,16
20 GRAA3GRAA+6.28318
GO To 16
C IN FURTH QUADRANT
19 IF(GRAA=4e7122)1602]1,21
21 GRAASGRAA=6428318
G0 TO 16
18 WRITE(6422)
22 FORMAT( BIH CanNT TELL IF TwlS RINu POUINT |S IN WUADRANT 3 OK 4,455
1UME DRAG IS 0O aAlND CONTINUE)
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(g}

16 CONTINUE
THYO=ARCOS (ABS{YB2RSI)/VLECTBI)

CHECK DRAG FORCE CUNDITIUON
IFIABS{GRAA) =} 4570712341343

Have pRAG FORCE

ASSUME aAREA ASSIGNeD TO GIVEN POINT |S SQUAREL aANU CUMPUTE SIyE OF

23 ACSIDE=SWRT{AREAR)
WPAZALSIDE®COS(GRAR)
HPAsALSIDECSIN(THTO)

COMPUTE ¢ RONTAL(PRUJECTEU)AKE, Of PCINT
AFSHPA®APA

12 FDI=CuU*DENSTY®(=YB2RI)*AFesANG
FU2a3CUOSDENSTY®AF®(XB2DRI®a2+4/B20K1822)
FOsFDI+FD2+AMUSF VTR
TVE2SI=SQRTIXp20RI**2+ZB20DRT*e2)

RESOLVE URAG FORCE INTU INERT1AL X AnD 2 COMPONENTS
FOXR=(=FD)eXB20k1/TVB2S]
FUZR=z=(=FD)e2B20RI/TVBES]
FSRIZSURT(FDARSS2+FDIno#24,VTRrRe®2)
RETURI
END

SRCI9

SUBROUT INE GRSTEWINI ,ELST . FPRIWKIRX,RIRY FPRLI uLLSNI JLbLEW])
GO TO(la2) N1
1 Als(FPRISRIRXODLLSI}/(RIRYSDELSI+rPRISRIRX)}
YIsRIRKY®XI/RIKX
IF(RINY=YI)3s4a4
3 xIs(FPRI=RIRY)OUELSI/FPRI
4 DELEQl=X]
60 TO 15
2 JFIFPRI=FPRLIIS 5406
S WRITE (6,7)
7 FORMAT(120H CANNUT COMPUTE GRe=STLEWUILIgePTsFUR THIS Kine PTe

1T

bkC

JAUSE FPRL] 1S GREATER THAN FPRIeaASSUME R1GID STRUCTURE al TAIS pT)

DeLeQl=040
GO0 To 15

6 X[al(FPRISRIRXeDLLSI}/(RIRYADELSI=RIRA®(FPRLI=FPR]))
YIsRIRY®XI/RIRX
IFIRIRY=Y])8B,9,¢

9 IF(YI=FPRLINIU 404

10 XI=FPRLI®DELSMI*RIRX/IRIRY & (DELSHMI=DELSIV*+FFRLI®*KIRX)
G0 TO 4
[FIFPRLI=RIRY)I1Is11012

1] X}s(RIRY=FPR])SUELSI/(FPRLI=FPKI)
60 TOo 4

12 Y asFPRLISUELSMI*RIRY/(RIRY&(DELSM]=OLLST)+FPRLI®RIRA)
IFIRIRY=YI) 13,1414

14 XIsRIRX®Y[/RIRY
w0 To 4

13 XIa(RIRY®(DELSI=DELSMI)/FPRLII+DELSM]
60 T0 4

1% RETURN
END




SRFO

SUNROUTINE FILMINN)

UDIMENSION TO 50U #S2( 5001 ,53¢ S00) sS40 qU0)»S851 S0u)Ss6L 5000,
1S71 50 eHF2(0 SU0) sHFSL SOn)enFY 0 BU0) sHFS( HO0sHFEL SyudenfF 7/t
2 500)sTF20 S00)»TF34 500)s1F4C S500u)eTFSE 5001 sTFE6L SpVIFF7( 50U
Iagel 5001500 SU0YsFRE 5003 sFLl 5u0)exn21t S00)syve21( 500002621
40 500V rAgll HUO)sAJZE 5001, TALL SU0YaTA20 SOUNIRECI3Y)

DIMENSTUN 010121902012)403012)4,041012)405¢120906012)40u7112)
1oodl12) 20901210l 00023501101219012812)4013832)4019002) 4020120,
2A3031215A4012)4A5012)0A80 12V 0A7012)9A8(12)

DINMENSION 0150120016 012),01761214018012),019012)4020012)14021112),

1022(12),023012)

VIMENSIUN alDt S500),0a1( 5n0),THL( 500),viD( S00),0Y1( S00),
IPHI( 20002100 500120210 5003 .PSLIL 500)

REwIND 7

wouUT=u

TFINN=D0013+3 44

NS

NouT=l

60 TO 5

N=500

NNsNN=500

00 1 J=]1,N

READ(PI(REC({[},1®]439)

T (J)=REC(} )

S2 (tJ)=REC{2
53 (J)3REC(]
5S4 (J)=REC(Y4
55 (J)=REC(S
Se (J)SREC (6
S7 (J)=ReC (7
HE2 (JI1=REC(S
HF3 (JISRECL9 )

HF4 (J)I=RECL{10D)

MF5 (J)SREC(L1 1)

Hte (JIaRECTL2)

HF7 (JI=RECt13)

TF2 (JI1aREC(14)

TF3 (JI)3REC(LIS)

TFg (JI=REC(]16)

TFs (JI1=REC(17)

TF&6 (JISRECELIB)

TF7 (J)=REC(19)

SR (V)1=REC{20)

SL (JI=REC(21)

FR (JI=REC(22)

FL  (J)IRECL23)

X821 (J)=REC(24)

Y821 (J)=REC(25)

ZB821 (J)=REC(26)
AJI(JI=REC(27)/7386409
AD2(J)=REC(238)/7386409
TALUJIEREC(29) /7386409
TAZ(JIZREC(30)/738B6.09
X1D0(J)1=REC(31)
OX1(J)=REC(32)/386¢079
THI{J)I=REC(313)
YIDU(JI=REC(34)
OY1(JUI=REC(35) /38609
PH1(J)=REC(36)
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1

1

1

i

1

1

!

!

!

I

1

1

1

i

l

l

1

i

!

I

I

i

1

i

i

1

i

1

210ty =RECL3T)

U1 lulERec 3817386009
PSIEJIEREC(IR)

CONT [wUE

DATA

UAT 4

LDATA

VATA

VATA

DATA

DATA

DATA

VATA

VATA

UATA

VATA

DATA

VATA

VATA

VATA

UATA

VATA

DATA

DATA

DATA

UATA

VATA

DATA

DaTa

LATA

DATA

DATA

DATA

DATA

A2/ 728TIMELSEC) eaweTHIS CURVE FUR
/

AJ/T2HTIMELSECeoeeTHTS CURVE FUR
/

A4/T72ATINELSEC) eeeeTHIS CURVE FOK

/
AS/72NTIMEISECTeseaTHIS CURVE FUR
/
A6/T2HTIME(SEC) eseeTHIS (URVE FUR
/
A7/72H'll4E(SEC)-n'|IHIS CURVe FOR
/
UL/ 72HSTRUT STHKUKE=]Na
/
U2/72HSTRUT HsCePORCEwlB=
/
U3/72HSTRUT TUTAL FURCE=LB=
/
A/ T2HTIME(SEC)
/

STRUT

StruT

STRUT

STRUT

STRUT

STrRUT

U4/72HRIGHT SIDE STRUT STROKe=INCHES=

US/72HLEd T 5:05 STRUT STROKE=INCHE
Jo/72HR[uNHT ;lUL STRUT FORCE=LbB=
U7/ T2HLEFRT siog STRUT FORCE=LB=
VB/72HXBARZ :0 CoGoj=IN=
U9/721YBARZ ;0 CoGol=fN=
u10/72nzuAh2/TU CeGolm]Na
Vl1l/72HK LUM; OF CGi ABS ACCEL=G~-
VI2/72HJUi (UM; OF Cul ABS ACCEL=y~-
Ul3/72HSHELL ;RANS.A((.'G'
Ul4/72HCUUCH ;RANS-AC(-'G'
015/72H1NER1l:LXlD-lN/SEC'
Ul6/72HINENTl:LYlD-lN/SEC'
01//72HlNEle:LZlD-lN/SEC'
V18/72H12 LUM; OF AMETER=G=-
U19/72Hu2 CUM; OF AMETER=G=
U20/72HKE COH; OF AMETER=G=
021/72HTN|'0E2'
022/72HPH1'0E2-

/
023/72HPS 1 =DEgu=

Sa




3

CALL WUIKMVI=34lrHerAZ40)o=nsTtl)es2¢1))

CALL wUIKMv L
CALL wUIKMvV{

211HerA2402, =T enF201DD
39lHesA24034=5 s TUL1)WTIF201))

CALL WUIKMvi=331tHe s A34014=n,sTU1),5301))

CALL wUIKMV(
CALL wUIKMmVL

29l He A, 02, ey T(1),rdF3(1))
SelHesAd 03 =N THL)TIF301L))

CALL WUIKMVI=3glHoes a0l a=n,yT01),54(1))

CALL wylIkMyl
CALL wUIKMVI

291He s A4 ,02y=naT (1) anFS L))
JelHe A4, 034=n TCL),TF4(1 )]

CALL wUIKMVI=3slHesaA540le=waTHi1)ss5(1))

CALL JUIKMyL
Cabl WwulkMvi

20 1He A5, 0202y TULL Y ynF5(}))
3elde 89,03, =, Te1),TF5CL))

CALL WUIKMVIE=3,430nesRb6s0lsmnyT(1) 560101

CALL wUIKMVI
CALL wUIKMVH

2elHe 1 A&, 02,, = THLL) enFoLL))
39irHesAb6s03 =Ny TLLI)TFOLL)]

CALL WUIKMV(=3,31lHeg)A7 301 =N T(L},5701))

CaLL wUIKMV I
CALL wUIKMV I

anﬁtoA’lOZn'N.Y(l).HF7(1))
30lHe sA7 403 4=naTUL)1F7 0L N)

CALL wUIKMVI=231HesAB 04y N, TLE)eSRIL))

CaLl wUIKMVI

291He s ABL OB N, T(1)aFrRL1})

CALL WUIKMV =240 1He s ABSO05 NT(1)s5L 1))

CALL wUIKnvi

2y1He s AB 07 Wy NuTUL)aFLILLD)

CALL wUIKMVE=3,31He s AB0B )N Y1) 9x21(1))

CALL wUIKMVL
CaLL wUIKMV L
CALL wUIKnV (=
CAapL wUIKMVIL
CALL WUIKMV (=
CAaLL WUIKMVI

2,1He A8 409 N T(1)eyb21t1))
3l HesAB 010 TULY 2B21(1 )
21 He s AB Ol a=NsTLL)sAJLILL)
29 1He s AB012y=NsT(1),AJ2(11))
201He ) AB 013 yaN THLL) TALLLY)
21 1HesABIULU =NaT(1)sTAZLL))

CALL wUIKMY(=331HesA84015sNsT(L1) D))

CALL wUIKMVI
CALL wUIKMV(
CALL QUIKMVI
CALL  QUIKNMVIL
CALL  WulKMVl
CALL wUIKMV (=
CALL wUIKMVIL
CALL wUlknMVH
IFINOUT)I 242006
RETURN

END

29 HeyAB 016N, T(L)eriLL))
3,0He A8 ,017,n,T (1) L)
*30lHes A8 018 =N T} e0X1 1Y)
2y 1He  AB 019 =N T sOY L UL
311He s AB020.,=N,TL1) 021811
3, lHe s ABs02 yNyTH1),THICL))
2e1HedABL0224NaT(L)WFHI(L))
39lHesAB4023 4N THL)sbSE L))
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APPENDIX B

COMPUTER-PROGRAM DATA AND CORRELATION STUDY

In this appendix, the computer-program input and output data are described. A
sample problem is included to provide a comparison between computer-predicted re-
sults and actual test results.

COMPUTER-PROGRAM INPUT

The computer-program input, including format and ordering, is described in
this section. The following fixed-point data should be punched on a single data card in
the order given. This card should be the first card in the data deck and must be in-
cluded each time a stacked run is made. The card codes and inputs are punched in
FORMAT (915).

Card code Input
lor -1 Code number indicating the desired loading option for the edge

rings. The integer ''1'" is used for rigid edge rings, and the
integer ''-1'"" is used for deformable edge rings.

Integer value 6 Number of floating-point values to be input on cards. Number of
auxiliary differential equations (control equations, etc.) to be
integrated in the Runge-Kutta subroutine. This number is now
6 and may not exceed 18.

Integer < 19 N; the two lateral attenuation struts (couch bumpers parallel to the
iz—axis) are not included.

Integer =-200 NSK; bolt-circle points are not included.

Integer = 19 NSS

lor0 S-C 4020 output-option code number. The integer ''1'" calls for
14 graphs to be output; the integer ''0'' omits the graphs.

Integer = 50 NBC

1, 0, or -1 Code number indicating the desired integration routine. The inte-

ger '"1"" is used for the variable-step Adams-Moulton routine.
(This mode will work only if the two bodies are connected ex-
clusively with spring-damper shocks. ) The integer ''0'' is used
for the fixed-step Adams-Moulton routine, and the integer '"-1"
is used for the fixed-step Runge-Kutta routine. (This mode
should be used for Apollo landing studies. )
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Each line of the following data should be punched on a single card in FORMAT
(15, E 15.0). Data which have a value of zero may be ignored. The order of these cards
in the data deck is unimportant. Much of the following data will remain constant from
run to run and can be loaded on an auxiliary data tape to facilitate card handling. This
procedure will be explained following the data listing.

Identification number Input variable Remarks
1 Integration step size, sec
2 Program termination time, sec
3 Liq
-4 I],, 1
5 e
6 M,
T Output data step size, sec
9 Program start time, sec
10 i'1 - i i
11 fl 1 1
12 ik
13 ]’1 . Ti
14 PN ) Direction cosines for body 1.
15 ]*1 . Ei
16 El : Ii
17 E1 . J’i
18 El . Iii
19 Ii', 9
20 I]., ,2
21 Ik', 9
22 M
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Identification number

Input variable

82

23
24
25
26
27
28
29
30
31
32
33
34
104
105
106
110
111
112
113
114

115

Al

A2

A3
R,
i‘z . ]—v
Tz . Eé
T, 1
ig 33
IPRRS
Ey - 13
K, T}
Ky« k3
A4

A5

A7
VT’ fps
VN’ fps
d, deg
o1

1

¥

Remarks

Nonzero only when the variable-step Adams-
Moulton integration routine is used.

Direction cosines for body 2.

Nonzero only when the variable-step Adams-
Moulton integration routine is used.

Temporary values at input time only (must
be included each time a stacked run is
made).




Identification number

Input variable

143
144
145
140 + 3N

141 + 3N

142 + 3N

222

221 + N

242

241 +N
119
120
121
122
123
124
125
126

127

Xb,1,2

Xp, 1,N+1

¥p,1,2

Remarks

The lowest subscripts must refer to the
spring shocks, if any. That is,

Xos Y,, Z Spring shocks
2 2 2 < .

: . . (ignore if

. . . N = O).

X0, 5541 Yn,8841° Zn, 5541 S8

X, 5542 Y, 584+2 Zn, sg4p | Honeycomb or
: : : cyclic-
. : d deformation
Xn+1 ’ Yn+1 ’ Zn+1 shocks
(ignore if
N = Nggs
do not in-
clude lat-
eral struts).

Zeros were input for the CM correlation
study. The computer program requires
the same values for body 1 and body 2.
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Identification number Input variable

140 X1

141 Y1

142 Z1

262 Zo,1,2
261 + N p, 1, N+1
282 X, 2, 2
281 + N Xp, 2, N+1
502 Yo, 2,2
301 + N D, 2, N+l
322 ‘0,2, 2
321 + N Zp, 2, N+1
421 Xp, 14L
434 .
427 X  24L
428 Yp, 24L
429 Zp, 941,
430 X, 9oL
431 Yp, 9-L
432 Zp, 9-L
5?2 (:?L2

581 + N CLN+1

84

Remarks

Components from .84 to c.g-o

Coordinates of the tip of the unstroked
lateral strut (right couch bumper).

Coordinates of the tip of the unstroked
lateral strut (left couch bumper).




Identification number

Input variable

602

601 + NSS

622

621 + Nyg
965

966

967

968

970

971

972

980

981

982

983

982 + NSK
1183

1182 + NSK

1383

1382 + NSK

T
CKy, sS+1

CD2

N, SS+1

>

AR

<

AR

N

AR

>

RC

D

9

e

te}

2,2

x D

.5, 1,1

>

S, 1, NSK

S, 1,1

S, 1, NSK

25,11

Zg 1, NSK

Remarks

Spring shocks (ignore if Ngg = 0).

Spring shocks (ignore if Ngg = 0). When
cyclic deformation is used, CS is

punched instead of CDZ' T

Spring shocks (ignore if N, = 0).

SS
X AR and Z AR must be equal to their cor-

responding values for a vector from
c.g 4 to point RC along the 11- and

kl-axes, respectively.
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Identification number

Input variable

2743
2744
2745
2746
2747
2748
2749
2750
3958
3959
3960
3961
3962
3963
3964
3965
3966
3967
5180
5;79
5930
5931
5936

5936

86

+ (NSK + NBC)

SC1S
BKC18
EL1CS
AKPS
SEVC3P
SEVC3M
FEC13P
FEC13M
CGO
CDO
DENSTY
GCONST
GPOWER
BOFF
AKC
AKNT
AMU

FA

Y

tNSK+NBC
XR
HEATB
ARSI

ARS2

Remarks

Couch-bumper shocks; positive sign.

Couch-bumper shock; negative sign.
Couch-bumper shock; positive sign.
Couch-bumper shock; negative sign.

Couch-bumper shock; positive sign.




Identification number

2184

2183 + (N - NSS)
2204

2203 + (N - Ng)
2224

2223 + (N - Ng)
2244

2243 + (N - NSS)
2264

2263 + (N - Ngo)
2284

2283 + (N - Ngo)
2304

2303 + (N - Ngg)
2324

2323 + (N - Ngg)
2344

2343 + (N - NSS)

2364
2363 + N - Ng)
2384
2383 + (N - NSS)

Input variable

ELITY, ss+2
ELIT

STI\ ss+2

ST1N+1

ELICY ss42

ELICN+1

SC1y, ss+2

SCIN41

S.TZN, SS+2

ST2N+ 1

EL3Ty ss+2

EL3TN+1

EL2Ty gg42

ELZTN+1

Sc2

N, SS+2

SC 2N+1

EL3Cy ss+2

EL3C,,,
EL2Cy, ss+2

EL2CN+1

AK

.

TN, ss+2

AKTN+ 1

Remarks

Honeycomb shocks (ignore if

N-N

SS

= 0); positive sign.
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Identification number

88

2404
2403 + (N - NSS)
2424
2423 + (N - NSS)
2444
2443 + (N - Ng)
2464
2463 + (N - Ngg)
2624
2623 + (N - NSS)
2664
2663 + (N - NSS)
2684
2683 + (N - NSS)
2704
2703 + (N - Ngo)
2724
2723 + (N - NSS)

Input variable Remarks

A

: N S8+2 Honeycomb shocks (ignore if N - NSS = 0);

AK positive sign.

SEVT3N SS42 Honeycomb shocks (ignore if N - NSS = 0);
positive sign. Initial conditions; ignore

SEVT3 if the shocks are in the equilibrium
position.

Honeycomb shocks (ignore if N - N, = 0);

SEVC3N SS+2 o iy LSS
negative sign. Initial conditions; ignore

SEVC 3 if the shocks are in the equilibrium
position.

FEMI BSN SS+2 Honeycomb shocks (ignore if N - NSS = 0);
positive sign. Initial conditions; ignore

FEMl 3S if the shocks are in the equilibrium
position.

FECl3SN SS42 Honeycomb shocks (ignore if N - NSS = 0);
negative sign. Initial conditions; ignore

FEC1 3S if the shocks are in the equilibrium
position.

}_?FNSPN, SS+2

FFNSPN+1

FFNSN\ ss42

FFNSNN+1 Honeycomb shocks (ignore if N - NSS = 0)
positive sign.

FFPSPY, ss42

FFPSPN+1

FFPSN\, ss+2

FFPSNN+1 )



Identification number

Input variable

5937
5939
5940
5941
5942
5943
5944
5992
5994
5995
6501
6500 + NOTHT
6541

6é40 + NOOR
6561
6562
6563
7009
7010
7011
7012
7013

7014

ARS3
hh
NOOR
NOTHT

LBC

< =

il

N

AREA1
AREA2
AREA3
FR1
DR1
FR2
DR2
FR3

DR3

Remarks

Must be less than or equal to 20.

Must be less than or equal to 40.

Must be 31.818 x 10°.

Must be greater than 0. 0.

Must be greater than 0. 0.
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Identification number

Input variable

7015

7086

7087

7158

7159

7230
7666
7667

7668

90

Xs,1,Rs1, 1

Xs,1, RS1, 24

Xs,1, RS2, 1

X5 1, RS2, 24

Xs,1, RS3, 1

XS,1 , RS3, 24

Ys1,Rst,1

Ys.1, Rst, 24

Y51, RS2, 1

Ys 1, RS2, 24

¥s,1,Rs3,1

Ys 1, rs3, 24
23,1, RS1, 1

Zg 1, Rs1, 24
23,1, RS2, 1

25,1, RS2, 24

23,1, RS3, 1

25 1, RS3, 24

ACCEL2, i,2

ACCELz,j’ 9

ACCELZ, Kk, 2

Remarks

Points on the edge rings must be numbered
as indicated in figure 13.




To facilitate data handling, any of the preceding floating-point data may be stored
on tape by using an auxiliary program similar to that given in the section of this appen-
dix entitled "Auxiliary Program for Storing Data on Tape." Note that the data tape in
this case is defined to be scratch tape 13. The tape includes data for the Weber couch
and data for a particular set of cyclic-deformation struts. The tape has been retained
in the NASA Manned Spacecraft Center tape library and is available for use on any
subsequent runs. The integers used to identify the data are stored in the N array,
beginning with N(29) = 3. The corresponding data are stored in the P array, such

that the P subscript is equal to the N subscript. If, for example, the value of M1

is to be changed from 29. 066 to 30. 0, then card 5 must be changed to P(32) = 30. 0.
The computer program can then be executed, and a new data tape will be generated.

The data tape is read into the computer for each computer run made (stacked or
single). Each computer run will have regular card-input data. Any data on the tape
that are to be changed for a particular computer run may simply be included in the
card input for that run. These card data will replace the corresponding tape-data
items for that computer run only, not for any succeeding stacked runs.

A new tape may be required to incorporate changes in the data. If a new tape is
needed, the desired changes can be implemented as follows. Input data which are not
on the current data tape include items 1, 2, 7, 9, 11, 12, 13, 15, 16, 17, 27, 28, 29,
31, 32, 33, 110 to 115, 125, 126, 127, 970, 971, 972, 980, 981, 982, 2424 to 2643,
2747 to 2750, 3958, 3959, 5930, 5931, 5992, 5994, 5995, 7666, 7667, and 7668. These
data must be entered on cards. Any data that do not change for stacked runs may be
entered only at the first run, with the exceptions of items 110, 111, and 112, which are
entered each time. Zero values need not be included in the data cards.

To summarize, data for the first of a series of computer runs must include
either a card or a value on the data tape for all nonzero floating-point parameters, as
well as the card of fixed-point data. Card data for succeeding runs may omit any non-
zero floating-point data (other than items 110, 111, and 112) which remain unchanged
from the preceding run. Changes in tape data are entered on cards with each computer
run, along with the fixed-point-data card.

COMPUTER PROGRAM OUTPUT

Table B-I provides a key to the computer-program-output symbology. Time
histories of the first 68 dependent variables X1DD to NPR3 in table B-I) will be
produced by the system printer for each computer run made. In addition to this fixed-
output format, an optional form of output is available through the use of the high-speed
microfilm recorder. This option is controlled by the seventh fixed-point number on
the first data card of each run and consists of 14 data graphs of special interest. (See
the section of this appendix entitled "Computer Program Input. ")

The stability angle SANG (fig. B-1) is computed by the computer program at

each time step. The computer program first establishes plane R, which contains the
inertial horizontal velocity vector and the gravity vector G. Next, the location of
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point P is determined. The vehicle is considered to be unstable if G falls outside
of P (if B <0). If R does not-intersect the heat-shield rim, point P does not
exist, and the vehicle is unstable in a lateral toppling mode.

SAMPLE PROBLEM

The data used for the sample problem were taken from the Apollo command
module 009 drop test (NASA Manned Spacecraft Center impact test number 31,
March 7, 1968). Initial conditions and axis orientation are shown in figure B-2. The
input data for the run and the data which were read from the data tape are given in
table B-II. All other data were read from cards. The pattern of points used on the
heat shield is shown in figure B-3. A sheet of printed output is shown in figure B-4,
and 14 microfilm-recorder graphs are shown in figures B-5 to B-18. The computer
results for struts 2 to 5 indicated that strokes were less than 0.14 inch, or below the
sensitivity of the drop-test instrumentation. Because the test data indicated zero
strokes for these struts, the computer results may be considered to have correlated
with the test results for struts 2 to 5. The test results for struts 6 and 7 are super-
imposed on the appropriate portions of the computer output (figs. B-9 and B-10) to in-
dicate the degree of correlation between the simulated impact and the actual test.
Figure B-14 compares measured values of certain absolute acceleration components
(j1 and k1 of c.g. 1) with the values predicted in the computer output.
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To minimize the number of pages in this report, two pages of computer listing are
shown on each page of this section. To properly order the listing, the right column
should follow the left column.

DIMENSION P(1307),N(1307)

Py
P
P
P
Py
Pt
Pt
P
P
P
Pt
Pt
P
Pt
Py
P{
P
P
P(
[
Pl
Pl
P
P
Pt
P
Pt
Pt
Pl
P
P
P
Pl
Pt
P(
P
P
Pt
P
P{
P
P
Pt

AUXILIARY PROGRAM FOR STORING DATA ON TAPE

This section is the auxiliary program for storing the floating-point data on tape.

29)= 6027640
30)= 68700,0
31)= 540960
32)= 29,066
33)= +10006000g!
34)= o10000000€!
35)= 2 10000QQ0E!
36)= 4540

37)= 1379.0

38)=s J134.0
39)= 2,569
40)= »13000000€1
41)= +100000GGOE!L
42)= o)10000000E)
43)==},4
44)= 543
45)= 185
46)s o979
47)==36.195
48)=s 54537
49 )me,979
50)==36.195
S1)a 54537
52)m 1.894
53)==33.961
54)’ 08814
55)a=] 894
56)==33,961
S7)= ,8814
58)z 4379
59 )3 (4,493
60)==36,.289
61)==,379
62)m 44493
63)8=364289
64)m=14,2290
65)= 14.2290
bs)=m=14.1430
67)= 14,1430
68)s =12¢632
69)= |2.6320
70)=35.,23700
7T1)m35,23700

P( 72)=42+61300
P( 73)=42.61300
P( 74)=3+=2242000
P( 75)==22,2000
P( 76)=41.06900
Pl 77)=41.06%900
P{ 78)==6.47600
Pl 79)m=6447600
P({ 80)=60.85000
p( 81)=60.85000
pP( 82)==11.,85
P{ 83)= 14.65
pP( B4)w=]10.85
P( 85)m §3.:65
P( B6)=~]10485
P( 87)= 13465
Pl 88)==6.258
P( 89)==4,258
P( 90)= 3,353
P{ 91)= 34352
p( 92)==13.007
P({ 93)==13.007
P{ F4)= 28.1

P({ 95)= 281

Pl 96)3=249.095
P( 97)1==244095
P{ 98)= 464062
P{ 99)= 6¢062
P(100)=42.,00000
P(101)==42,0000
P(102)= 43.4
P(103)=~]10288
P(104)==9,}2
P(105)==40e6
P(106)==11.288
P(107)==9,12
P(108)s 364629
P(109)= 364629
P(110)a 34025
Pil1ll)= 34.025
P(112)s 39.079
P(113)= 39.079
P(114)=0.,000000
P(115)==37.2000
P(llb)lb.b

P( 117)= «17640000g3

P(118)=6625.000

P({ 119)= «16000000€5

P(120)=.4140600

pP{ 121)= 160000005

P(122)=.1900000
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94

p(lZJ)lol?UODOU
P(124)}=42453000
P(125)®24245300G0
P(126)=42046000
PL127)=e2046000
P(128)=23G40.000
P(129)=33040.0G0
P(130)=3924.000
P{131)=3924.000
P{131)=392440
P(132)23274.000
P(133)=327440006
P(134)=+1900000
P(135)=,1900000
P{136)=e2453000
PL137)=%.2453000
PL138B)me2787000
Pi139)=2.,2787000
P(140)=30404000
P(141)=3040+.000
P(1492)23924,000
P(143)23924.,000
P{144)=24459,000
PI1495)=24459,000

Pl 146)= +100000G0g7
P( 147)= ,10000GCOE7
P( 148)= ,1000000GE7
PL 149)= ,10000CGUE?
Pl 150)= +100000n0E7
Pl 15]1)= +100000n0¢7
P(152)=146420000
P(153)=16.,20000

Pl 154)= ¢+ 162000002
Pl 155)= +]162000UCE?2
P(156)=18.20000
P(157)=18.,20000
P(158)=216.,00000
P{159)=16.00000

P( 160)*® +160000G0E2
PlL 161)® 4160000002
P(162)=}8,00000
P(163)=18,00000

P{ 164)= +100000cug?
P{ 165)= .1000000057
Pl 166)= .100600Q0E7
P{ 167)= +10000000¢7

Pl 168)= ,10000000E7
P 169)= .10000000¢7

PL 170)= .12000000¢!
PL 171)= +12000000¢1
Pl 172)= +12000000¢!
Pt 173)= «12000000€l
Pl 174)= 52000000t
Pl 175)= +52000000¢ ]
Pt 176)= +10000000CE!L
P( 177)= +10000050E!
P(L i78)= ,10000000CE!
P( 179)r +100000nGE!
P( 180)= +500000c0€!
P( 181)= +50000050¢!
P{ 182)= 160000005
Pl 183)= 416000000ES
P( 184)= ,16000000ES
Pl 185)= 160000005
Pl 186)= +16000000E5
P 187)= ,16000000¢5
P( 188)= ,}160000Un0ES
= é ES
Fo 1901= 116888858¢2
Pl 191)= .16000000ES
P 192)= +16000000E5
P( 193)= ,16000000¢5
P(194)31470.000
P(195)=1470.000
P(196)=1540.000
P(197)=1540,000
P(198)=690,0000
P{199)8690.,0000
P(200)=1470.000
P{201)=1470.000
P(202)=1540.000
P(203)=1540.000
P(204)=490.0000
P(205)2690,0000
P(206)=14704000
P(207)=21470.000
P(208)=1540+000
P(209)=1540,000
P(210)=2500.000
P(21]1)=2500.000
P(212)=1470.000
P(213)=1470.000
P{214)=31540.000
P(215)=21540.000
P(216)=2500¢000




pP(217)=2500.000

P
Pt
P
P
Pt
Pt
P
P

P

P
P{

P
P
P
P
P
X
P(
P
P
P
P
P(
P
P
P
P
P
P
P
P
Pt
P
Pt
P
P
P
P
X
P
P
P
X
P
P
P
P

218)®
219)=
220)=
221)=
222)=
223)=
224)=
225)=

+5B4G0OCT0E-1
«600000C0E?2
«37000030€0
»20000C00E>
«17800000E2
«36000000EH4
+250000G0E0
«575850G0ED

226)=000.00
227)=2000.90
228)=001+79
229)=003+53
230)=005%017
231)=006064
232)%007.92
233)=009.71
234)=010433
235)=0G0%71
236)200792
237)=005.17
238)=003+53
239)=00179
240)=000.00
241 )==01¢79
242)%==03453
243)=2=05.17
244)==07492
245)m2=09071
246)3=1033
247 )%=09471
248)==07 492
249)==0b64¢64
250)==0517
251)% =353
252)= =) 79
253)8 =090
254)=000+.00
255)= 180
256)% 359
257)s 7407
258)% 10433
259)= 1329
260)= 1583
261)= 1942
262)= 20467
263)% 1942
264)= 15483

P
P
P
P{
P
Pl
P(
P
P
P
P{
P{
Pt

265)= 10433
266)= 707
267)= 3459
268)=000.00
269)%® =359
2701= =7+07
271)=~10233
272)=~15.83
273)==19442
274)%=20067
277)==13429
276)%=154+83
275)==1942

P(278)m=10.33

P

279)= «=7.07

P(280)==3459

P
P
Pt
P
P
P
P
P
P
P
P
P
P
P{
P
P
P(
P
Pt
P
P{
P
P
P
P
P
P
P
P
P
Pl
P

281)= =].80
282)=000.00
283)= 2470
284)= 5438
285 )= 10460
286)= 15450
287)% 19493
288)= 23475
289)= 2913
290)= 31.00
291)= 29413
292)= 23.75
293)= 15+5C
294)= 10060
295)= 5.38
296)=000.00
297)= =5.38
298)==1060C
299)2=15450
300)%=23¢75
301 )%=29}2
302)==31.00
303 )==294 )3
304)=2=23¢75
305)==19+93
3C6)==15¢50
307 )1==1060
3p8)= =5.38
309)= =270
310)=000.00
311)=  3.60
312)= 7.}8
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96

P

P
P

Pl
P
P
P
P
P
Pl
P
Pl
Py
P
P
P
P
P
P
P
P
P
P
P
P
P
P
Pl
P
P
P
P
P
P
P
P
P
P
P
P
P
Py
X
P
P
P
P

313)= 14,14
J14)= 2067
3i5)= 2657
316)% 3167
317)= 38.84
318)F 4134
319)= 38.84
320)= 31e67
321)= 20467
322)= 14.14
323)=%  7.18
324)=000.00
325)= =7.}8
326)®=]4414
327)%=20+67
328)8=3)467
329)==38.84
330)==41034
33))==38.84
332)m=31:67
333)m=2b6457
334)m=20e67
335)7=[4014
336)= =T7418
337)= =3.60
338)=0004.00
339)= 4,450
340)= 84.97
341)= 17467
342)= 25.84
343)= 33021
J44)= 39458
345 )m 48,55
J46)= S)1467
347 )= 48,455
J48)= 39.58
34g)= 25,g4
350)8 17467
35])= 8497
352)=000.00
353)% =84+97
3SY4)==]7e67
355 )=m=25,84
354)==3%58
357 )==48455
358)==514647
359)==48.55
360)==39¢58
361)8=33,421

P
P
Pt
P
P{
P
P{
P
P{
P
P(
P
P
P{
Pt
P{
P
P
P
Pt
Pi
P{
P
Pt
P

P(
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
Pl
P
P
P
X
P(
P
Pl

362)==25.84
363)==17067
3b4)3 =Be97
365)® =4,5(
366)=000.00
367)= S5e76
368)x 149
369)= 22450
370)= 33.07
371)= 42,5]
372)= 5067
373)= 62.15
374)= 466414
375)=% 62415
376)= 5067
377)= 33,07
378)= 22450
379)= | ]e49
380)= Q00.00
38l )m=} o449
382)==-22.50
383)%=33.07
384 )®=50¢67
3B )=m=4h24 15
JB6)m=bbe ] Y
387)==62¢15
388)==50467
389 )®=4245])
390)==33.07
391)%3=22+50
392)m=) o449
393)= =5476
394)=000.00
J95)= 643}
396)= 1256
3971 24474
398)= 36417
399)= 46450
400)= 55441
40} )= 6798
402)= 72434
403)® 67.98
404)= 5544
405)® 36417
406)m 24474
407)s 2456
408)= 00+.00
409)m=12456
Hi0)==24e74
41))m=3be]7




Pl
Pl
P
P
P
P
P
P
P
Pl
P
P
P
P
P
Pt

P
P{

P
P
P(
P(
P{
Pl
Pl

P
P
P
P
P
P
P
P
P
P
P
P
P
Pt
X
P
P(
Py
P
P
Pt

P
Py

412)==55.4]}
413)m=67¢98
414)%=72¢34
415)==67098
416)2=55e4]
417)==46e50
418)m=36e¢17
419)==24+74
420)®==1256
421)= =631}
422)=04303
4231204303
424)=0,303
425)=0.,303
426)=0¢303
4271204303
428)%0+303
429)=04303
4301=20,303
431)=0,303
432)=0.303
433)=D0.3023
434)=0.303
435)%0.303
436)=0.303
437)1=0.303
438)20,303
439)=0.303
440)=04303
441)=20,303
442)=20,303
443)=0,303
444)=0,303
445)=0+303
446)20.303
447 )20+ 303
448)=206,303
449)=0.303
450)=%1.214
45)1)=14214
452)=14214
453)1=1.214
454)=) 4214
455)=1,214
4561214214
457 )=14214
458)=1.214
459 )=} 214
460)=14214

P
P
P
P
Pt

461 )= e 214
462)=1.214
463)m1e214
464)=214214
465)31 4214

P(Hb6 )=} 214

P{
P(
P
P
P
P(
P(
Pt
Py
P
P(
P(
P
P(
Py
Pl
P
Pt
P(
P
Pl
Pl
P
Py
Py
P
P
P
P(
P
P
P
P{
P
P
Pt
P
P
P
P
P
Py

4671214214
448)=1e214
469)=1e214
470)1=1.214
471)=1e21}4
472131214
4731=14214
474)m] 4214
475)=14214
476114214
477)mie214
478)%24743
479)=24+743
480)=2.743
481)=2.,743
4821224743
4831220743
48H4)=2,743
485)m2,743
4846)32,743
487)%22¢743
488)=2,743
489)=2,7423
4901m2,743
491)132.743
492)%2+.743
493)=2.7423
494)m2,4743
495)m2,4743
4946 )m24743
497 )22,743
498)=2.743
499 )m2,743
500)%2.7423
501)=2,743
502)=2.743
5031224743
S04)32.742
5051224743
506)=4,906
507)=34,906
508)=4,906
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P
P
P
P
P
P(
P{
Py
P (
P
P
P
Pt
P
P
Py
P
P
P
P
P
P
P{
P(
P
P
P
P
P
P
P
P
Pt
P(
Py
Pt
P{
P
Pl
Py
P
P(
P
P
P
P(
P
P

S09)%4.906
S510)=4.906
5111=4,906
512)=4.906
513)1%4,906
S514)=4.906
515)134,906é
S516)=4.906
517)=4,906
518)=x4,4906
519)134,906
52¢)=4.906
521)%4,906
522)%4.,906
523)=24,906
524)34,906
525)=4,906
526)34,906
527)1%4.906
528)=4,906
529)=4,906
530)=4.906
531)%4,906
532)%4.906
533)=4.906
534)=7,728
535)=7.728
536)=®7.728
5371%7,728
538)%7,728
539)%7,4,728
S4Q)I=7.728
541)%7.728
5“2)-70728
S43)m7,728
SH4)=T7.728
S45)=7 4728
546)=7.728
547)=7.728
548)%7.728
549)=7,728
550)=7.728
551 )87,728
552)%7,728
553)=7.728
554)=7,728
555)%7,.728
566)m7,728

P{
Pt
Py
P
P
P
P

P
P

P

P

P
P{

P{
P
P{

Pl
P
P
P{

P

Pt
P

P

P{

P

P(

P{
P
P{
P

Pl
P

P
Pt
Py
Pt
Pt
P
Pl
P
P
P
P{
P
P

Py

557)%7,728
558)=7,.,728
559 )=7,728
S60)=%7.728
S561)=%7.728
562)=12.85
S563)%12.85
564)%12.85
565)%12.85
566)=12485
567)%12.85
568)%12485
569)=12.85
570)=12.85
571)=12.85
572131 2.85
573)=)2.85
S74)m12.85
575)=12485
576)=12+85
5771%)12+85
578)=12.85
579)=12,.85
580)'!2.85
5S81)=]12.85
582)=)2.85
583)=12.85
584)m12.85
585)=12.85
5861312485
587)=%12.85
588)®12.85
589)=12.85
590)=15¢50
591)=%15.50
592)=15,50
593)=%15.50
594)=}15450
595)=15450
596)%15450
597)=%15.50
598)%15450
599)%15+50
600)=15+50
601)=15¢50
602)%15450
603)%15450
604)=%15450




P

P(
P
Py
Py
P
P(
P
P
P
P
P{
P
Pt
P
P
P{
P
Pl
P(
P
P
P(
P
P{
P
P
P(
Py
P
Pl
P
P
P
P
P
P
P
P{
P
P
P
P
P{
P(
P
P

605)=15,50

606)=15,50

607)=15,50

608)=15.50

609)=15,50

610)%15450

611)®15,50

612)2154.50

613)=%]15.50

614)=15,50

615)=15450

616)=15,50

617)=215,50

618)==]10633
619)=s=10429
620)%=]10Ne18
621)% =9.71
622)% =8,95
623)® =7.92
624)= =fe64
625)= =3,53
626)=000«00
627)% 3453
628)=  bHeb4
629)= 8,95
630)= 9e¢71
631)= 10.18
632)® 10433
633)3 U8
634)s 9.7}
635)=  B.95
636)®  bebH
637)= 3453
638)2000+00
639)= =3.53
64Q) = =bebYy
64))=m =74.92
642)m =8,95
643)= =947}
644)==]00)8
645)==}0¢29
b4 )B=2(1e87
647)1m=23.59
648)=2=204¢35
649)==19.42
650)==174+90
65])==15,82
652)3=13429

P (
P
P
P
P
P
Pt
P(
P
Pt
P{
Py
P
P
P
P
P
P
Pt
P
P
P
P
P{
P
P
P{
P
P
P(
P{
P
P{
P
P{
P(
Pt
P(
Py
Pt
P
P{
P{
P{
P{
P
Py
P(
P

653)= =707
654)=2000+00
655)= 7.07
6546)= 3429
657)% 17490
658)= 19442
659)= 2035
660)= 2067
661)= 20435
662)= 9442
663)% 17.90
66413 [ 3429
665)= 707
666)=000.00
667)% =707
6bg)=a13,29
669)%=15.83
670)=®=17490
671 )==]19442
672)==2Ce35
673)==20459
674)=«31.00
675)=2=3G.88
676)m=3Ge53

677)%=29¢13

678)m=26085
679)%=23475
68Q0)==19.92
681)==10e¢60
682)=000+00
683)3 D660
684)=® 19.93
685)% 26485
6B6)= 29413
687)= 30453
688)= 3}1.00
689)= 30+53
690)= 29413
691)= 26.85
692)® 19493
693)8 10460
694)=000.00
695)2=104+60
696)8=19493
697)%=23475
698)=%=26485
699)2=29,413
700)==30+53
701)3=30+88
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100

P
P{
P{
Py
P(
Pt
P
P{
P
P
P
P
P{

(
(

P
Pl
P
P
P
P
P
P
P
P
P
P
Pt
P
P
P
P
P
Pl
P
P
P
P
P
P
Pl
P
P
Pl
Pl
P

P

Pt
Py

702)m=4] ¢34
703)==4]1.18
704)==40e71
705)==38+84
706)%=35.80
707)1==3167
708)%=26e57
709)==14e14
710)=000.00
711)s 14«14
712)= 26457
713)= 35,80
714)% 38.84

71e)s 4pd

717)= 40071
718)= 38484
719)= 35480
720)% 26457
72i)= 14414
722)%006G400
723)==14014
724)==26457
725)2=314¢67
726)%-35480
727)%=38484
728)%=40.71
729)m=41418
730)==51067
731)%=51447
732)%-50489
733)m=48455
734)%=44475
735)3-39.58
73612233421
737)8=17467
738)=000.00
739)= 17467
740)= 33421
741)% 44475
742)= 48455
743)= 50489
744)m 51667
745)® 50489
746)% 48455
747)m 44475

748)= 33421

749)% 17.67
750)=000+00

Pt
P{
P
P
Pl
P{
P
P
P(
P
P
Pt
P
P
P
P{
P
P
Pl
P
P{
P
P
P
pt
P
P
P
P
P(
P
P
P
Pt
P{
P
P
P{
P
Py
P
P
P
P(
P
P{
P
Pt

751 )m=}17e67
752)%=33¢2]}
753)=%=3958
754)m=44,475
755 )8=tiBe55
756)==50+89
757)==51e47
758)=m=5660 14
759)1m2=65,89
760)®=65013
761)2=62415
762)==57+28
763)‘-50067
764)m=42.5])
765)=2=22450
766)=2000.00
767)% 2250
768)=% 42.5])
769)= 57428
770)= 62015
771)® 65413
772)% 6b6e}
773)= 65013
774)= 62145
775)= 57428
776)= 42451
777)% 22450
778)1=000+00
779)%=22¢50
780)==42051
781 )m=50e67
782)=%=57,.,28
783)m=62¢15
784)==65e13
786)%=65.89
784)3=724¢34
787 )=2=72406
788)==71¢24
789)m=674+98
790)==62e65
791)1=3=5504]}
792)==46450
793)%=24e74
794)=00000
795)= 24¢74
796)= 46450
797)=% 6265
798)% 6798




X
X
P
P
P
P
X
P
P
P
P
P
P
P
P
P
P
P
X
P
P
P
P
X
Pl
P
P
P
P
P
P
X
P
P
P
P
P
P
P
P
X
X
P
P
P
P(
X
P

799)= 71e24
BOQ)= 72.34
801)® 7124
802)= 67.98
B803)= 62065
BU4)® 4450
805)8 24¢74
8046)=000+00
B07)=2=24e74
808)==46,50
809 )==5544])
810)==62465
811)==67+98
812)==7]¢24
813)==72+06
814)=0.030
815)=0.,030
816)%0.030
817)=0,030
818)=20.030
819)=0.,030
820)=0.030
821)=0.030
822)=0.030
823)=30.030
824)=0.,030
825)%0.030
826)=0.020
827)=0.020
828)=0+020
829)=0.,020
830)=0.020
831)=0.030
832)=0.,030
833)=0.030
834)=0.030
835)%0.030
836)=0.030
837)=0.030
838)=0,030
839)=0.030
840)=0,030
84]1)=0.030
842)=0.,050
843)=0.,050
844)=0,050
845)=0.,050
8446)=0,050

P
P
P
Pt
Pl
P
P
P
P
X
P
P
P
Pt
P
P
P
P
Pt
P
Pt
P
P
P
P
P
X
P
P
P
P
P
P
P
P(
Pl
Pl
P
P
Pl
Pt
P
P
P
P
P
P

847)=0G.050
848)=0.050
849)=0,030
850)=0.030
851)=0.,030
852)=0.020
853)304020
854)=20,020
855)=0,020
8561=0,020
857)1=0,020
858)=0.020
859)=0.020
860)=0.020
861)=0,.030
862)=0.030
B863)=0.030
8464)%0,050
865)=0,050
866)=0.050
867)%0.050
868)=20,050
869)30.050
870)=0.050
871)=0.050
872)=20.050
873)=0,050
874)=0.050
875)=0.050
876)=0.050
877)*0.030
878)=0,030
879)=0.,020
880)=0.020
881)=0.020
882)=0.020
883)=0.020
884)=04,012
885)=0,020
886)=0.020
887)=0.020
888)=0.020
889)=0.020
890)=0.030
891)=0.030
892)=0.050
893)=0.050
894)=20.050

101



102

P
P
P
P(
P
Pt
P
P(
P(
P
P{
P
P{
P
P
P
P(
P
P
P
P
P
P(
P
P
P{
P
P(

P{
P

P{
P(
P(
P
P(
P
P{
P(
P
Py
P{
P
P
P{
P
Pt
P{
P

895)=0.050
896)=0.050
897)=0.050
898)=0.050
899)=0.050
900)=0.050
901)=0.,050
902)=0.050
903)=20.050
904)=0+050
905)=0.030
9C6)=0.020
907)=0.020
908)=0.012
709)=0.012
?210)*0012
911)=0.012
912)=G.012
?13)=0e012
914)=Ce012
?15)=0.012
P16)=0.012
?17)®20.020
918)=0.020
919)=0.030
920)=0+050
921)=0.050
922)m0.050
923)=0.,050
924)=0,050
925)=C.050
926)=0«050
927)1=0.050
928)=0.050
929)=20.050
?30)=0,050
931)=0,050
932)=0.050
933)=0.,030
934)=0,020
?35)=0.020
936)=0.012
937)1=0.012
938)=0.012
?39)=0.012
940)=0.012
941 )=0.012
942)1=0.012

P
P
P
Pl
P
P
Pl
P
Pl
P
P
P
P
P
Pl
P
P

P{
P{
P{
P
P
Pt
P{
Pt
P(
P{
P
P
P
Pt
P(
P
Pt
P
P(
P
P
P
P
P
P
P
P(
P
P
P
P

?43)=0.012
944)30.012
945)=0+020
?46)=0.020
?47)=0.030
?48)=%0,050
949)=0.050
950)=0.050
951)1=0+050
952)=0.050
953)=20.050
954)=0.012
955)=G.012
956)1=20,012
957)1=Q.012
958)=0,012
959)=0.012
760)=0.012
961)=0+012
?62)30,012
963)m0.012
964)=0,012
?65)=0.012
P66)=0.012
767)=0.012
968)=0.012
969)=80.012
?70)=0.012
?71)=0,012
972)=0.012
?73)=0.012
974)%0.012
975)=0,4012
9761204012
9771304012
?78)=0.012
979)=m0.012
980)%0.,012
981)=0.012
982)=0.012
983)=20.012
984)=0p4012
985)=0.012
986)=0.012
987)=0.012
988)=0.012
989)=0.012
990)=0.012
?91)=0.012



P{ 992)=0.012
P( 993)s30.012
P{ 994)=0.012
P({ 995)=0.012
Pl 996)=0.012
P( 997120012
P( 998)=0.,012
P( 999)=0.012
P(1000)=0.012
P(100C1)=0.012
P(1002)=0.012
P(1003)=0.012
P(1004)=0.012
P(1005)=0.012
P(1006)=0.012
P(1007)=0.012
P(1008)=0.012
P(1009)=0.,012
P(1010)=0.050
P(1011)=0.050
P(1012)=0.050
P(1013)=0.,050
P(1014)=0.050
P(1015)=0.,050
P(1016)=0,050
P(1017)=0.030
P(1018)=0.020
P(1019)=0.012
P(1020)=0.012
P(102]1)=0.012
P(1022)=0.,012
P(1023)=0.012
P(1024)=0.012
P({1025)=0.012
P(1026)=0.012
P(1027)=04012
PL1028)=0.012
P(1029)=0.012
P(1030)=0.020
P(1031)=0.030
P(1632)=0.050
P(1033)=0.050
P(1034)=0.050
P{1035)=0.,050
P(1036)=0.050
P{1037)=0.050

PL1038)= 2.0

P(1039)=3,1818¢7
P(1040)= 0.,26]

P(1041)= 8,0
PL1042)= 28.0
P(1043)= 600
P(1044)= S0
P(1045)=10,0

P(1046)= 20.0
P(1047)= 30.0
P(1048)= 40.0
P(1049)= 50.0
P(1050)= 70.0
P(1051)= 90.0
P(1052)=1}0+0
P(1053)%130.0
P(1054)=]15040
P(1055)=160.0
P(1054)=170,0
P(1057)=180.0
P{1058)=190.0
P(1059)=200.0
P(1060)=210.0
P(1061)=230.0
P(1062)=250+0
PL1063)%270+0
P(1064)=290+0
PI1065)=3]10.0
P(1066)=320.0
P{1067)=330.0
P(1068)=340.0
P(1069)=350.0
P{1070)=355.0
P(1071)=360.0

P(1072)=
P(1073)=
P(1074)=
P(1075)=
P(1076)=
P(1077)=
P(1078)=
PL1079)=
P(108Q)=
p(l108] )=
P(1082)=
pl1083)=
Pp{1084)=

10633414
2066828
3100242
410336564
51¢67070
S8¢43300
6601385
72433900
87¢2
870
77e6
8845
170

PI1085)==22.,4
P(1084)=25000
P(108B7)= 3.6
P(1088)=2500.0
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104

P(10B9)=346
P(1090)=2500,0
P(1091)=3.60
P(1092)=0.0
P(1093)=]1%.22
P(1094)337413
pl1095)=52,50
PL1096)%64,30
P(1097)=27]e72
PL1098)®=74,25
PL1099)=71e72
PL11C0D)=64430
P(11011%52450
P(1102)%37,13
P(1103)=19.22
P{11CY)=00
Pll1I10S)==19e22
P(1106)==37413
PI1107)=2=52+50
PL1]108)=«64.30
P(1109)==7]1e72
P(1110)==74¢25
Pl1111)==7}472
Pl1112)==64430
P(1113)==5250
P(l114)m=374}3
Pl1115)==1%9e22
P(1116)=0.0
P(LI117)=19+61
P(1118)=37,88
P{1119)=53+:56
P(1120)265460
P(1121)=73.17
P(1122)=75475
P(1123)=73417
Pl1124)=65460
P(1125)=53.56
P(l1126)=37.88
P(11271%19.6]
P(1128)=0.0
P(1129)==1946]}
P{1130)==37.88
P(1131)==53+56
P(1132)==65060
P(1133)m=73.17
P(1134)==75475
P(1135)==73417
P{1136)==65460

P(1137)2=53,54
P(1138)==37.88
P(1139)==1Y46]
P(1140)=0.0
P(1141)219.23
P(1142)=37415
P(1143)2524,53
PllI44)=64e34
Pl1145)=27 176
PLL1146)%374.29
P(1147)m7176
P(1148)=64434
P(1149)=52,53
P(1150)=37,15
P{1151)=19.23
P(1152)=0.0
P(1153)%=19423

P(1154)==37,415
PL1155)m=52,53
P(1156)m=by,3Hy
P{1157)®==71476
P(1158)%=74,29
P(1159)m=7],76
P(1160)==64434
P(116])%=524.53
P(1162)==37,415
P(1163)m=]19423
P(l164)m16,.88
P(l165)=]16,88
Plll6b4)=16488
Pl1167)m16.88
Pl116B)=]6.88
Pl1169)=16.88
P(1170)m16.88
P(117))=)16.88
P(1172)=16,88
P(1173)=16,88
P(1174)=16,.88
P(1175)=16.88
P(1176)m16.88
P(1177)=16.88
PL1178)%16,.88
P(1179)®16.88
P(1180)=]16.88
P(L11B))=16.88
P(1182)=)16.88
P(11B3)=1é,.88
P(l184)= 14,88



P(1185)=]16.88
P(1186)=]16.88
PL1187)m16,88
P(1188)821.07
P(1183)=21+07
P(119C)=21407
PL1191)=2]1.07
P(1192)%21.07
P{1193)=21.07
P(1194)=21,07
P(1195)=21.07
P(1196)=21.+07
P(1197)=221407
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866)=5232
867125233
868)85234
869)=5235
870)=5236
871)=5237
872)85238




N(
N
N(
N(
N{
N(
N
N
N ¢
N(
N (
N

N (
N

N
N
N ¢
N
N
N(

N
N(
N
N(
N (
N
N
N
N(
N{(
N
N(
N(
N(
Nt
N(
N(
N
N
N{
N{
N (
NI
N{
N
N (
N{(

873)=5239
874)=5240
875)=524]
876)=5242
877)=5243
878)=5244
879)=524%
880)=5246
88}1)=5247
882135248
883)=5249
884)=5250
885)=525]
886)85252
887)%5253
888)%5254
889)=5255
890)=5256
891)=5257
892)=5258
893)85259
894)25240
895)=5261
894)=25262
897)25263
898)=5264
899)=5265
?00)=5266
901)=5267
902)=5268
903185269
9064)=5270
905)=5271
906)85272
907)=5273
908)=5274
909)=5275
910)=5276
911125277
912)%5278
913)=5279
914)=5280
915)=5281
916)85282
917)=5283
918)=5284
919)=5285
920)%=5286
921)=5287

NI
N(
N(
N(
N(
N{
N(
N(
N(
NA{
N{(
N{
NA
Nt
NI
N
N(
N{
Nt
N (
N{
Nt
N
N{
N{
N(
Nt
N{(
N(
N
N{
N(
N(
N(
N{(
Nt
N(
N(
N(
N
N{
N
N{
N ¢
N{(
N{
N{
N{(

922)=5288
923)=5289
924)=5290
925)=5291
926)=5292
927)%5293
928125294
929)=5295
930)=5296
931)=5297
932125298
933)%5299
934)=5300
935)1=5301
936)#5302
937125303
938)=5304
939)=5305
94¢)=5306
941)=5307
942)=5308
943)=5309
944)25310
945)=53] 1
946)%53]2
947)=5313
948)=531 %
949)=5315
950)=5316
95112537
952)=25318
953)=5319
954)=25320
955) %5321
956)=5322
957)%5323
958) %5324
959)=5325
960)=5326
961)%5327
962)=5328
963)25329
964)25330
965)%5331
966)=5332
967125333
968)®5334
969)=5335

115



116

N( 970)=5336
N( 971)%5337
N({ 972)=5338
N{ $73)=53239
N{ 974)=5340
N( 975)=5341
N( 976)=5342
N{ 977)=5343
N( 978)25344
N( §79)=5345
Nl 9801=5346
N({ 981)=5347
N( 982)=5348
N( 983)=5349
N{ 984)=5350
N{ 985)=535]
N{ 986)=5352
N( 987)=5353
N( 988)=5354
N( 989)=5355
N{ 990)=5356
N( 991)=5357
N({ 992)=5358
N( 993)=5359
N{ 994)=5360
N( 995)=53641
N( 996)=5362
N( 997)=25363
N{ 998)=53464
N{ 999)=5365
N(1000)=5366
N(100})=5367
N(1002)=53648
N(1003)=5369
N(1004)=5370
N(1005)=5371
N(1006)85372
N(1007)=5373
N(1008)=5374
N{1009)=5375
N{1010)=5376
N(101))=5377
N(1012)=5378
N(1013)=5379
N(1014)=5380
N(1015)=5381
N(1016)35382
N(1017)=5383

N(1018)=5384
N{1019)=5385
N(1020)=5386
N(102})=5347
N(1022)=5388
N({1023)=5389
N(1024)%5390
N(1025)=5391
N(1026)25392
N(1027)=5393
N(1028)=5394
N(1029)=5395
N(1030Q)=5396
N{103])=5397
N(1032)=5398
N(10G33)=5399
N{1034)25400
N(1035)=54(0]
N(1036)%5402
N(1037)=5403
N(1038)=%5939
N(1039)=5943
N(1040)=5944
N(104]1)25940
NE1042)=594]
N(1043)=5942
N(1044)=6501
N({1045)=6502
N(1046)m6503
N(1047)=6504
N(1048)=6505
N(I049)m46506
N(105D)=p507
N(105]1)=6508
N(1052)=6509
N{1053)%6510
N{1054)=6511
N(1055)=6512
N(1D056)%65}3
N(1057)=6514
N(1058)=6515
N(1059)=65}6
N(1060)=6517
N{l106))=6518
N(1062)%6519
N({1063)%46520
N(1Db4)=452]
N(1065)%6522




N(1066)m6523
N(1067)=6524
N{1068)=46525
N(1069)=6526
N(1070)=6527
N(1071)=6528
N(1072)=6541
N(1073)=6542
N({10O74)=4543
N(1075)=6544
N(1076)26545
N(1077)m6546
N(1078)=6547
N(1079)=46548
N(1080) =656
N{10B])=56562
N{1082)=4563
N(1083)=59235
N(1084)=5936
N{1085)=5937
N(1086)=700G9
N(1087)=7010
N(1088)=7011
N(1089)=70CG12
N(109C)=7013
N(109]1)=7014
N(1092)=7015
N(1093)87016
N(1094)=7017
N(1095)=7018
NU1096)=7019
N{1097)%7020
N(1098)=7021
N(1099)=7022
N(11QO)Y=7023
N(1101)=702%4
N(1102)=7025
N{1103)=7026
N(1104)=7027
N(1105)=7028
N(L1106)=7029
N(11G7)=7030
N(1108)=703]})
N(1109)=7032
N(1110)=70233
N(1111)=7034
N(1112)=%7035
N(1113)=7036

N(1114)%7037
N{1115)=70238
N{1116)=7039
N(I117)=27040
N(l118)=7041
N(1119)=7042
N(1120Q)=7043
N(1121)=7044
N(1122)=27045
N(1123)=7046
N(1124)=7047
N(1125)=7048
N(1126)=7049
N(1127)=7050
N(1128B)=7051
N(1129)=7052
N(1130)%®7053
N(1131)=7054
N(1132)=7055
N(1133)=7056
N(1134)=7057
N(1135)=7058
N(1136)=7059
N(1137)37060
N(1138)=7061
N(1139)=7062
N(1140)=7063
N{L114))=7064
N(1142)=7065
N(1143)=7066
N(1144)=7067
N(1145)=7068
N({1146)=70Q069
N(1147)=7070
N(1148)=7071}
N(1149)=7072
N{1150)=7073
N(115))=7074
N(1152)=7(075
N(1153)=7076
N(1154)=7077
N(1155)=3078
N(1156)m7079
N(1157)=7080
N{1158)=7081]
N(1159)=27082
N(1160)=7083
N(116]1)m7084
N{(1162)37085
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N(1163)37086
N(1164)=7087
N{1165)=7(Q088
N(1166)1=7089
N(1167)=7090
N(1168)=7091}
N(116%9)=7092
N(1170)=7093
N(117))=7094
N(1172)=7095
N(1173)=7096
N(1174)=7097
N(1175)=7098
N(1176)%7099
N(1177)%7100
N(1178)%7101
N(1179)=7]02
N{1180)=7103
N(11Bl1)=7]104
N{1182)%7105
N(1183)=7106
N(1184)=7]107
N{118B5)=710D8
N(118B6)=7109
N(1187)=7110
N(1188)=7]11
N(L1L1B9)=T7112
N(L1190)=7113
NCLE9L) =711 4
N(l192)=7115
N(1193)=7116
N(L1194)=7 117
N(1195)=7}118
N(1196)=711°9
N(1197)=7120
N(1198)=7121
N(1199)m=7]22
N(1200)=7123
N(1201)=7}124
N(1202)=7]125
N(1203)=7126
N(1204)=37127
N(1205)=7 128
N(1206)=7129
N(1207)=7130
N(1208)=713]
N{1209)=7]132
N(1210)=7132
N(1211)=7]34

N(1212)=7135
N(1213)=7136
N(1214)m7137
N(1215)57138
N(1216)m7139
N(1217)=7140
N(1218)=714]
N(1219)=7142
N(1220)=7143
N(1221)=7144
N(1222)=7145
N(1223)=7146
N(1224)=7147
N(1225)=7148
N(1226)m7149
N(1227)=7150
N(1228)=7151
N(1229)=7152
N(1230)=7153
N(1231)m7}54
N(1232)=7155
N(1233)m7156
N(1234)=7157
N(1235)=7158
N(1236)=7159
N(1237)=7160
N(1238)%7161
N(1239)%7162
N(1240)=7163
N(1241)m7164
N(1242)%7165
N(1243)m7166
N(1244)m7167
N(1245)m7168
N(1246)m7169
N(1247)=7170
N(l1248)=7171
N(1249)%7172
N(1250)=7173
N(1251)=7174
N(1252)%7175
N(1253)27176
N(1254)27177
N(1255)=7178
N(1256)=7179
N(1257)=7180
N(1258)%7181
N(1259)=7182




N(1260)=7183
N(126]1)m=7184
N(1262im7185
N(1263)=7186
N(1264)=7})87
N(1265)=7]88
N(1264)=7189
N(1267)=7190
N(1268)=7191
N(1269)=7]192
N(1270)=7193
N(1271)=7194
N(1272)27)95
N(1273)=7196
N(1274)=7197
N(1275)=7]198
N(1276)=7199
N(1277)=7200
N(1278)=%7201
N(1279)=27202
N(1260)=7203
N{128])=7204
N(1282)%7205
N(1283)=%7206
N(1284)=7207
N(1285)=7208
N{1286)m7209
N(1287)m7210
N(1288)=272}1

N(1289)=72]2
N(1290)=7213
N(1293)=72}14
N(1292)=7215
N(1293)=7216

NEEE34)27318
N(1296)=7219
N(1297)=7220
N(1298)=7221
N(1299)87222
N(1300)=7223
N(1301)=7224
N(1302)=7225
N(1303)=7226
N(1304)=7227
N(1305)=7228
N(130G6)=7229
N(1307)=7230
REWIND 13

DO | uU=m29,1307
WRITE(13) NUJ),P(U)

CONTINUE
END FILE 13
REWIND 123
STOP

END
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TABLE B-I. - OUTPUT SYMBOLS

Variables Program output Variables Program output
represented symbols represented symbols
X X1DD Q 0Z1D

1 z,1
Y Y1DD Q 0ox2D

1 X, 2
Z Z1DD Q 0Y2D

1 y,2
X X2DD Q 0Z2D

2 z,2
?2 Y2DD Q OX1

X, 1

Zz Z2DD Qy, 1 oY1
X1 X1D Qz, 1 0z1
Y1 Y1D Qx, 9 (0).¢]
Z1 Z1D Qy, 9 0Y2
X, X2D 2, 9 072
Y2 Y2D FS, MAX FSMX
Z2 Z2D NS, MAX S NO
X, X1 Fy, MAX FHMX
Y1 Y1 NH, MAX H NO
Z1 VAl SS, MAX SSMX
X2 : X2 NS, S, MAX S NO
Y2 Y2 01 TH1
Z2 Z2 d)l PH1
szx, 1 OX1D Y PS1
Qy, 1 OY1D 89 TH2
[0} PH2 GS, GXGR

2 i, 1
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TABLE B-IL - OUTPUT SYMBOLS - Concluded

Variables Program output Variables Program output
represented symbols represented symbols
% PS2 GS; 4 GYGR
t TIME GS) 4 GZGR
] THBR YHSM YHSM
v PSBR NPHS NPHS
@ PHBR YRIM YRIM
SH, MAX SHMX NPRI1 NPR1
Ns H, MAX H NO YR2M YR2M
X, XBR1 NPR2 NPR2
Y, YBR1 YR3M YR3M
Z ZBR1 NPR3 NPR3
SE3P SE3P Z, ZBAR?2 to c.g.,
SE3M SE3M ?1 YBAR?2 to c.g. |
8 SANG X, XBAR2 to c.g. |

i1 FXGR il INERTIALX1D

FS; 4 FYGR §{=1 INERTIALY1D
FS) 4 FZGR %1 INERTIALZ1D
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TABLE B-II. - INPUT DATA FOR THE SAMPLE RUN

(@)1 3y 6 6 lro U 1 25 -1 266 60850000+ 02
3 e6027460J0+0b 267 e 6085000002
4 58700000+ Ub 282 =e11850000+02
5 sh4UYeUUU+UD 283 s 146500UU+02
6 0 290650U0uU+02 284 -.)10850000+02
10 «1000QNDY+UL 285 e 13650U0U+02
14 « 1000000 u+01 86 e 10850U00D%02
1 8 e lUUOLOU*UI 287 e ] 3650000+02
19 eqbHuUgOUy+0I 302 =e625800U0+01
20 e13790100YYUH Jud ~e6258pU0a+01
21 e 11340000+ 04 Jus «335300Uu+0l
22 e29693U0uU*01 3ys +33530000+01
26 « 1 0UUEUOU*OI dpé =+ 130u7000+02
30 s JUULQUUL+UL g7 -+ 13007000%02
34 «1000U0NLY+0 322 «281U000pY02
140 =e14U0QBUL*UL 323 ¢ 28100000+02
141 e85 300U+l 324 =+ 24075000+02
142 e 185000002 325 -e2409%50uUu+02
143 03789999y +00 326 e60D620000L+LIL
144 -e36195000+02 327 e 60620000+ 01
145 e55369979+01 421 e 42000QU0U0+UZ
146 = e978Y9977+(0 424 =ey20UQUOQ+UR
147 =e361Y500U0+02 427 «4340000u¢02
148 e55369999+01 428 -e]1285000+02
149 ¢ 894000Uu+ul 429 e 91199999+01
150 =e3396100utu 430 ~e4oUQUUQ+YL
151 +88140U0u+un 431 -e11288000+02
152 ~e1874000y+01 432 e 91199999+01
153 =e33%61000+L2 582 e 3662900002
154 8140000+ 00 583 ¢3606290J0+U02
165 ¢37900dUu+u0 S84 e 3402500U+02
156 v ]HY93U0UCGR2 585 e 34U25000+U2
157 "e3628900u+*U2 LB6 +390/7900uU+Ue
158 -e37900000+03d 587 «39079000+02
159 e 144730002 965 e J0V0VOU
160 ~e3b2850Uy+02 966 =e37400U00+02
222 ~s142290U0+02 Y67 2 6600000p+01
223 e 14229U00u+u2 968 e 17640000+U3
224 -e}lH41430Uu+02 2743 e 66250000+ 04
225 e 1414930Uyg+u2 2744 ¢ 1600Q0UYU+0S
226 =e12632000+02 2745 e4l406U0U*ULL
227 e12632000+02 2746 e 160000UQ*05
42 03523700U+02 2184 «170UQUUU~UI
243 ¢35237000+02 2185 «170000U0U=01
244 e426130004+02 2186 »17000000~01
245 426 130Ju+02 2187 1 7000000=01
246 =e22200U0u*V2 2188 «1700Q000y=01
247 =e222000Up+02 2189 +17000000=01
262 e410690UY+02 2204 «3040000yu+04
263 4l06900UYU2 2205 v 304UQUUC*0Y
264 =e6476Q0Uu+01 2206 23924QU0U+0H4
265 =e64760000+01 2207 «39243000+04

aCard data; other entries are tape data.
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2208
2209
2224
2425
2226
2227
2228
2229
2244
2245
2246
2247
2248
2249
2264
2265
2266
2267
2268
2269
2284
2285
2286
22817
2288
2289
2304
23uS
2306
2307
2308
2309
2324
2325
2326
2327
2328
2329
2344
2345
2346
2347
2348
2349
2364
2365
2366
2367
2368
2369
2384
2385
2386
2387
2388

¢32740000+u4
«32740000+04
«17000000=01
el 700UQ00u=~01I
« 1700000001
+17000000=01
e 1700000001
«17000000=01
«30400U00+04
¢ 30400000+04
e 397240000+04
«39249Q00U+UM
v 44570000 *04
s 44590000 +0Y
«1000Q0Up+07
« 1 000QDUU+07
s lO0UDLVO+0O7
¢« 1000000u=+07
«1000000y+L7
+ 1 00UQDOU+07
+1620Q00Uy*02
e 1620000p+02
«1620QU00Y02
«1620p0000%02
+18200000%02
+1820000u+02
¢ 160UGOVLYYRZ
¢ 16000000u+02
»160UQ0DY+D2
v+ 160000U0+02
«18000000+02
«180UguLu+U2
«Ju0UVQUUU*O7
s fU0UQULLYO7
e 1000Q0BUY*LT
+10000000+07
« 100000 UVO+07
«1000Q00u+L7
¢ 12000000+ 01
olZODOUUUfUI
«120UQ0uD*U!
+1200000u+0!
«5200000u+01!
e 5200Q000+01
¢ 1 000Q0UY+LI
»100000uUp+01
«100000U0+0!
e 1000UDUYL+01L
«5000p000+01
«50000000*01
«7300000Y+05
«7300Q0000+05
«7300000y+05
«723000000+05
«73000Q000U+05

2389
2404
2405
2406
2407
2408
249499
2664
2665
2b66
2667
2668
2669
2684
2685
2686
2687
2688
2689
2704
2705
2706
27917
2708
2709
2724
2725
2726
2727
2728
2729
3960
3961
3962
3963
3964
3965
3966
3967
583
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998

TABLE B-II. - INPUT DATA FOR THE SAMPLE RUN - Continued

«7300000Q0+05
+730000U0*05
«73000U0LUB+LS
«73000000*05
«7300000p+05
«730000U0+05
«73000000UY05
«000UQ00yU
»00UR00UY
«00UUYOLYY
«000QUUY
e Y0UUNUUY
e00J0Op0UY
«000U30J0
s QUUJGUUY
OUUQUOUUU
»00UUQUIU
«QUOOQ0YG
eQUUUDLUY
«000UD0UU
[RvEeRRRsRa RO R Iy]
s 0J00JU
«00UD0OVY
«QLULULOY
«00000ULL
«Q0U0QUVOUY
«0000Q0UU
«000DQOVVY
¢y 00ULOOU
+00U30000
«5840000U~01
e 6000000U+02
«+37000000+00
«20U00UDU+0LS
+17800000+U2
«36000000U*04
«25000000+00
eG57585000+00
+ 0000QVUY
«F0UDQUUYP+RD
«17900000+01
«35300000+01
«5170QU0uU+01
e 66400QU00+U1
e97099999+01
«10330000*02
e97099999+01
¢«79200000+01
eS170000Up+0I
e 3530000001
«17900000+01
+Q0UDQOLY

-+ 17900000+01
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999
1000
tuul
1uo2
1u03
1004
1005
1006
1007
juo8
lun9
1010
10} )
1u12
1013
1ul4
1015
iule
1017
luls
1019
1020
1021
lu22
1uz3
lua4
1025
1u26
1u27
1528
129
1030
1031
juldz
1033
1034
1035
lulde
1037
1uas
1039
1040
1041
lu42
1043
TLL!
1045
J046
1047
1048
1049
1050
1051
1052

124

=s35300U0U*01
=5 1700000+ 01
~e7920QUUU*01
~e97079999+01
=e10330000+02
=e97079999+01
=e79200UU00%01
~ebb400UVUYOL
=e51700U00*01
=+¢35300000+01
=41 7900000+01
~.9000000Y+Y0
«QUI00LUU
+180U0000+01
«359090du+Ul
«7070000u+01
¢ 10330000+02
0 132900U0+02
e 15830000%02
¢} 9420000+02
«2067000U0+02
e} 9420U0L+D2
¢+ 1583000u+02
«1UI3Q00U+L2
«707ugBuu+0i
3570000001
s QUdUpLUY
“e3590000yu+0!
=+7070Q0000+01
=+ 10330000%02
=+ 1583000U%02
=, 194%20000+02
=2 20670000+02
=e]9420000+02
=+ 158300uUp+02
~e]1329Q0U0+02
=1 033000uU*02
=e707000U0+01I
=+ 3590000uU+01
=+ 18000000+01
e 0UU0N0LY
«27000000+01
«53800000+01)
«10600Q00U+0D2
«15500000+02
¢ 19930000+02
¢ 23750000*02
029130000+02
«3100Qp00N+02
+2913000u+02
v23750000+U2
¢} 550p00uU*02
«}0600000Q+02
«e53800000+01

1053
1u54
1055
lube
105/
1us8
1059
1060
1061
1062
lused
1064
1065
1066
1ue7
1oes
lue?
1070
1071t
1072
1073

1074
1075

1U76
1077
fu78
1079
1uBU
lugl
1u82
1ub3
1084
1085
lubeé
o887
1ys8
o8¢y
1090
1091

1o9e2
1U93
1094
109%
lu9e
1097
1098
1099
}lo0
1101

1102
1103
IETL]
1105
1106

TABLE B-II. - INPUT DATA FOR THE SAMPLE RUN - Continued

«Q00UNUUUL

«5380000U+0Y
«10600000*02
»1550000u+u2
«237500U0+02
«2913g00u*02
e3l00Q0O0UYLR
»2913000U0*0L
e 23750000%02
«1993000u*02
v 1550000002
e} D0UQOVY*L2
«53dUJ00VYUI
«270000U0*0L
«QUULQOOD

«3600000VU+DI
«e71799999+01
el4l40000+U2
e 206/0000UYUV2
v 265700Upr02
+31670000+02
«38840000+uU2
e 4134000002
«38840000+02
«3167000U*UL
«2067000U+02
e 141400Uu+ru2
0717799999+ 01
«00VYNLOL

071799999+ 41
e 14140000p*U2
+206700U0+02
e 316703000+ 02
«38840000+02

"e41340000+02

»388400UQ0+02
3167000002
«26570000+02
«20670000%02
«14140000*0<
«21799977+01
« 360000000
eQ00UQUOUY

e 45000000+01
e BP699999+01
+17670000+02
«2584000U*02
«33210000+02
0 3953000+02
e 485500UL+02
*51670000+02
+48550QU0U+02
*395800004U2
+2584900uUQ+ne




1o/
11u8
1109
1110
11l
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131

1132
1133

1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
} 154
1155
1156
1157
}158
1159
1160
1161

TABLE B-II. - INPUT DATA FOR THE SAMPLE RUN - Continued

176’ gouu+02
s H7079999+U 1]
2 3N0YJ000
~e89699997+01
=e]76700430+02
=e25840000*02
=439580000%02
=e48550000+02
~s51670000+02
e 48550000+ 2
=e39580000%02
~¢33210000+02
=e25840000+02
~e17670000+02
s 89699999+ 01
= 45000000 *01
«000LJYoY
e5760000Y+01
«11490001+02
02250000u+02
«330700U0u+02
e42510000+02
«5067000U+02
eb6215000y+02
e66139999+02
e62150000%02
e50670000%02
+33070000+02
¢22500000+02
e} 14900J0+02
«0000Q0UY
=s]149Q000%+02
=e22500000+02
~¢33070000+02
=e5067000u*02
=e621500U0%02
e 66139999+02
~e62150000%02
=e5067000uU*02
=425 p00U*02
=¢33070000*02
=e22500000%02
e} 1490000+%02
=e57600000*01
«pL0VQEOLVU
eb63099999+01
«12560000+02
0 2474000uU+02
»36170000%02
e 46500000%02
«55410000%02
0 67980000¢02
«72339999+02
067980000%02
«55410000+02

1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1183
11384
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201

1202
1203
1204
1205
1206
1207

1208
1209
1210
1211

1212
1213
1214
1215
1216
1217
1218
1219
1220

»36170000%02
e24740000*02
v}12560000+02
eONUOGNLYY

e 12560000+02
v 24740030402
«36170000+02
e55410000+02
e67980000+02
+72339999+02
«67980000+02
e55410000+02
46500000+ 02
«36170000+02
0 24749000*02
«12560000%02
e63099999+01
«30300p000+00
.30300000*00
«30300000+00
+30300000+00
«30300000+U0
¢3030000p+00
«3030Q00J0*00
«30300000+00
«3030000U0+00
»30300000+00
»3030000U+00
«30300000+00
230300000+00
«303000UB+00
«303U0000+U0
«30300000+00
«30300000+00
+30300000+00
«30300000+00
«30300000*00
«30300000*00
«303000du+00
«3030Q000+00
«30300000+00
«30300000+00
»30300000+00
«30300000+00
«30300000+0U
012140000401
«12140000+01
¢12140000+01
«12140000+0Q1
«12140030+01
+121490000+01
«12140000+*01
¢12140000+01
«12140000+01
«12140000+01

125



1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264

1265
1266

1267
1268
1269
1270
127
V272
1273
1274

126

»12140000U+01}
e 12140U00U+0]
*121400Uu+01
e12149U00+01
e} 214000uU+01
«12140000+0)
e 121100Q0+31
v 12143000+ U
¢« 121400U0+0}
«1214000u+ul
¢ 12149Q000+01
¢ 12140000+01
e 1214000001
«12140000u+01
* 12140000+ 01
«1214000u+ul
s 121400uu+01
+1214Q000+01
«274300U0U+01
«2743000u+01
«2743000u+01
027430000 +U1
+27430U00+01
2+2743000U+01
«274300u0+01
027430000+ 01
e27430U0u*01
e27430000+01
*2743QU0U+U1
+274300uu+ul
e2743Q00u+01
e 274300Uu+*ut
e274300Luu*01
0 27430000+01
«274300Udu+01
«27430000+01
0274373000+ 01
¢27430000+01
*27430000+0}
«274300Uu*ul
e2743000u+01
«27430000+01
«2743p000+01
*2743pg0uut01

*2743p00u+0!
¢2743000u+01

+4906000UU+0I
« 49060000+
«49060000U+01
«4?06000U+LI
e4906Q00UU*0DI
e4YU60UOU+01
e 49000000L*U
+49060000*01

1275
1276
1277
1278
1279
1280
128
1282
1283
1284
1285
1286
1287
1288
1269
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328

TABLE B-IL - INPUT DATA FOR THE SAMPLE RUN - Continued

v 4906000uU*01)
«49060030+01
2 49060000+01
«4906000*Y!
0 4706000u+01}
049060000+ 0])
4 PUo0DIU*0I
49060000401
«49060000+01
e 47060000+ 0)
+49060000+V])
e47060000+01
eqP0600UU*YUL
49060043001
49060000+
e49U60U0U+UI
e 4063300+ 0 1
e 4PUb00UV*0
e47U60UUU+D!
e4?2060000+01
0 7728000U+0 1
«77280000+0)
«77280000+01
«77280Ud0%01
e77280000+01
«7728000u+01
«77280001+01
e77280000+01
«e77280030+01
¢77280000+01
«77280000+01
«77280000+01
e77280000+0D1
+77280000+01
«7728000yu+01
«772800U0Y01
e77280U0u*01
+77280000+01
077280000+01
«7728Q000+01
«772800U0+01
e77280000+014
+77280000%01
+77 285000401
+77280QUp*u1
«7728Q9000+01
«7728Q00U0p+0)
*77280000%+01
+ 12850000+02
*1285%0000+02
»12850000+02
¢« 1285000Up+02
*12850000+02
¢ 1285Q0U00+02



TABLE B-IL - INPUT DATA FOR THE SAMPLE RUN - Continued

1329 +12850000+02 1387 ~eB7499999401
1330 +12650000+02 1388 =,7920000040U1
1331 +12850000%02 1389 =e661000U0Y01L
1332 «12850000+02 1390 =+353U0000+01
1333 «12850000%02 1391 +000UQO0O
1334 0 12850000%02 1392 +3530000u+01
1335 0 12853000+02 1393 s664U0UUUYUIL
1336 + 1285000002 1394 $89499999+01
1337 +12850000+02 1395 e GT0IIIIIH0I
1338 «12850000%02 1396 «1018p000*02
1339 + 12850000402 1397 +10330000+02
1340 »12850000+02 1398 «jU18Q00UY02
1341 0 12850000+02 1399 97099999401
1342 +1235000u+02 1400 e89499999+01
1343 +128920000+02 1401 1 664000ULYOI
1344 +12850000+02 1402 +3530000u0+01
1345 +128500UU+02 1403 «QU00QUVU
1346 +128530U00+02 1404 =+3530000u+01
1347 +12850000+02 1405 = 66400000%01
1348 +128500U0+02 1406 =e79200000+01
1349 «1285000u+02 1407 ~e89499979+01
1350 +12850000+%02 1408 ~e970099999+01
1351 «1550000y+02 1409 =«}]0180J00*02
1352 e 15%U0L0U+02 1410 =¢1029000u%02
1353 « 15500000+02 1411 ~220670040%02
1354 « 15500030+02 1412 -0 20590040402
1355 e 155000J0+02 1413 =e20350000+02
1356 ¢ 155000U0+02 1414 = 1942000u%02
1367 ¢ 15500000+%02 1415 =+17900030¢%02
1358 «15500000+02 1416 ~.1583g000+02
1359 «15500000+02 1417 -e13290000+02
1360 . 1550000pu%02 1418 ~«70700000+01
1361 »155000UU+02 1419 +Q0UOVUUO
1362 0 1550000u+02 1420 «70700000+01
1363 e 15500000+U2 1421 «13290000+02
1364 «15500000+02 1422 +1790000u+02
1365 «15500000+02 1423 «}19420000+02
1366 ¢« 155000U0U+0L2 1424 +203500U0%02
1367 . 155000U0U+02 1425 +20670000+02
1368 +15500000+02 1426 +20350000%02
1369 v 15%00000%02 1427 »19420000+02
1370 +15500000+02 ju28 +17900000+02
1371 «15500000+02 1429 «13290000+02
1372 ¢ 15500000+02 1430 «70/7000003+01
1373 «15500Ud0+02 1431 « 00000090
374 e 155 Ju+02 1432 =e¢7070Q030+01
1375 .15538333+32 1433 -.13290000+02
1376 + 15500000402 1434 =+15830000+02
1377 . 15500000%02 1435 -+17900000+02
1378 «15500000402 1436 =+19420000+02
1383 -¢10330000+02 1437 =+20350000+02
1384 -4 10290000%02 1:32 =e20570000%02
85 -, i1+ P43 "¢31000000%02
e sl

127



1441
1442
1443
1444
1445
1446
1447
14948
1449
1450
1451
1452
1453
J454
1455
1456
1457
1458
1459
1460
1461
1462
14613
1464
1465
1466
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
148
1482
1483
1484
1485
486
1487

1488
1489

1490
1491
1492
1493
1494

128

~+3053000u+u2
“e29130000+32
~e26850000+02
~e2375000u+02
=e19930000u+02
e 10600UJU*02
«000D00YY
¢ 10000000+02
#19930000+02
e26850U040+02
«291300U0+02
«3053000u%02
¢ 31000Q0UD+02
30530000+ 02
¢27913000U+02
«268500U0+02
«199300uUuru2
+10600000*02
«00U0QUVUY
=e1060000pP+02
=+ 19930000+02
~e237500U00+02
=~e26850000+02
+27130000+02
¢305300430+02
=+ 3088Q000uL+U2
4134000002
"e4ll800U0*U2
“e4071000p+u2
~e38840000+02
~¢35800000+02
=e31670000+02
=e26570000*02
“e1414000Q0%02
¢ 0000Q0UYD
e 149190001+ 02
2 26570000+02
«35800000+02
«38840000+02
e 40/71000p+02
e41340000+%02
+40710000+02
+38840000+02
»35080Q000p+*02
126570000+ 02
s 141400U0+02
«00009000Y
=e141490000+02
*e26570U00+02
“e318670000%02
*+35800000+02
=¢38840000+02
=+40710U0y0+02
“e41180000+02

1495
1496
1497
1498
1499
i5u0
1501
1502
1bu3
1504
1505
1506
1507
1508
1509
1510
1511
Ibi2
1513
1514
151%
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
154}
1542
1543
1544
1545
Ib46

TABLE B-II - INPUT DATA FOR THE SAMPLE RUN - Continued

Te5167000u%02

=e514790J0+02
“+508Y0UUL*U2

=e485500J0+02
=e447500004+02
~+375d003u%032
~e33210000+02
=e17670000+02
«+0000QUYY
e 1767000002
«3321000u%02
«44/750000+02
«485509Ju+02
+508Y00uU0*02
e5167()00U+D2
e 508900U0LYL2
e 4855000 y+02
«44750000U+02
#3321000u+02
«1767000u+02
+Q000U0IL

“e176700U00+u2
~e33210U00U*N2

=+ 39580U00+*02

~e447500U0+02
“e48550000u+02

=e5089000u%02

“e514700Uy+02

Tebb6139999+02

“e65889779+02

~e65129799+p2

“+4215000U+02

=e572800UU%02

=e5067000u+02

"e42510000+02
=e2250000u%+02
s 000000V
*22500000+02
e 42510000+02
+57280000%02
*62150000+02
065129799+02
066139979+ 2
065129999+02
e b2150000+02
«5728p00y+02
e42510000+02
¢22500000+02
«Q000QULUO
~e225000Jy+02
=e42510000+02
*e506/7000u+02




1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
ib62
1563
1564
1565
1566
1567
1568
1569
1970
1571
1572
1573
1574
1575
1576
1577
1578
5180
5181
5182
5183
5184
5185
5186
5187
5188
5189
5190
5191
5192
5193
5194
5195
5196
5197
5198
5199
5200
5201

=e5728Q0UUDY02
-e621500004+02
~e45129999+02
e $5889999+02
~e72339999+02
*~e72059979+92
=e7124Q0004+y2
“e67980U00u%02
"eh265000Uy+02
~«55410030G+02
=e465000U0+02
~e24740000%*02
s 00000030
«24740003u+02
e 46500U0Y*02
0 62650000+02
e 679680000+02
»712400U00+02
072339999+02
«7124Q000+02
e 67980000+02
046265000902
46500000+ 02
e24740000+02
«Q000Q000Y
=+24740000+02
"e465000uUp+02
*e55410000+02
“e62650000%02
“ep79BpULU*DR
“e71240000+02
=e72059979+032
«30000000~01
»30000000=01
«3000Q000=01
+30000000=01
+30000030=01
»30000000=~01
«300000480~=01
+300000U0=01
«30000030=01
«30000000-01
+30000000=~01
+30000000=01
«+20000000=01
«20000000~=01
«2000000Qu=01
«20009000u~01
«2000000B=01
+3000000uU=0!
«30000000=~=01
«300000V0U=01
«30000000=01
«300000U00U~01

5202
5203
5204
5205
5206
5207
5208
5209
%210
5211
5212
5213
5214
5215
5216
5217
5218
5219
5220
5221
5222
5223
5224
5225
5226
9227
5228
2229
5230
5231
5232
5233
5234
5235
5236
5237
5238
5239
5240
5241
5242
5243
5244
5245
5246
5247
5248
5249
5250
251
5252
5253
5254
5255

TABLE B-II. - INPUT DATA FOR THE SAMPLE RUN - Continued

*»300UQ00430u~01
+30U000RL=01
+ 30000000~V
+30000U0Ju=-01
°»300000Ju~ul
+30000000=01
«5000000uU=uUl
+50000000=01
«50000000~01
+50000000=01
«500090u0=-01
*50000QUUYU"D]
«50000000=U!
«30009000~-01
«30000000=U1
«30UQQULUJOD~0!

*+2000000QU=01
«200U00V0~01

+200UQLUL=V )
¢ 20000U0LV=U]
«20000000-01
+20000000=01
+20003007u=01
«2000000u=01
+20009000~01
+30000U0u~Ul
+3000004u0=01
¢« 3000000p=-0!
+50003000~01
«5000000uU=01
«500000U0~01
«500000Q0=01
«5000000u~=01
+5000000u=01
«+50000000~01
e500U000U0N~01
+50000000=01
«50000000=01
+50000000=01
+5000000u=0l
+50000000=01
+ 3000000001
+30000000=01
+20000000-01
+20000000~-01
+20000000=01
*20000000=01
«20000000-01
¢+ 12000000=01
+»20000000~01l
+20000000U=01
+20000000-01
+20000000u~01
«2000000u~01

129



5256
5257
5258
5259
5260
5201
5262
5263
5264
526b
5266
5267
5268
5269
5270
571
272
5273
5274
5275
bele
“277
5278
5279
5280
EPL-Y
L2482
5283
5284
5285
5286
5287
5288
52489
5290
w291

5292
5¢93
5294
5295
H296
5297
5298
5299
300
5301

S3ud
CRIVR]
5304
5305
306
5307
5308
%309

130

»30000UJU=01
«30000UV0=01
«50000300=01
«50ULU0VUL~UI
«500U000u~01
s 50000000~V
«5000000uU=D!
«5UU0U00UJU=01
*5u0dPUdu=01
e 500UgIJU=0I
«500UQU3UL=UI
«500000J0=01
5UUCUNU=01
«50000UUu=01
s500UQTAU=~0!
*«30UU0U0U=0!
2000L030U=01
«200U00UU=O!
+ 120UnUlU=01
«12000000=01
«12000040=01
»1200Q000=01
+12000V00U=01I
v 120000UU~01
+120U000U=01
e 1 20U0ULY=01
«120000uu=~U}
«20000UUJ0=01
¢20000000=U1
+300000JU=01
»50000LUD=VI
e5030000u=01
«500Ud0BU=-01
«5000000Ju=01
«+500000UJ0-01
«500000UUL=01
«5000060Qu=0}
«5000000u=~01
«500000UY=01
+500000UD=01
«5000000u~01
+50000000~Ul
«500U0000=0!
+30000U00=~01I
+200000JO=01
«200uQuUUU=0I
v+ 12000000~=01
12000000~V
« 1 2U0000Ju=01
e} 2000UUUL=OI
¢ 12000040001
«120000U0=01
«12000000=ul
«1200000u~01I

TABLE B-IL - INPUT DATA FOR THE SAMPLE RUN - Continued

5310
5311
5312
5313
b3lY
5315
H316
5317
5318
5319
5320
5321
5322
b 323
FRYA
5325
5326
“327
5328
%329
533U
5331
9332
5333
5334
5335
5336
5337
53238
5339
5340
341l
5342
5343
5344
5345
5346
5347
5348
5349
5350
5351
5352
5353
5354
5355
%356
5357
5358
5359
5360
5361
5362
5363

«120U0030=01
«200000300=01
«20000000=01
«300UNVJY=01
«HUB0ULIO=0I
. 50000000=01
«500000Ju=01
«50UJ0OUOD=01
«50UUN0UD~=V1
«5000V0YJU=UI
¢« 1200000001
»120U0903u=U1
s« ] 20000U0~U1
«120000Ju=01
«12000VJU=ul
«12000000=U
«12000000=01
e1200000U=U
¢ 12000000"U1
¢ 1200004JU=01
«1200004J0=01
»12000000-01
» 1 20U0000U=01
*»12000U0U"0I
+ 1200000001
¢« 12U000J0=01
«1200000y=-0lI
«12000U0U=VLI
e 12U0000U=VI
«12000000~01
+ 120093493001
»1200004J0~-01
+ 1200000001
« 1200000001
«120000Uu=U1
«1200030400"01
¢+ 1200004JuU=U1
«1200000U=~01
1200000001
«12000000U=01
«12000000=01
«12000000=01
¢ 12000000=01
+12000000u=01
« 31200000001
«1200000Uu=01
+120000U0=01
0« 1200000U0=01
+120000U0=01
«12000000=01
« 1200000001
«120000J0=01
¢+ 12000000U=01




5364
5365
5366
5367
5368
5369
5370
5371
5372
5373
9374
5375
5376
5377
5378
5379
5380
538l
5382
5383
5384
5385
5386
5387
5348
5389
5390
5391
5392
5393
5394
5395
5396
5397
5398
5399
S400
5401
L4902
S4uU3
939
95943
5944
5940
5941
5942
6501
6502
6503
6504
6505
6506
6507
6508
6509

0 12000020=~01
«1200000U=01
«1204000u=01
+12000UUG=01
¢ 12000000~01
«12000000=01
+12000000=01
v 12000000=01
+120000U0=01
¢12000U00=-01
«120000UU=-01
+12000000~01
v 50030000=01
«50000000~-01
+50000000=U1
«5000000uU~01
*50000003~01
«50000000=0!
v 50000000=01
«300000UG=01
«2000000y=U1
«12000003=01
¢ 1200000yY=01
¢ 1200008uU=01
* 1200000001
«120U0000=01
+12000000=01
¢1200000u=01
«12000000-01
+12000000=01
¢12000000~01
+12000000=01
«20000000-01
+30000000=01
+50000000=01
+50000000=01
+50000000=D1
+50000000~-01
+5000Q0U0U=-01
+500000uUQu=0!
+ 20000000401
+318180Up+g8
«26100000+00
«80000000%01
+28000000+02
¢ 600UQV00+01!
+50000000+01
+1000000U+L2
+2000000U*02
«30000VVp+02
+40000000%02
+5000000y+02
+70000000+02
+90000000+02
«11000000+03

6510
6511
6512
6513
6914
6515
6516
6517
6518
651Y
6520
6521
6b22
6523
eb24
6525
0526
6527
6528
CEL D
6542
6543
6544
6545
6546
6547
6948
656\
-FY- ¥4
6563
5935
5936
5937
7009
7010
7011
u12
7013
7014
7015
Tuleé
717
7¢p18
7019
7020
7021
7u22
Ju23l
7024
7025
luze
lu27
7028
71029
7030

TABLE B-II. - INPUT DATA FOR THE SAMPLE RUN - Continued

¢+ 130U000DuU+03
«15000000+03
+160U0003+03
«170000uUn+y3
«1800u0vuu+03
¢« 1 9000000+03
e 20000LJ+LY
21000000+
«230U000Uu+03
«25UUN0UU+US
«27000U0Uy*L3
«2900000U+G3
«310000UU*YI
+3200N0000u+U3
«330Uguuu+yul
e 34000030+ 03
35000000+ u3
¢« 35500UJU+Ud
¢360U0UJU+UI
eJU33414u*u2
e 20668285+02
«3100242pu+02
v 41336560+ Y2
¢ 516707090+02
e58433000+02
146138499 +y2
©723390004+02
e8720N00u0+y2
e87000NUUU+02
©77599999+02
+88500000+pe
+ 1 70U0000+02
°2249000U0u+*02
«25300000+04
*36000Uy+U1
0 250000UQ+04
e 36U000U0U+U])
«25000000+04
*360U00Up+U1L
+0000QLVY

e }9220000+02
*37130000%u2
+5250p000+02
6429999942
¢71719979+Q2
*742500UQg*02
~71719899*02
64299999+ 2
+5250004J0u+02
«3713900u+g2
+19220000%02
+ 000000V

=+ 19220000+02
~¢37130000+02
“e5250000uy+02

131



7031
7032
7033
7034
7uldb
7036
7037
7u38
7039
7040
7041
7042
7043
7044
Tu4S
Tude
7047
7048
7049
7050
7051
7u52
7053
7054
7055
1056
7057
7058
7uU59
7060
Tubt
7062
Ju6d
7064
7065
1066
7067
7068
7069
7070
7071
7072
7073
7ju74
7075
7076
Tu??
Tu78
7079
7080
7081
7082
7083
7084
7085

132

- 64299979402
“e71719979+U2
=e74250000+02
~e71719999+02
- 642999799402
-e52500000+02
-.37130U0u+02
“.19220U000%02
¢ 00UU0VYO
«19610030+02
+37880000+02
+53560000%02
«65599999+02
73169999402
«75750003%02
e73169979+02
065599999402
v53560000+uU2
¢378800004+02
«1961000U+02
«Q00LUUUY

-.19610000%02

~.37830000%02

=e535630U00+%02

=2 65579999+02

~e73169999+02

=e76750000+02
~e73169999+02
~apb5599999%02
=e53560000%02

=e37880J0uU*t0D2
~e19610000+02

«0)00090000

*19232000+02
2 37150000+02
052530300yu+02
e 64339999+02
071799999+ 02
«74290000*02
e717%9799+02
2 b43IVITI+U2
e52530000+02
e37153000+02
e 192300004%02
«QUUUCU0Y

~4192300U0+02
-¢37150000+02
-452530000+02
e 64339999402
“e71759999+02
-«74290000+02
071759999402
-e64339999+02
~e52530000+02
=¢37150000+02

7086
uB7
Jy88
JuBY
7u90
7u91
7092
7093
Tu9H
709%
lu9e
7097
7098
Tu99
7100
7101
7102
7103
7104
7105
7106
/7107
7108
7109
7110
7111
7112
7113
7114
7115
7116
7117
7118
7119
7120
7121
7122

7123
7124

7125

7126
7127
7128
7129
7130
7131
7132
7133
7134
7135
7136
7137
7138
7139
7140

TABLE B-II. - INPUT DATA FOR THE SAMPLE RUN - Continued

-.19230000U%02

. 163500\)&.:’02
] 6880U0Y+02
ey bBBIUUU*AL
»168800Ju%U2
$168800J0%02
e 6BBY00LTLZ
. léungJU*UZ
s 16883002
e168opUUUYLL
e 1 6BoQUUUYUZ
v 1688000UYVL
e1 688000002
j6880U0L0+02
168B8000U+02
j6bBOUUL*TUI2
16880000*02
v 1 68800U0*02
«168B00ULYV2
e16880U0VUY02
e ]16880000+%02
e} 68B0O0LVLTUZ
e jb88Q0UOYOZ
v 6B8BQUUL*L2
e 1688000U*02
02107000U*32
e210700040+02
«2107Q0Uu*02
«21070Q00u*2
«21070Q80u+02
«21070030+02
+21070000%02
«21070U30%u2
e21070U00%02
221070000+ 0¢2
«21070Uu0*%02
«21070000%02
*«21070Udu*u2
«21070000*02
+21070UUu*02
«21070000%02
«21070000+02
+21070000+02
«21070000*02
+210700Q00%02
«21070000*U2
«210700U00%*02
«2107004Uv*02
«21070000*%0V2
» 250000U00%U2
«25000000+02
+250u0000%02
«250uQ0Up*02
+25000000%02
+250000UQ*02




7141

7142
7143
7144
7145
7146
7147
/148
7149
7150
7151

7152
7153
7154
7155
7156
7157
7158
7159
7160
7161
7162
7163
7164
7165
7166
7167
7168
7169
7170
7171

7172
7173
7174
7175
7176
7177
7178
7179
7180
7181

7182
7183
7184
7185
7186
7187
/168
7189
7190
7191

7192

TABLE B-I. - INPUT DATA FOR THE SAMPLE RUN - Continued

+25000000+02
+ 250000U0+02
¢« 2500000u*02
«250004300+02
e 25UUJ0J0NQ0+0L2
«2500000U*02
«250004000+02
+2504000p+u2
*+25000000+0¢
*»250Uu00UUL*LZ
«2500000yu+u?
«25000000u*0D2
»250000uU0*u2
«25000000p+02
«250uQULYP*D2
e250uQ000+*02
«2500000u+02
¢ 2500000002
«74250000%02
v71719999+02
64279999+ 02

-+52500000+02

«3713p04000+02
0 19220000*02
e QUUCQUAQUY

¢ 19220000+02
«371300U0+02
«525000Ju+0¢
2 64279979+02
«71719999+02
¢ 74250000+02
v 71719999+¢02
0 654299979+02
«371300U00+02
e192200U0%02

«0CUQULY
«17220000+02

*371300Up+v2
«5250003p+02

064299999402

e 71719999+02
0o 757%0000%02
+73167999402
e b65597979+02
v535603000*02
«3788000p+02
+19610000%02
+ 00000000

»19610000+02
+3788p000%02
+53560000%02

3card data; other entries are tape data.

110
111
112
114
115
126
5995
5930

5931 /

(a)

065599979+02
$73169999+02
«757500U0+02
0731639999+02
e 65579999+ 02
«e53560000%*02
37860000+ U2
e19610000*D2
«0000pVYL

019610000+02
+3788000U0+02
«53560000+02
065599999 +02
073169999+02
+74290000+02
071799999+ 02
¢ 64339999+32
¢52530000+02
*3712000p+02
«1923000u+02
«n00LQULQY

0 172300U0+02
«37150000+02
e525300u30+02
e64339999+02
¢71759999+02
«74290000+0)2
e 71759999+02
e 61339999+02
«52530000+02
»37150000+02
e 19230000+02
«0000QUOBY

=e17230000+02

e3715Q0000%V2
+52530000+02
542339799+ 02
«71759799+02
«10000p0LV0=3Z
¢ 1 00UD0VUU+00
2 26060000+02
«2000000u~0<
¢ 2619000001
e435)0000+02
+320000U0U*02
«p00uUQ00Y

«27500000+02
e Q00UQR00Q0V

«386U9000+03
+149000000+01
«53220000+U1
«75750000%02
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TABLE B-II. - INPUT DATA FOR THE SAMPLE RUN - Concluded

39686 ¢+ 60003200 u*0 1
39579 « 200000U0u=01
3960 RS T RVIVER RV ]
3961 ¢ 10000 ULYLI
3962 e 1 UUJNUULYOI
3764 e | 51JUZ0JU+00
3965 16000030+ 04
39867 ¢ 5584000y +00
2204 P 4455 QU0y+04
22U5 IR ENTRININENL]
22U6 e Y7600+ 04
2207 s 901 30UUD Y
Ziub (@) +926up0u0+as
2209 «510UNUUIU+UH
2244 e 4450p0UY+IY
2245 e 366UQUUUTUH
246 e 976UDUUY*UY
PN + 901 300U+
PEA L] ¢ 226 00UU*UH
2249 s S51UJDUDY+YY
2744 « 730JQUJu 05
2746 » 730J0UUU+05
2743 «813J00U0D+ 04
2745 «11200003+00
622 v670000uu*ul

aCard data; other entries are tape data.
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\Plane R

Figure B-1.- Command module stability-angle
characteristics.

G

y

CM XZ plane is coincident
with the inertial

YZ plane

]|

5

Figure B-2. - Vehicle initial conditions for the
sample problem.
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Section A-A

Figure B-3.- Heat-shield point pattern used for the sample run.
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Figure B-5. - Strut 2 microfilm-recorder graphs from the sample run.
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(c) Strut stroke as a function of time.

Figure B-6.- Strut 3 microfilm-recorder graphs from the sample run.
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Figure B-7.- Strut 4 microfilm-recorder graphs from the sample run.




rFr»20- SHccwWAs

P W MODOW

- - X R J

a-

TEC I MOPO W

E- LX)

PRI ARON AR

10000
- A
%000 / " . /\/ ‘\/’\\_/\ / VA
oo 7 Y/ NFTATE
4000
2000 /l
-0 S f‘j
7V 7
-2000
] 0.02 0.04 0.06 0.00 0.10
TIME(SEC)
(a) Strut total force as a function of time.
10000
*000 [ - /\7 sl \/’\v‘
pd ' h [~ “AA .
o [ N Y SN =
[+1+]
4000
2000 /[ l
N N
~7 VN7
-2000
o 0.902 0.04 0.06 0.08 0.10
TIME(SEC)
(b) Strut honeycomb force as a function of time.
9.035
A
0.0275 /\[ \/ \
[y \‘
oo 7\ y A
// \ IH W\\
i 2\
0.0125 / [ \ [ \
\ —— Wi
~ A
oo —/ A ] T/AVAVAN N
e T \y = \!l .\/\/\VA_
-0.002 X :
[ ] 0.02 0.04 ¢.08 0.08 0.10
TIME(SEC)

(c) Strut stroke as a function of time.

Figure B-8.- Strut 5 microfilm-recorder graphs from the sample run.
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Figure B-9. - Strut 6 microfilm-recorder graphs from the sample run.
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Figure B-10. - Strut 7 microfilm-recorder graphs from the sample run.
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Figure B-11. - Right-side microfilm-recorder graphs from the sample run.
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Figure B-12. - Left-side microfilm-recorder graphs from the sample run.
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Figure B-14. - Microfilm-recorder graphs of the absolute acceleration of c.g. 1
during the sample run.
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.(b) Shell translational acceleration as a function of time.

Figure B-15. - Microfilm-recorder graphs of the translational acceleration during
the sample run.
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(c) Inertial Z1D (El) as a function of time.

Figure B-16. - Inertial X1D, Y1D, and Z1D as functions of time during the

sample run.
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(c) The k2 component of acceleration as a function of time.

Figure B-17.- Crew-couch acceleration as a function of time during the sample run.
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(c) Angle ¢ as a function of time.

Figure B-18. - Microfilm-recorder graphs of ¥, ¢, and ¢ during the sample run.
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NASA Technical Note D-6539

A FORTRAN V PROGRAM FOR PREDICTING
THE DYNAMIC RESPONSE OF THE
APOLLO COMMAND MODULE TO EARTH IMPACT

By William E. Thomas, Jr.
October 1971

In the description of symbol LBC, change the word '"'length'' to read
""identifying number. "’

(1) In the description of symbols )=(, 7, ?, change the axis designations

X, Y, Z to -_)Z, ?, Z. (2) In the description of symbols Y , 2 s
change the symbol C.8- 4 to c.8- - p, 1+L p, 1+L
In equation (1), change element 31 from sin ¢ sin ¢ + cos ¢ sin 6 cos ¥
to sin ¢ sin ¢ + cos ¢ sin 8 cos Y.

The beginning of the fifth line should read ''... the strut relative to the
other."'

The last five words in line 6 should read "'... considered to be simply
supported ...."

Replace the word ''friction' with the word '"'horizontal’ in the first line
following equation (53).

(1) In the third line of paragraph 3, the phrase ''... loading the edge-ring
data.'" should read '"'... computing edge-ring loads.'" (2) The last five
words in line 17 of paragraph 3 should read '"'Given the valueatx ...."
and Y

The symbols X should be X, and Y,.

1 1 1 1

(1) The last line of the second paragraph should read '"'... FORMAT (915)."
(2) The second item in the '""Card code'' column should read '"'Integer value''
with corresponding "'Input'' description '"Number of floating-point values to
be input on cards. " (3) An additional item should be inserted between
""Integer value'' and '"'Integer =< 19' in the ""Card code' column as follows:
insert the number ''6"" in the ""Card code'' column. The corresponding
"Input'' description should read "Number of auxiliary differential equations
(control equations, etc.) to be integrated in the Runge-Kutta subroutine.
This number is now 6 and may not exceed 18."'



Page 82;

Page 90:

Page 91:

Page 92:

Page 136:

Page 146:
Page 149:

Page 150:

Change ""Remarks'' for '"'Identification numbers' 110, 111, and 112 to read
"Temporary values at input time only. (A card for each variable must be
included each time a stacked run is made, even for zero values. )"

The bracketed "Remark' does not apply to "Identiﬁcation numbers' 7666,
7667, and 7668.

The first two sentences in the third paragraph should be inserted in the
seventh line of the first paragraph, so as to precede the sentence that begins
"The integers used ...."

Eliminate the sentence that begins '"All other data ..." from line 5 in the
paragraph headed '""'SAMPLE PROBLEM. "'

The bolt circle is labeled incorrectly; it should be the circle generated
by r..
6

The legends for graphs (a) and (c) should be exchanged.

The legends for graphs (b) and (c) should be exchanged.

The legends for graphs (a) and (c) should be exchanged.

Issued October 1972

NASA-Langley,




