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LIST OF SYMBOLS

A, B, C, D = inertial parameters (slug-ft2).

Cxl, sz, . = hinge-couple components about axes parallel to the x,-, x,-, and x ;-axes, respec-
tively (ft-1b).

Cyl, Cyz’ Cy3 = hinge-couple components about axes parallel to the clamshell body-fixed y,-, y,~,
and y ;-axes, respectively (ft-1b).

Cy, €8, Cop = cosines of the Euler angles , 0, and ¢, respectively.

d, = clamshell hinge-axis displacement from the x,-axis (the rocket vehicle longitudinal
axis) (ft).

d, = clamshell center of mass (c.m.) displacement from the X, x,-plane (the system bi-
section plane) before clamshell deployment (ft).

d, = clamshell c.m. displacement from the system base plane (ft).
ds = clamshell c.m. displacement from the hinge axis (ft).

dg = clamshell c.m. displacement from the x, x,-plane (the rocket vehicle system trans-
verse plane containing its barycenter) (ft).

d, = clamshell c.m. displacement from the x,-axis during deployment (ft).
a’7f = terminal value of d, (ft).

Fxl, sz, Fx3 = hinge-force components directed along axes parallel to the X1 X7 and x ;-axes,
respectively (1b).

Fyl’ F 2 F by hinge-force components directed along axes parallel to the clamshell body-fixed
Y1~ ¥ and y ;axes, respectively (1b).

F,, F,, Fy, Fy, F5 = inertial forces (Ib).

Jc}’1=f (y§+y§)dm
" significant elements of the clamshell inertia matrix defined in
terms of the clamshell body-fixed y-frame (slug-ft2).

= 2 2
chz_fm (y1+y3)dm



cha =f (y%.'-y%)dm
m significant elements of the clamshell inertia matrix defined in
terms of the clamshell body-fixed y-frame (slug-ft?)

chs =fm Y1y3dm
val = rocket vehicle (minus-clamshells) spin moment of inertia (moment of inertia
about the x -axis) (slug-ft?).
le, Jzz, Jz3 = clamshell moments of inertia about the z,-, z,-, and zy-axes, respectively (slug-ft?).

K = direction cosine matrix.

Myl’ Myz’ My3 = moments about the clamshell body-fixed y 1~ Yo and y ;-axes, respectively (ft-Ib).

le, Mzz, M 25 moments about the clamshell body-fixed z,-, z,-, and z-axes, respectively (ft-1b).
m = clamshell mass (slugs).
p = position vector from the origin of the x-frame to the clamshell c.m. (ft).

R, = component of the position vector from an inertial frame origin to the x-frame
origin directed along the rocket vehicle body-fixed x,-axis (ft).

Sy, 88, S¢ = sines of the Euler angles ¢, @, and ¢, respectively.
t = elapsed time (s).

t,= time at the end of the clamshell deployment phase and the beginning of the free-
flight phase (s).

U, V = momental parameters (ft-1b).

WI, W,, W3 = clamshell free-flight rotational rate components about the 747 Z4- and z ;-axes,
respectively (s™1).

{Xj = displacement vector for the jth point on the clamshell defined in terms of the
X-frame (ft).

{X cm} = clamshell c.m. displacement vector defined in terms of the inertial X-frame (ft).

‘ zj} = displacement vector for the jth point on the clamshell defined in terms of the
x-frame (the clamshell centroidal principal axis frame) (ft).

a = angle between the x, x,-plane and the plane defined by the x,-axis and the posi-
tion vector p.

B = angle in the clamshell mass-symmetry plane between the clamshell body-fixed
y-frame and the clamshell centroidal principal axis set.

vi



7 = clamshell roll-out angle (the angle between the x, x,-plane and the y, y,-plane).

n = angle between the x, x,-plane and the plane containing both the clamshell hinge
axis and clamshell c.m.

N, = initial value of 7.
Qs Yps My = terminal values of «, v, and 7, respectively.
¥, 0, ¢ = Euler angles (see Figure 6).
2, = rocket vehicle spin (rotational rate of the x-frame) (s71).
‘Qlf = terminal value of £, ™.

Q,, = initial value of 2, (s71).



INVESTIGATION OF A CLAMSHELL
ROLL-OUT EJECTION CONCEPT

by
Lawrence F. Hatakeyama
Goddard Space Flight Center

INTRODUCTION

In this report, a roll-out ejection concept for the release of clamshells from spinning sounding
rockets is developed and discussed. The primary aim is to establish the desirability of this particular
concept for use with sounding rockets. It will be seen that the conditions under which the clamshells
are ejected impose requirements not considered in other applications. These requirements affect
chiefly the manner in which the clamshells are to be ejected.

At the present time, there are two general categories of ejectable payload-protection devices. The
conceptually older and structurally simpler of these devices is the one piece nose cone. A nose cone is
essentially a shell of revolution with its aft end faired and attached to the top stage of the rocket ve-
hicle. The cone is tapered to a closed fore end. The payload is situated in the space bounded by the
nose cone and the rocket vehicle. The nose cone is impelled at its ejection by springs or other means
in the direction in which the rocket vehicle is pointed. Obviously, this is not attempted while the
rocket vehicle is thrusting—it must occur under coasting conditions. If the rocket vehicle has a control
system, it may be maneuvered so that the ejected nose cone does not present a collision hazard during
a subsequent thrust phase. Unfortunately, sounding rockets do not now have this maneuvering capa-
bility. Hence, the nose cone cannot be ejected safely until the sounding rocket is in its final coast
phase and at an altitude where post ejection collision is not likely to occur. Thus, the performance of
a sounding rocket can be impaired by its acceleration of excess mass. In the case of the Javelin (i.e.,
Honest John-Nike-Nike-X248) rocket vehicle, nose cone ejection is timed to occur 120 seconds after
liftoff, when the vehicle is at an altitude of about 700,000 feet. At this point in the flight, any resid-
ual X248 thrust and the drag deceleration difference between the ejected nose cone and rocket vehicle
are considered to be negligible. It will be seen that this particular nose cone ejection is set for a time
which occurs significantly later than is possible with clamshells. It can be seen also that, in general,
nose cone ejection is troublesome when the payload is long and impossible when the payload compart-
ment is bulbous. Guides or bumpers running the length of the payload and ejection actuators with
long strokes are required in the former instance to avoid nose cone hang up. The nose cone can still be
a source of trouble after it has cleared the rocket vehicle. It effectively continues to precede the



payload in the trajectory and may affect instrument readings by emitting particles and disturbing the
environment in other ways.

Clamshell systems are like nose cones, largely in overall shape. Each clamshell may be considered
to be a longitudinal section of a shell of revolution. The clamshells are held together by bands, clamps,
and the like, or they are attached to skin sections which can be ruptured at ejection time. On ejection,
each clamshell is projected away from the longitudinal axis of the rocket vehicle; that is, its movement
characteristically has a component which soon carries the clamshell out of the path of the payload.
Therefore, the ejected clamshells do not continue to be collision hazards after they have cleared the
rocket vehicle and payload. Thus, the time at which clamshell ejection is set to occur may be made
meaningful in that it is not necessary to wait until the drag has dropped practically to zero before ejec-
tion. In fact, a slight amount of drag will help to increase the longitudinal separation between the pay-
load and ejected clamshells. Obviously, the application of rocket vehicle thrust can produce even
greater separation.

Ejection can occur for the Javelin when it is at an altitude of about 300,000 feet. At this point
in its flight, it is about halfway into its X248 thrust phase. Perturbations due to X248 ignition and
separation have been damped out, and the dynamic pressure has dropped to negligibly low values
despite the considerable increase in vehicle velocity. The shape of the dynamic pressure profile for the
Javelin is exemplified by the curve in Figure 1. The X248 thrust phase occurs between the tick marks
located at 56 and 97.9 s. In addition to permitting the recording of scientific data at lower altitudcs
than it was possible previously, clamshell ejection even at this point in the final boost phase will have a
significant effect on the performance of the Javelin. Because about two thirds of the vehicle velocity
at final burnout is due to the X248 thrust phase, the release of clamshells earlier in the flight can im-
prove the vehicle’s performance (see Figure 2).

Unfortunately, the conditions under which sounding rocket clamshells must operate have not
been sufficiently considered in a number of designs. This situation may be partly due to the estab-
lished success in the release of clamshells from nonspinning rocket vehicles, in which clamshells are
disengaged and simply pitched out. It should be noted that in this case, the angular motion of each
clamshell is restricted to rotation about that one of its centroidal principal axes normal to its mass
symmetry plane. Hence, the motion of the clamshells during and after their deployment remains un-
coupled and simple. This is not the case with clamshells pitched out from a spinning rocket vehicle.
Instead, such an action causes each ejecting clamshell to rotate about all of its centroidal principal
axes. The resulting complication greatly increases the extraneous tendencies of these clamshells and
makes it difficult to design optimal constraints to control the clamshell motion during the deployment

phase of ejection.

The extraneous tendencies should be reduced, if not eliminated, by essentially limiting clamshell
angular motion to rotation about a single principal axis. This requires that each clamshell be rolled
out since it is rolling to begin with. This can be done by pivoting it about an axis through either its
leading or trailing edge in the clamshell system sectioning planes. Extraneous rotational tendencies
may yet be induced in the clamshell by reaction to constraints utilized to develop the desired rolling
motion. Thus, care must still be exercised in the design of roll-out clamshell ejection mechanisms.
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Figure 1—Dynamic pressure profile for a Javelin launched at 80° QE
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The angular momentum of a roll-out clamshell pivoted about its leading edge is increased on its
deployment. This is caused by the displacement of its center of mass (c.m.) from the rocket vehicle
longitudinal axis and the increase in its angular rate, which is a summation of its roll-out rate and the
vehicular spin. The rocket vehicle will be despun by such clamshell deployment unless means are
adopted to preclude it. This can be a troublesome endeavor since it tends to complicate the system
design and increase its weight.

A clamshell pivoted about its trailing edge, on the other hand, is despun on its deployment since
its pivotal, i.e., roll-out, rate is in opposition to the rocket vehicle spin. Thus, the energy for clamshell
deployment can be expected to come initially from the rotational energy of the clamshell. The rocket
vehicle will experience a measure of despinning after the clamshell has pivoted to a given roll-out angle.
This will definitely be the case when the clamshell is totally despun, i.e., when the magnitude of the
clamshell roll-out rate equals that of the rocket vehicle spin. The clamshell may be disengaged at this
point in its deployment to give its free-flight motion a purely translatory character. However, in an
actual flight, it may be preferable to release the clamshell earlier, i.c., at a smaller roll-out angle to re-
duce the extraneous torquing of the rocket vehicle during clamshell ejection. The selection of an opti-
mum release angle is not obvious, particularly when too small an angle can result in a collision between
the clamshells and the payload (this is the case with release at zero roll-out angle, i.e., instantaneous
clamshell release). The effects of various system parameters must be investigated before any determi-
nation can be made with respect to this aspect or any other aspect of this problem.

ANALYTICAL ASSUMPTIONS

The following analysis is concerned with the equations for the motion, forces, and couples gener-
ated by clamshells released from spinning sounding rockets in accordance with a roll-out ejection con-
cept. This concept requires that each ejecting clamshell be pivoted about an axis at its trailing edge in
the system bisection plane so that its pivotal, i.e., roll-out, rate is in opposition to the rocket vehicle
spin. Figure 3 illustrates the ejection sequence scheme viewed head-on to a rocket vehicle with a right-
hand spin.

In order to facilitate resolution of the problem, it is assumed that there is a problem symmetry
which permits the characterization of the system dynamics by those of a single clamshell. Thus, the

CLAMSHELLS

SECTIONING
PLANE

(b) (c)

Figure 3—Trailing edge pivot type of roll-out clamshell system with right-hand vehicle spin.



clamshells are assumed to be dynamically matched, rigid bodies attached to a spinning rocket which is
not coning in a significant manner when clamshell ejection is initiated. For convenience, it is assumed
_ also that the damping and dissipative forces are negligible in comparison to the inertial forces.

Three coordinate frames are used in the analysis of the deployment phase dynamics. One of
these is the x-frame, which is centered at the vehicle system barycenter and orientated so that its
x-axis is coincident with the rocket vehicle longitudinal axis and its x,-axis is directed in such a way
that the clamshell system bisection plane is in the x, x,-plane. The x-frame may be assumed to be a
rocket vehicle body-fixed frame since the barycenter may be considered to be stationary during the
time required by clamshell deployment. The clamshell body-fixed y-frame is centered at the clamshell
c.m. and orientated so that its y -, y,-, and y-axes parallel the x -, x,-, and xj-axes, respectively, of the
x-frame before clamshell ejection. The clamshell is constrained during its deployment to maintain the
parallelism between the x, and y, axes. The z-frame is the clamshell centroidal principal axis set. It is
oriented so that its zy-axis is normal to the clamshell mass symmetry plane and coincident with the
y-axis of the y-frame. The clamshell may be affixed with weights to rotate the z,- and zj-axes and
bring them into alignment with the y 1~ and y s-axes, respectively, without changing the relationship be-
tween the z,- and y,-axes. When this is done, the z-frame and y-frame are identical. Figure 4 illustrates
the spatial relationship between the x-, y-, and z-frames.

EQUATIONS FOR THE SYSTEM ANGULAR MOTION

The equations for the angular motions of the system, derived
.. by an application of Lagrange’s equation, may be written in a form
NOTE: y=1q . . . .
suitable for digital computer solution as follows:
. = DU-BV
X 1 AD-BC
and
. _AV-CU
o "“aD-BC’
(P
where
- 2
, A—val +2(ch1 +mds),
2: 22
- 2
B= 2(ch1 + mds) + 2md5a'1 cos1n,
C=B,
g B 5
& D= 2(chl +mds),
LN h U =-202mQ,nd, - midg)d, sinn,
V= 2mﬂ%d5d1 sinn,
%z and _ 5 5
AD -BC=2J, (J,, +md})+4mdilJ,, +mdi(1 - cos’n)]
Figure 4—Coordinate frames. #0.



EQUATIONS FOR THE HINGE FORCES

The hinge-force components are obtained by the application of Newton’s Second Law to the
acceleration of the clamshell c.m. This yields

Fxl=mR1
J Fx2=Fl sin17_+(F2-F3)cos'n-F4 sinoz--F5 cosa ,
and:
F,_=F, cosn~(F,-F;)sing+F, cosa-Fssina,
where
F,=mnd,,
F,=mi*d,,
F3=2m911'7d s
F,=mS,d,,
and ,
Fy=m&Qd, .

EQUATIONS FOR THE HINGE COUPLES
From Figures 4 and 5, it can be shown that
Cx1 = C.Vl ,
sz = Cy2 cosy + Cy3 sinvy ,
Cx3 = Cy3 cos7y = Cy2 sinvy ,
Fy1 = Fx1 ,

Fy2 = sz cosy - Fx3 sinvy,

and
Fy3=Fx3cos*y+Fx2sm'y,
where
Cy1 F d F d
C M F d F d
y2
Cy3 M +F d +F d3,
M =M, cosﬁ M, smB,
M, ,
and 22
M =M, cosB+M sinf.



Solution of the preceding equations requires the
application of Euler’s equation of motion to the
problem; thus,

le-=le(Ql -1)cosf,

Mz2 = (Jz3 —le)(ﬂ1 -1)2 cosBsinf,

and _ .
Mz3 = —.123(521 -1)sinf,
where
= 2 1102
le chx cos“ +ch3 sin“
- 2ch5 cosfsinf,
and Jzz B J'-‘J’z i

— . 2 2
= +
J23 chl sin“ 8 chs cos“

+ 2ch5 cosfsinf.

EQUATIONS FOR FREE FLIGHT

Figure 5—Deployment phase of ejection showing one The free-flight displacements of the jth point
ejecting clamshetl. on the clamshell may be expressed in terms of the
X-frame, an inertial frame which is orientated so
that its X -, X,-, and X ;-axes parallel the x,-, x,-, and x ;-axes of the x-frame at the instant of clamshell
disengagement. This inertial frame translates at the rate established by the rocket vehicle at this time;
thus,

‘/Y]} = K!zj} + {Xc.m.} >
where
CoCo - S0 CoS¢
K=|CyS0CH+SySp CYC8 CYyS6Sp-SyY Co
SYyS0Cop-CyS¢p SYyCsd SYySOSp+ CyCo
and
0 d6

(Ko} = (= 1)qds sinng = Qypdyp sinoy o+ 9 cos ey
.fd5 cos.nf + Sllfd7f cos ot dgp sinag

The square K-matrix is a direction cosine matrix based on the Euler angle system shown in Figure 6.
This angular system is a variant of a system used widely by aeronautical engineers. It is utilized to
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Xy

Figure 6—Euler angles and free flight coordinate systems.

simplify the determination of the initial Euler angles. From the construction in Figure 6, it can be
shown that
. W3 sing + W1 cos¢o

cos@

b

6= W3 coso — W1 sing ,

q-S=W2+stin0,
t .
v=["dar-,,
0=ftédt,
and
¢=ft¢'>dt-ﬁ.

The z-frame components of the clamshell rotational rate may be obtained from Euler’s equations of
motion for the free flight; thus,



_ w2 w3 (Jzz - ‘,23)
W, = Vi ,

31

_ w3 Wl (J23 = le)

W ,
2 JZz

. W, W2(Jz1 —Jzz)
3~ Jza >

r. .
wy= [ Wyde+ @1 cosB,

w2=f'w2dt,

~and.

t . . .
W3=f W3dt—(SZlf—nf)smB.

DISCUSSION

Figures 7 through 25 illustrate the results of a study of a roll-out clamshell system for the Javelin
rocket vehicle. The digital computer program and a data deck utilized in this study are listed in Ap-
pendix A. Nominal system data, if the use of unaligned clamshells for which the $-angle is not zero is
assumed, are estimated to be as follows:

Ty =75 slug-ft? |

vx

m=0.4slug,

Joy, = 0.1178 slugft? ,

J,y, = 0.3466 slug-ft’

J,y, = 0.4200 slug-ft?

J oy = 0.03219 slug-ft?
d, =0.8042 ft?
d,=0.4286 ft?

,=1.456 ft?,
Q,=9.5rev/s,

and .
R, =515 ft-s72.



When the study is applied to aligned clamshells, i.e., clamshells wherein the S-angle has been zeroed,
the applicable clamshell parameters are changed as follows:

m = 0.4592 slug ,

J,y, = 0.1656 slug-ft?
J,y, = 0.4654 stug-ft? ,
Joys = 0.5676 slug-ft? ,
chs = 0.0 slug-ft? ,

d,=0.3733 ft

and
d;=1.268 ft.

These changes reflect the effects of alignment brought about by the attachment of two weights to each
clamshell in a manner which results in minimum clamshell mass increase.

The system motion and the hinge forces and couples generated by clamshell deployment are
shown in Figures 7 through 10. There appears to be no significant difference between systems using
unaligned and aligned clamshells according to these figures.

It should be noted that the rocket vehicle is subject to slight spin-up followed by negligible de-
spinning as the clamshells deploy. The individual and the total effects are of the order of a percent of
the initial vehicular spin over the range of roll-out angles considered. No violation of angular momen-
tum conservation is represented by the rocket vehicle spin-up because each clamshell is being despun
as it rolls out. The vehicular spin-up signifies that the energy taken from the rotation of the clamshells
is more than sufficient for their deployment. The excess energy is not large, so the spin-up is not sig-
nificant. This observation applies also to the energy deficit which results in the rocket vehicle despin-
ning at the larger roll-out angles. Thus, no special rocket vehicle despin avoidance devices are needed
for the clamshell system simulated.

Reversing the rocket vehicle spin permitted a comparative study of a roll-out system with pivot
axis at the clamshell leading edge. As expected, such a system subjects the rocket vehicle to greater
despinning and generates hinge forces and couples of considerably larger magnitudes than the system
with trailing edge pivot. These effects, illustrated in Figures 11 and 12, are attributed to the fact that
the clamshells are spun up as they roll out. It will be seen that this spin-up also raises the minimum
roll-out angle at which the clamshells can be safely disengaged. Thus, a roll-out system with pivot axis
located at the clamshell trailing edge is preferable to a system with pivot axis at the leading edge.

It may be inferred from Figures 8 and 10 that the hinge couples are more significant to the sys-
tem designer than the hinge forces. Thus, Figures 13 through 16 are included to illustrate the effects
of rocket vehicle spin and longitudinal acceleration on sz and Cx3, the hinge couples which oppose
the clamshell pitching and yawing tendencies, respectively. As expected, the rocket vehicle spin at the
higher levels investigated produces a decidely bad effect on sz and Cx3. On the other hand, the rocket

10
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vehicle longitudinal acceleration tends to reduce the maximuin magnitude of Cx3 by shifting its time
trace upward. No such beneficial effect is incurred for C,_ despite a similar upward shifting of its time
trace. Whatever the case may be, the magnitudes of C, and Cx3 indicate that serious consideration
should be given to reducing the rocket vehicle spin to ai)out a half of that presently utilized. Use of a
lower rocket vehicle spin can improve the X248 motor performance in addition to moderating the de-
sign requirements of the clamshell system.

The X, X, projections of the near free-flight displacements of clamshells released at roll-out angles
of 12.5, 15, 30, and 60 deg are shown in Figures 17 through 23. Except in Figure 19, these projec-
tions are for aligned clamshells. Since the X, X, and X, X; projections for these clamshells are straight
lines, and therefore of little interest, they are not presented. Figure 19 shows that the near free-flight
displacements of an unaligned clamshell under the conditions considered is not markedly different
from that of an aligned clamshell. It is possible that conditions beyond the scope of this study could
produce effects requiring further investigation. '

Figures 17 and 20 show that roll-out clamshells can be released too soon. In each case, the clam-
shell rotational magnitude is too high for release at the roll-out angle shown. Obviously, clamshell re-
lease can take place safely at a lower roll-out angle with the trailing edge pivot type of system because
the clamshells are subject to despinning and the offending parts are displaced farther away from the
payload when disengagement occurs. The rotation of each clamshell will be near zero, and its free-
flight motion thereby will be almost purely translatory when the clamshell is released at a roll-out
angle of 60 deg. This effect occurs near 60 deg for the system under consideration at the various
vehicle spin rates shown in Figure 24. Indeed, the angular motion of the system can be characterized
by the reduced forms contained in Figure 25. This figure shows that the relationship between §2, and
17 is constant for any given roll-out angle. The locus of points in X-space through which a given part of
the clamshell passes is fixed therefore by the y-angle at which disengagement occurs. The vehicular
spin merely affects the rate at which such a given set of points in X-space is traversed. Thus, clam-
shells which can be released safely at 15 deg when vehicular spin is 9.5 rev/s can also be released safely
at this angle at any other positive vehicular spin if the system can bear the loads imposed upon it. That
is, clamshell release for the system under consideration can be programmed for roll-out angles between
15 and 60 deg. Choice of the lower angles will be influenced by the desire to reduce unbalanced torqu-
ing of the rocket vehicle during clamshell deployment. This torquing may arise from vehicular coning
motion, clamshell mismatch, and the “yo-effect” caused by nonsimultaneous release of clamshells. On
the other hand, release at a higher roll-out angle is desirable because it results in the ejection of clam-
shells with reduced rotational motion and lowered likelihood of collision with the payload.

The system angular motions are not affected by the rocket vehicle longitudinal acceleration. The
system characteristics discussed in the preceding paragraph will therefore be independent of deviations
in rocket vehicle thrust. Since the various acceleration levels are normally associated with different
system mass properties, it was expected that the curves in the figures discussed would reflect this fact.
This mass effect, however, tends to be a minor one since it involves the interchange of a relatively
small amount of energy between the rocket vehicle and the deploying clamshells.

11
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174

// EXEC FORTRANG,PARM=*NAME=RQ(C,DECK?
//SOURCE.SYSPUNCH DD DSN=£DECK,SYSOUT=8
//SOURCF.SYSIN DD *

C 2/21/69 - L.F.H. ROCO0O10
C MOD. 8/21/69 - L.F.H. ROCO0020
C ROCO0030
c «e«MAIN PROGRAM 'ROC'... ROC00040
C PROG. ROC AND ITS SURSIDIARY SUBPROGRAMS MAY BE UTILIZED TO STUDY ROCO0050
C BOTH THE DEPLOYMENT AND THE FREE FLIGHT PHASFS OF CLAMSHELL EJECTION. ROCO0060
C THE TYPE OF SYSTEM THAT CAN BE STUDIED IS BASED ON A UNIQUE CLAMSHELL RO0CO00D70
C ROLL-0OUT EJECTION CCNCFPT. THE FREE FLIGHT PHASE OF A GIVEN CASE IN AROCO00080
C JOB RUN MAY BE SKIPPED IF DESIRED. THE DATA LOADING IS SET SO THAT ROCO0090
C THE TERMINAL CARD IN FACH LOGICAL SUBSET OF CARDS REPRESENTING A CASE ROCO0L100
C INPUT BE PUNCHED WITH AN INTEGER OF THE FORM 'LLLKJ®' AND ADJUSTED AS ROCOO110
C DESIRED BETWEEN COLUMNS 1 THROUGH 8, INCLUSIVE. [IF *J' IS ZERO, THE ROCOOL20
C FREE FLIGHT PHASE OF THE CASE IS SKIPPED. [IF *K' [S Z2ERO, THE CASE 1SR0OC00130
C THE LAST IN THE JOB RUN TO BE PROCESSFD. THE CASE NO. IS OPTIONALLY ROCOO140
C ENTERED BY PUNCHING UP TO THREE DIGEITS IN *LLL'; IF IT IS OMITYED, THEROCOO150
C CASE NO. IS EQUAL TO THE PRECEDING CASE NO. PLUS ONE. ROCOO160
C L.F.He 8/21/69. RACOO170
C ROC0DO180
120 FORMATL '0',39Xs'e0e J1 = *,T1,"' +.o' ) RQACO0190
130 FORMAT( BOX,*RTIME = ',F8.3,' SEC.' ) ROC00200

C ROCO0210
EXTERNAL SFT1,AUX1,DERL,AUX2,0UT1, R0OC00220

X SET2,AUX3,DER2,AUX4,DUT2 R0C00230

c ROC00240
COMMON / LFH2 / NX(47),CBLOCK(20,220) ROC00250

REAL %8 1(250), ROC00260

1 HyX(3)yY(8,y3), ROC0O0270

2 NDER(844) ROC0O0280
COMMON / DATA / LyNEQLyNEQ2y 192403504095 ROC00290
EQUIVALENCE ROCO0300

1 { HeZ{44) Yol XCL)oZ(61) Dyl Y{1,1),2(64) ), ROCO0310

2 ( DER(1,1)92(91) ) ROCO0320

C RGCO0330
300 CALL STIME ROC0O0340
CALL LOAD( Z 1} ROC00350

TE( NX(20) + NX(22) .NE. 0 )} GO 7O 990 ROC00360

KK = NX{9) — NX(44) ROCO0370

JJ = MOD( KK,s10 ) ROC0O0380

JK = MND( KK, 100 )/10 ROCO0390

JL = MOD{ KK,100000 )/100 ROCO0400

IFU JL 4GT. 0 ) J& = JL ROC0O0410

C ROC00420
C ees1ST ( DEPLOYMENT ) PHASt... ROCO0430
c ROC00440
CALL NIT1 ROCO0450

CALL RK( XyYsDERy3yHyJ14J2, ROC00460

X SET1,AUXLsDERL,AUX2,0UT1 ) RCCO04T0

IF( J1 .GT. 4 } GO YU 500 R0OC0048BO

CALL AUX1 ROC00490

CALL DERL{ XsYsDERs 341 ) ROCO0500

CALL AUX2 ROCO0510

CALL DUTI( 1 )

ROC00520
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[zEalyl

(el eNel

OO0

OO0 O00O0

X

500
550

930

999

IFt JJ «EQ. 0 ) GO TO 550

CALL NIT2

«2ND ( FREE FLIGHT ) PHASt...

CALL RK( XyYoDERy6yHyJ1ly4,

SET2,AUX3,DER2,yAUX4,0QUT2 }
IF( J1 .GT. 4 ) GO TO 500
CALL AUX3
CALL DER2{ X, Y40ER,6,1 )

CALL AUX4

CALL OUT2{ 1 )

GO TO 550

WRITE( 6,120 ) Ji

CALL TTIME( JTIME )

RTIME = FLUAT( JTIMT%26 }/1000000.
WRITE( 6,130 ) RTIMF

IF( JK «NE. 0 ) GO 7O 300

GO TO 999

IFU JK .EQ. © ) GO 70 999

GO TO 300

STOP
END

2/22/67 — L.F.H.
10/23/68 — LaF.H.

MOD.

110
120
130

BN -

SURRNUTINE LOAD

«.+PROD. VERS...

FORMAT( 2044 )
FORMAT({ 1Xy12y5X120A4,2X,2Z841%Xe2841X,718 )}
FORMAT( 15X,'...RFAD ERROR IN LOAD..." )

INTEGER%2

K3,M1

COMMON / LFH2 / FHDyRD4RZ{4),

R1yR2¢R3,R44RS,R64RT4RB4RFHRY (3),
N1yN2 N3, N4,

CARD(20),BLANK,
R3I0,PSWI2)4K3,M1,CBLOCKI(20,220)

FWOD IS NOT USEL BY SunrP, LOAD OR SURP. EDATA.
RD CONTAINS SUBP. LOAD'S SAVE AREA ADDR.
'S ARE NOT USEQ BY SUBP. LOUAD CR SURP. ENATA,

RZ
R1
R2
R3

R4
RS
R6
R7

CONTAINS
CONTAINS
CONTAINS

EDATA.
CONTAINS
CONTAINS
CONTAINS
COMTAINS

THE RETURN ON AN SPIC [SSUED IN SUBP. EDATA.

A(BUST), THE SHIFTED B-AUDR. USFD [N SUBP. EDATA.

THE A(CURRENT LOAD POINT) ON EACH RETURN FROM

A{LFH2)e T.F., SUGBP. EDATA'S SAVFE ARFA ADODR.
A(CARD}, T.E., A(LFHZ+88]).

A{CURRENT CARD CHARACTER IMAGF).

ALCARD+73), T.E.y A(LFHP*167).

SuBP.

ROCO0530
ROCO0540
ROC00550
ROCO0560
ROCO0570
R0OC00580
ROC 00590
ROC00600
RJCO06LO
ROC00620
ROCOD630
ROCO0N640
ROC00650
ROCO0660
ROC00670
ROC00680
RDCO0690
R0C00700
ROCO0O710
ROCO0O720
R0L00730
ROC00T40
ROCO0750
ROC0O0760
ROCOOT70
ROCO0780
LOADOO10
LOAD0020
LOADOO30
LOADOO4O
LOADOOSO
LOADOO6O
LOADOOT0
L0ADOO8O
LOADOO90
L0ADOL100
LOADOLLO
LOADOL20
LOADO130
LOADOL 40
LOADOLS50
LOANOL6O
LOADOL 70
LOADO180
LOADO130
LOADOQ200
L0ADO210
LOADO220
L0ADO230
LDOADD240
LOADO250
LOADO260
LOADQ270
L0OADO280
LOADD230



9t

OO0 O000ON0O0CO0O00D

o0

R8 CONTAINS A{LOB), AN ADDR. INTERNAL TO SUBP, EDATA.

R9 CONTAINS A(3).

RY*S ARE NOT USED BY SuUsP, LOAD OR SuBP. EDATA.

N1 TS A BRANCHING CONTROL SET BY SuUBP., EDATA FOR SUBP. LUAD.
N2 IS A CARD COLUMN ERROR INDICATOR SET BY SuBP. EDATA.

LOADO300
LOADO310
LOADO320
LOADO330
LOADO 340

N3 IS A COUNT OF CARDS 'READ' BY SUBP. LJAD AND PROC. BY SJBP. EDATALOADO350

N4 = 32767 IS SET BY SURP. LOAD TO SIGNAL A 'READING' FRROR.

LOADO360

CARD(20) CONTAINS THE CHARACTERS OF THE CURRENT CARD IMAGE *READ' BYLOADO370

SUBP. LUAD AND PROC. BY SUBP. EDATA.

R30 CONTAINS A(INIT. LOAD POINT).

PSW CONTAINS THE 0-PSW WHENEVER SUBP. EDATA [S SURJETYED TO A PRUG.

INTERRUPTION WHICH [S CHANNELED BY THE *SPIE* IN SUBP. EDATA.

1 IS SET BY SUBP. LOAD TO SIGNAL AN ENCOUNTER WITH AN EQF.

1 IS SET BY SUBP. LDAD AFTER ALL CARDS IN A FILE HAVE BEEN

PROC. BY SUBP., EDATA.

CBLOCK IS THE AREA WHERE A BLOCK UF CARD IMAGES ARE *READ' IN BY
SUBP. LOAD. THIS BLOCK MAY CONTAIN J1 CARD IMAGES OR ALL CARD
IMAGES UP TUO AN *EOF', WHICHEVER 1S LESS. WHEN THE NO. QF
CARDS IN A FILE IS LESS THAN Jt, SUBP. LOAD WILL "READ" ALL OF
THE CARDOS IN THE FILE AND ENCOUNTER THE 'EQF'. IN SUCH AN
EVENT, SUBP. LOAD WILL SET K3 = 1 AND Ml = 0. AFTER THE LAST
CARD IN THE FILF HAS BEEN PROC. BY SuBP. EDATA, SUBP. LOAD
SETS M1 = 1.

K3
M1

DATA R /7 4HRR.. /»

1 J1 /7 220 /,

2 K2 / 07
NOTE...CBLOCK(20,M) REQUIRES THAT J1 .EQ. M.

Nl =1

N2 =0

N3 =0

N4 = 0

IF( K2 «LT. 1 ) GO TO 200
KL = K2 + 1

GO TO 320
200 DO 300 4 = 1,41
300 CBLOCK{1,J4) =R
Kl =1
K3 =0
Ml = 0O

READ( 5,110,END=600,ERR=T00 ) CBLOCK

320 DO 400 K = Kl,J1 .
IF( CBLOCK(1:+K) EQ. R} GO TO 470

K2 = K

330 DO 350 J = 1,20

350 CARD{J) = CBLOCK(J,K)
N3 = N3 + 1

LOADO380
LOADO390
LOADD4J0
LOADO410
LOADO420
LOADO430
LOADOG40
LOADO450
LOADO460
LOADO4T0
LOADO480
LOADO490
LOADOS00
LOADOS10
LOADOS20
LDADOS30
LOADO540
LOADOS50
LOADO560
LOADOST0
LOADOSBO
LOADO590
LOADO60O
LOADOS10
LOADO620
LOADO630
LDADO640
LOADO650
LOADO660
LOADO6T0
LOADO68O
LOADO690
LOADO700
LOADO710
LOADOT720
LOADOT30
LOADDT40
LOADOTSO0
LOADO760
LOADOT770
LOADOT780
LOADOT90
LOADO80O
LOADDB10
L3ADO820
LOADO830
L0ADDBGO



Lz

oo

[aNeNel

o0

370

400

450

470

500

600

700

CALL EDATA
GO TU { 400,450,370 1,NL

IF{ N2 .EQ. 0 )} GO TO 400

IFL PSW(1l) .NE. 0.0 ) PRINY 120y N2, CARD, PSW, R4
IF( PSW{Ll) JEG. 0.0 ) PRINT 120, N2y CARD

CONTINUE

IF( K3 .LT7. 1 ) GO Tu 200

IF( K2 «LT. J1 ) GO TO 500

K2 = 0

IF(C K3 .EQ. 1 ) M1 =1
RETURN

K3 =1

GO TO 320

N4 = 32767

PRINT 130

GO TO 500

END

2/18/69 - L.F.H.

MOD

W BN

MU W N

T/07/69 - L.F.H.
SUBROUTINE NITL
essDATA INITe FOR THE 1ST PHASE...

REAL*8 11250},
TO,HO,Q(8),
DU10),JCYI6),J2(3),
HyETAZ,BETA,X,Y(8),
DC{5)4+DS(5),
TWPI,CRTD,CDTR,P1D2,P1D4
COMMON / DATA 7/ Z+NEQLyNEQ2,J19J2403,J8445
EQUIVALENCE

XeZ{61) Dy0 YUL),2(64) ),
DCLLYLZEL3L) Yyt DS{L),Z{136) )

— o~

COMMON / CONS / TWPILCRTD,CDTR,PID2,PID4

X = T0

H = HO

ETAZ = DATAN( D(2)/D(1} )

Q(3) = ETAZ*CRTD

Y(1) = Q(1)*TwWPI

Y(2) = Q(2)*TwPI

Y(3) = ETAZ

D(5) = DSQRT{ D(l)%x2 + D(2)%%2 )

«ee SET UP BETA AND THE PRIN. M. 0OF INERTIAS...

TOyZLL) )yl HO,Z{2) Y4t QUL1I),2(3)
DUL)2ZI1LY D)yl JCYEL),2022) Dol JZ(1)s2(28)
HeZl44) ) ol ETAZ,Z2(46) )ol BETA,Z2(47)

|

LOADOB50
LOAD0860
LOADO8T0
LOANGBS0
LOADO890
LOAD0900
LOADO310
LOAD0920
LOADO0930
LDAD0940
LDADO950
LOADO960
LOAD0970
LOAD0980
LOAD0990
LOAD1000
LOAD1010
LOAD1020
LOAD1030
LOAD1040
LOADI 050
INITOO10
IN1T0020
1N1T0030
INIT0040
1N1T0050
INIT0060
INIT0070
IN1T0O80
INIT0090
INITO100
INITOL10
INITO120
INITO130
INITO140
IN1TOL150
INITO160
LNITOLTO
INTT0180
INITO190
INIT0200
INIT0210
INIT0220
INIT0230
INIT0240
INITO0250
INIT0260
INTTO0270
INIT0280
INITD290
INI1T0300
INITO310
INIT0320
INIT0330
INIT0340



8¢C

o0

COOOOOOCOO0OO0OO00OOOOO0O0On

IF( JCY(1) +EQ. JCY(3) ) GO TO 300

BETA = 0.500%DATANC 2.000%JCY(S)/7( JCY(3) - JCY(1) ) }
IF( BETA .GT. PID4 ) BETA = BETA - PID2

[F{ BETA + PID4 .LT. 0.0D0 ) BETA = BETA + PiD2

GO TO 310
300 BETA = 0.0DO
310 DCt4) = DCOSU BITA )
DS(4) = DSINt BETA )
JZ(1Y = JCYCL)*DC(4)*%2 + JCY(3)*DS (4)*%*x2
1 ~ 2.0D0%JCY{5)*DC(4)*DS(4)
J72t2) = JCY (2}
JZ(3) = JCY(L)*DS(4) %2 + JCY(3)*DC(4)**2
1 + 2.0D0*JCY(S5)I*DC(4)*DS(4)
990 RETURN
END

2714769 - L.F.H.
MOD. 8/22/69 - L.F.H.

SUBROUTINE RK( /X/s/Y/o/DER/S/NEQ/ /R 13Y/] 5 71IF/,
1 SETH,AUX1,DERIV,AUX2,0UT )

e o RUNGE-KUTTA 4TH ORUER INTEGRATOR..s
FIXED STEP INTEGRATION EXCEPT FOR THE TERMINAL PROCEDURE.

X — INDEPENUDENT VARIABLE.

Y'S — DEPENDENT VARIABLES.

DER'S - DERIVATIVES OF THE Y'S,

NEQ — NO. OF DERIVATIVE EQUATIONS.

H ~ INTEGRATION STEP SIZE.

J1 - BRANCHING PARAMETER SET BY SUBP, SETH FUR SUBP. RK.
JF - OUTPUT PRINT FREQUENCY.

SURP. SETH - ADJUSTS H DURING THE TERMINAL INTEGRATION PROCESS AND
SETS Jt = 14243,4y OR 5 DEPENDING ON WHETHER H IS LEFT UNCHANGED OR
ADJUSTED WITHOUT THE NEFD TO RESET X[1) AND Y{(K,1!), THE INTEGRATION
PROCESS 1S TO BRE ENDED, H IS CHANGCOD AND THE PRECEDING INTEGRATION
STEP IS 1O BE REPEATED WITH THE NEWER H-VALUE AND THE RESETTED X AND
Y-VALUES, H MUST BE CHANGED BEYOND THE MAX. ALLOWED NO. OF TIMES, DR
AN ABNORMAL END OF THE INTEGRATION PRICESS [S RFQUIRED,RESPECTIVELY.
SUBP. SETH DEPENDS ON J1=0 WHENEVER SUEP, RK TS CALLED.

INITO350
INITO360
INITO370
INTTO380
INITO390
INIT0400
INITO410
INIT0420
IN1TO0430
LNITO440
INIT0450
LNIT0460
INITO&T0
INIT0480
INITO490
LNITO500
RKO00010
RK000020
RK000030
RKO00D40
RK000050
RK0O00060
RKQ0O0O70
RK000080
RK000090
RKO00100
RKO0O110
RK000120
RK0O0O0L130
RK0O00140
RKQ00150
RK0O00160
RKO0OO170
RK0O00180
RK000190
RK000200
RK000210
RKQ00220
RK000230
RK000240
RK000250

SUBP. AUX1 - COMPUTES, 1.E. UPDATES, THE RFQ'D DATA FOR SUBP. DERIV.RK000250
SUBP. DERIV - COMPUTES THE DERIV'S OF THE Y*S AT THE SUBSTEP POINTS.RK000270
SUBP. AUX2 - COMPUTFS, I.E. UPDATES, THE ADDITIONAL DATA FOR CUTPUT.RK00Q0Z28O

SUBP. OUT - IS THE OUTPUT SUBPROGRAM,

REAL %8 X113} YINEQ,3),DFERINEQy4)H,
1 CHH,HD6

J1 =0

JN = 0

400 X{(2) = X(1)
00 410 K = 1,NEQ

RK000290
RKD0OD300
RK0O00310
RK000320
RK000330
RK0O00340
RK000350
RKQ00360
RK000370
RK0O00380
RK0O00330



[aEnNel

OOO0O

6¢C

410 YIKs2) = YIK,1) RKD0D400

EFL J1 «NE. 3 ) GO TC 415 RK000410

[F{ UN .GTe 1 LAND.-MOD( UN=14JF ) .NF. O ) JN = UN - 1 RK000420
RK000430

415 CALL SETH( X,Y,DER,NEQ,H,JL ) RK0Q00440
GO TO ( 420,990,400,500,500 ),J1 RK000450

420 CONTINUE RK0O00460
RK000470

CALL AUX1 RKQ00480
CALL DERIVI( X3Y,DER,NEQ,1 ) RK0O004930

IFL MOD{ JUNyJF ) .NE. 0 ) GO TU 425 RK000500
CALL AUX2 RK000510
CALL OUT( JN ) RK000520

425 CONTINUE RK000530
RK000540

CHH = 0.500%H RK000550
RK000560

DO 440 J = 2.4 RKO00570

TF( J .EQ. 4 ) CHH = H RK000580
X{1) = X{2) + CHH RKDJ00530

D0 430 K = 1,NFEQ RK000600

430 Y{(Ky1) = Y{(K,2) + CHH*DER{K,J-1} RK000610
CALL AUX1 RK0Q0620
CALL DERIVI( XsY,DER,NEQ,J )} RK000630

440 CONTINUE RK000640
RK000650

HD6 = H/6.000 RK000660
X(3) = X{2) RKQ00670

DO 470 K = 1,NEQ RK000680
Y(Ks3) = Y{K,2} RK000630
Y(Ky1) = DERIK,1) + 2.0N0%{ DER(K,y2) + DER(K,y3) ) + DER(K,4) RKQ00700

470 Y(Ky1l) = Y{K,2) + HD6*Y(K,Ll) RK0O00O710
RK0ODDT20

JN = UN + ] RK000730

GO TO 400 RK000740
RKD00750

500 CONTINUE RKOOO760
RKOO0770

990 RETURN RK0O00780
END RKD0D730
2/14/69 - L.F.H. 1SETO010
MOD. 8/22/69 - L.F.H. 1SET0020
1SET0230

SUBROUTINE SETL( /X/4/Y/ e /DER//INEC/ o/H/ /317 )} 1 SET0040
1SET0050

eeo TERMINAL H CONTRULLER FUR THE 1SV PHASE... LSET0060

X(1) ANO Y{K,1l) ARE RESET WHEN AN INTEG. STEP IS TO BF REPEATED. 1SET0070
1SET0I80

REAL*8 70250), 1SETO0090

X YT, YEPS, 1SETO100

X FTAZ,DERINEQ,4), 1SETOL10

X Hy XANEQ),Y(NZQ,3), 15670120

X GAMD, TWPI,CRTD,CCTR,PID2,PID4 1SETOL130
COMMON / DATA / 7,KKK{T) 1SETO140
EQUIVALENCE LSETOL50
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[aNgXgl (o] (g}

[zEalxl

(e N aNal

2N gl el

100

200

300

330

4C0

500
390

( YTeZ(42) }o( YEPS,2(43) 1},
{ ETAZ,2{46) ),( J3,KKK(5) )

COMMON / CONS / TWPI 4CRTDyCDTR,PID2,PID4

IF{ J1 .EQ. O ) JC = 0O

e« CHECK FOR TERMINAL CONDITIONS...

GAMD = {
IF( GAMD
IF( DABS({
1F( GAMD
IF( Jl
IF(

Y{3,1) - ETAZ )*CRTD
«LT. 0.0D0 ) GO YO 500

( GAMD - YT }/YT ) .LE.
«GTa YT ) GO TQ 300
«EQ. 0 ) GD 70 100
Y(241) «LE. 0.0D0 .AND.

YEPS ) GO TO 200

DER{(241) .LE. 0.0D0 )} GO TU SO0

eseSET JI AS RFQUIRED...

Ji1 =1
GO T0O 990

J1 =2
GO T0 990

JC = JC + 1

IFL JC .GT. J3 )} GO
IF( J1 .EQ. O ) GO
H = 0.5D00%H

X{1) = X(3)

DO 330 K = 14NEQ
Y(Ksl) = Y(K,3)

J1 =3

GO YO 990

TO 400
TO 500

J1 = 4
GO TOD 990

J1 =5
RETURN
END

2/14/769 - L.F.H.

MO0

o R P R S

7/07/69 - LaFaHe
SUBROUTINE AUX1

+a+DATA UPDATER FOR THE 1ST PHASE DERIV. SuBP...
REAL*8 21250),
D(1C) 4 My JCY(6),
JVX1yGAM,ETAZ,Y(8),
DCU5)4DS(5),
F(6),F23,
QOM, QET,
AyByCWyDD,UyV

COMMON / DATA / ZyNEQLyNEQ2yJlyJ24J3y 04,445

1SETOL160
1SET0170
1SFT0180
1SETOL90
1SET0200
1SETOD210
1SFY0220
1SET0230
1SETD240
1SET0250
1SET0260
1SET0270
LSET0280
1SET0230
LSET0300
1SET0310
1SET0320
1SET0330
1SET0340
1SET0350
1SETO0360
1SETO037¢C
1S€£T0380
1SETD390
1SET0400
1SET0410
1SET0420
1SET0430
1SET0440
1SET0450
1SETO460
1SET06T70
1SET0480
1S€T0490
1SET0500
1SET0510
1SET0520
ISET0530
15ET0540
1SETO0550
1AUX0010
LAUX0020
1AUX0030
1AUX0040
1AUX0050
LAUX0060
1AUX0070
1AUX0080
1AUX0090
1AUX0100
1AUXO0110
1AUX0120
1AUX0130
1AUX0140
1AUX0150



1€

EQUIVALFENCE .

1 C DULYLZOLLY Dol MeZL21) Vel JCYLLY4Z022) 2,

2 ( JVX1,72(31) )40 GAMy2(32) ) ETAZ,Z(46) },

3 ( Y(1),20(64) ),

4 ( DC(1)4y2(131) )yl DSU1)42(136) ),

5 { FU1),2(141) Yol F23,2(147) )

COMMON /7 DBX1 / AyByCyDDyUyV
C
C

DC(1) = DCOS({ Y(3) )}

DS(1) = DSINC YI(3) )
C

GAM = Y(3) - ETAZ

DC(2) = DCUS( GAM )

DS(2) = DSIN( GAM )
C

D7) = DSQRT{ DU{L)**%2 + D{5)*%x2 - 2.0DO*DI51*D{1)*DL(L1) )
C

F{2) = M*x{ Y{(2)%%2 )*D(5)

F(3) = 2.0D0%MxY{1)*Y(2)*D(5)

F23 = F(2) - F(3)

CALL FF6
C .

DD = 2.0D0%( JCY(1) + ME{ D(5)¥%x2 ) )

A = JVX1 + 2.,0D0%({ JCY(L) + Mx( D{7)*%2 ) )

B =~ DD + 2.0D0%M*D{5)1*«D(1)Y*DC(1)

Cc =8
C

QOM = 0.0D0

QET = F(6)%*D(1)

U = Q0OM + 2.0D0%«F23xD(1}%DSs(1)

V = QET + 2,000%M%{ Y{1)*%%2 )*D{5)*D{1)*DS(1)
C

990 RETURN

END
C 2/14/69 - L.F.H.
C

SUBROUTINE DER1I( X,YsDFR¢NEQsJ )
C
C ee«DERIV. FQ'S, FOR THE 1ST PHASE...
C

REAL %8 Xy YINEQ),DER(NEQ,4),

1 AyBsCoDyUysVLDET
C

COMMON / DBX1 / AyB,CyDyU,V
C

DET = A%D - Bx*(
C

DER({1,J) = ( D*U - BxvV )/DET

DER(24J) = ( A%y - C*U ) /DET

DER{3,J) = Y(2)
C

990 RETURN
END

C 2/14/769 — L.F.H.

1AUXO0160
LAUX0L170
1AUXOL1B0
1AUX0190
1AUX0200
1AUX0210
1AUX0220
1AUX0230
1AUX0240
1AUX0250
1AUX0260
1AUX0270
1AUX0280
1AUX0290
1AUX0300
1AUX0310
1AJXD320
1AUX0330
LAUX0340
1AUX0350
1AUX0360
1AUX0370
1AUX0380
1AUX0390
1AUX0400
1AUX0410
1AUX0420
1AUX0430
1AUX0440
1AUX(450
1AUX0460
LAUXO0470
1AUX0480
1AUX0490
1AJX0500
LDERQOLO
1DER0CO20
1DER0QO30
1DER0040
1DER0050
1DERCO6O
1DEROOT70
1DERO080
LDERCO90
1DERO100
1DERO110
1DERO120
1DERO130
1DERO140
1DEROLS50
1DERD16D
1DEROLT70
1DERO180
1DEROL190
2AUX0010
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C MGD. 7/07/69 - L.F.H, 2AUX0020
c 2AUX0030
SUBROUTTINE AUX2 2AUX0040

C 2AUX0050
C ..sDATA UPDATER FCR THE 1ST PHASE QUTPUT... 2AUX0060
c 2AUX0070
REAL *8 1(250), ZAUX0080

1 DE10) 4MyJZL3), 2AUX0090

2 AX1,Y(8),DER(8), 2AUX0100

3 DC(5}405(5), 2AUXO110

4 FI6)+F23, 2AUX0120

5 FX(3),FYL(3), 2AUX0130

6 M7(3),MY(3), 2AUX0140

7 CY(3),CX(3), 2AUX0150

8 GAM,GAMD, TWPI,CRTD,CDTR,PID2,PID4,2217 2AUXO0160
COMMON / DATA / LyNEQLyNEQ24J1,J2,403,J6,J5 2AUX0170
EQUIVALFENCE 2AUX0180

1 { D(1)Z011) Dyl MaZ(21) D}, JZ(L1),2(28) 1}, 2AUX0130

2 [ AX142(45) Vel YU1},Z(64) ), DER(L),Z(931) ), 2AUX0200

3 ( OCULY,Z{L3L) 1s 0 DSUL),2(136) )y 2AUX0210

3 ( FI1),2(141) )y F23,2(147) ), 2AUX0220

4 ( FXUL)4Z(1S1) del FYLL1),20154) ), 2AUX0230

5 ( MZEL) 5 Z(161) ), ( MYIL1),2(164) ), 2AUX0240

6 ( CY(L),2(171) Vsl CX(1),2(174) )y 2AUX0250

7 { GAM,Z(32) ),{ GAMD,Z{33) ) 2AUX0260
COMMON / CONS 7/ TWPI[,CRTD,CDTR,PID2,PID4 2AUX0270

C 2AUX0280
F(L) = M*DER(2)%D(5) 2AUX0290

F(4) = M*DER(L1)}*DUT) 2AUX0300

F{5) = Mx( YUL)*%2 )%DUT) 2AUX0310

C 2AUX0320
DC{3)Y = € D) - DIS5)I*DC{1) )/DI(T) 2AUX0330

DS(3) = D(SI*DS(L)I/NLT) 2AUX0340

c 2AUX0350
CALL FAX1 2AUX0360

FX{1) = M¥AX1 2ZAUX03T70

FX{2) = FOLI*DS{L) + F23%DCULl) ~ F(4)%DS(3) 2AUX0380

1 - F{S)*DC(3) - F(6)*DS(2} 2AUX0390
FX{3) = FOL)#DC(1) - F23%0S5(1) + F(4)%DC(3) . 2AUX0400

L - F{S)*DBS(3) - F(6)*DC(2) 2AUX0410

C 2AUX0420
FY{1l) = FX(1) 2AUX 0430

FY(2) = FX(2)*%DC(2} - FX(3)1%DS(2) 2AUX0440

FY(3) = FX(3)}%0C(2} + FX(2)xDS(2) 2AUX0450

C 2AUX0460
7771 = DER(1l}) - DER(2) 2AUX0470

MZ(L) = JZ(L)*ZZ7*NC(4) 2AUX0480

MZ(2) = ( JZU3) — JZOL) yx0 0 Y(L) — Y(2) 1%%2 }*DC(6)*DS{4) 2AUX0430

MZ(3) = — JZU3)*Z22%DS(4) 2AUX0500

C 2AUX0510
MY(L1Y = MZUL)Y*0C(4) - MZU3)*DS(4) 2AUX0520

MY (2) = MZ(2) 2AUX0530

MY(3) = MZ{3)%DC(4) + MZ(1)*DS(4) 2AUX0540

C 2AUX0550

CY{1) = MY(L} - FY(2)*D(2) - FY(3)%D(1) 28UX0560
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990

CY(2) = MY(2) + FY{1}*D(2) — FY(31*D(3) + F{6)*DC({4)
CY(3) = MY{(3) + FY(1)%D{1) + FY(2}4D(3)

CX(1) = Ccy(1)

CX{2) = CY(2)%DC(2) + CY(3)*D5(2)

CX{3) = CY(3)%DC(2) — CY(2)x%DS(2)

GAMD = GAMX%CRTD

RETURN

END

2/18/69 - L.F.H.

SUBROUTINE FAX1L

«s s DUMMY LDNGIT. ACCELERATION SUBP...

RE TURN

END

2718769 - L.F.il.
7/07/69 - L.F.H.

MOD.

SUBROUTINE FF6

REAL*8 . 2(250),

X Fl6)

COMMON / DATA / T4NEQLyNEQ2+J19J24J39J4,J5

EQUIVALENCE

X ( FL1),71141) )
300 F{6) = 0.0D0
990 RETURN

END

3/26/69 - LeFH.
9724769 - L.F.l.

MOD.

SUBROUTINE QUTL( J4J )

»e« QUTPUT SUBP. FCR THE 1ST PHASF...

110 FORMAT( *1' / "G',39X,'...BASE DATA...' / 1X

PO B X XK KX XK XK XK

5X+'TO - INITIAL TIME ( SEC ).!
5Xy*HO — INITIAL ENTEGRATCOR TIME STEP SIZE ( SEC ).*

5Xp'Q(1)e.o0Q(3) ~ INITIAL OMEGA, tTA-DOT, AND ETA !
'{ RPS, RPS, DEG ).*
SXe'D{Ll)eooD(8)Y - CLAMSHELL GECMLCTRIC PARAMETERS ( FT
5Xp'# — CLAMSHELL MASS ( SLUG ).*
5Xy?'JCY{1)eeaJCY(6) - CLAMSHELL Y-FRAME !
TMOMENTS AND PRODUCTS OF INERTIA { SLUGXFT*%2 },.7
5Xe'J2(1)..0J7(3) — CLAMSHELL Z-FRAME I.E. PRINCIPAL ?
PMOMENTS OF INERTIA ( SLUGHFT®%2 )¢
SXytJVXL — CENTRAL DCDY ROLL MOMENT CF INERTIA

Y{ SLUGHFT*%2 ).*
5X¢'YT - TERMINAL GAMMA ( DEG ).!

2AUX0570
2AUX0580
2AUX0530
2AUX0600
2AUX0610
2AUX0620
2AUX0630
2AUX0640
2AUX065Q
2AUX0660
2AUX0670
FAX00010
FAX00020
FAX00030
FAX00040
FAX00050
FAXQ0060
FAX00070
FAX00080
6FFD0010
6FF00020
6FF00030
6FF00040
6FF00050
6FF00060
6FF00070
6FF 00080
6FF00090
6FFO0100
6FFO0110
6FF00120
6FF00130
6FF00140
6FF00150
LOUTOO010
13UT0020
10UT0030
LOUTO0040
1auUT0350
10UT0060
10UT00DT0
10UT0080
10UTO0090
10UTO0L00
10uTO0110
10UT0120
10UT0130
10UT0140
1OUTOLS50
10UTOL60
1uTO0170
10UT0180
10UTO0L90
LOUT0200
10UT0210
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C
c

X
X

/ 5Xy'YEPS - TERMINAL GAMMA CONVERGFNCE CTITERION ( DEG ).°

/

5Xy YAX1 - SYSTFM X1 ACCELERATION [ FT/SEC#*%2 ).' )

115 FORMAT( '1' / '0',39Xs'...BASFE DATA..." )
120 FORMAT( *OCASE NO. ',13,5X,10A8 / 1X

KoK XK XK X

/
/
/
/
/

6Xy ' TOWHOQUJlaee? 41P5012.4
12X+'D(J)eaa?,1PBDLIR2.4

BXy TMyJCY(J)auao'91PTDLI2.4
6Xe*JZ(J) 9 dVXLeaat41P4D12.4
5Xe ' YT3YEPSyAXLleae y1P3D12.4 )

130 FORMAT( *1*' / 'OCASE NO. *,13,5X,10A8

SO MK DK M K N X WK X I M DK XK

R NN N NN N NN NN

~

/

38X,*1ST PHASE QUTPUT® / 1X

SXs'T — ELAPSED TIME ( SEC ).°

5SXy'GAMD ~ CLAMSHELL ROLL~OUT ANGLE { CEG ).
SXy'Y{3) - CLAMSHELL ETA-ANGLE ( DEG ).’
5Xe'Y(2) — CLAMSHELL ROLL-OUT RATE { RPS ).°
5Xe'Y{1l) — SYSTEM ROLL RATE ( RPS ).!

5Xe*DER{2) — CLAMSHELL ROLL-OUT ACCELERATICN { RAD/SEC*¥2

5Xy*DER{1) - SYSTEM ROLL ACCELERATION ( RAD/SECk*¥2 ).'
5Xe*FlJ) — INERTIAL AND APPLIED FORCES ( LB ).!
SXe "FX(J) — X-FRAME HINGE FORCE COMPONENTS ( LB ).!
5Xs "CX{J) - X-FRAME HINGE COUPLE COMPONENTS ( FT-L8 }.°
0 / 55Xy'esst
YOY 315K, T 49X+ "GAMD' 48X 'Y (3) ',
BXy'Y(2) " 4BX'Y{1)' ,TX,"DER(2) ' (6X,"DER(L)!
YO 925Xy "F(L) " 48X, "F(2)*48X,'F(3)',
BXs"FL4)' yBXs'FIS)T 4BX,'Fl6)"
YO 925X TEXILY Y g TX9"FX(2)' ,TX, " FX(3)*,
TXe"CXAL) P 3 TXy1CX{2) " o TX9?CX{3)" )

140 FORMAT( '1' / "OCASE NO. "413,5X,10A8

X

/

38X,*1ST PHASE QUTPUT' )

150 FORMAT({ 1X / 10X,1P7012.4 / [ 22X,1P6D1l2.4 )} )

XK > XK X

MK K M XK XK XX

REAL*8 212500,

TOWHOvQ(3),D(8B) MyJCYLE),
JZ{3)2JVX1,GAMD,

YT YEPSoAX1,
XeYU3)4DER(3) o F{O6)4FX{3),CX(3),
TITLE(10Q)

REAL*8 YY(3)

REAL %8 TWPI,CRTD,CDTR,PID2,PID4
COMMON / CONS / TWPI,CRTDLLOTR,PID2,P D4
COMMON / DATA / Z4NEQLyNEQ29J1,432,J3,J44,J5

EQUIVALENCE
C T0,Z(1) )yt HOpZU2) Vol Q(1)42(3) ),
C DU ZU1L) el MeZ(21) Dy ( JCYI(1),2(22)
{ JZU1)921028) )yl JVX1,2(31) )s{ GAMD,Z2(33) ),
C YTeZ(42) Yol YEPS,Z(43) )yl AXL,2(45) ),
{ XeZU161) )90 Y(1)4y2(64) )ol DER{1)42(91)
C FL1)oZ(141) )y
O FXCL)oZCLS1) Yol CXCL)HZ(174) ),
( TITLE(L),2(241) )
DATA JK/ O /4 NCASE/ O /

)y

1

10UT0220
10UT0230
10UT0240
10UT0250
10UT0260
10UT0270
1guT0280
LOUT0290
10UT0300
10UTO0310
10UT0320
L0UT0330
10UT0340
10UTQ350
10UT0360
10UT0370
10UT0380
10UT0390
10UT0400
10UT0410
10UT0420
10UT0430
10UTO0440
10UT0450
10UT0460
10UT0470
10UT0480
10UT0490
10UT0500
10UTO0S510
10UT0520
10UT0530
10UT0540
10UT0550
10UT0560
10UT0S70
10UT0580
10UT05390
10UT0600
10UT0610
10UT0620
10UT0630
10UT0640
10UT0650
10UT0660
LOUT0670
10UT0680
10UT0690
10UT0700
10UT0710
10UT0720
10UT0730
10UT0740
10UTO0750
10UT0760
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[N X gl

(2N Xyl

IF( JJ .NE. 0 ) GO TJ 400
IF1 NCASE .NF. J4 ) GO 7D 230

NCASE = J4 + 1
J4 = NCASE
GO 10 240

230 NCASE = J4

240 IF{ JK .EQ. O ) WRITE( 6,110 )
250 TF( JK oNE« O ) WRITE( 64115 )

WRITEL 6,120 )

XK > > X X

300 JK = 255

WRITE{ 6,130 )
JL = 20

400 IF({ MODU JL,.56 1}
WRITE( 6,140 )

JL =0
500 YY{1) = Y(1)/TwPI
YY(2) = Y{(2)/TwPI
YY(3) = Y(3)*CRTD
WRITE( 6,150 )
X
X
X
JL = JL + 4
990 RETURN
END

2726769 - L.F.H.
MOD. 9/03/69 - L.F.H.

SUBROUTINE NiT2

NCASESTITLE,
TOyHO+Qy

D,

My JCY,

J7 4 JVX1,
YT,YCPS,AXL

NCASE, TITLE

«NE. 0 ) GO TO 500

NCASE HTITLE

XeGAMDsYY(3)+YY{2)oYY(1)4DER({2),DER(L),

Fy
FX CX

e s DATA INIT. FOR THE 2ND PHASE...

REAL*8

b b 3 B 5 . 8]

COMMON / DATA /
EQUIVALENCE

711250),

DL10),

GAMy XTy

HyBETA,

XEy

XsY{(8) W8},
DC{5),DS{5),

DTCAD7SA,
DXCM(3),P(3,4),
DBM3,D1M2,Y1IM2,2212,

TWPI 4CRTD4CDTR,PID2,PID4
ZyNEQL,NEQ2,J1,J2,J3,J4,J5

10UTO770
10UT0780
1L0UT0790
10UT0800
10UT0810
Laurosz2¢
10UT0830
10UT0840
10UT0850
10UT0860
1oUT0870
10UT0880
10UT0890
10UT0900
10UT0910
10UT0920
10070930
10UT0940
10UT0950
10UT0960
10UT0970
10uUT0980
10UT0990
10UT1000
LguTO0l0
10uT1020
10UT1030
10UT1040
10UT1050
10UT1060
10UT1070
10UT1080
10UT1090
10UT1100
10uT1110
2NITDD1O
2NIT0020
2NIT0030
2ZNIT0040
2NITO050
2NITO060
2NIT0070
2NIT0080
2NIT0090
ZNITD100
2NITO0110
2NITO120
2NITO0130
2N1T0140
2NITO0150
2NITO160
ZNITOL170
2NIT0180
2NITO190
2N1T0200
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e EelaKe] [aEaEel aOo0

[aNeNal

SEE

Ko X K M XK XX

DYy ZULLY )y

[ GAM,Z(32) )l XT,7(41) ),

( HeZL&a) Vo BETA,Z(4T) ),

( XFHZ(5L) ),

[ XyZU61) Yol YUY W(1),2164) ),

( DCLLY,Z0L3L) ), C DS{L)»Z2(136) ),y
( DTCA,Z{141) ),( DTSA,2(142) ),

C DXCMULY,LZ(L51) 1,0 P(L,1),20161 )

COMMON / CONS / TWPI,CRTD,CDIR,PID2,PID4
EQUIVALENCE ( D3M3,D1M2,Y1M2,222 )
XF = X

«s«BODY POINT DISPLACEMENTS IN THE Z-FRAME...

D8M3 =-D(8) - DI3)

P{1,1) = DB8M3I*DCI(4&4) - D(2)}*xDS(4)
P(2+1) = 0.0D0

P{3,1) = —- D(21%DC(4) - DBM3%0S(4)
D1M2 = D(1) -~ D(2)

P{1,2) = - D(3)%DC(4) + DINM2*¥DS(4)
P(242) = 0.0D0

P(3,2) = DIM2%0C(4) + D(3)*0S(4)
P{1,3) = - DI(3)%DC{4) - DI2)*DS(4)
P(2,3) = D(1)

PL343) = = D(2)}%DC(4) + DU3I*DS(4)
P{ly4) = P(1,3)

Pl244) = - DIL1)

P(3,4) = P(3,3)

«+.BODY Co.M. DISPLACEMENT RATES,..

D7CA = D(T7)*DC{3)})
D7SA = D(T)*DS(3)
DXCM{2) = Y(2)*%D(5)%DS{1) ~ Y{L}*D7SA

DXCM(3) Y{2)=0(51*DC{1) + Y{L}*DTCA
eeo INIT., BODY FIXED Z-FRAME ANGULAR RATFS...
YiM2 = Y(1) - Y(2)
Wi1) = YIM2%DC(4)
W(2) = 0.000
Wi3) = - Y1IM2*DS(4)

»e+ INIT. EULERTAN ANGLES...

NOTES IN SUBP. DER2 AND SUBP. AUX4 ON ROTATIONAL TRANSFORIMATION.

Wl4) = — GAM
WIS5) = 0.0D0
W(6) = - BETA

es o SET UP TIME STOP AND 'H'...

2NITO210
2NIT0220
2NIT0230
2N1TO0240
2N1T0250
2NIT0260
2NIT0270
2N1T0280
2NIT0290
2ZNITO300
2NITO310
2NIT0320
2NIT0330
2NIT0340
2NIT0350
2NIT0360
2NITO0370
2NIT0380
2NIT0390
2NIT0400
ZNIT0410
2NIT0420
2N1TO0430
2NITO0440
ZNIT0450
2NIT0460
2NIT0470
2NIT0480
2NIT0490
2NIT0500
2NIT0510
2NIT0520
2N1T0530
2NITO0540
2NIT0550
2NIT0560
2NITO0570
2NIT0580
2NIT0590
2NIT0600
2NIT0610
2NIT0620
2NITO0630
2NIT0640
ZNIT0650
2NIT0660
2NIT0670
2NITO680
2NIT0690
2NITO700
2ZNITOT10
2NIT0720
2NITO0T30
2NIT0740
2N1TO0750



LE

C

[zEaEel

990

222 = DABS( YIM2 )
IF{ 721 LT, PID4 ) 712 = PID4

121 = PID2/111
XT = X + 212
H = 111/128,000

RE TURN
END

2/27/69 - LaFaH.
8/20/69 - L.F.H.

MGD

200

230

250

300

X
X
X

X

SUBROUTINE SET2(

ee o TERMINAL H CONTRCLLER FOR THE 24D PHASE...

REAL*8

COMMON / DATA /
EQUIVALENCE

IF{ J1 .EQ. 0 )

IF{ J1 .EQ. 3 )
I[F{ J5 .EQ. 0 )
JS = 0

CALL SPIEL 0 )
JC =J4C + 1

IF( JC «GE. 5 )
HL = H

H = 2.000%H
T1) = 7(3)

ToyWyDERGNLEQ,Hy ST )

21250),

TTeH,

T{NEQ) ¢y WINEQ,3) ,LFRINEQ,4),
Hl,H2

L s KKK(6),4JS

{ TT,2{(41) )
4 = ¢

G0 TQ 255
GO T0O 250

GO TO 500

B0 200 K = 1,NEQ

WIK,1) = W(K,31
J1 =13

IF{ T(1) .EQ. TT

) GO Td 300

IFC T(1) + H JLE. TT ) GO 111 990

IF( J1 .EQ. 3 .AND. H1 .EQ. H2 } GO TO 500

H2 = TT - T{1)
JC =0

H o= H2

GO T0 990

IF{ JC +EQ. O )

GO TO 255

H = H¥( 0.5D0%¥%JC )

JC 0
J1 1
GO TO 230

J1 = 2
GO TO 990

2NITOT6Q
2NITOT770
2NIT0780
2NITO0790
2N1T0800
¢NITO8LO
2NIT0820
2NITO0B30
2SET0010
25ET0020
25£T0030
2SET0040
2SET0050
2SET0060
2SETO0T0
2SET0080
2SETO0090
2SETO100
2SETOL10
2SET0120
2SETO130
2SETOL40
2SET0150
2SETO160
2SETOLT0
2SETOL180
2SETO0190
2SET0200
2SETO0210
2SET0220
2SET0D230
2SET0240
2SET0250
2SETD260
2SET0270

25ET0280

2SET0290
2SET0300
2SFT0310
2SET0320
2SET0330
2SET0340
2SET0350
2SET0360
2SET0370
2SET0380
2SET0330
2SET0400
2SET0410
2SET0420
2SETD430
2SET0440
2SET0450
2SET0460
2SET0470



8¢

NN el aooo OO [N =N el

OO0

OO0

OO0

o0

500
930

2/26
MOD.

1
2

1
2

300

990

2/24
MOD.

1

1
2

J1 =5
RETURN
END

/69 — L.F.H.
7/07/769 — L.F.H.

SUBROUTINE AUX3

«e«DATA UPDATER FOR THE 2ND PHASE DERIV. SUBP...

REAL*8 1(250),
WiB),
DC(5),DS(5)
COMMON / DATA / IyNEQLyNEQ2,J1032,J03,J4,4J5
EQUIVALENCE
' ( Wil)ysZ(68) )},
{ DCOL)LZ(13L) Yyl DOS{T1)yZ(136) )

«e«COSINES AND SINES OF THE EULFRIIAN ANGLES...
DO 300 J = 1,3

DC(J) = DCOS( W(J+3) )
DS(J) = DSIN{ W(J+3) )

eeeCHECK THE COSINE OF THE 2-ANGLE...

IF( DC(2) JNE. 0.0D0C ) GO TO 990
CALL SPIE( 1 }

J5 = 265
RETURN
END

/69 - L.F.H.
T/07/69 - L.F.H.

SUBROUTINE DER2{ T.W,DER,NEQ,J )}
ee«DERIV. FQ'S. FOR THE 2ND PHASE...

REAL#8 ToWINEQ) DERINEQ,4)
REAL*8 2{250),
JZ13),DCE5),DS(S) ,
COMMON / DATA / LyNEQL,NEQ24yJ14J2,03,44,45
EQUIVALENCE
( JZ(1),21(28) ),( DC{1),2(131) ),
{ DS(1},2(136) )

«eo EULER'S EQ'S. OF MOTION FOR FREE FLIGHT...

DER(1,J) = W{2}*W(3)x{ JZ(2) - JZ2(3) }/J2(1)
DER{244) = WI3)EW(L)*( JZ(3) - JZ(1) )/J2(2)
DER{3,J) = WLY*WI2V¥( JZ(1) - JZ2(2) )/JZ2(3)

eseDERIV. EQ'S. FOR EULERIAN ANGLES...
THE ROTATIONAL [RANSFORMATION FROM THE INERTIAL FRAME TO THE

2SET0480
2SET0490
2SET0S00
3AUX0010
3AUX0020
3AUX0030
3AUX0040
3AUX0050
3AUX0050
3AUX0070
3AUX0080
3AUX0090
3AUX0100
3AUX0Ll10
3AUX0120
3AUX0130
3AUX0140
3AUX0150
3AUX0160
3AUX0170
3AUX0180
3AUX0190
3AUX0200
3AUX0210
3AUX0220
3AUX0230
3AUX0240
3AUX0250
3AUX0260
3AUX0270
3AUX0280
3AUX0290
2DEROO10
2DEROO20
2DERD030
2DER0OQ40
2DERO050
2DERDOGO
2DEROOTO
2DERQ08O
2DER0090
2DERO1 00
2DEROL110
2DERD120
2DEROL 30
2DERO140
2DEROL50
2DERO160
2DERO170
2DERO180
2DERO190
2DER0200
2DERO210
20ERD220
2DER0230



6¢

C
C

C A ROTATION ABOUT THf 1ST INTERMEDIATE 3-AXIS THROUGH THE 2-ANGLE,
A ROTATION ABOUT THE 2N" INTERMFDIATE 2-AXIS THROUSH THF 3-ANGLE.

C
C

[gNeNgl

OO0

[aNeNel

(zEzNesNeNsNelaNeNaNel

BODY FIXED PRINCIPAL AXIS FRAME AT THE BODY C.M.

INVOLVES THREE

2DERO240

SUCCFSSIVE ROTATIONS: A ROTATION ABOUT THE 1-AXIS THROUGH THE 1-ANGLE,2DER0250

DER{4yd) = ( W(3})¥DS(3) + W(1)*DC(3)
DER(54J) = W(3}*DC({3) — W(L)*DS(3}
DER(644) = W(2) + DER(4,J3)*DS(2)

990 RETURN
END

2/24/69 — L.F.H.

M0D. 97/03/69 — L.F.H.

SUBROUTINE AUX4

1/DCt2)

essDATA UPDATER FOR THE 2ND PHASE UUTPUT...

REAL*B 202501},
TFyTD,
T,W(8),

D7CA,D7SA,

KX X KX XX

A(3,3)

COMMON / DATA / ZoNEQLYNEQZ2 9L 9J24U3, 4,05

EQUIVALENCE
TF,2(51)
TyZl61)

(
(
{
{
(
(

XD XK X X X

D7CA,Z(141)

DC(5),08(5),

OXCM{3)XCM(3),
PU344)sX(344)

)s

Yol W(l)s2(64)
DCIL),»ZU131) d,yl DS{Y),71136) ),
Yol DTSA,Z(142) )y
DXCM{1)+sZ(151) }of XCMUL)4Z(154) ),
Pl1+1),210161) )}, X(1s1)52(201) )

esoBODY CoMe DISPLACEMENTS...

XCM(1) = 0.0D0

T =T71T- TF

XCM{2) = DXCM{Z)#TD + B7CA
XCM{3) = DXCM{3}*TD + DTSA

THE ROTVATIONAL TRANSFORMATION FROM THE INERTIAL FRAME T0 THE

INVILVES THREF

AND 2DER0260
2DERD2T70
2DER0280
2DFR0290
2DERO3J0
2DERO310
2DERO320
2DER0O330
2DERO340
4AUX0010
4AUX0220
4AUX0030
4AUX0040
4AUX0050
4AUX0060
4AUX0070
4AUX0080
4AUX0090
4AUXO0100
4AUX0I10
4AJX0120
4AUXO0130
4AUX0140
4AUX0150
4AUX0160
4AUXOLTO
4AUX0180
4AUX0190
“AUX0200
4AUX0210
4AUX0220
4AUX0230
4AUX0240
4AUX0250
4AUX0260
4AUX0270
4AUX0280
4AUX0290
4AUX0300
4AUX0310
4AUX0320
4AUX0330

SUCCESSIVE ROTATIONS: A ROVATION ABQUT THE 1-AXIS THROUGH THE L1-ANGLE,4AUX0340

A ROTATION ABOUT THE 1ST INTERMEDIATE 3-AXIS THROUGH THE 2-ANGLE,
A ROTATION ABUUT THF 2ND [NTERMEDIATF 2-AXIS THRUUSGH THE 3-ANGLE.

AND 4AUX0350
4AUX0360

THE FOLLOWING ELEMENTS ARE CUMPONENTS JF THF INVERSE OF THE TRANS-4AUX0370
FORMATION MATRIX FOR ROTATING THE INERTIAL FRAMF INTO THE BOODY FIXED 4%AUX0380

BODY FIXED PRINCIPAL AXIS FRAMF AT THE BUDY C.M.
PRINCIPAL AXIS FRAME AT THE C.M.

All,1) = DC{2)%DC(3)

All,2) = - DS(2}

All.3) = DC{2)%DS{3)

Al2,1) = DS{L1)*DS{3) + DC(L)*=DS(2)%NC{3)

OF THE BODY.

4AUX0390
4AUX0400
4AUX0410
4AUX0420
4AUX0430
4AUX0440



oy

OO0

[aEeNgl

(2N eR el

C

c

A{2,2) = DC(LI%DC(2)
Al(2,3) = - DSUL)*DC(3) + DC(1)*DS(2)1%DS(3)
A(3,1) = - DC(L}*DS{3) + DS(1)I+*DS{2)*DC(3)
A(3,2) = DS(1I*DC(2)
A{3,3) = DC(L)%DC(3} + OS{L}*DS(2)1%DS(3}
«=+BODY POINT DISPLACEMENTS...
DO 500 J = 1.4
DO 500 K = 143
XIKyJd) = XCM(K)
DO 500 L = 1,3
500 XIKyJd) = X{KyJd) + A(K,L)I*P(L,J)
990 RETURN
END

3/26/69 - L.FoH.
MOD. 9/03/69 ~ L.F.H.

SUBROUTINE QUT2( JJ }

« ¢ OUTPUT SUBP. FOR THE 2ND PHASE...

130 FORMAT( *1' / *OCASE NO. *"413,5X,10A8

/
/
/
/
/
/

/

M2 XK I D XK K X XK KK

/

38X, 2ND PHASE QUTPUT' / 1X
5Xe'T - ELAPSED TIME ( SEC 1.°

SXe'XCMyYCMyICM - CoM. FREE FLIGHT DISPLACEMENT (

SXe ' XU aY(J) 4 ZUJ) — J-TH POINT FREE FLIGHT DISPLACEMENTS °*

UFT ).

10!/ 55X,'..."

TO' 14X TY 410X, XCM? ,OX ' YCM? 49X, * ZCMY,
9Ky PXULIY 4BX e YIL)? 48X, Z(1)*

10'  25Xs ' X(2)0 48X, Y(2)7,8X,"2(2)",

BXy TX(3) ", 8K Y(3),8X," Z(3)"

TO' 25Xy  XEG) T 4BX, T Y(4)Y 48X, 214D )

140 FORMAT( '1' / *OCASE NO. *+13,5%X,10A8

X / 3BX,'2ND PHASE QUTPUT' )
150 FORMAT{ '0Q',49X,LP7D12.4 / ( 22X,1P6D12.4 ) )

REAL *8 1(250),

X Ty

X XCM(3),X( 3,4},

X TITLE(10)

COMMON / DATA / ToNEQL,NEQ24J14J24035J4,J5
EQUIVALENCE

X ( TyZ2(61) ),

X { XCMUL)Y,Z{154) )}y Xl1l41),20201)

X { TITLE(1),2(24Y) ),

X { NCASE,J4 )
IF{ JJ «NE. O )} GO TO 400
WRITE( 6,130 ) NCASE,TITLE
JL = 16

400 IF{ MOD( JL,56 )} NF. 0 ) 50 TO 500

4AUX0450
4AUX0460
4AUX04T0
4AUX0480
4AUX0490
4AUX0500
4AUXO0510
4AUX0520
4AUX0530
4AUX0540
4AUX0550
4AUX0560
4AUXO0570
4AUX0580
4AUX0590
4AUX0600
20UT0010
20UT0020
20UT0030
20UT0040
20UT0050
20UT0060
20UT0070
20070080
20UT0090
20UTO0100
20UTO110
20UTO01 20
20UT0130
20UT0140
20UT0LS0
20UT0160
20UT0L70
20UT01L 80
20UT0190
20UT0200
20UT0210
20UT0220
20UT0230
20UT0240
20UT0250
20UT0260
20UT0270
20UT0280
20UT0290
20UT0300
20UT0310
20UT0320
20UT0330
20070340
20UT0350
20UT0360
20UT0370
20UT0380
20UT0390




v

C

C

/%

WRITE( 6,140 )} NCASE,TITLE

JL =0

500 WRITE( 6,150 ) ToXCMye X
JU = JL + 4

990 RETURN
END

// EXEC ASSEMBLR,PARM='LOAD,DECK®

//SOURCE. SYSPUNCH DD DSN=GDECK,SYSOUT=8
//SCURCE.SYSIN DD #*

EDAT TITLE *EDATA-ENTRY AND INITIALIZATION SECTS.!

* *

WO W W o G K W G WM e o G W3 M W N R N

PRINT DATA
2/22/6T7 - L.F.H.
MOD. 5/715/70 - L.F.H.
SPACE 1

SUBP. EDATA PRUCESSFES DATA CARDS 'READ' BY SUBP. LUAD AND STORES
THE PROCESSED DATA [TEMS AS DIRECTCD. CHARACTER, FULL AND DQUBLE
WORD DECIMAL ( WHICH INCL. FULL WORD INTEGER AS WFELL AS SHORT AND
LONG RFAL ), HALF WORD DECIMAL INTEGER, AND FULL WORD HEXADECIMAL
DATA ARE PROCESSFD.

SUBP., CDATA IS MOST EFFICIENT WHEN DIRECTFD TOWARD THE LOADING OF
BLOCKS NF STORAGE SUCH AS A COMMON ARFA DR A LARGE ARRAY CUNTAINING
THE VARIOUS TYPES uUF DATA REQUIRED BY A PRJICFSSING PROGRAM SINCE IT
TENDS 7O LOAD THE PROCYFSSED DATA ITEMS INTI SEQUENTIALLY HIGHER AND
HIGHFR LOCATIONS. [T MAY BE DIRECTED TO SCATTER LJIAD ONLY THE RE-
QUIRED DATA ITEMS, [.E., ALL OF THE STORAGE BLUCK NEED NOT BE LGADED.
THE CURRENT LOAD POINT MAY 8E SHIFTFD AS RFQ'D TO SKIP OVER SECTIONS
OF STORAGE AT ANY TIME. THIS SHIFT IS CCMPUTED RELATIVE TO THE
INITIAL LOAD POINT.

CHARACTER DATA ARE STORED WITHUUT CHANGE BYTF-8Y-BYTE; HENCE, THE
CURRENT LOAD POINT CAN RE SHIFTED DFF A HALF WORD AS WELL AS A FULL
WURD AND DOUBLE WURD BUUNDARY. IT IS ADVISABLFE TO USE THE INITIAL
LOAD POINT RESET AND SHIFT FEATURE OF SUBP. FDATA FOLLUWING THE LOAD-
ING OF CHARACTER DATA.

THE LOAD PUINT FUR THE FULL AND DOUBLE WORD DECIMAL DATA AS WELL
AS THE HEXADECIMAL AND HALF WORD DECIMAL INTEGER DATA MUST BE AT THE
APPROPRIATF BYTE BOUNDARIES.

SUBP. FDATA PRUCESSES ITS UWN PROGRAM INTERRUPTS. IT SAVES THE
ADORESS OF *THE NEXT INSTRUCTIUN® AND THE ULD PSW AND RESETS THE NEXT
INSTRUCTION ADDRESS BEFORE RETURNING CONTROL Tu THE CONTROL PROGRAM.
THE CARD ERROR COLUMN NUMBER, THE CARD IMAGE, AND THE OLD PSW ARE
PRINTED BY SUBP. LOAD.

SUBP. EDATA CAN DETLCT CERTAIN PRAOCESSING ERRORS AND GENERATE THE
CARD COLUMN NUMBFR AT WHICH THE ERROR WAS DETECTFD. THE LOADING OF
ALL SUBSEQUENT DATA IS SUSPENDED, AS [T [S WHFN A PROG. INTERRUPT IS
PROCESSED. HOWEVER, SUBRSECUENT DATA CARDS ARE CHECKED FOR ERRORS
UNTIL A RETURN TN THE CALLER OF SU3P. LNDAD IS EXECUTED. ONLY ONE
ERROR PER CARD CAN BE DETECTED AND PRICESSED. DATA ITEMS ON A GIVEN
CARD WHICH FOLLOW A DETCECTED ERROR CANNOT BE CHECKED. SUBP. LOAD
PRINTS THE CARD ERRNR CNLUMN NUMBER AND THE CARD IMAGE IN SUCH CASES.

FOR DETAILS ON SUBP. LCAD AND SUBP, EDATA, CALL L.F.HATAKEYAMA,
NASA-GSFC, CODE 721, X&4047.

SPACE 1

20UT0400
20UT0410
20UT0420
20UT0430
20UT06440
20UT0450
20UT0460
20UT0470

EDATOO010
EDATQO020
EDATO030
EDATODGO
EDAT0050
EDATO0060
EDATOO0T70
EDATO0080
EDAT0030
EDATOLOO
EDAYO110
EDATO0120
EDATO130
EDATQL40
EDATOL150
EDATOL60
EDATOL70
EDATO180
EDATO190
EDAT0200
EDATO210
EDAT0220
EDATO0230
EDATO240
EDAT0250
EDAT0260
EDATO2T0
EDATO280
EDAT(O290
EDATO0300
FDATO310
EDATO320
EDAT0O330
EDATO0340
EDAT0350
EDATO360
EDATO370
EDAT0380
ECATO0390
EDATO0400
EDATO410
EDATO0420
EDAT 0430



(47

EDATA

TMS O @ >

*

A100

8UST
A200

A210

A212

A300

A400

CSECT
SPACE
EQU
FQU
£QU
QU
Fou
EQU
EJECT

ENTRY
USING

1

* ¥ ¥
BUST
¥y F
A100
CL6'SEDATAY
EsCy12(D)
By4(D)
Ay24(8)
4y=B{LFH2)
Dyt a)
448(D)
Dy4
1
FoBUST—EDATAL(F)
BUST, F
A210

* % % %k X%

A200
CL6*SBUST °*
A212+1,X'0OF"*
1
24F
BUST,2
F
1

15,A300 *k

1
176(844),4(1)
9(3,1),=AL3{C110)
A212+1,X'FD?
15,4E
*® % % %k %
BUST,(11,15))
1
1,252414)
82‘2'4)'=H‘1'
A400
3,0(A)
3,172 4)
5488(4)
T7,79(5)
8,L0B
9'3
199924(4)

11952404}

SAVE THE R'S.

GET THE PREV. SAVE AREA ADDR...
eesl THF PARM, LIST ADDR.

SET UP THE CURRENT SAVE AREA...

SHIFT THE BASE ADDRESS...

¥ %k &k %k kK

DISABLE THE BR. AT A212.

SHIFT BASE REGISTERS...

SET UP THE 0-PSW.

MOD. THE O-PSW NEXT INSTR. ADOR.
ENABLE THE BR. AT A212.

RETURN TU THE CONTOL PROG.

* & % % %

SPEC. A NEW P.I.E.

SAVE R1 & R2.

CHECK THE CARD COUNT.

«e«BR. QUT IF NOT THE 1ST CARD.
GET THE INIT. LOAD POINT ADDR...
eseSTASH IT FOR FUTURE REF.

LOAD RS WITH A(CARD).

SET UP R7 WITH A(CARD+79)...
seeRB WITH A(LOB)

easlh R9 WITH 3.

SAVE RI - R9.

RESET R1 ~ R9.

EDAT0440
EDATO0450
EDATO460
EDATO4T0
EDATO480
EDAT0490
EDATO0500
EDATOS510
EDATO0520
EDAT0530
EDAT0S540
FDATO0550
EDAT0560
EDATQ570
EDAT0580
EDATO0590
EDATO0600
EDATO610
EDAT0620
EDAT0630
EDAT0640
EDATO0650
EDATO660
EDATO670
EDATO0680
EDATO690
ECATO700
EDATOT10
EDATO0720
EDATO730
EDAT0740
EDATOD750
EDATO760
EDATO770
EDATO780
EDATO790
EDATO0800
EDATOB10
EDATO0820
EDAT0830
EDATO0840-
EDATO0850
EDAT0860
EDAT0870
EDATO880
EDATO0890
EDATO0900
EDATO910
EDAT0920
EDATO930
EDAT0940
EDATO0950
EDAT0960
EDATO0970
EDAT0980



1314

A402

A404

A405
A406

A407

A408

A409

A410

AS500

TITLE
SPACE

645
6y44(4)

17618,4),1761(4)

CL8,CLS
A,8

ByA402
EsFyLOP
A408+1,X'FQ!
L

0(6),C* "
A4Q7
A408+1,X'0F!
B84A404
0(6),C*0"
A405
0(61,C*9°'
Cl10
0(1,48),0(6)
Ey=F* 10"
FyHOLD

A4QT7

By A406
0{6)C*
Cl10

6,11(6)

A'B

1

0(6),C* '
Cl10

1

A409
Fyl72(4)

64106}
0(1,6),0(8)
A500(A)
By1(B)

A ELA410
cll10

'EDATA-C DATA,

1
* % %

LX2

RESET & SAVE

R6een

CLEAR THE 'PSw' CELLS.
ZERQC LOP & HOLD.
SET UP RA, RB, REy & RF...

ENABLE THE BR. AT A408.

COMPUTE THF

LOADING OFFSET..s

DISABLE THE BR. AT A4(08.

«e o RESET RB.

ces
ess
cee
s
ase
ese

«e«RESET RB.

CHECK THF COL. 9 CHAR.

SET UP THt CURRENT LOAC PUINT...

SET UP RAy RBy REy RFpaeas

CHECK THE CARD COL. 10 CHAR...

BRe [F <EG.
INCR. RB,
LOGP. .

BR. OUT A5 R

cse
cse
see
s

AN ALLOWED CHAR.

EQ'Desn

BLANK AND RFTUIN PROC. SECTIINS®

EDAT0930
EDAT1000
EDAT1010
£DATI020
EDAT1030
EDAT1040
EDAT1050
EDAT10560
EDAT1070
EDAT1080
EDAT1090
EDAT1100
EDAT1110
EDAT1120
EDAT1130
EDATL 140
EDAT1150
EDAT1150
EDAT1170
EDATL180
EDAT1190
EDAT1200
EDAT1210
EDAT1 220
EDAT1230
EDAT1240
EDAT1250
EDAT1260
EDATL1270
EDAT1280
EDAT1230
EDATL 300
EDAT1310
EDAT1320
EDAT1330
EDAT1340
EDAT1350
EDATI 360
EDAT13TO
EDATL1380
EDAT1390
EDAT1400
EDAT1410
EDAT1420
EDAT1430
EDAT1440
EDATL450
EDAT1460
EDAT1470
EDAT 1480
EBAT1490
FDAT1500
EDAT1S510
EDAT1520
EDAT1S30



144

cC

€100

€102

clo03

ci10

C300

€400

BLNK

RR

RRR

LM
MVI
RCR
SPACE
MVI

B
TITLE
SPACE

SPACE

1
ClO2+41,X'FO!
C300+1,X'F0?
1
6416}
6y44(4)
647
BLNK
0(6),X*TD"
c300
1
15,C100
1
9,72(4)
C100
0(1+3),0(6)
3,103)
C100
1
645
6y L6}
6976(4)
75(4),3
RR
1
15,0400
1
00246} 4=X*T7DT0"
BLNK
6, 1(6)
6y 444)
cl1o3
1
Cl02+1,X’0OF"?
C300+1 X' OF*
ciao
1

® k& ¥
1
7914),0
3,32(4)
1
1,24(4)
MF={E, (1))
De4l4)
Ey»Cy12(D)
12(D), X *FF!
15,&
1
75(4),2
RR

*EDATA-D DATA PROC.

1
* % ¥
1

ENABLE THEC BR*S AT C1l02...
«=sb C300.

INCRsy SAVE, & CHECK Ré6...
8Re OUT [F PAST CARD END.
LOOK FOR THE ' MARK...
+»+BR. OUT WHEN FOUND.

CHECK FOR PRECEDING ERRORS4..
«««BR. TO AVOID DATA LOADING.
MOVE A CHARACTER.

INCR. R3,

SET UP TRUUBLE INDIC.ss

INDIC. TROUBLE.

CHECK FOR THE '' MARK.
RR. OUT IF NOT A **' MARK.
INCR. R6.

SAVE Ré6.

DISABLE THE BR. AT Cl02.
DISABLE THE BR. AT C300.

INDIC. NO ERROR.
SAVE THE CURRENT LUAD PIINT.

RESET Rla..e

seeTO RESET THE OLD P.l1.E.
RESET RDaewe

+»+«AND RESTORE THE OTHER R*'S.

INDIC. RETURN.

SECT ION?

EDAT1540
EDATLS550
EDAT1560
EDATLS570
ECATL58Q
EDATL590
EDAT1600
EDAT1610
EDAT1620
EDAT1630
EDAT1640
EDAT1650
EDAT1I 660
EDAT1670
EDATL680
EDAT1690
EDAT1700
EDAT1710
EDAT1720
EDAT1730
EDATLT40
EDAT1T750
EDAT1760
EDATLTTO
EDAT1780
EDAT1790
EDAT 1800
E€DAT1810
EDAT1820
EDAT1830
EDAT1840
EDAT1850
EDATLI 860
EDAT1870
EDATL 880
EDAT1890
EDAT1900
EDAT1910
EDAT1920
EDAT1930
EDAT1940
EDAT1950
EDAT1960
EDATL970
EDATL1 980
EDAT1990
EDAT2000
EDAT2010
EOAT2020
EDAT2030
EDAT2040
EDAT2050
EDAT2060
EDAT2070
EDAT2080



94

oD

D200

D220

0300

0310

D330

D400

AyA

8,8
CL16,CL16
TCWy=X"4EDFFFFF?
2

6,1(6)

6y 44(4)
6,7

D8lo

1
0(6),Cr0"
D500
0(6),C' 9"
€110
0{1,8),0(6)
Ay 1(A)

1
TC1,X'80"
D220
Ay=H'8'
D220
TC1l,X'80°
TC34X'EF*
TC2,X"FD"
1
TClyX'40"
D360
Byl(B)

2
TCl,X*20!
D400
E.LOP

FsE
Ey=F'10"
FoHOLD
TCl,X*10°"
0330
FyeLOP
LOP,X*03
EWE

Esb
EyHOLD
E,HOP
TCl,x"10"*
D310

FyHOP
TCLyXTCFe
D200

2

Ap=ir2e
cLio
FeEXP
€,=F'10"
F HOLD

{0,0)

(1,1)

{2,0)

(3,0)

SET UP A & RB...
ZERD HOP, LNP, HOLD, & EXP.
SET UP TCW.

INCR., SAVE, &L CHECK Rb...

««e«8Re OUT IF PAST ZARD END.

CHECK FOR NUMERICS...

ee«RR. DUT IF .LT. 0.

««+fAR. TC TROUBLE IF .GT. 9.
MOVE THE NUMERIC TO 'HOLD'.
INCR. THE DIGIT COUNT.

CHECK THE DIGIT COUNT...
«««BR. ARGUND IF ,LT. 8.

DISCONT. THE DIGIT COUNT CHECK.

ALLOW LONG REAL STORAGE.
FORBID AN E IN A LONG REAL.

INCR. THE FRACT. DIGIT COUNT.

BUILD UP THE LONG PRIMITIVE...

«es'OR' BIT 3.

seolERD BIT 3.

CHECK THE DIGIT COUNT...
se«BR. TQ TRGUBLE IF .GT. 2.
BUILD UP THE SXPONFNT...

EDAT2090
EDAT2100
EDATZ2110
EDAT2120
EDAT2130
EDAT2140
EDAT2150
EDAT2160
EDAT2170
EDATZ2180Q
EDATZ2190
EDAT2200
EDAT2210
EDAT2220
EDAT2230
EDAT2240
EDATZ2250
EDAT2240
EDAT2270
EDAT2280
EDAT2290
EDAT2300
EDAT2310
EDATZ2320
EDATZ2330
EDAT2340
EDAT2350
EDAT2360
EDAT2370
EDAT2380
EDAT2390
EDAT2400
EDATZ2410
EDAT2420
EDAT2430
EDAT2440
EDAT2450
EDAT2460
EDAT2470
EDAT2480
EDAT2490
EDAT2500
EDAT2510
EDAT2520
EDATZ2530
EDAT2540
EDAT2550
EDAT2560
EDAT2570
EDAT2580
EDAT2590
EDAT2600
EDAT2610
EDAT2620
EDAT2630



9

D500

D510

D600

D610

D611l

0620

0630

0700

D8io

0820

0821

b825

F4EXP
D200

2

D600

1

1.1
CyS200
Ev4

Fy20
0(1,6),0(C)
D700t L)Y
Cy1(C)
1+£4,D510
Cl10

2

TCl.x'08"
INT

1
TCle X' 04"
D620

1

B,EXP
TC3,X"BF?*
1

843
B,EXP
FLT

1

By EXP
0630
D610

1

8,48

D611

2

D810
0820
D830
D840
0850
0860

TC3 X TF?*
06C0

1
TCl,x*02*
Dg21
CLi0
TClyX*HD?

TC2, X' 6F!

TCLX'ET?
n200

(441)

(5+1)

(6y1)

ese EDAT2640
EDAT2650
EDATZ2660
CHECK FOR A COMMA,.. EDAT2670
«».BR. OUT 1IF COMMA, EDATZ680
EDAT2690
EDATZ2700
SET uP RC, RE, & RF... EDAT2710
ace EDAT2720
™ EDAT2730
CHECK FOR OTHER CHARS... EDAT2740
«««BR. OUT AS REQ'D. EDAT2750
INCR. RC. EDAT2760
LOOP... EDAT2770
«ssOR RR, TD TROUBLE. EDAT2780
EDAT2790
EDAT2800
EDAT2810
EDAY2820
EDAT2830
EDAT2840
EDAT2850
COMP. THE SCALING FACTOR... EDAT2860
ee«ENABLE DOWNSCALING. EDAT2870
EDAT2880
cee EDAT2890
ees EDAT2900
EDAT2910
EDAT2920
ces EDAT2930
coe EDAT 2940
ses EDATZ2950
EDAT2960
cee EDAT2970
EDAT2980
EDAT2990
BLANK. EDAT3000
EDAT3010
EDAT3020
EDAT3030
EDAT3040
EDAT3050
EDAT3060
IERQ BIT 16. EDAT3070
EDAT3080
EDAT3090
EDAT3100
EDAT3110
EDAT3120
ALLOW FRACT. DIGIT COUNTING... *EDAT3130
»«oFORBIOD 2 'S IN THE P-PART. EDAT3140
FORBID + AFTER THE DEC. PT... ¥EDAT3150
«e+ALSO,y - AFTER THE DEC. PT. EDAT3160
ALLOW FLOATING. EDAT3170
EDAT3180

Mo | +

J

J

VR 0 ) | !



Ly

D830

D832

0833

0834

0835

D840

D842

DB43

D844

D850

0851

D852

D860

SPACF 1

™ TCleX'O1*
2o D834

™ TC2. X80
B0 G832

A C110

NI TC24X"6F?
CH Ay=H!Q?
BH €110

8 D200
SPACE 1

™ TC24X' 40"
B0 D835

B C110

NI YC2+X*'RT!
B 0833
SPACE 1

™ TC2yX'20"
BO D843

™ TC2,X'10"
BO D842

B clL10

NI TC2e X' 6F?!
NT TC2+X'FE!
NI TC34X'DF?
B 0833
SPACE 1

™ TC2,X' 08"
BO D844

B Clio

N1 TCl,X"'FB*
N1 TC2,.X'07*
B D833
EJECT

™ TC2.X* 04"
80 p8st

B €110

NT TC2,X*FQ¢
NI TC34X'EF*
DI TC1,%*' 60"
01 TCl, X' 01"
ot TC2,X'20?
NI TC1,X'FD*
SR AsA

B D82s
SPACE 1

™ TC2,X' 02!
B0 D861

B Cl10

{7,0)

{8,1)

FORBID TWO +'S IN TAE P-PART...
«sa«ALSO, + & - IN THE P-PART.
CHFCK THE OIGIT COUNT...

essBR. TO TROUBLE IF .NE. O.

{9,1)

FORBID TWU +'S IN THAE E-PART...
«esALS0y + & — IN THE E-PART.

(10,0)

(11,1}

FORBID - & + IN THE P-PART...
«seALSO, TWO -'S IN THE P-PART.
ALLCW NEG. INTEGER.

ALLOW NEG. REAL.

(12,1)

ALLOW NEG. EXP.
FORRID -~ & + IN THE E~PART...
«e+ALSO, TWO -'S IN THE E-PART.

(13,1)

FORBID TwO D*S IN AN ITEM...
««oAND D & E IN AN ITEM,.

ALLOW LONG REAL STORAGE.

STOP THE FRACT. DIGIT COUNT...
eeo AND ALLOW ZXP. COMP.

SEY UP EXP. SIGN CHECKS...
FORBID . IN E-PART.

LERCO RA.

{14,1)

EDAT3190
EDAT3200
EDAT3210
EDAT3220
EDAT3230
EDAT3240
*EDAT3250
EDAT3260
EDAT3270
EDAT3280
EDAT3230
EDAT3300
EDAT3310
EDAT3320
EDAT3330
*EDAT3340
EDAT3350
EDAT3360
EDAT3370
FDAT3380
EDAT3390
EDAT3400
EDAT3410
EDAT3420
*EDAT3430
EDAT 3440
EDAT3450
£DAT3460
EDAT3470
EDAT3480
EDAT3430
EDAT3500
EDAT3510
EDAT3520
*EDAT3530
£EDAT3540
EDAT3550
EDAT3560
EDAT3570
EDAT3580
EDAT3590
*EDAT3600
EDAT3610
EDAT3620
*¥EDAT3630
EDAT3640
EDAT3650
EDAT3660
EDAT3670
EDAT3680
EDAT3690
EDAT3700
EDAT 3710
EDAT3720
EDAT3730




14

D861

INT

IN20

IN30

FLT

FL50

RL1O

RL11

RL13

TC24X'F9I?

D852

1

Es FyHUP
Ey=H*31"
Ccl10

Feb

Es6
TC2,X'01¢
IN20

FqF

Gy 720 4)
IN30
Fey0(3)
3,4(03)

1
TC3,X'80°
DD

BLNK

1
2y=D'0.0"
A,H8,HOP
EvA

FLS0

FoF

Ey10

Es FeHUP
ROP ¢ X" 4F"*
250WD
ByB

RL10

Ay A
A,B,HUP
HOP 4 X*4E"
2+DWD

2

2'2

RL30
C.EXP
C'C

RL20

1
1s=A(LFH3)
TC3, X' 40"
RL15S

1
Cy=H'608"*
RL13
Cy=H'600"
2,600(1)
RLL1L
250(Cy1)
RL20

(15,1)

(16, 1)

(17,1)

FORBID TWO F'S IN AN ITEM...
-«+AND E & D IN AN [ITEM,

LOAD THE LONG PRIMITIVE...

«sa& CHECK THE H-ORDER PART.
«s««BR., TO TROUBLE IF TOO LARGE.
LINK uP THE PARTS...

eesh R-SHIFY IT ALL INTD RF.

MAKE THE RESULT NEG., IF REQ'D.
CHECK FOR PRECEDING ERRORS...
«s+BR. TO AVOIO DATA LOADING.
STASH THF INTEGER WHERE REQ'D.
INCR. R3.

FLOAT THE LONG PRIMITIVE...

CHECK THE FLOATED RESULT...
«e«BR. DUT TO AVOID SCALING.
eeet SCALE AS REQ'D...

*¥EDAT3740
EDAT3750
EDAT3760
EDAT3770
EDAYT3780
EDAT3790
£EDAT3800
EDAT3810
£DAT3820
EDAT3830
EDAT3840
EDAT3850
EDAT3860
EDAT3870
EDAT3880
EDAT3890
EDAT3900
EDAT3910
EDAT3920
EDAT3930
EDAT3940
EDAT3950
EDAT3960
EDAT3970
EDAT3980
EDAT3990
EDAT4000
EDAT4010
EDAT4020
EDAT4030
EDAT4040
EDAT4050
EDAT4060
EDAT4070
EDAT4080
EDAT4090
EDAT4100
EDAT4110
EDAT4120
EDAT4130
EDAT4 160
EDAT4150
EDAT4160
EDAT4L70
EDAT4180
EDAT4190
EDAT4200
EDAT4210
EDAT4220
EDAT4230
EDATA4 240
EDAT4250
EDAT4260
FDAT4270
EDAT4280



6V

RL1S

RL20

RL30

RL31

RLSO

RLS5

HH

H200

SPACE

1
P=H'6U0"
Cl10
2,0(C,1)
1
TC3.XY20*
RL30
242
1
TC3,X'10"
RLS50
9,7214)
IN30
2,0(3)
3,8(3)
IN30
2
RL5S
24DWD

HOP,=X*FF0O0O0000"
LOP,=X*80000C00"

2,0WD
9,72(4)
IN30
2,0(3)
3,4(3)
IN30

'EDATA-H DATA PROC.

¥ & %k
1
A A
cLg,CL8
H510+1,X'FO!
1
6,1(6)
6y44(4)
647
H600
1
016),C%,°
H300
H500
0(6),C*0"
cl10
0{6),C' 9
Cl10
0(1,8),0(06)
Ay1LA)
1
FyLOP
Ey=FtiO*
FyHOLD
Foe=H'3276T7"'
Cl10

«eoffR. TQ TROUBLE [F TCO MUCH.

MAKE IT MEG. [F REQ'D.

CHECK FOR PRECEDING ERRORS...
ceefiRa TO AVOID DATA LOADING.
STASH THE L-RCAL WHERE REQ*D.
INCR. R3.

RUUND OUT AS REQ'Dewe

CHECK FNR PRFCEDING ERRORS...
seoRBRa TO AVOID DATA LOADING.
STORE THE S—-REAL WHERE REQ*D.
INCR. R3.

SECTIODN?

SET UP RA...
IFRO LOP & HOLB.
FNABLE TH: BR. AT H510.

IMCR«y SAVE, & CHECK Rbees

eesBRe NUT IF PAST CARD END.

CHFCK THE DATA FIELD CHAR...
ee«RR. DUT TIF LLT. "COMMA',

vss DR QUT 1F .EQ. 'COMMA?Y,

se« AR, TO TROUBLE IF JLTa 0.
«seBR. TC TROUBLE IF .GT. 9.
MOVE THE NUMERIC TO 'HOLD'.

INCR. RA,

3UILD UP THE 4-FORMATTED NDATA...

«s2fAR. TO TROUBLE IF .GT. 32767.

EDAT4290
EDAT4300
EDAT4310
EDAT4320
EDAT4330
EDAT4340
EDAT4350
EDAT4360
EDAT4370
EDAT4380
EDAT4390
EDAT4400
EDAT4410
EDAT4420
EDAT4430
EDAT4440
EDAT4450
EDAT4460
EDAT44T0
EDAT4480
EDAT44930
EDAT4500
EDAT4510
EDAT4520
EDAT4530
EDAT4540
EDAT4550
EDAT4560
EDAT45T0
EDAT4580
EDAT4590
EDAT4600
EDAT4610
EDAT4620
EDAT4630
EDAT4640
EDAT4650
EBAT4660
EDAT4670
£ DAT4680
EDAT4690
EDAT4T700
EDAT4T10
EDAT4720
EDAT4730
EDAT4T40
EDAT4750
EDAT4760
EDAT4TTO
EDAT4780
ENAT&730
EDAT4800
EDAT4810
EDAT4820
EDAT4830



0s

H300

H400
H410

H500

H510

H520

H530

H600

XX

X200

X220

FyLOP

H200

1

0{6),C* *
H600
0{6),C'+*
H410
0(6),C*-?
H400

clL10

1
H510+1,X'OF"
Ag=H'0"
cl110

H200

1

9,72(4)

H530
B,LOP+2
15,H520

By8

8,0(3)
3,2(3)

15, HH
H530+14X'FO°
BLNK

1
H530+1,X*0F"
H500

*EDATA-X DATA PROC.

1

PR
1
Ay A
CL8,CLS8
1
6,1(6)
6y b4i{4)
647
X500
1
006)4Ct,"
X400
o(6),C'0"
X300
0(6),C'9"
cl10
0(1,8),01(6)
By HOLD
1
Ay,lta)
Ay=H'8"*
cll0
1
CyLOP

RECHECK THE DATA FIELD CHAR...
«eeBR. OUT IF BLANK,

«s+BR. OUT IF PLUS SIGN.
+eeBR. OQUT IF FINUS SIGN.
eesBR. TO TROUBLE OTHERWISE.

DISABLE THE BR. AT H510.

CHECK FOR SIGN EMBEDMENT...
«esBRs TC TROUBLE IF EMBEDDED.

CHECK FOR PRECEDING ERRORS...
«--BR. TO AVOID DATA LOADING.

SET SIGN MINUS IF REQ'D.
STORE THE H-INTEGER.
INCR. R3.

ENABLF THE BR. AT HS530.

DISARLE THE BR. AT HS530.

SECTION'

IERD RA...
ZERO LOP & HOLD.

INCR.» SAVE, & CHECK Rb6...

sssBR. OUT IF PAST CARD END.

CHECK THE DATA FIELD CHAR...
«+«BRa OUT T1F COMMA,

eesBRe OUT IF .LT. O.

«e«BR. TC TROUBLE IF .GV« S.
MOVE THE NUMERIC TO 'HOLD'.
SET UP RB.

INCR. & CHECK R8...

«ssBR. TO TROUBLE IFf .GT. 8.

BUILD UP THF X.FORMATTED DATA...

—

EDAT4840
EDAT4850
FDAT4860
EDAT4870
EDAT4B80
£DAT4890
EDAT4900
EDAT4910
EDAT4920
EDAT4930
EDATG940
EDAT4950
EDAT4960
EDAT4970
EDAT4980
EDAT4990
EDATS000
EDAT5010
EDATS5020
EDATS030
EDATS5040
EDAT5050
EDATS060
EDATSJ70
EDATS080
EDATS5090
EDATS100
EDATS110
EDAT5120
EDATS130
EDATS140
EDAT5150
EDATS5160
EDATS5170
EDATS180
EDATS5190
EDATS5200
EDATS210
EDATS5220
EDAT5230
EDATS5240
EDATS250
EDAT5260
EDAT5270
EDAT5280
EDATS5290
EDAT5300
EDATS5310
EDATS5320
EDATS5330
EDATS340
EDAT5350
EDAT5360
EDAT5370
EDATS5380




IS

X300

X400

X410

X500

DWD
CL16
HOP
CL8
Lop
HOLD

LOB
EXP

TCw
TC1
TC2
TC3
TC4

S100

s200

Crt

C'B

C,L0P

X200

1

0(6).C* !
X500
0(6),CtA*
Cllio
0{6)4C'F*
cL10
0(1,8),0(6)
B,HULD
By=H'9"
X220

1

99 72(4)
X410

1

B,LOP

B, 0(3)
3+413)

1

159 XX
X410+1,X'FO*
BLNK

1
X410+1,X'0F"
X400

RECHECK THFE DATA FIELD CHAR...

«ssBR. QUT
essAR. TO

«s«BR. TC

IF BLANK.

TROUBLE IF .LT. *A',

TROUBLE IF .GT. 'F',

MOVE THE NUMERIC TO *HOLD'.

PICK UP TH
«esb& REMOV

CHECK FOR
<o R, TC
STASH THE

INCR. R3.

ENABLE THE

DISABLE TH

F NUMERIC...
F ITS BIAS.

PRECEDING ERRIRS...
AVQID DATA LOADING.

DATA WHERFE REQ'Dees

BR. AT X410.

F BR. AT X410.

YEDATA-ERASIBLE STORAGE AND CONSTANTS.'

1
oD
ocL16

crce
c'ne
C'H'
C'R?
crx!

EDATS390
EDATS400
EDAT5410
EDAT5420
EDATS430
EDAT5440
EDAT5450
EDATS5460
EDATS4T0
EDAT5480
EDAT5490
EDATSS500
EDATS5510
EDATS5520
EDATS530
EDAT5540
EDATS5550
EDATS560
EDAT5570
EDATS5580
EDATS590
EDATS600
EDAT5610
EDATS620
EDATS5630
EDATS640
EDAT5650
EDATS5650
EDATS670
EDAT5680
EDAT5690
EDATST00
EDAT5710
EDAT5720
EDATS5730
EDAT5740
EDAT5750
EDAT5760
EDATSTT70
EDATS5780
EDATS5790
FDATS5800
FDATS5810
EDATS5820
EDATS830
EDAT5840
EDAT5850
EDAT5860
EDAT5870
EDATS5880
EDATS589Q
EDAT5900
EBAT5910
EDAT5920
EDATS930




(49

CBLOCK

%*

LFH3

TENS

ot
Cr 4
-t
cror
cres
1

"EDATA-CSECTS LFH2 AND LFH3.!

1

¥ % % ok k % ¥ ¥ ¥
1
F +0
F +4
4F +8
F 24
F +28
F +32
F +36
F +40
£ +44
F +48
F +52
F +56
3F +60
F +72
F +76
F +80
F +84
CLBO +88
CL[,! ?
F +172
2F +176
2H +184
4400F +188

¥ % %k Kk % ¥k Xk ¥ Xk

—

TABLE OF 10%#%N.

D'1.0E+041.0E+L41.0E+2,1.0E+3,1.0F+4,1.0E+5"
D*1.0E+641.0E+741.0E+8,1.0E+9,1.0E+10"
D*1.0E+1141.0E+1241.0E+13,1.0E+14,1.0E+15"
D' L.O0E+16,1.0F+17,1.0E+13,1.06+19,1.0E+20°*

D*1.0E+21,1.0F+22,1.0E+23,1.0FE+24,1.0£+25"
D'"1.0E+26,1.0E+27,41.0E+28,1.0E4+29,1.0E+30°"
D'1.0E+31,1.0E+32,1.0E433,1.0E+34,1,0E+35"
D*'1.0E+3651.0E+37,1.0E+38,1.06+39,1,0E+40"
D' 1.0E+4151.0E+42,1.0E+43,1.0E+44,1,0E+45"
D! 1.0E+46+91.0E+4741.0E+48,41.0E+49,1.0E+50?
D*1.0C+5191.0645241.0E4+53,1.0E+454,1.0E+55"
D*1.0E+564+1.0E+5741.0C+58,1.0E+59,1.0E6+60!
D'1.0E+61,1.0E+6241.0E+634,1.0E+64,41,0E+65"

EDAT5940
EDAT5950
EDAT5960
EDAT5970
EDAT5980
EDAT5990
€DATE000
EDAT6010
EDAT6020
EDAT6030
EDAT6040
EDAT6050
EDAT6060
EDAT6070
£DAT6080
EDAT6090
EDAT6190
EDAT6110
EDAT6120
EDAT6130
EDAT6140
EDAT6150
EDAT6160
EDAT6LT0
EDAT5180
EDAT6190
EDAT6200
EDAT6210
EDAT6220
EDAT6230
EDAT6240
EDAT6250
EDAT6260
EDAT6270
EDAT6280
EDAT6290
EDAT6300
CDAT6310
EDAT6320
EDAT6330
EDAT6340
EDAT6350
EDAT6360
EDAT6370
EDAT6380
£EDAT6390
EDAT6400
EDAT6410
EDAT6420
EDAT6430
EDAT6440
EDAT6450
£DAT6460
EDAT6470
EDAT6480



€S

ocC D*L.OE+66y 1. 0E+674 1. 0E+68, Lo 0E+69,1.02+70"
bC DY1.0E+71,1.0E+72,1.0E+73,1.0E+74,1.0L+75"
FND

/*

// EXEC ASSEMBLR,PARM='L0AD,DECK'

//SOQURCF.SYSIN OD *

SPIE TITLE '...DIAGNOSTIC SUPPRESSOR SUBPRIGRAM,..!

* 9/17/68 — L.F.H.

% MOD. 3/07/69 — L.F.H.
*
% USAGE...CALL SPIE( LDW )
* WHERE LDW IS A PARAMETFR CALLTNG FUR SCTTING A NEW P.l.E. OR RE-
* SETTING THE OLD P.I.E. DEPENDING ON WHETHER IT IS .GT. ZERD OR .LT.
% DNE, RFSPECTIVELY. [F THE NFW P.T.E. HAS BEEN SET, IT REMAINS IN
% EFFECT ON SUBSEQUENT CALLS UN SPIE WITH LDW .GT. ZERD; THE OLD P.I.E.
% S RESET IF A SUBSEQUENT CALL ON SPIE HAS LDW .LT. ONE.
* eeoGOOD LUCK-L . F.H.
*
SPIE CSECT
ENTRY YECH,RL
USING #,15
R $100
e CL6YSSPIE *
SAREA DS 18F
$100 STM  14,12,12(13)
*
LA 12,SAREA
ST 13,4112)
ST 12,8(13)
LR 13,12
*
BALR 2,0
USING *,2
DROP 15
*
L 3,0(1)
L 4,0(3)
c Gy=Fryt
BL $300
&
L 4,FLAG
c 4y=Fr]*
RE 5200
MVC  FLAG,=F'1"
3
SPIF  YECH,{(1,15))
ST 1,R1
*
$200 L 13,4(12)
LM 14412,12(13)
MVI 120131, X'FF!
YECH BCR 15,14
&
$300 L 4, FLAG
c 44=F10"

EDAT6490
EDAT6500
EDAT6510

SPIEFOO10
SPIEOO20
SPIECO30
SPIE0D40
SPTEQQ50
SPIECO60
SPIF0O070
SPIEQO8BO
SPIF0090
SPIEOLOO
SPIEC110
SPIEO120
SPIEOL30
SPIEOL40
SPIEQ150
SPIFOL160
SPIEOL70O
SPIECL80
SPIEQLIQ
SPIEQ200
SPIEO2L10
SPIED220
SPIF0230
SPIEQ240
SPI1E0250
SPIEQ260
SPIED2TO
SPIE0280
SPT1ED290
SPIEO300
SPIEO310
SPIEQ320
SPIEO330
SPIF0340
SPIF0O350
SPIEO360
SPTIEO370
SPIE0380
SPIEO390
SPIEO400
SPIFO410
SPIE0420
SPIE0430
SPIF0440
SPIEQ4S0
SPIFE0460
SPIE0470
SPIE048O
SPIE0490
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RE $200
L 1,R1
SPIE MF=(E, (1))
XC FLAG,FLAG
B 5200

*

R1 DS F

FLAG bC Fra
LTORG
END

/%

// EXEC ASSEMBLR,PARM='LUAD,DECK®

//SOQURCE.SYSIN DD #

STIM TITLE *...TIME INTERVAL MEASURING SUBPRDGRAM,..'

* 6/14/68 — L.F.H,
* MOD. 8/30/68 - L.F.H.

&
STIME

5100

TTIME

7100

T102

T103
T105

1200

CSECT

ENTRY TTIME,T1
USING %415

8 S$100

ne X'05*

pC CL5'STIME!
STM 14,12,12(13)

LA 15, TTIME-STIME(15)
USING TTIME,1S

NI T102+1,X*OF"

MVC T2,T1

B T100

STM 14,12,12(13)

L 3,0(1) )

L 4571

a4 T102+1,X'FO*

LR 2415

USING TTIME,?2

DROP 15

LA 12, SAREA

ST 13,4(12)

ST 12,8(13)

LR 13,12

BC 00,7200 **
STIMER TASKyRTN, TUINTVL=T2
L 13,4(12)

LM 14412,12(13)

BCR 15514

TTIMER CANCEL

L 4, T1
SR 4,40

ST 0,71
ST 4,0(3)
8 T105

SPIED500
SPIEOS10
SPIED520
SPIFO0530
SPIEODS40
SPIF0550
SPIED560
SPIEQO570
SPIEOQOSR0O
SPIE0S90

STIMEOLO
STIMEO20
STIMFO30
STIMEOQ40
STIMEOS50.
STIMEO60
STIMEODTO
STIMEO8BO
STIMEO90
STIME100
STIMELL1O0
STIMEL20
STIME130
STIMEL 4O
STIMEL50
STIMEL60
STIMELTO
STIME180
STIMEL190
STIME200
STIMEZ210
STIME220
STIME230
STIME240
STIME250
STIME260
STIME270
STIMEZ8B0
STIME290
STIME300
STIME3LO
STIME320
STIME330
STIME340
STIME350
STIME360
STIME370
STIME 380
STIME390
STIME400
STIME410
STIME420



ss

RTN

*

T

T2
SAREA

/%

ABEND 4095,NDUMP,STEP

EJECT

sl F'138461538"
DS F

DS 18F

END

// EXEC ASSEMBLR,PARM='LOAD,DECK'
//SOURCF.SYSIN DD *
TITLE *...INITIAL DATA IN CSECTS DATA AND CONS...*

DATA
*

* 2/21/69 = L.F.H.
* MOD. 9703769 - LeFeHa

*
DATA

CONS
TWPI
CRTD
CDTR
PID2
PID4

7/ *

CSECT
nc 240D'G.0',80C* ¢
« e« PROGRAM CONTRCL PARAMETERS...
DC Fe3 NO. OF LST PHASE DERIV. EQ'S.
bcC Fret NO. OF 2ND PHASE DEREV. EQ'S.
)8 F*O* BR. PARM. SET BY SUBP. SETH FOR SUBP.
)] 8 Ft5? 1ST PHASE PRINT FREQ.
DC Fr5¢ H ADJUST.
DC F*'o’ CASE NO.
DC F'o! 2ND PHASE EULERTAN POLE INDICATOR.
s o CONVERSION CONSTANTS...
CSECT
DC D*6.28318530717958647569" 2%P1
oc D*57.29577951308232" RADIANS TO DEGREES
3]0 D'1.745329251994330E~-2" NEGREES TC RADIANS
oC D*1.570796326774897" PI/2.0

oC D*.7853981633974483"

// EXEC LINKGO

//G0.SYSUDUMP DD SYSUUT=A,SPACE=(TRK,(8))

//GO.DATAS DD *
ee e JAVELIN ROC STUDY DATA -~ PART l.l...

1920

80

136
160
192
240
328
352

T-UNITS=60 MINUTES.

PI/4.0

NOMINAL DATA WITH RELEASE AT VARYING GAMMA ANGLES.

C'ee« JAVELIN ROC STUDY PART 1.1 - NU ALIGNMENT...'

D4.88281250-4,9.500
D.804167D0y 4286005 1.456D0
03.50333D0
D.4D0,.117800,.3466N0,.42D0
D0D0y «03219D0,0D0

D7.5D0

D6D1450-6

n515N0

HO,G1.
D1432,D3.
D8.

MyJCYLlsJCY2,JCY3.
JCY44JCY5,JCY6.

JVXl.
YT,YEPS.
AXl.

RK «

STIME430
STIME440
STIME4S0
STIME460
STIME470
STIME480
STIME490

DATAQO10
DATAQO020
DATAQ030
DATADO%O
DATAO0050
DATA0060
DATAOQ070
DATACO80
DATAQOQ90
DATAO100
DATAO110
DATA0120
DATAQL30
DATAO140
DATAOLSO
DATAO160
DATAOQL70
DATACL 80
DATA0190
DATAQ200
DATAD210
DATA0220
DATA0230
DATAQ240
DATAQ250
DATAQ260
DATA0270
DATA0280

JROCOO10
JROCOD20
JrROCOO30
JROCO040
JROCOD50
JROCO060
JROCOOTO
JROCO0BO
JROCOO90
JROCO100
JrROCOL10
JROCO120
JROCO130

e



9¢

1461 ‘Ao13uBT-YSVN

1€

D4
nis
R

D32768

0301
R

D1.5D1

R
niz.
R
DID1
R

5D0

J2-PRINT FREG.
J3-H ADJ. PARM,

J2-PRINT FRECG.
YT.

YTe
YT.

YT.

EFFECT OF CLAMSHELL DENSITY CHANGE TO 1.1 OF NOMINAL.

D.44D0+.1296004.3813D04.46200
D000y .03541D0,0D0

Dé6D1, 5D~ 6

N4
R

D32768

D3D1
R

D1.5D1

R
Dl2.
R
D101
R

500

MpJCY1,JCY2,JCY 3.
JCY4,JCY5,3C0Y6.
YT,YEPS,.

J2~PRINT FREQ.

J?2-PRINT FREQ.
YT.

YT.
YT.

YTe.

EFFECT OF CLAMSHELL DENSITY CHANGE TO 0.9 JF NOMINAL.

De36D0,.106000,.311900,.37800
DOD0,.02897D0,000

D601

«e«END OF JOB INPUT...

My JCYLeJCY2,3CY3.
JCY4 4, JCY5,JCY6.
YT.

J2-PRINT FREQ.

J2-PRINT FREQ.
YTa

YT.
YT.

YT.

JROCO140
JROCO150
JROCO160
JROCOLTO
JROCO180
JROCO130
JROCO200
JRGLO210
JROCD220
JROCO230
JROC 0240
JROCO0250
JROCO260
JRUCQ270
JROCO280
JROCD290
JROCO300
JROCO310
JROCO 320
JROCG330
JROCO340
JROCO350
JROCO360
JRGCO370
JROCO380
JROCO390
JROCO4&JO
JROCO410
JROC 0420
JROCO430
JROCO440
JROCO450
JRUCO460
JROCO470
JROCO480
JROCO490
JROCO500
JROCO510
JROCOS520
JRBCO530
JROCO540
JROCO550
JROCO560
JROCO570
JROCO580
JROCO530
JROC0600

1808 CARDS
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