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1.0 SUMMARY
This document identifies the Level C requirements for the Shuttle
Mission Control Center (SMCC) orbital guidance software. The
requirements are formulated to provide a functional simulation of
the onboard Powered Explicit Guidance (PEG) software as required
by various processors in the SMCC [e.g., Mission Plan Table (MPT),
Powered Flight Numerical Integrator (PFNI), and Deorbit Planning
Processor (DPP)}]. These Level C guidance software requirements are
consistent with the Level B requirements of those SMCC processors
which require a guidance simulation (see References 1, 2, and 3)
and at a minimum reflect the current status (July 1976) of the
onboard PEG software as detailed in the preliminary Level C

Functional Subsystem Software Requirements {FSSR). (See Reference 4.)

This document presents the formulation of Level € requirements for
the SMCC guidance software. Section 3.0 presents detailed require-
ments for a PEG supervisor which controls all input/output interfaces
with other SMCC processors and determines which PEG mode 1s to be
utilized. Sections 4.0 and 5.0 present the detailed description
(i.e., fogic flow diagrams, mathematical equations, etc.) of the
two guidance modes {7 and 4, respectively) for which these Level C
requiréments have been formulated. Sections 6.0 and 7.0 define
functions required for proper execution of the guidance software.
Section 6.0 defines the requirements for a navigation function that
is used in the prediction logic of PEG mode 4. This function is

extracted from the current navigation FSSR {Reference 5). The



function PRECISE PREDICT as defined in Section 6.0 may bé used

in £he SMCC guidance software for prediction of the burnout state
until such time that a more concise replacement function is
defined. Section 7.0 contains routine LTVCON which is used in
determining a burn/coast-to-target guidance solution. The LTVCON
routine is defined separatejy since it will perform a function re-

quired within the SMCC by users other than PEG. (See Reference 3.)



2.0

INTRODUCTION

The‘genération of accurate mission profiles (both nominal and abort)
in the SMCC necessitates a functional simulation of the onboard
guidance software. As specified in the Level B documents for the
MPT, PFNI and DPP {References 1, 2, and 3), the requirement exists
for the simulation of PEG modes 4 and 7 w{thin the SMCC. PEG-4
{1inear terminal velocity constraint guidance) is the primary
guidance algorithm used during nominal and abort ascent maneuvers
involving the Orbital Maneuvering System (OMS) engines and for all
deorbit burns. PEG-7 (guidance for external deita velocity maneﬁvers)
is the guidanqe algorithm for all on-orbit maneuvers and serves as

the back-up guidance algorithm for all PEG~4 maneuvers.

The orbital guidance requirements of this memo have been defined by
McDonnell Douglas Technical Serv{ces Company under the Space Shuttle
Engineering and Operations Support (SSEOS) contract. The requirement
definitions were developed for the Guidaﬁce and Dynamics Branch (GDB)
of the Mission Planning and Analysis Division (MPAD) in support of

the GDB response to Reference 6.



3.0 GUIDANCE SUPERVISOR

This sectien defines the requirements for a routine (PEGSUP) which
performs the supervisory function in the orbital guidance software.
This routine is called by the various SMCC processors and provides
all necessary input/output and data interfaces needed to provide a

functional simulation of the onboard guidance sofiware.

3.1 Detailed Description

PEGSUP 1is called using the inputs as detailed in Reference 2. Input
requirements for PEGSUP are contained in Table I. The table contains
a list of required inputs for the orbital guidance simulations (e.q.
target vectors, gravitational constants,-propu1sion énd mass char-
acteristics}. Using the indicated inputs, the function of PEGSUP
may be summarized by the following séquence:
a. Test first pass flag (KFPAés) and initialize guidance
reguest flags and initialization flag (KINITj as required.
b. Test the guidance specification flag (KDGUID) to
determine if PEG-4 or PEG-7 is to be used. If PEG-4
guidance is desired, determine if the maneuver is a
nominal, abort, or deorbit and set appropriate fiag.
c. Compute the change in sensed velocity (AVE) and uﬁdate
the guidance position and velocity vectors (EED’ ?ED)

- and time (TGD)'

d.- Determine if active steering'comﬁut?tions are desired

(computation of thrust direction U}).



e. Decrement tihe—to—go'(TGO) and velocity-to-go (VGO) if
active guidance has been terminated.

f. Update the estimated vehicle mass gnd acceleration (ATR).

g. Cycle the guidance computations_until a converged solution

is achieved. .

h. Determine if active guidance computaticns are to be

terminated.

3.2 Logic Fiow

The logic Tlow of PEGSUP is illustrated in Figure 1. Definitions
of symbols used in the logic flow diagram are included in Table II.

Included in Table II is an indicator (TYPE) of the function of each

variable:
TYPE DEFINITION

1 Parameter is an input variable to
this routine

C Parameter is computed {n this
routine

0 Parameter is an output from this
routine to the functional guidance
_routines )

GO . Parameter is a guidance output



4.0 EXTERNAL DELTA-VELOCITY ROUTINE

This section defines the routine PEG-7 which performs the computa-
tions necessary to functionally simulate the onboard external delta-
velocity guidance algorithms. This guidance mode is primarily used
to perform powered flight guidance during normal on-orbit maneuvers
and is designated as the backyp guidance aigorithm to the Tinear
terminal velocity constraint mode (PEG-4) during ascent and deorbit

maneuvers.

4.1 Detailed Description

This guidance routine is called by the guidance supervisor PEGSUP
to simulate the external delta-velocity algorithm. Using the input
velocity-to-be~gained vector (Véo), estimated vehicle acceleration
(ATR) and total effective exhaust velocity (VEX) of the propulsion
system, PEG—?‘determines.the time;to-go until thrust termination

(TGO) and the resulting thrust direction {unit vector U.). On the

T
first call to PEG-7, the thrust vector tufning rate (1) is set

equal to zero and is not updated in subsequent passes through PEG-7.
This insures that the resulting thrust direction (U}) is equivalent

to the desired thrust direction (X) for PEG-7 operation.’

4.2 Logic Flow

The routine PEG-7 is called from the guidance supervisor PEGSUP
whenever the guidance mode flag (KMODE) is equal to 7. The
detailea-]ogic flow of this routine is shown in Figure 2. The

symbols used in the PEG-7 flow diagram are defined in Table ITI.



5.0 LINEAR TERMINAL VELOCITY CONSTRAINT GUIDANCE ROUTINE

This section defines PEG-4 the routine which provides a functional
simulation of the linear terminal velocity constraint guidance
algorithm as currently defined in References 4 and 7. This mode
performs guidance computations necessary to ensure achiévement of
the desired relationship between horizontal and vertical velocity
components at a given target position vector. As currently planned
all OMS ascent maneuvers and the deorbit maneuver will be simulated

utilizing this mode as the primary guidance algorithm.

5.1 Detailed Description

This routine (in conjunction with its utility routines) determines
the velocity-to-be-gained (Véo), time~;o—go ﬁnti] thrust termination
(Téo) and the resultant thrust direction vector (U&) required to
solve the Tinear terminal velocity constraint guidance'problem.
Having been called by the guidance supervisor (PEGSUP) with the
proper input parameters (Table I), this routine then sequences the

following utility routines to perform the guidance computations:

Utility‘Routine Function Performed

INIT Parameter initialization {Section 5.1.1)

UPYGO Update velocity-to-go vector (Véo)
(Section 5.1.2)

TGO Calculate time-to-go (TGO) until thrust -
termination (Section 5.1.3)

INTEG Calculate thrust integrals (Section 5.1.4)



Utility Routine . - Function Performed

TURNR Calculate turning rate vector ()
{Section 5.1.5)

PREDICTOR Predict position and velocity vectors
at cutoff (Section 5.1.6)

CORRECTOR Compute'VGO and test for convergence of.
of guidance solution {Section 5.1.7)

PRECISE PREDICT Perform a state vector prediction
function (Section 6.0)

LTVCON Compute the velocity required at an
~ initial point in order to intercept a
target position with a specified linear-
relationship between the terminal radial
and horizontal velocity components
(Section 7.0)
Upon first entry into PEG-4, INIT is called for parameter initializa-
tion. On all subsequent passes, UPVGO is called to update Véd and
the current guidance phase number. If Véo is zero, PEG-4 is exited
(no guidance computations are required). After determining T,,, the
desired thrust vector (X), and the turning rate vector (A}, a test
is made to check for unit thrust direction (U%) calculation. If
active steering is enabled kKSTEER=1) and PEG-4 has computed a
converged solution with no significant differences between the current
and previous predicted burnout times, ﬁ} is computed. Gtherwise this

calculation is bypassed. Following thrust direction calculations,

burnout position and velocity-to-go are determined.

The linear terminal velocity constraint logic (PEG-4) is called from

PEGSUP to perform mode 4 guidance computations. The detailed logic



- flow of PEG-4 is shown in Figure 3. Definitions of symbols used in

PEG-4 and its utility routines are found in Table IV.

5.1.1 Utility Routine INIT

This routine is called only on the first pass through the mode 4
guidance computations. INIT sets the predicted burnout’ state
(R, V.} equal to the current state and calls utility routine

P P

CORRECTOR to determine an initial Vho. INIT also initializes the

current guidance phase indicator (KPHASE) to one.

A detailed Togic flow of INIT is shown in Figure 4. Definitions of

symbols used in this routine are found in Table IV.

5.1.2 Utility Routine UPYGO

On all passes through PEG-4 subsequent to the first pass, utiiity
routine UPVGO s calied £0 update.the velocity-to-be-gained before
thrust termination (Véo). Véo is decremented by the computed change
in accumulated sensed velocity (AVS) as détermined in PEGéUP. UPVGO
also tests to determine when the eurrent guidance phase is terminated
and increments the phase indicator (KPHASE)’ initializes the burn
time of the new phase (TB(KPHASE)) and initializes guidance phase
time-to-go (TGOA(KPHASE))' A detailed logic flow of utility routine
URPVGO i; shown in Figure 5. Definitions of symbols used in the

flow diagram are found in Table TV.

5.1.3 Utility Routine TGO

Utility routine TGO is called by PEG-4 to compute time-to-go until



thrust teémination (TGO) and to update predicted burnéut time (Tp).

A test is made tc determine if multi-phase logic (N>1) is to be
utilized to compute TGO' If single phase logic is specified, TGO

is computed as a function of the vehicle estimated acce]eratfon
(ATR), total exhaust velocity (VEX) and magnitude of the velocity-
to-go (VGOMAG)' If multi-phase logic is utilized, estimated burn
times of all phases are computed and summed to determine the total
TGO for the maneuver. Following the TGO computation, predicted burn-
out time (Tp) is computed by suhming current time and Tpqp. It should
be noted that the multi-phase software requirements specified in
Figure 6 are limited by: a) multi-phase implies two phases only

b) multi-phase is designed for an OMS/RCS
paratlel burn followed by an OMS burn.

Detailed logic flow of routine TGO is shown in Figure 6. Definitions

of symbols used in the logic flow diagrams are found in Table IV.

5.1.4 Utility Routine INTEG

INTEG is a utility routine called by PEG-4 to compute a set of inputs
for determining the first and second order thrust integrals. The
integral calculations assume a constant force magnitude and are time
integrals of force over mass. The integrals are used in thg thrust
vector turning rate calculations and the ‘prediction equations of
guidance. The integrals are computed for each phase and summed over

the total number of guidance phases.

As currently defined in Reference 7, the deorbit and AQA OMS-2
guidance algorithms consist of single phase Togic, utilizing only

_first order thrust integrals.

10



The orbital guidance requirements specified in this report are
consistent with the reference. The computation of second order

integrals and multi-phase logic are deleteu depending on a test

which is incorporated into INTEG to determine if deorbit/AOA OMS-2

guidance is desired.

After determining the thrust integrals, INTEG computes a reference

time (Tk) used in the calculation of the resultant thrust direction

(Up).

Detailed logic flow of INTEG is illustrated in Figure 7. Definitions

of symbols used in the logic flow diagram are given in Table IV.

5.1.5 Utility Routine TURNR

Routine TURNR is called by PEG-4 to determine thrust Qectoré A and
;:. The_gesired thrust vector (X) is computed as a unit vector in
the direction of Véo. If the simulated maneuver is a deorbit or
AOA OMS-2, the turning rate vector (;5 is computed as a function of
the primer rate (ixz), thrust vector (X) and a unit vector (U})
which is normal to the desired orbital plane. If the maneuver is -
not a deorbit or ADA OMS-2, ;.is computed as a function of the
range-to-go vector (ﬁéo), 2 and the thrust integrals. A test is

made to insure that A does not result in a violation of small angle

approximations used in development of the guidance equations.

Detailed logic flow of TURNR is illustrated in Figure 8. Definitions

of symbols used in the logic flow diagram are found in Table IV.

11



5.1.6 Utility Routine PREDICTOR

Routine "PREDICTOR is called by PEG-4 to predict the burnout state
vector. To parform this function, the first and second integrals

of thrust acceleration and gravity must be determined. The function
of PREDICTOR and its interface with a navigation-defined state

propagation routine are described in this section.

5.1.6.1 Determination of Thrust Integrals

The thrust time integrals (V%HRUST’ R}HRUST) are computed as
functions of the reference thrust vectors (X, i) and the force over
mass integrals of INTEG for alil simulated maneuvers excépt deorbit
and AOA OMS-2. As specified in Section 5.1.4, Reference 7 indicates
that the second order integrals of forqg over mass are negated for
these maneuvers. Hence, the thrust time integrals are determined

by sett%ng foRUST équaiito Véo and R

THRUST equal to Reo for deorbit
and AOA OMS-2.

5.1.6.2 Determination of Gravity .Acceleration Integrals

Integrals of gravity acceleration are approximated by propagation of
the state vector over a coasting arc which remains cIosg to the
powered trajector&. The initial state vec%or (ﬁb], VbT) innut

to the state propagation routine are computed as a function of the
current-guidancé state vector (ﬁéD’ VéD), the thrust integrals
(V%HRUST’ ﬁ%HRUST)’ and TGO' Current onboard guidance software
specifibations (Reference 4) ind{cate that the state propagation is

to be performed by a navigation function. The logic for this

12



navigation function has been extracted from the navigation FSSR
(Reference 5) and is defined in this memo as routine PRECISE

PREDICT. A description of PRECISE PREDICT is given in Section 6.0.

As part of the inputs to PRECISE PREDICT, PREDICTOR @etermines a
maximum value for integration step size (ATAVG). Sfep size ATAVG
is set equal to the middle value of ATMAX’ TGO/NSEG and ATMIN'

in PREDICTOR. .

5.1.6.3 PREDICTOR/PRECISE PREDICT Interface

Targets for a PEG-4 maneuver are based on a burn-coast sequence
(input target values are for the end coast phase). The burn arc

of the PEG-4 solution includes oblateness effects (J2 # 0) in the
gravity potential model. The coast arc within PEG-2 is galcu1ated
us%ng a spherical earth model. Thus it is necessary to bias
guidance input targets in order to achieve the desired terminal
state vector. The desired terminal éonditiéns (ﬁ%, Cys Cz) are
biased (Ry + Aﬁ}, Cy + AC;) to account for oblateness effects (J,)
which will be experienced during the actual coast. The target
biases (Aﬁ} and AC]) are inputs to the guidance softwére as defined

in this paper.

The target biases are computed based on a given burn arc with no
engine failure; nominal burn arc is assumed to be accurately pre-
dicted.- -However, to account for off-nominal situations (predicted

burn arc does not equal given burn arc), the position at cutoff

13



(Rp

sitates two calls to PRECISE PREDICT. The first call propagates

s Vb) must be adjusted for the oblateness effects. This neces-

ﬁb? and Vb1 (with J, effect included) over a time interval
equivalent to TGO minus the difference between the targeted coast
txme‘(ATCOAST (REF)) and the actuval coast time (ATCOAST)' The
second PRECISE PREDICT call propagates the state resulting from

the first call (R VINT) over an interval equivaient to” -

INT?
ATeonsT (REF) ™0US ATepnst {without J, effect). The final state
‘vector is defined as Rpps Voo

Having accomplished the state extrapolation, the gravity biases
(EGRAV’ VERAV) are computed and are used ?o adjust the predicted

burnout state (R, V_).
( D p)

5.1.6.4 PREDICTOR lLogic Flow

Detailed Togic flow of routine PREDICTOR is illustrated in Figure 9.
Definitions of symbols used in the Togic flow diagram are found

in Table IV.

5.1.7 Utility Routine CORRECTOR

CORRECTOR 1is ca?]ed by PEG-4 to set the desired position vector
(ﬁb), to determine the desired velocity (Vb) at burnout, to correct
Véo for any desired fuel depletion burns and to perform the cheék
on guidance converdgence. Desired ye]bcity (Vb) is determined by
voutiner LTVCON. LTVCON computes Vb such that the target position

(at end coast) is intercepted with a desired velationship between

14



horizontal and vertical velocity. Before the LTVCON call is executed,
corréctibns are made to the target position (ﬁ%). If the simuiated
maneuver 1is an abort or deorbit, ﬁ% is constrained to be in the
predicted cutoff plane. If the maneuver is an AQA OMS-2 or deorbit
maneuver, the magnitude of ﬁ% is adjusted to be consistent with the

desired’geodetic altitude (HTGT) above the Fischer ellipsoid.

After determining Vb, a correction is applied to Véo uging a scalar
damping factor (RHOMAG) and misg velocity {(difference between Vb and
Vb). If fuel depletion burns are to be,performea, Véo is. corrected
to inclu&e the out-of-plane velocity accumulated by the depletion

~ burn. After correcting VEO; a convergence check is made to determine

if miss .velocity (Vﬁlss) is within acceptable limits.

Detailed logic flow of routine CORRECTOR is illustrated by Figure 10, °

Definitions of symbols used in the logic flow diagram are given in

Table IV.



6.0 STATE PREDICTION ROUTINE

This section defihes routine PRECISE PREDICT. The routine is called
by PREDICTOR to perform the state extrapolation function. The
extrapolation is required to determine gravitational effects to

be used- in the prediction of burnout position and velocity vectors
R
( P

current "Super G" algorithm. (See Reference 5.)

. ?ﬁ). PRECISE PREDICT is developed from a modification of the

6.1 Detailed Description

The function of PRECISE PREDICT is to calculate an extrapolation of
a state vector. To accomplish this the following inputs are
required: '

a) 1initial state vector - (ﬁi, V&,YTI).

b) - time for-computation of final state (TF)

¢} upper bound on integration step size (ATMAX)

d) indicators for gravity, drag and.vent models (GMD, GMO, DM, VM)

Using the above inputs, PRECISE PREDICT determines an integration
interval for use in the calcuiations and the initial acceleration.
The routine then: '

a) advances current time (T)

b} integrates current radius (ﬁ%) and velocity (?%)

c) updates acceleration

d) corrects radius by the "Super G" algorithm.



This process is repeated iteratively until time Te. The last pass

values of ﬁ% and V% are the state vector ait the final time.

Sections 6.1.1 and 6.1.2 contain descriptions cf two utility

routines (ACCEL and ACCEL GRAV) which are used by PRECISE PREDICT.

Detailed logic fiow of routine PRECISE PREDICT is illustrated by
Figure 11. Definitions of symbols used in PRECISE PREDICT-and its

utility routines are contained in Table V.

6.1.1 Utility Routine ACCEL

ACCEL is a funétion routine. It is called from PRECISE PREDICT

to compute gravitational and non-gravitational (drag, venting)
accelerations. The SMCC requirements for'drag and venting models
(within the guidance 1ink) are unclear at this time. .(See Reference
7.) These moéels are controlled by inpﬁt flags DM and VM and are
not called if DM = 0, VM = 0. Because the requirement for these
models is not clearly defined at this time, only the logic for

accessing drag and venting models is included in this report.

ACCEL is the supervisor for the acceleration calculations. It computes
acceleration due to a central body force, controls the calling of a
higher order gravitational model (ACCEL GRAV), controis calling of

drag and vent models (ACCEL DRAG and VENT), and computes the total
acceleration. In addition, it issues calls for vehicle attitude (ATT)
and atmbspheric density (DENSITY}. Vehicle attitude is required by
VENT and ACCEL DRAG. An attitude control flag (ATM). is set in the

prédiction routine. The flag is consistent with the Reference 5 logic

17



in that the referenced attitude determination logic requires an

1nd1£atdk for propagation (ATM = 0) or prediction (AT = 1).

Logic flow for routines ACCEL and ACCEL GRAV is provided in this
report.. The vehicle attitude {ATT), vent (VENT), density {DENSITY)
and drag (ACCEL DRAG) models are not included. The outputs re-

quired from these routines are specified in Figure 12 and Téb]e V.

Detajled logic flow of the function ACCEL is i1lustrated by Figure
12. Definitions of symbols used in the logic flow diagram are

Tisted in Table V.

6.1.2 Utility Routine ACCEL GRAY

This section contains a brief description of utility routine ACCEL
GRAV. The logic flow of.ACCEL GRAV 1is illustrated in Figure 13.

The Togic for the model is taken %rbm Reference 5 and is based on
Reference 8. This model determines gravitational effécts_resuTting
from the oblateness of the Earth. The mo&el is controlled by input
flag GMD (GMD # 0: compute oblateness effects). Input flag GMO
indicates the order of calculation for the model. The inﬁuts are
restrictea in that GMO < GMD with a maximun value of 8 for GMD. The
Timits which are imposed on the arrays of ACCEL GRAV are specified

in Tab]g V.

The logic contained in Figure 13 for determining gravitational accelera~

tion includes both sectorial and zonal effects. The acceleration

18



calculations are performed in earth-fixed coordinates and rotated into
the mean of 1950 (M50) system for use by ACCEL. A detailed descrip-
tion of the Togic of ACCEL GRAV is contained in Reference 8. Table V

contains definitions of the symbols used in the Figure 13 10§{c fiow.

19



7.0 LINEAR TERMINAL VELOCITY CONSTRAINT ROUTINE

This section describes routine LTVCON which is used to determine
the velocity required at an initial point (ﬁb) 1o intercept a
target position (ﬁi) such that a specified linear relationship be-
tween the terminal radial and horizontal Qe]ocity components is

satisfied. This linear relationship is specified by:

Veanzar = ©1 F ©2 * Vior1zonTAL

The solution involves a set of two-body differential equations of
motion for a spacecraft center of mass in an inverse square central

force field.

7.1 Detailed Déscription

Within the Togic flow as specified for calculating required’
vé1ocity, LTYCON is an executive routine. LTVCON con%rols
the calculation of velocity-required through the calling of

three utility routines. The routines and their function are as

specified:
UTILITY ROUTINE ' FUNCTION

INITIAL Compute unit vector specifying transfer pfane.
Determine transfer triangle and constants for
normalizing velocity and transfer time.

REQVEL Compute velocity vectors at ﬁb and ﬁ} such that
terminal velogity satisfies the desired linear
constraint. ’

TRANSTIME Compute time required to traverse the transfer

angle given a specified initial velocity (Vh).

20
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The logic flow of LTVCON is illustrated by Figure 14. Table VI
contains definitions of the variables used in the entire LTVCON

Tink including the specified utility routines.

7.1.1 Utility Routine INITIAL

Utility routine INITIAL performs an initialization operation. It
computes the magnitudes and unit vectors for input position vectors
ﬁb and ﬁ}. The routine also computes sines (S8) and cosines (Co)
of the transfer angle and sets the constants (RCIRC and VCIRC)

required to normalize traﬁsfer velocity and time.

Figure 15 contains an iltlustration of the logic flow of INITIAL.
Definitions of the symbols used in the figure are ‘contained in

Tahle VI.

7.1.2 Utility Routine REQVEL

REQVEL computes the velocity vector (Vb) required at én initial
position (ﬁb) in order to achieve the required velocity vector (V})

at a final position (E&). Since the terminal radial ve]ogity component
(VRl) is specified as a 1inear%fpnctjon of the terminal horizontal
velocity componen% (VH])’ a quadratic equation in Vi, exists as

follows:

' 2 =

where the coefficients A, B, and € are functions of the position -

R1 }, the transfer angle, and the constraint
MAG )

magnitudeS‘(RO ,
MAG

.21



coefficients (C1, C2). The radical of the eguation (D) is computed

as:
D=B%-4 (A*C)

If D is less than zero, no solution to the problem exists and an
error flag is set and a message displayed. At this point LTVCON and
the calling routine should be exited. If D is greater than or equal
to zero, the velocities Vb and V} are computed such that the desired )

velocity constraint condition is fulfilled.

The logic flow of REQVEL is illustrated in Figure 16. Definitions

of the symbols used in the figure are contained in Table VI.

7.1.3 Utility Routine TRANSTIME

Routine TRANSTIME computes the time required to traverse from

ﬁb to ﬁi. To determine the free-fall time required to traverse the
transfer angle, an indicator (U) is computed to determine if a
solution exists. If U is less than or equal to a -1, the REQVEL
solution results in a hyperbolic trajectory. 1In this case an error
flag is sgt, an error message displayed and LTVCON and its calling
routine‘shou1d be exited. If U is greater than -1, transfer time
(AT) is computed. The computation of AT requires the use of a-

function QM. This function routine computes
M =W+ (1 - W) {5 - (F) (WW))/15

where F is a hypergeometric function which is the transcendental

nortion of the normalized transfer time. '

22



Figure 17 contains an illustration of the logic flow of TRANSTIME.
Figure 18 contains the Togic flow of function QM. The symbols

used in the figures are defined in Table VI,
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8.0 CONCLUSIONS

The logic and logic flow given in this report are developed to

satisfy the Level C orbital gquidance software requirements for

‘ the SMCC. The resulting functions are to provide guidance simu-

Tation capability within the SMCC. The logic and flow presented
in this report are-modeled after the current guidance FSSR but are
not restricted to being identical. The routines used to pérform

guidance functions are as depicted in Figure 18.

~Some of the functions defined in this report may be performed by

other disciplines within the SMCC. Orbital guidance is only a
"yser" of these functions (e.g. the gravity model). Some of these
functions areé defined in this report for éomp]eteness. In some
instances the capability {or reguirement) for the functions'(e.g.
vent model and drag model) and its interface with the models of

this report are defined.

- e

As of this date it is understood that here is no reguirement for

simulating the drag and vent models within the orbital guidance

“function of the SMCC. The lTogic for these two routines shou]d be

’ ..

removed from these requirements.
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9¢

SYMBOL

[EF TO M50(T)]

ELLIPT
HreT

Foms

Fres

KDgy1p

FPASS

TABLE T - DEFINITIONS OF INPUTS TO SMCC GUIDANCE SOFTWARE

USER
UNITS DIMENSION ROUTINES* ‘ DEFINITION
FT/SEC 1T ¢ Target velocity constraint coefficient in the
equation Vpantal = ©1 * € ™ Vhoriz
NA : 1 C Target velocity constraint coefficient'in the
equation Vpanra = & * G2 ¥ Vyopiz
NA L=1, 35 C Constants which account for tesseral harmonics
in gravity potential model
NA 3,3 C Transformation matrix from earth- f1xed to mean
of 1950 (M50) coordinates
NA 1 ¢ Earth ellipticity constant
FT 1 C Geodetic altitude of target above Fischer ellipsoid
LB 1 . A/C Nomirnal OMS vacuum thrust level
LB 1 A/C . Nominal RCS vacuum thrust level
NA 1 ' A Guidance control option
= 1; nominal PEG-4 maneuver
= 23 PEG-7 maneuver
= 3, 4, 5; manual steering modes
= 63 deorb1t maneuver
= 7; abort maneuver {AOA or ATO)
= 8; ADA OMS-2 maneuver
NA . 1 A First pass flag

= 0; subsequent passes
= 1; first pass through guidance

*A = PEGSUP; B = PEG-7; C = PEG-4



SYMBOL

KFUELD

Ko

Kym

MASS
M .
T
Mos
RCS
MAX

Nouase
SEG
I3

REQ

TABLE 1 - DEFINITIONS OF INPUTS TO SMCC GUIDANCE SOFTWAR

UNITS
NA

NA

NA

SLUGS
SLUGS

SLUGS/SEC
SLUGS/SEC
NA

NA
SEC

FT
FT

*\ = PEGSUP; B = PEG-7; C = PEG-4

DIMENSION

1

(CONTINUED)

USER
. ROUTINES*

C

A/C
A/C

A/C'

A/

DEFINITION

uel depletion flag
0; no fuel wasting
-13 waste right
+1; waste left

{13 TR | B |

g model flag used in PRECISE PREDICT
no drag
compute drag acce]erat1on

1] IIU

ra
03
13

v o

ent model flag used in PRECISE PREDICT
03 no venting
1; compute vent accelerations

i =

Mass of orbiter at start of maneuver,

Mass of OMS propellant burned during a fuel
depletion maneuver to achieve the desired
orbiter mass

Nominal OMS mass flow rate

Nominal RCS mass flow rate

Maximum number of guidance iteration cycles
allowed .

Number of guidance thrust phases

Number of integration time steps used for
gravity prediction

Current vehicle inertial position vector (M50)

Earth equatorial radius



SYMBOL

Regrav

8 Teo

MIN
16
TReSOFF

Uep

ZONALI

TABLE I - DEFINITIONS OF INPUTS TO SMCC GUIDANCE SOFTWARE

UNITS

FT

FT
NA

NA

SEC
SEC

SEC
SEC

NA

FT/SEC
FT/SEC
FT/SEC
NA

NA

*j = PEGSUP; B = PEG-7; C = PEG-4

DIMENSION

I

1,8

(CONTINUED)

USER
ROUTINES*

C
C
C

O W > =

DEFINITION
Radius of earth used for gravity cémputations
Target radius vector (M50)

Constants which account for sectorial harmonics
in gravity potential model

Decimal fraction of Véol used as a convergence
criterion for |Vyioo

Current time (GMT)

Time before thrust termination at which active
guidance computations are inhibited

Maneuver ignition time

RCS cutoff time during ACA OMS-1 parallel OMS/
RCS maneuvey

Unit vector in direction of the Earth's axis
of rotation

Current vehicle velocity vector (M50)
Current vehicle sensed velocity vector
Required velocity-to-be-gained vector (PEG-7)

Fractional multiplier of circular orbital rate
used in computation of primer rate (sz)

Constants which account for zonal harmonics in
gravity acceleration model
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TABLE T - DEFINITIONé OF INPUTS TQ SMCC GUIDANCE SOFTWARE

(CONTINUED)
. USER . '
SYMBOL UNITS DIMENSION ROUTINES* DEFINITION
AC1 . FT/SEC ‘ 1 C Offset applied to true target ve1ocity'con—
. . straint C1 to obtain a conic constraint
AﬁT FT 3 C - Offset applied to true target position vector
- RT to achieve a conic target
ATCOAST(REF) SEC 1 C Reference coast time used in prediction logic
ATCUTOFF SEC 1 A/C Effective thrust tail-off time
ATMAX SEC 1 . C Maximum integration time step for gravity
prediction
ATMIN SEC 1 C Minimum integration time step for gravity,
prediction
€STEER SEC . 1 C Convergence criterion applied to predicted _
burnout time used to inhibit computation of UT
¢MAX RAD 1 G Small angie approximation constraint
: . 3 2 ‘s
HEARTH FT-/SEC 1 C Earth gravitational constant.

*A = PEGSUP; B = PEG-7; C = PEG-4
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FLOW CHART
SYMBOL

ATR
F
¢

OMS

RCS
FT

IFLAG

KaBORT

Kaomsz

Keony

ReUTOFF

KDEoRE

UNITS
FT/SEC?
LB
LB
LB
NA

NA

NA
NA

NA

TABLE IT - DEFINITIONS OF SYMBOLS USED IN PEGSUP

DIMENSION

1

L]

TYPE*

c/0
I

I .

¢
c/0

c/0

€/0

¢/0

DEFINITION
Current estimated thrust accé]eration
Nominal OMS vacuum thrust level
Nominal RCS vacuum thrust Tevel
Total vehicle vacuum thrust
PEG error flag
03 no error .
13 no physical solution ({from LTVCON)

23 hyperbolic trajectory (from LTVCON)
3; VGO equals zero

oo

_ Abort guidance request flag

o
0; no abort simulation
1; abort simulation (AOA or ATO)

OMS-2 burn guidance flag (used only when

Kagorr = 1) |
= 03 AOA OMS-2 guidance not desired
= 13 perform AGA OMS-2 guidance

Convergence flag
= 0; PEG solution has not converged
= T: PEG solution has converged

Active guidance termination flag

= 0; do not perform guidance cutoff logic
= 13 perform guidance cutoff Tegic
Deorbit guidance request flag

= 0; not deorbit maneuver

= 1; deorbit maneuver

*C = COMPUTED; I = INPUT; 0 = QUTPUT TO PEG-4 OR PEG-73; GO = GUIDANCE OUTPUTS
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FLOW CHART
SYMBOL

Kepass

KInIT

Kvooe

STEER

Ko

MASS

MBO

M
Coms

UNITS

. NA

NA

NA

NA

NA

SLUGS
SLUGS

SLUGS

*C = COMPUTED; I = INPUT; Q =

TABLE II - DEFINITIONS OF SYMBOLS USED IN PEGSUP

DIMENSION

1

{CONTINUED)

TYPE*

I

c/0

¢/0

1/C

DEFINITION

First pass flag

= ()3 subsequent passes

= 1; first pass through guidance
Initial pass flag (set to 1 on initial
pass) ‘

Guidance mode option
43 use PEG-4
75 use PEG-7

it i

Active steering flag_

= 03 do not compute U

= 1; compute UT

u1dance control option

: nominal OMS burn guidance (PEG-4)

; external AV guidance {PEG-7)

4, 5; manual steering modes

. deorbit maneuver {PEG-4)

: abort maneuever {AOA or ATO) (PEG-4)
; AOA OMS-2 maneuver (PEG-4)

[LO | N T A | B | B w3}

O3~ O W M) =
we g - L B T e

Estimated mass of orbiter

Desired mass of orbiter at termination of
fuel depletion maneuver

Mass of OMS propellant burned during a
fuel depletion maneuver to achieve the
desired orbiter mass

OUTPUT TO PEG-4 OR PEG-7; GO = GUIDANCE OUTPUTS
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FLOW CHART
SYMBOL

Moms
M

M

RCS

Neve

Nyax

Nouase

=}

-0

GD

CUTOFF

- .

GD

)

GOP
GO

GO

T
T

MIN
T

1G

TABLE YI - DEFINITIONS OF SYMBOLS USED IN PEGSUP

(CONTINUED)

UNITS DIMENSION TYPE*
SLUGS/SEC 1 I
SLUGS/SEC 1 )
SLUGS/SEC 1 ¢
NA 1 C
NA 1 I
NA 1 I
FT 3 I
i 3 . /0
SEC 1 1
SEC 1 c
SEC _ 1 C
SEC 1 ' C
SEC 1 ¢/G0
SEC 1 I
SEC B 1

]

DEFINITION
Nominal OMS mass flow rate
Nominal RCS mass flow rate
Total vehicle mass flow rate

Number of calls to PEG-4 or PEG-7 per
guidance cycle

Maximum number of guidance iterdtion cycles
allowed

Number of guidance cycles

Current vehicle position vector input to
guidance .

Vehicle position vector used by guidance
Current time .

Current time of engine cutoff

Current guidance time

Previous value of guidance time

Time-to-go to thrdst cutoff

Yalue of TGO when active guidance is inhibited

Maneuver ignition time

*C = COMPUTED; I = INPUT; O = OUTPUT TO PEG-4 OR PEG-7; GO = GUIDANCE QUTPUTS
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FLOW CHART

SYMBOL

Ur

<

L=

I,

AV
Suag

*C = COMPUTED;

UNITS
NA
FT/SEC

FT/SEC
FT/SEC
FT/SEC
FT/SEC
FT/SEC
SEC

SEC

FT/SEC

FT/SEC

TABLE II - DEFINITI

DIMENSION

TYPE*
6o
I

c/0
¢/
1/6/0/60
I
C
I
C

“C/0

ONS OF SYMBOLS USED IN PEGSUP
(CONTINUED)

DEFINITION
Unit vector in the thrust direction

Current vehicle velocity vector input to
guidance

Total effective exhaust velocity

Vehicle velocity vector used by guidance
Velocity-to-be gained vector

Current sensed velocity

Previous pass sensed velocity

Effective thrust tail~off time

Difference between current and previous
values of TGD

Change in accumulated sensed velocity from
previous value

Magnitude of AVS vector

= INPUTy 0 = QUTPUT TO PEG-4 OR PEG-7; GO = GUIDANCE OUTPUTS
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TABLE III - DEFINITIONS OF SYMBOLS USED IN PEG-7.

FLOW CHART

- SYMBOL UNITS

ATR FT/SEC®

Keony “NA

KingT NA

Ksteer NA

Teg SEC

T, SEC

U, NA

Ve FT/SEC
0 FT/SEC

Voo FT/SEC

&V ET/SEC

* ' NA

A NA

T SEC

*C = COMPUTED; I = INPUT; O = QUTPUT

DIMENSION

1
1

TYPE*

c/0

c/G

1/7¢/0

DEFINITION
Current estimated acceleration

Convergence flag '
0; PEG solution has not converged
1; PEG solution has convergnd

CONY " 1 for PEG-7 guidance

H

n

-~

Initialization request flag
= 0; no initialization required
= 1; perform initiaiization

Active steering flag_
0; do not compute UT
1; compute UT

nn

Time-to~go to thrust cutoff

Reference time for thrust vectors X and.g
Unit vector in the resultant thrust direction
Total effective exhaust velocity l
Velocity-to-be-gained vector

Magnitude of VéO
Change in accumulated sensed velocity

Unit vector in direction of dasired thrust

Thrust vector turning rate

Ratio of mass to mass Tlow rate



Fi.OW CHART
SYMBOL

ATR

%

ELLIPT

Fams
H

HAC )

Hrgr

IFLAG

3
JA( )

JOL

*C = COMPUTED;

I =1INPUT; O

TABLE IV - DEFINITIONS OF SYMBOLS USED IN PEG-4

UNITS DIMENSTON
FT/SEC 1
FT/SEC 1
NA 1
NA 1
LB 1
FT-SEC 1
ET 1
NA 1
FT 1
FT Npnase
SEC 1
= QUTPUT

DEFINITION

Current estimated thrust acceleration

Target velocity constraint coefficient in the equation
YraozaL = €1+ C2 Vhor1z

Target velocity constraint coefficient in the equat1on
VeapzaL = €1 % C2 Vhoriz

Earth elljpticity constant

Nominal OMS vacuum thrust
Time integral from zero to Tnn of (FT/M)T2

Segment of H contributed by each guidance
phase -

Geodetic altitude of target above F1scher
ellipsoid

0:; no error
1; no physical solution
23 hyperbolic trajectory

33 VEO equals zero

PEG error flag

0

Time integral from zero to Tg, of (FT/M)T

Segment of J contributed by each guidance phase

Burn centroid time

-— e ‘
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FLOW CHART
SYMBOL

KagoRT

Kaoms2

Keony

KpEORB

DM

FUELD

v

TABLE IV - DEFINITIONS OF SYMBOLS USED IN PEG-4

(coNTINUED)
UNITS ~ DIMENSION TYPE*
N 1 I
NA 1 I
NA 1 c
NA ] I
NA - I
NA 1 I

*C - COMPUTED; I ~ INPUT; O - OUTPUT

DEFINITION

rt guidance reguest flag
; no abort simulation

Ab
= 13 abort simulation (AQA or ATO)

~ 0

; ACA O0MS-2 guidance not desired
3 perform ADA OMS-2 guidance

Convergence flag
0; PEG solution has not converged
13 PEG solution has converged

i}

H]

Deorbit guidance request flag
= 0; not deorbit maneuver

= 1; deorbit maneuver

Drag model flag for precise predictor

0; do not compute acceleration due to drag
1; compute acceleration due to drag

fl

uel depletion flag
0; no Tuel wasting
+1; waste left
-1; waste rignt

il 1 nrm
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FLOW CHART
SYMBOL

Kint

J2

Kpnase

KsTEER

VM

L

LA()

MASS
M

Ma0

UNITS
NA

NA

NA

NA

NA

FT/SEC

' FT/SEC

SLUGS

SLUGS/SEC

SLUGS

TABLE IV - DEFINITIONS OF SYMBOLS USED IN PEG-4

(CONTINUED)
DIMENSION TYPE*" DEFINITION
1 I Initialization request flag
: = 03 no initialization required:
= 13 perform initialization
1 ' C . J2 compensation flag
= 0; do not include J2 effects in precise
predictor
= 1; include J, effects in precise predictor
1 - C Current guidance thrust phase indicator
1 I Flag to enable activg:steering
= 0; do not compute Uy
= 1; compute U}
1 _ I Vent model flag for precise predictor
= 0; do not compute acceleration due to venting
= 13 compute acceleration due to venting
i C Time integral from zero to TGO of FT/M
NPHASE c - Segment of L contributed by each guidance
phase .
1T /¢ . Current estimated mass of orbiter
1 . c Current mass flow rate

1 c Desired mass of orbiter at thrust cutoff

*C = COMPUTED; I = INPUT; O = OUTPUT
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FLOW CHART
SYMBOL

Mows

N

SEG

PA( )

*C = COMPUTED: I = IN

TABLE IV - DEFINITIONS OF SYMBOLS USED IN PEG-4

UNITS
SLUGS/SEC

NA
NA
FT-SEC
FT-SEC

FT-SEC

FT-SEC

FT-SEC

FT
FT

PUT; O = OQUTPUT

DIMENSION

1

1

Nppase

e §

(CONTINUED)

"TYPE*
I

I

DEFINITION

Nominal OMS mass flow rate

Number of active guidance thrust phases used

Number of integration time steps for gravity
prediction

Double time integEaT from zero to T then zero
to Tpq of (FT/M)T

Segment of P contributed by each guidaﬁbe
phase .

Double time integral from zero to T then zero
to Teq of (FT/M)T

Intermediate variable in thrust integral
computations

Segment of Q contributed by each guidance
phase

Earth equatorial radius
Companent of Rgy along Uy
Component of Rug along Uy

Component of Ry atong [
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FLOW CHART
SYMBOL

Puag
Rimag

RTHRUST «
Ra1as

Rel

Raoxy

Rarav

UNITS
FT

FT

FT
FT
FT -

FT
FT
FT

FT

F

FT

TABLE IV - DEFINIT

DIMENSION
1

1

*C = COMPUTED; I = INPUT; O = OUTPUT

ION OF SYMBOLS USED IN PEG-4

(CONTINUED)

TYPE*

C

DEFINITION
Magnitude of Reg

Magnitude of ﬁ%

Second integral of thrust acceleration vector
over thrusting maneuver

A position bias to account for effects of a
rotating thrust vector

Initial position vector input to precise
predictor

inal position output from precise predictor
Desired thrust cutoff position
Vehicle position vector used by guidance

Position-to~-be~gained including bias
(range-to-go)

Projection of Ry, on plane defined by Uk and
U* '

Second integral of gravitational acceleration
over thrusting maneuver
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CTC

FLOW CHART
SYMBOL

RINT

SMISS

sa(’)

D

Teo

Teont )
E):

Taop

*C = COMPUTED; I =

UNTTS

FT

FT
FT

NA

FT

NA

FT

SEC
SEC
SEC
SEC

SEC

INPUT; O =

"TABLE 1V -~ DEFINITIONS OF SYMBOLS USED IN PEG-4

+

DIMENSION

3

NouasE

OUTPUT

{(CONTINUED)

TYPE*

C

DEFINITION

Intermediate position vector computed and used

_in precise predictor

Predicted thrust cutoff position
Target position in inertial coordinates

Scalar damping factor applied to VMISS to correct

Veo

Double time integral from zero to T then zero to
TGO of (FT/M)

Decimal fraction of |Vé0|to be used as a con-
vergence criterion for lvﬁISSl

Segment of S contributed by each guidance phase
Current guidance time .

Time-to-go to thrust cutoff

Time-to-go untj] end of each phase

Value of Tggy from previous phase

Predicted thrust cutoff time
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FLOW CHART
SYMBOL

Tp
Tprev
Tresorr
750 )
TT

7

UNITS
SEC

SEC
SEC
SEC

SEC
SEC

SEC

NA -

NA

NA

NA

NA

TABLE IV ~ DEFINITIONS OF SYMBOLS USED IN PEG-4

(CONTINUED)

DIMENSION -  “TYPE*

1 c

1 c

1 I
NpHASE ¢

1 ¢

1 C

1 C

3 I

3 c/0

3 c

3 C

3 c

*¢ = COMPUTED; I = INPUT; O = OUTPUT

DEFINITION

Predicted time of burnout
Previous value of TP

RCS cutoff time during AOA OMS-1-paraliel OMS/
RCS maneuver

Estimated burn time remaining in each phase
Time remaining until target is achieved

Previous value of TGD

Reference time associated with A amd A

Unit vector in direction of Earth's axis of
rotation

Resultant unit vector in the thrust direction

Unit vector along desired thrust cutoff position

" vector

Unit vector normal to desired trajectory plane
(downrange X radial)

Unit vector along downrange (Uy X Uy) direction
at thrust cutoff '
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FLOW CHART
SYMBOL

UONIT

UNITS
NA

FT/SEC
FT/SEC

NA

FT/SEC

FT/SEC

F1e/5EC2
FT/SEC
FT/SEC

FT/SEC

FT/SEC

TABLE IV - DEFINITIONS OF SYMBOLS USED IN PEG-4

DIMENSION
3

%C = COMPUTED; I = INPUT; O = OUTPUT

(CONTINUED)

L}

TYPE*®
C

DEFINITION
Unit vector normal to the desired transfer
ptape in the direction of the angular
momentum of the transfer

Initial velocity input to precise predicto;
Total effective exhaust velocity

Effective exhaust velocity for each thrust
phase

Desired Vﬁo magnitude based upon desired cutoff
mass for fuel depletion

Magnitude of Vg

Square of out-of-plane Vgo requirved to deplete
OMS fuel !

Difference between predicted and desired thrust
cutoff velocity

Predicted thrust cutoff velocity

Final velocity output by precise predictor

Vehicle velocity vector used by guidance
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FLOW CHART
SYMBOL

Yoo

Varp

Verav

v

. INT

VisRusT
HLDy7
AchST
AC

. DRy

Aavg

ATeopasT

*C = COMPUTED; 1

UNITS

FT/SEC

FT/SEC

FT/SEC

FT/SEC

FT/SEC

NA

SEC

FT/SEC

FT

SEC

SEC

= INPUT; 0 =

DIMENSTON
3

(CONTINUED)

TYPE*
¢/0

C

TABLE IV - DEFINITIONS OF SYMBOLS USED IN PEG-~4

DEFINITION
Velocity-to-be-gained vector
Projection of Vbo vector into plane normal to
U

First integral of gravitational acceleration
over thrusting maneuver

Intermediate velocity used by precise predictor

First integral of thrust acceleration vector
over thrusting maneuver

Fractional multiplier of circular orbital. rate
used in computation of AXZ

Difference hetween assumed coast time and
actual coast time

Offset applied to true target velocity con-
straint C1 to obtain a conic constraint

Bias applied to true target position RT to
achieve a conic target

Integration time step for gravity prediction

Time of coast from cutoff to target
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FLOW CHART
SYMBOL

AT 00AST (REF)
ATynx
ATvIn
A7

€STEER

x

N

UNITS
SEC

SEC

SEC

FT/SEC

SEC

NA

RAD/SEC

RAD/SEC
RAD/SEC
RAD/SEC

F73/5EC?
RAD
SEC

TABLE IV - DEFINITIONS OF SYMBOLS USED IN PEG-4

DIMENSION

1

1

1
1

Nowase

*C = COMPUTED; I = INPUT; O = OQUTPUT

(CONTINUED)

. TYPE®
I

I

[4p]

DEFINITION

Assumed time of coast segment

Maximum integration time step for graVity
prediction

Minimum integration time step for gravity
prediction

Chénge in accumulated sensed velocity

Convergence criterion for inhibiting steering
output

Unit vector in the direction of Véo

Derivative of unit vector instantaneously aligned
along & but rotating with the desired thrust
vector turning rate B

Magnitude of i

— *

Component of i in the X-Z plane {primer rate)

Component of A along U&

Earth gravitation constant
Small angle approximation constraint

Ratio of mass to mass flow rate for each phase
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TABLE V - DEFINITIONS OF SYMBOLS USED IN PRECISE PREDICT

1

FLOW CHART

SYMBOL UNITS ~ DIMENSION TYPE* DEFINITICN
AI J ' NA =1, 9 C A two column array used for temporary storage
2 J=1,2 of the Legendre polynomials and the derived
! Legendre functions (latitude deperdent terms)
used in the gravity acceleration model
ATM NA g 1 C . Flag indicating vehicle attitude is to be
taken from a prestored table for use in drag
and vent acceleration calculations; ATM
always set equal to 1
AUX NA 1 c Intermediate scalar variable used in gravity
acceleration model
CL NA L=1, 35, I Constants which account for the tesseral
harmonics in gravity acceleration model
) FT/SEC2 3 c Drag acceleration vector
DM NA 1 I Drag ,
' " ' = 0; do not compute drag accaieration
= 1; compute drag acceleration
DMN . NA 1 ¢ Intermediate variable used to compute effect
. . of tesseral harmonics in gravity acceleration
model ‘ '
[EF TO M50 (T)] NA 3,3 I Transformation matr%x from earth-fixed to M50
coordinates -
[FIFTY] NA 3,3 C Transformation matrix set equal to [EF TO M50 (T)]
matrix
FrsFpsFasFy NA 1 C Auxiliary variables which store the result of

multiplying the Legendre polyncomials by the
zonal harmonic coefficients

*C = COMPUTED; I = INPUT; O = OUTPUT



v

FLOW CHART
SYMBOL
G

GCENTRAL

G

GMD

GMo

Corey

g

STEP

'R

R

RegrAv

= COMPUTED; I =

TABLE V ~ DEFINITIONS OF SYMBOLS USED IN PRECISE PREDICT

UNITS

.

FT/SEC2

FT/SEC?

FT/SEC?

NA

NA

FT/SECZ

NA

FT
FT
FT

INPUT; O =

QUTPUT

DIMENSION
3

(CONTINUED)

TYPE*
C

DEFINITION

Gravity acceleration vector due to the Earth's
non-spherical shape

Acceleration vector due to the Earth's
gravitational attraction as a point mass

Gravitational acceleration vector at final
state

Flag indicating degree of graviiy potential

model desired

= (; spherical earth gravity acceleration

> 0; non-spherical earth gravity acce]erat1on
0 <GMD <8 _

Flag indicating order of the gravity potential
mode]
0 < GMO < 8; GMO < GMD

Gravitational acceleration vector at previous
state

Number of integration steps to be used in
PRECISE PREDICT

Current radius vector used in ACCEL function
Initial radius vector input to PRECISE PREDICT

Earth radius magnitude used in gravity
calculations
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- FLOW CHART
SYMBOL

Rp

=

EF
Rinv

RCS

ROzeRo

<

VENT

TABLE V - DEFINITIONS OF SYMBOLS USED IN PRECISE PREDICT

UNITS
FT
FT
FT

ET/SECS

NA

FT/SEC?

NA

SEC
SEC
SEC
NA

FT/SEC

FT/SEC

DIMENSION

3
3
1

35

(CONTINUED)

TYPE*
C/0

C

C

¢/1

DEFINITION
Final radius vector output by PRECISE PREDICT
Current radius vector in Earth-fixed coordinates

Inverse of current radius magnitude in inertial
coordinates

Acceleration vector due to RCS venting
Yariable used as starting value for recursive
relations used in Pine's formuiation of the
spherical harmonics development

Distance related term used as a startﬁng value
for the recursive relations used in Pine's

formulation of the spherical harmonics
development

Array of constants which account for the sectorial
harmonics in the gravity potential model

Current time used in ACCEL function '
Final time input to PRECISE PREDICT
Initial time input to PRECISE PREDICT

Unit vector in direction of current radius in
Earth fixed coordinates

Final velocity output from PRECISE PREDICT
and used in ACCEL

Acceleration vector due to venting forces
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FLOW CHART
SYMBOL

VM

ZONALN

ZIMAGI
ZREAL
MAX

ATsrep

HEARTH

*C = COMPUTED; I = INPUT; O = QUTPUT

TABLE'V - DEFINITIONS OF SYMBOLS USED IN PRECISE PREDICT

UNITS
FT/SEC
FT/SEC

NA

NA

NA
SEC

SEC
F13/58C2

(CONTINUED)
DIMENSION . TYPE®
3 c/0
3 ¢/1
o I
N=1, 8 I
I=1, 9 c
I=1, 9 c
1 I
1 c

DEFINITION
Final velocity output from PRECISE PREDICT

Initial velocity from PRECISE PREDICT used
in ACCEL

VYent model flag
0; do not compute vent acceleration
1; compute vent acceleration

U

Array of constants which account for the zonal
harmonics in the gravity potential model

Array which stores the effects of tesseral
harmonics in gravity potential wmodel

Array which stores the effects of tesseral
harmonics in gravity potential .model

Maximum integration step size

Integration step size

Earth gravitational constant



TABLE Vi - DEFINITIONS OF SYMBOLS USED IN LTVCON

.

e e ' WA

*C = COMPUTED; I = INPUT; O = OQUTPUT

FLOW CHART
SYMBOL UNITS DIMENSION
A NA 1
B . ' NA 1
By gA 1
By NA 1
5 C NA 1
Cy . C FT/SEC 1
¢, NA 1
¢R FT 1
co NA 1
D NA 1
E ' NA 1
e 7

TYPE*

C

o o o o0

DEFINITION

Quadratic coefficient in the VHT quadratic

. equation

Linear coefficient in the VHT quadratic equation

Denominator of the coefficient functién used in
the continued fraction evaluation of the
hypergeometric function F

Numerator of the coefficient function used in
the continued fraction evaluation of the
hypergeometric function F

Constant coefficient in the VH] quadratic eguation

Target velocity constraint coefficient in the
equation VRADIAL = C1 +C VHORIZ
Target velocity constraint coefficient in the
equation Vpanra = G * €2 Vyoriz

Magnitude of the chord connecting ﬁb and ﬁ}
Cosine of the transfer angle
Radical of the VH1.quadratic equation

Scratch variable used in the transfer time
interval computation

Hypergeometric function which is the transcendental
portion of the normalized transfer time interval
computation and is evaluated by means of a
continued fraction
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FLOW CHART

SYMBOL

FoLp

IFLAG

LEVEL
oy

TABLE VI -~ DEFINITIONS OF SYMBOLS USED IN LTVCON

UNITS

NA

NA

NA

NA

FT

FT
FT

FT

FT
FT
NA
NA
NA

NA

*C = COMPUTED; I = INPUT; O = QUTPUT

DIMENSION

1

(CONTINUED)

TYPE*

C

c/0

DEFINITION

Value of F at the previous level of the continue
fraction : :

Error flag: 0 = no error; 1 = no physical
solution; 2 = hyperbolic trajectory

A measure of the level of the continued fraction
Symbol representing the function subroutine
which executes the continued fraction evaluation
of the hypergeometric function F

Half of the semi-perimeter of the transfer
triangle, and used as the basis for the
normalization of the equations

Initial inertial position vector

Target radius vector

Magnitude of ﬁb

Magnitude of ﬁi

Semi-perimeter of the transfer triang]g'“
Sine of the transfer angle

Lambert routine independent variable

Unit vector normal to the transfer plane and
in the direction of the angular momentum of

the transfer

Internal vector used to represent the unit
normal defining the transfer plane
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FLOW CHART
SYMBOL

Uro

Un1

UNITS
NA

NA

NA

FT/SEC

FT/SEC

FT/SEC

FT/SEC

FT/SEC

FT/SEC

FT/SEC

NA

NA

TABLE VI - DEFINITIONS OF SYMBOLS USED IN LTVCON

DIMENSION

3

*C = COMPUTEDs I = INPUT; 0 = OUTPUT

(CONTINUED)

'

TYPE*

c

€/0

€/0

DEFINITION,

Unit vector in the direction of the inertial
position vector RO

Unit vector in the direction of the target
position vector -R1

Scratch variable used in the continued fraction
evaluation of the hypergeometric function F.

Required inertial velocity vector at the
inertial position vector RO

Resulting inertial velocity vector at the
target position vector R] .

Velocity magnitude of a circular orbit of radius
RCIRC and used in the normalization process

Normalized horizontal component of the resuiting
velocity vector VO

Normalized horizontal component of the resulting
velocity vector V]

Normalized radial component of the reguired
velocity vector VO

Normaiized radial component of the resulting
velocity vector V1

Scratch variable used in the normalized transfer
time interval computations

Argument of the continued fraction evaluation
of the hypergeometric function F
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TABLE VI - DEFINITIONS OF SYMBOLS USED IN LTVCON

FLOW CHART

SYMBOL UNITS
X . NA
AT SEC
A NA
MeaRTH F3/5EC?
u FT3/SEC?

*C = COMPUTED; I = INPUT; O = OUTPUT

DIMENSION
1

(CONTINUED)

TYPE*
C

- c/0

DEFINITION

Scratch variable used in the continued fraction
evaluation of the hypergeometric function F

Resulting transfer t%me interval
Constant parameter of the problem
Earth gravitational constant

Interval variable used to represent MEARTH
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> ~{TEST FOR FIRST PASS.

- Koeors *
* Kaggat = 0
SET GUIDANCE FLAGS AND Eagis2 -
~ L MITIALIZE TINE AHO SENSED [—~-— S

VELOCITY. . ,

“Keyrosr *

Xrpass = 0
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Yo
N = Hopase
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HANULL STEERERG !0DES, SEE
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" T UPDATE SEWSED VELOCITY, TIME | . s S_I s
| AND POSITION, it s, Javg]. )

. ‘L YES
HAS IGHITION TIHE I
| BEEN ACHIEVED? -
> | Tupn STEERING ON. pe-—— o

T | TuBN STEERING OFF.\

‘"1‘ TEST FOR ACTIVE GUIDANCE CUTOFFL __ . . . _.___ YES
| :
_ _ ¥ .
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>

. TDETESNIKE GUIDRNCE
- T PROFULSION MID MRSS | |r---— -
"~ | CHARACTERISTICS

o EET CYCLE TOUNT AKD
CONVIRGENCE FLAG.

\

; TEST FOR TYPE OF GUIDANCE

ITERSTE 7O FIND GUIDANCE
SOLUTION.

[t v o]

THCRIMEMT CYCLE COUNTER.

HAS GUIDANCE CONVEFGED OR
EXCEZDED MAX CYCLES?

-

" Fous * Frey’
* Hous * Macs

Veq = FT/R

1

MaSS = wass - M+ 8Ty

Fi
f

ATR = FT/HMASS

i FUNCTION REQUIRED. T TTTETTT T
]




TEST FOR TIME-TO-GO
INHIBIT GUIDANCE,

INTO TERMINAL GUIDAICE PHASE. _ : Keutors = 1
SET GULDANCE CUTOFE FLAG . CT :
MID ZDJUST TINE-TO-GO BY . ) Teo = Teo ~ Teutorr
THRUST TAIL-OFF TIME, o
rJ- s -
” v
o
O a

COMPUTE PREVIOUS GUICAKCE TIME

_________ Teop = TgD. -
AWD TIFE TO THRUST TERMIRATION

- Teurorr™ T~ Too ~ Teutore

. RETURN

o B DISPLAY : . -

£X1T GUICANCE AYD

STEERING ROUTIHE
TERMIRATE

CALLING ROUTINE

S Vco EQUALS ZERD; HO SOLUTION

ERROR HESSAGE DISPLAYS | r- DISPLAY

. . '//r HAXTHUM RLLOWED ITERATIONS EXCEEDED . .
SOLUTION KOT CONVERGED

. FIGURE 1 - PEGSUP LOGIC FLOW (PACE 4)

" ORICINAD PAGE 18
© OF POOR QUALITY
) 56.



- TEST FOR INTITAL PASS.

UPDATE YELGCITY-T0-GO,

SET THRUST TURHING RATE ARD
THRUST REFEREHCE TIME TO
2ERD.

- YES

—
X = 0.0-
T,= 00

Kppy = 9
Keouy =

UPDATE TINE-TO-GO.

T

T = Ve /AR,

OIAG = [vGO‘

- NeounelV
=1 % (1.0, ¢ COMAGTTEK)

Y

GO

DETERIINE DESIRED THRUST
- IIRECTION. .

-1 TEST FOR ACTIVE STEERING.

SET RESULTING THRUST DIRECTION
EQUAL T0 DESIRED DIRECTIONR.

- - - -

ORIGINAL PAGE IS

OF POOR

QUALITY,

|

_‘1 = UHIT Y

FIGURE 2 - PEG-7 LOGIC FLOX
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Y COMPUTE CURRENT PADIUS AND
t

[

VELOCITY HAGHITUDES.

“PTEST FOR TMITIAL PASS.

IHITIALIZE PARAFETERS.

UPDATE YELOCITY TO GO.

DETERXINE MAGNITUDE OF VELOCITY
TO GO. N

DETERMINE TIME 70 GO AED .
_ | PREDICTED CUTOFF TINE.

‘DRIGINAL PAGE IS
OF POOR QUALITY

e ™ 1Reol

Vypg = 1Yol

IFLAG =3

i RETURN ’

FIGURE 3 - PEG-4 LOGIC FLOW
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COMPUTE THPUST IKTEGRALS.

CONPUTE TURHILG RATE OF THRUST
VECTOR. .

TEST FOR COHVERGENCE ARD
EHGINES-QY.

lTP-T

COIFITE RESULTANT THRUST
DIRECTION.

CALL
INTEG

KSTEER = }
AlD

prevl € Ssteen

YES

FIGURE 3 - PEG-4 LOGICFLOW (PAGE 2)
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UPDATE PREVIOUS VALUE OF
PREDICTED BUR} OUT TINE,

————————————————————— . Tppev = Tp

PREDICT POSITIGH AND VELOCITY
YECTORS AT CUTOFF.

. CALL
_____________ ——— - PREDICTOR

THE:

UPDATE POSITION ANHD VELOCITY

YECTORS AT CUTOFF TO ACHIEVE. |

DESIRED COAST SCLUTION {BURN/
COAST SEQUEHCE).

RETURH

FICURE 3 - PEG-4 IEOGIC‘FLOH {PAGE 3)
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INIT

IHITIALIZE PREZICTED BURNOUT
STATE-AD TINE. SET VELOCITY
TO 69, pADIUS 31AS AND OUT OF
PLANE TURNING RATE TO ZERD.
DETERMIHNE RORIALTO FLIGHT
PLAKE.

= 0.0

0.0

Ceooast T -

Fpias = 9-0
Tgg = 1.0
VT o
Uy = UHIT (Vgq X Reg)

= 3—-.
Repav = -3 *VVesrra/Ruae * Rop

DETERAINE IRITIAL VELOCITY -
T6-60. ’

TURE OFF INITIALIZATICH FLAG. S ——

~ -

o

CALL
CORRECTOR

FIGURE 4 -, INIT LOGIC FLOW




UPDATE VELOCITY TO €0 AlD RESET
SCHSED YELOCITY IHCREMENT.

\.

TEST TO SEE If 3URN TINE OF
CURREXT PHASE IS WITHIN ORE
CYCLE OF COUPLETION AND IF

THERE ARE MORE GUIDANCE PHASES.

SET GUIDANCE PEASE BURN TIME
AKDTIME T0 GO T0 ©.0.
INCREMENT GUIDANCE PHASE NUMBER.

UPDATE PREVIQUS PASS TIME TO
CURRENT TIME.

JRIGINAL PAGE IS

3

EOOR QUALITY

FIGURE 5 - UPYGO LOGIC FLOY

.
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- - TolKpypse) = 0.0
TooabSpiase! = 00
Xounse = Xounse * 1
H
< —
T =Tg




SAVE RREVIOUS VALVE OF \
TIME T0 GO. .

TEST FOR MULTI-PHASE LOGIC.

DETERMIHE SINGLE PHASE TGD'

COMPUTE < AMD SET EXHAUST
VELOCITY FOR THIS PHASE,

)

1 TEST FOR FIRST OR SECOND PHASE
OF GUIDARCE.

I
- SET FIRST PHASE BURH TIME TO €.

COMPUTE FIRST PHASE BURH TIME

KD SECOND PHASE EXHAUST VELOCITY.

YES

_\.L *

ORIGINAL PAGH 13
OF POOR QUALITY

1= VEX!MR
. Y
. a0 - e oosE
7% (pyage) = Ven/ATR . é :
Vexn Cpnse? = Vex .
YES .
‘L

T5{1) = Tpesorr = Yoo

LA{R) = VGO."..'-\G .

Tgl1) = 0.0

LA(Y) = gy * Wi (1.0 - Tp()/ 100D
LAL2) = Vpgme - LAOY)

Vel?) ® Fasfws

$(2) = (101} - TR()) * Wity

FIGURE 6 - 160 LOGIC FLOY

-
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SECOYD PHASE EURH TIME AND TOTAL
TIKE 10 60.

COMPUTE PREDICTED SBURNIUT TIHE.

.

-~ 0 PAGE IS
B OB QUAIII’YI

.

1, =<l - & A et

Tgy = Tg(1) + Tgl2)

 Tgoalt) = TgtD)

Teon(2} = Teg

RETURA

* EIGURE 6 - TGO LOGIC FLOW (PAGE 2)

-
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TEST fOR DE-ORBIT OR ADA 0i15-2
MAHEUYER.

COMPUTE THRUST INTEGRALS.

INITIALIZE THRUST INTEGRALS.

SET GUIDARCE PRASE COUNTER.

INCREVENT GUIDANCE PHASE-COUHTER.

- SET PREVIQUS PHASE VALUE

OF Teoar

YES

Y

2

I 3= Veaus * T~ Yo Too
*
5= -J+Yeame " Teo
0L = Igoring
L f 0 Ty = TGD + JOL
3=0 =5 * {x-00L} - .5 Viy* Ty
----- $=0
Q=10
AN . .
H=0
p=0
JoL = 0 RETURN
b
1= Fppase

= Tgon {1 -

- b Teom

1)

e

FIGURE 7 ~ INTEG LOGIC FLOW
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;OHPUTE CONSTANT THRUST g san = ~lat) 2 (e - TRlD) ¢ (D) T Taii)
" IHTEGRALS. Fx— T 9h (1) « - SACT) ¥ LAG) * TGOA-(I)‘ :
'QR(Ii = A(T) t:{%{I} + Teopt - :5_Véxk(l) * Tp{1)?
mu=wn*hm+%mﬂ.%mmi§0V~%%+gum)
!
\
- ;ﬂﬁﬁgfﬁﬁggkm% B ‘ ;MU)=MUf*%Mh)-mUi

LSAI) =-sA{1} + L * T (1)

qA(1) = QA{1) '+ 3 * Tl1)
©opAl1) = PA(1) ¢ Bt TR(H)

L)

5 =5 + SA{1)

K =B+ HA(D)

-

L a=a+ )
Q=Qq+ QA(D)
P =P+ PA(I}]

;e

HAVE VALULS BEEH C{J:".PUTEEJ
FOR ALL GUIDANCE PHASES?




COUPUTE BURN CENTROID TIHE

ADJUST INTERIEDIATE
CALCULATIONS BY
BURN CENTRDID TIME.

Y

- TGINAT] PAGE IS
~ "OOR QUALmq

JoL =

J/L

FIGURE 7 - INVEG.LOGIE FLOW {PAGE 3)
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-"_-':i COMPUTE DESIRED THRUST DIRECTION. .
| .

"YEST fOR DEORIT OR AOA OMS-2 L _ . . ___
{ MANEUVER. j

COXPUTE THRUST TURNIMG RATE. fo——— - —— - = -

7T 4 COMPUTE RANGE TO GO.

—— e —— o ————

(=R )

- A

A = Yoo/ Vomug

DEORS
R Kagisz *

Roray = ‘Tco/_:fsn?)1 " Rorav
Reo=Ro~{Rgp* oo™ To* Rorav! Raiss
Reox = (5‘):2 * Q'*(; * IJ___Y)'*E * ;)' EX
Roy = by s Q4 S+ (e Uy)

=1

r =% R .

= +
Rooxy = Reox-™ Ux * Reoy * Uy

Ragz = (5 - B Begey)V/ G0~ U

o — . +*
Beo = Rooxy * Reoz T Uz

FIGURE & - TURNR LOGIC FLOM
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COMPUTE THRUST TURMING RA'EE.

HAS SHALL ARELE ARPROXIMATION
.| YIOLATION OCCURRED? -

RE-COMPUTE THRUST TURNING RATE

ANDRANGE TO GO.

<

A= (R

ry

o - s *

;'MAG = M

= Ay ¥ BNIT (1}

-, =
A+ Q R

o .
: R Mang = Sran/ 0
’ Rep =5
- 4
b

‘ RETURA }

FIGURE 8 - TURKR LOGIC FLOW {PAGE 2)
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| TEST FOR DEOR2IT OR ADA OMS-2

i MANEUVER.

COUPUTE RANGE-TO-GO AND FIRST
AND SECOND THRUST INTEGRALS.

PREDICTOR

INTEGRALS.

COUPUTE FIRST AMD SECOND THRUST]

INITIALTZE INPUTS FOR UPDATING

PREDICTED BUR'OUT

EGO = ; * Q’+ 5* ;
__________ ) ) Vingust "'_co
. . Rrurust = Reo
N S ‘~
- 14 ~ ’
- ;THRUST = (L~ .5 % (H - 3 % JoL)) ¢ x
' ' Ernaus-r ={s-.5 i:u&rs2 * {p-vor * ’
A e+ oX
gins = Rep - Rrpusy
- 2
r— — p— \ p— ~
Ret = Rep ~Prapust/?® ~ ¥rysr * Teo/30
STATE VECTOR.}‘ “““““““““ ;cr =‘;GD +5 % Emausrf(s * Tgod - ;mausrf‘o

Kjp =1

8T ° Teo'lseg

beonsT = BTeoasr (reF) = 2Tcoast

-

|

NOY

FIGURE & - PREDICTCR LOGIC FLOW
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"i 'SET MAXIMUM IHTEGRATION IRTERVAL
:'1 FOR DEVERMINING GRAVITY INTERYAL.

-.| DETERMINE PROPAGATED STATE RITH J2
| EFFECTS INCLUDEDR:

== | DETERMINE PROPAGATED STATE WITHOUT
.71 J2 EFFECTS INCLUOE.

»

— | DETERMINE ABJUSTMENT TO PREDICT

= | BURHOUT STATE AMD PREDICT BURHOQUT
COHDITIOHS.

—— iy mm ——

.
hd -

!

Bave ™ AT

]

YES

v
AT

ave = 2Tiax

1

CALL
PRECISE
PREDICT

CALL
PRECTSE
PREDICT

INPUT: Kyps Os Koy Sy 2Targ s
Rer, Yeis Teor Tp = Bpoast?

QUTPUT: RINT' Vinr

THPUT: KJZ’ 0,‘KDM, KVH' ATAVG’

Ryre Ying» O+ Bcoast

Lovtour: Reas Yoo

Vouv ™ Yoz - Yo
Reray = Bez = By - Yoy * Too
B =g R
Vp = Vgp'+ ¥ v

geay * Yumust

oo ¥ Voo “Teo ¥ Remav ¥ Rusteust

RETURN

FIGURE ¥ - PREDICTOR-LOGIC FLOW' (PAGE 2)



{ CORRECTOR ’

e

b = Rpily = WNIT (gy)

TEST FOR ABORT OR . -
DEORBIT HAKZUVER T T T T T

. . UORIT = (WRIT(R X H.)« -T,)
ADJUST DESIRED TERMIKAL .- ot Rty
POSITION AND TARGET VECTGR  [-——=— ——— ——- * UHIT(R, X Ry
BIAS TO BE TH FLIGHT PLANE. -

s

L ' 4Ry = aRp-(eRp Ty} * Gy

+

TEST FOR ADA 0%S-2 OR DEQRBIT[— == — ———= ) ’
HMAKEUYER . ‘5

i ) . I (1 =l _ &
ADJUST DESIRED TERMENAL ) ' Re =(P‘TMAG - HELUP(RT)*HTGT)
RADIUS TO EASURE REQUIRED [ = = = == — == -
MTITUDE - . *Re/Pring

[*HOTE: — -
HELLIP (R} = (Rpyypg — (V-ELLIPT) Req/

1
1

@ : [+ (s sLPT - 1) (1 - (URIT (R)) TG ))
' 3

o w e m—m gk kN e Ay Em e e Gt v i bA S ma e R TR e b

FIGURE 10 - -CORRECTOR LOGIC rFLOW
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.

"1 DETERUIME VELOCITY REGUIRED AT '

=71 CUTOFF 1H QRODER TO ACHIEVE
T ! TARGET AT E:D CF COAST | v

'.‘"i 1EST FOR ERROR MESSAGE

UPDATE VELOCITY-10-GO
4 CALCULATIOHS *

CHECK FPYEL DEPLETION FLAG

REQUIRED

COMPUTE GUT- GF-~PLANE VELOCITY

REQUIRED

e CHECK J0 SEE If FUEL DEPLETICN [~~~ — 7 — e

e

THPUT: Ry By + ARy, CI'E-AC-I,CZ.
- WTIT o
QUTPUT: IFLAG, ATCOA-ST‘ Yy ' \’T

RETURR

. TT = Teg * MCQAST
RO, = 1/ (1 +.5* Teo/bT const?
Uy = UHIT ( ¥y X Rp)

Yaiss = Yp = Vp

e = Yoo - PO ¥ Viss

VGOD = VEX *In (I-'u.ASS _;'Hao)

Vorp = Yoo = {go™ Uy * Uy

FIGURE 10 - CORRECTOR LOGIC FLOW {PAGE 2}
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1 RE-COWPUTE YELOCITY-TO-60 L ___________ - o e
co” Yeipt Fruetn Y Yoovs T Uy

Yeous = Heol

- 1 CHECK FOR CONVERGED GUIDANCE |- = — —— = = —
{ soLUTION :

© FIGURE 10 - CORRECTOR LOGIC FLOW (Page 3)
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IﬁPUT:

GHD, GHO, O, VM, ATy,
PRECISE Ria Viu T T
( pRepicT - N
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LYNDO::ff:za.mlorim!"-“f@_@EAce CENTER MEMORANDUM

REFER TO IRITIATOR; T D%AY 20 7975

1.C-5-363 Le, PMorrifield:r]:5-19-76:209]

e
10 _ HHH isncl_:

JM6/E. Robinson

§ Faom: LA3)Manager for Management Integration SIGNATURE

Reginald M. Machell

SuUgl:
Document Release Authorization

On September 23, 1975, by memorandum LC-5-260 from this office, you were
requested to process document release authorizations for documents generated
by the Space Shuttle Engineering and Operations Support Contract NAS 9-13970
according to the following criteria:

a. "May be announced in STAR (or CSTAR if classified).”

b. "May be made publicly available, except (1) classified material which
should be released to security qualified requestors only, and (2) documents
which may be released overseas that come under the jurisdiction of the Federal
Early Domestic Dissemination Program.”

The above referenced contract has been superseded by NAS 9-14960, but the
processing of document release authorizations should continue to be guided by
the same criteria. If any additional clarification of this criteria is needed,
such requests should be addressed to LC/R. B. Merrifield, extension 2091.
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