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1. Introduction

The purpose of this internal note is to discuss the development of four

real-time computer program subroutines which are used in the General Pur-

pose Maneuver Processor (GPMP) and the Agena Corrective Maneuver Processor

(ACMP). The subroutines discussed herein are:

o STLO - Determinesthe next time of arrival of an orbiting vehicle at some

specific input longitude

o STEQ - Determines the time of arrival of an orbiting vehicle at the next

equatorial crossing point

o STCIR - Determines the next time of arrival of an orbiting vehicle at

some specific input radius

o STAP - Determines the time of arrival of an orbiting vehicle at the next

true apogee or perigee

These subroutines form a part of the ACM and GPM Processors and are utilized

to establish the time at which certain maneuvers should be scheduled.

ie Discussion of Subroutine STLO

Subroutine SILO requires the input of a set of vehicle orbital elements for

a given time and the desired longitude (A). Since the longitude of ascending

node (hy) of the input vector will be based on an inertial reference, it

mst be changed to an earth fixed reference. This is accomplished by sub-

tracting the earth rotation (wt). The distance along the equator (VY) be-

tween the present earth fixed ascending node (nh) and the desired longitude (0)

is found by subtracting (h,) from (0). A negative distance along the equator

would be meaningless here, so 2x mst be added to the above result if Qa = h,)

is negative. The argument of latitude of the desired longitude crossing

(U,) is computed with the use of a spherical triangle that includes the incli-

nation (I;) and the proper equatorial distance (v). An initial time of arrival

estimate (At) is made by applying the vehicle mean motion (n) to the difference

between the argument of latitude of thedesired longitude (U,) and the present

argument of latitude of the vehicle (U;). However, this time estimate will

not be entirely correct because the earth rotational rate will affect the
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actual time of travel between the present position and the desired longi-

tude. This discrepancy is initially corrected by adding the earth rotation

(war) to the desired longitude (XY. A more accurate time estimate is then

computed using the "adjusted" longitude (,,). When the longitude has been properly

adjusted to account for earth rotation, the AEG Subroutine is called and the

initial vector is updated to a time equal to the initial time plus the latest

At estimate. The argument of latitude of the vehicle at this time is checked .

against the argument of latitude of the adjusted input longitude. If the

difference between these two parameters indicates a time difference greater

than an input tolerance, a new At is computed and the AEG is called again.

This iteration continues until a convergence on UL is attained. The time

that permits this convergence will then be the desired time of arrival at the

specific longitude (\) and is denoted as tron:

3. Discussion of Subroutine STEQ

Subroutine STEQ begins the search for the next equatorial crossing with a

set of vehicle orbital elements for a given time. The value of the vehicle

argunent of latitude (U,) at this time is checked against x to determine if

the next equatorial crossing will be the ascending or descending mode. If the

upcoming node is ascending, the argument of latitude of the next crossing point

will equal 2x. If the upcoming node is descending, the desired argument of lati-

tude will equal x. A first estimate for the time of arrival is made by applying

the vehicle mean motion (ny) to the difference between the argument of latitude

of the vehicle and the argument of latitude of the next crossing point. The

110 in the flow charts. This time

estimate is used as the initial estimate in an iteration loop using the AEG

Subroutine. The AEG is called and the vector is updated to the time estimate.

If the vehicle argument of latitude at this time is not within a pre-set tole- '

rance of the value Ki40 a new time estimate is computed and the iteration loop

is entered again. The time corresponding to the argument of latitude that per-

mits a convergence in the iteration loop will then be the desired time of equa-

torial crossing (tag)

4. Discussion of Subroutine STCIR

Subroutine STCIR requires the input of a set of vehicle orbital elements for

a given time and the desired radius of circularization (Rotp)- This subroutine

later parameter is denoted by the value K
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begins its search for Ror at the time of the input elements. An initial

calculation of the true anomaly of the vehicle at the desired radius is

made using the following Keplerian relationship:

a(1 - e°) -RrR CIR) (1)fie cos”
CIR |

This true anomaly (f,) is compared to the true anomaly of the present posi-

tion (fz) and an initial time of arrival estimate is computed by applying

the mean motion to the difference between these parameters. Since the

computed true anomaly is not a unique solution due to the existence of

two Ror positions in the orbit, a further test mst be performed to insure

the use of the next desired radius point. The AEG is updated to the initial

time estimate, and the true anomaly of the resulting vector is noted. A

more accurate computation of the desired true anomaly is made using equation

(1) with the updated elements. This computed true anomaly is again compared

with the actual true anomaly at the updated position and if the difference

between them is greater than a pre-set tolerance, a new time estimate is :

calculated and entered in the iteration loop. In the course of iterating

on the proper true anomaly, it is possible for a radius (Rorp) that initially |

exists in the orbit to become non-existent in the present orbit due to drag.

The presence of this situation is revealed when the value of cos (f,) becomes

greater than one. Should this situation occur the subroutine sets an error

flag (Ki9,) and returns to the point where it was called. The time estimate

that produces convergence on the computed true anomaly will be the proper time

of arrival at the input radius and is denoted as torr:

5. Discussion of Subroutine STAP

The STAP Subroutine requires the input of a set of vehicle orbital elements

for some time and a Ki00 flag which determines which Apsis point is desired

(Ki09 = 0, Apogee —- Kyo, = 15 Perigee). A first estimate of the time of

arrival at the next desired apsis point is made by comparing the present

mean anomaly to either x or 2x, depending on the Koo flag setting. If -

the apsis point desired is apogee, a check is made to determine if the apogee
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point has already been passed in the present orbit. If this is the case,

then the present mean anomaly is compared to 3 rather than x to obtain

the proper time estimate. The AEG is called and the present vector is

updated to the initial time estimate. The mean anomaly at the updated

position is then compared to the proper multiple of x (Apogee -- x, Peri-

gee --2x). If the difference between these values is greater than a pre-

set tolerance, than a new time estimate is calculated. This updated time

estimate is then re-entered in the iteration loop. The time that permits

convergence at the proper mean anomaly will be the correct time of arrival

at the apsis and will be denoted as taps

6. Required Inputs

The input that is required for each subroutine is divided into two major

categories: constant input and variable input. The constant input is also

subdivided further into three groups: 1) input that will not change after

three weeks prior to launch, 2) input from three weeks prior until the

program is loaded, and 3) input required after the launch.

This input is listed in the following sections:

3.1 STLO

3.2 STEQ

3.3 STCIR

3.4 STAP

3.5 AEG



3.1 Input for STLO

I. Constant Input

a. Category

1. 15 O52 Kigy> Kyoo? Bios

2. 66, St

3. None

II. Variable Input

h, t, h, U, gn

TIT. Output

t e, I, g, h, £,; R, U, &, nLon? %

IV. Constant and Variable Input Required for:

AEG/DRAG

3.2 Input for STEQ

I. Constant Input

a. Category

lL.

2. 6t

3. None

II. Variable Input

t, & u,n

III. Output

te? a, e, I, g, h, &, R, I"

IV. Constant and Variable Input Required for:

AEG/DRAG vi
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3.3 Input for STCIR

I;

IT.

IIL.

Iv.

Input

Le

it.

Tir.

Constant Input

a. Category

1. tT, Koy

2. &t

3. None

Variable Input

Rotp? ts 8 Us &, on

Output

torr? a, e, I, g, h, 2, R, u

Constant and Variable Input Required for:

AEG/DRAG

for STAP

Constant Input

a. Category

1. 7

2. 6b

3. None

Variable Input

Ki00? t, 4, g, n

Output ‘

tap? a, e, I, g, h, £2, R, u, & n

Constant and Variable Input Required for:

AEG/DRAG
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3.5 INPUT FOR AEG

I. CONSTANT INPUT

a. Category

1. my Uy Oy Jy, HL Ky Ry, Rooper Ssgs At, pj(j =1, 12),
eas Ky

2. A, C,

3. None

II. VARIABLE INPUT

Ky» Ko, Kz, Ly, Ly, W, t, a, 0, I, h, hy 1

III. OUTPUT

Bes Ops Ios Bes Ho» les Des g; h, Ly, Uy, By r, h", I"

IV. CONSTANT AND VARIABLE INPUT REQUIRED FOR:

DRAG - x, u, Os Ja Hy Kos Ro? Roorp? Caos Ato» ej(j =1, 12), 1»

Ko» Ap» Cp» a» ©, g, (easing), (ecosg), L, u, Wye Bs Bs Y's Cys Co,

Crs C309 By tp» e", L", at
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7. Subroutine Outputs

The outputs for the subject subroutines are as follows:

STLO - troy» a» > I, gh, 2, R, U, Bn

STEQ - tag? a, e, I, g, h, £, R, I"

STCIR - torr? a, e, I, g, h, £, R, U

STAP - tap» @ e, I, g, h, 4, R, U, gn
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Detailed Flow Charts
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APPENDIX II

Definition of Flow Chart Symbols

- semimajor axis

- eccentricity

- inclination

- argument of perigee

- longitude of ascending node

- mean anomaly

- time of vector

- argument of latitude

- secular rate of change of argument of perigee

- mean motion constant

- true anomaly

- input longitude

- distance along the equator between the present earth-fixed as-

cending node and the desired longitude

- earth-fixed longitude of ascending node

- initial setting of A in iteration loop

- computed argument of latitude of the desired longitudinal crossing

- cosine of wedge angle between longitude meridian and vehicle path

102 ~ flags to establish correct quadrant of longitude A)

- time interval used in iteration loop

- flag to set proper relationship between the present argument of

latitude and argument of latitude of desired longitude

- change in input longitude due to earth rotation factor

- angular tolerance in iteration loop

- "adjusted" desired longitude dve to earth rotation factor

- option to search for either apogee or perigee



f - true anomaly of point of desired radius
CIR

Kino - flag to determine next node (ascending or descending)

r" - mean inclination

Koh - error flag in STCIR - desired point does not still exist in
orbit

tron - time of arrival at specific longitude

tag - time of arrival at next equatorial crossing

torr - next time of arrival at specific radius

tap - time of arrival at next apogee or perigee

Subscripts

I - initial

F - vector at desired time


