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1, Introduction

A basic requirement of the Gemini real time mission progran has been whe

development of techniques for the rapid determination of arrival times

of the Spacecraft end Agena vehicles at specific or relative orbital ioca-

tions. A specific orbital location would be an apogee or perigee, a

"counter" crossing, or some latitude or longitude; and a relative orbital

location woulé be an Agena phase match with a specific Spacecraft locetion.

A second reqvirement of the program, related to the first, is the deter-

mination of relative conditions between the two vehicles at an orbital lo-

cation, such as phase angle (measured from the common node of the two 7r~

bital planes) and height difference (measured after the Agena has beer:

"backed" to phase match with the Spacecraft).

The several subroutines presented in this note represent methods of comou-

tation of the above requirements. The fundamental mathematical tool used

in determination of arrival times is the analytic ephemeris generatior

(AEG) subroutine, which lends itself readily to orbital iterations of this

nature. Once the arrival tines have been established, the relative ccndi-

tions are extracted from the orbital elements of both vehicles at these

times. Thus, the arrival time and relative conditions subroutines are

necessarily presentéd together. Tne Subroutines THETR, TIMA, TAUA enc

TIMFA are working programs and are in constant employment by RAB perscnnel.

2. Subroutine THETR

This subroutine determines the phase angle between the Agena and Spacecraft,

measured as the difference in central angles from the common node of their

orbital planes. The equation employed by Subroutine THETR is:

h, - 4h sin} (I, +1, -f7 )-1 17 “2 2 \“1 “2
@, =U, - U; - 2 tan {tan 3  f 3 ]

where the above symbols and subscripts are defined in the Appendix. The

 

arc tangent term in the equation represents the correction in phase argle

for the "wedge angle" between the two orbital planes.
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3. Subroutine TIMA

This subroutine employs the AEG and THETR subroutines to determine three

arrival times: (1) the time of arrival of the Spacecraft at a counter

latitude (or maneuver point), (2) the time of arrival of the Spacecraft

at any desired argument of latitude, and (3) the time of Agena phase match

with a given Spacecraft argument of latitude.

The Spacecraft counter latitude is referenced to the argument of latitude

of an early Spacecraft apogee, and advances in time as the secular rate of

the argument of perigee, as given by the equation:

Up = Uoe + git

where & is the addition of the drag aud oblateness terms for the secular

advance of perigee. Time of arrival of the Spacecraft at the counter then

is simply the time when the argument of Latitude of the Spacecraft is equal

to the argument of latitude of the counter.

In order to advance the Spacecreft to a desired argument of latitude, the

increment of central angle between its present location and the future lo-

cation must be known, or

AU, FU, - YU,

The increment of tine required for the Spacecraft to advance is given by:

ne =
where:

Tean+@

When the AEG Subroutine is advanced through At, a new argument of latitude,

U (t +At), is obtained and:

AU, = U - U(t +ht)

where MU, is smaller then AU, Thus, the iterative process is to shrink

AU to zero through successive approximations of At. To find the Agena

time of phase match with the Spacecraft argument of latitude, the quan-

tity G, is similarly reduced to zero.
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4. Subroutine TAUA

The purpose of this subroutine is to determine the relative conditions of

height difference and time “lag" between the Agena and Spacecraft, where

the Agena must be “backed” to phase match with the Spacecraft at a desired

comparison point. First, the Spacecraft is advanced in time (as well as

the Agena) using Subroutine TIMA, to some argument of latitude which is

to be use@ as a comparison point. Subroutine THETK is called here to de-

termine the phase angle between the two vehicles. Then, while holding the

Spacecraft at the comparison point, the equation: ‘

ar= O,/%,
is employed successively to determine the tire increments through which

Subroutine AEG will be called on to back the agena to phase match with

the Spacecraft.

5. Subroutine TIMFA

The time cf arrival of the Spacecraft at its next apogee is computed in

Subroutine TIMFA. Since its mean anomaly at apogee will be Tl , the itera-

tive process employs the equation: a

ate TT - 1,

ne

where 1, is the Spacecraft's current mea. anomaly, and ny is its anomalistic

mean motion. ‘The AEG Subroutine is calied upon to advance the vehicle through

At until this time increment is satisfactorily small. It should be men-

tioned that in earth-orbits mean anomaly becomes practically undefined for

orbits with near or below 0.005 eccentricity.

6. Employment of the Subroutines

The following symbols are those employed as FORTRAN variables in the work-

ing subroutines TIMFA, TIMA, THETR, and TAUA. Their algebraic symbol defi-

nitions are given in the Appendix.
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A, E, AI, G, H, 4b =a, ¢, I, g, h, 1; ordital elements

e e

AN, GN, HN, GD=n, 5, h, bp? secular rate:

R, RD, U=r,r,u

T = t, current time

CD, ARE, WHT = Cp» Ay? Wh drag constants

K2, K3 = Ky» k,; AEG contrcl numbers3?

HDP, AIDP = h", I"; AEG mean elements

Ll, L2 = Li» L,3 vehicle indices

ANI, ANF = Ny (initial), N, (final); apsis counter numbers

TFA, UOC = tee YWoe3 errivel time and argument of latitude of a counter

crossing

TA = $3 time lag between Agena ani Spacecraft

DELTH =AH; height difference between Agena and Spacecraft

CR = 6,> phase angle

Dos =36; angular tolerance on iterations

DELT =$t, time tolerance cn iterations

All of the above quantities are subscripted (two locativas) variables ex-

cept T, Li> Lo> ANI, ANF, TFA, UOC, TA, DELTH, OR, DOS, and DELT.

The argument of subroutine TIMFA is written:

TIMFA (A, E, AI, G, H, AL, A’, GN, HN, R, U, GD, ANI, DELT, T, K2,

TFA, UOC, RD, HDP, CD, ARE, WHT, K3, AIDP)

This subroutine is employed as follows:

a. First, the AEG Subroutine must be called and initialized, and

values are given to ANI, DELT, T, K2, CD, ARE, WHT, and K3.

b. Subroutine TIMFA may now be called, with output of time of arrival

and orbital elements of the Spacecraft at apogee, and with the “reference”

counter argument of latitude (u,,)- The Agena is not advanced by TINFA.
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The argument of Subroutine TIMA is written:

F, AT, G, H, AL, AN, GN, HN, R, U, GD, UOC, T, TFA, ANF, ANI, DCS,L,, L,, K2, RD, HPP, CD, ARE, K3, AIDP).

val times at counter latitudes must be preceded by either TIMFA for the,
determination of Yoo for a given Ny> or these quantities must be input
(along with the initialization of the AEG). Other quantities which mustbe always defined are GD, T, TFA, ANF, (ANI), Dos, Ly, L,, K2, CD, ARE,and K3. The different Manners in which TIMA hiay be used are as follows:

a.

1AN? = Naps ANI = Ny and call the subroutine. Both vehicles are advanced
te the arrival time.

Spacecraft arrival time at a counter latitude -- set L, =2,L, =1,

b. Agena arrival time at phase match with a Spacecraft counter lati-tude -- set L, = L, = 1 and continue as above. Only the Agena is advanced.
c. Spacecraft arrival time at any argument of latitude -- set voc = u,L=L2 ‘on 2, ANI = ANF, ana continue as above. Only the Spacecraft is

advanced.

The argument of Subroutine THETR is written:

THETR (U, AI, H, oR)

the subroutine will yield as output the relative quantities of TA ana
DELTH. The orbital element of both vehicles are returned as the same as
those which came from TA. '
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APPERDIX

FLOW CHART OF SUBROUTINE TIMEA |
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COMPUTE:

tert
Us = U

 

SUBROUTINE TIMFA:

INPUT /OUTPUT? o,e,1, L=2

g.h. in, G,h,Ra, u,

GorNardtyt, Kaytee,
K =4

Use Ruy, CosAr, We, *

N3 ’ Ly Lar

CALL AEG: COMPUTE =

INPUT/OUTPUT: PAt= (r-2d )
o,€,1,9,h, 2,7, : n

§,N,RLU, 9p,%, the t.+ OT  
 

 K, =1

 
 

 



LIST OF VARIABLES FOR SUBROUTINE TIMFA
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VARIABLE DEFINITION UNIT

Qa SEMI-MAGOR AXIS FT

e ECCENTRICITY _

I INCLINATION RAD

3 ARGUMENT OF PERIGEE

hn LONGITUDE OF ASCENDING NODE _ RAD

| L MEAN ANOMALY ao
n MEAN MOTION NUMBER BAGSEX.
4 ANGULAR RATE OF ARSUMENT OF PERIGEE Pe arc

nh ANGULAR RATE. OF ASCENDING NODE RADcEc

R, RADIUS OF VEHICLE FT
U ARGUMENT OF LATITUDE (q+) RAD

Sp RATE OF CHANGE OF ARGUMENT AT PERIGEE

BECAUSE OF DRAG RADsre
N COUNTER NUMBER -

&§+ CONVERGENZE LIMIT ON TIME: ITERATION SEC

t EPOCH SEC

Ko DRAG CONTROL NUMBER! 1 FORDRAG, O FOR

NO DRAG) =
te. TIME OF ARRIVAL AT COUNTER SEC

Uc, ARGUMENT OF LATITUDE OF COUNTER RAD

Riu RADIUS RATE FYSEC

K MEAN (SECULAR) LONGITUDE OF ASCENDING
NODE RAD

So DRAG COEFFICIENT -

Au FRONTAL AREA OF VEHICLE FT

NN WEIGHT OF VEHICLE Lbs

: K3 REDUCED AEG CONTROL NUMBER (0 IF

: COMPLETE AEG REQUIRED, 1 FOR REDUCER AEG —

1" MEAN INCLINATION RAD

tar TIME OF SPACECRAFT ARRIVAL AT FIRST
APOGEE SEC

4 
mmoome ee eeeee - oe a
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FLOW CHART OF SUBROUTINE TIMA
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Uc = ac + 2(NE-N,) <tr, Steel

+ Ge {(t- to) (8 f 4

| dq= 84+ GA CALL AEG
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LIST OF VARIABLES FOR SUBROUTINE TIMA

DEFINITION

SEM! MAJOR AXIS

ECCENTRICITY

INCLINATION

ARGUMENT OF PERIGEE

LONGITUDE OF ASCENDING NODE

MEAN ANOMALY
MEAN MOTION NUMBER

ANGULAR RATE OF ARGUMENT OF

PERIGEE

ANGULAR RATE OF ASCENDING NODE

RADIUS OF VEHICLE

ARGUMENT OF LATITUDE (g+F)
RATE OF CHANGE OF ARGUMENT OF

PERIGEE BECAUSE OF DRAG

ARGUMENT OF LATITUDE OF COUNTER

EPOCH

TIME OF ARRIVAL AT COUNTER

FINAL COUNTER NUMBER

INITIAL COUNTER NUMBER

CONVERGENCE LIMiT ON ANGULAR

ITERATION

VEHICLE NUMBER

VEHICLE NUMBER

DRAG .ONTROL NUM BE RC?,FOR DRAG; ONO,

RADIUS RATE

MEAN (SECULAR) LONGITUDE OF

ASCENDING NODE

ORAG COEFFICIENT

FRONTAL AREA OF VEHICLE

WEIGHT OF VEHICLE

UNIT

FT

"RAD

RAD

RAD
RAD
RAMce

RADec
RAD/z, Ec

FT
RAD

RA%EC
SEC
SEC

SEC

RAD

Fikec

RAD

FT?

LBS

REDUCED AEG CONTROL NUMBER(O IF COMPLETE

AEG REQUIRED, 1 FOR REDUCED AEG)
MEAN INCLINATION

yo.

RAD
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FLOW CHART OF SUBROUTINE THETR

 

SUBROUTINE THETR:

   
 

 

  

 

 

 

 

INPUT/OUTPUT:
J=1

u,1,h,e tr bL——+} ..-
’ ’ | K-72

| {

i
\

COMPUTE:

i ect Uy - Ux h.- hex sin (2 =r + Ix)» arssneeegesom (ett
cos(zshe)5in(BESts)

RETURN
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LIST OF VARIABLES IN SUBROUTINE THETR

DEFINITION

ARGUMENT OF LATITUDE (9 + f)

INCLINATION

LONGITUDE OF ASCENDING NODE

PHASE ANGLE

UNITS

RAD

RAD

RAD

RAD
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FLOW CHART FOR SUBROUTINE TAUA

 

.SUBROUTINE TAUA:

INPUT/OUTPUT: O,€,

I,g,hH,%4,n ,g why
Ru,o,ty tec, 5) Kay
tg,R Hy, bhy, Co, AL,

WL, 3 ,r"

 
 

  
CALL AEG:

| INPUT/OUTPUT:
| 2.21s, h,L,
g,h Ru, Go:

vig phay Ka,Ka,

RRCy AL,

Ky, L” 
RETURN

  

 

  

  dt=

cOoMee:

  

   

    

     

 

       

 

     

  
 

CALL AEG:

INPUT/OUT PUT:

a e,1,9,h£:79)h, Ri,

U vest Lar ba, Kir Kay
Roh CosAn Muy Kol”

 

 

 

 

CALL THETR :

LINPUT/OUTPUT :

u,1,h, e

 

   
CALL AEG:

INPUT/OUTPUT:

aaraae
   
  

 



 

VARIABLE

LIST OF VARIABLES FOR SJBROUTINE TAUA

- AS -

DEFINITION UNIT

SEMI-MAJOR AXIS
FT

ECCENTRICITY -

INCLINATION RAD

ARGUMENT OF PERIGEE RAO

LONGITUDE OF ASCENDING NODE RAD

MEAN ANOMALY RAD

MEAN MOTION NUMBER RAYsec

ANGULAR RATE OF ARGUMENT OF PERIGEE R4%5ec

ANGULAR RATE OF ASCENDING NODE PAD/QEC

RADIUS OF VEHICLE FT i

ARGUMENT OF LATITUDE (grf) RAD
RATE OF CHANGE OF ARGUMENT OF

PERIGEE BECAUSE OF DRAG RAYSEC |
EPOCH SEC

TIME OF ARRIVAL AT COUNTER SEC

CONVERGENCE LIMIT ON ANSULAR :

ITERATION PAD

DRAG CONTROL NUMBER(1 FOR DRAG, _

© FOR NO PRAG)
TIME LAS BETWEEN TWO VEHICLES aEC

RADIUS RATE FYSEC

MEAN (SECULAR) LONGITUDE OF ASTCEND:INS

NODE RAD

CONVERSENCLE LIMIT ON HEIGHT ITERATION RAD

DRAG COEFFICIENT _

FRONTAL AREA OF VEHICLE Fr?

WEIGHT OF VEHICLE LBS

REDUCED AEG CONTROL NUMBER (0 IF

COMPLETE AEG REQUIRED,1 FOR REDUCED AEG) —

MEAN INCLINATION RAD

 



sa
il
ed
.
a
n
c
l

C
e
.

P
E
P
E

ee
S
E
D
A

- AQ -

INPUT FOR TIMFA

I CONSTA!) “LNPUT

a. Catesory

l. TW

2. $t

II. VARIABLE INPUT

Nar Nor 15

III. OUTPUT

FA’ Yoo 85> &>? I> Bo» h,> 1o: No> Bo» ho» To? Uy> Eno?

Ny, ¥, h", I"

t

IV. CONSTANT AND VARIABLE INPUT REQUIRED FOR:

AEG/DRAG
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II.

CONSTANT INPUT

a. Category

1 7

2. None

3. None

VARIABLE INPUT

u,, I., h,i? i? i

III. OUTPUT

Or

- ALO -

INPUT FOR THETR
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" INPUT FCR TAUA

I. CONSTANT INPUT

a. Category

1. None

2. $6, 6H,

3. None

II. VARIABLE INPUT

III. OUTPUT

ct b 7

Iv. CONSTANT AND VARIABLE INPUT REQUIRED FOR oo

AEG/DRAG end THETR

w
e
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INPUT FOP TDA

I. CONSTANT INPUT

a. Category

1

2. Ko» sé

3. None

II. VARIABLE INPUT

Ny» No, t, 9,5 gs) Ly» Ly

III. OUTPUT

tog? Yoo? 83> Cg2 Tye Bye Bur Lys Dy» Bye Myo Thr Vy> Spar
2S " ”

Tyo he's Ty
IV. CONSTANT AND VARIAELE INPJT REQUIRED FOR

AEG/DRAG  
 

 

 


