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1 Introduction

A basic requirement of the Gemini real time missicn program has been <he
development of techniques for the rapid determination of arrival times

of the Spacecraft and Agena vehicles at specific or relative orbital loca-
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 locztion.
A second requirement 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 -~r-
bital planes) and height difference (measured after the Agena has been

"backed" to phase match with the Spacecraft).

The several subroutines presented in this note represent methods of compu-
taticn of the above requirerents. 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 tais
nature. Once the arrival times have been established, the relative ccndi-
tions are extracted from the orbital elements of both vehicles at thece
times. Thus, the arrival time and relative conditions subroutines are
necessarily presentéd together. The Subroutines THETR, TIMA, TAUA anc

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. - h sin 3 (I, + I, -1 )
TR S LY L L )
sin 3 (I, - I, +7 )

where the above symbols and subscripts are defined in the Appendix. The
arc tangent tera in the egquation represents the correction in phase ar.gle

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

the argument of perigee, as given by the equation:

U = Upe * At

where é $is the addition of the drag and 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 latitu.de of the Spacecraft is equal
to the argument of latitude of the counter.

In order to advance the Spacecreft to a desired argument of lati®ude, the
increment of central angle between its present location and the future lo-

cation must be known, or

AUl = Uy - U

The ir ‘rement of tire 1equireé for the Spacecraft to advance is given by:
bt =RL
where:
U=n+g
When the AEG Subroutine is advanced through At, a new argument of latitude,
U (t +At), is obtained and:
AU, =TUg - U(t +bt)

t.ri'ns‘.,re(.'iU2 is smaller then AU, Thus, the iterative process is to shrink
AU to zero through successive approximetions of At. To find the Agena
time of phase match with the Spacecraft argument of latitude, the quaa-
tity 93 is similarly reduced to zero.
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L. Subroutine TAUA

The purpose of this subroutine is to determire 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 used 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:
ac = 6y/0,

is employed successively to determine the tire increments through which
Subroutine AEG will be called on to back the ngena to phase match with
the Spacecraft.

5. Subroutine TIMFA

The tirme cf arrivael 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: w?

pt=1 "%
T2
where l2 is the Spacécraft's current mesa.l ancmaly, and na_is its anoralistic

mean motion. The AEG Subroutine is calied upon to advance the vehicle through
At until this time increment is satisfactorily smell. It should bte 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 varisbles in the work-
ing subroutines TIMFA, TIMA, THEIR, and TAUA. Thelir algebraic symbol defi-
nitions are given in the Appendix.
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A, E, AT, G, H, &L = a, ¢, I, g, h, 1; oroital elements

L

AN, GN, HN, GD = n, £, h, én’ secular ratet

R, RD,U=r, r, u
T = t, current time
CD, ARE, WHT = CD’ A.L, WL; drag constants

K2, K3 = k,, k,; AEG contrcl numbers

2’ 73
HDP, AIDP = h", I"; AEG mean elements

L1, L2 = Ll’ L2; vehicle indices

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

"

TFA, UOC ; errivzl time and argument of latitude of a courter

t u
fa’> “oc’
crossing

TA = ‘I:A; time lag between Agena ani Spacecraft

DELTH =AH; height difference between Agena and Spacecraft

CR = BR’ phase angle

DOS =89; angular tolerance on iterations:

DEILT =%t, time J;‘.c>11=.~ra.=:¢m:e ca iterations

All of the above quantities are subscripted (two locatiias) varisbles ex-
cept T, Ll’ L2, ANI, ANF, TrA, UOC, TA, DELTH, OR, DOS, and DELT.
The argument of subroutine TIMFA is written:

TIMFA (A, E, AL, 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 employei 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 (uoi)' The Agena is not advanced by TIMNFA.
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The argument of Subroutine TIMA is written:

» U, GD, UOC, T, TFA, AIF, ANI, DCS,

The initial erployment of TIMA for determining Spacecraft and Agena arri-

val times at counter latitudes must be preceded by either TIMFA for the.

determination of hOC for a given NA’ or these quantities must be input

(along with the initialization of the AEG). Other Quantities which must

be always defined are GD, T, TFA, ANF, (ANI), DOs, L,> Ly, K2, CD, ARE,
and K3. The different manners in which TIMA nay be used are as follows:

8. Spacecraft arrival time at a counter latitude -- set L_ = 2, L

2 1
ANT = Nhf’ ANI = HA and call the subroutine. Both vehicles are advanced
tc the arrival time.

= 1,

b. Agena arrival time at phase match with a Spacecraft counter latji-

tude -- set L2 = L, = 1 and continue as above. Only the Agera is advanced.

The argument of Subroutine THETR jis written:
THETR (U, AI, H, OR)
Subroutine THETR is generally called after the Spacecraft and Agena have

been advanced to a counter latitude by Subroutine TIMA.

Values of Ui’ AIi
and Hi are extracted for the computation of OR.

The argument of Subroutine TAUA is written:

TAUA (A, E, AT, G, H, AL, AN, GN, HN, R, U, GD, T, TFA, DOS, K2, TA, RD,
HDP, DELTH, CD, ARE, WHT, K3, AIDP)
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APPEKDIX
FLOVW CHART OF SUBROUTINE TIMFA

SUBROUTINE TIMFA:
INPUT/OUTPLT: O €1, | | L=2
Q;h.ri.ﬂ:‘a;h,R_uLL, T .J
gmmfu\gt")ti Kz\t—oc.; Kfi
!".LC‘C-IP:L)h lC’D:A\-rW'-l
f'311 |-t'AF B
—b>
B |
CALL AEG: /\ COMPUTE :.'L )
INPUT/QOUTPUT: > | AT= (r— X
1AT] =-§t): n
ch.."l.ng*hlﬂlﬂl lq_ \Sf) Z | W'
9;'?:Rt.1u;?jokt; t(:t,_.:'i' AC
L"J“:IKMKZl Koy <
¥°']LD]ALI\A"L|K5} —
l'
, SR
COMPUTE:
Gzt
Wo: = L
K, =1

RETURN END ]




LI1ST OF VARIABLES FOR 3UBROUTINE TIMFA

VARIABLE

DEFINITION UNIT
SEMI-MAJOR AX1S FT
ECCENTRPOCITY -
INCLINATION RAD
ARGUMENT OF PERIGEE
LONGITUDE OF ASCENDING NODE . RAD
MEAN ANOMALY RAD
MEAN MOTION NUMBER RADsEL
ANGULAR RATE OF ARSUMENT OF PERIGEE " VoLl
ANGULAR RATE OF ASCENDING NODE RABIGEC
RADIUS OF VEHICLc FT
ARGUMENT OF LATITUDE (gui) RAD

RATE OF (HANGE OF ARGUMENT AT PERIGEC
BECAUSE OF DRAG RAD/ar
COUNTER NUMBER —
CONVERGENTE LIMIT ON TIMFE: ITERATION Scl

EFOCLH SEC
DRAG CONTRCL NUMBER [ 1 FORDRAG , O FOR

NO DRAG) s
TIME OF ARRIVAL AT COUNTER SEC
ARSBUMENT OF LATITUDE OF COUNTER RAD
RADIUS RATE FV/seC
MEAN (SECULAR) LONGITUDE OF ASCEWNDING

NODE. RAD
DRAG COEFFICIENT —_
FRONTAL AREA OF WEHICLE FT*
WEIGHT OF VERICLE Lbs

REDUCED AEG CONTROL NUMBER (O IF
COMPLETE AEG REQUIRED, 1 FOR REDUCED AEG -
MEAN INCLINATION RAD
TIME OF SPACECRAFT ARRIVAL AT FIRST

APOGEE SEC
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FLOW CHART OF SUBRCUTINE TIM4

| o Mme . ﬂ":
Pl INGUT JOUT PUT Coe e 3,1895206
-. o';l'el‘.jt *%f h| ’ ;Qflﬂ(., l:J“I|9‘>¢Jh;11' p’f:‘-l-"lc:vﬂc
F 4
f; -t'0¢1 Wo, “ﬂt ) N,H, 86 | Uoe, = ot
8= L= L]
e ool L')':: Y, 4 C-AR :
Voc = Vo -q—é-QL.‘-l)‘.O '+ =T K.:z O
+ZTP~N"{5'”;{(PH4\1) (SIN;(_IJflu-'lT)]g o ° ) "L
CGSi(hJ‘ht.: S""!z(l-_.,'].ﬁ‘ﬁ) i)
] . At - Ug;* 1{? (MA* = Nﬂ‘)_:"-l:‘:%- ;
) N 1 é&'& l
[ - t=t+0t .
LLC';'.l'c'i' 1@(”{;"'\]‘) N e
*ét{(t't-:)(ef _ L
dci = d& + %D,_ﬁt ‘ ﬁCF\L_L m—y :
| We= O™ d INPUT/OUTPLT
c (& 3 l.q CH,C._Jt'ﬂlh N N 91}\ h 3' «19
ﬁu': \LC-"LLK ! CDI;WLI- ;AL{ [ K K K‘b;Ll;Lhﬂ :" uut
) ]' ) - — g R O EE——

At éu/u T
(ﬁ SB%IMP = 14 & ——D{ K'ﬂ
'L: l {1:t < 6\‘.

- i T — .
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LIST OF VARIABLES FOR SUBROUTINE TIMA

VAR ABLE DEFINITION UNIT
a SEMI MAJOR AXIS , =1
e ECCENTRICITY
1 INCLINATION ‘RAD
a ARGUMENT OF PERIGEE RAD

LONGITUDE OF ASCENDING NODE R AD
X MEAN ANOMALY RAD
N MEAN MOTION NUMBER RAD/AEC
g ANGULAR RATE OF ARGUMENT OF :

PERIGEE RADAGE ¢
" ANGULAR RATE OF ASCENDING NODE RAD/S EC
Ry RADIUS OF VEHICLE FT
L ARGUMENT OF LATITUDE (g+€) , RAD
S RATE OF CHANGFE OF ARGUMENT OF _

PERIGEE BECAUSE OF DRAG RAPAEC
Uec ARGUMENT OF LATITUDE OF COUNTER SEC
j EPOCH 3EC
X o TIME OF ARRIVAL AT COUNTER SEC
N, FINAL COUNTER NUMBER
Ny INITIAL COUNTER NUMBER
s¢ CONVEKGENCE 1LIMIT ON ANGULAR

ITERATION RAD
L, VEHRICLE NUMBER
L, VERIZLE NUMEBER
Ka DRAG .DHTROL NUMaER(!,FoaoaAe;m) o
Ry RADIUS RATE tsee
R MEAN (SECULAR) LONGITUDE OF

ASCENDING NODE RAD
Co DRAG COEFFICIENT —
AL FRONTAL AREA OF VEHICLE EY?
WL WEIGHT OF WVEHICLE LBS
Ks REDUCED AEG CONTROL NUMBER (O \F COMPLETE

AEG REQUIRED,1 FOR REDUCED AEG) —

1 . MEAN TINCLINATION RAD

\
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FLOW CHART OF SUBROUTINE THETR

e

SUBROUTINE THETR: -
INPUT/QUTPUT: J=1
w,I,h,e H - ks — ™ k-2
Y
COMPUTE:
4 0 = U,;-Uk )
-1 sw(hf"h"\sw(h f;_,_"'l“)
— 2TAN 2 T
(_os(hléhx)f_‘,]u( J Lise u.)

| RETURNJ
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VARIABLE

u
1
h

e

a AB w

Li1ST OF WVARIABLES N SUBROUTINE THETR

DEFINITION

ARGUMENT OF LATITUDE (g + f)
INCL; NATION

LONGITUDE OF ASCENDING NODE
PHASE ANCLE

UNITS

RAD

RAD
RAD
RAD

J
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FLOW CHART FOR SUBROUTINE TAUA

: _ - |
ﬁ SUBROUTINE TAUA: L, =1 CALL AEG:
| INPUT/OUTPUT: Q €, L, 2 INPUT/OUTPUT:
E’ Iig}h:irﬂ 19 }h ) - K:.:i O-.Q_:I:Q,h;i:'nr‘al y MU
g R“Ll.,gg,{]tm,ée y Ko, Ka =1 ';Ltﬂgit‘LllLiiK“Kf;\
| tglthhJ Shd;CD) AL: R\.'hlcﬁlAL |wL‘K5|I
WL.; K.a ) I" |

|
tg:- t '
COr FUTES CALL THETR :
Ta= toc-te - INPUT/OUTPUT
Ah: RL_RZ = ‘9 \- Seyo L‘L! I ) h! e
Kg_"’ 1
=
| | [
| CALL AEG: COMPUTE ! CALL AEG" ]
| INPUT/OUTPUT: dt= _© INPUT/OUTPUT :
a"e-'l‘g'h‘:a" ‘ n+g %-Q.I:‘B.h:.ﬁ.“.
9: ) lRL‘u-'gog { - tm "'"dt g} h,RL'u-w:aD,tl‘
T,bs ;Ll.\Ki;Kl) ) L}-\L-‘L\Ktl' LR S
‘F\L\ h".C-D‘AL.,wL‘ L h 'c-p.‘q_ 'ng Ki )
K;, I" Il'
RETURN END
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LIST OF VARIABLES FOR SJBROUTINE TAUA

DEFINITION uriIi T |
SEMI-MAJOR AXIS FT
ECCENTRICITY —
INCLINATION RAD
ARGUMENT OF PERIGEE RAD
LONGITUDE OF ASCENDING NODE RAD
MEAN ANDMALY RAD

MEAN MOTION NUMBER RAD/se -

ANSULAR RATE OF ARGUMENT OF PERIGEE RAD/5p

ANGULAR RATE OF ASCENDING NODE PAD/GEC
RADIUS OF VEHICLE FT 5
ARGUMENT OF LATITUDE (ng) RAD !
RATE OF CHANSE OF ARGUMENT OF

PERIGEE BECAUSE OF DRAG RAYgee
EPOCH SEC
TIMZ OF ARRIVAL AT COUNTER SEC
CONVERSENCE LIMIT ON ANDULAR ;
ITERATION P.AD

DRAG CONTROL NUMBER (1 FOR DRAG,
O FOR NO PRAG)

T —

TIME LAS BETWEEN TwWO WVEHICLES SEC
RADIUS RATE FT/SEC
MEAN (SEZULAR) LONGITURE OF ASIENDNT

NODE RAD

CONVER3ENZE LIMIT ON HEIGHT ITERATION KAD
DRAG COEFFICIENT —
FRONTAL AREA OF WVEHICLE FT 2
WEISHT OF VENHICLE LBS
REDUCED AEG CONTROL NUMBER (O IF
COMPLETE ARG REQUIRED,! FOR REDUCED AEG) —
MEAN INCLINATION RAD
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INPUT FOR TIMFA

I OONSTA:. N
a. Category

1. I
2. §¢

II. VARIABLE INPUT

N,n2,1

A 2

III. OUTPUT

t h

FA) uoc’ &2’ e2’ I2$ g ’ 2’ 12: na’ éz) h23 r2’ u2$ gDz?

K, r, h", 1"

IV. CONSTANT AND VARIABLE INPUT REQUIRED FOR:

AEG/DRAG

—
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1I.

CONSTANT INPUT
a, Category
1. T
2. None
3. None
VARIABLE INPUT

u., I., h.
12 73 i

III. OUTPAUT

Or

- AlQ -

INPUT FOR THETHR
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III.

IV.

- All -
INPUT FCZ TrU-

CONSTANT ILPUT

a. Category

1. None
2. §6, §H,
3. None

VARIABLE IITPUT

Yoc

OUTPUT

t_, AR
e

CONSTANT AND VARIABLE INPUT REQUIPZD FOR

AEG/DRAG end THETR

L e T )
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INPUT TOF TIA
1. CONSTANT INPUT

a. Category

1. T
2. xg,sua
3. None

II. VARIABLE INZUT

N13 NF, t, ni’ éi, I‘l’ L2

I1I. OUTPUT
toc’ uOC’ &i: ei) Ii: gi! hi’ li! ni’ gi! hia rii ui, gDi!
il " "
Y

- il Ii
: i CONSTANT AND VARIAELE INPJT REQUIRED FOR

AEG/DRAG
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