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USE OF THE REAL-TIME GEMINI RENDEZVOUS LOGIC FOR IM RESCUE
 

By Jerome W. Kahanek
 

SUMMARY
 

A study has been made to determine if the Gemini real-time rendez
vous logic (DKI logic) can be used for lunar module (IM) rescue by the
 
command and service modules (CSM) in lunar orbit anytime the EM lifts
 
off from the lunar surface.
 

Two maneuver sequences were investigated for rendezvous counters of
 
3, 4, 5, 6, and 7. The first sequences consisted of a #eight maneuver 
at maneuver point 0.5, a phasing maneuver at maneuver point 1.0 and a 
coelliptic maneuver one revolution before the rendezvous counter. The 
second sequence consisted of a phasing maneuver at maneuver point 1.0, 
a height maneuver at maneuver point 1.5, and the coelliptic maneuver one
 
revolution before the rendezvous counter.
 

The study shows that the DKI logic can effect TM rescue within the 
lifetime of the LM for all phase angles at insertion from -100 to -360' 
and from 0.00 to approximately +9.00. The CSM orbits were allowed a 
minimum altitude of 8.0 n. mi. The DKI logic could effect rendezvous 
for phase angles 00 to -lO0 if the logic was changed to permit phase 
angles greater than -360O, that is if -100 could be called -370o. 

INTRODUCTION
 

IM rescue utilizing the Gemini rendezvous logic (DKI) used in the
 
real-time Gemini rendezvous program (ref. 1) has been studied to determine
 
the capability of the DKI logic for IM lift-off occurring anytime. The 
advantage of the DKI logic is that both the time of rendezvous and the
 
differential altitude can be specified.
 

In the study many assumptions were made, such as the minimum altitude 
the CSM orbit would be allowed and the amount of time required between 
sending the CSM a maneuver and the actual execution of the maneuver. Con
sequently, the data should not be used as specific planning data.
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CSM AV cutoff lines and LM lifetime lines are not included on the
 
figures presented since the values are not yet firm.
 

ANALYSIS AND RESULTS
 

The CSM lunar orbit used was an 80.0-n. mi. circular orbit. The
 
IM was launched into an 8.0-n. mi. by 28.5-n. mi. orbit. The maneuvers
 
used to effect rendezvous are a height maneuver, NH, a phasing maneuver
 

NC,, and a coelliptic maneuver, NSR. Two sequences were studied: NH 

NC1 , and NSR; and N01 , NH, and NSE. 

Maneuvers were performed at a maneuver point, or counter, as il
lustrated below. The point which occurs 1800 around from nominal LM 
insertion is defined as maneuver point 0.5. (Nominal IM insertion is 
assumed to occur when the CSM is 20.60 past the IM insertion point.) 
The rendezvous counter, M, refers to the value of the counter nearest the 
point of rendezvous. 

M= .5, 1.5, etc. 

LAUNCH
 

LIE LM
 

: ,SITE/ 

INSEfTION 

V =AE
1 , 2F3 , etc. 



Phase angle, e,measures the angle from the CSM radius vector to 
the E 4 radius vector, positive in the direction of motion and negative 
in the opposite direction. The phasing and-height maneuvers set a phase 
angle of -1.3o (CSM in front) and a height difference, AH, of 5.0 miles 
(CSM above) at the coelliptic maneuver point. The coelliptic maneuver
 
put the CSM in an orbit 5.0 miles above the IM. The two-impulse proces
sor was used to compute the terminal phase solution. The first impulse 
was initiated with a CSM elevation angle of 206.4' measured as shown 
below. 

~5N. Mi. 

LINE OF 

LOCAL
 
HORIZONTAL
 

5 0 , ,A T I O qN I -

Sequences 1 and 2 are discussed below. Figure I describes both 
sequences from M = 3, 4, 5, and 6. In figure l(a) through (d), negative 
phase angle (CSM ahead) is plotted versus the total AV cost of the TM 
rescue and the pericynthion of the CSM orbit after the phasing maneuver. 
Figure l(e) shows the .same information for the second sequence for M = 6 
and 7 and illustrates the rendezvous possibilities for an early IM lift
off or extremely late lift-off where the 2M inserts a few degrees ahead 
of the CSM.
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SEQUENCE 1 - HEIGHT, PHASING, COELLIPTIC MANEUVERS
 

In maneuver sequence 1 the height maneuver is performed 1800 around
 
from IM insertion. This maneuver point 0.5, is behind the moon so the 
CSM must be informed to perform the maneuver before losing contact with 
the earth. Whether contact can be made or not depends on the LM land
ing site and the phase angle at insertion. Assuming landing sites from 
450 W to 450 E and loss of CSM-earth contact at 22' past the line per
pendicular to the earth-moon line, the CSM will have earth contact at 
IM insertion phase angles up to -690 or up to -157o, depending on the 
location of the landing site. Negative phase angle indicates that the 
IM is behind the CSM. If the positive phase angle is used, meaning the 
IM is ahead of the CSM, the DKI logic will try to make the CSM catch up 
by going down to a lower orbit. For all positive phase angles, using 
maneuver sequence 1, the CSM must go too low or below the lunar surface 
in order to catch the I.
 

If the IM inserts within the phase angle constraints, less than 
-69' or -157' depending on landing site, the CSM can be informed to 
perform the height maneuver behind the moon. The phasing maneuver is 
then performed on the front side of the moon approximately over the 
launch site. The CSM will remain in this orbit until the coelliptic 
maneuver which occurs approximately one revolution prior to rendezvous.
 
The only constraint on the rendezvous counter crossing number is the LM 
lifetime. Figure 1 shows that rendezvous counters 3, 4, and 5 are well 
within nominal IM lifetime. Rendezvous counter 6 is also presented;
 
however, the time required from the I lift-off to the terminal phase
 
finalization (TPF) maneuver is very near the currently assumed IM 
lifetime.
 



SEQUENCE 2 - PHASING, HEIGHT, COELLIPTIC MANEUVERS
 

If the OSM is out of earth contact prior to IM insertion or already
 
past the 0.5 maneuver point, the height maneuver must be delayed one
 
revolution and sequence 2 is used. In this case the CSM will perform
 
the phasing maneuver first as it comes across the launch site or maneuver
 
point 1.0. After the phasing maneuver, the CSM will perform the height
 
maneuver behind the moon at maneuver point 1.5, to set up the proper
 
height differential at the coelliptic maneuver point.
 

Using maneuver sequence 2, the CSM can rescue the IM over a range 
of insertion phase angles from -100 to -360', depending on the value of 
the rendezvous counter M. The minimum phase angle for each rendezvous 
counter depends on the height of pericynthion after the phasing maneuver. 
For example, if the CSM is not allowed to go below 8.0 n. mi., the mini
mum phase angle allowed is -100 for M = 6. At present the DKI logic only 
permits phase angles from -360o to +3600. If the logic were changed to 

°permit larger negative phase angles, say -370 , then the DKI logic could 
effect IM rescue for any given phase angle using either M = 3, 4, 5, or 
6 and the maximum time to rendezvous would be 10 hours 36 minutes 42 sec
onds. As the rendezvous counter increases, the phase angle corresponding 
to a minimum pericynthion altitude of 8.0 n. mi. decreases, and the total 
AV requirement for any given phase angle decreases. Of course, the time 
to rendezvous also increases as the rendezvous counter increases. 

If the IM lifts off early or extremely late such that the LM is 
ahead of the CSM at insertion, the phase angle can be defined as a posi
tive angle and if the CSM does the phasing maneuver as it crosses the 
maneuver line over the launch site, the DKI logic, using sequence 2, can 
effect rendezvous for counter crossings M = 6 and 7 by taking the CSM 
into a lower orbit. 

The amount of phase angle that can be taken out, corresponding to
 
a perigee height of 8.0 n. mi., after the phasing maneuver, and the total 
time to rendezvous, are 0.00 to +5' and 8 hours 45 minutes 21 seconds 
for M = 6 and 0.00 to +90 and 10 hours 36 minutes 55 seconds for M = 7. 
If the IM is delayed so long that the CSM passes the 1.0 counter before 
LM insertion, the maneuver points and rendezvous counter can be shifted
 
one revolution and the above maneuver sequences can be repeated.
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CONCLUSION
 

The results of using the DKI logic for IM rescue for lift-off occur
ring anytime show that rendezvous can be effected for all possible phase 
angles (00 to -360"). Maneuver sequence 1 can effect rendezvous for 
phase angles of -10' to -69' or -1570, depending on the location of the 
launch site. Maneuver sequence 2 can effect rendezvous for all phase 
angles from -25O to -360o. Sequence 2 can handle all cases that sequence 1 
can handle except for those involving phase angles from -10' to -25'. 
If phase angles from -3600 to -370' were permitted,phase angles 00 to 
-100 could be handled by maneuver sequence 2. Sequence 2 has the advan
tage of providing ample time to notify the CSM to perform the phasing 
maneuver as it crosses the launch site. 

The only constraint, on utilizing higher rendezvous counter crossings
 
is the LM lifetime. If the I lifetime is increased, the DKI logic
 
could effect rendezvous for phase Iangles larger than +9' which means
 
that the DKI logic could cover a larger time span of early EM lift-offs,
 
where the IM2inserts ahead, or in front, of the CSM.
 



--

90 

80 

70t 


60 

50 

40 

"- 30 


30 

2 o J---i i 	 - i 

2200 + 

2000 

4--	 4 -- f -

180D 

1600 	 0 Phase angle at which earth lose +S 
- contact for45 west launch site 


1400 0 Phase angle at which earth loses CSM 	 I Q 
40 1400 contact for 450 east launch site 

I o 	 0 est'120ona0frs 
+20-	 IO 

r hion of CSM orbiti-	 ---- 

~after NCl	 Iol I ±Ti 
800  
- 1---1 --	 11-1--1j-4 

24.83 east, 


400 n o ,Time from LM inserion t TPF hr 01 mn 31 sec
 

-	 S e m at0. Time from NSR to TPI - 26 min 20 sec 
T forNH, LOforNcI, and2.0forNsRr At NSR: AH -5.0n. mi., -1.3 

! TLaunch 	 site: 0.33' north 

-j __for NCj, 1. 5 for NH, and .0for NSR 1r -.t'rr '--" --!---=---L::" -200 	 ----- Sequence 2:maneuver pointsat 1.0_ 

0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -300 -320 -340 -360
 

Phase angle (angle between radius vectors to CSM and L, positive in the direction of motion), deg
 

(a)Rendezvous counter, M, is 3. 

Figure 1.- Total AV for LM rescue and pericynthion of the CSM orbit after Nci as functions of phase angle (oltained with DKI logic). 	 '



90 1200]I .n I mr T TT 

80 1100 Pericynthion of CSM
-orbit after Nc 

i-
T 

ii-L--
K.-. -

b-, 

-1 
I ::c:--tt 

--

.d 

C"-,60
6 

wo+ 

900 -o 

,1
I II 
ha egt at which earth loses CSM 

contact for 450 west launch site 
i 

-- -

r 

.2 50 800 -contact 
[ Phase angle at which earth loses CSM 

for 450 east launch site 
- --
--

- -
- -

-- S700 

30 

20 

- 600 

-A-Vt 

T_ 

----

Pricynthon ofCSM orbit after N.1', 

,L , 

-00rTotal 

iI-

:-
.;-4 

_7 7I -

-j 

- -

-

-

- -

F 

10 M + IiffI-I+--
1;t-

:--- 1P-_-! - -1 
-

0I300 3ID 

4-100--

- 4 -

7tj. 
200 

i ~~ 

I I- [ ::I 
Launch site: 24.83 ° east, 0.33, north

1-:-:.Ki .'-ime from LM Insertion toTPF =6 hr 53min 02 sec 
............ Time from NSR toTPI -26 min 20 sec 

Sequence 1:maneuver points at 0.5 "At NSR:AH -5.0 n. mi., 0 - -1.3'h- n H' Cl'hH SRLV,= 

for N., 10for NC1 and 3.0 for NSR 
Sequence 2-maneuver points at 1.0forC , L.5for N, and 3. 0 for NSR7 

0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 
Phase angle (angle between radius vectors to CSM and [LM, positive in the direction of motion), deg 

(b)Rendezvous counter, A is4. 

-300 -320 -340 -360 

Figurel.- Continued, C 



100 

80 

60 

-

1200 

1100 

1000 

'-II 

Pericynthion of CSM 
orbit after NC1 

1-111-

... 

-----

. 
-

-
-

--

+ 

-

-
-i-----{--

+ 

c 

40"T 

I 

-'----O+ -

4 kI I 

' 0 

Li 

Phase angle at which earth losescontact for 450 West launch site SA

-

4+ 

' 20 800 
• I Phase angle at which earth loses CSM 

contact for 45 east launch site 
-' 

:l600 

500 

- - --I;; ericynthion of CSM orbit after N1 

ti-j - --- -- -I faI 
400 +T T- otl 

_J____ +o 

200 -iz-I 

100z 
100 --

-F 

0 -20 -40 -60 

-Totm 4 tI T=:,x *nothSToa V--La unch site: 24.83- east, .3 ot 
-I - -Time from LMinseronTto PF 8 hr 44r 

Sequence 1: maneuver points atb.F Time from NsR to TPI--26mn2se 
_I for NH, LO for N.1, and 4.0 for NSR At NSR -5.0 n. mi., a -13 ° 

-- - Seqlience Z: maneuver at 1.0 for Nor? 1m-L-:-'11 
1.5for N, and 4 .CforNSR --

4. 0H*for-- NH-SH+R 
-80 -100 -120 -140 -160 -180 -200 -220 "240 -260 -280 -300 

Phase angle (angle between'radus vectors to CSM and [Al, positive in the direction of motion), deg 

552s 

± 

-320 -340 -360 

(c)Rendezvous counter, I, is5. 

Figure 1.- Continued. 



__ 

S• .Pericynthion of CSM_ L. A-

80 1100 + orbit after NC,
 
2__ 

_ _~~~~ - -_-J-~f - . K - - -. 

60 1000 + * : 

o40 9oo 
.2---t---- vI r . 

1]::
20 800 - Phase angle at which earth loses CSM-

oe contact for 450 west launch site - - -- -1
~ 0 00-i-------- --- 0 Ihsa~thihah~s~ - - -t- - 

- d0- - - fl: FfiflI 

000" - Phase angle at which earth loses CSM 
-".. Pericynthion of CSA_ contact for 450 east launch site : .orbit after Ne1 -I 

500 
-7 

Ttl ± 

10 T-j-UA 

AV 
C1 : : - 1---
-

200 Launch site: 24.83° east, 0"33° nrth ' 
=200• -Time from LM insertion to TPF 10Ohr 36 rmin 42 sec

4- 1-.LSequence .. 2;rnaneuver pointspoints atat L0Sequence 1. 1 aneuver 0 5 i efo S to TPI - 26 min 20 secr
toofoNHl.fr fo .Of N. _ AtOsR:AH--5.0n. mi., 0 -- 1.3oNC1 and.0 r TieNoSSRlo . 26 . .20se 

- for "CL L5 for NK, and 5.0 for NSRA 
.. N.... _"- o .rN 0 .. .. -A.__ _! "' ,-I 

0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -300 -320 -340 -360 

Phase angle (angle between radius vectors to CSM and LM, positive in the direction of motion), deg 

(d)Rendezvous conter, 1, is 6. 

Figure I.- Continued, 

0 

http:AtOsR:AH--5.0n
http:toofoNHl.fr


.1i 'lU1 ; f i d1:I ifi1Sequence 2: Mane uver points at 1.n0
 
A tfllt!If111Il, 11.IJ3 I 4 il ., i Ngi riN
i fil fl'" rt !iIkltif1r '.. s 'Ihiss n1S
 

1iMPH '. . SW 2s m ne
4, 4Ii I cP.HH~ 1U41i 12Pl rfter0 11 :i i, s, AYI4Lfte1r1 - Iif11 o i ,SPerieynthion of CS orb for N , 15 for N and 6 for N 

pil il i Iffl N ftIfi ]til9,: ~ H Of aI'mfltNC, .lj HP111 .4111111 ifill 
IZ hi FJ thI;1 11I ; i41pil lj I filtufi M 6 ~ i'm tl ... ---

af I V1[ifHitl'." I 4 4 

.2 4"s lt lli45llTM~4141 PthI V is fillr, 

I 

260~HOIfi .. l , i7:1 10"l .I.II.. 

30 
1H I uN ill830 

0 
11111ifInlff If11 1ifiiI I It HIfmefrdmL' Forl=l inseiiontoTPFNull5:2
 

i flfu o =.1:
 

11119 ft IIIMl,!iN i p!E :9iK:V.H10 [aif chs e ot 

. qtON fiffi Il 114fit 4b 11 IfIN F Cr.7 Tiliif MIT41I NerINto 

h I M 11 ; s 
220 

11iml111litWIlit"I-1MHE4 % 1 ts 11s .. JfllffulI i ffff ligild ~ddeggfH9
IfiliilI f ffifil-Iif 1111Pil111If1111[il1M I o il1 t!]1 .11 Pil111 1 9 nfm tiifg Hi 

1 2 3 4 5 7 8 9 10 11 12 13 14 15 

Phase angle (angle between radius vectors to CSM and LM, posttive in the direction of moion), deg 

Rendezvous counter,Ie),1 is 6and 7. 

Figure 1.- Concluded. 



12 

REFERENCE
 

1. 	Regelbrugge, Robert R.: Logic for Real Time Computation of the
 
Docking Initiation Table Display. MSC Internal Note No. 64-FM-59,
 
November 25, 1964.
 


