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Introduction 

An overall plan for onboard rendezvous 
operations for the Gemini missions was de- 
veloped in parallel with the mission plan. The 
purpose of this plan was to make optimum 

-use of crew time in orbit to maximize the 
probability of a successful rendezvous. The 
evolution of the plan began with a prelimi- 
nary time line of events based upon the 
known guidance-equipment requirements and 
upon the estimated crew timing. A prelimi- 
nary set of flight charts was developed to 
aid thetcrew with primary and backup pro- 
cedures and to establish a backup guidance 
capability. These charts, which consisted of 
a few simple graphs and tabulation sheets, 
enabled the crew to calculate accurate solu- 
tions for the terminal maneuvers even with 
an inoperative guidance-equipment compo- 
nent. As such, the charts significantly con- 
tributed to the probability of mission 
success. Following the development of the 
charts, a n  engineering evaluation was con- 
ducted on a realistic man-in-the-loop simula- 
tion. During this evaluation, the procedures 
and charts were subjected to the expected 
equipment errors and trajectory dispersions, 
and revisions were made as necessary to im- 
prove effectiveness. The resulting plan was 
presented to the flight crew ; the charts were 
evaluated during a period of training on the 
simulator. The crew spent several weeks 
training on both the primary procedures and 
on the various failure modes. 

General Rendezvous Operations 
The operation of the guidance system for 

rendezvous was divided into primary, moni- 

Preceding page blank 

toring, and backup procedures. Primary pro- 
cedures were the crew tasks necessary to 
define and execute any given maneuver. Mon- 
itoring and backup procedures were used to 
assess the operation of the system and to 
complete the mission in contingency situa- 
tions. 

f’rimary Procedures 

The spacecraft onboard operations were 
broadly categorized into insertion correc- 
tions, midcourse or catchup-phase correc- 
tions, terminal-phase closed-loop correc- 
tions, and braking and line-of-sight control. 
Since these basic operations were common to 
most missions, each category is described 
first as it applies to a general rendezvous 
mission. Then, the rendezvous operations on 
specific missions are discussed. 

Insertion corrections.-An insertion cor- 
rection based upon onboard navigation in- 
formation was computed and displayed to 
the crew by the Insertion Velocity Adjust 
Routine ( W A R ) .  This correction was de- 
signed to achieve the planned apogee altitude 
and to eliminate the out-of-plane velocity. 
Although providing a very early opportunity 
to reduce trajectory dispersions, the correc- 
tion could possibly include significant navi- 
gation errors ; therefore, the application of 
the maneuver was not always advantageous. 
For missions with relatively long catchup 
times, it was usually preferable to omit the 
correction, or to apply only the in-plane com- 
ponent and then use the ground-tracking in- 
formation that was available later to deter- 
mine a more accurate correction. Conversely, 
when an early rendezvous was desired, both 
components of the correction were applied, 
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and a third component was manually com- 
puted and applied. This third component was 
a radial correction based upon a computer 
readout of downrange travel, and was de- 
signed to correct the phasing a t  first apogee. 
One of the procedural problems related to the 
insertion correction was a method for avoid- 
ing recontact with the launch vehicle after 
separation and for applying the Insertion 
Velocity Adjust Routine maneuver. The prob- 
lem was resolved by prohibiting a certain 
band of velocity changes most likely to result 
in recontact, and by establishing visual con- 
tact with the launch vehicle before making 
retrograde corrections. 

Midcourse phase.-The onboard opera- 
tions required for  the catchup phase of a 
rendezvous mission basically consisted of de- 
termining and applying the midcourse ma- 
neuvers. Other onboard operations during 
this phase were routine procedures such as  
platform alinements and system checks. For 
most of the rendezvous missions, the mid- 
course maneuvers were computed by the 
ground complex and transmitted to the 
spacecraft. The crew tasks in this case con- 
sisted only of achiev'ing the correct attitude 
and of applying the thrust a t  the proper 
time. A typicaI sequence of catchup maneu- 
vers is shown in figure 4-1. 

To demonstrate an onboard navigation 
capability, the Gemini X mission procedures 
required the flight crew to compute catchup 
maneuvers using the onboard orbit determi- 
nation and prediction capability. The same 
basic maneuvers were computed as  on the 
earlier four-orbit rendezvous mission, except 
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FIGURE 4-1.-Typical midcourse maneuvers. 

that the height-adjust maneuver usually per- 
formed a t  second perigee was replaced by an 
insertion correction. The crew procedures 
for onboard determination of the midcourse 
maneuvers involved a sequence of computer 
and sextant usage. The first maneuver was 
made a t  insertion. After this correction, an  
auxiliary tape memory module containing 
the mathematical flow for  the orbit determi- 
nation, navigation, and prediction modes of 
operation was entered into the onboard com- 
puter. First, the orbit determination mode 
was selected and initialized, and a series of 
s ta r  measurements was made and entered 
into the computer. After processing these 
data, the computer produced an updated state 
vector which was used in the orbit prediction 
mode to predict the spacecraft velocity at the 
following maneuver point, and the position 
a t  the following apogee if no maneuver was 
made. With the aid of the flight charts, this 
information was used to predict the desired 
velocity a t  the next maneuver point-thus the 
velocity change. The other maneuvers were 
determined in a similar manner, and all of 
the solutions were compared with the corre- 
sponding ground computer values. If the diE 
ferences were within the bounds established 
before flight, the onboard-determined ma- 
neuvers would be applied ; if not, the ground- 
supplied maneuvers would be applied. 

Several problems arose in connection with 
these procedures. For example, a group of 
stnr-to-horizon angle measurements from an  
earlier mission indicated that  the apparent 
altitude of the Earth horizon changed with 
time, possibly as a result of varying moon- 
light conditions. These variations were large 
enough to have a significant effect on the ma- 
neuver solutions, and a series of measure- 
ments was required to calibrate the horizon. 
A second problem was the definition of a 
measurement schedule for orbit. determina- 
tion. The timing, as well as the type and the 
direstion, of the measurements had to be 
established. Studies revealed that the meas- 
urements should be spaced over two darkness 
periods, and that n variety of directions 
should be used. The selected schedule con- 



sisted of four in-plane and two out-of-plane 
measurements, but the crew timing require- 
ments and the inaccuracy of the resulting 
out-of-plane orbit determination led to the 
decision to use dummy out-of-plane measure- 
ments. The effect was that the out-of-plane 
component of the vector was not updated. 

Terminal phase.-The terminal-phase ren- 
dezvous operations employed the onboard 
computer in conjunction with the inertial 
platform and radar. In the rendezvous mode, 
the computer gathered radar and platform 
data, and operated on the data in the sequence 
outlined in figure 4-2. Initially, data were 
sampled and stored a t  a crew-optional fixed- 
time interval ; both 60 and 100 seconds were 
used. After sufficient data had been stored, 
an  estimate of the total velocity change re- 
quired for a two-impulse rendezvous transfer 
was computed and displayed to the crew. The 
estimate was updated with each succeeding 
data point for use as  an aid in determining 
the best point to initiate the transfer. The 
crew initiated the maneuver sequence by de- 
pressing the START COMP button on the 
instrument panel. At  this time, the velocity 
change (in components along the three body 
axes) for terminal-phase initiation was dis- 
played to the crew, along with the proper 
attitude for application of the thrust. The 
maneuver was achieved when the command 
pilot depressed the maneuver controller un- 
til the displayed velocity change counted 
down to  zero. Since equipment and applica- 
tion errors could produce significant disper- 
sions in the resulting transfer trajectory, 
vernier corrections to  the transfer were com- 

puted a t  regular intervals and displayed to 
the crew. The time of the transfer and the 
number of vernier corrections were mission- 
planning options. Generally, based on a tra- 
jectory that would result in an intercept in 
130" of orbit travel (d = 130'), a transfer 
time of about 30 minutes was selected with 
two vernier corrections. 

Brakiiig a d  line-of-sight coutrol phase.- 
The braking and line-of-sight control phase 
which followed the final vernier correction 
was manually controlled. Simply stated, line- 
of-sight rate control was achieved by deter- 
mining the direction of the rate and thrust- 
ing normal to  the line of sight to null this 
rate. The direction of the motion could be 
determined by either of two methods. The 
first method was to fix the attitude of the 
target vehicle with respect to a body-fixed 
reticle. When movement was apparent, 
thrust was applied radially in the direction 
of motion. The second method, which could 
be employed when stars were not visible, 
made use of the Flight Director Attitude In- 
dicators in an inertial mode. After the com- 
mand pilot had boresighted on the target, 
the pilot entered a logic choice into the com- 
puter which centered the flight director indi- 
cator needles and subsequently deflected 
them proportionately to spacecraft inertial- 
attitude changes. The command pilot was 
then able to hold the attitude that would keep 

-the needles centered, and to observe the tar- 
get drift with the optical sight. Nulling the 
target motion was then accomplished in the 
same manner as the first method. 
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FIGURE 4-2.-Terminal-phase computer sequence. 

One important crew function during ren- 
dezvous was to monitor the performance of 
the guidance system to assure that the trans- 
lational maneuvers were accurately computed 
and applied. Monitoring can be defined as the 
assessment of guidance-systems operation to 
the extent necessary for detection and iden- 
tification of performance degradation in suf- 
ficient time for corrective action. During 
rendezvous, monitoring was accomplished by 
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0.01 n. mi. ................. 

ft/sec ......................... 

sampling basic flight data at specified points 
in the trajectory, and by calculating with the 
aid of charts and graphs a solution to each 
maneuver for comparison with the closed- 
loop and/or ground solution. 

Backup charts.-The data used for moni- 
toring and backup are shown in table 4-1. 
The use of sensor information varied, de- 
pending upon the maneuver to be calculated. 
A typical case was illustrated by the terminal- 
phase initiation procedure. The spacecraft 
attitude was maintained in zero roll and bore- 
sighted on the target using the optical sight. 
This alined the X-axis to the target line of 
sight. The radar and platform data could 
then be used to calculate velocity increments 
AV along and normal to the target line of 
sight. The A V  along the line of sight was ob- 
tained in terms of relative range rate R by 
the equation 

AR - R,,, - R A m  

Radar ..................... 

Radar ..................... 

where 
LR was the increment in velocity along the 
target line of sight required to transfer to 
the desired intercept trajectory 
XI,,,, was the range rate of the desired t ra-  
jectory a t  the point of data sampling 
immediately prior to terminal-phase ini- 
tiation, and was defined by target elevation 
angle and range for the type trajectory de- 
sired 
RA,.T was the actual range rate a t  the point 
of data sampling immediately prior to 
terminal-phase initiation 
A typical terminal-phase trajectory is one 

which intercepts in 130" of target orbit 
travel. Figure 4-3 shows the relationship of 
RnE,, a t  terminal-phase initiation with pitch 
angle 0 and range for this transfer. The rela- 
tionship is nearly independent of the target 
orbit: thus, figure 4-3 is valid for  altitudes 
within 20 nautical miles of the  nominal. 

0.1" ........................... 

TABLE 4-L-Monitoring Data 

Inertial measuring 
unit. 

Data 

Range ....................... 

Range rate ............... 

0.1" ........................... 

Pitch angle ............... 

Inertial measuring 
unit. 

Yaw angle ............... 

0.1" ........................... 

Roll angle .................. 

Radar ..................... Target boresight ...... 

Units ! '  Sensor 

0.1" ............................ Inertial measuring 
unit. 

I 

1 Optical sight ......I 

Display 

Prime 

Manual data unit .. 

Manual data unit .. 

Manual data unit .. 

-Manual data unit .. 

Manual data unit .. 

Visual ....................... 

Backup 

Analog page 

Analog gage 

Flight director 
attitude 
indicator, 
stars 

Flight director 
attitude 
indicator, 
stars 

Flight director 
attitude 
indicator, 
stars 

- 

Flicht director 
indicators 
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and approach conditions. Crew procedures 
approaching terminal-phase initiation were 
to track the target and observe the increase 
in elevation angle. Pertinent data were re- 
corded on logging sheets at each interval as 
sampiis were taken by the computer for the 
computation of the closed-loop solution for 

.g:i: 
The AI' in-plane, normal to the line-of- 

sight increment in velocity, defined in terms 
of line-of-sight angular rate A and range R 
by the equation 

lvs= < ~ R E Q ~ ' A C T >  R 
where 

l V s  was the in-plane, normal to the line- 
of-sight increment in velocity required to 
transfer to the desired intercept trajectory 
fl,,,,, was the in-plane line-of-sight angular 
rat'e of the desired trajectory at the point 
of data sampling immediately prior to ter- 
minal-phase initiation, and was defined by 
target elevation for the trajectory desired 

was the actual line-.of-sight rate at the 
data sampling point immediately prior to 
terminal-phase initiation 
R was range to the target a t  the measure- 
ment point 

Since could not be measured directly with 
sufficient accuracy, an increment in 8 over a 
measured time interval was used. 

where 
8, and 8- were target elevation at the be- 
ginning and end of the measuring interval, 
respectively 
At,: was the measurement time interval 

For use in flight, the equations for l R  and 
LVs were mechanized graphically (fig. 4-4). 
This chart was part  of the onboard data pack- 
age for Gemini IX-A. The technique used 
throughout the Gemini Program was to ini- 
tiate terminal-phase initiation at a reference 
target elevation angle. This provided a stand- 

21.4", certain samples were utilized for the 
terminal-phase initiation monitoring and 
backup solutions. The significant data points 
were labeled A ,  B, C, and D, a x \  are defined 
as follows : 

A = Data point immediately prior to 21.4' 
target elevation 

B = First data point after 21.4"; first 
used to calculate the bacbup solution 

C = Next data point after B ;  (:sed to ini- 
tiate the closed-loop sequc I ce for ter- 
minal-phase initiation 

D =Next point after C ;  providtid the final 
data for the backup solutions for ter- 
minal-phase initiation 

Figure 4-4 illustrates the sequence for ob- 
taining a backup solution to terminal-phase 
initiation. Range and pitch angles were re- 
corded each 100 seconds until 8 exceeded 
21.4'. This angle was designated point 13 and 
recorded. After the next sampling point .C, 
the START COMP button was depressed to 
initiate the closed-loop sequence for terminal- 
phase initiation. Range, range rate, and pitch 
angle for the second point beyond B, point 
D, completed the information needed to cal- 
culate the backup solution. The pl*ocedures 
for obtaining the backup solution are as 
follows : 

(1) Boresight on target 
(2) Monitor 8, R, and R every minute 
(3) When 19>_21.4~, record data for point 

(4)  Push START COMP button after next 

( 5 )  Record data at point D 

B on terminal-phase initiation chart 

data point 
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FIGURE 4-4.-Terminal-phase initiation. 

(6 )  Enter terminal-phase initiation chart 
to calculate AR, 1Vs ,  and terminal-phase ini- 
tiation time 

(7)  Compare AR and A V ~  with closed loop 
and Manned Space Flight Network 
A similar technique was used for midcourse 
corrections except that  measurements were 
triggered on time after terminal-phase ini- 
tiation rather than on pitch angle. 

Fnilzire modes.-Throughout the Gemini 
Program, manual techniques were utilized 
wherever practical to maximize the proba- 
bility of mission success. Thus, the crew was 
prepared at all times to continue the mission 
with degraded or failed systems components. 
This required frequent reference to monitor- 
ing c; a and substitution of alternate sources 
whei: Lailures occurred. The different situa- 
tions that could exist for all possible combi- 

nations of partial and complete failures were 
too numerous to permit specific training for 
each. Therefore, procedures were developed 
only fv -  total failure of each of the three ma- 
jor guidance system components : radar, 
computer, and platform. Partial failures 
were then handled by utilizing whatever 
valid data were available from the degraded 
component. 

For total failure of any guidance compo- 
' nent, the closed-loop solution would no longer 
be available. In this case, it was necessary to  
rely on the ground or backup solution ob- 
tained by a1tern:ite methods. For all failures, 
procedures were designed to obtain a maneu- 
ver solution in components along and normal 
to the target liiie of sight. Table 4-11 sum- 
marizes the sensors used for the significant 
failures. For radar failures, a redundant 
source of range information was not avaii- 
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Failure 

None .................. 

Radar ................. 

Computer ........... 

33 

AV source 

Closed-loop 
guidance 

Manned Space 
Flight Net- 
work or 
nominal 

Analog gage, 

TABLE 4-II.-FaiEure Modes 

Inertial meas- 
uring unit 

Manual data 
unit, R, R 

Up/down, 
AV source 

Closed-loop 
guidance 

Manual data 
unit, 8, Ae 

Flight director 
attitude indi- 
cator, e ,  ~e 

Sextant nomi- 
nal, 8 ,  
stars A 8 

able and only up/down maneuvers could usu- 
ally be calculated on board. One exception 
was the first-orbit rendezvous on Gemini XI 
where a terminal-phase initiation correction 
along the line of sight could be based on the 
insertion vector obtainable from the Inertial 
Guidance System. The computer failure case 
would not cause loss of information in either 
axis, but would result in less accurate maneu- 
vers because the readout on the Flight Di- 
rector Attitude Indicator and radar analog 
gage was less accurate than from the com- 
puter readout. 

In training, the platform failure proved 
the most difficult to resolve because accurate 
attitude angles could not be obtained late in 
the terminal phase. Fortunately, this failure 
was not encountered in flight. On most mis- 
sions subsequent to Gemini VI-A, a hand- 
held sextant was prcvided for determining 
time of arrival a t  terminal-phase initiation 
in case the Inertial Measuring Unit had 
failed. The time could be determined by not- 
ing the time when the angle between the tar- 
get and horizon lines of sight corresponded to 
the planned pitch angle a t  point B.  For the 
platform failure case, the up/down velocity 
increment for terminal-phase initiation and 
vernier corrections could be calculated from 

the change of the target line-of-sight angle as 
measured against the s ta r  background. At the 
s tar t  of an incremental angle measuring in- 
terval, the reticle pattern of the optical sight 
would be fixed against the star background 
with the target a t  the top of the reticle. Dur- 
ing the measuring interval, the pilot would 
attempt to maintain the attitude relative to 
the stars. At the end of the measurement 
time, noting the position of the target on the 
reticle provided the delta angle needed for 
calculating the up/down incremental ve- 
locity. 

Mission Results 

During the Gemini Program, a total of 
10 rendezvous was accomplished (table 
4-111) , providing as  broad a spectrum of ter- 
minal-phase conditions as possible. On sev- 
eral missions more than one rendezvous was 
performed. This allowed a rapid development 
of the rendezvous technology, including prob- 
lems, tradeoffs, and solutions. The guidance 
and navigation system proved versatile, as 
rendezvous plans were shuffled within weeks 
of launch, and as lessons learned on each 
mission were incorporated on the next. Since 
the rendezvous plans and procedures were 
functions of mission objectives, each type of 
rendezvous and its characteristics are 'treated 
separately in the following paragraphs. 

Itendezvous in the Second. Third, and 
Fourth Orbits 

The terminal phase of many of the Gemini 

(1 ) Approach to terminal-phase initiation 
through a nominally circular catchup 
orbit, below and behind the target 

(2) Tjme of terminal-phase initiation de- 
termined approximately by phasing 
maneuvers prior to the circular 
catchup orbit, then fixed precisely by 
observation of target elevation above 
the local horizontal 

(3) The intercept orbit traveled 130" cen- 
tral angle not including braking 

mission rendezvous followed a set pattern : 
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Separation Orbit 
altitude, travel, 

TABLE &III.-Gemini Rendezvous Summary 

IX-A: Initial rendezvous ............ 

Mission 

Augmented target dock- 1 Below ................................. 12.5 .................... 130 
ing adapter. 

Target 

Above 
I 

................................... 7.5 .................... 130 

................................. .................... VI-A .............................................. 1 Gemini VI1 spacecraft ........I Below 15 130 I ! 

~ ~~~ 

X: Initial rendezvous .................. 

Re-rendezvous ...................... 

Gemini X target vehicle ...... Below ................ / ................. 15 !....................130 
I 

Gemini VI11 target vehicle.. Below .................................. 5 1 .................... 80 

............ ! No. 2 re-rendezvous 

Rerendezvous ...................... Stable orbit 0 .................... 292 

10 1 .................... 130 XI1 ................................................. 1 Gemini XI1 target vehicle ....I Below .................................. I 

(4) Two vernier corrections a t  fixed times 
after terminal-phase initiation 

(5) An approach from below and slightly 
ahead of the target through a series 
of braking maneuvers at fixed ranges 
along an inertially fixed line 

The major variables available for mission 
planning purposes can be summarized as fol- 
lows : 

(1) Time of terminal-phase initiation 
(2) Target elevation angle a t  terminal- 

phase initiation 
(3) Orbit travel between terminal-phase 

initiation and terminal-phase finali- 
zation 

(4 )  Time between vernier corrections 
(5) Braking schedule. 

, (6)- Altitude dif€exe,.tizl between target 
and spacecraft 

The time of terminal-phase initiation was 
grossly controlled by lift-off time and by phas- 
ing maneuvers prior to the circular catchup 
orbit, with phasing maneuvers determined 
on the ground. Primary considerations in 

establishing a time for the terminal-phase 
initiation were number of phasing orbits de- 
sired and sunlight conditions. Three phasing 
orbits were required for the early flights of 
Gemini VI-A and VIII. As ground and on- 
board operations evolved, the number was 
decreased to two for the later flights, Gemini 
IX-A and XII. A further decrease in total 
time to rendezvous required modification of 
terminal-phase procedures on Gemini XI. 
Terminal-phase lighting tradeoff s centered 
around the following : 

(1) Target visibility a t  termifid-phase 
initiation in reflected sunlight 

(2) Availability of siars during braking 
phage t o  aid line-of-sight control 

(3) Approach to docking in sunlighc 
These considerations placed the terminal- 
phase initiation time near sunset with mid- 
course corrections and line-of-sight control 
during the night period. 

Figure 4-5 depicts the lighting conditions 
for the typical rendezvous from below the 
target vehicle. Elevation angles of the target 



35 ON BOARD OPERATIONS FOR RENDEZVOUS 

Mission 

Sun 
LOS TPI 
-20 min 

sun 

Closed-loop guidance and applied maneuvers" 

Terminal-phase initiation, fps 1st vernier, fps I d  vernier, fps 

Sun First 
LOS TPI vernier., LOS. Line-of -siqht 

- 

// 1 TPI = Terminal-phase 

FIGURE 4-5.-Terminal-phase lighting conditions. 

initiation 

.____ 
Forward, 

aft 

4F 
4F 
3F 

(OF) 
1F 

(SA) 

vehicle and Sun are shown. With the longi- 
tudinal axis of the target 'vehicle controlled 
to 90" out of plane, the target vehicle was 
easily visible in reflected sunlight during the 
time period when the critical measurements 
for terminal-phase initiation were made. 
Thus, the flashing acquisition lights were not 
relied upon for visual sighting at the longer 
ranges. As the terminal phase progressed, the 
Sun etevation and the target line of sight ro- 
tated counterclockwise (fig:4-5). After sun- 
set, motion of the target vehicle in relation 
to the stars provided confidence in the tra- 
jectory status. After the last vernier correc- 

.. tion, the star field was also useful for 

Nominal, 
forward -- 

32 
32 
27 

32 

22 

maintaining the collision course. With the 
terminal-phase initiation near sunset, the 
spacecraft would pass the last braking gate 
at a range of 3000 feet a t  sunrise. The tar- 
get, in perspective, indicated approach angle 
and closing velocity. 

Careful selection of the orbital travel from 
terminal-phase initiation to terminal-phase 
finalization and the target elevation at termi- 
nal-phase initiation provided an approach 
that had a line-of-sight angular rate of nearly 
zero and terminal-phase initiation maneuver 
along the line of sight. The small line-of-sight 
drift rate after the last vernier correction 
assisted the crew in maintaining a simple and 
efficient collision course which helped to 
minimize propellant usage. The spacecraft 
roll axis was boresighted on the target 
throughout the terminal phase. Selecting a 
trajectory for which the terminal-phase ini- 
tiation angle coincided with the target ele- 
vation angle allowed the maneuver to be per- 
formed nominally along the roll axis with no 
attitude deviation. Dispersions in the catchup 
orbit and guidance system errors appeared 
at terminal-phase initiation as maneuver 
components normal to the line of sight, and as 
deviations from the planned forward impulse. 
Table 4-IV summarizes the terminal-phase 
initiation and the midcourse maneuvers for 

Up, 
down 

7 u  
6U 
2U 

(14D) 
22D 
(2U) 

Right, 
left 

__-_ 
SL 
1R 
3R 

1R 

(OR) 

VI-A 
VI11 
IX-A 

x . . . . . . . . . . . . . . . . . 
XII.. ...... .. 

Actual, 
forward 

31 
25 

(27) 
26 
41 

Up, Right, Forward, 
down 1 left 1 aft 1 

4 u  
3 u  

.(1U) 
8U 

(OU) 
1 u  

(OU) 

7F 
12F 
2A 

15A 

UP, 
down 

3 u  
7 u  
2D 

25D 

1 Right, 
left 

- 

6R 
3R 
OR 

5R 

(OR) 

Parentheses indicate applied maneuvers when different from closed-loop solutions. 
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the Gemini IV, VIII, IX-A, X, and XI1 mis- 
sions. The times of vernier corrections were 
selected to be compatible with crew loading 
and the anticipated accuracy of the guidance 
system. Vernier corrections 12 and 24 min- 
utes after terminal-phase initiation allowed 
sufficient time for crew activities, such as 
system monitoring and platform alinement 
vhere necessary, but were close enough to 
prevent appreciable trajectory divergence. 

The relatively low deceleration capability 
of the Gemini spacecraft (approximately 
1 ft'sec2) dictated that closing velocity be 
reduced in several stages to enable the crew 
to devote proper attention to line-of-sight 
control. Early training simulations indicated 
that braking to a maximum closing rate of 
40 f t  'sec at a range of 2.5 nautical miles, and 
then down to 5 to 10 ft/sec a t  a range of 0.5 
nautical mile, represented a simple and effi- 
cient schedule. . . 

The separation altitude selection was a 
tradeoff between total propellant and sensi- 
tivity of time of arrival a t  terminal-phase 
initiation to dispersions in' the catchup orbit. 
As previously discussed, there were advan- 
tages to certain sunlighting conditions dur- 
ing the terminal phase; and for a given error 
in the catchup orbit, the dispersion in arrival 
time decreased as separation altitude in- 
creased. However, propellant requirements 
for the terminal phase increased in propor- 
tion to differential altitude. (An altitude dif- 
ferential of 15 nautical miles was selected 
for Gemini VI-A.) As knowledge of lighting 
conditions was gained, and as the capability 
for ground tracking evolved, the altitude dif- 
ferential was varied (table 4-111). 

Rendezvous in the First Orbit 

The first-orbit rendezvous accomplished 
during the Gemini XI mission was more de- 
manding of onboard operations than previous 
rendezvous missions. The previous missions 
utilized several orbits of ground tracking and 
computation to eliminate the effects of in- 
sertion dispersions on the terminal-approach 
trajectory. Because of the very short time 

available for the 'first-orbit rendezvous mis- 
sion, the multiorbit midcourse corrections 
and circular catchup orbit could not be used. 
As a result, the flight plan included onboard 
operations capable of absorbing the expected 
insertion dispersions in a relatively short 
time. The trajectory plan selected for the 
first-orbit rendezvous had a terminal ap- 
proach similar to the approach employed on 
the coelliptical rendezvous missions. How- 
ever, it appeared that insertion dispersions 
would radically affect this approach as shown 
in figure 4-6. Terminal-phase initiation oc- 
curred near the first spacecraft apogee with 
a 120" central angle of transfer. 

In providing a capability for  absorbing the 
insertion dispersions, several procedural 
methods were required which were not em- 
ployed on previous missions. At insertion, the 
horizontal and out-of-plane velocity changes 
were planned as usual. These corrections,. 
however, did not remove the trailing dis- 
placement error at first spacecraft apogee 
resulting from downrange and flight-path 
angle errors at insertion. This error could 
have had a serious effect on the terminal-ap- 
proach trajectory; to reduce the error, the 
pilot read (from the computer) the navi- 
gated downrange angle traveled a t  insertion. 
From this angle, a required value of altitude 
rate was determined and compared with the 

TPI - Terminal-phase initiation 
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FWURE 4-6.-First-orhit rendezvous trajectory. 
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Insertion Velocity 
Adjust Routine AV, fps 

actual altitude rate read from the computer. 
The velocity difference was applied along 
the local vertical to achieve an altitude rate 
resulting in the desired trailing displacement 
a t  the terminal-phase initiation point. Al- 
though this correction required split-second 
timing on the part  of the crew, it was very 
effective. 

The second onboard-computed maneuver 
was an out-of-plane correction to be per- 
formed 90" after insertion. Since the maneu- 
ver a t  insertion was to eliminate the out-of- 
plane velocity at that point, the node oc- 
curred 90" of orbit travel later. By observing 
the out-of-plane displacement a t  insertion, 
the pilot computed the required maneuver. 
At the expected time of the node, the cor- 
rection was applied. 

Although the .primary procedures for the 
terminal phase of the first-orbit rendezvous 
were similar to the procedures for previous 
rendezvous missions, the effect on the larger 
terminal-phase dispersions had a significant 
impact on the design of the backup and the 
monitoring procedures. The backup pro- 
cedures utilized measurements of range and 
line-of-sight angle changes over a fixed time 
interval. These measurements were used 
with flight charts to determine the velocity 
changes and the relative position of the 
spacecraft a t  the time of the terminal-phase 
initiation maneuver. Gemini XI was the first 
mission to utilize a backup capability -" lor an 
out-of-plane correction a t  terminal-phase ini- 
tiation. The correction reduced the disper- 
sions caused'by navigation errors during the 
earlier corrections. 

Two vernier corrections were scheduled a t  
12-minute intervals during the terminal 

Plane change AV, Terminal-phase 
fPS initiation IV, Ips 1st vernier AV, fps Zd vernier AV, fps 

---- -__ -__ 

transfer. The backup computation of these 
maneuvers was significantly different than 
for previous missions because the variation 
from the planned position of the spacecraft 
a t  terminal-phase initiation was taken into 
account. For example, with a radar failure, 
the earlier charts assumed a planned range 
in computing the correction instead of using 
a predicted range based upon the actual 
spacecraft position a t  terminal-phase initia- 
tion. The use of predicted values provided 
better accuracy for large dispersions. Table 
4-V is a summary of the maneuvers for the 
first-orbit rendezvous. 

39 forward 
5 down 
1 left 

Rendezvous From Above the Target Vehicle 

0 
0 
3 left 

A re-rendezvous was conducted on the 
Gemini IX-A mission to simulate the trajec- 
tory of a Lunar Module following abort dur- 
ing powered descent. The trajectory was 
similar to that utilized on the fourth-orbit 
rendezvous mission except that  the spacecraft 
approached the target from ahead and above. 
The procedures for rendezvous from above 
were very similar to the procedures for a 
fourth-orbit rendezvous : the only significant 
differences were in the backup measurements 
used in the event of a platform failure. Since 
the spacecraft approached the target from 
above, there was no star background during 
the terminal phase. As a result, the hand-held 
sextant would have been used to make angle 
measurements with respect to the Earth 
horizon. These measurements, like those with 
respect to the star background, required 
visual acquisition of the target. 

A significant lesson was learned from the 
rendezvous from above ; the terminal-phase 

TABLE 4-V.-Gemini X I  Rendezvous Maneuvem 

140 forward 
27 down 

5 left 

1 forward 
4 U P  
4 right 

1 forward 

I 
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Terminal-phase 
initiation AV, fps 

- 
19 forward 
4 down 
2 left 

lighting conditions were more critical than 
for rendezvous from below. During the early 
Gemini IX-A mission planning, i t  was de- 
cided that terminal-phase initiation should 
occur after sunset so that  the flashing lights 
on the target vehicle could be used for visu- 
ally acquiring the vehicle against the dark 
Earth background. It was believed that sun- 
set was preferable to an early morning ter- 
minal-phase initiation, with acquisition 
using reflected sunlight (over- the-shoulder 
lighting) because of the bright Earth back- 
ground. However, during the Gemini IX-A 
flight, the nose shroud on the target vehicle 
(Augmented Target Docking Adapter) did 
not completely separate, and i t  was believed 
that the acquisition lights located in the 
shroud region might not be visible. The time 
of terminal-phase initiation was then changed 
from after darkness to early morning to per- 
mit reflected light viewing. Actually, the tar- 
get was nut visible a t  long range against the 
bright Earth background, and could not be 
tracked visually until the range had de- 
creased to 3 nautical miles. If the radar had 
failed during this exercise, terminal-phase 
corrkctions would not have been possible. 
Furthermore, the rapidly moving terrain 
background made control of the line of sight 
more difficult than with a star field or even 
with a dark Earth. This experience demon- 
strated the importance of terminal-phase 
lighting, and pointed out the value of the 
flashing acquisition lights as  a backup to the 
radar  for target tracking. A summary of the 
terminal-phase maneuvers for  the rendezvous 
from above is shown in table P V I .  

1st vernier AV, 
fps 

-__ 

4 aft 
1 UP 
5 left 

TABLE &VI.-Terminal-Phase Maneuvers 
f o r  Rendezvous from Above 

2d vernier AV, 
fPS 

2 forward 
10 down 
7 right 

Rendezvous With B Passive Target 

After the initial rendezvous on Gemini X, 
an exercise was undertaken to intercept the 
passive target vehicle that  had been in orbit 
since the Gemini VI11 mission. This rendez- 
vous with a completely passive target pre- 
sented several unique problems, and was 
more demanding of the crew than any other 
terminal phase. For the exercise, there was 
no closed-loop guidance and no radar or ac- 
quisition lights ; the terminal-phase maneu- 
vers had to be based on backup charts and 
observation of the target in reflected sun- 
light. Approximately 27 minutes of favorable 
lighting time were available in each orbit 
(from about spacecraft noon until sunset) ,  
and the entire terminal phase, including ar-  
rival dispersions, braking, and stabilizing 
position for  formation flight through the 
night period, had to take place within about 
108" of orbit travel. Position was maintained 
after darkness using the docking light on the 
spacecraft. as  a source of illumination. The 
light had a cone angle of about 6" and was 
effective up to a distance of 300 feet. The 
short period of visibility indicated that orbit 
travel between the initiation and the finali- 
zation of the terminal phase would have to 
be reduced considerably from the 130" used 
on previous rendezvous. An orbit travel of 
80" and a differential altitude of 7 nautical 
miles were selected. The terminal-phase tra- 
jectory is shown in figure 4-7. This combina- 
tion had several advantages in addition to a 

c- -In2 - - 
m .- 

- .- 
Terminal-phase 

3 c 6 - initiation,, .- 
c 

I I 1 I I I I 
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Behind+ 

Trailing distance, n. mi. 

FIGURE I-'l.-Passive target rendezvous trajectory. 
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short terminal phase. The 80" orbit travel 
intercept was a relatively high-energy trans- 
fer trajectory and, therefore, was less sensi- 
tive to initial-condition dispersions and 
errors in maneuvers. This was particularly 
significant because no vernier corrections 
could be calculated along the line of sight 
without radar information. Second, the re- 
duced differential altitude assisted 'vis- 
ual acquisition and, combined with the 80" 
terminal phase, resulted in closing rates 
about the same level as the 130" intercept 
with lbnautical-mile separation. Thus, simi- 
lar braking schedules could be used on both 
rendezvous planned for the mission. The time 
factor was extremely critical during the 
braking maneuver ; at sunset, all visual con- 
tact would suddenly be lost beyond the range 
of the docking light. Because of the time- 
critical nature of the exercise, the flight 
charts included the capability to perform 
terminal-phase initiation for a range of ele- 
vation angles covering a time period of 10 
minutes on either side of the nominal. The 
plan was based upon the nominal elevation 
angle being used if term:nal-phase initiation 
occurred between visual acquisition and 25 
minutes before sunset. A solution was sent 
from the ground in case visual acquisition 
occurred too late for an onboard solution. 

Stable Orbit Rendezvous 

During the Gemini XI  flight, a small posi- 
grade separation maneuver was made, fol- 
lowed later by a retrograde maneuver of the 
same magnitude. The purpose of these 
ground-computed maneuvers was to estab- 
lish a trailing position about 25 nautical 
miles behind the target vehicle and in the 
same orbit. This location enabled the crew 
to perform experiments and to sleep while 
maintaining a position for a simple, economi- 
cal re-rendezvous. Since the re-rendezvous 
was initiated from a point in equilibrium 
relative to the target, the plan was called the 
Stable Orbit Plan. The maneuver to transfer 
from the stable orbit to an intercept trajec- 
tory was sent from the ground, and was 

based on the ground track of the spacecraft 
during the crew sleep period. A terminal- 
phase trajectory covering 292" was selected, 
resulting in an elevation time history identi- 
cal to  the familiar 130" transfer. Thus, the 
backup charts from a previous mission could 
be used for trajectory monitoring. The radar 
was not operative during this exercise ; 
therefore, onboard corrections along the line 
of sight were not possible. However, an up/ 
down vernier correction of zero was calcu- 
lated, which agreed with the up down 
component of the ground solution. The 
ground-computed maneuver was applied, 
and braking was accomplished while track- 
ing the target vehicle in reflected sunlight. 

Conclusions 

The Gemini experience has led to a num- 
ber of significant conclusions with respect to 
onboard rendezvous operations. 

( 1 )  The extensive participation of the 
flight .crew in rendezvous operations is feas- 
ible. They are capable of directing the pri- 
mary operations of the guidance system and 
of performing certain phases of the mission 
without the guidance system. In addition, 
they can detect and identify system malfunc- 
tions and take action to assure the success 
of the mission. 

( 2 )  The crew can monitor the perform- 
ance of the guidance and navigation system, 
and determine and accomplish all rendezvous 
maneuvers with the following basic flight in- 
formation: ( a )  range to the target, ( b )  
range rate, ( c )  body-attitude angles meas- 
ured from horizontal in-plane references. and 
( d )  means for tracking the target (visual or 
radar).  

(3 )  Fliaht charts can be developed which 
provide the crew with the ability to compute 
solutions for the terminal maneuvers in spite 
of an inoperative guidance-equipment com- 
ponent. These charts can be macle simple to 
use and can provide accuracies comparable to 
the primary system. 

(4) The onboard operations c;m be simpli- 
fied by the proper selection of approach tra- 
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j ectories and lighting conditions. A terminal 
approach is desirable, which is insensitive to 
trajectory dispersions and equipment errors. 
The lighting conditions determine the visi- 
bility of the target vehicle and the s tar  back- 
ground, thus affecting backup procedures. 

( 5 )  Visibility through the spacecraft win- 
dow is an important consideration in termi- 
nal-phase rendezvous operations. Visual 

tracking of the target is a backup to  the 
radar, and the s tar  background is a valuable 
aid for maintaining a collision course in the 
braking phase. 

(6)  A comprehensive program of proce- 
dural planning, evaluation, and training is 
necessary to the success of the mission. Man- 
in-the-loop simulation is an important par t  
of crew training. 


