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Summary

Project Mercury was a focal point for the

development of the types of mission-planning

techniques that are being used in the Gemini

Program. The philosophies, mission-design

requirements, and constraints used for Gemini

follow, in many cases, the pattern established in

the Mercury Program. This effort, in turn, will

contribute directly to the Apollo and future

space programs. The inclusion of the orbital

attitude and maneuver system, the inertial

guidance system, and the fuel-cell power system

in the Gemini spacecraft provides a tremendous

amount of flexibility in the types of missions

that can be designed. This flexibility has re-

quired the development of a mission-planning

effort which exceeds that required for Mercury

missions by several orders of magnitude.

Introduction

The mission-planning activities for the

Gemini Program can be categorized into four

basic phases. First, the mission-design require-

ments were developed. These requirements in-

fluenced the systems configuration of the Gemini

spacecraft and the modifications required for

the target and launch vehicles. Second, design

reference missions were established, which per-

mitted the development of hardware specifica-

tions. Third, operational mission plans were

developed for each flight, along with the formu-

lation of mission logic in the ground control

complex. This permits the fourth phase, real-

time mission planning, to be used as circum-

stances require during a specific flight.

Mission-Planning Phases

Development of Mission-Design Objectives

In Gemini as in other space programs, launch

vehicle performance has had a major influence

on the design of the spacecraft and the develop-

ment of mission plans. For example, early

analyses showed that, due to spacecraft weight

limitations, a source of electrical power lighter

in weight than silver-zinc batteries was neces-

sary for the long-duration missions. These

analyses established the requirement for the de-

velopment of a fuel-cell power system and in-

fluenced an early decision to plan the rendezvous

missions for 2-day durations so they could be

accomplished using battery power, should prob-

lems occur in fuel-cell development.

To satisfy the rendezvous objective, analyses

established the requirement for the development

of several new systems, including the radar,

the digital command system, the inertial guid-

ance system, and the orbital attitude and ma-

neuver system.

The rendezvous objective required extensive

analyses to establish the spacecraft maneuver-

ing requirements and to optimize the launch

window, orbit inclination, and target orbit alti-

tude. In these analyses, the control of the out-

of-plane displacement was a prime consid-
eration.

Selecting a target orbit inclination that is

slightly above the latitude of the launch site

makes the out-of-plane displacement reasonably

small for a relatively long period of time (fig.

18-1). By varying the launch azimuth so that

the spacecraft is inserted parallel to the target-

vehicle orbit plane, the out-of-plane displace-
ment of the launch site at the time of launch be-

comes the maximum out-of-plane displacement

between the two orbit planes. This variable

launch-azimuth technique may also be used with

guidance in yaw during second-stage powered

flight to minimize the out-of-plane displace-
ment. This is accomplished by biasing the

launch azimuth of the spacecraft so that the

launch azimuth is an optimum angle directed
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FIGURE 18-1.--Variable-azimuth launch technique.

toward the target-vehicle orbit plane. As a re-

sult, the out-of-plane distance is reduced prior

to the initiation of closed-loop guidance during

second-stage flight. The use of this technique

is an effective way of using the launch-vehicle

performance capability to control an out-of-
plane displacement. However, since this tech-

nique requires additional launch-vehicle per-
formance, a decision was made to also allocate

spacecraft propellant for the correction of an

out-of-plane displacement.

Analysis of launch vehicle insertion disper-

sions, ground tracking dispersions, and space-

craft inertial guidance dispersions established

the spacecraft orbital-attitude-and-maneuver-

system propellant-tankage requirement for ren-

dezvous at 700 pounds, of which 225 pounds was

allocated for an out-of-plane displacement cor-

rection. This amount of propellant would

allow the spacecraft to correct an out-of-plane

displacement of up to approximately 0.53 °.

Launch times must be chosen so that the mag-

nitude of the out-of-plane displacement does

not exceed the spacecraft or launch-vehicle per-

formance capabilities. By selecting an inclina-
tion of 28.87 °, which is 0.53 ° above the launch-

site latitude, and by using a variable-azimuth

launch technique, the out-of-plane displacement
can be controlled to within 0.53 ° for 135 minutes

(fig. 18-2). With a maximum acceptable dis-

placement of 0.53 °, increasing the inclination

to 30 o reduces the plane window from one 135-

minute window to two 33-minute windows (fig.

18-3). From these two curves it can be seen
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18-2.--Variable-azimuth launch window for

target orbit inclination of 28.87 ° .

that the quantity of propellant required to pro-

vide a launch window of a given duration is

very sensitive to target orbit inclination. With

a maximum acceptable out-of-plane displace-

ment of 0.53 °, a target inclination of 28.87% and

a fixed-azimuth launch, the plane window is re-

duced to 17 minutes (fig. 18-4). The results

of these analyses established the requirement to

implement a variable launch azimuth guidance

capability in both the spacecraft and launch

vehicle and to establish the target orbit inclina-
tion at 28.87 ° .

The next parameter to be considered in this

phase of mission planning was the desired orbit

altitude for the rendezvous target vehicle. A

near-optimum altitude would provide a zero

phasing error simultaneously with the zero out-

of-plane displacement near the beginning of the

launch window on a once-per-day basis. This

near-optimum condition for a target inclination

of 28.87 ° occurs on a once-per-day basis at 99,

260, and 442 nautical miles. Because of launch-

vehicle performance, the 260- and 442-nautical-
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FIGURE 18-3.--Variable-azimuth launch windows for

target orbit inclination of 30 ° .
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FIGURE 18-4.--Fixed-azimuth launch window for target

orbit inclination of 28.87 ° .

mile orbits were not considered. The 99-nauti-

cal-mile orbit was not considered because of the

relatively short lifetime of this orbit. Other

altitudes--125, 150, 160, and 175 nautical

miles--were evaluated. A rendezvous target
orbit altitude of 161 nautical miles was selected.

This altitude provided launch opportunities
with zero phasing errors within the 135-minute

launch window on a once-per-day basis, and

provided near-optimum phasing conditions for

the second day (fig. 18-5). The decision to
select this altitude had an influence on the retro-

rocket systems design and on the thermody-

namic design of the spacecraft, the target

vehicle, _md the target docking adaFter.
The selection of the Gemini insertion altitude

was influenced by the launch-vehicle radio-guid-
ance-system accuracies which are a function of

the elevation angle at sustainer engine cutoff,

of the spacecraft and the launch-vehicle second-

stage exit-heating requirements, and of the

launch vehicle performance capability. Based

on an evaluation of these factors, an altitude of

87 nautical miles was established for the design
requirement.

Establishment of Design Reference Missions

After the mission-design requirements were

developed for the spacecraft, for the target ve-
hicle, and for 'the launch vehicles, three basic

types of design-reference missions were specified

so that hardware development plans could be

established for the airborne and ground systems.

These types of mission were (1) unmanned bal-

listic for systems and heat protection qualifica-

tion, (9) manned orbital 14-day with closed-
loop guidance reentry, and (3) manned orbital

rendezvous and docking with closed-loop guid-

ance reentry. It is important to note-that within
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FIGURB 18-5.--Space-vehicle launch windows for ren-

dezvous target orbit altitude of 161 nautical miles.

the framework of the long-duration and ren-

dezvous missions, many other objectives can be

accomplished, such as extravehicular activity

and experiments.

Development of Operational Mission Plans

In the development of the detailed opera-

tional mission plans to satisfy the _rogram

objectives, the requirement has been to insure

the highest probability of success by minimiz-

ing, within the limits of practicality, any deg-

radation of the mission objectives resulting

from systems failures or operational limitations.

To accomplish this requirement, operational

mission plans were developed which provided a

logical buildup in the program objective accom-

plishment. The operational mission plans

which were developed to accomplish this

buildup are shown in table 18-I.

Qualification of the launch-vehicle and space-

craft systems was the primary objective of

Gemini I and II. The objectives of Gemini III,

the first manned flight, included the evaluation

of spacecraft maneuvering in space, a require-

ment for the rendezvous missions; .the qualifica-

tion of the spacecraft systems to the level of

confidence necessary for commi.tting the space-

craft and crew to long-duration flight; the de-

velopment of procedures necessary to conduct

long-duration, rendezvous, and a closed-loop re-
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TABLE 18-I.--Operational Mission Objectives

Mission G--I G--II G-III G-IV G-V G-VI G-VII
Objective

Closed-loop reentry guidance:
System qualification ............................. • .......................................
Procedure development ................................... • ...............................
Demonstration ................................................... O O O O

EVA ................................................................ • .......................
Long duration:

System qualification .................... • • • ........ O ...............
Procedure development ................................... O ...............................
4 day ............................................................ • .......................
8 day ................................................................. • ...............
14 day ................................................................................ •

Rendezvous:
System qualification .................... • • • O O ...............
Procedure development ................................... O O O ...............
Rendezvous evaluation .................................................... O ...............
Rendezvous ................................................................... • .......

Experiments .............................. 0 0 3 13 17 3 2

• Primary objective.
O Secondary objective.

entry ; and the execution of three inflight experi-

ments. The plans for Gemini IV included the

first long-duration objective (4 days), extra-

vehicular activity, further development of the

rendezvous procedures, a demonstration of a

closed-loop reentry, and the execution of 13 in-

flight experiments.

Gemini V, an 8-day flight, was the second step

in the development of the long-duration capabil-

ity. Other objectives planned for this flight

were the final qualification of the rendezvous

systems and procedures necessary for the Gem-

ini VI mission, evaluation of the fuel-cell power

system required for long-duration flights, the

demonstration of the capabilities of the closed-

loop reentry guidance, and the execution of 17

inflight experiments. Designating the primary

objectives of the first five flights as nonrendez-

vous permitted the development of efficient

checkout and launch procedures, a requirement

for on-time launch. Early development of these

procedures was mandatory to satisfy the rendez-
vous objective of the Gemini VI mission. The

primary objective of Gemini VII, of course, was

long duration (14 days). Three experimetnts

were planned for Gemini VI and 20 experiments

for Gemini VII. Plans for both of these flights

included a demonstration of closed-loop reentry

guidance.

The development of operational mission

plans for implementing the mission objectives

requires that extensive analyses be performed

in the trajectory and flight-planning areas. In

Gemini, detailed trajectory and flight planning
has been found to be essential for mission suc-

cess and must be done in such a way as to afford

mission flexibility.

Trajectory Planning

During Project, Mercury, a major part of the

trajectory-planning effort was spent in the de-

velopment of the philosophy and techniques _or

monitoring the powered-flight trajectory, for

determining when launch abort action was nec-

essary, and for establishing get--no-go criteria

for the accep_bility of the orbit after the com-

pletion of launch-vehicle thrusting. These

Mercury analyses were directly applicable to the

Gemini Program. Generally, it was merely

necessary to identify the most limiting trajec-

tory criteria--that is, the trajectory conditions

beyond which abort action is not safe due to

such factors as exceeding spacecraft reentry

heating, or aerodynamic load-design limits that

were applicable to the Gemini spacecraft. The
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character of the resulting abort-limit lines used

on the flight controller plotboards is very sim-

ilar to that designed for Project Mercury (figs.

18-6(a) and 18-6(b)).

If a Mercury spacecraft failed to achieve or-

bit, only two possible courses of action were
available: fire the retrorockets for an imme-

diate abort, or do nothing. The maneuvering

capability of the Gemini spacecraft provides a

third, more desirable choice, which is using the

orbital attitude and maneuver system as a third-

stage propulsion system to achieve orbit (figs.
18-7(a) and 18-7(b)).

Abort actions or the use of orbital attitude

and maneuver system into orbit has never been

necessary; however_ all possible contingency
situations must have been analyzed, and correc-

tive procedures developed.

The capabilities of the Gemini spacecraft

provide a tremendous amount of flexibility in

the types of missions which can be designed.
This flexibility has allowed modification of mis-

sion plans both before and during an actual

flight. For example, during the Gemini V mis-

sion, problems with the spacecraft electrical

power system made it necessary to abandon the

rendezvous evaluation pod test. The objectives

of the test were accomplished, however. This

was possible .because mission-planning personnel

conceived, planned, and set up the so-called

phantom rendezvous and a spacecraft radar-to-

ground transponder tracking test within a 1-day

period during the 8-day flight. The phantom
rendezvous, which involved a series of ma-

neuvers based on ground tracking and compu-
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tations, almost precisely duplicated the ma-

neuvers planned for the midcourse phase of the

Gemini VI flight. This series of maneuvers

executed by the Gemini V flight crew were a
milestone--the first in-orbit maneuvers carried

out with the precision necessary for performing

a space rendezvous. The near-perfect perform-

ance of the Gemini V spacecraf h flight crew_

and the ground personnel verified the accuracy

which could be expected during the rendezvous
missions. Sufficient data were obtained from

the spacecraft radar tracking test, and from the

rendezvous evaluation pod test prior to its term-

ination, to adequately flight-quMity the space-
craft radar system for the Gemini VI mission.

The changes made before the Gemini VII

flight are well known. In order to utilize the

Gemini VII spacecraft as a target for the Gem-

ini VI-A mission, it was necessary to change
the Gemini VII launch-azimuth and orbital-
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insertion requirements. In addition, a radar

transponder and acquisition lights were in-
stalled on spacecraft 7, and logic and computer

programs were developed for selecting the Gem-
ini VII in-orbit maneuvers required to arrive at

the optimum conditions for rendezvous with a

minimum expenditure of fuel. This was all

accomplished within a 6-week period after the

first Gemini VI launch attempt. I_ is interest-

ing that, except for the development of a quick
turnaround capability, the plan for Gemini

VI-A was relatively unchanged. In fact, since

the Gemini VII spacecraft was maneuvered

precisely to the planned orbital inclination of
28.87 ° and altitude of 161 nautical miles, the

Gemini VI-A mission was accomplished al-

most exactly as planned.

The point to be made here is that, to get the

most out of each Gemini flight, the capability

must exist to allow rapid response to changes in

mission requirements. To provide this capa-

bility, a staff of experienced personnel must

have carried out a wide variety of analyses and

studies upon which they can quickly draw, both

before and during the actual mission.

Flight pla_vM_g.--The term "flight plan-

ning," as used in manned space flight, is the de-

velopment of a schedule of inflight crew activi-

ties. Such a plan is required to insure that the

most effective use is made of flight time. De-

tailed flight planning starts after mission ob-

jectives have been clearly defined and the tra-

jectory profile has been established. The first

task is to determine the exact operational pro-

cedures that are necessary to accomplish each of

the mission activities. Operational procedures

are developed by careful analyses and simula-

tions. These analyses and simulations also es-

tablish the time, propellant, and electrical power

that are required to accomplish each task.

With these results, flight planning personnel can

then establish the total quantity of consum-

ables-propellant, electrical power, oxygen,

food, and water--that will be necessary for a

specific mission.
When all of the details of each mission have

been worked out, plans for accomplishing the

mission are documented in a flight plan. The

flight plan provides a detailed schedule of

the flight-crew and ground-station activities,

checklists for normal and emergency proce-

dures, a detailed procedure for conducting each

planned activity, consumables allocations and

nominal-usage charts, and an abbreviated sched-

ule showing major events to be conducted

throughout the flight. Figures 18-8(a) and

18-8 (b) are samples of the detailed flight plan
for the Gemini VII mission during the period

from the lift-off through launch vehicle stag-

ing. Figure 18-9 is a sample of the abbreviated

flight plan during the period from lift-off

through the first 4 hours of flight, and figures

18-10(a) and 18-10(b) are examples of the pro-

cedures section showing the propellant usage

summary and an operational test description.
The contents of the flight plan vary accord-

ing to the mission. For example, for the Gem-

ini VII flight, the detailed plan was written only

through the launch vehicle station-keeping pe-

riod because the remainder of the 14-day flight

was preplanned to be conducted in real time.

This approach was unique since, on previous

missions, the complete flight plan was developed

prior to launch, and real-time planning was

adopted only when inflight anomalies occurred.

On the Gemini VII mission, premission plan-

ning was oriented toward a general sequenc-

ing of the tests and experiments required in the

flight in order to establish the required time-

lines. Detailed procedures for each crew ac-

tivity were established for crew training; there-

fore, a majority of the real-time effort consisted

of scheduling each activity. On Gemini VII

this procedure proved to be quite satisfactory,

and all objectives were accomplished except

where equipment failure or the weather pre-

cluded completion of some activities.



I_IISSION PLANNING 163

Real-Time Mission Planning

Development of the mission design require-

ments, the operational mission plans, and docu-

mentation as previously mentioned is only part

of the overall mission planning task. The next

step is to make the plan work. This depends

to a great extent on whether the launch vehicle

and spacecraft perform as predicted. When an

TIME COMP PLAT CNTL
HR:MIN:SEC MODE

0:00:00 ASC FREE

0:00:19 ASC FREE

0:00:20 ASC FREE

0:00:23 ASC FREE

0:00:50 ASC FREE

abnormal situation does arise, as during Gem-

ini V, the planned activities must be rescheduled

and, in some cases, compromised to make maxi-

mum use of the systems performance as it exists.

The necessity of being prepared to handle

whatever contingency develops as the mission

progresses has led to the development of a highly

sophisticated and complex real-time flight-con-

trol computer program.

(a)

ACTION

COMMAND PILOT PILOT

CNV-REPORT LIFT-OFF

A-_ CLOCK START

(EVENT TIMER)
A-REPORT ROLL PROGRA/_

iNiTIATED

A-REPORT ROLL PROGRA/V
COMPLETE

A-J_..P_.Q_R_PITCH PROGRAM
INITIATED

CNV-GIVE 50 SECTIME-
HACK FOR CHANGE TO
DELAYED-LAUNCH
MODE 1-r

A-CONFIRM REPORTED A-RELEASE 'D' RING.
CHANGE TO DELAYED- UNCLIPKEYING SWITCH
LAUNCH MODE IT

RELEASE 'D'-RING NOTE

'D'-RING STOWED AFTER INSERTION. CMD PILOT WILL
USE THE KEYING SWITCH ON THE HAND CONTROLER

MISSION EDITION

GEMINI _ FINAL

DATE STATION AOS LOS JTOTAL REV JPAGE
11/15/65 CNV 0¢00:003:06:57J 6:57 JLAUNCHI I

(a) Lift-off through first 50 seconds.

Pmult_ 18-8.--Example of detailed flight plan.
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TIME

HR:MIN:SEC

0:01:00

0:01:40

COMP

ASC

ASC

PLAT

FREE

FREE

0:01:45

0:02:15

0:02:25

ASC

ASC

ASC

FREE

FREE

FREE

0:02:35 ASC FREE

MISSION EDITION

CNTL

(b)
ACTION

COMMAND PILOT PILOTMODE

CNV-REPORT CHANGE TO
LAUNCH MODE ]]

(70K FTI

A-CONFIRM REPORTED
CHANGE TO LAUNCH

MODE I-[

GEMINI Vl1 FINAL 11/15/65

A-REPORT STAGE 11 GO

A-REPORT CABIN PRESSURE
HOLDING AT__PSID

A-RESET DCS LIGHT. REPORT

DCS UPDATE RECEIVED

A-RESET DCS LIGHT. REPORT
DCS UPDATE RECEIVED

STAGING

NOTE
ENGINE I LIGHTS-FLICKER
ENGINE 11 LIGHT-OUT

A-REPORT STAGING STATUS
CHECK 'G'-LEVEL

FDI SCALE RANGE-HI

DATE STATION AOS LOS ITOTALI REV
I I

CNV 0_00:00):06:57J 6:57 JLAUNCH

PAGE

2

(b) One minute through 2 minutes 35 seconds after lift-off.

_OURE 18-8.--Concluded.
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T 00:00

00:20

00:40

OhO0

0I:20

2 01:40

02:00

CNV

BDA

CYI

-KNO

TAN

CRO

HAW

CAL

-GYM

-TEX

CNV

BDA

ASC

Lift-off

SECO Insertion checklist

Experiment equipment
erection

Station keeping

Experiments D-4/D-7
separation maneuver

Experiment cover jettison

camp-off

Booster measurements

02:00 -

- TAN

02:20

CRO

02:40

HAW

03:00

CAL

-GYM

-TEX

T CNV
-BDA

03:20

03:40 AscI
TAN

Go-no-go 17-1 17-1T R

Platform -off

post- station-keeping checklist

Perigee -adjust maneuver

Power-down spacecraft
(biG-meal recorder no. 2- off)

Mission Edition Dote Time

Gem n _ F na November i5,1965 O0:OOto04:00,

FIGURE 18-9.--Example of abbrevi,ated flight plan.

Booster crosses horizon

Communications check

Critical delayed-time

telemetry tape playback

I Experiments D-4/D-7
void measurement

04:00

Purge fuel cells

Experiments D-4/D-7
star measurements

Critical delayed -time

telemetry tape playback

Experiments
MSC-2 and -3--on

I Revolution Page I
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/ Booster station keeping, 04 / D7
/I maneuver, and lifetime maneuver

__ ..Experiments and operational

. Circularizotion

,Gemini _'T-A station keeping and attitude control
/

,, during rendezvous
/

/

_" / • Experiments and operational inaccuracy

Minimum requirement 21blday _,," checks (9751blday)

plus 5 percent uncertainty (32 Iblday)

------. _x _ 3 percent gage inaccuracy
•'--------. _ } .- 5 percent uncertainty

3percent gage inaccuracy ........... " - . _--'" 31b retro prep
31b retro prep "" - /

L , L , , , , i i i i T.... -{ ," ,
2 3 4 5 6 7 8 9 10 II 12 15 14 15

40 80 120 160 200 240 280 :320 560

Ground elapsed time, days and hours

(a) Estimated propellant usage for Gemini VII mission.

FIaV_ 18--10.--Example of procedures section of the flight plan.
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Purpose

To verify calculated warm-up and cool-down curves for the transponder and as an

operational check.

Spacecraft Systems Configuration

i. Reticle installed (for operational check)

2. AC POWER - ACME

3. ATTITUDE CONTROL - PULSE

Procedure

l, Temperature Check
TRANSPONDER - ON AT AOS

TRANSPONDER - OFF AT LOS

Note: i. Check temperature every 12 hrs until temperature stabilizes, then

every 24 hours.

2. Ground will monitor and plot the temperature trend.

Operational Check
TRANSPONDER - ON

Align spacecraft on radar located at Cape Kennedy.
TRANSPO}_ER - OFF after LOS.

Note: The operation check will be conducted on passes whieh occur at approximately
VII lift-off plus 48 hours and VI-A lift-off minus 72 hours

(total of 2 runs required).

Propellant Required

2 runs x i ib run = 2 ib

(b) Radar transponder test.
PISUP_ 18-10.--C_ncluded.
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