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1.  SUMMARY

Results of the studies performed indicate that Gemini with modest revisions c
an
be utilized to accomplish a large earth orbit or circumlunar mission.

Two versions of Gemini are presented for consideration.

Configuration I - A rendezvous Gemini spacecraft put into orbit by the GLV ang

rendezvous with a Titan IIIC with a modified second transtage.

Configuration II - A direct ascent Gemini spacecraft launched by a modifieq

Titan IIIC.

Both of the spacecraft configurations presented use Gemini qualified hardy
are

and new components only where new capabilities are essential for a large orbit mj
mssion

1.l Configuration Selection

1.1.1 Configuration I - The re-entry module is the same basic configuratj
* ion as

GT-7 off loaded for a seven-day mission. A range-range rate radar is used duri
ng

rendezvous to insure minimum propellant consumption. The basic adapter structyr
e is

the same as present Gemini, additional hardpoints are required for mounting equj
QUlpment ,

1.1.1.1 Guidance and Control - The Guidance and Control System is modifj
oLl e 11led by

£ two sun Sensors, two star sensors, inertial reference packa
ge

s+30n O
the addltlo s and g

stant. The manual sextant is used in event of system failure

manual S€ fedundant
. ing for the OAMS thrusters is added. It 1s assumed that the auxiliary tap

wi © memo

quipment. The horizon sensor is deleted. v

;s spacecraft ©

1.1.1 2 Environmental Control System - The ECS primary oXygen syste
1.1 a2 e A m uses four

pottles in conjunction with the fuel cell reactant supply system. Th
o (S] COOlant

ditional heat exchanger so that each fuel cell system i
S complete].
y

d the main coolant 1o 3
from the other an ops. With the excepti
Ption of ¢y,
e

t exchanger that are removed, the remainder of tp
€ envirgp.

ntrol system is the same as in the present Gemini,
(6]
merlt;a-l c
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1.1.3 Electrical Power - Electrical power is provided by three fuel cell
Lilale

: Sult Of LIS'][‘]S. three secti
i S The reduced load on ea.Ch stac 'k as t h
Sectlon . e re

iability of a fuel cell system. The re-entry and post-
increases the reliabi
greatly 1inc

i i imi r TO presen Gemini.
i electrlcal system is simila t
landlng t ini

1.4 Communication and Data Acquisition Systems - The communication system
lolc L/

5§ ith the deletion of systems that are no longer re-
as present Geminl Wi
is the sameé

h result of adding redundant comm ications for the ]arger bit.
i s the un
qulred a

; dded for communicating over ranges up to approxi _—
: _band System is a
Unified S

and is compatible with the Deep Space Instrumentation Facilities.
225,000 n.m.

tion of the Unified S-band System has a duty cycle of 15 minutes on
The opera 10

for AV maneuvers.
s, plus five hours

ry two hours,

out of eve

Data acquisition 1is the same as Gemini.

5 Structural Design Criteria - The structural design criteris is the
lcl'l'

it 1 t Gemini.
i 0) as it is for the presen
cemini (LE
game for

6 Heat Protection - The afterbody shingles and heat shield are reviseq
1slede Heat rI10D---"———

date higher re-entry heating. A more efficient ablator is used for the

accommo a

to nan is used on the present Gemini heat shield.

tha

ingles | |

B 7 Thermal Control - The spacecraft is oriented with its 2 axis at
l.l-l’ ____‘___,_—-———————

to 70 degrees with respect to the sun and rolled .6 degrees/sec. All
ees 1O

and thrusters are removeqd

L5 desgr

ulsion - The Re-entry Control System (

idizer, water, and urine lines,
¥
neate

RCS) for Gemini .

tem. The motor-operated shutoff valves are replaceq bY pyrotechnj.

plow-dovwn s5Y® o
e blow-down System I8 simpler and lighter than the present system,
The

0AMS has & rE
u ide the desi o -
ply groups provi € desired rellablllty to insure v

qundant set of two aft firing and eight attituge thrustey
S.
The

t sup
ropellanl
Three€ P

MCDORNRNELL



- REPORT NO. B743

GEMINI — LARGE EARTH ORBIT VOLUME |
19 JUNE 1955

1.1.1.8 Continued)

capability for a safe return should a failure occur at any time during the mission

1.1.1.9 Reliability - The overall spacecraft reliability for a safe mission is

0.98308.

1.1.1.10 Abort - The ejections seats are the same as present Gemini, The retro

rockets have been removed.

1.1,1.11 Experiments - A 100-pound allowance has been made for Gemini IEQ

experiment. The configuration as shown uses 58 1lbs. for photographic angd televisi
on

experiments. The balance of 42 lbs. is not assigned.

1.1.1.12 AGE - AGE requirements and test plans follow as much as possible th
e

existing Gemini AGE plan. Using the GLV keeps the AGE changes to a minimum

Lut ol Weight - Launch weight for a rendezvous Gemini is 8,374 pounds A

weight derivation is shown in Table 1.1-1,

1.1.2 Configuration II - Configuration II is capable of g direct ascent int
0 a

circumlunar trajectory. The re-entry module is the same basic configuration as g

of f loaded for a seven-day mission. )
g TR Guidance and Control - Same as Configuration I.
1.1.2.2 Egyironmental Control System - Same as Configuration 1.
1.1.2.3 Electrical Power - Same as Configuration T,

1.1.2.4 Communication and Data Acquisition System - The communication ang
P o an data

gisition systems are the same as Configuration T except the rendegzvous rad
acq ar is

removed o

1.1.2.5 Structural Design Criterls - Same as Configuration

1.2 ¢ Heat Protection - Same as Configuration 1.
1.,1.2.6 =—=———

1.2.7 Thermal Control - Same as Configuration T
P <X .’-——""-’_——__ °

1.

MCDORNNERL 1
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TABLE 1.1-1
ESTIMATED WEIGHT STATEMENT

CONFIGURATION |

:

[— WEIGHT

(POUNDS)
LAUNCH GROSS WEIGHT —
ORBIT INSERTION WEIGHT RS04
PRE-RENDEZVOUS WEIGHT e
DOCKED WEIGHT ra75
CIRCUMLUNAR INJECTION WEIGHT 7969
PRE-RE-ENTRY WEIGHT i
RE-ENTRY WEIGHT 4759
PILOT CHUTE DEPLOYMENT WEIGHT 4609
PARACHUTE DEPLOYMENT WEIGHT 4374
TOUCHDOWN WEIGHT - NO PARACHUTE 4263

TABLE OF EXPENDABLES

F- LOADED

WEIGHT

(POUNDS)
RCS PROPELLANT 45
FUEL CELL REACTANTS 159
| PRIMARY OXYGEN o
OAMS PROPELLANT o
DRINKING WATER — PRIMARY 0

P

b
e
o
L
o3

‘ MCDORRNERL §_




2.9 Reliability - The over-all spacecraft reliability for a safe mission
lulo L]

is 0.98363°

1.2.10 Abort - Ejection seats are the same as Configuration T. The Transtage
) 1P = Sl o

for escape at altitudes between 100,000 and 250,000 ft. (not available in
is used for

Configuration I).

1.2.11 Experiments - Same as Configuration I.
1.1.2.

2,12 AGE - AGE requirements and test plans follow as much 8Ss possible the
lol' g Saspmm—

Gemini AGE test plan. A direct launch mission requires modification to the
existing G€

it to a new pad.
11 as moving
AGE as V€

2.13 Weight - Launch weight for Configuration II is 7,764 poungs. A weight
l-l- L

in Table 1.1-2.
‘on 18 shown 1n
derivatio

. REPORT NO. B743
VOLUME |
= GEMINI — LARGE EARTH ORBIT 19 JUNE 1965
1.1.2.8 Propulsion - The RCS is the same as Configuration I.
The OAMS system uses the same components as the present Gemini. For this ver-
e
the forward firing and lateral firing thrusters are removed (no rendezvous
sion, e
t). A redundant set of two aft firing and eight attitude thrusters are
requirement).
As in Configuration I, three propellant supply groups are provided to give
added.
desired reliability to insure a ZXV’capability for midcourse corrections
the des
ghould a failure occur.

MCDONNEL g
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TABLE 1.1-2

CONFIGURATION 1l

ESTIMATED WEIGHT STATEMENT

\

MCDORNRNEL L

o

WEIGHT
(POUNDYS)
LAUNCH GROSS WEIGHT Ty
CIRCUMLUNAR INJECTION WEIGHT 7719
PRE-RE-ENTRY WEIGHT 5
RE.-ENTRY WEIGHT e
PILOT CHUTE DEPLOYMENT WEIGHT 4563
PARACHUTE DEPLOYMENT WEIGHT 4363
L'TOUCHDOWN WEIGHT — NO PARACHUTE 4252
TABLE OF EXPENDABLES
B LOADED |
WEIGHT
(POUNDS)
RCS PROPELLANT o
FUEL CELL REACTANTS i
PRIMARY OXYGEN i
OAMS PROPELLANT e
DRINKING WATER — PRIMARY .
e

REPORT NO. B743
VOLUME |
19 JUNE 1965
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2 Design Changes for Weight Consideration - For Configurations I ang II, it
1. e

Gemini design and system concepts to make
ake changes to the present
is necessary to m

aft weight compatible with the launch vehicle capability. A summary of
the spacecr

1.2-1. Those changes applicable to both configura-
is given in Table
these weights

tions as welght saving items are:

A.

The paraglider provisions are eliminated in the rendezvous and recovery
e -

tion, and the can is shortened twenty inches; no change to the RCS
sec ’

section.

The retrograde and adapter equipment sectlons separation Provision ig

removed. Separation provisions are not needed.

Reduce the density of insulation used on the RCS and R & R sections since

the ablative layer provides bond line temperatures which are lower than

Gemini re-entry shingle temperatures.

One of three squib batteries is removed from the re-entry module,

Convert RCS to "Blow Down" system, remove heaters and motor shutoff valves,
a otechnic valves which improve system reliability.

:Ze jzrthe two UHF voice transmitter receivers is removed.

Backup is
ovided by the unified S band system.
pr

arachute riser ring guard and the drogue chute are deleteqd,
The P

rendezvous radar is modified to include only the range and range-rate
The

fuel cell water is considered potable. The drinking water supply ig
The

reduced accordingly.
duce heat protection by changing L/D from @5 to .15 ang ran
Re

€€ fronm
00 n.m. to 3,838 n.m. (Nominal footprint 900 p.p.
e

e 2,600 n.m. - heat protection margin achieved by designing oy,
range <,

3,838 n.me. )

6 ablative material is used in liey of S-3 for afterbogy heat Protecty
> Ction,

MCDONNEL
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TABLE 1.2-1
SUMMARY OF WEIGHT SAVING ITEMS THAT
ARE INCLUDED IN CONFIGURATIONS | AND I

ITEM

S—6 ABLATIVE MATERIAL IN LIEU OF $S-3 FOR AFTERBODY HEAT PROTECTION

RENDEZVOUS AND RECOVERY SECTION REDESIGN

REMOVAL OF THE RETROGRADE SYSTEM AND ADAPTER EQUIPMENT SECTION SEPARATION PROVISIONS
REMOVAL OF (2) 85-POUND FWD FIRING AND (4) 100-POUND RADIAL FIRING THRUSTERS

REDUCE THE DENSITY OF INSULATION USED ON THE RCS AND R & R SECTIONS DUE TO BOND LINE
TEMPERATURES WHICH ARE LOWER THAN GEMINI RE-ENTRY SHINGLE TEMPERATURES

REMOVAL OF ONE SQUIB BATTERY FROM THE RE-ENTRY MODULE
CONVERT TO RCS ““BLOW DOWN'’ SYSTEM, REMOVE HEATERS AND MOTOR SHUTOFF VALVES, ADD SQUIB VALVES

USE OF A 7-DAY INSULATED L;OH CARTRIDGE IN LIEU OF 14-DAY L;OH CARTRIDGE

REMOVAL OF UNNECESSARY RENDEZVOUS AND DOCKING PROVISIONS INCLUDING REMOVAL OF THE NOSE
FAIRING AND EJECTOR AND REPLACEMENT WITH A NON-JETTISONED NOSE COVER

REDUCTION IN GEMINI COMMUNICATIONS COMPONENTS (REF. PARA. 3.4)

THE HORIZON SENSORS AND INSTALLATION ARE DELETED

THE DROGUE CHUTE AND PARACHUTE RISER RING GUARD ARE DELETED

THE RENDEZVOUS RADAR IS MODIFIED TO INCLUDE ONLY THE RANGE AND RANGE-RATE COMPONENTS

THE FUEL CELL WATER IS CONSIDERED POTABLE. THE DRINKING WATER SUPPLY IS REDUCED ACCORDINGLY
REDUCE HEAT PROTECTION BY CHANGING L/D FROM .25 TO .15 AND RANGE FROM 5,300 N.M. TO 3,838 N.M.

TOTAL CONFIGURATION |
TOTAL CONFIGURATION II

*CONFIGURATION Il ONLY
**CONFIGURATION | ONLY

11930 HLYVY3T 39dVT ~ INIW3O

WEIGHT EFFECT
(POUNDS)

-57

-50
—411
-100*

-15

-9
-20
-22
=31

—44
-41
-28
-30**
-86
-236

~1,049
~1,150

IWNT0A
EV.8 "ON L¥0d3Y

S96L aNNr 61
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1.3 Flights .
£

1.3.1 General - Two flights are required to qualify the spacecraft and s third é
4

0

v

performs the program objective. Refurbished re-entry modules are utilized in flights
1 and 2. Table 1.3-1 lists launch vehicle/spacecraft combinations by configuration
and flight number. These flights are defined in the following paragraphs,

1.3.2 Flight 1 - Heat Protection Qualification - The purpose of this unmanned

flight 1s to qualify the spacecraft heat protection using a modified adapter to mate
the re-entry module to the Titen IIIC leunch vehicle. The Titan IIIC is required to
accelerate the spacecraft to escape velocity on a particular shaped trajectory. The
£1ight sequence 1s shown in Figure 1l.3-1. The same launch vehicle and AGE as pro-

vided for MOL HSQ could be used.

1.3.3 Flight 2 - Spacecraft Qualification - The purpose of this flight is to
qualify the spacecraft systems. The spacecraft is launched by GLV, or Titan IIIC

1f direct is selected, into an earth orbit and all systems checked by instrumentation

and utilization. It could accomplish medium earth orbit (one day) rendezvous with

other satellites or meke a major plane change.

1.3.4 Flight 3 - Circumlunar Orbit - The progrem objective of employing the

Geminl s

pacecraft in & manned circumlunar flight is accomplished by Flight No 3

The cemini spacecraft for this mission are defined in Paragraphs 2,1 ang 2.0

1.4 Study Ground Rules

1.4.1 Mission duration is seven days,

1.4.2 For & rendezvous configuration, the earth parking orbits are 14 "
‘ mited to

4 arrangements a
1.4.3 Equipment an = Te the same as present Geming except

yal equipment needed for this mission.
spec

MCDONNELL
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SPACECRAFT SYSTEMS

TABLE 1.3-1
LAUNCH VEHICLE REQUIREMENTS BY CONFIGURATION AND FLIGHT

CONFIGURATION 1 CONFIGURATION 2
RENDEZVYOUS DIRECT LAUNCH-TO-ORBIT
FLIGHT 1 FLIGHT 1
SPACECRAFT — TITAN IIIC SPACECRAFT — TITAN I1IC
FLIGHT 2 FLIGHT 2
SPACECRAFT - GLV SPACECRAFT — TITAN IIIC

RENDEZVOUS — TITAN IIIC VEHICLE
PLUS TRANSTAGE

FLIGHT 3 FLIGHT 3

SPACECRAFT — GLV SPACECRAFT — TITAN Iiic

RENDEZVOUS — TITAN I1IC VEHICLE
PLUS TRANSTAGE

VY E W T O W O W W S O O O |

MCDORNNEL
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FLIGHT |
GEMINI HEAT PROTECTION QUALIFICATION FLIGHT SEQUENCE DIAGRAM

SECOND STAGE
SEPARATION

TRANSTAGE & EQUIPMENT &
ADAPTER SEPARATION—<G 700,000 FT. (MIN.)
FIRST STAGE
SEPARATION
RE-ENTRY
Bl ——— 400,000 FT.

PILOT CHUTE DEPLOY
10,600 FT.

JA
f

/
o
/
I
ZERO STAGE
SEPARATION
MAIN CHUTE —
' SINGLE POINT
SUSPENSION
1
GEMINI SPACECRAFT
/'l\/

‘[*\j MAIN CHUTE _
» TWO POINT
|

TITAN I1IC LAUNCH

[

SUSPENSION \ )
| VEHICLE \ /

=

MCDORNRNEL
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1.4.4 Redundant systems are added as required due to inability to re-enter
from a large orbit at will.

1.4.5 Systems not essential for the mission are removed to reduce weight.

1.4.6 Three spacecraft are required for the program.

1.4.6.1 Unmanned heat protection qualification spacecraft.

1.4.6.2 Manned spacecraft with all systems operational. Mission is an earth

orbit.

L diibe3 Manned circumlunar spacecraft.

1.4.7 All mission parameters and design requirements are the same as Gemini

or Apollo.

1.4.8 The first two spacecraft are refurbished previously flown Gemini., Th
o Ck . o
third gpacecraft is new or unflown from the present series,

MCDONNEL

SPACECRAFT SYSTEMS
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2 SPACECRAFT CONFIGURATIONS

2.1 Configuration I - This spacecraft is a rendezvous version of Gemini
launched by a GLV. The post-docking assembly is a modified Transtage mated to the
Gemini vehicle utilizing the Target Docking Adapter (TDA) developed during the
Gemini program. The Transtage is inserted into orbit by a Titan ITIC.

The Qodified Transtage provides the impulse necessary to insert Gemini into g
large earth orbit. The attitude control during insertion is provided by the Transtage
Gimballed Engine while the guidance is supplied by the Gemini Inertial Guidance System
(IGS). At the completion of the insertion, the Transtage is jettisoned angd the Gemini
vehicle, plus its own adapter, is the circumlunar vehicle.

Much of the equipment

necessary has been developed during the present Gemini program, and, in this configura-
tion, components already developed are rearranged to satisfy the new mission require-
ments. No development in the areas of pyrotechnics, environmental control, propulsion,
and structures is required. The radar system utilized for rendezvous provides only
range and range rate, and is a modification of the present system to take advantage of
s significant weight saving. The general arrangement of this configuration is shown

Figure 2.,1-1. The interior arrangement of the Gemini spacecraft, depicting the
in

ulsion, environmental control, electrical
P

» communication, guidance and attitude
pro

trol major componeﬂts, is shown in Figure 2,1-2,
con

The heat protection consists of a heat shield utilizing the present material
.th the maximum thickness increased by approximately 0,3 inch, columbium shingles on
wi
1eeward side of the conical section and ablative shingles on the remainder of the
the

terbody - Some of the possible methods of accomplishing the detail design are shown
afteé

in Figure 201-3 L

MCDONNEL)

-1



REPORT NO. B743

VOLUME
19 JUNE 1965

GEMINI - LARGE EARTH ORBIT

11930 HLYVY3I 394VT 0L NOILDIrNI ONIYNA NOILYINOI4NOD

¥431dvav LN3IWdINd3
ANV 3TNAOW AdLN3-3 Y

9NIND0d 01 d0idd NOILYVINOIdANOD

¥431dvav "dind3 anv
3TNAOW Ad LN3-3d JOVLISNVYL ANZ

\moﬁmzéh anz

W3ILSAS 704 LNOD
ANV 3DNVaIin9g

S3ANTIDNI
JOVLISNVAYL 1SI

| - * ,» :
A9 R L= ST

| NOILVANOI4ANOD

IOVLSNVEL ANZ — |

¥31dvayv 9Nixd0a

431dVay ONIND0A aNy 31NAOW A4LN3-3d
404 STTOIHIA HONNVYT — LNIWIONVHYEY TTVHINGDD

DI NVLLIL

FIGURE 2.1,

MCDONNELL

2-2




REPORT NO. B743

GEMINI - LARGE EARTH ORBIT VOLUME |
19 JUNE 1965

S FUEL (REF.)
RENDEZVOUS CONFIGURATION NUMBER | A

OAMS PRESSURANT
(REF.)

RE-ENTRY MODyLg 'ADAPTER
SEPARATION SPRnG (3 REQD)

—DOCKING
RADAR
ELECTRONICS

— PILOT CHUTE

PRIMARY 0, SUPPLY

UHF STUB 1
i (REF.)

ANTENNA .l/DOCKING BAR
1
|

REDUNDANT H,0 SUPPLY (Rgp )
' ECS COOLANT
| /_PUMP MODULE

= = FORWAR ? (REF.)
no © Tcs (REF

|
—j4 | !/

- N o o ) = SUN SENSOR —
i T e = T | (2 REQD) —7
‘ IV! C TITAN Il BOOSTER
i i TRANSLATION DOME
! | TCA (REF.) _ J
Vol —— TIONAL
DOCKING csia \ .\I(('j € ‘ ‘ | DSIF DIS:C
RADAR L : ANTEN
Gy € REF.
ANTENNA 1\ HORS | | (REF.)
‘ L | |
‘ g I | r’—ELECTRONlcs MODULE
REF.
7215.00 Z173.97 | ( )
Z191.97 li
'1
MAIN PARACHUTE

2160.20 \

>—ATTITUDE TCA

; FUEL CELL g\___.___—————
| ' SECTION Ld QS(/ (REF.)
! (REF.) “ -
Z132.50 = | 7 | e an AFT FIRING TCA
STRAP DOWN GYRO S amni —L 1] o 7 (REF.)
ELECTRONICS 781.97 il ﬁv \
STAR ' : -~
| L ]
MU ACCELEROMETER SENSOR’/270.00 ! 1 253,74 . f .
(2 REQD) 766.74
g LT FUEL CELL
STRAP DOWN
GYROS (3 REQD) TRANSLATION TCA :?RSSFO)z
(REF.) :
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RENDEZVOUS CONFIGURATION NUMBER |

(Continued) TELEV|5;oN CAMERA

OAMS OXIDIZER
(4 REQD) OAMS pRESSURANT

DIRECTION |
(3 REQp) DSIF AL ANTENNA |

NOMINAL PEPLOYED POSITION——__ /|
REDUNDANT H,0 SUPPLY

SEPARATION
SPRING
(REF.)

ECS COOLANT
PUMP MODULE

OAMS FUEL
(4 REQD)

DsIF DIRECTION AL

/ ANTENNA (487 b4
.//4_“.\,

SEPARATION///
SPRING
(REF.) \

FORWARD FIRING TCA
(2 REQD)

TY Sl
» Y0.00 S —

FUEL CELL
SECTION

BY ‘ 7 s
TRANSLAT:‘?:ETQCDA;/'D . (3 REQD)

360° ROTATION

™~—5/C ADAPTER AND TITAN
INTERFACE

SUN SENSOR
(2 REQD.)

ANTENNA IN STOWED
POSITION

RETRACTABLE
FEED HORN

ATTITUDE TCA L

(16 REQD 25 LBS EACH)
FUEL CELL RSSHj
(3 REQD)

ELECTRONICS MODULE
STAR SENSOR ELECTRONICS (2 REQD.)
DSIF TRANSPONDER (2 REQD)
S-BAND DIPLEXER (2 REQD.)
DISCRETE COMMAND RELAYS (2 REQD)
DCS-RECEIVER DECODER

COAX SWITCH

S-BAND REDUNDANT PWR. AMPLIFIER
AUXILIARY TAPE MEMORY

LO LEVEL MULTIPLIXER

HI LEVEL MULTIPLIXER
INSTRUMENTATION PACKAGE #1

O AMS

Z13.44

FUEL CELL RSS 07
(3 REQD)—

STAR SENSOR
SEPARATION

(2 REQD.) SPRING EARTH SENSOR ELECTRONICS
THIS VIEW LOOKING AWAY  (ReF )
FROM Z0.00
FIGURE 2.1_,
RMCDORRNERL L

24,



GEMINI - LARGE EARTH ORBIT

REPORT NO. B743
VOLUME |
19 JUNE 1965

EXTERNAL HEAT PROTECTION — FOREBODY AND AFTERBODY

7104.50
oy, ~— ADAPTER
} FAIRING
— |
T\ | Z104.50
\,\/‘r
/{ |
FAIRING MADE FROM g /(8/\/ | AIRING MADE ¢
e —— ~S
DC325 ABLATION MATL. T - A — l FAIR ABLATIONRA?ZAT
04 2,03y SHINGLE | L,
=
A-A S6 ABLATION MATL. COLUMBIUM SHING ¢
B-B
_ M A
L“JHL_.__M e,

.04 +.03
|
RES:~<— —+CONICAL SEC.

i

Z173.97
M-M

2173.97 FIBERITE EDGING

|

L-L

COLUMBIUM SHINGLE |

TRANSITION FROM S6
ABLATIVE MATL. SHINGLES
TO COLUMBIUM SHINGLES
AT EDGE OF EQUIPMENT
BAY DOORS

Z215.00|

FIGURE 2.1_3
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Z191.97

—t<—,04 +.03

T

S SECTION \J;::_%
RC =

’ T ‘P

/ \—R & R
MDF RING SECTION

=

c-C

SHOWING SEPARATION RING
BETWEEN R & R, AND RCS
SECTIONS

Z191.97
Z201.47

VIEW LOOKINgG TQWARD 70.00

Sé ABLATION&
MATL.

P-D CAL
SECTION THRU UMBIL!
PLUG
s
//
Z132.50  Z104.50 STRUCTURAL CORE

Z2173.97

/LG‘EGE PRESSURE
\ BULKHEAD (REF.)

NFROM 56 ABLATION
1710 6 A
TRANT ¢ 79 CoLumBIUM
SHIN s A SDGE oF
S DIPMENT D ORS

FILL GAP AROUND

SLEEVE WITH DC325 /
ABLATION MATL.

.04 +.03
(TYP.)—"

N
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FIBER

TITANIUM B
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/—Sé Al

S6 ABLATION
MATL.
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2.1 (Continued)
The Transtage for the circumlunar injection utilizes developed hardware and
at present is being qualified for flight. The modification to the Transtage to

mount the TDA requires only a structural adapter.

S

SPACECRATFT SYSTENS
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2.2 Configuration II - This spacecraft is essentially the same as Config-

I with the exception that the rendezvous capability is removed. The
uration
d firing and radial firing
. isions, range and range rate radar, forwar
docking provisions,
hrusters with the necessary propellant are removed. Gemini, mounted on the
OAMS thr
ied Titan IIIC, is injected into a direct circumlunar orbit. The advantage
modified
iring only & single booster for circumlunar flight is, in part, offset by
of requ
uirement for an AGE installation on & new launch pad.
the req

The general arrangement is shown in Figure 2.2-1.

The detailed interior arrangement is shown in Figure 2.2-2.

MCDOoONNEL
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GENERAL ARRANGEMENT
CONFIGURATION ||

SPACECRAET SYAT EMS

S

| SPACECRAFT RE<ENTRY MODULE
‘3&\/

;_,_,N\—2103.44
| /~SPACECRAFT ADAPTER
J.—,w— Z13.44 (ADAPTER STATION)

TITAN I1IC WITH
TRANSTAGE
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DIRECT ASCENT CONFIGURATION 11

OAMS PRESSURANT (REF.)

RE-ENTRY MODULE
ADAPTER SEPARATION SPRING

OAMS OXIDIZER (REF.)

0AMS FUEL (REE )

(3 REQD.) — ﬂ

REDUNDANT H20 SUPPLY
(REF.)

SUN SENSOR
~ PILOT CHUTE (2 REQD.)
— UHF STUB
ANTENNA
e ! t 1
il 4_ “;,‘ s
s I
8 & )
1
(,
Y0.00 ¢ ~
Z215.00 2191.97 Z173.97

i
MAIN PARACHUTE 5000

STRAPDOWN GYROQ
ELECTRONICS

Z132:50:
IMU

ACCELEROMETER_/

IMU SECONDARY
STRAPDOWN GYROS
(3 REQD.)

(2 REQD.)

MCDoONNER L

S e

5 ky | _ECSs cooLaNT

. | PUMP MoDULE (REF.)

— PRIMARY 02 SUPPLY (REF,)

| _—ELEcTRONICS

MODULE (REF.)

VA

rf::,jj DSIF DIRECTIONAL

| I ANTENNA (REF,)
7 ] ;>>ATT|TUDE TCA

Yy L (REF.)

LY

|

1 AFT FIRING T4
1 | (REF.)
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DIRECT ASCENT CONFIGURATION ||
(Continued)

TELEVISION CAMERA\

OAMS PRESSURANT

OAMS OXIDIZER (3 REQD) 3

SEP. SPRING

ECS
COOLANT
PUMP
MODULE

PRIMARY

O2 SUPPLY

FUEL CELL |
SECTION I el e
(3 REQD.) —F— L

ATTITUDE TCA
(16 REQD.

25 LB. EACH) X\
-

\\//
\DSIF DIRECTIONAL

4/f |
ANTENNA (48" DIA.) f/ ]

“'\
o h,
FUEL CELL RSS HQ_\/
(3 REQD) :

ANTENNA IN STOWED _ |
POSITION —— |

FUEL CELL RSS 02 >

EQD.) X0.00 3
ONDER (2R 213.44
(3 REQD) “REDUNDANT S-BANp gXER (2 REQD.) :
H,0 sUPPLy DlscRETDIP OMMAND RELAYS (2 REQD.) * [ g/c ADARY
— SEP. AFT FIRING Tca DCS\REQE fvER DECODER Ak TRANSTAGE
SPRING (4 REQD. 100 LB. pacy, COnY Sy E
STAR SENSOR S-BANp lTCuNDANT PWR. AMPLIFIER
(REF.) AUX|L|AREDTAPE MEMORY
Lo g, "\’l ULTIPLEXER
HI L L PLEXER
THIS VIEW LOOKING AWAY FROM Z0.00 leTiVEL ULTT||0N PKG. #1

EARY LECTRONICS
N OR E

FIGURE 5, 8V
MCDONNELL
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3.  SPACECRAFT SYSTEMS

3.1 Guidance and Control - The basic Gemini guidance and control System
requires some modification to provide for the special functions beculiar to the ;
large earth orbit mission, and to provide the redundancy for a high degree of
reliability for the successful completion of such s mission.

The mission profile and the accuracy requirements are consistent with g

rendezvous and docking maneuver velocity increment of 320 fps, a midcourse cor-

rection velocity increment of 458 fps, and an uncertainty in the re-entry flight
path angle of 0.2 degree. r
The basic functions which the guidance and control system provides in the lj
large earth orbit mission are the following: \
A. Backup ascent guidance,
B. Rendezvous and docking with the target vehicle.

Cc. Insertion guidance from the parking orbit (

rendezvous orbit) intg the

large earth orbit.

D. Attitude control to provide proper orientation with respect tq the

sun to achieve thermal control ang for DSIF antenna orientation.

E. On-board orbit determination, navigation, and guidance, &

F. Midcourse maneuvers and attitude control during maneuvers, |

G. Re-entry guidance and contro],

H. Redundancy for both guidance ang navigation, and attitude control .

functions. '

The guidance and control systep configuration is shown in Figure 3.1-1
The equipment required to provide the guidance and control function is list f
STed

in Ta,ble 3'1—‘1"

MCDONNELL




GUIDANCE AND CONTROL BLOCK DIAGRAM
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INERTIAL SENSING
COMPUTER MEASURING < SYSTEM
UNIT (SUN, STAR
SENSORS)
g MANUAL DATA
6 INSERTION UNIT L L
o}
: f '
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TABLE 3.1-1

GUIDANCE AND CONTROL EQUIPMENT

REPORT NO. B743

VOLUME |

19 JUNE 1965

EQUIPMENT
(QUANTITY)

(A) FUNCTION

(B) DESCRIPTION (C) REMARKS

CHARACTERISTICS

WT.

POWER

ACCURACY

ATTITUDE
CONTROL
ELECTRONICS
(1)

(A) PROVIDES RATE CORRECTION SIGNALS TO

THRUSTERS, MAINTAINS ROLL RATE DURING
THERMAL RELIEF. (B) CONSISTS OF RATE GYROS
AND ELECTRONICS NECESSARY TO ACCEPT
ERROR SIGNALS FROM THE COMPUTER, INER-

TIAL REFERENCE PACKAGE, HAND CONTROLLER,

IMU AND STAR TRACKER. (C) SYSTEM IS COM-
PLETELY REDUNDANT AND HAS DIRECT MODE
WHICH REQUIRES NO ELECTRONICS.

40

12

——
RATE GYROS

0.04 DEGREES SECOND
AT LESS THAN 5 DE-
GREES SECOND.

0.4 DEGREES SECOND
AT GREATER THAN

5 DEGREES SECOND.

INERTIAL
MEASURING
UNIT

(n

(A

~

PROVIDES ATTITUDE REFERENCE AND ACCELER-
ATIONS DURING ENTIRE MISSION. (B) CONSISTS OF
4 GIMBAL, 3 ACCELEROMETER INERTIAL PLAT-
FORM, POWER SUPPLY, SYSTEM ELECTRONICS,
AND GIMBAL CONTROL ELECTRONICS.

129.6

300
(AVE)

GYRO DRIFT

G-INSEN. .3° 'h 4
G-SENSITIVE .5° | 4
ANALOG READOUT 4 MIN.
DIGITAL (& COD) 8 MIN.
ACCELEROMETER —
SAME AS IRP ACCELER-
OMETER.

COMPUTER
(1)

(A) COMPUTES S C TRAJECTORY FOR RE-ENTRY,

ORBIT DETERMINATION AND BACK-UP ASCENT,
COMPUTES VELOCITY CHANGES FOR DISPLAY,
MONITORS DSIF GUIDANCE. (B) 4096 WORD MEM-
ORY, 39 BITS PER WORD, NON-DESTRUCTIVE
RANDOM READOUT, 12,288 INSTRUCTION CAPA-
BILITY, FIXED PRINT ARITHMETIC. (C) MEMORY
CAPACITY INCREASED BY USE OF AUXILIARY
TAPE MEMORY.

60

122

INCREMENTAL
VELOCITY
INDICATOR

(n

MANUAL DATA
INSERTION
UNIT

(1)

SUN SENSOR
(2)

(A) DISPLAYS VELOCITY CHANGES OR COMMANDED

VELOCITY CHANGES AS DIRECTED BY THE COM-
PUTER. (B) THREE WINDOWS OF THREE DIGITS
EACH INDICATES VELOCITY CHANGES OF + 999 |N
EACH OF THE 3 S’C AXIS,

-~

INSERTS DATA INTO THE COMPUTER AND DIS.
PLAYS DATA WORDS REQUESTED BY THE CREW.
(B) CONSISTS OF A MANUAL DATA KEYBOARD UNIT
AND A MANUAL DATA READOUT UNIT. INSERTS
AND READS WORDS CONSISTING OF TWO DECIMAL
ADDRESS DIGITS AND FIVE DECIMAL DATA DIGITS.

SENSES SUN PITCH AND YAW POSITION WITH RE.
SPECT TO THE S'C BODY AXES. THESE SIGNALS
ARE USED TO ALIGN PLATFORM AND INERTIAL
REFERENCE PACKAGE. (B) CONSISTS OF OP .
TICAL SYSTEM, SOLID STATE DETECTOR, AND
ASSOCIATED ELECTRONICS. (C) SENSORS ARE
COMPLETELY REDUNDANT

S

MCDORNREL L

—

30 SEC. ALIGNMENT
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I TABLE 3.1-1
GUIDANCE AND CONTROL EQUIPMENT 5
1
I (Continued) f
f
S CHARACTERISTICS g
I EQUIPMENT 1) FUNCTION  (B) DESCRIPTION  (C) REMARKS — |
OUANTITY) wT. | POWER ACCURACY H
[
SENSOR | (A) SENSES TWO ORTHOGONAL INERTIAL REFERENCE | 12 15 | 0.9 MIN ALIGNMENT |
I s AXES TO ALIGN THE PLATFORM AND INERTIAL i
b2 REFERENCE PACKAGE, SENSES PITCH AND YAW d
DURING COAST PORTION TO PROVIDE REFERENCE
FOR S C THERMAL RELIEF. (B) CONSISTS OF OP-
l TICAL SYSTEM, PHOTOMULTIPLIER DETECTOR,
AND ASSOCIATED ELECTRONICS. (C) SENSORS ARE f
REDUNDANT IN A DIRECT MISSION. '
I e |
I ILIARY (A) EXTENDS COMPUTER MEMORY BY A FACTOR OF 15 15 -
Al EMORY SEVEN. USED TO STORE NON-SAFETY OF FLIGHT 0
TAARE. M PROGRAMS. (B) CONSISTS OF TAPE DRIVE MECH. ;\‘
() ANISM AND ASSOCIATED ELECTRONICS. (C) HAS !
TRIPLE REDUNDANT READOUT OF TAPE AND MA. :
JORITY VOTING. \
\
)
ﬁ- (A) PROVIDES ATTITUDE INFORMATION ABOUT THREE | 16 20 ]G,ERMO,NA.L'GNMENT - ;
il NCE ORTHOGONAL AXES AND ACCELERATION INFORMA. GYRO DRIFT . i )
REFEREE TION ALONG THE S C LONGITUDAL AXIS. (B) CON. TERM SRR ;
PATGHRA SISTS OF THREE * 10 DEGREE GYROS, ONE ACCEL. G- INSENSITIVE _ g0 )
EROMETER, AND ASSOCIATED ELECTRONICS, (C) ACCELEROMETER _ bk ;
BACKS UP PLATFORM FOR SAFETY OF FLIGHT. BIAS—1.67 x 10=5 o' .
ALIGNMENT 10 SEC. '
SCALE FACTOR _
.33 x ]0"‘4 g g !
LINEARITY .833 x 10~5. f
= [(A) DISPLAYS IMU GIMBAL POSITIONS ON THE ATTI. 10 22 | ' 30 MIN. ATTITUDE ‘
ATTITUD TUDE BALL AND IMU GIMBAL POSITIONS, COM. BALL |
DISPLAY PUTER, OR INERTIAL REFERENCE PACKAGE 9% NEEDLES ‘
GROUP ERROR SIGNALS ON THE INDICAT OR NEEDLES, |
(2) (B) GROUP CONSISTS OF ONE ATTITUDE BALL AND
[ THREE INDICATOR NEEDLES. (C) ONE GROUP FOR
| EACH ASTRONAUT.
| EA
/ \\
,vOUS | (A) DISPLAYS RANGE AND RANGE RATE TO THE TAR. st| 20 |RancE 10
RENDE?Z GET VEHICLE TO THE CREW. (B) CONSISTS OF RANGE RATE 1o
RADAR TRANSMITTER, RECEIVER, AND ASSOCIATED ’ |
(n ELECTRONICS. (C) TRANSPONDER 1S REQUIRED i
IN THE TARGET VEHICLE .
ey (A) ACCURATELY MEASURES ANGLE RETWEEN VAR. 8 NA. | 30 SEC I
MANUAL I0US CELESTIAL BODIES. (B) CONSISTS OF AN 10 MIN. R
SEXTANT OPTICAL SYSTEM. MICROMETER READOUT DIAL . - REPEATABILITY
AND TIMER. (C) BACK-UP FOR NAVIGATIONAL
INFORMATION DETERMINATION. >
THis EQUIPMENT REQUIRED FOR THE RENDE ZVOUS MISSION ONL Y

MCDOoONNELL
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3.1.1 Guidance and Navigation

3.1.1.1 Functions and Requirements (Rendezvous Mission) - The guidance and

navigation functions are described below in the framework of the computer modes.

Ascent Mode - The backup ascent guidance is provided by the present Gemini

guidance system. A velocity increment of 111 fps is allotted for insertion

dispersions. This is consistent with the present accuracy of the Gemini IGS.

Rendezvous and Docking - The spacecraft has the capability to rerform the

catch-up, braking, go-around and docking maneuvers. Efficient accomplishment

£ these functions requires a spacecraft to target vehicle range and range rate
o

system during the spacecraft maneuvers which lead up to docking. This require-

ent is the result of a tradeoff study comparing the weight of a range ang range
m

rate system with the weight of the additional OQAMS propellant required if an

i

!

i \

- ical guidance technique were used. !
all-opti |
)

Injection Guidance - In order to provide the guidance capability necessary
to achieve proper insertion into the large earth orbit from the parking orbit
J

two general requirements are imposed on the guidance and navigation system. The \

first requirement is one of aligning the platform following docking with the

target vehicle. The second is programming appropriate steering ang navigation

quations for the on-board computer in order that the injection into the large
e

h orbit may be accomplished.

eart A platform alignment accuracy of 0,3 degrees

in all axes is required to meet the insertion accuracy consistent With the allot

nt of midcourse maneuver velocity increment for insertion dispersions
me .

Of the
u58 fps velocity increment provided for midcourse maneuvers, 220 fps are all
O=

ted for correction of insertion dispersions.
ca

orbit Determination and Navigation - The on-board computer must y4y

mately
jde the crew with the magnitude gpg direction of the velocity increme .
prov ~ nt tq

MCDORREL L
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GEMINI — LARGE EARTH ORBIT

3.1.1.1 (Continued)

lied. Pointing commands are provided in the form of attitude error signals,
be applied.

to the Attitude Display Group (ADG) and to the Attitude Control Electronics
both to

( ). An on-board orbit determination ang navigation capability is provided as
ACE). -

k means for determining the magnitude ang direction of the midcourse maneu-
a backup

.
vVers.

1 rovided by the catchup mode of the Gemini computer. 1In addition, navi-
sently P

i during the midcourse maneuver is provided. The latter is required in the
gation

t of a loss of DSIF information, thereby allowing continuous navigation with
event o

bsequent reduction in the number of manual sextant readings.
a subs

g

This mode will

ly velocity information to the Incremental Velocity Indicator (IVI) and
suppLy

tude information to the ADG, and to the ACE. The ultimate accuracy require-
attitu

for this mode is a 0.2 degree flight path angle uncertainty at re-entry into
ment Tor

oy
st s e mww v

the earth's atmosphere.

BE:EEEEI - The re-entry guidance requirement is imposed for the burpose of

iding the steering commands necessary to avoid g re-entry "g" level greater
providl

10 g's and the skipout boundary. 1n addition, re-entry guidance is Pro-
than

to reduce touchdown dispersions, thereby decreasing the magnitude of the
vided to

y operation. A steering logic similar to that proposed for the Apollo
recover

jons provides the required capabilities. The touchdown dispersion for a re-
mission

t supercircular velocity, with an update of spacecraft position and ve).
entry @

jor to 400,000 ft.

is Presented in Table 3.1=2,
ocity PT

3.1.1.2 Functions and Requirements (

Direct Mission)

- The guidance and ’

tion functions required for a direct insertion into the large earth orbit
navigé

same as discussed in Paragraph 3.1.1.1 with the following €Xxceptions:
the
are

MCDONNELL

B

A
!



M | ||“! REPORT NO. B743

- EARTH ORBIT VOLUME |
CEMINI — LARGE 19 JUNE 1965

TABLE 3.1-2
RE-ENTRY TOUCHDOWN ACCURACY

ERROR SOURCE ERROR MAGNITUDE DISPERSION (NA.MI.)
GYRO ALIGNMENT 3DEG. T
GYRO DRIFT .3 DEG./HR. 6
ACCELEROMETER BIAS 3x10-44 5.0
ACCELEROMETER SCALE FACTOR 3.6 x 10=4 g/g 2.3
ACCELEROMETER MISALIGNMENT 100 SEC. 1.7
RE-ENTRY UPDATE MULTI-STATION 8.7

r
' COMPUTER 10.0
NSO

—

TOTAL (30) 22,59

MCDONNEL g
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3.1.1.2 (Continued)

Ascent Mode - Since GLV is not used, a modification to the bresent ascent
n

guidance equations is required. For this configuration, the accuracy requi
rements

of the ascent mode are established in terms of the maneuver velocity in
crement

required for correction of insertion dispersions. The midcourse velocit '
. Y require- 8

ment for insertion dispersions is 220 fps.

present Gemini IGS, the present Gemini IGS with improved accelerometers d t
> an he

launch vehicle (Titan ITIC) inertial guidance system. As is indicated in Tap
n Table

w
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with improved accelerometers would provige added margin

3.1.1.3 System Operation (Rendezvous Mission) - The navigation ang guig.
ance

equipment, listed in Table 3.1-1, proviges command signals to the spacecraft
cra

IV WS NS AT T B SUINAT AR

displays and/or control system for steerin
g the vehicle to the nomi
nal trajector
y

during the following mission Phases:

wers 3 Wiy s

A. Ascent

B. Rendezvous

|
|
C. Large Earth Orbit Insertion 1
D. Coast {

E. Midcourse Correction

F. Re-entry

The guidance and control mission profile is shown in Table 3.1.4 &

Ascent - The IGS provides backup guidance for the launch vehj 1 I-
icle, ’

g identi cal
Gemini, necessary to ¢ . to th
present ’ omplete the specifieq mis e
sion shoulg th
e

Primary Systenm

MCDONNEL
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TABLE 3.1-3
MIDCOURSE VELOCITY REQUIREMENT FOR INSERTION ERRORS

ASCENT GUIDANCE PROVIDED BY:

MIDCOUR SE MANE UVER VELOCITY
(FEET PER SECOND)

PRESENT GEMINI IGS

PRESENT GEMINI IGS WITH IMPROVED
ACCELEROMETERS

TITAN [11-C SYSTEM

220.0 ]
180.0

MCDONNELL
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TABLE 3.1-4

GUIDANCE AND CONTROL MISSION PROFILE

RENDEZVOUS MISSION
MISSION PHASES

L1940 HLYVI F94VT ~ INIWTI

0-1 ASCENT
2 RENDEZVOUS, DOCKING
3 INSERTION INTO LEO
3-4,4-5, 6—
7—8,8—3 el COAST
4.6.%.7.8 MIDCOURSE MANEUVERS
5-6 MOON OBSERVATION
9-10 RE-ENTRY
§ ( PHASE TASK PRIMARY BACK-UP
g ASCENT ® MONITOR PRIMARY GUIDANCE @ PILOT MONITORS BOOSTER OPERA- | @ SWITCH-OVER TO BACK-UP GUIDANCE
2 @ PROVIDE BACK-UP STEERING TION. IN THE EVENT OF PRIMARY GUIDANCE
2 COMMANDS @ SEPARATION FROM BOOSTER FAILURE.
= © PROVIDE INITIAL CONDITIONS FOR | @ INSERTION VELOCITY CORRECTION | © SAME AS PRIMARY
r~ CONTROLLED RE-ENTRY FOLLOW- ® SAME AS PRIMARY
= ING LAUNCH ABORT.
RENDEZVOUS & ®© PERFORM CATCH-UP, BRAKING, @ SEMI-OPTICAL USING RANGE AND ® ALL — OPTICAL
DOCKING GO-AROUND, AND DOCKING MAN- AND RANGE RATE RADAR.
EUVERS.
INSERTION INTO| © PERFORM GUIDANCE NECESSARY @ ALIGN INERTIAL PLATF ORM. @ ALIGN STRAP-DOWN GYROS.
LEO TO INSERT INTO LARGE EARTH @ PROVIDE STEERING SIGNALS TO ® SAME AS PRIMARY.
ORBIT. , TARGET VEHICLE.
COAST @ PROVIDE ATTITUDE CONTROL FOR | @ PILOT ORIENTS SPACECRAFT TO @ SAME AS PRIMARY
THERMAL CONTROL AND PILOT ORBIT ATTITUDE.
RELIEF. @ MAINTAIN ORBIT ATTITUDE @ MANUAL CONTROL TO ORBIT ATTITUDE
@ PROVIDE ATTITUDE CONTROL FOR AUTOMATICALLY. ® EARTH-STAR. MOON-STAR READINGS
DSIF ANTENNA PAINTING: ® DSIF DATA RECEIVED FOR: (MANUAL SEXTANT) FOR ORBIT DETER- -
® MANUAL SEXTANT READINGS FOR (a) MIDCOURSE MANEUVERS MINATION. .
ON-BOARD ORBIT DETERMINATION. (b) UPDATING COMPUTER WITH ® ON-BOARD CALCULATION OF MID- =
SPACECRAFT POSITION AND COURSE MANE UVERS. ° 2
VELOCITY. -
z r
. MIDCOURSE @ ALIGN PLATFORM @ FORTY-FIVE MINUTES PRIOR TO @ FORTY-FIVE MINUTES PRIOR TO mec ©
\," MANEUVERS ® PERFORM MIDCOURSE MANEUVER MANEUVER, PLATFORM TURNED MANEUVER, STRAP-DOWN GYROS o r%, 3
— z O =
= e ATTITUDE CONTROL DURING ON-ALIGNED WHEN WARM. TURNED ON — ALIGNED WHEN WARM. AR
MANE UVER. ® FIVE MINUTES PRIOR TO MANEUVER| @ TEN MINUTES PRIOR TO MANEUVER,
SPACECRAFT IS ORIENTED TO SPACECRAFT IS ORIENTED TO
PROPER ATTITUDE. PROPER ATTITUDE.
® PILOT "MITIATES MANEUVER. ® SAME AS PRIMARY
© ATTITUDE CONTROL AUTOMATIC — | ® ATTITUDE CONTROL AUTOMATIC —
COMPUTER GENERATES ATTITUDE STRAPDOWN GYROS GENERATES
ERROR COMMANDS. ATTITUDE ERROR COMMANDS.
MOON @ ATTITUDE CONTROL FOR MOON ®© MANUAL USING RATE COMMAND OR © MANUAL USING DIRECT MODE.

OBSERVATION

TRACKING.

PULSE MODE.

RE-ENTRY

®© RE-ENTRY GUIDANCE TO PRE-
DETERMINED TOUCHDOWN POINT.

® PLATFORM IS ALIGNED.

® RCS IS TURNED ON — ADAPTER IS
JETTISONED.

©® AT 400,000 FT., ROLL ATTITUDE
DETERMINED BY COMPUTER
IS FLOWN — RATE DAMPING IN
PITCH AND YAW.

® AUTOMATIC ATTITUDE CONTROL IN
ROLL.

® HOLD ATTITUDE USING HORIZON VIEW,
® SAME AS PRIMARY

® AT 400,000 FT., OPEN LOOP ROLL
ATTITUDES AS DETERMINED BY
GROUND ARE FLOQOWN USING HORIZON
REFERENCE — RATE DAMPING IN
PITCH AND YAW.

® MANUAL CONTROL USING RE-ENTRY
RATE COMMAND OR DIRECT MODES.
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3.1.1.3 (Continued)
i i ither automatic by the malfunction detection
i tive. Switchover is ei
become 1nopera
+ in the booster, or manually by the crew and ground control.
system |
a ous The guidance and navigation equipment pProvides the crew with
Rendezv -
i ith respect to the spacecraft.
e rate of the target vehicle wi
the range and rang

d range rate information enable the crew to apply the incremental vel-
Range an

city necessary for efficiently maneuvering the spacecraft to the target. With
On initial rendezvous target vehicle to spacecraft position displacement of 20~
ao miles, no other guidance equipment is required. The rendezvous is accomplished
jy first placing the target vehicle into a 120 n.m. circular orbit, and one orbit
ter placing the spacecraft into a 87-100 n.m. orbit. For the docking functlon,
i:e target vehicle is stabilized by the Transtage control system and the Gemini
spacecraft performs the necessary "go-around" and docking maneuvers.

Earth Orbit Insertion - The IGS provides steering command signals to
Large

the spacecraft displays and to the Transtage autopilot to guide the spacecraft.
Transtage combination into the large earth orbit. Paragraph 3.1.1.1 establishes
the requirement that the platform alignment be better than 0.3 degrees with
espect to the stellar reference. Alignment of the IMU is accomplished using

Zhe star sensors. The inertial reference is that defined by the two stars
canopus and Fomalhaut. In order to minimize alignment time after docking is
czmpleted, some alignment is done prior to the completion of the docking phase
of the mission.

Coast - During the coast phase of operation,

Loass

no guidance functions &8 such

rformed. However, during this phase, the on-board computer is periodically
are peé

d via the DSIF command link in order to provide information for the on-
upd&te

d orbit determination and navigation functions. Should the DSIF become in-
boar

A\ eewRKweuewwwuw
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3.1.1.3 (Continued)

ative, measurements of earth-star, moon-star angles are made using the manual
oper )

tant These angles are inserted into the computer where they are processed by
sextant.

puter for orbit determination. Midcourse correction maneuvers are based on
the com

these parameters.

Midcourse Correction - During the midcourse correction maneuver,

the guidance

d navigation equipment provides attitude and velocity information necessary to
and n

ide the spacecraft. The velocity corrections required to place the spacecraft
guiae

the proper trajectory to circumnavigate the lunar target, and to be within the
on

ntry corridor, are determined by ground-based computers and inserted into the
re-e

board computer via the DSIF link. Prior to performing the midcourse maneuver,
on=-bo

the crew aligns the platform to the inertial reference using the sun and star
gensors. To accomplish the midcourse maneuver, the crew selects the computer mode
of the Attitude Control System (ACS) ang maneuver mode of the computer. In this
mode, the ACS positions the Spacecraft so that the entire velocity increment is

lied along the longitudinal axis. This DSIF supplied velocity increment ig
appll

displayed on the IVI. At g specified time, the crew actuates the Maneuver
also

tem until the IVI indicates zerg velocity to be gained.
Syste

Alignment of the platform to the inertial reference is requireqd to perform

Error dnalysis
tes that the platform misalignment is less than 18 minutes of arc.
indica

platform alignment.

The crew performs the following functions to align the Platform:

A Cage the platform to the Spacecraft.,

B. Position the spacecraft until the sun is in the field of vie

sun sensor.
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3.1.1.3 (Continued)

C. Roll the spacecraft until Canopus is in the field of view of the star
sensor while maintaining the sun alignment.

D. Place the platform mode switch to the "Align" position and the attitude

control switch to the "Platform" mode.

The platform then utilizes the sun ang star sensor errors to align itself to the

stellar reference.

The Inertial Reference Package (IRP) provides backup for the pPlatform. The

procedure for alignment of this Package is identical to that described for the

platform. Should the IVI or computer fail, pointing directions and thrusting

times are given the crew via the DSTF.

Re-entry - The IGS controls the Spacecraft during re

similar to that of the present Gemini.

-entry in g manner

However, the re-entry guidance logic is

dified to include guidance during the Supercircular flight regime,
mo

3.l.l.h System Operation gDirect Missiong - The requirements for this

ission are the same as outlined for the rendezvous mission except that mission
m

phases "Rendezvous” and "Large Earth Orbits] Insertion" are deleteq.

tion of these phases removes the requirement for the range and range rate System.

3.1.2 Stabilization and Contyro] System

3,1.2.1 Functions and Requirements (

Rendezvous Mission)

D Backup for all of the above functions.
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S

i
VI VNS IV &8 AT ke FUVES Y S s




REPORT NO. B743
VOLUME |
19 JUNE 1965

GEMINI - LARGE EARTH ORBIT

3.1.2.1 (Continued)
apability of changing spacecraft attitude at a reasonable rate is
The c

ided, as well as the capability to maintain specified orientation under all
provided,

ditions for all phases of the mission. Included in this category is
flight con

d ntrol during the rendezvous and docking phase, during insertion into
attitude co

i e-entry. Low spacecraft rates
i i S€ maneuvers, and during r
i ring midcour
orbit, du

ired to manually align either of the two attitude references accurately,
are require

llow precision tracking of celestial bodies. Orientation of the space-
and to a

to achieve thermal control over long periods of the mission is Provided.
craft to '

of the long duration of flight, some form of crew relief is also pro-
Because

Since these two functions are performed simultaneously, they are com-
vided. 1

in one automatic control mode. For all of the functions listeq above,
bined in

backup modes are available in the event that the pPrimary means of con-
various

inoperative. The crew, in most instances, provides the most efficient
i 1
trol 1s

f establishing the orientation of the spacecraft. However, once the
means O

aft is properly oriented, an automatic means of maintaining attitude is
spa,cecr

fficient. In order to obtain minimum rates, the crew is brovided with g
more €

de capability. Wiring between the IRP and attitude control system is
mo
pulse

d d SU.Ch bhat t‘OI quing Of the IRP can automaticall ContrOl the 8, de
vide Y t tj t.l]
prO

is at a time. A functional block diagram, illustrating the attitude
one ax

1 modes and the reference alignment to do the tasks outlineq above, is
contro

in Figure 3.1-2. The €ssential operational details of the attitude con-
shown

ized in Table 3.1-5,
des are summar
trol mo

Target Vehicle - During the thrusting period of the target vehicle, l.e.,
r;;;n into the large earth orbit, complexity is added to the Zuidance and
1nsirOl system due to the flexibility of (pe Spacecraft target vehic]e config-
o Rate gyros and an autopilot in th

€ target vehicle are considereq i
uration.
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ATTITUDE CONTROL AND STABILIZATION SYSTEM
FUNCTIONAL BLOCK DIAGRAM INCLUDING REFERENCE ALIGNMENT

SPACECRAFT STAR
MOTION SENSOR
A A
SPACECRAFT
MOTION

;

PR

INERTIAL

MEASUREMENT
SPACECRAFT SUN J_J»’.._, uNIT
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A A
2
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IRP ”
TORQUER P
& TIMER L
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PILOT >

!

DSIF MDIU

SPACECRAFT

MOTION

/’N ]

INERTIAL
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—s
‘ @—p{  PACKAGE

(IRP) 2

v

COMPUTER

ATTITUDE
i PREAMP

& LIMITER

I3
JON

VOLUME |
19 JUNE 1945

PSUEDO RATE
& HOLD

CIRCUITS : o

DETECTOR,
FILTER
& SWITCH

T

SPACECRAFT PITCH RATE
0T ION > GYRO
~E; F
HAND
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—p| CONTROLLER
(PROPORTIONAL)

e

PULSE
GENERATOR

RATE
PREAMP
>
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| PRE AMP
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J

PSUEDO RATE
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VARAN

DETECTOR,
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& SWITCH

A
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—>
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RATE
PRE AMP
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ATTITUDE
‘e PRE AMP
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iy

DETECTOR,
FILTER
& SWITCH

AN

“"“‘~\~/”'~—J

A, C
Oimd
HAND
CONTROLLER f_
PILOT SWITCHES | can
(WITH
ELECTRONICS) o
SPACECRAFT YAW RATE
MOT ION
SR
RATE
BIAS o2
I
¢PACECRAFT [ RoLL RATE
MOTION GYRO
—_— A
LN £
L :
HAND =
CONTROLLER .
PILOT SWITCHES
(WITHOUT
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ALY
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FIGURE 3.1-9

3-15

TCA
3,4,7,8

OTES:
z\iTHESE ITEMS ARE REDUNDANT.

2\THESE QUANTITIES ARE DISPLAYED
AT PILOT'S OPTION.

/3\CONTROL MODES:
SWITCH POSITIONS NOT IDENTIFIED
ARE FOR ALL MODES NOT OTHER-
WISE DELINEATED.
A.DIRECT WITH ELECTRONICS

- DIRECT WITHOUT ELECTRONICS

. PULSE

. ORBIT

. RATE COMMAND

- RE-ENTRY RATE COMMAND
- RE-ENTRY

. COMPUTER

IMU

IRP

. IRP ATTITUDE

. IRP RATE

- ALIGNMENT OF IMU

- ALIGNMENT OF IRP
THE NUMBER SYSTEM IS THAT SHOWN IN
FIGURES FOR EITHER OAMS OR
RCS TCA's.

S\ONLY ONE CHANNEL AT A TIME MAY BE
CONTROLLED. THE POSITIONS ARE FOR
PITCH, YAW AND ROLL.

/6\ROLL COMMANDS CAN USE EITHER PITCH
OR YAW JETS.
THE PULSE GENERATOR PRODUCES A

SINGLE PULSE WHEN ACTUATED BY THE
HAND CONTROLLER.

zZzrx--"IT0mMmMON®
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TABLE 3.1-5
ATTITUDE STABILIZATION AND CONTROL SYSTEM
MODES OF OPERATION

REPORT NO. B743

VOLUME

|

19 JUNE 1965

CODE

(FIG. 3.1=2)

MODE NAME

PILOT
CONTROL

DEADBAND

OPERATIONAL DETAIL

A

L/,_%

DIRECT WITH
ELECTRONICS

DIRECT WITHOUT
ELECTRONICS

PULSE

ORBIT

RATE COMMAND

RE-ENTRY RATE
COMMAND

RE-ENTRY

COMPUTER

IMU (INERTIAL
ME ASUREMENT
UNIT)

IRP (INERTIAL
REFERENCE
PAC KAGE)

HAND CONTROLLER

HAND CONTROLLER

HAND CONTROLLER

NONE

HAND CONTROLLER

HAND CONTROLLER

NONE

NONE

NONE

NONE

NOT APPLICABLE

NOT APPLICABLE

SINGLE MINIMUM
IMPULSE PULSE

ROLL-0.2 DEG./SEC.

PITCH-3 DEG.
YAW-3 DEG.

0.2 DEG./SEC. -
ALL AXES.

ROLL-2DEG./SEC.
PITCH-4DEG /SEC.
YAW-4 DEG./SEC.

ROLL-2 DEG./SEC.

PITCH-4 DEG./SEC.

YAW-4 DEG./SEC.

0.5° — ALL
CHANNELS

0.5°-ALL
CHANNELS

0:5% — KLL
CHANNE LS

PILOT DEFLECTS HAND CON-
TROLLER MORE THAN 25 PER-
CENT OF FULL TRAVEL;
CONTINUOUS THRUST OCCURS.

SAME AS A.

PILOT DEFLECTS HAND CON-
TROLLER MORE THAN 25 PER-
CENT OF FULL TRAVEL. A
SINGLE MINIMUM IMPULSE
PULSE IS GENERATED. PULSE
GENERATOR IS RESET BY RE-
DUCING HAND CONTROLLER
DEFLECTOR TO LESS THAN 25
PERCENT OF FULL TRAVEL.

MODE IS ENGAGED WHEN DE-
SIRED STAR IS WITHIN FIELD
OF VIEW OF STAR SENSOR.
MAINTAINS SPACECRAFT LONG-
ITUDINAL AXIS BETWEEN 45
AND 70 DEGREES FROM SUN'S
RAYS. MINIMUM ROLL RATE OF
0.8 DEG./SEC. IS ESTABLISHED.
AUTOMATIC RATE DAMPING IN
ALL AXES. FOR ATTITUDE
CHANGES, PILOT DEFLECTS
HAND CONTROLLER WHICH
COMMANDS RATES PROPOR-
TIONAL TO THE DEFLECTION
GREATER THAN 10 PERCENT
FULL TRAVEL. MAXIMUM
RATES ARE 10 DEGREES/
SECOND IN PITCH AND YAW, 15
DEGREES/SECOND IN ROLL.

SAME AS E.

SPACECRAFT COMPUTER GEN-
ERATES ROLL ATTITUDE
ERROR SIGNAL. RATE DAMPING
IN ALL AXES.

COMPUTER GENERATES
PITCH, YAW AND ROLL ATTI-
TUDE ERROR SIGNALS FOR
PROPER SPACECRAFT ORIEN-
TATION DURING MIDCOURSE
MANEUVER. ATTITUDE ERROR
SIGNALS MIXED WITH RATES.

GIMBAL ANGLE OUTPUTS OF
IMU USED TO CONTROL SPACE-

-—

CRAFT ATTITUDE TO NULL OF IMU.

ERROR SIGNALS FROM STRAP.-
DOWN GYROS USED TOQ CONTROL
SPACECRAFT ATTITUDE TO
NULL OF IRP.

MCDORRNELRL

PRIMARY USAGE

PRIMARILY A BACK-UP FOR
OT Hg R MODES OF ATTITUDE

CONTROL.

SAME AS A.

LIGNMENT OF ATTI-
?GELEJARLE:ERENCE; ACCURATE
TRACKING OF CELESTIAL
BoDlES; REDUCTION OF BODY
RATEs TO A MINIMUM.

& MODE OF ATTITUDE
CSLMTARROYL DURING COAST
PHAs g5, ORIENTATION AND
ROL | RATE REQUIRED FROM
THE gyAL CONSIDERATIONS.
ALsq bROVIDES A PILOT RE.

LIER wODE-

MODE FOR CHANGING

P
RlMARYTTITUoE, MANUAL BACK-

S,E BT'T:UmMATlc ATTITUDE
CONTOROL MODE DLEJERING MID-
COUR £ MANEUVE .
M QE.ENTRY ATTITUDE CONTROL MODE
w?TN AET WATIC RATE DAMPING WITH
MANHuﬁL OVERRIDE . con.
AUT ouATIC RE-ENTR
TROL MODE

TITUDE CON-
#:gE%UTRIFNgTMmCOURSE
MANEUVER

AUT ayaTIC ATTITUDE CON.
TRQ, pURING IMU ALIGNMENT.

AUTQMATIC ATTITUDE CONTROL DURING
IRP A [GNMENT; ALTERNATE METHOD FOR
CONTROLLING ATTITUDE DURING MIDCOURSE

—_ ] MANEUVER; BACK-UP FOR HAND CONTROLLER.
\/f
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3.1.2.1 (Continued)

minimum requirement to allow adequate attitude stabilization and control
be a

during the insertion phase.

3.1.2.2 Functions and Requirements (Direct Mission) - The stabilization

|
d attitude control system for the direct mission configuration is the same as {
an
delineated in Paragraph 3.1.2.1 for the spacecraft with the exception that the
e
trol during rendezvous and docking are deleted. This, however, does not in
con

y way change the configuration presented in Figure 3.1-2.
an

3.1.3 Guidence and Control Display Requirements (Rendezvous Mission) -

SUFTFUR ITNG 51 UDTED AND TNT OKinas

Modification to existing displays and switches on the present Gemini display
odi

el is required due to the addition of the sun and star sensors, ATM, and IRP.
pan

,/’—

Flight Director Indicator - The Flight Director Indicator (FDI) reference

itch has five (5) positions: 1IMU, IRP, COMP, SENSOR (ALIGN), SENSOR (ORBIT).
sW

he FDI mode switch remains unchanged. The scale factor switch for the Flight
The

irector Needles are changed from a two-position switch to a three-position
Dire

itch The needle sensitivities are (l,l,l deg./deg. per second), (5,5,5,
SW .

f
deg./deg. PeT second) and (10,10,15 deg./deg. per second).

Inertial Reference Package Control - Two rotary switches and a dial are
l jded to control the strapdown gyro unit. One rotary switch controls the
prov

ge of operation of the IRP. The switch positions are: Off, Cage, Align,
mo

Free-Att. and Free-Rate.

There is a dial or register to load the angles
Free,

hrough which & selected gyro is to be torqued or the rate at which it is to
thro

ped. In addition to this dial or register, a channel selector (pitch, yaw
tord °

or roll) 1is provided.

Sensor Switches - There is an On-Off switch for each star sensor ang the
Sensor Swivches

ensors in addition to a light indicating when each sensor is tracking°
sun S

MCDORRELL 3
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3.1.3 (Continued)

itioning of the star sensor is accomplished with g rotary switch with the
The positlo

ing positions: Stow, Align (Rendezvous), Align (Orbit) and Coast.
followin :

Auxiliary Tape Memory (ATM) Switches - Operation of the ATM requires a
ux

tion, an error light, a running light
i to select the mode of opera 5
rotary switch
de switch are Off, On, Wind, Re-
tton. The positions of the mo

and a reset bu
wind, Verify, and Store.

The display devices currently in Gemini, IVI, MDIU, and Flight Director

e

tilized wherever possible. No additional displays are required.
are uti

MCDONNELL

Utnm s

SUFFURTING STUDIES AND TN

e




REPORT NO. B743
RBIT VOLUME
GEMINI — LARGE EARTH O 19 JUNE 1965

3.2 Environmental Control System

3.2.1 Suit and Cabin Systems - The suit circuit environmental control system
for Configurations I and IT is the same as the present Gemini with a 7-day LjOH
canister. The cabin environmental control system is also the same as the present
Gemini, except the cabin fan and heat exchanger are removed. This removal is sub-
stantiated by cabin temperature data from early Gemini flights.

The modes of operation of the cabin and suit environmental control systems

during the various phases of flight are the same as Gemini.

3.2.2 Coolant System - Each fuel cell has its own coolant loop and is separate

from the main coolant loops. The heat from the fuel cells is transferred in a heat ‘%ﬁ
exchanger to the spacecraft's main cooling system. This allows for better fuel cell )i\
temperature control, a very low pressure fuel cell cooling system, and, if one fuel %‘
cell fails or leaks, it does not invalidate the spacecraft's main cooling system or g
the remaining fuel cells. Each fuel cell pump is operated continuously unless a %
fuel cell fails. The spacecraft's cooling system has a primary loop and a secondary E
loop, and each loop contains two pumps as does the present fuel cell powered Gemini. E
)
"

puring the high heat load periods (all electronic equipment operating), one pump in

each 1loop is operating unless one loop had failed in which case both pumps in the 3

ing loop are required.

remain The schematic of the system is shown in Figure 3.2-]. 9

3.2.3 Cryogenic System - This system must supply oxygen in the gaseous state
for metabolic purposes, &s well as oxygen and hydrogen in the gaseous state for fuel
cell operation. The system consists of four 2-day RSS Op containers and three 2-day
hydrogen containers. Each container is serviced so that if one oxygen and one hydro-

S

gen container fails, the mission can be successfully completed with the amount of

cryogen remaining. The systems are configured such that the failed container isg

jsolated from the rest of the system and will not impair normal operation There \
° are ;

MCDORNNELL 31
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3.2.3 (Continued)

two pressure regulators in parallel in the metabolic oxygen system so that if one
fails, the crew can select the other regulator by means of solenoid valves, A
J

imilar situation exists in the fuel cell oxygen-hydrogen delivery systems with three
s

— 5o
n - o v

dual pressure regulators in parallel such that if one regulator fails, the crew can

isolate it with a solenoid valve and continue to operate all three fuel cells by
1

ans of dual 02-Hp crossover valves., The schematic is shown in Figure 3,.2-2,
me

3,2.4 Water Management System - The water management system in the re-entry

dule is the same as the present Gemini. The water management system in the adapter
mo

.« ghown schematically in Figure 3.2-2. Water is formed in the fuel cells as a by-
is

SUFFUR TING 51 UDIEY AND TRNT Oeass

duct This water has a high acid content and is neutralized and purified by the
pro .

P

-

. exchange columns before it is potable. Fuel cell pressure is controlled by the
ion

ter pressure relief valve which supplies a reference pressure for the dual 02_H2
wate

sure regulators. The water is then collected in the bladder of two 20-inch OAMS
pres

anks which are being used as water storage tanks. The re-entry module water tank is
t

h replenished as required from the storage tanks by manipulation of a manual shut-
then

£ valve in the cabin. Prior to launch, the tanks are serviced with 29.70 1lbs, of
of

ter, the remainder required for the mission, 76.30 lbs., is generated by the fuel
water,

11s during the mission. Water transfer from the storage tanks is accommodated by
cells

n pressure on the gas side of the bladder. This is serviced with 100% gaseous
oXyge

n at 4.7 psia.

The fuel cells can be operated for approximately 4L0% of the
oxyge

. on without water being drawn from the tanks before the pressure in the tank will
missi

t the fuel cells. When the last pound of water is delivered from the tanks, the
affec

re is 11,6 psia which is sufficient since the maximum pressure in the cabin
su
pres

during orbit is 6.0 psia.

MCDORNRNELL
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CRYOGENIC AND WATER MANAGEMENT SYSTEMS 7

o
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3.2.4 (Continued)
The re-entry module water tank is serviced with 13.0 1bs. of water for post-
e re-
i he water boiler for launch
: Seven 1lbs., of water are stored in t
1a.ndlng pu_rpOSGS.
cooling. | |
e of a water tank (OAMS tank) failure the moisture from respiration and
In cas
iration, which is condensed in the suit circuit heat exchanger, can be collected
perspira ’

he cabin water tank and used for drinking, Otherwise, it is dumped overboard
in the ¢

through the launch cooling heat exchanger.

The urine disposal system is the same as the present Gemini.

[ v

SUFFURIING STUDIES ANV TNT OKE

s
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L
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3.3 Electrical Power
3.3.1 Configuration I
3.3.1.1 Description - The electrical power System consists of three (3)

Fuel Cell sections and six (6) Silver-Zinc batteries which supply three (3)

independent busses, consisting of the Main Bus and two (2) separate and independent

Squib busses.

The Fuel Cell Main Bus battery system supply will provide the mission power,

and any two (2) of the three (3) sections will supply the normal mission load

requirements. The emergency mission load requirements can be Provided by any

one (1) of the three (3) sections. The emergency mission is assumed to begin

ten (lO) hours after injection into a large earth orbit at g load level of approxi -

mately Tl per cent of normal load.

Re-entry, landing and post-landing power is supplied by the four (L) forty-

rive (u5) ampere-hour Re-entry Main Bus batteries. Under normal conditions, the

1oad can be provided by any three (3) of the four (4) batteries.

Redundant thirteen and one-half (13.5) ampere-hour Squib batteries and busses

are provided to supply transient loads such as solenoids and pyrotechnics. 1g014

tion of these loads from the Main Bys system tends to minimize the effects on the

peration of sensitive electronic equipment.
o)

Maximum in-flight control flexibility is provideg by individual mye] Cell

k and section switches,

- Silver-Zine battery control Switches

> and Bus Tje

provisions. This electrical power system is shown in block diagram form ip
Figure 3-3-1-

3.3.1.2 Utilization - The detailed systen normal load requirement
) - - nts

are tapy.
lated in Table 3.3-1 and the associated loag profile isg Presented ip py
Lgure 3.3
3 . . j“g’.
pmergency loads and profile appear in Table 3.3-3 and Figure 3 34
L > = 2 ¢ ) I‘(—‘Speotivt
- le_
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ELECTRICAL POWER SYSTEM — BLOCK DIAGRAM [
__———_.I_——__—_T———I_——F—C._SE—CT;NT:%—_——l B
e F.C.SECTION #2 | ; |
== F.C. SECTION #1 | I | |
:
| I K STACK STACK STACK STACK I ‘
ACK STACK STAC |
I STACK ST]ABCK ST]C 17 - = : A A A | |
| 1A | |
I I : |
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B eeeeeeeeeeelivenn | MODULE
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MODULE
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_ il

FUEL CELL SECTION
FUEL CELL SECTION
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ONTROL SW

SWITCH #2 C

#1 CONTROL

#3 CONTROL swiTch

MAIN BUS

M
L

SUFPPURTING STUDIES AND /NTOREG AT

BUS TIE
CONTROL swiTches

A

SQUIB BUS

| RE-ENTRY
AIN BATTERY CONTROL
SWITCHES

M

CONTROL SWITCHE

/’};L&’—T MAIN 1 |
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Y
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TABLE 3.3-1

ELECTRICAL LOAD SUMMARY
CONFIGURATION |

I z
) % Z 2 2 5 > -
= T - |t w o4
sz | 2|85 5| s|eE| 5| G| E| 2 {
EQUIPMENT s = >4 3 22 | B3 S = i 2 Z i
A= @ | Sz S | <o | ° |25 | 4 |93 |
@ = S O SO = :
S— amP.—HRS.|amMPs. | AmPs. [ AmPs. | AmPS.| AMPS.[ AMPS. | AMPS.| AMPS.| AMPS.
——— NICATIONS 258.59 .80 | 3.69 94 | 6.26 | 6.26 94 | 6.26 | 2.78 | 1.36 14
C OMM  RENTAL 1948.15 | 14.34 | 17.54 | 10.83 | 15.34 |15.34 | 10.83 | 15.34 | 3.12 .85 B
ENVIRNCE 505.70 | 22.96 | 23.77 1.09 | 23.01 | 23.01 1.09 | 23.01 | 17.80 B
GUlD:UMsNTAT'ON 410.66 3.68 | 3.68 2.32 | 2.93 | 2.93 2.32 | 2.93 | 3.8
'NSTﬂNc 65.83 .85 37 .38 .38 38 .38 .38 | 1.08 .02
LlGCHELLANEOUS 146,50 3.45 | 3.5 57 | 3.48 | 3.48 57 | 3.48 .44 }
Z\IXSPERIMENTS 7.32 e 93 hede o8 ‘
3335.48  |46.08 |52.68 | 16.16 |51.40 |52.86 | 16.16 | 51.40 |28.70 | 2.23
TOTAL 4
N |
¥
Y
5"\\
Q
2
ELECTRICAL LOAD PROFILE N
70— S|
Q
TWO SECTIONS 2 |
—— — — — — —_—— e— D
&= QD
60 z |
~
ﬁl k
| 2
. 504 l
A
3 S |
~ P
=) ‘H‘
w
w400
o -
o |
& ONE SECTION M
< ] — —— CEm — e—— - e L L_
w30 '
(L) |
<
[+ 4
S
> 20—
10
| | | | | | |
G5 ' ! ORBIT l !
ORBIT APOGEE CONTROL
MISSION PREZLAUNCH CORRECTION POST LANDING .
HASE LAUNCH & ORBIT |
& INJECTION CORRECTION ORT'T RE-ENTRY f
: I | l
78 3 1
HOURS 2 o 78 2 5 38
FIGURE 3.3_
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TABLE 3.3-2
ELECTRICAL LOAD SUMMARY
Z =
B =, | ¢ |28 2,3 o o
P | z b [ = w
X | 3|88 e gl ex| B 5 z
UIPMENT ok 5 Zu o Fe | 8% o E o =g
n - g <z mg 538 o go ox
o - = &S &0 a
AMP.—HRS. [AMPS. |AMPS. | AMPS. |AMPS. [AMPS. | AMPS. | AMPS. AMPS. | AMPS
COMMUNICATIONS 248.92 80 | 5.02 94 | 6.26 | 6.26 94 | 6.26 2.78 1.36
NVIRONMENTAL 1915.68 | 14.34 | 15.34 10.83 | 15.34 | 15.34 10.83 | 15.34 | 3.12 .85
EU|DANCE 413.21 | 22.96 | 22.96 1.09 | 23.01 | 23.01 1.09 [ 23.01 | 17.80
GNSTRUMENTATION 404.77 3.68 | 3.49 2.32 | 2.93 | 2.93 2.32 | 2.93 | 3.48
: |GHT ING 66.90 .85 .82 .38 .38 .38 .38 .38 1.08 .02
;|5cELLANEOUS 126.40 3.45 | 3.45 .57 | 3.48 | 3.48 .57 | 3.48 .44
EX PERIMENTS 7.30 .03 1.46 .03
il 3183.18 | 46.08 | 51.08 | 16.16 | 51.40 | 52.86 16.16 | 51.40 | 28.70 | 2.23
WAL
ELECTRICAL LOAD PROFILE
70
TWO SECTIONS
60 |—
e ———
. 50
>
<r
o~
w40
o
g ONE SECTION
il — Ll — i
w
o
<
[+ 4
w
1
<
10—
| I | | I | |
° | I ! ORBIT
H ORBIT APOGEE CONTROL
sgion  PREZLAUNE CORRECTION | POST LAND NG
Ml ASE LAUNCH & ORBIT
R INJECTION CORRECTION ORBIT RE-ENTRY
| | |
2 80 3 1 80
2 2
HOURS .5 36
FIGURE 3 5_,
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3.3.1.2 (Continued)

The following tabulation is a comparison of normal Main Bus ang Squib Bus loag
e

us Fuel Cell (RSS) and Squib Battery capacity.
vers

CAPACITY LOAD MARGIN
BUS AMP. -HRS, AMP, -HRS, AMP. -HRS, PER CENT
i 3805 3335 470 14,1
gzigb 27 20.2 6.9 34.3

Although no detailed load analysis is presented here, the Squib Bus load

s 2 1A . A
nts are essentially the same as a seven (7) day Gemini "A configuration.
i reme
requlr

3.1.3 Power Management - Control and monitoring of the bover system is pro-
3.3.1.

by switches and displays located on the instrument panel(s). The Bus Tie
vided by

shown in Figure 3.3-1 allows the Main Bus system to be connected to either
switches

. b event of a Squib Bus failure.
- Bus 1n the 4
Squ;b

1though the Re-entry Main Bus batteries are primarily used during the re-entry,
A

and post-landing periods of the mission, the possibility of g bowered flight
landing

port requires that they be
abo

= T T 7= T
SUPPURTING STUDIES AND /N TREAA

‘on" during this time in order to assure Main Byg power
continuity.

3.3.2 Configuration IT

3.2.1 Description - The system is the same as described in Paragraph 35 31,1
3.3.2- Pestr 2By O

4 j1lustrated in Figure 3.3-1.
an

3.3.2 2 Utilization - The detaileg system normal load requirementg are taby.

Table 3.3-2 and the associated loag profile is presenteq in Figure
in
lated

3 b 3-3 °
loads and profile appear in Table 3.3k and Figure 3:3=5
Y

e reSDGCtively,
following tabulation is a comparison of normal Main Bus ang g
The 1O

b LS l()a(]
T e

versus

{
MCDOoONNEL g
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TABLE 3.3-3
EMERGENCY
ELECTRICAL LOAD SUMMARY

CONFIGURATION |

REPORT NO. B743

z z
o o
- - = 5
z = a = z
s < = Fx = Ex Z s a
EQUIPMENT n = ) o @ o o u n Z
>~ O o ) o x O w 0o <
n - o cu o ouv @ a
AMP-HRS. | AMPS. | AMPS. | AMPS. | AMPS. | AMPS. | AMPS
COMMUNICATIONS 145.37 .55 6.26 .55 6.26 2.78 1.36
ENVIRONMENTAL 1444.51 9.23 13.74 9.23 13.74 3.12 .85
GUIDANCE 167.01 1.09 1.59 1.09 1.59 .66
lNSTRUMENTATION 120.18 15 3.02 .75 3.02 3.48
LIGHTING 2.21 .02 .01 1.08 .02
MISCE LLANEOUS 84.49 .52 3.45 .52 3.45 .44
EXPERIMENTS
OTAL 1963.77 12.15 28.06 12.15 28.06 11.56 2.23
| 10
EMERGENCY
ELECTRICAL LOAD PROFILE
60—
CONFIGURATION |
50—
>
N
[CJ] 40 B
vy
w
o _ _ ONE SECTION
T —mm —_— —_—— e
=
<
w
2
g 20
w
>
<
10—
0
[ |
ORBIT ORBIT RE-ENTRY
MISSION
PHASE ORBIT ORBIT
CORREICTION CORRECTION POST LANDING
|
70 1 80
HOURS 1 5 36
MCDONNEL

VOLUME |
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|
TABLE 3.3-4 0
EMERGENCY '
ELECTRICAL LOAD SUMMARY
CONFIGURATION I |
B z z ‘:
9 9 >
= - - (04 (&) {
w 2 = Ol 3 | E = |
; *5 o = g % ) w : % |
EQUIPMENT ol o D o o @ ) g Z :
o0 SV o a -
AMP.—HRS.| AMPS. | AMPS.| AMPS. | AMPS. | AMPS. | AMPS.
|
COMMUNICATIONS 148.01 55 | 6.26 55 | 6.26 | 2.78 | 1.36 -
ENVIRONMENTAL 1480.67 9.23 | 13.74 | 9.23 | 13.74 | 3.2 .85 i
GUIDANCE 171.37 1.09 | 1.59 | 1.09 | 1.59 .66
INSTRUMENTATION | 123.38 75 | 3.02 75 | 3.02 | 3.48
LIGHTING 2.23 .01 .01 1.08 .02 ‘
MISCE LLANE OUS 86.59 52 | 3.45 52 | 3.45 .44 3
EXPERIMENTS H
2012.25 12.15 | 28.06 | 12.15 | 28.06 | 11.56 | 2.23 2
v
T\
Q l\
Z
q
w
X
a
S
EMERGENCY 3
ELECTRICAL LOAD PROFILE <
CONFIGURATION I =
)
50 - D
A
S
=
> 40—
< - J
o~
) ONE SECTION
w — . TR . e e — ey wmn e
w 30—
E
=
<« (
w 2 |
(&) [
< :
14
w
Z 10—
’ | ORI | l 0 | l | l - o
BIT RBIT ORBIT RE-ENTRY P
N ORBIT oST
MLSS;'\CS)E CORRECTION CORRE|CT|ON LANi)|NG
HOURS 72 1 82 1 .5 36 ‘
FIGURE 3.3_s i

RMCDORRELL




REPORT NO. B743
GEMINI — LARGE EARTH ORBIT

VOLUME | '
19 JUNE 1965 o
3.3.2.2 (Continued)
CAPACITY LOAD MARGIN
BUS AMP. -HRS. AMP. -HRS. AMP. -HRS. PER CENT |
i
. 3805 3183 622 19.6
n |’
giiib i 20.2 6.9 34.3 :
Although no detailed load analysis is presented here, the Squib Bus load .
irements are assumed to be essentially the same as a seven (7) day Gemini "A"
requl

configuration.

3.3.2.3 Power Managemen

t - The power management is the Same as described in

raph 3 3.1.3 and illustrated in Figure 3.3-1.
Parag .

3.3.3 System Selection - The recommendation to utilize three fuel cells

P

d of batteries, or batteries plus a fuel cell, is influenced strongly by
instea

ight advantage. The comparative weights are presented in Table 3.3-5,
the we
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TABLE 3.3-5 :
WEIGHT COMPARISON OF ELECTRICAL POWER, PRIMARY OXYGEN AND |
DRINKING WATER SYSTEMS r
WEIGHT — POUNDS
—
FUEL CELL :
ITEM BATTERIES (M FUEL CELLS H
(6) BATTERY BACKUP (3) N
(5) v
3
. - 69 %
FUEL CELLS 207 £\
s 50 5
FUEL CELL REACTANTS 136 2
REACTANTS TANKAGE = 48 144 o |
- 54 =~
FUEL CELL PLUMBING, VALVES, CIRCUITRY & INSTALLATION 91 3
RUCTURE - 36 56 vl
FUEL CELL MODULE ST S
LOOPS — - 23 -
R 847 696 £
INSTALLATION _ =1
400 AH BATTERIES & oo .. >
45
PRIMARY OXYGEN 2
SYSTEM & INSTALLATION 91 60 70
PRIMARY OXYGEN o : 5
DRINKING WATER 6 30
NKING WATER SYSTEM & INSTALLATION 24 19 29 ]
DRI !
TOTAL 1,158 1,133 831
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3.4 Communication System - The present Gemini Communications System is supple-

d by a Unified S-Band System (USB) for ranges to 225,000 n.m. (all distances are
mente ¥

imate) This USB system is compatible with the Deep Space Instrumentation
approxima .

lities (DSIF) presently being implemented for the Apollo program., The USB system
Facilitie

ides all spacecraft to earth communications (voice, data, commands, and tele-
provide

) for ranges in excess of 10,000 n.m, A circuit margin analysis in Table 3.4-1
vision

that the carrier-to-noise ratio more than satisfies the minimum limit of eight
shows tha

both the up and down links. A block diagram of the complete communications
db for bo

ystem is depicted in Figure 3.4-1.
s

4.1 System Description - System utilization for the present Gemini system ang
3.h.1 8

the USB system for all phases of the mission is shown in Table 3,.4-2.

The present Gemini system is modified for the near earth configuration. The HF
adapter C-band Beacon systems are deleted, the telemetry system is reduced to one
and smitter, the VHF voice system is reduced to one transceiver and the Digital Commang
tran m is changed to accept inputs from either the UHF command receiver or the USB
Sys::m This reduction in the present Gemini system is considered reasonable in view
sys .

hort duration for the near earth phase and the USB system utilization ag a
of the S °

Post impact voice backup is provided by the GFE Recovery Voice T/R Beacon,
backupe.

Lalsd Unified S-Band System - The USB provides duplex voice and data links
3ebole

down utilizing the Apollo subcarrier frequencies, and is functionally identica)

and a0

up ne utilized in Apollo and described by NASA TN D-2208,
o

with the

System components ape

dant transponders, power amplifiers,
nda.

diplexers, control box, and antennag con-
redu

f OMNI-directional flush mounted slots and an erectable 48-inch high gain
: 0

sistlng

paraboloid-

onder - The transponder, which is the heart of the System, consistg of a
Transponder
te transmitter, receiver and power supply.
. tate
solid S

1ink subcarrier oscillators are not includeq in existing tp
down 11
the

MCDONNEL
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TABLE 3.4-1

UNIFIED S BAND CIRCUIT ANALYSIS
SPACECRAFT TO GROUND

FREQUENCY = 2295 MC RANGE = 225,000 N.M. RECEIVER BANDWIDTH - § MC
ITEMS VALUE | TOLERANCE SOURCE
. T0TAL TRANSMITTED POWER (20 WATTS) +13.0 dbw :(1).(; j: ézitljxf?rso
1. TOT N -3.0db | #0.
CIRCUIT LOS
= SPAC:E:Q;}:; ANTENNA GAIN (4 FT. DIA, +255db | 0.5 db CALCULATED
3, SPAC
PARABOI:A?::I?F)ANTENNA POINTING LOSS -1.0db | 0.5 db IE'T'S'ITI:AAJI!DE:OOK
4. SPACESCPAcs LOSS AT 2295 MC -211.9 db ) ]-0 o Bl i T
: ZI:SSND ANTENNA GRIN 185 T, DA gl CONTAINED IN ANTENNA GAIN \
6. T LOSS - - ;.
7. GROUND RECEIVER CIRCUI -137.6 db z1.32 db (RMS) | CALCULATED
8. NET LOSSESEIVED POWER -124.6 dbw [ £1.66 db (RMS) | CALCULATED :
Iy TOTAngchOISE POWER EFFECTIVE -134.4 dbw | 1.0 db JPL EPD=29 1
10. RECEI TEMP.=330°K PN=K Te \f": :ii
SYSTEM S raiPicld 5105 :
1.38 x 10-L2 T(SBSOISE IN A 8 MC +9.8db [ £1.94 db (RMS) | CALCULATED 02
NA \
11. RF SIG x\
RF BAND;”B;IHSE OUT OF THE FIRST DE- | +19.5 db TEC:.'D‘DRLEEPTOORNT 38 HARVARD UNIY. 5
1% SIGNfoLFeT USING THE BROAD BAND FM D. M z |
TEC . ]
IMITING. ‘
ANALYSITsoerJI)TsE INPUT TO THE FM VOICE 30 db | +3.0 db CALCULATED E
L |
13. SIGNA S |
DISCRIMIN A T & INPUT TO THE DATA 28.7db | +3.0 db CALCULATED S
T ¢
4. SIGNAL . |
] DETECTORNOISE TO THE RANGING FILTER| 25 db | +3.0 db CALCULATED L |
15. SIGNI:_L T 5 |
INPU x
Y
A
5
N

GROUND TO SPACECRAFT

RECEIVED FREQUENCY - 2106 MC RECEIVER BANDWIDTH = 6 MC

NSMITTED POWER (10 KW)

40 dbw » 1.0 db
A
1. TOTG;DTENTENNA CIRCUIT LOSS =
\CLUDED IN ANTENNA GAIN DIA.) 52 db £1.0 db
(INCLUD ANTENNA GAIN (85 FT. . ! o
3. GROUND ANTENNA POINTING LOSS -1.0 db t0.5
4. GROUND CE LOSS AT 2106 MC -211.3 db -
5. FREE sPRAAFT ANTENNA GAIN (4 FT. DIA. 125.5 db 10.5db
: c
sPACE
- PARABOLOID)RECEWER CIRCUIT LOSSES -3.0 db 1 0.5db
sPACECRAFT -137.8db | +1.58 db (RMS)
7 '
i NET LOSSECSEIVED POWER -97.8 dbw 1:66 db (RMS)
o TOTAL gs NOISE POWER EFFECTIVE —125  dbw 1.0 db
: EIV o
1o RYESCTEM TEMEy= 322 K
i TO NOISE IN A 6 MC BANDWIDTH [ +27.24db [+ 1.94 db (Rus)
1. RF sncNf;g NOISE OUT OF THE FIRST -~ 30 db
« RE AL
12. 5T ECTOR S

MCDORNRNEL L

—_ ]
JPL EPD-29

JPL EPD-29

JPL MEMO 33-83
ESTIMATED

ITT HANDBOOK
CALCULATED

ESTIMATED
CALCULATED
CALCULATED

MISHA SCHWARTZ “IN FORMATlON

; ULATION anp

TECH. REPORT

38 HARVARD
D. MIDDLETON URLY

T —— j'
F’/’/—'TEMS VALUE | TOLERANCE SOURCE ,
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TABLE 3.4-2 c"\‘
TELECOMMUNICATIONS SUBSYSTEM UTILIZATION §
PRE- 1| AUNCH| NEAR EARTH DEEP SPACE RE- | RECOVERY|  REMARKS '
LAUNCH ENTRY ';
0TO 100 Zemts TO 80 Ml. TO é'%
FUNCTION 100 TO 10K MILES APOGEE AND » m
MILES BACK TO 2K MI. | 'MPACT m
\' B
5‘
x
|.  VOICE %
a) INTERPHONE GND. INT. DURING %
b) VHF PRELAUNCH =
c)DSIF 1. DUPLEX VOICE
2. REDUNDANT
CAPABILITY
g 1. DOWN-DATA
9) a) VHF TELEMETRY . =
5 b) DSIF === r—_h REDUNDANT
Q CAPABILITY
2
2 1l. UP-DATA
m a) UHF COMMAND *l =t
; b) DSIF <t i ———— %
IV. TRACKING
C-BAND l Lo
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3.4,.1.1 (Continued)
therefore, they are incorporated in the control box.

The receiver can simultaneously receive up data (commands), voice and the
ranging code. The receiver is phase locked to the received carrier and provides the
frequency and phase reference for the transmitter exciter. Phase lock is required

urate tracking during deep space operations. The phase modulated up link data
for acc

is fed to the appropriate subcarrier discriminators and filters,

The ranging information, which is a code developed by Jet Propulsion Laboratory,
is then filtered out and applied to the transmitter phase modulator,

The voice and command subcarriers are sent to the control box where they are
detected, amplified and fed to the VCC and DCS, respectively.

The transmitter will simultaneously transmit down voice, PCM data and either
the ranging code or television. The transmitter consists of a wide band phase
odulator and frequency multipliers with a power output of 250 milliwatts., The
m ite signal of the FM voice and PM down-link PCM data subcarriers is summed with
:Zepreceived ranging signal and then applied to the wide band phase modulator., The

mitter output is then applied to the power amplifier,
trans

The Apollo transponders include power supplies that convert 115-volt, 3-phase,

1e into the necessary D.C. voltages for the receiver and transmitter, The
4,00~-cyc

transponder has a supply which converts 50-volt, 2400-cycle into the desireq
Mariner

1tages for proper operation of the transmitter and receiver,
DOC' Ve

presently available transponders used on Apollo and the Mariner Programs are
T

idered acceptable for this program,
consi

Electrical interfacing is performeq outsige
nsponder, thereby retaining the demonstrated capability of the existing of f
the tra

h shelf transponders.
the

MCDORRIELL
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3.4.,1.1 (Continued)

Power Amplifier - The power amplifier provides approximately 20 db gain using an
amplitron tube which has been developed for the Apollo Lunar Excursion Module. The
amplitron was selected over the Traveling Wave Tube because of its higher efficiency

and feed-through characteristic.

Control Box - The Control Box consists of Voltage Controlled Oscillators (vco),

discriminators, mixing networks and speech clippers. The received subcarriers from
the transponder are discriminated and the information is adjusted for level and impe-
dance to be compatible with the Voice Control Center and Digital Command System. The
audio for transmission is clipped and frequency modulated on a 1.25 Mc carrier and the
PCM data is bi-phase modulated on a 1,024 Mc carrier. Both signals are then 1inear1y
mixed prior to being applied to the wide band phase modulator in the transponder. The
control Box also includes the switching circuitry for selection of transponders and
power amplifiers along with the necessary indicators for phase lock, antenna earth
alignment and antenna gimbal angles,

Diplexer - The redundant diplexers provide isolation of the transmit ang receive
rrequencies for each transponder. The diplexer is a passive resonant filter, This
diplexer is currently being utilized in the Apollo Block I equipment,

Antennas - The antennas employed with the USB system are the OMNT directional

clements for coverage to approximately 35,000 n.m. and the 48-inch diameter pParaboloig

cor coverage to 225,000 n.m. The paraboloid includes two feeds each, driven by an
independent source. This antenna provides approximately 25 db gain ang 3 beam widtp
of eight degrees. The antenna includes an earth sensor whose outputs provide error
5ignals to the antenna control electronics which, in turn, excite the antenng drive

— The OMNI antenna is identical to the Gemini S-band slot antenna ex "
n ’ cept the

dance matching transformer is changed. The 48-j
impe€
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3.4.1.1 (Continued)
-band feed assembly is replaced with the
-inch diameter dish except the L
the Ranger 48-inc .
ls modified to be compatible with the Gemini in-
d dipoles and the gimba
S-band crosse
stallation.
4.,1.2 Radar - The Configuration I spacecraft includes & modified Gemini
3. . .
i ists of eliminating the angle track feature
dar. This modification consis
rendezvous ra

to reduce the weight approximately 25 pounds.
o

SUPPURTING STUDIES AND /N OREATEQN s
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3.5 Data Acquisition System

3.5 1 Sumary - The Gemini "A" Data Acquisition System (DAS) requires only

r and signal conditioner selection for use on the large earth orbit mission.
senso

The system 18 shown in Figure 3.5-1 and provides the following functions:
A. Sensors and signal conditioners for display to the crew of those para-
meters not provided by other systems.
B. Transmission to the ground stations of those parameters required for
monitoring mission progress, assessing spacecraft status, and for

making decisions assigned to the ground station personnel.

|

Cs Documentation of those portions of the mission not monitored in real §
time through on-board recording and later playback to the ground sta- E\'
|
tions. o |
D. Continuous records of biomedical parameters through on-board recording. § %
E. Sensors for AGE readout and prelaunch verification of systems when not § ?
=
provided as part of other systems. § i
F. Monitoring of parameters required for post-mission evaluation of systems ; 3
f

operation.

it |

G Recording and transmission of parameters from scientific experiments.

e |

H Photographic equipment for lunar observation and mission documentation. g

3.5 ) operation and Control - The DAS operates continuously from prelaunch

gh 1anding. Signals from sensors or signal conditioners, or directly from
throu

are applied to the PCM system.

other systems, The PCM master frame contains

8 channels which are combined as a 51.2K bits per second (bps) non-return-to-
33 &

(NRZ) PCM pulse train provided as an output to the transmitters, The prime
7exro

Frame containing 317 of these data channels, is also assembled ag g 5.12K
sub 3 4! b "

furn-to-zero (RZ) PCM pulse train and recorded continuously,
pps €

The recordeq

MCDORRELRL
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3.5.2 (Continued)
3 . . . bps
t 22 times record speed providing a 112.6K
d back on command a
data is playe
PCM pulse train output to the transmitters.
NRZ o |
data modes are used. In Mode 1 the master frame PCM pulse train is {
Two da
i 1 T contact with ground stations, while the
i er VHF during periods o
transmitted ov
bframe is continuously recorded on board or played back on commangd over
prime su |
i i i T contact. The second mode provides trans-
ications during periods o
DSIF communic | .
f the master frame over DSIF during periods of contact with continuous
mission © ‘ .
i f the prime subframe. Playback is accomplished by substituting the
recording O

utput for the master frame and operating DSIF in a data-only mode.
recorder O

_
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3.6 Structure

3,6.1 Structural Design Criteria

A. Objective - These criteria define the assumptions used in the design of a
minimum change spacecraft, capable of a large earth orbit mission with a
re-entry inertial velocity of 36,400 fps. Modifications to the Gemini de-
sign are minimized to utilize, to the fullest extent, existing qualified
hardware. In pursuance of this objective, no changes are required for the f
primary loads from the launch, abort and re-entry flight phases, with
appropriate limitations being applied to attain this goal. The primary
structure is designed for the loads given in Reference 3.6-1, and the

structural integrity is verified in the Structural Analysis Reports, Refer-

ences 3.6-2, 3.6-3, and 3.6-4, using the safety factors defined in the
Structural Design Criteria, Reference 3.6-5.

Where structural changes are required, the structural design criterig
for Configurations I and II adhere, if applicable, to the criteria of

Reference 3.6-5.

SUPPURTING STUDIES AND /NTORGATLAN o

B, Configuration Description - The spacecraft structure is essentially the

A

same as Gemini "A" except for modifications in the following areas:
1., Thermal protection on both forebody and afterbody,

2. Rendezvous and Recovery Section,

3, Adapter equipment mounting,

L. Target Docking Adapter dampers (Target Vehicle),

c. General Environment - The natural and vehicle induced environments for the ?

spacecraft associated with wind velocity, wing shear, gusts, acoustic o
ise,

vibration, shock and acceleration are unchanged from the Geminj —_—

ironments
and are defined in References 3,6-5 ang 3,6-6,

A preliminary investigation

MCDORNRELRL
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3.6.1 (Continued)
of the combination of all environments associated with a Titan IIIC
launch indicates that they are no more severe than the design environ-

ment of the GCemini AL

D Design Weights - The spacecraft structural design weights are given in {
. Deslgn welgiLo

Table 3.6-1.
TABLE 3.6-1

STRUCTURAL DESIGN WEIGHTS _

MISSION DESIGN WEIGHT 3

PHASE POUNDS 1

|

L AUNCH 75008500 5
RENDEZVOUS 8300 l’g‘g

S
RE-ENTRY 5050 %\_
PILOT CHUTE DEPLOYMENT 4930 < |
MAIN CHUTE DEPLOYMENT 4500 .
LANDING 4400 2 |
RECOVERY 6600 <
o |
Z
}\ H

x

S

A

A
5 |
A ‘
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(Continued)

E. Flight Phases

1.

Launch - The combination of all launch loadings, separately and in
combination with launch heating, does not result in strength require-
ments which are greater than the requirements used for the original
design of the Gemini spacecraft.

Orbit - The docking criteria is defined in Reference 3.6-5. The
;;;;;;ation of all loadings during maneuvering in orbit does not
result in strength requirements which are greater than the require-
ments used for the original design of the Gemini spacecraft.
Re-entry - The re-entry corridor for the normal mission is bounded
by & load factor of 10 g's and a skip limit of 400,000 feet. (Two
of the most severe re-entry trajectories on these boundaries were
studied in sufficient detail to select the external thermal pro-
tection and to verify the strength of the substructure).

Re-entries from aborted missions up to low earth orbit inertial
velocities (approximately 25,600 fps) do not result in load factors
exceeding 16 1/2 g's. No special thermal limitations exist for these
aborted missions.

Re-entries from aborted missions between low earth orbit velocity
and escape velocity do not result in conditions which are more severe

than either of the aforementioned re-entry cases,

Avort and Ejection - The combination of gll loadings during abort and
ejection does not result in strength requirements which are gregter than

the requirements used for the original design of the Gemini Spacecrapt

MCDORRNELL
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5 Parachute Deployment and Landing - The parachute deployment and

inversion loading does not result in strength requirements which

are greater than the requirements used for the original design of

the Gemini spacecraft. /
The spacecraft is designed for a water landing only, followed

by a maximum flotation period of 36 hours. The criteria for deter- g

mining water landing loads are based on a rational combination of 3

all landing parameters associated with parachute swing,

local wing

velocity, wave slope, and sinking speed.

3.6.2 Description of Changes

A Thermal Protection - The afterbody thermal protection for the spacecraft

consists of a combination of columbium radiation shingles ang titanium
supporting ablation shingles. Columbium (Cb-752) is utilized on the

upper half of the conical section and ablation protection on the remainder

of the afterbody. The basis for selection of these materials is graph-

ically shown in Figure 3,6-1.

e ——

SUPPORTING STUDIES AND INTOARATLR

The columbium shingles are formed with the same dies that are used

|
for the Rene' Ll shingles of the present design. The thickness ig .016 -

inch, coated for oxidation Protection to g thickness of -019 inch,. The

thermal coefficient of expansion for columbium is about one-half of that

for Rene' Ll; therefore, it is satisfactory to maintain the same expansiop

allowance and shingle size as the Gemini Rene! 41 shingles,

washers and L-605 bolts are used to attach the shingles tq the syp- !

|
structure.

MCDONNEL ;.
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STRENGTH/DENSITY RATIO OF COLUMBIUM AND RENE '41
50
— l
P
40 RENE '41 /
30 :.
ABLATION §
SHINGLES o
y
0
2 E\,
\ E\\\
\ % )|
< |
(SN
10 s |
Q |
COLUMBIUM Cb-752 / '\\ S |
Z |
0 700 800 1200 1600 2000 2400 2800 E A
TEMPERATURE (°F) OF RADIATION SHINGLES S |
4
FIGURE 3.6-1 D |

x 10~4 (INCHES)

Extensive expe

structure on the Re

programs. The coated columbium oxidation protection was Successfully

tested with heat lamps on the Refractory Metals Program to temperatures

above 2000°F for over six minutes.
approximately one minute above 2000°F.

system was successfully utilized on the ASSET program.

rience has been gained in the fabrication of columbiunm

fractory Metals Structural Development, ASSET and BGRV

The requirement for thig mission ig

A columbium heat Protection |
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3.6.2 (Continued)

Columbium (Cb-752) is selected because of its Superior strength and
because it is easily formed, riveted and welded. Procurement and pro-
cessing is accomplished by the following steps:

1. Purchase per M.A.C. Material Specification 183.

2. Cold form to shingle configuration.

3. Pickle per M.A.C. P.S. 1315k,

L. Spot weld, if required, per M.A.C. P.S. 221L2.

5. Lb2 coat for oxidation protection per M.A.C. P.S. 13156.

The ablation shingles consist of a titanium structure with the
outside surface covered with an ablative material. The ablator is non-
structural and consists of a layer of fiberglass honeycomb filled with a
silicone elastomer. The honeycomb is used to contain the ablation material

and retain the char layer during the re-entry phase of the mission.

The
supporting structure for the ablation material consists of two .010 inch
thick commercially pure titanium panels, one beaded and one flat, spot

welded together. The beaded panel is formed with the same dies that are
used for the Rene' Ll shingles of the present Gemini design. To attach
the shingles to the substructure, titanium washers and L-605 bolts agre

installed through counterbored holes in the ablation material. The

holes are later filled with a similar ablator after bolt installation _—

inspection.

MCDORNRNEL
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3.6.2 (Continued)

Two re-entry trajectories on the boundary, including shingle tempera-

tures in the most severely heated areas, are presented in Figures 3.6-2 and
3.6-3.

The forebody thermal protection is similar to the present Gemini
design. The bondline temperature at landing is S80°F on the lower half of
the ablation shield graded to TOO°F on the top centerline.

Rendezvous and Recovery Section - The Rendezvous and Recovery Section has

a length which is in excess of the requirements for this mission. The re-

design of the radar and repackaging of the main parachute permits shorten-
ing of this section about 20 inches with a significant weight saving.

The structure is similar to the Gemini design, being of Semi-monocoque

titanium construction, covered, in this case, with ablative shingles. The

design loads are identical to those shown in Reference 3.6k,

Adapter Equipment Mounting - Mission requirements dictate considerable re-

arrangement of equipment within the Adapter Equipment Section, The exist-

ing support points are utilized, where possible, and new supports added

where necessary. The Gemini blast shield is removed to effect g weight
saving. The design loadings are the natural and vehicle induced environ-

ments of References 3.6-5 and 3.6-6,

TDA Dampers - Docking is accomplished with a heavier target vehicle:
3

fore, the damper loads increase during the docking maneuver,

there-

The energy

transfer across the interface increases about 50 per cent. The T

damper orificing requires redevelopment, but no structura]l changes o
e

dempers are anticipated. In addition, there are some minor incres
ses ip

the strength of the backup structure for the dampers,
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3.,6.,3 Additional Structure - An adapter is necessary to mate the MAC designed
TDA to the modified Transtage for Configuration I. Some equipment is located in
his adapter and an interface connection is accomplished at docking., The adapter is
:o;prised of a semi-monocoque structure and is designed to be equivalent in strength

TDA. The natural and vehicle induced environments associated with a Titan
to the .

¢ launch are also used in the design of this adapter,
I1I

e

SUPPORTING STUDIJES AND /INEQRLEATION
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3.7 Heat Protection

7.1 Launch - Structural temperatures are determined for critical areas
3.7.1 Launci

the Eckert reference temperature method of Reference 3.7-1. Transition
using the

- "
i lations obtained from GT-1 flight data.
bers are obtained by corre
Reynolds num

he spacecraft is similar to the Gemini shape, the
; basic shape of t
gince the

te calculation methods and constants developed during the Gemini pro-
heating réa

e used to compute local design temperatures.
ject ar

2 Space Flight - External heat loads are determined from heat inputs
3.7

lar, earth and moon reflected and emitted radiation, spacecraft
pased on SO )

ion, surface emissivity and solar absorptivity. In the near earth orbit
tio )
orienta

r less), free molecular heating is applied. The type of heating used
o
(llo NeMe

the applicable phase of the mission is shown in Table 3.7=-1.
during the

SUPPORTING STUDIES AND /N QREATIO v

TABLE 3.7-1
TYPE OF HEATING VS MISSION PHASE :
{
TYPE PARKING ORB|T ;
OF OR MIDCOURSE thxﬁsY i
HEATING RENDEZVOUS
DIRECT SOLAR X X %
EARTH REFLECTED X
EARTH EMITTED X
MOON REFLECTED X
o ———
MOON EMITTED %
\—
[ FREE MOLECULAR X
\
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3.7.2 (Continued)
T inimize the temperature differences on the surface, the spacecraft f
om

tated about its Z axis at a rate of approximately 0.6 deg./sec. The space- ,
roaft is oriented such that the Z axis makes an angle of between 45 ang 70 degrees |&
c:th the sun's rays in such a way that the adapter thermal curtain receives solar
" " This spacecraft orientation, combined with the rotation about its axis and
- er surface coatings, reduces the need for active temperature control devices
PrO:ters, cooling loops and evaporation heat exchangers) to a minimum. Cooling
;h: the crew and electronic equipment is provided by a space radiator. The
o

fluid is circulated by pumps through suit heat exchangers, electronic
cooling

t and battery cold plates, fuel cell and space radiator as discusseq o
i n
equipme

b 3.2. Typical radiator skin and fluid temperatures during the parking
Paragrabt O

rendezvous phase of the mission are shown in Figure 3.7-1. Correspond-
¥
orbit o

temperatures during the midcourse phase of the mission with the spacecraft
ing

in Figure 3.7-2.
3 are shown 1n
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RADIATOR TEMPERATURES VS TIME
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3.7.3 Re-entry Heat Protection

3.1 Introduction - A study of ablation heat protection requirements
3.7.3.

considered two increments of maximum range; namely, 5,300 n.m. and 3,838 n.m.

hese studies indicate that reducing the maximum range from 5,300 to 3,838 n.m.
T Zuces the heat shield ablation material weight by 25 per cent, and the after-
red abl;tion material weight by 60 per cent. An additional weight saving is
boh:eved by changing the ablation material on the afterbody from the Gemini heat
- 14 ablator (S5-3) to a lower density ablator (S-6). Characteristics of S-6
Shieshown in Figure 3.7-3. The effects of range on heat protection requirements
- hown in Figure 3.7-4. The spacecraft are designed for a maximum re-entry
- : of 3,838 n.m. and a L/D of 0.15. Note, however, that for the re-entry
rang.tions defined for these configurations, the dispersed maximum range will
co:d:xceed 2,600 n.m. This design approach then provides heat protection margin.
- front face heat shield ablation material is S-3. The windward half of the
The. conical section, re-entry control section, and the R & R section are covered
ca::ns 6. The leeward half of the cabin conical section is covered with columbium
wi .

1 Detailed studies of the window, the MDF ring,
shingles.

and hat section structure
that the proposed heat protection maintains acceptable temperatures for
indicate

tural components.
. al struc
intern

3.2 Front Face Heating - Convection heat fluxes are computed for the
3.7~
ical stagnation point using Reference 3.7-2, and corrected for the Gemini
i
hemispher

h Reference 3.7-3. Convective heating from a dissociated ang partly
it
shape V

as was considered (Reference 3-4), however,
zed &

the numerical values Were
ioni

: to Reference 3.7-2 for velocities up to 36,000 fps.
: o
s imllar . . .
convective heating distribution, shown in Figure 3.7-5 for the Y-axig
The

was developed considering the latest evaluation of wing
+ X-0 t
a X=0, unnel gat
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ABLATION
MATERIALS THERMAL PERFORMANCE
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|
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[

=

Iod
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2. T3 (Continued)
ini shape (Reference 3.7-5). For lines parallel to the Y-axis, the
the Geminl
; distribution is assumed identical with Figure 3.7-5 at any given
convective
tion Laminar flow is assumed for the majority of the front face
s/D location. | |
Transpiration of gases from the charring and receding ablator thickens
surface.
the likelihood of turbulent flow for the lee-
layer and increases
the boundary |
ion For ablative design purposes, the leeward region is assumed to be ,
ward regioll.
turbulent throughout re-entry.
s radiation emitted from the shock region is computed at the hemis-
Gaseou
i i i ted for the Gemini
i nt using Reference 3.7-6, and is correc
i cal stagnation pol
pherlca

th Reference 3.7-T. A correlation of Project Fire data (Reference 3.7-8)
shape wi

from Reference 3.7-9, which considered radiation from ablative Products,
TO
and data

the selected method is within the band of data scatter. A reduction of
indicates

tive flux due to radiant heating of the air in the boundary layer (with-
the convec

3 S) is triVial (Reference 3.]-10)-
tive pI‘oduc t
Out a.bla

diation distribution for the Y-axis is illustrated in Figure 3.7-5,
The ré&

SUPPORTING STUDIES AND INC Q4T ke

ibution is computed by assuming an isentropic gas expansion behind the
tri
The dis

Reference 3.7-1l, and by using the Gemini shape shock standoff dis-
ing
shock usl

t angle of attack (Reference 3.7-12).
s &

The radiation distribution for
tance

1lel to the Y-axis is obtained by assuming Figure 3.7-5 is a cross
re
jines pa

tion of & circular body.
sec

ilibrium gaseous radiation is computed using Reference 3.7-13, ang
Nonegu

ipution, shown in Figure 3.7-5, is obtained by considering g local
istrl
the dis

1ty vector normal to the shock.
yvelocC

molecule heating is neglected for re-entry since the heating time
Free

400,000 ft. is approximately 34 seconds where the flux level eXceeds
to ’ 5
&
prio

Rd(:[)()AHVEELl_
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FRONT FACE HEATING DISTRIBUTION
q LOCAL HEATING RATE

——— CONVECTION (qgpp = THEORETICAL STAG. POINT CONVECTION, a = 0).
1
——————— NONEQUILIBRIUM RADIATION (qpgp = STAG. POINT NONEQUILIBRIUM RADIATION).

e==== EQUILIBRIUM RADIATION (qREF = STAG. POINT EQUILIBRIUM RADIATION TO A
HEMISPHERE WITH GEMINI HEAT SHIELD RADIUS OF CURVATURE).
ANGLE OF ATTACK, a = 20° ANGLE OF ATTACK, o = 10°
2'0 —F 2.0 Hr
W
w
4
o
L 5
U‘ .
S—— /
,I
4
Ve
/
A J A 1
6 .4 .2 0 2 4 6 .6 .4 .2 0

2 46

LEEWARD - S/D - WINDWARD LEEWARD - S/D - WINDWARD

=
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FIGURE 3.7-5
AFTERBODY HEATING DISTRIBUTION ;
ANGLE OF ATTACK, « = 20° ‘
i
15 [
s ]
oI5 L |

27

RIGHT SIDE

.034

LEFT SIDE
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3.7.3.2 (Continued)

100°F equilibrium temperature. At MO0,000 ft., the convective flux exceeds free

molecule heating by a ratio of three.

3.7.3.3 Afterbody Heating - Only convective heating is considered.

The

gaseous radiation distribution in Figure 3.7-3 indicates only slight radiant
heating at the windward edge. After flow expansion around the heat shield corner,
radiation is trivial when compared to the convective flux.

Figure 3.7-6 presents the predicted levels of afterbody heating. Prediction
of the afterbody heating distribution is consistent with Previous Gemini design
procedure (Reference 3.7-14).

Heating aft of the windward wire bundle is based on & correlation used for
the GT-2 post-flight evaluation. The relative protrusion of the wire bundle is

]ess than the present Gemini because the surrounding shingles are covered with

ablator; therefore, the predicted local heating is expected to be conservative

3,7,3.h Trajectory Heating Profiles - Two trajectories were studied in

detail to determine the required amount of ablator for the front face and after-

The minimum range re-entry trajectory of 700 n.m.

body- (10 g's) provides the

onvection and gaseous radiation heat fluxes;

1argest © however, for both the front

face and afterbody, the ablative thickness requirement is controlleg by the

maximun range trajectory of 3,838 n.m. which has the longer heating duratiop

e neating rate profiles and descriptive details for both trajectories are

presented in Figure 3.7-7.

3.7 55 Ablative Material Behavior

apalytical Procedure - The Gemini shield analysis for the S-3 ablat
or wag

-level plasma jet tests.

pased oD sea The analytical method igs modifieq tq

jmulate the swelling of the char layer after initia] heating in opg
sim er to
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HEATING RATE PROFILES
W/A =115 LB./FT.2

= == == == CONVECTIVE HEATING
sememessmease EQUILIBRIUM GASEOUS RADIATION
= NONEQUILIBRIUM GASEQUS RADIATION

§ 300 T T 5 [ I
o~ N Qe = 38,000 BTU/FT, MODULATED LIFT
E ST.PT 5300 N.M. RANGE
~ I Q% g = 3450 BTU/FT.2 L/D = .25
200 1T SKIP LIMIT = 300,000 FT.™] | O
- ' .
@ y = -6.03° ,
| ' \ i=0° 5
w
: 100 ——-, \\ |
o ““- AN 10,000 FT
"N = ey, —_— A ,
E I- " \N\ /’ \\ |
- 0 . ® ~—'_—'—_l’ {. v
L<u L& 4
T 0 300 600 900 1200 1500 1800 R |
¥
TIME FROM 400,000 FT. - SEC. u;
I\
Q'
2 |
U 0 1 I o
30 2 “v |
5 QCST pp = 43,000 BTULFT, CONSTANT LIFT Wl
o~ n : 5 2838 N.M. RANGE S |
| ot - _ -
< , \ o -0 LU/FT' SLl::)P_L.llASIT 400,000 FT, — S
) 200 |— \ = » . 2}
s r \ y = —-6.35° QL
e ;]\ i = 30° £
! ‘ ~
4 Q |
ur:: 100 ._L { 2 |
& I:: - Q |
o HESEA Y / —{ 10,000 FT, S |
A NN R 177N o
e b_}.;_— e e e
H o ~ N |
i 0 250 500 750 1000 1250 1500 <
TIME FROM 400,000 FT. - sEc.
0
)
' 400 ' T
£ ,r\‘ Q- = 14,400 BTU 'FT.2 MODULATED LIFT
L _I_\_ ST.PT. | 700 N.M. RANGE
S - ) =
£ 300 | Qg r.  =4950 BTU FT.2 LD = .15
E l_‘ \ .R. MAX. LOAD = 10 4
. B -5 0¥ E—— T ————— o g0
w200 Ji \—‘ 30 N
= )
< N
@ S R —t — = cmes
o 100 "/+: 5 ~ — 10,000 FT. I B
Z g 2 IS
N : — |
w 100 200 300 40
& 0 0 500 600
TIME FROM 400,000 FT. _ sgc
' : FIGURE 3
J <7

MCDONNERL 1




REPORT NO. B743
GEMINI — LARGE EARTH ORBIT

VOLUME |
19 JUNE 1965
3.7.3.5 (Continued)
late with the performance experienced during the GT-2 re-entry. Since S-6
correlate

' the ablative requirement is deter-
i idered on afterbody surfaces,
ablator 1s cons

i - i 80
for the S-6 thermal effectiveness. S-6 provides
; S-3 and corrected
mlned for

r cent more heat protection than S-3 for the same weight (1b./ft.2) as indicateg
pe Figure 3.7-3. The S-6 ablator will not be used on the forebody because of in-
infficient test data to define flow shear stress resistance. On the afterbody
i:e shear stresses are not significant. Plasma jet tests conducted by Aerospace

for heat fluxes from 20 to 150 BTU/ft.2-sec. indicate no S-6 surface re-
and MAC fo

ion at fluxes of 60 BTU/ft.e-sec. or less.
cessi

the front face, surface recession of S-3 is expected after the initial
On

3 i f i iti ° F
. during the brie re-entr Y per iod when velocities are Superor bi tal or
Swelllllg

rface recession of S-3 is based on coefficients recommended in Refer-
is, su
analysls,

7-15, which correlated two series of high heat flux tests (150 to 400 BTU/
ence 3. (=425

rface flow shear stresses are higher than Gemini. Data from
£t.2 sec.). Su

3.7-16 for high-G ICEM trajectories is used to correct the surface
Reference e

SUPPORTING STUDIES AND INEQRUNTAQ b

method,'with an adjustment made for the S=3 density. Both ablative
recession

;
tion coefficients are reduced to approximate the test results of Refer-

ira

transpir

\

17 for high enthalpy conditions when gaseous radiation exists,
ence 3-7-

Environmental Effects
Enviro——

Solar Ultra-=Violet and Vacuum Exposure - Samples of
A. 2O

S5-3 were €xposed for

two weeks with no observed change of specimen dimensions, flexibility or
v

easured hardness. Weight loss was between 0.33 and 0.96 per cent (eight
m

pecimens)- No decrease in ablative performance wasg detecteq ConSidering
s

total heat of ablation and bondline terperature rise (ReferenCe 3
o °

7-18).,
g-6 is made with the same resin and is expected to Provide similay be

nhavior for space exposure.

MCDONNER g
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3T 39 (Continued)

B Cold Soak to -320°F - Samples of S-3 made with a modified silicone resin

were cold soaked at liquid nitrogen temperatures for 12 hours. Sudden

exposure of the samples to plasma heating indicated no decrease in abla-
tive performance. Two inch thick panels of S-~3 were photographed with

X-raye before and afver & similar cold soak exposure to illustrate the

lack of any shrinkage cracks or voids. S-6 has an increased solar

absorptivity over S-3 which avoids cold cabin walls during the flight

prior to re-entry. §
E)(,
3.7 3.6 Thermal Design Criteria - Ablative thicknesses were based on the %\
Q
: . N
following meximum allowable bondline temperatures: i\
Maximum Bondline % ‘
Region Temperature Type of Flow E !
Front Face S !
Windward Edge 5800F Laminar ~ 8
Center 580CF Laminar o |
Leeward Edge TO0CF Turbulent % i
o §
Afterbody T00°F As Required (*) 32_ {
3
% The region behind the windward wire bundle, the RCS, and R & R sections e

are computed for turbulent flow. All other afterbody regions are

A
\

computed for laminar flow.

3.7.3.7 Ablative Thickness Distribution and Weight - Figure 3.7-b

trates the effect of trajectory range on heat protection weight for the
illus

. face covered with 5-3, and for the afterbody covered with $-6 ablative

fron
material,
pigure 3.7-8 shows the distribution for the 3,838 n.n. trajectory (L/D - .15,
ne front race s covered With 5-3 (density = Sk 1b./ft.3)) ang the afterbody ig
Turfaced a1th 8-6 (densisy = 32 1b./ft.3). Note that the leewarg OT upper sige
S
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3.7.3.7 (Continued)
i bium alloy
t have an ablative covering. Colum
ical afterbody does no
of the conlca

tection surface.
sed for the heat pro
shingles are u
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3.8 Propulsion System - The propulsion systems for the Gemini Spacecraft con-

t of the Re-entry Control System (RCS) and the Orbit Attitude and Maneuver System
sist o

(0AMS). The Gemini "A" retrograde motors (TE-M-385) are not required for this

mission and are removed from the spacecraft.

3.8.1 Configuration I

3.8.1.1 RCS - The RCS consists of two identical and redundant hypergolic, bi-

llant rocket engine systems, but differs from the Gemini "A" system in that the
prope

ization group is modified to a "blow-down" design and the motor shutoff valves
pressuril

11 heaters are removed. The pressurization group is modified by deleting the
and a

regulator and Package "B" and adding one pressurant tank, one Package "A", and a low

e transducer for each propellant of both systems. In the propellant feeq
pressur

_

the motor-operated shutoff valves are replaced with normally open Pyrotechnic
system,

One of the two redundant systems is shown schematically in Figure 3,8-1, This

but the Thrust,
Assembly (TCA) thrust level varies with propellant consumption as shown in
Chamber

1 i ulse as the regulated pressure system,
elds the same total imp
system yi

Figure 3.8-2.

SUPPORTING STUDIES AND INEQRETAnk

For the large earth orbit mission, the RCS ig not activated until adapter
or

tion. The system is used to provide the impulse for pitech and yaw rate g
Sepal'a 10n.

amping,

11 control of the re-entry module until the main parachute is deployed ang
and ro

the
aft stabilized. The normally open Pyrotechnic valve in each propellant feed
spa,cecr

is then fired to prevent any propellant leakage through the TCA'g during the
line 18 .
hase and the recovery period,
. descent p
final

tinent characteristics of the RCS are shown in Table 3,8-1.
Per

Propellant

ilization is shown in Table 3,8-2,
and utiliza

1oading

gure 3 8-3 shows the location of the tyo RCS rings in the re-ent
Fi ’

Ty modu]le

location and identifying number of the TCA's,
the

and

MCDONNELL
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SCHEMATIC OF RE-ENTRY CONTROL SYSTEM

ONE OF TWO REDUNDANT SYSTEMS
CONFIGURATION |

PACKAGE “'A"’
(2 REQ.)
A PRESSURANT TANK (2 REQ.)

o
m
=
Zz
|
P
>
2
o
m
m
>
2
\'
T
o
2
%
N‘

P P \
FUE(l]_ ;AE\:K) \ LOW PRESSURE TRANSDUCER
. L~ (2 REQ.)
MMH NTO
PACKAGE **D** \
(1 REQ.) OXIDIZER TANK (1 REQ.)
NORMALLY OPEN PYRO VALVE \\/
(2REQ.)
D 0 \
25 LB. TCA NO NO PACKAGE ““C** (1 REQ.)
(8 REQ.) T [
(¢ U J 1 1
] [ [d| bl | [l
o
o <
AN A A A A z P
zZ
mc
_ =
o m
o

LU, B
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THRUST VARIATION WITH PROPELLANT CONSUMPTION
RE-ENTRY CONTROL SYSTEM

MAXIMUM SYSTEM PRESSURE - 450 PSIA ‘r
40

|

x

;

i

30 |

20

TCA VACUUM THRUST - LB

\ §
\ “
N |
S
¢|
]90 20 40 50 80 = E\\
PROPELLANT USED - PERCENT Q)
FIGURE 3.8.2 < |
wy "
=
Qg
S |
b~
v |
TABLE 3.8.1 o |
S i
_
RCS CHARACTERISTICS =
S
CONFIGURATION | &
=
T PERFORMANCE' ————" - S
TCA THRUST, LB. ** |oxIDIZER TANK VOLUME, IN.3 439 '
sPECIFIC IMPULSE, SEC. 266 |FUEL TANK VOLUME, IN.3 o -
LOTAL IMPULSE, LB.-SEC. 9310 |PRESSURANT TANK VOLUME, In.3 -~
OPERATING CONDITIONS WEIGHTS*
1.
OXIDIZER TO FUEL RATIO 3 | PRESSURANT, N,, LB, .
OURCE PRESSURE AT 1 70°F, PSIG 480 |OXIDIZER, NTO, LB. o
AXIMUM TEMPERATURE, o +130 | FUEL, MMH, LB. .
M
MINIMUM TEMPERATURE, °F + 15
. PER RING, VACUUM, STEADY STATE
v VARIES FROM 155 TO 25.5

T TNV RNRRNREREREREEE

MCDONRNEL 1
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TABLE 3.8-2
PROPELLANT LOADING AND UTILIZATION

|
RE-ENTRY CONTROL SYSTEM ‘
CONFIGURATION |

|
PROPELLANT RING A RING B 5

l
PROPELLANT LOADING, LB,
LOADED 37 37
TRAPPED 2 2 |
USABLE 35 35

USABLE REQUIRED, LB,
ADAPTER SEPARATION TO 400,000 FT. .5
400,000 FT. THRU RE-ENTRY 27.0

USABLE PROPELLANT MARGIN
POUNDS 15
PERCENT 27

THRUST CHAMBER LOCATION AND IDENTIFYING NUMBER

RE-ENTRY CONTROL SYSTEM
CONFIGURATION |

—

SUPPORTING STUDIES AND INEQRENTLbk e

-1
~—
i\

SECTION A-A RING A, 7188.77 \% \
RING B, 7183,17
FIGURE 3.8_3
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3.8.1.2 QAMS - The OAMS is a hypergolic, bi-propellant rocket engine system g
that utilizes Gemini "A" hardware design, but differs in configuration from the
Gemini "A" O0AMS due to the change in mission requirements. This system provides
the impulse for separation from the launch vehicle, rendezvous with the target
vehicle, propellant settling in the target vehicle, midcourse corrections, atti-
tude control, and retrograde from the parking orbit if the mission is aborted |
prior to injection into the large earth orbit.

The system consists of three propellant supply groups and two TCA groups
shown schematically in Figure 3.8-h. The three groups provide the system

redundancy at insertion into the large earth orbit for all the required mission

functions after a single failure in any part of the system, and require only a

50 per cent increase in propellant load over the required loading to give 100 per
— redundancy. Interconnection between the pressurant and propellant groups
provides maximum propellant utilization in the event of failure(s) in the system

Through the judicious use of the normally closed pyrotechnic valves in the inter-

the check valves in Package "B"

connect 1ines, » the check valves downstream of

o' and "D", and the motor shutoff valves,

packages total propellant utilization

3
-4
N |
S
L
X!
Q
z
<
Y
B
Q
D
I~
“
@ |
RS
-
Qz
o
Q.
Q.
D
‘l) i

exists in the event of either a total loss of either Source pressure supply or

erious propellant leakage in either TCA group.
s

pertinent characteristics of the OAMS gre shown in Table 3.8<3 Propelia, t
8 n

and utilization are given in Table 3.8-l,

Loading The propellant ig utilized ip

with a single failure,

5 manner that, there is always sufficient propellant

jlable to complete the remaining mission functions.,
ava
rigure 3.8-5 shows the location of the two TCA groups 1y tpe adapt
er and

: dentifylng number of each TCA.,
the 1

MCDONNER 5
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SCHEMATIC OF ORBIT ATT\TUDE AND MANEUVER SYSTEM
CONFIGURATION |

PACKAGE ““A’* (3 REQD)
PRESSURANT TANK

(3 REQD - 15.2 IN DIA)
REGULATOR (3 REQD)

NORMALLY CLOSED PYRO VALVE
n /—PACKAGE “B** (3 REQD)

n (8 REQD)

L1930 HLYVI 94V ~ INIW39O

e | o g
k NC b NC
NC g — NC
2 MMH MMH NTO NTO NTO MMH NTO
0
8 = - 5 CHECK [
FUEL TANK \_ _J__x VALVE
D
; : B ¢ (4 REQD - PACKAGE *D” PACKAGE “C” /(6 REQD) |
m V 20.1 IN DIA)— Y 20.1 IN DIA) ' (3 REQD) * (3 REQD) v v
M -
~ e | Px NC
e — NC
M M M
T~ MOTOR SHUTOFF VALVE (4 REQD) M
1\
£
P P J J NJ J 2 P 4 J 7 a4 2 d 25N J
3 [h_L NT YL N 3 [ 51 3 bl | 3
MIDCOURSE AND NO NO MIDCOURSE AND
ATTITUDE ATTITUDE
L NORMALLY OPEN PYRO VALVE (2 REQD) 2
J J Jd¢Jg J L
- 100 LB. TCA (8 REQD) ST N N 5T N = O
—_— el
L34 f < -
= —_——85LB. TCA (2 REQD) SPZ
m 25 LB. TCA (16 REQD) me
G .g.) p—y r% [0¢]
! co X N
2] | w o W
= & DOCKING AND MOORING

— —
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TABLE 3.8.-3 |

OAMS CHARACTERISTICS !
CONFIGURATION |

i
r”f PERFORMANCE*
I
100 LB. TCA 85 LB. TCA 100 LB. TCA ¥
AFT FIRING  23LB.TCA  pyp FiRING RADIAL f
i
94.5 23.0 79.0 i
THRUST, LB. i E
<PECIFIC IMPULSE, SEC. 280 250 280 280 :
I 1.6 0.7 1.6 1.6 B
C\FE. SHE 1000 4 425 147 220 i
1
P ;
TANKAGE OPERATING CONDITIONS
IDIZER TANK VOLUME, N3 16,520 SOURCE PRESSURE AT +70°F, PSIG 3000 ‘
. :
JEL TANK VOLUME, N3 16,520 REGULATED PRESSURE, PSIG 295 é
F
ZESSURANT TANK VOLUME, N3 5,085 MAXIMUM TEMPERATURE, °F +120 3
P
MINIMUM TEMPERATURE, °F +15 j
WEIGHTS .
Q.
LB 5.7 _
PRESSURANT, He, LB s\
OXIDIZER, NTO, LB A 2
4441
LB. : X
FUEL, MMH, v
|
TABLE 3.8-4 Ql
PROPELLANT LOADING AND UTILIZATION B
v |
ORBIT ATTITUDE AND MANEUVER SYSTEM Q |
CONFIGURATION | l%
Q<
PROPELLANT WEIGHT, LB. 2
- 4
S ROPELLANT LOADED 5
O DED 1141.4
T ELE 1116.5
UIRED
UsABPLAEREE?ON FROM LAUNCH VEHICLE (\V 10 FPS) oo
SE \V 40 FPS) 3
ON ERRORS ( 36.
'NSERIT_IARIZAT'ON AND RENDEZVOUS (\V = 120 FPS) 108 :
C‘RCUING GO.AROUND AND DOCKING (\V = 150 FPs) 1337
B??:(TUD'E CONTROL DURING RENDEZVOUS '
A 1STURBANCE TORQUE 25.3
> \BLISH ATTITUDE AFTER INSERTION s
ESLD ATTITUDE DURING DOCKING 12.7
HONSTAGE PROPELLANT SETTLING 5‘6
TRDACOURSE CORRECTIONS (\V ~ 458 FPS) 3934
Ml L 5
E CONTRO
ATTI;_%?QBANcg TORQUE (DURING MIDCOURSE CORRECTIONS) 4.6
D ENT .
ORM ALIGNM
PLQ,TTFATTITUDE (ROLL RATE .6 DEGREE SEC., PITCH AND 20
oRYAW .3 DEGREES) V2%
Y
9 CROPELLANT MARGIN (50°% OF USABLE AFTER LEO s
USABLE N) 248.9
|NJECTIO -
— |
MCDORRNELL
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TCA LOCATION AND IDENTIFYING NUMBER
CONFIGURATION |

100 LB. TCA
(4 REQD)

7103.44

Z13.44

LX

SUPPORTING STUDJES ANDF{({IA:{GQU\&.'CM\

25 LB. TCA

—85LB. TCA

(2 REQD)
7112.74 \
— 100 LB. TCA

(4 REQD)

FIGURE 3.8._5
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3.8.2 Configuration II

Bxl50..
i described in Paragraph 3.

RCS is the same as

1 RCS - The

3.8'2' —

; ° 8 ° 2 °

rr i S
CO

is basically the same as the system described in Paragraph
The system
entry-

t for the removal of two propellant tanks and the forwar g
e O
3,8.1'

1 TCA's. The system is shown schematically in Figure 3.8-6.
slationa
and tran

i .8 °
cteristics of this configuration are given in Table 3.8-
nent chara 5
Perti

ding and utilization are given in Table 3.8-6.
lant loa
propel

- s
E'j gu.re 3'

MCDONRNERL 1
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SCHEMATIC OF ORBIT ATTITUDE AND MANEUVER SYSTEM
CONFIGURATION 1\

PACKAGE ‘A’

PRESSURANT TANK (3 REQD)
(3 REQD - 15.2 IN DIA)
A A A
[T__J R] PACKAGE **B"” [‘L]
(3 REQD)
REGULATOR (3 REQD)
B B B
AR NCI - NC
NC A NC n,
MMH NTO MMH
\— OXIDIZER
TANK (> REQD: -~ (3 nggELon?r:ﬁ
C 20.1 IN DIA) ED DIA) DJ
PACKAGE “°C"’
PACKAGE °°D** CHECK VALVE (3 REQD)
(3 REQD) (6 REQD)
/ } o D g
NC
i NC

s
il

MOTOR SHUT-OFF VALVE

(4 REQD)

[

4

SRS

MIDCOURSE AND
ATTITUDE

{ { {
gjg]/ué REQD)

25LB. TCA

™~ 100 LB. TCA (4 REQD)

SUPPORTING STUDIES AND INEQREATEQ s

NC
(_J\NORMALLY CLOSED PYRO M

VALVE (8 REQD)

M

MIDCOURSE AND
ATTITUDE

G

Y
i
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TABLE 3.8-5

OAMS CHARACTERISTICS
CONFIGURATION ||

T PERFORMANCE* TANKAGE
. OXIDIZER TANK VOLUME, IN.3 12,390 ‘
e g 94.5 | FUEL TANK VOLUME, IN.3 12,390 i
SPECIFIC IMPULSE, SEC. 280 PRESSURANT TANK VOLUME, IN.3 5,085 b
0/F - f
LIFE. SEC. 1,000+ WEIGHTS
I — PRESSURANT, He, LB. 5.7 :
THRUST, LB 23.0 | OXIDIZER, NTO, LB. 415.8 Rl
SPECIFIC IMPULSE, SEC. 250 FUEL, MMH, LB, 312.1 ;
i 0.7 5
OPERATING CONDITIO <
LIFE, SEC. - N ¢
SOURCE PRESSURE AT +70°F, Psig 3,000 .
REGULATED PRESSURE, P$IG 295 :
MAXIMUM TEMPERATURE, °F +120 y
MINIMUM TEMPERATURE, °F +15 N
*VACUUM, STEADY STATE .
'\‘

=

TABLE 3.8-6
PROPELLANT LOADING AND UTILIZATION

ORBIT ATTITUDE AND MANEUVER SYSTEM
CONFIGURATION |

ELLANT e
(’/—— PROP WEIGHT, Lp.

SUPPORTING STUDIES AND /NEQR

L e P s [

PROPELLANT LOADING -
LOADED 727.9
TRAPPED 17.7
USABLE 710.2

\'\.
UIRED
SABLE R:SQE CORRECTION (AV = 458 FPs)

cou 375.0
M TUDE CONTROL
AT s TURBANCE TORQUE (DURING MIDCOURSE CORRECTION) ;
D ENT 3.0
RM ALIGNM
PLAITTFgTTITUDE (ROLL RATE .6 DEGREE/SEC., PITCH AND 1.8
Y
CONTINGENC 47.7
| — N N (50%) (REDUNDANCY, EARTH
PELLANT MARGI ' \
UsABLEERCARgloNS AND EXPERIMENTS) 236.7
0BS
\J\J

MCDONNELL




GEMINI — LARGE EARTH ORBIT

TCA LOCATION AND IDENTIFYING NUMBER
CONFIGURATION ||

MCDONNEL

REPORT NO. B743

VOLUME |
19 JUNE 1945

i‘

|

i

100 LB. TCA
(4 REQD) )
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¥
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|
3.9 Reliability Analysis |

o J e

8 bability of success. The new mission requirement has defineg con-
. is .983 pro
mission is

B
iated with the present Gemini flights. The reliability analysis was

t associ

ditions no

ds a reliable resolution to these new situations, and a system analysis
; d towards
directe i

" " . . db fOI thiS I isstn 3
(o]

i
ritical, thus weight became the major reliability tradeoff consider- ‘
ight as ¢ ’

1aunCh we

New conditions considered were:
ation.

for Astronauts - Considers 500 BTU/hr./man,
A. 0Oz 1o

1000 ce./min. cabin leakage

level, and a 7-day mission duration. The ECS 0o Supply is backed
at sea level,

equivalent Op supply. Either 0o Supply can be used by the
.han
up wit

auts. Probability for having 02 available is 0.99798.
astron .

Astronauts - Considers minimum H20 required to be 53 Pounds.
0 for
B. H2Y

lnimum Ha0 is 0.99958,
for 106 pounds. Probability for minimum Hy
has capacity
System

sure - Considers astronauts unable to survive long periogs in
i es

abin Pr

c. Cabin ITP5-"—

its without food and the degradation effects on the ECS system
"hard" suits

ithOUt cabin pressure.
W

SUPPORTING STUDIES AND INEQRGATIOM. ..

Sufficient 02 is provided to accomplish two cabin

izations even if one of the Oo supplies fails. Assuming cause for ’
uri 2
rep['ess o
urization can be corrected, cabin Pressure Probabilit is
r y
depress

<99660.

Considers five maneuvers with attitude control for midcourse
0AMS - on
D' cmm—

tions, and attitude control to meet therma] Tequirementg during coast,
1015,
correc

ents can be met with a single failure each of the OAMS
Requirenm

nt, propellant, and thruster. The major midcourse corr
urant,

ection wily %
de in the first ten hours; ir Successful, the OAMS for the rem&ining i
be made

n is extremely reliable,
o)

Probability for meeting the m
missi

inimum TeQuire.
for maneuver and attitude is 0.99700.
(o]
ments

MCDONNEL‘_

377 .



REPORT NO. B743 )

VOLUME |
GEMINI - LARGE EARTH ORBIT 19 JUNE 1965

3.9.1 (Continued)

E Electrical Power - Total power requirements for the mission could be 8

handled by two fuel cell sections. The system has three fuel cell |
sections giving a probability for adequate pover of 0.99858,

F IGS, ACME, and Telecommunications - Considers DSIF command and/or voice
° 2

to be required for correct spacecraft alignment during maneuvers. Three
DSIF voice paths, ACME redundancy, redundant sun-star Sensors, Inertial
Reference Package as backup for the IMU platform, and a manual sextant
have been included to achieve the reliability goal. Probability for

naving adequate knowledge for midcourse corrections is 0.99800.

9.2 Probabilities - The over-all probability for completing the mission
3.9.2 IIoPoemsme—

desired modes, and for completing the mission without catastrophic failure
in its e

is presented below.
r system) 1s
by ma.jo

Configuration I

SUPPORTING STUDIES AND /NEQRGATLOLL ...

System Desired Mode Safe Mission
communications 0.99996 0.99996
<99906 |
ACME . 999 +99906 ‘
.99LLo
OAMS o9k +99700
ECS +99347 .99517
Electric Power '99858 .99863
.98668
1GS 2 .99822
Rada'r & 99963 N -
RCS +99969 -99969 |
Landing 95520 +99528 I.
A1l the rest 99900 +99999 E
For the spacecraft 0.96618 9;2§§9§
MCDONNEL
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Configuration IT

Desired Mode Safe Mission
System —_—=2
Communications 0.99996 0.99996
- 99906 « 99906 ‘
ACME ? P
.99668 «99700 L
OAMS 9 77 ; ‘
99347 99517 P
ECS
Electric Power B 77803
.98989 . 99877
IGS
« 99969 «99969
RCS
) «99528 .99528
Landing
. 00 ‘ \
A1l the rest e w898 L
For the spacecraft 0.97188 0.98363

gingle Point Failures - System evaluation for "eriticaln single point
in
3,9.3 Singl

:solated several failures which are under further study for elimination
. es has 1
fallur

ing within the tradeoff criteria for weight, Schedule, cost, and
inimizl
rmln

SUPPORTING STUDIES AND /NEQRGATIOL

and/o , |
se are: ;
1iabilitye The |
re calbin drinking water system. |
a
A. ECS Op lines and connections in the high pressure areas,
Conm'lon
B.
nsor.,
tial pressure se
COZ par
Ce
1,08 Canisters
i ) -
> 0, excessive use points - demand regulator, cabin Tegulator, capip
ECS-U2
E.

lves 9 etc ° !
ted vé
moun

MCDONNERL
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SUPPORTING STUDIES AND INFORMATION
L.

4.1 Trajectory Analysis.

Trajectory - The circumlunar trajectory used in this study as
inal Tra
L.1.1 Nomin

: figure 8 type and is shown projected on the equatorial plene: fn
a nominal is a is particular trajectory is based on a direct launch. The date
Figure 4.1-1. Thl: io the moon is chosen to be consistent with a southern
of closest approac on along with the moon being near perigee: the former
geclination of the m:or a direct launch from a northern latitude and the latter
being & requirem:n:m an energy requirement viewpoint. The close approach
peing desirable fr

in |
istent with a trip time less than seven days and a landing

is consis

distance

ific Ocean.
tern Pacil
the eas
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NOMINAL TRAJECTORY PROJECTED ONTO EQUATORIAL PLANE
!
DATE OF CLOSEST APPROACH TO MOON

Y
,7
S OF STATUE MILES 7 0 ]
RE IN THOUSAND # -
COORDINATES A o _40 -20 o - 320 +40 +60
0 il l l l
120 =10 i | [ X, VERNAL EQUINOX
720 INUMBER CONDITION TIME, HR.
S ek
0 INJECTION 0.
FIRST MIDCOURSE CORRECTION 10.
-40 2 ENTRY INTO MOON'S SPHERE
OF INFLUENCE 58. r
3 CLOSEST APPROACH TO MOON 73.
4 EXIT FROM MOON'S SPHERE
=60 OF INFLUENCE 88.
5 INTERMEDIATE CORRECTION
DURING RETURN LEG 130,
- 6 LAST MIDCOURSE CORRECTION
p PRIOR TO RE-ENTRY 145, f
7 RE-ENTRY 148.1
\.
-100
-120
—-140
-160
-180 .
@2 |
(> f
3 @4 !
—_200 i
i
F
IGURE 4.
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.2 Aerodynamics

R ntry Aerodynamic Characteristics - The re-entry aerodynamic data
4.2.1 Re-€

" . . 1"
studies are based upon Gemini wind tunnel data, "modified" to
these
used in

flight test aerodynamic data acquired from the GT-2 and GT-3 flights.
the 1
reflect

Mach number tested in the wind tunnel and verified by flight test
imum Mac
The maX

25 Re-entry following lunar return will result in Mach numbers as
Mach .
data wés

F the current study, the aerodynamic coefficients above Mach 25
40. or
high as

ptained by extrapolation.
re O

" jc lift-to-drag ratios were investigated for this re-entry
son
Two hyper

They are L/D of .25 which corresponds to a trim angle of attack
ation.
Configur

tely 15 degrees at Mach 25, and an L/D of .15 with a corresponding
; e
approximé
of &P - wiiaRe B Mach 25 of approximately 9 degrees. The L/D of .25
a
R ngle O s 2
trim angé ermissible re-entry corridor when roll modulation is possible,
p

provides & wider

ts in larger touchdown footprint capability. However, the maximum
ults

lso res
and &

which are associated with the higher L/D require greater amounts
es

. sed rang

dlsper

heat protection. In addition, the larger angle of attack for the
raft hea
pacec

ires more afterbody heat protection. The L/D of .15 is attractive
i

L/D requ

nigheT / " The lower values of maximum dispersed range and the lower
reasons.

for seversl

ttack both reduce the required heat protection. Also, this is the
f a

. nglé ©

rim a

being employed for the manned missions in the present Gemini pro-
.+350n b€l
ndltlo

t

grim €°

s considerable flight test data will be available for this L/D to aig
Thus »
grel:

of the re-entry performance. The final decision on the re-
jction
red1C
oy the P f course, depend on the results of more detailed studies tg
1, O
p will,
entry L/ 1y the amount of touchdown footprint required.
_—
e prect

in . .
determ t, additional wind tunnel testing of the spacecraft re-entry
any event,
In

.« required to help define the aerodynamic characteristijcg above
o 1S

gtion
rigur
cor

MCDONRNERLL
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L.2.1 (Continued)
Mach 25. Configuration changes such as the redesigned R & R section requires

additional testing at Mach numbers less than 25. A preliminary investigation of ,

the required range of test Mach numbers and Reynolds numbers indicstes that this

ing cen be done in the McDonnell "Hotshot" wind tunnel facility. Some

test

development work is needed in this respect since the higher Mach numbers require

the use of hydrogen gas in the tunnel. This approach is, however, straightforwarg

and cen be incorporated into the McDonnell facility with minimum tunnel modifica-

tion.
4.2.2 Re-entry Considerations

. Bes1 Flight Path Angle Boundaries - Re-entry velocity - flight path )

e poundaries are based on constant lift (zero or full) re-entries and are
an

pown for L/D's of .15 and .25 in Figure L.2-1. These boundaries define con-
sho

— yhich are: (a) maximum skipout altitude of 400,000 feet, and (b) maximum f
il re-entTy ljoad factor of 10 g's. The skipout altitude is limited to 400,000 |
P A the re-entry flight path angle accuracy required to control skip alti-
£e srohibitive for higher altitudes.

pecomes Pt The 10 g limit provides g B

tudeé

e nargin relative to the human acceleration tolerance limit shown in

pigure .25

k)
B
)
4
4
4
J
]
4
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SKIP AND LOAD FACTOR BOUNDARIES FOR SUPER ORBITAL RE-ENTRY

CONSTANT LIFT (NO MODULATION)
30° INCLINATION

LARGE EARTH ORBIT GEMINI

L/D = .15
-8 :
w k
AAVANA AN AN _
2 R O e e i - |
=k WA LA e\
£e e PSS SN “
O - \ e
:g_ \A-\A' | A .-r\'ﬂ“"—v\ e TR0 VAN
L8 10g BOUNDARIES Kﬁ\qm
5 1 = S|
- c . ﬂv \\ v \
oy : L 400,000 £ 1.
£ = SKIP BOUNDARIES
o
Z W
w o
s |
L o2 s et MAX,. LIFT ]
i .
r
}—
%
28 30 32 34 36
v gr—_—f 2 INERTIAL VELOCITY -V, - 1000 FT./SEC. AT h = 400,000 FT. 38
[ l | l | | I | | | 1 l !
= 26 28 30 32 34 =
24 APPROX. GROUND REFERENCED VELOCITY - 1000 FT./SEC. !

L/D = .25 I

AL RN R AR AN AR S MUK SO SRRCARARA aas r ]

2%
S CSOONN
g e CEET ARV NN

S0 00 s e

SR veR R

M 400,000 FT.
%WP BOUNDAR|Es
\

\
O

— ]

- Y - DEG. AT h = 400,000 FT.
A

EARTH REFERENCED FLIGHT PATH ANGLE

\
A ;
INERTIAL VELOCITY -V, - 1000 FT. 'SEC. A 6 4
074 ! T h - 400,000 FT, 38 L
| | | | | | l | | :
24 APPROX. GROUND REFERENCED VELOCITY - 1900 FT./SEC 34 A
FIG
URE 4.2
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tinued)
4.2.2.1 (Contin LARGE EARTH ORBIT GEMINI

COMPARISON OF GEMINI RE-ENTRY ACCELERATION AND
HUMAN ACCELERATION TOLERANCE LIMIT

100
80— :
60— |
40 — EYEBALLS IN ACCELERATION
HUMAN TOLERANCE LIMIT
; REF.: NASA TN D—337
-m
$ ul— )
e 4—__4222222/;
(O] S L
Z 10— S ——
o
- N
[~ TYPICAL GEMINI RE-ENTRIES ><
5 AT SUPER CIRCULAR VELOCITY A\
w L / |
o 4 | MAX. LOAD FACTOR =10 g's —///
P-4
MAX. LOAD FACTOR = 15 g's —/
2
1 - 04 .06 .08 .1 2 4 6 .8 1.0 2.0 4.0 6.0 8.010.0
‘o1 . TIME, MINUTES
FIGURE 4.2_2

e-entry velocity approximating return from a circumlunar trajectory
For & T€-

35,000 ft./sec.), the usable flight path angle corridors for L/D = 15 &nd
(Vg = )

o5 ave 1408
’ Re-entry Range and Touchdown F
5 .

nd 1.88 degrees, respectively.

ocotprint Analysis - For g lunar retyrn
h.2.2¢

. thin given flight path angle boundaries, considerable variation of
try wl
e-en

; associated touchdown footprint is encountered .,
and the
range J

g In choosing g

cry flight path angle, several factors must be considered. The
pe=el

sectory dispersions, about the nominal, must Permit Neither g

. eater than that for which the s

gispersed range &7 Pacecraft heat proteq_
maxim ' 4. nor an inadeguate minimum dispersed touchdown mane
5 dcb‘lgnb 2
iS5

NLt! ENEIVVLY

uvering
iont : e-entry flight path angle shou . _
t .. e pominal T y g ld also permit simple
EPrL
foo
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L.2.2.2 (Continued)
try control techniques to insure safe return of the spacecraft and crew
-entry
manuel re-e

touchdown control guidance failures.
for

inal touchdown footprint length aveilable at g given nominal re-entry f
The nomlna

th angle is defined as the difference between the maximum range (from
f‘light'patry point at 400,000 feet to the point where the spacecraft passes through
e t) end the minimum range; both subject to the skip and loag factor con-
10,000 7 ed above. The minimum dispersed footprint length is €qual to the
. s ¢
straints dlscu% - S e s o B anticipated RSS dispersions on each end of
nominal footprin

tprint. The maximum dispersed range is equal to the nominal maximum
‘nal fOO °
the noml

nticipated Root Sum Squared dispersions. Within the maximum Life
lus the a
range P

10 g's and 400,000 feet skip altitude, maximum range is attained by
ijes for
pboundari

+ full 1lift. For shallow re-entry flight path angles between the
constan
flying

kip boundaries for constant full and constant zero 1ift, maximum
£ 1ip

000 feet S

400,

int is attained by following an optimized 1ift variation,
n footpri

il.eq,
touchdoV

ttitude. Within these boundaries, for any lift fraction (
11 a °
ated 1O

other
modul

dulated roll program is mandatory in order that re-entry con-
mo

ero), &

than 2

t violated. The modulated 1ift re-entry in the region of more
. s are no )
stralnt flight path angles provides more range than that achieveqg by
try
re—en
shalloV 1ift re-entries with identical re-entry constraints., 1p a
t
" constan
fFlying (modulated roll), the minimum range may be shorteneq without
m
manner

ilar r
Sim the re-entry ConstralntSo
ating

viol ).2-3 shows the variation of the pertinent range and footprint
. re o7
Figu e-entry flight path angle for a lunar return ré-entry, These
with re-
eters
ram

resented for L/D of .15 and .25,
Y
s are

The assumed eryy

NLr cENLIve ey

ors contributing
Paramete

i are:
g footpring dispersions
e an
rang

tO

ﬂGCW)QDNHUEM_L

=7
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TOUCHDOWN DISPERSION ANALYSIS WITH MODULATED LIFT
LARGE EARTH ORBIT GEMINI

DISPERSION ANALYSIS BASED ON USE OF ON-BOARD VISUAL TRACKING DATA
(ASSUMES GROUND BASED TRACKING DATA NOT AVAILABLE-FAILURE MODE)

12— L/D=.15 | | | | |
RE-ENTRY CONDITIONS:
\ hg = 400,000 FT. —_— b
10— \ Vg = 35,000 FT./SEC. (GROUND REFERENCED) f
\ RE-ENTRY CONSTRAINTS OF 400,000 FT. SKIP OUT ;
AND MAX. LOAD FACTOR OF 10 ¢'s
8 N | | |
= \\ 1 — MAX. RSS DISPERSED RANGE
Z | N /— NOMINAL MAX. RANGE
S 6| N\
b=t \ —— NOMINAL FOOTPRINT
MINIMUM RSS FOOTPRINT
a - SO N —
(&) 4 R il B \
v 4
) 1
\ Y FOR CONSTANT
\ FULL LIFT 104 A
0 R y FOR CONSTANT ZERO LIFT RE-ENTRY
400,000 FT. SKIP ITE-ENTRYl
| |
~6.0 -6.2 -6.4 -6.6 -6.8 -7.0 -7.2 -7.4 -7.6
~2e7 5.6 = RE-ENTRY FLIGHT PATH ANGLE - y - DEG,
- (GROUND REFERENCED) j
N B
T T L/D - .25 ]
24 r”/
—t
—
20— | ‘
|
>. R T L\
16 — | \ —~ MAX. RSS DISPERSED RANGE
= \‘ T NOMINAL MAX. RANGE
z —_—
s ., \§\ | NOMINAL FOOTPRINT
o
- [ MINIMUM RSS FOOTPRINT
ulj Ly — | - .\.\
g 8 — | [ ——
o . - s ;
—t y ]
/—‘rr” \ ] A
z r\ e 3
\ .').
| d
/,—A—;\/‘ FOR CONSTANT ZERO LIFT ) FOR CONSTANT FULL :
0 400,000 FT. SKIP RE.ENTRY 1  HFT 1olg RE-ENTRY 1 :
'__,._.—g'—af 6.0 -6.2 -6.4 -6.6 -6.8 _7,0\_& )
V——’fé = RE-ENTRY FLIGHT PATH ANGLE _ . . DEG. . -7.4 -y
-457a (GROUND REFERENCE D)
FIGURE 4 5_,
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§.2.2.2 (Continued)
entry flight path angle + .2 degree
Re--lure condition - no ground track-
(Fal information. Midcourse correc-
1ngn;nby on-board visual observations)
tio
° i h
c.G. Uncertainty t .1l inc
Error + 25 per cent of ideal range
ic Uncertainty #
Aerodynam
Error + 10 per cent of ideal range when
on-board ComPULexr skip above 400,000 ft. is
impossible.

+ 20 per cent of ideal range when
skip above 400,000 ft. is
possible.

entry POSition Error i 73 N.m.
Re-
errors resulting from these contributions were Root Sum Squared to
e
The rang
ne dispersions used in this analysis.
the
obtain

)y.2-3 shows that the larger L/D and more shallow re-entry flight path
Figure ™°

in greater footprint capability but also have larger maximum dis-
ult 1

In order to minimize heat protection weight benalties, an L/D of

d The L/D of .15 results in angles of attack approximately five
rede.
prefer

15 18

than that for L/D = .25 and, consequently, afterbody heating is
1ess
rees

gdition, the .15 L/D corresponds to the basic Gemini trim attitude
a

a. Ir
reduc®€ e flight test results are available. Obviously,
h aero

within the
for whic

where these data are applicable, it is possible to more confidently
ime

: sht reg

£118

nce.
Pacecraft performa
s
ct

predi ion of a nominal re-entry flight path angle of -6.65 degrees for
The gelection

.m results in the following re-entry characteristicsg when consider
D tri s
r the failure condition where ground tracking information is

(midcourse corrections and navigation accomplished by on-boarq

bservations)'
o
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L.2.2.2 (Continued)

. Maximum dispersed range (from 400,000 ft.) = 2,600 n.m.
. Nominal touchdown footprint length = 900 n.m.
. Minimum dispersed footprint length = 2Zero n.m.

The normel mission minimum dispersed footprint is increased to approximately

300 n.m. when ground-based tracking is available throughout the entire flight to '

update the on-board computer. For this case, the range of permissible re-entry

Flight path angles is still + .2 degree about the nominal. The actual flight path

angle can, however, be determined to within + <0l degree for computer update

The -6.65 degree nominal re-entry angle for .15 L/D trim provides flexibility

-entry control technique. In the event of emergency conditions where

in the re€ ‘
guidance displays necessary for modulated 1ift re-entries are not available to the

— constant 1ift (attitude) re-entries are possible. Within the possible

. 2 gegree f1ight path angle band constant, maximum 1lift will result in re-

;ntries which will not violate the 400,000 ft. skip or the 10 g boundaries. Even

for & constant zero 1ift re-entry at the steepest re-entry flight path angle

possible (-6.85 degrees), the maximum load factor should not exceed 15 g's. The

10ad factor-duration profile for the re-entry is still within the acceptable human

tolerance region as shown in Figure 4.2-1, and spacecraft structural limits are

not Violateda

NnNLr enbIvvveLo
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GEMINI — LARGE EARTH ORBIT

,.3 Abort Considerations

General - The abort considerations for Configurations I and IT tentative-
L}aBOl —e—rl—-———-

t] y the aPPaI enb pI Oblem' areas, Ihe abOI t CO]IS. i derations fOI' CO i gu i ons
i 'f n‘l r t
and lden atl

d II are summarized in Table 4,.3-1,
I an

Configuration I - The existing Gemini ejection seats are used for off-the-
403"2 g

altitude escape. While this system retains the original 70,000 ft, design
d low
ped &0

bility, the current GLV ejection criteris are used; that is, a preferreqd
: i capabi s
ejection

altitude limit of 15,000 ft., and a permissible 45,000 ft. high altitude
mode upper

it for some abort conditions.
1limi launch phase altitude range of 15,000 ft. to 300,000 ft, no positive
For the la

is provided, but the launch vehicle reliability does Justify considera-
stem 1
escape SY

a ride-it-out philosophy.

The ride-it-out procedure requires additional study
tion Of

uld likely consist of shutting down the booster ang delaying a pre-
put it wo
effort

gth of time before physically Séparating the spacecraft from the
ined len
determl

e of the upper portion of this altitude range,
In som

dynamic pressure may

he delay to a level where OAMS thrust would be helpful in Separating the
. + e

during v in
decay

In the higher dynamic pressure region,
n

the booster will assume large
gpacecraft.

k and possible structural breakup following thrust termination. The
f attac
angles © dynamic 1ift associated with angle of attack, however,
{ aero
craf
spac®

does aig Space-
eparation from the booster,
1 s
latera

craft

000 ft., the spacecraft OAMS is yseq ag the escape system af
300,
Above

ter launch
mst is tern]j_natedo
th

vehicle

nNer enbIve e

o reorien
X

AMS o
rmed with the 0
rfo
pe
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TABLE 431

ABORT CONSIDERATION SUMMARY

CONFIGURATION |

METHOD OF ESCAPE

NOMINAL ALTITUDE
AND TIME RANGE

COMMENTS

EJECTION SEAT

0 TO 15,000 FT.
0 TO 50 SEC.

SAME SYSTEM NOW USED IN GEMINI PROGRAM.

DESIGN PROVIDES EJECTION CAPABILITY UP TO 70,000 FT.

15,000 FT. MAXIMUM ALTITUDE REFLECTS CURRENT UTILIZATION OF EJECTION SEAT IN
GEMINI PROGRAM.

15,000 TO 300,000 FT.
50 TO 187 SEC.

LAUNCH VEHICLE RELIABILITY PERMITS THE CONSIDERATION OF A RIDE IT OUT PHILOSOPHY

SPACECRAFT OAMS

300,000 FT. TO END OF
LAUNCH PHASE
187 TO 340 SEC.

DYNAMIC PRESSURE NEGLIGIBLE.

OAMS THRUST SUFFICIENT TO SEPARATE SPACECRAFT FOLLOWING LAUNCH VEHICLE
THRUST TERMINATION.

SPACECRAFT TURNAROUND AND OAMS RETROGRADE NECESSARY FOLLOWING ABORT
DURING LATTER PART OF LAUNCH PHASE.

SPACECRAFT OAMS

LOW EARTH ORBIT

ABORT ACHIEVED BY SPACECRAFT SEPARATION (IF DOCKING HAS OCCURRED), AND OAMS
RETROGRADE.

[ SPACECRAFT OAMS

DURING TRANSLUNAR
INJECTION

ABORT CONSISTS OF THRUST TERMINATION, SPACECRAFT SEPARATION, OAMS RETROGRADE,
AND OAMS AV CORRECTION AT APOGEE TO ACHIEVE DESIRED RE-ENTRY CONDITIONS.

SPACECRAFT OAMS

TRANSLUNAR
TRAJECTORY

ABORT CAPABILITY IS DEPENDENT ON THE LENGTH OF TIME THE SPACECRAFT HAS BEEN
IN A LUNAR TRAJECTORY AND THE MAGNITUDE OF THE AVAILABLE VELOCITY CHANGE.
ANALYSIS INDICATES ABORT IS FEASIBLE FOR THE FIRST 30 HOURS OF THE MISSION.

CONFIGURATION 11

EJECTION SEAT

0TO 15,000 FT.
0 TO 40 SEC.

SAME SYSTEM NOW USED IN GEMINI PROGRAM.

DESIGN PROVIDES EJECTION CAPABILITY UP TO 70,000 FT.

15,000 FT. MAXIMUM ALTITUDE REFLECTS CURRENT UTILIZATION OF EJECTION SEAT IN
GEMINI PROGRAM.

ANALYSIS INDICATES EJECTION SEAT PROVIDES ADEQUATE ESCAPE CAPABILITY FOR
TITAN I1IC APPLICATION.

/ LIQUID CORE

STAGES [ & Il

15,000 TO 250,000 FT.
40 TO 150 SEC.

TRANSTAGE

100,000 TO 250,000 FT.
100 TO 150 SEC.

STAGE | OR Il ABORT MAY BE FEASIBLE FOR ACHIEVING ALTITUDE WHERE SEPARATION WITH
SPACECRAFT OAMS IS POSSIBLE,

TRANSTAGE PROPULSION TO ATTAIN ALTITUDE WHERE SPACECRAFT OAMS SEPARATION IS
POSSIBLE. REQUIRES TRANSTAGE FIRE-IN-THE HOLE CAPABILITY.

SPACECRAFT OAMS

250,000 FT. TO END OF
LAUNCH PHASE
150 SEC. TO INJECTION

DYNAMIC PRESSURE NEGLIGIBLE.

OAMS THRUST SUFFICIENT TO SEPARATE SPACECRAFT FOLLOWING LAUNCH VEHICLE
THRUST TERMINATION.

SPACECRAFT TURNAROUND AND OAMS RETROGRADE NECESSARY FOLLOWING ABORT
DURING LATTER PART OF LAUNCH PHASE.

RcrexkeEmvecy
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L.3.2 (Continued)
he mission is aborted prior to the final pcwered phase for the translunar
- the OAMS 1s used to perform a retrograde maneuver. To obtain acceptable
trajectory, ditions from a 100 n.m. circular orbit, a retrograde velocity increment
conal
re-entry imately 100 fps is sufficient,
of approxima ing the final powered phase of the translunar injection is accomplisheq
Abortt::; tirust, separating the spacecraft from the propulsion stage with the
by termina. ing the spacecraft, and performing a retrograde A\V and a small
OAMS, reorient nit apogee. This combination provides acceptable re-entry conditions
veloeity change
ort.
g typet:j iianslunar tnjection is feasible for only a portion of the trans-
e azory as shown in Figure 4.3-1. The technique is similar to that dig-
unar trajec revious peragraph. With the anticipated /\V capability available,
cussed in the P

30 hours after lunar injection shorten the mission time,
8 out to

After 30 hours,
abort

f the circumlunar trajectory results in the shorter mission time,
tion ©
comple

nfiguration II - The escape system for the off-the-pad and altitudes to
Conil
Lo3e3 Conilgurab b —=

the same as for Configuration I discussed in Paragraph Le3.2,
; e

0 ft. is

15,00

ch phase between 15,000 ft, to 100,000 ft., an abort pProcedure ig
he laun
For t

Additional study effort is required in this area,

It is believeq that,
not defined.

malfunctions,

abort is feasible with the liquid core Stages I ang Il
gome booster

for
por exaTPLE?
ght!" contre

stage O malfunction and subsequent thrust termination that, could be
a

1led by ignition of Stage I. This would permit the attainment of
nfli

altitude (low dynamic pressure) where Spacecraft Separation With
trajectory
ch
Jaunl
ibleo.
;s poss

OAMS +

similarly, Stage II propulsion might be useq for Stage I malfune.

rncrernkmecy

| ght pe somewhat limited by its Separation pPerformance under g moderat ¢
mi
put

La pree
dynast
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I
LARGE EARTH ORBIT GEMINI i
TYPICAL ABORT CAPABILITY AFTER TRANSLUNAR INSERTION ‘
REF: NASA TN D-1655
TOTAL TIME FROM INSERTION TIME FROM INSERTION \
1O EARTH RE-ENTRY ASSUMED ~ q WHICH ABORT '
TO BE 150 HOURs, OCCURS .‘,
o 12 . | AV AVAILABLE AFTER 1
I =T s MIDCOURSE CORRECTION
o
=1 - 40 HR. |
< 35 HR.
7 30 HR.
.8 25 HR.
é z 20 HR.
== 15 HR.
(2 .
o | b 10 HR.
D .
x| o
o t AV AVAILABLE PRIOR TO |
“lo 2" FIRST MIDCOURSE CORRECTION
HE I
I.U —
2|7 gp—p———— 800 1000 1200 1400 3agq 1800 2000
P—-
ABORT MANEUVER VELOCITY 4y - pps
FIGURE 4.3_, [
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4.3.3 (Continued)

For nominal launch trajectories, the OAMS propulsion is adequate to accomplish

aborts, necessitated by booster malfunctions, which occur later than Stage I burnout.,

For the launch phase between 100,000 and 250,000 ft., the Transtage was evaluated

as an escape system from a non-thrusting launch vehicle. The separation characteris-
tics afforded by the Transtage propulsion system are shown in Figure 4.3-2 for "F1ight

attitude" malfunctions at three altitudes. The lower three sigma thrust history of

the Transtage engines was used and times are referenced to the firing signal to the

ngine While separation appears feasible at the 100,000 ft. altitude, safety reliag-
& s

pility is believed to be enhanced by riding out failures which occur late in the solig
i

|

A

tor burn. This procedure is considered pPrimarily because of the indeterminable
mo

10ads that may be induced by the exhaust from the thrust cancellation ports of the
o

1id motors as the spacecraft passes near them. Solid motor thrust termination
S0

- initiated any time during solid burn. Certain modifications to the launch
can

1e are known to be necessary,

and other area i {+4 ; .
— reas require additiona] investigation

fore the feasibility of a Transtage escape configuration can pe adequately assesseq
belo 5
these include:

A. Modifications required to provide Transtage "fire-in-the-hole" capability,

Possible bind-up on the Transtage separation railg under lateral loags

B.
c propellant settling requirements for Proper engine ignition after thryst

termination and deceleration due to aerodynami ¢ drag.
5 structural adequacy of Stage IT tanks under Transtage exhaust plum

. (SIY
. propellant impact loads in the Stage I, Stage IT apg Transtage

Aborts during the final powered flight ang after translunar ip

Jection are the
giscussed in Paragraph 4.3.2 for Configuration T,

same &7
y.3.4 Abort Rockets - Abort rockets could be used to improve i
e J e

rerorEmecs

e altitude range where the ride-it-out philosophy is pr
OpPoseq T
. * lable
d deletions ne
. the changes an Ce€ssary to reduce th .
ej

ent)]

ualb
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LAUNCH ESCAPE USING TRANSTAGE

CONFIGURATION 1[I

REPORT NO. B743

I
SE | - 100K® FOLLOWING THRUST CANCELLATION
A OF STAGE O /
CASE Il - 140K* FOLLOWING STAGE O BURN-QUT i
CASE Il - VACUUM CONDITIONS, I.LE., NO DRAG /

]

AN

\

INTERSTAGE RAIL éz
LENGTH - 8.75 FT.
]

\

5 1.0

TIME FROM ABORT INITIATION — SEC.
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TABLE 4.3-2
ONFIGURATION |
VING FOR POSSIBLE CHANGES TO C
ED WEIGHT SA
ESTIMAT

WEIGHT
v (POUNDS) .
-40 |
RESS KITS AND OPTIMIZE EJECTION SEAT ROCKET _
o 4
ESIGN E
xmw_._mcﬂ ANGLE ’ - m
PANCAKE' TYPE ELECTRICAL CONNECTO ;.
E TO* . _
CHANG
E LANDING GEAR FITTINGS
REMOV CK ACCESS PROVISIONS TO LANDING GEAR BAYS )
E QUI ..
REMOV OXY COVERING FROM FLOTATION MATERIAL m
_u |
REMOVE E WUAL SHUT-OFF VALVES FROM COOLANT SYSTEM ) .
E MA
ELIMINAT H CANISTER FOR SPECIFIC MISSION LENGTHS -
LiO
e PARAGLIDER DESIGN REQUIREMENTS AND MOVE EQUIPMENT 58
TE ALL
mr_;_zw.nmmﬂ C.G. CHANGE
100 £ LIGHT WEIGHT CRYOGENIC DISCONNECTS .
PORAT ;
e PARATION SENSING SWITCHES w
vE 2100 SE N
B TOTAL ~150

n
u
J
4
T}
- B
u
L
u
K
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4.3.4 (Continued)

ust two Cherokee rockets. In addition, it would be necessary to reméve at least
add ibs of contingency propellants. These changes are necessary if the Gemini space-
100 t 1; to remain within the launch capability of the Titan vehicles.
craf o TE-M-1L46 (Cherokee) solid propellant rocket motors submerged in the adapter
’Ze approximately the same escape capability during ascent as is realized in the
provi

. wp" program with the four TE-M-385 retrograde motors. A comparison of the
Geminl

teristics of the two Cherokees with the four Gemini "A" retrograde motors
harac
escape ©
lowing tabulation.
in the fol
is shown

t Lateral Separation Longitudinal
Rocke

Time to Achieve
ation Distance, Ft.* Separation Distance, Ft
Configura®==—

. Separation, Seec.

3.4 1.0
- o Cheroke€s i | i o
cemini Retrograde = :
' o time to start "fall-back
o haracteristics of the Cherokee motor are shown below for operation at
Pertinent ¢
el.

6OOF’ B LSV Thrust, lb. 9,580

Total Impulse, 1b.-sec. 11,760

Burn Time, sec. 1.1

Loaded Weight, 1b. The. 1

Manufacturer Thiokol

MCDoNNELL
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L.4 Experiments

Lob.l Television = A television system on this mission is for observati
—_— on
of earth and lunar surfaces, evaluation of television by comparison with phot
oto-
graphs, and monitoring the rendezvous technique for Configuration I

hol.lel Assumptions and Requirements

A. The television system must use the slow scen technique employed in the
Ranger, Tiros and Nimbus systems to reduce bandwidth and provide high
resolution. Investigation has shown the feasibility of employing a
slow scan, high resolution television system.

B. A capability must be provided for storage of 30 to 40 minutes of video
information for mission intervals that lack real time coverage.

The system must be compatible with the unified S-band system and
and a

(6%
slow-speed video tape recorder to minimize the weight.

p. The cemera lens focal length and the shutter rate must also be fixed
to reduce complexity.

g, This system 18 mounted on the adapter and folded out once orbit i
achieved- s

g, The cemers is mounted to "look" forward and make the same observeti

ons

as the CYeWo.

p Jind o2 pescription - The camera, electronics, and video record
oraer are

craft adapter.

red in the SD system has the capability of operati
ng

. the stored video modes. The canm
cme or 1D € camera has t
1 tim WO scan rates t
o

red .
itz bandWidth usage during the real time gng recorded modes. Th
oP d € reduceg
i ;
. rate o7 the record mode allous the video tape recorder tq
468 Operate gt
a

s. The i
am speed of »313 1P real time or playback of tape vig
€o tr&nsm‘ .

maxim N
ducted subsequent to ranging operations since the
aré con television and r .
the $81€ frequency spectrum. *Peing
shat®

MCDONNEL
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b.4.1.2 (Continued)

A summary of the system characteristics that are of Ranger quality is given

in Table Ll— ° l{--l .

TABLE 4.4-1

SUMMARY OF TELEVISION SYSTEM CHARACTERISTICS
WEIGHT 15 LB. (CAMERA AND ELECTRONICS)
POWER 20 WATTS
LINES/FRAME 1150
RESOLUTION ELEMENTS 1000 x 1000
BANDWIDTH 40KC OR 400KC
FRAME RATES 2 SEC. OR 20 SEC,
GRAY SHADES 8

The tape recorder weighs eight 1bs., has playback capabilities, ang g
’ one

—ecord capacity- The recorder is mounted in the adapter ang Provides out
5 buts

pou
o the VAT

- Provisions are made for stowi
ameras owling camers,
2 Camelzs on

(pear earth) or the unified S-band (deep space) systems

t

i -boarg Suitable

raing pilot activity and obtaining still photographs of e earth
rec rth ang

for e gixteen mm., 35 mm. and 70 mm.
a o
y 8Uf

wn are I‘equlred"

1und

MCDONNEL ;.
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E Requirements - The AGE requirements and system test plans follow
L.5 AG

sible the existing Gemini AGE and system test plan. New concepts,
pos
as much as

launch facilities demand, of AGE and test are not considered,
e
cept wher .
ex es to Spacecraft Systems Tests (SST) (st. Louis) AGE ang system
The chang .
minimal. The majority of SST changes are those introduceq by
lans are
test P

tem changes and are of the SCD type AGE installation. Cape AGE
aft sys
spacecr

test plans are influenced by the same spacecraft system changes as
and te
changes

ST and the type of launch complex used. Configuration I has approxi-
ed S

ent of the AGE complexity (amount of redesign and reinstallation)

T C

l 30 Pe s .

ety i curation ITI. Configuration IT requires a major redesign and re-
Configu

as has

of AGE, plus new designed AGE because of the remote monitor/control
1 2

; 1lation

insta

during the countdown and the hecessity for mobile AGE (Van mounted )
ts used
concep

II requires approximately 40 per cent of the effort expendeg on
. suration
Conflgu

i Configuration I requires no remote monitor/control techniques and
1
Gemini "ATe

. fixed (
AGE 18
the

figurations I and IT, respectively.
on

non-Van mounted). Figures Lo5-1 and 4,52 depict major AGE

Table 4.5-1 gives a brief
zasks fOT ¢

AGE changes for both configurations. Pigures 4.5-3 and 4,5.4
. i
tion ©

form typical launch complex activities,

e in bar chart
glv

ral Assumptions and CEEESEEE = Those assumptions and/or ground
4.5.1 Genez= _
rder to develope the following AGE/Test Plans are listeq below,
in O
ade 11 _ .
rulés i de for a particular configuration are listed with that configurg.
me.
ions

11 Electronic-Electrical AGE
A
A,

> €Xxcept that due to SPacecraft change or
of lgunch complex used
tyPe

» Tequirements are Tilled fronp AGE noy

@ in MILA (0/C) building. Minimg modifications o ace

1ocate

gsion requirements are planneq.
mis
the

MCD@NNE&_L
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AGE MODIFICATION/TEST PLAN CONFIGURATION |

CALENDAR 1965 1966
\
i MONTHS . 0 il j
ACTIVITY ———— Weeks Bm; J F " e
55
——1>195(56157(58 |59 [60|61 [62 |63 |64 65 |66 (67 '68|69(70 71 72

ASCERTAIN BAILED AGE STATUS -----cccoannnnnn

| |

|

\

ENGINEERING AGE MODS AND WRITE
NEW AGE SCD =--------=-=m=smm=osocosmsmcooooooeoos

NEW AGE PROCUREMENT --=-=s-snmmmmmmcmeocooos

SST — ST. LOUIS

LEO #1
AGE MOD. MFG. & CHECKOUT
(WEST COMPLEX) ===--=mmmmmsmmmmmmmmne oo
SYSTEM TESTING LEO PHASE | ----=-====mommmmmqe-n ‘
SYSTEM TESTING LEO PHASE Il ----=--===-=----

LEO #2
S/C AGE MOD. MFG. & CHECKOUT
(EXST COMPLEK) =wemmsssaensressssninsinrsussasy
SYSTEM TESTING PHASE | (INCLUDES TDA)

SYSTEM TESTING PHASE 11 (INCLUDES
INTEGRATED TDA TESTS) ----=---=-smnunmnnn

LEO #3
(EAST COMPLEX) ===-======---scmmmomccoooon- i

SYSTEM TESTING PHASE | (INCLUDES TDA) ----

SYSTEM TESTING PHASE Il (INCLUDES
INTEGRATED TDA TESTS)

SHIP #3

EASTERN TEST RANGE
PAD 19
$/C AGE MOD. MFG. & CHECKOUT LEO #2 & #3
PAD 40 f
LEO #1 NO CHANGE | 1
PAD 41 i |
TDA AGE INSTALLATION ENGINEERING -------- +1i
i
|

TDA AGE INSTALLATION MFG.* --------cmecanaan -

CABLE DESIGN +---nsmmmmmmmmmmmmmcmmmmmcme oo - {ﬁ ----- J L O O _ ) l
CABLE MEBLsssrsoscssmsmm st A }’l]} ] - -

CABLE INSTALLATION DWG. ----=---mmm=mmmmmmcme- b L [

CABLE INSTALLATION MFG.* -------- P — - -

COMPLEX 41 CHECKOUT -----------=---mmmmmmceaea Lol

~~d
bt bl EEEEEE EEE EET EET R TR P Syt pupaps PRyips JRy S S i
! ! e e T S o N

*INTEGRATING CONTRACTOR RESPONSIBILITY **LAST TWO WEEKS IN ALTITUDE CHAMBER
A FABRICATE AN ADDITIONAL SET OF CANNED MAN AGE & CABLES

W GEMINI “A* TDA AGE AVAILABLE.
FIGURE 4.5_)

RMCDORRIERL L
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AGE MODIFICATION PLAN — CONFIGURATION Il — PAD 40

"‘"/\
-

IVITY AFTER GO-AHEAD = WEEKS CALENDAR
ACT 1[2]3] 4] s]e] 7] oo Ti2liala T

molge
37 138 [39]40[ 41143
1415 uﬂmmE j” Ez’ﬂ}?’ﬁzs 29l30]31]32] 33[34 35 36{37

7]

|E
\
\
\
)
/

ESTABLISH GEMINI A AGE STATUS

NEW AGE ENGINEERING PLUS LEO MODIFICATIONS —
SST AND CAPE

152]53] 54155565758 Ts0s0

|

CAPE AGE MODIFICATION DUE TO ITL (VANS)
VAN INSTALLATION ENGINEERING

NEW AGE PROCUREMENT

CAPE COMPLEX AND J. BOX DESIGN

VAN CABLE MANUFACTURING

PAD CABLE MANUFACTURING

AGE — MODIFICATION — MANUFACTURING
VAN CABLE AND AGE INSTALLATION MANUFACTURING
VAN CHECKOUT

PAD CABLE INSTALLATION ENGINEERING
PAD CABLE INSTALLATION MANUFACTURING*
PAD CABLE CHECKOUT

PAD SERVICE LINE INSTALLATION MANUFACTURING*
PAD SERVICE LINE CHECKOUT
VIB AGE ENGINEERING
VIB AGE MANUFACTURING
VIB AGE INSTALLATION ENGINEERING
VIB AGE INSTALLATION MANUFACTURING*
VIB AGE CHECKOUT

WHITE ROOM AGE INSTALLATION ENGINEERING
WHITE ROOM AGE INSTALLATION MANUFACTURING*

VIB — VAN INTEGRATED COMPLEX CHECKOUT

SST (EAST COMPLEX FOR FLT. #2 & #3)** ‘ : l ' i
SST AGE MODIFICATION — MANUFACTURING | i | [ o 1

|
SST NEW AGE INSTALLATION ENGINEERING !
SST NEW AGE INSTALLATION MANUFACTURING |
$ST COMPLEX AND AGE CHECKOUT !

*PAD INTEGRATING CONTRACTOR RESPONSIBILITY [ ! '

| | . | |
[ 1 i | | | ! ' ! f | ' z I | ‘
++FLIGHT #1 WILL USE WEST COMPLEX . | Ll I | || .
WITH NO CHANGE o | =

FIGURE 4.5_,

RMCDORNNIEL [ 1+—'»"3



DR o

REPORT NO. B743

VOLUME |
GEMINI — LARGE EARTH ORBIT 19 JUNE 1965

TABLE 4.5-1
AGE REQUIREMENTS VS CONFIGURATION

CONFIGURATION |

CONFIGURATION I
(A)

(B)
REND.-GLV/SC DIRECT - TITAN 11
?YGSETEMS) TITAN 11I/TDA -3 F/C SR/
Y \
e SST CAPE SST CAPE F\ ,
SC-PAD 19 TDA-PAD 41 PAD 40 ,
. ] ’
- N NC NC % NC NC_v
INSTRUMENTATION ZX
| | N, +RADAR | Nz +RADAR B14 N, Ny-V-NC |
COMMUNICATION | AGE ASE NC /N
— | AN
M = M5 V-R-M e W
| e e T Ms 5 5
GUIDANOCLE AND N, Ng-La
TR —
ECS 2
\
RCS My
\1\-‘
B e M, M2 E M2 VeRoL, |
RSS My
\.‘
| e M, M1 B14 My T
POWER 8+IAL Lg=-M, 8
SEQUEN NC NC N-PAD 14 NC $\ '.
CABLING
e S
// NC NC - NC N Q \
SERVICE
\
LINE® NC NC - NC N\C\
_\
AILERS NC B14 ]
| rRARERE e S
MECHANICAL-‘
pPORT
RANS ; T
! LLIES, ETE A B14 NC B e
y NG NR—Lz_V \
AL
sPEC! ]
-—’/ - p— _\
- (N.R.) Ng \\
VANS ——t
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B.

in 0/C and still support the launch checkout
hat can be kept in
Any AGE t )
i ions 'strumentation, and Aero Med AGE
ined. Some Communications S y
are retaine
are in this category.
ble/mobile service equipment now used on Pad 19
ble AGE and porta
All porta
are available.
tor fixed AGE or service equipment, applicable to this mission,
All erecC

urchased new if launch is from any pad other than 19. Thisg
will be P

E is any that requires bolting,

welding, or otherwise
type of AG

nently attaching to structure

hat must be installeqd by the pad
perma.

;ntegrating contractor.
s : d to be of a new simplified design. Because
abling is assume
complex ¢

jmilarity to Pad 19's AGE erd items, the complexity ang number
of the S

for Pad 4O will approximately be the same as for Pad 19,
bles
of ca

pecause of the change in cable lengths and van mounting of AGE
However,

the cabling requires an extensive redesign effort. Consequently,
racks,

rity of the cabling will be new.
o)

. The Gemini cabling group hag
the maJ

i developed new design and manufacturing techniques for cables
artia .
p tion boxes. This new technique wil} be used wherever eXisting
junc
and J

ables are not directly applicable.
ini €
ceminl

]f ex
PIA a mor Il,()l ed A(:(:e[)l,a“()e T est at thE v i
fic]' ent for Or Nill be

ting PIA equipment or standarg laboratory €quipment jg not
is

suf

Repair and retest of equipme

. nt in these cases will pe
gufficl€

Fosed by the Vendor.

er .
p No. 1 will be launched from Pag iq With ngo changesg requir
t o

ed to the
Pad 40.
E then

AG
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Plans Test plans for SST will be identical to those now
Test Plans =
h.5.1.1 222 —=—=

g for Gemini "A". Cape test plans will be identical to those
o

. r plann€

acticed O

pr fications to accommodate the mobile van and remove control/

: difi

d with mo

now us€

ncepts. .
monitor €O tions - Configurations I and II require the use of two launch

Configura
TN

te AGE configurations. The following paragraphs describe each
epara

o
configuratlo ation I - Configuration I requires the use of Pag 19 and
Configur
b.5.2.1 Xo=s————

hanges are limited to those required to satisfy spacecraft
AGE c
pad 19

pad 41. es associated with the Communications, Guidance, and Fuel
t em Chang
primary sys hanges in other systems will be required. Minimum fixeg AGE
Minor C
Se
et
cell ®

d for the TDA. Remote monitoring/controlling AGE is not
§ quire
41 is €
pad
on

transport dolly for the TDA/adapter is required.
A nev

‘red.
requl

teria used for the above plan is:
ite
The ©F

e basic electrical-electronic systems
has the sam
e TDA

as does the
Th
A.
cemini TDA- i
AGE will utilize the present Pad 1l equipment as modified for
DA
The T
B.
¢pis mission:
piguration IT - Configuration II requires the use of Pag Lo,
2 Coimem—
.52 obile AGE and remote launch control techniques which results
s
require
i pad s 19 ACE, plus new AGE for remote control ang monitor. Ragar AGE
: a.
xaging
epac
in T dia
. requir® Configuration I is the most €conomical in y
is B conclusion = L e i
.3 // l ot . U
1.5 S The added complexity of dua] launches wiy not be &
an issi i 1 i
are mission 1n that considergp i i
ard" to the rendezvous L& SXperience W1ll have w
ental ini-Agena launches S
detrlm from the Gemini-Agen . Qc
. ned
obtar
pee”
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Louis Ground Test Plan - A minimum ground test program is
St. Lou
4.6 MAC/

der to qualify modified and reconfigured design areas,
s ~ingted in or
anticipa

ing is a brief test plan by testing categories:
lowlin
The fol

1 Tests - Tests will be run in order to determine aero-
Wind Tunne
lj .6l

tability as well as convective heat transfer in a Mach number
nd sta

ic drag &

dynan

I ith primary emphasis being placed on the 25 to 40 Mach number
0, W

. f 5 to s

regime O

il 1 Tests - Structural tests of the re-entry module will be
gtructura,
y.6,2 StLructbl-=— ————

t qualifying structure which has been modified for therma]
: d a

: directe

smarily

prim

es Addition of propulsion,
POSES .

ECS, and electric bower modules
protection pur

i f the adapter.
. 1 static tests o
additiona
tates

Docking ang maneuvering
necessi TDA to the Transtage will also be verified by test
:pution from the
distrl |
o vous configuration.

por the rends®
o

al Dynamic Tests - Dynamic response investigationg will be
: gtructur
6.3 2

entry module and equipment adapter with dummy equipment
mated re-
of the

madeé gesigned equipment modules will also be Subjected tgo launch
Redes1gn
d.
stalle

in

spectrum v

in order to substantiate the structural dynamic integrity

s pration

i gesign. For the rendezvous version,
dule de

new MmO

dynamic response tests in

of the 1guration will be performed to verify tpe New docking adapter
onf
ored ©

e MO .
* 1 configuration

structura

haracteristics for a range of €xpected hegt fluxes,
al C . .
, therm® i11 be combined vith thermal input 4, check bong gy,
wi
testh
n

d Cchar
io
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s ed)
.4 (Continu - .
+e i tests will be performed at NASA/Ames facility to determine
adiation
Caseous I

products on flux from the shock region ahead of free flight
blative

ce of &

influen

will also be run to determine ablative effectiveness when
t Ames

Tests &

ts.

pelle

levels of combined convection ang gaseous radiation,
al le

to sever

osed

The shear
exp

S-3 effectiveness will be determineg for typical front face
e on o=

influenc

stress

will be performed on S-6 to determine shear stress resist-
Tests

rates.

heating

body fluxes. An outline of ablation tests isg shown in
fter

ected &

ance

Table h.6-1. Control System Tests - Manneg and unmannegd T-day mission
Environmental Co
4.6.5 oY==

ted in order to perform component ang sSystem checkout,
ticipa
are an
tests
ECS

wman simulato
e

f the Ion Exchange Column ang H20 management
ional test o
A funct

ts will be performed to check 02 and Ho0 Supplies ang the
r tests
cr

L'OH charge:
1

ith an estimated electrical loag Profile.
w

111 be run

m Wll

Water analysig
syste

beginning and the end of the test runs. Additiona) ECs
t the Dbe

porated into Spacecraft 3A theyma] Qualification testing,
pe incor
. 3A Thermal Qualification Tests -

Thermal qualification
¢ spacecraft
b.6.6 BEE=——

ist of one unmanned 7
s

-day duration test investigating three
g will co?

testin i orientations. The primary objective Oof the ney testing is
spacec

jator system for a reviseq solar heating input due to
dia

the ré

y

& change

al Tests - Mechanism functiong) tests wily be per
ion

Functl

li B T
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TABLE 4.6-1
OUTLINE OF REQUIRED ABLATION TESTS

SUBJECT

FACILITY

PURPOSE

Us RADIATION FLUX

1. GASEO

NASA-AMES

- COMPARE WITH PR

ON FLUX FROM SH
FLIGHT PELLETS

EVIOUSLY pug
MENTS AND DESIGN THEORY,

EOUS RADIATION IN-

5 -3
2. gtUENCE ON S

EFFECTIVENESS

NASA-AMES

MAC AND/OR VIDYA

o
.

[ MAC

MAC

.
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Tests - Pyrotechnic system demonstration tests wi
chnic Tes yr y

8 Pyrote

4.6. yx ill be

11 new pyrotechnic devices and requalify separation devices
ualify a

ted to g

conduc

1 design changes. Tests will be performed on both actual
tructura

d by s

affecte

and boiler plate simulators. The burpose of these firings
tructure

raft s

spacec

te system compatibility using actual spacecraft structural
demonstrea

pbe to

will

nt mounting. Some flight environment test considerations
d equipme
compone

{11 be included.
W

Drop Tests - Modification of the R & R Section and the
te

Parachu

)4'06’9

te repackaging necessitates supplementary Parachute systeq
hute

in parac

ted mal

rela

development bomb drops and five qualification drops using
arop

! o d.
No. T &re anticipate
ic Noo
statd

ic Tests - IeSting of the DSIF SyStem (
ectronl

10 E;,,_______.__—

h.6-

transponder, poyer

r) will be performed to confiym interface compatibility.
iplexe

. and 4ip

fier,

ility.
tural compat b
struc

jdance and Control - The three
1 Gu
b.6.1

-axis table test wily Serve two

e, to verify the compatibility of the guidance and contyg]
. 0ONne,
urposes: Sidias
primary p to this spacecraft and target vehlcle, and secondly,
. ue
+ unid
o Emr]en

equl ¢ dynamic vehicle motion on the operatigp of this equipme
ts O
grec
ee

to €xamine

Nt. The

teration of the control systen is requireg for p
theé 1f al

TOper Operation
b
vide the necessary data to Modify the Systen
ro F
ill P
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