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‘ Initiated by the NASA and implemented by McDonnell Aircraft Corporatién, Pro: ect 

Gemini is the next logical step in the field of manned space exploration. Closely 

. allied to Pro: ect Mercury in concept, and utilizing the knowledge gained trim the 

, Mercury flights , Pro: ect Gemini win. orbit a two-man spacecraft considerably more ‘ 
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.. SECTION I grACscm mssidn 

' MISSION IESCRIPTIOI _ . .. 

«Fundamentally, the mission of ProJect Gemini is the insertion of a two-man 'space- 

craft into a semi-permanent orbit about the earth, the study of human capabilities ' 7 

 : during extended missions in space, - and the subsequent safe return of the vehicle 

"and its occupants to the earth's surface. 2 Early missions iricluded an (manned 

orbital flight, an unmanned sub-orbital flight, a named 3 orbit flight and a 

manned- }; day flight. Subsequent missions includes rendezvousing and docking with 

  ’ an orbiting Agena spacecraft.- 

" ' MISSION camel-ms 

‘ Specifically, the project an). seek to: ‘ ‘ 

1; Demonstrate the ability of the astronauts and spacecraft to perform in space   

in annual and/or automatic modes of operation. 

. . 2.. ‘ Perform a simulated rendezvous (s/c 5 )  for system qualification, and assess- 

. meat of the genéral problems to he encountered and rendezvous and dqck with 

an orbiting Agena during missions of s/c 6, 8, a. 9. 

'1.» Evaluate the adequacy of the spacecraft major systems, such as environmental . ' . ' . 

control system, the electrical power system. commnications system, etc. 

'- h. Verify the functional relatiopshma 92 the manor. ayatems and their integratién‘ 

info the spacecraft. 

' 5.. Determine man": requirements fieceséities, and performnce capabilities in ‘8. ' 

space environment, for future extended missions. ' 

6. Determine Juan 3 interface problem , and develop operational techniques for the 

= most efficient use or gun-board capabilities. ’ 

. 1-3 
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7 .  Develop controlled re-entry techniques required for landing in a predicted 

I touchdown area. .- ' I A ' ' ’ ‘ 
8. Develop Operational recovery techniques of both spacecraft and astronauts .- 

smoncnm mscnifinbn -- 

The Gemini Spacecraft (Figure 1-1) .13 a conical structure consisting basically of a. 
re-entry module and an adapter. . . 

RE- m m , ‘ . . . 
The re-entry module consists of the heat shield, the crew and equipment section, ‘ 

re-entry control section and the rendezvous and recovery section. The crew and 

equipment section contains a pressurized area suitable for hman occupation, and a" ' 
umber of non-pressurized compartments for housing equiment . Menu. 'acc'eu 

doors are‘ provided for equipment. canparhments . The re-entry control section coh- 
tains the major ire-entry cbntrol systm comppnents . The rendezvous and receive?! . ‘ 

“" section cohtazlné the rendezvous radar equipment; the (droghe Me assembly and the 
parachute assembly. The rendezvous and recovery section is Jettisoned after re— _ 
entry along with the dream: chute. _ ‘ ' ‘ ' ' I 

I The adhpter conéiats' 61‘ the launch vehicle mating section ," the equipment section 
and the retrograde section. The launch vehicle mating section 13 boltcd to the” ' 
launch venue . - A portion of this ‘éection remains. with the launch §eh1c1e at _ 
spacecraft-launch vehicle fieparation. The equipment section contgim major cany 
ponenta of electrical powér system, the maneuvering ,prapmion system; the equip- - 

' A 14' 
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' 1 meat cooling system, and the primary (oxygen supply for the environmental control 

sysfigm. The retrograde section contains the retrograde rockets and some components 

' ’ at the equipment cooling system.   . 

1421c VEHICLE masonnnon _ _ > A 
' m vehicle used to launch the Gemini spacecraft is the Gemini - Titan 11, built 

by the Martin Company, which 13 a Titan II modified structurally and functmnany 

to accept the Gemini adapter and to provide for the interchange of electrical 

‘ 1' signals. 

CREW 1 2 3 W  , . ‘ 7 ‘ 

The Gemini spacecraft utilizes a two-man crew seated side by side. The ahn on the 

left is referred to as the "Comma Pilot " and functions as spacecraft commander." 

' The man on the right is referred to as the ”P110t.”Crew members are selected: 

from the NASA astronaut group. ' 

gacncm BEGUM! w. ' 
The Gemini landing module will make a water landing in a fiefietermmed area. A 

task foice of ships, plangg, and personnel V111 bé standing -by‘ for locating and 

retrieving the spacecraft and crew. In the .eVent an abort or gather abhoifihl . ‘ 

'occugrenc'e results in the spacecraft landing in a remote location, electronic and 

‘ visual recovery aids and survival kits are provided in the apaceéraft to facilitate 

spire-6&1; retrieval and crew Survival, respectively. ' - 

1-5/4 ' 
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. The Gemini Spacecraft is basicafiy of a conical configuration (See Figure 2-1) 

consisting of a re-entry module and an adapter as the twd major. assemblies. space- A 

" craft. construction is semimonocoque utilizing titanium for the primary structure. _. 

  ations, noise and meteorite penetration (See Figure 2-2). During Spacecraft flight, 

REL-ENTRY MODULE . _ _ 

The re-entry module (Figure 2-5) is separated into three primary sections which 

include the rendezvous and recovery section (R as R)  , re- entry contra]. system 

SEDI 300 

  PROJECT GEMINI 

. SECTION II MAJOR STRWTURAJE ASSEMBLIES " _ 
ammomnon . ~ ' f. -- a -. 

It is designed to shield the cabin pressure vessel from exessive temperature vari- 

' the spacecraft adapter is aft with respect to flight path. Seé Figures 2-3 an: 2-1}, I ' 

'   for. spacecraft orientation. 

section (ROS) and the cabin section. Also incorporated in the re-entry module is 

the heat shield which is attached to the cabin, and a nose raping which is ate ' 
tached to the forward end of the rendezvous and recovery section. The nose fairing , 

is ejected during launch. 

W 0 0 5  AND RECOVERY S W “  

The rendezvous and recovery section (R 8: 3) (See Figure 2-5), the forward section 

of the spacecraft, is semi-conical in shape and is attached to the re-entry control 

system section with twanty-four bolts . Incorporated in this Joint is a pyrotechnic 

device which savers all bolts causing the rendezvous section to. separate from the ' 

re- entry céntrol system sectiqn on signal for parachute. deployment . A drbgue para- 

..chute will assist in the removal of this section. The R 8. a section. utilizes rings, 

2-3 ' 
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‘ , ~ stringers and bulkheads of titanium for its primary structure. The external mum 

is composed qr beryllium shingles, except :91- the nose fairing. The nose {airing in - . 

composed of fiberglass reinforced plastic laminate. . . 

m 4:16m com-Roz. 3mm SEC-mic . __ _ 
The re-entry control system (ROS) section 19 located between, and rated to? the 

- rendezvous and recovery and cabin sections or the spacecraft (See Figure 2-5) 

This section is cylindrical in shape and is constructed of an inner titanium may ~- 

cylinder, eight stringers, two rings and eight beryllium shingles for its outer 

skin The ROS section 13 designed to house the. fuel and aidizer tanks, valves, - ‘ ' 
I tube assemblies, and thrust chamber assemblies (TCA) for the re entry control system. ‘i' ' 

A parachute adapter assembly is installed on the forward face of the ROS section ' 

”for attachment at the min parachute. I I > I 

The cm (Figure 2-5), ‘gmm in shape to; tméatea «Sam, 15 mtedto the spe- 
entry central systems seétion and the adépter, The cabin has an internal :N‘easnre .- 

vés'sgl (Figure 2-6) shaped to ' provide an adequate__crew station with a proper water ° I 

flotation attitude.‘ The shafie at the pressure vessel also allows space between it 

and the outer conical shell for the insulation as equipment. ' 

The basic. cabin étruéture counts or a fusion welded titanium frame assent]: to ‘- 
which the aide pimels, small and large firesauré bulkheads and [batch 5111 are Ben 

welded. The side panels, anal]. and large pressure bulkheads are or double skin 
construction and reinforced by stiffener: spotwelded in place. Tug hatches are 

hinged- to the mtg}: 3111 for astrpnaut ingress and egress. For heat protection, the 
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outer .conical surface is covered with Rene' 10-1 shingles and an ablative heat amen 

13 attached to the large end of the cabin section. ' ' ' ' ' ' ‘ ' 

A spring loaded hoist 190p , located near the heat shield between the hatch qpenings , . 

‘13 errected after lending to facilitate engagement of a hoisting hook for spacecraft f , 

retrieval. 

E exit " . . . . , 

The equipment bays are located outside the cabin pressure vessel (Figure 2—7).'1'wo ' 

bays are located outboard of the side panels and one bay beneath the pressure vessel 

_ flgor . The bays are structurally desimed for mounting of the equipment. A 

‘ 'To enclose. the side ecmipmént bays , two structui'al doors are provided on éach side 

' . of the cabin (Figure 2-7). These doors piovide accéss to thé componenis installed“ 

in the equipment bays. The main landing gear bays , located below the left and right 

equipmt bays, are each enclosed by one dpor. me landing gears. are not installed _ 

buf. fittings are. provided for the attachment of the gears for future spacecréft. 

0n the bottom of the cabin, between the landing gear doors, twd'additional doors are 

mulled. The forward door allows access to the lower equipment cogxpartment and the 

aft door provides access to the E03 can'partment which is a portion of the pressure 

vessel. 

Hat____<_:_h___es _ ‘ 

Two large structural hatches (Figure 2-8) are incorporated for sealing the cabin 

ingress or egress openings. The hatches are symetricauy spaced on the top side. ' 

of the cabin section .’ Each hatch is manually upgrated by means. of a handle and .' 

2-10 
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mechanical latching mechanism. Each is hinged on the outward side. In an ‘ ‘ 

emergency, the hatches m opened in a three sequence opefitio‘n employing pyro- 

te¢hn1c actuators. When initiated , fine actuators similtaneousl'y unlock and open it}:- 

gag-chanced latches, open the_ batches and supply hot gases to ignite the edection .. i ' 

~ seat rocket catapults. An external hatch linkage fitting is incorporated to m .  , 

a. recovery hatch handle to‘ be ' inserted for opening thé. hatches m. the «tame. _ 
The recovery hatch handle 1;: stowed on the man parachute adapter assent]: located 
on the rdrvard race at the ROS section. A batch curtain (Figure 3-9) 1; stand 
along the hinge at each batch. After water landing, when the latches are open, 

.the curtainu are 1am to help prevent water than entering the cabin. ' 

I w_5_._n____dqn . . 
> Each of the ingress/egress hatches incorporates a visual obsemtim window (Figure 

2-10). Each vinddw consists of an inner and outer glass assembly. The outer 
assembly 13 a single flat pane and the mar panel assembly consists of two £1313  

panes. The panes consist or vycor (96$ silica). The panes 1nthe right window. . I 
are optically gramme! for ‘better resolution. Each sudace or each pane , with the. 
exception 01’ the outer surface at the outer pane, 18 coated to lessen reflection 

. and glare from cabin lights and to aid in impeding ultraviolet radiation into the ' 
cabin compartment. 

. Heat Shield , . _ 
The heat shield is a dish-sinned strucfure composed at silicone elaétoner ruled V 
phenolic mmégnated fiberglass "honeycomb. It 13 an ablative deuce, 90 inches in 
am“: with a spherical radius or 11m inch». The shiem 1: designed touch“ 

'2.» ' 
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the re-entry module from extreme thermal conditions during re entry into the 

atmosphere. The device is attached to the large diameter end of the cabin A _ ' 

» structure by 1/15 inch bolts. ' I ' V I I 

The extérnai surfaqé Of the cabin-~13 made up ‘of beaded shingles of fiehé' M. The . 

R 8: R and ROS section surfaces are made up of un'béaded: shingles of b'eryllium. The _ 

shingles protect the re entry module structure from excessive heat and provide 

additional rigidity for the cabin. The shingles are black on the outer surface I 

, to control thermal radiation. The inner surface of the beryllium shingles are 

coated with gold to provide a low emissivity surface. 

in the spaéeéraft configuration; the adapter functions to mate the spagecraft to ~- 

the launch vehicle, to piovide provisiofis for’ mounting equipnient , and to Ala‘ezv've as f ' 

I a radiator for the spacecraft coolant system. The adapter (See Figure 2-3155," 

' truncated cone-shape, semimonocoque structure consisting of Circumferential .' 

aluminum rings, extruded magnesium alloy stringers, and magnesium skin. The 

-. extruded stringers are designed in a bulb-tee shape to provide a flow path for the 

119316 coolant which transfers heat to the adapter skin for radiation to space. 

The outer surface of the skin is coated with white ceramic type paint and the inner 

surface is covered with aluminum £011. The inner surface of s/c 9 ”adapter 1_s gold . 

plated. The fdrward end of the adapter is coupled to the aft end of the re-entry 

module by utilizing three titanium tension straps (See Figure 2-11) 
. -  

' 2-177 
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' m m  SECTION , . 
The'retrogmde section, the smaller end of the adapter, provides for linstallattoh.._ 

of four retrograde rockets and 31:: 0MB thrust chamber assembliés. To provide for 

' the installation of the retrograde rockets, the retrograde section employs an alum-1 . 

” mun "I" beam Support assembly. The "I" beans are assembled in the form of a cruci- 

form with one retrograde rocket mounted in each quadrant. . 

' ADAPTER EQUIPMEM axe-now . . . f ‘ 
The adapter equipment section is the larger diameter end of the adapter. The sec-é   ' I 

6.011 provides hard points for the attachment of structural modules for the OMB _ - 

tanks, E 0.8. primry oxygen supply, fuel cell (battery on 3/0 6) ,  Coolant, e1ectr1~ - .' 

cal and electronic components and rendezvous evaluation pod on 3/0 5 only. ' 7 

honeycomb blast shield is provided above the modules to shield the equipment section 

and booster dome from excessive heat during retro-rocket firing under abort condi-   

’tiona. Ten ONE thrust chamber assemblies are mounted on the large diameter end - 

out the equipmeht section. A gold. deposited fiberglass temperature contrd]. ' cover 

' firsteéts the equipment fromsolnr radiation thru the Open end .of the adapter after 

separation from the launch vehiéle . '  

Sgcecraft-Launch Vehicle hating. 

The spacecraft is unted to the Titan II launch vehicle with a mchined aluminum 

alloy ring (See; Figure 2-12). This ring, 120 inches in diameter, mates with the 5 

launch vehicle mating ring. Twenty bolts secure the rings toéeEQr. To provide 

for alignment, the launch vehicle incorporates one steel 3/26 inch diameter align- 

ment 1312: located at "r!" and four index marks. To separate the spacecraft from the 

I launch vehicle , a pyrotechnic charge is fired , severing the gdapter section.   

approacinntely 1 1/2. inches . abb’ve the launch veméle/spacecrart ngting point. 

. 2-19 
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‘ SECTION III CABIN man m m  . 

"   The equipment within the cabin is arrangéd to permit the Comand Pilot, seated. ‘ ‘ ' 

to the left, and the Pilot, seated to the right, to operate the controls and 
. - gbgerve diSplays and instruments in rail pressure suits in the restrained 301’ 

'_ unrestrained position. The” cébin air outflow 1‘s. régulatéd during much to w 

.- “tam-151‘ and maintain. 9' 5~5IP81 differefitial pressure betweeh the cabinvand' ' 

"kg-”F’utside air. The} cabin is maifitain'ed gt a nominal 5.1 1,513 thrwshout the - . 

flight by a “bin ”came “mm" The cabin equipment (Figure 3-1) Desi-1' 
cellar consists of crew seats, instnment and control panels ,. controls, - 

‘ ‘ lighting, food, water, waste collection, and misceuanem equigment. 

cm SEATING ' . _ '. , ' »._._.;.w ., 
The crew members are seated in the typical pilot and (ea-pilot fashion, faced : ' 

' toward the small end of the re-entry module. The seats are canted 12° out- ' ' 

board and 8° forward to assure separation and to provide rgfiuired elevation 

' . 1n the event an off the pad ejection is necessitated. ' 

Crew seating provisions include seats , seat supports, restraint mechanisms , 

ejection devices, seat man separator, survival gear, and egress kit assembly. 

SEAT DESCRIPJBION _ _. . . 

The érew seats (Figure 3-2) are all metal built-up assanblieé counting of. a 

torque box framed seat bucket, channeled backs and am rests ‘. The beat has . - 

lateral, and vertical stiffeners, designed for a. single moment of thrust . The ‘ 
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seat is supported at a singlé. point at the top of the seat back. At'th-zl's ¥_ ' 

’ point, the seat bolts to the rocket/catapult. Each seat is supported against ‘ ' 

fore, af t ,  and side movement by slide blocks mounted on the seats and retained '2 ‘ 

-- in tee type r'aii assemblies attached to the large pressure bulkhead. The: 

seats meorporate a. padded contoured headrest to support the pilots helmet.   

Each seat also incorporates a restraint system, harness release system and a 

seat-man separator. - 

‘ - 3mm EJELTION sx_s_____m . . . _ 

. The seat nction system (Figure 3-3) provides the pilot with a means of escaping 

from the vicinity of the spacecraft. in the event of an abort or in an emergency 

cbnditicn during launch or re-entry.‘ Crew member 'seats are' eject-:6 by hang of . 

'roclkeIt catapults. Hot gas from each of the hatch acfuatots i s  routed to the _ 

appropriate seat datapult where dual firing pins strike dual pei‘cussion pfimefs , r 

' V thereby igniting the seat rooket catapult main charge and eJecting the seats from 

. the spacecraft. Hot gas from the rocket catapult main charge ignites the sustainer   

rocket and the rocket provides additional separation‘from the spacecraft. In the 

'e'vé'nt. ejection. becomes necessary, rafter deployment of main landing systemparachute- ' ' 

I ‘and while descending ‘1n the two pbint éuspehsion ,_1t is mandatory that the min ‘ I 

landing system parachuté be Jet-tisongd before ejecting from the spacecraft. 

. The ejection sequence 18 initiated by manually pulling either "D" ring located on 

front of the seat buckets. During the launch phase of flight, each pilot erect: 

and holds, on the "D" ring. This action aids in stabilizing the pilots‘ arms and. 

at. the same, time places them in a position for instant response. The "D" rings 

are normlly stowed under a sliding door on the egress kit and are‘l lacked into : ‘ 
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Figure 3-3 Ejection Seat Sequence Of Operation (Sheet 1 0f 4) {"32" . 
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Figure 3-3 Ejection Seat Sequence Of Operation (Sheet 2 of 4) 
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place via a pip pin on the front or the structure. Thu pm 13' removeq during 7 " 

launch and replaced for spaceflight. The pip pm 15 removed for re_ent'rjy. '- 

Each pilot is restrained in his ejection seat by a restraint system (Figure 3-1;) - 
consisting of arm restraint loops, leg restraint straps, foot stir-raps, elbow 

restraint, lap belt, shoulder harness and inertia reel assembly. The restraint - 

system provides adequate support and restraint during condition: or w i n  ' - 

_ acceleration and deceleration. _f . ' ' ' 

mm m. . 
The inertia reel (Figure 3-15 ) is ,a two position locking device, located on the-. 

rear of the backboard. Two straps connect the inertia reel and the pilota' . 

harm” to restrain the pilot's forward movement. The inertia reel control handle 

is located on the front of the left arm rest and has two positions, ”mnual lock” 

and "aii‘tomatic lock.” ' Orbital flight 13 accomplishedwith the inertia reel 1:: ._ ' 
the_ "gutonhtic lock" position; Manual lock position 1; used during launch and 

"ré-gntryQ The manual lock position prevents thepilot's shoulders from moving 

forward .‘i ' 

T6 release his shoulders, when the inertia reel is in the hanual lock position,   

‘ . the pilot must position the control Mndle' to the automatic position. The "auto- 

mtic lock" allows the astronaut to move forward slowly but will lock with a 

shock movement of 3 "Gfs." When the autonatic lock has engaged, the lock V111 

: - ratchet and permit movement back into the seat, but will not permit forward 

movement. The release of the automatic lock is accomplished by cycling the 

control handle to manual and back to automatic lock. 

‘ mm extension of the shoulder strap from the inertia" reel 13 18 niches; 
3-10 ' ' ' 
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'  The arm restraint (Figure 3-1;) is a welded , 1/2 inch dimer tube assembly “ 

nude up in the form at a loop. A loop is installed on each arm rest to retain 

'thé pilot's and within the ejection envelope. When the arm restrainf loop 1- . 

not requirgd, it may be rotated fback And down.- . 

~ m m s m m  

An elbow restraint is provided for the command pilot 01113.11: 18 used to stabilize 

his forearm during mm re antry. _ ‘ 

The leg restraint (Figure 3-1;) consists of two straps of dacron vanity—(he 

end or each strap is secured to the egress kit by round meta]. ’eyelets. The 1931: I ' 

.Strap or. each leg restraint .hés a metal end assembly that permits the right strap 

_ 7 to fold Aback on “belt. Velcro tépe oh the right strap is used to secure the 

strap in 9631131011 when the strap is drawn fight over the. pilot's legs. ' During 

seat/nan separation, the restraint strap eyelets are automticauy released from 
the egress kit. ‘ I ‘ 

EJ361101! SEAT room m ‘ ‘ ‘ ~ 
' The ejection seat root stumps (Figure 3-2) consist of two welded frames attached 

to the front at the ejection seat. Each stirrup has a short protruding platform 

‘wfifi‘ "€513.11 vertical edges rising aiong the outboard side. ‘The stirrup is 36‘ 

constructed that the» pilot '3 éhqe heel 1:111 lock in place and prevent fdrward 

mpvement out the : foot mane the man vertical edges will prevent fine movement 
Daring seat ejection, the pflot'fi feet mat be in placé .7 . ‘ 
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'LAPMT , ‘ _ 
iThe lap belt (Figure 3-h ) is an arrangement of dacron and nylon straps, designed 

' belt are fastened to the backboard and egress kit. The lap belt has a manual ' 

'Just prior to seat/ban separation. During separation, the Lap belt remains with 

i the pilot. Five seconds after the backboard drogue mortar fires, the pyrotechnic 

' mp belt release activates and allows the m: bait, backboard and egress kit to . 

'- f a l l  free-o I 

I..located forward on the right arm.rest and is referred to as the ditch handle. 

..Re1easing the lap belt with the ditching handle allows the pilot to egress. from . 

( " t h e  landing module with the backboard and egress kit. 

. m  

‘egress kit cushion. The egress kit contains an oxygen supply, for breathing and 

 au1t pressurization; a composite disconnect, ‘which'when separated closes the port 

'up in the pressure suit; a regulator, to reduce high pressure to a controlled fldw 

'sure;.ana connecting lines. Tmree lanyards are attached between the egress kit and 

SEDR 300 

PROJECT GEMINI- 

to restrain the pilot in the seat structure. Load carrying straps from the lap 

quick disconnect and a pyrotechnic rélease fitting near the center of the pilot's 

lap. The manual.qn1ck disconnect can be released with one finger. Lap belt 

tension is adjusted by sliding excess strap through the pyrotechnic release.” 

During eJection, the lap belt ends attached to the seat structure are released 

A sécOnd manual release for the lap belt is also1avhilab1e to thé pilot. It i s _  

The egress kit assembly contains the bail out oxygen for an ejected pilot. »The ‘ 

egress kit rests in the eJection seat.bucket and forum a mounting surface for the 

and prevents escape of egress oxygen, a relief valve, to prevent pressure build- 

Of 10" pressure oxygensa pressure gage, forvisually'checking egress oxyéen‘prés-   

. 3 413 
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’. the spéqeérafiz. These lanyards pull. release pins to allow the composite disconnect‘: 3 

. 'I.lto separate, 31107:! the oxygen to flow through the pressure regulator and alloy! 

-   the relief valve to control the pilot' a suit pressure. When the drogue mortar '- 

deploys the pilot parachute, a s  second pyrotechnic time delay 13 initiated and 

at burn out the egress kit with the backboard is separated from the pilot. w 

moms m cusniou , . ‘ , . 
' The egress kit cushion (Figure 3-2 ) has a universal type of contour and 13 

attached to the top of the egress kit. The cushion 13 positioned forward of the 

pelvic block and up to the access door to the ejection control "D" ring. 

' BACKBOARD ASSEMBLY . . 
The backboard assembly (Figure 3-2 ) is machined aluminum, designed and stressed to 

retain the inertia reel, ballute , bauute release and depioy mechanism, dro'gue 

mortar, parachute and survival kit. A cushion, contoured to the individual pilot": 

body requirements , is positioned on the forward surface or the backboard. The ‘ I 

cushién- 13 provided to supply support and comfort to the pilot's back. The inertia 

reel straps and lap belt secures the pilot to the backboard. The backboard . 

[accompanies the pilot thrOugh seat eJection to parachute deployment. Five seéonds 

after parachute deployment, the backboard with the egress kit is separated from 

the pilot. 

mvztc m . ‘ . 
The pelvic block (Figure 3-2 ) , contoured to the lower torso of each pilot, 13 

positioned between the backboard assembly and the egress kit. The block supports 

the pilot '3 lower vertebra and pelvic structure; It remains with the seat 

structure upon seat man separatign‘. ‘ . - . ‘ ‘ ' -- , . " 1 

3-1:. 
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. The baliute system (Figure 3-2 ) consists of a barostat controued pyrotechnic 

initiator, combined with a pyrotechnic gas generator, cutters and a packaged 1 

..ba11ute . The ballute ’. located on the back and lower left side of the pilot '3' 

I backboard, is an aluminized nylon fabric enclosed cone. It 13 inflated by ran 

an passing through four inlets located symmtrically around the upper periphery} ' 

' The Ballute is connecfed to the ba¢kboard through an 8" rifier, a 5 ft; dual bridle, ' 

and by a 1.00 inch wide dacron webbing passing through a pyrotechnic actuated 

cutter. The ballute provides the pilot with a stabilized, feet into the wind," 

.attitude for all ejections over 7500 feet. The system is fully automtic and is  _  

actuated at seat ‘nan separation. At altitudes belqw‘ 7,500 feet, the Ibarostat 

, prevents deployment of the ballute. ' 

PERSOMEL PARACHUTE 

The personnel parachute (Figure 3-2 ) is a standard 28 ft .  619.. nylon parachuife. ' 

The parachute is located on the right rear of the pilot's backboard. It is 

deployed by the drogue mortar slug and pilot chute. The parachute ris'ers are . 

.gttaéhed to the 9110!: '3' personal mrness'. 

3mm moons mom 

The parachute drogue mortar (Figure 3-2 ') is a pyrotechnic device designed to '. 

eject a 10 oz. drogue slug with sufficient velocity to deploy the pilot Chute ed" 

the personnel parachute. The drogue mortar is a barostat operated firing‘mec‘h‘anism, 

but can be fired manually. It will fire and deploy the parachute at or helm: 

'5700 feet plus a 2.3 seconds time delay from seat/man separation. An Mm? chain 

is initiated by the drogue mortar and separates the backboard and egress kit 

from the pilot. ' ' 
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The harness assembly (Figure 3-1;) provides a 113ht,ostrmg, and comfortable 

arrangement to attach the personnel parachute to the pilotr The harness 13 con- ‘ . 

' atmcted tram nylon webbing formed into a double figure " 8." The two £15m . 

"8's” are Joined by two cross straps, the want strap, and the chest strap. On]: ' 

'the cheat strap is adjustable. A quick disconnect is placed forward and below 

each shoulder for connection of the parachute risers and inertia reel straw. 

Below the left quick disconnect, a small ring 13 incgrpgrated to attach thy 

survival equipment M d  

The survival kit (Figure 3-2) is a paclmged group of specially designed equipment. 

for the use of a cloned pilot. Articles in this kit are intended to aid. in , ” -. 

pggserving life under varying climatic conditions. Defiloymenf; “at the aux-Vim 

1:11: :13 ~.autonnt1c 1: the pnot eject and 13 also gmilable to the pact '1: be m. 9 
111th the reentry venue; 

Deploymnt or the survival kit during the ejection cycle takes place as the I 

backboard and egress kit falls away from the parachuting- pilot. As the backboard ‘ 

falls , trial survival equifiment ‘l lanyard , connected to the pfldt 's harness , pulls . a ‘  . 

191a the life raft container. I flush the pin is removed, the ”daisy chain" loops 

are disengaged and the lite raft and mcggack are extracted {rpm flue container. ' 
The aux-Viva). equipmnt lanyard repeat-h the extraction mess in. rgmovmg the ' 
mchété and water bottle from the second container. The machete and water bottle 

are stéwe’d 1h a survival equipment. container on the left frmt side‘ '0! the back- - ' 

37316. 
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During seat/ban separation, a lanyard_between the seét structure and the rficksack_ 

. activates the radio/beacon.- , As the pilot descends on his parachute, the lam-Vivi}. - 

equipmént is suspended below and the radio beacon tranémfits on emergency ' 

frequency. Direction finding equipment on aircraft and aboard ship can plat 

the pilot's position. 

Survival equipment is Guided 111136 two major stowage confiinera. The life raft 

. container mounted on the left rear of the backboard has the following items: 

' -I.1£’e raft container I ' 

1 Lift Raft ‘ ' 
1 Sea Anchor _ 

' 1  h x hFoam Rubber Pad 

“V _ lcoacnmaer' 
.fi) 

'1 Sea. Dye Marker 

1 Sun Bonnet ' 

Rucksack 

1 Survival light 

1 Strobe light 
1 Flash light 

h Fish hooks 
_ Fish iine _ 

”2  Sewing Needles 

Thread " 

H 1 Com: 

_1 Fire sma- " 

"'3 , - '-.. . .hFireFugl 

I 3-17 ' 
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‘ ‘ I- 1_ mm. 

1h" Wfitér Purificatipn 1:4,t ‘ . - 

1 né-galter kit (lesé again) 
8 ne-saltér unet- ? 
1‘Watér3ag I: 

  1 “Repair kit -   
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The forward survival kit, mounted on the forward. surface of the backboard to the . 

A left of the pilot's shouldermontains the following; ' ' ' ‘  _ _ _ _ z ' ' - 

1 Water container with 311) ornate: .‘ _ . I - . i . . J ‘ 
1 Machete with sheath . - .   —. _ " '. - . r H ' 4 ' | 

' PYROTECHNIC DEVICE 

There are 18 pyrotechnic devices incorporated in the cabin all of which pertain 

to seat ejection, restraint release and parachute deployment. The pyrotechnic 

devices are 2 hatch actuators, 2 seat rocket catapults, 2 banute deployment and ' ' 

.
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Q
-

b
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y
a

 

release mechanim, 2 baékboard and egress kit Jet-bison, 2 Groanem'mrg, 2‘ 88, ’ ‘ ‘ 5 Q ;_ 
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PROJECT GEMINI 

' release actuators, 2 seat/man separator actuators, 2 hatch actuator initiators 

' and 2 hatch MDF harnesses. The pyrotechnic devices, except the drogue mortar, 

are safetied by stoning the ejection control handle and installing a safety pin ' 

through the mechanically actuated initiator and a pip pin through the egress kit. 

" The safety pins will prevent seat eJection 11‘ control handle is inadvertently 

' Pulled. ' 

' m m  pm . _ . _ . 

Instrument panels, switch and circuit breaker panels and pedestal (Figure 3_-5 )are ' 1 

  arranged to place controls and indicators within reach and convenient View or each 

-V crew member while in a full pressure suit. A swizzle stick, stowed by the over- - 

'head circuit breaker panel, enables a pilot to position switches and rotate 

selectors on the opposite side of the cabin. With this arrangement, one pilot can 

icontrol the complete spacecraft and témporarily free the. second pilot of all duties . .  -. 

CABm INTERIOR LIGEI'ING 
. 

hsic lighting provisions consists of three incandescent flood lamps. Uné"1a.mp'1-s 

located at each side of the. crew compartment and one in the cent-er for crew statibn 

interior and instrument panels . Full range intensity control is» available; thrash 

é rheostat 6h each lamp. A three position selectoi switch on each of the hatch- 

mounted panel noodughts allows selection of mum-0111.331). The center flood; 

light "Hm-OFF -RED control switch is in the forward row of the overhead panel. 

_ The rheostat is located on the lamp fixture. The units contain individual bulbs 

for red and white light , with permanent filters and lenses to prevent ”light leakage. ' 

Fingertip lights are provided on the gloves at the NASA furnished pr'essnré' suits. 

Mecl-nnically dimmed red utility, lights are stowed in quick release mounts on each 

cabin wan immediately art of the hutch/circuit breaker panels . These lights are 

3-19_ . .5 ’ -'  -  “V 
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Figure 3-5 lustfument Panels and Displays- 8/0 5. 6, 8 and 9 (Sheet 1 of 2) ‘ Fun-5b) . 
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Figfire 3.5 Instrument Panels and Displays— 8/0 5, 6, 8 and. 9 (Sheet 2 of 2) sun-34(1) 

3-21. . ' 

‘ 
.

_
-

.
-

 
. 

- 
A 

‘ 
J 

‘ 
. 

‘
. 

‘ 
r 

.
M

g
3

r
u

'
J

 

. 
-

.
-

 



_,l “.4. , . . '  ~ . . .. , ;-_, , -V _--_.."~_.‘- - f ,, '_ 1 . -,v _ - . _ _ . .  v . ,Z . ‘  . V , ‘  _ , °  -. . . ‘ . - ._ ‘ > hid-a i l  - ; ‘  . 'L ' . '_'-' I . g; . '  g a . . .  . ‘  , 5 . - .  ~‘\.~«- . ‘  , . , . . » . .€ . .  ,. A._‘ , ‘  . __. : ‘ n -  _., - ‘ . vi... a”. . .  "‘  , ., ‘ d ‘ 7. ‘ ' . - . . . .- ' . .- r _ . , ""'"“‘. , 

‘ 0 

PROJECT GEMINI , ° 

powerefi from the spacecraft utility electrical outlets through a spiral. retracting 

, _ cord which is stowed when not in us‘e. 

ELECTRICAL m _ . . ' , . 

The two receptacles, powered by the spacecraft electrical system, are installed on . - 

brackets imamtely art of the left and right switch/circuit breaker panels. , ' ' 
These receptacles are controiled by adJacent on-ocft switches and are used for 

powering the utility light or other electrics; equipment. ,, ' ' 

STATIC Srs'rm . 
The static} pressure .eystem is employed to operaté the rate pf descent indicator, 

alfimeter, and to supply pressure. to the static pré-ésure trémsducer 'f‘or instruhené- 

tation. The static system 13 also utilized to provide a differential pressure 

. fof the cabin pressure transducer; The static ports. (Figure 3-6), used for ‘ . . J - 

atmospheric pressure pick-tip, are located in the small end of thrspacecraft 

conical. section. The static port (Figure 3-6), used for differential pressure 

pick-up; is  located on the forward surface of the anal]. pressure bulkhead. 

' FOOD WATER AND W s'rowmn. _ . 
Containers to left, right and aft of piloté (Figfii‘e 3-7) are provided for equipngnt ' 

i and food stdrage. Although minpr changes in st'ora'ge containers are dictated fir 

miafiion requirements, the min containers are as follows: Centér line stowage- 

bcac, used for delicate 'métrumehts; right aft stowage bdx, uéed to stow easily . 
packaged equipment; left art stowage boat, fiéed to stow food packages; right and . 

left 516ml]. atmge boxes, used t-p stow small piecgs of «figment; left and '1 

right fabric covered sidewall stowage boxes ,' used to stow lightweight head sets 

and sidewall stowage boa: extensions. The sidewall stowage bcx' extensions are_ not. C ' . 
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h.‘z_'equ1ied for missioh eQfiipment at this time. - Equipmgnt étqwed 1n the ‘abdve batch ': '- 

' may change nth each mama. '- 

' Larger piece? or equipment, emergency equipment or equipmént used on every flight '  

have special stowage brackets or fabric pouches positioned throughout the interior" 

of‘ the spacecraft. Examples of apecific stowage brackets are as follows: adapter 

mirror assembly, stowed on centerline stowage boa: door; inflight medical. kit, ‘ 

.- stowed aft 61’ abort control handle; and the optical sight, stqwed under comm! 

pilots ' ' instrument panel. Without counting the food packages, stowage facilities 

'  are furnished for more than 125 pieces of equipment. 

During flight, the right at stoyéage '60:: 1g cleared and the équipme‘nt is stored 
, with velcro tape on the ‘spacecraft sidewalls, and on the inside ffisurfacea of the 

egress hatch. As debris accumlates during flight, 11: is placed it the right .3“ - 

flange box. H101- to descent, the. equipment 13 re-atqfied. any a general rule 

can be applied to stowage at this time. Exposed film is .placed' in insulated . 

containers, previously occupied by cameras and lens, in the center line stowage 

box. The left aft stowage box is filled and the reminder or the loose equipment 

is divided among the sidewall stowage boxes on a planned basis. The rightlatt. ~- 

stowage box, with the flight debris, 13 only used when necessary. ‘ 

A water storage ‘ container, with a 16-pound capacity, 13 located fmard of the 

aft pressure bulkhead, between the seats. As- the water is used from the nu: . 

storage container, 11: is replenished by the water stowed 1n the aaapte; section. ' 

Drinking is accomplished by means or a tube and annual valve sys tem. Control or 

the annually operated water system is by means or a tube and manual valve system 

Control or the manually operated water system is by means or a 3-kmb pane]. located 
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‘I between the pilots at approximtely shoulder level. Food and water will be 

' . sufficiént for the mission and a postlmiding period of he hours. 

WASTE DISPOSAL 7 . . . . . 

Feces will be collected in a glove-like plastic bag. Provisions -_are incorporated ' 

1n the; food containers for the placement of used and unused feces collector bags. 

Urine will be collected by means of a horn-shaped receptacle with a self-adjusting   

opening and directed into an intermediate bellows. type container. Urine-13‘. 

disposed of by dire¢t1ng the liquid overboard. 

STOWAGE PROVISIONS 

Persoml stowage facilities are provided for retaining removed portions of the 

pressure suit and other equipment as required. These provisions consist at 

Velcro covered areas on the floor of the pressure vessel, adjacent to the pilot’s 

feet and attached to the structure wall outboard and forward of the pilots. 

. Items to be stowed shall incorporgte mating Velcro patches. ’ 

“ . 4 . . . “  _ _  _ 
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ssggrxonirv SEQUENCE arm   

srs'rm ‘mscnm'xox ’ . . ‘ 
The sequence (or segmental) systems of Geinini Spécecrafts S ,  6, 8 and é‘lcom'priaife 

those cpntrolg‘, indicators, relays, sensors and timing devices fihich provide bemi- ’ 

. automtic control of the spacecraft arid/or huhch vehicle during the ,gritical coh- ( 

' trol times, but which are not puts of other system. (See Figure ‘hI-fl'.) The cut-,1 ‘ 

‘ 1cal times are: the time from booster engine ignitién tfiru insetiiofi .1nto orbit, I ‘ 

the time to prepare to go_ to refirograde thru postianding; and the time' to Abort. 

The» Gemini crew db not fly the spacecraft during boost and insertion. The space- 

craft is controlled by radio guidance or by the inertial guidance system. "The ‘ 

  crev, havever, do monitor certain cabin indicators to keep informed of the operation 

  or the Launch vehicle to anticipate a crisis 1:. one should develop, and to know 11 

' and when mission abort. is huhdatory. The crew assume more control of the spacecraft 

after second stage enginé cutoff (SSECO). Spacecraft separation from the launch 

'vemcle and the final thrust required for the desired orbit 1a aggompnahed by__the 

crew'- 

During orbit , Spacecraft 5 executes a _simlatéd rendezvous annex-cine. {with the 

Rendezvous Evaluation Pod (REP). Spacecrarts 6, 8 and. 9 rendezvous and dock'with 

' the Agena target vehicle (ATV). 

At 1} minutes and 16 seconds before retrograde time , (TB-256) , 'a seéuence syste'in‘ 

relay 1:: actuated , and. several, sequential system indicators, illuminate amber. _. 

These indicators provide the crew with cues for necessary ~ apex-31:10:15. Amin at 

30 secdnda before retrograde time, the «cf is réminded to aéparate' the adapter: 

15-33 
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sectiori. The seéfiential. systém, if properly aimed, will infifie firgéragrade auto- 1 I 

  maticam. . me crew redundantly initiates retrbgi-adé manuam as a $.8f'ety preQ. I 

caution. During descent, altitude indicators inmnate as cues to deplqy the 

chutes. After splash down, the main parachute is Jettisoned, and the sequence I 

' system is shut down. ‘ " ' 

' .The abdrt system is part. of 1:11: sequence system; The hbortflwstem damagith." : ‘ 

. , abort indicators , controls , relays , and pyrotechnics . The fdur abbrt modés ,ar'o 
seat e3 action, r1de-1t-out abort, modified re-entry and normal re-entry._ The 

mode or aborting used is related to the spacecraft altitude when. the nomad to 

"abort is given. ' 

SYSTEM OPERATION . . . . . . ‘ 

The Sequence System is divided into twelve parts in order to simpiifi the explana- . 
tion. -. 'mése pgrts are prelaunch, lift-off, boost and staging, telemetry and 

guidance; abort, separation and insertion, orbit, prepare to go to, retrograde, - 

retrogr‘dé, re-enfiry, landing, and pdst-ianding. Figure. L2 shows. these sequen} 

tie]. parts , and the detailed flmctions which each part includes. ms simplified 
block diagram is explained in the following paragraphs . I I 

' Prelaunch, lift-off, boost and staging, separation and insertiofi and orbit are 

explained first .- Telemetry and guidance are discussed elsewhere in this manual, and   . . 

therefore they are not explainéd in this Section. frepére to go to retrbgrade, 

retrograde, re-entry, landing and post-landing _are discussed nefi. Above 18 

discussed last . Many of the sequefitial operations of abort nodes 11 and III ' 
are name]. parts of the retrograde sequence. 
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mi ADMB 

PREPARE 10 GO IOEE‘IIOGIADE 
ms: ":40 MINUIES - 
C—aAND BEACON swncu: 0N. 
PLAIFORM AUGNMENY 
tit-256 SECONDS RELAY ' 
RE‘I’RO sauna nus: ARM 
COMMON nus: ARM 
INDICAIE REIRO Ammo: swutcn 
MAIN BAUERY'S ON , 
(BAUERY POWER INDICATOR: GREEN)‘ 
RCS INDIC ./sw: AMBER/GREEN ~ 
IMU PHASE REVERSAI. 
rR-ao SECONDS RELAY 
nmo ROCKET SQUIBS: ARM 
ARM AUTO Reno IND/SW: AMBER 
SEP ADA?! INDJSW: AMBER/GREEN ‘ 
ELEC INo./sw: AMBEIVGREEN . 
ems MIL/5w: AMBEIVGREEN ' 

ORBIT 

—-> IENDEZYOUS 

BIA SEUIB BUS 6 MAIN BIRY; FF 
EXIEND HF ANT. & SELECT HF T/R 
RENO ROCKET SQUIDS' SAFE 
NULLIV IVI 
SPACECRAFY SEPARATION: SENSE & INDICATE 
AFT MANEWER ENGINES: FIRE 
PYRO SWIYCHES, GUILLOTINES AND 
SHAPED CHARGES 
SEP SPCFY SW: PRESSED 
SEPARATION 9‘ SECO +20 SEC 
AV FOR INSER'HON =1 IO FPS 
SECO =1 1’ +336 SEC. 
CAMS: POWER ON RADIO GUIDANCE 
ENGINE ll THRUST DECAY TLM MONITO! 

IN E‘TION BACKUP GUIDANCE SELECYm 
SEPA'AUON AND s SECONDARY Auto PILOT 

SECONDARY GUIDANCE INDICATQ 
GUIDANCE SWITCH OVER RELAY 
ATTITUDE RATE INDICATQ 
RGS-lGS SWITCH 
MIX ELECTRONIC SWITCHES 
MALFUNCIION DETECTION PACKAGE 
PRIMARY HYDRAULIC PRESSURE SENSOR 
PRIMARY fiYDRAUIJC SYSTEM 
PRIMARY HYDRAULIC ACTUATGIS 
PRIMARY AUTOJ’ILOT . 
GUIDANCE (TARS) 

IELEMHRY AND GUIDANCE - 

ENGINE ll .SHUTDOWN SOLENOIDS 
ENGINE ll FUEI. & OXIDANT METRS 

‘ ENGINE ll THRUST CHAMBER PRESSURE 
SCANNER COVER JETTISON RELAYS 
NOSE FAIRING SQUID FIRE RELAYS 
JET? FAIRING SWITCH 
STAGE ll IGNIYION 
STAGES l 8- " SEPARAYION BOLTS. 
STAGE I SHUI’DOWN SOLENOIDS 
SYAGING SWITCHES AND INDICATG 
STAGING CONTROL RELAYS 
ENGINE I THRUST CHAMBER PRESSURE >635 
STAGE l SHUTDOWN ARM RELAY 
ENGINE l FUEL 5 OXIDANT METERS 
ENGINE l UNDERPRESSURE INDICATOR 
STAGE I ENGINE CHAMBER PRESSIRE 

Ill 522K F'l' 8UP: NORMAL INSEM'ION 
AND RE-ENIRY 

BOOST AND SIAOINO . 
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" The Command Pilot and the Pilot ingress the Gemini cabin and take their assigned I J 
- crew stations. The hatches are closed and locked. The crew checks that both 

I ."D" rings are unstowed. I The Comand Pilot makes sure that the abort contrdl _ 

' handle is in the NORMAL position; the mneuver controller 13 Stewed; the altimeter 

is set , and the incremental velocity indicator is zeroed. He verifies that the > ' . . 
. nine Seguence Panel telelights, the two ABORr lights, the attitude overrate light; ' h ' '. 
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the secondary guidance light, both ENGINE 1 lights, and the ENGINE 2 light are 

  extinguished. He places the top three rows of circuit breakers on the Left; Switch] 
’ Circuit Breaker Panel to the closed (up) position. He places the BOOST-INSERT and 
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RETRO mom sauna switches in the bottom row to ARM, and the mac and mm; _ . 
switches to am. He tests the nine Sequence Panel teleiights with the SEQ. lady: ' T' ' g 

‘ mar switch. He selects switches for gyro run-up and platform augment, and 
perféms computer checkout. ' ‘ 

The Pilot places the four MAIN W switches and the three SQUID BATTERIES _ 

‘ ‘ switches to ON. Both pilots Select and check their intercom and UHF communications. 

The remaining controls and indicators are also monitored or positioned as required. 

he crew verifies and reports all systems ready for launch. ' 

E“! OF? 

When the prehunch countdown reaches zero, the first stage engine ignition signal 
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is given from the blockhouse.. Both first stage engines (8A1 and 3A2) begin 

thrust chamber pressure buildup. Both ENGINE 1 indicators illuminate red but 

extinghish in about one Second. when the thrust chamber pressure (TOP) of these 

: I ‘  . ‘  . 

.I 
. t 

’
M

l
'

s
‘

x
 

- 
I 

f 
3

r
.

 
"

.
 

. 
I

f
 

' 
‘ 

a 
n_

 
, 

- 
'

C
 

n 
‘
 

I 
' 

"
.

 
' 

E
M

 
l

a
w

-
v

w
‘

g
x

'
M

-
m

 
~ 

, 
. 

. 
. 

use 



L I N } .  *5-30»-.I"WM as fr....~'»'-..._.. . 3  “4...; I . - ’  ' -. ' . . ‘ > _ ' ‘ _ V ‘ . < . 'V ,r ‘ ‘ - ' ‘ ’ - I .  A I ' 

r ' -. J ' - . " - ' - - ’3‘“  ‘ J r .  A4 .n..'-._.... ‘-*-.. , , . . , --‘_..- - . .4“.— .. .. - 

5   PROJECT GEMINI 

..two engines exceed-8' TI percent at fated pressui'e, a two-second um delay 18 _ 

initiated in the ‘blockhbuee. If all system remain "so" during this deny, the 

' hols} dawn-bolt fire commnd 1: given and the hunch vehicle is comitted to rushes, 

First motion sensors detect launch vehicle ascent one and one-half inches of: the 

pad, and energize time-zero relays 1n the blockhouse and in the spacecraft. 

A Ills-second shutdown arm time delay is initiated to prevent accidental booster 

engine shutdown prior to the scheduled staging time. The umbilical release comm!- 

is given, disconnecting re-entry umbilical. The environmntal control system (ECS) 

‘ umbilical is sheared at lift-off. The spacecraft computer is switched Iran: the " 

guidance inhibit mode to the guidance initiate mode and enabled to accept I 

"acceleration data. The lift-off Signal is also applied to the electronic timer , 

and event timer. The electronic timer begins to count dam the time to retrograde. ‘ 

The event timer begins to count up the_ time from lift-011’. 

MT AND STAGING 

As the missile continues to climb, the crew monitor the malfunction detection 

‘ system and abort indicators. The two 12mm 1. under pressure indicators; the 

mum: overrate indicator and both ABORT indicators must remain extinguished . 

' The mini: 2 indicator illuminates amber, The STAGE 1 mm; and 0x11312312 neediea ' 

must indicate pressures within the required limits, and the ACCEIEROBE‘EER must 

indicate an increasing acceleratim within prescribed limits for the flight time _ 

indicgted by the event timef. The pilots miter their indicators and report via - 

um 11:51:. to the ground. Abort mode I prevails during the first so seconds at ' 

flight. Ground statidns notify the pilots when 'abort mode I is no longer appli- 

' cable, and when abort mode I - II becomes applicable, Abort mode 1-11 is in 
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.. effect during approximately the next 1&5 seconds of flight. At '1‘+95 Seconds, the. . _ ,, . : . 

crew receives and acknowledges changeover to abort mode I; . ' 

At T+1h5 seconds, when the acceleration has climbed to nearly 69,1:he first stage 

engine shutdown arm relays are energized. At approximately 134-153 seconds, the‘ ' 

I . thrust chamber pressure drops to less than 68 percent. The two ENGINE 1 indicatéi's   » . . 

illiminate red, and the staging control relays are energized. The staging switches 

are closed . The stage 1 shutdown solenoids energi ze_ and both engines are shutdown. 

Acceleration drops sharply to approximately 1. 56 The booster sequential system- 

imedigtely ignites the second stage engine. The explosive bolts which unitg stage . 
1' and Stage 2‘ are detonated, and the stages separate. Both ENGINE 1 indicators _ > _ . _ 

are ethinguished. Fuel injector pressure of the second stage engine rapidly in- "   ._ _ ‘ I ‘ 

creases above 55 percent, extinguishing the MGINE 2 underpressure indicator. ' '. '  _ I “‘ 

The accelerometer begins to climb slowly. The crew reports the results of the . I I 

staging sequence to the ground statiqn. 

“Afiproximtely 1+5 séconds after staging, the Camand Pilot dépresses find releafiéfi 

‘ ‘ iithé. JE'ITISON FAIRING Switch on the Sequence Panel. ms guitch energizés nosg 
fairing Jettison relays 13-13 and K347 oh the bodst insert Abort. (BIA) npsé ' - ' 

fairing Jettiaon relay panel. The switch also energizes scanner cover Jettiéon 

relays K3-18 and K3-19 on the Attitude Control System (A03) Scanner and lie-entry ' . 

Control System (ROS) Squib me Relay Panels .-  These Jettison relays ignite the _ 

‘noae fairing squflas and scanner cover squibs, which eject the fairing and cover. 

The STAGE 2 underpressure indicator, the Attitude Oval-rate (ATT RAE) indicator} and 

the two ABORT indicators must remain exhinguflshed. The STAGE 2 FUEL and o w n  ' ' . _ 5*- 
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needles must indicate the required pressures, and the ACCEIEROMETER must show the 

. required increase. 

At approximtely T+310 seconds, the spacecifart has climbed ‘above $22,000 feet . - 

and its velocity .exceeds' 80 percent of orbital veléciiy. The gfdund station -- j . 

- notifies the 'crgw that abort mode III now replaces abort mode, :1. Both 151191;:   ’ 

acknowledge the change of abort modes.‘ ' 

mammal! mm mm x . _ . 

At T+330 seconds, the acceleration has_c11mbed‘to almoét 70,. and the ‘ébécecrart 

has nearly reached orbital velocity and altitude. Approximately 337 se'cbnda' after 

- 11ft ~Q1’f , ‘  the blockhouse computer transmits the second stage engine shutdown ' 

cqmnand tones via the digital command systein (m3) to the launch vehicle. The 

second stage engine shutdown solenoids energize, second stage engine cutoff (ssnco) 

occurs, thrust decays, and acceleration falls rapidly. The on-board computer" 

begins to compute the delta-V required for insertion. The Command P1101: places the 

OMB PROPELLANL‘ switch to ON, and waits 20 seconds for launch vehicle thrust to 

decay. Then he depresses and releases the SE? SPCFT telelight/switch on the 

Sequence Panel shown on Figure 1h]... When the SE? SPCF‘J.‘ switch closes, BIA squib. ‘ 

bus #1 pdwer is applied thru the closed Exam-mm com 1 circuit breaker to ‘ 

relays K3-22, K3-2h, and K342. (Refer to Figure u-a). 16-22 13 the spacecraft 

shaped charge ignition relay. Its-2k 18 the launch yehicle/spaceéraft wire 31111105" 

the relay. K342 is the UHF whip antenna extend relay. Redundant contacts. of 

the SEP 5 m  Witch energize redundant relays with power from a redundant squib 

bus. For simplicity'a sake, redundant elements are not shown 
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.Time deiays' in the reléys' and pyrotechnics cafise the I separafidh events t9 'occ'mr in _ 

the foliowihg lisequence. KS-zh/contacts C. energize the laugch vehicle/spacecraft ‘. 

hpyro- switéh relay K3-26. K3-26/cpntaci:s C mediateljr' fire the pyro 'swi‘tch,» open? " - 

ciréuiting 'tLhe wires an the battery side of the'guillotine'. Next the wire glziu-   2'- 

btines are flied, severing thé launch vehicle spacecraft fires atnihef interface; 

, Finally the . spacectaft shaped charges aré ignited ,_ breaking the Structural bond- 

rbetween the launch vehicle and the spacecraft. The operation of these tand all -' 

other pfiofiechnics mentioned _1n_ this section is explained 1:: Section XI . " 

Thé launch vehicleomay now separate; from the spacecraft, or CAMS thrust 'may be .re- ~' 

quired‘ to effect separation. When 2 ' inches pf séparati'on exist at the interface, I 

the sfiécecraft separation sensors close. The spacecraft separation sensor relay 

18-28 is energized when two of the three 's'ensor switches are actuated. Contacts - 

A of K3-28 apply main has power tum the closed. SEQ. LIGHTS m ‘circuit breaker I 

and .' the SEQ. Hams BRIGHT-DIM switch to the telgnghts. The SEP srcm' télelight . 

-~~~:_-«~- illuminétes green. 

‘ The. Commafidrilot observes the delta-V required for insertion which is Inow dis? _ 

  played on the Incremental. Velocity Indicator (IVI). He‘ fires ,the aft thrusters f ‘ 

until the IVI is unified. The spaCecraft is in the required orbit. ‘ The crew . 

placés the £011t switches to these positiohs: RETRO ROCKER SQUIB to SAFE; _ 

mow-INSERT SQUID to SAFE; and MAIN. BATTERIES 1, 2,  3 and h 11:0. OFF. For the . 

communication switches ppsitioned at £11.13 time, D refer: t-o Section IX. 

I0-1.1 ' 
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0331‘! 

On the Gemini Spacecraft 5 mission, the pilot; use a rgndezvous evaluation pod 

(REP) to pérform a rendezvous practice exercise. Near the end of the first orbit, ' ' 

- the crew maneuver the spacecraft to the pod eject attitude._ Figure h-l Shaw; 

the BUS ARM switch, the SQUID 1 circuit breaker, and the POD EJECT- OFP-  INDEX 

mm switch on the AGENA CONTROL panel which the Pilot operates to e3 act the . 

_ REP. Figure 15-1! shows what happens electrically when the Pilot operates these con- 

. trols . 

The Pilot places the BUS ARM switch to EXP, the SQUID l and 2 circuit breakers to I 

. Am, and the POD EJECTI- OFF- INDEX EXTEND switch to P01) EJ'ECT.Exper1ment squib 

‘bus power energizes the REP and thermal cover eject relay, K3-82. 

The B contact of 18-82 applies the squib power to the REP thermal cover Jettison 

‘ _1gniter . This pyrotechnic releases the thermal cove;- hi; a relatively high velocity. 

The C contact of K3-82 applies power to 'the REF 'eJ ect igniter ithich aftér a shirt 

delay detonates the ad action charge. The opod leaves tfie spacecraft at a relatively 

low velocity. This electrical sequence is duplicated with redundant power, switch 

contacts, relays, and pyrotechnics as a back-up measure. 

On Gemini Spacecrafts 6, 8, and 9 missions, the crew performs actual rendezvous 

and dockings with Agena target vehicles . The Agena target vehicle (ATV) or target 

is inserted into a circular orbit before the Gemini is launched. The Gemini 18 

inserted into a smaller elliptical orbit coplanar with and trailing the ATV. The 

pilots rely on grouhd station guidanée data and their on-board guidancé find coptrol 

system to overtake aha rendezvous with the ATV. One of the on-board dds to‘  

rendezvous is the Rendezvous Radar. Besides. tracking the target, the made: also 
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vprOfideé 'an Ri‘comand link 'with if... "Figure-1k]. .shaws‘the AGElfi‘comRQLPanfi». _ _ 

. and Encoder Controller used in conjunction with the radar for the rendezvous and - , _ , j . ‘ 

docking Seguenée . .Figuré halt shows what happens ‘elégtricam When thesé units 

'Main bus pofier is applied that AGENA POWER circuit. biefiker 1642 andithe ENCODER ' I 7 . switch to. energiie ,‘Ehé Enc§der. The ccncenfric rotary Switches 8:l and 8° of the   

Encoder Controllef are. used to dial A message, and. the MT switch. is plaéed to ._ 
the "O" or "1" position to tiansmit: it; The Encoder translates tie witch pésitiofi   
into pulse position .modulatibn (PPM) trigger pulses which key thg' radar. ‘hThe ' 
Agena ltranéponder receives and detects. the message, then relays it t6 the Menu. _ 

progiamer. The programer ,decodes; it, excutes the coimna'nd, and gives the trans- ' , 

ponder a message acceptance pulse (MAP) to send back to the raider. The radar 

. 
$

1
9

 

detects the pulse-width-modulated MAP from the ATV and generates the MAP voltage .- 

This voltage is applied thru the normally closed B contacts of lull-5 and the MT ' 

' switch to the MSG ACPr light. The qperation from MT thru LEG ACPT takes less 

than; one second. When the Pilot sees the MSG AC?! light on, he releases the 1011'! J 

switch and the light extinguishes. ' ' 

As the Gemini gets within viewing distance of the ATV, the Pilot places the'BUs _ ' .l . i ' 

ARM switch to DOCK and closes. the AGENA SQUID 1 and 2 circuit breakérs. He places ' _ "1 A 

the POD EJECTLom-mnm m switch to mm mm. Docking aw, bus 1 power 
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energizes the index bar attend relay 103-3. The B contacts of .K13-3 apply docking 

squib bus power to the index bar extend igniter. The index bar on the Rendezvous , _ . . 

and Recovery (8 8: R) section of the spacecraft extends. ‘ ‘ . j . J _. ' . . é. 

' ‘ ‘ 73’: 
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The' Command-P1101: maneuvers the 'R 8: R section of the Gélnini épacecraft intd the. _ 

target docking adapter ‘(TDA) of the_ ‘ Agena target vehiclé. The TDA docking clamps . 

grip the R 8: R docking .lafiches, and the rigidize sequence- is. initiated. Rigidiiing". 

the spaéecraft in the IDA also mates the docking umbilical. The latter action elec-g .. 
trically connects the bipolar return-to-zero (RZ) circuit of the encoder and the , 

message acceptance pulse (MAP) relay to the radar transponder. The ENGINE ARM 

switch is also connécted to the Agena flight comand logic package. Thin the. 

_ rendezm umbilical, the Pilot ‘can send hardline comands to control the. arguing of   ' 

the Agena enginés. Commands to start the ATV main enginés are countermanded when _ . 

the ENGINE ARM switch is at STOP. With the fimbflical mated, the MAP signal is gent“ 

hardline from the transponder to the MAP relay; The hardiine command link can. alsp ; 

accomplish unrigidizing and normal release from the DA. _ If normal release is , ‘2 

. impossible due to some malfunction, the emergency release (MG RLS) Witch can 

- be used. The ma ans switch applies oms squib bus power thru the, Bus ARM switch‘ 
‘and the AGINA SQUID 1. circuit, breaker to emergency latch release 103-2. The F, E 

and D contacts of K1342 apply dobking squib bus power to the release ignite}: ’9! 

the docking latchefi, and the spacecraft is freed from the ATVQ 

m m m c o m m m ‘  

Approximately 30 minutes before retroflre time (1'3) , the crew places the C-band 

beacon switch to ON and performs the platform alignment procedures. - ' 

At EBB-256 seconds ‘(h minutes and  16. seconds ‘before retéofire time) , the electronic- 

timer‘ energizes 13-256 second relay K846. (See Figure 11-5) 'me A contacts of 

K846 close and energize K847 , K849 and 1(8-29. 1(8-17 is the power system 

m—zsé relay, and its A contacts now close to illuminate the am am telenght 

' z 1.4.5 
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PROJECT GEMINI 

- amber, x849 is the Re-éntry Contrbl System (ROS) amber light relay, and "iilupin-  - ‘ 
ates the ROS telelight amber. K8-29 is the indicate retro attitude relay, and 

illuminates the IND RETRO A'IT telelight amber. - 

The amber IND RETRO AT]! telelight reminds the Command Pilot to place the space- 

' craft in a retro attitude, and to appm retro bias so that the flight director 

indicgtor (FBI) needles can be used to orient the spacecraft in this attitude. 

He maneuvers the spacecraft to the» blunt end forward (BEE) position, and presses . 

the IND RETRO AT]! telelight/ switch. Pressing the switch energizes. the reti'b bias. 

relay 102- 5 .  K12-5 extinguishes the amber and illuminates the green lamps of 

the telelight. 102-5 also applies the retro bias voltage to the FBI, and elec- I 

'tricany places the inertial platform in the BEF position. 

The amber BTRY PWR teleligh‘b tells the pilot to turn on the main battériés' by 

placing the four MAIN m s  switches to the on position. Relay 1:1-29 is _ 
energized through thé on positions of the row:- battery switches; ‘L’ne mm: m 

telelight illiminates green. - V I . 

Depressing the ROS telengnt/switch energizes .the four ncs squib fire relays x1147, . 
m—‘e, m-g and 1:11-10, Relays 101-7 and m"-8 are energized from rétro bus #1. 

while KILL-9 land Kill-10 are energized from retro bus #2. When any of the four ROS 

‘ squib fire relays energize, the ROS amdliary relay 10.1-5 is latched, (21131131113 thé 

Rcs indicator from an amber to a green indication. Relays 10.1.7 and ‘m-g bath: 

fire the package A,B,C pressure isolation, oxidizer isolation, and me]. isqlation . - 

squibs of ring B. Relays Kill-8 and m-lo fire the package A,B,C, pressure isola- 

tion, oxidize;- 1solat10n, and fuel isolation squibs of ‘ring A. The‘ ROS RING A 

and RING B switches are now placed to ACME, and the Attitude Contronet is operated I 

14-117 
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‘ fig rm and test 1335' nos .thrustegsa. -' . 

02 high rate flaw is initiated after the 133-256 second sequences at the option of 

the crew. When the CABIN FAN switch is placed to the 02 HI RATE position,_ the 

02 high rate valve is energized. When the 02 high rate valve Opens, equipmént 

disconnect relay K7-3 is energized. K7-3 removes power from the cabin fan power ‘. . 

suppiy and the two suit power supplies, and innimtea the amber 02 HI RATE 

indicator. ' ‘ 

TIME TO RETROGRADE MIME 30 SECONDS ‘ . ‘ 

After the Eta-256 sequence, re-entry comications are selected, as discussed in 

Section 3 '   

At thirty seconds prior to retrofire (TR-30) , the electronic timer initiates a 

contact closure. This closure energizes the retro 13-30 seconds relay Kit-16, 

which mmnates the SEP OMB LINE, SEP ELEC, SEP ADAPT, and ARM AUTO RETRO indi- 

caters amber. Figure 13-6 shows a logic presentatign of the {BR-3O second sequence. 

Some of the subsequences shown in Figure h-6 such as .83? GALE IINES and SEP ADAPT 

subs equences are performed redundantly. However, for simplicity only the sequences 

pqwered from retro squib bus #1 is shown. 

As soon as the Command I Pilot observes that tile four indicators have illuminated 

amber, he depresses and releases the SE? OMS LINE _§yi_pch-1ndicatoi. . This witch. 

closure energizes the OMB propellant line gumtine relay Kh-23 and the retro 

abort pyro; squib relay Kit-30. Kit-23 changes the SEP 0% LINE indication from 

ainber to green, fires the GAME propellant lines. guillotine 1-1, gnd energizes . 

pyro switch relays Kh-ZS and Kin-26. Relay Kit-25 and Kit-26 energizé pyro switche'a' 
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  Nexis, ‘ the Command fillet defiresses find reieasés {me SEP EIEC switéh-indicatoi' yhich 

'énergiies wire guillotine ielay K1142. Jill-2 ignites wire guillotinés C , D “.and 3 ind- 

‘ - gnérgizes the. sefiai‘até electrical latch relay Kit-61}. Whgn Kit-6H energizes, the 

SEP ELEC lin'dica‘fior’ changes from amber to green. Then, thé Comm! Pilot ipitiates ' “ It   

the~ equifiment adapter separation sequence by depreBSing and releasing .1;t SEP ADAPT 

switch-indicator. Closure of the SEP ADAPT switch engrgizes the adapter shaped 

V ‘charge Arelay Kit-3 and abort discrete :elay'Kh-66.’ ' Kit-e3 detonétesh shaped charge ' 

'igniter 2-41 and 3-1. The adapter equipxhent section separates, and separation is ; " 

'sensed by three toggle sensor switchés.- Thé switches close when the physical sap-N ‘ 

aration is 1-1/2 inches. The élosure of any. two switches energizesi..the adéfiter. " H _ 

' separate sensor relay Kit-15. Kit-15 changes the SE? ADAPT indicatqr fr‘o'm’agmber to'f .'   

green. The green SEP ADAPT light informs the crew that the adapter. équipment l ‘ ( ' 

section has been Jettisoned from the spacecfaft. Kit-66' sends the abort tfansferk   

discrete :to the spacecraft digital commutér. ---~'~ 

Lastly, the Comhhd Pilot depresses and - releaqes the ARM AUTO RETRO switch-indicator. 

U The ARM AUTO mo switch latches the TR arm relay Ids-36. This relay changes the 

. iridication from amber to green and arms the electronic timer for the TR relay con-4 

7 tact Closure. The four REPRO ROCKET SQUIB switches are now moved to ARM. _ ' 

:RETROGRADE ‘ 7 

L A logic. diagram of the retrograde sequence" 18 shown in Figure 1H! i. As. discuséed 

previously, whenever a 'sequence initiated. from. retro: squib bus #1, .there 13‘ an 

identical. redundant sequence initiated from retro squib bus #2. The retrogréde 

seqfience .13 . initiated by the V In signal from .the Electronic Timér. The redundant 
sequencg is" initiated. mm _by the crew. j ' 

' 14-20 
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‘ depressing and releasing the MAN FIRE BEI'RO switch-indicator approximately one 

SEDI 300 
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:At .‘time 1:45 retrogradé TR,‘ the electronic timer latches the TR signal 'I rélay IKE-315 

the TR Signal relay in the» latched condition energize: the rétro rbcket auto fire 

. relay Kit-7. Kh-éh also energizes the hS-secbnd time delay H relay Kh-h, initiates 

a 5 .  5-seconds, :Ll. O-second, and a 16. 5-second time delay, and deactivate: the 163 

'. platform "free" mode . The rctro rocket auto fire relay redundantly fires retro . 

rocket #1 from retro squib bus #1 and #2. At the ' end of the 5.5-second time "delay, ,' 

,the retro rocket auto fire relay Kit-9 is energized. Kit-9 ignites retrdrodcet #3 ” , 

from retro, squib bus #1 and #2 . Retro rqcket #2 is redundantly ignited from retro 

squib bus #1 and #2 when the retro rocket auto fire relay KAI-1.1 energizes. at the end 

. .Of the L1. 0 second time delay. Retro rocket auto fire relay Kit-13 is energized ’ ' 

' at the end of the 16. 5 second time delay. Kit-23 redundantly fires retrc rocket J -_ 

’ fifromretroSquibbuséélandfi‘e. 

I 'In grder to assure retrb fire, the Command Pilot initiates manual re'trd fire by 

.   'second after automatic retro fire initiation. The MAN FIRE RETRO switch latches 

  the manual retro latch relay Kit-37, enei'gizes _ retro rocket manual fire relay Rik-8; ' 

and initiates the hs-second time delay relay Kit-6. This switch also initiates - 

the 5.558econd, lit-second and 16.5-second time-delays. The 5.5, 1.1 and 166-. 

second .time delays en'ergize‘ retro rocket manual fife relays Kit-#10, 31,42 and . 

Kit-11+ respectively which in turn fire retro rockets #3, #2 , and #1; respectively 

Retro rocket #1 is fired by Kit-8. As in auto retro racket fire, each retro rocket 

. is fired from 1617170 Squib bus #1 and #2. Twenty-two seconds after retrofire is 

.1: initiated, the iast retro rocket ceases firing. The c o m  mot, moves the m 

‘ mo SQUIB ARM switch on the Lefi Switch/Circuit Breaker Panel m 3m to m. 

2 Forty-five secénds after retrqfire began ,‘ Kit-h or Kit-6 enérgi zes ‘and imminafeg' 

lh-az " 
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. {age JET]! m0 lamp oh the Sequence Panel.- - " 

As séon as the Comand filét obsefies the the JETT REIRO indicator is. amber, he 

depresses and releases this switch-indicator. The Mich energizes the rétro . 

separate shaped charge relay Kit-17, the retro bias off relay Kit-62, and the . ° 

. scanner heads Jettison relay Kit-38. Relay Kit-17 fires retro adapter shaped charge, ' ' 

Pigniter 1-1, 2-1,and 3-1 and pyro switch H-l. Relay Kit-62 latches the re-entry ' 

:01]. display relay 102-6 removing roll mix interlock from the flight director con- ‘ . 

trailer- flak-62 also resets two latches relays . the retro bias relay 102-5 and the 

indicate retro attitude relay K8-29. Relay 1(8-29 extinguishes the IN!) REJERO An. 

indicator. Kit-38 fires horizon scanner cover squib 1-]. if it was not fired previf 

. ously during the boost phase. Kit-38 ignites the horizon scanner head squib 1-]. 

.thru and 80-mi1113econd :9e time delay gnu dettisons the scanner head. The V ' 

firing of mm switch 11-1 extinguishes the sap mac, :SEP mm, 33? one, Am ‘ 

11mm and m' mo indicators; ‘ l " J 

On spacecraft: 6, 8 and 9, the JET! RETRO switch also energizes latch release relay 

, Kit-69 thru the B contacts 613' the nose fairing Jettison latch relay K3-86. M 

_ fires the release igniters "of docking latches 1, 2 and 3 to Jettiso’n than. I__(h-69 _ . 

also energizes the index bar Jettison and latch door reiea's‘e. relay Kit-73. Kit-73- 

fires three latch door cover release igniters. These igniters release the latch 

doors which cover the ports left by the Jettisoned docking latches . Kh-73 also 

Jéttisons the floating- index bar. If the bar iras hot extended previously, it 13' 

first extended and then Jettisonedg These functions are not a paft of the retro- 

grade sequence duripg an abort if the abort. occurs prior to nose fairing Jefitison. 
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Rnaa‘mrj" 
A After the retro adapter and scanner heads have been Jettisoned , the Command Pilot 

places the RETRO PWR and RETRO JE‘I'J.‘ squib switches to SAFE. Using the attitude 

controller and the flight director indicgtor needles he rolls the spacecraft 180° 

so that the horizon is visible in the upper portion of his cabin window. He engages ‘- . 

the AITITUDE CONTROL mode select switch on the Pedestal Panel from. PULSE, to RATE 

cm: (RE-Em). The ' Comand P1101: uses ACME and the Attitude Controller. to control 

j the roll attitude during approximately the next 10 minutes in which the altitude 

diminishes to 1:00, 000 feet. At this altitude the FDI r011 needles start to move, 

the Computer Sm light. inminates , and the computer begins to calculate the 

point of impact ._ The Command Pilot changes the AMTUDE CONTROL mode select switch 

. from RATE CMD (RE-m) to RE-EM‘. The computer now computes the roll attitude for ' ' 

optimum re-entry lift and also automatically controls the roll attitude . .- Durihg 

approximately the next 10 minutes , the altitude decreases to 100,000 feet . At this 
_ altitude, the altimeter indicator begins to come off the peg. At 80,000 feet , ’ the. ' 

computer comrade the spacecraft to assmne the best attitude for drogue deployment. 

Then the Coman'd Pilot places the COMPUTER switch to OFF. 

'mmc 

After tie-energizing the on-board computer, the crew performs the various landing ~ 

‘s‘equence functions as Figure lk8 shdws. At approximately 50,000 feet the Comand 

~ Pilot deploys dro‘gue chute by depressing the IE ALT DROGUE switch. Closure of the ~ 

drogue switéh energizes the drogue chute relays 16-83 and KS-Bh and . cabin air 

’ ’11‘11et relays 15-93 and Its-9h. These relays are energized redundant]: from landing 

squib buses #1 and #2. Actuation of 16-83 and Its-8h ignites the drogue chute 

mortar fran both buses. 15-93 and K5-9h fire the cabin air inlet squibs. 

lie-2h 
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_In' case the Command Pilot did not depress the drogue switch at 50,000 feet... Earp-5'. 

stat stench illuminates a ho,ooo-¢root altitude_1ndiqator to rennin: him to deploy ' 
  _ the drogue chute.- 

.. ‘ In the event the drogue parachute did not deploy, or deployed improperly, the , 

Cpmmnd Pilot depresses and releases the EMERG 10. 6K DROGUE switch at an altitude 

,  01’ approximately 10, 600 feet; Closure of this switch energizes the emergency 

’chute deploy relay 16-85 and 16-86. This switch also: fires .7 the pilot chute apgx 

. guilllqtine and the pilot chute mortar , ehergifies the drogue ’chute disconnect reILayg 

16-87 and. 16-88, and latches the my; chute deplby "mm 16-98 and 15-90. 

The drogue chute disconnect relays fire the tin-ea (Ix, By, Ty) drogue'chutevdisi ' 

"connect guillotines while the min chute deploy relays energize the chute deploy 

2. 5-second time delay relays 16-90 and 105-91. 

3 Whén 125-90 and K5491 energize after 2.5 seconds, they energize the R. 8: R fiectiqh 

guillotine. relays K55? and 16-8, the descent antenna sglect :eléys 105-51 and ' 

‘ K5452 and‘pyro switch relays 16-95 and 15-96. The R 8: R séction gfiillotine' ‘ ‘ 

. relays fire the R 8: R section egg-Ea]. guillotine B and the R 8: R sectiofi iire 

guillotine A; and énergize the R 8: R section‘ separafion relay K545 and'KS-S. _- 

' 15-95 and 15-96 fire the two pyro sync-h x igniters. Relays 16-5 and 15-6 redun- ' 
ddntly connect‘ landing squib bfis #1.and' #2 to pyro switches A-1 and A72 and" the 

fbur Jettisbn primer cord 'lignitera at the R. G’s-R section interface. ' 

in the event that the Commnd Pilot did hot dtiiize the emérgency drogue chutg ' 

_deploy mode, he depresses the PARA DEPLOY switch at 10,600 feét. The 10,600- 

‘foot altitude indicator, which is illuminated by a 10,600-1’0015 barman reminds 

" the Comand P1101: to depress this switch. _ 

M26 
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The PARA DEHDY switch energizes the drogue chute disI¢onnec£ re'iays 155-37 and . 

16-88, and latches the main chute deploy relays K-89 and K-90. These relays than , 
" perform the functions described previously under the emergency mode. _ . 

Following main parachute deployment, the Comand Pilot selects two-point suspension 7 I. 

7 by depressmg thg me An Mtch. The ma m switch energizes the min ¢hute - . 
single-point release pyrotechnics. At the time "the main parachute aft bridle is: 

pulled out of the bridle trough, the UIE‘ recovery and UIE' descent antennas are - 

mended. _ ' 

POST—LANDING 

After splash down, the Comand Pilot Jettisons the main parachute by depressing the 

PARA JEI'I‘ switch. This switch energizes the main chute Jettison relays 16-21 ' 

and 16-22 .A The main chute Jettison relays fire the hoist loop and flashing re- _ 

covery light release pyrotechnics and the main clnrbe aetuson (forward and an.) 

pyrotechnics. The UK? recovery beacon is turned on without lights, if rescue is .7 

carriéa out under daylight conditions . I 

The crew extends. the HF whip antenna and establishes cit-hi- HE‘ or UHF 'voiée 

comnications with recovéry forceé . AC power and .instrmn'entatioh are turned off. _ 

mom: moms » 

An abort is an uns-cheduled temination of the spacecraft 1111331021,. An abofb my be . 

initiated at any time during; the spacecraft missiém. I In an éases file actual abofl; 

sequence has to be initiéted by the crew éfter an abofl: command has been réceived- . 

An abort indication consists of illumination of - the ABORT indicators located (an ' 

either side of the Center Panel. The. ABOKL‘ indicaizor may be '1111m1nated by three; 

-h-27 
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different methbdé. Dfiring pre ~1aunch prior to: umbilical‘ disconneét, the abort” ‘ 

indicator 'my- be illuminated rrém the blockhouse’ 'via hardline through the launch 

. vehicle tail plug. After umbilical release, the abort indicator my be illuminated 

. by ground commnd to the spacecraft via channel #10 of the Digital Comm! System, ‘_ f 

or by ground comand to the launch vehicle to shutdown the booster. _ 

The abort system is part o f   the 'sequential system. The aboffisystefi comprises the 

‘ abort indicators , controls, relays, and pyrotechnics. The part of the abort sys- 

tem which the crew use is determined by the abort made in effect at. the time when 

the abort command is received or the decision to abort is made. The abort mode 

to be used at any time during the mission is determined by calculations made on the 

ground and depends on the altitude and velocity attained of the spacecraft. The. 

cr1t1Ca1 hbort altitudes are 15,000 feet, 70,000 feet, and 522,000 feet} The 'space-s- 

craft reaches 15 poo-feet approximately so seconds after lift; off, 7p,oooreet. ' ' 

approximately 95 secdnds latter lift off, and 522,000 feet approximately 310' ' 

seconds after 111‘: off. Below 15,000 feet, seat ejection (Mode 1) 1: used. 

Between 15,000 and 70,000 feet, ridgéit-out- ‘abort (Mode I - II) 13  heed: Between 

70,000 and 522,000 feet, modified re-entry (Mode 11) is used. Above 522,ooo‘reet, 
inorml 're-entry (Mode III) is used, except that the spacecraft electronic timer 

does not illuminate the sequential lights amber when the time to press them occurs . 

unless the finer is updated by ground comm‘nd. Figure h-9 presents a simplified 

block diagram of the abort sequences in each“ of the three modes. ‘ 

Abort Mode I 

When an abort becomes necessary during pre-launéh, it is accomplished by using 

abort mode I.  The abort command is given from the blockhouse by hardliné thru the 

m 



INITIATE NORMAL lANDING 8- RECOVERY 
DEPLOY EMERGENCY CHUTE AT ‘0.“ FT. 
DEPLOY DROGUE CHUTE AT 4“ H. 
INITIATE NORMAL lE-ENI'IY 
MANEUVER SIC TO IE-ENIIY AT‘IITUDE ’ 
JETTISON RETRO ADAPTER . 
RETRO ROCKETS SALVO FIRED 
SEPARATION FROM LAUNCH VEHICLE ' 
ABORT CONTROL HANDLE: ADO" ' 
5 SECONDS WAIT FOR "RUST DECAY- 
ABORT CON‘I’ROL HANDLE: SHUTDOWN 
RETFO ROCKET SQUII SWITCHES: ARMED MEWNCH 

“on M60: 1'. 1: 
(15,000 to 70,000 rm) 

LANDING sue cnosm a. APPROACHED 
use RAFT INFLA‘IED a. HUNG no» SPACESUN' 
SURVIVAL m lANYARD rump 
PERSONNEL cums ovens (snow lo, 000 n .) 
mum: oncneo. 10,000 F! 
10,000 n. unosut Amen. 
mums OPENS (nova I7 000 'm 
BALLUTE lANYARD mum 
SEAT-MAN ssmmeo. 
samunon susumeu men . 
suns cone 52mm 5 TELENETHED 
sens mow 
manor: HATCHES AcmAteo & OPENED 

. '1)" mac mum 
mow EVAlUATION or msmw 
ABORT moncnoas: no 
oesmucr swncnes ARMED..- 
ENG»: sumoown TONE: sew 

FLIGHT ommcs orncn 
FUGHT DIRECTOR 
ooosm svsmns ENGINEER 
RANGE SAFETY omcsu 

GROUND sunon ABORT COMMANDS 
ABORT snumou ANALYZED v 
30051 INDICATORS MONITORED 

ABORT MODE 1 
ILAUNCH [0 15.000 FEE!) 

MAIN CHJTE OPENS 5.0 SEC. 
SEAT-MAN SEPARATION 3. 0 SEC. 
SUSTAINER FIRED 2. 25 SEC. 
SEATS GONE SENSORS (TELEMETEIED) . 
SEATS EJECTED 2.0 SEC 
HATCHES OPEN I .5 SEC 
EJECTION SEAT ‘D" RING PULLED I SEC 
PILOY EVAuJATION OF DISPLAY 
ABORT INDICATORS (2) 
LV IAIL Pun 
LV PAD ABORT COMMAND 

no" M00: 1 
mnwucm 

PROJECT GEMINI 

NORMAL new!“ a. LANDING mmnto 
1:1! mm SW/U. mssso/orr 
JETT RETRO LL. mm 
45 sec. 1M DELAY sou nmo JETTISON 
sumo nocms- um: nun MANUALLY . 
Am AUTO «mo swms: "lessen/Guam- 

ncs, sap om: was, 5:9 usc, sap ADA". ' 
RETRO Ammo: ASSUNED- 
my rows: ucm- GREEN - a ‘ 
MAIN mums (4): on 
ma. mac An sw: nessso 
sc MANEWERED AWAY no» w 
5:? srcn momma: cum 
5:; srcn swncu mess» 
om: no». on . 
oms m sw: mm a. An 
Anon HANDLE: suuroown . ' . ,. 
mm summon: or msmv 
ABORT INDICATORS: RED .' _- 
ABORT SITUATION ANALYZED' 

no" moo: u 
(now 522.000 rem 

NORMAL RE-ENTRY 8- LANDING ROCEDLIES 
CONTROL S/C ATTITUDE TO IEF. ' 
JETTISON RETRO SECTION: IND. OFF 
45-SECOND TIME DELAY lElAY ‘ 
RETRO ROCKETS (4): FIRED SIMULIANEOUSLY 
SEP ElEC, SEP ADAP‘I’, ARM AUTO RETRO: GREEN 
RC5, SE? CAMS LINES INDICATORS: ‘GIEEN 
Z70 TUBING (INTER IGNITEI 
SHAPED CHARGE IGNITION RELAYS - 
EQUIPMENT ADAFIEI GUILLOTIBE RELAYS 
MO SWITCH REIAYS - ' 
GUILLOTINE REMYS 
RETRO ABORT INTERLOCK RELAYS 
RETRO ABORT RElAYS 
ABORT HANDLE: ABORT 
STAGE I (OI ll) ENGINE CUTOFF 
ABORT HANDLE: SWTDOWN 
PILOT EVALUATION OF DISMY 
Anon INDICATORS RED 
GROUND STATION: ABORT COMMAND 
ABORT SI'IUATION ANALYZED 
IOOS‘I INDICATORS MONITORED 
RETRO ROCKET SQUID SWITCHES: ARMED (“LAUNCH 
STOW ’D" RINGS 

_ non none I 
(70.000 to 522.000 FEE!) 

mm 4-9 _Abort Modes Simplified Block Diagram 
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launch-vehicle tail plug co‘nneéctor.‘ The comand lights both ABORT indicalbors‘oofi '.   i 

thg Command filot and Pilot!s Panels. ‘When thg pilots see this display) ihey’ . . -  

imedidtely pull the. "D“ rings attached to their ejection seat‘s.‘ Whén hone _"nn . ‘ 

' ring is pulled, both ejection systems are energized. One second after the ABORT . 

indicators light, the "D" rings have been pulled . One-half second later, the 

. batches are open, and one-half second after that the seats have been e3 acted. 

Sensors detect the ejection of the seats and notify the blockhoruse that the pilots 

' ‘ are out of the spacecraft. One-quarter second after the seats are ejectedga 

sustainer rocket under eaéh seat is fired, which extends the distance between the A 

.131t and the launch vehicle. Then a pyrotechnic ignites and separates the ejec- _ '- 

tion seat from the pilots. Two seconds after sustainer ignition, the main chutes . ' 

1 have opened and the pilots are lowered safely to the ground . For illustrations .' 

.and fuller descriptions of the equipment used for seat ed action abort, refer to 

Section III of this manual. 

- After rial-ma]. lift off; and before tlié Gemini-Titan reaches an altitude. 61‘ 15,060 ‘ 

feet, ah 'abort ‘condition could defelop. The crew monitor théir booster indicators- 

30 that they aré aware at all_ time; of" the manner in which the flight is proceeding;   

Booster operation data is telemetered to the ground" for analysis and.1nterpretat16n. ‘ 

' The range safefy officer, the booster systems engineer, the flight director, .0: h 

the flight dynamics officer, who are on the grmmd,_ may decide that danger is . 

iminent and an abort mandatory. 

Channel 10 of the mam. Command System is m: to send the abort comand to the 

spacecraft and ground commands ape sent to the launch vehicle to shutdown the 

. booster engines . Whey the engine shutdown tones are received, the destruct switches 

5-30 



'. between 15 ,000 and 70,000 feet approximately 50 seconds to 95 seconds afiér lift-f ' I . 

:ever has the option to eject or to ride-1t-out depending upon their assessment of S f 

f The retro abort relays and the retro abort interlock relays are energized . These 

are armed from BIA squib buses #1 and #2. Two parallel circuits are used for re- ' '- ~ ._ ' - . , 

_ ' 1 PROJECT GEMINI 

--of the launch vehicle are armed. The two ERNIE 1 indicators and both ABORT indi— 

caters illuminate red. The Command Pilot and Pilot evaluate these displays and 

' pull the "D" rings. The hatches open and the pilots in their seats aré ejecté‘d. '   _ -' i 

' Refer to Section III for a description of the remainder of this sequence. " " '   ' t .. ‘ 

” A b o r t M o a e I - I I  

Aborb Mode I - II is the "rideeit-out" abort mode; . It is effective. it"altitudafnl.‘ .. " E. -. ; 

.off. Abort mode I - II is used when a mode I abort is inadvisable and when a 

  delay to permit entry into the mode II conditions is impractical. The crew how- 

the abort conditions . Therefore the D-rings are not stowed during the I - .  II mode, ' I 

Abort mode I - II begins during stage I boost approximately 50 seéonds after lifb- ' 

off; If an abort condition develops, and the crew elect to ride it out, the ‘ _  

Command Pilot moves the abort control handle from NORMAL to SHUEDOWN. He waits 5 

secpnds for booster thrust to: decay, then moves the handle from SHHDOWN to ABORT. 
l ‘ fi  

‘ relays arm the buses needed for abort action. The retrograde comon control bus, ' - 

is armed from the common control bus. Retro squib buses #1 and #2 are armed fran ' 

om squib buses #1 and #2. On s/c 5 cm, s/c separation squib buses #1 and #2 

'dundancy. This amine of buses by means of relays eliminates the motion or - 

throwing the switch ordinarily required to. arm the buses. men, in rapid suceB-I . .' . . r 

310;: , wire guillotine reIaYS, Pm switch relays, and shaped dug-8;. ignite: rah" ,. . _ . 

‘ ,h-31 
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‘ r ‘ .  

' are” energized . The rélays ignite the pyrotechnics at the equipment adapter/rem», -' 

grade I adapter mating line, and the. véhicleé sefiérate. Then, the four retro rockeis - 

are saivo fired and the spacecraft thrusts away from the launch vehicle. 

- If the abort altitude is betweep15,_000 and 25,000 feet, the retro adapter is . 

‘Jettis-oned 7 secbnds after tetra rocket salvo fire is initiated; If the "abort 

. altitude is between 25,000 and 70,000 feet, the retro adapter is Jettisoned #5 

' seconds after salvo. fire. - 

After retro adapter .Jettison, .the Spacecréft 15 maneuvered to the rte-entry attitude. 

If the abort altitude is above ho,odo feet, the drogue chute 1s déployed at ho,oOo 

feet, and the main chute at 10,600 feet. If the drogue chute fails oi- has nof' 

been deployed before the spacecraft descends to 10,600 feet , the emergency sequence 

' is used to deploy the main chute. 

. If one of the two first stage engines should fail and the launch vehicle is above 

140,000 feet, the pilots may elect to remain with the spacecraft until the operating 

engine has boosted them to 70,000 feet. At this altitude, abort. mode II would 

' become effective. 

'Abort Mode II 
Abort mode II becomes effective above 70,000 feet . At approximately 95 seconds 

after lift off on a normal mission, the launch vehicle has boosted the spacecraft ~-   

to an altitude of 70,000 feet . Ground station computers calculate the time for ' 

changeover from abort mode I - II to abort mode II . The ground station notifies. . 

the crew via the UHF Connnunications link of the change to abort mode II. Both 

the Comand Pilot and Pilot acknowledge the change via the same link, and stow the 

«.32 
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. eJection seat handles (D-orih'gs) Initiatpnof abort model]: gbbve 76,000 feet ‘ 

could be disastrous. ' ‘ l. .. .. M ' . V I V ' 

'Aborb mode II begins during stage 1 boost before BRO and ends during stage 2 j . 

‘ boost before SE00. The crew continue to monitor the booster indicators. If they 

should notice an abort situation developing, they analyze it. The decision. to ‘ " . . 

abort may be theirs or 11: may come from the ground. It a 31°o station sends the _ 

. _comand to abort, both ABORT indicator; illuminate red. In short mode 11, the   I 

  V' .ccnnnand Pilot must act. He moves the ABOEE' handle to the SHUI'DOHN position. The - 

operating engine is cut off. Since launch vehicle deatruct is imingnt and escape 

Iran the fireball is urgent, he moves ‘the ABC!!! handle to spotty The apaéecraft"   "   

is separated fran the hunch vehicle at the egupfiént adapter-retrograde adaptér' ' 

;nat1ng line. The retro rockets, armed by four RETRO ROCKEP SQUIB switches during '- 

prelaunch checkoff, are salvo fired, firepelling the spacecraft away trail the _ 

; launch vehicle.   ‘ ‘ - ' ' ' ....-_. ' 

Since orbital velocity could not have been reached below 522, 000 feet , the spacg- _ ' 

craft immediately begins a re-entry traaectory. The spacecraft is maneuvered to * _ 7 

the retro (BEE) attitude, the retrograde section is Jettisoned, and normal landing ‘ 

procedures are initiated. 

Abo'rt Mode III ., . 

At approximately 310 seconds after lift off, the launch vehicle reaches the alti- 

tude of 522,000 feet and a .veloc 1w of approximately 21,000 feet per second. The ' 
ground station commands a change from abort mode I]: to abort mode III via the DEP- 

“r9410. ' 

h-sav' 
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If an abort aftér this time should becofixe hecessary, the ABORT indiéétors Would 1 

be illuminated red. The Comand Pilot responds and moves the ABORT handle to the 

> i SEUTDCWN ”position; he shutdown command is thus given to the second stage engine.   

The ABORT mmm rfemains in the smrmmm position. The Comand Pilot then presses 

-' the SEP SPCPI' telelight/ switch on the Sequence Panel. This switch fires the 

shaped charges and sever: the wiring at the launch vehicle/ spacecraft mating line 

as dgscribed earlier. CAMS thrust is applied to put distance between the second 

' stage aid {The spaéecraft. The ' crew fierfom the TR-256 secénds and the 13-30 ’ 

seconds. procedures, using the sequence panel telelight/switches . After retréfire 

has been initiated manually, normal Ere-entry; landing; and post-landing proéedurés 

are followed. I > V I a I V 

SYSTEM UNITS . _ ' _ V . 

’_ The Sequence System as shown in Figure 1&2]. comfirises the folldwing units-é 

. Left Switch/Circuit Breaker Panel, consisting of three rows of circuit breakers I 

and one row of switches . 4 ' ' 

Boost apd S taging Indicators , consisting of seven. lights and three match on the 

. .. top of the Command mot and Pilot's Panels . ' ' 

Sequence Panel, consisting  of two pushbutton switches, eight. taught/switches , and 

one teleiight located on the left side of the Center Panel; ' 

rte-entry and Landing Switches and Indicators, consisting of four switchés on the' 

Pedest Panel and one switch, two lights, and two meters on ‘ the Command Pilot's 
Panel. ' ' I 

k-ah 
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.Ahort Controls, consisting of two "1)" rings on thé ejection; seats and one Abort 0011- I ‘ 

trol Handle on the left side of the cabin. 

Relay Panels, consisting of fourteen relay panels in the Ice-entry module and 313.111 ' 

the equipment adapter and retrograde sections, and two in the re-ezrbry and recovery ' - ' .. ' ' 

(R 80 R) section. ; . _ f 

Separation Sensing Devices , consisting of three each in the equiynent adapter sec- 

_ tion and the retrograde section. _ ' ' - 

.The components .6: thé sequence 37336:: are described helm. ' 

uIEFT SWITCH/CIRCUIT BREAKER PM 

The switches and circuit breakers on the Left Switch and Circuit Breaker Panel per- 

form important functions in the operation of the sequential systm. The top row of 

circuit breakers however pertain largely to fidmmications . the secdnd row of. cir- 

cult break ere perform functions related to the Operation of the sequential syntax» 

Their. functions are as follows: 

M m e  TIMER Circuit Breaker _ , 

The electronic timer circuit breaker CBS-15 applies main bus power thm contact ' 

A of 11ft-9ff.relay K3-11 to start the electronic timer when the lift-off 31ml 

energizés K341. The timer begzlns counting the time to so. to retrograde. ,, 

m TIMER Circuit Breaker . . 

The event timer circuit breaker CBS-1h applies main bus power thru contact I) of 

lift off relay 1(3-11 to start the event timer when the lift-off signal energizes 

13-11. The event counter counts the time since lift-6f: occured. 

lF35 , 
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BOOST CUTOEF 1 Circuit Breaker 

'The boost cutdff 1 circuit breaker 033-8 applies BIA common control bus power fo-. f 

the booster shutdown sw1tch on the AbortFContrbl Handle and to the Secondary 

Guidance (ROS-16$) switch.. This circuit breaker arms the booster shutdown cifguit 

and the secondary guidance manual switchover circuit. 

BOOST cure}? 2‘ Circuit Breaker 

'The booSt cutoff 2 circuit breaker CB3-21 applies BIA commoncontrol bus powef 1 

redundantly to the booster shutdown switch, and'supplies power for the sustainer 

éngine cutoff (SE00) signal input to the computer. 

_RETRO AUTO Circuit Breaker , . 

The retro fire autométic circuit breaker_CBh-1 applies retro common controi.bué 

power to the ARM AUTO RETRO switch. It provides power to salvo fire the retro- ' ' 

_rockets during the abort Sequence. If CBh-l is not closed, the electronic timer 

TR contact closure will not automatically fire_tbe retro rockets. 

RETRO MAN Circuit Brgaker ’   , 
The ratio manual circuit breaker CBh-e provides retro common control bus pawef for 

.manually'firing the retro rockets, ana salvo firing the retro rockets with the 

abort control handle. 

TR-2§6 Circuit Breaker .' 

The time to retrograde minus 256 seconds circuit breaker 638-16 applies éommon' 

control.bus power to relay contacts in the electronic timer and contacts of the ' 

TR-256 second relay. 088-16 enables the TR-256 second signal to illuminate amber 

the IND RETRO A'fl', B'I‘RY m, and ROS telenghts on the Sequence Panel. 

. L36 
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83.116318 POWER chain Breaker ‘ . . 
_The. sequence lights power circuit breaker 036-1 applies main has power to the 

- Séquence Lights (BRIGHT-DIM) switch and to open contacts 921 the barostat switch 

am relay and the MAP relgv. 

sag. nears comm. Circuit Breaker ' 
The sequence lights control circuit breaker 031-13 applies demon control bus power - ’ ' 

. ' thru the four MAIN mains switches to relay K1-29. When the main battery 

power indicator relay K1-29 is energized, the BT11! 2W3 indicator on the Sequential 

Panel is illuminated green? ‘ 

PARA cm Circuit Break:_er . . 

me parachute” control circuit breaker OBS-80 applies the landing cannon control 

has power to the buostat switch am relay K5-61. K5-61 when energized applies 

main bus power from ens-1- (SEQ. ms. POWER) to the 90K and 10.61: foot indicators. 
. - — ~ . u o  

. ens-aa— must be closed, or the 'barostat mutéhes cannot illuminate. the ifidicators. 

The mm row of circuit breakers on the Left Switch/Circuit Breaker Panel perform . 
_. .

.
 .

.
.

.
‘

_
_

,
.

_
.

_
.

.
.

 

' functions related to the sequential system. The functions are the following. 

m m: cm mo Circuit Breaker _ 
‘me attitude indicate control retro circuit breaker 0312-? applies retro cannon 

control bus power to the IND mm m telelight/svitch and to contacts of retro 

'15:.“ off relays Kit-62 and Kit-'63. Power from CBl2-7 energizes retro bias relay 

‘ 102-5 when the JET RETRO teleswitch 13 pxessed. . i . 

,h-37 ‘ 
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ATT IND CN‘I‘L LDG Circuit Breaker 

. The attitude indicate control ianding circuit breaker 0312-8 gets power from the . 

common control bus . 01312-8 provides proper scale factor for the £11 3111: director .1 

. indicators (FDI's) during ascent, and permits the scanner ignore signal to be 

sent to the Inertial Measurement finit (IMU) and the Attitude Control Electronics 

(ACE). 

BOOST-INSERT CONTROL 1 Circuit Breaker ~ 

The boost-insert control 1 circuit breaker CBBf-l provides BIA squib bus #1 power to 

initiate the abort sequence with the abort control handle, 3etti$on the nose fair:-   ‘ 

ing and scanner cover, separate the spacecraft from the launch vehicle, sense _ 

,‘ launch vehicle] spacecraft separation, . extend the UIE‘ and diplexer whip antennas ', 

and initiate several experiments . 

BOOST-mm CONTROL 2 Circuit Breaker > . ' _ 

The boost-insert control 2 circuit breaker CB3-11 connects BIA SQUIB BUS #2 “power 

redundantly to the same switches to which 033.]. connects powér. 

mo SEQ. cm 1 Circuit. Breaker _ _ 
Thé retro sequence control 1' circuit bieékef ’ Gnu-3 came-65$ the retro squib bus #1 

to the SE? ems LINES teleswitch, the SEP ADAPT telemmh, the sme- Emc telesutch; - 

and the JETT mo teleswitéh on the Sequence Panel. It also aims the abort difl- ' 

crete relays and the equipment adapter separation sensor switéheé and relm . - 

mo SEQ. cm 2 Circuit Breaker . 
The retro sequence control 2 circuit breaker GEL-28 connects the retro sfiuib bus 

#2 redundantly to the same switches to which the retro sequence control 1 circuit 

' breaker connects power and ms the same circuits. 

u-ae 
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LANDING ”SEQ. 01m: 021t Breakg; l 
- The" landing sequence control 1 circuit bieaker {ms-2 15 armed by the LANDING ' (M‘ ' ' 

ARM) switch and applies landing squib bus #1 power to the BERG DROGUE switch, -' I 

‘ the DROGUE switch, the PARA match, the PARA JET! switch, and the 1136. m.sw1tch. 

CBS-2 provides for drogue clnrte deployment, R 8: R section separation, pilot chute 

‘ and main chute deployment; single - point release, extension and selection of the 

UH? descent antenna, pain chute Jettison, and extension of hoist loop and recovery light. -. . _ . . . .- 

LANDING SEQ. cm 2 Circuit Breaker - 

The landing sequence control 2 circuit breaker CBS-33 is armed by the same switch 

as, 0135-2 and applies landing squib bus #2 power redmdantly to the same switches 

to which CBS-2 applies power. 

SEQ. LIGHTS TEST (mm-mam a. GREEN)Sw1tch _ 
The s’equence Lights test switch connects min bus power to all amber-colored se- ' 

que'nc'e lights and to all lights on the Annunciator Panel in the Am positions, .. 

I . and to an red or green sequence lights in the RED 8: GREEN position. 

SEQ. LIGHTS (Imam-pm) Switch 

The sequence light bright-dim switch is a single-pole, double-throw toggle switch. 

It connects the main bus thru a diode to all sequence light circuits in the m 

position. It connects the bus thru a resistor to the same circuits in the DI]! 

”Bitimo 
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The fourfih row on thé Left Switch/Circuit Breaker Panel contains eight switches . 
. These switches am or safety the various squib buses used by the sequential system. 

_ Their functions are as follows. 

BOOST-INSERT (ARM-SAFE) Switch . . 
The beast-insert squib bus arm-safe switch is a four pole, double throw toggle 

switch. In the ARM po'sition, this switch arms the boost-inserb-abort_ (BIA) squib   
.Busés l and 2 and the BIA cannon control fins. These, buses arm the SE? SPCF'I‘ tele- 

switch, the 3908'! CUT-OFF l and 2 circuit breakers_ , the BOOST INSERT CNTL 1 and. 
CNTL 2 circuit breakers, ‘and the relay contacts which fire the nose fairing J—ettison,‘ 

scanner cover jettison, orbit attitude maneuver system (CNS) activate, rte—entry _ ' 

control system (ROS) activate, spacecraft separate, guillotine, and pyro switch 
pyrotechnics . 

RETRO POWER (Am-SAFE) Switch . 
The retro power sduib Abus aim-safe switch is "a four-pole , doubie-throw switch. f In 

. fihe ARM position, it arms retro squib bus 1 and 2 and the retro common control bus; 

I Thru these buses ‘11: arms the RETRO JEN! ARM-SAFE switch, the RETRO ROCKET SQUIE 

ARM-Sm 1,- 2, 3 and h switches, the MT inn cm .RETRO, REI'RO SEQ. 1 and 2, and 
RETRO AUTO and MAN circuit breakers on the Left Switch/Circuit Breaker Panel, and’ ' 
the ROS SQUID 1 and ‘2 circuit Breakers on the Overhead Switch/Circuit Breaker Pagel. ' 

RETRO JEIT (ARM-SAFE) sch . 
The retro Jettison squib bus arm-safe switch is a two-pole double-m toggle I 

switch. In the ARM position, it arms retro Jettison squib buses #1 and #2. From 
these buses , the retro Jettison relays get the power to fire the retro adapter 

shaped charges and retro pyrb switch 11. _ 

h-ho 
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WING {ARM-SAFE! Switch 

The landing squib bus arm-safe switch is a fair-pole double-am switch. In the 

  safe position, it prevents deploying the drogue, pilot, and main chutes, and Jetti- ‘_ 

' soning the chutes and the rendezvous and recovery section. In the am position, 

this squib bus switch connects comon control bus power to the landing common 

  control bus from which the barostat switches are armed. The squib bus switch also 

' connects the OMB squib buses #1 and #2 to landing squib buses #1 and #2 respec- _ 
tively. These squib buses supply power to the DW, m .  DRQGUE, PARA, and PARA 

. J'E‘lET switches , to the relays they control, and to their associated pyrotechnics. ' 

RETRO 120cm scams 1, 2, 3 ,h  (ARM-SAFE) Switches 5 
The four retro rocket. squib am switches apply the voltages which ignite the four 

‘ retrofire rockets to open contacts of _ the retro rocket autbmtic and manual the 

ielays. In the safe position at thesé four switches, the ignitiqn voltage is re- I ., 
. movedrfrom the relays- When both the RETRO POWER lsquib arm switch and the' form: I. ' V 

BERG ROCKER SQUID am switches are placed to the ARM position, the CAMS squib 

buses #1 and #2 are connected redundantly to the retro rocket fire relays . ' 

BOOST-INSERr-AHDRT CONTROLS AND INDICATORS '- 

Seven telelights , three meters and four controls are prqvided for the most-insert- 

aborb phase of the spacecraft mission. I 

w '1 Indicatogg . ~ 
The two mm 1 indic'ators are provided on the ecmmnd 2110i: '5 Panel to indicate 
thrust chamber underpressure of the first stage booster engines. Each indiéétor ' 

intuinates red when the thrust chamber pressure of the engine. 13‘ 68 percent .01" 
rated pressure or less . Both indicators illuminate red at stage 1 ignition but 

h-hi 
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. extinguish 0.91 to Lés seconds later #5 fine pressurg increaées above 68 percent; 

Both indicabrs inuminaté red 'at ’boos‘ter i engine cutoff éfid extinguish quickly at 

sugm.' ' ' ' ‘ ' ' '” 

ENGINE 2 Indicétgjr. _ . V _ . 

_ The mm 2'1nd1caior on the cmna P1161: '3 Panel illuminatés ainb'er to 1mg“ 
' the fuel 1113 ectbr underpressure v (or off) cohdifion of the second stage engine; The‘ 

Critical pressure for engine 2 is 55 percent of rated value. The indicator 111mm- . 

mates when the first stage engine is ignited and stays amber through first stage 

'boost . Approximately one second after both ENGINE 1 indicators extinguish, the 

ENGINE 2 indicator also extingrlshes , indicating normal staging and engine 2 me]. 

' injector pressure build up. 

' AT]! IRATE Indicator , ' . 

The attitude rate indidatbr on the demand Pilot ' 8 Panel indicates an evaluation- 

'of the launch vehicle ‘ attitude rates during the boost phase. The indicator is 

. extinguished 1: the attitude rétes remain within acéeptable limits, but illuminates . 
red if the rates exceed these limits . Acceptable limiis for stage 1 flight differ 

somewhat from those for stage 2 flight. For. stage 1, limits in pitch are +2. 5°] 

.second nose up and -3. 0 0[second nose down; in yaw, +2. 5°/second right and -2. 5°/ 

', second left; and in roll, +20 o/second clochrise and -20 c’l‘esecmzna. cmmterclockwise. 

For stage .2, pitch limits . are I+IO°/sécond and -10°/ second and yaw limits are : ' 

” 13°] second and - 0°] second. Roll limits for stages 1 and 2 are the same. 

The. secondary. guidance. indicatpr. on. the. Command Pilot.Pane1. indicates which 

guidance system is in operation. me indicator is extinguished to indicate that 

W 



PROJECT GEMINI 

' prim guidance '13. being used... The indicator illuminates amber to indicate that 

_'.”_secondary guidance has been selected. _ ’ 

£30m Indicatogg _ . _ _ __ _ . 
Two 4303::- indicators are provided, one for each pilot . ‘Both name»; linmnate 

- red when the abort command 13 transmitted. When the ABORT iridicator is: illuminated, , . 

immediate and approm-iate action is imperative . The ma cater signals the crew” to . 

initiate immediately the abort mode apprOpriate for the altitudg and velocity 

01" the spacecraft These modes are described under Sequential System Operation. __ 

Ruins the boost phase, the crew has been reminded via, the m comunicationa 

_ Link of the abort mode in effect. 

was 1 REL/033m Meter: 

The stage 1 fuel and oxidant meters on the Command Pilot's Panel enable the crew 

to monitor the instantaneous conditions and progress or the boost phase, and to 

permit than to anticipate an #bort conditi oh if one ebony! develop ._' ‘ These. meters. 

indicaté the gas ptefisures 1n rsn of tggjpgge 1 fuel and oxidant Itanks. Dual. ' 
indicating needles are provided for redundancy. The range of the stage 1 meters - 

13 35. to 5 PSIA. A tme-versfis-pressure scale near the bottom of the‘meter and” 

the minim required pressure at 20, ho, and 60 ééconds after lift off. critical ' 

fuel, tank pressure is indicated by a shaded calm at the low end 9!. the scale. ' ' ' 
After staging with no signals applied, the. meters indicate Maximum P815. ' 

gym 2 FUEL/mum Meters . _ . 

The stage 2 fuel and oxidant meters on, the Command Pilot's rude]. mama stage 2 . ' 
fuel and oxidant tank pressures over a 70 to 10 PSIA range. Rédundanf pointefs" 

late usgd.Cr1t1c§1 fuel tank pressures are indexed by a shaded column at the low 

Iii-33 I 
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V end 'of .the scale; The ‘ S-flag at the ‘30-PSIA mark indicates. the minimmn accep; . 

table stored pressure in the tank before pressurization. After spacecraft separaQ 

' tion, thé meters indicatg maxim PSIA. 

Accelerometer 

The accelerometer on the Comand Pilot. '8  Panel indicates the rate in G's at. 

which the launch vehicle engines are changing the velocity of the spacecraft . the. 

range of the accelerometer is -6G ‘ to. 16G. The meter has positive and negative - 

mefiory pointers . The accelerometer enables the crew to monitor the effectiveness” 

of the engines. It, is a secondary indicator of istaging. ‘ ' 

RGS-IGS Guidance Switch _ . _ _ , _, 
The guidance switch above the Abort Control Handle permits the Command Pilot to 

' manually change from primary guidance (RGS) to secondarg'y backup guidance (IGS). 

When backup guidance has been selécted either manually or automatically during - - 

‘ stage 1 boost, and the ground station detemines that primary guidance is feasible 

during stage 2 boost, primary guidance can be selected again by momentarily placing 

the guidance switch to the RGS position. 

"D" my 38 ' 

A "D" ring is provided on the e: ection seat of each pilot .. These rings - are pulled 

_ t o  initiate Mode I Abort at altitude below 70,000 feet. Refer to Section III of - 

this volume for the location and Operation of these devices. 

Abort Control Handle . . 
The abort control handle is located _on the Command Pilot '3 side of the cabin. It 

is used for spacecraft re-entry 1n Abort Modes I - II, II- and III. These'modes'are 

effective above 25 ,000 feet . The three positions of this handle are NORMAL, sm- 1 
‘ h-hh ' 
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DOM add ABORi' . Ii) NOEL; the handle is imperative; When the handle is moved 

to SHUTDOWN, the engifie cutoff command 181 sent to the Operating launch vehicle 

V engine .- When the ABORT handle is moved to ABORT, the spacecraft is separated 

from the Launch vehicle at the adapter-retrograde interface, and the retrofit-e 

rockets are simultaneously fired 

$ 3 q  PANEL CONTROLS AND INDTCATW 

The switches, teleughts, and telelight/switches: on the Sequential Panel have the 

following nomenclature, place in the sequence system and functions . 

JEI'I‘ FAIRING Pushbgtton Suite}; 

The Jettison fairing switch 13 used in the boost-staging phase of the mission. se- 

quence . The cpmand P1101; pres sea the switch approximately #5 seconds after _ ' . 

busing occurs . This switch ejects the nose fairing and the scanner head cover, 

SEE 3mm TeLeJt/mijgch 

The separate Spacecraft teleught/switch is used in the separation-insertion phase 

bfthe sequence. The Command Pilot presses the switch approximately 20 seconds 

I after ,second stage engine cutoff when the Incremental Velocity Indicator displays 

' the deLta-V required for insertion. Pressing the switch causes several things to 

happen. Primarily, 1t detonates pyrotechnic devices which separate the Spacecraft 

from the launch vehicle . Secondarily, it extends the UHF and diplexer antennas 

and readies the acquisition aid beacon for use. As the Spacecraft moves away 

from the launch vehicle, separation sensors close and energize the Spacecraft sep- 

aration relays. The relays illuminate the telelight green. 

h—hs 
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IND RETRO ATT Teleliggt [Sui Switch _ 

The indicate retro attitude telenght is illuminated amber when the electronic 

I timer energizes the TR-256 second relay in the prepare-to-go-to-retrograde phase ' 

the minutes prior to. retrograde. The amber light cues the crew to press the 

' tel'elight/ switch at this time . When pressed, the switch changes the FDI electron-y 

ice to permit orienting the spacecraft in - the retro (HEP) attifude t6 the FBI 

‘ needles in the Same manner as in nomal (SEE) flight. The telelight' also changes 

from amber to green, indicating that the FDI can be used in the retro attitude. 

m m Telenggt 
7 The battery power telelight is illuminated amber by the $3.256 second relay.” The 

'amber night cues the Pilot to place the MAIN BATTERIES switch to on, and the fuel 
cell switch or mm m '  switch to OFF. This change must be madé because 

the~ adapter section will be J‘ettisoned at retrograde (TR). When all of the main 

" battery switches are on, the telelight changes from amber to green. 

368 TeleligEtlSwitch 

The ire-entry control system telelight is illuminated amber by the 133—256 sgcond 

relay. The amber light cues the Command Pilot to activgte the re-entry’ control 

' system by firing the fuel, oxidant, and pressurant isolation squibs. Pressing the 

' telelight/switch energizes relays which fire the squibs . The telelight changes 

_ from amber to green, indicating that the ROS has been activated. 

SEP OMB LINES Teleliggt [SW1 1:01! 

The separate @136 lines telelight is iflminated amber by the 533-256 second relay 

in the prepare-to-go-to-retrograde phase. The amber light cues the crew to seal 

and. sever the OALB lines before Jettisoning the adapter. Passing the telelight/ 

1.4.6 
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switch energizes relays which ignite the pyrotechnics used to seal and carer the _ " -. . ‘ 

_ _ lines. The relays also fire pyro switches and wire guillotines severing some of 

the adapter-retro mating line wiring. The teielight changes from amber to men, 

§_EP ELEC Teleligyb Switch 

- The separate electrical telelight is also illuminated amber by the lh-3O second 

relay. The amber light cues the crew to sever all the wiring at the adapter] 

retro mating line. Pressing the fbeleught/ switch energizes the wire guillotine ‘  . . ‘ 

relay. rue pyrofeéhnics are detonated'and the wiring is cut. The telelight changes ' ' 4 
from amber to green to indicate that electrical separation has been accomahed. ' 

SEP m Telenggt [Switch . ‘ _ 
The separate adapter telenght 13- illuminated ambiaf by the TIT-30 second relay; I The t 

I amber 113m; cues the 6 e  to. Jettison the equipment adapter Section; Pregsmg the 

taught/match causés the adapter. shaped charge and the Z70 tubing cutter pyro‘ _' 
to he detonated, and the gdapter severed. Separé'bién of the adfipter’ 18 sensed by 

the fitment adapter separétion sensors . Two closed sensors energize the senspr 

relay and change the telelight from amber to green; 

ARM AUTO RETRO Teleiligyswi 

The arm automatic retrofire telelight is illuminated amber by the {EB-3O second . 

relay. The amber light cues the crew to am the automatic retrofire circuits so 

that when the electronic timer closes the 13 contacts at TR time , the retro rockets . 

um fire automatically. Pressing the telelight/switch cqnpletes the path from 

- the retro common control bus to the timer TR gontact , and also energizes the TR 

firm rglay. .Ihe relay changes the light turn amber to green. Contact clam at, 

w: . 



SEDR 300 

‘7 PROJECT GEMINI 

TR ‘ time energizes the TR I'signal relay. The signal relay energizes the hfi-second 

time delay relay, fires the retro rockets at 5 .  5-second intervals, and puts the - 

platform in the free mode . , . 

"m FIRE RETRO Pushbutton Sfitch ' 
The manual fire retro rockets switch connects the retfo common control bus to the 

manual retro latch relay. Contacts of this relay energize the its-second time delay 

relay, fire the retro rockets at 5 .5-second intervals, and 'place the platfom in- 

the free mode of operation. 

, J'E'IT RE‘I'fiO Telelight/Switch ' . , 

The Jettison retro adapter teleught is illtnninated amber by the hs-second timé 

delay relay #5 seconds after retrofire begins . The amber light cues the crew to ‘ 

Jettison the retro adapter. Pressing the telelight ignites pyro switch H and other 

pyrotechnic devices which disconnect and guillotine the wires at the retro adapter/ 

rte-entry vehicle mating line. It fires the shaped charges which séver the retro ad- 

apter from the re- entry vehicle . It energizes the scanner head Jettison relays . 

which fire the Jettison‘ squibs and Jettison the scanner head. It removes the retro 

I .attitfide, signals applied to the flight director needlés at TR-256 seconds. It 
switches the FDI roll channel to the mix mode for reentry; Finally by igniting 
pyro switch H 11: extingushes the IND RETRO Am, SE? ems LINE, SEP mac, sm> ADAPT 

and ARM AUTO RETRO green telelights and the am mo amber teleught. 

mmnzvous smumcn comers AND micmoas 

The controls and indicators used during the rendezvous sequenge are located on the _ 

Agena Control Panel and the Encoder Controller (Figure L1). The Agena Control 6 

Panel is part of the Right Switch and Circuit Breakér Panel. The Encoder 

h-li8 
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Contrdller 1s located below the.R_‘13ht switch. and Circuit Breakér 2.5.1»; f 

‘ For Gemini, Spacecraft 5, only the Man ms ARM switch, the Asian SQUID Land 2 ‘ 
circuit breakers .’ and the POD EIECT- INDEX BAR MIND switch are required. Th'ea‘ef ‘_ - V . 

controls provide for the ejection of the Rendezvous Mluation Pod (REP) and the 

REP them]. cqver. 

‘For Gemini Spacecraft 6, 8 and 9, all the rendezvous sequence contra]: and indie». 7 

tors are required. These controls provide for arming the docking squib buses 1 ‘ - I 0 

and 2; extending the docking index bar; energizing the coma link éncoder; en- 

. coding and sending commands to the Agena target vehicle (ATV) via. the RF link and I 

.- the hardline; illmninating the docking light; verifying that the ATV has accepted 

I the message; aming‘ and stepping the ATV engine; and enérgeficy'release out .the 

Ganini spacécraft from the tag-get docking adapter, (Tm) . ’ 

mm POWER Circuit Breaker 

The Agena power circuit breaker 0310-2 arms the mom switch which applies 

min bus power to the encoder. 

AGEM 5°31?" Circuitw Breaker - 

The Agena squib 1 circuit breaker 0313-28 arms the POD EJECT- INDEX m1) 

switch with OMB squib bus 1 power when the BUS Am switch is in either the DOCK 

or m position. 

AGENA S E  2 Circuit Breaker _ 

The Agena squib 2 circuit breaker 0313-29 arms the redundant contacts of the POD 

mar-  INDEX EXTEND switch with OMB squib bus 2 power when the BUS Am SWITCH 

is in either the DOCK or EXP position. 

#419 
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I AGENA CONTROL Circuit Breaker _ _ 

The Agena. control circuit breaker 0313-30 arms the ENGINE ARM switch with pdwer 
O ‘ 

from the cannon control, bus . 

" mconm Summ- . -_ 
The encoder switch applies man bus power to the cmnd link encoder when the ' 

AGENA POWER circuit breaker is closed. 

.nocx’ LIGHT Switch _ _ 

f The dock 113m: switch applies min bus power to the dock light outside the space- 

' craft when the cum LIGHTS ail-gun: breaker is closed. ' ‘ 

memo! REIEASE Switch 

‘ The emergency release switch provides the capability of releasing the Gemini Space- 

craft from the target docking adapter of the ATV in case the command link malfunc- 

tions and fails to effect target“ docking separation . The switch applies GAME squib 

Ibus pqwer to emergency latch release igniters . The igniters blow the latches loose . 

INDEX Emmn- PODEJECT _Sy1tch _ .  

The index éxtend - pad eject switch prdvides the capability of ejectihg the rendez- 

vans evaluation pod (REP) and REP thermal cover on the .Spacekraft 5 mis‘sion,'a.nd 

extending the. docking index bar on the Spacecraft '6, 8 and 9 mission. 0n space- 

craft 5 , the switch c bnnects experiment squib bus power to the REP afid thermal cfiover 

eJec£ relays. These réiays apply the same "power to the REP eJect ign‘it‘é‘i‘s and 

the therfiél cover Jettison igrflters. The igniters céuse the pod find cover to be 

eJectedfrom the spacecraft.- On spa'cecrafts 6 , .  8 and 9, the index extend. - pod ' 

‘h-SO 
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eject switch applies docking sguib has power t6 Othe index bar extend relays. 

These relays connect docking squib bus power to the index bar". extend ignite”. ..  

Pyrotechnics extend the docking index bar. - ‘ i 7 ' ' 

mGINEARM- STOPSvritchv . . . . k . .  

The engineam - stop switch provides an anergency stop capability for the main 

engine or the ATV when the Gemini Spacecraft 6, 8 or 9 and the Agent: target which 

I. are docked. The engine am-atop switch in the STOP position connects no power 156 

the ATV programmer. In the m position, cannon control has power is applied than; r: 

the rendezvous mbflig'al gonnector to the énginé stop circa-R 1n the flight cbntxol' 

-¢ logic package. The mam stop signal stofis the m main engine if the engine has: 

been started; and prevents execution of the start camand 1: this cma 13’ sent. ‘ 

MSG mm Lisa; . . . . » , ‘ 
The message acceptance pulse (MAP) light is mininatéd by the Agena programmer - 

when the r.Programer accepts and executes a comand sent to it frcm Gemini. Space- _' 

craft, 6;, 8 or 9 via the R? or hardlihe command link. The. Agené programier gener- 

ates :the MAP signal whén a command which it is prografined to ' execute is sent to 

it .  The programmer, as it sis-arts ‘to carry out the coma‘nd, generates the message 

acceptance pulse. If the RF link is being used, the pulse "cause; the radar' um; . 

ponder aboard the ATV to widen three consecutive return pulsés to the .radar.‘ A 

A MAP detector in the radar detects the change in pulse width and operates a 2.5. I‘ 

second light driver. The driver applies main bus pave}: for approadmately 2 .5  ' 

seconds to the closed contacts of the MAP relay, The XMIT switch of the Encoder - I 

Controller in the "0" or "1" position applies the power to the MSG ACPJ.‘ light . It 

the rendezvous umbilical hardline is used to send comands, Agena power is applied 

1:451 ' 
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  thru the mnbilical to the MAP relay. The 110m Open contacts of the MAP rglay 

close, applying main bus power thru the SEQUENCE LIGHTS 2mm circuit breaker 

and the mm switch to the MSG ACPJ‘.‘ 1 1 3 1 1 1 ; . . .  

8° Reader Controller Switches 

‘ The eight-one (31) and eight-Zero (8°) concentric rotary switches are used to dial 

the first we: digits of the command link code. sixty-tour combinations (00:: thru 

71X) are possible with these two switches, 128 combinations altogether using .the 

mar switch. The encoder translates the switch position into pulse position. modu- 
lation triggers for the radar, or into bipolar réturn-to-zerq (RZ) pullses' 'for' the 

' hardnne' when the "mus-switch is operated to_add the last £11311: ('0 or 1.) of a.“ 

' _ mm Switch . _ _ 
The transmit (MT)_sv1tch of the encoder controller 173 a. spring-loaded; return- 
to4center, 3-position switch. It performs three flmctions . First, it provide? _ 

the Last digit (0 0:1) of the comand link code (xxo or non.) depending upon the 

lpositién to’ which the Pilot places the. sfiitch. 7 Secondly, it tfansmits the message. 

"by causiné the Encoder to encode the message. Thirdly, 1!: arms the MSG ACPT light 

circuit so that a. MAP signal via the radar or umbilical can illuminate the light. 

Since every message is composed of 60 subbits Spaced 3. 9 millisecOnds apart, 

approximately One-quarter second is required for a complete message transmission. 1 

The pilot holds the MT switch in the O or 1 position for approximately one 

second to send a. message. The Agena pragramer acknowledges message acceptance ' 

promptly and lights the MSG ACPT light. The XMIT switch extinguishes the MSG’ 

ACPT' light when released and returned to the center position . 

, 13-52- 
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. uIANDING SEQUENCE swim AND mamas _ f 
Four switches on the Pedestal Panel and one switch on the Comand Pilot's Panel 

control the landing sequence events. Two indicators and two meters on the Omaha 

Pilot's Panel provide the crew with important descent data. Figures h-l and h-B 

' _shov the landing. sequence switches and indicators. rhese components and their 

. motions are as folldws.’ 

in ALT meow. Switch 
The high altitude drogue switch on the Pedestal Pane]. Qéplcys the drogue chute and '  

opens the cabin air inlet . _ 

PARA Switch‘ _ 

ThePARA switch is pressed at approximtely the 10, 600 - foot altitude to deploy: 

the pilot chute and min parachute. The parachute deploy switch disconnects the 

drogue chute cables from the R 8: R section, and allows the drogue chute to deploy 

the pilot chute. The switch guillotine: fihe R 8: R section wire ‘ bundles and 

new the R 8: R section from the cabin vehicle by means of a. mild 'detonatins' 

fuse. It allows the pilot chute to pull the R 8: R seétion away from the landing 

module , thus deployifig the heated main parachute . 

- LDG AT]! Switég _ 

The landing attitude switch changes the descent "attitude or the - apacécmft by chang- 

ing the suspension from single-point to two-point (bridle) auépension. When the 

LDG ATT switch is pressed, power is applied to the min chute single-point release 

I igniters . The main chute single-point disconnect assembly is 'unlatchegl, and the 

#353 . 5 
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main chute riser pulls out of this as'aembly.‘1'he riser, which is attached to 

the bridle, pulls the aft leg of the bridle out of the trough. The spacecraft 

. is suspended from the forward and aft bridle disconnect assemblies. 

.PARA JET'I‘ Switch 

The main parachute Jettison switch Jettisons the main parachute after landing 

by pyrotechnicany operating the forward and aft bridle disconnect assemblies . . 

_ When the PARA mm switch is pressed, power is applied to two forward main chute 

Jettison igniters and two. aft main chute Jettison ignite”. The four Jettison   

I igniters fire the disconnéct assembly pyrotechnics and unlétch the assemblies; .. 

The bridle legs pull out of the disconnect assemblieg. 11 116161: loop and recdvefi   

light is also extended. The recovery light flashes when the BEACCN CONTROL RESC ‘ 

' ‘ switch is put in the ON position. 

< * . -  um- " “memoir moans Switch 7 
The emergency drogue chute on the Cqmmand Pilots' 3 Panel. is a guarded toggle switch. 

It is used if the high gltitude drogue chute fails to deploy or deploys. improperly. 

When the Spacecraft hats descendéd to an altitude of approximately ,10, 600 feet. ' 

without the braking effect of the drogue, tn; Comand Pilot lifts the guard and   

  closeé the MR6 DROGUE 10.6K Switéh. Thru relays, pyrofiechnics, and. time deléyg 

: the. switch éauses the fondling things to happen . It savers the high. altitude 

drogue chute risers and apex line. It fires the pilot chute mortar and ejects ihe ' 7 

pilot chute. It separates the R 8: R section from the Spacecraft landing module, 

11: deploys the reefed main chute. ‘ 

hes», 
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”flex rm Indicator _ - . _ . . 
' The 1:6, GOO-foot indicator illuminates amber when the re-‘entermg spacecraft hu' j; - 

' descended to an altitude of ho, 000 feet. The indicator is illuminated by the ‘ I. ‘ . 
' hon-toot barostat switch, when the m. moms m and Pm com: circuit hm.  - 

have been previously closed. . ' ‘ ' ’ " 

'10 61: m Indicator . _ , , , . A ‘ 
' The 10,600-1’001: indicator illumihates amber when the SEQ man-s m and m can 2 -' 

circuit breakers have been previously closed and the spécecraft has descended to ' I 

.the 10,600-1’001: name; ' 

I mscm RATE net; . _ _ , 
The descent raie metér is .a conventionai pneumétic unit driven from a static pres- - 

sure source. It visually indicates the vertical velocity of the re-entry nodule 

  during the landing phase. 

Altimeter 

The altimeter located on the left side on the Command Puot's Panel is a standard 

aircraft altimeter . It is used to monitor the altitude of the re-entry module . 

during the landing phase. 

82- ENTRY VEHICIE RELAY PANELS ,. . . 

Twenty-two relay panels are installed in Gemini. 3/0 5. Fourteen relay panels are 

located in the re-entry vehicle, five in the retrogrgde adapter, _one in the equip- 

ment adapter, and two in the re—entry and reéavgry (n a. a) section. ' See Figure 1.4.“ 
In 8/6 6, 8 and 9 there are twenty-three relay panels, including three in the R & 3 

section. The following relay panels ‘are in the re-entry nodule. 

u-ss ‘ 
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. Power R. Panel I 

_In Gemini s/c 5, 8 and 9 the power relay panel contains fourteen relays ten of 

_ which pertain to fuel cell operations. Fuel cell operation is discussed in Section ' 

' - -v of this manual. In 3/0 6 mei cells are not used and these ten relay are not ' 
‘ Operative. The four remaining relays are used: to arm CAMS squib bus #1 (K1~2);to 

'am ems squib bus #2 (Kl-90); to indicate that the four main batteries should be 
selected at 256 seconds before retrofire (K8-l7)‘ . and to indicate that the four 

main batteries have been selected (Kl-29). 

Adapter Power SQMR em Panel ‘ . 

The adapter power supply relay panel has twelve relays all of which; perform functions . 

related to the operation of the fuel cells. 

Power Distribution RelaIPan 

In the event of an abort, the spacecraft separation, retro squib and retro comm 

.buses .are armed by means of the four relays of the power distribution relay panel. 

‘Ias Relax Panel 

The inertial guidance system (168) relay panel contains eleVen relays to perform the . 7 

following IGS functions . abort cmnd transfer, re-entry roll display, retro bias 

application, retro attitude indication, guidance switch-over fade-in, and flight 

- director indicator (FDI) ascent scale factoring. 

‘ BIK ‘ Control Belg! Panel. 

The boost-insert-abort, (BIA) control relay panel contains six relays to perfbm ' 

spacecraft Separation indicator contrpl and launch vehicle] spacecraft pyro switch 

firing. ‘ 

@456 
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Retro Separation Rem Panel i.   l‘ . -A 

' The necessary functions required for adaptgr retro section separation are performed - . l I I L 

by the fourteen relays of the retro separation relay panel. The relays perform I 

I, such functions as pyro switch and shaped charge ignition, TIE-30 second indication, 

'automti’c 168 "free" mac selection, and arming Of the TR co_nta¢ts of the time 
- reference system (m) ' . - . _ -  ' . _   _ 7 . 

.   Parachute J ettison Reg! Pam]. , 

The parachute Jettison relay panel contains two relays to perform each of the 

following functions: min chute single-point release, main chute Jettisbn, and  . ' 

  cabin air inlet door guillotine ignitiog. , _ 

.ACS Scanner and 308 S uib Fire Relghn ‘ 

'Re-entry control system (ROS) squib firing, seanner cover and scanner heads Jetti- - I i 

‘ son, abort interlock, ROS amber light actmtion, and ROS ring B squib firing test 7 ' 

prior- to launch are provided by the sixteen relays of the attitude control system 

(AC8) scanner and RCS squib fire relay panel. 

Comunication Relay“ Panel 

The commication relay pane]. consists of ten relays to perform 1311: following 

’ .fimctions: lift-off sensing, m minus 256'se‘conds indication, descent antenpa. 

select, acquisition aid disable, and UHF whip. anfienna actuate. - 

ECS Rey; Panel ' 
The relay panel has one relay which fimctions as the 02 Iii-Rate indicator, power 

' control and Quit and cabin fan pqwer disconnect relay. 

',‘h-§7 
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. R a. R Section Sgnaration Control 1343q 

-'.‘Ehe nine relays of the R 8: R section separation control relay panel perform sugh 

I functions as guillotine ignition, barostat arming, and R as R segtion shaped charge 

r m . . _  I l 

> . Etmen‘lggbion Sqence Mohitor Belg Panei > 

The 'mstnmentation sequence ménitor .reiay panel contains I nine ieiaars to ‘ initiafie -- 

instrumentation system parameter telemetry transmission. This is accomplished by 

sensing such emails as main chute Jettison, drogue chute deploy and launch ’ 

vehicle engine shirt down. A ‘ I 

‘ Instnnnentatlon Power Céntrol Relazl’an - 

I The instnmen’cation power control relay panel has three relays which control the 

V telemetry transmission functions. 

Umbilical 1?e Switch Control Relax Panel “ 

I ihe umbilical pyro switch relay panel contains two relays which apply landing 

- squib bus #1 and #2 power to re-entry umbilical wiring pyro switch It. 

ADAH'ER mm mums . . . 
~ " The retrograde adapter ébntainé the following five relay panels which control I 

_-spacecrafl: separation, retrofire, equipment adapter separation, DOD experiments, 

and experiment squib firing.1he equipment adapter contains the CAMS squib - 

'flre relay pang. ' 

.._u.‘5o 
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mcecraft Segaration Contra; Rem Panel 

l‘l‘he spacecraft. separation central rem panel cantains six relays to perform the 

- following hmctions . . shaped charge ignition, and launch vehicle] spacecraft I - 

isuillotiné firing. 

Retio' Fire aw Panel 
. _ The retrofit-e rem panel has twanty relays These relays anti-o]. the automatic, ' 

mammal and salvo firing of the retro rpckets, and time the 5.5-sec'ond firing- * 

secmence. 

Retro Semefice Mantel: éflmte Rm Panel 

I The retro sequence adapter separate relay panel contains Welve relays. m . 

relays are used for equipment adapter shaped charge ignition, 0MB propellant nae 

guillotine, electrical wire guillotine, and retro abort. . ‘ 

w e n t  Extend ReigIPane " ' ' _ . 

The Department of Defense (DOD) equipment extend relay panel contains six relay: 

which control the initiation of the DOD experiments . ‘ 

firmeriment qib Fire Relax Panel 

The experiment squib fire relay panel contains two relays used to initiate the 

MSG-1 experiment during orbit. 

0MB Squib Eire Rem Panel . , _ 

The orbit attitude maneuver system (OMS) squib fire reiay panel contains 31: 

relays for firing the OMB ‘ squibs and controlling the regulator valves . 

""59 
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Ignagnsncnoumrmms . . . . . 
. The Rendezvous and Recovery (R 8: R) section of 8/0 5 contains two relay panels: 

    ' the nose fairing Jgttison relay panel _and the drogue chute control relay panel. ’ _ 

The R 8: R section of s/c 6, 8 and 9 contains the two s/c 5 panels and in additioh '7' -' ' 

the docking relay panel. _ 

Nose Fairing Jetti'son Bald: Panel ._ . f _ . 

* The hose. fairing Jettisoh'relay‘ panel domains two relays which .co’ntrlol‘ the 

hJettisoning of the nose ‘ fairing. , . 

‘ w e  Chute Control Reiaz Panel _ . 

The drogue chute control relay panel has six relays which control drogue chute 

_ deployment, drogue chute gtfillotining, and emergency deployment of the pilot 

and main chutes . ’ 

Dockigg Relax Panel ' 

The docking relay panel has eleven relays which extend the docking index bar, 

illuminate the LEG ACRE light, effect emergency release of the docking 

latches, release and Jettison the docking latches at retrograde, Jettison the 

index bar, and cover the docking latch ports. 

' SEPARATION smsons . 
The 'sequerice system contains two sets of separation Sensors; These are the _ 

. launch vehicle] spacecraft sepgratio’n sensors and the equipment" gdéptér/regentry 

  vehicle sepai'ation sensors ._ Figure 15-1 shave their configuration and location .. 

Figure h-3 shows how thev laimch vehicle/spacecraft separation sensors operate. . 
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Figure h-6 shows how the equipment adapter/re—entry vehicle separation sensors f 

' Operate. Separation sensors are toggle switches which are normally open before 

separation. is initiated. The separating structure V111 close the sensor; as, it ‘ 

moves away from the spgéecrafl'. or re-entry module, The closure or any two or ’ a .  

set of three sensors is sufficient to sense and indicate aeparatiqn. 

- i 
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' 5mm: DESCRIPTion 

A The electrical paler system includes switches, circuit breakers, relay panels, ‘ L g 

. ammeters , a voltmeter and telelights which provide control, distribution and 
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SECTION v ELECTRICAL POWER SYSTEM 

The electrical power system for the Gemini spacecraft basically consists of two _' . 

(2) fuel cell battery sections, four (h) silver-zinc main batteries and three (3) 

‘silver-ezinc squib batterigs.‘ (Spacecraft No. 6 uses three (3) hOO ampere/hour 

silvebzmc batteries in lieu of the fuel-cell batteries) See Figure 5-1 for 

Spacecraft No. 5, 8 and 9 cgnfiguration and Figure 5-2 for Spacecraft No. 6 

configuration. 

monitoring for the power system. 

A186 included 325 9. Mar system sub sySteh is the RSS (reactant supply system); 

which provides storage and control of the reactants (H2 and 02) used for fuel 

cell operation (Not applicable to Spacecraft No. 6). Provisions are made for 

utilizing external power and remote monitoring of the spacecraft power buses 

during ground tests and pre-launch operations. 

The two fuel cell battery sections and four main batteries provide 130 power t6 . 

the spacecraft! main power bus, (On Spacecraft No. 6 the .three adaptermodulg 

batteries and the four main batteries prbvide Dc power t6 the min bus); 

The three squib batteries provide DC power to the common control bus and the W6 

OMS (orbital attitude maneuvering system) squib buses. The OMB squib buses in 

turn distribute DC power to the BIA (boost-insert-abort), retro, landing and asena 
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squib. busqé' via the individual 'squib "bus arming .switchesa See Figure 5-3 for 

Spacecraft No. 5 ,  8 and 9 configuration and Figure 5-1; for Spacecraft No. 6 ‘ 

configuration. 

The fuel cell battery sections, along with the required ms components, are 

_ installed in the RSS/Fuel Cell module (Figure 5-5 and 5-6) which is located in v 

' -_ the spacecraft adaptgr séction‘. (On Spacecraft No'. 6 three silvgr-zinc batteries 

are installed in the adapter battefy module (Figure 5-7) which is located in the 

I spacecraft adapter section.) The main and squib batteries are installed in the 

I I right cabin equipment hay. ' ' ‘ I ‘ 

The me: can. SECTION 1 and SECTION 2 ma (PWR and CNN. sfincpes'. o'n' Spacecraft ' ' 
36. 5 and 6) ,  FORGE, XOVER (crossover) andgtaek control switches (1A thin 20) 

are iocated on the right instrument panel; The fuel cell switches are‘used 1:9 

. control the battery module power on Spggecraft No. 6.. The PURGE and XOVER 

switches. are. inoperativé on Spacecraft No. 6. 

On Spacecraft No. 5 and 6 a dual-vertical-readout ammeter is located on the right 

instmngnt panel. On Spacecraft No. 5 ,  8 and 9 a power system monitor consisting 

- of: a delta pressure indicator, three dual-vertical-readout ammeters and an - 

AC/DC voltmeter, with associated selectqr switches , is located on the right . 

' instrument panel. 

On Spacecraft No... 5 only, two delta préssure teleli'ghta are . located on the :flé-fi: 

instrument panel. On Spacecraft No. 6 only, .a  conventional voltmeter and animate? 

.' with assoéiated selector switches are located on the right instrument panel. A 

' m MAIN mmnms switches, scam; BATI'ERIES switches, BUS-TIE switches, agena 

. 55'? 
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BUS ARM switch; FUEL CELL corm, FC Pm, FC 02 and H2 regulator and heater . .. . 

circuit breakers are located on the right switch/cucuit breaker panel. The _ '. " , ' , . .. 

squib bus arming switches are located on the left switch/circuit breaker panel. 

.' f The BTRY PWR (main batteries) sequence light, fuel cell delta P telelight, 02.  . H .. 

' and H2 heater switches, 02/132 quantity indicator (integral with £68 02 indicator) 

and selector switch are located on the center instrument panel. The power system I _  ,.  _ 2".” } 

relay panel and adapter power supply relay panel. are located in the lam” equipment > I ' ‘ I. ~ ‘ 

area 0: the cabin. 

SYSTEM MRATIOII‘ 

' PER-LAUNCH _ _ . _ ‘ 
In order to conserve spacecraft battery power, external electrical power is utilized 

during the pre-launch phase of the mission. External power is supplied to the 

spacecraft, common control, main and squib power bfisés through imbilical éableq 

connected to the re-entry module and adapter section” umbilicél' receptacles. . 

. Ho. 1 and No. 2 SQUIB BATTERIES switches must be placed in the UMB (umbilical) 

position in order to apply external power .to the spacecraft squib buses. _ Remote   

I control of the spacecraft squib bué arming relays, and remote monitorifig-of the A 

spacecraft power buses is also accomplished through the re entry and adapter 

unbilical cables. 7 ' . ' ' ' i ' ' . Q ‘ I 3 ' ' ' ' t I} 

Pfior to: launch all. MAIN BATTERIES and SQUID BATI'ERiES switches, SEC'I'IOfi POWER ' . 

(SEC'I'. mm. and CNTL. switches on Spacecraft No. 5 Ana‘s) and stack control switchés ' 
(1A thru 20) are set- to the ON position to insuré maxim redundéncy our the electri- 

ca1_ pqwer system during the launch phase of the 1111831t On. Spacecraft No. 5,‘ 8 _ - 

5.;‘11. 
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and 9 the fuel cells are activated in sufficient time prior to launch to insure 

launch readiness of the fuel cell and RSS system. - ' 

The' édmmon- control busI'and the CAMS squib base; are switched-from external. power 
in the 'squib batteries atilsufficient timé prior to launch to verify ‘the squib - . 

‘ battery circuits. The BIA (boost-rinsert-abort) squib buses are armed . prior to , 

launch by setting the BOOST-INSERT ARM/SAFE switch to ARM position; 

'The lie-entry and. adépter section umbilicals aré disconnected from'the spacecraft I 

_at  approximately T+29 seconds. Normally umbilical separation is accomplished 

by a Lanyard initiated mechanism. In the event of a lanyard release failure a 

' r p1n w111 he _- sheared at lift-40ft releasing the umbingal cane, 

ORBIT . ‘ _ 

From launch time until booster separation and insertion into Orbit both the fuel 

' I . cell battery sections (module batteries 9n Spacecraft No. 6 )  and the four main ‘ 

' j , "batteries fire connected in parallel to the main power bus. After bboster 

separation is accomplished the MAIN BA'I'I'ERIES switches are placed in the cm 

position to conserve the main battery power. Also the pilots will disarm the 

- BIA squib buses by setting the BOOST-INSERT ARM/SAFE switch to SAFE. ' 

The SQUIE BATTERIES switches rennin 1n the ON position thrfiughout the'entire' misl- 
' .8101: until landing is accomplished. All three squib batteries are cbnnected t o “  

the common control bus through diodes for individual fault protectiori. Squib 

I batteries No. 1 and No. 2 are connected to the two ems squib buses via the de- 
energized squib bus arming relays. 

The BUS TIE Switches remain in the OFF posiflon unless the necessity arises where 

5-12‘ 
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. the pilots must use main has power to fir; the séufbs'. The bus tie switches pro- 

hvide a method of connegting the main .bua to the OMB squib buseé. The again H18 ' . ‘  

ARM switch will be used accOrding to the mission requirements. -- 

.   On Spacecraft No. 5 ,  8 and 9, a small percentage of the reactant gases mat be ‘ .  

purged from the fuel cell system periodically to insure that the impurities 

. contained in the feed gases do not restrict reactant flow to the cells and to .. _ 
reméve amr accumlat-ion .01’ product inter 1n the gas lines. This purging function  '   . 

. is performed by the. pilots. annually actuating th'Oz and Hg PURGE switches. * 

At TR-256 seconds the pilots will arm the retro squib buses by setting the m 0  ' ' 

PWR ARM/SAFE switch and the individual RETRO ROCIGII' SQUIB No. 1, 2, 3 or it ABM/SAFE - 
’switchés to ARM positiori. The retro rockets are used according to; the mission - ' - 
requirements . 

The mm BE'I'I'ERIES switches must be returned to the ON position at nan-256 seconds. 
9.130 to insure‘ continuity 9! main bus power at .the time of éeparatioh of the ‘ 

adapter section, containing the RSS/ii‘uel Cell module (adapter battery module on 
Spacecraft No. 6), from spacecraft.  There is no automatic switching provided I 

' for this function. 

The stack control switches (11; thru 2c). and the SECTION 1. and SECTION 2 rowan 
switéhes (sneer. No. 1 and. SECT. No. 2 m and 01m. switches on Spacecraft No. *5 
and 6) are set to OFF positionafter the 'min batteries are properly connected to 
tm mm bufio 

5-13 
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  'After retro rocket firing has' been accomplished; the pilots filled: the JEI'T m0 
.   ARM/SAFE switch to ARM. This sfiitch prpvides a- method of arming the J'E'IT RETRO 

(retro section Jettison) switch, and is effectivelyan interlockfio pfeventa 

' inadverfent'_5etfison1ng of the retro: section prior to firing of the retro rockéts.. 

'fjzér thé adapter aha rétro sections are s'eparated from the. épaCecraft the piloté 

-' I ‘ > will disarm thé retro” sqfii‘o buses by setting the RETRO PWR. ARM/SAFE switch, '- 

RETRO JET]! AMI/SAFE switéh and RF..'1‘RO-ROCIKE'I.I SQUIBS‘; Am/SAF'E Witches to“ SAFE 
_ 7 position. At this time the Landing squib buses are armed by setting the LANDING 
' .- ABM/SAFE switch to ARM position. . ‘ ' 

' . In the event of an aborted mission, all the squib buses are armed via the common 

' ' 'contr'ol bus and squib bus abort relays (sequential system) which effectively by- 

pass the squib bug arming switches. 
‘ 1 

After mam-18 accomplished the pilots mu disarm the landing sQuib‘buses by 
returning the LANDING ARM/SAFE switch to am. At this time power will-be removed 
from thé common control bus and the ome- squib buses by setting the sauna mmms 

' ' switches to OFF position. A11 unnecessary electrical equipment will be deactivated 

to conserve the spacecraft min batteries for rec'overy equipment operation. _ The: ‘ . 

MAIN BA‘I'I'ERIES switches will rennin in the ON position throughout the recovery 

vn-phase of the mission. 

WHOR AND DISPLAI -.... ' 

Throughout the mission visual displays 9! bus voltage and current are provided by 

the system voltmeter and ammeters. On Spacecraft No. 5, 8 and 9, a power system 

mnitorr, which consists of one pfesaure indicator ,‘  three dual-amuleters and ‘an 

Ac/Dc voltmeter 13‘ utilized. 

5-1:; 



PROJECT GEMINI 

The amtera monitor individual fuel cell stack current (111 thru 20).- The volt- 9  

‘ meter, aged in conjunction with a selector switch, displays individual fuel cell 

- stack voltage, common control bus voltage, CANS squib bus No. 1 and No. 2 voltage, 

IGS (inertial guidance system) inverter output voltage (Spacecraft No. 8 and 9' . . : 

"on1y), min bus valtqge and. individual uni-n battery voltage With the selector owitch ' 

122 3r position and a. particular MAIN mmms switch in TEST position. . . . - _, - g ’- f 
I' . 

The pressure indicator, in conjunction with a selector switch, provides a visual 

. display of- 02 versus 1-12 and 02 versus 320 delta P (differential pressure) in the 

:ueJ. cell sections. In the event that the delta P exceeds the prescribed 11mm, 

_ the pilots must evaluate the fuel cell performance, and if a malfunction exists, 

' shut down the malfunctioning fuel cell section by setting the applicable fuel cell 

power and], stack control switéhéé to OFF position. The delta pressure indicatgr' is 

inoperative on Spacecraft No. 5; > 

An.;..out of tolerancé delta P indication .18 also provided ”'by the FC A P (ffiel ceii _ 

>-”d§1ta;’préssure) telelight‘s oh the center instrument panel. The lights, aré illumi-l- . 

nated red when'a malfunction exiéts. On Spacecraft No. §§£iy, two delta P ' 'é 

telelights on ihe right instrument panel are illuminated red when ' a mlfupctidn - 

' exists .. 

The reactant (02 and H2) supply quantities are displayed on the £03 02 quantity 

Vindicator (center instrument panel) when the associated selector switch 18 set to 

W % M W M M M W o  ‘ " ' 

the m m ' (mm bafieries) sequence light, located oh the acute; instrument * - .- ' 7 .' 

panel is illuminated amber at [PR-256 seconds during' the miséion by action {at the . ' 

5-15. 
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mes-1mm 1n the ‘pcwer system relay panel. This inrbrnis the. pilots that'they mt 
return the MAIN mmms switches t6 on position due t6 the. impehding separation" ' '- 

; of the. adapter section #11211 the fuel cell seéti‘ons (adapter module batteries “on V 

. Spacecraft No.‘ 6).  With all min batteries properly connected to the main bus the 1 
battery sequence light 13' illuminated green. 

' -_0n Spacecraft No. 5 and 6 the dual-vertical-readout section altimeter provides a . " 
display of section No. 1 and No. 2 main bus current. Section No. 1 includes 50 

percent of the adapter power supply current plus main batteries No. 1 and N07 ,2 

‘ current. Section No. 2 includes 50 percent of the adapter pdwer supply current 

i plus min batteries No. 3 and No. It current.   

The Ifstack amnéter (used for battery test 'mtei 'ofi Spaéecraffi No; '6) 'fiith 
séle'ctbr with}: in '1A,.1B;, 1C or 2A, 23, 20 positions, diSplays 50 percent 0': 
module battery éurrent. With the selector sfiifch in 31' (battefy tel-st) pdéition, 
the altimeter displays individual main battery test current as the appropriate 

MAIN mmms Witch is gét to m position. ' 

Displays Of commbn cchtrol bus voltage , ' main bus witage , OMB équib bus voltage , 
and adapter module battéry voltage is provided by the system voltmeter and selector 
's‘witch. Individual main battery voltage (with the particular battery removed from 
the main bus) is monitored with the voltmeter selector switch in BT position and 
the applicable MAIN BATI'ERIES switch in TEST position. -'   

The fuel cell delta P telelights and reactant quantity indications are not operative - - ' 
u .  . on Spacecraft No. 6. 7 

5615 . 
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. SILVER-ZINC BA'I'I'EREB _ . _ .. 

The :0“? min batteries are 1‘5 ampere/hour, 16 cell, silver-Zinc batteries. .' The ':   ' 
three squib batteries. are 15 ampere/hour, 16 cell, silver-zinc batteries. The 

  squib batteries are special high-discmge-rate batteries which will mihtain a. 'f 1‘ 

terminal voltage or 18 volts for one second under a. 75 ampere load. 

03 Sfigéecraft No. 6 only, three‘ hOO  ampér¢/hour, 16 cell, silver-zinc’baizteriéé‘ '. . 

afe installed in the adapter battery meddle, .' These batteries are used in lieu 

of fuel cell batteries. All of the silver-zinc batteries have an open circuit 

terminal voltage of 28.8 to 29. 9 volts DC. 

‘ The battery electrolyte consists of a ho perqent solution of reagent grade 

potassium hydroxide and distilled water. The main and squib batteries have a 

vent valve in each cell designed to prevent electrolyte loss and will vent the cell 

to atmospheric pressure in the event a pressure in excess 0! ho PSIG builds up I 

within the cell. 

All of the Silver-zinc batteries are equipped with relief valves which maintain . 

a. tolerable interior to exterior differential pressure in the battery cases. 

The batteries are capable of operating in any attitude 1;: a weightless state. 

fPfio‘r to installation into the spacecraft the batteries are activated arid 'seaied   ‘ 

at sea. level press‘ure. All of the bakeries are cbldblate‘ mofinted to control ' 

temperature .‘ - 

' 5-17 
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I POWER srs'rm RELAY Pm 
-_ _'1'he power system relay panel contains relays necessary for controlling and 

sequencing power system functions. The panel contains the control relays for the 

fuel cell and RSS system, min battery power sequence light relay, TR-S relay and 

. ' the squib bus arming relays. ' .- 

‘ ADAPTER 15MB SUPPLY RELAY PAM . ‘ 

_'I'he adapter power supply relay panel contains relays necessary for controlling 

”adapter module power to the main power bus. The relay panel contains the stack- 

power relays which conngct the individual fuel cell stacks to the min bus. 

2 (0n Spacecraft No. 6 the stack power relays connect the adapter module batteries 

to the main bus.) The panel also contains diodes used for reverse current 

protection .between the adapter power supply and thg spacecraft, min power bus; 

The section amter (Spacecraft No. 5 and 6 only).1sv a dual-edge-greadout vértiéal 

reading deter having— a 0-50 ampere range with a total accuracy of two percent. 

The No. 1 scale displays main batteries No’. 1 and No. 2 and 50 percent of the   
adapter power supply current. ‘The No. 2 scale. displays main batteries Ng.‘3 and ‘ 

No. 14 and '50 perceht of the adaptér power {supply current. The émmeter 13' shunt? 

connected bétwéen the main power bus and spéceéraflj. ground. 

' Thé fuel cell stack ammeter (used as. a battery ametezf 6n Spacecraft No. 6.) with ‘ 

associated selector switch, provides a display Of individual main battery teét . 

current with the selector in 31‘ (battery test) position and a particular MAIN 

BAITERIES switch in TEST position. With the selector switch 1:: 1A, 118, 10, 
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2A, 23, ac positions the amter displays 50 percent of the applicable adapter 

module battery current. The meter has a' 0-20 ampére scale. ' 

I vommn . . ‘ . _ . 
 On Spacecraft No. 6 the voltmeter, used in conjunction with a selector switch, 

‘ displays min “bus , common control bus and squib bus voltage . Individual min.  

' ‘battery voltage may be monitored with the voltmeter selector switch set to B T .  _ 

(battery teat) position and a particular MAIN BAMJES switch set to TEST position. . 

. The voltmeter displays applicable adapter module batteries (A, B and C) voltage 

when the selector switch is set to 1A, 13, 10 Or 2A, 23, 20 positions. The 

voltmeter has a 0-50 VDC range. . 

POWER SYSTEM Momon - , _ 

The power system monitor (not applicable on Spacecraft No. 6), conéiats of five 

. vertical‘réadin'g indicators; an 02 Belize. P pressure ‘mdicator, three dual-readout 

amateurs 'and an AC/DC vqltmeter'. .The delta P indicator (not operative on Spac'g- " 
craft "No. 5)  and voltmeter are used in conjunction with selector switches located * _ _.._..‘....4. 

Just below on the instrument panel. .- 

The ameters firovide a displéy of individual-fuel cell at'ack‘UA 1:115; 20) current 

(reading must be multiplied by ;8 on Spacécraft No. 5;); The voltmeter displays 

individual fuel cell stack voltage, main bus , squib' bus. and cofimon- cohfrdl- bub 

voltage, individual main battery voltage (with a particular MAIN mmnms switch 

I in TEST position) and IGS inverter output voltage with selector switch in AC posi- 

h'tion. The AC switch position is inoperative on Spacecraft No. 5 .  The voltmeter 

has a 20-33 volt Ac range and an 18-33 van to rahge," 
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SEDI 300 

PROJECT GEMINI 

a. -The 02 delta P indicator has a 0-1.5 PSI range with the selector switch in either _ 

3 H2 position and a 0-6 PSI range with the selector awitch.1n either H20 positinn.‘ 

This indicator displays 02 versus H2 differential pressure and 02 versus ago H 
differential pressure for each fuel cell section. , .  

'FUEL cm; mmms 
-Con3truct19n ‘ . . _ . 

.The fuel ce11.battery used in the Gemini spacecraft is of the solid ion-exchange. 

jnenbrane type using hydrogen (H2) for fuel and oxygen (02) for an oxidizer.  Thé_ 

. fuel cell battery is comprised of two separate sections which are sealed in air - 5  

.tight pressure cantainers. Each section is made up of three interconnected fuelr O 

cell stacks with plumbing for transferring hydrogen, oxygen and product water. . ‘  

(See Figure 5-8) 

Each fuel cell stack consists of 32 individual fuel cells. Eaéh baSic fuél cell- 

is made up of two catalytic electrodes separated by a solid type electrolyte in 

I latimated form. (See Figure 5-9) 
- 0 .  

The electrolyte is composed of a sulfonated styrene polymer (plastic) approximately 

10 millimeters thick. Thin films of platinum catalyst, applied to both sides or 

the electrolyte, act as electrodes and support ionization of hydrogen on the anode 

side of the cell and oxidation on the cathode side 9! the cell. ' 

A. thin’titanium screen, imbedded mtg the piaunum catalytic electroae reduées the 
internal resistance along the current flow path from the eleétrode to the current ‘ 

. .  

collector and adds strength to the 36116 electrolyte. 



‘ll 5'8 831“ \‘ "in 
‘\ 

0" 
[\\§ 

v ‘ 

2: .—
 

-— 4920'" 
' 

‘ 

0. xAH --- 

‘3'": . \7‘§\ 

Jintgfi'" 



fi
.

.
.

_
.

_
~

.
 

.
4

.
.

.
“

 
_

-
_

-
-

—
 

:Fw'fna.‘ n :v_~.'—‘:._r._..‘...j.. ‘ . , V ,  . 

sgon 300, 

PROJECT GEMINI 

WWWWI  " mmmx (eucmmm) ' _ _ "2 - . 
oz memos: "2 mo “”5 

02' CURRENT 
COLLECTOR. 

COLLECT“ 

”
0

.
0

,
.

L
l

L
O

;
.

L
O

L
.

;
.

;
.

;
O

L
C

L
O

l
’

l
‘

l
fi

.
1

0
L

fi
O

fi
Z

O
I

O
I

C
N

€
0

3
¢

€
0

3
3

C
C

C
S

 

D
2

W
2

0
2

£
€

0
3

m
i
fi

y
fl

m
l

i
 

. Figfire 5-9 Basic Fuel Cell Assembly 
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‘ on the hydrogen side or the fuel cell, a current collector 13 attached by means of 

a glass—cloth-reinforced epoxy frame which assures a tight seal around the edges 

of the cell, forming a closed chamber. Ribs in the collector are in contact with 

the catalytic electrode on the fuel cell, providing a path for current flow. I 

The hydrogen fuel is admitted through ,a 0.62 inch inlet tube in the frame of the 

. current collector and enters each gas channel between the collector ribs by way of 

‘ a series of slots in the tube. _ Another tube provides a purge dutlet , making it 

possible to flush accumulated inert gases from the cell. The collector plat? 

‘ _ is made of 3 5 millimeter titanium. ‘ 

On the oxygen side of the cell_ a current collector of 'the' same configuration. arid 

mterial $8 the hydrogen side collector is attached. It: ribs, located at right 

angles to those of the other collector, provide structural support to the electro- 

lite-electrode structure. ‘ 

'A. dacron cloth wick, attached between the ribs, carries away the product water 

through capillary action, by way of a termination bar on one side 01‘ the assembly.» 

acygen is admitted freely to this side of, the-fuel, cell from‘the oxygen filled _ 

area of the section coniaihé’r. I . - > _ ' v; 

The cell cooling system consists of two separate tubes bonded in the cavity formed 

by the construction of the oxygen side current collector and the back side of 

the hydrogen current collector. Each tube passes through six of the collector 

ribs and has the cooling capacity to maintain. opérating temperatute. The cooling 

of the oxygen current collector, which holds the produét water transport wicks, ' 

' provides the cpldplate for water condensation from the warm: owgen electrode." 
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- The individual fuel cell assemblies are arranged in series to form a stack.as 

shown in.F13ure 5-10. When assembling the cells into a stack, the ribs of the ‘ 

_oxygen side current collector of one cell contact the solid  e1ectro1yte of the 

adJacent fuel cell assembly; T1tan1um.term1na1 plates are installed on the ends ; '  I 

or the two outside cells to which connections are made for the extérnal circuit. 

End plates, which are honey-comb structures of epoxy-glass laminate O.  5 inch thick, 

are installed on the outside of the terminal plates. . 

_Sta1n1ess steel insulated tie rods hold the stack together and maintain a compres- 

sion load across the area of each cell assefibhy. -This assures proper contact 

i of the solid electrolyte with the ribs of each current collectqr. The fuel cell 

'stacks are packaged in a pressure tight container, together with the necessary 

reactant and coolant ducts and manifolds, water separator for each Stack, and 

* required electrical power and instrumentation wiring. 

The hydrogen inlet line, hydrogen purge lihe, and the two coolant lines for each 

cell lead from.thé1r respective common manifolds running the length of the stack. 

' The manifolds are madé of an insulating plastic material and the individua1_ce11 

conneétions aye potted in place after assembly to provide a leak-tight seal. 

_ The oxygen sides of . the cells are open'to the oxygen environment édrrounding the_  

fuel cell aéaemblies within the container. 

An accessory pad is mounted on the outside of the fuel cell section container . It 

includes the gas inlet and Outlet fittings, purge and shut-off valves, water valve 

and electrical power connector. Structurally, the container is a titanium pressure_ 



‘ ' , . . ' ' 98'9 _ ‘ ‘ - 

. ran-am ‘   ' Klqmasav nous nag 19M org 9.;a ' ‘ ' 

_' . (I'lOJINVW aoxmnasowu ‘ . ' ‘ .' ; , . 
- -‘ ‘ , . ' ' - ' um aoMmasxaxm ' ' - 

. _- , ,- . ' nm1mma1(-) . . ‘ ~ ' . 

, . 00: an. anus ' . ' ‘ _ ‘ ‘ - 

AW mmnrw-a'n ‘ a O ' _. . - . . - 'J 

' ' _ ‘ _ ' ° $ mu 0N3 amouauou ' 

' - ' _ _ sxam 1133 

i ' . ' IODmOD manna zo ‘ 



m
m

-
.

.
‘

_
.

.
.

 
"

.
'

 
_

.
.

 
_ 

sent 300 

PROJECT GEMINI ' 

veSsel consisting of a central cylinder,  two end covers, mounting brackets and 

plastic mounting rails. ‘Within the container, the fuel cell stacks are mounted 

I on flbérglass-impregnated epoxy rails by bolts which pass through the stack plates. 

} These rails are in turn bolted to the mounting rings sandwiched between the two 

I flanges on the sectiqn container. _’- 

The_hydrogen manifolds on each stack‘fiifhiné Section are parallel fed with a _ - '  _ 

hydrogen shut-off valve and check valve iin the feed line to each Stack.“ Oiygen‘ 

is fed into the section container so that the entire free volume of the container 

contains oxygen at approximately'one_atmosphere‘pressure, The coolant réaches the 

“ fuel cell battery sectiOna by two separate isolated lines. Any malfunction i n ' -  

the coolant line in one section will not affect the cooling function of the coolant 

. ' l l i n e  1n the other section. , 

_ 'Ehch.stack in the section has its own water-oxygen separators which are manifolded 
“ " v —  — 

intd a single line coming out of the Sectidn Container. A11 hydrogen, oxygen, 

_c00lant, electrical and water storage presSure line connections at the section 

container are fastened to standard bulkhead fittings on the accessory p a d . -  

‘Affer the stacks are completely'assembled within the container, all void sfiaces ‘ 

are filledwith unicellular row. The purpose of this foaming 15:02: vibration ' 
dampening, accdustical noise deadening and.mdn1mdzing freé gas volumg to prevent - 

‘pdssible'fire propagation. Thin plastié covers are placed over the tap and 

bottom.of each stack to manifold oxygen to the stack and to keep the foam.material 

from.enter1ng areas around the coolant manifolds and oxygen water separator. 

5-26 
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The basic principle by whiéh the fuel cell operateé to produce electrical energy 

and water, is the controlled oxidation of warogen. This is accomplished through. 

the fuel cell, hydrogen gas disassociatea on the Catalytic eleétrode to provide 

hydrogen ions and electrons. The electrons are provided a conducting. path of 16w ‘_ 

resistance by the current collector, either to an external load or to the next. 

. series-connected fuel cell. 

fihen a flow of electroné is allowed to do vdrk and move 71:0 thé merger: side of: the 

Afuell cell, the reaction will proceed. By use and replacemnt, hydrogen ion; flow 

through the solid electrolyte to the catalytic electrode on the can/gen side 0;! 

h the fuel cell. When electrons are available on_ this surface, oxygen disaaaociatei _ ' 

and combines with thé available. hydrogen ions to form water. (See. Figure 5-11) 

The Gunmen current collector provides the means of distributing electrons and 

condensing the product water on a surface to be transported away by the wick system 

. through capillary action. The individual cell wicks are integrated into one - 

‘ —... 6 “  

large wick which routes the water to an absorbent material that separates t h e .  

water from the gas. 

By using the oxygen outlet pressure as a reference, a small pressure differential 

is obtained over the length of the water removal system. This pressure 13 . I 

. sufficient to push the gas-free water toward the storage reservoir. 

_ . , . . . _ ‘ . . . .  . 1  
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Figfiro 5-11 Principal of Operation. ~ . ”42-5-30. ‘ 
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'. ‘ waste heat generated during the fuel can battery operation 13' Mummy, '_ ~ g 

‘ I .  

. fuel cell sections by the RSS (reactant supply system) This system contains the 
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means Of the circulgting coolant provided by the ECS (environmental control system). 
In addition, the total coolant now provides the function or [are-heating the ' 
incoming reactant gases. 

In the spacecraft the reactant gases (hydrogen and Queen) are supplied to the ' 

reactant supply tanks, control valves, heat exchangers, temperature sensors and 
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heaters required for management at the fuel cell reactants . See Mme 5-12- 
for a. functional diagram. 1 
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The RSS (reactant supply system) is essenuam a. sub system for the fuel cell . . ’ 
sectidns . ' The system provides storage for the cryogenic hydrqgen and oiqrgen, I 
convert: the reactants to gasebus form and éontrols the flaw Or the" gases to “the 4 

- 
L 

m 'cell battery sections. The ass components are installed in the ass/ma 
Gail module. See Figure 5-5 and 5-6 for component installation and Figure 5-12 
for a functidnal diagram. - 

Commnénts 

Reactant Supply Tanks 

Two tanks are utilized to separately contain the cryogenic hydrogen and onset: 

required to: the operation of the fuel cell battery sections. The tanks are ' ' “ . 3 
theiumlly insulated to minimize hefit cdhduction to_ the stored elements which . ‘ V 
would cause the homogeneous soldtion to revert to a mturé of gas and liquid. 

The tanks are capable of maintaining the stored liquids at super-critical pressures 

and cryogenic temperatures .  . ' 
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Figure 5-12 RSS/Fuel Cell System Functional Diagram (SIC 6, 8, 9) 
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The total amount of liquid stored in the hydrogen vessel 13 22. 25 lbs. for long 
mission configuration and 5 .  80 lbs. for short mission configuration. The total 

amount of liquid stored in the oxygen vessel is 180 lbs. for long mission con- 

figuration and h6.0 lbs. for short mission configuration.. 

’  _ The hydrogen vessel is composed of titanium alloy and the oxygen vessel 13 nude 

of a high strength nickel base alloy. Both vessels are spherical in shape and 

.I double walled. A vacuum between the inner and outer vessel (approximately one 

inch) provides thermal insulation from;amb1ent heat conduction. The inner wall 

is supported in relation tg the outer wall by an insulating material supplemented 

by Compression loading devices. 

Each ' storage tank contains a fluid quantity senéor , 'a preséuré sensbr, a temperature I 

. sensor and an electrical heater installed in the inner vessel in intimate contact 

with the stored reactants. ‘ The fluid quantity sensor is an integral capacitance 

' ‘ unit which operates in conjunction with an indicator control unit containing a 

null bridge amplif her.- 

" 0 -  - 

The sensor varies the capacitance (in proportion to fluid level) in a; circuit 

connected to the nu11.br1dge amplifier. The amplified signal is then used to~ 
drive a servq motor, which in turn operates a visual indicator for quantity 

indication. Power invertera supply hoo cycle, 26 VAC power to. the fluid quantity 
circuits, 

The temperature sensor is a platinum resistance device capabie or transmitting h - 

source signal to a balancéd bridge circuit. ” The sensor provides cryogenic fluid 
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temperature monitpring fér tgllengetrg am My, - . 

~. The pressure sensor is a dual resistive element, diaphragm type transducer. The 

sensor provides signals for cryogenic fluid pressure monitoring on a spacecraft 

“meter. The electrical heaters provide a method of accelerating pressure build-us 

1n the reactant supply tanks. The heater: my be operated either in a mnuai or -   

automtic mode. In the automtic mode a pressure switch removes pave: tram the . 

heater element. when the tank pressure builds up to a nominal 900 P816 in the 

ween tank and a nominal 250 PSIG in the hydrogen tank. In the annual node a 

spacecraft pressure meter indicates proper switch dperat—ion. 

F111 and Vent Valves 

The fill and vent valve provides a dual function in permitting simltaneous £111 - 

and vent operations. Quick disconnect fittings are provided for rapid ground 

’ ‘ service connection to both the storage tank £111 check valve and the vent check 

valve. When £111 connections are made, the pressure of the ground service connec- I 

tion against the £111 and vent valve poppet shaft simltaneously opens both the 

£111 and vent parts. When ground service equipment is removed, the valve poppet 

automatically returns to its normally spring loaded -closed position. The vent 

check valve is a single-poppet -type, spring loaded-closed check valve which opéns’ 

(when system pressure exceeds 20 P816) t9 relieve through the £111 and vent valve . 
‘ vent port . 

Heat Exchangers ' 

The supply temperature control heat exchangers are finned heat exchangers in which 

the supply fluid temperature is automatically controlled by absorbing heat from the 

recirculating coolant loop fluid of the environmental control system. The special. 
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double-pass design precludes freezing of the environmental control system coolant ’ 

and assures a reactant fluid supply at 50°F minimum and 11409? maximum. 

Dual Pressure Regulator and Relief Valves  § ‘ 

The dual pressure regulator and relief valve 13 a normally open poppet-type 

regulator which controls downstream pressure to the fuel cell sections. The - 

pressure at approximtely 2-2. 2 PSIA. The oxygen side of the regulator is  referenced . 9‘ 

to hydrogen pressure. The hydrogen side of the regulator is :eferenced to product 
. . _, 

The relief. valve provides oyerpfe's'surization protection' for: the reguiated preSsure 

to the fuel cell sections- This valve is pré-calibrated t6 operate at}: préssuré 

of approximteu 10 PSIA above the 'norm’iauppu level..- 

High Pressure Relief Val’VéS‘ ' 

.The high pressure relief valve is a single poppet-type, spring-glowed; normlly 

closed valve which provides system and overpressurization protection. The valve 

ventq system. gas. to ambient when pressure exceeds the system limits.- ” 

Solenoid Shut -off Valves 

” The solenoid shut-off valves are solenoid operated latching type valves which 

' eliminate fluid loss during the non-operating standby periods. The valves are 

normally open and are closed on]: during 1111 and standby periodr‘by applying 

power to the eaglenoids'. _ 
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. regulator maintains the hydrogen pressure at approximately 21. 7 PSIA and the oxygen ‘ 



V ’ valves. The high density, homogeneous fluid V111 then flow upon demand. 

' - .- . .  ' : . 4  . ,o 
‘ ‘ I _ - “ ;  I ‘ .  . '» f _ _.4 ' . - v ._ _ " -  '. _ ' .  . 9 .  ‘ . _ . . .  1. .» , g. ‘:= I ‘  ‘ . . . v H. . 

. ’ _ . '  5 '“  '7 .9."".:"" . a ‘ , -  :u _-—_“ ‘- ‘ J a m  ‘J‘ 7: ' ' . 'Mgiob'. ~n'-, Ir" 3 1 ‘ ” .  w “ u t m '  ‘0‘.- '-I---‘- 'v‘ ~ .  ?. .1 
. . _. - , . ‘ . ‘ -  v - ‘ - - V ’ . . . ' .  ‘ . ‘ . . .  . . A ._ . , . 

. I, “‘5'- 

Crossover Valve 

The crossover valve is a solenoid operated latching type valve which provides tug. f 

capability of selecting both dual pressure regulators to supply warogen and 

ween to the fuel cell battery sections for the purpose of increasing rldw rate. . ’ 

for more effegtive margins . The crossover valve is controlled by the X OVER 

switch on the right inistruhaent panel. - 

‘ratioa . 
During pre-launch, the two separate reactant supply tanks are serviced (using 

‘ AGE equipment) with liquid hydrogen and oxygen. After the tanks are filled, in 

order to accelerate pressure buildup within the tanks, the internal tank heaters 

are operated, utilizing external electrical power. In apprcadnntely one hour the ' 

> liquid is converted into a high density, homogeneous fluid at a ,  constant pressure. 

Ming the £111 ppération, the solenoid shut-off valve's betwaen thg storage tanks 

and the dual pressure regulators are closed. Once. operating pressure 18 obtained , ' 

the solenoid shut-off valves may be opened by applying power to the c011 at the 
m — ‘ _ ,  _ 

The fluid flows from the supply tanks to the heat exchangers. The fluid tempera- ‘ 

tare, when enteritis the heat exchangers; is approximtely -279°F for the oxygen 

and approximtely 423019 for the hydrogen. The heat exchange“ abaOrb heat from _ 

' the recirculating coolant fluid of the adapter section cooling system. This 

heat, applied to the high density fluid , raises the temperature q! the reactants ‘ ' ' 

‘ to approximately 50°F to 1ho° r. 
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  The reactahté, now in .gasebugs form, £109 thfodgh the heat; eXéhafigerg, paSt-f- the . 

.1113}: press'fife relief valves and AGE terhpei'hturé senéors,lto the sufipiy édlenoid7 ' 

  's'hfii-off' valves. During fuel cell battery operation, if the demand on the fluid 

"flow is inadequate to keep tank pressures within limits, the high pressure relief 

’ valves will vent, externally, the excess fluid. The AGE temperature sensors on ‘ D 

th§ heat exchangers are used for pre -1aunch chgckouf only. 

The reactants flow through the supply solenoid shut-off valves to the dual pressure 

.re-‘gulator and relief valves. The dual pressure regulators reduce the pressure’ . 

I' not the reactants to approximately. 21.7 PSIA for the .lnrdrogen. and approximately 

420.5 PSIA for the ' oxygen, The gas now flows through the manual ‘shut-qff valves _ 

and is then directed to the fuel cell battery sections rat- a flow rate that is 

. determined by both the electrical load applied to the fuel cell battery sections, 

and the frequency of purging. The flow rate of the gases may be increased for ‘ 

.mre effective purging by opening the crossover valve. 

After launch, the supply tank heaters are operated by spacecraft power. The. 

heaters operate as required to maintain proper system pressures. 
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SECI‘ION v1 ENVIROMNTAL CONTROL SYSTEM . 

”SYSTEM mschmrbic 

The Environnentél Conirol Sistem (E..c'.S.) {Figure 641,642) may ber‘fiefinéd a? a. -' - ' ' 

system which prbiidés' a 'safe aLndcomforta‘ble. gaseous atmosphere for the fiiloté, . 

The system mfist perform 'such tasks ~as providing 'fres‘h 'oirygen, pfesé'urization, . 7 

temfierature control, water removal and toxic 353 removal. In addition to .ptov‘i'ding 

atmospheric ‘control fQ'r the. pildts,‘ the system provides eguipmeht coaling and“ 

regulated temperatures for. certain piec-es of . equipment. . i 

'For ease of understanding, tl1e.Env1fonmental Control Sirstém my be separated zirlntd ' 

five systems or loops which operate somewhat independent of each other}. .I'I'hese ~ 

. loops “are: ‘ I t l V . 

(1) Thebxygen aupfily system. 

(2) _The cabinioop'; ' 
(3) Theéuitloop. A 

(h) The waiter mnagémnt system. 

(5‘) . Theléoolant ’system.. 

mummrsmm. 

There arg three oxygen systems: Primry, Secondary and Egresé. . 

M (”We 5-3: 6-") .' 

This system stores and dispenses mgen for breathing and for suit and cabin . 

pressurizatioh. 
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‘ ' This system provides oxygen during the period commencing two hours prior to launch 

'and terminating with Jettiaon of the adapter section at retrograde. 

" The. firimy oflgén supply is stored at ’superci‘itical pressing. in a'. c-ryogefiic' I‘ . 

spherical container in the adapter section of the spacecraft. This container is 

filled with liquid oxygen at atmospheric pressure.“ Heat i s  supplied by thermi- 

‘ leéltggé. through the container . insulation and by activation of an electric heate'r 

'1’n cider to build pressure to the >crit1ca1 point of 736 psia. Above this point 

'liquid oxygen becomes a homogeneous mixture, described for simplicity as a dense 

. supercritical fluid. This fluid 13 warmed, regulated and filtered before it enters 

’ thé suit or cabin loop. 

The primary loop consists of the following components: primary oxygen container, 

I pressure control switch, pressure transducer, £111 and vent valves, temperature 
discharge sensor, pressure relief valve, pressure regulator, 'shutoff valve, filter , ‘ . 

check valves, and heat exchanger. , 

Secondarym (Figure 6-‘-3, 6-1;) 

The secondary oxygen system is capable of performing the samé functions {is the 

primry marge!) system and operates when pressure in the primary system falls 

below 75 ~10 psi. At retrograde, when the prinary oxygen container is Jettisoned 

with the eQuipment adapter, the secondary owgen system assumes the duties of the 

_ primry oxygen system. 

' The secondary gaseous oxygen sfipply is stored in two cylinders located in the 

ré-entry module. Each tank contains 6.5 pounds of usable oxygen pressufized to ' 

6-5.. 
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5000. p513 maxim at 70°F, f This ”oxygen reapply, :13. 7 then Iregulatéd heroic 1t-.en£erg , ' 

the. suit 6;- .cébin'lbop. -_-_=' " " ' 

The secofidary System consists of twd: tanks, fill valves, transducers, pressure 

regulators, shutoff. valves and check valves. I . 

Egress 5! stem (Figure 6-5)‘ 

_ This system 'prd'vid'e's- each pilot. ‘with oxygen for. bréathing and for suit pressurizaé- 

tion in the event that they initiate eJection procedures at 16,000 feet d below, - 
‘ ' \  

during launch or re Lentry. ‘ 

. The egress gaseous oxygen suppiy is stored in a tank located in each seat-mounted 

egress kit. Each tank contains 0.31 pound of usable pressurized oxygen. - 

Each egress system consists of a tank, pressure regulator, pressure 333e,. 

restrictor, check valve, shutoff valve, and composite disconnects. 

CABIN LOOP (figuré 6-6)- 

Dgsign cabin leakage at ground test conditions 13 ‘ 670- séc/min of nitrogen at 5.0 

p313. Makeup owgen, to mintain cabin pressuré at nominal 5.1 , 931:: level, is 

called for by the cabin pressure regulator; In order to'obtain maximum utilization   

of oxygen , it first passes through the suit loop before it is dumped into the cabin 

- through the suit pressure reliet valves. 0 

‘ 6 - 8  



’ ssbn zoo . 

PROJECT GEMINI 
suflounn r M ' - 1 ’ ‘ - 

. _ . . EGIESSTANK 

TO SUIT IMET 
'(PRIMAIY on ' 
SECONDARY OXYGEN) 

' - FROM _ 
1 ‘d' . SUI! _ 

3 WTLET 

*9 - 3h" 1“ . 

(Li’i ’ :gm; ’ f 53.? 5% J‘fif d 
‘ n .  - 3 .1. 

' 22' far; 315» 

MNYARO 
CONNECTION ' 

" 

'—mssua£.,c;\6£ 
\L/ 

muss VALVE 
’ msconnscr ASSEMBLY" 

”3313!? P" ; messumzeo gagggg‘i‘; OXYGEN I 
£21331; ' " 

fl
!

 

.__ -, .3" ‘ 

’
5

’
”

 
£

6
”

 
0 '0
 

$
3

3
9

5
 

0 

f-REGUIATCX 
ASSEMBLY 

mm,” 

71 .‘1 , 

—-H J a . I ”119*"tr'wvmwt'fiag 
n. — Va # :J  ,4 

ORIFICE-/PRESSURE 
GAGE 

l NINA?“ 
PINS INSTALLED 

NORMAL CONDITION NO FLOW SCHEMAflC 

suutor'r mo 
muss VALVE 

acnwmo scuunnc 

sumo“ AND came: ms: t a ‘ 
nus VALVE GAGE“ . 590M"! ASSEMBLY 

Figure 6-5 Egress Oxygen System 



- r '  . n 

_ -;A " ‘ ,. _ w; 
r _ .1 ~‘». “ ' . '  . --. 
v._ _-., _. ." _- h ‘1": ~l.\ - .  

. ' _ . . ‘  ' I v 

. ‘ . . _ - ' . ‘ , '  ‘3", - ‘9‘ I ;  ‘ ' 

4 mud-tum.‘ ._.l...¢ __.'____ . ._‘_ '. 
, fiv— > - 3-“. o w — .- 

seoh- ado ‘ 

CABIN FAN ' CABIN fAN 
CIRCUI'I SWITCH 

. BREAKER ‘ CABIN 
EMF 

saunmsm aw“ . 
DISCONNECI’ ' 
RELAY ‘ ' 71* 
F r i :  ‘ mm FAN 

- . To 0; HI m: 
_ F fl MODE RELAY 

CAIIN HM! 
“CHANGE! t 

1'6 'rowu 
' mscounm 

mm ‘ 
to 02 Hi wt 1» 7'.- . ' $3:t ’_ 
WING "MY > 

E cum MN _ muscum 
-—I|. ' ' ‘ w _ 

EQUIPMENT — 
DISOONNEO ‘ . ' I F 
RELAY ' ' 

1'0 sun 
at to sun FAN ‘ to sun 5 

-NO.ICIRCUY ' 4 0 . : c  

VAL“ ' ‘ VAlW 

Figure 6-6 Cabin Environmental Contrbl 

6-10 

' PROJECT GEMINI -- 

e
:

 

S
‘

v
-

é
I

P
 

.
 

«
n

u
.

 
-

m
 

-.
,~

>
-.

..
..

 
..;

.-
 

,
.

-
:

 
$

4
0

1
”

;
 

M
i

s
c

-
u

r
n

s
.

.
.

»
 

\_
 

'
\

 

cum. ’ oumow VAM 

‘
 

m
a

p
.

.
.

 

“
i

n
!

 
“

u
-

 

I 

A . i  . .4 

' ' 1 

I O 

”‘3'“ , =. 
'3: 

‘i 

w
:

 
. 

a
"

 
3

2
H

u
fi

‘
"

 
"

'
 

:
9

?
»

-
 

~"
 

5,131.9“?- 



W
 

. . 

a
d

d
-

s
h

.
 

‘
7

-
r

n
 

-
.

 
W

e
,

“
 .

,
.

.
.

.
~

.
.

,
,

,
_

_
 

SEDR 300 

PROJECT GEMINI 

Primry cabin components are a calm: heat exchanger and a fan. This loop also - 

. 'contains a. relief valve for both positive and negative pressure relief, 

I pressure regulator and manual valves to either dump cabin pressure or repressurize. 

' “In the latter operation, oxygen is fed directly into the cabin... a ' 

SUIT L60? (mania 6.97;: 5-3; 6-9) ‘ 

The pilots are provided with redundant atmospheres by having a closed pressure 

suit circuit within the pressurized cabin. This suit circuit provides for 

cooling, pressurization, purification and Water removal. 

i'l'he suit ioop is a closed system with two pressure suits operating in parallel. . 

Circulation 91’ oxygen through the suit is provided by a centrifugal compressor. 

Carbon dioxide and odors _are removed by an absorber bed containing lithium . 

. hydroxide anal activated charéoal. The gases are cooled in a heat exchanger by 

a liquid coolant , MOS 198 , at a point below the dew point temperature . Water 

condensing within the heat exchanger 18 dumped overbgard or routed to the water _ 
W W W ”  

evaporator. The reconditioned owgen is mixed with fresh makeup oxygen. 

The suit circuit has two modes of operation, the normal recirculation mode which 

_ was ‘discussed in the previous paragraph and the high rate mode which shuts off 

thg recirculation system and dumps oqcygen directly into the suit". 

641' 



: .— 
m ',f 2 .  ‘ 

l '  . , "  l ‘  
. V ‘  

' sun 1945mm: was: aox 

Sll‘l HEAT 
EXCHANGEI 

SOLID 1M? 
(2 [500) 

a} . o/ h' 
07*" 

55:0v 0, 
PRESSURE “GUI-AID: 
a IEQD) 

SUIT OUTLET 
DISCONNKT 
DUCT 9 I500) 

SUIT INLET 
DISCONNKI' 

~ DIET (2 IEQD) 

sent 300 ' ' 

5 PROJECT GEMINI - 

' fl 
E t fi ' n l l '  I " .  

“ 'I. u“ A g p 
X -..,m'm..aau;.¢.. gut: a i . 

. 
O 

5 . 4  

3;
";

 

rm 

~. 57% 
. 34%;): 

fl" vale.» l 
\....$J.....- ~ .3 

~ ~  o.» ' 
. .‘r~ ~11. 

'/ o u no Q u i n n - W M  

. PEDESTAL . 

C
 

1
"

"
 

n—
.‘

 
n 

sun now um 
VALVE a RICO) ‘ 
MECHANICAL“ LINKED 
to cannon. mums . 
ON vsntsuu ' 

sun com 
- a m 

sacouonv um m _ 
5mm sum-arr um 

figure 6-7 Suit Loop (ECS Package) (Sheet 1 of 2) 

6-12 

'nllgmi 
3 .‘5 13"!" 

#331 
£13.11 

0 ’ .  

Fwd-«m ; 

.
.

.
 

«
-

1
 

_ 
V 

3
1

4
;

m
fi

u
fi

r
¢

fi
a

h
 

n
i

l
;

 
,

.
.

.
.

.
 

\ 
I

‘
W

J
)

’
;

I
-

"
 

a
n

s
,

 
«

A
A

.
 

.
4

.
 

_ _
.

—
_

.
 

-
A

 
4

'
 

.- 
1

,
 

«
1

9
:

3
,

 
"

‘
5

'
.

 
r 

M 
'

u
.

m
.

p
$

,
.

u
'

w
u

m
 

_
L

.
&

1
H

J
"

 
H

fl
fi

:
:

‘
i

\
“

“
a

u
?

—
M

O
 

.
5

1
1

.
 

I
'

M
 

v 



1 I v . 

- o
. '

¢
- fi

“
>

‘  
' 

r 
. 

_
.

 
- 

”
a

n
y

:
 

n
a

h
-

-
 

. 

45 

s u m  
02 m Y — \  ’ .. 

-CI'KK. 
VALVE ' 

COOLANI’ INLET 
HOSE WSTEM NO. I) 

COOIANI OUTLET 
HOSE (SYSTEM NO. I) 

sanctum 0, 
um um 

SEDR 309 

PROJECT GEMINI   

Z '. nuts!“ 

: e 
1...; .‘...............';...J: 

(sum (onsets 

v rat-secouwtv 

CAEIN 02 1 
. Ramssuzmnofl ‘ . ‘uns . - 

sscomm o, . ,1 
sumv we 

oxvcmuoss SLCTION H30 
' OXYGEN HOSE cm‘ VAL“ 

"5‘5”“ "2° a neon) . _ _ 
OXYGEN ”mu” - 

XYGEN HOSE ' FIRING 
“U" CMW WIN) 

. - I _ man-a 
Figure 8-7 Suit Loop (ECS Package) (Sheet 2 of 2) 

6-13 ‘ - ‘ ‘ 

r
1

;
 

4 
‘

-
‘

-
J

\
'

 
L

.
.

.
-

 
'

:
-

'
 

-
'

 
,

.
 .

-
 

,
,

_
 

-
.

.
_

<
 



a
;

 
o

r
.

‘
 

&
. o

. .
 

' 
o 

”
1

. .
. .

0
6

.  
«p

 
.

c
»

.
 

'
9

?
?

?
"

 
n 

'
l

l
.

;
 

-
.

9
 

I 
’

l
'

”
\

 
I“

 
. 

W
-

w
-

A
V

/
r

 
.

v
 

- 
’ 

' 

*O‘
 

"
u

-
‘

W
 

- 
a a

“
!

 
n

u
.

.
.

 ..
 

' ' 
" 

“
-

t
t

 
6'

 
a- 

1
'

.
"

 
g 

9
:

"
4

'
.

“
 

.
.

.
g

 
p

.
 

-
’

-
 

'
1

.
-

 
Va I

y
.

‘
.

fl
l

a
 

.
.

-
 

. 

- . . . , .  mos. ' . . SOlIDS 
' M 

0 RATE CONYROL 
Cl UIT BREAKER REMY 

} 00 
common 9 
com nus 

- - ms”; 
sums» 

"gram .5. svmcu } W m
 

n 

. _
1

 

O
 

n 0 m 

to About ' - . CHECK . - ‘ H ‘ I n . my: - . ‘ _ — mg VALVE no» one»: ‘ . ’ ' ' ‘4 my - .L w . - ' ‘zz ‘ . _ .  . 
. ' ' WAI- HGH t ’ ’5’A"’*”"""*"'~‘J’14 3'11" '3 W‘o’moJ/évwz orphans-1w van ’.».:;;r49xd,a;»‘.r:~:a they: 1‘, 

flow “mama ”a  V _ , 
sun mm. w“; 
smmmg VALVE ’ _ 

— .  

m
g 

§ 

:
1

"
?

 

a - SHIN 

‘ ‘ MAKE-UP ' ‘ ‘ . ° “:02 ” ' LAY c‘uecx _ * ‘ OXYGEN ‘ CHECK smsou VALVE NO. I sun V ~‘ supply ' NO. 2 sun "we mssuu ‘ - - 

assume! 4‘ , .   ~. EWTOI 

Z 

n.
 

‘
u

‘
fl

‘
i

‘
,

1
§

”
§

\
 

‘ 
'

_
t

\
i

 
\

Z
—

"
W

‘
f

’
n

 
”

5
'

7
4

“
.

 
1

.
1

 
‘

9
)

”
 

0
.

 
1

x
5

 
V

N
K

V
‘

 
I. 

.4
 

' A 

'A. 
to T. - 5  MIN 
SIGNAL 

I m . > , AND 
wuss 

NO.ISUITFAN ‘ 
__... rows: sumv 

- 
an 

fi
x

V
‘

u
fi

“
 

‘5
 

'3
 

“
\

,
"

\
 

Q
“

 
'

.
 

'.". Fla/1"!“ ‘3'x’a'l’f‘f 

! c 
.

5
 

I 
‘

5
1

P
.

 
a

w
u

m
u

 
‘

-
 

L - {If ”f! 
6f; {,3}; 

e 4’ ‘ - (Jr; [as 
u 7.13 

- w 
| | :— -. I? 
tcucun sun cucun my. r. E? 

’ ST‘EIMKIAM m m m  ‘ -.- ,1-3135ir"””*”’l""‘§;i_-:‘i¥“'~°5 
Q - k ’ ‘ —  sensoc sensoa - i 

- - - - - - - - -  - - - - - - - - - - ' - - -  J , " g  ‘ r  ‘ A G E T '  

m‘ ' SUIT FLO” “TE NO. 2 SUIT FLOW RATE 3;fgvg9¥;2:99zéfi;fi§; v ' mo sumwrfomm . 5130' suutor: cpufac} } - - r , ._ ,_ _ €02 

‘ CHE" we“ "" aw? “w ”We?" 5 VALVE VALVE 3235 a .1163. 
4—- —- ——- Sflxfifigfié’fi coma. ‘—— '. . ' _ . . ' ' g ‘ RELAYS 

10 um 
"£55m! . ‘ M.w.:.\ca-n¢.‘z£ 

‘ —  \ 5mm! ~ ' 2 sun nut ' '4 ‘ mafia? acumen . 
D mmmm mum A A A A A A A onscmoe ‘ sermrou 

6-14 

0.  D '— . : L xenon 
DISCONNECT I mm: l I 

PROJECT GEMINI 
EQUIPMENT 

V f——_ . 0mm, 1 uncut mm 
C RELAY ‘ 5U" FAN in} mm. 

. c i . 
v. > A. . 

it” ' _: D l 
V , A l  . ' 

o l sun rm NO. 2 
I e I uncut scum 
. v 

V I I . é. 
A f t  

I 
VI J 

J ‘ F I 7 > 
A'. H m 

m .  |'- new! 
E I 

' . . Al 
l' to ' I 

0 . :IELAYS ' , ° ' _ A: ~ .——A: 
‘ k  Jone-mm A ' fiummcu. ' 

- A: A: 1 
I. : a a : l 

l I 

i 
c 

: A . 
I 

o . 
I A 1 I . 
' a AGE" 
| A 
I 
' A '9'? 4 , macommmnoo, 

, [—1 ' A 
<>55cc ' a ' NOTE :0 ’ g: I tons-mm 7 . . wucu . my: mo swncussm snows mm 

- ‘ 1 3 . 1 “ ” ; t  ' 'W'OSWION - 
' - Y . . 

Figure 6-8 Suit Loop Recirculation Mode Schematic , 



t
-

R
’

l
l

 
—

:
—

.
-

~
 

.
m

q
 

'
u

v
‘

n
 

- 
. 

_ 
. 

u
n

c
u

-
 

. 
- ,

.
-

.
.

,
.

 

l 

u
”

 

n
.

 
‘ 

H
u

s
 

n
a

p
-

w
 

p 

.i'
 

'i 

.
.

 
I 

p
-

M
w

-
l

-
‘

o
m

 
a

i
m

-
n

 
. 

l 
. 

H-
 

t
‘

 
1 

, ,
,

.
4

-
,

-
 

4
-

5
4

 
. 

"
"

.
‘

"
'

 
"

1
y

.
.

.
 

a 
fi 

‘ 
.

“
u

-
u

 
., 

.
.

 
_

g
.

.
.

*
 

J
,

 
i 

. n
o

.  

I 
2 \ . 

l ; 

t 

numbness . ' . sunw 

PRESSURE I 
WINCH 

CHECK I" 
«I! VALVE " 

_ ‘1 

SQJDS 
It». 
AND 

f sun cmcun 
TEMPEMIUIE 
SENSOR ' 

NO. I SUIT FLOW RATE 
AND SHUTOFF CONTIOI. 

CI'CECK 
VALVE 
Jr:- 

. _ _ L' - - -  *3:_L‘..ol . 4 - ‘  «5—4-.. . -  . - a." 

SEDR 300 j 

EQUIPM‘NV 0| _ I F 

DISCONNEC! '— R : t H I«anon 
c we comm new! " vs c on same: I _ _  mmm 

‘ DISCONNECI 
y 0" 'i c ' v um 

_ A ' " '— l ‘ ' '- ' . i " I 7' A | ' o : to new 2 '  ° - l-ll-RAIE 2 I . cum FAN moucn as"; \ contact ' o |- V '  cmcun swncu _ RELAYS ‘ ,  _ .I amen 
‘ I l E {PG . -' ' runs: a “  + 4 —l ' 

VALVE ' A . _ 
Al , 

. . 
' . 

10 not! ' ‘ u - e L'O- .d 2 
‘F—«IEIAYS __ . A 

DUAL men ' . ' _. . . . . I _ 
now um. mo = g; ‘ must 7 - . ‘ 
sun svstm . , VALVE 
sumo» VALVE . . 

-_ 
, ;:‘ 7 ‘ ‘ mt.'z‘:Iiff/Iffliylflfl§ i: ' ' ' 4 ‘ 1» -5MIN 
,2, ,; .. , 7 _ - . f E f I 7C0; I FAY ‘ .. 9 $5 . SENSOR V gig cnscx g I I ' A 

a? VALVE g 0.1: . 
f" ' sf ' 

' : ' ‘ g 1 - #touon , g ton-sum ‘ ‘asuvs 
V fag; ‘ ' 3;? g 7' . - 5; a“- ; 7 A ' k. TO IE-ENTIY 
7 ’3" .- ' {kc ‘muucu ' : ~ V 

g 2 0 a J..- 2 ‘  ‘NO.ZSUITFAN » nonsumm‘ gyfif’” ”“” POWER my rowan sumv 
w..." I F _ r e 

sun cmcuu . x . ”- _ 
TEMPEMWIE A a c _ . c a A mama: , V. 

A A no. 2 sun NO. 1 sun 
% comm. warm 
:2 ' , c c u a , V 

‘ * 4 C 
I- 2' CHECK CHECK. 3 : )  , VALVE VALVE ' : '- 

suncmcun ‘ - | momma: ,.... ° smsot _, ..__ 
' 

NO. 2 sun now RATE ' v ' 

‘ f ‘30“ TOUGH! I A - cuscx ,; cooum - rows: - ' VALVE ; com 
RELAYS a toc’mu‘ ] [  a T0 Its-mm mssuu : umucu. unwound: . 

ms: msconmsct 
10 «mm " m” Figure 6-9 Suit Loop High Rate Oxygen Mode. Schematic 0'50”“ 

‘9. . r -  - . _ , 

. . . n .  * V . , g u . . V ~ k  “ 4 “  . - . .  -4» H i n d u  - - I . h - - -  . _ . ,  ,t ' “ i f "  m -n-a—‘Z- gnu 41...... 
A h .  - § _ "  

SUIT FAN 
SWIVCH 

SUIT FAN NO. I 
CIRCUIT BREAKER 

SUIT FAN NO. 2 
CIRCUCT BREAKER 

O 

'5 L132! :6: 
7 ‘ . c u -, l-II-MIE - 

4 36m: 7 , 

n .m: 
mus. 

Y 

' I  

A 
r! : _ 

men msconmc 
mm , . 

< lEGEND 
on um 02 

r-commmrm o, 
NOTE 

RELAYS ARE WM IN THE [ATCI'EDM 
MGIZED POSITION AFTER 1345 “N. SIG- ' 
NAL IS RECEIVED. ' 

6-15 

"42-6-0 



. . __ .~~ . .  

SEDII 300 

,- _ PROJECT GEMINI 

- The suit ‘loop consists of two depend regulated , and relief: valves , I‘four' check 

valves , two throttle rvalves , two solid traps ’. a system shutoff and high flair 

‘rate valve, two compressors, one carbon dioxide and odor absorber, and a suit 

' heat exchanger.. 

WATER MANAGm SYSTEM (Figure .6-10, 16-11) _- T 

The purfiose of the water amusement system is to I store and dispense drinking 

water, dolléct and route unwanted water to the evaporator -or_dump OVer‘board, ' _ 

banking water is stored in a tank of tanks in the adapter. Each tank contains 

a bladder and is pressurized to supplj water to the transparent tank in the 

1 , .re-entry module. _‘ 

8/6 5 utilizes two drinking water storage tanks which store both the drinking 

water and the fuel cell lay-product water. One tank uses a combination of 

  mgen and fuel cell water as the pressurant while the other tank is pressurized 

with wgen. - 

f s/c 6 has only one storage tank and uses qgen for the pressurant‘. 

. 3/0. 8 and 9 utilize only one storage tank and uses fuel cell by-product water 
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1 as the pressurant. 7‘ 

Urine and condensated water from the suit circuit heat exchanger 18 absorbed by 

the Vick 1:: the water boiler or dumped overboard. 
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SHUTGF 
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. mm“ nasal: I assume: 

- - - - - -  
‘ ‘ ‘ ‘ ‘  

p p p p p p  
. . . . . .  

mm: 'A' ‘. 

WATB PRESSUE 
REGUMTG 

x. . “(QWMWV'_ ......... _; .............. ; +:->:‘;-:-'w -. .- 

ADAI'I’ER WAYS! STORAGE YANKS F; S/C5 
SEE SHEE‘I’ 2 OF 2 FOR SIC 6, 8. AND 9 COMIGWTIW. . 

DISCOBNECT 

WATB 
EVAPWTG 

Figure 6-11 Water Management Schematic (Sheet 1 of .2). 
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3mm PRESSURE . 
.ntcuuta ‘ ' sumo" 

.' E:3£?ie>2?- '1‘7 ’A " 

10mm ..... . a, 
mum IANK , _ 

cnecx VALVE 

SPACECRAFT 6 CONFIGURATION 

WWK‘fifiW‘fififi-‘iWififififimw‘fiwék‘? ~t»H‘-...-~::.‘w.a--.m~.-:w->=:‘~~arr‘a=~x&w 1£'=E=§£=S=3=:-‘:‘=S$$3£ 

FUEL c: mm 

mum mm 
Stone: mm: - ' ' ' ' 

TO CABIN. ........... 9i . ' ‘ 
wAm IAN: ' . . c» 

CHECK VALVE 
- .. -.._ _ ‘ WA‘II PRESS“! 

' ‘ “GUM!“ ‘ 

sva‘cacnn 3 AND 6 counounnou 

Figure 6-11 Water Management Schematic (Sheet 2 of 2) ' 
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’ Components of the water management system, in addition to the water tanks , 

a. water control. valve , dump valve, water evaporator and two manta]. shutoff - .' 

. Valves. ‘ 5 

The urine diéposal equipment is government. wished figment (GEE) ' It ugh-ah ‘- 

the urine line, bellows assembly, quick disconnect coupling, and Wiceptacn‘ . 

- 000mm 8m ” 

  ' 3% 3mm _-, 
__S§_m‘msmrs AND c m  

The displays and controls for the Environmental Control System are provided in 

'the cabin and function gs specified. (Figure 3.6) ' 1 . ' ’ .  . - " _. ‘ ‘ 3 

sncmmmr mam smom 'msmHAnm ' 

A manual secondary oxygen shutoff handle is provided for each member of the flight 

crew 3501' compléte and positive shutoff of each secondary ween container . m I 

handles are located aft of the right and left switch/circuit-breaker panels . _- 

The position om or CLOSED 18 noted, ' ' 

mam HIGH mm mam/swims 

Five minutes prior to ‘retrograde initiation, an amber light in the 02 HIGH RATE 1 

telelight/switch assemfily will illminate' as a warning that high. flow rate 6! . 

ween should be initiated. After Tr-S , the. light will. 111mm»; green iwhgn ‘ 

the secondary oxygen rate vaive is apehed eifiher mnmily or automtically. 

Oxygen mGH RATE will be available at any time during the mission by depressing ' - .: 

6.2» 
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I during landing and posthnding phases of the mission. . 
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the switch. However; the greei; light will not ilim'te prior to air-5,»; 

CABIN AIR ancxawnwmm 

This handle controls the recirculation valve which permits entry of cabin air 

into the suit circuit for removal of odors and carbon dioxide . This procedure 

will renovate cabin air without cabin decompression and reduces thé possibility 

of carbon dioxide, 2 pockets; by infireésing circulation of the cabin atmosphere . . 

This handle wi 11 control the cabin air inlet valve which provides for ventilation 

again-Vim HANDLE- 

This handle controls the Operation of the cabin outflow valve to permit emergency 

decompression in orbit and cabin ventilation during the landing phase. 

This handle provides for watertight closure of the cabin pres sure relief valve 

during a. water landing; 

OXYGEN HIGH RATE RECOCK BARBIE 

This huddle provides for the annual return of the oxygen high: rate mic to the 

_ closed positiqn, theiebur restoring normal W382) flow rate. Actuation 'or this. . 

landle also re-esta‘blishes the capability of initiating mu m; mean flow 
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ivhénfiecéuary. ' 

A dual indicator provides for muttering temperatures in the Suit and cabin 

circuits . Reuse mkings are calibrated in degrees Fahrenheit. ' ' ' 

mm mm m sum mm mm yum mm mum [2." 

I ‘ A duh]. indicator provides for monil torus cabin atmospheric presahre and 153:. - 

. amount of carbon dioxide at the suit inlet. Cabin atmospheric pressure is 

calibrated in pounds per square inch. Carbon dioxide partial pressure is 

calibrated in millimeters of mercury. .' . '  _ ' ' . . -' _. ' 

A dual. indicator is provided for monitoring pressure in the individual gaseous 
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" m  containers in the secondary oxygen subsystem. The indicator range is 

from 0 to 6000 p913 , divided into BOO-pound increments and numbered at each 

1000-pound interval. Readings mat be mitiplied by 100 to obtain correct _ 

values . - 

cmocmc mm mm m mean: Mm 

This indicator provides for monitoring quantity and pressure at cryogenic oxygen 

in the primary omen container. The quantity scale displays from 0 to 100 

per cent in 2 per cent incremnts , numbered at 20 per cent intervals . The 

pressure scale ranges from 0 to 1000 pain in 20-90mm increments, numbered at ~ 
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I 1.200 ~pound intervals . Red undermkings are mdbrporated oh the oxygen nietér 

to indicate. the point at which therml pressurization my be discontinued by 

" .de-energizins th e heaters. . 

' - mm m m  Pm' 

. A three knob panel is provided for managing, replenishing, and dumping waste 

water overboard . 

Dual concentric knobs are mounted between the ejection seats for suit and Cabin 

temperature control. Tfiese knobs control the operation of valves regulating 

the flow rate of primry and secondary coolant through the suit and cabin heat - 

exchangers . Clockwise rotation results in increased temperatures. 

MANUAL 01mm HIGH Ram mm 

This handle is located on the console between the makers of the flight crew ‘ 

and pwdfiidea for mnual control of the dual high oxygen rate and suit system. _ ' 

Shanta: valve . Actuation of the handle shall initiate the oxygen high flow 

mtg and de energize the suit ' compressor . Resumption at normal system operation 

815.11 be effected by actuation of ‘the' oxygen high rate recock handle. 

An individual lever is provided for each member of the £11331: crew for regulation, 

or circulate” oxygen flow through the suit circuits . Th: levers are located on . 
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the lover section of the pedestal and shall provide any selected flow valve 

setting" from fully open to fully closed. A detent provides an intermediate 

“position to prevent inadvertent shutoff of suit flaw.'1'h13 detent my be by- 

’ passed by moving the lever outboard. . , ' 

mm Wanda comm 

A rqtary .handle control is provided for cabin repressurization after it decompres- 

sion Ins occurred. The control rotates approximately 90° between fully om 

(repressurize) and fully CLOSE!) (off). positions. This control is locateg! on 

fhe cgnt'er' console. between the suit flow control panels. 

This telelight, locgted 'on the annuncidtor pénél of the center. instrument patiel; 

illuminates when the heater in the primary oxygen container has been manuaily 

activated . 

szsm OPERATION 

The environmental control system (Figure 6-1, 6-2) is sen; -autonat_1c in operation 

and provides positive control in all modes of operation. There and:  

‘ operational modes: I _ ‘ 

1. :Pre-Iaunch. 

. ‘ 2 0 .  . Launch. 

_. 3. Orbit 
h. Re-I‘htry 

6-26 _ -'. 
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5 . ‘_ Pas'tll‘andinlg: 

" 6. ' Energency' 

I _ PriOr to the lure-launch mode, 11: is necessary to service and to check the system 

functionally. 

- SERVICE AND enema: 

For this Operatio’n, .11: is assumed that the Spacecraft has_ beennhted. with boogter 
‘ on the launch pad and in the ‘unseiviced conditioh. ' 

1.“ F111 primary, secondary, and egress oxygen storage tanks. -. 

2. mn water boner. . 

I 3. F111 drinking water supply m. 
h." Replace cartridge in the suit loofi canister."- 

' O 

The pre-launch phase is defined as the period after the servicing has been 

completed and priortblaunch. ; ' A . - . ' ~ . -—-. 

Suit m 

The pilots in their suite, with face plates Open, are connected to the suit 

circuit. The suit circuit compressor 18 actuated and the suit temperature ' 

cohtrbl valve is adjusted t9 sgtisfif the pilot desiring the cooler temgemture; 

The other pilot becomes cairn-table by aggdsting 1113- suit flow rate confro']. 

valve toward the closed position to obtain a. warmer setting. A ground ' V 

supply of pure oxygen is, connected ‘ to the pressure suit. cimufl purge 
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I I; fitting. Flow is initiated with the race plates c losed .»  The suit circuit gas  . ' 

. is sampled periodically until an acceptable oxygen content is attained. j'_A. a 

suit circuit leakage test is conducted. After Satisfgctoriiy completing the 

suit- circuit leakage test , the primary and secondary oxygen manual. shutout: 

valves are opened and the suit circuit purse sYstem is disconnected and removed. ' .- ‘ ' '. I A ' ” 

Cabin Loan 

The cabin hatches are. closed. A ground supply of pure. caveat: is" connected to A 

, the cabin purge f1tt1ng,,flow is. initiated and the cabin is purged. ' The cabin  

fail is actuated and the recirculation vane is §pened . A cabin leakage test 18 

conducted‘. After satisfactorily completing the cabin purse and leakage test, 

thé cabin purge system is disconnected and removed and the cabin purge tittglng _ 

men“ ,mfi‘isure 6-3.64) - '4 '. ‘- ‘ . . 7 . 1 . - . 
The 13:1m and secondary oxygen mnual shutoff valvés {ire opened. . 

The liquid ween inside thé primary supercritical dontainer has been changing 

from a liquid £0 a supercritical fluid . by theml manage arid meg;- activation. 

A pressure control switch provides for automatic or mnual activation of these 

heaters. The annual control switch '13 located on the center. cdntrol . $1191.". _ 

An indicator also on the center contrdl panel indicates both pressure and 

quantity from a transducer and control unit that are attached to tlie container. 
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‘ The oxygen ran nae: frm the cdptainér and is maimed to’approodmtem 50°F _. ' 

in a. heat exchanger; This heat exchanger also contains a relief valve that 

limits maximum pressure to 1000 p313. This valve Opens, permitting full flow 

and resents within the range of 915-1000 pug. ' 

A‘ discharge temperature sensor provides an ihdication, for telemetéring only, 

of the temperatm 1n ‘ the ' prim-1y @3611 line downstream of the heat _ex¢ha.nger. 

The ween gas is regulated from-1000 p813. maximm to 110 i 10 p818. Flow ' 

capacity of 0.35 lb/min with an inlet pressure from 800 to 1000 p319. and an A 

inlet temperature of 60°F. This regulatqra’lso contains a. relief feature that ‘ 

limits downstream pressure to 215 p813 1n the event of a. failed -0pen condition. 

' A 10-m1cron absolute rated filter provides filtration of the primary canteen 

suppiy before it enters the suit or cabin loop. ' 
~ — - - ~ - o —  

IAUNCH 

"091111.332" 

The cgbin presgure i'elief valve Opens to limit the pressure differentiél between ‘ 

.cabin and ambient to 5. § _  :51» 

' ISuit Loo; (Figure 6-8) . 

Hansen is supplied to the suit loop through the suit pressure regulator. The» -_-;-‘ ' 

suit pressure is controlled to between 2 and 9 inches of water above cabin 

pressure by the suit pressure regulator. 
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Suit circuit oxygen from the suit circuit demnd regulator recirculates through 

the suit compressor, the carbon dioxide and odor absorber, the suit heat _ - 

exchanger and water separator, the pressure suits, and the suit circuit solid: 

traps. There are two compressors 1n the circuit. me is an alternate to be used - 

it's. compressor failure occurs. The alternate compressor is activated by posié  . . 

timing the sum FAN switch on the center panel. The dartrflge of lunar; ' 
.mrdroadde and activated charcoal remove carbon dioxide and odors of an organic _ ‘ 

nature that could haVe any ill effects on the pilots . As suit circuit 'mqgen I 

flows through the suit heat exchanger, the temperature is controlled as selected 

by the pilots. 

.Solid traps , located in the oxygen 'outlet' ducts of both pilots ' suits; 
rémove particulate solids, preventing cohtaMnation of the suit circuit syste‘n.‘ 

An integral by-pass opens it the traps become choked with collected sands ' 

permitting continuous oxygen flow through the suit circuit. 

ORBIT 

CabinL_o_o£ ‘ ‘ . ' _ .. .' '     _. . -  

Nomi cabin leakage allows the cabin pressure to decay to a nominal 173111; or 

5.1 p613. "The cabin pfessure control valve 'maintains this value autonfiticam. 

A dual cabin pressure reguhtor sufipliea makeup oxygen through the rum ' 

pressum suits to the cabih on demand , as sensed by' two aneribd elements within 

_the regulator. The regulator supplies the makeup weep at a Icontroiled pressure 
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Ibetweezi 5.0 to 5.531;. ' 

The cabin fan circ ulates cabin air through the cabin heat exchanger. one or both 

of the pilots my Open their faceplates. The cabin air circulating valve 13 in 

the Open position to provide for recirculation of the cabin oxygen through the 

lsuit circuit. 

In the event of Spacecraft 'depressurization, whether intehtiomlly or by Space- . . 

craft puncture, the dual cabin pressure regulator closes when cabin pressure 

7 decreases to 14.138 f p319. , preventing excessive loss of oxygen. 

suit L002(Figure46-8t,16-9) _ 

The suit circuit demand regulator senses cabin pressure Enid maintains suit 

circuit pressure at 2,5 to 3.5 inches of water below to 2 to 9 inchés of water ’ ' 

above cabin pressure. Should cabin pressure decrease below 3 -5 mm, the suit 
+.h 

circuit demand regulators maintain the suit circuit pressure at 3 .  5 _  pain. -: 

by constant bleed orifices and sensing aneroids within the regulator. ‘When ' 

cabin pressure 18 restored to 5 .1  +0.12%. psia, the suit circuit demand regulators 

return to normal Operation. 

In the event of cabin and suit cizfcuit mmcum, the stilt circuit will . 

' Automatically revert to the high rate of Operation when Suit circuit pressure 

decreases below 3.0  +8: 3 p813. A suit circuit. pressure sensing switch energizes 

the solenoid of the dual high flow rate and system shutoff valve, This initiates 

a. high awgen flow rate of 0.08 $0.008 lb/min per man (isotal now: 0.16 1b/m1n). 

This high flow rate flows directly into the suits by-passing the suit demnd . 

_ regulators. The suit recirculating system is shut off and the suit compressors - 
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at: (lb-activated when the solenoid of the dual high 1’1q rate and system shutoff j ' H 

valve has been energized. The 02 HI RATE light 'on the center panel illuminates "   

when the suit circuit-13‘ on the high flow rate. There 13 also a manual control 

for the high flow rate and system shutoff valve located on the center console. ‘ 

I When the suit circuit pressure is restored to a level above 3.0 :8: 3 pain, the 
high rate and system shutoff valve is reset annually by using the control marked 

' 02 HIGH RATE RECOCK located on the center panel. This returns the suit circuit 

to normal operation by opening the system shutdf valve and closing the h @  

‘.ra'te valve. The suit compressor is also reactivated. . 

W W W :  6-D.) 

The drinking wager . system is wéssurized find mually ‘cc‘m1trollela' by _the_ pflofis; 

Wafer fréam the adapter supply is Q used. to replenish the; cabin tank mier suéply. ' . 

Th: water tahk 'driyk .selectoz; valve '13 set in the NORM position; I 

The pilots manually operate the drinking dispenser to provide drinking vatér - ' 

from the cabin storage tank. ‘ ' ' . 

The water separator removes metabolic moisture through a wicking material 

poutioned batman the plate; or the suit hegt, exchanger. 
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The dump selector valve is positioned to route the urine either t9 the water , 

bo'ilei" or dumped overboard. The .nornnl procedure is to dump... Befc it is 

dumped the urine dump system 18 preheated by positioning its heater switch '. 

located on the water management panel. A urine dump heater light is 9.130 pro- 

vided and located on the water management panel. This light illuminates when t h e _  

heater is activated.  The shutoff valve is opened and the bellows cpergted to 

remove urine from the system. 

RE-ENTRY 

95' Ber-18231:“: 

The primary oxygen system is discbrinected' when the adapter bection is separated 

from the re-entry module. This removes the primry oxygen supply pressure which 

lautomatically activates the secondary oxygen supply. 

The system shutoff :and high rate valve is positiohed to the high rate position 

before the adapter section“ is Jetti’soned. 

Cabin L002 

The pressure in the suit- and cabin remains constant at 5 psia (nominal) until 

an altitude of approximtely 27,000 feet is reached. 

Ab miept pressure- increases during descent, the cabin press'urej'elieff valve 

admits ambient air into the cabin, preventing high differential préssures. .The 
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cabin pressure relief valve begins to Open when the mbient pressure 10 15 .0 

.— inches of. water greater than cabin pressure and Opens to minim now when the , .  

pressure differential is 20 inches of water. ‘ " ' 

M; an altitude of 25,600 feet, or below, the pilots annually open the cabin 

inflow and outflow valves to circulate external air through the cabin and unit 

. circuit. 

Maximal: negative pres sure on 1:119 cabin" phonld not' e‘x'ceea 2 1551 as confironed 

'by the cabih relic; valve... ’ ' ' 

Suit L002 _ 

Prior to rte-entry the face plates should be closed . The high flow rate of ween 

in flowing directly into the suit circuit. _ _ _ ' -' ‘ ' . _' - ' _ Y _ ' I 

When the cabin inflow valve is Opened 1t activates the suit compressor and 

external. air is circulated through the suit circuit. ’ 

._ Ventilation is provided by the suit compressor as lbng as electrical Ipower 13 

available (12 hours minimum). 

Ambient air is drawn into the vehicle through the snorkel inflow valve, by the suit 

compressor, circulated through the suit circuit into the cabin, then discharged 

overboard through the outflow vent valve . i 
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'The énorkel inlet valve :f'unct'ions' as a water check Valve. When the snorkel inlet ' . 

'valve is above water level, the ball check is retained freely in a wire mesh | 

cage, permitting ambient air to enter the suit circuit. Norml oscillations 61' 

the spacecraft in the sea may result in the snorkel valve being momentarily 

submerged. This will cause the ball check to seat and is held there by auction 

from thé suit compressor. Opening the 'cabin air circulating valve allows the 

_ ball to drop. from its seat. 

To prevent water from entering the cabin through the cabin pressure relief valve, 

the manual shutoff section of the valve is closed. 

EMERGENCY - 

Cabin 1.602 f 

If cabih dépressurizatibn becomes. necéésary due to ‘tdxic’éontaminants or fire, 

the cabin outflow valve is opened to depressurize the cabin. The cabin regulator 

will close, stopping the oxygen supply to the cabin, pezfmitting the escape of 

toxic contaminants and preventing oxygen assistance to‘  combustion in the event 

of fire. The cabin repressurization valve permits repressurization of the 

spacecraft cabin. 

The control hob for the cabin represéurization ‘valve '18 locgted on the _ lower - 

console and! is rotated countercloclmisjg to open the valve. 1516 rotated , ' 
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I clockwise to close the valve when cabin pressure is between it. jam! 5 .  3 pain; 

I Cabin yressure is then automticaliy controlled at 5.1 18'? psia by cabin 1 

pressure regulator valve. 

_ Egress Gunmen (Figuie 6-5). 

Operation of the egress oxygen system is initiated by three of the rent lanyards 

which are pulled when the seat leaves the spacecraft. One lanyard pulls a ' 

. pin in the composite disconnect allowing it. to separate and close the 'normai ‘- 

.suit circuit. Two of the remaining Iamrards open the container shutoff valve 

I and circuit relief valve activating the egress onset: system. 

Each of the egress oxygen, containers is pressuriZed to 1800 patig With gaseéui .5 ‘- 

oaqrgén. The oxygen flows from the cohtazlners through a pressure regulator , V 

yhere the ‘ firessure ifireduced to ho pain. It then flows through _a shutoff ,fialve 

amid a now restrictor, which auaws a. flow out .052 to .063 Balm, then through 

,a cheék?" valve £0 the suit. . After leaving the suit; the mgen flows through the 
shutbfl and relief valve, which dumps the oxygen overboard, as well as controls 

the suit- pressure to 3. 5 _  +'60p31a if ejection occurs at an altitude above ‘ 

- 31,500 feet, and 2 to 8.23 inches of water above ambient at an altitude below- 

31,506 feet. i 

sxsm 1mm 

1mm SECONDARY mm mm AND sun SYSTEM smrrom VALVE (Figure 6-12) ‘ 

The dual secondary oxygen rate and suit- syStem shutoff valve provides 6 

constant flow rate .of oaqrgen directly to the pilot's suit during re-entry or 
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MANUALRELEASE_ I IIIIEIIIII ' mauve: 
v \ ' W%l l / / l / / / / f l l / l / l / / l / I / / / / /%  

Z 
/ 0, sum 

‘2 

/ 
o 

— 4 ' SUIT COMES-50* 
SHUT-OFF swutcu ‘ 

some": < . 

........................................... g seconom 
Mic-comm ARM 

svoou mm 

Figure 6-12 Dual Secondalfy Oxygen Rate and Shutoff Valve _ rum-m 
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in the gfient the suit circuit haliuhctiopsdurins' launch or orbif. 

., “The yam; is degigned tor mual and automtic initiation. The recirculating 
sfiit oaqrgen circuit flows through the shutoff section of the valve, which is 

I annually opened and is spring loaded to the closed position. The shutoff valve 

.. ‘ 13 held open by 3 2h V D-C solenoid pin, as long as the solenoid is tie-energized. - . 

The secondary flaw poppet valve, held closed by spring tension, remains, chased ‘ 

whenever the shutoff valve 13 in the open position. when'the solefioid 13' A 

energized, the butterfly arm 13 released and rotates by spring tension, closing 

the suit circuit valve and mechanically opening the secondary oxygen flow - _ ' 

rate poppet valves. Opening the poppet valves allows qgen to flow to each 

I pilot a suit through fixed orifices at a rate of 0.08-0 .008 1_b/m1n per man 

(total now 0.16 1b/m1n.). The butterfly arm simultaneously actuate: a switch 

that de enérgizes the. adenoid, turns off the suit compressor and cabin" £611,936 

. illuminatéé a 330mm now RATE lamp on the pilots' center display babel. - ' 
A [manure sensor switch attached to each pilot's suit. circuit will energize. I . .. 

the solenoid 11’ the suit circuit pressure in either suit decreases below 3.0 “a” 

pain, automatically shutting off the suit circuit. flow and initiating the . 

secondary flow rate. A manual control is provided for resetting the valve to 

the norm]. position. The secondary flow rate is used during re entry. Prior 

to retro-grade the pilots nanuany disengage the solenoid initiating the secondary 

‘ flow rate. 7 

6-180 ‘ 

.
 

“
 

. 
_‘

 
' 

. 
. 

. 
. 

[
J

a
r

-
"

u
.“

 
..

 ‘
 

, 
. 

. 



4 " " .  

‘ 3 )  

_ . -  . . ’ . _ , . ‘ ‘ - .  ‘ ‘ u ‘ V .  
n .  . . — j - ‘ .. > '  , , . ‘ ‘ -  . ‘ A - v - . .  

‘ -- R O D - 3 5 - “  9. ~ -  '1'!“ so .> , . ‘. . ' .. . . - - . . .  f u n - m ,  m a r - . n - m r - w - A -  m “  -n=o-~ own—4m ' ‘-'--.--- - ' ‘ ' " A “4-1 . .  , I . u < > ‘ .  4 u - I H )  - .- - ‘ 

SEDR 300 

PROJECT GEMINI 

”sun OXYGEN 13m 33mm: (Figure 6-13)  " 

The suit oxygen demand regulator controls the oxygen to the suit circuit from 

the primary or secondary oxygen systém and replenishes oxygen used by the 

Pilots or lost by leakage. ' . ' , 

Cabin pressure is Sensed on one side; of the diaphragm and suit pressure 718‘ I, _ 

sensed on the opposite side of the diaphram. The differential pressure across 

this diaphragn opens‘ or closes a poppet valve admitting or stopping oxygen flair . 

' into thé suit circuit. With cabin piessnre of 5.0 psia the - suit regulator . -. 

maintains suit pressure at 2.5 to 3.5 inches of Water below cabirg pfes'sure., ' 

.1 A resilient diaphragh type valve relieves pressure in the suit during ascent 

' and limits excess pressure to between 2.0  and 9.0 inches of water above cabin pres- 

‘sure. During descent, the suit demand regulator relieves the secondary oxygen rate 

flowthrough the relief portion of the valve, maintaining suit pressure 2 to 9 

inches of water above cabin pressure. 

_ . _ _ . - _ ‘  

_ A constant bleed and anemia elements maintain the suit pressure at 3. 5+8 I; 13313 
if cabin pressure decreases below this pressure. The bleed flow by-pasges the . 

' tilt valve through a bleed orifice and is directed to the cabin pressure sensing 

I side of the pressure demand diaphragm. A metering valve, controlled by an an'erpid, 

regulates the reference pressure on the demand diaphragm The regulator returns 

to normal operation when cabin pressure returns to 5.1 1'83 psia. In the. event 

' that cabin decompression and a ruptured relief diaphragm 1n the regulator occur 

simultaneously, an anemia over the relief diaphragn extends to cpntrol suit 

‘ pressure at 3.9 paid madman. 
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CABIN PRESSURE: mm VALVE (Figure 6-1).) .-   

The cabin pressure ‘r'e'liel'f iralve automatically co‘ntfois the cabin-to-ambient . 

differential pressure dur'ihg launch, orbit and. rev-entxfy'. Duplicate spring 

" lbaded poppet valves are contrblled by servo eleinehts within the valve; . 7 " 

The Servo elements control spring loaded metering valves which determine the 

pressure within the diaphragm chamber behind the poppet, controlling the poppet 

. peeition. A small inlet bleed orifice admits cgbin pressure to the diaphragm 

chamber. When the poppet opens, a large orifice permits rapid change in pressure 

‘ 'I‘ensuring quick closure of the poppet. 

During ascent- the vélve V111 rélieve cabin pressure as ambient pressure "decreases " 

until cabin differential pressure is 5 .5  to 6.0 pain. The valve closestmin- . 

taming differential pressure in this range. When cabin pressure decreases below 

5 .5  93111 the servo element- cloaes the metering valve maintaining reference ' 

pressuré. fiithin- the diaphragm chamber at cabin pressure. The poppet is held ‘ 

closed by spring forcé and the. zero' differential between the diaphragm and the _ 

_ ‘cabin prevents cabin pressure releasé. .If cabin differential pressure exceeds 

5.5 pain the zero element retracts, opemng the metering valves, allowing the 

diaphragm chamber to discharge to ambient. The discharge port being largér 

than the inlet bleed orifice permits the diaphragm chamber to approach external 

pressure. The cabin pressure reacting on the diaphragm overrides the poppet 

spring force, which opens permitting cabin pressure relief to ambient. During 

descent, as external pressure increases, anbient air is admitted to the cabin 

V by the valve to reduce the differential pressure. As external pressure increases 

6-113 
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above the cabin pressure the metering valves are held on théir seats , preventing 

external pressure from entering the diaphragm chamber and retaining cabin 

pressure in the chamber. The peppet valve senses diaphragm chamber pressure 

versus ambient pressure. When the ambient pressure 13 15 inches of water greater I 

than cabin pres sure the peppet begins to Open permitting ambient air to enter ~ 

the cabin . The poppet Opens fully when the differential pressure is 20 inches " 

.1 of water. 

To preclude water entering the cabin during pos finding, a mama]. shutoff valve 

13 provided. ' 

SUIT cmcun OMS-08119131113 6-15). 

- W0 electric motpr driven, single stage compressors are incorporated in the'  

I suit circufi. One compressor 13 utilized for cirCulation of the gases within 

the suit circuit, supplying both suits. The other compressor remins 1n 

redmdancgy and is activated only by manual selection by the pilots. Either 
empressor can be manually selected by a. switch on the center display- panel, ' 

- and both compressors can be selected simultaneously. 

mien secondary oxygen flow rate is selected, the canpressor is automatically. ' 

Gee-energized. ‘Re-entry is wide fining the secondary rate. At an altitude of 

. 25,600 feet? or belowthe' manual inflow hive is Opened- which re-energizes thé 

‘ compressor. The suit compressor provides ventilation during landing and for a - 

twelve hour posthnding period, or until the batteries fail. 

6-1.5 
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“SOLIIB TRAP (FigureG-IG) 

A solids trap is located in the canteen outlet duct of each suit. A cylindrical ' 

1&0 micron filter strains the gaseous flow in the suit circuit ramming the 

. ' 30115 matter. In the event that the trap becomes choked with collected 80110.0, 

- an integral by-pass opens when the differential pressure across the screen 

exceeds 0 .  50 inches of water, .   

DUAL‘CABI'N'PI‘RE’BSURE REGUIATOR (Figure 6417). '_ 

The cabin *pres sure regulgtor maintains cabin pressuriéation by proflding makeup ‘ 

, oxygen to the cabin on demand . The reguléftor contains. two aneroid e'iements 

which individually 'sense- cabin pressure.;_. When cabin“ pressure decrease'g, the '- 

aneroids expand, foreing metering pins open and permitting 'ouqrgen flow into 

the cabin, mintaining babin pressure at 5.1 *8. f psia. If the cam 13 punctured 

or ;deve10ps_ leakage greater than the flow capacity of the valve (ll-.79 1'. 0J8) " 

31-0-53 lb/min, oxygéh 'flow to the cabin is stepped. When the habin pressure 

decreases to 1h]. '38:]? psia, 'by the aner'oids expanding (21101131 to cause; the meter; . 

in; pins (:6 close off the aqgen; 

PRIMARY summncm. 'm CONTAINER (Figuré 6-18) 

The primary oxygen cdntainer is a' double 'w'auea tank, A dual concentric cylinder; 

quantity measuring devices, heaters and heat transfer Spheres are internal to i ' 

the Container. The tank contains two heaters. The first is a. 12.0 12 ‘ 

watt heater which is activated either mummy by a switch located on the center 

panel, or automticauy by a pressure switch. The pressure switch controls the 

647 



. ‘ ‘ h 
. . 

m § E ,«s . E 

' T
 

- -lpdtafil-OIUI'II'-n-1,--p'Ill'Ildll'n "‘ A““‘- 

h
u

e
/- 

I'll 'v. - ' . r  
. , , .  . 

w
“

 

.
 

n‘ 

. 

I 

r v 
‘ 

v
-

I
.

'
.

‘
.

a
‘

 
g

r
‘

 
i

f
"

 

' 
I 

I. (
 I .- M
 

O
 3 0 a 

n 
“

-  
a 

. 



.
o

-
a

-
 

.7. 

-
.

.
~

‘
-

N
 

..
.,

 
-—.— 

‘1“ 
- 

.
r

'
 

- 
- 

~
5

“
M

’
.

q
 

a... 
"—— 

I. 'f 
l 

I 
Q 

) 3. . 
.’ 
‘l 
i 

. 

r 

‘ . -‘ ” . . . 

s .‘. . . "  ' . . ' ~ - . ._ . 

" " : . . - '  - - ' 
:1' _ . . . ..‘ . .' - I 

, . - . 
I .  

. .. - g 
. __ ‘ . _ _ u 

I I ‘ 

‘ 1  a 1 ‘ n ' .  

_ 
' 4 ' .  

. , ~ . . 
_ , I 

. - . _ 

S E D R  3 w  ’ 7  - ‘ . 

. . 

. 
.. . 

, 
I 

. . 
. '  

. . 
. , . 

Q .  ' . . 
. D '  

- ' v . 
l ‘ ,‘ 

CABIN P559)! ' 
SENSING CHAMBER 

v 
v 

‘
r

r
 

’ 
‘ 

' 
9

:
0

:
0

 

.‘
g

‘ 
_..

. 

v 

0
.

2
.

.
 0 0 

a 

V 
' .1
. 

O
 

.0
 CABIN AIR FILTER 

v .O
 

.0
 

_
. 

Figure 6-17 Dual Cabin Pressure Regulator . 

. .< 6-49 ' 

o 

‘I 
- ‘- 

a 

. -  n | 

t .  

n 

u 

u 

‘ . 

. 

. .  

waging“ 

.
I

u
m

 
<

o
—

a
 



stun, zoo ’ 

PROJECT GEMINI _ j 

' OXYGEN PIESSURE 
.mmen 

‘ mm: mp 

"555' IIEV 
, QUANTITY GAGIM 

OXYGEN ‘ . SYSI’EM Iowa 
cannon. mrcn- 

Imam 

' I ' ‘ rouwmcuman. 

‘ figs‘jg‘ifi‘ t. F ,7 ». 4452‘}? 
‘4 . .. var uh « 

figgfifififi‘gfimhfiifir “e, W 
"1- _A. '1‘}? . mssune SWITCH mo , 

mums: sense POI! 

INN! TANK 

INSULATION 
WWII.“ 
SENSE UM 

manna" 
"EA!!! LI!" ' . 

figure 6;- ;8 Superu-i ical Primary Oxygen Contain» 



., . _
.

.
.

.
_

m
‘

-
_

—
.

-
_

m
_

.
_

 
. - \ 

' -
 

u 

‘
fl

.
*

 
m

‘
“

 
0

-
.

 
0

.
.

.
.

.
.

 
o

.
.

.
 

a
.

.
-

 

v 
. 

"
V

I
?

“
 Q
: 

~ 
'

3
M

-
‘

m
m

4
-

 .
I

.
 

_ _ 

o 
. 

, 
. 

‘ 
' n

a
w

;
-

.
—

.
~

.
.

 
, 

q 
.

m
.

 
m 

PROJECT GEMINI 

' ‘activatiop ptithé heating element in the tank to automaticglly maintain thé 

cryogens in a supercritical staté. ‘  The switch de-energizes the heater cifcu1t1  

when the pressure in the tank is between 875 to 910 psig, and closes the  c1r-~_. 

:. cu1t 15 to 75 p313 below the opening pressure._ The second heater is a 325 :30 

watt heater manually'controlled by a switch located on the overhead switch/Eircuit ' :  

fbreaker panel. 

The pressure relief valve maintains the oxygen pressure within the container N 

at 1000 _55 p813, and prevents overpressurization of the containers. 

Provisidns for servicing the primary oxygen container f romia ground aup§1y_ 

, source of oxygen are firovided._ 

'SECONDARY mam" comm (Figure'6-191). f 
, 0 

.The secondary oxygen container is a cylindrical shaped container, having a , 

' useful oxygen capacity or 6.5 pounds at an operating pressure or 5000 p313. 

' 6-5-1 
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. SECTION ‘VII COOLING SYSIEM .. 

Isrsmu mSCRIP'I-Ion (Figure 7-1) 

The spacecraft cooling system consists-fiasicaily of two identicai temperature 

control circuits functioning independéntly 61‘ each other to provide, the 66011113 - 

requirénaentg for the spacecraft. Each cooling circuit consisfis of .a pump ' 

package, thermostatic and directional control valves,.var10us type heat exéhangeztjs, 

radiators, filters, and the necessary plumbing required to provide a cloned ' 

circuit. The cooling system may be opefated in either the primry and/01f 

secdndary circuit, and is capable of carrying maximum heat loads in either circuit. 
‘ 

C 

The eqfiipment coldplat'es , cabin and suit héat exchangers are located in the re entry 

.inodule. The upper radiator panels are located in the retrograde sectioh. The 

pump package, battery coldplates, filters, electronic équiprnent coldplates, grand 

launch cooling and regenerative. heat exchangers and the lower radiator panels are . 

. located in the adapter equipment section. System manual controls are located on ' 

the pilota' pedestal console and the control switches, warning lights and indicators 

are located on the center panel. 

During orbital flight, Monsanto MOS-198 ' coolant is supplied throughout the cooling 

system and thermostatic control valves regulate the cqolant temperature. Tempera- 

ture sensors; located in the system, provide the necessary telemetering of system 

temperatui'es to ground stations. ' 
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_ 323m mam-1m 

.The' choling circuit in wifich‘thé codiinééyétém oberates is dependent ufion the . 
temperature loads generated by the equipment, spacecraft phase of flight and thé ' 
temperature within the spacecraft cabin. Cooling 19 provided throughout the . . 

mission up to [are-retrograde 131115.181: this time the coolant pump packages are 

Jettisoned with the adapter equipnent section, terminating spacecraft cooling» . 

    8/0 5, 8,9116 9 require both loops to be operated continuously. In 8/0 6 the ' 
prinary circuit. operates continuously providing the required cooling during low 

temperature loads. The secondary circuit 13 used, in condungtionvith the 

primary circuit, during phases of high temperature ioads; namely - launch, . 

‘ rendezvous, and pre -retrograde. Under normal heat loads, thé #1 pump 1n thé' 
primry circuit provides the required cooling. Under peak heat loads, the #1 
pump in the secondary circuit is used‘with the primarnircuit' #1 pump to pro-1 . 
lvide ‘mximm ‘cooling. In the event of a #1 pfimp malfunction in either circuit, 

‘ the #2 pump in that circuit is used .7 In the event of both pumps failing in one ' 
circuit; both pumps of the remaining circuit can be used to provide the réquiréd 

cooling-Q (8/0 6 doeshnot have thevfe pump in éither circuit.) - 

Pan-LAUNCH (Figure 7-2) 

During pre -launch an external supply of Monsanto IRS-198 coolant is circulated 
through the spacecraft ground cooling heat exchanger providing temperature control 

of the cooling system coolant. The #1 pumps of the primary and secondary 
cooling circuits are activated, using an external power source, to provide the 

required cooling to; spacecraft equipment and cabin. The spacecraft radiator 
Witch, I located 'on the center panel, 13' placed in thé BYPASS position. so the 
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éooling system coolant bar-passes the radiators and is directed through the ground 

' ' ‘  cooling heat exchanger. 

Coolant. is. (Firmlated through ea¢h doolant'loop' by e positive-aisplace‘59nt> 3981‘. . 
pump. ' 5/0 5 ,  8 and 9 are providéd git-h 2 pumps in.‘.each loop; 5/0 6 has' onjy ., 

_  one pump in each loop. Selection 'of- Iodps and number of pumps is controiled 

annually._ 

The coolant is filtered, as 11: leaves the pump, and simultaneously flows to the . -' ' 

inlet of the battery coldplate or fuel cell temperature control Valve and primry . - 

oxygen heat exchanger. 

The temperature control valve mint-dine the cabling temperature at the fuel cell 

or battery cold plate inlet at 75° '30 F.  Temperature increasing above setting 

will reduce lay-pass flow. Coolant temperature from lay-pass line varies from 80° F 

to 165°F. ' Coolant temperature from equipment lines varies from 60° F to 125°F. 

V Coolant ‘ghters the primary oxygen heat exchanger and then is routed around the 
steam discharge lines in the water boiler before it passés through the regeneratfie 

' heat exchanger. It then passes through the selector and” pressure relief valve. ' 

' This selector valve is electrician: actuated and fihen 1n the radiator lay-pass posi- 
tion allows the coolant to pass through the ground cooling heat exchanger Where fihe 

external supply of coolant flowing through the ground cooling heat exchanger 

I absorbs the heat from the spacecraft's coolant system. 

The ground coolant heat exchanger has an airborne flaw capacity of 336 Jib/hr, per 

41-6 

’—"-. ,  - cc 
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coolént 160i), at 125%: It has, a grgund coolimt flow"_cgpac1£y5f 1:25 113/11: a g, . 

'Thg c'ooiant I 1: now ready: to pass through the tem rature control valve. This - 

valve maintains ‘ fihe outlet "£empeiaturé at ho° 41° F. If the coolant entering the ' 

' valve from the ground heat exchanger is below this range, a port 1011 of the coqlant " ' . 

is directed through the regenerative heat exchanger and then mixed at the valve. ._ “ 

f .The coolant then flows through the water evaporator to the cabin and suit manual 
I temperature control valves, These valves meter the coolant flow thrash the 

cabin . and wit ‘heat exchangers. The evaporator selector valve relief portion ‘. . '  - 

allowé part of the coolant to bar-pass ihé cabin and $1111: heat 'exchelmggra dependihg' 

on 12t éetting of the kennel control valves. The #electbz? portién of £513 . I 

valve fillawsfihe bar-pass fluid to come from either dofinstream pr upstream of the ; 

evaporator. The cooiant. éontinues though the variofis coldpla‘tes until it reaches. 

the battery'coldplatea far s/c 6 or through the fuel cells on 5/0 5,. 8 and 9.  

The coolwt has now returned to the reservoir where the cycle is ready to be 

repeated. ' 

Shortly before launch ,- the external cooling and. electrical power are.-disconne'cted. 

LAUNCH (Figure 7-2) 

iii-Es launch, the launéh coolifig heat exchanger goes info operation in the . 

following sequencés . The heat transfer chragteristics apd capabilities of the 

ground cooling heat exchanger no longer exist. The ms 198 coolant fluid nah ' 
fiith no place to dissipate its internal heat , which is Eonstantly being generated . 

7-1; 
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’ 'yby and absorbed from the loop components, circulates about the vernatherm section 
‘ +lt° 

of the heat exchanger. When the coolant temperature exceeds 156 -2° F the vernatherm 

pilot valve opens to pressurize a donut shaped bellows which unseats the poppet 

valve éxposihg the water in the heat exchanger core to reduced pressure as altitude 

  increases during launch. 

When' s/c aititude exceeds 100,000 feet, water in the heat. exchanger will boii 
absorbing heat from. the coolant. This absorbed heat is .then expelled overboard 

in the form of steghx. 

When the coolant reéches a temperature of 16°F, the 'vernather'm Section reposition: 

to relieve pressure to the donut shaped bellows holdihg the poppet opéri. As this . 
pressure diminishes, a spring behind 'thepoppet will reposition it to the closed ' 
position. The evaporator selector valve is positioned in) allow all flow to go‘ 

through the evaporator. I 

' The water boiler water rgservoii is constantly replenished , from the; suit heat 

, exchangef‘water éeparator ,' and if the need arises , from the' drinking water. supply 

tank. 

ORBIT (Figure 7-3) 

After drbiting 'for apprmcmtély' 30 minutes, 1;.0 allow. the radiafior to 'cool gtfier 

being subject £0 launch heating , the coolant flow is directed through thé épacé i 

radiators by mam selection of the radiator switch mama on the center panel. 
This bar-passes the ground cooling beef: exchanger. The evaporator selector valve 

13'. $130 positioned so that only the flow to the" auit and cabin heat _e;ichan_gers 
pass through the evaporator. 

1-8 
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'i’rior to retrograde. firing, the coolant pump packages, radiators, batteries and 

various heat exchangers are Jettisoned with the adapter equipment section. Prior . I 

to adapter Jettisoning and retrograde firing the #1 coolant pumps for both the 

primary and secondary cooling circuitsgare activated. The suit, cabin, and 

gquipment bays are. cooled to. as law a temperature as possible, before the adapter 

equipment section isidettisonied. 

3mm UNITS ' 

PUMP PACKAGE (Figure 7-1:) 

'The pump package for each coolant circuit incorporates two constant isplacementd 

Electrical pumps, two pump inverters, an external reservoir, filters, relief and _ 

check valves. The pump package is located in the adapter equipment section. 

Pump selectidn is provided by switches on. the pilots' center panel. -A pump 

failure warning light is provided on the center panel. When, a pump is activated 

‘the cgolant flows from the reservoir to the pump, which circulates the coolanti 

through the cooling circuit. The coolant-r-etfirns to an external reservoir that 

compensates for therml expansion, contractidn, and leakage of the coolant. A 

100 micron filter downstream of the pump prevents cbntamination of the cooling 

system. Chéck valves in the pump package prevent the operating pump from pumping 

coo‘lani into the redundant pump. Flbw sensing switches illuminate a pump failure 

1amp on the .pilots' center panel in the event of pump failure. 

74-10 
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> The spacecraft radiator consists of two éircunrférential radiétbrlpahels made of . 

0.25 inch diameter cooling tubes. There are four sectidns of tubing to each ' 

radiator panel. The tubing is mnufactured as part of the spacecraft structure. 

' Each' panel incorporates two parallel cooling circuits, one for the primry . 

cooling Circuitland the other for the secondary circuit; During orbit the 

' dealing system coolanf is ciréulatéd through the zfédiator. The heat of, the 

coolant radiates into space , lowering the temperature of _ the- coolafit. 

COLDPMIES (Figure 7-6) 

The coldplates, other than the battery coldplates, are plate fin constructed   

. units incorporating parallel coolant- sys tem passages. Cold plates are fabricated 

from aluminum; Battery, electrical, electronic and other heat generating 

components are mounted on coldplates. The coolant flowing through the cold platés 

. absorbs the heat generated by the components, preventing overheating of the 

operating equipment. 

m EKCHANGERS (Figure 7-7, 7-8) ' 

Two types. of heat exchangers are aged in the spacecraft; namely, plate fin 

constructed and shell and fube constructed heat éxchangers; The suit, cabin, 

watér evaporator, ground cooling and regenerative heat eichangers are. of [Slate - 

tin construction. The primary marge!) heat exchanger is of shell and tube, 

conatruction. The coolant absorbs heat from the cabin, suit and regenerative 

heat exchangers. The ground cooling and vater evaporator heat exchangers permit 



‘ 
PROJECT G E M I N I .  

- 

I I 

W 4  _' 

s e c o n o u ' v m m  

. W M A I Y N L E I  

'5 

I
’

 

- 

'I 

. 

'
y

 

C 
, O  

' 
' 

‘
I

 

a 

/
'

;
'

 

S E C O N D A I Y  I N m  

OUAR‘I’ER P A N E I S  " V P  4 P L A C E S )  

F i g u r e  7 - 6  R a d i a t o r  S t r i n g e r  A s s e m b l y  
_ . 

7 -  7 1 3  
  

' 
  

— -  

' S E C T I O N  7 A - A  

. 
(NH 

' m m w  
m m .  

I . / 
- 

1 - - - - - -  

[
'

0
1

-
 

I -  

‘ ‘ - — “  — _ "  

- “ “ —  
~ — ; - ‘  



SEDR300‘ 

_ 
PROJECT GEMINI   

' é o m  
was « m a n  . ‘  

PRIMARY SECI'ION '   

SECONDARY SECTION ‘ 

PRIMARY" 
TED . aw ( a s  con: m i :  5mm 

—
-

“
'

 
-
 

O CtEARLY ILLUSTRA‘IE V H E  

‘ AND SECQGDMIY F L O W .  
VI 

1' 

. 
may; 

F i g u r e  745 C o l d  mm 

7-14 



. 
.
-
.
.
.
.
_

.
.
‘
.
.
_

.
.
 

. 

3.3. 

34.. 

umnmtonaaaonfi 

233 

54. 
9:65 

. 
205335209 2.“. mus.— 3:: 

.8. 825: 35> 
.. 

.\ 

w
; 

‘ 
A 

4719' . 
_ 

437' n ‘ 
a
,"

 
[:4

7
 

\ 

AV 
‘5

4
' 

A? 
' 

‘5
7
 

AV," 
4' 4;!" 
v 

_ a, s: 
.2 

g 
s ,_ o 
82:I a 
u 52!. 

\" 

3 2 o 

gazouuafiz. 

. __ 
.z.=>_m_0 

howdomn. 
_ q 

8
n

.
 

.3» 



_- sang aoo 

. PROJECT GEMINI 

- . .  

OUTLET PORT 
COOLANI’ LOOP ONE 

{W o g mm rod 79:! f , /\‘-lga\ cooum lOOP on: 
,, ' ounaronr . 

.. cooum Loonwo 

INLEH’OII’ N...“ cooum Loonw 

PRBSUIE RENE POI! 

OXYGEN 0mm 
POI? ' 

PRBSUIE VALVE 
_ RELIE 

run-74 
Figure "7.3 Coolant Tube Type Heat Exchanger 

' 7-16 



PROJECT GEMINI 

-, heat transfer to cool. ihe coolant .‘ The primary oxygen heat exchanger is designed 

’ 5 0  heat transfer will heat the prinnry oxygen to a desired temperature. . 

W m  comm. VALVE _' (Figuré  7.‘.9) 

'nexnperature control valves are provided in both the primary and secondary coding; , 

circuits. These valves are located at the radiator outlets and at“ the inlet: _   

to the battery cold plates or fuel cells. 

The temperature control valve locéted 1n the coolant system rad iator outlet 
' automatically mintains the coolant outlet temperature at 'hO jg F as long as_ 

‘ the radiator capacity has not been exceeded, 

The temperature control valve located in the battery cold plate inlet automatically 

mintains the coolant inlet temperature at 75 :2: F or above. 
. . . - . . — . 9 .  

The temperature éontrol valve contains a piston that regulates the inlet flow. 

to the, valve; The piston, 13 spring loaded on one side. A thermostatic mum- 
on the op'posite' side 61’ the pistdn détermines piston movement, which in tun: 

regulates the coolant flow through the valve . "The thermostatic actuator, which 

— :18 located to accurately sense mixing temperature, consists of an encapsulated 

wax pellet that expands or contracts as temperature varies . As temperature around 

the pellet increases, 'the wax expands exerting pressure. on the diaphragm; The 

diaphragm moves a piston, which in turn controls the inlet flow to the valve. 

Temperature reduction around the wax decreases the pressure in the pellet cup 

' allowing the spring to reposition the piston regulating the now or coolant through 
the valve. - H - . ‘ 
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.. - Imam; communism woman (Figure 1-10, 7-11) . I" 

The hunch cooling heat exchanger is located in the adapter section. ,- Via? ifs . ' 

' relief valve 11: can dump liquids overboard, hr if the temperaturg control Valve  . , 

senses temperatures greater than 50°F, 11: can control. the outlet temperature - 

out the primary and secondary coolants to 1&6 : 0  F .  . In addition, it serves as 

a water reservoir, storing water until it is needed for cooling-2 . " 

‘ This evaporator consists of a flicking type heat exchanger and is enable lot 

. storing seven pounds of water. . A temperature control valve has been set to 

_ control the outlet coolant temperature to h6° .23 F. A relief valve opens and 

allows excess water to be dumped overboard at 2. 75 - + 0 .  25 paid and neseats at 

2.0 paid minimum. An electrical heater is provided in the poppet to prevent . 

ice fox-nation. Coolant. flow capacity is 366 1b/hr at 110° F.- Water flow capacity 

is jib/min when cooling 15' not required from-'the evaporator. mm operating 

pre'uure 1n. the fluid heater coolant drama 13 230 p313, and 100 psi: 1n tfié 

core: ‘circuits. thximm operating pressure in the water circuit is 20 p313 with 

exit port relief valve in normal operation. ' 

The steam exit duct is continuously heated by coolant coming from the primry 

oaqrgen heat exchanger to prevent ice farmticn. 

A; loss of pressure in either coolant loop will n61: affect the operation out the 

"valve.- 
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SECTION ix CWCATION SYSTEM - . 

srsm‘ DESCRIPTION: _ 

The conninnication sys'te'm'prolvides the only gomnimiéatioh link .O‘bétveen Ithe' ground 

and the Gerfiini' Spacegraft. The system provides for the £61.1t capabilities: . 

radar trackifig of the Spacecraft; two-way \‘foi'ce‘ comunications between the m a  

and the spacecraft, and bet-mean the Flight Crew; ground command to the spacecraft; 

instrmnentation sys’tem data transmission, and posthmding and recovery aid data 

' transmission, To make possible these various capabilities, the communication 

system contains components that may be divided into‘ the following categories: I 

antennas ," including multiplexers and coaxial switchek 3 beacons; v61ce damnica-p A 

" tions ; telemetry transmitters; flashing recovery light; 'énd digital command sys- 

tern. The flashing Recovery Light and the UHF Recovery Beacon are grouped together 

I in a category called the electronic recovery aids (ERA). 

The: communication system cbmponents are located throughout the spacecraft with 

the largest concentrafivon being in the right equipment bay of the re-entry 

module and the electronic module of the qupment adapter as illustrated in 

Figure 99].. 

Eight antennas and one antenna sysfiem provide transmission and/ or reception capa- 

' Militias for the. various communication. system components . The spacecraft comica- 

tion system (Figure 9-2) contains the following antennas: UHF Recpvery, um Stub; 

'Um‘e' Descent; , two um? Whips; two rm Whips; C-Band Annualr Slot; and C-Band Antenna 

System consisting of a power divider, a phase shifter, phase shifter power supply, 

9-3 
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and three radiating ‘elemnta. Antenna usage 13 illustrated in Figure 9-3 and 

, described 1n the individual antenna description. 

I To provide most efficient antenna. usage, a diplexer and a guadriplexer are 

utilized with the UHF Whips and the UHF Stub Antenna. The multiplexers flake 1t 

' possible to use more than one transmitter and/or receiver witha single antenna. 

Five coaxial switchés allow antenna and transmitter/rem her switching for best 

comication coverage during the various phases qt the mission (launch, orbit, 

‘ . re entry and recovery). 

mcms_7 
Four heacbns provided by the, commnication system establish the Capability of 

tracking and J.ocat1ng the spacecraft during the entire. spacecraft mission. The 

four beacons are:  An Acquisition Aid Beacon and a_. Recovery Beaéon used to locate 

the spacecraft, and two C-Band Beacons need to track the spacecraft. The Acquisi- 

tion Aid Beacon, operating on a fixed frequency, is used to determine when the 

spaceciaft is within the range of a ground tracking station, find provides inform- 

tion for orientating the groimd station antennas during .the orbital phase of the 

mission. The Recovery Beacon is a transmitter that operates on the international 

distress frequency, and is used by the recovery forces to determine the space- 

craft '3 location. 
- q . . - “  

The C-Band Beacons are transponders which, when properly interrogated by a. ground 

station, provide signals for accurate spacecraft tracking. 
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During the recovery. phase of the 131183161}, the UHF Rescue. Be‘ac-oh Tranéc‘efirér, -' 

which is government furnished equipment, (GFE) may be connected to the UHF Recqvery 

. : .  Antenna, 

VOICE COMINICATIONS 

Voice communications are provided by one HF and two UHF Transmitter/Receivers V ' 

and the Voice Control Center (VCC). The VCC _ contains all necessary cgntrols and' 

switches required for various keying modes , transmitter/receiver selection, _ 

squelch, volume control, and voice recording. The HF Voice Transmitter/Receiver 

may also be used for direction finding (DF) purposes during the postlanding ' 

'phase of the mission. 

An intercom connector is provided to enable camicationa between the Flight 

Crew and Recovery Team, prior t9 opening the spacecxfaft hatches during the 

  recovery phase of the mission. Lightweight headsets are supplied for use when 

the spacesuit helmets are removed during orbit, or during postlanding if the 

helmets or entire spacet is removed prior to recovery. 

W Y  msmmns _ _ 

"Receiving inputs from the pulse cede mamted' (POM) prdgramner and ' the (in-Board 

tape recorder, Ithree felemetry transmitters' transmit vital spacecraft system 

_ parameters to the ground stations . The threé transmitters operafie on different 

frequencies and are identified as real-time, delaygd—time, and stand-by trans- 

mitters . me stand-by transmit“: 13 ohm used in case of realétime, or delayed- 

time transmitter failure. * 

-9-7= 



. .  I . “  . o  « p . . .  a . . . ”  -...v _ . ‘ . . - , .  “ v . . . “ o e  ~ . ‘  . 7 ,  h .— — .«n . - - -  

SE08 300 

4: » PROJECT GEMINI 

< msmc RECOVERY LIGm' ' i . 

The Flashing Recovery Light, used during the postlanding phase of the mission, 

contains its own power supply and improves visual spacecraft location. 

DIGITAL comma) srs'rm (nos) 

‘ The Digital Command System provides the command capability betveen the ground and 
- '_ the spacecraft. The DOS consists of two UHF receivers, a decoder, and two relay ' 

paclmges and 13 operat 10m]. from pr'e-launch until equipment adapter section 

separation. Basically, the DCS receives and decodes two types of commands:a 

real-time comnnnd (RTC) for spacecraft equipment utilizatiom or spared program 

cbmmnds (SPO) that ‘provide digithl infatuation for various spacecraft systems... 

Real-time commit} operate DCS relays that control power directly or 'energize 

I relays 1n the spacecraft electrical system that determine equipment usage. Stored ' 

‘ program commands are received and decoded for usage by either the Time Reference , 

System (was), or‘ the Spacecraft Computer. 

SYSTEM   TIC! 

The Comnicétion System is semi-automatié in operation .“ Th}. seqfience and” theory ' 
of operation of the .Conumnicétion System is as described in the following para- 

graphs and as referenced in Figures 9-2 and 9-3. Individual compofients are ‘ , 
' described in greater detail under System Units. 

VOICE TAPE RECORIER » ‘ , 

Voice tape recordings my be made during the miséion, in accordance withthe 

applicable flight plan ,‘  by either MOIE switch on the #09 being placed to the ROD 

position. The TONE mt, AfiDIO 8: UK? T/R 1 and 2 circuit breakers mat be in the 
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' ON position. Each tape cartridge allows approximately one hour of recording 

time and is easily changed by the pilot. An end-of-tape light on the voice 

recorder illuminates for two seconds when two minutes of recording time rename 

on the tape. The end-of-tape light‘renains lighted when the end of the tape i s .  

reached. A digital timing. signal is applied to one channel of the tape for . .. . 

time correlation of the voice recording. ‘ 

Pan-LAUNCH 

c-Band Radar Beacons ‘ 

During pre-launch the BEACONS-C circuit breaker is placed to the ON position 

to arm the C-RNTY and C-ADPT BEACON CONTROL switches. The C-RNTY switch is ‘ 

placed in the CONT position during pre-launch to enable the Re-entry C-Band 

- Beacon to transpond when properly interrogated by a ground station. The c-ADPT 

switch is placed in the CMD position during pre-launch‘. The CMD position 

enables the ground station during launch, to activate the Adapter c-Band Beacon - 

' via 8. nos enamel 1: the need ariseé. After the Adapter C-Band Beacon is 
activated, it. will. transpond when properly interrogated by a ground station, - 

The C-QBand Antenna System, used with {me Re entry C-gBand Beacon, is énergized when 

the ART sm. switch is placed in the 1mm position. The M Sm, switch is armed f 
‘when the COAX cm'z.’ circuit breaker is positioned to on. The Am SEL switch 

controls applicétion of power to the phase shifter power supply in the C-hnd ‘ ' 

Antenna ' System. 

9-9 
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UHF Transmitter/Receive: _. ' " , _ .. 7 . . . _ 
The No. 1 UM Voice Trahsmitter/Receiver will be utilized during pre-iaunch unless 
some mlfunction occurs in which case the No. 2 Transmitter/Receiver can be _ ' 

selected. For operation or the No.1. or No. 2 m Voice Transmitter/Receiver, 
stand -'by power is appnea through the AUDIO a: UHF T/R 1 and 2 circuit breaker; 
which met be in the on position. The selected Transmtter/Receue'r will be _ . . 
powered by placing the UHF Select Switch to either the No. 1 or No. 2 position and   ‘ 

the' MODE switch or No. 1 ar- No. 2 AUDIO to the um:- position. The UHF Seiect ~ _ - 
switch also operates cdaxial 81inch No. 1 to' confiect the. UHF Trangmitter/Reégivei 

to the quadriplexer. Coaxial switch power is vobtained flan the ; common céntrol. - 

bus through the on position of the m my circuit breaker. The niethoa or key. 
.1ng the UHF Transmitter/Receiver is selected by positioning the KEYING switch on   _ ‘ .“2 
the V00 to V0]! (voice operated relay), PIT (push-to-talk), or CONT IM'IP'I'I‘ ' " 

(continuous intercom/push-to-talk transmitter keying). 

The desired antenna usage is determined by placing the AM! CM'L circuit breaker 

to the on position. This places Coaxial Switch No. 3 to position No. 1; thus ‘ . 
_connect1ng the q’uadriplexer to the IN position of the Coaxial Switch No. 5 . -  ' 

Coéxial Switch No; 5 was placed in positibn No. 1 when the ANT SEL switch waé 

placed in the MIT! ‘ position during the C-Band Beacon operation. With Coaxial 

Switch No. 5 in position _1, the an? Stub Antenna 1s gvanaue for UHF voice 
transmission .and reception. ' Prior. to umbilical release, voice comicatiéh'fs' 
accomplished between the spacecraft and the' ground complex through a hardline 

utilizing the. headset and microphone amplifiers of the VCC. . After umbilical 

I 9-1.0 
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I . release, voice transmission to the ground complex is accomplished by means of 

’l the 03? Voice Transmitter/Raceway 

. Real-Time Telemetry Transmitter 

The Real-Time Telemtry Transmitter will be operating during the pre -1au‘nch 

phase of the mission. TheReal-Time Telemetry Transmitter is powered by placing 

the RT 3mm circuit breaker in the on position and placing the TM CONTROL switch _- ‘ 

to the R/T a: ACQ positibn. 

The Real-Time Telemetry Transmitter utilizes the UHF Stub Antenna via the quad- 

riplexer and Coaxial Switch No. 3 and No. 5 the same as the UHF Transmitter] 

- Receiver 0 

In case or failure of the Real-Time Telemetry Transmitter ,- the Stand eby Te lemetfy 
Transmitter my be used for Real-Time Transmiséiohy To operate the Stand -'by 

Transmitter, the STE! MR CN'I‘L and PWR circuit breakers mast be in the ON position. _ 

Selection can then be nude by a ground command v16. the Dds chanhel, if the STBY 

TM CONTROL_13 1n the OFF position. I: the selection is ‘mae by the Flight Crew, 
the STBY m CONTROL switch will be placed in the 12/5? positidn. The Stand-by, 

operating as 'the' Real-Time Telemetry Transmitter, utilizes the UHF Stub Antenna   

for transmission; 

Non ~9perajj13na1 Compgjnents. 

All components other than those described previously Will be non-operational, 

except for the DOS, during the pre-launch phase of the mission. To assure the, 

off condition or those components, the following switches should be in the posi— . - 

. tion specified below: - 
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HF 5e1é§t¢(og'vcc),- 7 an ' 

To assure proper sequential actuation or the ‘various communication components, - 

the following circuit breakers (in addition to those previously describe” must 

be placed into the ON position prior to launch: '   ' 

" jwnnAnTmucAs  ‘- ' my 

m m  I C- , um 
-. EFT/R   - ‘on .. 

mm ’ j : gi- Ace" 

‘TAPERCDR. - cm, 

sum/mum: VEIECIE SEPARATION . . 
Equipment usage after Spacecraft flannel: Vehicle Separation 13 identical to that 

. described under pare-launch except for the following: Upon closure or any two of 

the three spacecraft separation sensors the Acquisition Aid Beacon will be ener- 

sized . The um Whip Antenna solenoid aétuators will be powered and initiate the ' . 
rgleaae mechanism of the UH? Whip Antennas, on the retrograde and eéuipment: adapter 

' sections, allowing them to self exhgnd.’ 
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The Acquisition Aid Beacon transmits via the diplexer and UHF Whip Ahténngon ~ .. 

.‘the equipment 'adapter section .- Placing the TAPE RCDR-CNTL circuit breaker to 91! 

and the 124 common switch to R/T a: ACQ during 'pre ~1aunch ppces Coaxial Switch 

No. 2 in position No. 1 to connect the Acquisition Aid Beacon to the d1p1exe1‘._ . 1-: 

During orbit, operation of the Telemeti'y Transmitters and Beacons wili nornally 

hb'e' controlled by ground commands via. DCS Channels.‘ To dpei‘ate from ground com- 

mands the C-ADPI', C-RN'I'Y and T/M CONTROL switches are placed '11: the cm: pbsition. ' 

BF Voice. TransmitfeflReceiver' . , A 

Dining orbit HF communications is {via the. Orbital HF Whip Antenna ,oh the retro 

adapter sectibn. At orbital inserfion the Flight Crew 1511]. extend the Orbital HF" 

Whip by placing the HF ANT switch to the EXT position. This also places Coaxial 

Switch No. It in position No. 2 to allow HF voice transmission and reception via 

the Orbital HF Whip. 0n Spacecraft 5,  power is also applied to the retract - 

mechanism of the Recovery BF Whip on the re-entry mule to assuré it- i'ennins 1n 

the retracted position. After extension of the Orbital m Whip (approximately 

one minute) the HF AN‘I‘ switch is returned to the OFF position. 

stand-5y power is apnea to the m Transmitter/Receiver by the HF T/R circuit ‘ 

breaker which was positioned to ON during pre-launch. _ The BF Transmitter/Receiver 

is powered by positioning the HF select switch (on the vac) to m and the mom 

switch of No. 1 or No. 2 AUDIO to HP. The method or keying the HF Transmitter/ 

Receiver is selected by positioning the mum switch on the V00 to VOX (voice 

Operated relay), PIT (push-to-talk) or CONT BIT/PIT (continuous intercom/push-to- 

9-13 I 
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. talk transmitter  key1ng) During orbit eithe: of the three keying made: my be” ' 

jacketed by the Flight Crew. 

um- Voice Transmitter [E ceiver 

"UHF Voice Transmitter Receiver operation is identical to that described under 

.pre-launch vith the following exception. Preferred antenna usage during orbit 

for um transmission and reception is via the retro adapter UHF Whip Antenna. 

The retro adapter UHF Whip Antenna 1: selected by placing the ART SEL switch to 

' ' the ADPT position which places Coaxial Switch No. 5 to Position No. 2. Although 

preferred UHF transmission and reception is via the retro adapter UHF Whip 

Antenna , the UHF Stub Antenna my be utilized during orbit by placing the ART. SE5 

switch to the BET! position. 

Delayed Time Teiemetry Transmitteé 
The Acquisition Aid Beacon will be operating continuously throughout the orbital 

phase at the mission except when the Delayed-Time Telemetry Transmitter 13 

operating. At the tine the ground station receives the Acquisition Aid Beacon, - 

the ground station will initiate the Delayed -T1me Telemetry Transmitter to 

transmit data stored on the on-board recorder while the spacecraft was between 

ground stations. ’ 

Delayed-Time Transmis'sion'my'also be initiated by the Flight Crew placing the 

T/M cqm'nox. switch to the R/T- nfr position. This will initiate ream... as 
well as delayed ding telemetry transmission. 
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Real-time and delayed -t1me transmission will normally be inifiatéd from the gréund 

station via Dcs Channéls. At the time the Delayed-Time Telepatry Transmitter 1s 
'mitiated , the Acquisition Aid Beacon will be turned our: and a l a l  Switch Ho. 2 7' '. 

" will be placed in position No. 2, allowing telemetry transmission via- the diplexer ' 

and um Whip Antenna on the equipment adapter section. 

' At the time the spacecraft goes out of range of the ground stétidn, delayed-titer. 

telemetry transmission will cease and the Acquisition Aid Beacon V111 resume 

transmission. This function will normally be performed by the ground station but 

my be pertained by the Flight Crew. If this function is per£ormed by the Flight 
Crew, them/M comer. switch may be placed to gither the cm, or 't'he 11/”. Ace 
wition. If the R/T 8: ACQ position is selected, tfie delayed ;-t1me .fransm'tter 

will be fiurned off and the real-time transmitter and 1:12 Aéquisition Aid Beacon- 

transmitting. If the CMD fiosition is selected, only the Acquiénion A16 Beacoh " 
will be operating, however, the ground station has the capability of energizing 

the Real-Time Telemetry Transmitter via a. DOS Channel. 

Either of the three lpreviously described methods of «mung the Delayed L-Time 
Telemetry Transmitter will also operate Coaxial Switch No. 2, placing 1-1: into 

position no. 1 to allow Acquisition Aid Beacon transmission via the dipiexer and 

um Whip Antenna. ' ' 

In case of failure of the Delayed -T1me Telemetry Transndtter, the Stand -by - 

' __ Telemetry Transmitter my be used m delayed -t1me transmisémn. 1mm the 813! 
m common finch 1n the OFF position, the Stand-by Trénsmitter is switched to- 
delayed-timé transmission by a ground command via a DOS Channel. Selection by ' 

the Flight Crew 13 accomplished by placing the sum m com much to the fin 

9-15 
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. poaigon. Delayed-time tranémission via thgfitand-‘by-Teumetry Tranautégp 
A utilizes either the UHF Stub or the our Whip Antenna or the rein-q adapter, 

. _ depending upon the setting or the AM SE1. switch. 

‘ Real-Time Telemetrz Transmitter ' 

Orbital operation or the Real-Tine Telemetry Transmitter is similar to that out 

I' the Delayed-Time Telemetry Transmitter in that the Real-Tine Telemetry Trans- ' 

‘mtter 13111 on]: be operational during the period while the spacecraft is within 

range of a ground station. The Real-Time Telemetry Transmitter is actuated by a _ 

- , DOS command from the grqmd station or by the Flight Crew as described under ' 

Delayed -'I'1me Telemetry Transmitter operation. Real-Time Transmission 18 ‘ 

accomplished by means of either the UHF Stub or the retro section UHF Whip Antenna, 

depending upon the position of the AM 8E1. switch. In case of failure of the Real.- 

i'im Telemetry Transmitter, the Stand -‘by Transmitter may be. used [for real-time 

tianamuon. With the STE! 134 comm. switch in the m position, selection}: ‘ 
pérformeé by‘ the grduhd station via a DOS Channel. Selection by the Flight Crew 

is accomplished by placing the STE? 124 CONTROL switch to the 8/! position. The 

Stand -by Telemetry Transmitter transmits via thé UHF Stub or the retro section I 

UHF Whip Antenna, depending upon the pqsition of the ART BEL switch. - 

111: should be noted that the Stand -by Telemetry Transmitter may only Se usefi tor 

delayed ~t1me ,‘ or réai-time trafismission but my not beuused simitangously for 

both; In the event tintboth thé' real-time and delayed -t1me transmitters rail; ‘ 

1t 13 up to the ground station to determine the purpose ”for which the stand-by - 

transmitter will be used- 
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c'-Band Radar Behéons 5 

’ During Orbit, the C-Band Beacons will be operational only while the spacecran . 

f I is within range of a ground station. Eternally, the Adapter C-Band Beacon V111 

. be used during stabilized orbital night and the VRe-entry C-Band Beacon used " z " 

. during prbiial r011 manéuvers. Operation of the béafion's. is similar to that - ‘ 

. désjc'ribed finder pre-lahnch. The 0-H]?! and C-ADPJ? BEACON CONTROL switches rare 

normally. kept‘in the CMD position. When the Spacecraft comes within range or a .   

grouhd station, as determined from the Acquisition Aid Beacon sighal, power to ' ' ' 

the desired C-Band Beacon will be actuated by ground commnd via 5 DOS Channel. 

The Flight Crew may actuate fine desired beacon by placing the c-Anm _or c-mm 

' BEACON CONTROL switch to I the COM position; 'After  béacoh power is actuated}. 

thé selected C-Band Beacon will transpond when properly interrogated by a grbund 

station. When the lie-entry C-Band Beacon is sélected, the ART sweater: should 

bé placed 57:1 the EMT! position to gnergize the phase shifter and provide optimum. 

radiation coverage . I ’ 

ADAPTER SEPARATION ' ‘ ‘ _ _ 

_ Shortly prior to equipment section separation the Flight- .Crew will, if not already 

using the Re-entry Module Antennas, place, the T/M CONTROL switch to Mr &'Acq, 

the ART sm. switch to m, and the c-m BEACON comer. sw1tch to the com 

position. The Acquisition Aid Beacon will be operating until it 15 'Jettisoned 

with the, equipment adapter section. The C-Band Antenna System and UHF Stub 

Antenna will be deed for the required transmission and reception. _ 

9-17 
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I The flight Créw #111 disable m voice comicatiohs by 'p1'aé1ng the in Selécf 
switch to the OFF position. On Spacecraft 5 ,  the Orbital HF Whip on the retro 

' adapter section will rennin extended. 0!: later spacecraft-.8, the Orbital HF Whip 

my be retracted by balding the HF ANT switch in the m poutipn for approximately. 

' 1.5 minutes for complete retraction. 

At equipment section separation, the following comicationa component; will be 

J‘ettisoned with the equipment adapter section: ' ' ‘ 
, Digital Comnand System (ms) 

Delayed June Telemtry Transmittér ‘ 

Diplexer ‘ ‘ 

c-Bafid Annular Slot Antehna. ‘ 
Adapter C-Band .Radar Beacon _ 

; Difiléxer UHF Whip Antennfi' . ' h 

‘ Aéquisiuon Aid. Bea-cm V 
Coaxial Switch No; 2 . _ 

This limits telemetry data transmission to real-t1me,ioice cbmnication {:0 m, 

and tracking data' to the lie-entry C-Band Beacon. ’ 

Following eqfiipment section separation and ratio firing, retro section separation 

V111 occur at which time the retro UHF Whip and the Orbital HF Whip Antennas 1:111 

'. be Jettisoned. 

RE-EM'RI ' _ _ _ 
Ming the re-entry phase of the mission two short duration? commnicaum black- 

out periods exist. The first period, from approxmtely TR + 13103econda 'to_ ' 
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TR 4- 1775 seconds 13 cauéed ‘by an ionization Ishield around 'thé spacecraft. '_ This 

iohization.1§ due to the extremely high. temperatures created upon re -e_'ntry into V ' 

' the earth's atmosphere. The second blackout period occurs at rendezvous and 

recovery (R 8: R)  section separation when the UH? Stub Antenna 13 Jettisoned. - - , 

This period 18 terminated at two-point suspension which occurs shortly after . ' 

main parachute deployment. 

M; R a. 3 separation, energized Chute Deploy time delay relays initiate (:09.m 

Switch No. 3,” placing it to position No. 2. This makes the UHF Desceint Antenna 

available for reg-time tielemetry transmission and UHF voice commanicuions. ' 

At two-point suspension the UHF Recovery. and UHF Descent Antennas are auto- 

mtically extended . The Flight Crew will initiate the UHF Recovéry Beacpn by .- 

placing the masc BEACON comet. switch to_ the w/o' m- position. 

Antenrié. usage during re-entry‘fiill beva's follows: -‘1-’rior to R 8: R separation; 

real-time telemetry transmission and UHF voice comication will be; via the m 

Stub Antenna. ; “tarmac-point suspension, the UHF Descent Antenna an; be used 

insteéd of the URI? Stub. The Re-entry C-Band Beaéon and C-mnd Antenna System. 

V1.1]. be used for tracking and the 0m Recovery Beacon will use the UHF Recovery . 

Antenna. 

Upon impact thé flight Crew V111 Jettiaop the main parachute by gctuating the PARA 

m switch. This will also extend the Flashing Rgcovery Light. The light 13' 

energized by changing the RESC MOON COMROL switéh from the 3/0 LT pdsitio'n to 

the ON position. . 

9-19 
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The lie-entry c-Band Beacon and Refill-Tine Telemetry Transmitter V111 be turned ,_ ’ ‘ 

or: by the night Crew phone the c-mm moon comm. and the TIM comm 

switch to the CMD position. If the Flight Crew selected the Stand-by Telemetry 

Transmitter for real-time transmission, the stand-by transmitter V111 be turned 

.0“ by placing the STD! m common switch to the on position. ' ’ ’ 

‘ {the Flight Crew will extend the Rgcovery HP Whip Antenna by placing .the, H? m- 

switch t6 the PST LIX} position for Spacecfift 5,  our an inter apaceérafts by" . ‘ 

holding the BF ANT finch 1n the mar position for approacimtely oné minuiér a! “ - 

Voice Commnicatzlon '13 then pos'uble by placing the HF Select” switch to the my 5 
position and either mm witch £6 HP. The BF Transmitter/Recefier can alsb be ' ' 

. used to transmit a direction finding 31ml by placing either mm switch to lip/m.- 

During the recovery phase or the mission the UHF Resche 'Beaéon Transceiver may ‘ 

'be coinected to thg UHF Recovery Antenna. The UHF Recovery Beacon can be tamed ' 

or: bx. positioning the msc moon CONTROL switch to on. L1ghtue1ght headsets. 
are mvided to replace the spacesuii helmets it the héimets or spacesuits are 

removed and the rughfmew remains inside the Spacecraft. .A recovery fieam 
disconnect is provided for infiercom confiersation between the Flight. Crew and 

Freeman prior to opening the Spacecraft hatches. 
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is’rsmums. 

W a s  

UHF Descent and UHF Recovery Antennas 

Purpose: The UHF Descent Antenna provides for simultaneous transmission for 

7 the Real-Tim and Stand -by Telemetry Transmitters, and transmission and reception 

for the UHF Voice Transmitter/Receiver. The UHF Recovery Antenna provides 

transmission capability for the UHF Recovery Beacon. The two antennas are only 

used from two-point suspension of the min parachute through final recovery of 7 
the spacecraft. 

Physical Characteristics: The two antennas, being 31mm in physical appearance; ' 

are shown in Figure 9-h. Both antennas are mounted in the parachute cable trough 

where they are stowed until min parachute two point suspension during the landing 

phase of the mission. ' 

I The antenna element consists of two one-half inch wide gold plated steel blades, . _ 

bolted together at two places; Tfié UHF Déscent Antenna is hpproximt-ely 16. 

niches long. The UHF Recovery Antenna is approximately '18 inches long. 

Mechanical Chfiracterists: For rigidity, the anteima. element is shaped _1n"a. . ' 
O. 5 inch wide are having a radius of 1.5 inches. The two lamination? of steel 

blades, compounding a single antenna element, are rigidly secured at the lower 

half of the antenna. To allow a. slight displacement of the two laminations with 

_respect to each other during __stowage and deployment, two nuts, and bolts placed 

through elomted holes secure the two lamination together at the upper half (It 

the antenna element. 
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DESCENT m m  
(STOWED POSITION) 

UHF Descent and Recovery Antennas 
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- _ I The antennas are bent towards the anal]. end or the! spacecraft for stowage and 

. 'I . - . ; ; .m held in place by a. retaining gtrap‘. The strap 13 broken when the mini; 

shuts rrgm angle mint to two pom; suspension, anowmg the antenna 
" a .  . .  , y‘ u .  , 3 .  . . . . -  “ 2 : ;  ‘ . 

' k ' ’ ‘0 " o ' ‘ a . . J . u‘ 

' «,7 . ~' _‘ ,_ 3gb. . ‘  ; '  _ 
“ ‘  1 1 ' . _  I o - . . - ' . ‘ . -  ; 

O ‘ . _  l .  I 

‘ -. . 3 . . .  f m . .  ' 
‘ . 

. 
. _ ; 

‘ ' v  . n 
. 

i ' I -“:"-   Each °f t1” t7"? ”um” 9" "15° 8 radiation pattern when is identical to an: 
‘1' I? I or a quarter wave stub. . 

_ um Stub Antenna _ , _ ._ . . . .. ,_ Purpose . m m Stub Antenna. (Figure 9.5) provides for éimltaneotis tran‘s- ‘   

  mission or the RegI-Time and DelayedeTime Telemetry Transmitters; transmisamn 
2 m  reception for the UHF Voice Transmitter/Receivers, and reception for DOS 

" .' 'é'Receiver No. 2'. The antenna my be used from are-launch until separation q! the“ 

R 8: R section during re-entry, but is normally used 11'0"! pre -1m_mch t° orbitaL 

jinsertionfiand from roe-entry preparation t6 R 8: R section separation. ._ ‘  

"Physical Characteristicr The UHF Stub Antenna, physically constructed as _ ‘ 

I ‘5 Ext-{i l lustrated in Figure 9-55, 1_s mounted in the nose of the R a: R section.'1'he 

' .. antenna protrudes forward from the R & R section and 13 covered by- the nose. ' 

t 
"

a
!

 

l'twrairing during the boost muse of jibe mission. The antenna consists (if a. magi. _ 

‘ ‘v fend base which weighs approximately 1.1 pounds. The mat is constructed of 3A “ I I 

.‘rinch cobalt steel, machined to tubular form, anti covered by" a teflon ablation * 

: shield fézr protection during re-entry. ‘ The antenna;— is approximteiy 13.5,1nch'es " l 

I ' long including the connector, and 1.25 inches in diameter over the a‘blafifin 

terial. The mat consists our two sections. The front section 18 mounted on 

i " a cobalt steel ball Joint and retained to the rear section by a SPIN 103594 

9-23: 
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Figure 9-5 UHF Stub Antenna . 
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éa‘blé. . Electrical contact between the mat sections is made through the ball 

Joint and the spring loaded cable assembly. The bail. Joint allows the frpnt 

‘ Section of not to be deflected to approacimtely 90 degrees in any direction _ 

around the antenna axis. The spring of the cable assembly is pre-loaded to 

..appro:d,nate1y 1&5 pounds to cause the front section, when deflected, to return 

to the erected position. f .- 

‘ The RF connector 13 press fitted into a socket and nukes contact to the met 

through the socket and sleeve, which are the same mterial as the met. The 

I shell . of the RF connector is mounted to the base which '18 1~$olated from the“ 

that by a tench spacer and sleeve, 

Mechanical Characteristics: The UHF Stub is a quarter wave length antenna. The 7 

, radiating length of the antenna mounted in the R 8: R section is approximtely 

. 11.2 men‘s _ 

UHF Whig Antenxiaé 

Purpose: Two idehtical UHF Whip Antennas (Figure 9-6) provide ‘t'h‘é' réquired um 

transnfission and reception facilitiés during orbit. One» of the‘ UHF antennas'ig 

lbcated on the equipment adapter section and serves the DCS Recéiver- No; 1, and . 

the Acquisition Aid Beécm or Delayed -'1‘1me Telemetry Transmitter. The second 
UHF Antenna, mounted on the retro adapter section, serves the Real-Time and Stand- ' 

by Telemetry Transmitters, the m Voice mnemtter/Receivers , and D63 Receiver . 

Ho. 20 
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Figure 9-6 UHF Whip Antennas 
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‘ Pmrsicél Characteristics: . Th: UHF Whip Antenna is self extendable and requires 

. no pdwer other than that required for initial release. The antenna element is 

a tubular (levies nude from a 2 inch wide beryllium copfier strip procegsed 1n 

the farm 61’ a tube. The antenna, when fully extended, forms an element that. 18 ‘ _ 

approximately 12 inches long and 1/2 inch in dianeter. During stowage, the I 
tube is opened flat, wound inside of a retaining drum, and latched in position. 
Upon release 61' the latch by a Solenoid, the extension of the antenna depends ‘~ ' 

entirely on the energy stored in the rolled strip material. This energy is .. 

sufficient to erect the antenna at a rate of 5 feet/second into its tubular 

form. In the stored condition, the antenna is flush with the outer skin of the_.  

spacecraft . 

«« : ' .Ebchanicél Characteristics: Theantefina elemént is refiained inside the housing 
I "by a natal 116. A metal post 13 attached to the lid and passes through the I 

center of the coiled antenna. The bottom 61’ the post is grooved to accept a 

forked latch which holds the catch post assembly firmly in position prior to 

initiation. The forked latch is attached to a miniature pull-solenoid which is 

spring loaded in the extended position to ensure that launch shock and vibration - 

loads will not cause inadvertent antenna extension. When a voltage from the 

'l-sequence system. 1.3 applied to the antenna solenoid at' approximtél‘v sfiacécratt - 

égparation, the latch will be withdraw; allowing the antenna. éap, to eject and the ' 

' antenna t6 ext'enfi.‘ .Aa thé cafich post fissembly is ejected , a miéroswitch in Berks. 

with the solenoid (S011 opens the circuit to the coil to prevent further chrieht 

drain from the power. source. 

'0 
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Thedtwo antennas are Jettiisdnéd with the corresponding adapter. seizing. " ' 

- HF Whip Antennas ’ 

-Purpose: The HP Whip Antennas provide for transmission and reception of the 

115' Voice Transmtter/Regeiver during the orbital and postlanding phases "of the 
  ' hiséion. 

Physica‘i Characteristics; The HP whip htennag are physiéam aghatrficted-fis-L‘ 

, illustrated in Figure 9-7. _ The Recovexy HF Whp Antenna. is mounted- on the anal]. 

pressure btglkhead, outside the pressurized arefi of the spacécratt fé-entry . 

' module. The Orbital. HF Vhififintenna 1a ibgate‘d on the retro adapter s’ecubn. 
The .antenna mechanism housing, approucimtely 6.25- inches wide and 22.15 niches ' 
high, completely encloses all parts of the antenna, including storage spaéé for 

the antenna elements, ' ‘ ‘ f ‘ I 

The 'Récovéfy HF Whip Antenna contéins 31x. elements fihic'hawhen fully extended, 

comprise a. single antenna mast approximately 13 feet 3 inches long. The Orbital   - 

HF Whip Antenna contains three elements which, when fully extended, comprise a. 

single antenna mat approximately 16 feet long on Spacecraft 5 and 6, and approxi- 

mateiy 13 feet long on Later spacecrafts. The mat _13 one inch in diameter on , 

all spacecraft. Two connectors, supported by the antehna body, provide a mans 

of applying power and connecting the antenna to the RF connector 0n the HF Voice . ' 

Transmitter/Receiver. The Recovery HF Whip Antenna weighs approximately 9.0 pounds. 

The 16-foot version of the Orbital HF Whip Antenna. weighs approximately 7.5' pounds 
and the 13-foot version 6.0 pounds, The min supfiorting fitmcture or the 

antenna mechanism housing 13' the antenna. body consisting of a thin fiber- 
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31:33 shell. The outer shell 18 made in two sections which ante together and form 7 . . . 

I a completely sealed envelope around all moving parts. The antenna mast elements 

'are heat treated StainleSs steel strips and are stored in a DC motor driven . 

. cassette . ‘ 

Mechanical Characteristics: The strip material comprising the antenna elements . . .  .' l 

A are heat- treated into a material circular section in such a manner that the; ‘ r ' 

edges or the material overlap approximtely 180°. When the antenna is refracted, . t: 

the tubular eiements are continuously transformed by guide rollers into a . A _ 

. flattened condition, and stored in a strained manner in a cassette. Extension 

and retraction of the antenna is accomplished by a. motor which, by means of a 

chain, drives the storage cassette core. Because of the natural physical smpe _ 

of the antenna elements, the antenna has a. tendency to self-extend: thué proud? _. , _ - - 1 

ins an extension" time or approximately 25 séconds. Retraction time is appi'oximtely. , 

ho sec-buds. The antenna is stopped within its desired limits by two' mcro ' 

  switches, one for extension and one for retraction, which automticaliy cut the 

power applied to the motor at the time the extreme limits or the antenna are 

' reached. 

The RF connection t-o the antenna 13 obtained by a wiper arm sliding on the eas- 

sette core drive emit. 

On spacecraft 5 , V the HI" Whip Antennas are ‘operated as follows: ‘ Spacecraft confiroi 
bus voltage is supplied through flue WHIP ANTENNAS -H’Ié circuit breaker to 1the HF 

Am' switch. The Orbital HF Whip Antenna is extended during «mm: by positioning 
the HF m switch to m. The crate). m? Whip Antenna is not retracted dung 

‘ livfimwum¢¢figg c . ' ' ' ' ' 
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orbit, “but is Jéttisohed 1:; thé Extended I position with the retro adapter" éeétiéh, ' 

After landing, the Recovery HF Whip Antenna is extended by positiqning the HF 

' ANT switch to PST L11} , and is retracted by positioning the HF ANT switch to m. 

. On Smcecmft .6 and up, extension of the HF Whip Antennas ' is Controlled through 

the HF ANT switch and IQANDING switch. The HF antennas are operated as follows: < 

Spacecraft control bus voltage is supplied through the WHIP ANTENNAS- BF circuit. 

’ breaker to the HF ANT match, which has momentary type contacts. During orbit, 

; ..the mm; switch is in the SAFE position and orb1ta1 HF Whip Antenna can be 
extended or retracted by holding the HF ANT switch in the EXT or BET position 

respectively. During re-entry, the LANDING switch 13 placed in the ARM position; _- ' ' 

After landing, the Recovery HF Whip Antenna can be extended or retracted by I . _ 

. . holding the m: ANT switch in the EXT or RET position respectively. The in? Am ' 
‘ switch should be held in the EXT position for approximately one minute for full. -‘ 

extension of the antennas, and in the Rm position for approximately 1. 5 minutes 

for full retraction. . 

C-Band Annular Slot Anténn’a , . V _ 
Expose: The C-Band Annular Slot Antenna (Figure 9-18)..serve‘s the Adapter c-nana ' 
Radar Beacon and 16 nprmamr used harms the stabilized §rb1ta1 phase of the' ' 
spaceéraft mission. I V . . . 

msiéal cmraéteristics: The Cé-Band Annular SlotuAnihzen'na '1; mega on' the 
eéuipment section 01’ the adapter. The physical. construction is such that the 

antenna is flush um: the me;- skin at the spacecraft. The Antenna 1': ppm} 
mtely 1.1; inches in diameter, 1. 35 inches long and weighs 8 ounce; minim. 

9-31 I 
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'o-BAND “ammo mam 
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Figure 9-8 C-Band Annular Slot Antenna and C-Band Antgnna System 
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. I One coaxial connector is provided for connection through coaxial cable to the 

Adapte; C-Band Beacon. 
‘ 

' iMechanical Characteristics: The antenna radiation pattern is identicai to that 

of a quarter wave stub on a ground plane. The antenna 13 used for both reception 

and transmission of the Adapter C-Band Radar Beacon during the orbital phase of 

_ the mission. . The antenna. is Jettiaoned with the equipment section of the adapter, 

C-Band Antenna Sister): ' _ 

Purpose: The C-Band Antenna System, consisting of a power divider, a phase 

shifter, and three radiating elements, provides transmission and reception 

capability for the Re-entry C-Band Radar Beacon. The, power divider provides equal 

transmission power to the three radiating elements. A. phase shifter 13 in series ’ 

" ”with one of the antennas to compensate for areas of low or no radiation coverage 

'beeween lobes of the three individual radiation patterns. A phase shift-er power ' 

supply provides the phase shifter with 26 VAC 153 cps power. The antenna system 

- provides the circular radiation pattern around the spacecraft' s longitudinal axis 

. required for ascent, descent and roll spacecraft attitudes. 

' Physical Characteristics: The power divider, phase shifter, phase shifter power 

supply, and radiating elements are shown in Figure 9-8. The power divider, 

ptnse shifter, and phase. shifter power supply are mounted on the anal]. pressure .. 

bulkhead, outside the pressurized area at the spacecraft. The power divider 

. measures approximate]: 3.86 inches over the connectors, h.0 inches over the 

tuning knobs and weigh approximately 6.5 ounces. The phase shifter 13 approxi- 

mteu 5.8 inches long, 2.8: 'mchea wide at thalame end, 1.1: inches high, has . 

9-33 
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a diameter at the snail end or about 1.5 inches, and weighs approximately 12 

names. The phase shifter power supply measures approximately 1.5 inches wide, 

1.75 inches high, 3.5 inches long over the connector, and weigfis approximately 

. 8 ounces. The three C-Band radiating elements are mounted flush with the out- 

me skin of the spacecraft and spaced approximately 120° apart. . Each antenna 
‘unit is approximately 3d} inches long, 1.8 inches wide, has a depth or 2. 21 inches .- - 

over the connector, and weighs approximately 3.5 ounces. 

Electrical Characteristics:  The power divider, phase shifter, and radiating 

elements comprise an antenna system that satisfies the transmission and reception 

requirements for the Re-entry c-Band Radar Begcon during the , launch and re-entry 

phases of the mission. ' 

The Met dividef 15 basicallja cavity type power. sputum. Daring beaédn 

transmiésion., power is delivered to the powér divider. fihefe 1t 18 divides! 

equam among the C-Band radiating elements; The powef .dividér compensates‘for . 

loss 6:? ‘pa‘war due t9 the phase shifter in series with the right antenna. The 

pdwér difiider also contains a double stub tuner to compensate for mismatch 

between the Rg-entry C-mnd' Beacon ; the C-Barlxd Radiating Elements , and fhe finse ‘ 

Shifter. Tuning is accomplished by means  of a. self-lockihgtuning shell located 
underrieath each tuning atu‘b cap. 

The; phase» shifter is an Ac operated device. A 26 VAC, 1453 (:93 input to the 
'phase shiftér, is half wave reétified and applied across a coil wound around a 

ferrite mterial. Due to the characteristicé of the ferrite material, the RF ‘ , . + . 
signal from the pqwer divider is delayed O to 180° - 20° at the rate at 153 eyelet ‘ 
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radiation pattern around the longitudinal axis of the spacecraft. 

' buffer stage , and a push-pull output stage with transformer coupled output. . 

.‘ Purpose: 

into a common antenna. 

by Telemetry Transmitter, the Real-Tine Telemetry Transmitter, a UHF Voice Trans- 

SEO! soo' 
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per second. The changing phase shift or the RF power on One of the ceBand 

Radiating Elements with respect to the other two, shifts the lobe of that antegna   ' 

by approximtely- - h 5  degrees, thus giving the effect of an almost ideal circular _ - . ,- 

The c'ombinauon " 

'of the three antenna elements gives a radiation pattern which extends in all 

directions except forward and aft of the spacecraft. 

' The phase shifter power supply is a DC-AC Inverter which supplies a nominal 26 VAC, 

153 CPS power to operate the phase shifter. The power supply is a hermetically 

‘ sealed solid -state unit consisting of a voltage regulator, single-stage oscillator, 

The 

power supply provides a minimum output of 21 volts ms at 163 -17 CPS with an 

input voltage range from 20 to 30 VDC. Input voltage is applied from the space- 

craft main bus via the BEACON-C circuit breaker, C-RNTY BEACON CONTROL switch and 

the RN'I'Y position of the ART SEsitch. timm input current is 370 miniamperes. ' 

Malt iglexers (UHF Diplexer and UHF Quadriglexer! 

The UHF Diplexer provides isolation betwaen DOS Receiver No. 1, and 

the Acquisition Aid Beacon or the Delayed -T1me Telemetry Transmitter operating 

The UHF Qu'adriplexer provides isolation between the Stand- 

utter/Receiver, and D63 Receiver No. 2 operating into a, common antenna Via ’ 

coaxial switches. 
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Physical Characteristics: The physical representation and approximate location ’  

of the UHF Diplexer and the UHF driplexer is Shawn in Figure 9-9. The ' - 

‘Diplexer 13 located on the electronic module of the equipment adapter section. _ 

, The Quad’riplexer is located forward O f .  the snail pressurized bulkhead outside 

. the pressurized area of the cabin. . 

The Diplexer is approximately h .  5 inches wide, 1} inches high, and 2. 7 inches . 
deep; contains two input and one output connectors, and yeighs apprbximate]: 1.25  

pounag. The UHF Quadriplexer is approximately 5.75 inches wide, 5. 5 inches ‘ ' 
- deep, and h .  1 inches high; weighs approximately 2. 75 pounds, and has four Input 

and one output connectors . 

Electflcal CInracteristics: Figure 949 ‘Srhaws thé schemtic of the UH? Dipleier   - ' _ - .  

and the UHF Quadriplexer. Each channel consists of a. high Q cavity, tuned to 

the corresponding operating frequency. All channels are isolated from each other 

without appreciably attenuating the RE signéia passing through 1t.-  the}: chanfiel _ 

can be 're-tuned‘ 1f the assigned operating frequency is changed. The Dipleaner 

isolateé DCS Receive:- No. 1, and the Acquisitioh Aid Beacon 6r ih'e Delayed mm 
Telemetry Transmitter, depending upon the position of Coaxial Switch No. 2. The 

diplexer operates into the UHF Whip Antenna on the equipment adapter section. 

The. UHF ndriplexer isolates the Real-Time Te lemetry Transmittér, the Stand -‘by 
Telemetry Transmitter, one of the two UHF Voice Transmitter/Receivers , and DOS- 
Re‘ceiver No. 2. The Quadriplexer operates into fine of the foilawing three UHF . . - ' t ,2 ' 

antennas, depénding oh the poSition out the coaxial switcfiea in series with the 
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gntgms‘: UHF Stub Antenna, m nascent Antenna, 0': the our Whip Antenna on 
the retro adapter secuon'. ’ 

Coaxial. Switches 

Purpose: Five coaxial switches are provided to perform the Queuing function” '- 

' (1) select either the Acquisition Aid Beacon or the Delayed-Tine Telemetry Trans- 

‘ nutter output as the input to the mplexer; (2) select one at the two mm Voice 
Transmitter/Receiver outputs as the input to the Quadriplexer; (3) connect the 
11? Voice Transmitter/Receiver to the Orbital HE‘ Whip Antenna on the retro adapter, ‘ 

or to the Recovery HF Whip Antenna on the re-entry module; (h) connect the output ' 

or the Quadriplexer to either the UHF Descent Antenna, or through Coaxial Switch 

No. 5 to either the um Stub or the retro adapter UHF. Whip Antenna. ' 

Physical Characteristics: The plwsical construction and approximate location 

at the coaxial switches is shown in Figure 9-10. The location of the switches 

13 as follow: I 

Coaxial Switch No. 1; approximately five inches from the small end at the cabin, 

in the fourth quadrant. ' 

Coaxial Switch No. 2; approximtew 10 inches from the forward (sun) and qt 

the adapter equipment section, in the third quadrant. ‘ 

Coaxial Switch No. 3; apprminntely 10 inches from the anal). end at the cabin; ' 
' 1n the third quadrant. ' ' 
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”coaxial sutch No.13" mated wheat my Coaxial bung): lo. 1 ' 

Coaxial Switch No. 5; approximately 7 inches frm’ the span lend or the cabin, 

' ‘_ 1n the third quadrant. ' ' ' ' 

Each switch contains a power “Connector, an input connéctqr, two butput confiectorfi; V 

, ' and weighs approximtely O 5 pounds. The dimensions of each switch are approxi- ° 

' lately. 2.65.1nches long,1.82 inches high, and 1 inch wide. 

' Electricgi Characteristics. ° '  The five coaxial switches are identical and may be 

. used interchangeably. Basically; the coaxial witches piovidgsingle pole ' 

double throw switching gction as illustrated in Figure 9-10. ., The switch, having .' ' 

a 20 millisecond madman operation time, operates on 3 ampere: at 28 VDC and 

'   uses a latching solenoid break-before-mke svitchmg action. The cqaxial switches 

[are designed to operate from 15 M: to 500 no, and from 5500 m to 5900 m. Pins 

D and E of each switch are brought out to AGE test points to permit monitoring 

of the switch positions prior to lift off. Ping A and B of each switch are utilized 

' , to  accomplish the switching gcuon. 

EBAOQNB f 

' Re-entry c-Band Radar Beacon . _ _ ‘ 

_ Purpose: The lie-entry cg-Band Radar Beacon provides tracking capability of the - 

spacet from lift on to orbital. insertion and from pre-retro to handing. 

' The lie-entry c-Band Beacon my also be used during orbit r011 maneuvers 'or in 

the event at Adapter c-mna Beucon tamre. 
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'Physical Characteristics: The Res-entry C-Band Radar Beacon 13 a sealed unit ' ' 

which measures approximately 7. 6h 3: 6.11: x 3. 02 inches and weighs approximtely‘ 

8. 3 pounds. As shown in Figure 9-11, the beacon has power, antenna, and test 

‘.conneictora. Located on the rear of the beacon are various adjustments for trans-'- . .   

hitter, fire-selector, and local oscillator tuning. Solid state modular circuitry 

18 used throughout the beacon with the exception of the transmitter magnetron and 

the local oscillator. The beacon is mounted on the right. forward equipment bay, 

and uses the C-Band Antenna System for reception and transmission. 

- Eleétricajf Characteristics: The Res-entry c-Band Radar Beacon is a transponder 

which upon reception of a properly coded interrogation signal from a ground 

radar tracking station, transmits a pulse modulated signal back to the tracking 

station. - By measuring the elapsed time between transmission and reception at 

the tracking stations, and compensating for the time delay of the beacon, the 

. "position of the spacet can be determined. The block diagram of the beacon 

18 Shown in Figure 9-12. The signal arriving at the antenna is routed through 

. ' the directional coupler to one half of a dual ferrite circulator. The ferrite 

circulator isolates the transmitter from the receiver, allowing a single antenna 

‘ system to be used for both reception and transmission.: The beapon utilizes a- 

. ‘superhetrodyne receiver which is tunable, by means of a three stage pre-selector, 

over a range of 5600 M0 to 5800 MC. The assigned receiver center frequency-11m ' 

m output or the [are-selector u combmed with the local mnmor rzfequency 

A 941 



. 0a.;- e g o ’ wfio c _  y .—,vv ‘ -  

..;...-.-.\_ _- - 

m
 

M
 

E G
 

T C
 

E J O
 

R
 

P 

IS 
ADAPTER c-amo up“ BEACON 

«
“

1
“

: 
1 

-
 

u-smnv c-uuo non mean 
Figure 9-11 C-Band Radix Beacons ‘ mad-ll 



start 300 _ 

PROJECT GEMINI -- 

miscnom coma 

,GEM'OWEI 

TMNSMI‘ITEI - mammar- 

rmm - ' cnncuwo: , I.F. 
(Bunsen A 

, n . -  ' ‘ ' 
' - - . .. . CRYSTAL 

‘2 ' . ' - - - _ - CUIIENI’ 

3 “AG! _ 
"5-! IEC‘I’OI 

8.53% swn§‘ ‘ ash   1 8 ‘  

' lI-NJWC ‘ 
UM VARIOUS 
FILTER VOLTMES - 

3 

9-43 

GM! U commune: 

Figure 9-12 Re-Entry C-Band Radar Beacon Block Diagram m 3-H: 



.'~: 
In":- 

, ‘ . . ’ . : - - .  
- 

3 . m .‘ n _ 
> ’ .  ~ . g _ f - _ . _  .3:§.3I§-..w-;Q:._p::¢!.trh“g . -  > . < - : -  3 . .  4‘": . . ,  - .  a :  I ” .  . . _ A  v ” 1 1 , , ”  _ .  , i , "  “ a  A 1.1, - - _ 4 " ‘ I . . ‘ : . . A . “ _ : - ) ~ _ u  - E ‘ ’ ‘ .vt' _~.’. “ . , “L' n. ‘ m ' .- . . . ‘ . 1  ~.‘ . . - ,  f. " " " .  3 .  I; . . J  5 a . “  __ 

SEDI 300 

PROJECT GEMINI 

.1n the crystal mixer to produce an output 11‘ frequency of 80 MC. . 

loscillntor is of the metal—ceramic triode cavity type. 

. .  I " _ . . -  2 4 : 1 6 !  -—-\ -+~—.w-.~y«vv . . n  '1‘"n'o-. {in : . ‘ . . - . r . .  , ‘ 
---- . '(r‘KTLQ‘ik-v r- 5 - !  5 5 . 4 ” “ .  _ n 3.2;! ‘ y .  - . u z u w b . "  .=.;..-. -. a. - -  

my, mg: 
The mixer contains 'a. 

ferrite circulator for isolation between the local oscillator, mixer, and pre-   

selector; The output of the mixer is amplified by three tuned IF amplifier 

stages, followed by a video detector and a video preamplifier. Additional . 

. amplification is obtained by a pulse amplifler whose output is supplied to the 

decoder. The purpose or the decoder is to initiate triggering of the transmitter 

after a correctly coded signal has been received. The system delay, in conjunction 

with the dplay variation correction circuitry, provides for a constant fixed 
delay used in determining the exact position of the spacecraft. The beacon ‘ 

incorporates a CH humanity circuit that prevents the transmitter from being 

triggered by random. noise. The noise 1eVe1 is reduced below the triggering level 

of the transmitter by controlling the gain of the pulse amplifier. The trans- ‘ 

mitter utilizes _a magnetron and provides a one kilowatt peak pulse modulated 

signal at a frequency of 5765 m to the power divider. The beacon is pdwered by. 
a Dc-DC converter employing a magnetic amplifier and silicon controlled rectifiers. 

The converter provides voltage regulation for input voltage variations between 

18 and 32.5 VDC. The input to the converter is filtered by a pi-type filter to 

minimize any line voltage disturbances. 

ADAPTER c-mm RADAR Moon 
Purpose : The Adapter C-Band Radar ne'acon provides tugging capability of the 
spacecraft during the orbital phase of the mission and 13 Jettisoned with the 

equipment adapter section. ' 
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Phisicél Characteristics: The Adapter C-Band Beacon is a sealed unit and 

”measures approximatély 9. 3h x 8.03 x ,  1.26 inches. As shown in Figure 9-11,- _   ‘ 

I the adapter beacon has a power and test connector, an_ antenna connector, and a._ . 

crystal current test point connector. The beacon contains external adjustments . 

' fer local oscillator, pre-selector (RF filter), and transmitter tuninggsw switches 

‘ for selecting the desired interrogation code, and one of two pre -set transponder 

fixed. delay times. These adjustments and switches axfe accessible by remving 

' pfessure sealing screws. - The beacon employs solid state circuitry, except for 

the transmitter magnetron and recéiver local oscillator, The adapter beacon is 

‘ located on the electronic module of equipment adapter section and use: the C- 

' Band Annular Slot Antenna for reception and transmission. _v ~ 

Electrical Characteristics: The Adapter C-Band RadarflBeécoh' is a tranafiorider, 

whiéh employs the same basic operating principles as the Re-entry C-Band Beacon 

to provide spacecraft location data upon receipt of a proper]: coded interroga- 

tion signal. A block diagram of the Adapter C-Band Beacon is shown in Figure 9-13. 

The interrogation signal is fed from the antenna to the duplexer. The dupiexer 

. 13 a ferrite circulator which couples the received signal to the RF filter pre- ' ' 

selector and also isolates the receiver from the transmitter to permit use or a 

' common antenna for reception and transmission. The auperhetrodyne receiver 

frequency 13 tunable' from 5395 m to 5905 m. The assigned operating center 

frequency is 5690 m and 18 selected by adjustment of the m- filter. 

The RF filter is a. three-stage pre-selector, employing three separately tuned 

coaxial resonator cavities to provide adequate RF selectivity and to protect the 

945 
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mixer grystal from damage due 1:6 transmtte: page: reflectqd by the antgm, .. 

The output of the prg-selector .13 combined with the local oscillator output in 

the mixer stage to provide a 60 M: output to the IF amplifier. The mixer consists   ' 

at a coaxial directional coupler and a mixer crystal. The dirgctional coupler 

isolates I the local oscillator output from the antenna and directs it to the mixer A. ' 

I crystal. The local oscillator is a re -entrant cavity type employmg a planar I I 

1 triode to generate the an signal required to operate the met. 

The IF amplifier is a linear-logarithmic , high gain amplifier composed at an -' 

input. stage, five ampiifler stages, a summing line, and a video amplifier. The .- f , 

amplified video output is fed to the pulse form restorer circuits which prevent 

a ranging error due to variations-1n receiver input signal levels, and also pro- ' 

.videé a standard amplitude pulse to the decoder ' for each input signal exceeding . 

its triggering threshold. The decoder detérmines when a correctly coded Asignal 

_ is received and supplies an output to the modulator driver. The type code t9 ‘ , 

" . . be accepted is selected by the CODE switch. Single pulse, two pulse or three 

pulse codes may be selected. The modulator driver and control circuits initiate 

and control triggering of the transmitter modulator. The modulator driver sup- 

plies two fixed. values on! overall system delay. The desired delay 13- selected 

. by the position ot'the mar switch. An alternate value or maximum delay is . 
available by removing an internal Jumper lead. The modulator control furnishes . 

the trigger and turn-off pulse for the modulator and limits modulator triggers _' 

. to 'prevent- the mgnetroh duty cycle froni being exceeded, regardless of the 

interrogating signal PEP. The modulator circuit employs ainéon controlled 

.9457 
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rectifier: which function similar to_ a tbyratron, but require a much shorter 

recovery time.   '. ' " _ 

I The associated modulator pulse forming newer-R (PEN) and transformer provide the, : ' 

necessary pulse to drive the transmitter mgnetron. The desired pulse width 18 ' i: 

' selected by the internal connections made to the m. The transmitter magnetron ’- .- 
frequency is tunable from shoe no 'to 5900 M3. The assigned transmitter cénter- ‘ 

frequency is 5765 MC. A minim of 500 watts peak pulse power is supplied to 1:119: 
antenna under all conditions of rated operation. - 

The transpondgr p'ofier' supply consists of input line filters, a 'serie-s regulator, 

and a DC-DC converter. The power supply furnishes the required regulated output ‘ 

voltages with the unregulated input voltage between 21 and 30 VDC. The converter 

employs a conventional RD coupled mltivibrator and fun. wave rectifier circuits.  

Acgfiisitioh Aid Beacon _ . j . I ~‘.---“ 

Purpose: Unlike the C-Band Beacons that provide accurate tracking data, the ‘ 

Acquisition Aid Beacon is merely a transmitter used to determine when the space- 

hratt comes within range of a ground tracking station. When the spacecraft cones . ' 

within the range of a ground tracking station, the Acquisition Aid Beacon is 

disabled and remins off until the spacecraft is again out of range. 

Physical Characteristics: The Acquisition Aid Beacon, shown in Figure 9-115, 13 

cylindrical, having a diameter or approocimtely 2.6 inches, and a height at " . ‘ ”*7“ 

approximately 3.5 inches. The Acquisition Aid Beacon is located as shown» in 

Figure 9-1h. The beacon contains a power connector, 3 . coaxiél antenna connector 

and weighs approximately 17 wnces. 
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‘ Elecirical Characteristics: . The Acquigition Aid Beacon consists of a transmitter, 
.nc-nc voltage regulator, and a. low pass output filter.   

The transmitter 13 an all transistorized unit, containing a push-pull output stage ' 
I ' to obtain a minimum output of 250 miniwatts at a frequency 01' 25.3 m. The 

transmitter frequency is derived by taking the basic frequency or! an oscillator ‘ ' 
  and multiplying it through a series or triplex: and doubler stages. I 

The transmitter is powered by a DC-DC voltage regulatdr. The ’regnlaior is ' 
. completely tranéistoriz’ed arid provides a regfilated output voltage 01.28 VDC. ' To  7 ' H 

reduce the probability of obtaining a spuribus output signal, a band pass filter '  
is placed in the output circuit. ‘ ’ 

'Um'Recoveneacon- r . -    ' 5    1 
Purpose: The UHF Rgcovery Beacon, operating on the international. distress freduencyr 
of 2113 14:, serves as a recovery aid By provming intonation regarding location of 
the spacecraft to the recovery crew. ._ 

Physical Characteristics: ' The UHF Recoveiy. Bacon and its approximate. location is 
shown in Figure 9-11» The Beacon is mounted on the art-fight equipment hey at the 
spacecraft re-entry module. The Béacon is approximately 9.0 inches long, LO ' . 
inches wide, 2 .5  inches high, and weighs 3.9 pounds maximm. The Beacon contains 

one multipin power connector and one_ coaxial type R? connector. . A 

Electrical. Characteristics: The UHF Recovery Beacon consists of 3 Spike Eliminator ,' 
a Regulator, a Dc-nc Converter, 8. Pulse Coder, a Modulator, and a Trhnsmitter. . - 
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Spheeéraft min bu; voltage is fed to the switching type regulator through the 

spike eliminator filter. The voltage regulator provides a Dc regulated output 

voltage of 12 VDC to the DC-DC Converter, the transmitter tube filaments, and 

' the pulse coder, 

.The DC-DC Converter is _a solid state device providing two high voltage outputs to , -‘ 

the transmitter and modulator. The pulse coder, a solid state device, operates 

'_ 1 with the modulator to apply correctly coded high voltage pulses to the transmitter 

for plate maulatibn of the power amplifiers. . ‘ 

The trénsmtter consists of syn oscillator stage; a doubler étage, and a power 

amplifier. The transhittér Mar amplifier prqvides a UHF pulse éodéd Output ” 

'~ having a peak powgr of at least 50 watts to the UHF Recovery Antenna. An external 

m band-pass inter 13 hastened between the transmittgr output and the_antenna-t6 

reduce spurious RF" radiations, especially at the UHF voice transmitter frequenciga. 

VOICE. communes 

. _ Voice Control Gentezf 

I Purpose: The Voice Control Center (vcc) contains switches and controls for 

selecting the type 0! voice conmmication and the desired opergting mode". The _ 

VCC also contains microphone and headset amplifiers , an alarm tone generator, and 

voice actuated transmitter keying circuitry. 

Pmraical Characteristics: The vcc and its apprmcimte location is shown in Figure 

9-15. The we is mounted in the center panel of thg spacecraft cabin such that. 

the controls and switches comprise a part or » the center panel. The vcc is modular 
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Figure 9-15 Voice Control Center : 
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_   constructéd, approximatelyfigh inches fiide’, 6.1; 1hche-aihig‘h, 5.5 .inchés dew). I fl. 

I ‘ -'ar_:é weighs approximteiy'653 pounda'uf ' V I ' ' " 

Fifi connectors located on the rear of the unit provide connection to the 0th”: 

voice commnicat'ion system components and test connectors.   The function on! each» , ' I - 

  connector is listed on Figure 9-15. The VCC front panel consists 9: three groups 

.of switches and controls. The NO. 1 and NO. 2 AUDIO groups each consist of _a m 

' switch for selection of voice recording (ROD), UHF, intercommnication (ET), HF, 

f or m/m transmigsxon, and three thumb «heel-type multi-de’tent volume controls, ' 

cue for each or the above mentioned modes. 

' The center group consists of a m switch, a El" select switch, a UHF select 

- switch, and thumb-wheel-type‘ squelch controls for UHF and HF circuitry. The 

.. KEYING switch provides for selection of push-to-talk (PIT), voice operated relay 

(VOX) , or continuous intercommnication with push-to-talk keying (COM IRE/PIT) 

' for the voice transmitters. The W and HF select . switches pr‘ovidg capability gt 

selecting the desired transmitter/receiver. The ADPr fidaition of'the HF- selecf ' 

- switch '15 not used. 

Electrical ‘Charhcteristicazv The VCC contains two headset and two microphone 

'  amp11£1ers for each of the two audio channels. 

Figure 9-16 shows a functional block diagram at the wig. f An audio 81931,.1'1'00 . 
the microphohe 1n the Flight Crew: helmets or lightweight headsets, 13 mpmiea 

'by two microphone amplifiers and then applied to the mom: switch. mm the m 

switch in the 1m position, the output or the microphone amplifiers (m) 13 appnea 
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.to the HF transmitter. when the mar. switch is in the m position, the output 

on! the merophOne 13 applied to the four headset amplifiers, via thg two In 

_ 'vpln'me controls. The outputs of the headset amplifiers are applied to the headset: " 

‘ at the night Crem- With the mm switch in the UHF position; the _output or the ' 

microphone amplifiers is applied to the UHF transmitters. The UHF switch 'selécts f 

either Hm? transmitter NO. 1 and NO. 2 and also operates Coaxial Switch No. 1 to 

connect the selected tranamitter output to the um Quadripiexer. The desired   

keying mode is selected by 6. common MING switch. The methods maybe _se1ected 

t6 , by my voice transmitters. The vox .position enables keying of the 'gelected 

transmitter gt the instant the microphone provides an out-put signal; The PM 

pdaition enables. keying of the transmitter when the push-to-taik switéh, located 

on the suit disconnect cables or on the attitude control handle, is depressed." 

.- ' The CONT INT/PIT position provides continuous intercommnication hemeen the 

' Flight Crew and push-to—talk keying for transmission trim the spacecraft to the 

gian'nd station. - " 

The 1106 also controls the power supplies of the trangmitter/receivers by means at ‘ 

ground switching. With the mom switch in a position other than HF' and the m? 9 

select switch in the BET! position, a ground is supplied to the HF transmitter] 

receiver auxiliary power supply to power the HF receiver. ' 

With the HF select switch in RM'Y and the MOE switch in the HF position, a ground 

is supplied to the HF transmitter/receiver min power. supply to power the HF 

receiver and transmitter. The URI? ciréuitry operates on the same principle as. 

the HP. The, UHF select switch supplies power ground for the selected receiver. 
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.. The MODE switch (UHF position) togéther with the UH? select switch, supplies a -' ' 

power return for the UHF transmitter and receiver. 

The 13/151? position of the mom: switch is utilized for direction finding mines . 7 
With the MODE switch-1n rm/DF and the HF select in the RNTY position, the HF 

' transmitter is modulated by a 1,000 CPS tab: which is utilized to detemim space... 
' I m fi M M M .  ' ' ’ 

UHF Voice Transmitter] Receivers 

Purpgse: Two UHF Voice Transmitter/Receivers are provided for redundant line-of- .. - 
1 . sight voice communication between the spacecraft and the ground. 

Physical Characteristics: The UK? Voice Transmitter/Receivérs and thgir appfoadjato 
locétion is shown ”in Figuzfé 9-17 Q Both transfitter/ receivers are identical and ' .. 
are mounted Side" by side in the foiward right equipment bay of the re-entry modal... 
Each transmitter] receiver is a modular constructed, hermetically sealed unit 
approximately 7 .  7 inches long, 2. 8 inches wide, 2. h inches deep and weighs- 
approzdmteily 3.  0 pounds . .  Each unit has a mitipin audio and power connector, 
and a coaxiai type RF connector. 

Electrical Characteristics: The UHF Voice ter/Receiver consists of a 
Htransmitter, receiver, and power suppfi. 

The transmitter camista of a crystal controlled oscillator, tub RF amplifiers, 
in driver, and 'a. push-pun power amplifier. A11. stages except the driver and power. 
amplifier are transistorized. The transmitter is fixed-tuned at. 296.8 m and 

- is capable of producing an RF power autpirb of 3.0 watt-.5 into a 50 ohm iesistivc 
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' load. The transmitter is AM voice modulated 'by'a transistorized maintainer...   

The AM superhetrodyne receiver is fully transist'orized, is fixed-tuned at a ., ' 
‘ I frequency of 296. 8 MC, and contains a squelch circuit for noise limiting; The _ I 

squelch threshold 18 annually controlled. An antbmtic volume éontrol stage '18   
also incorporated to provide a constant audio output with input signal variations." _ 

The m Voice Transmitter/fiéceiver 13 powered by two Dc-DC Converters comprising 
an auxiliary and a min power supply. DC operating pqwer for the tyre power _ 

supplies is lmted by two circuit breakers locétea on the left suitgh/cucuit ‘ . 
. hieaker panel. one chant breakefl is firovided for each unit. Actuation of the 

power supplies is accomplished by ground return switching through the voice control 

center. If the UHF select switch is in either the NO. 1 or NO. 2 position and .. 0 
t h e m  witch 13 in a position other than m ,  a ground “supplied to the ‘  I '   . . .0 

auxiliary power suppiy duly, plac in: the transmitter/flunk into a receive 

condition-. With. the min switch in the UHF fiosition, a‘ ground is supplied to the. 

main. W supply, placing the séleéted UHF foice I'ransmitter/Récéiver into a ‘  

receive and. traném‘lt condition; 

It should be noted that when the UHF trahsmitter is keyed, - the UH” receiver is 

disabled and the Flight Crew cannot receive um voice transmissions from the 

ground station. 

HF Voice 'TransmitterlReceivg; ' 
Purpose: The HP Voice Transmitter/Receiver is provided to enablé beyond the 
lined-sight. voice connmnication between the Spacecraft and the ground. 

'
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Mica "Cha‘rdcteriétics: Figure 948 shows the modular consfructioh and approxi- J 

~ mate lbcation of the HF Voice Trahsmitter/ReceiVer 1n the forward right equipmt ' I 

-- bay of the re-entry module. The unit Weighs approacmately 62 mmcea, 13 applied? ' 

"matey 8.5 mane; long, 3. 3 inches wide, and 2. 9 inches deep; One mltipin annof 

. connectpr and one RF coaxial type connector are provided . 

"Ele'ct-rical Characteiistics: 7 Basically ,_ the HF, Voice h‘an’anfitter/Recgiver is 

electrichm identical to the UHF transmitter/receiver except. for the 69:2t    

- frequency and power output . The BF transmitter and receiver are fixed tuned to 

a. trequency of 15.016 MC and the HF transmitter provides an RF power output at 5  . 

7. watts g . 

. Actuation of the HF receiver and transmitter is accomplished through the VOC. 

If the m .  Select switch is in MY and the MIME switch is in a position other 

than m, the HF Transmitter/Receiver is in a receive condition. With the mm 

switch in the n? position, the HF Transmitter/Receiver is placed in a receive 

and transmit condition. , ' 

'It should be noted that when the HF transmitter 13 keyed, the HF reéeiver is dis- 

abled and the Flight Crew cmot receive HF vole: transmits: ions frqm the ground   

' a n t i ”  0 

Voice Tags Recorder 
' b d - ~ . - - .  

' ._ name: The voice tape recorder 13 provided so the Flight Crew can make voice 

recordings during the spacecraft mission in accordance with the gpplicable flight 5 ‘ 

pun. 
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‘ , located inside the cabin in a vertical position between the pilot's seat and the 

‘ ' right-hand side wall. The voice tape recorder assembly consists of the recorder, " 

‘ sen: zoo 

Pluraical Characteristics: The "physical construction and approximte locating at 

the voice tape recorder 13 shown in Figure 9-19. The voice tape recorder 18 

itape cartridge , ‘and shock absorber mounting plate and is supplied as GFE equip- . 

meat. The recorder is approximately 6.25 inches long, 2. 87 inches wide, one 

‘ inch thick, and weighs 30 ounces minim without the tape cartridge.’ The 3116c 

i ‘- absorber mounting plate 13 approximtelyéa inches long, three inches wide, and - 

weighs 20 ounces naxmum. The tape cartridge is appronmately. 2.25 inchgs - 

square, 3/8 inch finick, and weighs two ounces. . 

The recorder contains a power connector and a signal connector located an the 

end as shown in Figure 9-19. The recorder is retained in the shock mount by .- 

guides and two Allen-head bolts for easy removal. The door contains a‘ red plastic 

mm 39' that light from thefend-Of-tape bulb is visible to. the pilot," A safety, -. 

inch prevents éccidental bpening of ' the door; The door is opened .by pressing 

' dawn on the latch and 3116111311: aid-We; When the latch is released, the spring 

.' loaded hinge causes the door to open, exposing the cartridge tab. Flat pressure 

.  s'pw1ngs on the door hold the inserted cartridge in place and mintaina tape ' 

.’ contact with the recorder head and end-of-tape contact. 

- The Eye- cartridge is guided fitp the reéorder byatep rails :on each side a! the 

gen-triage. One step rail is slightly larger to insure éoriect msertion or the 

cartridge. When the zfecorder door is opened , a heavy tab on the cartfidge springs 
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Figure 9-19 VoiCe Tape Recorder 
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up to 15:991de - easy removal; The cartridge éonfains, approximately 180 reef of ,- 

mgnétie tape, a supply reel, 9. tgke-up feel, and fissociated gears and clutch”.   

Electrical Specifications: The recorder 13 a. two-channel transistorized unit 

consisting of the cartridge hold-down mechanism, voltage regulator, voice 

amplifier, time Signal amplifier , bias oscillator , motor drive circuit, synchronous 

drive motor, speed reduction unit, capstan, magnetic record head, and end -o£-tape ' 

  circuit. 

When the tape cartridge is inserted and secured in the tape recorder, the pressure 

5 roller 1:: the cartridge contacts the capstan and the tape is pressed against the 

record head and the end-of-tape contact. 

' The voice tape recorder is energized by spacecraft min bus power applied through 

. . . . . . . . . , - ‘  ' , "the m Vex circuit breaker and ac]: position of either mom switch on the vac. , ' 

~ The voltage, regulator supplies 15 ‘VDCA to the motor drive circuits, v bias oscillator 

aha amplifiers. With the #CC and recorder energized, woicé ' signals from the- 

159113111}; Crews .microphdne are applied through microphone amplifiers 1n the 1160 t o .  

the_ recorder voice amplifier. The" voice signal is amplified and applied to the ' 

199153: 'r'ecord had for recording on the magnetic tape. The time channel receiyen 

- a  digital timing signal from a time correlation butter in the time reference 

system (T38), The timing signal is amplified by the recorder #:1111231n amplifier 

and applied to the upper record head for recording on the mgnetzlé tape. 

81mltaneous): with the voice or timing signal, a 20 KC bias current from the. 

bias oscillator is applied .t9 the recorder heads to nuke a iinear ‘recérdins; 

9-63 
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The motor drive circuit consists of a 133 GPS oscillator, a driver and push-pull 

output stage used to drive the synchronous motor. Phase eehzlft capacitors are 

connected to one" motor winding for uni-starting. The Motor speed of 8000 RPM 

is reduced through the' speed reduction unit to~ a capstan speed to: 122 RPM. ' 

The end-ot-tape circuit is energized by conductive £011 on the tape contacting 

the recorder head and end wf-tape contact, causing the end -o£-tap_e light to 

illuminaté.- The end «at-tape light V111 illuminate for five seconds when two 

minutes of recording time remains on the tape. The light will renainflluminated" ’ 
vhen the end-of-tape is reached. Recordings cannot be made when the habit is ' 

illuminated . The P1101: my remove the used tape cartridge, insert another 

cartridge and continue recording. Each cartridge provides approxinptely one 

ham; 61' recording. The tape speed is appromimtely 0.6 inches per second. 

mm!!! W 

Expose . The three telemetry transmitters provide a radio frequency (m) link 
from the spacecraft to ground comwniqation facilities for transmission of various 

data. obtained by the instrumentation subsystem. 

' ' Pmrsical Characteristics: The three telemetry transmitters are identical except 
to: the .operatigg frequency. The physical construction and apprmimte locatipn 

at the transmitters 111 the spacecraft is shown in Figure 9-20. The transmitters 

.are appro'nmte'ly 2.75 inches high, 2.25 inches wide, 6.5 inches long, and weigh 

approximtely It]. ounces . Each transmitter contains a DC power connector, an I? 

output power connector, and a video input connector. ' ' 
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Figure 9-20 Telemetfy Transmitters 
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Two of the transmitters are located in the right forward equipment hey at the 

- re -entry module, the third is located on the electronic module in the adapter j 
' - equippent secuon. _ ' ' 

Electrical Characteristics. The three telemetry transmitters are classified 
}. either by bperating frequency (high, low, or mid) or by their function (malf-    
tune, delayed-time, or stand-by). The stand-by transmitter may be used either ' . : 
for real-time or delayed-time transmission depending upon the ground station command 

via the D08 or the setting of the SM TM CONTROL switch. The real-time telemetry 
transmitter, transmitting data directly to the ground station, is actuated either 
by the Flight Crew or by grwnd comnand. The delayed time telemetry transnfitter 
transmits data that has been stored previously on an on-board recorder. Th3 ' 

_ delayed time. telemetry transnrltter is gctuated eithet by ground comnand or by the ‘ 1 
Flight Crew. The TM coma. switch allows actuatibn or either the real-time ” 
telemetry transmitter (Rh 1; ACQ), the real-ting and delayedftime telemetry- 
transmitters (R/r-D/T), or selection or the Iconnnan‘d (cm) position. In the dom- 

. ‘ position, either the real-time, delayed-t1me,-or both telemetry transmitters my 

be actuated by a DOS command ' l' ‘ I 

. The three frequency modulated (m) transmitters provide minimm output power at 
two watts . The real-time (low-frequency) telemetry transmitter operates at 230.1: 
m. The derived -t1me (mid -1’requency) telemetry transmitter operates at a frequency 
of 2h6.3 MC. The stand -‘by (high-frequency) transmitter, operatjng at 259.7 in, ' 

' may be used either for :eabtime or delayed-time transmission in case one. of the 
transmitters fails; I I . 
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7 eJection seats. The power supply is approximtely 7 inches long, 1L inches wide, 

‘ ‘- ’ PROJECT GEMINI 

  “The three telemetry transmitters receive their we code modulated (Pan) mputs 
A from the spacecraft instrumentation aygten. 

""msmmcovnnruemmpmsmr _ 
~ I. . Purpose ._ The flashing recovery light and power supply provide visual spacecraft 

' ' -16cation intonation. 

Meical Characteristics} Figure 9-21 showithe physical-representation 'and . 7 

approximate location of the flashing recovery 115m: 8.1161153 power suppli'. 'The . 

light is self-extended by a torsion spring. The plug applying power to the 

light is kept in place by a compression spring. The recovery light will be auto- 

mticany extended at the time the main parachute :ls Jettisoned. . ' ‘ 

The flashing recovery light power supply 13 mounted in the cabin, aft of the 

_3 inches deep and contains one connector. The flashing recovery light is 

approximately 1. 25 inches wide, 0 75 inches thick, and 3.25 inches high, excluding 

, tube and erecting mechanism. The overall length of the light and erecting   

' mechanism is approximately 6.5 inches. ' f 

. Electfical Charge teriétics: The recovery light 13 autmticam extended at m 

paracmte 'Jettison. The extended recovery light is energized by positioning the 

"  nasc meancm switchtom. . 

The pqwer supply consists gt a. battery pack and transverter. The flattery pack 

' consists or several Mercury cells to comprise a power source or 6.75 VDC to a nc-nc .- 

' 9-67 
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convefier whoée output is fed ' to a vpltage- doubier and a. cgpacitive Inc-twbrk. 

.The 1#50 VDC output (If the voltage doubler is used to Met the flashing light 

while the capacitive network in conJunction with a thyratron, provides trigger 

' pulses to accomplish switching or flashing action 91' the light. The trigger 

panes occur at a rate of 15 triggers per minute. _ 

I _ ‘ mum. fcdmm stew! 

-'1-'he digital command system (DOS) provides a discrete comm link and a digital ' 

data updating cgpabilifty for the spacecraft computer and time reference system 

. gems) . I 
' The discrete coma 11m: enables the grqund to control radar tracking beacons , - 

selection of telemetry transmitters , instrumentation data acquisition, and a'bor‘t 

indications. ‘ ' " ' V 

{the capability at digital data updating enables the mission control center to 

1' update the spacecraft computer and 'I'RS to bring about a controlled r_e entry 

at a predetermined point , and allows timed shutdown 9f equipment controlled by 

'. m 1.913380 . .  

m a u l  Characteristics 

The D08 consists of a receiver/decoder package and two rem boxes as illustrated 

in Figure 9-22 and 9-23, respectively. The three components are located in the 

electronic module at the adapter equipment aection. 

9-69 
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Figure 9-22 " DCS Beecher/Decoder 
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Figure 9-23. DCS Relay Box 
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The receiver/decoder fickage is approximately 8 inches high, 8 inches wide, and 
12 inches long. Both relay boxes are identical. Each rem box is approximately 
2.25 inches wide, 5 inches high, and 3 inches deep. The combined weight 01’ the: , " 

' teacher/decoder fiaékage and thetfio reléy boxes is gpproxinntely 23 pound»: ,Thg . . 
receiver/decoder package contains two UHF receivefi and a décoder while “é'ach ' 

for the two may boxes «mam eight mum.- ‘ 

> General Dean-12510:: _ _‘ _ 
the Des receives phase shift keyed (PSK) frequency modulated (m) gigantic com— " 

. posed gt a reference and an infatuation signal. The informtion signal 18 in 

phase with the reference for a 1031c ""one and 180° out at phase with the 

reference for a logical "zero" 3 t h u s  establishing the necessary requirements for 

digital data. 

Types of Com“ - 

The DOS receives two types 01’ digital comands: real time commie (RIC) and 
stored program comma (SPO). RTC causes relays within the DOS to be actuated. 
Nine of the 16 relays available for me are utilized to perfdrm the foliowfilfié 

  functions: D . '   . . ' ' . ' 
' (1) select the stand-by telemetry transmitter for real time transmission 
(2) select the stand-by telemetry transmitter for delayed time transmissiu 
(3) select real time telemetry and acquisition aid beacon transmission . 
(h) ' select real time and delayed time telemetzjy transmguon 

(5) actuate the' Adapter 0-band radar beacoh” 
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PROJECT GEMINI 

l-(6) actuate the lie-entry C-‘band radar beacon ‘ i ' 

‘ (T) illuminate the abort indicator”; ‘ ‘ 

.18)" actuate the playback tape recorder _   . 
(9) f initiate calibration voltage for the PCM program” 

i _. The renfiining seven relays are not utilized and perform no mission function. D08 

Chanhel asflgninents for the nine functions listed above m be different on each 

‘ spacecraft . 

I When - the spacet goes out of rahge or the grogihd station; equiiment ' controlled . 

'   lay-DOS channels may be shhfi-down by a.~ signal applied from the TRS £0 reset the D08 _ 

fawn. This condition is known as salvo. - The DOS Ireléys 1n ohé relay beam . 

_ be remit b5; the’rnght Crew museum-:13 positioning'the TAPE FLY mi witéh to 

Message Forum; and Modulation _ 

V 'The ground station transmits a 30 bit message for SPCYB and a 12 bit message 

for 1110's. Each bit consists of five_ sub-bits. The five Sub-bits are coded 

. _to represent a logical "one" or "zero." . Th: first three bits of each message 

‘ ‘aesi'gnate thg vehicle address. If the vehicle_ address '13 not correct, the Des 

. will reset fiself and will not accept. thé manage. If the Vehicle addreéa 15 

. >' accepted the sub-bit code will be autmtically changed for the reminder or the -. 

~ message to reduce the probability at accepting an improper message. I 

The second three bite at each message designate the system address and identify 

the reminder at the message as being 9. R10 or one out the following SPC: 

« 9-73 
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computer update, TBS 1'16 to T3, or ms m to T3. It thé misage is a src! 15h. 

last 2h bits will be a. data word. If the SPC is a TBS m to 1'; coma, the f 
last eight bits are ignored by the IRS In case or a computer message, 31:: bits 

at the data. min-d contain; the internal computer address and the renaming 18 

contains intonation. Since a RTC consists of 12 bite, the 91:: bits following 

the system address contain a five 4311: relay number and a one -bit rem set went 

  discrete.   - 

The PSK modulation signals er; 1 KC reterence and a 2 Kc intonation signal 

The receiver output is the composite audio or the 1 KC and the 2 Kc signals. 

The composite audio output is filtered to recover tbs 1 KC and the 2 KO signals. 

The phase comparatbr compares the 2 KC to the 1. KC signal. The output at the 

phase comparator is used to trigger a flip-flop to produce either a logical Vane" . ' ' 3 7 

‘ or ""zero sub-bit. The 1 Kc reference signal 18 used to synchronize the D08; 

Ogmtimal Descrigtion . , . . _ . 

A block diagram or the DOS receiver/decoder is slim in Figure 9-2!» Basically, 

' the block diagram consists out a receiver, a decoder, and a power supply Coma -' 

to bqth sections. . _ 

The audio outputs‘ o: the two receivers. are linearly “gunned 1n_an:em1§tter mum-r 
_ of the pub-bit detector module. The sub -b1t detector converts the findio t9 

' sub-bits. The 5-stage éhift register provides buffei storage fbrthe output at . 

the sub-bit detector. The states od.’ the five' stages of the sum register repute?“ _ _ . 
sent the sub-bit code. Wei: a proper sub-bit code mats in the shift register, . . . ' ' 
the bit deteétor produces a. corrésponding ."one" or "hero" bit, The output of 

w 
.

-
-

:
 

. . 
.

.
 . 

,
.

.
.

_
 

“a 
‘
 

.
~

.
"

‘
-

 
_

'
.

 
I

.
 

. 
A 

- 
,

l
-

u
‘

 n ' 
.

~
.

 
.

-
.

 
A 

‘V 
" 

' 

_ '
1

 
, 

_
'

.
‘

 

_ 
.

'
.

_
 

‘
_

 

‘ 
‘ 

_
,

‘
 

{
.

2
 

a
.

 

.
3

 

'
v

 "
‘

3
 

'
_

 
5 

~ 
. 

. 
~

_
 

t 
. 

.
'

 
~ 

‘ 
' 

.
_

 
__ 

_
.

 
”

‘
4

,
 

1
3

“
.

.
 

‘ 
'

-
 

. 
'
 

.
-

 - 
»

.
:

C
5

~
.

'
J

-
'

 
'

u
l

m
 

“
a

w
e

-
3

m
m

 
i

u
-

v
w

'
w

a
w

l
a

w
fl

m
b

-
t

W
V

 
¥

.
.

'
 

_
¢

"
-

"
.

 
‘

,
 

" 
:

‘
fi

A
-

L
'

y
-

“
Q

!
 

*
r

fi
'

fi
 

2
.

8
 

N
A

‘
 

«
4

‘
 

.
—

x
~

c
~

‘
.

‘
N

.
-

‘
 

.
.

 
' 

. 
4

.
.

.
;

3
‘

5
.

‘
 

A 

‘ . 
‘ 

_ 
‘ 

‘ 
. 

. 
. 

, 
. 

. 
- 

. 
'

n
fi

‘
.

 
[

5
5

k
 

J
u

n
g

-
6

.
4

.
1

4
 

Q
 

.
'

 
I 

“
4

.
 

I 
I 

< 
. 

" 
' 

l 
‘
 

L 
1 

‘ 
.

'
 

' 
v 

. 
A 

v 

3
.

t
 

M
f

r
-

3
.

;
 

”
m

u
m

m
y

“
;

 
«

.
-

.
9

4
u

.
5

h
n

u
$

k
 

h
u

h
-

i
d

?
“

 
s

a
x

r
'

g
‘

a
 

' 
.- 

.~ 
_ 

v 
a

?
 

,
K

fl
t

w
 



- -
_

. _
. .

. .
_

¢
 

,
.

 
‘

.
.

-
 

‘ .
‘

r
.

-
.

 
-

fl
‘

h
 

.
q

_
.

.
 

_. 
' 

-. 

-
.

 
a» 

c
—

n
—

o
o

-
a

—
n

—
 .

.
 

u 
' 

. .. 
. 

n 

.
v

 
A

.
.

.
»

-
 

"
w

.
.

.
“

 
.

.
—

.
.

.
—

—
.

—
 u. 

M
—

 _
~

.
.

.
-

—
u

-
 ‘

0
‘

 

"
‘

,
"

"
 

"
m

y
?

 

\ ‘ 

  3.:- l t - 

SIGNAL STRENG‘II'I 
to mummy 

sun-m7 . 
. ammo; 

« m  . . o » . . - _ - _ - u  

sent :00 

PROJECT GEMINI 
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, the bit. detector is applied to the 2h 9 t  shift register. The operation for V 

RTC and SPO is identical up to the input to the 2% stage shift register. 
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The sub-bit sync counter produces a bit sync output for every five sub-bits. 
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The bit sync i s  used to gate the 21+ stage shift register. "7 ' ,_ .— 

fiheh akmeaaage 13. “received, the vehicle address is inserted into the firét threeT 

1 I : afih‘s’es or the 21!. stage shift register. If the Vehicle address 13 correct, the Y 

~ ': . vehicle address decoder circuit will produce an output to the bit detector which 

5.1:, changes the acceptable sub-bit code for the reminder of the message. The next 

. E‘thzz‘eé bits of the message,.the system address ,_;are inserted into the first three 

j stages of the 2k adage shift register, displacing the vehicle address to the next " 

:’ three stages. The system address decoder circuit idehtifiea the specific address 

"’ °* and sets up the DCS to handle the'remainder of the message. 

’ Vixen the system .addrees is recognized to be ' a  RPC,.the message is inserted into 

the first six stages of the 2! stage shift. register and the systehyaddrea‘s and 1 

vehicle address are shifted into the hext six stages. The real time command 

selectign circuit recognizes the first stage of the' QR stage shift register to be '   ‘ 

j ' - either a. relay set or reset function and will apply a posiiive voltage to all . . / 

_'qe_1_: or reset. relay c0113, as applicable. The real time command selection gates " .. “ . 1 :  

.4 1‘," ' select the proper relay from the relay number stored in the 2% stage shift register , 

and provides an output which applies a power return to the coil of the selected     -» ? 

' relay. ‘3 ._ - 

9-76 ' 
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PROJECT GEMINI 

  . flhen the system addressis a SPC, thler'six address hits" in the 2h .atage' shift -- - 

registers are cleared and the remaining 2% bits of the message are placed into 

.0 

. Assuming that the system address recognizes a TRS‘ TN to T3 message, the data . .  

1‘ I. " flow would be as follaws: the TRS TR isolation amplifier, in the interface circuit, 

‘l'will apply a "ready" pulse to the 'I'RS. The ""ready pulse sets up the TBS to 

transfer TBS TI'G to T3 data from the DCS. When the TBS is ready to accept the 

.  data, it sends 2’: shift pulses at the T88 data rate to the TRS input of the DOS. 

  The data in the 2k stage shift; register 13 then shifted out of the register - 

‘through the DOS data isolation amplifier to the TRS. The DOS operations for ' 

‘ ‘ computer updating and TBS ‘1'1'G to '13; messages are similar to TRS TN to TR 

fi‘operations. _ - _ 

'S'alvo occurs when TBS m to {13; reaches zero. At Tx 'i' O,- the TBS applies a signal I 

- to the 1'38 1‘; input line of the 1308 which causes the real time commnd selection 

‘ 'circuits to reset the DOS relays. 

After a SP0_ or. RTC has? been carried ofitby; the DCS, a verification signal is 

éupplied to the telemetry system for transmission td a ground station. The DOS 

'mdicator, on the pilots instrument panel, illuminates when a SPC is transferred 

to the appmpriate system. 

Upon completion of data . transfer 01°11 the system to which the data Qua transferred 

has to respond withm‘ 100 milliseconds, the Des will i-e'set in preparation “for 
the-next massage. The D08 will also reset in the event or a timing error 1:: tray:- 

mission of data, or 1: the DOS power supply voltages become out of tolerance. 

9—77/«78 
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Figure 10-1 Basic Instrumentation System Block Diagram } I'M—m {i 
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SECTION x msmmm'rIm 313m - - 

- .' stem mscnmnm 

The Instrumntation System monitors the performnce and operation of the spacecraft 

throughout its mission. . It provides for approximately 65 masurements (Operational. 

Measurements) which are necessary for performnce of the mission and approacimtely 

250 measurements for post-mission analysis and evaluation. The system primal: 

’ monitors structural phenomena and spacecraft system parameters. It also monitor: 

the vital physiological functions of the pilots and receives signals from the 

DOD/NASA experimental equipment. Because of the various types of parameters . ' 

monitored, the system components are located thrmghout the spacecraft. 

Srs'rm marten 

’The basic functions pct the instrumentation system aré to (1) sense the various ‘ 

Iconditions and functions , (2) condition the resulting signals (when necessary) to 

. , henna levels, (3) display pertinent data in the Spacecraft cabin, (h) record 

certain data :l’qr delayed-tine (data-dump) transmission, and (5) .pro-vide 91ml: 

. r for real-time transmission to the gréund stations ‘. During pre-launch dpeiatiohs , 

" , data transmission 13'. acéomplished by both the use of "landlines," attached to the . , 

‘ spacecraft umbilicala , and telemetry. After launch, data transmission is acconip- ' 

lighted by telemetry only. The telemetry transmitters are discussed in section? Ix, 

”Commication System. "' A block diagram or the system is shown in Figure 10-1.: 

' The system senses the prescribed parameters throughthe use of sensors which my 

be contained within the system or which may be integral parts or other system. 
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I » Typical sensors include pressure transducers, resistance temperature sensors and 

accelerometers . Signals my aiao be obtained from such functions as switch and 

’ relay actuations and from electronic package monitor points. . - 

The maorify or! the signals generated by the“ end items are uFable for the' sbace- ' 

craft cabin indicatOra and/or the encoding equipment without alteration; Some 

6'! them, however, are routed to two signal conditioning packages (instrumentation 

Iassembliea) uhere their characteristics and/or amplitudes are changed. ‘ The 

' resulting signals, as“ well as those from the other sensors, are_ of four build   ‘ I 
types: low-level. (0-20 MV Dc), high-level (0-5 we), b1-1eve1 (0 or 28l-vnc)‘, and 
‘bi-level pulse (28 VDC or O VDCL Signals of selected parameteré are. Supplied to ‘ ' 
the cabin indicators, while signals of a1]. paraméters are supblied to the P014 

malt 1p1exer/enc Oder system. The multiplexer/encoder system converts the various 
spacecraft analqg and digital signals to a serial binary-coded digital signal for I . 

presentation to the data-dump tape recorder and the real-time telemetry transmitter. ' 

The tape recorder records a portion of the real-time data from the programmer at 

‘ . a  tape speed of 1 7/8 inches per second and, upon commnd, will play back the 

data. for transmission to a ground station, at a speed of 1&1. 25 IPS (22 times the 
recording speed). 

' Five physiological functions are monitored for each pilot. All of. the measurements 
are supplied as Ireal-time data, while only one is supplied as delayed «4:111: data. 

“ - H  

In addition, some or the measurements are recorded by two special (BIO-MED) tape 
recorders. 
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-smsom 
A number at different types of sensors are used in the spacecraft for measurement 

. or the various conditions. Figure 10-2 shows the locations of some of the sensors ' - 

contained in the insti'umentation system. .. 

The pressure transducer. is 'one type of sensor—used 1n the system. - Its functibn I 

_ is 1:6 convert a fluid or atmospheric preséure to an eleétrical signal; The aizés _‘ 

of the units vary from about 1 1/h" x 1 1/1." x 3" to approximately 2 1/2"x 

2 1/2" x h", the weights vary from approximately .115 1b. to 2 lbs. Typical. 

transducers are shown in Figure 10-3. The unit construction utilizes a bellows 

or bourdon tube which varies the viper position or a potentiometer, proportionally,‘ 

with the input pressure. Two potentiomters are used in the dual-output units to . 

separate the cabin indicator circuit from the mltiplexer/encoder (Telemetry) 

circuit and avoid a possible loading error in the latter. With one exception, 

. pressure transducer outputs range from O to 5 volts me.  The OMB quantity system 

pressure-temperature sensor, which drives a cabin indicator, has an output of o to 

25.1130 

Spacecraft temperatures are monitored by platinum element temperature Ben‘s ore. 

The units vary somewhat in size but are roughly .h" x .75" x 2.0" . They are 

pictured in Figure 10-3. There are two types of sensors: a probe type and a 

surface mounted type. Probes are used to mnitor fluid temperatures and surface- 

munted sensors are used to monitor surface temperatures. 7 Both types utilize a. 

fully-annealed pure-platinum wire encased 1:: ceramic insulation. The sensors form 

" 10-5 
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one leg of a bridge network whose unbalgnce will produce an output of either 0 

. to 20 MV DC or 0 to hoo MV DC; The 0-20 m Dc outputs are used for data trans-5 , .. I 

misgion purposes and the O-hOO 1N DC outputs for cabin displays. 

Three linear accelerometérs are- provided to measure the accelexations along each 

lot the spacecraft axes. The units are approximately 1. 2" x 1. 2"_ x 3" and are 

fictuied in Figure 10-3. The acceherometers are electrically-damped, tome. 
balance, servo-type units with outputs of 0-5 VDC. The unit which is used for ‘ 

longitudinal measurements has a. range out -3 1:04-19t and the. other two have 
ranges of :3 6 '3 .  The accelerometer 13 a torqfie Balanced, closed loop systefii-witb I 
a pendulous mass supported by an extremely low friction Jewel Fearing. An 

' electromagnetic position detector notes the slightest movément of the mass and . 
supplies 9. directly proportional electrical 91m]. to a servo fimplifler. I'Ihe 

output of the servo: amplifier 13 applied -to a‘ torque generator whiéh tends to 

restore the ‘mase to its equilibrium position. The outpugg; the accelerometer 

is obtainedfl by sensing the voltage drop across the resistor in the system loop 

(Figure 10-h). 

A carbon dioxide partial pressure detector (Figure 10-3) is utilized to mean; 
that there 13 a safe level of C02 in the pilot suit circuits. The detector #3 

located on the environmental control system (E08) module. The gaseous mixture ' 

t6 be sampled-1| obtained as it exits from the E08 carboh dioxide and odor. 
absorbeys. The sample stream is divided through 1510 separate paésage'a , both 

filtering water vapor, but- only one filtering carbon dioxide. The stream than 

pass into identical. ion clum'bers which are polarized vii-sh :50 VDC obtained. from I 
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Figure 10-4 Servo Accelerometer. Schematic Diagram 
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" a Dc-Dc converter contained in the detector assembly. In the ion chanbers, 

radioactive source ““1298 the 88888- The difference of the electrical output: " 

is amplified and provides a .voltage' which .13 proportional 3:0 the partial pressure '. 1. 

61' thé mixture; The gas is then réturned to'the inlets of. the Suit coinpresfiors. ' 
The system provides two outputs: 0-5 VDC into" a admiral 2. 5' mégohm load for 

telemetry use, and 0-100 micro amps into a hOOO ohm cabin indicator (Figure 10-5). _ 

‘I'hree synchro repeater aasemb11és (Figure 10-3), mounted in the upper‘portion 91’ 

the left landing gear well, monitor the synchros on the inertial guidance system 

(IGS) platform gimbals. Each synchro repeater output is a no 9131131 proportibnal 

to the spacecraft r011, yav, or pitch attitude in terms of platform coordinates. A I 

Two outputs are available from each repeater; (a) coarse output, which provides 

M
 

0-6 'VDC‘ output for 0-350 degrees of synchro travel and (1:) fine output, which 

give; 0-5 VDCI output tor every 35 degrees of synéhro final; (my the coarse 

output 1; monitored (Refer to Figure 10-5). Each synchro repeater potentiometer 
1:53 a- 10° (Mam) dead band, the center or which is located at the 135° platform. 
position. Control _or the éynchro repeaters is achieveq by pilot actuatiofi or the -. 
platform mode select switch, ' ~ A 

ESTRUIENTATION W m  

' A  number of the signals in the various spacecraft systems are not compatible with 

the instrumentation equipmnt and, therefore, must be conditioned for its use, 3 

TWO signal-conditipnifig paclmges (instrumentation assemblies) are prbvided for   : 

this purpose. Instrumentation assembly No. 1 13 approximately 8" x 10" x 3" and, ‘ _ I . . E ' 1; 

is ' heated in the adapter section (Figure 10-6). Instrumentation asaembly No.‘ 2 h i % 
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‘ 1 3  apprbadmatély 10" x 10“ x 8" and 13 located in the uppexi right équipme’nt bay 

-. "of the re-éntry section (Figure. 104-7), Both uriité utilize sealed containers . 

.. with 6.11 operatifig pressure of h .  5 PSID. The assemblies employ modular construction _ : 

with plug-1n modules that my be individually replaced. A module consists at h , 

_o'ne or two standard printed circuit boards with the necessary compdnent parts. ‘- 

and a connector for attachment to a mother board within the package. There are 

'18 module- spaces in assembly No. 1 and 51 in assembly No. 2. Some modules provide 

for one data channel and others for two. There are six basic types of modules: ‘ 

thé Phase Sensitive Demodulator, DC voltage monitor ,. AC voltage monitor ,' DC 

mill-molt monitor; attenuators, and frequency sensbr. W Several of these ‘haire 

additional varianbna for different sigma: handling capébilities. 

ThePhase Sensitive Demodulator (PSD) has six variations. Baa.1cam,'the. PSD 

hécepts two input voltages: . one signal voltage and one reference; It provides 

a Dc'output of. five volts, for a full scale input signal that is in phase with . 
the reference, and an output of 0 volts, for a full scale signal that is on} of. 

phaée with the reference. The various configurations of this unit provide 

different full-scale sensitivities including special calibration curves for rate 

gyros; 

' The 1h types .of_ Dc voltage monitors are designed to accept various positive and. 

negative Dc voltage inputs and provide outputs of O to 5 vnc 
- — .  ~ — -  

The AC voltage monitor accepts a signal ranging for 23 to 29 volts me over a 

frequency range of 380 to hao cycles. The output is from 0-5 VDC, varying bully. 

with the input voltage.- 
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The attenugtor modules convert various Dc inputs to signals in either the 0-20 

MVDC range or the 0-5 VDC range. There are six types of attenuator modules for 

 S/C 5 and five types for 8/0 6. Some attenuator modules contain two data channelaf‘ - 

The DC miluvolt monitor accepts an input of O to 50 MV DC and provide; a. 

.7 proportional output 01’  O to 20 MV DC. 

‘ The Ac frequency Sensor provides a O to 5 VDC output proportional to an input 

  frequency varying from 380 cps to 1:20 cps. The voltage level of the input 13 26 

" volts rm and does not affect the output of the module.; 

IMTIPIEIER/ENOOER 

. The witiplexer/encoder is divided into five packages to allow the data signals 

-_ to be Sampled near their sources. The units are shown in their respective locations 

in Figures 10-6 and 10-7. Two identical low-level multiplexers, one in the r‘e— ’ 

’ entry section and the other in the adapter, each sample 32 law-level signals (0-20 

MVDC); Two high-level mltiplexers, in similar locations, each accept 32 high- ' 

I .1evei (o-s vnc), 2h b1-1eve1 (0 or 28 vine), and 16 bi-level-pulae (28 or o vnc) 

signals. . The programmer, located in the re-entry module, contains the balance of ‘ ' 

_ ' the mltiplexing circuits, the anaiog-to-digital converter, program generator, I 

sync generator, address generator, output shift register, clock rate generator , '  
1 

digital shift regulator, and a. tape recorder input converter/conditionér." 

The sampling rates, or the multiplexer inputs are established by the timing chain ' 

1n the pmémhufr. In the low-level multiplexer, 13 group of eight input gates 

' operates at 1.25 samples per second and another group our 215 input gates operates 

10-15 _' ’ _ 
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v-I'at 'Jtl6 samples, “per 'sécOhd. In the high-level mltiplexers, a1]. analog channels 
are sampled at 1. 25 samples per second, and the bi-level and bi-level. pulsed 

signals are sampled at a rate of 10 Samples per second. Bi-level pulses occurring 

between samples are held (reménbered) by the bi-level pulse gate circuitry. After 
sampling has occurred, the gates are reset. For bi-level signals, 15 VDC or ubre 
represents a binary "ONE" and 5 VDC or less is a binary "28m. " Either a binary 
"mm" or a b1nary"ZERO” can indicate that an event has occurred. For bi-level- 
pulsed signals, 15 VDC car more represents a binary "ZERO" (O vnc), while S no 
or less for at least ten milliseconds is a binary "ONE" (5 VDC). 

The seria]. outputs, provided by the programmer, all have positive voltages for I 

"ONES" and zero or negative voltages for "231205." ' The output for the tape recorder 
. is a 5.12 K bit- per second serial return-to-zero (Hz) signal with a +5 volt 

transition for data "ONES" and no 'transition to: data "ZEROS." The programmer 
output for the "real time” transmitter is, a 512 K bit non-retain die-zero (NR2) I 
signal with a voltage which 13 ' adjustable between .1 volt and 1.0 volt peak. _ 
A clock sign). of 5.12 K bits per second is also provided for the tape recorder. 

This output 13 a pulse train of 50$ 43% duty cycle at a peak-to-peak amplitude at '  

approximately 5 volts... . 

Separate hardlihe outputs are'l provided tolem'ble various‘ test equipment to be used ' 

without degradation of either the_ transmitter 6r tape recorder output-.8. The hard- 
line‘ outputs are "Real Tim POM Signal," "Basic POM Clock Rate Signal," and 
”Master Reset. Pulse Signal." The signals are tfio volts peak-to-épeak and mined. 
over twinex coaxial or video cables .. 
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PROJECT GEMINI 

I i The programmer "Real Time? message forn'ai consistiof Mast'er‘Frame and Prim ' 8 t  

' '_frame data. The ‘ofitpnttlo the tape recorder. 13 Prime Subtramedétd only; The : 

mater‘f'rame consists of 160 words, each word consisting ‘of eight data. bits, 

‘. gambled w‘times’ per second. Ninety-six Master Frames are required to completely 

. cycle through all data mputs. Every tenth word in. the Master Frame contains ' 

. Prime Subframe data. The Prime Subtrame consists at 6’4 words sampled ten times 

per Seéond .' Twenty-four Prime Subtramea are required to cycle through all data 

. inputs of this part or the system. Information bits are obtained from (1) analog 

data, arranged with the most significant bit first; (2) digital data, broken into ‘ 

grudge of eight bits, with the most significant bit. first; or (3) biélevel data 

grouped. as eight consecntive data bits (:éferred to as g bi-levgll'ia'et"). '. 

EAmIc TAPE moohnfin/mmmcmz‘ 

The mgnetic tape recorder/reproduce: is approximately 10" :10" x h" and 13 ., 

“located 1:: the instrument panel pedestal 1n the spacecraft cabin (Figure 10-7). 

The package contains the necessary tape mechaniém, reels, tape, and record/reproduce 

electronics to record the return-to-zero (82) signal and then reproduce it as none 

return-to-zero (NR2) for transmission to the ground station. 

The recorder provides a mam at four hours recording time at the tape speed 

’ a 1—7/8 :23. ."he initial recording. operation begins with the tape ruuy rewound’. 

when the playback command is received, the recorder reproduces the data in reverse 
—--.-.-.— 

order and supplies it to the delayed-time telemetry transmitter. Upon removal 01' 

the playback command , the recorder stops and immediate]: resumes recording. 

Erasure or: data already reproduced is accomplished, aMltaneously, with recording 

- - - - - - - -  
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.- of new data. Reel adapters are provided 30 that the data on the tang can be  . 

reproduced using ground instrumentation recorders. The tape, used with the 
recorder, is standard 1/h" magnetic mums tapef  ; . _ 

‘ - n c m o n c c o n v s m  

' The two Dc to DC converters, one of which is a standby unit, supply the untrue, I I. ‘ 
mutation system with reguiated Dc power. The units are approximtely 5.5” x J 
5 5" x T" , weigh approximately seven pounds each, and are located in the right 

equipment bay of the re-entry section (Figure 10-7).'1'he converters are essentially _ " ’ . 
voltage regulators which operate on 18 to 30. 5 VDC and supply output voltages qt 

+5 VDC, +21: we and -2h vac. 

PHYSIOLOGICAL 'msmn’cu ‘ I 
GENERAL I . _ . 
The physiological. functions or the pilots are monitored by sensors which nre 

attached, at various points, to their skin. 81ml conditioners, located in- 

pocketa of the underwear, condition the signals from the gensors to make them I 
compatible‘wifih the recbrding afid multiplexing equipment. - The oral taunt-attire- 

outpfit 13 then routed directly to the h1-1eye1 mltiplexér. A11 other outputs - 
' of the I signal conditioners are terminated in two.‘ Jumper plfiés fibich attach to 

mating connectors in the spacecraft. The rating plugs have Jumper wires for 

programing the data signals to the bio-med tape recorders (Figure 10-7) and to 
the mitiplexer/encoder for transmission to the ground stations. 

The fihysiologicai data which are monitored by the _syatem_ are: (1) Electrocardio- 
’ gram No, 1 (axillary), (2) Electroc'ardiogram No. 2 (eternal), (3) Reapmtion 
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raiel‘and depth, (11). Blood 'pmeasure,_and (5)9111). tempéifatuie.‘ .. 

'TAPERECORm. _‘ > _ , . 

' '. Thé two tape recorders used- for the physiological instrumentation are identicalQ '  

Each one is approximately 9" x 6. 5" x 1. 7" (excluding connector and mounting 

proJections)‘ and weighs about four pounds. One external connector provides 

l'termination pdinthfor all inputs and outputs. The circuitry 13 made up of 19 

pflntéd circuit boards with Solid -state components. The recorder uses recording 

. ' tape with a width of 0.1397- + 0.001 inches. The reel capacity 13 890 feet. Some 

_ _‘ “physiological functions of each pilot are recorded on separate tape recorders. > 

    " I'Each recorder has six data channels and one timing channel. The timing input is?- 

' a pulse-coded wave train obtained from the Time Reference System (TBS) through 

the Time Correlation Buffer (TOE), This signal is used for time correlation when 

'- the data-18 later analyzed. The recorders V111 operate fora“ total “of 100 hdura. . 

3 at a norml tape speed of 0.0293 inches per second. Recorder operation is 

controlled by the pilots during the mission without "playing back" the data. 

Upon completion of the mission, the records are removed from the spacecraft so ' 

that the tape can be removed and the data extracted. The total power require- 

ment of each recorder is 1.2 watts @ 2’} VDC. 

. A11 physiological. data is supblied to the multiplexer/encoder system so fiat ' it 

my be transmitted to the ground étations .' The signals for. oral temperature” are 

0-5 vnc in amplitude and are high-level inputs to the multiplexer/encoder. They " 

are recorded by the "data Jump" recorder and transmitted to the ground by the ' 
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. delayed -time and real-time transmitters. The signals for the balance of the 

functions, in the 0-20 MVDC range, are supplied to the low-level inputs of the 

multiplexer/encoder and transmitted 1n"rea'1-t1me" only. , '  

Electrical power for the physiological instrumentation system 13 provided by tho 

V bio-medical power supply (Refer to Figure 10-7). The power supply converts 28 m 

. spacecraft power to -10 no 
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. are located in the retrograde 'secti-on of the adapter. 

. shall be mentioned by name only. ' '. 

- ‘ Descrimofi 

PROJEET GEMINI 

SECTION nf Hummus mm 'mnoamn Room 

em momma 
The Pyrotechnic Devices and Retrograde Rockets, installed in the Gemini Spacecg'aft, 

I perform a large part of the operational burden. They provide the escape system . 

I . modes, enable and disable systems, and separate various sections and assemblies. 

Pyrotechnics are installed in each of the mad or sections, and in mnnerous locations 

' throughout the spacecraft . The retrograde rockets retard the spacecrafi' s_ orbital 

f velocity to initiate re-entry into the earth' 8 atmosphere . The retromde-_ rackets. ' . 

RECURRENT coimoms , . . _ , 
Some pyrotechnic items are used extensively throughouf 'thé spacecraft, To.’ avoid 

7 repetition in subsequezit paragraphs , their description ' and operation will be 

presented at this time. When describing the various systems, these components . 

nmomron ‘ 

The typical detonatoi (Figure 11-1) is a. machined me). or alumimm cyiinder 

éontaining an imam mix, booster charge and an output charge. In some iristancéé 

_ a pyrotechnic time delay column 13 used to provide a' time delay between ignition - 

‘ and defionation. The cylinder is threaded at one end for installatioh ,purposefs‘,‘ _ 

An electrical receptacle is provided at the other end.‘ Electrically, the detonafiors 
are I provided in two different configurations . One incorporates two independent, 

identical 'flring' circuits. The other incorborates only one firing circuit. The ' 
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‘ circuits of both detonators are insulated from and independent of the detonate! n "i 

body. Each firing circuit consists of two electrical connector pins, across 

- which a bridge wire is incorporated. The detonator is used to initiate high 

_ explosive components . 

Lona» # ‘ _ _   
Upon réceipt of the propeg? electrical signal, the firing éircdfi: or grants 
V111 cause the détonator to function. Either Icihz'w‘mit‘ (detonators with dual. 

circuits) will initiate the charge wit}; the same perfdi‘nance charaétertstica é; 

exist when both circuits are operativé. The biidge Vite ignites the ignition mix 
whiéh in turn ignites the booster charge. The Booster charge then propagates ' 

detonation t6 the output cam. If a delay colum is installed, the ignition mix 
will ignite the delay column which ignites the booster charge. The output crane 

detonates and transmits‘ the detonation wave to the assembly to which it 13 attached- 

mm 
Descrigfi-on _ _ ‘ . . 
The typical cartridge (Figure 117-2) is a machined steel cynnaer containing an 

ignition mix and an output. charge. In some insfances a. pyrotechnic time delay 

éoiunm 13 used to provide 5, épeciflc time delay between ignition and output. I The   
cartridge is threaded at one end for installation pfirposes‘. An eiectriéal recep- " ‘ 

tacle is provided at the opposite end . Electrically, the cartridges. are- provided 

in two different. configurations. One incorporateg two independent, identical 

flflnsocircuits. The other incorporates only one firing circuit. The circuits at . 
both cartridges are insulated from and independent of 'the cartridgeubody. .Each. . 

firing circuit conuata of two electrical connector 91118 with a bridge wire 
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I attached between; The éartridge 13' used to prqduce hotlvgas pressure; . 

OE ration ' . , _ . . . ‘ _ 

When initiated by the proper electrical usual, the "firing c1rcu1t§ mu cause; 

the cartridge to function: Either circuit (cartridges vith dim]. circfina)‘ V111 _ __ ,. 

fire the charge nth the same peflormnce charééteristics as exist when bath 

circuits are operative. The bridge wire ignites the ignition mix which propagates 

burning to the delay column, if applicable, and to the output charge. The wtput. 

charge produces gas pressure that is used to operate the specific device in which 

the cartridge is installed. .. 

m m  LINEAR SHAPED 0mm: ' 

Dea'erigtion . ' . ' . . 
Flexible Linear Shaped Charge I(FISC)13 g V-shaped , flexible lead sheathing 90hr _ 

taming a high explosive cdre- FLSC is used in éefiarafién assenblies to .sev‘er ‘ 

various types, thicknesses, and slupes or materigls. The specific time, shape 

and thiékness of the material. to be. sepérated , dictatés the amount or explosive. , 

contained in the FLSC. In the Gemini Spacecraft a; .Agena Adapter, the FLSC 13 

providéd inroui- different core loadings: 7, 10, 20, and 25 grains per 'root.’ 

Opgration 

When installed, the open portion of the V-smped F150 is placed towards the item > ' 

to be severed . The FLSC is detonated by a booster charge that has been inflicted, 

by a detonator. ‘ The explosive core of the use detonates, resulting in collapse 
or the sheathing 1n the "v“ groove, which produces a cutting Jet compoéed out ’ 

explosive products and minute metal particles .. This Jet proéuces extremely high 

localized predaures resulting in sires; far above _the yield Istrength, at the target ' ‘ 
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_ mtérial. I 

' .- :mp Immune ms: 
Description. _ , .. . 

Mild Detonating Fuse (MD?) is a strand of high explosive encased in a lead sheath- 

ins with a circular cross section. MDF 13 used as a separation device and as an 

explosive interconnect. As a separation device, the strand contains 5 grains of 

explosive per foot. As an explosive interconnect, the strand contains 2 or 3. 3 

‘ grains of explosive per foot. The interconnect type MIF is installed in either 

. flexible woven steel mesh or nylon hose and rigid stainless steel tubing; Both 

'rigid and flexible. MIF have a small booster charge incorporated at each end. The . 

booster charges are referred to as accepter and donor- The accepter being 6;: the 

end that receives a detonation wave froni an 'initiatdr'. . The donor being on the end ‘_ - 

that transmits a detonation wave to a component or another accepter. 7 The inter- 

- connects are attached to various devices by AN type fittings or Bendix type 

quick disconnects . 

' . Oggration _ ~ . . > , 

- The MW used as a separation device’ is piaced in a groove. mined in a magnesium 

' . ring. The ring is formed to the grape of the items to be separated and is placed 

between the mating surfaces. The assembly to ‘be Jettisoned 13 attached to the 

' min structure by frangible bolts. The bolts have been axially drilled to reducg ‘ 

tensile strength to a specified breaking point. ‘When detonated, than]! exerts 

a force against the mixing surfaces greater tlmt the tensile strength of the . 

frangible bolts. The MDF, used as an explosive interconnect, is initiated when a ‘ ' 

detonate: or booster charge progegatu a detonation wave to the mr booster.‘ The 

11-7 



. . . . . . . . .  

SH)! 300 

PROJECT GEMINI 

booster strengthens the wave and transmits it linearly through the length 01'. the ‘_ ' . ‘ 
’ ifi' strand. . The booster, at the opposite end, propagates the detonatipn wave t o '  ' 

the device to which 11': 13 attached. 

mmrlw assmms AND DEVICES . _ . 
There are several different types at separation assemblies and devices used in 

the Gem-“‘1 Spacecraft (Figure 11-3). These assemblieg and deiices are preséntedr. 
individually in' the folldwing pardgrapha. ' I ' ' h ' 

srAcscRAH/Lwncn mum-.3 SEPARATION m 2  

Descrigtion . . 

The Spacecraft/Launch Vehicle Separation Assembly (Figure 11-h) separates the . 

spacecraft from the launch vehicle by severing the mung ring. The separation ' 

assembly primarily consists of two flexible linear shaped {barges (FLSC) installed 7 

around the periphery of the mung ring, three detonators, three detonator blocks, 

three dug; boosters, a molded backup retainer and a back blast shield. The dual 

boosters are inserted in the détonator blocks. The dual booster protrude into the 

molded backup retainer, indexed directly above the FLSC, when the detonator blocks ' - 
are installed. The detonators are inserted in the detonator blocks with the out- 

put cmge adjacent to the dual boosters. The back blast shield attaches t h e -  

molded backup retainer and FLSC to the mating ring. 

Opgration _ 7 _ 

' Upon receipt of the proper electrical signal, the detonators transmit a detonation 

wave that ‘13 propagated to the dual boosters. The dual boosters strengthen the I 

detbnation wave to achieve proper detonation of the F180. The F130 detonatea and 

severe the mating ring redundantlly. I The backup retainer absorbs the shock in the 

11-8.. 
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back biaat. The back blast shield protects the structure and equipment from 

' "‘rshrapnel, Proper detonation of only (me strand 0! F1280 is sufficient to sever 

the Rating ring. 

EWIPMENT SECTION [RETRWRADE SECTION SEPARATION ASSEMBLY 

nescg-ipuon ' 
The Equipment Section/Retrograde Section Separation Assembly (Figure 11-5) sepa- 

f rates the equipment section of the adapter from the retrograde section or the 

. adapter. The assembly basically conéists of two main unité: the shaped charge 

as'sem'bILv land the tubing cutter assembly. The shaped charge assembly primarily 

consists of two flexible linear shaped charges (FLSC), three detonate: blocks, con- ~ 

taming 'threé crossovgrs and 31x boosters, three detonators, ten segmented bhcmp _ 

strips and a molded" backup retainer. The detonator blacks piovide tor installa- 

£161) of the detonators. One detonator block provides. for the installation or the 

.tubing cutter explosive interconnect. The tubing Acutter assembly primarily con-- 

sists of an explosive interconnect (MD?) , two ‘ for-med aluminum parallel housings, ‘ 

I - molded backup refininer , two flexible linear shaped charges with bOosters attacheq , 

a detonator block and _a detonator. The explosfie interconnect (mm) 13 a flexible 
nylon hose. containing 6. strand of high explosive and end mounted booster charges. 7 '   

The interconnect has Bendix type connectors incorporated at each end for attaching 

the interconnect to the cutter and shaped charge detonator blocks. The inter- 

connect is attached to the cutter_ detonate: block with it; booster clurge adJacent' 

to one of the boosters on the use. The detonator is instauea 1n the cutter . 

detonator block {nth its outpfit end adducent to the other booster 6n the HBO. 

The cutter assenbly 18 bracket mounted! to the inside or the retrograde section 

of the adapter {amid of the. parting line. The shaped charge assembly 1: - 

11-13 



stun zoo 

PROJECT GEMINI 

secnou (if) 

mne‘clmn ASSEMBLY 4 

' m , ‘ ’ swan ems: Asssmw mncqum 

' was to u /sevmo «an 

- _ - _ - ‘ - ‘ _ _ - ‘ - _ _ -  

A
’

:
.

\
 

SHAPED CHARGE 

MOLDED ' MCK-UP 35mm: 

mfsacoam ADAM . 

, 
' E

V
V

/
/

/
/

/
/

/
/

/
 

'
*

 
:

4
1

 

DEIONATOI 
”USING . . . . . . . . .  

SECTION 3-8 

Figure 11-5 Separqtion Assembly-Equipment Section/Retrograde Section 
' 11-14 ' 

. ' >  I I... A ' l .  . ‘  I 

:
fi

v
i

i
n

‘
d

 
.

1
‘

 
v

‘
 

. 

‘ 
I 

- 
~ 

4
.

»
 

h
d

i
d

w
s

m
-

 
«

p
d

-
l

i
b

}
.

 
.

,
.

 
. 

‘ 
J 

A
-

A
.

.
.

 
_ u. 

.
“

 
A 

m
m

fi
fl

x
 

'
,

 
-

~
.

:
'

-
 

“
'

9
‘

 

—. 
um

w
 

- 



*w a
w

.
 

,
J

 

0 
W

u
.

 

SEDR 300 

PROJECT GEMINI 

. installed around the outer periphery of the adapter at the equipment aection/retro- ‘- 

  "grade section parting line. 

Ops. mum; . 

"When initiated by the proper electrical signal, the detonators are caused to 

6) 

function. the detonators of the shaped charge assembly transmit a shock or 

detohation wave to the crossovers which in turn initiates the boosterp. The 

bopsters 'propagate the wave to the F186. The FLSC detoxiates and functions to 

sever the adapter at the parting line redundantly.‘ The degbmtor of the tubing 

cutter assembly propagates detonation 'to the. booster on one strand of FLSC 1n. the .. -- 

cutter assembly. The explosive interconnect transmits detonationnfr'om the shaped i : 

charge assembly to. the bodater on the other strand of FLSC 1n the cutter assehbly. - 

The two boosiers propagate the shock wave to the FISC. fl'he 1:96. strands of H30. ' 

1n the cutter assembly detonaté aha sever the twelve aluminum tubes arid one nylon 

tube. Proper detonation of only one strand of FLSC, in both the shaped charge ' 

.assembly and tubing cutter assembly, is sufficient to achieve separation. ‘ 
. M M , , ,  

' mocmm SEcrION/RE-mmr mom SEPARATION ASS-Sm 
Descriptidn ' _ _ . M . . 

The Retrogradé Section/Reentry Module Separation Assembly (Figure 11-6) functional 

_ to sepfiratethe retrograde - section of the adapter from‘the re-enfry modulé. Separa- .‘ 

#1011 is accomplished by severing fihe three titanium straps and various tubes and ' ' 

wire bundles. Tine aeparatibn assembly primarily consists of three léutter assemblies; 

three detonator housings, three detonators, three parallel booster columns, six . 

explosive interconnects, and three unions. Thedetonator housings contain a 

booster column and a parallel booster column. The cutter assemblies 9011313153 at ' 

11-15.   . 
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 two parallel anchined aluminum bars tint contain four strips of NBC. 

installed in each of the three detonator housings. 

” SEDII aoo ‘ 

4 PROJECT GEMINI 

Thé 'bhr'a " L . 

are Joined by the detonator housings with the parallel boosters. . A detonator is 

The cutter assemblies are 

located in three places around the parting line and are linked by the explosive 

: " interconnect-3‘. ’ 

OEration .. 

.When initiated by the proper electrical signal, the detonators propagate a detona- 

ti-on or shock wave $0 the boosters which relay propagation to! cutter-F130 and 

_a:l.m1taneo'usly the shock wave is ‘propagated to the explosive intefrconnect‘s. I The.» 

interconnects transmit the wave-{to all three cutter assemblies. This is to ensure 

détonatlion of all three cutters FLSC, 1n the event one or even two detonators do; 

not fun¢tion. Detonation of the cutter FLSC completely severe the titanium * . 

‘ straps, wire bundles and tubing redundantly. Proper detonation of only two ‘ 

opposing strips of FLSC in each cutter is sufficient to achieve separation. . 

RENDEZVOUS AND RECOVERY SECTION SEPARATION ASSMY 

Descrigtion 

The Rendezvous and Recovery Section Separation Assembly (Figure 1147‘) generates . 

the rendezvous and: recovery (R 8: R) section from the re-ent-ry' control system (ROS) 

section. The assembly primrily consists of mild detonating fuse (MDF), MDF 

housing ring, two detonators, two detonatbr housings and two booster clargeé, z'l'uo ‘ 

strands of m are installed in parallel grooves milled in the housing ring race; 

The grooves intersect at the booster charges which are installed approximately 180° 

The R & R section is attached to the ROS section by frangible bolts, with 

The detonator 
apart. 

the MDF ring fastened to the R 8: R sect-ion at the mating surface. 

" 11-11 
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'housihgs are installed“ in fhe ROS secfion, with. the—idetopgtors indexed directly-f 

'above the" booster charges, mien the section; are rated. 

I ehtion‘ . 

When initiated by the proper electrical signal, the detomtoral propagate a 

‘ detonation wave to the two booster charges. The bobster charges strengthen the 

detonation wave and transmit it to the dual strands of MP. The Mm? detonates, 

exerting a force against the RCSand R 8: R. section mating surfaces. The force 

‘_break3 all the frangible bolts and allows the pilot chute to pan ' the R a. R ' 
section free 'of the spacecraft. Satisfactory propagation of either strand of MD? 

#111 successfully separate the R 8: R section. 

W W W  

Description 

_ The Wire Bundle Guillotine (Figure 11-8) 13 used thrqughout the spacecraft to 

  sever various sized. bundles of electrical wires. The guillotines are used in tvo 

sizes. One siie can sever a Wire bundle up to one and one quarter inches in die.- 
” u  ” m ‘ .  

meter and the other can sever a wire bundle up to two and one half inches in 613-. 

meterr Both sizes are similar in design, appearance and operation, The guillotine: 

'prinarfly éonsiat of a' body, end cap or anvil, piston/cutter blade, shear pin(e) ' 

and an electrical]: fired gas pressure cartridge. .The body houses the piston] 

cutter blade, provides for installation at the cartridge, and attachment at" m 

anvil. The anvil is removable to facilitate removal and installation 01' either 

the guillotine or wire bundle. Two guinotinea are used on a wire bundle, 

. on each side or the separation plane. Lugs , for attaching the guillotine to the 

spacecraft structure, are an integral part out the guiilotine body. 
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When initiated by “‘6 proper eléctrical signal, the gutridgé “produces gas preésurea   ‘ 

-_!l'hi.s 888 pressui-e, eierts force on the piston/Cutter blade. When sufficient forcé. : 

is applied, the piston/cutter blade will sever the shear p1n(s). As the p1n(s) 

'shear, the piston/cutter blade strokes, and positively sever: the wire bundle. The , 

wire bundle is then free to pull out of the guillotine body. 

WIRE mm ( m m  (cm cumm) 

.Descriztiog . . . 

The Wire Bundle Guillotine (Cable Cutting) (Figure 11-9) is used to sever twisted 

' stainless steel cables . The guillotine primarily consists of the body, piston] 

cutter blade, shear pin, anvil and end cap, and two electrically fired gas pressure 

cartridges . The body provides, a piston actuation area and provides fgr cartridge . - 

instanatiofi. The anvii is retéinéd 1n thé bah-e1 section of thg body by the end 
cap; The anvil and end cap is removable to permit guiuqtine and cable’ instanatioh 

‘ and Iranoval. . Lugs, far éttachihg the guillotine to the spaéecrafb' strué'bfire,‘ éré ' an - f 

_'1ntegra;l. part of the body. ' The shear pin is provided to retain fhe' match/cutter. ' 

Zbl‘ade in a‘ retracted position. . I ' V 

' geration 

When initiated by the proper eléctrical signal, the tug cartridges are causeq t6 

' functiofi and produce gas' pressure . The gas pressure exerts force on the piston] 

cutter blade. When sufficient force is applied, the piston/cutter blade sever: m 
shear pin. The piston] cutter blade travels the length of the barrel section and 

severe the cable installed in the guillotine. The cable is than free to 'pull out 

' ‘0! the guillotine. 
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, mm QUEER/Sm 

. ' Descriétion 

The Tubing Cutter/Sealer (Figure 11-10) is used to cut and seal two stainless 

steel, teflon lined tubes. The tubes contain harpergolic propelianta used in the. 

Ofbit Attitude and Ihngfivering System .(OAMS). Two tubing cutter/sealer ,assenblies' r   

fire located in ‘1':he adapfer, one on each side of the-retrograde/equipI-nent Sectibfi , ' 

:separation‘ line. The tubing cutter/seaiér aBSembly primarily consists of the body,   ~ . ' 

anvil, one electrically fired gas pressure cartridge, flourished: pins' and cfitter' - I 

“Sammy. The cutter assgfibly consists of the piston, crimper and blade. The 

.c'rimpez‘cand blade are attgched to the piston by two lot the shear pins, (segmencmg‘. . 

' _ . p153). Then’piston is secured inthe body by the other two_‘she§r_lpins,'(1r.xit19;1 

. loél; pizza)» The body profidéa for the‘ mataimuon our the cértriage, aftachxhent ' 

-, at the. anvil, and housing 'for the cutter assémbly. Lugs, for attaching the tubing 

cutter/sealer to the spacecraft structure, are an integza]. part of the body. 

‘ .ggratlon 

When mitigtéd by the proper electrical A signal, the cartridge. genémteé gas prewar-9‘... ' ‘ ‘ 

The gas firéssure exerts ‘a force on the piston of the cfittér assenmy. iWhen suf- ' 

ficient force is applied to the piston, the initial lock pins are severed and the 

cutter assembly strokes to sea]. and cut the two tubes. The blade and crimpgr, - 

' extending past the end of the piston, contact the tubing first. 'Aslthe' cutfier. 

assembly moves down, the crimper flattens the tubing against the raised pértzlém ' 

at the anvil. As the cutter assenbly continues its travel, the sequencing pins 

are severed between the crimper and blade, stopping the travel of the camper} 

.Tha base at the piston and blade further crimp and sea; the tubing with the hind; 

' severing the tubing.- The sealed portion at the tubing remains 1n ‘the_ timing . 

I 11-23 ‘ ' 



PROJECT GEMINI 

SEVERED TUBE 
REE (2 TY?) 

; _V ‘SEQUENCING' . _,._._ . rm 5mm) , ' 

fi -  ‘ 32721:? ....... // I A L 1:53:93: ‘1: 

, LAD! 

VIEW A-A (AFTER FIRING) 

Figure 11-10 Tubing Cutter/Sealer - 

11-24 

sinnaoo” ' ' V 

- . . . . . . . . , . , _ . . A _ . ‘ n u ‘  v ' r  u— r . , . ‘  _ 1.-.... ” . 3  _-. 9 . 1 . 9 -  . __ v n , h - t  a ‘fl‘fi'l‘fi’ til-1" r": ‘ ,  , . ‘ , ' 
--." I »  ‘ .. :‘o‘ .- I 

W
m 

u 
34

4;
.m

'»
. 

_ 
\ 

- 
- 

- 
up

!..
...

."
.3

 

. 

x 
l 

"
7

3
.1

3
 



-
1

_
‘

.
 

_ 
A 

’7 
h

m
-

-
 

-.
 

4 \ '  

SEO! 30. 

- ‘ ' , cutter/ sealers at adapter separation; The severed portiofi of the tubing between 

. the tubifig cutter] sealers is free to pull out at. adapter separation. _ 

, ,momcmc s’wncn 
' ' Descrizgion 

The Pyrotechnic switch (Figure 1.1-1.1) functiOns to positively open electrical   
. circuits   and prevent meat flow in various wire bundles prior to their being ’ 

shared. The switches are located in various places throughout the re'eént'ry: 

. ‘ module. A The ‘sfiit'ches primarily consist of the body, actuator (piston) , shear pin, 

””1“ -1°¢k’ “‘1 .electricfl-W fired gas pressure cartridge. The shear pin secure a f ‘ 

the actuator 1n the. switch. closed position prior to switch gctuation. Ihcorporated   

' I in apposite ends of ' the switch body are two electrical receptacles .' The end mounted 

re¢eptacles cbntain hollow spring leaf contacts . The contacts are axially connected 

by- pins mounted in the actuator. A11 switches. are identicél in design and operatibn ~ 

_ with the exception of the mmber of contacts. in the receptacles . One model contains.   
_ 1:1 contacts , and the other model contains 55 contacts . Lugs, for attgchmg the 

i switch to the swam structure, are an interval part of the body. ‘ 

23m ration 
When initiated by the prayer electrical signal, the cartridge generates gas pressure. " 

that is ported through the switch body to the actuator. The pressure exerts a .   

force against a flange of the actuator. The force causes the actuator to sever the 

shear pin and move axially 1n the body. As the actuator moves , the connecting pin: 

. mounted in the actuator are disengaged from the hollow contacts at one end and 

are driven further into the hollow contacts at the other end. The spring lock drops 

into'place‘ behind the. «tutor and prevents it from returning to its original 7 

' 11-25 ' 
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mRIZON SCANNER FAIRING RELEASE mam: 

i Descri‘ntion 

The Horizon Scanner Fairing Release Assembly (Figure 11-12) secures fine horizon ' 

scam'm fairing to the spacecraft, and when initiated, Jéttisons tug fairing. The   ' ‘ 

assembly primarily consists of the actuator housing, actuator; actugfior extension, ' 

main piston, reléase piston, eight ioéking pins and We electricaih fired gas _  A 

pressure cartridges . ,7 The actuator extension forms a positive tie between the 

.actuator' and the scanner fairing. The actuator is locked to the main piston by A 

four locking pins. . The main piston is locked in the base of the actuator housing 

' 'by four locking pins, that are held in place by the release piston. The release ~ ' 

piston is spring energized in the locked position. i The actuator housing provides 

for installation of the cartridges and mounting for the assembly 

ration , _ , .. 

When initiated by the proper electrical signal, the cartridges produce gas pressure. ' 

The pressure is ported through a milled passage in. the actuator housing, to the 

g base of the piston, The gas. pressure moves the release piston forward, which en-g 

ables the four locking pins to can inblard, releasing the_ main piston. The gas 

pressure causes the main piston, with attached actuator, to move through the 

length of the actuator housing. As the piston reaches the end of the housing,   

a shoulder steps the piston' a travel. The four locking pins , securing the actuatoi' 

extension to the piston, can outboard into a recess and release the actuator exten- 

sion. The actuator extension being thus freed is Jettisoned with the scanner ' 

fairing attached. 

11-27. 
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_ 7 HOW SCANNER RELEASE ASSEMBLY 

' . .Deacriflig . > . . ‘ 

. The Horizon Scanner Release Assembly (Figure 11_-13) secures the horizon scanners _ 

, to the spacecraft and Jettisons the scanners when initiated. The horizon scanner 

release assembly primrfly' consists of the actuator housing, actmtor, locking 

"'_'n:echan13m, cartridge housing, and two‘ electricam tired gas pressure cartrigges. ; 

- The actuator is secured in the actuator housing by the locking mechanism. The 

‘fi
 

9
“

 

“locking mechanism consists of a. tang lock, tang lock retainer and a‘ shear pin. 

The tank lock is secured to and is located in the base of the actuator housing. 

' The actuator housing 1:- attached to and becomes a part of the spacecraft structure. 

» The scannér base support and mounting platform are attached to the aLctuatqr prior 

: to installing the cartridge housing on the actuator. The two cartridges are 

installed in the cartridge housing. .- ' ‘ ' ' 

When- initiated by the mgper eiéétrical 513.1131, the two cartridéés produce as: ' ’ 

‘pzressm‘e 'vhich is ported thrdugh tine houa'w actuator £o the use. or the gamer” 
. housing.” Slots 1n.the tang lock allow the gas preasui‘e to 1’10? to the base or the 

tang lock retainer; The as pressure exerts a force Against the baée of the . ' 

retainer. The retainer moves axially 1n the actuator housing, severing the 

shear pin and exposing the tines of the tang lock. The tines can open, releasing 

the actuator and allowing the gas pressure to Jettison the actuator and 

horizon scanners. 
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. m AIR DOOR ACTUATOR 

I magnum 
,The Fresh Air Door Actuator (Figure 11-11;) is provided to retain the fresh air 

‘ . door to the spacecraft and to eject the door when initiatgd.' The fresh air door "V 

. fi *- actuator is located forward of the egress hatches, to the left a the spacecraft 

- I .‘ centerline and below the enter mold line. The actuator primarily consists of the _ 

bfeechfilfinger, screw and twp electrically Iii-ed gas pressure cartfidges. The '- 

plunger terms a positive tie betwaen the tresh'air' door and the br‘eech. me ‘ ‘ 

u plunger is retained in the breech by the screw which acts a; a shear pin. 'The _. I 

. breech provides for installation of the two cartridges. Lugs , for attaching the 

_ actuator to the spacecraft structure, are an integral part of the breech. ’ 

' ‘ Ogretion ' 

When initiated by the proper electrical signal, the cartridges are caused to 

function. The cartridges genergte gas pressure that exerts a farce on_the 

plunger. Where sufficignt force_» is applied, the plunger severe the Screw and is . 

aerated out Io: the breech. The gamer and fresh. air door are then Jettisoned .. 

_ free of the _spacecra:rt-.‘ 

- nose-mm Mon 

* Thescriguon 

The Nose Fairing Ejector (Figure 11915) is used to secure the Rendezvous and 

- Recovery ”nose fairing to the spacecraft until the proper electrical signai 

initiates a. pyrotechnic response. When initiated by a proper e1gctr1ca1 signal, 

,, the ejector emu positively Jetusoxi the nose fairing; The nose' tau-mg ejector 

11-31 
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assembly consists of a cartridge, actuator assembly and a. shear pin assembly.“ 

. The actuator assenbly. consists of two mac: components connected by 3 33111312“ A .. - 

hose. The cartridge is installed in the actuator a’ssenbhr adapter and is pos_1-. ' 
tioned apwmmtem nine inches from the ejector. The eJector is installed on 

ithe antenna support and fairing ejector fitting or the R 8: R section, and is . 

located on the "x" axis, five inches up from "I" zero. The shear pin essentially . I 
is installed on the nose fairing and secured to the retractor pin by a clan: 

pin that ahears under stress. '- 

. garauon 

When initiated by a proper electrical signal, the cartridge generates gas pressure 

that is transferred through a ballistic hose to the ejector housing. The pressure 

exerted on the sleeve piston causes the piston and retractable pin to move axially 

1n the ejector body. As the piston approaches the oppOsite end of the ejector _, 

-' cylinder, the head or the retractable pm contacts the ejector body and - stops. 
" The martin. of the piston forces the rétaihing balls out 01' a. detent _on the. 

zfetgaéfable pin. The enlarged cylinder diameter. allows the. retaining balls 1:; 
move away from the retractable pin and tfie sleeve pistOn cdntinues to travel to . 

the end of the eJector éylindef. Separation at the piston from the retractable 

pin 9.11n gas pressure to act on the piston area differerice along the retractable 

pin length. . The pressure differential between the anal]. diameter of the ‘ 

retractable pin near the piston and the large diamter near the pin head, forces 

the pin to return to the original position. I 
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,ihear pin assembly and to the. nose fairing. 

PROJECT GEMINI 

The rapid accelerating force of the retractable pin is transferred through the 

The deceleration of the retractable 

pm causes the inertia. of the' nose hiring to shear the clevis pin in the shear ' ‘ 

‘ pin assenbly and continue its movement away from the R 8: R section. A hinge 

on the nose fairing, located on the outer mold line, releases and directs the 

path of the fairing away from the spacecraft. 

. :-,FX§RESSS1¥S'IMANDDEVICES 

j The Egress Systems and Devices (Figure 11-16) provide the pilots with a rapid ‘ 

and positive method of escaping the spacecraft, should an emergency arise. The ' 

system is manually initiated and 13 used below an altitude of 70, 000 feet onIy.-__ 

’ Each system and device is presented in the sequence of their operation. 
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mm ACTUATOR mmumon SYSTEM (Mir) 

.hnescrigtion - ' ' > ._ _ . . , 

- .The Hatch Actuator In1t1a£1on System (Figure 11-12.) is aged to mitmte ,th‘e " . 
. firing mechanisms of both hatch actuatgi's. The systen'x. isInnnu‘al'ly aétivéted by ' ' _ 

either‘pilot..'rhe sfirstgm primarily consists of 8 MDF interconnects, two W ‘  

i 'crossoivers and tub. manual firing mechanisms. The interconnects consisfs of four; 

' rigid and four flexible mm assemblies that connéct theta-mg mechanisms to the 

latch aétuators'. The two crossovers are rigid .MIZF assemblies: that ‘ cross bdnn'ect- . I 
_ _the two initiation system mm; nléchanism. The flung mechanisms each contain 

. dual firing pins, dual percussion primers, And abodsterchar'ge'. x-‘I'h‘e‘firing‘i 

”CW1” 13, Milka and tapped for installing two MDF interconnects and two croq ‘ 

'ovefs.’ Th‘e‘ MDF interconnects and crossovers are installéd so' that the small 

' bOoster on the end of .eéch 'MDF is adjacent. to the booster charge or the firing . 

mechanism. The firing mechanism is attached to the spacecraft structure, located 

Abeiaw the pilot? 8 feet. 

OEration 
g o .  

- The hatch actuator initiation system is activated when either pilot pulls the 

ejection control handle ( "D" ring) located between the p110t_' a knees and con- 

mama 'to the firing mechanism. Approximtely one-half inch travel of the lanyard 

connecting the ejection control to the firing mgchanism will cook and release the 

dual firing pins. The firing pins strike the dual percussion primers, causing the 

booster charge to detonate . The firing mechanism booster charge ’profiaaétes 

detonation to the four .MIJF ends. The interconnecting MIF propagates the «Jetway 

tion we to the firing pms our the hatch actuator breech assembly. ' The cream, 

MD? propagatga the detonauon wave to the Iother pilot's firing magnum. This 

11-3? 
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figure; inflation 91'. both had: actuator..." ' 

_ . .. m Amman MSW 
' ' . Descrifiion ' 

The Hatch Actuator Assembly (Figure 11-18) unlocks , opens and mechanicaJJ: 

restrain the egress hatch in the open position. The assemn also furnishes " 

sufficient pressure to initiate the firing mechanism of the seat ejector rocket 

catapult. The assembly primariiy consists of the Breech End Cap, Breech, , 

cylinder, Stretcher Assembly, m1 Cap (Base) and Rod End Assembly. mg breech“ ' 

i ‘ end cap assembly contains the locking mechanism for mechanically restraining the 

egress hatch in the open position; provides for installation of the seat eJector f ' 

gecket catapult ballistic hose; provides for installation or- the breech assembly," . 

and is thread mounted to the top of the cylinder. The breech contains two firing 

I pins , two percussion fired cartridges, and a gas producing propellant charge. I 

, Two interconnects, from the hatch- ac’t'uator initiation system, are attached to the , 

" breech adJacent to the firing pins.'1‘he "stretcher assembly primarily consists of _V f . 

I'the piston and stretch link, and is located inside the cylinder. One end of the 

stretch link is attached to a. web inside the piston. The other end 13 attached 

to the rod em). agsembh. The rod end_ aqsemblly connécts the stretcherasaem‘bly'tfi 

the eyes; hatch.- The end cap 13  attached to the lower end of the Cylinder, and 

provides for attaching the hatch actuator assembly to the spacecraft structure . 

The end cap contains a latch piston that actuate: the egress hatch unock mechanism 
. u - - - .  

gggrhtion' 

The hatch actuator functions when initiated by the initiation system m Mei:- 

. connects. ' The shock wave, propagated by the m interconnects , causes the two 

. 11.39. 



_1 
.gytl: 

«H; ' ““Nf who's-:2 
. ~9-4‘wlp3g-n-yw-mfim 'A» 

EA
L}

. .‘W
‘ 

"-
.-

""
‘"

-'-
"M

 

05"“ 

('l ['3 V“ 

na
b-

Iv
y"

 p
un

" 
3"

 "
 

' mm“? mum-1v ‘1a 31-11 mm 

(i3!) 310130818 
W336 QR; 2: 

—(~oulsoa 0333mm) 
~ “was” man 

..v-- 

-| I‘M/”HI,” // 
‘ V V ‘Ahh‘ :\L\‘d .,,,.,.,..A. . 4/ 

‘
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
 \.
\.

 
-_ .1 

:1 1"; 

\\\\\\\\\\\\\\\\\\§ 

n\
 . 

. h
'l

‘fi
J

w
; 

u
rn

-.
m

l‘v
'b

‘m
w

 

I 
I/ 

\
\
~

\
\
\
.
\
\
\
\
\
\
\
\
\
\
.
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
'
 

\ 

\
.

\
\

\
\

\
“

\
‘

“
\

‘
“

\
\

\
 

\
\

 
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

 
\

\
 

\
\

\
\

 
\ 

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
 

\
\

\
\

 
\

\
 

\ 
\ 

\ 
\

\
 

\
\

 
\ 

\
\

\
\

\
\

\
\

\
\

\
"

 

§ 
§ -\ 

.“-‘ ‘ 
- 

‘\\-“ .. 

I, l 
"I 

39%) 
1.0:] mo 

H3338! 
WAN“ 

WHNVW 

) F. 2 g .<
 

mm: 

390mm: 
noussnaua 

NOlIVlllNl JOW W033 

WSINVHDIW 
N301 IOIVOIW 

an an: 

ON“!!! 380!!! 
KISWBSSV IOLVHDV 

l
g

l
fi

.
 ,
5

.
-
 

'
I

I
I

I
i

I
H

’
”

 //
//
’.
 ' 

038301 3 
. 

s .>. 2 

main; aauv unwassv uonrmav 

I/
ll

rl
 

(
l

i
l

i
’

l
’

l
l

’
l

t
'

-
 

(daaNuxi) ' 39m: muno 

t ’
I

”
,

,
,

’
l

”
’

 

;
\
.
 

/ /
I I

/ l
/ /

/ ’
/ /

/ /
/ /

/ /
/  

”
I
f
,
"

 

”
—

 

2
"

/ )
/ }

/ /
/ /

 

(anvmav) 
Mona 
HDLV‘I 

lacuna" 

man} 

0 

(“
J

-c
k

.“
 

\ 
i 

. 
a 

o 

.
7

 
‘ 

. 
. 

. 
- .

 
_ 

. .
 

,
.

‘
.

’
-

 
. 

.
.

_
 

..
 

.
'

.
 

.
"

7
 

~ 
, 

. 
_ 

, 
,

.
I

 
A

" 
V

I
,

 
,

.
 

_,
. 

" 
. 

c 
‘fi

“"
.)

.~
$;

u
’ 

:'
.A

‘;
“§

. 
i 

-.
- 

1
..

.:
 

u.
 

h-
 

- 
4 

‘
 

- 
‘5

..
. 

.1 
k 

A 
a

. 
L 

'.
..

l‘
."

.‘
 

--
 

‘ 
L

“
—

 
‘ 

.‘
1

.L
‘Q

“
.1

u
 
«

M
IL

-‘
7

4
:.

 w
w

—
 

'
 

'
,

4
 ;’ 

I
b

l
l
f
l
"
 

- 
A

' 
1 

”
g

m
 

..: 
5 

.
1

 

”M
a

d
--

 
“l
o
l-
 . 

s ‘
4‘

 
' 

mums“ 
:I:\\_2 Iii!" 

I
”

 9
,
]
 

I
r
'
l
l
 

(an) admin ms 01 ISO"! JIBITIYI 

,M
n

 
, -

 

‘7
’1

’ 0N3 OOI 

\\\\\\‘ 

. :I— -n- 

\

f

/

W

J

D

I

G

 IVES 

\‘x 

(at - ilmanus'naxvn _ 

a 
a 

5—
 

0.
 

”fi
x, 

/ 
I 

I 
g 

7
/
/
 

-
/
/
/
/
¢

 
2

‘  
/ /

/ /
/ /

/ /
/ /

/ '
/  [ /

4
 

/
/

/
/

/
/

/
/

/
/

 /
/ .

/ /
/ /

/ /
/ /

/ /
/ /

/ /
/ /

/ /
/ /

/ /
/ /

/ /
/ /

/ /
/ /

/ /
/ /

/ /
/ /

/ /
/ /

/ /
/ /

/ /
/ /

/ /
/ /

/ /
/ /

/ l
/ /

/ /
/ /

/ /
/ /

/ I
/ /

/ I
I /

/ I
/ /

I l
/ l

/ I
/ I

/ l
l /

I /
l /

I /
I /

I /
I /

I /
l I

l l
/ I

l l
r f
fl

p
l l

l l
l /

c
a

j /
l I

’ I
 ’/
’
/
/
’
 o
n

”
,  f

"
 

5 
/
N

\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
 h

\
 

‘ 
I 

I 
fl 

0 
r 

, 
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
\

\
 

_
_

\
 

a 
/
/
-
/
/
/
/
/
/
/
/
 

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
x

l
 ’

 
/
/
.
/
/
/
/
/
/
.
/
/
/
,
»

>
l
\
l
l
l
l
l
l
/
/
/
/
/
/
/
/
/
/
/
/
 

7
/  

’ .
,
_

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
r
/
/
/
/
/
I
f
A

/
l /

I
/
l /

/
/
/
/
/
I
 

/ /
 

W
 

I /
 

’ .
. r

/ /
/ /

 ”
/
1

1
 ,r

r /
 /

_
. I

/ /
/ /

/ /
r
/  
4

/
1

/
1

1
1

/
I
/
/
/
>

>
/
>

/
/
/
\
/
/
/
/
/
/
/
/
,
-
'
 

”
/
/
 ’

2
/’

/.
’.

 
I,"

 
,, 

—
|

 
M

' 
5
'_

\/
'\
\\
‘\
\-

\\
\\
\\
\\
\\
\\
\\
\\
\ \
\\

\\
\\

\\
\\

\\
 \
\\

\\
\\

\\
\\

\\
\\

\\
\\

\\
\\

\\
\\

\\
\\

\\
\\

\\
\\

\ \
\\

\\
\\

\\
\\

\ ‘
 v

 ' H
 ‘ ~

 ‘ 
/ /

/ ’
—

/ /
/ /

 
I’ 

0 
I I

I /
/"

 
‘ 

7
/
”

,
 

I
]

 
o-

 ; 
Ex

 
~‘\\

= 
I 

' 
" 

' 
n 

i 
*1 

: 
RI

}! 
- 

S 
x 

J 
t 

t 
l 

a 
.4

 
- "

' 
II 

:9
“ 

o 
n 

o 
1 

z 
n 

‘ 
a

:
 

3.7
.1.:

 
2 

9 
. 

5
‘)

, 
:
3

 
I 

:5
 

a 
m

 m
 

..
\ 

m
 

5"“
. m

 
i 

_.
 

. 
-
 

‘ 
g 

m
 g

 
3 

u 
-
 '

-  
2 

~ 
,—

 
..
 

I 
D

 m
 

z 
' 

= 
- 

9 
1 

' 
f."

 
s 

1 

B 
. 

a» 
_ 

Q
 

0]. 3m!!! 5V9 

7
/x

 
/ 

I'
 I
l
r
r
t
l
/
 

{
’0

 
/ |

/ /
/ /

/ /
/ /

/ /
/ /

/  
5 

I /
/ /

/ /
/ ’

 "
’ ’
 "

" 

.
l

-
 

8 
/’

//
/,

/,
,/

//
,/

. 
. 

ii?
" 

, /
 

I 
,
 / /

 

pom 

3:0b 
  ' 

:m 
«owl‘s, 

v 

mums" 
mums ' 

' 1
 

.-—
-‘v

 fl
a

w
;

 ..
 
”
a

n
..

. 
b”

 
~

'L
. .

- ;
“

_
_

 

'll
 :1
 O L "I
 O
 

-| 0 I11
 3 E 

-—
-—

--
—

—
—

‘—
-—

—
 

00$ 803$ 

.- L..¢-.u.p=-mat 
-.._ r, .-.. '..~': 

. ‘ 
1.1+ w...w'-a-..wu.am.~w.\..»-.x..f:,mm\;ta,.. u‘ .. 

' I 
.‘r ' - . " - ' I. 

-4 ".1; “1w. . .. .. a . was -_ . 



‘ 
d

w
a

r
f

 
- 

‘
 

.
,

 
(

y
r

-
f

r
}

.
.

.
 

. 

_ 
0’

 

PROJECT GEMINI 

' ' firing pins on: the bregch assembly t9 sever shear pins and strike the primers or 
the two percussion fired cartridges. The cartridges ignite and generate hot gas ~ 

I . which unites the main propellant charge or the breech. The propellant charge 

I . '. ‘produces a large volume of high pressure gas. The gas pressure is exhausted mo 

-_ 5 the area between the piston or the stretcher assembly and the cylinder. Orifice: . 

- ' 1n the lower end 0: the piston wall admit the gas pressure to the base of the ' 

stretcher assembly.'1'he gas pressure is ported through a drilled passage to the 

‘ V latch piston. The gas pressure extends the latch piston, vhich unlocks the egress 

hatch threw: a bencrank/pushrod mechanism. The gas pressure then act: on the 

base of the stretcher assembly, moving it through the length of the cylinder.   ' 

Immediately prior to the stretcher assembly reaching full extension, gas pressure 

’ is exhausted through a port to the ballistic hose. The ballistic hose delivers 

the pressure to the firing mechanism of the seat ejector - rocket catapult. As“ - 

the stretcher assembly reaches the fully extended position, the lock pin of the 

locking mechanism engages the piston of the stretcher assembly and holds the hatch 3 

open. The locking mechanism is also operative when the hatch is fully opened by 

hand. A lanyard, attached to the locking mechanism, permits the hatch to be un- 

locked, when manually actuated. 

. . Sm man-Rm mm 
Descringion 

f The Seat. Ejector-Rocketllcatapult (Figure 11-19) is. used 1:6 'eaect the man-seat ma. 
frdm'the spacecraft; The seat ejector-rocket catapult basiéaJJJ consists of the 

catapult assembly 'and the. rocket motor assembly. The cabapuiyb assembly primarily . 

‘ consists of the catapult honking, firing mechanism, main charge (gas producér); 

and locking, assembly- The catapult housing contains an or theilisted emponefibl 

.1141 
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- »mgra tion , ' > 

I- The sea-t ed ection cycle is initiated when gas pressure is received via the ballistic 

e ’ PROJECT GEMINI. 

innit; bade; The firing mechanism consists of dual firing pins, dual percussion _ 

fired priméré , and a. relay charge. The firing pins are secured in place by retain- 

ing'pins. we looking assembly consists of the lock ring and _a spring to hold the 

ring in place. The base of the catapult assembhr is attached to the spacecraft 

structure. The rocket motor assembly primarily consists of the motor case, nozzle, -   

motor lock housing, lock ring, shear pins, upper and lower amdliary igniters , and ' 

the main propellant charge. The nozzle is threaded to the motor case and is seemed * 

. by four set screws. The nozzle is secured to the motor lock housing by locking . 

, thugs. The locking tang: are bad in jalace by g lock ring that is retained by four. 

shéar pins; The motor lock housing is secured in the base of the catapult by tang 

locks- The tangs are held in place by the lock ring of the éatapult. The mu 

propellant charge is located in the motor case with an amnary ignite:- at each 

end of the charge .’ The top end of the rocket motor assembly is attached to the seat? 

haze from the hatch actuator. Sufficient gas pressure will cause the dual firing 

pins to shear their retaining pins and strike the dual percussion primers . The . 

prixpers ignite the relay and main charges . Hot gas pressure, produced by the. main -' ‘ 

charge, releases the motor lock housing by displacing the lock nag against the 

spring through piston action. With the motor lock housing released, the gas presme ' j' 

‘ propels the rocket motor through the length of the catapult housing. Prior to can- ' 

' plate ejection from the catapult housing, the ice}: ring of the motor lock housing 

makes contact with a stop which severe its four aheag‘pins. The tang locks of the . 

motor lock housing can open and release the rocket motor. Separation of the ‘rocket 

moborfmthamtorlockhouaingdlm'thehotgaafrmthe catapultnfiinchargeto 
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' enter the rocket motor nozzle opening. The hot gas ignites the. amdliary ignite-s f' _ > 

and the main propellant charge. The rocket motor is thus free to petfom its basic; - 

function of obtaining optimnn trajectory of the man-seat for spacecraft clearance. V. 5 

m s  RELEASE ACTUATOR ASSEMBLY 

Descrifiion   _ _ . .. . 

The Harness Release Actuator Assembly (Figure 11-20, which is installed an the seat .f'. , 

structure, is provided to actuate the restraint harness release mechanism and to 

initiate the firing mechanism of the thruster assembly. The actuator mm p141; I 

- ‘ manly consists of the actuator housing, firing mechanism, percussion fired gas :   

pressure cartridge and the unlatch rod. The unilatch rod is installed in the actu- 

ator housing with an external spring preloading the rod in the iatched pdeition. ' " 

m
p.

“ ' The mted cartridge and firing mechanism is installed in the base of the «tutor _‘ "-5 ' . 
" '  

dasanbly. . A  lamrdattaches the .firing mechanism to thg.spacecrafl; structur'e. [ A  -' - 

fitting is provided in the actfiator hdusing for attaching the thruster ballistic : , . . 
‘. 11036. ‘ '1 ' - , . . . . 

@ eunuch ‘. . . . _ 
Thelf‘iringmecham'sm is initiated by lanyard pqyhen‘the beat rises on the " 

ed ection rails . The firing pm is cocked and released to strike the cartridge; .153 : 

cartridge. incorporates a time delay, to allow the seat tadequate‘ 'time. to clear; the 

spacecraft before actuating the harness release. ‘The gas pressuré, genéfated by thé ‘ 

cartridge, is routed through passages in the actuator honking to the unlatch rod " 

The unlatch rod actuates the mechanical linkage to release the restraint harness. 

As the unlatch rod approaches the end of its travel, a port is exposed that allows 

‘ gas pressure to enter the ballistic hose. The gas pressure travels through tha- 
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fiber—15th hose :6 initiate the 'twter mm;- 

nmusm ASSEMBLY SEAT/m 332m 

. Descriggion ' ' . ' f _ ' ' . ‘ _ 

The Thruster Assembly- Seat/Man Separator (Figure 31-21) is only a part. of the 

seat/man separation assembly. The thruster supplies a stroke of adequate length 

and power to a webbed strap that accomplishes seat/man separation. The thruster 

assembly primari consists of the Thrfister Body, I‘hmstér Piston, Firihg Mechan- 1 w 

A ism and Percussion Fired Gas Pressure Cartridge. The cartridge and firing mach-g 

min. is installed in the upper end of the thruster body. The firing mechanisn ' 

contains a firing ‘ pin, retained by a shear pin. The ballistic hose! from the harness. 

release actuator is attached to the firing mechanism. The thruster piston is 

located in the thruster body and is retained in the retracted position by a shear 

pih. The thruster body is mounted on the from: or the seat structure, between the ‘ 

* pilot's feet. 

mutién   I ~ _ _ , _ . 

High pres sure gas from the 'hairiess release fiétuator is transmitted through the _ 

ballistic hose to the Wter firing mechanism. The gas pressure. Acafises the fir- 

ins pin to sever its shear pin and strike the primer of the cartridge. _ The carb- 

ridge is ignited and generates gas pressure. The gas pressure exerts force on the 

thruster piston, causihg the piston to sever its shear pin. As the piston extends 

out of the thruster body, the strap is pulled taut effecting sgat/mn separation; 

mm: DEPLOY AND RELEASE 818m 

Descrifiion . _ . _ 

me Haunts Deploy and Release System (usage 11.22) M consists of the .. . 

1146‘ 
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PROJECT GEMINI. 

Firing Assembly, Deploy Cutter and Hose, and Rgiease Guillotine and Hose. COntaih- '1 ' 

ed within the firing assembly, is the Release Anemia Firing Mechanism and Cartridge, 

the Deploy Firing Mechanism and Cartridge, and the Sequencing Housing and Piston.- 

' The basic function of the system is to deploy and release the ballute between 

specified altitudes and prevent ballute deployment below specified altitudgs . The 5 

systm is located on the upper left side of each pilot ' s backboard. The deploy 

f firing mechanism and the release anemia firing mechanism is linkéd to the pilot? 

seat by individuai 1mm. 

agratibn 

The system 18 initiated by the lanyard pull as seat/man separation is effected. * 

When initiated above 7500 feet, the release anemia is armed and the déploy firth; ' ' ' 

meéhanigm .13 activated. The I firing pin of the deploy firing mechanism strikes the . 

primer of the cértridge and causes ignition. The cartridge generates gas pressure 

after burning _ through the time delay” calm. The pressure is ported through the ' 

deploylhose to the deploy ‘cjztter assemblfi . The cutter sev'ers a nylon strap that 

- allows the ballute to deploy. The armed anemia mnctionb when an alfltude pressure 

level of 7500 feet is reached. .. The aneroid sear releases the cocked firing pin of -» 

the banute release firing mechanism; The firing pin strikes the primer, which 

ignites the cartridge and causes it to generate gas pressure. The pressure is ported' 

throw}: the release hose to the release guillotine. .The guillotine sgvers the ‘ 

'ballute riser strap and allows the haunts £0 be carried am. When the systa is 

activated by the lanyard pull beldw 7,500 feet, both cartridges are, Mediate]: 

initiated. The time delay incorporated in the deploy cartridge permits the release 

cartridge to generate gas pressure first. The pressure is ported through the relcaa‘ 

hose to the release guillotine, which savers the baJlute riser strap. Simultaneousljr . _ 

1149 
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« 1 PROJECT GEMINI 

_ gas pressure is ported .to the sequencing housing and sequencing piston; The vision ' . , if 

H is actuated, causing 11-; to block the gas exit of the deploy cartridge. The' 34s . " ' 

I pressure, generated by the deploy cartridge, does not reach the deploy cutter, pre- ‘ I 

' venting deployment ofthe ballnte. “ ‘   ,-       _ . 1 . _ _ : 

DBDGIEMOR‘IAR- BACIWARDJMISONASS’M‘ ‘ ',:. 

  _ m Drogue Mortar”- Backboard Jettison Assembly is providéd to deploy the personnel 
angue parachute and to separate the backboard and‘egress mt from the pilot. __ - - - ' 12.. 

The Drogue Mortar (Figure 11-23) runéuom to 'ej act a weighted 3mg with eminent 
velocity to forcible deploy the personnel parachute and to initiate the backboard 

Jettison‘ assembly firing mechanism. The drogne mortar primarily consists of the 

Max body, mortar barrel, drogue slug, main cartridge (gas pressure), initiator 

cartridge (detonator), anal-01d assembly, main Lemma, manual lanyard, and the main 

am mm firing mechanims. The mortar barrel 18 threaded into the mortar body 
An: contains the drogue slug. The drogué slug is amned 1n the barrel. by a shégr 

' pin. The anemia assembly is attached to the mortar body and contains the main . 

flringmechaniam.fl1emainlanyard1nenclosed1na nfidhousingtoprevent land-n" 

mtant milling of the Inward. The housing is attached to the main firing mechan- 

im housing at one end and to a take-up reel at the other. The main hummus. 

‘ fixed lefigth of cable, is attached to the main firing mechanism at one end and to 
the take-up reel at the ather. The take-up reel incorporates an extendable cable that ' - a: 

is attached to the ejection seat. The mm cartridge is threaded into the mortar ' 
w ,  with the primer end, adjacent to the main thing mechanism, and the output end' ' 

_ 11.50 
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PROJECT EEMIm 

1n the' mortar body .pressure cavity. The manual lanyard is engloségl in a rigging 

conduit to prevent inadvertent pulling of the lanyard. The W is attached to 

the manual firing mechanism at one end and to a manual pull handle at the other. 

The manual firing mechanism is threaded into the nortar bociv.‘1'_he primer end or the 

(detonator) is threaded into the manual firing mechanism, with its output end . 

90° and adjacent to the main cartridge output area. {the drogue mortar is attached I 

to the upper right side of. each pilot's backboard. " ’ ' ' 

Backboard Jettison Assembly 

The Backboard Jettison Assanuy (Figure 1.1.210, fungtions to separate the back- * 

board and egress kit from the pilot, when initiated by the pressure from 1:139 ~ . 

drogue mortar. The backboard Jettison assanbly primarily consists of the MDF fir-j‘ 

in; mechanism, MDF time dew cartridge (nmommon) , interconnect (time delay m) , ‘ 
MDF manifold assembly, Jetelox release pin, interconnect (Jetelox pin M),1ap 

belt disconnect, interconnect (belt disconnect MD?) , restraint strap cutter (HBO) , 

and interconnect (strap cutter W). The MD? firing mechanism is attached to the 

drogue mortar body and contains a shear pin retained firing pin. TheA MD? time dc;- 

lay cartridge is a percussion fired cartridge and is installed in the M £ 1 e  

mechanism. The interconnect (time delay MDF) is connected to the MD? firing . 

mechénism and the m manifold. The interconnect (a etelox pin m) is connected 

' . t6 the war manifold and the Jeteloag ‘reléase pin. me interconnect (Salt d18- 

connect MDF) is connected to the MD]? manifold and the lap belt discomect. The 

interconnect (strap cutter MDF) is connected to the mar manifold and the restraint ' ‘ ‘ 

‘ strap cutter (F150) . fThe three cmponent interconnects teminate 1n the MD? manifom‘ 

with their accepber end adjacent to the interconnect (time delay MD?) donor end. 

The Jetelou: release pin retains the Jetelox Joint to the egress 1:11: until initiated. 

11-52. 
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PROJECT GEMINI 

I The 36139101 release pin Primarflar consists of the body, piston, four lock balls, and 7 ‘ 

_  a shear pin. The lap belt disconnect is provided to master: the la; belt when pro- 

  - .perly initiated. The lap belt disconnect primarily consists of the Easing, tub , I 

_ lock pins, two cams, piston and a shear p1n.1‘he restraint strap‘ cutter is provided 

to séver the pilot's shoulder hamess. The cutter primarily consists 6f the 

housing, two strips of F186 and a booster. ' ' 

 gera ration‘ 

,Drogue m m  

The drogue mortar is initiated by the pull of the main W ,  at seat/man separa~_ 

tion. the extendable cable,- attached to the seat , uncoils from the take-up reel. 

A Upon reaching the end of its travel, the cable puns the take-up reel free of the 
_ ‘rigid housing. The fixed length main laward attached to the reel is pulled, 

it in eapcess of 5700 feet, cocks the main firing mechanism and am the aneroid. 

At an altitude pressure level of 5700 feet, the gueroid releases the cocked main _ 

firing pin. The firing pin strikes the primer. and ignites the main carbridgg,-.- ' '- 

" _uh:l.ch produces gas pressure. '_ The gas pressure causes the dorgué slug to have: its 

shear pin and travel out of the mortar barrel. Simltaheqnlsy; the as pressure " 

- initiates an backboard firing mechanism; When initiated by the min lanyard be- 3 
law 5600 feet, the main firing mechanism is cockéd and 1med1ate1y released. to 

fire the min cartridge. The anemia ‘ 16 in the release position bee-mad of the 

altitude pressure level, therefore is not armed and does_ not delay 13% cartridge 

firing. The drogue mortar may be initiated mammfly by milling the mail. Jami-d 

handle at any name. lune inward cocks and releaséa the manual firms pin, men 
strikes the pm of the initiator cartridge (detonator). The muster cartridge 
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detqngtes and ignites the output charge of the main cartridge, which produces the gas . 

- pressure for drogue slug ejection and backboard firing mechanism initiation. -' ' 

Backboard Jettison Assembly 

The Backboard J ettison Assembly is caused to function when the main cartridge of.  

the drogue mortar is fired. Gas pressure from the drogue mortar main cartridge,- 

causes the firing pin of the backboard firing mechanism, to sever its shear pin 

and strike the primer of the time delay cartridge . After the proper time delay, 

the cartridge propagates a detonation wave to the MDF interconnect, which transmits I 

the wave simultaneously, to the three MDF interconnects attached to the MDF mani- ; ‘ ' 

I fold assembly. Simultaneously, the detonation wave is propagated by the three MD! 

intércomeéts to the restraint. strap cutter (FISC), lap belt' disconnect, and the ' ' 

J'etlelox release pin. The detongtign wave propagated by. the interconnect (Jet'elo'x ' 

pin MD?) aéts upon the pistén bf'the Jetelox pin, causing it to. Sever the shear 7 

pin. As the piston moves, a recess in the piston is aligned with the lock balls. 

I The pressure exerted by the Jetelox Joint, forces the lock balls into the piston V . 

recess, and releases the Jetelox Joint and egress kit. ThedetonatiOn wave, prepay ' . 

gated by the interconhect (belt disconnect MDF), is directéd against the piston 6f ; 

the lap belf. disconnect. The detonatiofi wave moves the piston causing. it to sever 

the éhéar pin. As the piston moves ,‘ the cams rotate and. retraét the pins from the. 

lap {neitl adjuster; V The lap belt separates. and permits the pilot to be partiaili 

freé 6f the Backboard . Thé detdnation wave, propagated by the interconnect. . 

(strap cutter. MDF), is transmitted to the booster of the restraiht strap cutter 

(FISC). - The booster strengthens and increases the reliability or the detonation ' 1 

wave for proper detonation of the two strips 01" F180. The mac detonate: 

11-55. 
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and severe the two restraint straps allowing the pilot to be gompletely free of 

; the backboard. The egress kit. may be released manually by the pilot actuating 

I ‘ . the egress kit single point release handle. A cable from the single point release, 

pulls a ball retaining pin from the MDF manifold The pressure of the interconnect 

(Jetelox pin MDF), moves the ball aside and pulls out of the MD? manifold. ' 

" pARAcnUTE WING SYSTEM momcmcs _ _ . _ _ _ . 
The Parachute Landing System- (Figure 11425) is provided to safely ficdvgf ‘and'. land 

. ‘the re-entry module, after its entry into the "earth's atmosphere. The' pyrotechnié . 

    portion of the system consists of the Drogue, Pilot, and Main Parachute Rearing ' 

Cutters , the Drogue and Pilot ParaChutg Mortars, the Drogue Parachute Bridle Release 0 ._ 

5 Guillotines; the Pilot Parachute Apex Line Guillotine; and the Main Parachute D13- 

.éonnects. Each of these pyrotechnic devices erg presented in the following, para-- _ ‘- ' 

hm Pmcmrm MORTAR ASSEMBLY , 
The Drogue Parachfite Mortar Assanblfir 13 prdvided to positivefi depioy fihe dfogue 

éhute. The assembly is similiar to the Pilot Parachute Mortar Assembly (Figure 

' 11-25) 1-3 desggn and operationf 

DROGUE PARACHUTE KEEPING W '  

the Drogue Parachute Rearing Cutters are provided to disreef the drogue chute. 

The cutters are aimiliar to the Pilot Parachute fleeting Cutters (Figure ill-r26) 

in design, operation, and mnbep 

13mm 2mm mm was: 601m 

The Drogue Parachutq Bridle neleq'se Guillotine: are provided in: sever the bridle 

11-56 
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I at its time ajthéh pbinfa. The release guillotine: are similar in design and 

. operation to the cable and wire bundle announce (Figure 11.59). 

PM PARACHU'I‘E MORPAR Assm 

' ‘ Des‘crifiidn 

‘- The Pilot Parachute Mortar Assembly (Figure 11- 26) functions to deploy the pilot 
iparachute 1n the event of a malfunct ioning drogue chute. The mortar assembly 19 ~ 

- located in the forward end of the rendezvous and recovery section. The mortar-- 

. assembly primarily consists of the mortar tube, ”but? breech, orifice, frangible 

- bolt, washer and two electrically fired gas pressure cartridges . The base of the 

mortar tube is attached to the breech and the breech 18 attached to the rendezvous 

nahdlrecové'ry section structure. The flanged orifice passes through the base of 

_ the mortar firing and breech. The orifice is secured beneath the breech by a 
',locknul:. One end of the breech is drilled and tapped to provide for installation I _ 

".ot‘th'e‘two cartridges- The sabot is located in the lower section or the mortar '- 

1 tubé and 13‘ secured by a washer and a frangible bolt. The frangible bolt passes, ' .- 

W the washers, the center at the what mortar tube base , and is threagled 

.mto the base or the orifice. The pilot chute is installed in the sabgt. -- ' 

_ , . martian 

' The mortar functions when the cartridges are initiated by the proper electrical 

signal. The cartridges generate. as: pressure that is ported through the breech 

’ a'nd orifice to the' base of the sabot. When sufficient fissure is ex’erb'edv-o‘n the 

“hot, the frangible bolt will part and release the aabbt. . The gas pressure 

propels , the} sabot and pilot chute out or the mqrtar tube, thus effectifié been!“ 

chute deployment. 
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mm: mm ammo corms 
" Description ' ‘ I ' . . ‘ ‘ 

The“ Pilot Parachute Reeflng Cutters (Figure 11-57) are provided to dinner the ' 

pilot chute by severing the reefing line. The reeflng cutters primarily consist of " 

I the cutter body, cutter blade, firing mechanism and percussion fired time delay 

cartridge. Two cutter assemblies are sewn to the inside or the parachute skirt 

band 180° apart. The reeflng cutter is a. tubular device, with all its components 

contained within the cutter qy. The firing mechanism is contained in one end of 

'the éutter body and consists of a f1r1n3p1n,lock ball, aiming, aha sear pin. The _ 
firing pin is retained in the cocked position by the iock ball. The lock but '1; 
held in place by the sear pm. A lanyard is attached to the sear yin and to ' the .~ 

i parachute campy. The spring is precocked and energizes the firing pin when the 

m:- pih '13 pulled. The cartridge is installed in the center portion of the cutter 

body and 13 -ro_11 crimped in place. The cartridge consists of a percmion primer, ,2 

films dew column and output charge. The cutter blade 13 stake iocked 1n the _, ~ 

‘ cutter body, below and adjacent to the output end of the carbridge.~ A washer 13‘ 

crimp locked in the end or the cutter body, and serves as the anvil and stop for 

the cuiéter blade. A hole in each side of the cutter body, between the cutter bladei. 

arid washer, permts installation of the reeflng cable. 

; Ogmticn 

' Deplwnent of the pi lot chute causes the reeflng cuttera to be initiated. As the 

canon extends, the Inward is pulled taut and pulls the sear pin frcn the firing 

”chain. The lock ball. moves inboard and unlock: the firing pin. The spring - 

energized firing pin is driven into the primer of the cartridge and ignites the 

] 11-60 
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time délfiy column; 'A'ftér.£hespeéif1edlt1me 6913;}, £116 véértziidgé pro‘duc-Ga gab - 

fracture thét exerts. .forée ’on the cutter bl‘é'dé When sufficient force is Exertecil,‘ ' " ~ 

I ‘ Athe liczutter blade ‘ shears the stake lock and strokes to safer the beefing c9510. 5 V 

'Pr0per functioning of only one of the two cutters is sufficient to perform pilot 

" chute disreeflng. f 

PILOJ.‘ PARACEUI'E Am LINE GUIDE-OPE: 

' Descrintion - 

The Pilot Parachute Apex Line Gui llotine (Figure 1].- 28) is provided to sever the 

. . pilot chute apex line, in the event. of a drogue chute malfunction. The guillotine ' 

Aprimarfly consists of the body, cutter blade, and two, electrically fired gas pres-é 

mire cartridgeé. The cutter bhde is retained by a shear pin. I The body prong!” ' 

for the installation of the two cartridges, and incorporates drilled passages from 

. the cartridges to the cutter blade. Design of the guillotine allows the apex line .- 

to pun free, when the pilot chfite 13 deployed by the drogne chute. - The gunlotme - 
1'3 locafied in‘ the farward section of the rendezvous and recovery section..' ' . 

mratiqn 

When initiated by the pmper electrical signal, the hartridges produce gas pres-5 ' 

sure. The pressure is ported through a drilled passage to the head of the cutter . 

ibladei; Sufficient pressure causes the cutter blade to sever the shear pin and 

' .3troke to' cut the' 9.159)? line. The ape: line is thus tree of the malfunctioned 

. drogue chute , permitting mortar deployment of the pilot chute. I 

m PARACHVI'E m 0  O m  

_ The Main Parachute Rearing Cutter (Figure 11-29) is provided to dinner the ma ' 

34-62 
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V parachute ._ Three rearing cutters are located on the inside of the canopy skirt bgmdv 

. 126° apart. . The rearing cutters are similar in design and identical in operation to 

' the pilot chute reeflng cutters . Proper operation of on]: One of the three cutter: 

is sufficient to disreef the parachute. ‘ " I ' ’ 

MAIN PARACHUTE DISCQNNEC'J.‘ 

‘ Descrigtion . . . 

The Main Parachute Disconnect: (Figure 1.1- 30) include the single point disconnect 

assembly and the town! and aft bridle disconnect assemblies, The disconnect ' 

assemblies are identical, in design and function. The disconnect assemblies pri- ‘ 

max-11y consist of the breech assembly, am, and two electrically fired gas pressure 

. cartridges . The breech assembla- consists of the adapter, piston, lead slug, snubber 

disc, and plunger. The piston is retained in the adapter by a shear pin. The lead 

' slug is located on the end of the piston. The snubber disc is located finder the I 

head of tong plunger . The adapter i s .  threaded into the spacecraft structure with 

the piston eaébending into the arm. The breech is threaded onto the adapter and -. 

_ the, éartridges are installed in the breech. The single point disconnect 1; mounted 

on the hub of the main parachute adapter assembly. The adapter assembly‘ is. located 

on. the forward ring of the re-entry contrdi system section. The forward bridle .. -. ‘ 

I diséonnect is mounted at the top -of the forward ring of the re-entry control system . 

section. The aft bridle disconnect is located forward of the heat shield between . . 

the egress hatches. . 

mention ‘ . _ . _ 

When initiated by the prfiper électrical signal, the disconnect cartridges ’are 

ignited. The cartridges produce gas pressure that is. ported through drilled passages . . t ' 
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  in tine breech, to a comdn chamber at the head Of the plunger. The ' gas preséure 

exerts a force on the head of the plunger, which in turn propels the piston by pm- 

‘ sical contact. The piston severe the shear pin and is driven into the arm. The p]. 

L leer is prevented from following the piston, since the head of the plunger stricken 

, , a shoulder in the adapter. The sunbber disc provides a cushioning errect, to pre- _ ‘ ‘f L 
. vent shearing the plunger head. As the piston strikes the back of the arm, the ' I 

lead slug at the end of. the piston mailman. Mushrocming of the slug,- retains the I   - 

piston in the am, preventing ‘ the pistoh from hindering am operation. The pull. . 

of the parachute causes the am to can Open, thus releasing the riser or bridle . 

  attached thereto. 

PYROTECHIIC VALVE . 
- 11:3m 

Pyrotechnic Valves (Figufe 1.1- 31) are ifiufied in the Orbit Atfitude and 

Maneuv‘éring System and in the Re-éntry Con£rol System. Thé valveé are one time 

ggtmflng devices, used to control the flow of fluids. The apnea-raft contains 

pyrotechnic valves that consist of the electtically fired high explosive éartridge , 

valve body, nipple, ram, seal, and screw. The n1ppl§,- either open or ciosed depend- 

in; on the particular valve, is installed in the vaive body and welded into place. I 

The ram, incorporating the seal and screw at its head is located in the valve body, 

. indexed directly abovg the center of the nipple . .The cartridge is installed in the 

valve bow at the top ‘of the ram head. Trio type of valves are used 3 normally Open 

and normally closed. The "A" packages of the RCS'ahd OM, cdntain a normally 

closed non-replaceable valve . The "E" package? of the OMB contain a noramlhr open, « 

and a nomfly closed, non-replaceable valve. If the valves in the "A” and. "3" < 
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packages are defective, or the cartridge has been fired, the packages must be 
changed. me "C" and "D" packages of the RC8 and the OMB contain nomlly closed 
replaceable valves . These valves an attached to the exterior of the package, and 
1f defective or the cartridge fired? may be changed individually. 

Normally open valve , The pyrotechnic valve is caused to functibn when the cartridge I 
' is initiated by the proper electrical signal. Ignition of the cartridge produces 
gas pressure that acts on the head of the ram. The ram is driven down on the - 

‘ _' nipfiie; severing and rémoflnQ-h section of the fiipple; The taxi, haflhg a taper-ed -. 
cross section, is wedged in the nippled opening, completely sealing the nipple, _ 

‘ thus stopping the flow of fluid. Normally closed pyrotechnic valves are all basical- _ . 
' 1y identical excépt for nipple design. The non-replaceable valve has two closed end 

‘ nippies batted together. . The ram severe and removes the end of each nipple and 
wedges itself between the ends . A hole is incorporated in the ram, allowing f1u1d . 

" £1011 after ram actuation. The replaceable pyrotechnic valve has a nipple installed 
~ with a bulkhead in the cross section that stops fluid flow. Elie ram removes the 
section of the nipple containing the bulkhead and wedges itself 1n place. A hole 
lincorpbrated 1n the ram allows fluid to flow. 

iRETROGRADE ROCKET 3mm _ 1 _ _ _ 
The Retrograde Rocket System (Figure 11:32) priinarfly 0011518158» of foiar Solid propel- 
iant rocket motors and eight igniter as Semfilieé . The retrograde rbckets 'axe pm 
vided to retard spacecraft. orbital velocity for re-entry I and to provide distance _ 
and velocity to clear the launch vehicle in the event of an abort during ascent. 

_ The rocket motors are metrically located about the longifuunal and: of the 
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Figure 11-32 Retrograde Rocket System - 
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' spacecraft and are mounted in the retrograde section of the adapter. The rocket - 

motors are individuam', optically aligned prior to mating the adapter to the re- ' 

" - entry module. 

 .   RETROGRADEMCKETMOTORASSMLY. 

I‘I'Jescrigtion . .. , . _ . 

The spacecraft contains four Retrograde Rocket Motor Assemblies (Figure 11- 33) that 

' are identical in design and performance, Spherical in shape, and are approadmately 

13 inches in diameter. . 

‘ Rocket Motor ease - . . 
.The motor case is formed from" titanium alloy in two hemispherical halves. » The 4 , 

halves are forged, machined, and welded together at the equator. Each hemisphere is . - 

insulated to reduce heat transfer during motor. operation. The aft hemisphere is . 

. drilled and tapped to provide a mating flange for the nozzle aSsembly.‘ The nozzle 

. éssembly, a_ partially submerged type, consists of 'the expansion cone, throat insert. 

"and the nozzle mead. The nozzlé mm is a machined titanim alloy, bolted 

t6 the flange at” the aft end of the motbr case. The bulkhead is threaded to provide 

'for" expansion cone installation. time expansion cone is compression molded of vitre- 

aus' silica phenolic resin and is threaded into the nozzle bulkhead . . The throat 

insert is machined from high density graphite and is pressed into the nozzle 

bulkhead. The throat insert is insulated from the bulkhead by a plastic pateflal 

to reduce heat transfer during motor operation. The throat insert is recessed 

into the motor case to reduce nozzle assembly length. A rubber nozzle 010mg- 

. is sandwiched between the throat insert and the nozzle mead. ' me closure 
. incorporates a shear groove that pemfis e3 action at a predetermined intend 

11-71 ‘ 
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pressfiré level, "or Sasicafly at motor ignition. A test adapter fitting is incor- f ‘ 

porated 1n the closure to permit pressure checking of the rocket motdt. . - ' ' 

7 ' Rocket. Motor Propemnt 7 _ ‘ 

The motor case is lined with a rubber material that provides propellant grain to 

cage adhesion. The rocket motor propellant is  cast and cured in the motor case. 

The propellant grain is cast in an internal burning eight pointed star con- 

figuration. The propellant grain is ignited by the two ignite:- assemblies, mounted 

180° apart on the aft end of the motor case, adjacent to the nozzle assembly. 

.‘ ’ggeration 

The retrograde rocket motors function in two modes . _ Ndmal and abort; In the _ . 

'normal mode of" operation, the rocket motors are used to initiate spacecraft re- 

entry. .The rocket motors are fired at 5.5 second intervals ih"1-2-3-h order.   

' The pmpellant grain of the rocket motor is ignited. by the- hot‘ gases trim the ~ 

ignite: assénblies. The propellant. grain burns (her the entire surface of its - -~ ‘ 
. eight pointed star configuration until exhausted; The thrust produced by the 

f V motors 1n transmitted to the spacecraft structure and retards spacecraft velocity. 

‘In the abort mode of operation, the rgcket motors are fired in salvo or as mission 

"requirements may direct” 

'mnocmz 30cm I M W  ‘ _ 
Descrizl; ion . , . _ , . _ 

no Retrograde Rocket Igniter Assemblies (Figure 11- 31;) are used to ignite the 
propellant grain of the retrograde rocket motor; The spacecraft contains eight: _ - 

ignite: dummies that primarily consist of the case, head cap, grain,_booster 

11-73 . ' 
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pellets, pguet basket,‘ and Initiator. The ignite: 'assanbly‘ 1's eséential]: h ' 
,' small; sand propellant rpcket motor. The. case'vand‘V head cap are individually maché-  

inéd from a stainless V steel alloy and have a threaded interface. . 0n the intetf " 

m]. surface of the case, at the gas exit, a sun-phenolic insulating matérial 

 1‘ bonded to reduce heat transfer during ingiter firing. The grain is cast and 
_ cured in a phenolic paper tube. The grain is inserted into the igniter case , 

_ h prior to case and head cap assembly. The booster pellets, consisting of boron '3 

  potassimn nitrate, are contained in the pellet basket, located in the head cap- 

The pguet basket is held in place by the head cap and is installed prior t9 

case and head cap mating. The initiator cartridge consists of the bOdy, one V 

firing dircuit (bridge wire) , ignition mix, and output charge. The basic func- 

' non of the initiator is to fire the igniter. The initiator is thieaded 1m 

' the head cap of the igniter at the time of igniter assembly build up at the 
‘ ~ . . . o v - -  

aeration 

When initiated by the proper electrical signal, the initiator of the ignite: 

‘ assembly is activated. The initiator ignites the boron pellets, which boosts 

the burning to the ignite): grain. The ignite: grain generates hot gas which is 

' exhausted into the retrograde rocket motor cavity. ' The hot gases provide the 

, . tanperature and pressure for retrograde rocket motor propellant grain ignition. 

Either igniter is sufficient to initiate burning of the rocket motor. 
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"'1:m BAR Assmhtf ‘ 
Descriptién f ‘   ' I .9 . . . _ . ._ ‘_ _ 

I The docking Ear assembly (Figure 11-35) pflmarih'r cdnsists of the‘cylihder, T 

inner piston, inner piston extension, outer piston, indexing bar, housindmanii- 

fold, two extend cartridges, {mo Jettison cartridges and a locking mechanism. . , 

I. The basic mnction of {file assembly is to extend and lockthe indexing bar prior " 
to the docking maneuver and to Jettison the indefihg bar after the rendezvous _ . 

operatipn is complefie; Tn; purpose of the indexilhg bar is to aid. ‘both- visually ' 

and mechanically in the docking maneuver. The docking bar assembly is located 

in the rendezvous and recovery section and attached to the section structure . 

The housing manifold, mounted at the top of the cylinder, contains the two. 33- . _ 

tend cartridges, two Jettison cartridges and the locking mechanism. The hollow. ‘ 
inner piston extension protrudes through the outer piston base and is attached _ 

to the inner piston, which operates in the outer piston. The indexing bar is 

I. secured to the outer piston by a shear pin. V 

firation _ 

The indexing bar is extended by gas pressure generated when the dual «band 

cartridges are initiated. The gas presemre v is ported into the ‘cylindezf and ' 

enter: an orifice in. the base of the indexing bar. The gas is than ported - 

through the hollow inner pistqn extension and Exam pressure on the bottom ' 

 01’ the outer piston causing it to extend the bar- When any extendéd, the 
1mm bar is secured in place by the pin of the locking mechanisnengaging ' 
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PROJECT GEMINI 

. f   a detent 1n the outer piston. . Th9 indexing 'bar is Jefitiébned when the dual ~ . 

‘ jettison cartridges are initiated. The gas pressure génerated by the‘ cartridgéa. 

13 ported into the cylinder and through an orifice 1n the outer piston to a. 

2 . cavity between the inner and outer pistons. ’ The thrusting action or the inner ' 

I piston causes the indexing bar to sever the shear pin and be Jet-tinned. The 

inner piston is prevented from being Jettisoned by the inner piston extension 

engaging the outer piston. The inner piston seals the hole for re entry after 

Jettisoning the indexing bard 

MRGMY DOCICENG N a m  

Descrigtion 'f _ . . . . _ 

The Emergency Docking Release System (Figure 11-36) contains three release assem- 

blies located symmetrically about the longitudinal axis and attached to the I. 

Rendezvous and Recovery structure at the outer mold line . The basic function 

h 'ozl’ the release system is to positively release the spacecraft from the docking 

' vehicle in the event of norm]. release system failure. The release -assenb11es 

' primrfly consist of a latch pan, body, piston, pistoii closure éap stud Aéssenbbly‘ 

  and two gas . pressure cartridges. The release body is attached at Qpfiosite mg 1 
of a. cannon structure; maker of the fiendess and Recovery ‘secflon. IA gtud ' 

. '_assemb1y, torqued into the docking release piston profrudes out or the unit body; 

The latch pan' is secured on to the Stud by a collar and shear pin. Instamtion 

- or the closure cap seals the area above the release piston. Each uhit 13 acti- 

. vated by tug pyrotechnic cartridges, installed in thé base of the .rélease body. 

11-78 
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' - 6 E x r a t 1 ‘  

Malfunction of the norm]. docking release system requires the use of the emergency ‘ 

'._dock1ng release system. Upon receipt Of the proper electrical signal, the cart- 

. ridges 'aré unified in all three release assemblies. The cartridges generate gas 

pressure that is ported through drilled passages in the body to the underside at ' 

‘ the piston. The pressure displaces the piston, separating the shear pin from 

.1 fine latch paw. The latch paw, being held by the docking vehicle latch, is thus 

parted from the emergency release body. The spacecraft 18 then free to move 

”Lout bf docked condition. 

. Descrigtion ‘ ' ' 

The target docking adapter has a single Flexible Linear Shape Charge (F180) 

ring assembly to open and Jettison the transponder cover. The Jettison assembly 

‘ consists of one FLSC, installed around the inside edge of the transponder cover, 

We detonator blocks ,. two detonators and an explosive ring. The explosive ring 

.13 bolted to the TDA under the transponder door. Detonator": are inserted in 

the two detonafor blocks, which. are installed on the TBA under the explosive ring. 

\ ration 

' 0pm .receipt or the proper electflcal signal, the detonators transmit a detonation . 

wave that is propagated t6 the F180. The FLSC deiofiates, aevérs and Jettisons 

the franaponaer door skin. The explosive ring absorbs the shock in back a: the 

blast-and protects. the transponder and struéture from atnzapnél. 'm'e strand of I 

H80 is adequate to sever and Jettison the transponde: door; 

"11.80 
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,fsadrzon m mmm " ' 

The Parachute landing System (Figure 12-1) provides 5. sate fits of descéht' to_  

7 1 - return the re-gntry module to the earth's surface and furnishes the proper atti-V . 

' 'tude for a water impact. A system of three parachutes in series is utilized for " 

stabilizing and retarding the velocity of the re-entry module. Ming. the final 

,iatage a! descent, the min parachute suspension is inverted from a single point 

to a two point system in order to achieve a more favorable attitude for a water 

_ ' landing. The landing system consiate or three parachute assemblies (a dream 

fiarachute assembly, a pilot parachute assembly, and a. min parachute assembly) , 

two mortar assemblies, reefing cutters, disconnect assenblies, riser assemblies, ‘ 

and attaching hardware . The entire landing system, with the exception of the - 

aft bridle leg and disconnect assembly, is located in the rendezvous and recovery > 

section of the spacecraft . Figure 12-2 illustrates the sequence or eyenta Vtron 

re-gntry to impact in block diagram form.‘ Figure 12-3 illustrates the electrical ' 

sequence or the landing system. 

’ srsma may _ .. _ 

mom. to ré-entry, the landing and postlanding cannon ‘éontrol electrical base; * 

. are ma by positioning the m m  switch to AM. This also appnea pqwer to ‘ 

the two barometric pressure switches for illumination of tha 10. 6x and hOK warning 

momma . ' 

_when the altimeter indicates an altitude or 50,000 feet, the mm 13305113 switch 13' _ ' ‘ 

manually activated . The drogue switch energizes two single pyrotechnic cartridge: 

in the dream mortar. The dream mortar deploys the reared arcane parachute. Th9 

12-3." 



. 
“ 

*
a

r
.

e
"

.
"

 

-~=.-€-1 ~-.‘.n.i..l...' . _ . -  .. . . run-«3‘. w.- 

' ‘ ' ~ I ,seouoo 
PROJECT GEMINI 

won! an: mmmc 
ucut mssua: swncu Acnwms uwuumns 

mocut' DROGUE gm ‘ swncu ' MORTAR onsatmo 

332%; to.“ WARNING 
swucu - mmm acnwms 

gfs‘ég‘fié'g" xterm mot cum: GUILLOTINES mo: cums assume (m mo no.) DEPLOYED (a. sec. mo no. 
war 

~ swncu 

(so-7o M5 1.0.) . omoveo 

MAIN cmté . ousaeereo 
(10 sec. mo 1.0.) 

. MAIN nucnun um: (so: ma" SINGLE row! ANTENNA mscounm mam - 

our 03cm: ANTENNA o 
smnoao 

our RESCUE 
BEACON 
acmneo 

nonsr Loor 
AND rusnmc - - 
gag?" “6'" tsozuo 

@ D  mat acrumo. 
nu JET‘I" mum: . I ' . swucu . JE‘lTlSONED : >  memmcu counscnou 

7 ———> ‘mcmcn connecnou 
rusumo . - - ascovaw 
ucm 
ACI’IVATED 

12-4 

‘
.

I
-

A
l

.
'

.
‘

\
.

‘
.

.
 

\
.

 
" 

. ‘
.

 
‘ 

4
.

-
 

4
|

.
“

 
p 

c I 
v .

 
,_

< 
"

M
L

 
H

w
y

.
 

,
,

u
 

,
6

"
:

 
, .

h
\

 
. 

. 
' 

‘
I

 
I 

H 
" 

-
5

 
.

w
-

M
M

‘
 

I
I

 
q

‘
.

.
.

-
—

|
.

~
n

.
~

l
u

‘
n

¢
‘

 
. 

I 
. 

._ 
, 

' _
 

A. 
r

x
‘

A
‘

u
i

' A
"

 

——v~ 
J

‘
 

I 
(

T
h

y
-

5
'

5
3

”
"

 



l 
I' u «

U
p

-
7

7
"

-
 

. 
“

-
.

‘
-

 
.

o
 

_ 
.

-
.

.
.

 
W

M
”

:
 

1
‘

 

....._a... g ,_ ’ ' v -  

q .  

‘ ‘ ‘ - L I 

. . - l '  ' unsecnou 

. 
Y. * M a ’  --.-—.' ‘ g ‘ . .. - _  

SEDR 300 

PROJECT GEMINI 
r ‘ - - - - - - - - -  - - - - - - - - -  - - m E C - - _ - - - - - - - - - - ’ — - - - ‘ fi  

-nocue cums r — J “  ‘ fi ‘ -  M on»: 

03mm: 
mm IGN. 

DROGUE CHUTE 
DISCONNEC‘I’ 
GUILLOTINES (3) 

PILOT CHUTE 8. 
APEX CABLE ' 
GUILLOTINE - __- _ __ __  _ _ _m_\_‘  ,‘_‘ 

mar cum: ‘ -_- ‘ - 
MORTAR 

—————— mane mocue —-------+-.-------  ---‘ L - - - -  

MAIN CHUTE 
SINGLE POINT 
RELEASE 

L‘_-------_--; ...... __ LDG.ATT.——-—-—-,f--—--'--—-—--- 
r - - - - - - - - - - —  - - - - - - - - - -  PAMJEIT - - - - - -  - - - - 9 - f - b ¥ P b - -  

H 
FLASHING 
RECOVERY 

-
-

-
J

 
'

L
-

 

=- JETTISON FWD 
MAIN CHU‘I’E 
JET‘I’ISON AFT. 

l x 

I 
I 

~———rr 
RE-ENTRY 
UMBI UCAL 
PYRO SWITCH 

R 8- R SECTION 
COAXIAI. 
GUILLOTINE 9.:
 

WIRE 
GUI LLOTlNE 

I 5 I SECTION 
JETTISON PRIMI 
CORD (2) 

R l- ! SECTION 
PYIO SWITCH 

.GK 

a
}
?

 
  

"
a

 

H 

'
1

 
.

.
 

°-—Il—-0. . ‘ . " If" Taxicgt. SEQ. DOIN- 
M 

#130!“ 

Figure 12-3 Landing System Schematic 
12.5 

I ' u . z . .‘ .-. h. _ . . v, , 

3'
3 

9'
 

IANDING M 
PGTIANUNO 

CON?!“ I5 

MIR-I. 



. 
‘ 

L 
'

W
z

_
-

I
*

£
‘

 

{. - " PROJECT GEMINI 

. parachute is reefed to limit the opening shock load. Sixteen séconds after . 
7 deploymnt , two pyrotechnic reefing cutters disreef the dream! parachute. The 

' drogu'e parachute stabilizes the re-entry module.     . . . ~ .   . - f . 

I At approximately 11,000 feet, the PARA switch is activated. The PARA switch fires '. 
_ the three drogue cable guillotines and sets a 2.5 second time delay to the MI! I 

>_r1ng detonators. After the drogue riser legs haVe been cut , the dream parachute 
pulls away from the re entry module extracting the pilot parachute from the pilot 

mortar tube with the apex line. When deployed, the pilot parachute is reefed to 

limit the initial 'ahock iced. Two pyrotechnic reeflng cutters disreef the pile? 
chute six. sécofids after deployment. 2.5 seconds after the pilot chute has been. ‘ 
deployed, the MDF ring fires separating the rendezvous and recovery section from 

the landing vehicle. The pilot parachute functions to decelerate the re-entry ' v . .5 r 
module , remove the rendezvous and recovery section, and .deploy the main. paraghute. 

As the landing module falls away from the rendezvous and recovery section, the . . 
min parachute is deployed in a reefed condition. The main parachute 1's disgeefed _ ' . A; 
by three pyrotechnic reeflng cutters tén seconds after deployment. The two deéél? 

' erations provided by the main parachute divide the retarding shock load. Aftér . I 
' the main parachute has been disreefed , the manually operated LII} ATP switch is 

actuated to change the single point suspension system to a two point suspension 
. n
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sistem. The two point suspension system provides a mare favorable attitude for 
— - — _ — — .  

,
‘

l
h

 impact. As soon as the landing module cantacts the ocean surface, the PARA JE'fl‘ 
' switch 13 activated. The PARA m switch energizes the forward and aft bridie 

disconnecth releasm the main parachute. Upon completion of the 1anding_,'u;e 
mains module 13 prepared for transmitting déta and recovery information. 
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MESH“ OPERATE)! 

‘. _ In the event the drogue parachute does not. deploy or deploys improperly, the 

moans mm 10. 6:: switch 5.3 actuated. The closure of this switch fires the three; 

-_ drogue cable guillotines , the apex line guillotine, and the pilot parachutg 

mortar and starts the 2.5 second time delay to the m rings. The pilot” mortar 

deploys the pilot parachute in a reefed condition . .  From this poiht', the emergency 

sequence of events is exactly the sauna. as deed durins'a norm). landing.- ’ Figure 

I 12-11» illustrates the emergency sequence of events in block diagram form, and 

. Figure 12-5 illustrates the emergency deployment . - 

- 3mm Imus? 

Mymcmm’ 
V The drogue parachute assembly (Figure 12-6) stabilizes the re-entry Male and 

”deploys the pilot parachute. This assembly consists of an 8.3 ft .  diamter 

conical ribbon parachute with twelve “(SO-pound tensile strength suspension lines. 

A three legged fleet assembly attaches the parachute assembly to the ,rendezvdus 9....” 

and recovery , section. - 

‘ When initially deployed , the drpgue chute 18 mated to li3$ of the parachute dia- 

meter in order to reduce the opening shock load . Sixteen seconds after deploy- 

ment , two pyrotechnic reefing cutters dies-eat the drogue chute . Initiation ”gt 

tha' PARA switch fires three cable guillotine: located at the baée at: the three . 

riser 16880 58 the drogué chute pulia away from the rendezvous find recovery Hec- 

Ition, an apex line, {Inch is attached to one of the riser legs, extracts the _ 

pilot mummy. the pilot mortar tubg. The am' mm“ ream attached ' . 

to the pilot parachute during the entire descent.- ot the rendézvous and recovery ' 

cactus: as: the re-entrypoduh. ' : ' I ‘ 
‘ ’ I '12-? 
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Me Parachute Mortar Aesembji _ . _ _ 

The drogue parachute mortar assembly stores and protects the drogue. parachute   

during flight and deploys the drogue parachute when activated by the HI-AL'I‘ m i: 

switch. An insulated metal pan retains the parachute 1n the mbrtar tube which has '  I 

. a diamter 61' 7.1-5 inches and is 9 12 inches long. The breech asSemy, located 

‘ . at the base of the mortar tube, contains two electrically actuated pyrotechnic. _ 

I cartridges and the orifice. The cartridges generate gaaeg which enter the mortar ; I. 

_ tube through the orifice and eject the drogue parachute and “sabot. , ' 

' Damage Mortar Sabgt f _ _ 

. The drogue mortar sabot is an aluminum cup located in the base of the mortar. and 

' futictiona to eaec't the drogue parachute with a piston like action. In order to 

insure the most effective ejection, the sabot is fastened to the base (at the ori- 

fice by a. frangible bolt, and an 7"Or"r1ng , located near the base of the sabot 

contacts the inner wall or the mortar tube to prevent any escape of gases generated 

by the two pyrotechnic cartridges . When enough pressure to break the frangible , I 

b°1t has built up, the sabot and parachute are expelled from the mortar tube , 

‘ Arte:- ejection, the sabot tannins attached to the parachute bag and aids in strip- 
pins the has from the parachute . . 

9 m  Parachute Deglomnt 23‘ 

m drogue parachute deployment bag protects the droéue paracmte' during defileyhnnt. 

and allows for an orderly deployment of the ' parachute. The bag 13 fabricated from. - 

cotton sateen and nylon. A 0.35 pound aluminum plate , sewn into the top at the 

m, aids in stripping the has from the canopy during deploymnt. ' 
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‘ The pilot' parachute assembly (Figure 12-7) decelerates the re-entry mam and 
removes the rendezvous and recovery section from the landing module which results 

. 1n the dgployment o: the m parachute. During rught, the mat parachute ‘ 
assent]: 13 stowed 1n the pilot mortar tube. The 18. 3 root diameter canopy is of 

' the ringaazll type having 16 sores and fabricated from 1.1 and 2.25 ounce per - ' ' 

‘square yam nylon. Sixteen nylon cord suspension lines , which are 17 foot 10h; 

' and have a tensile strength or: 550 pounds each, attach the canopy to the riser 

anaem‘bly. A 10.75 foot long split riser, constructed of four layers of 2600 M 

tensile strength dacron webbing, holds the pilot parachute assembly to the rendez- 

vous and recovery section at the spacecraft. When initially deployed, the pilot 

parachute is reef‘ed to 11. 5% in order to limit the opening shock load to 3000 ' . m 
a 

‘3' ,  pounds. Two pyrotechnic rearing cutters dimer the parachute 6 seconds after 

'deploynent . The pilot parachute remains attached to the rendezvous and recovery . 

section fhroughout the. entire descent. 

Pilot Parachute Marten: Assemby' 

‘ The pilot parachute mortar assembly 13 similar in design and operation to the ‘ . . A 1 , 

drogue parachute mortar as aem‘bly. During normal operation of the landing System, 

this.” assembly Serves only to 'sfiore and protect the pilot parachute. In the event ' 

at a failure in the deployment of the drogue parachute, the pilot parachute mortar 

can be activated to deploy the pilot parachute by initiation of the mom: m 

10.61! switch. Actuation of the emergency drogue switch fires the three drogue 

cable guillotines , the apex line guillotine, and the pilot parachute mortar. Arie: _ 

the pilot parachute has been deployed , , the landing is completed through the norm).- 

sequence of events . Figure’ 12-5 illustrates the pilot paraéhute deployments .   - ‘ " ' 
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I Pilot Mortar Sabot 
The pilot mortar sabot functions are the some as those of the drogue m1- abort. 

Refer to the description of the Drogue m 331,01; ' - ~ - - 

Pilot Parachute Deglomn 111: pg - 
The pilot parachute deployment bag 13 similar to the drdgue parachute deployment 

“has 1:: design and use, except for the bag handles attached to the apex 11m tar 

extraction by thg drogue parachute. _ 

MAIN PARACHU'I'E m RISER m 2  . . _ 

' 'The min parachute (Figure 12-8 and 12-9) is at the rmgsail type with a diameter 

I or 81} .2 fegt. The wlon canopy has seventy-two sores alternating in colors at ’ 

international orange and white, Seventy-two suspension lines are attached to 

eight legs at a single integral riser. Each suspension line has a. tensile strength 

a 550 pounds. m; 3425 10015 integral riser consists of eighf layersmt 5,500 
pound tensile strength wlon webbing. The canopy is fabricated from 1.]. and 2.25 

ounce per square yard nylon and can withstand a dynamic pressure at 120 pounds _ 

per square foot. However, by reeflng the min parachute, a maximm 16nd of 16 ,000 
pounds is experienced at deployment; when mummy deployed, the magnate 1a 
reared to 10.5%. The diareered main parachute allows a mum average rate of 
descent of 31. 6 feet per second for a module weight at h ,hOO pounds. 

Main Parachute neglomnt' Bag and Container Assembg 
The main paracmte deployment bag and contafier assembly (Figure 12-1) stow: the 
min paracmte. This assenbly is located in the aft end of the rendezvous and . 
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949.6 IN. 

26.4 IN. . ‘° '"°' ' , 

““9191: m REEFED - 
communion 

Figufe 12-8 Main Parachute and Single Point Suspension Syitem - ‘   
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PROJECT GEMINI 

rebovery section of the spacecraft. The deployment bag is fabricated from a 

'cotton sateen material reinforced with nylon webbing. In order to insure a full 

and order]: deploy'ment of the min parachute, the suspension lines must- be 

I I Stretched out prior to. the release of the canopy. Therefore, transverse locking 

flaps are incorporated in the bag to separate the canopy from the suspension 

lines . Four restraining straps hold the deployment bag in the container until 

" '_deployment..  ,  

" The min parachute container 13 22. 25 inches in diameter _and 21.32 inches long. 

'The container is closed on the forward end and is secured to the rendezvbus and - 

' Wrecpvery section byrour vertical reinforcing brackets, At deployment, the re- 

straining straps of the deployment bag 'are unloéked, the risers'and suspension 

lines are extended, and the canopy is pulled from the deployment m. The deploy- 

- ment has renames attached to the container by four bag handles. _ 

{Main Parachute Bridle Assembg. ~ . 
lime main parachfite bridle assembly (Figure-12$) provides. 'a two point "suspenéibn 

system in order to achieve the optimm attitude. for a. water ianding.- Two separate _ 

bridle ' straps constitute the main parachute bridle absembli. The forward bridle 

strap is an‘85 inch long nylon strafi with a looped end conneéted to.» the forward I I 

' “bridle disconnect. . Prior to single point. release, the forward bridle r13 stowed. 

1n the bridle tray (Figure 12-10). The aft bridle '13 "106'1nches 10:13 and connects .' 
to the. art disconnect which is located immediately forward or the single pqint 
$0131: loop (Figuré 12-510). Constructed of high temperature resistant nylon, the 

aft. bridle 13 stowed in a. trough that extends from the front or the R08 section 

to the aft disconnect during flight. An insulating cover shields the art strap 

_' 12-11 
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fin. the cable trough until the single point suspension is released, at which time I 

- the bridle leg tears through the insulation. - . 

- min ___:_Parachute Release _ ‘ .. > ., 

Upon landing in the water, the main parachute 13 released from the landing module .   

by activation of the. PARA J'E'I'I' switch. This initiates the forward and aft 

"disconnect pyrotechnics and allows the chute to Pull away from the landing module. ~ 

_   12-19I-ao 
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saunas XIII mam smug" 

gram mscnmm'  
The docking system (Figure 13-1) is used with spacecrafl: 6, 8 and 9 and consists - 

at two major assemblies: the spacecraft rendezvous and recovery (R 8: R) sectian   

and the target docking adapter (TDA) assembly or the Agena target vehicle. These 

assemblies permit the spacecraft to mate with the target vehicle during orbital 

flight. The docking cone receives the spacecraft during the docking weavers. - 

Electromechanical devices in the spacecraft and the docking adapter control .‘the 

éontrol stations. For convenience ,_ these major asgehbliea are considered separatély. 

muons m RECOVERY SECTIGI 

The R a a section at the spacecraft (Figure 13-2) consists at the following 

" docking system units: the main structure, a. nose fairing, an index bar, 3 mooring 

I latch receptacles, 3 latch-receptacle covers, the rendezvous radar, an mines). . 

connector (receptacle), pyrotechnic cable cutters and eJection devices. Other 

components q! the R 8: R section are not concerned with docking. The main structure 

is mounted to the spacecraft and in turn serves as a mounting str’ucturé for the '9 

other units. 

”m nose fairing 13 r1316]: but. temfiorarfly fastened .to the forward , end or the 

3'8: R section. The fairing 18 Jettisdlet} 31 31381-118 “‘5 99501153 antenatal: ' .  H 

A pyrotecme 1gn1ter cuts a shear pin aha suing: the {gums char? of the ”a” 

graft. The docking latches are exposed as thinning 13 jettismed. 



«
a

.
.

.
 “

W
.

.
.

-
 

0
1

,
.

 
. 

~ 
. 

n
u

»
.

.
.

—
 

. 
- 

. 
_

.
 

‘ 0  

0’ 

. 

. ._V —— 3' ' ' . ,g.r ' J. M “ W . ~ p ‘ n — g . n ~  ”.0...“ . - _, - ‘  I ‘ ~ 

- H WM” 0 '- . --»--»---=‘"~“"- 33‘: w w," K... .. . ,.. _ V" .-. m _ H-.. . _ .-.. .. a, WWW, .... M. . 
A" ’ I . V I ' ' > 

I A 
4 _ ' ‘. 

i ' ' ' . 
. . t . i n ' I ‘ 

U 

a . . _ 

._SEDI;3OOI_ . ' ' , . '- . 
PROJECT GEMINI   I - '1‘.,4'; I 

'MMN 
Imam! 
Stone! am . . - 

momma m .' 

3’3 sacrum . 
" mo: cum: I!» 

moans cums om 
\ MOOIING 

- 7  1x. . men _ 
‘ Q 

Ulf 
' ANTENNA 

(REF) , >' 

momma - 
wen mama; 

SECflON A—A 

v
.

1
.

 
‘ 

Figure 13-2 R & R Section, SIC ‘ ' I . . » m—u-a . is 

13-4 .‘ 

'
4

 
- 

. 
u 

‘
.

[
 

\ 
.

‘
L

s
W

F
 

" 



. 
*

”
_

-
q

«
 

PROJECT GEMINI 

' The index bar is so located that it coincides with.the slot in the docking came. 

.when properly aligned. The bar is extended pyrotechnically by  the pilots and " 

-rema1ns extended until Jettisoned at retro adapter separation. The pilots use A' 

“the bar to align the spacecraft with the docking come. The pilots use another 

set of igniters to Jettison the bar. The bar can neither be extended or 

‘ Jettisoned prior to nose fairing Jettiaon. 

. The three latch receptacles are equally spaced ardund the forfiérd perimetér of the. 

R &;R*séct10n. The lafier latch serVes as a pivot for the nose fairing‘when 1t'19 

.Jettisoned. The latch receptacles are eiposed when the nose fairing is Jettisomed. 

The exposed receptacles mate with the mporing.latch.hooks on the docking come as ~ "  

the fwo units come in contact during the docking maneuver; The latch receptacles 

1:111 remain locked until ' unlatchea automatically by the separation sequencéo» m 

latch receptacles are Jettisoned Just before re-entry or during an energency; The‘ 

cavities left by the Jettisoned receptaéles are covered by pyrotechnically released 

covers before re-ehtny. Relays prevent these operations until after the nose ._' 

fairing has been Jettisoned. ” . K . “ l " “  

The rendezvqua radar is located in the front part of the R a; R section and consists 

V ‘ o t  the transmitter-receiver unit p i n e s  receiving antennas and one transmitting 

antenna; The radar (and encoder) are used to control the target vehicle before - 

_ docking. The pilots can initiate a nudber of encoded commands via the radar '1 

1m to accdmpligh this,- 

The umbilical receptacle mates‘with the_umb111ca1 plug during the r13tdiz£ns_. 

sequence of thé docking maneuver. The umbilical connection provides direct hard- 

ling control of the target vehicle. ‘Thta control includes simple switch1n3»and 
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.encodéd cémnds; , 

Pyrotechnic ignitera are used to extend the index bar, Jettison the index bar and 

the mooring latches, Jettison the nose fairing and release the latch covers. The 1 . 

' pyrotechnic igniters are fired electrically from the crevstatmn. 

mum ADAPTER Assmmr . 
_'1'he docking adapter assembly (Figure 13-3) consists of two major subassembliea: » 

-. the docking cone. and the docking adapter. The dockipg adapter .13 mounted oath: 3 . V f - 
Agena forward auxiliary rack and becomes the mounting structure for all other ' . , . 5 "1 D I . I 

'coxfipoxjents of 4.15.118 target docking adapter assembly. ' 

The docking ébne is" cénnected to the docking édapter hi the three cone‘dampef 
assemblieé find is the mounting structure for the moéring lafch assemblies, the ' ‘ ': ‘ . 1 ~ 

I' ' ‘uubincal plug assembly and the laid: releaée actuator. Hm latch 'assembne's m ' ' 
released and reset by the latch release actuator as a part of the unrigidize 

.gequggge. With the cone unrigidzlzed , ready for docking, the latch assemblies are 

reset. In the reset condition, the latch assemblies are spring loaded so that when 

. the spaceclfaft R a: R section enters the docking cone, 'the latch hooks engage the " 
latéh‘receptacles.‘ ‘The umbilical 'plqg assembly is mounted on‘ one of the done ' . I _ . .; 

'atructural fiembers which Supports one of 'the latch assembiies and is extended and I ' ? : 
‘ retracted by the mooring drive system. In the extended condition, the plug mtes ‘ 

with the receptacle 1n the spacecraft R 8: R section. The cone has a v-notch, 

with 318101: at the bottom of the v, cut into the cone's ufiper surface. nus notch 
and slot , together with the index bar, indexes the spacecraft to obtain proper I 
alignment between the spacecraft and the docking target. 
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- DIPOLE . ' 
' ' ‘ - FANIENNA . 

‘ ' . ' . 1 ~ Accusmou' ‘ 
' . ‘ ' UGHIaIEGP)‘ , 

SPIRAL - 
ANT!” 

K . mam sums 0|:q -. 
’ I' " " ' - - mom! 

SPIRAL ANTENNA 

V . '  momma 
(”mm was: IA'I'CI'I HOOK 

. Figure 13-3 Target Docking Adaptgr Assembly I'm-I34 
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The cone damper assemblies are equally spaced around the rear perm“, at tho _ . . 

docking cone with one assembly connected to the cone behind the V-notch. “‘9 . _ . 

dampers connect the cone to the adapter structure and absorb the shock of the -. . - . . . . 

actual docking thrusts. They are unused to absorb thrust from W directigh -. . -- , 

and t0. compensate for any misalignment at the two vehicles. ‘ ' ‘ 

1i; ad'dition'to‘the docking come, the following docking units a; mud" on the ’ _ 
36cm; adapter: ‘ the *mmg drive ”system, the Agena target which status dupm‘ ' 
panel, the acquisitim lights, the radar transponder, three radar antennas and 

two approach lights. .- ' ' . ' 

  The mooring drive (rigidiiing) system dma the docking cone tightly against 1mg . 

adapter structure and extends the umbilical plug. -‘.l’be cone is drawn into the ' V 
.4» adapter structure by the rigidizing linkages. The. linkages are afiven by three ' 'T . 4‘ 

  . gear. homes. The gear fioxeé are driven by a single‘ electric mtor, through fléxiblc ' 

drive cables and an Hgdrive gee; boat." The. motor 13‘ started automticam and the 
cone 'rigifiized when the spaéecraft is» latched into the gone; The ddcking adapfggéfl 

is unrigid 1236 (mm; refereed) and the spacecraft released by a my; pilot I 
'cqmna through the umbilical connection. Prior t6 docking, the unrigidizing 

V process 13 unified .by R F comm] (radar-twenty!” link 0:03? ground rédio. I _ ‘ ' - p 

The Agena target vehicle gtatué display panel is muted on the docking adapter 
atmcturé and on one cofie damper, Just above the V-n‘otch'm thé (26:10. It m m  

dupma intonation to the pilot on twelve functions ‘within the Agena target ‘ 
. véhicle. The display consists out nine lights, tho clocks and one synchro indicator; 

A11 patier required by the panel 13' supplied from the #86118 PM! system. The Agent ' . . 9 

target vehicle displays are as failure: new (green 113m), 310m (green 113111;); ' ' . h . 

-—u.--—-y—Mu_,- 4 . x .  . r 
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l-m (5’3” 1151‘“: MAIN (red light); MAE (green light), ARMED (amber light), _‘ " 
SEC HI (green light), SEC Lo (green light), 4mm (green'light), mmIN TIME (clock } 

‘ display), $201M. (clock display) and IA‘I'J.‘ GAS (syncfifo 61591331.). - . . 

. The twd acquisition lights aid the pilots in visual tracking of the Agena- target . 

' '- vehicle. » They produce a flashing light that can be seen for approximately 20 

nautical. miles. V They are mounted at the outer edges of the adapter structure 

._ .136 that {he}? are visible to the pilots around the cute: edge of the,- cone. The ' ' ' 

. 
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lights are mounted so that they rotate inward as the cone is rigidized. The cone , 
should , therefore, be unrigidized for best visibility. 
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‘ _ The radar transponder and the radar antennas (2 spiral and 1 dipole) are used for . ’ 

pilot commnd and tracking of the Agena target vehicle . The radar transponder 

is energized and the dipole antenna (boom) is extended by UHF ground command.- 

The tfio approach 1.13t are mounted on thevlowé'r insidé fitrgxctfiré of the-adapteéré' ' I 

_ They are arranged to shine {through the real: of the cone and on the upper made; I 

i . - suiface neér the V-notch. The lights are turned off and on by fiilot or ground . 

. 'conimand. When on , they aid the pilot in attaining proper alignment of the 

spacecraft as they approach the docking cone. 

mam meme“. 323m _ _ _ 
The electrical systém links together the various mechariicél assembliéé of the 

. ' docking system and fires the pyrotechnic devices. In addifiim, it 'permits. the 

pilots to become a part out the operating system. A The electrical system (Figure '- 

134) uses three types or links in performing its functions: pilot/swifch operated " 

links encoded 'commnd links and automatic sequence links. 
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m 2%.?" _m 9” mm (2) 

minus nose mums nose mum 1:11 Jan 4m men sw mm: (a) uuvs (2)- 
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Figure 13-4 Docking. and Separation Electrical Block Diagram (Sheet 1 of 3) W 
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M 4 ”  Figure 13-4 Docking and Separation Electrical Block Diagram (Sheet 2 of a) 
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Figure 13-4 Docking and Separation Electrical Block Diagram (Sheet 3 of 3) 
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.'-P110t/Sw1tch Operated Links . , ~ ‘ 

:Four 'of the pilot/switch operated links control spacecraft functions and one ' . 

link gantrols Agena functipns. Index bar extend, index bar 'Jetfiison, engrgency . 

llatch release and latch cover release aré pilot/switch initiated. functions; There 

are We distinct modes of operation - nornfi; and emrgehcy. Romany, the pile? 

. gxtends the index bar prior . to  attempting the docking maneuver. After. ddckihg,‘ 1f 

. tihére is some difficulty frgeing the spacecraft from the hooring latches, the pilot 

g , .   '   . can‘reléase the spacecrafi: by pressing the EMER REL switch. This removes the Latch 

réceptacigs from the. R &’R section. Normally, however, the receptacles _a're 

! "retained until operatioh 91’ the JE‘I'I‘ REIRsitch. At this time, the latch release; - 

‘ latch obver release and index bar Jetfisori' igniters are fired preparatory for re- _ -‘ . 

: . éhtry. In the event at an abort prior to nose fairing Jettison, the latch release, . 

‘ . x ' I latch cover release, index bar extend and index bar Jettison igniters are not ' 

! fired. They can be fired, however, at any time after nose fairing Jettison by 

E pressing the JE'I'I’ RETRO switch. The BUS ARM switch, in the DOCK position, arms 

the 111a bar Hextlend and emergency latch release igniters. The DOCK LT (EXT 1.933 

. ; ion s/c_8 and 9). turns the docking light 9:1? and on. 

The ENGINE switch in the ARM position provides pilot control of the Agent: propul- 

sion systems when the 8/0 and TDA age in the rigidized condition. ' 

Coded Command Links . _ 

The coded comand links can handle 12? "separate commnds to the Agenafl‘DA systexfi. ' ' “
'

5
‘

:
l

 

These. commands control functions during the approach, docking, Joint maneuvering ' 

and separation phases of a mission. The commie m be carried by the radar-7. ' 

transponder mm, the our ground comm! link or the umbilical. hardline 1m. 
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The radar-transponder link is used during the approach phase and can be used until. 

' the spacecraft and the docking adapter are 50 feet apart. It my glso be used 

after vehicle separation.- The UHF ground commnd link is used. vhgnever required; 
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excépt (hiring the time the spacecraft 1: actually docked .‘l'he UHF link can . 

_ aupncaté any radar-transponder Suit 13,’ in addition, used a Aged; ”we, confirm; 

transpohder turn-on and dipole antenna boom extend . The umbilical path '1; 'used ' 
while thé’ apaceéraft 13 docked. 1mm; this time; the umbilical plug and receptacle j _7? '- 
.are mted. This connection pro§1des an 8-conductor path to be used by the pilots ‘ 

in controlling the target docking vehicle and the docking adapter. 

  All encoded comnds eventually arrive at the Agena command programmer. Whenever 

the programher accepts a.‘ cqmmnd from the spaCecrai’t encoder, 11: causes the afih- V 

Mt detector (in the transponder) to energize the message acceptance (LEG ACPJE) . ' 1 _' " . 1 .  

g 

indicator, in theicrews'tation'. In the docked configuration, using, hardlme, the 

sub-bit detector sends a Dc pulseto the spacecraft to indicate receipt of massage. '- 

The spacecraft-Agena command links function as shown in Figure 13-h. The 91161:: 

initiate the commie through the encoder controller circuit. The output from ' 
this circuit energizes the commnd link encoder, which in turn, sends signals -- 

to the transponder (and sub-bit detector) via either the radar-transponder link 

or" the umbilical connection. The sub-bit detector toutput triggers the Agena coin- 

nnnd programmer. The prGgrammér provides tub outputs ,‘ one t6 the Agena/‘I'm 

contra]. circuits and one to the sub-bit detector through the message acceptance . 

pulse (M.A;P.) circuit.” The transponder then energizes the use AGPT light in the 

crew station via either the radar-transponder or umbilical path. Not all at the . 

127 comnds are V assigned and or those assigned, only a few typical one; will be 

. , . . ‘ »' "x3 . _ . .- 12‘ 

13"“ ' ' '» ‘ ' . 37-3 . 
. . ' 7 ‘  y» 
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‘considered here. The first comm to the Agena target vehicle um be Um 

f ground comas such as AGENA POWER on, TRANSPONDER on and Boom m .  At about 

20 nautical miles separation, the pilots may comnd UNRIGIDIZE and ACQUISITIM _ . 

LIGHTS 0N using the radar-transponder link. The UNRIGIDIZE comm! lets the 7 

. - acquisition lights pivot up to their most visible position and prepares the docking 

cone to receive the spacecraft. The pilots give the APPROACH LIGHTS ON (:01:a 

‘ to' light the cone docking area. As soon as the spacecraft is moored and? the cone I 

rigidized , the pilot commnds go through the umbilical hardline. Among the 

commands given by hardline are APPROACH mom's om, msmxmm 9m, STATUS pm: ' 

DIM and a number of Agena control commands. When the vehicles are separated, the 

UNRIGIDIZE camand is given. This command may be repeated 11‘» the pilots fail _3 

' to separate during the 30 second delay before latch reset. After separation, 

: commnds can be given to shut off Agena systems to conserve power until another 

docking mneuver is performed . .  

The Agena coma programmer and the sub-bit detector are the. central 'coinfipnents 

of .the system, The detector receives all inputs train the ground coma link, 

the radar-transponder 11m: and the umbilical (hardline) link, processes the signals j 

and sends them to the Agena commnd programmr. The program): activates the 

circuits (in the Agena and the docking adapter) required to execute the coxn'mnd's. ‘ 

_ The comnds are sent to the progranuner 1n the form at a massage (M). Along with 

the message, a message compliment (y) 13 sent. The message compliment 13 a check. 1 ‘ 

signal which helps the programmer decode the message accurately. ‘Sync "pulses (s) 

- are sent to cOordinate the sub-bit detector and the progranmer operation. The 

time reference system coordinates the encoder and the sub-bit detector. _ 
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Automatic Sqence Links 

. are initiated. The moring-rigidize sequence is initiated when the spacecraft 
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R 8: R section contacts the latch hooks, pushes them aside and then allows the 

'hooks to lock on to the latch receptacles.. Latch engagement 13 sensed by three 

limit switches, one at each latch position. The sensing switches route Agena ’ 
' power through the Rigid ized Limit Switches to the Rigidized Power Confirol Relay. 

The relay energizes, connecting Agena power to the mooring drive system motor. 

When the system is rigidized, the Rigidized Limit Switches Open, tie-energizing the 

Rigidized Power Control Relay and stopping the motor. The umbilical plug is 

extended during .the rigidize sequence, 

4
3

9
.

 

The unrigidize sequence is automatic >once it is initiaied by eifheriground command 

or by the fiilots. When the mooring drive systém- is unrigid ized , lthe‘ Unrigidized’ ‘ 

Lmt Switches route Agena power to the latch actuétor. When the mechanism 13 

unlatched , the Unlatch Sensing Switch routes Agena power to the separation timer. . 

The timer, after a 30-s'econd delay, applies power to the reset side or the latch 

actuator through the Latch Reset Control Relay and the Latch Reset Relay. The; 

latch hooks are reset so that the decking maneuver can ‘be repeated. Normally . ' ' - L . 

the cone does not rigidize after reset of the latch hooks but 1: the pilot. does . ' ' "H ' 
not back éwéy within the 30-second delay before reset, the‘ cone will rigidize - ' 

following reset g: the latch hooks . The unrigidize sequence would then have to 
beyepeated. '   ' . '1 ‘ ‘ _ .. E? 
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' ‘ SYSTEM OPERALIOI‘I . ’ _ 

' The éperation of the docking system consists of four basic functions: 

(1) Docking sequence, (2) mneuvering sequence, (3) Separation sequenge ahd 

’ (h) Docking system control. ’_ 

Docxma SEQUENCE 

The docking sequence consists of approach, mooring, umbilical connection and 

rigidizing.‘ . ' ' ' 

‘ . A touch". 

I The pilots in coordination with the ground station control the docking system 

. (Figure 13-5), but only after the ground station 123 first used the UHF ground 

co’mnnnd link to switch-on the TDA/Agena radar transponder and control circuits 

and to extend the dipole antenna boom. Typically the pilots will begin tracking 

and control of the target vehicle at about 100 nautical miles separation.’ When 

the separation is about 20 nautical miles, the pilots can use the radar. trans-.- 

ponder command link to unrigidize and to turn on the acquisition lights; At about . 

500 feet separation, the pilots use the radar transponder commnd link to turn ' 

, f on the approach lights and status display (bright) and_ to extend the indexm 

pyrotechniqéam. The pilots will also decrease the apacecraft‘s closing rate 

to 0.7 feet/second. Later, the pilots turn on the' spacecraft d§¢k1ng light. ' 

As the target is approached, the pilots use spacecraft thrusters and the indexing 

bar to align the spacecraft with the docking cone. 

E2225 . _ 

As proper alignment is achieved , the pilots mauve): the Spacecrafi to slide , 

the indexing bar into the slot:~ (at the tip at the V-notch) 1n the docking'cone 
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(Figure '1345).  The pilots increase the forwaxd thrust as the spacecraft enters ’ 

the ”attacking" cone. This temporary thrust increase provides enough momentum for the 

spacecraft R 8: R section to actuate thé spring loaded mooring latch hook: on the 

mtgrioa- or the docking cone. Actuation or the latch hooks captivates the space- 
- craft R 8: R section in the docking cone and initiates the rigidize sequence. 

The, completed mooring operation‘connects the spacecraft firmly ~_to the docking cone'. -_ ' I 

' 11151612133 
Rigidizing (Figure 13-6) is the process of pulling the docking cone in toward the 

I adapter main structure until it reaches a firm seating against the pads (part of 

the adapter main structure). This operation is required because the cone dampers 

form only a flexible connection between the cone and the adapter structure. . 

Maneu’vering‘ the spacecraft-target vehicle combination is impractical under these 

conditions. I 

‘ The docking gone '13 rigidized as soon” as the mooring operation 13‘ completed. “ A :  _ 

mooring is cbmpleted, three innit switchési mounted on the m latch assenbliea 
automtically activate the mooring drive (rigidizing) mechanism motor, which in 

turn, drives the rigidizing linkages through the flexible drive cables, gear 

boxes and drive arms. The drive arms apply tension to the rigidizing linkages 

I connected to the target docking cone. As the linkages are retracted, the docking I ’ 

cone 1;. puned toward the docking adapter mam structure and the umbilical pm. *° 
is extended. When the docking. cone bottqms on the adapter pads, the mooring'drive ' - 

mechanism stops. The firm connection between the spacecraft and the target docking , 

vehicle enables Joint maneuvers with the two vehicles . 
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The rigid 12mg sequence can also be initiated by the pilots or the ground ' 
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atafiiona as back-up to the automatic sistem; In this case, the RIGIDIZE. command 

. ‘31:.8 sent to the Agent: command programs: via the RE link. The programier then 

‘routes power to the mooring drive system motor; The reminder of the sequence is 

I ' the same as when initiated automtically. .- 

  Umbilical Connection 

the mooring drive mechanism. In the rigidiged condition, the mooring drive 

' on the spacecraft R 8: R section. The plug remains extended and gated until the" 

' - '_ cane is 1111131316126.   

W S E W C E  

Thé. maneuvering sequence 13 subject to considerable variation except for a few 

common operations. Most of the maneuvering sequence is Subject to individual 

mission requirements; howgver , the following operations are thicéi on most 

W V M , ~ _  . . .  

docking mission-s; 

A'When the docking cone is rigidized, the pilots can use the umbilical commnd ‘ 

link to turn off the acquisition lights, the approach lights and the target vehicle ' ‘ 

‘ radar transponder. In addition, they will am the status display lights. When . . . 

. the pilots have the new switch in the ARM position, the target vehicle prowl- . 

sion systems can be used for attitude changes ,-or‘b1t adjustments, etc.  At the 

end of a maneuvering sequence, the 3mm switch 13 set. to BTW and the umbilical 

comnd link used to return the target vehicle to the pure-docking status if 

desired. A command via the UHF ground command link my be substituted for any _ 

pilot command it necessary. However, ground commnd cannot override p1 101: -Mtd 

. j 13-21  

- The umbiliCal plug in the d¢ck1ng adapter assembly (Figure 1347) is actuated by ' 

mechanism extends the plug out of its casing so that it mtes ‘fith the receptacle i 
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= Mai . _. .. , . . 
‘- The normal separation sequence is initiated by a cohmnnd to the Agena command _ . 

1 programmer to unrigidize the docking cone. The pilots or ground control may ' 

.   infinite. this commud. Receipt of this m m  by the Agém command programmer 

estate the mooring drive mechanism motor and lights the use ACP'I‘ light in the ' 
. crew station. When the cone is unrigidized, the mooring drive motor Stops and I 

I . _:_ the latch mechanism actuator is energized to retract the latch hooks and release 

 the spacecraft. me Unlatch Limit Switch within the latch mechanism atop; the 
' ‘ actuator and starts a 3o-second time delay relay.'1'he 30-second time delay nor-  ': 

" -' the latch hooks are resg't to the mooring position. At retro adapter Jettison, 

"the pilots win Jettison the index bar and the docking latches and releasé the 

' rail to thrust clear or! the docking came during the 30-second time delay before 

is initiated automucam after the latch-reset function. The pilots would 

. 1 PROJECT GEMINI 

. _ functidna‘ duel; as enginé arm. 

swarms mamas 

'As the maneuvering phase ends, the pilots will perform the separation seguence. . 

Busting conditions at the time will determine whether the mode is norhnl or 

_ emergency (Figure 13-8). 
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many allows the pilots sufficient time to back away from the docking cone before ” 

docking latchcovera. ' ‘ A A' '   _ '   ‘  " 

An exception. to the normal sequence as pres-ented can arise if the 151161;: ' should 

the latch hooks are automticany reset. In this case , the 11316129 sequence 

than have to send the UNRIGIDIZE camnd a second time. The 91191:: will then ' _ 
have _another ao-second period munch to thrust tree at the docking cone. when 
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Energetic; _ - 

If the pilots cannot thrust free of the docking cone by using the norml separation 

sequence or emergency conditions exist, they may employ the emergency separation 

sequence (Figure 13-8) to rapidly separate the spacecraft from the target vehicle. 

I The pilots initiate the emergency separation sequence by pressing an emergency ' 

release switch in the crewstation. This switch fires photechnic 13n1teraat 

each of the three docking Latch locatibns , breaking the latches 1608c _ from: the 

Spacecraft. The pilots then fire thrusters to back out. of. the docking cone. 6 Th: 

latch covers are released 'and the index bar Jettisoned at retro adapter Jettison. 

The emergency separation sequence permnéntly removes the docking capa‘bilit ies of 

‘ the spacecraft. 

Doom sxsrm common . 
The control of the docking System (Figure 13-9) is primarily electrical but pyro-F ' 

technic devices and mechanical sensors are integrated into the systeg - The control, 

circuits are conveniently thought of in two parts: those which control spacecraft 

functions and those which control docking adapter/Agents. functions. The operation . 

of the control circuits can best be explained by considering the following 

. phases: nose fairing Jettison, approach, mooring-rigidizing, mneuvering, 

separation and post -separat:lon. 

Nose Fairing Jettison _ _ 

The nose fairing covers the spaceéraft mooring latch receptacles Iand must be 

Jéttisonéd before docking 13 possiblé. In addition, the nose fairing Jettison'" 

electrical circuits peiform sfiitching which preyefits the firing of 'pyrotgchipic _ 

,13-25 
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ignitera for index bar Jettison; mooring latch Jettison and mooring latch cover 

release until the nose fairing is Jettisoned (JET? FAIR switch is pressed). 

me hose fairing is Jettisoned at staging +¥5  secbnds approximately. This” uncovér‘a A 

the docking latch receptacles so that docking is possible at any time after the 

spacecraft is in orbit. The pilots Jet-tison the nose fairing by pressing the 

J’E'IT FAIR switch after the BOOST- INSERT CNTL 1 and 2 circuit breakers heme 'b'een 

set to on. The JETI' FAIR switch then connects BIA Squib Bus power to the Nose- 

‘ , mums Jett Relays and the NOse Fairing Jett Latch Relays. The latch relayé are ' - 

, then latched so that they connect the m We switch to the Latch Reléaee   ' -' 
Eeiays. The J'E'I‘l‘ RETRO switch cannot be used until the latch relays are latched. - 

I We energized Nose Fairing Jett Relays connect BIA Squib Bus power to the nose 

fairing Jettison igniters. The igniters swing the nose fairing out and away from 

' i the spacecraft. 

me Nose Fairing Jet Latch Relays are unlatched during testing of the spacecraft _ 

by a circuit through the 're-entry umbilical disconnect plug; Thefiircuit, however ,h' . _. 

is not used aux-mg flight. The‘ latch relays must rennin latched in flight. 

LA; grbach , . 

During the approach phase, the um ground commnd link is used to switch on the 
_ Agenapommand circuits, the docking adapter radar trénsponder, t6 lextend. the doclfi-‘r 

in; adapter dipole antenna boom and unrigidize the docking cone. With this dc- 

eomplished , the pilots and the ground stations can control other docking adapter] _' 

Agena' functions. To control these funétions, the pilots éet up commnda on the ' 

encoder controller. The encoder controller (when AGENA CONTROL PWR circuit breaker _ 

13-28 



.. 
w

1
~

w
q

w
v

w
,

 
' 

. 
.

;
.

,
 

.
4

.
.

.
 

. 
.. 

‘
-

.
.

 
H 

-
_

 . 
.. 

A
-

 
.- 

, 
. 

.l 
_ 

. 
_ 

- 
.. 

.
o

‘
,

.
.

.
-

V
 

. 
.

.
.

.
.

 
'

1
.

"
 

A 
_ 

- 
' 

”
A

 

-‘
.W

.-
I'

 
V 

r
.

“
 

.
-

 

. . . . . . . .  

' is on) causes the encoder to send position modulated pulses to the spacecraft 

_ The programmer switches Agena- power to the appropriate contrqi chéuit. Whenever I ‘ 

radar unit. The radar transponder link and the sub-bit detector (a subassembly 

v the programmer accepts a message, it sends a message acceptance pulse (M.A.P. ) 

1 --' ' ' ' PROJECT GEMINI 

pd? the transponder) send the message information to the Agena cbmrnand programmer. 

_ through the sub-bit detector and the radar transponder link to the encoder control-  . . .4 
ler 1n the spacecraft. This pulse lights the use ACPT 113m on‘ the encoder control-  '}‘ 

lér. Typical commands sent during the approach phase are UNRIGIDIZE and ACQUISI- 

_'1‘ION LIGIIPS 0N at about 20 nautical miles separation, APPROACH LIGHTS ON, STATUS 

DISPLAY ON and STATUS DISPLAY BRIGHT at near approach. When the DOCK light on   

‘ . up status display pahel is illuminated; the systeni is unrigidized and the latch. 3.4:; 

; hooks _1n docking position. If the. fight is not on,- the UNRIGIDIZE command is 
given again, either by the pilots or the ground- statibn. In additionrthe- ‘ , . ",- 2.: 

pilots operate the following switches during the approach phase: DOCK M" (or ' _ 

m LT on s/c 8 and 9), BUS ARM and INDEX EDC'I'END/POD m .  In the on posmon, ’ ° t 

' the DOCK LT (or m LT) switch applies Main Bus power through the (mam LIGHTS _ 

circuit breaker to the dock light. In the INDEX EXTEND position, the m 

EXTEND/POD EJEC'I' switch applies OMB Squib Bus 1 and 2 power to the Index Bar 

' Extend Relay cells through the BUS ARM switch. The energized Index Bar Extend 

Relays apply Docking Squib Bus power to the extended igniters on the index bar 

assembly. ' ~ ‘   .  ‘  ' . .  h 
Mooring-R1516 12335 

Mooring-rigidizing is normlly an automtic égquence initiated when the spacecraft 

mooring latches contact the latch hooks at the docking cone. The latch hooks are. 

pushed aside and then drop in behind the latches. In this position, a sensing 

1 3 : 2 9 - - . A " '  

' W W ‘ M  “ ' - ‘ - - -  —-—. m‘n._-.-  . . .  . - «  . .V .- 



‘éwitch is actuated by the mooring 'iatches. This Latched Sensing Switch applies-II 
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Agena pawer to the mooring drive system mbtor to r1316 129 the done. When the cone ; ‘ 

is rigidized , Rigid ized Limit Switches shut off the power to the drive motor ant} .' 

113111: the RIGID light or the status display panel. .. ' 

. ‘Hhen the cone is rigidiied, " the umbilical plug mates with the fec‘eptécle. With" 

-‘ ' the umbilical connecti-On completed, control of the m/Agena system 13 through 
H the umbilical hat-dune. 

Mneuveag . ,_ . . , . . . 
The maneuvering phase my be considered to begin 1111131361111:e after the docking ' 

cone is rigidized and the umbilical connection completed. The pilots may mmdiate- -‘ 

1y set up on the encoder controller such commands as ACQUISITION LIGHTS OFF, 

APPROACH LIGHTS am, RADAR on and sums DISPLAY DIM. The commands nqw reach the‘ ' _ O 
' TpA/Agena control circuits through the encoder, umbilical connection ,7 hub-bit, 

detector and Agena command programmer. When post-docking mneuvera are to be per? ‘- 

komed, the mm’ switch is set to the_ ARM position, giving a. direct. eleetrica1_ 
7 connection: to the ‘Agena engine arm circuits in the Agena vehicle. A .number of- 

naneuverzlng commnds cofild now be sét up on the encoder such as ATTITUDE CORI‘ROL 

SYSTEM ON, PRIMARY PROPULSION SYSTEM START , PRIMARY PROPUISIQN SYSTEM CU‘l‘OI-‘F , 

. snconmmr PROPULSION SYSTEM 163:4 mans-r mum or SECONDARY PROPULSION 3mm ' . 
‘THRUST CUTOFF. These comnands are likewise sent to the Agena control circuits via - 

the encoder controller, encoder, umbilical connection, sub -b1t detector and Agena 

c'ommnd programmr. When the maneuvers are concluded, the ENGINE switch is  set to 

the STOP position removing power from the' engine arm circuits. Commnds can be 

set up on the encoder to return the TDA/Agena to its pre-docking status. 
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Seaation 

:The separation phase is initiated by setting up the WRIGIDIE comm) on the 

encoder controller. The Agena commnd programmer causes» the control]. circuits to '- 

.éwitch Agena pofier to the mooring drive system motor which unrigidizea'the.mbor1ng_' 

- drive systém and breaks the umbilical connection. * As the unrigid'ized Positions-15 :.. ' 

reached, the Unrigidized Limit Switches stop the action and apply power to the 

latch actuator. The actuator retracts the latch hooks until the Unlatch Limit 

~ Switches are actuated starting the reset timer. Thirty seconds later the timer 

_ applies power to the latch actuator to reset the latch hooks. if the piloté fail j 

. t o  back out of the cone within the 30-s_econd interval, the presence of the latch 

receptacles, as the latch hooks reset, initiates the rigidize sequence. The 

bilots must again set up the UNRIGIDIZE command on the encoder controller to 

repeat the unrigidize séquence. The_ pilots should back out of the cone within - - . 

the 30-second interval. 

' If the system fails to unrigidize or unlatch, the emergency separation sequence 

mat be used. This sequence is initiated when the pilots press the EMER REL 

switch. This switch energizes the Emergency Latch Release Relays, connecting 

Docking Squib Bus power to the pyrotechnic igniters. The igniters break the 

_ latches loose from the spacecraft, allowing the pilots to back out of the 

' docking cone. The latches v1.11 probably rennin with the latch hooks in the docking 

cone, although they are free to fall out if there 18 any disturbance. The 

umbilical plug slips out of the receptacle as the spacecraft backs , away, even" 

though the mooring drive system remains rigidized. Further commnds to the“ TM] 

Agena can only ‘be given by UHF ground commnd or by radar transponder link (after 

the sewation is at least 50 feet). 
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' fost-Separatién ‘ ‘ 

Tile post-separation phase includes a few operations associated with docking which 

met be performed before roe-entry. These include index bar Jettison, latch cbver 

release and Jettiaon of the docking latches. These operations are completed before' 

the Landing (Lm) Bus 13 energized. At about 10,000 feet the Landing Bus fires 

pyro switch A which breaks the circuit to the index bar Jettison ignitera and the 

' latch cover release ignitcra. 

In preparing for re-entry, thz pilot presses the m m switch, connecting 

power from Retro SQuib Bus 1 and 2 to the coils of the Latch Release Relays through i . 

latched contacts of the Nose Fairing Jett Latch Relayg (latched during nose fairing 

Jettison). RETRO SEQ CNTL 1 and 2 circuit breakers must be Von. When the Latch 

Rélease Relays close, {they connect Retro Squib Bus power to the coils of the 'Index' 

hr Jett find Latch Cove: Release Relays. As these relays energize, they connect . 

'Retrb Squib Bus power to the index bar extend igniters (these xgay have already " 

been fired), to the index bar Jettison igniters find the latch cover release 13- ’ 

ziiters. Power is connécted to the extend igniters because re -entry my be 

reguired without performing docking maheuvers and the index bar left unexiended§ ‘ 

The bar is extended before the Jet-tison igniters are fired. The Jettison igniters 

have a l-second py'ro delay .to accomplish this. 

' The energized Latch Release Relays also connect Retro Squib Bug fiower to .the- moor- 

ing latch release igniters through contacts of the Emergency latch Release Rélays. 

The latch receptacles'mst be removed from the R 8: AR aecflon before the latch I 

covers can slide into place; A 2-second pyro time delay 13 incérporated to 1am; 

Jettison or the latch receptacles before cover release; 
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  ‘ . to the main structure of the R 8: R section. Pyrotechnic igniters are electxjically 

'hoost phase. ' 

_ meme LATCH COVER ASSEMBLIES . _ 

‘Each' mooring latch cover assembly (Figure 13.2) consists of a cover, 'a sm- '-: 

SEDI 300 

PRoJE‘wcT GEMINI 

1- ~_1The d§§k1ng system units are those units which are concerned solely with clocking 

I and in addition, are not part of another system. Those units which have docking 

‘ ‘   functions but are part of other systems are not discussed in detail]. in this section. , ' 

Some units which are mounted on the R a: R section of the spacecraft are not ' L . ' 

' concerned with docking at all and therefore are not discussed; 

MOORIN} LAM RECEPTACLEB . ‘ _ ‘ . . 

.. The mooring latch receptacles (Figure 13-2) are fixed units, shaped to mte with 

' the latch hooks on the docking cone. They are securely but temporarily fastened 

' fired to break the latch receptacles loose from the R a: R section. When docking, ,f V .315 ' 

the receptacles easily push the latch hooks aside as the spacecraft enters the . I. ' 

- docking cone and then let the hooks drop behind the catches to create the latched 

condition. The latch receptacles are protect-ed by the nose fairing during the . _ . 

assenbly, a shaft and latch assembly, a cable and a pyrotechnic cable cuttér. The 5:; 

shaft- , latch and cable keep the spring assembly compressed and the cover retracted 

‘ untn the cable 13 cut by the pyrotechnic cable cutter (gunoune). the 3.11110; --'- “ ' 

tines are ‘ electrically fired. As each guillotine cuts. its associated cable, the 

latch drops down, allowing the spring assembly to slide the cover over the cavity ' ' . 

7 left by the Jettisoned receptacles . The covers prevent overheating at the latch 

cavities during re-entry.. 
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‘UMBEICAL cmcron ‘ .. . . 

The umbilical connector (Figure 13-7) '13 a 9 conductor fécepfacleéplug asseniily. ‘ f ‘ i .  _._ -   ; 

The receptacle is designed to mate with the plug as the docking system is rigid— . 

ized. The plug is extended and retracted by the rigidizing mechanism. As the 
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plug enters the receptacle, it forces the insulator ”block into the receptacle. 

This action allows the receptacie and plug contacts to touch. Eight 0: the nfie 

contacts are actually used to control the Agena target vehicle. When the plug 13-. 

retracted, the spring returns the insulator block to the closed position. The. _ _ 
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m BAR Assam! _ ._ _ 
The index bar assembly (Figure 13-10) includes the bar, 'a.hou51ng,’ a pyrotechiic- 

extension mechanism and a. pyrotechnic Jettison mechanism; The pyrotechnic ignite" 

are fired electrically from the crew station. The extension igniters generate ; ~ . 

v.‘ 
‘

w
i

e
r

x
n

s
‘

n
‘

y
 

m
a

l
t

y
-

J
 

3
.

5
3

%
.

"
;

 
1

"
 

a. gas. pressure which torcés the: Bar up until the socket in which fhe bar tits 
reachéa a stop. This is the extended position of the bar. The bar is Jettisoned‘ ' 
1n the same way, éxcept that the gas pressure. forces the bar out of the socket I 

and ejects 11: into space. The aetusén ignners' also seal off the opening left . V ' ' 4573;: 
by the Jettiaoned bar. The Jettison igniters have a 1-second pyro delay to assure ‘ 

flat the extend ignitera 1:111 be fired first. ' .   . ‘ . - . f ' ~ . -- 

RADAR SYSTEM AND PYROTECBNIC DEVICES 

_ .The details at the rgdar system units and the pyrotechnic devices are presented _ 

. in Section VIII and XI respectively. The necessary information to explain how _ . t . 5..- 

these units fit into the docking system operation is presented elsewhere in this 

aectiqn. 
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INDEX I“ 
(EXTENIED) 

EXTEND 
lGNfl’ERS 

a ' ' . ' Figure 13-10 Index Bar Assembly ' ' . - W-ntto 
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The docking cone (Figure 13-3 and 13-11) is designed to ante with the spacecraft 

R 8: R section. In the moored condition, the spacecraft R 8: R section fits tight 

' ' ‘ against the cone bottom and is held there by the laboring latch hooks; _ The cong‘ 4 
shape tends to guide the spacecraft to the proper mooring position. This action _ I 

is aided by a V-notch and its terminating 3101:. When the spacecraft index bar 18. . 

aligfied. with the slot , the spacecraft and target vehicle are p'royerly oriented in 

- Iron. for mooring. The cone is connected to the docking adapter by three cone 

damper assemblies. A rigidizing ligkage links! the cone to the mooring drug   ' 

(rigidizing) system mounted on .the docking adaéter main _ structure., 

Two daiper assemblies .are‘ composed of two dampers each and due asaemlgly is com-L. 

- posed of three dampers (7 dampers in all). When subJectéd to all-impact, the _ V 

dampers (Figure 13-3) compress slowly, absorbing energy as they move. In th i s '_    

way, most of the energy of impact is absorbed by the fluid in the dampers and very . 

little transmitted to the target vehicle. Springs and gas. pressure return 1:l 

dampers to their extended positions when the impéét is dissipated; 

APPROACH LIGHI'S ‘ 7 , _ 

Two approach lights are muted on .the docking adapter (Figure .13-3). They are 

positioned so that they shine through the near opening in the cone to illuminate 

the notch in cone during final appréach of the spacgcraft $0 the fiat-get docking, 

finch. Some light, however, reaches thg éntire inner surface of the cone. The 

pilots tpm the lights on and on by using the" encoder command links. Electric 
power is supplied by the Agena power system. ‘ 
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' .monmc LATCH W . 
_.”'.I.‘here are three mooring latch assexnbliea (Figure 13-11) Each asaem‘bly is mounted . 

tq the cone, as Shawn 1n the figurg. Each assembly contains a bellcrank which _ 

I ‘ dctfiafies’ the mechanism I The bencranka or the three assemblies are connected 

' together by a cable assembly. One bellcrank is connected to the latching actuator' 

by a linkage. When the actuator 13 extended, the bellcranka are rotated so tint ' 

the latch asaenblies are in the reset condition. This .13 the condition which'must 5 ' 

exist”, Just prior to mooring; As the spficecrai’f slides into the décking cone and 

contacts the latch books, the hooks are puéhed aside to allow the latch catches to 

A get in iron? out the hooks. As this happens, the hooks drop in behind the catches - 

(elevated part of the receptacle) and hold the spacecraft in place. The umbilical . ’ 

plug‘ is mountéd on one or the cone structure members which supports 'a latch " ' 

aésemblyq: " The‘ iaic‘h éctuator is eiectricalILv driven' and either iretrac'ts or resets 

the iatch hooks. Power to the ntch‘gctuatm- is switched by the Latched Sensing- ' 
Switch, tug tin-latched Limit switch g‘nd the Unrigid ized. Limit sung, During the 
unrigidizé sequenée'", the actufitor 16 energized. automfi‘cally to rotate the bell- _ 

cranks and retract Thine latch hooks to the disengaged condition. When the htches . 

are disengaged, there is a 30-second delay before the latch hooks are automtically 

reset. The latched sensing switch is operated only when the latch receptacle 13 . , 

present. If the latch receptacle is present, the latched Sensing Switch 1011]. 

.' initiate the rigidize sequence when the latch hooks are reset. 

'AGENA TARGET VEHICIE S‘I'ATUS' DISPLAY Pm ‘ . 
'Th'e status display panel (Figulfe 13-12) 13 located on the docking. adapter am 

back of the V-nOtch' 1n“ the hocking cone. The notch gives the pilots a full View ' 

or the docking panel during near approach to the docking cone. The 12 61:391.”: 

on the panel and their functions are as follows: _. 
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DOCK (g‘reen 113m) when 113ht_ed,1ndicates that the docking chm 1, “M1316- _ 

'1zed and that the latch backs are reset. 7 ' ' ' ' ' . . 

RIGID (green light) When lighted, indicates that the docking cone 1: rigiditzed,‘ . - 
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PWR (green light) When lighted, indicates that +28 volts Dc unregulated, +28 

volts Dc regulated, -28 volts Dc regulated, 115 volts 1:00 CPS single phase and _- , 

< 115 volts hoo CPS 3 phase power are operating. 

mm (fed light) When lighted, indicates the ronwmg': 

' a.‘ With the main engine firing, the turbine has exceeded 27,000 3924 (191:6 . . I 
sensor level), the lurdraulic pressure is below 1500.. + 2 0  PSI, or the ‘ . " .5; "i 

differential pressure between the fuel and oxidizer tanks 13 below .. q "   ' ‘ ‘ ‘3 . 

2 -  2 PSI. _ ' > ' , ‘ ‘ l 
; b .W1th  the min engine not firing, the differential pressure between the ' ‘ . ' . %  

fuel and oxidizer tanks 13 below 2 - 2 PSI (fuel above oxidizer) - . '- _ . I i— ' i} 

m (green 1191:) When lighted, indicates that the main fuel tank is; above   * ' _ 3 
. 15 - + 2  PSIA, the oxidizer tanks is above 15 - + 2  PSIA and Maraulic pressure 13 I 1 I I ' : 

abm 50-52315. _ ’ " ’ 
'ARMED (amber light) When lighted, indicates that the engine control circuits . 
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are closed and either the main or secondary engines may be fired by command. 

SEC HI (green light) When lighted, indicates that more than 11103 20 PSI % 

expulsion gas pressure exists in both nitrogen spheres for a. 50 second Unit II i 

(200 pounds) firing and that more than 170-  +5 PSI regulated pressure exists 

in both propellant tank gas manifolds. ' . _ . "‘ 

SEC L0 (green light) maefi lighted ,' indicatés that more than 360 .1' 20 PSI . 5 ' 
expulsion gas préssure exists in both nitrogen spheres for a 150 seconds Unit I 
(16 pounds) firing and more than 170 2'5 5 PSI regulated pressure cxistslin both 

-. . . . . . . .  . . '— 
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' time for the low consumption rates. 7 -  . 

i The regulated 28-11011: 130 me:- is applied on separate wires for high and Ian 

f thrusters or éhe _sPs.‘Th1§‘ causes the display mm: to decrease the time- a 
. remaining indication at a rate of one second per second of. burn time for the 

.Iij'-.'.",”;h13h consumption and a rate at one twelfth (1/12) second per second 0! 1mm 

‘ . gears) , four flexible drive shafts , an B—dr‘he , three gear boxes, six limit. switch» 

PROJECT GEMINI 

1 propellant tank gas mite-Ids. 

An (green light) wnén lighted , ind mates that the. Agena attitude control 

'_   .isysten 13 active. ' 
I ‘ _ m  Tm (clock 613915!) Indicates by minute and second hands the tin 

V I renaming for main engine burn. The regulated 28-volt Dc power 13 applied to I ' 

  the digplay unit when the main engine is running. This causes the display . __ ‘ 

' J @1111: to decrease the time-remaining indication at a. rate of one second per second 

isorrburninstimey , .  ‘ . _ 
'SEC TIME (clock display) Indicates by minute and second handg the number at 

41
., f seconds of 200§pound secondary propulsion system (SP8) burn time teaching. ._ in" 
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H ATP GAS (synchro display) Indicates the percentage 0': total pressure remin- 1'17””:2.’ 
' l ‘  “ . "  ‘ u 

s i n g  in the. Agena attitude control system gas spheres. 

" "The mooring drive system (Figure 13-13) is composed of a power unit (Dc motor and , 

" and a mooring drive 1m. A drive arm ”irattached to the output shaft at eaeh 

The power unit supplies power to the gear homes through the flexible drive a m   §l 5 - 

ans the H-Grive unit. The gear boxes rotate the drive arm which in turn, retract " f 

' 13-41 
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FLEXIILE 
mm sum . 

ovsncmm wk :55v 
5mm 

ZLIMIT SWI‘ICH \‘-I.IMIT SWITCH 
(CONE RETRACIED) (CONE EXTENDED) 

IIOIPIZED (IE'I’IAC‘I’ED) POSWION 

NO V 

_ 3V: ummbnzeo (EXTENDED) rosinou 
. Luau swncn \—MOOIING ' 

(cons mam) sum In 
Figure 13-13 Mooring Drive. System ”"4”, 
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{:5 ' 
- oi: mend :the 191316121133 linkage; When the linkage is retracted the docking cone 

. ' is defined to the docking adapter and the spacecraft/53mg combination can be” 

. liopezated as a single unit. The linkage also move: an actuator yhich extends the 

‘ _ - ‘unmueul plug out or its casing. when the linkage is extended, the umbilical 

I.     pm 13 retracted into its casing and the docking cone-1's moved away from the 

I. adapter 89' tint 1t 18 completely supported by the dampers.. The limits switch: 

¢ sense when the linkage is either fully extendéd ‘or fully retracted and in each 

l .. ‘case remove power from: thé drive motor when the limit is reached. *{- - "'-'f;""_"vi'?"iji 

, " The power unit 13 operated to retract (rigidize) the system by the actuation of ..: 

.jgtmu sensing switches on the mooring Latch assemblies. The sensing switches .__ 

l .; :[genezgize the mooring drive power unit when the spacecraft is latched to the Geek. ) 

in; cone. - The linkage can also be retracted by the 31619123 CW5 1“? the W 

. I .' nomad programmer. Limit Switches stop the power- wilt “he“ the linkage ’1’ m1 ‘ 
' ,exmaed. The same 11mm: switches also apply power ’69 the “witch 813° 0‘ fl“ » L 

latch release actuator of the mooring 131531 3339mm" -' H ; . 
'_.AcSITIONIaIGHI'3 . . ....A 

The acquisition lights (Figure 13-3) are used 103‘ Visual guidance a“? tracking a 
the target vehicle when the vehicles are 20 nautical miles or less apart. t ' h 

m lights m provided. They are mounted on the docking adapter and are held in ~ ‘ ' . 

.the retracted position during the boost and insertion phases of a mission. The ‘ I 

“docking cone holds the 115m in the retracted position until the cone 1; unrigzld- l 

, I! .. ' I 1nd by the pilots via the radar transponder comm link.- 1 

p 

3m: light consists at a capacxtcr discharge flashing light gystem."'_1he lamp - . 

  134-3 

u i : . - ~ - - .  ~' n » . . ‘ . A « . € J U M h - v p ‘ w n x ‘ o s l n  ‘ w '  . ' 
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' - flashes at a rate or 65 flashes per minute and has a minim or 100 candles 

7 effective intensity through an included angle o f -  + 9 0  degreés from the lamp 

- longitudinal axis. A. reflector increases the inténsity so that the lamp 13‘ . 

visible from 20 nautical. miles with the intensity of a third magnitude star. The   ' I I 

 p11ots turn the lights at: and on via the encoded commn'd 11mm, 

mcomn AND EncobER CONTROILER .' 

The encoder and the encoder controller are part out another system, the details at 

_wh1-ch are presented in Section IV and VIII. 

w 1-341; 
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