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MODONNELE SEDR 104

FOREWORD

This document 1s appliceble to Spacecraft No. 20 and its ome-
day orbital mission and supersedes basic SEDR 104-18, dated 1 June
1962, Manned Satellite Spacecraft 18-Orbit Configuration. This
document covers Spacecraft No. 20 as delivered but does not in-
clude changes generated after delivery.

The purpose of this document 1s to present a clear operational
description of the spacecrafi systems and major components. A com-
parison between systems/cmpmerrts instelled in previous spacecraft
and those installed in Spacecraft No. 20 can be made by the use of
earlier issues of this document. Spececraft numbered 2, 3, 4, 5,
6, 7, 11, and 1k are covered in the 1 February 1961 issue of SEDR
104 Revised 1 August 1961. Spacecraft numbered 9, 13, 16, 18 and
19 are covered in the 1 November 1961 issue of SEDR 104-3 Revised

1 Pebrusry 1962.




SECTION INDEX.

SECTION |
INTRODUCTION
SECTION II.
CABIN
SECTION Il
MAJOR STRUCTURAL ASSEMBLIES
SECTION 1V .
ENVIRONMENTAL CONTROL SYSTEM
SECTION V |
STABILIZATION CONTROL SYSTEM

SECTION VI
SEQUENCE SYSTEM, LAUNCH RETROGRADE OR ABORT

SECTION VII.
SEQUENCE SYSTEM, LANDING THROUGH. RECOVERY

SECTION Vil
ESCAPE AND JETTISON ROCKET SYSTEM

- SECTION IX
POSIGRADE ROCKET SYSTEM

SECTION X
RETROGRADE ROCKET SYSTEM
SECTION XI
ELECTRICAL POWER AND INTERIOR LIGHTING SYSTEMS

SECTION XiI
COMMUNICATION SYSTEM

SECTION Xl
NAVIGATIONAL AIDS

SECTION XIV
INSTRUMENTATION SYSTEMS



SECTION 1|

INTRODUCTION

TABLE OF CONTENTS
TITLE PAGE

Description...ccccceccnicitnintasintensassacanssnsossnsns 1=3
CabiN...ccicrerreetsncessenronnesnscssnronssrsssesosssnnsasce 1= 9
Major Structural Assemblies......ccccevveenaneas1-5
Environmental Control System.....ccc.ceveeee 1-5
Stabilization Control System.......ccccesiraans. 1-5

Sequence SystemM ....ccccieiiirnianciiincscnisenee. 1-6

Rocket MoOtOrS.....cceeeeeemrccacercscncesrssssesassscas =8

Electrical Power And

In'l'el'ior Ligh'ing system an.naoqo.nooln;j,gll,oonloctn]-6

Communication System,....ccccesernisnnsssncasens]-6

Navigational Aids..cc.ccciiminniencenssaciseacesess 1-8

Instrumentation System....ccccemeceencensecencnss]-8

1-1




SEDR 104

MCDONNELL

AERODYNAMIC SPIKE

ESCAPE ROCKET

PYLON JETTISON ROCKET

ANTENNA FAIRING

‘;hn. l“

< f e )

. .'Ef- e S B '@
OSRR= w3 AWy

SPACECRAFT ADAPTER {REF) — \S‘ s
A .

ATLAS D" MISSILE (REF.) =

|

Figure 1-1 Spacecraft Prelaunch Configuration

1-2

/ ESCAPE PYLON

SPACECRAFT

RETRO ROCKET AND
POSIGRADE ROCKETS

FM18-43




N

£

MCOCDONNELL SEDR 104

1""1 .

I. INTRODUCTION TO PROJECT MERCURY

 DESCRIPTION

The Mercury Spacecraft described in this manual is designed for a
one~-day e‘arbh;-or'bitins mission. This mission is an extension of the
three-orbit and six-crbit flights of the Mercury vehicle.

The One-Day Spacecraft is similar to the earlier configurations
measuring 74 inches in diameter at the widest part of the spacecraft
end 115 inches (See Figure 1-2) from the heat shield to the end of the
recovery cylinder. The spacecraft shape resembles a truncated cone
topped by a short cylinder and retopped by a shorter truncated come.

The first cone contailns the astronaut and his supporting systems, the
cylinder contains the recovery sids and parachutes for landing, the second
cone is the antenha fairing which contains the bicone antenna and horizon
sensing elements plus the drogue chute.

Straddling the sntenna fairing is a triangular-shaped trusswork of
steel tubing forming the escape tower. Two solid propellant rockets ave -
mounted on top of the tower: one escape, one Jettison. _

At the base of the spacecraft, a heat shield of ablating glass fiber
composition is attached to the impact landing skirt. The complete assembly
is held securely to the spacecraft until lsnding. The retrograde rocket
motor pack is attached to the heat shield and is jJettisoned after retro-
fire.

The first cone is a double-wall structure, the inner wall forming a
pressure vessel (the cabin) and the outer shell forming a heat shield.

The following paragraphs briefly describe the material covered in
this manual.

1-3
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Figure 1-2 Principal Dimensions
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CABIN

The inner wall of the spacecraft forms the cebin structure and
houses the astronaut in a pressurized envircmient. The equipment within
the cabin is arrenged so that all operating controls and emergency provi-
sions are accessible to the astronaut when in the normal restrained posi-
tion. See Section II.

MAJOR STRUCTURAL ASSEMBLIES

The structure is of a conventional semi-monocoque comstruction
utilizing titanium for the primery structure. The outer shell is de-
signed to protect the internal cabin from excessive heating, noise and
meteorite penetration. The internal cebin is designed to provide a
safe enviromment for the astronaut. See Section IXI.

ENVIRONMENTAL CONTROL SYSTEM

The Environmental Control System provides a livable enviromment for
the astrenaut by controlling the gaseous composition, temperature, thmid-
ity and pressure as well as cooling the electronic equipment sboard the
spacecraft. See Sectiom IV,

STABILIZATION CONTROL SYSTEM

The Stebilization Comtrol System provides stebilization and orienta-
tion of the spacecraft from the time of separation from launch vehicle
wtil anterma fairing separation. The system operates either automati-

cally or mamually using hydrogen peroxide as & propellant. The hydrogen
peroxide is forced over a catalyst where it decomposes into steam and oxygen
producing the exhaust Jet controlling the attitude of the spacecraft. See
Section V.

1-5
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SEQUENCE - SYSTEM
The Sequence System is set in operation at liftoff providing the

initial signal which is a basic reference po:l.n'i;. This reference is
used to esteblish the order of events in relation to time. The sys-
tem functions from liftoff through the post landing phases of the
flight in normal or sbort sequences es flight conditions dictate. See
Sections VI and VII.

ROCKET MOTORS

The escape rocket is used to carry the spacecrd"b out of danger
in the event of & failure. The jettison rocket separates the tower from
the spacecraft under normal and sbort conditions. See Section VIII.

The posigrade rocket motors are used to accomplish separation be-
tween the spacecraft and the booster. See Section IX.

The retrograde rocket motors slow the spacecraft sufficiently to
re-enter the earth's atmosphere. See Section X.

ELECTRICAL POWER AND INTERIOR LIGHTING SYSTEM

The spacecraft is supplied 6, 12, 18 and 2L volt d-c power from
six silver-zinc betteries. Battery voltage, transformed to 115 volt,
400 cycle, single-phase a-c power, is supplied by two mein and one
standby inverters. The interior lighting consists of two fluorescent
flood lights mounted on either side of the astroneut and a series of
warning telelights on the instrument panels. See Section XI.

COMMUNICATION SYSTEM
During flight and recovery phases, commmnication equipment and tracking

aids are used. The flight commmication equipment includes UHF and HF
1-6
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INORMAL ORBITAL FLIGHT

IPITCH

:PITCH 1S DEFINED AS THE ROTATION OF THE SPACECRAFT ABOUT ITS
. X-AXIS, THE PITCH ANGLE 1S ZERO DEGREES (0°) WHEN THE Z-AXIS
'LIES IN A HORIZONYAL PLANE. USING THE ASTRONAUT’S RIGHT SIDE
-AS A REFERENCE, POSITIVE PITCH IS ACHIEVED BY COUNTERCLOCK-
WISE ROTATION FROM THE ZERO DEGREES (0°) PLANE, THE RATE OF THIS
ROTATION 1S THE SPACECRAFT PITCH RATE AND {5 POSITIVE IN THE
DIRECTION SHOWN AS ARE THE CONTROL MOVEMENTS WHICH CAUSE
iT. THE CONTROL HANDLE MOVES TOWARD THE ASTRONAUT AND THE
POSITIVE + PITCH REACTION JET FIRES,

YAW

"YAW IS DEFIMED A5 THE ROTATION OF THE SPACECRAFT ABOUT IT'S
Y-AXIS. CLOCKWISE ROTATION OF THE SPACECRAFT, WHEN VIEWED
FROM ABOVE THE ASTRONAUT, IS CALLED RIGHT YAW AND |5 DE-
FINED AS POSITIVE (+),

THIS MQVEMENT IS PRODUCED BY POSITIVE CONTROL MOTION, THE
CONTROL HANDLE 1S ROTATED CLOCKWISE (AS VIEWED FROM ABOVE
. THE ASTRONAUT} AND THE POSITIVE (+) YAW REACTION JET FIRES,
YAW ANGLE IS CONSIDERED ZERO DEGREES (0°) WHEN THE SPACE-
CRAFT IS IN NORMAL ORBITAL POSITION (BLUNT END OF SPACE-
'CRAFT FACING LINE OF FLIGHT), WHEN THE POSITIVE Z-AXIS OF THE
-SPACECRAFT IS DIRECTED ALONG THE ORBITAL FLIGHT PATH (RECOVERY
END OF SPACECRAFT FACING LINE OF FLIGHT), THE YAW ANGLE IS
180°,

iROLL

ROLL IS DEFINED AS THE ROTATION OF THE SPACECRAFT ABOUT ITS
1Z-AXIS. CLOCKWISE ROTATION OF THE SPACECRAFT, AS VIEWED
IFROM BEHIND THE ASTROMNAUT, 15 CALLED RIGHT ROLL AMD IS DE-
"FINED AS POSITIVE (+). THIS MOVEMENT IS INITIATED BY MOVING
THE CONTROL HANDLE TO THE RIGHT, THEREBY FIRING THE POSITIVE
{#) ROLL ACTION JET, WHEN THE X-AXiS OF THE SPACECRAFT LIES IN
"A HORIZONTAL PLANE, THE ROLL ANGLE IS ZERO DEGREES (0°).

|ACCELEROMETER POLARITY WITH RESPECT TO GRAVITY

“WITH THE SPACECRAFT IN THE LAUNCH POSITION THE Z-AXIS WILL BE
PERFENDICULAR TO THE EARTH'S SURFACE AND THE Z-AXIS ACCELERO-
 METER WILL READ +1 "G".

FM18-41A

Figure 1-3 Spacecraft Polarity Orientation With Respect To Astronaut
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volce transmitters and receivers, command receiver and decoder, tele-
metry transmitter and "C" and "S" band beacons for radar tracking.

The recovery equipment includes the suxiliary P Rescue and the HF
Rescue Bescons used for DF-homing on the spacecraft. The normal HF

and UHP trensmitters and receivers are also operative to aid im recovery.
See Section XII.

NAVIGATIONAL AID3

The Navigationsl Alds necessary to determine altitude, course, '
velocity, attitude and time of re-entry are located convenlently for
quick reference by the astromsut. See Section XIIIL.

INSTRUMENTATION SYSTEM

!I'Se Instrumentation System monitors pressures, temperatures, opera-
tion of various units throughout the spacecraft and events that occur
throughout the flight. The sstromeut's respiration rate end volume,
temperature and heart action are monitored contimiously; blood presesure
is monitored periodically by a start-stop measurement cycle vhich requires
active astronaut participation in starting the cycle. Heart action moni-
toring (EKG) 1s interrupted during blood pressure measurement. Data 1s
routed to the telemetry equipment and to the tepe recorder. See Section
XIV.

1-8
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II. CABIN

ARRANG

The equipment within the cabin, Figures 2-1 and 2-2, is arrsnged so
thet all normal and emergency controls are accessible to the astranaut
when in the nommal restrained position. The cabin equipment basically
consists of the support couch, and restraint system, envirommental system,
navigational aids, flight and sbort control handles » instrument and display
panels, food and weter supply, survival kit, commnication equipment, ceamera
and other equipment as needed for the mission.

SUFPORT COUCH

The astronaut's support couch, Figure 2-3, is designed to firmly sup-
port the asstronaut's body during launch, re-entry and landing phases of
the mission. The support couch also protects the astronsut from loss of
consciousness during pesk acceleration periocds apd from possible injury
et impact. ‘e couch is centrally located aijacent to the large pressure
bulkhead.

The couches are individually teilored to each astronaut. They consist
of a honeycomb material, common to all couches, and an individually tailored
glass fiber shell. The shell 1s pedded with a fitted liner for the astro-
naut's comfort. The honeycomb material is crushable aluminwm and the shell
is polyester resin-reinforced glass fiber laminate. Honeyconb material is
also installed between the large presswre bulkhead and the couch to sbsorb
impact loads. !lhe couch is fabricated in sections to ensble installation
through the hatch cpening. |

2-3
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RESTRAINT SYSTEM

The astronaut's restraint system, Figure 2-4, is designed to firmly
restrain the astronaut in the support couch during maximmn acceleration,
deceleration and to aid positioning during weightless conditions. The
restraint system consists of shoulder, chest, and crotch straps, lap belt,
and toe and heel guards. The shoulder straps msy be asdjusted to restrain or
release the astronaut, by e harness reel control handle, located forwaxrd of
the upper left side of the support couch. The chest and shoulder streps
firmly restrain the upper torso. The lap belt and crotch strap supports
the lower torso. The toe and heel guards support the feet. The astroneut's
hands and srms are restrained by gripping the abort and flight control handles,
located near the ends of the support couch arm rests.

CONTROLS

Spacecraft controls are located forward of each arm rest of the support
couch. An emergency escape hendle is located forward of the sirpport couch
left arm rest. The escape handle is utilized to initiate the abort sequence.
To prevent inadvertent actuation of the escape system, the escape handle is
provided with a manual lock. The manual control handle, located forward of
the support couch right arm rest, is utilized as an mﬁiﬂe systen to con~-
trol flight attitude of the spacecraft in the event the automatic system
fails or for normal memual flight control if desired for a portion of the
mission.

INSTRUMENT PANELS

The instruments and controls are located on the main instrument panel,
left snd right comsoles. See Figures 2-5 and 2-6. The main instrument

2-6
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panel is located directly in front of the astronaut's support couch as
viewed by the estronawt. The satellite clock, attitude indicator, comm-
nication controls, warning lights, ei.ectrical switches, and indicators
are located on the main instrument penel.

The left hand consoie is located on the left side of the main panel
and is accessible and visible to the astronsut when in the fully restrained
position. The console includes & telelight sequénce, indicators and con-
trols. The right hand console, located below the emtrance hatch, includes
controls for the envirommental control system. A separate coaxial switch
1s included on the right hand side for HF antenna selection by the sstro-
naut. The Navigational Reticle, vhich permits optical aligmment of the
retrofire attitude of the spacecraft, is supported by a stowsble bracket.
The reticle vhen stowed is located to the left o:f the astronaut's window;
vhen in operating position, the illuminated mtié:le is directly in line
with the astronaut's left eye and the window and forms an angle of 203°
with the longitudinel axis of the spacecraft. A camera support, which
causes a camera angle also of 204°, with respect‘ to the longitudinsl axis
of the spacecraft, is mounted to the right of the window. Additional equip-
ment will be added to the instrument pemels as it 1is needed. A window pole,
located adjacent and to the left of the cbservation window, ensbles the
astronaut to actuste controls with the suit pressurized.

STATIC SYSTEM

The static system provides for atmospheric pressure measurement necessary
for switches and indicators to function in the spacecraft. The altimeter,
rate of descent indicator, four baroswitches and a pressure transducer are
connected to the static access port in this system. See Figure 2-7.
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SURVIVAL EQUIPMENT
The survival kit, see Figure 2-8, stowed at the left side of the couch,

contains the 'follow:lng:

1 Water Container 1 Pirst Aid Kit 1 Food Container
1 Life Raft 1 Bar Soap 1 Container of Matches
1 Desalting Xit (For 8 pts) 3 Morphine and Anti- 1 Whistle
‘ ' Seasickness Inj.
1 chark Repellant Package 1 Nylon Cord (10 ft).
o 1 Sun Glesses & Case
1 Tube Zinc Oxide 1l Signsal Light
' 1 SARAH Rescue
3 Dye Maxrkers ' Beacon 1 Pocket Knife
1 Receiver-Beacon Transceiver 1 Signal Mirror

Plus additionel items deemed necessary for the mission.

A flashlight 18 located adjacent and to the left of the observation window.

FOOD_AND WATER

Food will be supplied as required by the mission. A six pound water
container provides the normsl source of drinking water for the astronsut.
A gecondary water auﬁply containing up to five and one-half pounds of water
1s located in the survival kit. Tank containing forty-nine pounds of water
are provided to supply the Environmental Control System Cabin and suit cir-
cult heat exchangers. The water remaining in these tenks, at the end of

the flight provides an additional backup source of drinking water.

ASTRONAUT'S APPAREL

The astronaut's apparel consists of a completely enveloping pressure
suit with helmet, suitable undergerments, and boots. The helmet faceplate

can be cpened while the spacecraft interior is pressurized although normal
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procedure will be to keep the faceplate closed. Each astronaut is
speclally ﬁ.tted‘and trained to use his sult. Oxygen, regulated as
to temperature, pressure and humidity, is supplied to the suit for
breathing and ventilation. For the astronmaut's comfort, ventilating
air is supplied to the sult at all times.

SPACECRAFT RECOVERY
A normal mission is intended to texrminate with the spacecraft
landing in a predetermined area of the ocean. &Ships and helicopters will

be standing by in the recovery area with provisions to pick up the buoyant

spacecraft immediately after lending. Comsidering the possibility that
the spacecraft could land in other than the intended recovery area; numer-
ous devices, both electronic and visual, are sutomatically energized or
deployed after impact to aid in locating the spacecraft. Depending upon
the weather, possible demage and the astronaut's physical condition, the
astronaut may either stay in the spacecraft or egress to the liferaft
vhich is provided as part of the survival equipment.

2-16
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IIY. MAJOR STRUCTURAL ASSEMBLIES

INTRODUCTION

The Project Mercury spacecraft, Figure 3-1, is designed to contain
an astrcneut, during orbital flight. The spacecraft also contains re-
cording, envirommental stabilization and other equipment necessary for
the flight.

The spacecraft is of a conventional semi-monocoque construction uti-
1izing titeniun for the primary structure. The structure is designed to
protect the internal csbin from excessive heating, noise and meteorite
penetration. The spacecraft is basically a conical configuration con-
sisting of a forebody and afterbody. The forebody 1s the large dish
shepe structure called the heat shield. The afterbody consists of a
conical mid-section attached to s smsll cylindrical section. During

“the orbital £light; the forebody is forward with respect to the flight

path. Provisions are incorporated to permit cabin entry, normal and
emergency exit and exterior viewing.

Prior to flight, an escape tower and antemna fairing are attached
to the afterbody cylindrical section. The escape tower, designed to
aiﬁ in spacecraft-missile emergency sepsratiom, consists of a pylon
framevork equipped with rockets. The antemna feiring is a cylindrical
sheped structure containing the radic nmein receiving and transmitting
antenna. The escapé tower is jettisoned during the launch phase or
during en escape sequence. During the landing phase the antenna fair-
ing is ejected and serves to deploy the main chute.
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" FOREBODY

The forebody, Figure 3-1, mainly consists of a large, blunt, dish
chaped structure that is support.éd by the large pressure bulkhead and
adjoins the afterbody conical section. The large pressure bulkhead
internally separates the forebody from the afterbody. The forebody
dish shaped structure is an ablation heat shield that is designed to
protect the spaceci'ai‘t from extreme thermal conditions during re-entry
flight. It 1s also designed to prevent damage upon landing impact.
The heat shield is attached to the heat shield attach ring, which in
turn 1s riveted to the conical section immer skin. The heat shield
attach ring incorporates elongated holes, for the installat:lon_of the
heat shield to the spacecraft and to allow for thermal expamsion. The
ablation shield is designed to ablate under heating conditions and is o
constructed of fiberglass to form a mmuooth contour. A retrograde pack-
age assembly is attached to the heat shield by means of three straps.

The retrograde package 1s jettisoned from the spacecraft following
retrograde rocket firing, which initiates spacecraft re-éntry.

The forebody area, between the large pressure bulkhead amnd the heat
shield, is vented to atmosphere through a seﬁes of vents located around
the periphery of the spacecraft forebody, adjacent to the forebody and
afterbody Jjunction. Three toroidal shaped hydrogen peroxide tanks and
six reaction control nozzles, each covered with Min-K heat insulation,
are located in the forebody area. The forebody area also houses the
heat shield release pneumatic system. A landing impact skirt is also
stored in the forebody area. The rubber impregnated fiberglass impact
skirt, attached to the heat shield attach ring and the heat shield, is

designed to absorb high energy shock loads encountered during a landing
34
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cn land or water; and also to stebilize the spacecraft during an astro-
naut!s egress, following & landing in the water. During the landing
phase, the heat shield 1s released, end extends the full lemgth of the
impact skirt. Upon heat shield comtact with land, air within the im-
ract skirt is forced out through a series of holes located in the impact
gkirt wall which in twmn provides a cushion-like effect. To prevent
demage to the large pressure bulkhead in the event the heat shield
strikes the spacecraft during lending, the larée pressure bulkhead in-
corpoxrates a reinforced laminsted ﬁbérglass ghield assenbly. The
fiberglass shield assembly is attached to the torus tank support brack-
ets. Sandwiched between the fiberglass shield and the large pressure
bulkhead are sections of honeycomb. Iwenty-four straps fabricated of
stainless steel are located ebout the periphery of the impact landing
skirt to prevent tearing of the impact landing skirt during high hori-
zontal velocity water lamdings. Twemty-four stainless steel cables are
located inside the impact landing bag and alternately located in rela-
tion to the steel straps. The cebles retain the heat shield to the
spacecraft in the event strap failure should occur. The afterbody
conical section exterior shingle arrangement extends beyond the large
pressure bulkhead, to the forebody heat shield, snd encloses the equip-
ment located between the large pressure bulkhead and the heat shield.
Located adjacent to the forebody and afterbody juncture, and bolted to
the heat shield attach ring, is a fiberglass attach ring. During
spacecraft-adapter installation, the fiberglass attach ring and the
adapter attach flange are clamped together with a segmented clemp ring.
Receptacles for the retro-packsge, sdapter, and the clmmp ring pnewmstic
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and electrical connectors are located under the forebody shingles ad-
Jjacent to fiberglass attach ring. Five spring loaded access doors, for
the receptacles are incorporated in the shingles.

AFTERBODY

The afterbody conical mid-section mainly consists of a pressurized
cabin that is supported between a small pressure. bulkhead and the large
pressure bulkhead. The cabin interior wall is lined ﬁith chamneled
frames to provide additiomal structural strength and equipment attach
points. The mid-section 1s constructed of a conically formed immer and
outer titaniwm shell, seam welded together. The outer skin is beaded
to form small sealed pressure panels capable of withsband:lng high pres-
sures and structural loads. The outer conical skin is reinforced with
longitudinal hat stringers. A blanket of thermoflex insulat:lon is
bonded, in between the hat stringers, to the outer (beaded) conical
skin. Min-K insulation is also installed over the hat sectioms and
covered with & shingle a.nmigement. The shingle arrangement is similar
to the shingle installation used on the recovery system compartment.
The forward end of the conical section is attached to the forebody heat
shield. The combination of the conical section besded outer skin, the
hat section reinforcements, thermoflex insulation and external shingle
installation provide the spacecraft with adequate heat, noise and
meteorite protectiom.

Iocated in the bottom of the conical section, as viewed during norw
mal flight attitude, is a spring loaded door that enclosed the ground
checkout umbilical receptacle. The door, hinged to the spacecraft
structure, automatically closes when the umbilical is discomnected.
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Iwo auxiliary holst fittings, attached to left and right side of the
spacecraft, provide ground handling attach points. The hoist fittings
are removed prior to leunch. /An explosive door, nemely the snorkel
door, is provided in the spacecraft shingles, between the small pres-
sure bulkhead and the conical-cylindrical sections juncture. This door
18 exploded from the spacecraft during landing. Actustion of the door
enables cool air to be drswn into the syacecraﬁ: through the snorkel
valve vhen the cebin air inlet valve opens.

ENTRANCE HATCE

An entrance hatch, Figure 3-2, is located on the right side of the
afterbody conical section as viewed from the crew member station., En-
trance hatch construction, similar to the conical section construction,
consists of an inner and outer (beeded) skin seam welded together and
reinforced with hat stringers. An explosive charge, moulded in the
hatch s1ll, is provided to quickly release the hatch snd ensble the
astronaut to egress rapidly. An explosive charge initiator, located
in the upper aft cormer of the hatch, is linked to an internal release
control initlator. Frior to launch, the hatch is bolted and sealed in-

to position with bolts, and two corrugated ahinéhs are installed over

the hatch. The bolts are inserted through the ej;ntrance hatch s1ll,
vhich incorporates the explosive charge, and t.hreaded intc the space-~
craft sill. A magnesium gesket, with inlaid rubber, forms the hatch
seal when the hatch is bolted into position. Two hatch shingles are
attached to the hatch stringers, but in no manmer exre they attached to
spacecraft shingles. (This ensbles the hatch to separate cleanly, up-
on ignition of hatch explosive charge.) Following impact, the astromaut
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removes the initiator cap from the initiator, and the safety pin from
the initiator plunger. By depressing the initiator plunger, the ini-
tiatorts two spring-loaded firing pins strike the explosive charge per-
cﬁs.éion caps and detonatg the explosive charge This action explodes
the hatchrfran the spacecraft. An exterior hatch release control is
also provided to ensble ground i)ersonnel to explode the hatch in the
event the astronaut is unsble to do so. Hatch retention springs, se-
cured by pip pins, are incorporated on the inner side of the entrance
batch to prevent injury to ground persomnel in the event the initiator
Plunger 1s accldently depressed. Two pressure valves, located in the
hatch, ensbles pressurization and purging of the spacecraft during
ground checkout operations.

OBSERVATION WINDOW

An observation window, Flgure 3-3, located cn the afterbody comical
section, provides the astronsut with external viewing. The window, lo-
cated above the maip inetrument panel, éonsista of an inner and outer
asgenbly. The inner window assembly made of three glass panes 1s sealed
in a titenium frame vhich is attached to the cabin wall. Each glass pane
is independently sesled to provide a pressure seal between the panes.

The outer window assembly consists of & glass pene sealed in « titanium
frame, that is attached to the spacecraft ocuter skin. The outer window
assembly is sealed separately, from the inner window assembly, to provide

a complete seal. The outer window conforms to the curvature of the conical
section. The cbservation window 1s equipped with filters, ensbling the

astronsut to regulate external light entering the cebin. A shield provided
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between the inner and outer window assemblies eliminates images reflected
from the inner spacecraft structure. The observation window includes a
two position mirror assembly which increases the astronaut's angle of

cbservation.

SMALYL, PRESSURE BULKHEAD

The small pressure bulkhead internally separates the cabin pres-
surized area from the recovery system compartment and structurally
supports the aft conical section. A sealed escape hatch, Figure 3-k,
internally actuated, is provided in the small pressure bulkhead to
enable the astronaut's exit following spacecraft landing. The dish-
shaped escape hatch is constructed of a beaded aluminum skin spotwelded
to an inner skin, that is reinforced with structural "Z" shaped members.
The hatch outer flanged edge fits into the small pressure bulkhead sill
and 1s held in place with a retaining ring. Expanding the retainer ring
by raising the hatch handle, wedges the reta:l.ner ring between the bulk-
head sill and the hatch flanged edge and forceﬁ the hatch flange aft to
provide a sealing action. The titanium asmall pressure bulkhead is seam

velded to the conical section inmer skin and bolted to the conical hat

stringer flanges.

LARGE PRESSURE BULKHEAD

The large pressure bulkhead supports the forward end of the conical
section and intermally separates the pressurized cabin from the fore-
body heat shield. The large pressure bulkhead is constructed of a cdm-
bined inner and outer titanium skin. The outer skin is beaded and seam

welded to the immer skin. The bulkhead is reinforced with horizontal
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channels installed on the outer skin. The bulkhead inner skin is
provided with two verticel chennels, centrally located and spaced,

that furnish structural attach point for the astronsut support couch.
Honeyconb shelves are provided on the bulkheed inner skin, outboard of
the two vertical chemnels, for equipment instellstion. The bulkhead
outer flange ring is bolted to the conical section inner skin and the
bulkheed 1s also bolted to the conical section inner sttach ring. Vents
are provided in the large pressure bulkhead to ensble overboard venting
of the spacecraft battery vepors and envirommental control system ex-
haust stean.

3-8. RECOVERY COMPARTMENT

The spacecraft afterbody, Figure 3-1, basically consists of the
short cylindrical section end the truncated cone shaped structure. The
cylindrical section is referred to as the spacecraft recovery system
canpartment and contains the landing parachutes, recovery aids and the
reaction control nozzles. The truncated cone shaped structure, referred
to as the afterbody conical section, encloses the pressurized cabin.

The recovery compartment i1s comnected to the pressurized cabin by a
small pressure bulkhead. The recovery systen campartment is a cylin-
drical formed titanium skin structure, reinforced with lomgitudinal hat
stringers, and covered with a corrugated beryllium shingle errangement.
A layer of thermoflex insulation is installed between the hat stringers
and the external shingles to prevent excessive ]:}eating within the com-
pertment. The shingles are individual panels bolted to the hat sectioms

with allowances for thermal expansion. A set of reaction control ex-

haust nozzles are internally located every 90°, petween the campartment
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3-9.

jnner skin and the external shingle installation. The recovery system
compartment interior 48 structurally divided into a left and right sec-
tion. The compartment left section houses the recovery am, electrical
wiring and plumbing routed through the compartment. The right section |
of the compartment houses a fiberglsss comtainer, structurally divided
into two sections that contain the main and reserve parachutes. The
ganta:!.ner can be removed by the astronsut from the csbin following

landing, to permit egress through the recovery compartment.

ARTENNA FAIRING

The antenna fairing, Figure 3-5, is a cylindrical shaped structun
that houses the pitch and roll horizon scenners, aad the main receiving -
and ‘I?ranmitting antenna. The sntenna fairing basic structure is of
titanium comstruction and is covered with "Repe-il" shingles. An eight
inch window assembly is located around the outer base of the feiring
and acts as a dielectric ﬁetveen the top of the fairing and spacecraft.
The window assembly consists of a siliccns base, fiberglass insulation,
vycor glass snd teflon strips. In line with the three teflon strips

and ettached to the antenna fairing shingles, are three laminsated fiber-

glass guides. The fiberglass guides esnd teflon strips prevent demage to
the antenna fairing when the escape tower is jettisoned. An alumimum bi-
conical horn is internally located at the base of the antemna fairing.

Ap electric insulator and lockfoem, located sbove the bi-conical horn,
ald in antenna fairing insulation. A roll horizon scanner is located

st the top of the ambemna fairing. A pitch harizon scammer is located in
the side of the fairing, in line with the roll horizom scamner. The

fairing is attached to the spacecraft by a mortar gun located in the
3-14
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recovery compartment. A steel post located in the center of the fairing

‘45 used as & guide when the fairing is jJettisoned. Three index pins and

six support clips, in the antenna fairing lower mating flenge, align with
three holes and six brackets in recovery compertment mating flange. ‘The
antenna fairing also houses the drogue chute. Three csbles retain the

drogue chute risers to the fairing when the chute is deployed.

DE-STABILIZER FLAP

A spring loaded de-stsbilizer flap, Figure 3-5, is attached to the
top of antenna fairing, opposite the roll horizon scanner. The de-
stebilizer flap ensures correct re-entry attitude during abort and re-
entry phases. During launching phase, and up to the spacecraft-tower
separation, the spring loaded de-stabilizer flap is held egalnst the
antenna fairing by means of a nylon cord. The nylon cord routed through
two de-stabilizing flap reefing cutters is severed after the escape tower
is jJettisoned, thereby releasing the flap to the outboard position. When
the spacecraft descends to 10,000 feet altltude, the antenna fairing is
sutomatically jettisoned from the spacecraft by the firing of the fair-

ing mortar gun.

IMPACT LANDING SYSTEM

The impact landing system, Figure 3-6, is designed to sbsord high
energy shock loads epncountered during landing; and also to stebilize the
spacecraft following a landing in water. The impact system basically
consists of a heat shield release mchgnim,. heat shield retaining straps
(24), heat shield retention cebles (24), a rubberized cloth impact skirt
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and & fiberglass shield assenbly. The impact skirt is stored in the
forebody ares. During the normal landing phase, the 10,000 feet baro-
stats energizes the Main Deploy Relay to eject the antemma fairing,

which in turn deploys the main parachute. (See Figure 3-7). Ejection

of the antenna fairing closes the antemmea fairing separation sensing switch,
which in twrn directs 24 V d-c electrical power to the Main Inertia Switch
Relay f1 (time delay relay). Twelve seconds later, the Main Inertia Relay
#1. energizes to direct electrical power to the heat shield release system
limit switches and elso to energize the Lending Beg Relsy. Energizing the
Landing Bag Relsy directs 24 V d-c électrical power to ignite the two heet
shield release explosive squib valves.

Ignition of the squib valves allows 3,000 psig nitrogen pressure to
flow to the two heat shield release mechanism actuators. This acticn
moves the heat shield from the spacecraft. Similtaneously with the actu-
ation of the release mechanism, the mechanism two limit switches close to
energize the Landing Bag Extension Signal Relay. Energizing the signal
relay, directs electrical power to illuminate the Landing Bag Telelight
(green), indicating a safe condition. When the actuator piston fully
travels to the open limit, the actuator is locked by a spring losded lock
pin. The impact landing bag circuit is de-energized vhile the spacecraft
is in orbit. Placing the landing bag switch in the "AUTO" position during
spacecraft re-entry will arm the circult allowing normal operstion of the
landing system.

In the event the heat shield mechanism falled to actuate, and release
the heat shield, the two limit switches will remain open and the Landing
Bag Werning Iight Relay will energize within two seconds. This in twm

directs power to illuminate the Landing Bag Telelight (red), indicating
3-18
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Figure 3-7 Impact Landing Bag Schematic.
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an upnsafe condition to the astromaut. The astronaut should place the
LANDING BAG SWITCH to the "MAN" position. Placing the landing switch
%o the manual position energizes the Emergency Landing Bag Relay, vwhich
in turn provides power to ignite the two heat shleld release explosive
squib velves. Ignition of squib valves will actuate the mechanism to
release the heat shield, and in turn the limit switches will close to
illuminate the telelight (green).

ESCAPE TOWER

| The escape tower (Figure 3-8), designed to aid in spacecraft-missile
emergency separation, comsists of a pylon framework equipped with rockets.
The pylon is a triangular shaped structure that is designed to support an
escape rocket apd a jettison rocket. The pylon 1s constructed of 4130
tubular steel and is approximately ten feet in length. The base of the
pylon structural tubing is bolted to a steel flanged attach ring. A fowr
foot escape rocket casing 1s bolted to the top (apex) of the pylon. Bolted
to the bottom of the escape rocket casing i1s a Jettison rocket. Electrical
wiring is routed through the structural tubing, from the rockets to con-
nectors, located on the pylon attach ring. ‘The pylon tubular structure
is covered with heat protective material. Prior to lasunch the pylon is
installed onto the spacecraft, by clamping the pylon attach ring to the
recovery system compartment with a chevron shaped, segmented clemp ring.
Explosive bolts comnect the clamp ring segments in tension. The bolts are
fired to separate the clamp ring when the pylon is Jettisoned from the space-
eraft. In the event the escape system is activated during launch phase,
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the escape tower is fired to propel the spacecraft away fram the
missile and then the jettison rocket is fired to separate the pylon

from spacecraft.

PYLON-SPACECRAFT CLAMP RING

The clemp ring consists of three chevron shaped segments that
clamp the pylon attach ring to the recovery system compartment flange.
Three explosive bolts, with dual ignition provisions, connect the ring
segments in tension. The clamp ring is basicelly the same in design
as the spacecraft-sdapter clemp ring (Figure 3-10), but considerably
smaller in size. The clamp ring retains the pylon to the spacecraft
until the clamp ring explosive bolts are fired vwhich in twrn separates
the clamp ring. An serodynsmic stability wedge attached to pylon clamp
ring, aids in stebilizing the spacecraft during the launch phase. 8ix
csble straps, bolted to the pylon structure and clamp ring stebility
wedge, aid in spacecraft-pylon separation by retaining the clamp ring
segments of the pylon vhen the explosive bolts are fired.

MISSILE ADAPTER

The missile adapter, Figure 3-9, is a slightly tapered, cylindrical
shaped structure that 1s designed to mate the spacecraft with the Atlas

missile. Upon adspter and spacecraft installation to the missile, the
sdapter 1s bolted to the missile and the spacetn'eﬁ is attached to the
adapter. m'adapter is of semi-monocoque construction and is spproxti-
mately four feet in height. The adapter basically consists of an outer
corrugated titenium skin assenbly, riveted and seam welded to en inner
titenium skin assembly and internally reinforced with two titanium sup-

port rings, riveted between the ends of the adapter. A steel flanged
3-22 :
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ring is riveted to the bottom, inner surface of the adspter. The
flanged ring is provided with holes to ensble the attachment of the
adapter to the missile with bolts. Alignment marks are provided on

the ring for proper adapter-missile aligmment. Riveted to the top,
inmer surface of the adapter is an alumimm flanged ring. The adapter
elminm ring metes with the spacecraft forebody fibergless sttach ring,
during spacecraft to adapter installation. An alignment mark on the
adapter ring BY axis encbles proper alignment of spacecraft to adapter.
The top of the aluminum ring is slotted at 120° intervals, to provide
sdequate clearance for the retrograde rocket assembly attach straps,
vhen the spacecfaﬁ; is attached to the adapter. A metal striker
bracket is riveted internally, every 120°, to the adapter skin. When
the spacecraft is attached to the adapter, these striker brackets de-
press (open) the spacecraft adapter separation sensing switches, located
on the bottom of the retrogrede rocket assembly attach straps. The
spacecraft is attached to the adapter by installing a chevron shaped,
segmented clamp ring over the mated flanges of the forebody fiberglass
attach ring and the adapter upper ring.

A retainer assembly, attached to the adapter interior skin, 1s pro-
vided to prevent the retro-packege and the explosive bolt fz:agmeuts
from striking the Atlas missile adapter 10X tank. The retainer assembly
is a cup shaped structure, that fits over the retro-package dome, and
is supported by three metal straps that are sttachéd to the adapter
with cable assemblies. A vent port, located in the adapter skin, re-
ceives the missile boll-off valve tﬁbe and ensbles the relieving of

liquid oxygen from the missile. Opposite the liquid oxygen boil-off
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pert, is en adapter door installation. The door installation provides
access to the booster and heat shield area while on the pad. A fiber-
glass shield attached above the vent port opening, streamlines the
sdapter and shields the boll-off tube. Two stretch fittings, located
180° gpart at the upper section of the adapter, provide a means of sup-
porting (stretching) the missile while in the vertical position fol-
lowing sdapter instellation. Six cable assemblies, attached to fitiings
spaced around the adapter outer corrugeted skin, are attached to the
clamp ring that attaches the spacecraft to the adapter. The cables re-
tain the clamp r‘.l.ng to the adapter following spacecraft-adapter sepa-

ration.

SPACECRAFT-ADAPTER CLAMP RING

The spacecraft-adapter clamp ring, Figure 3-10, 1is provided to
attach the spacecraft to the adapter. The clamp ring secures the space-
craft to the adapter throughout the launching phase until the clamp
ring is separated by meens of explosive bolts, allowing the separation
from the adapter. The clamp ring comsists of three chevron shaped
segments, that when installed, mate with the forebody fiberglass attach
ring and the adapter upper support ring. Three explosive bolts, with
dual ignition provisions, connect the three clexp ring segments in
tension. A metal striker bracket is bolted, every 120°, to the inside
of the clamp ring. VWhen the clamp ring is installed, the striker brackets
depress the spacecraft r:lng separation sensing switches, located in outer
periphery of the spacecraft forebody.

The exterior of the clamp ring is covered with a heat shield that
protects the explosive bolts from excessive heating. The heat shield
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‘consists of three fairing assemblies which are located directly over

the explosive bolts and three segmented fairing assemblies which cover
the remainder of the spacecraft adapter clamp ring. The fairing as-
semblies which locate directly over the explosive bolts are a three

plece installation. The top piece is fabricated of aluminum and the

two bottom pieces are made of titanium. These fairing assemblies are
fastened to the clamp ring support fittings. 'The interior of the fair-
ing assemblies is insulated with thermoflex. The three segmented fair-
ing assemblies are of a titanium construction whose interior is insulated
with thermoflex. The segmented fairing assemblies are bolted to the
adapter clamp ring. ©Six cable straps are bolted to the spacecraft
adapter csble fitting. These straps ald in spacecraft-adapter sepa-
ration, by retaining the clamp ring to the adapter when the explosive
bolts are fired. An electrical cable, clsmped around the interior of
the adapter, is connected to each of the clamp ring explosive bolts, to
two receptacles in the forebody area and to two receptacles on the launch
vehicle. A pnemtic Jine is also connected 4o one end of the explosive
bolt and to a quick disconnect in the forebody.

RETRO-PACKAGE

The retro packsage ,' Figure 3-11, is a jettisonable dome shaped container
mounted to the ablatidn ‘shield by three retention strai)s. The package, |
constructed of aluminum alloy contains niounting provisions for the posi-

grade and retrograde rockets, HF dipole antenna and associated wiring.
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'.Ehenﬁoflex insulation is provided on the inner sides of the retro pack-
age to protect the rockets from excessive heat. Jettisoning provisions
are also provided by means of a post mounted In the center of the retro
package containing a spring assembly and explosive bolt. Detonation of
the explosive bolt releases the retention straps apnd the spring assembly

ejJects the retro package from the spacecraft.
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IV. ENVIRONMENTAL CONTROL SYSTEM

DESCRIPTION

The envirommental control system Figure 4-1, provides the éabin and
the astronaui; with a 100 per cent oxygen enviromment to furnish the
breathing, ventilation and pressurizetion gas required during the space-
craft orbital flight and ventilation for a 12-hour post-landing phase.
The envirommental céntrol system slso fzmctiqns in the following mammer:
Removes odors, COp and moisture from the astronaut's sult cireult; pro-
vides an “"emergency rate” usage of oxygen in the event of pressure loss
in the sult circuit; maintains csbin and suit temperature at approxi-
mately 80°F; provides an emergency fire extinguishing capebility and
operates in "weightless™ or "high g" conditions. System functioning
will be autometically comtrolled during all phases of fllght. In the
event the system autometic controls malfunction, manual controls are
provided to insure system operation.

The envircmmental control system is designed to be opersted in el-
ther the suit mode, cebin mode or emergency mode. The system sult mode
18 normally utilized and ensbles the astronsut to function in the closed
sult circuit during csbin pressurized and emergency (depressurized) con-
ditions. In the event one control mode malfunctions, the remeining
control mode will continue to operate. The emergency mode insures
astrqnaut survival in the event both the suit and csbin modes malfunc-
tion. (See Figure h-2),

The envirommental control system provides a primary and secondary
oxygen supply for both the cabin and suit circhits. Primary and sec-
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ondary oxygen systems are basically the seme, however, the secomdary
oxygen regulated pressure is lower than the primary oxygen regulated
pressure. A manually controlled cooling circuit, for suit and casbin
systems, is provided to control suit and cabin jbemperaturé during flight,
The environmental control system components are located below the astro-
naut's support couch sdjacent to the large pfesbm bulkhead and also on
the interior of the smsll pressure bulkhead adjﬁcent to the escape hatch.
System manual controls are located on the left and right consoles; sys-
tém instrunents and warning lights are located on the main instrument

panel.

CABIN ENVIRONMENTAL CONTROL

During normal orbital flight, the envirommental control system is
operated in both the 'eﬁb:l.n and suit mode. Operation in the cebin mode
pemits the astronsut to open his helmet faceplate. The primary and
secondary oxygen supply furnishes the cabin wi'l#h preasurizatioﬁ,
breathing, and ventilation gas. The cebin is équipped with auto-
matic and manuai controls ror. cebin ventilatioﬁ, decompression, pres-
surizetion, temperatu_re cont.fpl, landing and p&st-]anding ventilation.

The cabin is cleared of contaminants and a 100 per cent oxygen en-
viromment is made availsble by purging the cebin prior to launch. During
orbital flight, csabin preéaure is automatically controlled by a cabin
pressure control valve. The cabin pressure relief valve prevents exces-
slve pressur‘er buildup within the cebin and proﬂdes & manuel means of
decompressing thg cebin in the event of a fire jor buildup of toxic con-

taminants. Two coolent supply tanks containing O pounds and 9 pounds of
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water respectively are common to both cebin and suit cireuit heat ex-
changers to provide cebin and suit cooling. The coolant tank containing
40 pounds of water is also a source of drinking water for the astromaut.
Cabin temperature is controlled by a manually controlled selector valve,
vhich regulates the amount of water entering the cabin heat exchanger,

and in turn provides cabin cooling by meens of water evaporation. The
cebin fan, located on the inlet side of the heat exchanger, forces cabin
alr through the exchanger to provide csbin cooling and ventilation. Cebin
alr inlet and outflow valves, located on the small pressure bulkheed, pro-
vide ventilation during the landing and post-landing phease.

SUIT ENVIRORMENTAL CONTROL

During normal orbital flight, the common oxygen supply furnishes oxy-
gen simultaneously to the suit and cebin envirommentsl comtrol circuits.
If a cebin circuit malfunction, such as cebin decompression, should occur
at a time vhen the astronaut has his faceplate removed, the astronaut
should :Lmediately close hls faceplate. Closing the faceplate initiates
the suit mode and confines the astronsut to the closed suit comtrol
circuit.

While opersting in the suit mode, the sult pressure regulator controls
the sult pressure to approximately 5 psia and replenishes oxygen consumed,
by the astronaut, during normal suit comtrol circuit operation. Suit cir-
cuit pressure is utilized as a means of Pressurizing the water coolant
tenks. The suit envirommentel control cireuit incorporstes compressors,
filters, absorbers and a tumperature control to insure astronaut's max-
imm comfort. Suit circuit tempersture is controlled by means of water

evaporation. A water separator utilizes the cammon oxygen supply pressure,
' 4-6
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to remove moisture from the suit circult oxygen supply. A compressor,
located on the upstream side of the suit circui;b heat exchanger, forces
the suit circuit oxygen supply throughout the circuit, providing suit
circuit ventilation. During the landing and post-landing phase, at-
mospheric air is drawn in through the cabin air inlet valve to provide

sult circuit ventilation.

SUIT EMERGERCY CONTROL

While operating in the suit mode during orbital flight, the suit
emergency control mode automatically activates when suit circuit pres-
sure decreases below 4.0 ': '; psia pressure. A control hendle is pro-
vided to ensble manual selection of the emergenjcy mode. During the
landing phase, the emergency mode is autmatica%!.ly activated. The
environmental system oxygen rate valve and the sult circuit shutoff
velve asctuate simultenecusly to switch the environmental system from
the suit mode to the emergency mode. Actuation of these valves nay be
either automstic or manual.

An 0, EMERG light, located on the main instrument panel, and a tone
generator indicates when the envirommental system is operating in the
sult emergency mode. The Op Emergency Rate Handle used to activate the

suit emergency control, is located on the right console.

OXYGEN SUPPLY

The environmental system is supplied with oxygen, from primary and sec-
ondary bottles. The primery and secondery omdm bottles are directly inter-
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connected by a supply line, that forms & common oxygen supply to the cabin
Pressure control valve, suit pressure regulator, emergency oxygen rate valve,
and the sult circuit water separator. The primary and secondary oxygen sup-
Ply lines incorporate shutoff valves, pressure transducers, pressure reducers,
end check valves. The pressure transducers transmit oxygen pressure, present
in the primary and secondary oxygen bottles, to a dual quentity indicator,
tape recorder, and to a telemetry unit. The primary oxygen bottle pressure
is reduced to 100 + 10 psig, by a primary oxygen pressure reducer. Two pri-
mary oxygen pressure reducers are provided for redundency in the event one
pressure reducer fails. The secondary oxygen bottle pressure is reduced to
80 psig by a secondary pressure reducer. The primary oxygen supply pressure,
being greater than the secondary oxygen supply reduced pressure, permits the
primary oxygen supply to be utilized during normal conditions with the secon-
dary oxygen supply in reserve. The oxygen supply 1ine check valves prrevent
the total loss of oxygen, in the event either the primary or secondary oxy-

gen pressure supply systems fail.

COOLING CIRCUIT

During normal orbitel flight, the envirommental system cooling circuit
furnishes the cabin and the suit circuit with provisions for independently
controlling the cebin and suit circult temperatures. Water is supplied,
under oxygen pressure, from water coolant tanks to the cabin and suit
circult heat exchangers. The water absorbs heat from the cabin and suit

eircult oxygen which causes the water to evaporate.

4-8




-
L9 sy
€*
MCDONNELL SEDR 104

The cooling circuit basically consists of two water tanks, cabin
and sult temperature control valves and heat exchengers. Temperature

control valves &are located on the right comsole.

L-7. BLOOD PRESSURE MEASURING SYSTEM

A semi-automatic, independently controlled system is provided to
measure the astronsut's blood pressure during orbital flight. The Blood
Pressure Measuring System (Figure L-3) activated by the astronsut, records
the blood pressure through transducers and amplifiers which is then tele-
metered to tracking stations. The system essentially consists of an oxy-
gen bottle, controller, pressure regulator, aoJJeno:ld operated control
valves, occluding cuff and microphone.

Prior to installaetion of the entrance hatch, the oxygen supply (Figure
L-l4)} manual shut-off valve is opened allowing an oxygen flow through the
regulator to the Fill Valve. The regulator is provided to maintain a Blood
Pressure Measuring System differential pressurei of 4 ¢ psi in reference to
Envirommental Control System suit circuit pressure. Depressing the START
evitch located on the main instrument penel directs electrical pover to
activate the Blood Pressure Measuring System for 110 seconds. Activation
of the system simultaneously opens the Fill valve and closes the Dump valve

ellowing the astronaut's suit cuff to inflate. A time deley relay con-
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tained within # Recovery Relay Paﬁel actuates five seconds after the
START switch is depressed removing power to the Fill Valve solenoid. Pres-
sure in the cuff is dissipated through the orifice on into the ECS sult
circuit in approximately thirty seconds. The astronaut's blood pressure
is measured and telemetered by means of a transducer in the controller re-
cording inflated cuff pressure, and a microphone placed under the cuff sensing
pulse sounds. A timer also contained within the controller de-energizes an
initiate relay at the end of 110 seconds, removing electrical power to the
system, therefore opening the dump valve allowing system pressure to vent
to the Envirommental Control. System suit circuit.

A restrictor valve provided at the entrance of the sult circult permits
& pressure flow into the suit circuit and a limited flow in the opposite
direction. In the event a Blood Pressure Measuring System line should feil,
suit circuit pressure would be maintained. A relief valve is provided to
dissipate excessive pressure in the event the regulator should faill. If
the astronaut desires to discontinue the Blood Pressure Measuring cycle,
the STOP switch is depressed. Activating the STOP switch energizes an

Anterrupt relsy in the Controller removing electrical power from the system

in turn opening the dump velve to discharge system pressure.

QPERATION

The envirommental control system 1s designed to sequentially operate
automatically during the launch, orbit, re-entry and post-landing phases
of the £light. The mode in which the envirommentel system 1s operated

- 18 depeﬁiient upon the existing conditions within the cebin and suit cir-

cult.
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During the pre-launch phase of operations, the oxygen and water sup-
ply are fully serviced. Refrigerated air is ducted through the spacecraft
hatch to precool the csbin and structure during spacecraft pre-flight. The
refrigerated alr supply is removed when an external supply of freon cool-
ant is directed to the cebin and sult circuit heat exchangers, through the
unbilical, to continue precooling the spacecraft structure snd csbin equip-
ment after the flight hatch is installed. The oxygen supply manual shut-
off valves are opened and the astronaut is connbcted to the spacecraft
sult circuit by attaching the suit circuit personal leads (flex hoses) to
the astronesut's pressure sult. The sult canprebsor apd cabin fan are
activated at this time. The sult circuit is pﬁrged with an external
source of low pressure oxygen applied through the suit circuit purge
valve. Following the purging operation, a suit circuit leskage check
is performed. The spacecraft entrance hatch :I.sf bolted into position and
the cebin is then checked for leakage and purged with oxygen. The suit
circuit incorporates provisions for obtalning launch purge oxygen samples.

Forty-five seconds prior to launch, the grdmd umbilical plug is
disconnected and freon coolant supply to the spacecraf't ceases. During
launch and orbit, the cebin pressure relief vaive meintains csbin pres-
sure at spproximetely 5.5 differential (csbin/embient) pei. During space-
craft leunch, the sult circult pressure regulaﬁor mainta:lné the suit cir-
cuit pressure approximately equivalent to cabiﬂ pressure. The suit cir-
cuit oxygen is kept free of conteminents by a solids trap and a COy and
odor asbsorber. The solids trap removes fm'eisﬁ particles such as food

particles, nasal excretions, hair, etc. The COp and odor absorber filters
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odors and COy from the circulating oxygen. Moisture from the suit

circuit oxygen 1s removed from the system by a water separator. 'The
pneumatically activated water seperator deposits the moisture into a
condensate tank. Cabin and sult circult temperatures are controlled

by manually operated metering velves, that regulate the water flow rate
from the water coolant tanks to the cabin and suit circuit heat exchangers.
Upon reaching altitudes where the saturation temperature of water is lower
than the cabin and suit circuit gas temperature, the cabin and suit cir-
cuit heat exchangers will provide cooling by water evaporation.

When the spacecraft descends to an altitude of approximately 21,000
feet, the snorkel explosive door is ejected. (Door is located on space-
craft exterior.) At an altitude of approximately 17,000 + 3000 feet, the
cebin air inlet and outflow valves open barcmetrically venting the cebin
to the atmosphere. Operation of the sult circuit compressor draws out-
side air into the suit circuit through the ejected snorkel door opening,
the snorkel valve and the open cabin air inlet vaelve. The air, circulating
through the suit circuit, is relieved into the cabin and in turn flows out
through the cabin air outflow valve. Simultaneously, with the opening the
cabin air inlet and outflow valves, the enviromuental system mode of opera-
tion switches to the emergency mode,. but. the .suit compressor continues to
operate. Switching to the emergency mode provides a greater cooling
capacity for the zstronaut. An inlet air snorkel valve and an outflow
air diaphragm flapper ventilation valve located on the unpressurized side
of the small pressure bulkhead, prevent water from entering into the csbin
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in the event the spacecraft submerges after landing in water environ-
ment, A vacuum relief valve, located in the flfexible ducting between
the cabin air inlet valve and sult circuit, prevents a vacuum to occur
vhich may cause the snorkel valve to stay closed. During the post-
landing phase, the astronaut may continue to operate his suit circuit
coanpressor to provide suit circuit ventilation. The suit circult com-
pressor draws atmospheric air into the suit circuit, through the cabin

air inlet wvalve.

4.9,  CABIN ENVIRONMENTAL CONTROL

Operation of the envirommental control system in the cabin mode,
(Figure 4-5), after the spacecraft has entered the orbital flight path
permits the astronaut to open his helmet faceplj.ate and be exposed to
cebin enviromment. - The cabin pressure rellef 13‘81% relieves csbin pres-
sure in excess of 5.5 psia. TIn the event cab:l.z; pressure tends to exceed
the 5.5 psia pressure (cebin over ambient), the relief valve will open
to relieve the excessive pressure. When the cabin pressure decays to
5 psia, the cebin pressure control valve will 6pen to maintain approxi=-
mately 5 psia cabin pressure. Cabin mske-up oxygen flow into the sult
circuit. The sult pressure regulator will sense the increase in suit
pressure, snd relieve excess gas into the casbin. Routing the cabin
pressure control valve oxygen supply through the suit circuit, provides
a constant purging of the suit circuilt. Cabin‘pressure control valve
maintains cabin pressures to 5.1 ': § psia.

During orbital £light, cabin gass is circulated throughout the cebin
by the cabin fan, located at the inlet to the cebin heat exchanger. The
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cebin gas ebsorbs the heat generated by the cebin electronic equipment

and in turn is cooled when the gas passes through the cebin heat exchanger.
Water from the water coolent tenks evaporates in the heat exchanger which
ebsorbs the heat from the cebin gas. ‘The steam produced then passes over-
board through the large pressure bulkhead stesm vent. A csbin temperature
control valve, located on the right console, is manually operated by the
astronaut to control csbin temperature by controlling coolant water flow
rates.

In the event of a fire or a bulldup of toxic contaminents, within the
cebin, the astronsut mey msnuslly decompress the csbin by actuating the
DECOMPRESS "T" handle, located on the left console. The decompression
handle is connected to the cabin pressure relief valve with a csble. Dur-
ing decompression of the cabin, the cabin pressure control valve closes
vhen the cebin pressure decreases to 4.1 psia. Following the extinguishing
of the fire, or the removal of toxic contaminents, the astronaut may repres-
surize the cabin by closing the DECOMPRESS "T" handle and actuating the
REPRESS "I" hendle. The REPRESS "I" hepdle 1is connected to the cebin
Pressure control valve with a cable. When the dabin has been repressur-
1zed to 5.0 psia, the REPRESS "I" handle must be mamually closed. In
the event of a csbin decompression, due to a meteorite penetration or ex-
cessive cebin leakage, the cebin pressure control valve will close auto-
matically at approximately k4.) psia and prevent oxygen flow to the cebin.
Closing of the cabin pressure control valve reserves the remaining oxygen
supply for the sult environmental control c:l.rcuit, ensbling the astronaut
to continue the mission. |
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Prior to re-entry, the astromaut should assure that his helmet face-
plate is closed. Durlng spacecraft descent, cebin pressure is maintained
at approximately 5 psia pressure. At 27,000 feet altitude the cabin pres-
sure relief valve opens allowing stmospheric air to enter the cabin and
equalize cepsule internal and external pressures within 10-15 "320. Vhen
the spacecraft reaches 17,000 + 3,000 feet altitude, the cabin air inlet
and outflow valves open providing outside air ventilation for the suit
circuit. Suit circuit air is then vented to the cabin and out through
the cabin outflow valve. If the csbin air inlet and outflow valves fail
to open at 17,000 + 3,000 feet altitude, the astropaut should actuate the
SNORKEL pull ring to open the valves. A spnorkel valve, provided on the
inlet side of the cebin air inlet valve end a disphragm flapper ventilation
valve provided on the outlet side of the csbin air outflow valve, prevent
wvater from entering the csbin when the spacecraft lands in the water.

A cabin pressure indicator and csebin temperature indicator are pro-
vided on the main instrument panel. An alternate method of determining
altitude is incorporated in conjunction with the cebin pressure indicator.
A plscard with altitude markings mounted over the cabin pressure indicator
provides a direct reference to cebin pressure in the event the altimeter
should fail. A partial pressure sensor ’1ocated below the correlation clock
is utilized to measure the oxygen content circulating throughout the cebin.
Pressure measured by the sensor is transmitted to an indicator marked
"PARTIAL PRESSURE" located on the main instrument panel.

SUIT ENVIRONMENTAL CONTROL
The suit envirommental control circuit, Figure 4-6, 1s supplied oxygen
from the envirommental system oxygen supply, through the sult pressure
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regulator and the cabin pressure control valve. During the launch and
re-entry phases, when the astronaut's helmet faceplate is closed, the

suit pressure regulator utilizes cebin pressure as a reference to control
the suit circuit pressure. While operating in the sult environmental'con-
trol mode, (helmet faceplate closed), oxygen from the suit pressure regu-
letor enters the suit ciremit and is recirculated through the sult com-
pressor, COp and odor sbsorber, sult heat exchanger, water separator, astro-
nsut's pressure suit, =nd the suit circuit solids trap. The sult pressure
regulator will meintain the suit circuit pressure within 2.5 to 3.5 inches -
water of cabin pressure.

The suit circuit incorporates two compressors installed parallel to
each other., During normel suit circuit operation the #l suit compressor
eclrculates throughout the suit circuit. A differential pressure switch
is vented to the iplet and ocutlet ducting of the #l suit compressor. In
the event the #1 suit compressor malfunctions, the differemtial switch
senses the loss of pressure across the #1 sult compressor, and in turn
directs power to operate the #2 suit compressor. A SUIT FAN switch is
provided on the main instrument penel, to enable selection of either
compressor.

Oxygen flowing from the compressors passes through the CO, and odor
absorber. The aebsorber is divided into individual sections thet contain
activated charcoal and lithium hydroxide removing odors and carbon diox-
ide from the oxygen. Filters, incorporsted in the absorber retains char-
ceal and lithium hydroxide dust.
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Suit circuit temperature, controlled by a suit heat exchanger, removes
heat from the suit circult oxygen flowing through the heat exchanger.
Waterflow to the heat exchanger is controlled by a suit temperature con-
trol valve, located on the right console.

A water separstor containing & sponge, collects moisture from the
suit circuit oxygen flowing through the separator. At timed intervals,
the sponge is pneumatically compressed and water contained within the
sponge 1s transferred into a condensate store.ge tank. A sponge position
indicator is attached to the piston housing of the water separator. As
the water separstor piston is in motion, the YPARTIAL" sponge position
indicator iight illuminates. Both “PARTIAL" and "FULL" indicator lights
i11luminate upon completion of piston upward travel. As the piston returns
to its original position, both indicator lights extinguish. A sponge
squeeze switch located on the main instrument panel is provided to actuate
the water separator prior to the normal programmed sequence of operations.
Suit pressure and temperature sensors, located in the suit circuit, trans-
mit suit circuit pressure and temperature to the SUIT ENVIRONMENT indicator.
The dual faced SUIT ENVIRONMMENT indicator is located on the main panel. The
content of COp in the suit ecircuit is measured by means of a calibrated
partial pressure sensor. Pressure measured by the sensor is trensmitted
4o an indicator marked "PARTIAL PRESSURE" located on the main instrument
panel. An indication of excess (M in the suit circuit, detected by the
COn partial pressure sensor, directs electrical power to illuminate the
"COp PRESSURE" warning light and operate a tone generator.

During the pre-launch phase, the suit circuit is purged with oxygen

from an externsl low pressure source. Suit heat exchanger is also sup-
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Plied with a freon coolant, from an external ground supply, to pro-

vide sult circuit cooling. The suit circuit oxygen circulates through-
the suit ecircuit, during the suit mode operation. During spacecraft
flight, the pressure within the suit circuit is seutomatically mainteined
at approximately 5 psia by the pressure regulator. During the descent
Phase, the 21,000 feet barostats actuate to cause 24V d-¢ electrical
pover to energize the inlet air door relay. Energizing the inlet air
door relay directs power to ignite an explosive sguib, which in turn
ejects the snorkel explosive door. (Door is located on spacecraft exter-
ior.) On descending to an altitude of 17,000 + 3,000 feet, the cebin air
inlet and outflow valves open baromgtricalxy. The suit compressor draws
atmospheric alr into the suit circuit through the ejected snorkel door
opening, the snorkel valve and the open cebin air inlet valve. In the
event the cabin eir inlet and outflow valves fail to open, the astronaut
may manually open the valves by actuating the SNORKEL pull ring, located
on the left console. Opening of the cebin air inlet valve sutomatically
switches the envirommental system mode of operation to the emergency mode,
but the suilt circuit compressor continues to operate to provide suit cire
cuit ventilation. Also, opening of the csbin air inlet valve directs
electrical power to close the suit circuit shutoff valve, vwhich in turn
mechanically opens the emergency oxygen rate velve. The emergency air
inlet door relay is energized which in turn directs electrical power to
ignite the snorkel explosive door squib and eject the snorkel explosive
door. (This provision insures the ejection of the snorkel explosive door,

in the event the door fails to eject at 21,000 feet.) Air circulating
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through the suit circuit is vented through the suit pressure regulator

to the csbin, and in turn is vented out of the spacecraft through the
cabin outflow valve. In the event the spacecraft submerges momentarily
following & water landing, the ball float in the cebin eir inlet valve

and the diaphregm flapper valve in the cabin alr outflow valve will seat,
Seating of the valyes (snorkel and flapper), prevents water from entering
into thé suit circtiﬁ and cabin, through the open cabin alr inlet and out-
flow valves.- 'Opération of the suit circuit compressor with the snorkel
valve closed will creete a vacuum in the flexible ducting, located between
the cebin air inlet valve and suit circuit. The vecuum relief valve,
located in the flexible ducting, will open when the pressure differential
between the cebin and flexible ducting is 10-15 inches of water. Opening
of the vacuum relief valve reduces the vacuum to permit the air inlet
snorkel valve ball float to unseat if the snorkel valve is asbove the water.
This sction in turn allows outside air to enter into the suit circuit for
ventilation. During spacecraft submersion, cebin air entering the open

vacuum relief valve provides suit circult ventllation.

SULT EMERGENCY CONTROL

The sult emergency control, Figure 4-7, is provided to insure the

astronaut's survival in the event the cebin and suit environmental con-

trol eircuits melfunction. Operation in the emergency mode basically
consists of opening the emergency oxygen rate velve, to supply oxygen st

approximately .05 lbs/min and closing of the suit circuit shutoff valve.

_ Tllumination of the O, EMERG light end the movement of the EMERG Op rate

handle to EMERG position, indicates emergency mode of operatiom.
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When operating in the normsl mode, (See Figure 4-6), during normal
orbital flight, the emergency oxygen rate valve is closed, the suit cir-
cult shutoff valve is open, sult compressors are operative, and the suit
circuit pressure regulator is controlling oxygen flow to the sult circuit.
The emergency oxygen rate valve remains closed as long as sult circuit

pressure remains at approximetely 5 psia, pressure. In the event the
Il
3
aneroid extends, to offseat & poppet, and allows oxygen from the oxygen

sult circuit pressure drops to 4.0 :' psia, the rate valve internal
supply to flow through the rate valve and into the suit circuit. The
extension of the rate valve aneroid, due to low pressure, actuates a
limit switch that provides electrical power to energize the suit circult
shutoff valve solenoid and the sult fan cut-off relay, illuminate the Op
EMERG 1light, and operate a tone generator. Energizing the suit fan cut-
off reley removes the 115V a-c electrical power to operate the suit cir-
cult compressor. (At an altitude of 17,000 + 3,000 feet, the cabin eir
inlet relay will open. Opening of the cabin air inlet relay de-energizes
the suit fan cutoff relsy. The de-energized suit fan cutoff relay routes
power to the #l sult circuit compressor. If the #1 suit eircuit compressor
fails to operate within 12 seconds, the suit fan selector relay will ener-
glze end allow power to be directed to the suit fen cutoff relay and then
on to the #2 suit circuit compressor.) Energizing the shutoff valve
solenoid relesses the shutoff valve shaft arm, and mechanically moves

the EMERG Op handle, right console, to the EMERG position. Movement of
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the EMERG Op handle mechanically actuates the emergency oxygen rate
valve to the open position. With the energency oxygen rate valve open
and the suit circuit shutoff valve closed, oxygen from the oxygen supply
flows into the pressure suit and is discharged through the suit pressure
regulator relief valve.

Actuating the EMERG Op handle to the NORM position resets the shut-
off valve to the open position, the emergency oxygen rate valve to the
close position, starts sult compressor operation, extinguishes the 0
EMERG light, and in turn switches the suit circuit operation to the suit
normal control mode.

The emergency mode 1s also autcmatically selected during spacecraft
landing phase, when the spacecraft has descended to an altitude of 17,000
feet. At 17,000 feet the cabin air inlet valve opens. Opening of the
cabin air inlet valve actuates a limit switech thet provides electrical
pover to operate the suit circuit compressor and close the shutoff valve,
vwhich in turn mechanically opens the emergency oxygen rate valve. An
inlet power switch, located on the main instrument panel allows operation
in the suit envirommental control mode in the event the csbin air inlet
velve prematurely opens (See Figure 4-6). Premature opening of the cabin
air inlet valve deactivates the cabin fan and closes the suit cirecuit
shutoff valve which in turn opens the emergency oxygen rate valve., The
sult circuit is now operating in the emergency mode. To initiate tran-
sition back to the sult mode, the inlet power switch is placed in the
BY-PASS position. With the inlet power switch in the BY-PASS position,
the cebin fan is activated (See Figure 4-5) and the suit cireuit shutoff
valve is deactivated. The EMERG Op handle right hand console, is now
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placed in the NORM position; plecing of the EMERG Oy handle to the NORM
position opens the sult circuit shutoff velve and closes the emergency
oxygen rate valve. The envirommental control system ie now operating
in the suit environmental control mode. To prevent snorkel door separa-
tion upon premature opening of the cabin air inlet valve, the emergency
inlet air door. relay is intercomected to the antemna fairing separation
relay during descent. After opening of the cabin alr inlet and outflow

valves, the inlet power switch is placed in the NORMAL position.

OXYGER SUPPLY

During the pre-lsunch phase and prior to installation of the entrance
hatch, primary and secondary oxygen system shutoff valves are manually
opened, by ground crewmen, to activate the oxygen supply. Opening of the
shutoff valves, Figure L4-8, provides oxygen to the csbin pressure control
valve, sult pressure regulator, suit emergency oxygen rate valve and the
sult circult water separator solenoid valve.

During operation, when the primary oxygen bottle pressure drops below
approximately 200 psig, due to near depletion of the Primary oxygen supply;
the secondary oxygen supply line pressure will override the Primary oxygen
pressure and continue to supply the envirommental system with oxygen.
Audible and visual means are provided on the Main Instrument Panel to warn
the astronaut of a diminfishing oxygen supply. As the secondary Oo supply
decreases to 6500 psi, the secondary oxygen supply pressure transducer
activates the "O, QUANTITY" telelight and the tone generator. A quantity

indicator gage, located on the main instrument panel, is provided to indi-
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cate remaining oxygen supply. Two transducers, primary and secondary

supply, are provided to eneble telemetering of oxygen quantity remaining.

COQLING CIRCUIT

During pre-launch, csbin and suit circuit cooling, (Figure 4-9) is
achieved by supplying freon (F-1l4) through the umbilicsl connector and
into the cebin snd sult heat exchangers. The freon coolant evaporates in
the cebin and sult heat exchangers and is discharged overboard through the
environmental system steam vents, located in the large pressure bulkhead.
Prior to launching, the freon coolant supply 1s discontinued. When the
spacecraft reaches approximately 115,000 feet altitude, cabin and sult
circuit cooling is achleved by water evaporation, that occurs within the
suit end cabin heat exchangers.

Water from the water coolent tenks is supplied through the temperature
control valves, to the suit and cebin heat exchangers. Oxygen, from the
suit circuit is utilized to pressurize both water coolant tanks. Oxygen
pressure moving each tank diaphragm, forces the water supply out of the
tapks at a rate dependent upon the position of the temperature contrel
valves. The temperature control velves control the amount of water entering
the hest exchangers, and in turn controls cabin and suit temperatures.

The steam flows out through the steam vents, located in the large pressure
bulkhead. A dual faced heat exchanger temperature indicator, and warning
light is provided on the mein instrument panel to indicate temperature con-
ditions in the cebin and suilt heat exchangers. An excessive amount of

water flowing through the cooling circuit is detected by sensors attached

4-29




MCDONNELL SEDR 104

.-
INSTRUMENT :
PACKAGE "A" +—
LIGHT

LN —J HEAT EXCHANGER TEST

SENSOR TEMPERATURE DOME TEMPERATURE 5A SWITCH

INDICATOR SENSOR INDICATCOR

Heat 24V D-C TELELIGHT

EXCHANGER

TONE (MAIN PANEL)

e GENERATOR
abto o

L ]
TONE OFF

TONE
GENERATOR
SWITCH

SWITCH NO. 1
' 24v D-C
N WARNING
et LIGHT SWITCH
INSTRUM
] PACKAGE "C"
< J
@ < 7 TO PRESSURE SUIT
i ‘
INVER
SWITCH NO, 2 wurr

SENSOR TEMPERATURE CIRCUIT
SELECTOR FLOW

CABIN TEMPERATURE SUIT TEMPERATURE
COMTROL VALVE CONTROL VALVE

CRIFICE e
ISR lil!

FREON CHECK

INVERTER COOLING

VALVE
CABIN HEAT DUCTS
EXCHANGER SUIT HEAT
DOME - )
DOME EXCHANGER

DOME SENSORS

>

CABIN HEAT SUIT'HEAT SUIT
EO)(L?I?:PSCESSOR MAIN STBY MAIN EXCHANGER:
INVERTER INVERTER INVERTER
250 V. A, 250 V.A. 150 V. A,
LARGE PRESSURE ——/ *
BULKFEAD CAPSULE {FREON SUPPLIED DURING
NOTE UMBILICAL PLUG GROUND OFERATION ONLY)
e MORAL CAPSULE FLIGHT U CPERATION! bus.- OXVGEN FLOW
SUIT GIRCUIT FLOW
FMI8-14AGE

Figure 4-9 Cooling Circuit

4-30



¥
~”, (]
@MODONNELL SEDR 104

to the cabin and suit heat exchangers directing electrical power to
— " 4lluminate the "EXCESS HpO" warning light and also operate the tone

generator. The astronaut must then position the cebin or suit tem-

pverature control valve to a warmer setting to prevent wasting coolant

and to achieve efficient operation of the heat exchanger.

h.lh, SYSTEM UNITS

4.15. PRIMARY AND SECONDARY OXYGEN BOTTLES

The primery and secondary spheric_al shaped oxygen bottles are
located beneath the astronsut's support couch adjacent to the spacecraft
conical section and large pressure bulkhead. Each bottleA has a capacity
of I pounds oxygen, stored under a 7500 psig pressure at TOCF temperature.
Servicing of the oxygen bottles is accomplished through a quick disconnect
filler coupling.

L.16, SUIT CIRCUIT PRESSURE REGULATOR

The suit circuit pressure regulator, Figure 4-10, is provided to regu-
late oxygen pressure to the suit circuit and to replenish suit circuit
oxygen consumed by the astronaut, or lost through leskage. The regulator
is a demand type diaphragm operated regulstor that controls suit circuilt
pressure in reference to cebin pressure., Suit circuit pressure is main-
talned epproximately 2.5 - 3.5 inches of water below cabin pressure during
normal system operation, under ideal (no cabin leakage) conditions. Cebin

pressure 1s sensed on the upper side of the regulator control disphragm and
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sult circuit pressure is sensed on the lower side of the diaphragm.
The regulestor also contains s resilient type diaphrsgm that is used
to relieve excessive sult circuit pressures. Two aneroids are pro-
vided to shut off cabin vent port of regulator in the event cebin
pressure decreases below 4.6 + .2 psia. In the event of cabin leak-
age, not decreasing below 4.0 . °S psia, the cabin pressure control
valve will open to replenish cabin pressure to 5.1 '_': ‘?_ psia. Make
up oxygen fram the cabin pressure control valve will flow through the
sult circuit and out through the suit pressure regulator relief valve
and into the cebin., At this time, sult circuit pressures will exceed
cabin pressures due to pressure differentisl (suit above cabin) required
to open the sult clrcuit pressure regulator relief wvalve.

During normal ascent, csbin pressure decreases, and the regulator
relief diephragn relieves sumit circuit pressure to within 2 - 9 inches
HoO above cabin pressure. During normal orbital flight, the control dia-
phragm will regulate suit circuit pressure in relationship to cabin pres-
sure. An increase in cabin pressure will act on the/ diaphragm to unseat
a poppet valve and allow suit circuit pressure to increase to within 2.5 -
3.5 inches of HoO below cebin pressure. In the event cabin pressure de-
creases below 4.6 + .2 psia, the aneroids will extend and close off cabin
vent port of regulator. Two 60 cc/min bleed ports provide oxygen to pres-
surize the reference chambers end permit the regulation of suit circuit
pressure to 4.6 + .2 psia. 1Iwo aneroids and two bleed ports are provided
to insure redundancy in the event either aneroid or either bleed port
fails to function. Descent operation of the regulator is the seme as an
increase in cabin pressure during normal orbital flight.
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SUIT CIRCUIT SHUTOFF VALVE

The suit circuit shutoff valve, Figure h-11, is designed to shut off
oxygen flow to the suit envirommental circult accessory components, when-
ever the suit cireuit is operating in the emergency mode. The shutoff
valve, spring loaded to the close position, is latched in the open posi~
tion duwring normal suit circuit operation. Valve is maintained in the
open position by & solenoid controlled detent pin engaged into the valve
spoon arm. A microswitch, depressed by the valve arm, completes the
solenoid circuit when the valve 1s latched open. Opening of either the
emergency oxygen rate valve or the csbin air inlet valve directs an elec-
trical signel to energize the shutoff valve solenocid. Energizing the
solenoid retracts the detent pin and allows the valve spring to rotate
the valve spoon to the close position. Closing of the valve, through an
inter-connecting linkage. The shutoff valve is mechanically opened by
the EMER Oz control handle, located on the right-hand console. The
shutoff valve 1is interconnected to the emergency rate valve, so that

vhen the emergency rate valve closes, the shutoff valve opens.

EMERGENCY OXYGEN RATE VALVE

The emergency oxygen rete valve, Figure 4-12, is provided to supply
a regulated amoumt of oxygen directly into the astronaut's pressure suit,
in the event malfunction occurs in the suit eircult operation. The rate
valve is designed to operste automatically and conteins provisions for
menual operation. The valve, closed during normal suit circuit operatiom,

contains an aneroid that senses suit circult pressure. Whenever suit cir-
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cuit pressure drops below 4.0 t ;
spring loaded poppet and allow oxygen to enter the diaphragm chamber.

psia, the aneroid extends to offseat a

The pressure in the diaphragm chamber increeses and fully strokes the
poprpet, allowing oxygen to flow into the astronaut's suit at a fixed
flow of .09 to .051 #/m:!.n. Simultaneously with the offseating of the
poppet, & control switch is actuated through a lever mechanism, and di-
rects electrical power to close the suit circuit shutoff valve, illumi-
nate the Op EMERG light, and stop sult circuit compressor operation during
orbital flight. Suit circuit shutoff valve is interconnected with emer-
gency oxygen rate valve. Therefore, closing of the shutoff valve actuates
the emergency oxygen rate valve manual control shaft to close off oxygen
flow to valve poppet inlet. Oxygen then flows directly into suit cirecuit
through the valve‘ aneroid chanber,

Emergency oxygen rete valve may be opened manually by selecting EMER
position with EMERG Op control hendle. Vhenever the EMER Op control
handle is moved to NORM, the suit circuit shutoff valve opens and emer-

gency oxygen rate valve closes.

SUIT CIRCUIT COMPRESSORS

The sulit circuit environmental control system utilizes two electric
motor driven, single-stege, centrifugal compressors (See Figure 4-6).
One compressor is a standby compressor used in the event of normel com-
pressor failure. If the normal compressor fails, the standby compressor
is activated by a pressure differential switch which directs power to the
standby compressor electrical connections. The only time the sult com-

pressor is inoperative is during orbital flight when the astronaut is
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utilizing oxygen from the emergency oxygen rate valve. When supple-
mentary oxygen from the emergency oxygen rate valve is being used
below 20,000 feet, the sult circuit compressor will continue to operste

to circulste ambient air to the astronaut.

4-20. COp AND ODOR ABSORBER

The CO2 and odor absorber, Figure 4-13, is provided to remove astro-
nsut emitted odors and carbon dioxide from the suit circuit. The absorber
is basically a metal cannister divided into two sections. The inlet sec-
tion contains activated charcoal that removes objectional odors from the
sult eircult oxygen. Lithium hydroxide, located in the center sections re-
moves carbon dioxide. 'The outlet section is an exit filter, provided to
retain lithium hydroxide in the camnister. The charcoal and lithium hy-
droxide granules are compressed by a spring force. The useful life of

the CO2 and odor absorber is forty-four hours.

4-21, SUIT CIRCUIT HEAT EXCHAWGER

The suit circuit heat exchanger (Flgure 4-1%) is of a plate fin
construction with rectangular offset fins, double sandwich, one pass on
the oxygen side and two pass, single sandwich on the water side. The
function of the heat exchanger 1s to cool the gases circulating through-
out the sult clrcuit. Water from the water cooling taenks is routed to
the inlet side of the heat exchanger which contains a high density woven
felt ped. 'The function of the felt pad is to evenly distribute the water
through the core of the heat exchanger. As water passes through the felt

ped, it cames into contact with the heat transfer surfaces on the water
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h.22,

slde of the heat exchanger. The water evaporates and the steam is

vented overboard.

WATER SEPARATOR

The water separator, Figure 4-15, 1s provided to remove condensate
from the sult circuit oxygen. The separator ¢ontains a sponge that col-
lects liquid from the oxygen passing through it. The liguids are sgueezed
from the sponge and deposited into a storage tank. Once every 30 minutes,
for a duration of 30 seconds, the spacecraft programmer supplies electrical
povwer to energize the water separstor solenoid valve. Energizing the nor-
mally closed solenoid valve opens the valve and directs oxygen from either
the primary or secondary supply to the piston stem and the piston plate
chambers. A sponge squeeze switch, located on the main instrument panel,
1s provided to permit actuation at any time.

The piston raises the sponge out of the sult circuit oxygen flow and
compresses the sponge against the separator housing plate. Water squeezed
out of the sponge is forced into the condensate temk. The water separator
solenold valve is de-energized and the solenoid valve closes. Oxygen be-
low the separator piston is vented to cabin through the separator solenoid
valve. Oxygen asbove the piston, entrapped by a check valve, forces the
piston down, thus returning the sponge into suit circuit oxygen flow.
During squeezing operation, sult circuit oxygen flow will not be affected,
as oxygen will continue to flow through area normelly occupied by the sponge.
A sponge position indicator is attached to the base of the water separator.
"PARTTAL" and "FULL" travel indicator lights used in conjunction with the
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position indicator, are located on the Main Instrument Panel. Both
"PARTIAL" and "FULL" indicator lights illuminate upon completion of
Piston upward travel. As the piston returns to its originel position
both indicator lights extinguish.

SQLIDS TRAP

The suit circuit solids trap, Figure 4-16, is located in the pilot's
sult oxygen outlet duct. The trap consists of a 40 micron mesh screen
filter which incorporates an integral bypass to insure operation in the

event the trap would become choked with collected solids.

CABIN HEAT EXCHANGER

The cebin heat exchanger (Figure L-17) ; cools the cabin gas in the
same manner as the sult circuilt heat exchenger. Internal structure is

the same as the suit circuit heat exchanger.

WATER COOLANT TARKS

Two veter coolant tanks, (Figure 4-18), are provided in the environ-
mental control system. The larger of the two water tanks, located directly
below the astronaut's couch, contains forty pounds of water. The second
tank contalning nine pounds of weter is located to the right of the astro-
naut's right knee. Water is displaced from each tank by oxygen from the
suit clrcuit acting upon the gas side of a rubber bledder which separates
the coolant water from ges. Water is directed to two msnusl control valves
which control the weter supply to the suit circuit and cabin heat exchangers.
The larger water tank also provides the astronaut with a source of drinking

watexr.
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L.26. CABIN PRESSURE CONTROL VALVE

)'II""27 .

The cebin pressure control valve, Figure 4-19, is provided to maintain
cebin pressure to 5.1 + .3 psia. The control valve contains two aneroids
that sense cabin pressure. Whenever cabin pressure drops below 5.1 + .3
peia, the aneroids partially expand and unseat the epring loaded metering
pins, which in turn permit oxygen to flow l:l.nto the suit circuit. The suit
pressure regulator senses the increase in pressure, and relieves suit cir-
cuit gas to the cabin. Directing oxygen flow through the suit circuit
provides constant purging of suit circuit. When cabin pressure increases
to 5.1 + .3 psia the anercids contract, allowing the metering pins to seat
and shut off the oxygen flow. In the event of cebin decoumpression, or
vhenever cebin pressure drops below 4.0 M 'i psia, the speroids fully ex-
pand end seat against the inlet port. This stops oxygen flow and reserves
the remsining oxygen supply for the suit circuit. TIwo aneroids are pro-
vided in the valve to insure operation in the event that one aneroid fails.
A manua) control is also provided to ensble cebin repressurization. Act-
uwation of the REPRESS "T" handle offsests a spring loaded poppet in the
valve and allows oxygen to flow directly into the cebin. REFRESS "1“
handle should then be pushed in, following cabin repressurization, to

stop repressurization flow.

CABIN PRESSURE RELIEF VALVE

The cebin pressure relief valve, Figure 4-20, autometically relieves
cebin pressure relative to ambient pressure during launch, orbit, re-

entry end landing phases. In the event of a water landing, the valve
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Incorporates provisions to keep water from entering the cebin. The
valve also features means for manually decompressing the cabin. The
cabin pressure relief valve consists of a calibrated spring control
section and a poppet valve control section. The calibrated spring
control section incorporates ambient and cebin sensing chesmbers se-
parated by a sensing diaphragm, spring loaded metering valves and cali-
brated springs. The poppet valve control chamber incorporates a manusl
contro)l arm, a check valve, poppet stem orifices, spring loaded poppet
valves, poppet chamber diaphragms and poppet chambers.

During lsunch, the cabin pressure relief valve will relieve cabin
pressure to maintain a pressure differential (cebin/embient) of 5.5 psia.
Cebin gas will be vented, through the poppet stem orifices, into the
poppet valve chamber. (abin gas will also be vented, through the csebin
alr filters, into the cubin sensing chember. Ambient gas will be vented,
via the ambient port, into the ambient sensing chaember. The calibrated
springs are designed to respond to differential pressures in excess of
epproximately 5.5 psi (t:abin/ anbient). When the pressure differential
between the cabin sensing chember and smbient sensing chamber exceeds
approximately 5.5 psia (cebin/ambient), the calibrated springs will re-
tract. The metering valves will then be lifted from their seats, allowing
differential pressures in excess of 5.5 psia to escape through the ambient
port. Due to the ambient port being larger than the poppet stem orifices,
the dissipation rate of the excessive differential cebin pressure (inside
the poppet valve chambers) will exceed the rate of build-up in the poppet

valve chambers. This will momentarily cause the cabin pressure to be
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greater than the poppet valve chamber pressure. The grester cebin pres-
sure will act agaeinst the csbin diaphragm, unseating the poppet valves.
The poppet valves will then ald in relleving excessive differentisl pres-
sure. If the astroneaut executes a manual decompression of the cabin,
the check valve acts as an exhaust for poppet valve chamber pressure.
During orbit, the cabin pressure relief valve will prevent cabin
pressure build-up in excess of approximately 5.5 psia. Cabin pressure
in excess of approximately 5.5 psia will be exhausted to the outside at-
mosphere. Upon re-entry, when the ambient pressure becomes 15 inches of
water greater than cabin pressure, the poppet valves will commence to open
allowing ambient pressure to enter the cabin. Valve relieving operations
vill then be similar to those during launch. In the event the spacecraft
makes a water landing, the poppet valves will not open until water pressure

exceeds cabin pressure by 15 inches of water.

SNORKEL AND DIAPHRAGM FLAPPER VALVES

The cabln inlet air snorkel velve and the cabin outflow diaphragm
flapper valve act as water check type valves. During the landing and
post-landing phaeses, (often reaching s pressure altitude of approxi-
mately 17,000 feet) ambient air is circulated through the valves. In
the event the valve parts were under water, the valves would seat and

prevent water from entering the cabin.

CABIN AIR INLET VALVE

The cabin eir inlet valve, Figure 4-21, provides ventilation and
cooling for the suit circuit and cabin during landing and post-landing

4-51



MCDONNELL SEDR 104

VALVE ARM w
ADJUSTMENT

(OPEN) (((’«I)\\
o
SPRING / \ sknean

VALVE
SPOON

= ANEROID
N =
\ = N ANEROID
CABIN AIR| INLET VALVE /—' ANEROID
LOCKING PIN . o
SPRING _\
=
MANUAL CONTROL ARM s ! DETENT PIN
‘g\ o=t SPRING
® (51
2, LN DETENT PiN
7 DN
(AN ?/\ @/‘—\‘*jﬁ LOCKING
PIN
St v "‘% @ lbf_;a N MICRO SWITCHES
/ -\,I§, f,“;
@ lﬁ € 9 JINS
LY St \llll
R -
RELEASE LINK \@)\/ 5
il
ADJUSTMENT
{CLOSED)

Q
<
] NN
2 \\\\\\\‘ \“
"\\_\\\\\\\ et
AR

/
O

CoaS
TO SUIT ‘ //" ““‘\\\‘\\\‘\\\\\\
creur - €4 U

‘ AMBIENT

FMI18-16

Figure4-21 Cabin Air Inlet Valve

4-52



@

@

MCDONNELL SEDR 104

vhases, It 1s a spring loaded close, spoon type valve and is barometri-
cally controlled. Prior to launch, the valve is manually letched closed
so that one mechanism spring losded detent pin rides on the large dia-
meter of the aneroid plunger (maximm allowsble pull to set detent pin
in five (5) pounds); and the valve amm is engaged by the release link,
vhich is engaged by the spring loaded aneroid locking pin. During launch
the aneroid expsnds due to decreasing cebin pressure, and forces the
aneroid plunger down. The valve mechanism detent pin then slips off

the plunger large diameter onto the plunger small dismeter.

During the landing phase, when the spacecraft descends to an altitude
of spproximately 17,000 + 3,000 feet, the aneroid retracts as cebin pres-
sure increases. Retraction of the aneroid moves the aneroid plunger up~
ward, engeging the detent pin against the plunger larger dismeter, which
in turn compresses the aneroid locking pin spring. This action raises the
locking pin from release link and allows spring loaded valve to open. The
valve arm 1s attached to valve shaft and moves with closing thereby dis-
engaging micro-switches. Disengagement of micro-switches directs elec-
trical power to close the suit circuit shutoff valve, which in turn opens
the emergency oxygen rate valve. A manual control am is provided to en-
eble valve opening in the event valve fails to open at specified altitude.
Actuation of the mamual control arm, mechanically, contacts the locking
Pin spring and disengages locking pin from release link, allowing valve
to open. The valve must be manuelly reset to the closed position. Open-
ing of the valve enables suit compressor to draw ambient air into suit cir-

cuit to provide suit circuit and cabin ventilation.
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The cabin air outlet valve is basically of the same construction and

functions in the same manner as the cabin air inlet valve.

VACUM RELIEF VALVE

The vacuum relief valve, Figure 4-22, is designed to open at a pressure
differential of 10 to 15 inches of water, to provide suit circuit ventilation
vhenever the inlet snorkel valve closes (ball float seats). The relief
valve is located in the flexible ducting, between the cebin air inlet valve
and the sult circuit inlet duct. In the event the spacecraft submerges
momentarily, following a water landing, the snorkel valves ball floats
will seat {close) and prevent water from entering into the suit cireuit
and cab:l,n. The operation of the suit campressor and the closed air inlet
snorkel valve will creete a vacuum in the suit circuit sir inlet duct
(£lexible ducting). When cebin pressure exceeds the flex duct pressure,
by 10 - 15 inches of water, the vacuum relief valve will open. As the
valve opens, cabin pressure acting on the valve poppet surface will be
great enough to hold the valve open until the pressure differential (be-
tween cabin and duct) 15 approximately two inches of weter or less. Suit
circuit ventilation is provided by the cabin air, entering the opened
vacuum relief valve, whenever the inlet snorkel valve ball float is seated
(closed). Also, the opening of the relief valve removes the vacuum in the
flex duct to ensble the snorkel valve ball float to unseat (open) whenever

the snorkel valve 1s above water.
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V. SEABILIZATION CONTROL SYSTEMS

GENERAL

Stebilization of the spascecraft is accamplished by the Automatic
Stebilizetion Control System in conjunction with two sub-systems, the
Hor;zon Scenners and the Reaction Control System. These systems estab-
1ish and maintain & stable platform with four basic sutomatic modes;
Demper, Orientation, Attitude Hold snd Re-entry. In addition, a visual
indicaetion of yaw, roll, and pitch attitude is provided. The following

paragraphs describe the individusl systems and functions involved.

AUTOMATIC STABILIZATION CONTROL SYSTEM

SYSTEM DESCRIPTION

The Automatic Stsbilization Control System (ASCS) is composed of a
Directional Gyro, Vertical Gyro, .05g accelerometer switch, Rate Gyros

(yaw, roll and pitch), and en Amplifier Calibrator Unit. Location of

‘the individual components within the spacecraft is shown in Figure 5-1.

Three switches are provided in conjunction with the ASCS. The SELECT-
NORM switch, FLY-BY-WIRE - AUX DAMP switch and the GYRO CAGE, FREE-GYRO
SLAVE switch. With the SELECT-NORM switch in the NORM position, stabili-
zation is accomplished in a completely automatic manner, requiring no
assistence from the astronaut. With the SELECT-NORM switch in the SELECT
positicn and the FLY-BY-WIRE-AUX DAMP switch in the FLY-BY-WIRE positiom,
the autometic feature is disebled and 24V d-¢ power is connected to the
Fly-By-Wire limit switches on the astronaut's control stick. A FBW THRUST

SELECT switch with 1OW & HIGH and LOW ONLY provides the astronaut with two
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thrust selections for fuel conservetion purposes. Stabilization is
accamplished through an electro mechanical arrsngement (See Figure 5-9)

by movement of the astrcmaut's control stick in the desired plane. Low

and high thrust actuaticm occur at approximstely 30% and 75% of full travel,
for yaw, pitch, or roll. The AUX DAMP position dissbles both the auto-
matic and fly-by-wire function, permitting rate Qamping as a singular
feature. The GYRO switch is a three position switch incorporating a CAGE,
FREE, and NORMAL position. In the CAGE position, the Attitude gyros are
mechanically caged and the Horizon Scanner slaving function is disabled.

In the FREE position, the Attitude gyros are uncaged; the Horizon Scanner
slaving function remains disebled. The NORMAL position unceges the attitude
gyros and permits Horizom Scanner slaving.

ASCS SEQUENCING

The following paragraphs, 5-5 end 5-9, describe the ASCS sequential
operation under normasl and ebort conditioms. Figures 5-2, 5-3, and 5-4
are provided for clarity end should be followed closely in conjunction

with the text concerning the various modes of operation.

NORMAL SEQUENCING

In Figure 5-2, the progress of a normal orbital mission is showm
divided into eight phases appropriate to the following discussion.

The ASCS 1s in the "ready" status prior to separation of the esceape
tover, its gyros are running eand all circuits except the final 12 output
relays are fully energized. Phase (A), involving gyro slaving to the Ho-
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rizon Scemner pitch and roll outputs during ascemt, is to minimize gyro
errors which may accumulnte while _the spacecraft 1s being boosted.

Phase (B) sterts after spacecraft separation when a brief, five-second
signal commands the ASCS to provide rate damping to stop any tendency to
tunble.

Phase (C) is initiated at the completion of five seconds of rate
demping. The ASCS is pluced in the orientation mode, spacecraft twurn
eround (180° counterclockwise Yaw Rotation) 1s accomplished, and the
spacecraft 1s pitched-dowvn to the retrograde firing angle within 30
seconds. Pltch, roll anil yaw gyro slaving to the Horizon Scanners is
provided during phase (C) while the Gvro Select Switch is in the slave
position. Both the Free and Caged positions of the Gyro Select Switch
will prevent Gyro slaving to Horizon Scexners. _

In phese (D) the spacecraft is in orbit. An orbit pitch attitude
of -34° (small end down) is held so that the spacecraft is ready for an
imuediate sbort. As in phase (Q) atiitude gyros will slave the horizon
scanne‘#'s if Gyro Select Switch is in the normal position. Duwring the _m‘bit
phase manual control and fly-by-wire control meay be utilized as desirgd.
Rate demping may be obtained by placing ASCS mode select switch into
AUX DAMP position. Rate gyro rum-up is continued throughout phase (D).
Another feature utilized in Phase (D) 1s an automatic return to the
orientation mode. If the spacecraft drifts (from orbit attitude) beyond
the limits of the retro-interlock sector switches, sutamatic return to
orientation mode will ccour at #15° pitch, ¥ 30° yaw and roll.

In phase (E) of Flgure 5-2, rate gyro run-wp is subomstically assured
by relay switching 10 minutes prior to retrograde attitude. m astronaut
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may change any one or all three of the spacecraft attitudes maintained
by the ASCS by changing the space reference pla.he or planes of the attitude
gyros. To maintain the new reference plane or planes, the Horizon Scammer
slaving commend must be stopped by placing the gyro switch in the FREE
position. New reference planes may be established by the astronaut while
the ASCS is in operation by placing the gyro switch in the FREE position
and placing pitch torquing switch in the OFF position. Also mamially turning
off the ASCS fuel in the axis or axes affected, utilizing mamual control to
position the spacecraft, and then caging and uncaging the gyros. The ASCS
may then be returned to fully sutomatic operstion in all three axes with
the exception of Horiszon Scammer slaving. To utilize Horizon Scanner slaving,
the spacecraft attitudes must be within the observation range of the scammers
and the gyro switch must be placed in the NORMAL position.

The ASCS receives Tr signal and maintains spsceoraft in high torque
retrograde attitude (phase F). Horizon Scanmer slaving is discontimued
at this time, Thirty seconds after retrograde attitude command, the
retro rockets are fired. During the period of retrograde rocket firing
the ASCS utilizes high torgque action to hold the spacecraft within one
degree of the ideal angles. Retrograde rocket firing command and ASCS
high torque switching command occur simultaneously. Rocket firing is completed
in 20 seconds and the high torque switching comsand is held for 23 seconds.

Upon completion of retro package jettison, the ASCS sutomstically
pitches the spacecraft to the post-retro fire attitude (phase G) in pre-
paration for re-entry drag. The ASCS returns to orientation mode with
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constant scanner operation to. accurately maintain the re-emtry attitude.
Finally, when re-entry is sensed by the .05g accelerometer switch,
the eighth and last phase (H) of the ASCS performance starts with the
turning off of the attitude gyro power. Duwring this period the ASCS
initietes and malntains a constant roll rate of 10° to 12° per second
to minimize touchdown dispersion. Rate damping is provided to stsbilize
the re-entry trajectory. ASCS operation in this phase continues until
main chute deployment, at which time all ASCS power is removed.
Pilot-override provisions permit interruptions of the "normal” se-
quence by manual or fly-by-wire control menipulation amd return to the
"normal" ASCS MODE. Thus to & significant degree the astronaut is the
intelligent "back-up” for the ASCS. Full utilization of this reliability
augmentation principle has led to gyro ceging and other switching features
which ere intended o make the spacecraft mamslly controllsble. The
following table lists the switch and control positions necessery to
achieve the four bésic modes of control after attaining orbit. Variations

of the wvarious modes can be obta:lned by further switch manipuilation.

"p" HANDLES
SWITCE POSITIONS POSTTIONS
CONTROL MODE SEIECT-NORM - FEW-AUX. LOW & HIGE- AUTO “T" MANUAL "T%
DAMP LOW ONLY
AUTOMATIC NORMAL Either Either PUSH ON PULL OFF
FLY-BY-WIRE SELECT FBW A8 Needed PUSH ON PULL OFF
DIRECT (Ko RORMAL Either Either PULL OFF PUSH ON
Deamping)
DIRECT (With SELECT AUX.DAMP Either PUSH ON PUSH ON

Damping)
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FROM TOWER,

TRODUCED.

(NO ROLL RATE).

\
ABORTAFTER STAGING AND BEFORE ORBIT INSERTION

A
‘B

C

ABORT BEFORE STAGING
A 5SEC. PERIOD OF RATE DAMPING AFTER SPACECRAFT SERARATES

B (1) ABOVE 10,400 FT. AND AFTER 5 SEC. PERIOD ‘OF RATE DAMP~
ING, STABILIZATION ROLL RATE OF 10° TO 12° PER SEC. 15 IN-

(2) BELOW 10,600 FT. AND AFTER 4SEC. OF A.5.C.5. RATE
DAMPING, MAIN CHUTE IS DEPLOYED, A.S.C.5. TURNED OFF, |

5 5EC, PERIOD OF RATE DAMPING AFTER SPACECRAFT SEPARATION.

ATTITUDE PROGRAMMING BY ASCS, COUNTERCLOCKWISE YAW MANEUVER,
SPACE CRAFT ASSUMES RETRO ATTITUDE,

RETRO-FIRING SEQUENZE IS tNITIATED (Tp), SCANNERS ARE DISENGAGED
FROM GYRO'S

30 SEC. AFTEF. TR NO. 1 RETROC ROCKET FIRES

35 SEC. AFTER Tg NO, 2 RETROC ROCKET FIRES

40 SEC, AFTER Tp NO. 3 RETRO ROCKET FIRES
23 SEC. AFTER MO. 1 RETRO ROCKET FIRES {Tp + 53) A.5.C.5. SWITCHED TO
ORIENTATION MODE HOLDING RETRO ATTITUDE. RETRO ROCKETS MAY BE °
FIRED ANY TIME AFTER I'g SIGNAL BY ASTRONAUT OR GROUND COMMAND,

60 SEC. AFTER NO. 1 RETRO ROCKET FIRES, RETRO PACK IS JETTISONED,
SCANNERS ARE SLAVED TO GYRO'S AND SPACECRAFT ASSUMES RE-ENTRY
ATTITUDE. RETRO PACK MAY BE JETTISONED MANUALLY BY ASTRONAUT.

RE-ENTRY ATTITUDE HELD UNTIL .05G BUILD UP,

AT .05G SCANNERS ARE TURNED OFF AND DISENGAGED FROM GYRO'S.
RE-ENTRY STABILIZATICN STEADY ROLL RATE OF 10° TO 12° PER SEC. 15 IN-
TRCDUCED.

ANTENNA CAN IS EJECTED AT 10,600 FT. AND MAIN CHUTE 15 DEPLOYED,
A.5.C.5. TURNED OFF.

Figure 5-4, A.S.C.S. Emergency Operation.
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5<6.

5-T.

ABORT SEQUENCING

In general, abort sequencing (See Figure 5-4) i{s programmed to cor-
respond to the safest procedures et all times. The possible abort situa-
tions can be divided into three types, nemely (1) abort, before tower
separation when ASCS rate demping is required; (2) ebort after tower sep-
aration but before the trajectory is truly orbital; anmd (3) abort from
orbit. The following paragraphs, 5-T through 5-9, discuss ASCS sequencing
in each of the sbort conditions.

ABORT EEFORE TOWER SEPARATION |

If an sbort mission is started during the period when the booster and
sustainer engines are hurning, the ASCS is utilized for rate demping only
after the following external operations have been achieved.

(1) Booster end sustainer engines cut-off.

(2) Spececraft separation from adapter.

(3) Escape tower rocket firing.

(&) Retro rocket separation from spacecraft.

(5) Timed arrival at approximate pesk of trajectory.

(6) Separation of escape tower from spacecraft.
Upon campletion of the later operation, the ASCS is commanded to provide
rate demping, using the rate gyros which are eont:l.numsly‘energized during
the normal ascent and "sbort trajectory"” flight. A comstant roll rate of

10° to 12° ver second is employed. Rate damping ceases upon deployment
of the main chute.
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5-8.

5-9.

ABORT AFTER TOWER SEPARATION

The first operation i1s engine cut-off. This 1s followed immediately
by spacecraft separation, posigrade firing, and the normal miseion post-
separation signal sequence to ‘the ASCS. The effect is immediate damping
of any tendency to tumble. Afbevr 5 seconds of rate demping, the auto-
matic seque:ice coamands spacecraft turn around and an attitude angle of 34
degrees. Then either the astronaut or ground command must initiate retro-
grade sequencing. Upon achieving the proper roll, pitch and yaw angles
within rather wide “"pemmission” bounds (See Paragreph 5-5, Page 5-6), the
ASCS ensbles rapid-sequence retro rocket firing to proceed.

NOTE
ASCS “permission interlock" during retro fire can be
over-ridden at any time by the astronaut.
After retrogre.dé operation, the abort mission in this case proceeds as
in the normal mission post-retrograde sequence (except for the difference
in trajectory time and distance intervals.)

ABORT FROM ORBIT

Whenever an abort frem orbit is initiated, the normal automatic or
manual retrograde operations will apply. However, if manual retrograde
vperations are utilized the pre-retrograde period of &yro slaving to the
Horizon Scanners ("last look") will be eliminated.

SYSTEM OPERATION
Overall system operation is best explained by Figure 5~5. The Am-
plifier Calibrator recéiwes inputs fram sensors on the left side of the

pege and generates outputs to Display and Reacticnm Control devices om

5-12
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Figure 5-6. Pitch Axis Block Diagram
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the right. The four basic operations are slaving, repeating, mode switch-
ing and torque switching. Dats flow pertaining to the individual Yaw,
Roll and Pitch chamnels is illustrated in Figures 5-6, 5-7 and 5-8. In
general, these dlagrams are straightforward and require no explanationm.
However, the method utilized in deriving Directional information is unique
to a degree and warrants the following discussion.

The pitch gimbal (vertical gﬁ-ro) is precessed continuocusly during
the orbital phase of the normel mission, so that the spacecraft "local
vertical” reference revolves 360 degrees during each orbital cycle.
The gyro slaving principles vhich pexmit Directicnal (yaw) information
to be derived are as follows: After initisl slaving and settling of
the roll and pitch loops, the ASCS controls the spacecraft to the commend
pitch attitude, and to level roll attitude. Initially, after separation
and spacecraft turn around, some yaw error (as great as 10 degrees) may
exist due to directional drift during boost. Since the Roll gimbal of the
vertical gyro is the inner gisbal, yavw misalignment of the spacecraft
ceuses the Roll gimbal cutput to contain an error component due to the
constent orbital (pitch) angular rate. Thus s comparison of the Roll
Horizon Scanner and vertical gyro roll indications will provide an error
signal producing a roll gimbal torquing rate. This torgquing rate which
is a direct function of yaw error is used to slave the yaw gimbal of the
directicnal gyro. '

Ancther area that werrants discussion is that of torque switching, i.e.,
the thrust output of the Reaction Control System in conjunction with the
various modes of ASCS operation.
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Figure 5-10 serves ns an introduction to the torque switching be-
havior of the ASCS. For maximm conservation of control fuel, the be-
havior varies according to the ASCS mode appropriate at a given time. A
go-called "phase-plane” plot of angular rate ve. angle is shown in the
lower right corner of Figure 5-10 adjacent to ‘— typical Pitch time-history
for the "Crbit" mode. Current ASCS design permits & plus or minus 5.5
degree oscillation sbout the nominal orbital attitude, which in twrn is
referenced to the Horizon Scamner's sensed "Horizontal". The oscillation
is nonsinusoidal because of the d.iseomtimioua torque program; pitch rate
is a square wave, and pitch angle a sawtooth, both having & characteristic
period of 240 seconds. Portrayed on the phase-plane, the "Orbit" mode
oscillation is a gentle Aarift from -5.5 degrees relative pitch angle to
+5.5 degrees relative pitch (-39.5° to -28.5° degrees, referenced to true
horizontal). This drifi lasts for approximately one-half-period of two min-
utes. When the error becomes +5.5 degrees, a low torque pulse camses the
angular rate 0 reverse, where upon the second half-period is spent drifting
‘slowly through zero to -5.5 dsg:ees erxor.

As ancther exmmple of ASCS torque-switching, Figure 5-10 shows the
"Retrograde-Eold" torqu: logic phase-plane disgram. In this case high-
torque nozzles are utilized instead of the low-torgue nozzles wvhich vere
adequate to0 control the gentle orbit oscillation. A series of attitude
gyro repeater sector switches and rate-gyro pickoff sector switches are
used to define steplike boundaries within the phase-plane. A typical
contour is shown to illustrate the motion resulting from & large distur-
bance torque vhile in this mode. When the spacecraft motion results in a
pitch rate value above the right-hand stair step, high negative torgue is

5-18
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2-13.

applied until the spacecraft attains a negative rate and rotates into

the "no-torque" region. The inverse occurs if the retro rocket thrust
eccentricity or other dlsturbences force the spacecraft into a situation
calling for positive thrust. The net effect of the torque-switching logic
shown is to maintain rapid snd relisble control during the important opera-
tion of retrograde firing.

Other modes of operation requiring torque switching logle are "Orien-
tation” end "Rate Damper”. During orientation mode both high and low
torquing is utilized to rotate the spacecraft to new preset attitudes.
Both high and low torgue is also applied during rete damper mode but
only rate gyro signals exre needed &as a basis for switching logic. Imn
this case, torque switching boundaries are horizontal 1ines on the phase-

Plane.

SYSTEM UNITS

AMPLIFIER CALIBRATOR
The Amplifier Calibrator unit can be "functionally" divided into

four sections. These functional sections are slaving, | repeating, mode
switching and torque switching.

ATTITUDE GYRO SLAVING

This section contains amplifiers end summing networks which accept
roll and pitch information from the Horizon Scanners end generate currents
to torquers in the attitude gyros. Thus, upon commend from an external
timing device, the Gyros Roll, Pitch and Yaw gimbals are aligned with
corresponding directions in, or perpendicular to the crbit plane. (Ref.
Para. 5-10).

5-20




>" N .
MCDONNELL . .SEDR 104:

RETROGRADE,
{iTCH A_XII_S EXAMPLE):

- s 2 ?/2/ %///
\E .
. N /

2.0

.C \\ 3
_POSITIVE! _
DISTURBANCE " BRNN
TORQUE, \\
6.0
N

R
VALVE & \ X
w‘;{ R : VEHICLE, _ \\\\ \ \\

X

[ NO

X Liosoue]

8.0;

e
L \x\N

7
L Nl S

. CONTROL '
TORQUE 1N\
10.0 L LoGIC
ATT. % +5
\ N 3

-8 -&° -4% a2e +29 A+4°. +4 +8
Ai_,e DEGREES|
ORBIT| L
(PITCH AXIS EXAMPLE): 5 oA . tA MR
TYPICAL TIME HISTORY {PITGH). .
DURATION | .
.05%/5)— 1 ——] — PUSLE “INSEC.. g N
. L05%/Sp— L J L T  — Al 0.2: o -05 ; -—teteeped--1~ N
|“724° SEC 4] . . 1B 0.147 g o N
— - Al k - = N
*5'5”0 /\' P A € | o252 %l 3 T 7 S N I N N
- R’ N
45.5?'_/ ~ \/] ~ [ 0.437, 0 - N N
: +Al Al el BT 0.755
.15 NN
-45-35 -2° -1° AR Ll I e WLy T v L
A © DEGREES/SEC.. FM18-55!
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S-1i, REPEATER SECTION

The repeater secticn is a group of servo-mechenisms (four in present
design, including two for pitch angle repeating). Attitude gyro outputs,
vhich ere received at the calibrator in proporational or “"analog" form,
are amplified and used to drive shafts which serve as roll, pitch and yaw
signal sources for both internel (torquing switching) and externsl (Adisplsy
and telemetry) purposes.- The on-off reaction control of the spacecraft
mekes it desirsble to use conductive sectors on the shafts of three of the

repeaters. The sectors serve as attitude-level references for torque
switching.

5-15. MODE SWITCHING SECTION

This section of the calibrator esteblishes the proper étt:ltude angle
bias, torque switching status, and interlock signals corresponding to the
ASCS mode commanded by external devices.

NOTE
The sun of all such external devices is, for ASCS
design purposes a "master sequencer which coordinates |
all automatic functions.
The mode-switching section uses compact, solid-state switching circuits.
Although these c¢ircults contain many transistors, diodes, end other elec-
trical components, they are of a class thet is not critically dependent

upon reference voltage or temperature levels.

5-16. 'TORQUE SWITCHING SECTION
The torque switching section contains transistor and diode circuits
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5-17.

5-18.

-

similar to those in the mode-switching section. Torque switching circuits
receive the step-function outputs of the attitude gyro repesters, plis
the outputs of the rate gyros. The latter (rate) signals come from sector
switches replacing the usual proportional rate gyro pickoffs. Using
these step-wise indications of attitude and rate conditions, along with
the mode switching section output defining the current phase of the
mission "decisions" are mede which result in energizing of the appro-
priate Reaction Control. Valves.

ACCELEROMETER SWITCH

The acceleration switch is a hermetically sealed instrument. The
basic mechanism consists of a ceﬁtrally located mass supported by a can-
tilever spring. The mass is damped by the viscous shear action of the
fluid vhich fills the case. Switch actuation 1s caused by the displacement
of the mass element. An Accelerastion force of .05g, in the axis normal to
and in the direction away from the base, 1s required to close the circuit.
Mechanical stops are provided to restrain the mechanism and to protect
egainst dsmage when subjected to excessive accelerstion. |

ATTITTUDE GYROS

The function of the sttitude gyros (vertical and directional) is to
determine attitude angles between a set of fixed axes in the moving space=-
craft and the reference axes which are fixed in the orbital plane but which
are moving with the locel verticsl. Both attitude gyros are "free” gyro-
scopes with slaving capsbility. A means 1s incorporated for csging and for
obteining electrical signal (synchros) outputs which define the attitude
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5-19.

of the gyros with respect to two mutually perpendicular axes. The
attitude gyros possess unrestricted mechanical freedom in the outer

axis and + 83° (minimum) of mechsnical freedom in the immer axis. It

is noted that the degree of gyro freedom does not necessarily reflect

the attitudes permissible by mamually steering the spacecraft in orbit.
Due to limitations in the Horizon Scanmer system and the repeater section
of the Amplifier Calibrator, mamual control of the spacecraft should be
limited to + 30° in roll and yew and within + 30° of the -14.5° pitch
attitude. However, barring equipment malfunction, exceeding these limits
will not prejudice the success of a mission. If these limits are exceeded,
it 1s recommended that the gyro switch be placed in the PREE position. In-
put pover requirements are 115 volt 400 cps single phase (gyro motor), and
26 volt, 400 cps (synchro and torgue motor).

ATTTTUDE AND RATE INDICATOR

The Attitude and Rete Indicator is mounted on the upper portion of
the Main Instrment Parel. The indicator provides visusl indications of
spacecraft Rate and Attitude in the Yaw, Pitch and Roll planes. The
attitude indicators are driven by the attitude gyro synchro outputs
(through the Amplifier Calibrator). The attitude indicators are cali-
brated to indicate capsule attitude within a range of + 180° except for
Yoaw which shall indicate 0°, 80°, and 270° in a clockwise direction.
The rate portion of the indicator is drivem by the miniature rate trans-

ducers. The range of rate indication is O to + §9/second for all

5.24



MCDONNELL SEDR 104

—
m Lovro cact
COMMAND
w ¥
Eom |87
GYRO VE H R
CAGE L RETRO v M| ATTTITUDE GYRO
COMMAND “SLAVE
RELAY L__f’i A COMMAND
GYRO
SWITCH | | NOT SEP.
| ]
SCAVENGER
SLAVING T?EV:ER
30 SEC .
| T ime SENSOR
| DELAY RELAY
[
AL
'\_9____‘ RETRO
ASSEM.
SEP.
RELAY
:ASCS MODE SELECT SWITCH
e
! A -—{ ASCS
! . AUX
- ASCS DAMP CALIBRATOR
' DAMP |
:RELAY —
SEC. 24V DC I [« ]|
ASCS BUS l I ]
I LOBY |
FLY I
I WIRE 1 v| woGicoc
| NORM I
t—oT I
T T— |,
} y |
seParATE 4 | 0— |
: I | SELECT
' N
ANTENNA
FAIRING
SEPARATION »
RELAY #3 J | wslc AC
REFORE
v | R/GSTART
& | w/GAC pwR
AFTER &
I
Tr=-10
RELAY
#L ip.| AT GYRO PR
A [I> RETRO COMD. RELAY
e 056 | 15 BY PASSED FOR -
BUS L FIRST FIVE MIN, AFTER
05G CAPSULE SEPARATION
RELAY FM18-123 |

Figure 5-11 Power Distribution Diagram
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three indicators. The 1roll rate indicator has the additional capability
of being externally switched to a range of O to 15%/sec. in order to
monitor re-entry roll rate.

The rate gyros perform electrical circuit switching functions at
specific rates of angular velocity about an axis perpendicular to the base
of each unit, referred to as the "input axis". Rate gyros are used in the
pitch, roll and yaw axes, :espectively. Each rate gyro consists of a high
speed rotor, mounted in a gimbel ring, in such & mamner that it is free
to precess about one axis only (the output axis) which is perpendicular
to the spin axis of the rotor. The output signals are generated by the
motion of wipers, attached to the gimbal ring, moving acroes the contacts
of gector switches. Imput power requirements are met by 115 volts, LOO cps.

REACTION CONTROL SYSTEM
SYSTEM DESCRIPTION
The Reaction Control Bystem is used for spacecraft yaw, pitch and
101l control. The systeam utilizes nitrogen gas pressure to expel hydro-
gen peroxide from a bladder into the thrust chamber catalyst beds. The
right angle thrust chambers produce thrust by dscomposing 90% hydrogen
peroxide (Hp02). The system is divided into three differemt portioms.
One portion is for sutomatic control (ASCS), one for manual control, and
& regerve fuel system t» be utilized during the re-entry phase of the mission.

The sutomatic system ani the manual system are basically similar with the
exception of the method used to control the flow of fuel to the thrust
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chambers. In the sutomatic system, the flow of fuel to the thrust
chambers is controlled by electrically actuated solenoid valves. The
flow of fuel to the thrust chambers of the mamal system is controlled
by mechanically actuated proportional velves.

SYSTEM OPERATION
The following paragraphs 5-2i through 5-26, briefly describe the opera-

tion of the automatic, mamal and reserve gystems. Figure 5-1T should be
followed closely in conjunction with the following text.

AUTOMATIC SYSTEM
The autcmatic systen can be divided into two major parts; the pres-

surization portion and the fuel portion. The pressurization sphere, lo-
cated within the sstroniut's compartment, is serviced with nitrogen to a
pressure of 3000 psi. VWhen the regulator shutoff needle valve is opened,
the pressurizing ges is allowed to flow into the pressure regulator where
the output pressure is regulated to 480 1 psi. From the regulator, the
pressurizing gas flows through a checkvalve and emters the fusl tank vhere
1t surrounds & bladder containing the fuel. |

Two electrical transducers are installed in the pressurization system.
One of the transducers is located upstresm of the regulator-shutoff needle,
valve and is used to indicate the fuel quantity. The pressurizing gas is
mmamewwoecmawmummelummdm
the fuel tank ‘bladm_ar. This expansion results in a decrease in pressure
within the pressurizing system. The decrease in pressure is sensed by the
electrical transducer and converted into a voltage which operates a control
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fuel gquantity indicator located on the astronaut's main instrument panel.

The control fuel gquantity indicator is calidbrated to show percent of fuel
remaining.

The second electrical transducer is located upstream of the fuel
tank and is used to indicate the pressure on the fuel bladder. The volt-
age from this transducer is displayed on the HpOp pressure indicator on
the estroneut's mein instrument panel. ‘The H505 pressure indicator is
calibrated to indicate pressure from 400 to 700 psi. |

A pressure switch located in the pressurization system, upstream of
the pressure regulator, is used to illuminate a fuel quantity warning
light on the astronaut's main instrument pamel. The pressure switch is
set to actuate at a pre-determined low fuel level.

A pressure relief.valve is also incorporated into the preasurization
system and 1s set to relieve excessive system pressure. The physical
location of the various éanponents in the automatic pressurization system
can be seen in Figure 5-12.

The fuel portion of the sutamatic system begins with the half toroidal
fuel temk. Located inside the tank is & flexible bladder conteining spproxi-
mately 32 pounds of liquid 90% HyOp. The pressurizing gas surrounding the
outside of the bladder forces the fuel out of the bladder through a per-
forated treansfer tube located inside the bladder. The fuel flows through
a checkvalve and into the dowmstream lines.

Located in each axis, yaw, pitch and roll, is a manually actuated
shutoff valve. These valves are linked to pull handles located on the
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astronsut's left hand console. By actuating these shutoff valves, the
fuel supply can be shutoff to each individual thrust axis in the event
a solenoid malfunction should occur. The ability to isolate each axis
individually allows the sutomatic system to operate normally on the re-
maining axes, requiring the sstronaut to back-up mamally, only the mal-
functioning axis.

Dowvnstreanm of the mamal shutoff valves are the electrically comtrolled
golenoid valves. Upon receiving a signal from the ASCS or fly-by-wire con-
trol system, the sppropriste solenoid valve cpens. Fuel enters the solenoid
valve and passes into the corresponding thrust chamber where it-deccemposes
and produces the desired thrust. There are 1 1b. and 2k 1b. thrust chem-
bers, providing low and high thrust, about each of the following axes:
yow left, yaw right, pitch up and pitch down. There are 1 1b. and 6 1b.
thrust chambers, providing low and high thrust, about the following axis:
roll CW and roll CCW. Checkva.l‘veg, located between the marmual shutoff
valves and the solenoid valves, allow for thermal expansion of fuel trapped
downstream of the manmusl shutoff valves. A relief valve in the fuel sys-
tem relieves excessive pressure. See Figure 5-12 for the physical location
of the automatic fuel components.

MANUAL SYSTEM
The mamal system pressurization system is identical to that used in

the automatic system with one exception. The mamual pressurization system
contains no pressure svitch and no fuel quantity warning light.

The fuel portion of the mAnual system begins with the half toroidal
fuel tank. located inside the tank is a flexidle bladder containing
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approximately 23.4 pounds of liquid 90% HyOp. The pressurizing gas sur-
rounding the outside of. the bledder forces the fuel out of the bladder
through @ perforated trensfer tube located inside the bladder. The fus)
flows through a checkvalve and into the downstreem lines.

Located downstream of the manual system checkvalve and upstream of
the proportional control throttle valves, is a mechanically actuated
shutoff valve. The shutoff valve is linked mechanically to a pull handle
located on the astromaut's left console. When the pull handle is pulled
out, the fuel supply to the proportional control throttle valves is shut
off. From the manual system shutoff valve, fuel flows to the proporticmal
control throttle valves. The throttle velves, see Figure 5-19, are linked
mechanicelly to the as‘i;ronaut's hapd controller, see Figure 5-16. Thrust
output is directly proportionel to hand controller displacement. Spring
cartridges located in the hand controller linkage provide control handle
"feel"” and retwrn the handle to neutral. ‘Shear pins, located in the
throttle valve bellcranks, are designed to shear with increased effort
on the part of the astronaut. The sbility to shear the mechanical linkage
on each axis prevents the jamming of cne_throttle valve from dissbling the
entire system.

From the throttle valves, fuel flovs through a checkvalve and enters
the thrust chamber. The checkvalves installed downstream of the throttle
valves require positive pressure for the fuel to flow. This requirement
eliminates the erratic thrust that would occur if the fuel downstream of
the throttle valve were allowed to drain through the thrust chember after
the throttle valve had returned to neutral.
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A maximms thrust of 24 lbs. is available on the following axes:
yaw right, yaw left, piich up and pitch down. A maximum thrust of
6 1bs., is availsble on the following axis: roll CW and roll CCW.

A checkvalye located between the mamual shutoff valve and the throttle
valves allows for thermsl expansion of fuel trapped downstream of the namal
stutoff valve. A relief valve installed in the manusl fuel system relieves
excessive pressure. The physical location of the varicus components of the
manual system can be seem in Figure 5-13.

The sutomatic and the mauual system can be intercomnected by a mechani-
cally actuated interconmect valve. The interconnect valve is mechanically
linked to & pull hendle on the astronaut's left comsole. By opening the
interconnect valve, the fuel of either system may be used in the other sys-
ten.

ERSERVE SYSYEX
| The regerve system consists primarily of a fuel tank, similar in con-
struction to the fuel tank used in the eutomatic and mamual systems, with
a capecity of 15 lbe. of 90% H,0,. The reserve fuel tank is comnected to
the automatic portion of the reaction control system and is designed to be
used during the re-entry portion of the mission.

In order to utilize the reserve fuel, it is necessary to supply &
Pressurizing gas to surround the reserve fuel bladder im a mammer similar
to that used in the sutomatic and memmel fuel tanks. Pressuring gas is
made svailable to the reserve fuel bladder from either the automatic pres.
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surization system, the mamuel pressurization system or both. Pressurizing
gas is made available by firing a squib valve connecting the reserve sys-
tem to the appropriate pressurization system. Firing of the squib valves
is accomplished by astronaut actuation of either of two toggle switches
provided on the left console of the instrument panel. In addition, the
squib valves are both fired automatically at antenna fairing separation

during re-entry if they have not been fired Previously.

SYSTEM UNITS

Due to the general nature of the system camponents, & discussion of
each is considered unnecessary. However, two items (propelle.n’b fuel and
thrust chembers) do warrent brief explanations.

PROPELLANT FUEL (H;05)

Hydrogen peroxide is a clear, colorless liquid soluble in all pro-
portions in water and most substances which are miscible with water.
Hydrogen peroxide when castalytically decamposed releases water vapor, .
oxygen gas and heat. HyOp decomposition when properly contained and |
controlled is capable of producing ussble thrust. Ome pound of HoOp
solution (90%) vhen properly decomposed will produce approximately 60

cubic feet of gas. Hydrogen peroxide (90%) freezes at 11.3CF, and boils
at 268°Fo

THRUST CHAMBERS
The thrust chamber sssemblies (See Figure 5-18) consist of a stain-
less steel chamber that contains a distribution disc followed by a catalyst

bed and then a nozzle. The catalyst bed contains a stack of nickel screen
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Figure 5-19 Manual R.C.S. Throttle Valve and Bellcrank
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wafers. The screen gauge resembles comaon household screen. The screen

is plated with a silver-gold coating that emhances the catalytic properties
of the nickel. The open area between the catalyst bed and the right angle
nozzle forms & short plemm chamber to smooth out the flow prior to resching
the nozzle throat.

Ex0p enters the thrust chamber upon actuation of the solenoid valve.
The stainless steel plate distributes the flow and presents the catalyst
bed with & uniform imput. Upon entering the first stage of the‘utdyst
bed, a violent reaction takes place. Expanding gases rush through the
remainder of the catalyst ded resulting in s thrust output, in the right
angle nozzle. The majority of the dscomposition (and most violent) takes
place within the first two catalyst cups. Tewperatures of approximately
1400%F can be expected in this area. The remainder of the catalyst cups
are to assure a complete decomposition process and to prevent any liquid
form of Hp0p from reaching the nozzle.

HORTIZON SCANNER SYSTEM

SYSTEM DESCRYPTION

The Horizon Scamer System incorporates two identical scanning units.
The purpose of the Horizon Scanner System is to provide a roll and pitch
reference during the orbital phase of the normal mission. The scamners
produce an cutput signal that slaves the ASCS attitude gyros to the proper
angles upon command fiom an external programmer.

BASIC COMSTRUCTION
Figure 5-20 is a photograph of a Horizon Scauner Unit. All major com-
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Figure 5-20 Wide Angle Horizon Scanner
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Figure 5-21 Horizon Sensor Scan Pattern
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ponents and subassemblies are mounted from the large circular plate and
include the scamming pri=sm assembly, prism drive system, infrared detector,
electronics, synchronous switches, electrical connector and cover. The
circulsr plate is flange mounted so that the scanning prism compartment
projects into the space outside of the vehicle. The electronic system 1s
canpletely tramnsistorized and the variocus functional sections are fabricated
on separate printed circuit boards. Three of these printed circuit boards
sre enclosed in the shielded housing fastened to the eircular plate. For
rapid servicing the four posts with attached boards can be replaced as a
single unit, or individual boards can be replsced as required.

5-33. SPECIAL FEATURES

The Horizon Scanner has a mmber of speclal features. It is campact
in size (6 5/32" long x 5 7/8" dlameter overall) and light in welght
(3.02 1bs). ‘The scenner is equipped with a centrifugally -~ activated
shutter. The shutter prevents solar radiation from dwelling upon the
detector and resulting in probable damage during those periods when the
scanning prism is not rotating. Another feature is a special circuit
which can be used to disconnect the error signals from the vehicle reac-
tion devices during those periods when the presence of the sun in the
scan path or the loss of horizon would result in erroneous error signels.
The final feature of significance is that only a single power source
providing 110 volts, 40O cycles and 3.2 VA for each scenner is required
to operate the entire system. The highly regulated power supply in the
system eliminates the need for the bulky batteries usually required to
bies the infrared detector.
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SYSTEM OPERATION

Operation of the Horizon Scanners depends upon infrared radiation
received from the earth as campared to the essentially zero radiation
from space. These differences in radiaetion levels provide a sharp radia-
tion discontinuity at the horizon. The Scamner system uses this discontin-
wity for both day and night vertical reference sensing. When the spacecraft
18 oriented so that the earth is present in its scenning path, there will in
general be two points where the scan intersects the earth's horizon {See
Figure 5-21). The scamer detects the thermal discontimiity, or chenge
in radiation level, between the earth and space at the two horizon points.
The Scanner them bisects the included angle from itself to the Horizom
points, compares the direction of the bisector with that of a fixed refer-
ence in the spacecraft and generates linear error signals proportional to
the angle between the bisector emd the fixed reference. As previously
stated, these error signels (roll and pitch) are used to slave the ASCS
attitude gyros.

Figure 5-22 shows a simple block diagram of the Horizon Scamner. The
following discussion entails a brief explanation of the functioning of
each block as related to the overall operation.

RADIATION GRADIENT AT HORIZON

rihere 1s & large difference in the radiaticn which the datector receives
as it scans across the boundary between space and the upper stmosphere
(troposphere). This change 1s spproximately equal to that from black
bodiea at O°K and 200K respectively, and the radiance difference is
approximately 3.003 watts/cm® - stersdlan. The location of this gradiemt
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is sharply defined, and it is much larger then any others that can be

encountered during the scan cycle.

CORRECTION FOR REFLECTED SOLAR RADIATION

Sharp radiation gradients do exist because of reflected solar radis-
tion. Such gradients are found at cloud edges, topographical irregu-
larities on the earth's surface and the terminator line between night
and dey. These radiation changes can be filtered out so that the horizon
gradient is the only one that is detected by the system. Selective fil-
tering cen be accomplished since most of the reflected solar radiation
falls in the spectral region between 0.2 and 2.0 microns, while the
radiation emitted by the earth and troposphere is at wavelengths longer
than 5 microns. The filtering i1s accomplished by a germanium prism
and field lens in front of the detector. As a filter, germanium sharply
cuts off all radlation at wavelengths shorter than 1.8 microns vhile
transmitting very uniformly radiation from 1.8 to 20 microns. The use
of this filter removes over 90 percent of the reflected solar radiation.

Signal clipping techniques in the electromics remove any residual effects.

SCANNING AND RADIATION DETECTION

Details of the scanning prism assenbly can be seen in Figure 5-20.
The infrared detector is fixed to the center of the circular plate and its
field of view extends through the circulsr opening in the center of the
scaming essembly. The detector field of view is 20 by 8° and the pre-
sence of the scanning prism has the effect of deflecting it 55° from
the normal. Thus the aspex angle of the scenning come ie 110°. In opera-
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tion, the drive system rotates the scanning prism and the detector f£ield
scans the field of view through the conical pattern desecribed previously.
Different smounts of radlation strike the detector during various portions
of the scan cycle, and the smplitude of the detector output changes
accordingly. The detector output signel is processed by the electronics
system and the error signal produced is available at the electrical con-

nector.

SYNCHRONIZING GENERATOR

Closely associated with the prism drive system is the reference
signal generator. The output of this generstor is a square wave signal
at a frequency of 30 cycles per second. This slgnal is the fixed reference
egainst vhich the detector horizon signals are compared. The reference
signel is triggered by the interaction between & magnetic pickup coll
and a semi-circular steel vane. The vane is imbedded in a slot cut into
the surface of the scamning prism assembly gear. A Pickup is mounted
80 that the end of its magnetized core comes close to the surface of
the vane. As the scamning prism assembly turns, the ends of the vane
pass by the end of the magnetized pickup coil core, generating the ref-
erence pulse. A subsequent electronic network converts the pulse to a
phase locked 30 cycle square wave. The use of this signal will be con-
sidered later in this section.

SUN SHUTTER

The sun shutter consists of a pair of spring loeded metal slides
vhich f£it into opposed transverse slots through the tube section of the
scanning mirror assembly. When the scanning mirror assenbly is not
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rotating spring tension pulls the two slides together and the detector
field is obstructed. When the scanning mirror is turning, the centrifugal
force on the slides is sufficient to open the shutter.

INFRARED ARRANGEMENT

Infrared radistion from the field of view strikes the infrared detec-
tor and produces the electrical signel vhich is processed by the elec-
tronics system. The infrared detector is a thermistor bolometer with its
active element immersed in the germanium lens.

The active element 1s a rectangular flske of thermistor material and
is connected in a bridge circuit with a similsr compensating flake which
is shielded from radiastion. The two flakes are oppositely biased and their
Junction is connected to the input of the preamplifier which follows. By
immersing the active element in the resr surface of the germanium lens
the overall detectivity can be increased by a factor of ebout 3.5 over an
nimmersed detector having the seme field of view. The material in ‘the
thermistor flake has a high negative temperature coefficient of resist-
ance. That is, when the temperature of the material is reised, the flake
resistance decreases. Since the surface of the thermistor flske is
blackened, it sbsorbs impinging radiation eand its resistance is decreased.
When the shutter is closed, both flekes in the detector bridge are at
the same tempersture. Since both flakes have the same linear charscter-
istics, their resistances are the same. Gradual variations in embient
temperature change the resistances of both flskes by equal smounts and
the voltage of their junction remains the same. When the shutter opeas,
incoming radiation is focused on the active element; the compensating

5-48




O

MCOCDONNELL SEDR 104

element is shielded from outside radiation. The temperature of the active
element is changed, and its resistance becames different from that of the
compensating element. As a result, there is a voltage change st the
Junction of the two flakes and this change 1s connected to the electronics
system. As the scanning prism turns and causes the detector field of view
to cross the horizon, there is a sharp change in the radistion level strik-
ing the detector. The result of the radiation changes during a complete
scan cycle is the generation of an approximate squarewave gignal at a
frequency of 30 cycles per second.

The electronics system is physically arranged so that functionally re-
lated parts are located close to each other. The electronics system is
divided into eight major circuits, located on individual printed circuit
boards. In some cases, the requirements of compact and econamical con-
struction have resulted in two or three sub-circuits being located on one
board. Thus, the functionally related booster amplifier, signal centering
circuit and phase inverter-limiter are located on one board which the
block diegram (Figure 5-22) shows as divided by dotted lines. Although
the power supply and reference generator circults are not closely related
in function they are both located on the same printed circuit board.

The paragraphs that follow describe the functions of the major sec-
tions and sub-sections of the electronics system. The description is
mede with refex;eme to the waveforms generated by system operation, amd
these are shown in Figure 5-23. Functional description will be made at
the level of the major circuits amd svb-circuits shown in the block dia-
gram Figure 5-22.
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IMMERSED DETECTOR

The radiation falling upon the detector determines the waveshape of
the detector output signel which 1s to be processed by the electronics
system. The radiation characteristics are determined by the scanning cycle
described previously, and are shown as the first waveform, WF-1, of Flgure
5-23. The waveform shows thet earth radiation is higher than space radia-
tion and that there is an sbrupt shift frorm one level to the other as
the detector scans scross the horizon. The change in radiation requires
200 microseconds to take place because the detector is of finite size, and
this time is required for a complete shift of radlation level across the
entire surface of the detector. Thirty camplete cycles of radiation
change take place in one second.

WF-2 shows the detector output signal which results from the radiation
changee taking place at the detector. This signal resembles the radiation
signal with the exception that the shift between the two levels takes a
longer time. The resson for this is that approximately 2 mililseconds
is required for the active detector flake to resch the helf-level of its
now stebilized output. The detector output signsl has an amplitude in

the order of 2 millivolts.

PRE-AMPLIFIER AND BOOSTER AMPLIFIER CIRCUITS

The junction of the two thermistor flakes is direct-coupled to the
input of the pre-smplifier. The pre-amplifier has a voltage gain of 400
at 30 cycles per second. Direct-coupling is used between pre-amplifier
stages to provide good low-frequency response and to prevent phase shift.
Negative feedback is used within the pre-amplifier to provide stable gain,

5-50



)

e

MCDONNELL SEDR 104

CENTRIFUGAL
SUN SHUTTER
SCANNING
PRISM
IMMERSED
DETECTOR
I J *
]
TN

; .%,...Mmon - SUN
REA. ER
PREAMPLIF PRESENT

-
£%]
=
o<
o
1=
MAGNETIC & |
REFERENCE o
PICK-UP . ol o
|  DETECTION VOID SIGNAL
CIRCUIT ouTPUT
4
" J
wy
@
<
'g BOOSTER AMP
>
g 00 b
: ]
. SUPER 2 SIGNAL HORIZON
w
, R ATOR L] CENTER
3 § CIRCUIT LosT
o
75 ! ]
olg PHASE
z INVERTER
oy LIMITER
5
e POWER
g REGULATOR | o
£ & Y
& FILTER
A f%Efo:;NPUT LIMITED SIGNAL
A-C OUTPUT
PHASE
| ] rowee _ | oemecror
SUPPLY B
FILTER
PHASE
p-C ERROR SIGNAL
REFERENCE | — - -
REFERENCE AMPLIFIER D-C OUTPUT
o REFERENCE SIGNAL

T QUTPUT

FM18-59

Figure 5-22 Horizon Scanner Block Diagram
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Figure 5-23 Horizon Scanner Wave Forms
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and the RC coupling metwork in the feedback loop provides a high-frequency
boost to compensete for the long detector tine_ constant. WF«3 shows the
effect of this boost. The rise time of the w;vefom has been reduced

to approximately 350 microseconds at the half-level point. The booster
amplifier provides an additional voltage gain of 5 to 30 cycles per second.
WF-l shows the output of the booster amplifier. The peak-to-peak signal
amplitude is in the order of 5 volts.

SIGNAL CENTERING CIRCUIT

In the signal processing considered previously there has been no
particular interest in the voltage level of the average signal. However,
this average signal level 1s importent in system operation. The reason
for thies is that the error signal must be determined only by the phase
angle between the horizon and the fixed reference in the vehicle, and
amplitude varistions in the signal should have no effect. Amplitude
variations will take place because of changes in earth temperature at
different parts of the trajectory or o:r‘Sit. VWhen these amplitude varia-
tions are coambined with the rise-time characteristic of the detector
there 1is a difference in phase between different portions of the lead-
ing edge and the fixed reference signal. Error signals would also be
affected by amplitude changes due to changes in amplifier gain and supply
voltage. Limiting can be used to eliminate the amplitude varlations
but the limiting slice must be teken at a point of minimm phase veria-
tion. These variations are greatest at the pesks of the wave and least
at the center. Using an RC circuit to couple the signal to the limiter
would balance equal areas of the signel waveform sbove and below ground.
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Changes in the angile of horizon depression would cause a ghift in the

d-c level of the signal. Hence, a signal centering circuit is employed
before the limiters to assure that the same center slice is sample for
phase shift under all conditions. The signal centering circuit consists
of two diodes connected back-to-back as d-¢ restorers. The diodes conduct
on opposite peaks and thus permit the associated capacitors to charge up
to opposite peak values of the signal. The two levels are then swmed

in a resistive divider network, and the sum is sampled by tapping the
divider. An emitter follower couples this signal which is shown in WF-5
to the limiter circuit.

The signal next enters the first of a pair of cascaded feedback ampli-
fiers, each of which acts as & limiter and phase inverter. The amplifier
consists of a grounded emitter stage which performs the phase inversion,
and an emitter follower. The feedback ratio is about 50:1 and the over-
all gain of the section is about 30. The output swing is 10 volts each side
of the fixed 10-volt level. A low output impedance is maintained during the
time vhen the emitter follower 1s in cutoff 'by feeding the signal from the
collector of the grounded emitter stage directly through a shunt diode.

The first section of the feedback amplifier is fed by the signal center-

ing circuit. Ite output signal is the "limited signal output” and shown in
WP-6. Part of thie signal is fed to another limited emplifier substantially
the same as the first, where it undergoes a second imversion to become a
mirror image of the output of the first section. The output of the limiter
section is thus the dusl signal shown in WP-8. While either signal carries
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the signal information, the presence of the image signal will be found
useful in cancelling out undesirable ripple components in the rectified

signal..

5-45. PHASE DETECTOR
A pair of symmetrical, limited signals enter the detector section

(Wr-8). From these the detector derives a d-c signal vhich is propor-
tionsl to the phase difference between the reference pulse and the mid-
point of the two horizon intercepts. The phase sepsitive rectifier con-
sists of two SPDT polarized relays, or choppers, driven in phase opposition
by the reference signal. These are designated K101 and K102 (WF9). The
use of two choppers provides the sadvantages of full wave rectification,
notably low ripple.

To understand the action of the synchromous rectifier, it is essential
to know the relative phasing of the drive and horizon signals. 8ince the
two choppers are driven 180° out of phase, the arm of one comnects its
capacitor to the source while the arm of the other connects its cspacitor
to the load. BSwitch-over takes place when the radial sector of the scamning
besm crosses the vertical reference mark of the sensor and switching back
occurs 180° later. Thus, when it is connected to the source, the capacitor
receives part of the sky pulse and part of the earth pulse. The capacitor
is charged positively during the switched in portion of the earth pulse and
negatively during the switched in portion of the sky pulse. If the sensor
horizontal is parallel to the horizon, each capacitor is negatively charged
an amount equal to the positive charge. Therefore, the net charge is zero.
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If the sensor tilts with respect to the horizon the amount thet each
capacitor charges positively is not equal to the amount it charges
negatively. The net charge is, therefore, no longer zero. The net
signal at the input of the d-c emplifier is thus positive for positive
tilt of the sensor (ow as viewed from the sensor along the scen axis)
and negative for a tilt in the opposite direction. WP-9 and WF-10
indicate respectively the voltage of each chopper and the unconbined
output.

D-C AMPLIFIER
The output of the phase detector is combined and filtered in sn R-C

network at the input of the d-c amplifier. The signal at this point varies
approximately 100 mv per degree of t1lt and the average level is - 0.15
volts. The amplifier input is at high impedance to maintain & low ripple
factor. With a gain of approximately three, the ocutput of the amplifier
1s 2686 mv per degree tilt of the sensor, reversing polarity st zero tilt.
Part of the output 1s fed back to the emitter of the input stage. ‘The
balanced circult configuration minimizes the output drift with ‘temperature

fluctuations.

SP-HL DETECTION CIRCUILT

There are two conditions under which unwanted error signals are
generated, namely, when the sun sppears in the scan ani when the horizon
is lost. Signals produced under these conditions trigger a loglc circuit
which indicates by its output that the sun is present or the horizon is
lost (hence the designation SP-HL circuit). This output cen be used to
disconnect the d-¢ exrror cutput from the vehicle guidence gystem. The
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effect of sun presence is shown graphically in the waveforms of Figure
5=23. The sun pulse Introduces an unsymmetrical element into the signal
train, and the horizon information derived from it is likely to be false.
The presence of the sun's radiation is perceived at the detector. The
sun radiation is hundreds of times greater than that of the earth. 'The
stars and other bodles produce negligible signals. When a sun pulse
occurs, the second stage of the pre-amplifier puts out a negative pulse
vith a peak amplitude of three to four volts. This pulse causes the
Void Signal Circult to produce an output. When a horizon is present

in a normal scan a signal of 5 of 6 volts from the signal centering cir-
cult suffices to keep the void circuit amplifier shutoff. The absence
of the signal when the horizon is lost has the same effect as a sun
pulse -- it causes the void amplifier to conduct with a consequent out-
put current of 4 ma into a load of 2000 chms or less.

PHASE REFERENCE SIGNAL CIRCUIT

A phase reference signal is produced by the scanning system when-
ever 1t passes through its highest point with respect to the Sensor. The
reference signal is generated in the scanning system. It consists of two
equally spaced pulses, one positive and one negative, for each revolu-
tion of the scanning system. These pulses triggexr the bisteble multi-
vibrator. The two-level detector section is in synchronism with the scan
cycle. %The output of the reference generator under various operating
conditions is showm in Figure 5-23.
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POWER SUPPLY

All the power requlred to operate the sensor is derived fram the 110
volt, 400 cps line by a built-in power supply. Input to the supply is
through the transformer. The primery of this transformer is tapped like
an auto-transformer to provide low voltage a-c to cperaste the scanning

motor. The transformer secondary output is full wave rectified to produce,

-30, +30 and +16 volts d-c with respect to ground. The +30 and -30 volt out-

puts are fed to the Regulator. The +16 volts supplies the reference gen-
erator, and void signal circuits. Part of the transformer secondary volt-
age is rectified separately to produce unregulated power for use in the

reference generstor and the vold signal output current amplifier.

POWER REGULATOR AND SUPER REGULATOR CIRCUILTS

The Regulator circults convert the outputs of the power supply into
regulated voltages for use in the sensor. Most of the voltages are regu-
lated by cascaded zener diodes which maintain a substantially constant
voltage across thelr terminels by an effect similar to bresk-down in a
ges discharge regulator. The regulator also conteins a symmetrical
arrangement of transistors connected as emitter followers. Since the
base potential of each transistor 1s fixed by zener action, the output
voltage is accordingly regulated with reasonably low noise. This out-
put is filtered and further regulated in the Super Regulator circuit to
provide the highly regulated voltage required by the detector and pre-
amplifier. 'This voltege 1s extremely steble and its noise content is
essentially transistor nolse. The zener diodes used in these circuits

are 1/4 watt units which regulate within 5%.
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VI. SEQUENCE SYSTEM, LAUNCH THROUGH RETROGRADE OR ABORT

NORMAL MISSION SEQUENCE

LAURCH THROUGH STAGING

DESCRIPTION

The launch through staging sequence establishes basic references at
time of lsunch and then remains inactive until staging. At staging, the
missiles's booster engine separates, resulting in the escape tower bolts
being fired after a twenty second time deley. The escape rockets are
fired immediately after tower bolt detonation and subsequently the lending
system becomes armed.

OPERATION

The sequence system is initiated by two 28 V d-c signals from the
missile which occur at 2 inches after liftoff (See Figure 6-2). This
is kmown as time zero reference and energlzes s '.l':l.ne Zero Latching Reley
in the No. 3 Launch and Orbit Relay Box located within the spacecraft.
An astronaut controlled back-up switch is provided in the avent the 28 V
signals from the missile do not reach the spacecraft. These same signals
are also sent to the Maximum Altitude Sensor and the Satellite Clock.
'.ﬁxe signal to the Maximum Altitude Sensor results in estsblishing the
function of time liftoff versus the time an ebort mey occwr. At approxti-
mately 135 seconds missile staging will occur vhereby the mechanicel
separation of the booster engine will cause the loss of spacecraft power
to the Booster Engine Separation Sensor Relay. Through this de-energized

relay, power will be applied to the Tower Jettison 20 Second Time Delay -
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LANDING SYSTEM (ARMED)
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Figure 6-2 Launch Through Staging Block Diagram
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Relay. After 20 seconds, power will be spplied through the contacts

of the Tower Jettison 20 Second Time Delsy Relay to energlze the

Tower Separation Bolts Power Relay and the Tower Jettison Warning

Light Relay (2 sec. T.D.). The Tower Separation Bolts Power Relay 1s

armed by both the Main and Isolated DC Squid Bus through the Sguidb Arm
Switch. When energized, the Isolated Squib Bus power fires two of the

five squibs (2 bolts) and Main Squib Bus power fires three of the five
squibs (3 bolts. The Tower Ring Interlock Relay will also be epergized

vhen the Tower Seperation Bolts Relay is energized. As the three seg-
mented Tower Clamp Ring separates, the three Tower Clamp Ring Limit

Switches return to the normal position and allow Isolated and Main Sguib

Bus power through their contacts. The Isolated Squib Bus power energizes
both the Emergency Escape Rocket Fire Relay and the Emergency Jettison
Rocket Fire Relay, while the Main Squib Bus power energizes both the

Escepe Rocket Fire Relay and the Jettison Rocket Fire Relay. As the con-
tacts of the Emergency Jettison and Jettison Rocket Fire Relays are con-
nected in parallel, either relsy will fire all squibs of the Jettison

Rocket from the two different power sources. The Emergency Escape and
Escape Rocket Fire Relays are connected in the identicsl seme menner snd
will fire all squibe of the Escape Rocket from both power sources.

Power to energize the Emergency Jettison and Jettison Rocket Fire Relay

is routed through the .2g Thrust Relay which is energized through the Space-
craft 1 Second Time Delay and Thrust Cutoff Sensor. The .2g sensor plus the
1 Second Time Delay Relay allows the Tower Clamp Ring to separate and the Es-
cape Rockets to fire separating the tower from the spacecraft with the Jetti-
son Rocket unfired. When this is accomplished, two electrical disconnects be-

tween the tower and the spacecraft are separated and remove power from the
6-5
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three Tower Separation Semsor Relsys. Through the de-energized No. 1
Tower Separation Sensor Relay, the green JETT TOWER light on the tele-
light panel illuminates. When the tower and the spacecraft separate,
the No. 1 and No. 2 Tower Separation Relays are de-energized, allowing
power to energize the No. 1 and No. 2 Main Chute System Arm 2 Second
Time Delsy Relays. After 2 seconds delsy, the Main Chute Relays arm,
the 21,000 Foot Baroswitches and the Main Chute Delay 2 Second Time
Delay Relays. Af'‘ter two seconds, the 10,600 Foot Baroswitches are armed.
The power circult will hold at these two points untll the spacecraft
descends down through the 21,000 foot range, at which time the landing
sequence is initiated. Refer to Section VII of this mamal.

SECOND STAGING

DESCRIPTION

Second steging is initiated by sustainer engine cutoff at which time
the Spacecraft Adapter Bolts are fired providing accelerastion has decayed
to .20g. The three Posigrade Rockets and the four explosive electrical
disconnects are fired immediately after the bolts are detonated and
result in spacecraft separation. Spacecraft separation is sensed anéd ini-
tlates five seconds of rate damping which is followed by orbit orienta-
tion in which the spacecraft rotates 1800 degrees and settles into a 34°
orbit attitude,

6-6
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Figure 6-3 Second Staging Block Diagram
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OPERATION

At approximetely 285 seconds after launch, second steging will occur
(See Figure 6-3). At this time & 28 volt d-c signal from the missile
will energize the Sustainer Engine Cutoff Relsy. When the thrust drops
below .20g, the .20g Switch in the Thrust Cutoff Sensor closes. Power
is then supplied through the Spacecraft Separation 1 Second Time Deleay
and Sustelner Engine Cutoff Releys after the 1 Second Time Delay to
energize the Spacecraft Separation Bolts Power and the Spacecraft Sepa-
ration Warning 2 Second Time Delay Relays. Through the energized con-
tacts, power from the Main and Isolated Bus fire the Spacecraft Sepa-
ration Bolts. Also, Main Bus power is supplied through the Warning Light
Time Delay Relay to illuminate the red SFP CAPSULE Sequence Light on the
Left Hend Console. When the tri-segmented Spacecraft-to-Adapter Clamp
Ring separates, it allows the Spacecraft Adapter Ring Iimit Switch to
close supplylng power to energize the Posigrade Rocket Fire, Emnergency
Posigrade Rocket Fire and the Spacecraft Adapter Disconnect Squid Fire
Relays. The Main and Isolated Busses supply power through the energized
contacts of these relays to fire the Posigrade Rockets snd the four
Spacecraft Adapter Explosive Disconnects. The Posigrade Rockets create
sufficient thrust to separate the spacecraft from the adapter. This
allows the three Spacecraft Separation Limit Switches which are attached
to the retrograde straps to close. Power from the Isolated Squib Bus
Tlows through the closed contacts and activates the #1 Spacecraft Sepa-
retion Sensor Relay which extinguishes the red SEP CAPSULE Sequence Light
and illuninates the green SEP CAPSULE Sequence Light. Power through the
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#1 Spacecraft Separation Sensor Relay is applied to the Five Second
Time Delsy Demping Signal Relay. Activation of the Damping Signal Relay
actustes the Orbit Orientation Relay bringing the spacecraft to a 34°
(blunt end up) orbit attitude.

RE-ENTRY

DESCRIPTION

In order for the spacecraft to impact at a designated area, the re-
entry sequence must be initiated approximately 3000 nautical miles up
range of the touchdown point. The method of initiating normal re-entry
sequence is by the closing of the Retrograde Firing Signsl Switch within
the Satellite Clock. The switch may be activated by the run-out of time
pre-set into the clock prior to launch for a calculated re-entry time.
Timing starts at booster liftoff. The time may also be pre-set by the
astronaut or by ground comand vhen necessary. The sequence may be started
directly by using ground camand transmitters and the Spacecraft Coomand
Recelver. The finel method is for the astronaut to manually start the
sequence by pressing the Retro Sequence Buttom. The last two methods
by-pass the Satellite Clock. A brief resume of the sequence starts with
the closing of the Retrograde Firing Signel Switch, which energizes the
Retro Sequence Fire 30 Second Time Delay Relay. After the spacecraft has
attained the proper attitude and the time delay has run out, the three
Retro Rockets will fire 5 seconds apart. When the Retro Rockets fire
and the Auto Retro Jettison Switch is in the "ARM" position, the Retro
Rocket Assembly Jettison 60 Second Time Delay Relay is energized and at

6-9,
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the run-out of the 60 second time delay the Retro Package is jettisoned.
The Retro Package separation is sensed and results in the separation of

the three Retro Package Electrical Umbilicals.

OPERATION

The Satellite Clock Retro Fire Switch is armed by Main Squid Bus
power through the Spacecraft Separation Relay contacts (See Figure 6-U4).
With the Retro Delay Switch in the "NORM" position and the Retro Fire
Switch closed by any of the three previously mentioned methods, the Retro
Rocket Sequence Indicator Relay is activated illuminating the green RETRO
SEQ Indicator ILight. With the Retro Delay Switch in the "INST" position,
power is supplied directly to the contact of the Attitude Permission
Relay No. 1 by-passing the 30 second delay. The astronaut may manually
start the retro sequence by pressing the Retro Sequence Switch on the
left hand console which will energize the Emergency Retro Sequence Relay
and allow the normal sequence to be followed. The Retro Interlock Switch
in the ASCS Calibrator closes allowing power to flow through the Ener-
gency Retro Fire No. 1 Relay and energize the No. 1 and Ro. 2 Attitude
Permission Relays when the spacecraft is in the proper position for retro
rocket firing. The red RETRO ATT Telelight is switched on when the Retro
Rocket Sequence Indicator Relay energizes at the start of the Retro Se-
quence.

Normally, the Attitude Permission Relay extinguishes the red RETRO
ATT Telelight, illuminating the green light and energizing the Retro
Signal latch and the Retro Rocket Fire Relays. Power from the Isolated
Squib Bus is now routed through the Retro Rocket Fire Relays to the
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Retro Rockets in turn firing first the Left (No. 1) Rocket, after a

5 gecond time delay the Bottom (No. 2) Rocket and 5 seconds later the
Right (No. 3) Rocket. Through the Retro Signal Latch Relay, a circuit
will be campleted to energize the Retro Fire Signal Disengage 23 Second
‘Mme Delay Relay. The power to the coll of the Retro Fire Signal Dis-
engage Relay allows the circuit to be completed to the ASCS Calibrator
resulting in high-torque RCS operation. This high-torque operation

will last for 23 seconds, which is 3 seconds more than the duration of
total retro rocket firing. The high-torque mode holds the spacecraft

in the 349 attitude vhile the rockets are firing. At the end of 23
seconds, the Retro Fire Signal Disengage 23 Second Time Delay Relay will
energize removing power from the Retro Fire Signal Relsy and thus remov-
ing the high-torque signal. With the Attitude Switch in the “AUTO"
position, the astronaut may press the Retro Fire Switch energizing the
No. 1 Emergency Retro Fire Relay allowing Isolated Bus power to energlze
the No. 2 Emergency Retro Relay, firing the Retro Rockets when the space-
craft assumes the proper attitude. With the Retro Attitude Switch in the
"BY.PASS" poseition, and pressing the Retro Fire Switch which energlzes
the Attitude Permission By-Pass Relay, the Retro Rockets will be fired
regardless of the attitude of the spacecraft. When the Retro S8ignal Latch
is energized, Main Squib Bus power is supplied to energize the Retro Rocket
Assembly Jettison 60 Second Time Delay Relay and the Retro Fire Warning
Light 15 Second Time Delay Relay. After the 15 second time delay has

run cut, the red FIRE RETRO Telelight 1is illuminated., After the three
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Retro Fire Monitor Relays are energized, the red FIRE RETRO Telelight
goes out and the green light is 1liuminated. At the end of the 60 sec-
ond time delsy, the Retro Rocket Assembly Jettison 60 Second Time Delay
Relay sllows power to energize the Retro Rocket Assembly Jettison Relay
and the Jettison Retro Warning Light 2 Second Time Delay Relay. As the 2
second time delay 1s expired, the red JETT RETRO Telelight is illuminated.
The Retro Rocket Assembly Jettison Relay directs Maln and Isolated Bus
power to the two squidbs of the Retro Rocket Assenibly Jéttison.Bolt.

The bolt will fracture snd the package will drop free of the spacecraft,
being assisted by a coll spring installed between the heat shield and
Retro Package Assembly. The dropping of the Retro Package Assembly from
the spacecraft will allow the three Retro Rocket Assembly Separation Sen-
sors (single pole limit switches) to retwrn to their normel position
energizing the Retro Rocket Assembly Separation Relay. This will allow
the Retro Rocket Assembly Umbilical Separetion Relay to energize, firing
the six squibs of the three Retro Rocket Package Umbilicels and jettison
the electrical umbilical plugs milliseconds after dropping of the Retro
Package. When the Retro Rocket Assembly Unbilicel Separation Relay is
activated, it removes power from the red JETT RETRO Telelight and illumi-
nates the green light. When the Retro Rocket Assenbly Separation Relay
is energized, it ectivates the Accelercameter Arm 5 Second Time Delsy
Relay. At the end of the 5 second time delsy, the relay functions sup-
Plying a ground for Main Bus power which operates the .05g Relay. The
energlzing of the No. 1 and Kb. 2 .05g Retro Sequence Drop, .05g Jetti-
son Assembly Sequence Drop, and .05g Retro Telelight Power Drop through
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the contacts of the .05¢ Relay removes power from the various relays
and switches involved in the retro s‘equencé 88 well as extinguishing

the retro telelights.

ESCAPE SYSTEM

GENERAL DESCRIPTION

The escape system primarily consists of 8 tower assembly designed
to provide a safe means of abort between pre-launch and staging. By
utilizing the Posigrade Rocket System, escapes may still be initiated
after booster staging and throughout sustainer operation until orbit.
The tower assembly consists of a 10 foot ; tubular steel structure with a
L4 foot Escape Rocket mounted to its tapered end. ' A segmented elamp ring
with 3 explosives bolts secures the base of the tower to the recovery
compartment upper flange. Attached to the Escape Rocket Nozzle Adapter
Plate is a Jettison Rocket which is used to Jjettison the tower assembly
after the Escape Rocket has been fired for an sbort; however, under nor-
mal launch conditions the Escape Rocket is fired to accomplish tower

separation at time of booster engine separation.

ESCAPE BEFORE LIFTOFF BEFORE UMBILICAL DISCONNECT

Only one ground controlled signal will energize the Méyday Relays.
This signal is a dire_ct hardline from the block house Abort Switch to
thé Mayday Réla.yg. The seqﬁence (Ref. Figure 6-5) to energlze the ﬂay-
day Relgys :Ir.sv as foliows: The Abort Switch is activated energizing the

50 Micro-Second Time Delay Relay. 28 volts is applied through the 50
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Figure 6-5 Escape Before Liftoff Before Umbilical Disconnect
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Micro-Second Time Delsy Relay contacts and through the missile to the
Meydey Relays. In the event ‘the spacecraft must be sborted on the

lsunch pad end the missile is unable to trensmit the hardline abort
signal, there is one other method which may be selected. Umbilical

Pinsg W4 and 45 are a‘nor'l;. wired and transmit 28 V po;rer from the block
house to the spacecrafi's Ground Comand Abort Signal Latching Reley
energizing and locking in the relay. Through this energized relay space-
craft 28 V Squib Arm Bus power is transmitted to the pole of the Ground
Test Umbilical Relay; however, power will not continue through this relay
until the relay is de-energized. The only way the relay may be de~
energized 1s by ejecting the mnbilic‘él. Therefore, if this sbort

method is required to be used, it would be necessary for the 'block

house conducter to select the Abort Switch (power to pine 44 and 45)

and within mimseéonds thereaf'ter the umbilical is ejected. After the
Mayday Relsys are energized, the escape sequence is the same as explained

in paregraph 6-16.

ESCAPE BEFORE LIFTOFF AFTER UNBILICAL DISCONNECT

During countdown, there will be approximately 50 to 90 seconds between
time of spacecrafts unbilical eject and time zero, vhich is two inches
liftoff. During this period, the three availsble methods of sbort are:
(1) The dlock house to missile hardline abort s:lgnal es explained in the
previous paragreph; (2) Ground command receiver sbort signal; (3) Astronaut's

Abort Handle, These three methods all result in energizing the Mayday Relays.
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Figure 6-6 Escape Before Tower Separation
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[T> 21,000 FT. BARO SWITCH CLOSED BELOW 10,500 FT.
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2> SPACECRAFTRING INTERLOCK MUST BE ENERGIZED BEFORE
SPECIFIED RELAYS ARE ENERGIZED.
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ESCAPE AFTER LIFTOFF BEFORE TOWER SEPARATION

After 1iftoff, (Time Zero), there are three methods by which an sbort
may be initiated. They are: (1) Ground command receiver sbort signal
and (2) Astronaut Abort Handle, both of which were possible methods in
the previous paragraph, (3) The Booster Catastrophic Failure Detection
System. This third method has been noneffective in the two previous para-
graphs due to the #1 Time Zero Relay being de-energized. However, the #1
Time Zero Relay is energized two inches after liftoff and completes a
circuit to the Mayday Relays if the Catastrophic Failure Detection Relay

is de-energized by loss of power from the missile.

QPERATIOR

When the Mayday Relays are energized, the sbart sequence (See Figure 6-6)
will occur as follows: The ebort Light on the left hand console will illumi-
nate, the Spacecraft Separation Bolts Power Relay 1s energized and the Space-
craft Seperation Warning Light Time Delay Relay is energixzed. The Abort
Relay in the Maximum Altitude Sensor is energized after Spacecraft Adapter
separation. The Meximm Altitude Sensor computes the time delay required for
the spacecraft to reach a safe dynamic pressure before jettisoning the Escape
Tower. The Spacecraft Separation Bolts Squibs will be fired, releasing the
Spececraft-Adapter Clamp Ring and sllowing the three limit switches to re-
turn to their normal positions energizing the Emergency Escape Rocket
Fire Relay, the Escape Rocket Fire Relay and the Spacecraft Adepter Dis-
connect Squib Fire Relay, firing the Escape Rocket and the four Spacecraft
AMapter Explosive Disconnect Squibs. The Escape Rocket's 56,000 pounds
of thrust will separate the spacecraft from the missile and cerry it awaey
from the sustainer at a small angle. The Spacecraft Separation Semsor
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Limit Switches also energize Spacecraft Separatiocn Sensor Relays, which
turns on the green SEP CAPSULE Telelight, and also energizes the Tower
Separation Abort Interlock Latching Relay. The Abort Interlock Relay
energlzes the Retro Rocket Asserbly Jettison Relay and fires the two
squibs of the Retro Rocket Assembly Jettison Bolt. The bolt will
fracture end the package will drop free of the spacecraft, being
assisted by a coil spring installed between the Heat Shield and Retro
Package Assembly for this purpose. When the spacecraft reaches a maxi-
mun altitude, contacts in the Maximum Altitude Sensor will close and
energize the Tower Separation Bolts Power Relay firing the bolts. As
the three tower bolts asre fractured, the segmented Tower Clamp Ring
separates allowing the three Tower Ring Limit Switches to return to
their normal position energizing the Emergency Jettison and Jettison
Rocket Fire Relays. Through these relays end their parallel contacts
Main and Isolated Bus power will fire the squibs of the Jettison Rocket.
The tower will be jettisoned clear of the spacecraft resulting in sepa-
rating the two Tower to Spacecraft Electrical Disconnects. The separa-
tion of either disconnect will de~energize the Tower Separation Sensor
Relsys energizing the Abort Rate Damping Relay through the contacts of
the Tower Separstion Abort Interlock Relay. This relay will send a sig-
nal to the ASCS commanding rate damping until time of Main Chute deploy-
ment. De-energizing the Tower Separation Relays will also start two 2
second timers in the recovery sequence, The first timer will sxm the
21,000 Foot Baroswitches end two seconds later the second timer arms the
10,600 Ft. Baroswitches.
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Figure 6-7 Escape System After Tower Separation
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6-17. ESCAPE AFTER TOWER SEPARATION

The methods of initisting an abort after staging are identicsal to
the methods nemed for the escape after liftoff and are: (1) Ground
command receiver sbort signal; (2) Astronaut Abort Handle; (3) Booster
Catestrophic Fallure Detection System. Any of the three methods will
energize the Mayday Relays. The sequence vhich occurs by the energizing
-of these relays 1ls described in the following paregraph.

6-18. OPERATION

The signal which energizes the Mayday Relays also 1s transmitted
to the missile to shut down the sustainer engine (See Figure 6-T).
Through contacts of the energized Mayday Relays, & power circuit is com-
pleted to the ABORT Light om tﬁe main instrument panel and the .20g
contacts of the Thrust Cutoff Sensor are symed. As thrust decsys to .20g,
the contacts close and energize the Spacecraft Separation Bolts Power
Relay firing five Spacecreft Separation Bolts squibs and separating the
Spacecraft Adapter Clemp Ring. The sequence following clemp ring sepa-
ration {8 the same as the normal sequence (Refer to Paragreph 6-7). Re-
entry may be accomplished by any of the emergency procedures (i.e., astro-
nsut or ground initiated). Refer alsoc to Paragraph 6-9. If the abort is
initiated before the spacecraft has cbtained the correct veloeity for
orbital flight and it is not desired to fire the Retro Rockets, the Retro
Package must be jettisoned manually. It should be noted that even if the
spacecraft does not attain orbitel velocity, the quickest way for re-

entry is by emergency firing of Retro Rockets.
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Figure 7-1 Automatic Landing and Recovery System
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7-1.

VII. SEQUENCE SYSTEM LANDING THROUGH RECOVERY

AUTOMATIC SEQUENCE DESCRIPTION

The landing and recovery sequence system provides automatic electrical
and mechanical sequencing to land the spacecraft safely after an sbort or
normal re-entry, and to initiate locating aids for assistence in the sub-
sequent recovery. The primary (completely automstic) system incorporates
& drogue parachute, used initially to decelerate and stebilize the Bpace-
craft in the initial phase of recovery and a main parachute for further
deceleration. Redundsat circuits have been incorporated to eliminate the
possibility of single-point failures. The landing is accomplished utiliz-
ing a 63-foot-dismeter parachute which is deployed at 10,600 feet. In the
event of a main chute fallure, a 63-foot-diameter reserve chute may be de-
Ployed by the astronsut's menual selection. Both main and reserve chutes
are reefed to ].ﬁn:f.t shock losds at initial opening. The reefing line is
severed autmmatically after a predetermined time delay and the chute will
open fully, lowering the spacecraft at the prescrﬂ:ed landing speed. A
sound fixing and ranging (SOFAR) bomb is attached to the main chute risers
and is released as a function of main chute deployment. When the risers
pull taut, the bomb is ejected and falls to the ocean shead of the space-
craft. When the bomb reaches a depth of 2,500 feet below sea level, it is
detonated thus providing a means for determining tﬁe approximate location of
the spacecraft landing érea by sound fixing and ranging stations. After
main chute deployment, the landing impact bag is extended, providing a
cushioning effect for the landing impact. After impact, the main chute
is automatically Q.isconnec‘bed followed by reserve chute sjection; how-
ever, chute disconnect is delayed as a function of the Rescue Aids Switch:

in sutomatic (AUTO), a 10-minute delasy is accomplished; in manual (MAK), a

one-second deley is accomplished. Therefore, if the astronaut desires
7-3
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immediate chute separation at impact, he must position the Rescue Aids
Switch to the "MAN" position at impact to by-pass the 10-minute delay (or
any portion of the 10-minute delay remaining after impact). The astro-
naut will then egress normally taking with him the survival kit which
contains a life raft and other survival aids,

AUTOMATIC SEQUENCE OPERATTION

On tower separation, power is removed from the Tower Separation Relays
allowing the Main Chute System Arm 2-Second Time Delay Relays to be ener-
gized (See Pigure T-1). After the 2-gecond time delay has run out power
flows through the closed contacts energizing the Main Chute 2-Second
Time Delay Relays, and after a 2-second delsy arms the No. 1 10,600 £t.
Baroswitch through the 10,600 ft. Arm Relay contects, The No. 1 and No. 2
Baroswitches are wired in series thereby requiring both switches to be closed
before normal main chute deployment can be accomplished. ‘The No. 2 21,000
ft. Baroswitch is armed through the closed contacts of the Main Chute Sys-
tem Arm 2-Second Time Delay Relays. Upon descent to 21,000 f£t., both the
No. 1 and No. 2 21,000 foot Baroswitches, which are wired in series, close
thereby energizing the Drogue Deploy Relay, firing the Drogue Chute Mortar,
deploying the Drogue Parachute. The Drogue Chute stabilizes and decelerates
the spacecraft. At approximately 10,600 £t., the 10,600 ft. Baroswitches
actuate the Main Deploy Relays resulting in the removal of the squib ground
circuits and firing of all four squibs of the Antenna Fairing Ejector. Also,
the Main Deploy Warning Iight 2-Second Time Delay Relay is actuated, and
at the end of 2-second delsy the red Main Deploy Telelight is illuminated.
The Antenna Pairing Separatiom Sensor Arm Relays are energized through the
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closed contacts of the Main Deploy Relays arming the two Autenna Fairing
Separation Sensor Switches,

The firing of the four Antemna Fairing Ejector Squibs causes the
Antenna Fairing to separate from the spacecraft. A lanyard, comnected
from the Antenna Fairing to the Main Chute, extracts the Main Chute from
the chute compertment. The Main Chute openms initielly in the reefed con-
dition to limit shock loads. Four seconds after the chute ig deployed, the
reefing line is severed by a pyrotechnic charge in the reefing line cutters
allowing the parachute to open fully.

The separation of the fairing from the spacecraft allows the Antenns
Fairing Separation Sensor Switches to function. Through the switches,
power 1s routed to energize the Main Ejector Relsy firing the Main Ejector
Bag Squibs. When the squibs fire, they generate a gas, £illing the Ejec-
tor Bag at the bottom of the Main Chute compartment aiding the ejection of
the chute. At the same time the Antenna Fairing Separation Signel Relays
are energized, illumineting the green Main Deploy Telelight and removing
power from the red telelight. Power is also directed through the Antenna
Fairing Separation Semsors to energize the Main Inertis Switch Arm 12-
Second Time Delay Relays. After the 12-second time delay has run out, the
energized contacts allow power to be supplied to energize the Landing Beg
Extend and Landing Bag Warning Light 2-Second Time Delay Relays as well as
to the Inertia Switches. The closed contacts of Landing Bag Extend Relay
fire the squibs of the Landing Bag Valve releasing the heat shield and
extending the impact landing bag. As the 2-second time delay runs out,
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the Landing Bag Warning Iight Relay illuminates the red Landing Bag
Telelight. Upon heat shield separation, the landing Bag Unlock Sig-

nal Limit Switches are actuated and through its closed contacts, power
from the Auto Ianding Bag Fuse 1s directed to energize the Landing

Bag Extend Signal Relay illuminating the green Landing Bag Telelight

and extinguishing the red light. The force of impact on landing

operates the Imertia Switches which provide power to the coils of the
Impact Relays. Through the closed contacts of the Impact Relays, power
is supplied to energize the Post landing System Relays. Through the
activated contacts of the Post Landing System Relays, power is trans-
mitted to energize the Impact Signal Relay. Also through the closed
contacts of the Post Landing System Relays, the Flashing Recovery

Light circuit is completed setting the light in operation. When the
Tmpact Signal Relay is energized, the green Main Deploy and Landing

Bag Telelights are extingulshed and the red Rescue Alds Telelight

is {lluminated. With the Rescue Alds Switch in "MAN", at the end

of the l-second time delay, the Spacecraft Stabilization Relay is activated
allowing the Main Disconnect and Reserve Disconnect Relays to be energized;
with the switch in "AUTO", this action is delayed 10 minutes. Through the
energized comtacts of Main Discommect Relays, the Main Chute Disconnect
Squibs are fired, releasing the main chute from the spacecraft. The Re-
sexrve Disconmect Relays fire the Reserve Chute Disconnect Squibs releasing
the Reserve Chute and energizing the Reserve Deploy Relays. The Reserve

Deploy Relays fire the Reserve Chute Ejector Bag Squibs. The Reserve
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Chute EjJector Bag Squibs activate the gas generator which has a one-
second delay in ignition time before inflating the ejector bag ex-
pelling the Reserve Chute and the dye marker. When the Rescue Aids
switch is placed in the "MAN" position or e.f;ter the l0-minute delay

with the switch in "AUTO", the Rescue Aids Switch Signal Relay and the
Post landing System Power Drop Hold Relay are energized. The energized
Rescue Aids Switch Signal Relay removes power from the red Rescue Alds
Telelight and illuminates the green light. The Post-Ianding System
Power Irop Hold Relay energ:lzés the Post-lending System Power Drop 30-
Second Time Delay Relay. At the end of the 30-second time delay the Whip
Antenna Extend Relay is energized firing the Whip Antenna Extend Squibs
activating the gas cartridge extending the active element of antemnsa to
its full length. When the Post-landing System Relays are energized on
impact and, depending on the position of the Rescue Aids Switch, power is
applied immediately or after a 10-minute time delay to the coil of the
Post Landing System Power Drop Hold Relay and to the Post Landing System
Drop 30-Second Time Relay. After the 30-second delay, the Post landing
System Power Drop Relay is energized which removes power froam the re-
maining components except the Whip Antemna Extend Relay.

T-3. EMERGENCY SEQUENCE DESCRIPTION

The emergency provisions of the landing system basically consist of
menually-operated back-up systems initiated by the astronaut., The appro-
priate button, pull-ring and switches are located on the left Hand Cone

77
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Figure 7-2 Main and Reserve Parachute System (Sheet 1 of 2)
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sole. The emergency system controls manually-initiated deployment of
the Drogue, Main and Beserve Chutes, extension of the landing Peg, and

initiation of rescus aids.

EMERGENCY SEQUENCE OPERATION

On descending to 21,000 f£t., if Drogue Chute failure is detected by
lack of opening shock and by a visual check through the window, the astro-
naut will depress the Drogue button (See Figure 7-3). Depressing the button
allows the Bmergency Drogue Deploy Relay to be energized and the Drogue
Chute Mortar Squibs to be fired deploying the Drogue Chute. If the green
Mein Deploy Telelight fails to illuminate, failuwre of the Maint Chute to
deploy may be detected by e lack of opening shock, & visual check and no
decrease in rate of descent. Upon determining that the Main Chute has
not deployed, the astronaut will place the Recovery Am Switch on the Con-
trol Panel to the manual position. If Main Chute Deploy is still not
sensed, operating the Main Deploy Pull Ring energizes the Emergency Main
Deploy Relay, firing the Antenna Fairing Ejector Squibs, ejecting the
Antenne Fairing and deploying the Main Chute through the normal autamatic
gsequence. When the green Main Deploy Telelight is illuminated and the
rate of descent is greater than 32-feet-per-second, the chute is visually
checked for damage. If the chute is damaged or did not deploy, actuating
the Reserve Deploy Pull Ring will energize the Reserve Deploy Relays.
Through the energized contacts of the Reserve Deploy Relays, power is
applied to the Main Chute Disconnect firing the squibs disconnecting the
chute from the spacecraft. At the same time, the Reserve Chute Ejector

Pag Squihs are fired generating a gas after a l-second delay and inflating

the ejector bag which aids in deploying the Reserve Chute.

7-10




DROGUE CHUTE
FAILS TO DEPLOY

MAIN CHUTE
FAILS TO DEPLOY

MAIN CHUTE FAILS
TO DEPLOY OR IS
DAMAGED

LANDING BAG
FAILS TO EXTEND

SEDR 104

EMERGENCY
DROGUE DEPLOY

—>

DROGUE CHUTE

EMERGENCY MAIN
DEPLOY
RELAY

DROGUE
MORTAR

SQUIBS CHUTE
ANTENNA FAIRING

EJECTOR N

SQUIBS

RESERVE CHUTE
DEPLOY GUN

MAIN CHUTE DEPLOYED BY
THE AUTOMATIC SEQUENCE

NOTE: RESCUE AIDS SWITCH
PCSITIONED TO "MANUAL" TO
BY-PASS “AUTO" 10-MINUTE DELAY,

SQUIBS
PILOT CHUTE
RESERVE MAIN CHUTE
DEPLOY P DISCONNECT
RELAYS SQUIBS
RESERVE CHUTE
EJECTOR
BAG SQUIBS
EJECTOR BAG <
i ~N ‘
— P ELECTRICAL SIGNAL T2
Y MECHANICAL
SN MOVEMENT
GAS. INITIATED
EMERGENCY EMERGENCY
LANDING BAG F—— P LANDING BAG
EXTEND RELAY VALVE SQUIBS
LANDING BAG =\
MAIN CHUTE )
— DISCONNECT ~ )
SQUIBS
. % , g
lins, =
RESERVE CHUTE
-— ot DISCONNECT
sQuIssS I8
RESERVE CHUTE
—» DEPLOY GUN
SQUIBS
PILOT CHUTE
10 MIN. T.D. RESERVE CHUTE
L EJECTOR BAG N
5QUIBS
RESCUE AIDS 30 SEC.T.D. EJECTOR BAG
SWITCH BY-PASS
(10 MIM, T.D. RELAY) WHIP ANTENNA .
SQUIBS NNNNN
FM18-68A

WHIP ANTENNA
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Twelve seconds after the Main Chute is deployed, the green Landing
Bag Telelight should be 1lluminated. If the light does not come on, place
the Landing Bag Switch in the "™MAN" position, energizing the Emergency
Landing Bag Extend Relay, firing the Emergency Landing Bag Valve Squibs,
releasing the heat shield and extending the impact landing bag. Ten
minmztes after impact the Rescue Alds Switch By-Pass Relay is energized.
When activated, the relay by-passes the Rescue Aids Switch and energizes the
relays wvhich supply power to fire the Main Chute Disconnect Squibs as well
as the squibs for the Reserve, Discomnect, Deploy Gun, and the Ejector Bag
in the sames menner as if the switch were placed in the "MAN" position.

SYSTEM COMPONERTS

DROGUE PARACHUTE

The drogue parachute assembly (See Figure 7-5) consists of a conical
ribbon-type drogue canopy with integral riser, drogue deployment beg,
drogue mortar, ssbot, emd drogue mortar cover. The drogue parachute cano-
py is a conical ribbon parachute having 8 gores of 2-inch wide, 460-1b.
tensile strength ribbons and 8 tubular nylon suspension lines of 1,000-1b.
tensile strength each. The parachute is constructed to a diameter of 6.85
feet snd permanently reefed (restricted) to an effective dlameter of 6.0
feet by mesns of pocket bends. The constructed total porosity is 27.9%
and the effective porosity (through reefing) is 36.3%. The 30-ft. long
integral riser is made from three layers of 3,000-1b. tensile strength
low-elongation hot-stretched Dacron webbing. The drogue parachute stabill-
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ANTENNA FAIRING EJECTOR GUN
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PILOT CHUTE DEPLOYMENT GUN
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Figure 7-4 Landing and Recovery System Installation.
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Figure 7-5 Drogue Parachute
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1. "O"RING 5. CARIRIDGE
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3. INSULATION

4. COVER

Figure 7-6 Drogue Chute Mortar Assembly
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2, MAIN CHAMBER 5. ATTACHMENT LUGS
3. PROTECTIVE CAP 6. SHORTING PLUG

FM18-74

Figure 7-7 Main and Reserve Chute Gas Generator
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zes and decelerates the spacecraft. The canopy weighs 2.9 lbs. without
riser and 5.9 1lbs. including the 30-ft. Dacron riser. The drogue para-
chute deployment bag serves a dual function of (1) protecting the drogue
parachute during ejection and (2) providing mesns for orderly deployment
of the drogue parachute. The bag is manufactured of cotton sateen fab-
ric reinforced with nylon webbing and covered at the upper end with a
heat insulator of glass cloth. The bag is weighted at the upper end

with 2 0.5 1b. lead disc which assists in stripping the bag from the cenopy
at the completion of line and riser stretchout. Inside the bag ave 4
cotton tapes to vhich the riser is secured during packing in order to pro-
vide orderly riser deployment. The mouth of the bag is closed with a
light cotton cord.

DROGUE CHUTE MORTAR AND SABOT

The drogue parachute ejection mortar is a device for positive de-
ployment of the drogue parachute with sufficient energy to overcome local
pressure gradients and gravitational forces. The drogue parachute 1s
packed in a protective bag and stowed in the mortar tube on top of a
lightweight sabot (See Figure 7-6). The sabot functiens as a piston to
eject the parachute pack,_ vhen pressured from below by gases generated
from a pyrotechnic charge. The propellant charge is initially fired into
a breech chember of smsll volume, to produce high pressure which is sub-
sequently vented through a mll orifice and into the main chamber et rel-
atively lower pressures. In this mammer, reaction loeds are kept to a
minimm, since the pressure energy is not expended instemtaneously. The
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Ppressure sealing quality of the sabot is derived from an "0" ring, in-

stalled in a groove near the base. Two small holes are located in the “"O"
ring groove to vent air trapped in the mortar tube underneath the sebot on
instellation. For proper operation, the "0O" ring and the inner wall of
the morter tube, which 1s always in contact with the "O" ring, are lu-
bricated before installation. The drogue parachute pack is retained in
its stowed position within the mortar tube by a thin metal "Rene-hl" cover
vhich 13 attached to the upper surface of the antenna housing. Mree cut-
out sections, provided in the sides of the cover, permit routing of the
steel cable risers into the drogue chute can. The cover is designed to
constrain the chute in its cowpertment against negative decelerations end
also to require minimal forces to break loose from its attachments at the
time of deployment. _Pressure of the chute pack causes the cover to deflect
in such a mamer thet attachment tabs pull out from under attaching screw
heads through a slotted hole designed for this purpose. The energy required
to expel the drogue chute from its compartment is provided fram high pressure
gases, generated by ignition of e pyrotechnic charge. The cartridge is
loaded with 66 grains of powder, contained in a propellant can attached

to a steel body which houses the ignition wiring, and terminates in an
electrical connector. The ignition circuitry cons:l.star of two separste and
mdiﬁdual bridges, either of which is capeble of igniting the power charge
upon application of the proper current.

MAIN PARACHUTE
The mein parachute assembly consists of: main parachute canopy,
riser, deployment bag, and parachute disconnect. The main parachute
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1. STRUCTURE 5. SHEAR PIN
2. SHORTING WIRE 6. PISTOMN
3. SQUIB CARTRIDGE 7. LEAD BUFFER

4. BUSHING 8. ARM
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Figure 7-9 Main and Heserve Parachute Disconnect
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1. FIRING MECHANISM 4. SHEAR PIN
2. sODY 5. ELECTRICAL CARTRIDGE
3. PROJECTILE 6. MAIN CARTRIDGE

Figure 7-10 Pilot Chute Deployment Gun

FM18-73

Figure 7-11- Parachute Ijector Bag
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cenopy 18 a 63-foot nominal dismeter ringsail type. The ringsail pm;
chute is febricated from 2.25- and l.l-ocunce per square yard nylon para-
chute cloth into 48 gores with 48 suspension lines ot >)0-pound tensile
strength. 'The main parachute is packed in a deployment beg which pro-
vides a low snatch force and orderly deployment (See Pigure 7-8). The
bag is menufactured from cotton sateen fabric, reinforced v:l.th nylon
webbing and covered at the upper end with Thermoflex end glass cloth
insulation. Inside the beg, midway along its length, is a pair of trans-
verse locking flasps. Their function is to separate the cancpy fabric
from possible entanglement with the lines and to cause full line stretch-
out before canopy deployment.

PARACHUTE DISCONNECT

Both main and reserve parachutes are attached to the spacecraft by
a device designed to sustain the parachute loads during descent amnd to
disconnect the parachute. The chute is disconnected 10 minutes (+ 1 sec-
ond) after impact with the Rescue Alds Switch in “AUTO" or 1 second after
positioning the Rescue Alds Switch to "MAN" (after impact). The assenbly
consists of 5 separate details installed in a mounting structure vhich is
an integral part of the spacecraft. The parachute riser is looped around
the arm vhich transmits the load to the structure through the piston. The
sheer pin restrains the piston from any motion tending to displace it.
W_hén the chute disconnect signal is completed, a squid cartridge is fired
and the resultant expanding gas forces the piston forward into the arm
recess, cutting the shear pin in the process. Full displacement of the
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Piston removes parachute loed transmission to structure » 8llowing the
arm to rotate around the pivot pin. The loop of the parachute riser
slips off the arm and the disconnect function is complete. 'The lead
buffer serves to ebsorb energy of moving piston and prevents rebound
of the piston back into the locked positiom.

RESERVE PARACHUTE

The reserve parachute assembly consists of: the pilot chute deploy-
ment gun and lanyard, pilot parachute, reserve parachute canopy, reserve
parachute deployment bag, and reserve parachute disconnect. The reserve
Parachute deployment bag is similar to the main parachute deployment dbag
with the addition of flaps at the upper end of the bag to contain the
packed pilot chute. The reserve parachute disconnect is identical with
that used to discomnect the main parachute. The reserve parachute cancpy
is identical with the main parachute canopy.

PILOT PARACHUTE

The pilot parachute is a flat, circular type, 72 inches in diameter
with a 30 £t. bridle. It is manufactured at 3.5-cunce per square ysaxd
fabric in the canopy and 2.25-cunce fabric in the venes.

PILOT CHUTE DEPLOYMENT GUN

The pilot chute deployment gun (See Figure 7-10) initiates the first
step in the sequence of reserve parachute deployment. Either gas pressure
or an electrical impulse will cause the gun to fire, thus expelling a 12-
ounce projectile which is attached to the resexrve parachute pilot chute,
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The pilot chute inflates and in turn pulls out the reserve landing

chute, canpleting the sequence. Whether fired electrically or pneu-
matically, a one-second time delay is provided between receipt of the
impulse and detonation of the main charge. This delay permits the main
perachute (if deployed and demaged) to separate from the spacecraft, to
avoid entanglement with the reserve parachute to be deployed. The gmn

1s basically a tubuler body which contains the main firing caz?triage

and the projectile assembly. The projectile assembly is held in place

by a pin which is sheared when the projectile is expelled. The main cart-
ridge, vhich generates the gas pressure to eject the projectile, is fired
ss follows: (1) Gas pressure, through the ges £iring mechaniem (supplied
vhen RESERVE mxm is operated), drives a firing pin into the primer
cap at the base of the main cartridge, initiating a time delay train,
causing a subsequént detonation of the cherge. A minimm of 750 psi gas
pressure 1s required for pnewmatic operation. (2) An electric impulse
15 received at the time delay igniter installed through the side of the
gun. After a one-second delay, the igniter fires through the wall of the
main cartridge and detonates it instantanecusly. Firing characteristics
of the igniter certridge are as follows: All Fire Current 2.5 smps per
bridge, All Fail Current 0.5 amps per bridge. The ignition circuit con-
sists of two individual bridges terminating in a k-pin receptacle. Muzzle

velocity of the projectile is 250-300 £t/sec.

PARACHUTE EJECTOR BAGS

The ejector begs are inflateble air cells made of lightweight rubber-
1zed nylon febric (See Figure 7-11). The design inflated shape 1is that
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of a cylinder, 1l inches in dismeter and approximately 35 inches in
height. The upper end of the bag is slanted at full inflation to pro-
mote jJettison of the parachute pack overboard after impact.

PARACHUTE EJECTOR GAS GENERATOR

This 18 a device to provide a rapid and sufficient volume of gas
to inflate the main and reserve parachute ejector bags (See Figure 7-T).
The reserve parachute gas generator is similar to that used for the main
parachute except the additional feature of 1.25 second delay in ignition
time. The generator functions to produce gas by the relatively slow
burning of a solid-powder propellant in the mein chamber. The gas is
directed from the main chember into the ejector bags through a 3/8 inch-
diemeter stainless steel tube. The tube serves also as a heat exchanger to
reduce temperatures to within tolerasble values prior to entry into the
eJector bag. The generator body is equipped with lugs for mounting to
the parachute container with four bolts. Ignition circuit characteristics
are as follows: All Fire Current 2.5 amps, All Fail Current 0.5 amps.

DYE MARKFR PACKET

The dye marker packet is a post landing recovery aid vhich performs

-1ts function by dissolving in water, thus producing a highly visible yellow-

green patch. Approximately 1 pound of flucrescein dye is packed into a
soluble plastic bag, which in turn is packed into sn outer aluminum con-
teiner. The entire packet assembly is ejected overboard, at the time of
reserve chute eJection.r The fluorescein dye forms a spot on the ocean sur-
face which is visible from an airplamne 10,600 feet high at a distance of 10
miles on a clear day.
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CAUTION
The dye marker packege should be stored
in a dry place and not be exposed to water.

RECOVERY LIGHT

To aid in the visual location of the spacecraft after landing, a
flashing light is installed in the recovery compartment. The intensity
of the 1light 1s such that it will be visible in nommal darkness for Lo
nautical miles and up to an altitude of 12,000 feet. The flashing rate
is approximetely 15 flashes per m:_lmxbe. Powered by a battery pack lo-
cated within the spacecraft, the light's circuit will be closed through
energized contacts of the Post Landing System Relays which are activated
by the closing of the Inertia Switches on impact followed by the energizing
the Impact Relays. The light will operate for approﬁmateiy 28 hours.

WHIP ANTENNA

To provide operation of the HF volce receiver-transmitter and HF
recovery beacon after impact, a Whip Antenna is used. The active element
18 stowed in a collapsed condition in the recovery compartment and when
extended is approximately 16 feet long. The antenna is extended by a
gas cartridge which is activated vhen the ?ost-I.and_ing System Power Drop
30-Second Time Delay Relay energizes the Whip Antenna Extend Relay. The
Post Landing System Power Drop 30-Second Time Delay is started immediately
upon impact with the Rescue Aids Switch in "MARN" and after a l0-minute
delay with the switch in "AUTO". While it is extending a galling action
takes place between the segments of the active element holding it rigid in
the extended positiom.
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Figure 7-12 Baroswitch
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Figure 7-13. Inertia Switch
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BAROSWITCHEES

There are two pairs of Baroswitches used in the recovery system
(See Figure 7-12). 1In these switches, an over-center spring is in-
cluded in the design to minimize chatter during vibration and shock
énd to prevent contact oscillation. The switches are located in the
recovery compartment, one pair is set to close at 21,000 feet; the

other at 10,600 feet.

INERTIA SWITCH

The inextia switch is essentially a spring device actuated by mass
(See Figure 7-13). A landing shock of 7.5 plus or minus 1.13g's min-
imum will produce momentary closing of two electrical contacts, thus
completing an electrical circuit. This switch is used in conjunction
with a latching relay vhich receives an electrical pulse and by latch-
ing into the closed position, provides continuous electrical continuity.
The inertia switches used consist of four separate snap-action switches

snd two separate masses, all housed in a common case.

SOFAR BOMB

A post-landing recovery aid. SOFAR is an sbbreviated form for
"sound fixing and ranging". This component performs its function when
1t detonates by hydro-static pressure st a predetermined water depth.
Shock waves from the explosion sre received by sound detection devices
aboard picket ships or shore bases and a position fix on the capsule is
thus made. The meximm range of the Mercury SOFAR Bombd is 3000 miles,
The SOFAR Bomb which is tossed overboard by action of the main chute

ejection system 1s preset to detonate at 3500 £t. (See Figure 7-14).
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Figure 7-14 Sofar Bomb Schematic
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VIII. ESCAPE AND JETTISON ROCKET SYSTEM

SYSTEM DESCRIPTION

The spacecraft escape system consists of the escepe tower, escape
rocket and escape tower Jettisom rocket. In addition, there are con-
trols availsble to the astronaut to initiate an escepe sequence and to
provide a msnual backup of certain events which normally occur by suto-
matic sequencing during an escape or a normal mission. -

ESCAPE TOWER

The escape tower 13 & welded steel structure approximately ten feet
in length. The tower is sttached to the spacecraft recovery compartment
by & three-segment clemp ring. The segments of the clamp ring exe held
together by three explosive bolts. The upper end of the escape tower pro-
vides a mounting base for the escape rocket. The escape tower also pro-
vides for the routing of the electrical wiring necessary to provide ig-
nition of the escape rocket, escape tower Jettison rocket and the clemp
ring explosive bolts. For a more detailed discussion of the escape tower
structure, refer to Section 3, Major Structural Assemblies.

ESCAPE ROCKET
The escape rocket consists of an electrically actuated igniter assenbly,
a £ - ineh 4130 steel case, rocket nozzle assembly, plenua chember and a
solid propellent (see Pigure 8-2). The length of the escape rocket is approxi-
mately 70 inches. The diameter of the rocket case is approximstely 15
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inches, The weight of the motor prior to firing is approximately
650 pounds. For sercdynsmicel stability, ballast is added to the
top of the rocket (see Figure 8-1, Sheet 1 of 2). The rocket motor
incorporates three equally spaced nozzles. The nczzles are canted
at 19 degrees from eenterline ot roé.ket case to centerline of nozzle
80 as to direct the rocket blast outward and away from the tower and
spacecraft. The aft closure of the rocket motor incorperates a boss
which provides for the installation of the Jettison rocket motor.
The jettison rocket motor boss also provides for the attachment of
the thrust aligoment mirror. ‘The optical sighting of the resultant
thrust vector is accamplished by the thrust aligmment mirror.

The escape rocket propellsnt is a polysulfide emsonium perchlorate
~ formulation. The United States Buresu of Explosives clagsifies the |
propellant as & "Class B Explosive”. The propellant is sensitive to
pressure and & spark or fleme mey easily ignite it. The propgilant
grain is an internal burning nine-point staxr which is cast directly
into and bonded to the case. With the nine-point port design, the
poesibility of thrust misaligmeent is reduced. This 1s due to the
improved sligmment between the ster ports and the exhaust nozzles, The
nominal resultant exiel thrust at 70 degrees F, is 52,000 pounds for
0.78 of a second; it then drops off uniformly to 5000 pounds in the next
0.6 of a second. The thrust will then diminish at a reduced rate to zero.
The total fmpulse of the motor, at sea level, is spproximately 56,500
pound-geconds.
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The escape rocket igniter is & head mounted dual unit with two
completely independent initiation systems to esch unit. The dual
initistion system to each unit has independent eireuitry from differ-
ent batteries. Onme unit is cylindrical in. shape, &«nd is o central
dynatlow type of long duration. This unit is essentially a miniature
rocket motor. It incorporates & mmall propellant grain which cau be
initisted by either of two squibs surrounded by boronpotassium nitrate
pellets. Swrounding the first unit is the second unit, composed of
an anmular plastic tube filled with & metal-oxidant mixture im which
are located two sets of five sguibe. Any ome squid is capable of
initisting the umit.

The jettison rocket is & qualified Thor retro unit. The rocket
consists of an electrically actuated igniter, motor case and & tri-
nozzle assembly. The nozzles are canted at 30 degrees from centerline
of rocket case to centerline of noszle. %he rocket weighs 22.0 pounds,
has & length of 18 inches, s dismeter of 5.5 inches, and produces 600
pounds of thrust for 1.55 seconds at 70 degrees F. at ses level. The

'mchet‘haabmmugmmrmafm-ﬁ_m-r to 175 degrees r.,

and from see level to vacum.

The jettisom rocket igniter is & head mounted unit with &ual ignition
capsbilities. This unit is cylindrical in shape with & hexagonal hesd snd
thresads into thotopod‘the.‘lctthqm rocket. The igniter contains spproxi-
uuh?m&woznmitmm.m&mwtubrwmor
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four squibs. The four squibs are.arranged in two peirs of two squibs 7
each. Each pair has independent circuitry from a different power source.

~ fhe ﬁatrmaub,'s controls for the escape system comsist primarily
of the sbort hendle; in sdditicn, there are two pull-rings o provide
mannel backap of eutomstic fcticas.

The sbort handle's primary function is to initiate the sbort sequence.

- The handle is also used as a restraint handle during lswnch. Location of

the ebort handle is forward of the astronaut's support couch left amm
rest. For ap astroneut initiated abort, the release button located in

the top of the hendle must be depressed, alloving the handle to be rotated

outboard. When moved to the ebart (outboard) position, an electrical
switch is actuated, which acts to detonate the upaceeraﬁ-to-adapter
clemp ring bolts. The escape sequence is then initiated, providing that
ﬂie main umbilical has been discomnected. Before wbilical release, the
sbort handle is inoperative.

Two pull-rings are located on the left hand console of the main instru-
ment pensl and provide the astronsut with the cepebility to menually de-
tnate the spacecraft-tp-adepter clemp ring and the escape tanr'clanp
ring. Located immediately sdjacent to the pull-rings are two tele-light

‘indicators designated "JETT TOWER" snd “SEP CAPSULE". These indicators
‘illmminate green when the escape tower has been jJettiscned and when the

spacecraft has separated from the boaste&-adapter, respectively.
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8-6.

SYSTEM OPERATION

Under normal mission conditions, when the escape system is not
used, the escape tower clemp ring is detonated at approximately T +
15h secs. When the escape tower clamp ring separates, the escepe
rocket ignites and carries the escape tower clear of the spacecraft.
Under normal mission conditions, the escape tower Jettison rocket is
mot fired. Normally, the clamp ring bolts are detonated by eutomatic
sequencing which applies electrical power to the squibs in the clamp
bolts. If detonation of the escape tower clemp bolts fails to occur
as the result of automatic sequencing, the astronaut m Jettison the
tower mamally by pulling the pull-ring adjacent to the "JEPT TOWER"
tele-light on the instrument panel. Activating the pull-ring closes
a toggle switch and applies an alternate source of electrical power
to the clamp bolt squibs. Activating the pull-ring also initistes a
gas gemerator located behind the instrument pamel. The gas gemerator
is comnected to a percussion cap located in one of the th:ee explosive
bolts. The rapid expansion of gas fires the explosive bolt, thus
allowing the clamp ring to be detonmated even with a loss of electrical
power in all the squib circuits. _

Under normal conditions, the spacecraft-to-adapter clhnp ring ‘15
detonated by sutomatic séquencing at sustainer engine cut-off (SECO).
In the event that the clamp ring fails to detonate as the result of
sutomatic sequencing, the astronsut may detonste the clmmp ring mamuslly
by pulling the pull-ring sdjecent to the "SEP CAPSULE" tele-light on the
instrument panel. This action initiates a series of events similar to
those described for the escape tower clamp ring above. |

8-12
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The spacecraft electrical system provides for an abort any time
after the gentry is removed. When an sbort is initiated {See Section
6 for verious methods of initiating en sbort), the spacecraft-to-adapter
ring 1s detonated, the escape rocket ignited, and 'bhel spacecraft is pro-
pelled avay from the booster. If the sbort is made off the pad, the
escape rocket will caxyxy the aspacecraft to an alt:l.tuﬁe of approximately
2500 feet. At the pesk of the escape trajectory, as determined by &
meximm altitude sensor, the escape tower clamp ring is detomated. the
escape tower jettlson rocket lgnited, and the escape tower propelled
eway fram the spacecraft. Two seconds efter tower jettisoning, the
drogue chute is deployed. Two seconds after drogue chute deployment,
the antenna fairing is released. Twelve seconds after antemna falring
relesse, the heet chield is released, extending the lsnding impact skirt.

8.13
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IX. POSIGRADE ROCKET SYSTEM

- SYSTEM DESCRIPTION

The poéigrade rocket system consisis primarily of the three posi-
mmcnummimmmﬂmnmmmmm
sssociated wiring necessary to ignite the rockets at the proper time.

The posigrade rocket primarily consists of & mozzle assenbly and
case, a s0lid propellant and an electrically actuated igniter. The
posigrade rocket is a cylindrical device measuring approximately 1hk.7
inches 1n length, 2.8 inches in dimmeter and veighing approximately
5.24 pounds. This rocket is basically an Atlas retro-rocket with minor
changes for increased relisbility. Reliability has been gained by two
methods: first, dual ignition of the igniter squibs from two different
buses; second, only one of the three rockets is necessary to accom-
Plish successful separstion. Due to the wide temperature range of the
rockets, a temperature control mtm is not required. Posigrade rocket
thrust 1s 416 pounds + 5% at sea level. Firing time is 1.0 sec.

BOCKET IGNITER

The posigrade rocket igniter is a head mounted unit with dual ignition
capabilities. The igniter is cylindrical in shape with a hexagonal head
for threading it into the top of the posigrade rocket. This unit contains
approximately three grams of ignition pellets which are ignited by either
of two pairs of squibs. Each pair hes . independent circuitry from a different
power source and any one squib is capable of igniting the peliets.

9-3
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SYSTEM OPERATION

The purpose of the posigrade rockets is to accaqpliﬁh separation
between the spacecraft and booster. Under normel mission conditions,
the posigrede rockets are activated by the spacecraft-to-booster clemp
ring separation, which occurs at susteiner engine cut-off. The posi;
grade rockets propel the spacecraft away from the booster at e rate of
15 feet per second. The three rockets are fired simultanecusly; how-
ever, should two of them fail, the remaining unit would successfully
cause separation.

The posigrade rockets are also used to sepsrate the spacecrsft from
the booster in the event an sbort 1s initiated after tower separstion

‘but prior to sustainer engine cut-off.

9:5:
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X. RETROGRADE ROCKET SYSTEM

SYSTEM DESCRIPTION

The retrograde rocket system comsists primarlly of the three retro-
rockets, their pyrogen igniters, and the associated viring necessary
for rocket ignition. fThe retro-rockets are housed in the jettiscmsble
retrograde package along with the posigrade rockets (See Figure 10-1).

ROCKET. MOUNTING

The retro-foekets are mounted in the retro package. The retro
Dackage 18 held against the center of the heat shield by three retention
straps. The retention straps are attached at three equally spaced points

on the base of the spacecraft and converge to a cm point in the center
of the retro package vhere they ave jolned together by an explosive bolt.
Sixty seconds following retrograde firing signal, the bolt detomstes, the
at:apa are released and a coll spring ejects the retro package avay from
the spacecraft (See Figure 10-2), To protect the rockets, perticularly
from micro-metecrites, each rocket has a metal cover over its exposed
nozzle end. The cover is blown off by the rocket blast at time of light-
off. Mounting of the rockets is so designed as to direct the resultent
thrust vector towards the spacecraft's predetermined center of gravity at
time of firing.

RETRO PACKAGE ELECTRICAL WIRING

The retrograde packsge is supplied electrical power through three
electrical umbilicals which are equally spaced sround the base of the

10-3



MCDONNELL — SEDR 104

EXPLOSIVE
BOLT

N
N e

! SPRING

ROCKET

]
]
POSIGRADE _
ROCKET | j L\ RETRO-PACK:

) \
ELECTRICAL !
DISCONNECT

\
- )
z

RETRO-PACK |

“ ELECTRICAL
UMBILICAL
RETRO-PACK=
RETAINING \
STRAP
ABALATION
SHIELD (REF.}
A}
X \
\ . .
| RETRO-PACK
SEPARATION
LIMIT SWITCH
. SPACECRAFT — K
SEPARATION | \
LIMIT SWITCH EXPLOSIVE —
3
EXPLOSIVE — o\ DISCONNECT (A
DISCONNECY ; . LY -
/ N
SECTION A-A /
\noosrzn—/
ADAPTER (REF)
' FM18-147

Figure 1042 Retro-Pack Retention System

104




20-4.

10-5,

MCDONNELL SEDR 104

spacecraft. The electri¢al umbilicals leave the spacecraft through
explosive discommects, follow the three retro package retmti.on straps

_fo,mummmmmwmm,ms; A three cun-

aector test point ulouted on the gide of the retro package and allows
all electrical leads to be broken between the point at which they emter

‘the retro package snd the unit to vhich they supply power. " (Bee Pigure 10-3).

Lesding perticulars are: total weight spproximstely 68 pounds, length
15.k inches, dismeter 12 inches. Due to the importance of the retrograde

system to the over-all miséion, & redundant rocket firing system has beem

e-pleyea An attached temperature trsnsducer monitors retro-rocket tuipon-
ture. Mretm-mmtmatom mheerle,aso 1b. - gec. + 5%, in
& vacum. Awm:tumommau.assmurmtm

STSTEM QVERATION |
'mm-eamnmmmmmssummmm
prior to re-entry. Actusl firing of the rockets is preceded by & 30-
second period during which the spacecraft 1s positioned to the retyo-
grade attitude. ummmzmuwm»rm 340 4 10
pitch,o°+1°rolloryn mrum-omeuumtwu,m,
mnmmmmxmmummnm,mmu

- temporarily interrupted should the spacecraft exceed the attitule limits

aftez_-thesemehubem. Ehould the need arise, however, the above
linits may be mamally overridden. Firing of the rockets, which oceurs
tttin-uemdhtetvﬂnmbehithtadhvuvetmroum (1)
satellite clock runout; (2) Astronsut selection; (3) ground comsand.
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10-6. ROCKET PIRING

10-T.

All three rocket fire relays receive 24 Vv d-c¢ simultaneously;
however, the No. 2 and No. 3 rocket fire relays have a five- and
ten-secand time delay, respectively. The left rocket fires first,
five seconds after the left rocket ignites the bottom rocket fires
and five seconds after tie bottom rocket ignites the right rocket
fires. Each retro-rocket fires for e total of ten seconds.

The retro-rockets are fired sequentially to avoid the ineffective
results from a failure of either of the first two rockets. Consequently,
if the No. 1rocketfmtoammenwmmumtmwo-
grade Attitule Permission Relay, the No. 2 Retro Fire Relay would
Decome de-energized. The spacecraft could then be repositioned suto-
metically or manually by the Reaction Control System and wpon re-
gaining the retrogrede attitude, the No. 2 Retro Fire Relay will be
re-energised through the Retrograde Attitude Permission Relay. With
the No. 2 Retro Pire Relay energized, the No. 2 rocket will be fired
end the retro pelquence continued. The same sequence of events would
ocour if the Fo. 2 rocket were to feil.

There are five teleli@fsmtheestrmmb'ahﬁcmoh vhich
concern the retrograde system. The first cme is RETRO SEQ. and is a
green function light. This light will illuminate when the retro sequence
is started, either by the satellite clock cr by the button addaceubtothn
light. The purpose of the button 13 to initiate re-entry prior to satel-
lite clock runout or failure of same.

10-7
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The next three telelights in the retrograde sequence are RETRO
ATT., RETRO FIRED snd FIRE RETRO. For s normal f£1ight, the Retro
Attitude Switch adjacent to the RETRO ATT. Iight should be in "AUTO",
this requives the spacecraft to be in the retrograde attitude before
the retro-rockets will fire. With the Retro Attitude Svitch in the
"BYPASS" position, the retro-rockets can be fired without the space-
craft being in the retrogradeattitude

The RETRO ATT éreumi;' 11luminates red when the spscecraft is
not in retrograde attituwle and 1lluminates green when retrograde
attituds is sttained, after Tr (time-retrograde) signal.

Originally the three FIRED Telelights illuminated individually
as each retro-rocket m..umt:lau‘y fired. Experience has ahmthart.
visual indication of retro-rocket firing is unhecessary, ‘herefore, the
mmmnauhanmumm

The FIRE RETRO Telelight will illminate green when all three retro-
rockets have fired. ‘The FIRE RETRO Telelight will illuminste red if the
three retro-rockets have not ignited within 15 éecmds after the fire sig-
nsl is sent to the No. 1 retro-rocket. |

If the RETRO ATT. Telelight 1lluminates red, the astronaut must check
theepmcraﬁaﬁituﬂeinmdutowutﬁe spacecraft is in the
corvect retrograle sthitule. If the spacecraft is fomnd to be in the

_carrect sttitule, then the astronaut should position the Retro Attitude
Svitch to the "BY:PASS* position apd slso push the FIRE RETRO bubton.

10-9; .
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Ten seconds later the FIRE RETRO Telelight should illuminate green.
However, if the astronsut determined that the spacecraft was not in

the correct attitude, the Reaction Control System should be employed

in order to correctly position the. spacecraft in the retrograde attitule
(See Section 5). When the correct retrograde sttitude is atteined, the
RETRO ATT. Telelight should illuminete green.

If the RETRO ATT. Telelight 1lluninates green, but the FIHE RETRO
Telelight 1lluminates red, the button adjacent to the FIRE RETRO Tele-
light should be pushed leaving the Retro Attitude Switch in the “AUIO"
position.

The fifth telelight is the JETT. RETRO Telelight. This telelight
vill 11luminate green 60 seconds after the No. 1 retro-rocket is :I.sn:!.tea.
In the event this light illuminstea red, the adjacent button should be
depressed to suwply en alternate source of power to the retro-package
Jettison bolt. If the retro-package cannot be jJettisoned by the auto-
matic or override method, it will be ejected sometime o.m:s re-entry
vhen the extreme hest encountered will detonate the explosive bolt or
burn the retention straps to allow the coll spring to eject the packege.

RETRO ROCXET ARM SWITCHES

Loceted on the left hand console are two switches which coutrol power
to the retro-rocket ignition squibs and to the retrograds packsge Jettison
squib.

The Retro Rocket Squib Arm Switch has sn "AUTO” and a "MAN" position.
With the switch in the "AUIO" position power is supplied to the retro-

'10-10.
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Rocket Fire Relay contacts whem the Retro Rocket Squib Arm Relay 1s
energized. By placing the switch in the "MAN" position power is sup-
plied directly to the Retro Rocket Fire Relsy comtacts through the
switch, bypassing the Retro Rocket Squid Arm Relay. (See Figure 10-5).
The Retro Bocket Jettison Am Switch has an "ARM" position and an

o ﬁout:lon. With the switch in the "CFF" position, no power is
svailable to fire the explosive bolt vhich holds the retro-package to
the spacecraft and no pover is availsble to fire the disconnects in

" the three mubilicals leading to the retro-package. By placing the
svitch in the "ARBN® position, power is supplied to the contacts of the
Rotro Rocket Assembly Jettison Relay and the Retro Bocket Assesbly Ua-
bilical Separstion Relay (See Figure 10-5). |

10-9. RETROGRADE SYSTEM WARNING LIGHTS

Tvo amber warning 1ights, located on the main imstrusent pepel.
mmmﬁs&. The RETRO WARN Warning Light illuminates
30 seconds prior to the begimning of the retrograde sequence. ZThe RPIRO
BESET Warning Light is illuminated by ground cosmend and pertains to the
reset of retrograde time on the satellite clock.

10-12
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XI. ELECTRICAL POWER AND LIGHTING SYSTEMS
ELECTRICAL POWER SYSTEM

SYSTEM DESCRIPTION

'.I:ﬁe épacécrﬁf‘t power supply consists of three, 3000 WH main bat-
teries, two, 3000 WH standby btteries and cne, 1500 WE isoleted
battery. The standby batteries have paralleled teaps brought out at
6, 12 and 18 volts to power the Apacecrart 6 V gtendby, 12 V standby
and 18 V standby busses. ‘ The isolated battery also has taps brought
out at 6 V and 18 V to power the spacecraft 6 V igolsted end 18 V
1solat§d busses. Externsl d-c power is aupplieﬁ through fuses or
diodes in the spacecraft prior to launch (See Figure 11-1 and 11-2).
An emmeter is used to indicate battery current when the batteries are
in use. A d-c voltmeter is utilized to resd individual battery volt-
ages ag well as the main end isolated 24 V bus voltage. Main and iso-
lated 24 V bus voltage may be read on the d-¢ voltmeter when the main
bus is powered from external power or the battery pover.

The d-c electrical loads are supplied through fuses with the ex-
ception of vital comtrol circults which incorporate e solid conﬁuctor
in place of a fuse. Some of the d-c circuits utilize two fuses in a
sw:_ttch.-_-:use arrangement. A three position, center OFF switch, provides
normel operaticon in the No. 1 position or & rapid switchover to the No.
2 position for emergency use. Some of the more important d-c circuits
are provided with a solid conductor in the emergency or No. 2 position
of the following circuits: |

(a) Emerg. Capsule Separstion Control.

(b) Tower Seperaticn Control.

11-3-
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(¢) Emerg. Maiu Chute Deploy.

() Retro. Jett, Control.

(e) Retro Mamual Control.

(£) Reserve Chute Deploy.

(g) PEmerg. Reserve Chiute Deploy.

(h) Retro Seq.

(1) Eavir. Contrel.

A-c power 1sproducedbywom:;1mtersam one standby inverter.
The tvo main inverters are rated at 115 volts, 400 cycles. One madin in-
verter has a capacity of 250 VA while the other n:l.n‘in.nrter 1s rated
at 150 VA. The standby inverter has a capacity of 250 VA at JJ.S volts,
500 cycles. _

The a-c loads are not fused because of inherent overload protection
in the inverters.

SYSTEM OPERATTON
n-crmomo:.
mwmz&mta-cpms@pzycmimorthm,
3000 watt-hour batteries. The main batteries are ,eannccted in parallel
toeaehotherhyanwmmtchmeachbattery Each battery con-
tmammtmuumnmmiunhaﬁsuproteetimmmt
diachupthrmataultywdischmdhattery !I!henainbatteries
rethhelainbusdirecﬂqﬁhenthaindiﬁdualm,m-mmtchesare
in the ON position.
mmakvoltd-cbusiscmcteddirecﬂytothemsotthe'
two filters for the main 250 VA inverter and the main 150 VA inverter.
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Figure 11-2, D-C Power Control Schematic
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Two standby batteries, of 3000 watt-hours eapacity each, provide
standby power and. lower tap voltage mquimmts for collmn:l.caticus
equ:lmt and warning lights dim operation, The standby ‘batteries
:lncorporate dioda, reverse current prul:ect:l.cn, on al:l. positive voltage
outputs. ON-OFF mtches are located on each battery to provide a
means to de-eners:lza the 2h volt output.

Stendby battery taps, througa :I.nterml 0iodes, supply 6, 12 and
18 volts d-c to the vnr:l.ou aysten busses. Prior to leunch, these
c:lrcu:t.ts are enersized by exbernal power ‘thrm@ the wmbilical and the
external power fuses located in the apacecraﬂ! Sbandbybattery 2l
' volt d-c qpl:lcatim is centrollad 'by the szm m'mr, ON-OFF switch
locatedmthemninltrmntpml. Hiththemrmmtchin
the arr posiﬁon, 'l:he stendby batterias do not energize the m:l.n bus.
In the ON posit:lm, the standby 24k ¥V a-c ‘bus 18 connected directly to
| the matn bus. I the main battery is depleted, then the standby bat-
tar:les will energize tho‘min bus. If the main batter:lea are not
deplsted, thonbath battery yoqps wvill m:pplypmr to thena:l.n'bus.
(See Figure 12-2). | |

A 1500 watt-hour isolated battery is installed to provide e-orgemy
audio bus ann squid ﬁring voltages and to supply emergency voltages to
other circuits in the event the main and stanﬁbybatteries are depln‘hed
The isolated battery also :l.neorpmten reverse cnrrent protection and
is connected to the isolated bus through an ON-OFF switch. Isolated
battery taps supply 6 and 18 volts d-c through self-centained diodes,
to the 6 and 18 volt isoiated busses. The 24 volt isolated bﬁttex'y'

i11-6
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output is availsble through the ARM position of the SQUIB switch and
through the EMER position of the AUDIO BUS switch to the associated
busses., The isolated 24 volt d-c output may also be connected in
perallel with the 24 volt output of the standby batteries through the
STDBY position of the ISOL-BTRY switch.

External d-c power is supplied through the umbilical csble to space-
craft circuitry. This power is used for pre-launch operations in order
to converve the spacecraft battery supply. Normally 6, 12, 18 and 24
volts d-c are supplied through seven inputs. FExternal power voltages
of 6, 12 and 18 volts are fed through fuses in the spacecraft to the
6, 12 and 18 volt busses. The 24 V external power is routed through
diodes in the spacecraft, to the 24 V busses. Only four external power
supplies are used to supply the 6, 12, 18 and 24 volt requirements. The
d-c ammeter is used, with the ammeter switch in the NORM position to

indicate d-c¢ current from the batteries in the circuit.

11-5. A-C POWER AND CONTROL

11-6. MAIN INVERTERS

Main 115 volt, 400 cycle a-c power 1s supplied by two inverters of
150 volt-emperes and 250 volt-amperes each. The a-c load is divided into
two groups namely the ASCS a-c bus and the FANS es-c bus. The 250 VA
inverter supplies the ASCS a-c bus and the 150 VA inverter supplies
the FANS a-c bus. The cebin fluorescent lights are energized fram the FANS

bus. The main d-c bus powers the 150 VA (fans bus) inverter through a line

11-7
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Figure 11-3 A-C Power Control Schematic
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Figure 11-4 Typical System Equipment Operating Sequence
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£11ter circuit and a 25 ampere fuss. The 250 VA inverter (ASCS bus) is
also powered froam the main d-c bus through a line filter and 25 smpere
fuse. The 4-c power is controlled through the NORM position of the ASCS
AC BUS, and FANS AC BUS switches on the main instrument panel. The out-
puts of the FANS and ASCS inverters feed the solencids of the fans bus
relay and the ASCS bus relay. These energized relays feed the inverter
output through the closed coutacts of the releys to power the FANS and
ASCS busses. (See Figure 1l1-3).

SPANTBY INVERTER

Standby 115 V, 400 cycle a-c power is supplied by ome 250 volt
smpere standby inverter. The standby inverter will supply a-c power
to either, or both, ASCS and FANS a-c busses by selecting the STANDBY
position on the respective ASCS AC BUS or FANS AC BUS switch located
on the main instrument panel.

In the event of failure of either the 250 VA or 150 VA main in-
verters the respective fen bus relay or ASCS bus relay will be de-
energized. This action will autcmatically emergize the stendby inverter
relay which in twrn will apply d-c power from the filter to the standby
inverter. The a-¢ output from the standby inverter is then directed
through comtacts in the de-energized ASCS or fens bus relays to their
respective busses. A warning light on the main instrument penel indi-
cates vhen the standby inverter is switched into cperation by reason of
failure of either of the main inverters. (See Pigure 11-3).

POWER DISTRIBUTION

11-10
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11-9. P=-C POWER DISTRIBUTION

— D-¢ power 1s teken from three separate battery groups, nsmely the
main battery, standby battery and isolated battery. Various sub-busses
vhich operate from these sources and the bus separation method are as
follows:

(a) Mein d-c¢ bus directly to the main batteries.

(b) Meain 24 V squib bus through SQUIB switch from main bus.

(¢) Main retro squib bus from main bus through main retro squid
power drop relay.

(d4) AsSCS main 2% V bus from main bus through separstion relay.

(e) Pre-impact plus 10 minute from main bus through impact relay.

(£} Stendby d-c bus directly to standby battery.

o (g) Isolated d-c bus directly to isolated battery.
(h) Isolated 2L V squidb bus through SQUIB switch fram isolated dus.
(1) Isol retro squib bus from main squib bus through isolated retro
squid power drop relay.
(§) Audio bus from mein bus or isolated bus through AUDIO BUS switch.
(x) Standby 6, 12 and 18 volt busses directly to taps on standby
battery.
(1) ZIeclated 6 end 18 volt busses directly to taps on isolated
battery.
(m) Wearning lights 12/24% Vv d-c bus.
& 11-10. SYSTEM UNITS

11-11. BATTERIES

Each cebin battery consists of series connected silver-zinc re-
chargeeble cells having a nominal potential rating of 2L volts and a
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NOTES

1. TOTAL ACTUAL AND INDICATED POWER AND HEAT DISSIPATION LOAD 12,589.8 WATT-HOURS.
(MAIN BATTERIES SUPPLY 7,553.8 WATT-HRS. AND STANDBY BATTERIES SUPPLY 5,035.9 WATT-HRS, ),

2, STANDBY BATTERIES ARE PARALLELED WITH MAIN BATTERIES THROUGHOUT ENTIRE MISSION,

LEGEND
3. PEAKS TO SHOW SQUIB FIRING SEQUENCE ONLY, MAIN BATTERIES ;e
'STANDBY BATTERIES' — — — — —-
ACTUAL WATTS
o) 100 200 300 400 500 600 700 800 900 1000 1100 1200
| ] I l | | [ I ] { l ] ]
i 486.5
Viods 508.4- WATER SEPARATOR 30 SEC./30 MIN,
! 6435 PROGRAMMER A" 50 Mit='SEC, /17.5 SEC,
T - 30 MIN, L TELEMETRY PWR SUPPLY AND XMIT - CONT. (PILOT ACTION)
PRE-LAUNCH. 121n.3 528.2
1 HR. T - 18 MIN, % UHF T/R AND BOOST AMP, - ST'BY (PILOT-ACTION}
To- 12 MIN. 1214.3 35.7 § TAPE RECORD AND LO LEVEL COMMUTATOR-ON
: 2975 5937 | CBANDBEACON - CONT. (FILOT ACTION)
Tg - 6 MIN. C BAND BEACON - INTERROGATE
596.3
238.5 614.0 — UHF TRANSMIT
UMB. DISC (1) HORIZON SCANNERS - ON
1245.3 _]6|13
BECO t
j245.9 614.7
LAUNCH TOWER SEPARATION H TOWER SEPARATION BOLTS
1 HR. : ~e————ESCAPE ROCKET
[]
12531 550.6 - UHF TRANSMIT
i 32.7
SPACECRAFT SEPARATION ——L =y SPACECRAFT ADAPTER BOLTS
1278.5 696, 3f—~e————POSIGRADE ROCKET,& UMB DISC,
SPACECRAFT SEP +5 SEC. { - S ER e
:276.7 691.7 HF DIPOLE ANT EXTEND
SPACECRAFT SEP + 10 SEC, ——&
1278.0 95.0
SPACECRAFT SEP + 30 SEC } :
276.7
ORBIT-ATTITUDE J 691.8 ANG RATE IND-OFF
SPACECRAFT T 53,5 TAPE RECORD AND LO LEVEL COMMUTATOR-OFF
SEPARATION ! " 4120~ REACTION CONTROL (ASCS)
+5 MiIN. '
12214 571.7 - UHF TRANSMIT
¥
; 557.1 - C BAND BEACON - INTERROGATE
SPACE- —— pmm=mmmm —— ASCS = OFF (PILOT ACTION])
CRAFT H 297.6 :
SEPARATION 318.7 ~ DATA
+1 HR Y e - TAPE RECORD AND
ORBIT jne.o 3 336.9 Z CAL -~ 15SEC. § ONCE EvERY HR, § [/} SO0 AR roR ¢ 60 SEG/10 MIN
28 HRS : 334.3 R CAL, - 15 SEC,
T SPACE~—p=<t €, BAND BEACON - GND. COMD, .
CRAFT 1} TELEMETRY -~ GND, COMD, {PILOT ACTION)
SEP. : UHF - OFF & HF T/R - ST'BY
+3 _oaarrs: 220.7
[}
| ] )
H 227.4 - BLOOD PRESSURE {PILOT ACTION).
| 2512~ HF TRANSMIT
3
; 377.4 - PROGRAMMER “A"
3
).88.3 242.3.- WATER SEPARATOR
! 279.3r REACTION CONTROL (F.B. W.)
! 229.3- ROLL HORIZON SCANNER HEATER
' 229.3 - PITCH HORIZON SCANMER HEATER
' 241.7 - DATA : TAPE RECORD AND .
! ’ 240.0 - Z CAL, - 15 SEC, ] ONCE EVERY HR. } Lo LEVECL COMMUTATOR &0 SEC/10 MIN.
: 255.5 - R CAL. - 15 5EC.
: 229.3 YAW OPTICAL REF (FILOT ACTION)
L 220,7
--mmmmey 1ASCS « ON (FILOT ACTION)
4 HOUR H
ASTRO i
S irepn : 190.5 =" 534.6= REACTION CONTROL (ASCS)
PERIOD ' 478.2
pomesm oo I "ASCS = OFF (PILOT ACTION)
]
FIIS-145-1

Figure 11-§ D-C Watt-Hour Loading (Sheet 1 of 2)
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ACTUAL WATTS

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
l | ] I | ] | | I | { i |
Teas Tzch
Lo { TELEMETRY - ON
: 298.7.(30 SEC.} | © BAND BEACON - ON
: 316.8 - Z CAL, ~15SEC,
ORBIT 19,5 314.2 =R CAL, - 15 SEC, 5 MIN/GND. COMD.
28 HRS. 1 ~— € BAND BEACON INTERROGATE
ped 3013 TELEMETRY - OFF
188.3 [220.5 C BAND BEACON - OFF TELEMETRY = CONT, (PILOT ACTION)
Tg - 3 ORBITS — = { HF - OFF & UHF T/R & BOOST - AMP - ST'BY (PILOT
1106.0 265,1 ACTION)
Tg - 2 ORBITS ——'-,T— o=, CBAND BEACON - CONT. {PILOT ACTION)
1 . .
Tg - 45 MIN, L ey ASCS - ON {PILOT ACTION)
1221.4 I 553.5
Tg = 10 MIN. [N : ANG RATE INDICATOR = ON
]
[
! 231.4 578.5
1
TR = 30 SEC, i, TAPE RECORD AND LO LEVEL COMMUTATOR-ON
12418 ]604.5
—_— TR ASCS SLAVING & HORIZON SCANNERS = OFF
ﬂ 238.2 l595.5 RETRO ROCKETS (3 PEAKS AT 5 SEC. INTERVALS)
l Tg + 30 SEC. 1
1 i 258.2 645.4
Ty + 90 SEC. 4 HORIZON SCANNER - ON, RETRO ASSY, 80LT
RETRO JETT, H 860.5
1264.2 e RETRO UMB, DISC,
RETRO JETT + 30 SEC 4 ASCS SLAVING = ON
Tg + 120 SEC !
- b S
RE-ENTRY S7'BY BATTERIES i MAIN BATTERIES +——n— 706.5 - WATER SEPARATOR
.5 HRS. i
12740 702.9 = UHF TRANSMIT
\
: 841.9 - PROGRAMMER "A"
L05G r-----; ASCS SLAVING, ATT. GYROS AND HOR. SCAN-OFF
1204.7 {511.7 orOGUE MORTAR
2K 5
| 207.3 ]5:3.3
17K \ CABIN FAN = OFF
: 208.0 |526.0 ANT FAIR SEP AND MAIN CHUTE ANG, RATE END-OFF,
10K e { ASCS RATE GYROS-OFF
' @y ASCS A-C BUS-OFF {PILOT ACTION)
1193.5 -
10K* +12 SEC, 4 LANDING BAG
: 196.6 491.6
10K + 150 SEC r=-d REACTION CONTROL (Hz Qg JETT) - OFF
L 1163.4 408.5
— IMPACT S
4 1144.4 360.9
RESCUE AIDS Yy
! —e——— MAIN AND RESERVE CHUTE DISC (RES AIDS + 1 SEC.)
)
1513 —~«——— RESERVE EJECT AND DEPLOY (RES, AIDS + 1 SEC)
! 378.3
RESCUE AIDS r e WHIP ANTENNA
3 . X
* 30 SEC. Y r‘<—— SQUIB ARM SWITCH-OFF (PILOT ACTION)
IMPACT 1136.6 341.5 C BAND BEACON AND TELEMETRY-OFF
oVt ! TAPE RECORD AND LO LEVEL COMMUTATOR-OFF
- 370.0- PROGRAMMER A
1
POST :85‘3 243.8 - HF TRANSMIT
PERIOD t
12 HRS. : 235,0 WATER SEPERATOR
]
§ —~s———— INTERIOR LIGHTS = OFF (PILOT ACTION)
1
]
lory 204.3
:
]
[
H

FM18-145-2

Figure 11-5 D-C Watt-Hour Loading {Sheet 2 of 2)
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I OFF
—I r—l :/ o
I ON
(3> EAGLE PICHER MAR4028-1, MAC 45-79707-15 (1500 WH)
[ EAGLE PICHER MAR4027-B, MAC 45-79707-21 (3000 WH}
{3 EAGLE PICHER MAR4028-A, MAC 45-79707-19 (1500 WH)
'[TOEAGLE PICHER MAR4D28-B, MAC 45-79707-19 (1500 WH)
) [Z>EAGLE PICHER MAR4028-8, MDE4587020-5 {1500 WH)
24V &V &V 12V a2y 18y 18v 28V 24V
(-~ G H D E 1 C A B )
CONSTRUCTION
TYPICAL 1500WH
OR 3000 WH
BATEERY
FILLER
HOLE
PLUG
MANIEOLD
NOTES SCREW PLUG
[D> MAY BE INSTALLED IN SPACECRAFT
FOR GROUND TESTS OR FLIGHT.
[Z> MAY BE INSTALLED IN SPACECRAFT
FOR GROUND TESTS. RELIEF
[3> DO NOT INSTALL IN SPACECRAFT. / VALVE
MAY-BE ACTIVATED AND|USED FOR ASSEMBLY
POWER, SYSTEMS TESTS, GROUND
CART FOR "THRU THE HATCH POWER"
AND BATTERY CHARGER TESTS.
MANIFOLD
VENT LINE
ELECTRICAL
COMNNECTOR
24V ON-OFF SWITCH
OFF
— H HH B
| o
[ EAGLE PICHER MAR 4027C, MAC 45-79707-17 (3000 WH)
[B>EAGLE PICHER MAR 4027-1, MAC 45-79707-13 (3000:WH)
[ EAGLE PICHER MAR 4027A, MAC 45-79707-17 {3000 WH)
[I>EAGLE PLCHER MAR 3027C, MDE4587020-3 (3000 WH)
-24v 24v 24v
{ ¢ B A B

FMI8-31A

Figure 11-6 Typical Battery Assembly
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minimum capacity rating of 3000 watt-hours for the three main batteries,
3000 watt-hours for the two standby batteries and 1500 watt-hours for the
isolated battery. Each battery is equipped with a pressure relief valve
designed to maintain internsl pressure from 5.5 to 14.9 psi. The pres-
sure relief valve 1s mounted externsl to the battery case. The battery
switch is iv the positive 24 volt output.

The battery electrolyte consists of a 40 percent solution of reagent
grade potassium hydroxide and distilled water and 1s used to activate the
dry chsrged batvery initially. After the first discherge cycle, the
battery may be recharged by a constant current battery cherger. The
batteries furnish power for all electrical equipment in the spacecraft;
therefore, proper servicing and maintenance i1s of extreme importance.

The batteries are designed for five complete cycles of discharge and
charge; however, for highest relisbility, wits should not exceed four
cycles or an activated life of 60 days prior to flight. For the internal
wiring of the batteries see Figure 11-6.

IBRVERTERS 250 VOLT-AMPERE AND 150 VOLT-AMPERE
The d-¢c to a-¢ inverters installed in the spacecraft are of a

solid state design capable of operating continuously at full rated
power output' in a embient etmosphere of 160°F. or at 80°F. at 5 psia
100% oxygen. Inverters are cooled by the use of heat sinks and baffles.
The cutput is 115 volts a-c + 5%, single phase to ground, with a fre-

quency of 40O cycles + 2.5% and essentially sinusoidsl in waveform.
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D-C AMMETER 0-50 AMPERE

The d-c emmeter is located on the main instrument penel and provides
the astronaut with an indication of total current drain fram all bat-
teries (see Figure 11-1)., The basic smmeter movement has a 50 millivolt
sensitivity. A shunt of suitable resistance is connected across the
input of the meter providing s low resistence path to ground with the
proper voltage drop at 50 amperes for & meter movement to full scale
deflection.

D-C VOLIMETER 0-30 VOLTS

A d-c voltmeter, and selector switch, are located on the main
instrument psnel (see Figure 11-1). Approximate battery condition
can be determined by placing the D-C VOLTS switch to the appropriate
positions and reading the individual battery voltages. Maln and isolated
voltages may also be determined by placing the D-C VOLTS switch to the

appropriate M or I position.

A-C VOLTMETER

An a-c voltmeter and a five position selector switch ere mounted
on the main instrument panel. The five positions of the a-c voltmeter
switch are 250 VA, 150 VA, STBY, ASCS and FANS. (See Figure 11-1).

INTERIOR LIGHTING

SYSTEM DESCRIPTIOR

Interior lighting for the spacecraft consists of two fluorescent
cabin lights, and a series of warning telelights. See Figure 11-7 for

11-16
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‘Figure 11-7 Interior Lights and Warning Lights System
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location and arrangement of cabin lights and telelights.

CABIN FLOOD LIGHTS

Two fluorescent cebin flood lights are mounted on brackets to the
right and left and above the astronaut. Power for the cabin lights is
supplied from the 115 V a-c inverter fans bus and controlled by a three
positicn switch located on the left console. The switch positions are
marked BOTH, LF ONLY end OFF. The cabin flood lights are of high actinic
value, especially suiteble for camera usage. The lights produce little
heat and heve a low wattage consumption of 7 watts each (see Figure 11-7).
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The astronsut is provided with voice commmunications throughout the
entire mission (see Table 12-1). A dual headset and microphone con-
tained within the astromaut's helmet, operate through the sudio control
circuits to the selected voice commmnications set (see Figure 12-2). A
spacecraft-pad interphone system is available prior to umbilical cable
discomnect.

HF reception is available through the HF Voice Commmmnication set
during launch and orbit. HF voice transmission may be used only after
spacecraft separstion by astronaut selection of the HF position of the
TRANSMIT ewltch. The HF set is disabled at antenna fairing separate and
re-energized upon landing. The HF Voice Commmnications set provides re-
ception and transmission, during the post landing phase of the missionm,
also.

UHF reception is avallable throughout the entire mission by the UHF
Voice Commmnications set and its UHF Booster Amplifier. Transmissions
over this set may be made when the UHF position of the TRANSMIT switch
is selected by the astronaut.

The selected transmitter may be emergized by operation of a push-to-
talk switch, or by a voice operasted relay when the VOX switch is in the
ON position by speaking into the microphone. The UHF transmitter will
eutomatically be energized upon landing to provide a direction finder
signel.. This sutomatic feature may be overridden by the astronsut.
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A spacecraft to life raft extension cable is provided to allow the

‘agtronaut use of spa.ceerqﬁ. transmitter-receivers while outside the

spacecraft. ‘This 1s accomplished by placing & push-to-talk switch and
an earphone and microphons at the end of & 27 foot extension cable. The
spacecraft end of the extension cable is provided with s plug waich fits
the utzﬁmt's.mit‘diqcomct. With the TRANSMIT switch in the HF
position, HF snd UHF operation is provided. With the TRANSMIT switch
in URF; only UHF operation_ 48 provided.

" The Command Receiver provides an emergency ground station-to-space-
craft voice commmications chammel throughout the mission until space-
craft impact. Power for the voice commmications systems is supplied

through fuses located in the Communications and Commmications ASCS Fuse

Holders (see Figure 12-2).

COMMAND RECEIVER

A set of Recelver-Decoder and esuxiliary decoder units is used for
reception and decoding of ground command signals. These signals are
for the purpose of activating various control circuits.

Power for the Coumand Receivers is supplied through the fuses
located in the Commmications and the Commmunications ASCS. Puse Holders
(see Pigure 12-10).

A Telemetry Transmitter is provided for commj.catins instrumentation
information to the ground stations. Information is picked up throughout
the spacecraft in the form of voltages from voltage divider circuits.
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These voltages cause VCO frequencies to change to supply suitable in-

puts to the Telemetry Transmitter. (Refer to the Instrumentation

Section XIV of this mamual). A transmitter having a power output of

2.0 watts is used for transmission of telemetry information. The
operation of the transmitter is comtrolled by the TELEMETRY switch

on the Main Instrument Panel. It's three selections are GRED COMD, OFF,
and CONP. The power output of the telemetry transmitter is fed to either
the Main or the UHF Descent Recovery Antenna. Power for the system is
obteined fram fuses loceted in the Instrumentation Fuse Holders (see Figure
12-4 and Figure 12-11).

The beacons provided in the spacecraft to aid tracking by ground
stations are C-Band and S-Band beacons, & UHF Recovery Beacon and an
suxiliary UHF Beecon enmergized at antenns fairing separation, and an
HF Recovery Beacon, energized upon landing. These beacons provide sig-
nals compatible with direction f£inding equipment used by the recovery
crews. 'The UHF Voice 00mn1cations transmitter is keyed at antemnna
fairing separation to provide an additional signal for direction finders.
A flashing strobe light is installed for visusl location of the space-
craft after landing. (See Section VII of this marmal).

Spacecraft power for the beacons system is supplied through fuses
located in the Coammnications and Ascs Fuse Holders. (See Figure 12-5
and Figure 12-12).

ABTENNAS

The voice commnications, telemetry and beacon receivers and
transmitters, with their various frequencies and types of outputs

1
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'mmcemr.mm-‘

‘require an dnteima system with wide capabilities. Eherefare-, five
‘anternas are used to fulfill the emtire mission requirements. A main
Bicone antemma and & Retro Package 21 B:Lpole Antm 418 used for the - |

wajor port:lom of the nisaion mring re-entry, the Biosne l.ntenns must

be jettisoned to allow main parachute deployment. The HF Dipole 1s -

Jettisoned with th_e ‘retro package. To _rgyhce,.the_,,m function, &
coupact UEF Recovery entemna is mutematically placed in operation at

bicone separa.tion Uponlmung anm'necmrywhipmumam“m

mnemhtemmextendedtopemitm‘mmopmtm nrough
out the entire mission, C- and S-Bmd a.ntemas are provided ror operation
of the radar beacons. Antenna sw:l.tchi.ng_ and mlt:l.);lex:l.ng are performed

;anmtiediy by the EF .cnée&m—y.ﬁ- (See Figures 12-6 and 12-13). Power

requirements tor mtema. switching m supplied thronsh a sw:l.tch-fnse
located on the left console Switch-Fuse Panel. (See Figure 12-13)

va:é!r‘eéum:mm ;

n?aadmreeeiveroutwtammtedto the eontrolpa.nel This
pm:ldeaonevolme cmtmlforn'maioandonevohme control:tor
UHF audio. !me voice entput from the eemand receiver is connected to
the Commmnication Comtrol Panel. for mixing and voluse control. Separstion
of command and voice sudio ‘signals by a low pass filter, m_mplﬁiution
of resulting voice sudio is dome in the andio cemter. (See Figure 12-T).
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Commmication endfo signals from the volume controls, the inter-
phone audio from the pad-to-the-jtlut and alarm tones are _anpﬁ:l;l.ed to
thé tape recorder relay and the two headset amplifiers in the sulio
center. The headset amplifiers serve to amplify the audio signals and
feed them to the individusl earphones in the astromaut's helmet. The
de-~energized positiom of the tape recorder relay supplies a peth for
re_eeivéi audio to the main tape recorder.

Audio frm the microphohes is fed to two separate microphone smpli-
fiers in the sulio center. These two amplifiers serve to emp.iify micro-
rhone output to e level sufficient to supply modulation circuits of the
voice transmitters. The microphone amplifier output is also fed to the
input of the VOX (voice cperated relsy circultry). The tremsmitter is
energizved by use of the Push-To-Talk switch on the abort hsmdle. or by
the VOX circuit when the VOX mtch on the instrusent panel is in the
TRANSMIT position. After impact, the astronaut mey dlscomnect his suit
communications connector end attach a microphone-headset-PTT gwitch
assembly to the suit cmmicaﬁom comnector. This microphone-headset
assenbly is fitted with a 27 foot vaterproot electrical csble eand is
used after egress to provide the astronsut with tvo wvay communications
on the spacecraft HF and UBF commmiceations systems.

12-10. HF VOICE COMMUNICATIONS

12-11. HF COMUNICATIONS
The HF volce commmications set is an AM receiver-transpitter wnit.

1212
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Power from the Main Pre-Impact 24 volt d-c bus is fed directly to
the receiver section of the set. The trsmsmitter is fed 2 volte through
the HF position of the TRANST switch and the closed comtacts of the
‘Tower Separation Relay, after tower ssparstiom. Auilo iuput to the trans-
nitter portion of the wnit is from the microphone amplifier in the audio
center. The transmitter is keyed either sutcmstically through the VOX
circuit or memially by the astromaut's use of the pusheto-telk mtch
 (See Pigure 12-8).
The antenna connection from the set is through the three position
HF ANT SELECT ewitch located below the ¥ight’hand console. Te HF
ANT SELECT switch utilizes three positions, DIPOLE (orbit only), BICONE
snd VHIP. These three switch positions provide optimm antemna operation.
HF operation is prefersble through the use of the dipole antemna vhile in
orvit. Awdio output from the receiver, including sidetone during trans-
mission is routed to the HF volume control in the control panel.

12.12. UHP VOICE COMMUNICATIONS

12-13. UHF RECEIVER-TRANSMITTER

The UHF voice cammmications set is an AN receiver-transmitber unit
designed to operate on a frequency of w&ly 299 MC. The tranmmitter
output is increased by a separate UHF booster amplifier.
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Figure 12-9. U.H.F. Voice Communications Data Flow
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Pover from the 2l volt d-c Audio Bus is fed through the UHF
 position of the TRANBAIT svitch directly to: the receiver section of
the set. (See Figure 12-9) - Power for thetrananitter section of the
set is also taken from the m posit:l.on of the TRANSMIT sv:!.teh At
bicone antenna aeparation the bicone ‘separation relay contaets assume
- the lmﬁmctionaathememtacts or,themmmmwhthumo-
viding a comtimous WP signal for DF purposes.’ Audlo luput to the
trensmitter portion of the un:l.t is from the nicrophene mpliﬁers in
the endio center. The tranmitter 1- energ:l.zed eithsr aubmaucam
or. naaually by the astromsut. It will be enecrgued atrtmt:l.eally at
bicone sepmt:l.on to prov:lds a UEF signal for d.:l.rect:lon ﬁnding equip-
mnt This feature nsy be. overridden by operatim or the W-Dl' Mtch
on the ecntrol pml to the R/T position.
Antannacmnemdnnmthe set is thronghthembooster mliﬁ.er,
~ cosx switch, a.n'_benna mltiphnr,' and the antenns switch to either the
main bicone or m;rescni'ant‘anm. ~ Operation of the PIT ’Mteh or enisr-
gizing the voice operatedrelawvhile in the UHF mode causes the booster
 emplifier to be inserted in serles vith the coax line. frensntiter out-
| put is then boosted by this smplifier to 2 watts. The booster 1s also
availsble after lapding. The multiplexer output is connected through .
the entenna switch o either the main bicone or the UEF rescue entenna.
Avdio output from the receﬁe_r, Meludins"sidatm during transaission,
is routed to the UHF voluﬁg cantrol in the control penel..
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TELEMETRY
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Figure 12-11. Telemetry System Data Flow

12-20




s

£

MCDONNELL .~ SEDR 104

12""1'"0 )

12-15.

12-16.

 The receiver-decoder unit consists of an FX receiver. The reseived
signal may be modulated with & meximm ots:t:x of & possible twenty audio
frequencies. The receiver reduces the Input signal to the modulation fre-
quencies which cperate 1nddvidual control relsys. (See Figure 12-10).

Each ecntr.o].,reléy p:dﬂ.des contacts from a normally open or a nor-

mally closed cantrol chamnel. Ten channels are provided in the receiver-
decoder with sn sdditicnsl ten availsble in the suxiliary decoder. Come
mend chennel sssignments ere not dlsclosed for security reasons, Bmer-
gency voice commmications may be had fram the ground statiom to the.
spacecraft through the cm receiver. Receiver cutputs arve supplied
through a filter and anpliffer in the andio cemter cirouits to the astro-
mu"s headset. Power for the command set is supplied from the standby

18 volt d-c bus. Both power circuits are routed through sections of the

impact releys in order to de-emergize the set \_iponlimdins.
Antenna input is from the bicone or UHP rescus antemna through the
entenna switch and antenna multiplexer to the receiver.

TELEMETRY TRANSMI'TTER |
The telemetry tranmmitter set is an FM transmitter operating ou a
frequency of approximately 228 MC.
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Before umbilical drop, the telemetry transmitter and its power
supply receive 24 volts d-c fram the Main Pre;inmact bus through the
energized Ground Test Unbilical Relay, normally open contacts. This
relay's solenold is energized thiough the wmbilical until the umbilical
1s dropped. (See Figure 12-11).

To silence the ™ transmitter, the astronsut may place the telemetry
svitch in the OFF position which will prevent 24 V d-c power from reaching
the transmitter. Placing the telemetry switch in the ground command,
position ensbles a signal from the ground to energize the telemetry
command relay which will apply power to the transmitter. The signal
1s progremmed to lest 6 minutes and then it is removed shutting off the
telemotry transmitter. The transmitter will remain off until commanded
again by srmmd commend. The CONT position of the TELEMETRY switch
applies continucus power to the ™ transmitter.

Coded instrumentation infarmation is supplied from the Instrwmentation
Package "D", and used to frequency modulste the tranemitter. (See the
Instrumentation Section XIV of this manmal).

RF power output is fed to the antennsa multiplexer where it is routed
through the entenna switch to the main bicone or UHF recovery antemna.

12-17. C~-BAND BEACON
The C-Band beacon is a transponder unit consisting of a receiver and
transmitter cperating on a frequency of spproximately 5400 to 5900 MC.
The beacon is double pulsed and is compatible with modified FPS-16 radaxr.
Upon ground command, through the ¢ommand receiver, or by astroneut selection
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of the CONT position of the C-Band beacon switch, the beacon receiver is

energized. Interrogation Ey ground radexr will then result in a coded
reply from the beacon trensmitter. Input power is from the main pre-
impact 24 volt d-c bus through the beacch relay controlled by the
command receiver, or, for continuous operation, through the C-Band
beacon svitch. An OFF position of the C-Band beacon switch 1s also
provided. (See Figure 12-12).

The C-Band beacon antenna connection is through the C-Band power
divider to the three C- and S-Bend Beacon antemnas. A phese shifter
18 used between the C-Band Power Divider and one C-~Band Antemna to
prevent nulls in the radiation pattern.

S-BAND. BEACON

The S-Band beacon is & transponder unit consisting of a receiver

" apd transmitter. (See Figure 12-12). The wnit operates on a frequency

of approximately 2700 to 2900 MC and 1s double pulsed to reduce possi-
bilities of unauthorized interrogation. This wit is compatible with
ground based Verlort Radars and operates at a positive acceptance
tolerance of + 0.5 micro-seconds and a pbs:l.tive rejection tolerance of
+ 1.8 micro-seconds.

Power circuits, interrogation and reply are the seme as the C-Band
Beacon. (Refer to Peragraph 12-17). |

Bescon entenns connection 1s through the S-Band Power Divider to
three "C" and "S" Band Beacon antennas.
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Figure 12-13. Antenna System Schematic
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12-19. B?ZUH!‘ RECOVERY BEACON

12-20.

12-21.

Two recovery beacons are cambined into one unit. One beacon operates
on high frequency, while the of.her operates on ultra high frequency. Both
are energized to provide radio signals for récavery direction finder equip-
ment. (See Figure 12-12).

The HF recovery beacon operstes on a frequency of approximately 8 MC
with a tone modulated output. It is powered by the 12 volt standby bus
through the impact relay and is energized wpon landing. The RF power out-
put is fed through the rescue diplexer to the elevated HF Recovery Antenna.

The UHF recovery beacon cperates on a frequency of approximately 243 MC
with pulse modulation. It is powered by the 6 volt isolated bus through the
antenna fairing separation relay. This circuit is energized vhen the antenna
fairing is jettisoned. The RF power output is fed through the antenna malti-
plexer and the entenna switch to the UHF rescue antemna.

AUXILIARY RESCUE BEACON

The Aux. Rescue Beacon operates on s frequency of approximately 243 MC
with pulse molulation. It is powered by the 6 volt standby bus through the
Antenna Fairing Seperation Relay. These circuits are energized at antenna
fairing separstion. The RF power is radiated from the Aux. Rescue Beacon
Anterma. (See Figure 12-12). |
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12-22,

12-:23.

-2,

MAIN BICORE (HF AND UHF)

A biconical antenna is used for pre-launch, lsunch, orbit and initisl
re-entry phases of the mission. This antenna is an integral part of the
antenne falring and is located over the open end of the recovery system
compartment of the cylindricel spacecraft afterbody. The biconical
antema serves the HF and UHF voice receiver-transmitters, the command
receivers, and the telemetry transmitters. The active element of the
biconical antenna forms the upper portion of the antemna fairing while
the lower portion of the fairing and the spacecraft body farms the ground
plane for the entenna. (See Figure 12-13).

UHF RESCUE ANTERNA

A UHF antenna is used for the final phase of re-entry, landing and
rescue. It is a compact antemna located on the open surface of the
recovery systems compartment. The antenna is folded when the antenna
fairing is installed. Sixteen seconds after the rairing i1s Jettisomed
the UHF recovery antenna is erected and serves the UHF vo:lceh receiver-
transmitters, the UHF portion of the recovery beacom, the command re-
ceivers, and the telemetry trensmitter. (See Figure 12-6).

MAIN BICORE HF DIPOLE AND UHF RECOVERY ANTERNA FEED
The various radio systems are connected to the bicone antenns, the
HF aipole or the UHF recovery antemna in the following manner: (See

Figure 12-13).
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(1) The HF volce receiver-transmitier entenna leads are connected
to the HF ANTENNA SELECT menual coexiel switch which when placed
in the following positions feeds the antenna systems as follows:
(a) WHIP position, HF recovery antenna through the recovery dai-
plexer.

(b) BICONE positicm, the bicone antenna through the main muliti-
rlexer and the antenna switch.

(¢) DIPOLE (ORBIT ONLY) position, to the HF dipole antenns on
the retro package.

(2) The UHF receiver-transmitter antemna lead is connected through the
main mltiplexer, to the antenna switch whose oubpufs feeds the
bicone antenna until antenna separation. After an‘bem sepa-
ration the descent antema is fed.

(3) The command receiver antemna lead is connected to the antenna
mltiplexer,

() The Low frequency telemetry transmitter feeds direclty to the
antenna miltiplexer. |

12-25. ANTENNA MULTIPLEXER

The antenna maltiplexer ensbles simultaneous or individual operatiom
of the radio systems using one antenna. fﬂ'fectively this is a radio fre-
quency Juncticn box which allows several receivers and transmitters to
cperate simultaneously without interference with each other. Final
connection to the antenna is through the antenna sw:l.tch to either the
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biconical antemna, or the UHF rescue antenna. The antenna switch is
operated by the antenna fairing separation relay to cause the automatic
shift from the main antenna to the UHF rescue antenna upon antenna
fairing jettison (see Figure 12-13).

RECOVERY ANTENNA

An antemna is provided to permit HF radio transmission end reception
after landing. The antenna is a telescoping whip sntenna which is auto-
matcially extended by a pyrotechnic after impact. Once extended, the
antenna is used for the HF voice receiver-transmitter and the HF portion
of the recovery beacon.

The HF recovery beacon feeds through the recovery diplexer. The HF
volce receiver-transmitter is fed through WHIP position of the manual ANT
SWITCH and then into the recovery diplexer to the HF whip antenna. The
aiplexer ellows simulteneous or individual operation over & single lead
to the antenna. (See Figure 12-13).

C_AND S BAND ANTERNAS

Three C- and S-Band antenna units are installed in the spacecraft
structure for the C- and S-Band beacons. These units are equally spaced
asbout the circumference of the conical s_ect:l.oh. Each entenna unit con-
sistsofonehenxasac-nandantennaandmehelixasaﬁsmand antenna.

Antenna leads from the C-Band and S-Band beacons are routed through
individual power dividers to the three associated helix antemnas. (See
Figure 12-13).
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HF DIPOLE (RETRO PACKAGE) ARTENNA

fn HF Dipole antenna is used vhile in en orbit condition. The
dipole entenna consists of two units, one attached to Qithér side of
the retro psckage. The active elements consist of tubular beryllium
copper ribbons. The ribbons are rolled in a flat condition prior to
orbit. Upon reaching orbit, & squib is fired on the dipole antennas
assemblies, to release the active elements and allow them to unroll and
become tubular in an extended condition (See Figure 12-13).

SYSTEM UNITS

AUDIO CENTER

The audio center provides transistorized audio amplifiers, a volce
operated relsy (VOX), an sudio filter, tape recorder control circultry
and transmitter control circuitry. (See Figure 12-7). All components
are contained in a light weight, foam encapsulated unit.

Two fixed gain headset emplifiers eare used to bring sudio signals
up to headset level and feed the headsets separately. Two fixed gain
amplifiers are provided to increase the dynamic migrophone outputs to
a level suitable to be used with the various transmitters.

A low pass filter, wvith a cutoff far frequencies sbove 3000 cps,
filters the audio supplied from the command receivers. Outputs from
the filter 1s fed to a varlsble gain, command audio eamplifier.

'ﬂ:é "voice operated relay” is a transistorized esmplifier with separate
adjusteble threshold level and release time controls. The amplifier
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Pania

overates a relay to provide a grounding circuit for transmitter keying.
This unit parallels the external PIT switch.

The sudio center furnishes a circuit to apply the keying ground
potential to the tremsmitters. Each circuit is protected from the
rest by a diode.

A relay 1s installed in the audio center for supplying power and
audio signals to the tepe recorder, In the de-energized condition, the
relay closes a circuit to the tape recorder input, thus sudio received
by the spacecraft is recorded whenever instrumentation programs tape
recorder operation. |

When the microphone switch or VOX is operated, the tape recorder
relay 1s energized if VOX operation of tape recorder is selected. One
set of closed relay contacts now completes the recorder power circuit
independent of instrumentation programing, while a second set of
contacts routes signal from the microphone amplifiers to the recorder
input.

The circuits in the esudio center operate directly from the space-
craft 2k volt d-c inputs with no further regulation or voltege increase.

CONTROL PANEL

ﬂhe audio control panel provides controls and circuits for the audio
signals of the various spacecraft receivers (see Figure 12;7).

The HF and UHF circuits are routed through individual T-pads to
tolt:_:ne controls. The HF circuit has a single volume control, the same

is true of the UHF circuit, while separate volume control is pProvided
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for the commend sudio circuit., Fixed inputs ave used for the alerm
tone and ground interphone circuits.

The panel also contains a switch override for the impact keying
feature used with the UHF trensmitters, and keying button on the panel
to interrupt the telemetry B+ suppiy to provids. emergency keying. (Rafe;'
to Figure 12-11). '

HF VOICE m TRANSMITTER
| The HF voice set is an AM receiver-transmitter deaig:ed as a sasll,
1ightweight unit. (See Figure 12-8).
Eme receiver sectitm of the wnit is a tra.naistarimd auperhetrodym
circuit using a crystal filter, crystal diocde detector and'class B audio
amplifier. The final sudio amplifier is used for sidetcne G.urina trens-

'miuions.

~ The transmitter nctionoftheunitubilheﬂmmmtube atages tor

the crystal controlled oscillator, driver and pawer ml:lﬁer The
power amplifier may be modulated up to 90% by & transutmm speech
mpl‘l.ﬁer and modulstor. These audio stages are elso used for side-
tome. Transmitter output is 5 watts. The unit is powered by spscecraft,
24 ﬁlts d-c, Power is routed throudl an etbernal Mtch and contacts
of the spacecraﬁ; seperaticn relsy which conrh'ols trmitter Tilement

, relay operation mﬂatrmiutorizedmcmrtu .Hgh

»voltage from this converter is used fou.' the ‘ta.‘anm:l.'t.‘ber pour up:u.ﬁer.

mrmzswmmmmmtomnupou mtenm
or the bicone anténna or after impact to the HF recovery whip antemna.
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D-c voltege is also removed from the receiver RF stages. Antem
switching 1s eccomplished by & solid stete circult wvhich blocks the

‘Teceaver during transmission.

UHF VOIGE m—m&mm
| R0 voicé.'feceiver-trmitter consists of an AM receiver-trans-

mitter d‘eaigmd as a small, lightweight unit operating near 297 MC.

Trensitter output 1s .5 watt. The trensmitter output is boosted oy

& final booster amplifier,

The receiver section of the unit 1s a transistorized superheterodyne
circult using & crystal controlled local oscillator, crystal filter and
crystal diode detector. The audio éeet:i.on of the receiver aslso serves
as the speech amplifier, modulstor and provides sidetone for the trans-
mitter. The transmitter section of the unit utilizes a crystal con-
trolled oscillator, triplar.and power smplifier. The RF section uses
vecuun tubes while the modulation circuits are transistorized.

Spacecraft power, 2 volts d-c, is supplied to the set. This voltage
1s applied to the receiver, audio circuits end back through en external
trensmit switch to an imternal pover converter. This trensistorized
converter supplies B+ voltage to the transmitter RF sections. Trans-
mitter filament voltage 18 also applied by the external transmit switch
or the bicone separation relasy after bicone separation.

Switching from receiver to transmitter operstion is accomplished
vhen ground potential is applied to & switching relay and a blocking
circuit. The relay provides antemna and power converter switching. The
blocking circuit removes receiver voltage.
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T BOOSTER AMPLIFIER

A booster mnpl:!.ﬁ.er is used prior to- landing to 1ncreaae the .5 watt
output of the UHF tranm:ltter_to _2.0 watts. Elhe,highe: power is also
availsble sfter landing, o |

Signal input to the booster is routed through & édub:.e poie, double
throw coaxtal relsy. When the relay is de-energized, the signal is routed
through the contacts to the owtput jack. Energuing the reley feeds the
signal thrmsh the ampliﬁer and tekes the ampliﬁ.er output to the outpnt
Jack.

MAED RECEIVER-DECODER

The command receiver-decoder :l.a a transiatorized unit consisting of
an m Receiver and a decoder un:lt to operate coxxbrol eircuits.
(See Figure 12-1.0)

The receiver section of the unit is a dual convers:lon mpemheterodyne
eircuit, The first local oscillator 1s crystal ewu-olledand. uses twq
steges of frequency multiplicstion. Two steges of amplification are used
for thé first IF, T8 MC signal. 'iﬁe aecﬁuﬂ. locel oscillator is also -
crystal controuad, mix!.na with the first IF snd siving a resultant second
IF of 10.75 MC. Output from the IF strip is throm 4 limiter to the d.is-

‘eriminator. Audio amplifiers boost the disc:i:p:,nator output for the com~

" mand voice channel endtha decoder. driver. The driver in twrn sﬁppli_ea the

ten deccder Mh in the set. . '
m individual decoder Mu each provide filters ‘Por the:lr specific
eommd. mqmney and qnpl:u.:.ers to operato a double pole, double thraw

'relawroreachchmml.. Thntemrelays fhusnakeavaihblanomallyapen

and nonauy closed contaetn for ex'bernal control c:lrcu:l.t operation. -
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Spacecraft power, 18 vb;.tp d-c, 1s used to power the set. A Zener
diocde circuit, vithin the unit, 18 used for voltage regulation.

Mn aux:l]iary decoder operates with _‘I'.he receiver-decoder unit, al-
lowing en additionel ten channel capability.
The decoder chsmnels in the eawxilisry decoder ave identical to the

‘decoder chammels of the receiver-decoder, with the exception of the

command mqwnciad at vhich they operate.
mmnarydecoduoperateafrmmcecrmlﬁvoltd-epmr
Mo :rurbhe:r voltage regulation o inerease is mquired

TELEMETRY POWER SUPPLIES

" The telemetry power supplies generste voltage used in the telemetry
transmitter (see Figure 12-11). The unit 1s transistorized and uses
crystal diodes. Spacecraft power, 24 volts d-c, is applied to a trens-
sistor switching cireuit opersting imto the primary of & pover trans-
former. | |

A full wave, crystal diods rectifier is used on one secondary, with
voltege regulation, to provide 200 voits d-c.

TELEMETRY TRANSMITTER

The telemetry trensmitter is sn all vacum tube wnit with an output
of spproxiustely 2.0 vatts st spproxinately 226 NC. The tramitter is
en P unit using VCO irguts from instrumentation circuits. VCO'signals
ave spplied to a first stage signal euplifier-isolstor circuit. The RF
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portions of the transmitter comsist of a triode quartg line oscillator
into a pentode buffer stage feeding a triode power amplifier. The VCO
signels are fed to the oscillator stege. Filament and B+ are cbtained
from a separate power supply. Spacecraft 24 volis d-c is the telemetry

primary power supply.

C-BAND BEACON

The C-Band transponder is a pressurized superheterodyne receiver
and pulse modulated, 400 watt peak output transmitter, operating in the
frequency range of 5400 to 5900 MC (See Figure 12-12). With the exception
of the magnetron and local oscillator, the unit 1s transistorized. The
receiver consists of a pre-selector, local oscillator, 400 MC IF emplifier
strip, pulse detector, pulse amplifier and decoder. Rescmant cevities are
used for the pre-selector and local oscillator.

The transmitter section accepts decoder outputs andpulse modulates
the transmitter output.

The unit contains a power supply for converting spacecraft 2l volts d-c
input to filtered 24 volts d-c and regulated, 115 and 150 volts d-c out-
puts. Antenna sharing is through an internal diplexer.

S-BAND BEACON

The S-Band transponder is a pressurized superheterodyne receiver and
pulse modulated, 1000 wett peak output tramsmittexr operating in the fre-

quency range of 2700 to 2900 MC. (See Figures 12-12).
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Receiver and transmitter circuits are the same as those used in the
C-Band beacon with the excej)ticn of the pre-selector, local oscillsator

and iransmitter vhich are designed for S-Band frequencies.

HF/UHF RECOVERY BEACON

The recovery beacon combines an HF, tone modulated, 8.364 MC trans-
mitter and a UHF, pulse modulated, 243 MC transmitter into one small,
foam encapsulated wit, (See Figure 12-12). The UHF section of the
beacon 18 & one tube circuit with a pulse coding network. The HF
section of the beacon 1s a transistorized crystal oscillator and two
stege power amplifier with tohé modulation supplied from a power con-
verter. The beacon utilizes 6 and 12 volts d-c from the spacecraft
power system. ‘The UHF section 1s energized by epplying the 6 volt d-c
to a transistorized power converter. A full wave, cryatél diode cir-
cuit is used to rectify the power converter output which is spplied to
the UHF stage. Applying 12 volts d-¢ energizes the HF gection of the
beacon. No power camverter is required for the 12 volt input.

‘ Modulation for the HF section is provided by routing the 12 voit
supply to the power smplifier stages through a secondary winding of the

power converter.

AUXTLIARY UHF RESCUE BEACON AND ANTENNA

The Aux. UHF Rescue Beacon, consists of a pulse modulated trans-
mitter amd power supply which 15 enclosed in a foam encapsulated case.
(See Figure 12-12). The unit is connected to the 6 volt standby bus
and hes an output of 91 wetts. The antenna is mounted in the recovery
campartment and is self erecting.
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The antenna multiplexer allows reception and trenemission of the
meny spacecraft frequencies over one line to the bicome or UHF recovery
antenna. The unit consists of a mumber of filters arranged so that all
spacecraft frequencies between 15 and 450 MC cen be multiplexed on the
single feed line. Each input channel is provided 60 db of isolation.

RECOVERY DIPLEXER

The recovery diplexer unit 1s used for the HF voice receiver-trans-
mitter and HF section of the recovery beacon. One low pess and one high
pass ﬁiter is used to diplex approximately 15 MC od one feed line to the
HF recovery entenna.

COAXTAL SWITCHES (ANTENNA SWITCH, MANUAL HF ANTENRA SELECT)

RF switching ie accomplished with motor driven SPDT switches.
Applicetion of spacecraft 24 volts d-c through external circuits drives
the switch to the eppropriate RF position and opens the power circuit
for that position. The menual HF ANTENNA select switch is hand positiocned
to ‘the DIPOLE -~ BICONE or‘WHIP position.

BICONE ARTENNA

The spacecraft is electrically divided in two sections. (See Figure
12-6). The entenna fairing structure at the junction of these sections
resembles a discone antenna. This junction is center fed by a coaxial
cable from the commmications sets. At frequencies between 225 and 450
MC the antenna fairing acts like discone antenna. A lower frequency
of 15 MC causes the unit to resemble an "off center fed" dipole, between

the upper and lower limits.
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Thus the bicone antenna may serve all spacecraft frequencies, with
the exception of C- and S-Bands, allowing reception and transmission

within limits of the spacecraft system.

BICONE ISOLATOR

Mn isolator is provided to shield electrical wires that pass through
the bicone antenna falring structure. The isolator is formed into a tube
vhich is curved to allow mounting beneath the periphery of the antenna
fairing.

HF DIPOLE (ORBITAL) ANTENNA

The HF Dipole Antenne is extended to 13 feet, 8 inches after an orbital
condition 1s reached. Selection of this antenna for HF use is achieved by
the astronsut through the use of the HF ANT SELECT switch located to the
right of the astronaut. (See Figure 12-6)

UHF DESCENT AND RECOVERY ANTENNA

The UHF descent and recovery antenna takes over the UHF functions
of the bicone antenna when the antenna fairing 1s jJettisoned. (See
Figure 12-6). The UHF descent and recovery antenna is a fan shaped,
vertically polarized monopole located on the top of the recovery com-
partment.

HF RECOVERY ANTENNA (WHIP)

Upon lending, impact circuits initiate a sequence for the HF
recovery antenna. (See Figure 12-6). The elevated antemna acts as a

vertically polarized monopole for HF frequencies.
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C- AND S-BARD ANTENNAS

Three antenna units serve the C- and S-Band beacoms. (see
Figure 12-6). Each wnit consists of & C- and a S-Band radiator.
Each radistor is & cavity mounted helix antenna.

AUXILIARY UHF RESCUE BEACON ANTENNA
A spring-tape type antenna is vertically mounted in the recovery

compartment and is connected by coaxial csable directly to the auxiliary

UHF rescue beacon inside the spacecrarb. With the bicone antenns in-
stalled, the tape antenns is held in a bent position and upon bicone

separation the antenna springs into operating position.
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XIII. RKAVIGATION AIDS

* O—

Navigational aids which are required to cbtain altituds, course,
velocityandlandingdabamprmmtoat'tam:ntmmmm
attitude through each phase of the flight.

NAVIGATIONAL AID KIT

The navigational aid kit consists of a neoprens costed nylom case,
and a binder asserbly; eand is mounted below the main instrument peanel
(see Figure 13-1). The binder assembly consists of a nusber of index
cards, pencil holder, mechanical pencil, and two (2) nylon retention
springs. hemoﬂdedindexeuﬂsmmdtoﬂhmteeards, check
lists, trouble cards and navigational cherts as required by the space-
craft mission. The pencil holder is fabricated from neoprene costed nylon
and is sevn to the case. The mechenical pencil is secured to the binder
assesbly by means of a nylon retention spring. A second nylon retention
spring secures the binder assembly to the necpreme coated nylon case.

SATELLITE CLOCK

ﬁe satellite clock is an electro-mechanical timing device located on

the upper right of the mein instrument panel. 'The satellite clock indicates
the time of day, TIME FROM LAUNCH, TIME TO RETROGRADE and RETROGRADE TDME
(see Figure 13-1). The time of dsy vill be reflected by a manually wound
spring driven watch. The manually wound watch 18 located in the upper left-
hand corner of the satellite clock. TIME FROM LAUNCH, TIME 1O RETROGRADE
snd RETROGRADE TIME is dlsplayed on digidial drun counters. The drum coumnters

indicate time in HRS, MIN. and SEC. The time elements move in one step
133
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increments. The TIME TO RETROGRADE d&igldial is supplemented by a

telelight. The telelight is located in the upper right-hand corner
of the satellite clock and illuminates five minutes prior to retro-
grade time; in sddition to the telelight, en sural signal to the

‘astronaut's headset 1s initiated ten seconds prior to retrograde time.

The satellite elock is sutomatically started by 28 V D-C power at 1ift-
off. Ghould this not occur, & switch lsheled TIME ZERO is provided
sbove end sdjacent to the clock to allow the astronsut to energize the
clock (end maximm altitude sensor). The retrograde time is normally
couputed and set prior to flight, but the retrograde time can be manu-
ally changed by the astromasut with the use of the retrograde time reset
handle located on the lower right of the satellite clock or remotely set

~ through the camuand receivers. Ten mimutes prior to retrograde time,

the satellite clock trenmiits e signal to the ASCS to start harizon
scanners operating continuously and assures rate gyro operatiom m pre;
paration for retro sequence. When retrograde time is cbtained, a set
of contact points within the clock close, initiating the retrograde se-
quence, TIME FROM LAURNCH snd RETROGRADE TIME digidials provide outputs
for telemetering. The main instrument penel is lighted externally by
the csbin flood lights.

ALTIMETER
The altimeter is a pressure sensitive device located on the lower

left of the main instrument panel (see Section II for exact location).
The altimeter indicates the external pressure (in pounds per square
inch ebsolute PSIA) and the altitude (in thousands of feet) above sea
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- TORGITUDINAL ACCELERCMETER
e e e Pttt s el et el

level of the spacecraft. The static system provides the atmospheric
pressure necessayy for the altimeter. It is a single revolution type,
calibrated from O to 100,000 feet, with a marker at 10,000 feet (MAIN)
and 29,000 feet (SHORKEL).

The accelerameter which is located on the upper left of the main
instrument panel (see Section IT for exact location) is a Self-comtained
unit and is housed in & hermetically sealed enclosure. The accelercmeter
is designed to indicate acceleration in the range -9 to 0 to 21 g units
(2 g unit is equal to an acceleration of 32.2 feet per second per second).
Attached to the face of the accelercmeter are three pointers. One pointexr
indicates instentaneocus acceleratiocn. The remaining two pointérs are
memory pointers. Ohe memory peinter records positive acceleratiom end the
other memory pointer indicates negative acceleration. The menory pointers
incorporate a ratchet device which maintain a deflection until they are
reset by means of a reset knob which is located in the lower left hemd
corner of the accelercmeter.

ATTTIUDE-RATE INDICATOR

The Attitude-Rate indicator 1s a three axis engular rate and attitule
indicating system located approximately at the top center of the main
instrument panel (see Section II for exact location). The system indicates
pitch, roll and yav engles and angular rates. The wnit is a composite
arrangesent consisting of a rate indicator around which are positioned a
Toll attitude indicator, a yaw attitude indicator and a pitch attitude

13-6
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indicator (see Section II). The rate indicstor displays three pointers.
The ratve otronpdnterﬂhi.eh is flat vhite in color is parallel to

the pointer of the roll attitude indicator. The rste of yaw pointer
vhich 1is yellow in color is pointed towards the yaw attitude indicator.
The rate of pitch pointer which is pink in color is pointed towards the
pitch attitude indicator. The system components are ccmpletely inter-
changesble so that failure or ocne component shall not necessitate re-
calibration or replacement of the entire system. The attitude-rate
indicator is activeted by pitch rate, roll rate and yaw rate transducers.
Each transducer is identical and consists of a gyroscope, amplifier eand a
demodulator. These components function together to produce a d-¢ output
signal proporticoal to the input rate of change of attitude.

NAVIGATION RETTCLE

The navigation reticle 1s a device which determines when the space-
craft is at the correct angle for retro fire. It is located at the rear
snd to the left of the astroneut's window (see Figure 13-2). The navi-
gation reticle is mounted on a 180° axis (from left to right), this
allows the instrument to be positicued so not to block the view to the
astronsut's window but still be accessible. The instrument when it is
in its viewsdbls position contains a tinted red lighting system of suffi-
cient brilliance to illnminate four (k) red lines. Three (3) of the
four (4) 1ines are vertical. The fourth line which is horizontal is the
line vhich is required to be tangent to the earth prior to retro fire.
The lighting system is automatically turned off when the instrument is in
its stowed positicn. m'ma&umwumwmmocapom-
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Figure 13-2 Navigational Reticle
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old filter. The filter is operated by rotating the outside of the

instrument which will vary the light intemsity.
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XIV. INSTRUMENTATION SYSTEM

SYSTEM DESCRIPTION

The instrumentation system coneists of the major components showm
on Figure 1%-1. These components coupled with various transducers and
other pickup devices provide a means of monitoring the physical condi-
tion and reactions of the astronsut as well as spacecrart conditions
and systems operational performance. This data so obtained is epplied
to various voltage controlled subcarrier oscillators which modulates the
Low-Frequency Telemetry Transmitter and radiates to ground stations for
analysis and evaluation; this same data is also recorded on a tape re-
corder in the spacecraft for subsequent study and interpretation.

A portable 16 millimeter camera is provided for the astronaut to
record on film various events of interest during the mission. Provisions
are also provided for antomatic programmed control over some components

not intended for contimious operation.

SYSTEM OPERATION

The instrumentation system is automatic and semi-asutomatic in opera-
tion from the time power is applied to the spacecraft until 10 mimutes
after landing impact, however, certain components msy de controlled or
interrogated during flight by either the astronaut or ground command. The
instrumentation system is divided into three groups, namely, monitoring,
control. and recording. These three groups are treated individually in
paragraphs 1%-3, 14-59 and 14-6k.
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1%-3.
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MONITORING

Instrumentation monitoring consists of sampling values of pressures,
temperatures, conditions and operations of wvarious units and functions
throughout the spacecraft. (See Pigure 14-6). These samples are con-
verted into signals composed of voltages proportional to the temperature,
pressure and conditions being measured. The proportional voltages are
calibrated within common maximum and minimum ranges to provide zero and
full scale readings. Instrumentation monitoring is sub-divided into two
areas nemely, High Level and Low Level. A description of each is provided

in the following paragrsphs.

HIGH LEVEL (0-3V d-c)

High level imput signals are channeled into the conmmtator {elec-
tronic switching device) which is located in instrumentation package A.
The commutator continuously samples its imput chamnels, combining the
signal voltage pulses into a pulse train from the commutator. This pulse
train (PAM) 1s applied to a 10.5 KC voltage controlied subearrier oscillator
where the changing voltage of the pulse train varies the frequency of the
oscillator. The output of the 10.5 KC voltage controlled oscillator and
other oscillators are applied to an isolation amplifier which has outputs
for the tape recorder, telemetry transmitter and hard line. The High Level
Commtator output signals are also converted to pulse duration signals (PIM)
and recorded on the spacecraft on-board tape recorder.

14-6
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1OW IEVEL (-5 mv to +15 mv)

Low level instrumentation monitoring performs a temperature survey
of various structural and spacecraft components. The low level commutator
output signals are converted to pulse duration (PIM) signals for recording
on the on-board tape recorder, only. The low level PAM may be monitored
during ground tests by actuation of the Temperature Survey Switch to TEST.
This pulse train is applied to a 10.5 KU voltage controlled subcarrier oscil-
lator where the changing voltege of the pulse train varies the frequency of
the oscillator. The output of the 10.5 KC voltage comtrolled oscillator
and other oscillators are applied to an isolation amplifier which provides
telemetry transmitter and hard line outputs.

Figure 14-2 is a block diagram showing the parameters of the instru-
mentation that is monitored with a brief explanation of each parameter
given in paragraphs 1%4-6 through 14-58.

SPACECRAFT ELECTRICAL POWER

Spacecraft electrical power system instrumentation comsiste of moni-
toring the circuit 1llustrated on Figure 14-2.

400 cps MONTTOR

ASCS bus 115 volt a-c is attemmated, rectified and filtered prior to
being applied to the commutator as a zero to three volt d-c signal. The
Fan bus 115 volt a-c is applied through a 115 to 6.3 volt stepdown trans-
former in instrumentation package A. The secondary outputs are attemuated,

14-7
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Figure 14-2 Monitoring Instrumentation Block Diagram
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rectified and filtered prior to being applied to the commutator as a
zero to three volt d-c signal. A three volt signal (full scale) re-
presents 130 volts for each bus.

D-C CIRCUIT

D-¢c current amplitude is sensed by the shunt for the instrument
Panel smueter. This shunt is in the negative lead to grownd of all
spacecraft batteries and semses total battery current. The voltage
across the shunt is 50 millivolts when 50 amperes are flowing, snd pro-
portionately less for lesser currents. This voltage is applied to a d-c
amplifier in package A wvhich amplifies it to a zero to three volt level.
A three volt level (full scale) represents 50 amperes battery current.
The output of the amplifier is applied to the commutator.

D-C_VOLTAGE

The 24 volt main bus d-c monitor circult is sttemuated prior to
being applied to the cammtator in the A package. A three volt signal
(full scale) represents 30 volts bus voltage.

INSTRUMENTATION POWER SUPPLIES

Instrumentation power supplies-instrumentation consists of the moni-
tor circuits for the two 3 volt d-c references, zero reference, and 7 V
4O cps power supplies. (See Figure 1h-2).

THREE VOLT REFERENCE
The 3 volt d-c reference power supply fwrnishes excitation for all
potenticmeter type instrumentation pickups. There are two 3 volt d-¢
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power supplies located in packages A and C respectively. Each supply
18 zener dlode regulated. The 3 volt d~-c excitation voltage require-
ments are divided between the two separate supplies with the power sup-
Ply in package A furnishing & reference full scale signsal.

14-12, ZERO VOLT REFERENCE

The zerc reference signal is signal ground and is comaon to both
of the sbove mentioned power supplies. This signal is also epplied to
the commutetor.

14-13. SEVEN VOLT 400 cps

The 7 volt LOO cps power supply furnishes excitation for the inmput
bridge circuits utilized with the resistance element emplifiers and ther-
mistor signal conditioners. Power supply output is attenuated, rectified
end filtered to a zero to three volt level. This zero to three volt sig-
nal 18 &pplied to the comsmtator. A three volt signal (full scale) re-
presents & 10 volt output level. The power supply 1s e transistorized
pover inverter vhich operates on 2l volts d-c to provide the 7 volt 400
eps output and 1s located in package A.

14-1k, CALIBRATION ON
Calibration ON instrumentation consists of a circult which monitors
presence of the full scale and zero scale calidration cammand signals.
This signal is present when the CALIERATION switch in the telemetry traller
18 placed to FULL SCALE or ZERO position. When the full scale calibrate
comand is present, 2i volts d-c is applied to an attenuator in package
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C. The output of the attenuator (2.25 volts d-c nominal) 1s applied to
the commutetor. When the zero scale calibrate command 1s present, 24
volts d-c 18 applied to a dAifferent input point on the seme attenunator
network. The cutput of the attemuator (.75 volts d-c, nominal) is applied
to the commtator. Thus, an upper scale signal indicates presence of the
full scale calibrate command snd a quarter-scale signal indicates presence
of the zero scale cslibrate comnmand. These command signals energize relays
which apply calibrate signals to mumerous other instrumentation channeils.
The R snd Z calibrate function may be initiasted by the programmer or fram
a ground station through the command receivers while in orbit.

STATIC PRESSURE

Static pressure instrumentation consists of a potentiometer type trans-
ducer which is operated by static pressure. The potentiometer is excited
with 3 volts d~c fram the instrumentation power supply located in the C
package. Wiper voltage output is inversely proportiomal to static pres-
sure. A three volt signal (full scale) is representative of O psia.

ENVIRORMENTAL CONTROL SYSTEM

Envirommental control system instrumentation consists of circuitry
vhich monitors primary and secondary oxygen supply pressures, sult inlet
air pressure, cabin pressure, temperature, CO> partial pressure, Op
partial pressure apdl emergency 02 rate.

CABIN 02 PARTIAL PRESSURE

02 partial pressure is sensed by a transducer in the cabin. The
gsignals are amplified and transmitted to a pressure gage on the instru-
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ment panel. The signals are also applied to the conmutator in package

A vhere they are couverted to PAM and FIM signals. The PAM signals are
telemetered to ground and the PIM signals are recorded on the spacecraft
tape reccrder.

SUIT COp PARTIAL PRESSURE

COp partial pressure is sensed by a tramsducer in the envirommental
control system's suit circuit. The signals are amplified and transmitted
to a pressure gage on the instrument panel. The signals are also applied
to the commutator in package A vhere they are converted to PAM and PIM
signals. The PAM signals are telemetered to ground and the FIM signals
are recorded on the spacecraft '!:ape recorder.

OXYGEN SUFPLIES

Primary and secondary oxygen supply pressures are sensed by pressure
actuated dual potenticmeters in the environmental area. One potentiometer
operates a panel indicator while the other wiper picks off a value for
instrumentation. Wiper voltage output is linearly proportional to pres-
sure. Excitation is applied from the 3 volt d-c instrumentation power
supply. The zero to 3 volts wiper output represents a pressure range of
zero to 9,375 psi with O to 125% meter indications. Outputs from the pri-
mary and secondary oxygen supply pressure transducers are spplied to the
cammutator.

SUIT INLET PRESSURE
Suit inlet air pressure instrumentation consists of a potentiometer
type transducer which is pressure actuated. The potenticmeter 1s excited
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with 3 volts d-c from the instrumentation power supply in package A,
Wiper voltage output is linearly proporticnal to pressure. The zero
to three volt (full scale) output represents a folded transducer out-
put with & pressure range of 15 psi = OV, 7.5 psi = 3V and O psi = OV
applied to the commtator.

CABIN PRESSURE

Cebin pressure instrumentation consists of s potenticmeter type pres-
sure transducer installed in packege C. The potentiometer is excited
with 3 volts d-c from the instrumentation power swpply in package C.
Wiper voltage output is linearly proportional to cabin pressure. The
zero to three volt (full scale) output from the wiper represents a folded
transducer output with a pressure range of 15 psi = OV, 7.5 psi = 3V,
and O psi = OV applied to the commutator.

CABIN TEMPERATURE

Cabin temperature instrumentation consists of a temperature semsing
prove mounted on the back of the mein instrument panel. Transducer re-
sistance varies proportionally with temperature and is part of a bridge
input circuit to en emplifier in packsge A. The zero to three volt
(full scale) output from the amplifier is representative of a temperature
range of 40 to 2000F, The output from the amplifier associated with the
transducer is spplied to the commutator.

EMERGENCY Op RATE

Emergency Op rate instrumentation consists of a switch actuated by
the oxygen emergency rate valve, Upon closwre of this switch to emer-

gency, 24V d-c is provided to an attenuator vhich steps down this voltage
1413
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to 3 volts. This output is then applied to the commutator.

14-24. CABIN HEAT EXCHANGER GAS TEMPERATURE

Cabin heat exchanger gas temperature instrumentation consists of
a themistor type transducer. Thermistor resistance varies inversely
proportional with temperature and is part of a dridge imput circuit to
an smplifier in package C. The zero to three volt (full scale) output
from the amplifier is representative of a temperature range of 30 to
100°F. The output from the amplifier associated with the transducer
is applied to the commutator and the temperature indicator on the main

ingtrument panel.

14-25. CABIRN HEAT EXCHANGER DOME TEMPERATURE

Cabin heat exchanger dome temperature instrumentation consists of
& thermistor type transducer. Thermistor resistance varies inversely
proportional with temperature and is part of a bridge imput circuit to
an smplifier in package C. The zero to three volt {full scale) output
from the amplifier is representative of a temperature range of 40 to
100°F. The output from the amplifier associated with the transducer
is applied to the commutator and a cockpit meter. If excessive dome
temperature is present, an audio tone will be heard by the astronaut along
with & warning light.

14-26. SUIT HEAT EXCHARGER DOME TEMPERATURE

Suit heat exchanger dome temperature instrumentation consists of
a thermistor type transducer. Thermistor resistance varies inversely

proportional with temperature and is part of a bridge inmput circult to an
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smplifier in package C. The zero to three volt (full scale) output
from the amplifier is representative of a temperature range of 40

to 100°F. The output from the amplifier associlated with the trans-
ducer is applied to the commutator and a cockpit meter. If excessive
dome temperature 1s present, an andio tone will be heard by the astro-

nant along with a warning light.

REACTION CORTROL SYSTEM

Reaction control system instrumentation consists of monitors for
automatic and marmal reaction control supply pressure and astronaut
hand control position. High pressure instrumentation is monitored on
the high level commutator while the low pressure is monitored on the

indicator located on the main instrument panel.

HORIZON SCANNER

Horizon scamner instrumentation monitors for the pitch and roll
horizon scanner outputs and ignore signals for each of these outputs.

The horizon scamner system utilized two identical infrared scanning
units to provide pitch and roll reference signals. The horizon scan-
ners are on continmuously, from lsunch until re-entry at which time the
scanners are de-activated by the 0.05g relay, but during the orbital
phase the reference signals are applied to the ASCS attitude gyros only
upon command from the programmer. (Refer to Table 1k-1). The signals
that are applied to the gyros are monitored by instrumentation. The

‘pitch and roll signals range between + 10 volts d-c. These signals are
‘applied to a biased attemuetor card to provide a zero to 2.68 volt out-
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put vhich is coupled to separate chamnels of the commutator. The
signals represent an output range of + 35°.

Occasionally a scanner sweeps across the sun. Since the scenners
are infrared devices, sweeping of the sun introduces error voltage.
To prevent utilization of this voltage, the scamner supplies an ignore
signal to the ASCS. 'This "ignore® signal is monitored as an on-off
type of signal by instrumentation. Pitch ignore and roll ignore signals
are applied to the commtetor also. A full scale signal represents
presence of the plitch ignore signal and full scale level indicates
presence of thev roll ignore signal. Each ignore signal is monitored
on separate channels.

ATTITUDE

Attitude instrumentation consists of telemetry chammels which
monitor spacecraft pitch, roll and yaw attitudes. Each attitude is
read out of a synchro actuated potentiometer. The synchros are driven
by the automatic stabilization control sysbtem. Excitation for the po-
tentiometers is furnished by the three volt d-c instrumentation power
supply in the C package. Signal voltege varies along a multiple slope
function with spacecraft attitude. Pitch and roll signals cover a
range of +1300 to -190°., Yaw signals cover a renge of +70 to -250°,
Each of the attitude signals is applied to chamnels of the commutator.
After retrograde assenbly jettison and energizing of a 0.05g relsy,
the potentiometer-positioning synchros became inoperative.

ATTITUDE RATE

Attitude rate instrumentation utilized signals from rate gyros. The

gyros are part of the attitude rate indicating system. A zero to three
14-16




£

MCDONNEKLL SEDR 104

lh‘"'3l.

lll»--ﬁ.

volt signsl level represents a rate level of decreasing LO© per
second to increasing L0 per secomd. Pitch, roll end yaw rates
are assigned to separate voltage controlled oscillators (Pitch

Rate and Pitch low solenoids .40 KC VCO, Roll Rate and Roll low
solenoids .73 VCO and Yew Rate and Yaw low solenoids .56 KC VC0)

REACTION CONTROL SYSTEM SOLENQIDS

The reaction control system solenoids control the thrust jets
used for spacecraft stabilization in flight. These solemoids can
be energized mammally or automatically. When a solenold is ener-
gized (high solenoids only), 24 volts d-c 1