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NAVIGATION
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INSTRUMENTATION
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SECTION 3.8

MISCELLANEOUS



AGENA COMMAND FUNCTIONS

The following two pages contain all command functions necessary for
spacecraft control of the AGENA, The data sheets assume that all
Agena functions are off. If any functions are on, it will not
affect the system to repeat the commands which turned them on.

For attitude control changes, the PREP COMMANDS for the
- Translation Docking Assembly . are sent first. Then the initiation
commands for changing the cardinal headings are given.

. The initiation times for the PPS and SPS burn commands are given
in seconds prior to the burn.

GEMINI OPERATIONS HANDBOCK [Flight Crew Support Division |[Prepared by
S/C 10 Rev Orig Mission Operations Braneh |Checked by
Pg _1 Section _ 3.8.1 Date i‘}g‘gé Approved by
MSC Form 1097 (Dec 63) NASA - Manpéd Spacecraft Center

J258-63
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SECTION 3.9

GLV - MALFUNCTION
DETECTION SYSTEM



MALFUNCTION DETECTION SYSTEM (MDS)

The MDS is designed to provide sufficient data concerning launch vehicle
operation to allow onboard decisions involving rapid malfunctions which may
require abort or guidance switchover. In the event of a discrepancy between
onboard and ground based instrumentation, the onboard data will be used
except for slow rate guidance deviations.

Pilot abort action and manual initiated switchover must in all cases be
based on TWO valid cues. These cues may be derived from the MDS displays,

ground information, or physiological cues or any combination of two valid.
cues,
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1. ABORT LIGHT

The ABORT light may be illuminated by ground command from the Flight Director,
the MCC Booster Systems Engineer, the MCC Tank Pressure Monitor, the Flight
Dynamics Officer, the Complex 19 Test Conductor, or in conjunction with

Range Safety booster engine cutoff and destruct action. The ABORT light ON
constitutes a single cue. A RF voice abort request constitutes a single cue.

For a large percentage of time critical launch vehicle malfunctions, particu-

larly at lift-off and staging, pilot abort action should be taken prior to
receipt of an abort request command.
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2. ATTITUDE RATE LIGHT (ATT RATE)

The ATT RATE light ON is the primary indication that the preset launch vehicle
overrate settings for switchover have been exceeded and that the guidance

and control switchover circuit has been activated. The ATT RATE light may

be expected to blink ON and OFF during the switchover transient; however, failure
to get ATT RATE light OFF within approximately 1.6 seconds constitutes a single
abort cue since this is an indication that the switchover circuit or the
secondary guidance and control system has failed. The FDI needles, ground

.data, or physiological inputs may serve as the second cue for abort action.

The settings at which the ATT RATE light will come ON and switchover will
occur are indicated below. The settings are automatically changed by the
launch vehicle systems at staging.

Stage 1 Stage II

PITCH +2.5, =3.0%°/sec +10°/sec

YAW 70 42.5%sec +10%/sec

07, 120.0°/sec _ izoo/eec

A S
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3, STAGE II PROPULSION LIGHTS (ENGINE I1)

The ENGINE II light is ON prior to liftoff and throughout Stage I flight.

At approximately 55% nominal thrust chamber pressure during Stage II ignition,

the ENGINE II light will go OFF. Both ENGINE I lights will come ON at staging

for approximately one second. Both ENGINE I lights and the ENGINE II 1light

should then go OFF indicating satisfactory staging and Stage II engine performance.

~ Should both ENGINE I lights and the ENGINE II light remain ON at staging, this

will serve as two valid cues that staging did not occur and that a Mode II
abort is required. However, failure to stage is not necessarily time critical,
and it is advisable to wait for a third cue such as lack of G build-up prior
to initiating abort action.

The ENGINE II light will normally come ON at SECO.

2/
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4. STAGE I PROPULSION LIGHTS (Left and Right ENGINE I)

Both ENGINE I lights ON indicate that the corresponding subasscemblics (cngines

of the Stage I propulsion system are below 68% of nominal thrust chamber pres-
sure. For all Stage I Propulsion abort decisions, an ON indication is considered
zero thrust and an OFF indication is considered 100% or nominal thrust. Both
ENGINE I lights are normally ON until approximately 2.0 seconds prior to lif't-
off at which time the thrust chamber pressure will cxceed G8% of nominal pressure
and both ENGINE I lights will go OFF.

Tllumination of both ENGINE I lights at any time betwcen lift-of'f and staging arm
(2 min 25 sec) constitutes two valid abort cues and an abort should be initiated.
For the delayed Mode IT abort region between 50 sec and 1 min 40 scc, a 2-second
delay in the SHUTDOWN position following subsequent ATT RATE LIGHT ON is required
prior to advancing Abort Handle to ABORT. For the worst case, this 2-second-time
delay must include astronaut response time as well as approximately l/h second
time delay between switch closure and ignition of retrorockets. If no over rates
are experienced (no ATT RATE LIGHT, and no 1/2 scale deflection of pitch or yaw
FDI needles), the Abort Handle should be delayed in SHUTDOWN position 15 seconds
or until horizon comes in view, whichever is sooner, before advancing it to

ABORT position.

The circuit logic behind each ENGINE I light is redundant; however, illumination
of a single ENGINE I light after lift-off constitutes one abort cue and a second
cue is required for abort action. Aborts following loss of one Stage I engine
are extremely time critical near the pad and during the maximum dynamic pressure
region, and it is important that the pilot identify and accept the second valid
cue which may be physiological (i.e., rapid rate change, loss of acceleration,
etc.). In the event that no definite physiological cue is available during the
near pad or max Q region, the pilot must then rely on onboard or ground data for
the second cue, primarily the accelerometer, ABORT light, RF voice abort request,
ATT RATE Light, or rapid tank pressure changes.

A Stage I Propulsion failure after staging arm (2 min 25 sec) and before normal
BECO (approx. 2 min 32 sec) will result in a normal staging sequence and Stage IT
ignition. The ground flight dynamics officer must be relied upon to determine

if an acceptable orbit can be achieved in the event of a premature staging.
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5. SECONDARY GUIDANCE LIGHT (SEC_GUID)

The SEC GUID light ON is the primary indication that the switchover circuit.
has been powered and that the secondary guidance and control system (168) is
controlling the launch vehicle. When the SEC GUID light is ON, there is no
switchover capability. Switchback from IGS to RGS may be made between Stage II
ignition and IGS guidance initiate if the reason for switchover to the IGS
during Stage I operation was the result of loss of primary control sysgem
hydraulic pressure and the RGS Guidance outputs errors are less than 5. This
jnformation must be supplied by the ground. To insure that switchback is
accomplished before the initiation of RGS steering commands at approximately
Stage II ignition plus 14 sec, it is desirable that switchback from IGS to

RGS be made within the 10 seconds following Stage II ignition.

" Failure to get the SEC GUID light On indication following an ATT RATE light

ON or manual switchover constitutes a single abort cue and must be substan-
tiated by another separate cue such as FDI needles, ground data, or physiologi-
cal cues prior to abort action.

During Stage I operation the SEC GUID light ON and switchover to IGS will result
automatically from a drop in primary hydraulic pressure to below 1500 PSI or any

single hydraulic actuator going hardover. An ATT RATE ON indication may or may not
be present.

During Stage II operation the SEC GUID light ON and switchover to IGS will result
only from excessive rates or manual switchover.,
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6.

STAGE I PRESSURE GAGE (FUEL I OXID)

The Stage I fuel tank ullage pressure may normally vary from a minimum of
22 psia to a maximum of 30 psia during Stage I operation. The Stage I oxi-
dizer tank ullage pressure may normally vary from a minimum of 16 psia to a

maximum of 30 psia during Stage I operation.

A malfunction of the subass:mbly

2 autogenous system which supplies Stage I tank pressures can result in oxidizer
and/or fuel tank pressures in excess of or less than the normal minimum and

maximum values.

There are no maximum indicated Stage I fuel or oxidizer tank pressures which

require abort action.

Should both Stage I fuel tank needles or both Stage I

oxidizer tank needles go to full scale, the ground should be contacted for
additional information, since either a gage power failure or actual tank
pressures over 35 psia would cause the same indication.

The two inner needles on the Stage I tank pressure gage are powered by the
APS bus which powers the primary (RGS) guidance and control system. The
outer needles are powered by the IPS bus which powers the secondary (IGS)

guidance and control system.

Failure of the two inner needles of the Stage I

tank pressure gage to the full scale position serves as a single cue that a

switchover is required.

Failure of the two outer needles to the full scale

position serves as'a single cue that a switchover is not possible and should

not be attempted.

A simultaneous corresponding failure of the inner or outer

needles of the Stage II tank pressure gages provides the required second cue.

A summary of the above is as follows:
of both Stage I and II gage inner needles or (2)

(1) switchover manually on the loss
a switchover is not possible

and an abort will be required if the primary (RGS) guidance and control system
fails after the loss of both Btage I and Stage II gage outer needles.

Abort action based on Stage I fuel or oxidizer tank pressure is a function
of flight time for a nominal trajectory and is time critical until approxi-
mately 40 sec. The minimum fuel and oxidizer tank pressure required for
structural integrity for the early portion of flight is ambient pressure.
The horizontal lines on the face of the Stage I gage with markings of 10,

times of. 20 and 40 seconds.

30, and 50 represent seconds of flight time and correspond to ambient pressure.
The intermediate horizontal lines correspond to ambient pressure at flight
Should both Stage I fuel needles or both Stage I

oxidizer needles indicate a fuel or oxidizer tank pressure equal to or below

ambient pressure after liftoff, an ABORT is required.

two cues since the systems are redundant.

Both needles constitute

The crosshatched area of the Stage I pressure gage pertains to the fuel tank
pressure only. The vapor pressure of the oxidizer should maintain the oxidizer
tank pressure above the required pressure after approximately 50 seconds.

After approximately 70 seconds, an indication by both Stage I fuel needles
within the crosshatched area is not necessarily time critical; however, an
abort will be required prior to Stage I burnout because of the increasing fuel
tank pressure requirement imposed by the increasing axial loads. Therefore,
the ABORT will be required if both Stage I fuel tank needles enter the cross-
hatched area. The pressure values used to establish these abort thresholds
are. the lowest values consistent with safety requirements.
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The pressure values required for structural integrity of the Stage I tanks

are greatest near the pad where the ullage volumes are at the minimum. The
rate at which the pressures will decay for any given malfunction is a function
of ullage volume and will be a maximum at liftoff. Aborts based on loss of
tank pressure should not be based on decay rates; however, the decay rate will
greatly assist in making on time abort decisions involving loss of tank
pressure.

The Stage II tank pressure gage need not be monitored continuously during
Stage I flight. Aborts during Stage I flight due to loss of Stage II tank
pressure are not time critical and should be coordinated with the ground to
obtain the optimum abort mode and time for recovery.

i
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St 7. STAGE II PRESSURE GAGE (FUEL 2 OXID) '

The Stage II fuel tank ullage pressure may normally vary from a minimum of

42 psia to a maximum of 60 psia. Pressurization for the Stage II fuel tank

1s supplied by the Engine II autogenous pressurization systems The Stage II
oxidizer tank ullage pressure will normally decay from approximately 60 psia

at Stage II ignition to 9 psia at SECO. The Stage II oxidizer tank receives no
makeup pressurization from the Engine II autogenous pressurization system.

There is no maximum indicated Stage II fuel tank pressure which requires abort ‘
caction. There is no minimum or maximum indicated Stage II oxidizer tank pres- -

sure which requires abort action. Should both Stage IT fuel needles or both

Stage II oxldizer needles fail to the full scale position, the ground should

be contacted for additional information since either a gage power failure or

an actual tank pressure over 70 psia would cause the same indication. -

The two inner needles on the Stage II tank pressure gage are powered by the
APS bus which powers the RGS. The outer needles are powered by the IPS bus
which powers the IGS. Since the Stage I tank pressure gage is not active
during Stage II operation, failure of the two inner needles of the Stage II
tank pressure gage during Stage II operation serves as two cues that a
switchover is required. However, switchover is not time critical and either
the ground or pilots' FDI's should be checked for IGS status, if possible,
before switohover during Stage II flight., Failure of the two outer needles
to the full scale position during Stage II operation serves as two cues that
a switchover is not possible and should not be attempted.

The minimum structural safe-to-stage pressure for the Stage II fuel tank is
20 psia due to the allowable ENGINE II thrust overshoot at ignition. The
minimum structural safe-to-run pressure for the Stage II fuel tank then de=-
creases to 16,5 psia after Stage II ignition, but increases to approximately
19.5 psia at SECO due to increasing axial loads during Stage II acceleration.
An indication by both Stage II fuel needles of less than 20 psia serves as two
cues for abort prior to staging. An indication by both Stage II fuel needles
of 19.5 psia or less requires abort prior to SECO. For Stage II fuel tank
indications of 19.5 psia or slightly less after stagine, there may be time
available for ground confirmation and abort can be delayed until receipt of
and ABORT light or RF voice abort request.

The Stage II critical net positive suction head (NPSH) or ENGINE IT ignition
and operation pressure is 20 psia. No aborts will be requires based on NPSH
pressure requirements., " ]

The cross hatched area of the Stage II pressure gage is applicable to the fuel
tank pressure only. The oxidizer vapor pressure should maintain the Stage II
oxidizer tank pressure above structural pressure requirements eliminating any
abort action based on oxidizer pressure.

The structural requirement for Stage II fuel tank pressure is greatest at ‘
ENGINE II ignition when the ullage volume is at a minimum. The rate of pressure

decay for any given malfunction is therefore greatest at Stage IT ignition.

Aborts should not be based on decay rates; however, the decay rate will greatly

assist making on time abort decisions involving loss of Stage II fuel tank

pressure.
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8. SECONDARY GUIDANCE SWITCH (GUIDANCE)

The GUIDANCE switch may be manually moved to the IGS position following an
ATT RATE ON indication and a substantiating cue.
anticipated that it may not assist in switchover.

However, it should be

The GUIDANCE switch should be held in the IGS position until the SEC GUID
light illuminates. In the case of switchback, the switch should be held in the

RGS position until the SEC GUID light goes OFF.

The above times are not re-

quirements since the switchover or switchback relays will lock in a matter

of milliseconds, but will serve as a guideline.

Failure to obtain a satis-

factory switchover may be indicated by ATT RATE ON in excess of approximately
1.6 seconds and an abort is required upon receipt of a second cue. Failure

to obtain a satisfactory switchback following manual switchback initiation
after staging may be indicated by failure of the SEC GUID light to go OFF

and ammnugl switchover to IGS should be attempted.

~
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9. EVENT TIMER

The Event Timer manual start switch serves as an emergency start signal to the

secondary guidance system (IGS) electronic timer.

The Event Timer start is

critical because it is the primary cue for transition of abort modes, manual
sequencing events, monitoring of roll and pitch progrms for possible guidance
switchover and as a time base for comparing tank pressure values with tank

_pressure abort limits.

The command pilot must be prepared to manually backup

its start so that the time displayed is accurate and that backup guidance is

enabled no later than 5 seconds.

Simulation experience has indicated that

the use of the Event Timer for measuring the delayed Mode II Abort 2 sec time
delay is not ..satisfactory.

WL
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10. ATTITUDE BALL AND FDI NEEDLES

During launch the roll rate and yaw rate (GLV pitch) needles should be
monitored to verify that the roll program is initiated and completed and
that the pitch programs arc initiated. Failure of the functions to be
indicated on the I'DI's serves as a single cue for the Command Pilot to
manually switchover to the sccondary guidance system. However, confirma-
tion of the primary guidance failure must be obtained as a second cuec prior
to switchover. The rate needles and attitude ball should be scanned fre-
quently during flight for off-nominal conditions. If a primary guidance
failure occurs in Stage I flight and vehicle rates as indicated by the FDI's
are greater that rates required for the ATT RATE light ON, manual switchover
should be made as soon as possible. During Stage II flight automatic switch-
over rate limits are rather large (+10°/sec in pitch and yaw) and manual
switchover may be required before these rates are reached due to GLV per-
formance constraints. Manual switchover in Stage IT flight should be coor-
dinated with the ground if possible before such action is taken.

For Gemini X, the roll program will be initiated as a function of lift-off
time and will vary from approximately 9 seconds (nominal) to approximately

8 seconds for a launch 4 minutes late on the "same day". For subsequent

day launches, the roll program may initiate as late as 20.5 seconds (no roll
program). In all cases, the roll program will be completed by approximately
20.5 seconds. GLV yaw steering will initiate at closed loop guidance initi-
ate (approximately 2:50) and may total +15° by SECO (nominal +3°). Yaw
steering rates will be less than O.5°/sec maximum, and will probably not be
discernable on the FDI yaw rate needle, since procedures call for being on high
scale during Stage II powered flight.

The pitch program will begin at approximately 23 seconds and continue through-
out Stage I flight. If two valid cues are obtained that the pitch program does
not initiate, manual switchover to secondary guidance should be performed prior
to T 430 seconds. Decision to switchover for failure to get a roll program
depends on target orbit, launch time, and GLV performance margin. Mission
rules in effect on launch day will govern this situation.

The nominal guidance initiate transient at 2:50 will be a 2°/sec pitch down
for 6 seconds, and a 2°/sec yaw left for 2 seconds.
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11. ACCELEROMETER

The accelerometer, located in the upper right area of the command pilot's
panel, indicates longitudinal acceleration/deceleration. It provides a
secondary cue for certain single engine failures and is a gross indication
of launch vehicle acceleration or performance. The accelerometer also

- provides a readout of G-forces during reentry.
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12, ALTIMETER

The altimeter will indicate approximately 25% below true altitude during
ascent due to the location of the static sources and the resulting aerodynamic
ram effect and the pointers may be moving rapidly. For these reasons the
altimeter is not considered an accurate indication of altitude during the
launch phase.

The primary function of the altimeter is to provide an altitude reference
for drogue and main parachute deploy and other functions during descent.

The altimeter is accurate during descent from approximately 80,000 feet
altitude to sea level and should provide a good cross reference for the
40.K and 10.6K indicator lights.
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13.  ABORT IANDLI

Movement of the Abort landle to the SHUTDOWN position al any time alter Stage T
ignition will initiate engine shutdown; however, no crew initiated Stapge I cngine
shutdown is allowable between O and KO seconds due to agreements with RIR kangre
Safety involving booster fallback and resulting toxicily problems.  Range nafloty
may initiate Stage I engine cutof!' between O and hO seconds for saloly purposcs
if the launch vehicle deviates from the nominal trajectory and o Mode T abort,
must then be initiated by the crew. A crew initiatcd shutdown hetween staging

arm at 2:25 and staging will result in Stage I shutdown and a staging scquence
without Stage IT ignition. Between 50 seconds and 1 minute 40 scconds movement
of the Abort Handle from the SHUTDOWN position to the ABORT position should be
delayed for two (2) seconds following ATT RATE LIGHT ON. For the worst case, this
2 second time delay must include astronaut response time as well as approximately
1/4 second time delay between switch closure and ignition of retrorockets. TIf

no over rates are experienced (no ATT RATE Light and no 1/2 scale deflection of
pitch or yaw FDI needles), Abort Handle should be delayed in SHUTDOWN position
for 15 seconds or until horizon comes into view, whichever is sooner, before ad-
vancing it to ABORT position. The 2 second delay is necessary to allow the
launch vehicle to diverge sufficiently for the retrorockets to provide positive
spacecraft separation from the launch vehicle and minimize any possibility of
recontact of the spacecraft with the launch vehicle. Positive separation can be
achieved with no time delay at a launch vehicle angle of attack in excess of
approximately 33 degrees to the flight path.

Movement of the Abort Handle to the ABORT position arms and fires all four retro-
rockets simultaneously, activates both RCS rings, and fires the spacecraft/adapter
separation charges in addition to other functions.

The Abort Handle is powered by the BOOST-INSERT Switch via the OAMS Squib busses.
These busses are enabled from the blockhouse at approximately T-20 minutes during
the countdown and are powered from the squib batteries.
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