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GUIDANCE AND CONTROL - GENERAL

GENERAL

The Guidance and Control System provides the CGemini Spacecraft with the capability
to maneuver in space, control its ettitude in relation to the earth's surface,

and effect a safe re-entry. It also provides back-up launch vehicle guidance
during ascent and control of certain target vehicle functions during rendezvous

procedures.

Spacecraft attitude can be controlled asbout three axes: pitch, roll, and yaw. A
mode select switch permits selection of either automatic or manual control. An
attitude hand controller, located for use by either pilot, is used for manual

attitude control.

Translation control is provided along the longitudinal, vertical, and lateral
spacecraft axes. Either of two maneuver hand controllers may be used for manual

translation control. No provision is made for automatic control.

Three types of target vehicles are provided for the rendezvous missions: the
Agens, the Rendezvous Evaluation Pod (REP), and the Augmented Target Docking
Adapter (ATDA). Certain functions within the Agena or the ATDA can be controlled

through the Command Link of the Guidance and Control System.

In rendezvous spacecraft, the Guidance and Control System is made up of eight
individual systems or subsystems. They are:

a. Attitude Concrol and Maneuver Electronics (ACME)

b. Inertial Guidance System (IGS)

c. Horizon Sensors

8-3
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d. Rendezvous Radar System

e. Command Link
f. Rendezvous Evaluation Pod (REP)
g. Time Reference System (TRS)

h. Propulsion System

SYSTEM FUNCTIONS

The various guldance and control systems are sll functionally related. The

functional relationship between each of the systems is illustrated in Figure 8-1.

Attitude Control and Maneuver Electronics

The Attitude Control and Maneuver Electronics system converts input signals to .
thruster firing commends for the Propulsion System, Input signals to ACME are
srovided by the attitude hand controller, the IGS, or the horizon sensors depend-

ing on the mode of operation.

Inertial Guidance System

The Inertial Guidance System provides inertial attitude and acceleration infor-
mation, guidance computations, and displays. The inertial attitude and acceler-
ation information is used for computations and display purposes. Computations
are used for back-up ascent guidance, rendezvous guidance and re-entry guidance.
Displays are utilized by the crew for reference informetion and as a basis for

menual control.
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Horizon Sensors

The Horizon Sensors provide a reference to the earth local vertical during orbit.
Pitch and roll error signals are supplied to ACME for automatic sttitude control

and to the IGS for platform alignment.
Rendezvous Radar

The Rendezvous Radar provides target range, range rate, and angle information.
Target information is used for rendezvous computations and for displey purposes.
A redar indicstor displays target range ard range-rate information. Target eleva-

tion and yaw angles are selectable for display on the attitude indicator.

Commend Link

The Command Link provides a control capability over the Agena or ATDA target
vehicle. Coded commands, transmitted either through the radar or the umbilical,
allow the pilot to activate or de-activate the various systems of the target

vehicle.

Rendezvous Evaluation Pod

The Rendezvous Evaluation Pod 1is the target for a sinmlated rendezvous mission.
The pod 1s carried into orbit in the equipment adapter section of Gemini. Once
in orbit, the pod 18 ejected and its systems activated. A radar transponder and
acquieition lights in the pod allow the Gemini pilots to perform rendezvous

exerclses.

8-1
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Time Reference System

The Time Reference System provides a time base for all guidance and control
functions. Time is displayed for pilot reference in both clock and digital
form. The TRS also provides timing signals to the computer and the Sequential

System,

Propulsion System

The Propulsion System provides the thrust required for spacecraft maneuvers.
Thrusters are provided for both translational and attitude control. Firing

commands for the Propulsion System are provided by ACME.

GUIDANCE AND CONTROL MISSION —

The functions of the Guidance and Control System are dependent on mission phase.
The mission is divided intc five phases for explanation purposes. The phases

are: pre~launch, launch, orbit, retrograde, and re-entry.

Pre-lsunch Phase

Pre-launch phase is utilized for check=-out and programming of guidance and
control systems. Parameters required for insertion in the desired orbit are
inserted in the computer. The IMU is aligned to the local vertical and the
desired launch azimuth. Power is turned on to the various systems, and mode
selectors are placed in their launch position. Check-out and parsmeter insertio

are performed in the last 150 minutes prior to launch.
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Launch Phase

Guidance and control from lift-off through SSECO is provided by the booster guldance
system. However, in case of booster guidance malfunction the IGS can assume
control. Provision is made for either automatic or manual switchover to back-up
(Gemini) guidance. Figure 8-2 indicates both methods of switchover and the backe
up method of controlling the beooster during ascent. The IGS monitors attitude
and acceleration parameters throughout the launch phase. Ground tracking
information is used to continuously update computer parameters. At SSECO, the
remaining velocity required for insertion is displayed. The command pillot will,
after separation, use the Propulsion System to increase spacecraft velocity as
required for insertion in the desired orbit. Insertion will take place
approximately 580 miles down range at an inertial velocity of approximately

25,770 feet per second.
Orbit Phase

Orbit phase is utilized for checkout and slignment of systems, rendezvous
maneuvers and preparation for retrograde and re-entry. Immediately after
insertion s series of system checks will be performed to assure the capability of
guidance and control systems. Guidance computations and measurements are checked
for accuracy against ground tracking informetion. Systems are updated and
aligned by ground command or by the pilot. After qompletion of system

shecks, the catch-up and rendezvous maneuvers can be performed. During the final
orbit, guldance and control systems are re-aligned in preparation for retrograde

and re-entry.
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Retrograde Fhase

Retrograde phase begins approximately five minutes before retrofire. The computer
is placed in re-entry mode and begins collecting data%for re-entry computations.
The Time Reference System provides indications at TR-é56 seconds, TR-3O seconds,
and Ty- At TR-256 seconds, a minus 16 degree bias is:placed on the pitch attitude
neecdle. The Propulsion System is switched from orblt attitude and maneuver to
re-entry control. Spacecraft attitude is controlled @anually during retrograde.
Retrograde acceleration and attitude are monitored by%the I1GS,and veloclty

changes are displayed for reference.

Re-Entry Phage

Re-entry phase begins immediately after retrofire. The event timer counts
through zero at retrograde and will be counting downifrom sixty minutes during
re-entry phase. After retrofire, the retrograde adaéter and horizon scanner
heads are jettisoned. Shortly after retrograde, the pilot orients the space-
craft to re-entry attitude (0° piteh, 180° roll, 0° yaw). Re-entry attitude is
held until the computer re-entry program starts. At;approximately 400,000 feet
altitude, the computer re-entry program starts, and tﬁe pilot has a cholce of
manual or automatic control. For manual control, the pilot selects RE-ENT RATE
CMD. For automatic control, the RE-ENT mode is utilized. In the automatic mode,
the computer controls spacecraft roll attitude. For either mode of control, the
flight director is referenced to the computer and in%icates computed attitude
commands. The purposes of the computer re-entry proéram are to control the peint

of touchdown and to control re-entry heating. By controlling the spacecraft
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roll attitude and rate, it is possible to change the down-range touchdown point
by approximately 500 miles and the cross-range touchdown by 40 miles left or

right. The relationship between roll attitude or rate and direction of 1lift is

1llustrated in Figure 8-3. The roll control starts at approximately 400,000 feet

and ends at 90,000 feet. Re-entry phase ends at 80,000 feet when the computer

commands an attitude suitable for drogue chute deploymént.
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ACME SYSTEM

SYSTEM DESCRIPTION

The Attitude Control and Maneuver Electronics (ACME) System (Figure 8-4%) provides
the control circuitry to attain and/or maintain a desired spacecraft attitude or
velocity. The ACME sccepts signal inputs from the attitude hand controller,
horizon sensors, platform, or computer; processes the signal{s); end applies s
firing command to the appropriate Propulsion System solenoid valves, ACME is
composed of four separate supbsystems: Attitude Control Electronics (ACE),

Orbit Attitude and Maneuver Electronics (OAME), a power inverter and two identi-
cal raté gyro packages. The ACE, power inverter and rate gyro packages are in-
stalled in the center bay of the re-entry module. The OAME packege is located
in the equipment section of the sdapter. Total weight of the ACME System is

approximately 4O pounds.

The ACME provides the capability of automatic or menual attitude control, with
seven separate, selectable modes of operation. The horizon sensor, the inertisl
platform or the computer provide the reference for automatic modes of operation.
The satiitude hand controller provides the input signals for manual modes of
attitude control. The maneuver hand controller supplies signals to the maneuver

solenoid valves for translational maneuvers.

SYSTEM OPERATIONR

GENERAL
The ACME provides attitude control, sutomatic or menual, during all flight phases
of the spececraft mission, Rate gyro inputs to ACE are used to dempen spacecraft

attitude rates. Signal inputs are modified by ACME logic and converted to firing

commande for the Propulsion System.

8-17
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The ACME functional modes of the control are horizon scan, rate commend, direct,

pulse, re-entry rate command, re-entry, and platform. ZEach mode provides a
different signal input (or combination of inputs) to be processed by ACE for
routing to Re-entry Control System (RCS) or OAME solenoid velve drivers. The
modes of control are separated into two basic types; autometic attitude control
modes (horizon scan, re-entry and platform) and manual attitude control modes
(rate command, direct, pulse and re-entry rate commsnd), Display information
from control panel indicators is used as reference vwhen manual control modes are
uwtilized, Reference information is supplied by guidance and control subsystems
end consists of the following: attitude, attitude rates, bank angle and roll
commands (from the attitude display group), velocity increments (from the incre-
mentsl velocity indicetor), and range and range rete (from the radar indicator),
The control panels also conbtain the control switches necessary for selection of
ACME power and loglc circuits and attitude control mode, along with selection

switches for the various ACME redundant options,

FUNCTIONAL CPERATION {ACME)

Attitude Control (Figure 8-5)

Commands or error signsls from the computer, platform, horizon sensors, rate

gyros and attitude hand controllers are converted by the ACE into thruster
firing commands, The firing commands sre routed by & valve driver select system

to the RCS or the Orbit Attitude Maneuver System (OAMS) stbtitude solenoid valve

drivers.,

Signael inpuus to the ACE are of three types: ac sattitude signals, dc attitude

signals, and ac attitude rate signals, These signels are selected and distributed

by ACE mode logic switching circuits, ©Selected signals are channeled through

the proportional circuitry which emplifies, sums and demodulates the signel inputs

8-18
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into a dc anslog output, Horizon sensor (de attitude) signels are converted to

ac prior to entering the proportional 2ircuitry, The analog signals are then
converted by control torque logic switch circuitry to a positive or negative
discrete, the output consisting of either positive or negative thruster firing
commends, These commends are routed from the valve driver select system to the
RCS (ring A and/or ring B) velve drivers, or to the OAMS attitude valve drivers
for a firing command to the appropriate thruster valves. Zener diode spike
suppression circuits limit the voltages generated across the solenoid valves

during current interruptions.
Attitude Hend Controller

Spacecraft attitude mey be manually contrclled by use of the gttitude hand con-
troller and a visual reference, Controller outputs are rete, pulse or direct
cormand signals, (plus a hand controller position output to telemetry) depending
upon the control mode selection, Output signals ére produced by positive or
negetive handle movements from the centered position, Rate signals produced are
proportionsl to the amount of control displacement from a center deadband, Direct
and/or pulse signals are produced when the hand controller is dlisplaced past &
preset threshold or deadband, Pulse signals trigger a pulse generator in ACE

to produce a calibrated on time, The control handle must be returned to e
neutral position before another single pulse can be commanded, Detalls of each

control mode may be found in the MODE OPERATION paragraph.

RCS Direct
The RCS direct mode is selecteble as an slternate means of manvally firing the
RCS thrusters, and by-passes the ACE. The DIRECT position of each of the RCS

RING A or RING B switches provides a circuit ground to 12 ettitude hand con-

820
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troller RCS direct switches. 'The ground is then applied directly to the

required thruster solenoid velves through appropriate hand controller displace-
ments. This RCS mode of operation is intended for backup or emergency control
only.

Meneuver Hand Controllers

Trenslational meneuvers of the spacecraft in the horizontal, longitudinal and
vertical planes mey be commanded by either of the maneuver hand controllers.
Displacement of & hand controller, from the centered or neutral position in
any of the six translational directions produces & direct-on command to the

respective solencid valves.

BRate Gyros
The function of the rate gyro package i1s to sense angular rate about the pitch,

yaw and roll exes of the spacecraft and provide an output signal proportiomal to
that sensed rate. Selection of certain control mode# provides gyro inputs to ACE
for angular rate demping. Additionsl information concerning the rate gyros may be
found in the paragreph under SYSTEM UNITS RATE GYRO PACKAGE.

Power Inverter

The power inverter provides the AQME end horizon sensors with ac power. Space-
eraft de power is converted to 26V, 400 cps (The IGS iinverter provides the

primery source of ac excitation). The ACME inverter jis utilized vhen the Inertial
Meagurement Untt (IMU) is off. Additional information regarding the power inverter

may be found in the paragraph under SYSTEM UNITS POWER INVERTER PACKAGE.

MODE OPERATION

Control of spacecraft attitude is accomplished through the selection of seven

8-21
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functional control modes, Each control mode is utilized for a specific purpose

or type of ACME operation in conjunction with various mission phases. Each

mode provides either automatic or menual spacecraft control through the switch-
ing of input signals to ACE, In addition, the mode logic circuits de-energize
all unused circuits within the ACE during use of the horizon scan mode to con-
serve power. Switching is performed by transistors at the signal level and by
relays at the power level, The operation of each control mode is explained in

the following.

Direct Mode (My)

In this mode, thruster firing commends are applied directly to the RCS or OAME
attitude solencid velve drivers by actuation of the sttitude hand controller
direct switches (Figure 8-6). Selection of the direct mode applies a bias

voltage to a transistor designated ground switch A. Conduction of the transistor
completes a circuit to ground which is common to one side of the hard controller
direct switches. The transistor remains on as long as the direct mode is selected.
Six normally-open switch contacts provide the command signels in the pitch, yaw
and roll axes and will close when the hand controller is moved beyond a preset
threshold (2.5 degrees) of handle travel, Deflection in the desired direction
applies a ground from switch A directly to the valve driver relative to that
direction which, in turn, fires the proper thruster(s). Thrusters continue firing
as long as the hand controller is displaced beyond the 2.5 degree threshold.

This mode of operation is optional at ell times.

Pulse (Mp)

In this mode, the attitude commends initleted by hend controller displacement

8-22
CONFIDENTIAL




CONFIDENTIAL

SEDR 300

PROJECT GEMINI

(357Nd GNVWWOD ¥0 103135 1D3310) OND = ¥

NOILINNG 21901

"NOILYINA SANODISNTIW 0Z
40O SANYWWOD ONIHId $3dIAOUd

3QOW 351Nd 3HL 40 NOILD3ES Y/

T

— $310N — _ T _
7 - . et
“ _ _ “ Imlo\oﬂ “
_ n_mwmmm_‘wm h_ | mwmmwn " SOWD T104 3 “MYA ‘H3LId mlo\\vlﬂ.c _
ﬂ “ ” _ .|m|o\0ﬂ. ~
_ | _ ! 3 | _ ——C 0%
| | | N——— T
| | O |
| B |
_ _ _ _ |
_ | r————" | | e _
| || ] | |
| g L] e L o sous = oees | | [
_ SWYO P aonuway | 4| ] IAVA #sInd 119NIS | 1 Lo |
_ | ] b _ |
| _ \ v _
b v wasas | L _awWvo g _ ESEEE | | 2 |
_. _NoISINdO¥d_ | I _ _ . l
_pl Ed — 4+ _

————_—————————| ==
_ 1o3u1a 10ULNOD 3QNLILLY

@ 330 @ 450 v NYDS ¥OH
_ peliE Ve M @

gONIE ¥ ONI C ANZ-3 awD 3Lvy
_ NO IN3-3¥ ,/

AW 31¥3 123G

_ ¥ SWYO LN

1AINVd TOYLINOD

P

— —— — — — S g— et | Soma. S—— — S STy — ——— —

STHOLIMS 351Nd —

— —— i s
ANVH _W

YITIOHWINOD
3anliiLv

20 A0t

Figure 8-6 ACME Simplified Block Diagram (Direct & Pulse Command Modes)

CONFIDENTIAL




CONFIDENTIAL
SEDR 300

PROJECT GEMINI ﬂ]

fire a single pulse generator in the ACE (Figure 8-6). The pulse mode logic

activates the generator, allowing it to fire for a fixed duration when a pulse
command is received., Commands originate every time one of the six normally-

open pulse switch contacts of the hand controller is closed., Thls triggers

the generator and applies a bias voltage pulse for a 20 millisecond duration

to ground switch A. This ground is then applied to the RCS or OAME attitude
valve drivers, through the actuated hand controller direct switches, as a command
for thruster firing. Commands may be initiated in the pitch, yaw or roll axis

by moving the control handle in the desired direction beyond a preset threshold
(3.5 degrees). Thrusters fire for 20 milliseconds each time the handle is dis-
placed beyond 3.5 degrees, This mode is optional at all times and will normally

be used during platform alignment.

Rate Command Mode (Ms)

In this mode, spacecraft attitude rate about each axis is proportional to the
attitude hand controller displacement from the neutral deadband (Figure 8-7)

(The output remains at zero for displacements less than 1 degree of handle travel,
providing a non-operational area or deadband). Command signals, generated by
handle displacements, are compared with rate gyro outputs, and when the difference
exceeds the démping deadband, thruster firing occurs. Signals originate from
potentiometers in the hand controller and outputs are directly proportional to
handle displacement. A maximum commend signal to ACE produces an angular rate

of 10 degrees/second about the pitch and yaw axis and 15 degrees/second about

the roll axis.

Automatic, closed-loop stabilization of spacecraft rates is provided by the

sensing of angular rates by the rate gyro package. With the absence of hend
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controller command signals, spacecraft rates sbout each axis are dampened to

within + 0.2 degrees/second with OAME attitude control and to within + 0.5

degrees/second with RCS attitude control. Output signals from the rate gyros
are used to produce fire commands until the rate signal is within the damping
deadband, This mode is optional at all times and will normally be used during

translational thrusting or attitude changes.

Horizon Scan Mode (M)

In this autometic command mode, horizon sensor outputs (pitch and roll) are
processed by the ACE to orient and hold the spacecraft within & desired attitude
deadband during orbit (Figure 8-8). Pitch attitude is mainteined automatically
to within +5 degrees of the horizon sensor -5 degree output, end roll attitude is
maintained automatically to within fS degrees of the horizon sensor zero degree
null, Control about the yaw exis is accomplished by:commands from the attitude
hand controller in the same manner as in the pulse mode, Pulse control about
the pitch and roll axes is also avallable to supplement the automatic control.

A -5 degree bias voltege is summed with the pitch input to the ACE to meintain
the 5 degree pitch down orientation, When the attiﬁude error (piteh or roll)
exceeds the 5 degree control deadband, the ocutput of the ACE on-off logic is &
pulse firing command. The pulse time is 18 millisedonds and the pulse
repeiition frequency is dependent upon how much the3att1tude error exceeds the 5
degree deadband. A lag network in this mode provides a pseudo rate feedback for

rate damping without having to use the power-consumfng rate gyros.

Re-entry Mode (Mc)

In this automatic command mode, spacecraft anguler retes sbout the piteh'and yaw

825
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axes are dampened to within +4 degrees/second and to within +2 degrees/second

ebout the roll axis (Figure 8-9). Roll attitude is controlled to within 2
degrees of the asttitude commanded by the digital computer input to ACE. The
computer roll input to AGE consists of either s bank angle attitude command or
& fixed roll rate command depending upon the relationship between the predicted
touchdown point and the desired touchdown point. Roll to yaw crosscoupling is

provided to minimize the spacecraft lift vector.

Re-entry/Rate Command Mode (MsD)

In this manual command mode, spacecraft rates are controlled by rate commands
from the attitude hand controller. With the exception of wider deadbands, the
method is identical to the rate command mode with the sddition of roll-yew rate
crosscoupling. Angular rate damping about the three axes is identical to the
re-entry mode. The computer bank angle and roll rate commands do not sutomati-
cally control the spacecraft but are provided on the control panel displays as

a reference for initiating manual re-entry roll commands.

Platform (M6)

This attitude control mode is used to maintain spacecraft attitude, in all three
axes, with respect to the inertisl platform. Spacecraft attitude is held auto-
matically to within + 1.1 degrees of the platform attitude. A horizontal atti-
tude, with respect to the earth, can be held if the inertial platform is in the
orbit rate or alignment mode of operation. Spacecraft attitude rstes are dampened
to within + 0.5 degrees/second. The primary purpose of this mode is to auto-
matically hold an inertial spacecraft attitude. This mode is also useful for
maintaining spacecraft attitude during fine alignment of the platform (Figure
8-10).
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The rate command mode of ACME will be utilized for attitude control during all

Aborts - ACME/RCS

sbort modes. Control over the RCS ring A and ring B switches for a mode 2

abort is automatically switched to ACME by the ebort sequential relays.

SYSTEM UNITS

ATTITUDE CONTROL ELECTRONICS (ACE)

The ACE package (Figure 8-4) weighs approximetely 17 pounds, has & removable
cover and contains ten removable module boards., These boards make up the ACE
logic circuitry and consist of the following: a mode logic board, an ac signal
processing board, three axis logic boards, three relay boards, a power supply
board (+20, +10, -10 vde) and & lag network board. These replaceable module
boards perform the signal processing for the three-axis control, and convert
signal inputs into appropriate thruster firing commands, They also contain the

golenoid wvalve driver circuits for the RCS solenoid valves.

Functional Operation

Input signals to ACE are dependent upon attitude or attitude rate requirements
of the spacecraft and are used to obtain sn attitude or attitude rate correction.
A functional schematic of the ACE is shown in Pigure 8-11 and is sectioned to
shov signal processing for each of the three axes. ACE mode logic circuits are
represented by the blocks at the left of the figure. The selection of an atti-
tude control mode initiates transistor switching in the logic circuits pertain-
ing to that mode. The appropriate input signal is then switched into the proper
ACE chennel for processing. Additional information on mode logic switching

may be found in the Mode Logic wwitching psragraph,
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Proportional circuits consist of the signsl emplifier stages (attitude and rate),

switech amplifiers and the demodulator/filtér stages, Attitude and rate signals
to each of the pitch, yaw and roll channels (with the exception of horizon sensor
signals) ere ac and are amplified to operational levels by the attitude and rate
amplifiers., The outputs are summed snd fed to the switch amplifiers, The out-
put of the switch amplifier is coupled to the demodulator stage where it is con-
verted to a positive or negestive dc asnalog signal, The dc signal then energizes
either the positive or negative, low-hysteresis transistor switch in the control
torque logic section, The switches for the pitch and yaw axes are held on for

e minimum of 18 milliseconds by the minimum pulse generators, Horizon sensor de
signals sre chopped and amplified by the switch amplifiers, then modulated in

the seme manner as sc signals.

The valve driver select circuits control power and signsl distribution to OAME
and RCS ettitude valve drivers., To turn off the OAME control system, power is
applied to de-energized relsys, The normelly-closed relay contacts forward the
power and signal inputs to the OAME, DPower may then be spplied to the RCS ring
A and/or ring B valve drivers for RCS sttitude control, The ring A and ring B

RCS valve drivers consist of releys energized by transistor relay drivers,

Mode Logic Switching

Transistor switching provides the control for sttitude mode signal selections,
along with ACE power distribution in the horizon scen mode, These switches are
represented by blocks in Figure 8-11, The logic function for each block is
explained in the truth table st the right of Figure B-11 as being ground or not

ground, Figure 8-12 shows how mode control of signal selections is accomplished.
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The transistor switches provide a grounded or not grounded condition to attitude

signals, by being in a conducting or non-conducting state. Attitude reference
and command signals are obtained by selecting the appiopriate control mode switch
position. This epplies a +20 Vdc bias voltage to the base of a PNP transistor,
biasing it to cut off, This ungrounded state allows ihe desired signal to be
applied to the ACE amplifiers. The mode 1 (direct), fa.nd mode 2 (pulse), and one
of the M: (horizon scan) logic switches are NPN transﬁstors, and conduct with the
application of +20 vde, This provides a ground circdit for hand controller com-
mands, The pulse generator signal provides the biasivoltage t0 turn on switch A

when in the pulse or orbit modes,

Signal Processing {Figure 8-11)

The type signal selected for each mode of control can be determined by referring
to the logic block in each-channel and the mode logic table., The P and I blocks,

through mode selections, establish the gain for rate amplifier stages.

Attitude Bignals

Tuputs to the ACE are either in-phase or out-of-phase 8C signals {with the
exception of the de horizon sensor input). A positive attitude displacement
generates sn in-phase error signal which, in turn, will command negative thrusting.
A negative attitude displacement, generating an out-of-phase signal, will command
positive thrusting. By referring to the logic table, it may be seen that the
selection of mode 5 provides a computer roll input through the function of

logic block Dp and is the only attitude signal selected for an input to ACE.

A roll sttituvde error or commend signal is fed into ﬁhe three-stage attitude
smplifier, The amplifier output will be used to turn on the appropriate solenocid

valve dyiver. The limiter is used to limit attitude signal amplitvde. The out-
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Figure 8-11 ACME Functional Schematic (Sheet 1 of 2)
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Figure 8-11 ACME Functional Schematiq (Sheet 2 of 2)
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put of the three-stage switch amplifier is transformer coupled to either the
in-phase or the out-of-phase sectlon of the demodulaﬁor stage. The output of
the demodulator stage is a full-wave rectified dc siénal, which 1s filtered

and energizes either the positive or negative low-hy%teresis switch. Energizing
the switch provides the ground for the valve drivers; The minimum pulse gener-
ator will not allow the solenoid valves to turn off in less than 18 milliseconds,
thus assuring a prescribed minimum thruster force. &inimum pulse generators sare

used in the pitch and roll channels only.

Rate Signals (Figure 8-11)

Angulasr rate and rate command signals are provided by the logic functions of
blocks Cp, Cy and Cr through the selection of modes MS, M5, MSp, and M6, Signal
geins through the rate amplifiers are varied by the functions of logic blocks
ip, Iy, Ir, Pp, Py, and Pr, with the selection of th; re-entry modes or platform
mode., Rate signal inputs are used in the same manne& as ettitude signals to
control solenoid valves. Roll rate signsls are summed with the computer command
signal and the proportional output is fed to the swiich amplifiers. The function
of the logic block My, with selection of the re-entﬁy modes of control, provides
erosscoupling of roll rates into the yaw axis for ré-entry control. Roll rate
signals are proportionally coupled into yaw. This ﬁrovides an opposite-phase
signal for cancellation of part of the yaw rate comﬁand signsel for proper sta-

bility.

Horizon Sensor Signals

Sensor pitch and roll signals are positive or negative dc and are fed directly
to out-of-phase choppers in ACE. A -5 degree pitchibias voltage is summed with
the pitch horizon sensor output for pitch down orieﬁtation. The output of the
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chopper will be of & phase opposite the attitude displacement ({a positive
attitude displacement will result in an out-of-phase output, and a negative
attitude displacement will result in an in-phase output). This signal is
then amplified and processed by the on-off logic in the same manner as an

attitude signal.

The horizon scan mode, in addition to energizing circuits utilized by other

modes, energlizes the resistance - capacitance lag feedback networks and choppers
for either the in-phase or out-of-phase signal. The lag network discharge rate,
along with the minimum pulse generator operation, provides anti-hunting control
(hunting would result from the slow response of the horizon sensors if no anti-

hunt control were used).

RCS Valve Drivers

The RCS solenoid valve drivers (Figure 8-13) are relays with normslly-open con-
tacts connected between the solenoid valve and the RCS ring switch. They pro-
vide a circuit ground when the switch is in the ACME position, The relays are
energized by transistor relsy drivers which conduct upon receiving thruster
Tiring commands from the control torque logic switches or the atiitude hend
controller direct switches, Zener diode spike suppression is provided to

limit the voliege genersted when thruster power is interrupted.

ORBIT ATIITUDE AND MANEUVER EILCTRONICS (OAME)

This unit (Figure €.4) weighs epproximately & pounds, has a removable cover and
contains three removable module boards (2-reley bosrds and l-component module
board) as well as fixed coriponents., The replaceable module boards, in conjunc-
tion with the fixed components, function es attitude valve drivers and provide
spike suppression for the maneuver solenoid valves.
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Funcitionsl Operation

ttitude Control
Attitude commands to the OAME are either positive or negative thruster Tiring
logic commands to the soleunid valve drivers frowm the control toryus logic
section of ACD (wec Figure 8-13). Upon receiving commend signals, the velve
driver trancistors will conduct. This provides the circult grounds to energize
the solenoid valves ol the propulsion systewm. Zener diode spike suppiession is

provided to limit the voltage generated when thruster power is interrupted.

Maneuver Control

Maneuver commonds originate from either of the two maneuver hand controllers
(Figure 8-14). Translational commsnd signals are obteined by applying a circuit
ground through the proper hand controller switch to the solernoid valve for
thruster firing. Conventional diode gpike suppression 1s provided by the QAT

packsge to limit the voltsge spike generated when thruster power is interrupted,

RATE GYRO PACKAGE (RGP)

The RGP (Figure 8-4) conteins three rate gyros, each individuslly mounted and
hermetically sealed, The gyros are orthogonally mounted for rate sensing in all
three axes, The rate gyro package provides ac analog outputs, proportiocnal to
attitude rate inputs, Application of a gimbal torquer current and monitoring

of spin motor synchronization provide a check of gyro operation and pickoff out-
put during ground checkout, Bach gyro is separately éxcited so that any individual
gyro may be turned on or off without affecting the operation of the other two.

Two gyro packages are provided for redundancy and have a total weight of approxi-

metely 8 pounds.
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Figure 8-14 ACME Maneuver Control-Simplifiéd Block Diagram
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The power inverter (Figure 8.-4) converts spacecraft dc power to ac power for

POWER INVERTER PACKAGE

use by the ACME subsystems and horizon sensors, The unit weighs epproximately
T pounds and consists of the following: current and voltage regulators, oscilla-
tor, power amplifier, output filter, regulator-controller, switching regulator
and oscillestor starter, The 26 vac, 400 cps power inverter output is supplied to
the following:
a. ACE power supply: vreference power for the choppers,
demodulators and de bissing voltages,
b, Rate gyros: 20 walts starting power and 16 watts running
power Tor motor and pickoff excitation,
c, Horizon sensors: 1l watts operational power, as reference
for bias volteges and pickoff excitation,
d. Attitude hand controller: 0,5 watts for potentiometer
excitation,
e, Telemetry: 1,0 watts for demodulation reference,
f. FDI: 8.2 watts

£. Rendegvous Radar: for angular reference,
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INITIAL GUIDANCE SYSTFM

DES I

The Inertial Guidance System (IGS) consists of an Ine#tial Measurement Unit, an
Auxiliary Computer Power Unit, an On-Board Computer, Qith Auxiliary Tape Memory
and associated controls and indicators. The locationiof all IGS components is
11lustrated in Figure 8-15. Controls and indicators ére located inside the
pressurized cabin area. The Inertial Messurement Unit, Auxiliary Computer Power
Unit, and the On-Board Computer are located in the unbressurized left equipment
bay. The computer Auxiliary Tape Memory is mounted oﬁ the electronic module

coldplate located in the adapter section (spacecraft 8 through 12).

INERTTAL MEASUREMENT UNIT |

The Inertial Measurement Unit (IMU) consists of three;separate packages: the
inertial platform, system electronics, and IGS power ?upply. All three packages
function together to provide inertial attitude and ac?eleration information.
Attitude measurements are utilized for automatic cont&ol, computations, and visual
display. Acceleration measurements are utilized for ﬁnsertion, rendezvous, and
retrograde computations and displays. IMU operation &s controlled by a mode
selector. Cage, aligmment, orbit rate, and inertial @odes ere available. Plat-
form attitude measurements &re available tc each pildt on his attitude display
group. The IMU is also capablé of providing %00 cpajpcwer to ACME inverter loads.
An AC POWER switch allows the pilot to select the soﬁrce of 400 cps ACME power.

AUXILIARY COMPUTER POWER UNIT

The Auxiliary Computer Power Unit (ACPYU) provides protection for the computer,
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from the spacecraft bus voltage variations. If bus voltage drops momentarily, the

ACPU supplies temporary computer power. If bus voltage remains depressed, the
computer is gutometically turned off. The ACPU is activated by the computer

power switch,
ON-BOARD COMPUTER

The On-Board Computer (OBC) provides the necessary parsmeter storage and computa-
tion facilities for guidance and control. Computations are utilized for imsertion

rendezvous, and re-entry guidance., A computer mode selector determines the type
of computations to be performed. A START switch allows the pilot to initiate
certain computations at his discretion. The COMP light indicates the start and
completion of a computation. A MALF light indicates the operational status of
the computer and & RESET switch provides the capability to reset the computer in
case of temporery melfunctions., A Manual Data Insertion Unit (MDIU) allows the
pilot to communicete directly with the computer. Specific parameters cen be
inserted, read out, or cleared from the computer memory. An Incremental Velocity
Indicator (IVI) displays velocity changes. Changes can be measured or computed,
depending on computer mode., An Auxilisry Tepe Memory {ATM) that works in con-
Junction with the spacecraft computer is utilized in spscecraft 8 through 12. It

provides greater memory capacity and allows in-flight loading of progrem modes
in the computer.

SYSTEM OPERATION

Operation of the IGS is dependent on mission phase, Components of IGS are util-
ized from pre-launch through re-entry phases. Landing phase is not controllable
and therefore no IGS functions are required, The computer and platform each have
mode selectors and can perform independent functions., However, when computations
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are to be mede concerning inertial attitude or acceleration, the two units must

be used together.
PRE-LAUNCH PHASE

Pre-launch phase consists of the last 150 minutes beﬁore launch. This phase is
utilized to warm-up, check-out, program, and align IQS equipment, After warm-up
the computer performs & series of self checks to insdre proper operation. Infor-
mation not previously programmed but essential to thé mission is now fed into the
computer. AGE equipment utilizes accelerometer outp&ts to align IMJ pitch and
yaw gimbals with the local vertical. The roll gimbai iz aligned to the desired

launch azimuth by AGE eguipment,
LAUNCE PHASE

Launch phase starts at lift-off and lasts through insertion. During the first and
gsecond stage boost portion of launch, the guldance fﬁnctions are performed by the
booster autopilot. If the booster radio guidance sy%tem should fail, a Malfunction
Detection System (MDS) provides automatic switchover to back-up (IGS) guidance.
Back-up ascent guidence can also be selected manually gt the discretion of the
command pilot. The computer has been programmed witﬁ launch perameters and the
IMJ provides continuous inertial reference for back-ép ascent guldance. To mini-
mize launch errors, the computer is updated by ground stations throughout the
lsunch phase, In the back-up ascent guldance operation, the computer provides
steering and booster cut-off commends to the secondaiy booster autopilot. The
computer also supplies attitude error signals to thejflight director needles, The
IMU provides inertial attitude reference to the attiﬁude ball. At Second Stage

Engine Cut-Off (SSECO) guidance control is switched from booster to Gemini IGS.

817
CONFIDENTIAL




CONFIDENTIAL
SEDR 300

PROJECT GEMINI

The computer starts insertion computations at SSECO and, at spacecraft separation,
displays the incremental velocity change required for desired orbit insertion.
When the required velocity change appears the command pilot will accelerate

the spacecraft with the OAMS thrusters to insertion velocity. During acceler-
ation the IMU supplies attitude and velocity changes to the computer, The
computer continuously subtracts measured acceleration from required accelerstion
on the display. When insertion has been achieved the incremental velocity

indication will be zero along all three axes,

ORBIT PHASE

Orbit phase consists of that time between insertion and the start of retrograde

sequence., If the IGS is not to be used for long periods of time it can be turned .
off to conserve power. If the platform has been turned off, it should be wearmed

up in the CAGE mode approximately one hour before critical alignment. The

computer should be turned on in the PRE IN mode and ellowed 20 seconds for self

checks before changing modes. IGS operation during orbit is divided into three

separate operations. The initial part of orbit is used for check out and align-

ment. The major part of orbit is used for rendezvous exercises and the final

portion is used in preparation for retrograde and re~entry.

Check-Out & Alignment

Immediately after orbit confirmation the spacecraft is maneuvered to smell end
forward and the platform aligned with the horizon sensors., Horigon sensor out-

puts are used to align pitch and roll giwbals in the platform, The yavw gimbal is
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aligned through gyrocompassing techniques using the rqll gyro output, This

will align the yaw gyro to the orbit plane. Platform%alignment will be meintained
by the horizon sensors as long as SEF or BEF modes ar% used, ORB RATE mode is
used when maneuvers are to be performed. ORB RATE 1s§an inertially free mode
except for the pitch gyro which is torqued at approxi&ately four degrees per
minute (orbit rate). The purpose of torquing the pitén gyro is to maintain a
horizontal attitude with respect to the earth. If ORﬁ RATE mode is used for

long periods of time drift errors can occur. To eliminate errors due to gyro

drift, the mode is switched back to SEF or EEF for alignment.

Rendezvous Exercises

IGS operation during rendezvous exercises consists of performing inertiasl
measurements and meneuver computations, Radar targetiinformation is provided

to the computer for use in rendegvous computations, %latform alignment is
performed in SEF or BEF mode prior to initiating a maheuver. The computer START
button is pressed to initiste computation of velocityjchanges and computed velécity
requirements are automatically displayed on the IVI. ;Flight director needles

are referenced to the computer during rendezvous exeréises and indicate the
attitude in which translational thrust should be applied. When the spacecraft

is in the correct attitude for a maneuver, all of thejincremental velocity indica-
tion will be along the forward-aft translationsl axisL As thrust is applied, the
IMU supplies the computer with attitude and acceleration informsetior to continu-
ously update the IVI indications. When the maneuver>has been completed the plat-

form can be resligned to the horizon sensors,
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Preparation for Retrograde & Re-Entry

Preparation for retrograde and re-entry is performed in the last hour before
retrograde sequence, The ATM re-entry module IV is loaded into the computer
(requires less than 40 minutes), If the IMU has been turned off, it must be
turned on one hour before retrograde. (The gyros and accelerometers reguire
approximately one half hour to warm up and another half hour is required for
stabilization and aligrment.) The attitude ball will indicate when platform
gimbals are aligned to spacecraft axes. At this time the spacecraft is maneuvered
to Blunt End Forward (EEF) and the platform aligned with the horizon sensors.

The platform remains in EEF mode to maintain alignment until retrograde seguence,
The computer retrograde initial conditions are checked and if necessary updated
by either ground tracking stations or the pilot. Preparation for retrograde

and re-entry is completed by placing the computer in RE-ENT mode,
RETROGRADE PHASE

Retrograde phase starts 256 seconds prior to retrofire and ends approximately
twenty-five seconds after retrofire initietion. At the start of retrograde

phase a minus sixteen degree bias is placed on the pitch needle of the attitude
indicator. At time-to-go-to retrograde minue 30 seconds (Ty-30 seconds) the plat-
form is placed in ORB RATE mode, While the retrorockets are firing (approximately
22 seconds) the acceleration and sttitude are monitored by the IMU and supplied to
the computer for use in re-entry computations. The computer starts computations
for re-entry at retrofire. Computations are based on the time of retrofire,

inertial position and attitude, and retrograde accelerstion.
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RE-ENTRY PHASE

Re-entry phase starts immedistely after the retrorockets stop firing and lasts
until drogue chute deployment, After retrograde a 1860 roll maneuver is per-
formed and pitch attitude is adjusted so that the horizon can be used as &
visual attitude reference, The spacecraft attitude ié controlled by visual
observation of the horizon until the computer comman@s a re-entry attitude

at approximately 400,000 feet, The spacecraft is thén controlled to null

the flight director needles, Flight director needleg are referenced to the
computer during re-entry. The IMU supplies inertial sttitude and acceleration
signals to the computer. Bank angle commends are coﬁputeﬂ snd displayed on
the roll needle for down range and cross range error%correction. The bank
angle commands last between O to 500 seconds dependiﬁg on the amount of down
range and cross renge error, Pitch and yaw needles éisplay down range and
cross range errors respectively. Upon completion of:the bank angle commsnds
{spacecraft on target) & roll rete of 15 degrees per second is commanded by
the computer. At approximately 80,000 feet the computer commands an attitude
suiteble for drogue chute deployment. Immedistely a%ter drogue deployment

the IGS equipment is turned off,
CONTROLS AND INDICATORS

Attitude Display Group

The Attitude Display Group (ADG), (Figure 8-16), consists of & Flight Director
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Indicator (FDI) a Flight Director Controller (FDC) and their associated ampli-

fiers. Three types of displays (attitude, attitude rate, and ADG power off)

are provided by the FDI. A three axis sphere with 360 degrees of freedom in

each axis continuously displays attitude information. The sphere is slaved to
the inertial platform gimbals and always indicates platform attitude. Three
needle type indicators display attitude and/br attitude rate information as
gselected by the pilot. Information displayed on the nekdles is provided by the
computer, platform, radar, and rate gyros. A écale selector is included in the
FDI to allow the selection of HI or LO scale indicationé on the needles. The

FDC is used to select the source and type of display on;the needles. Figure 8-16
includes a simplified schematic of the FDC switching aqd indicates the source

and type of signal available. Since the computer is cdp&ble of producing different
types of signals, the computer mode selector is includéd in the schematic. The
FDC reference selector determines the source of displaﬁ information. The FDC

mode selector determines the type of signal displayed.

Manual Data Insertion Uait

The Manual Deta Insertion Unit (MDIU) consists of a ten digit keyboard and a
seven digit register. The MDIU allows the pilot to commnicate directly with
the on-board computer. Provision is made to enter, céncel or read out informa-
tion. The keyboard is used to addrese a specific 1oca£ion in the computer

and set up coded messages for insertion. The first tw¢ keys that are pressed
address the computer memory word location and the next%five set up & coded

message. Keys are pressed in a most significant bit first order., Negative
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velues are inserted by making the first number of the message a 9. The 9 then
represents a minus sign and not a number. The seven digit register is used to
monitor addresses and messages entered into or read out of the computer. Push
button switches are included on the register panel to READ OUT, CLEAR, and ENTER
the messages. The CLEAR switch does not clear the computer, it clears only the
register, Information can also be inserted in the computer by the ground

tracking stations which have Digital Command System cepabilities,

Incremental Velocity Indicator

The Incremental Velocity Indicator (IVI) provides a displey of computed velocity
increments required for, or resulting from & specific maneuver, The IVI is con-
trolled through the on-board computer. Displays are utilized for orbit insertionm,
orbit correction, rendezvous maneuvers and retrograde. Velocity .ncrements are
provided along each of the spacecraft translationsl axis. Controls are included
to manually insert plus or minus velocity incremenis into the IVI. The IVI also
provides a display of tape position words and module words from the auxiliary

tape memory.

Computer Controls

Computer controls are located on the computer controls and indicators panel on
the main instrument panel - center console (lower assy). See Figure 8-15.
Computer controls consist of: a COMPUTER mode selector, a START switch, a COMP
light, & MALF light, e RESET switch, and an ON-OFF switch. The COMPUTER mode
selector is a seven position rotary switch which selects the type of computations
to be performed, Modes of operation correspond to the mission phase in which

they are utilized. The COMP light indicates when the computer is running through
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its program and provides a means of checking computer sequencing. The START

switeh is utilized for menusl initistion of certain coﬁputations.

The START switch must be operated in con-
junction with the COMPUTER mode seléctor

and the COMP light.

The MALF light indicates when & malfunction has occurr?d and the RESET switch
resets the computer malfunction indicator. The EESET #witch is only cspable of
resetting the computer for momentary malfunctions, An}OH-OFF switch controls

power to the computer and the auxiliary computer power%unit.

IMJ Controls & Indicators

The IMJ controls and indicetors consist of; a PLATFORM mode selector, an ACC
1ight, an ATT 1light, a RESET switch, and an AC POWER selector. The PLATFORM
mode selector is a seven position rotary switch whidh,iin conjunction with the
AC POWER selector, turns the platform on and off as wehl as control the mode

of operation. Two cage modes, two align modes, one free mode, and an orbit

rate mode of operation are selectable. The align mode% are SEF and BEF. The
ACC light indicates when a malfunction hes occurred iq the accelerometer portion
of the IMJ. The ATT light indicates when a malfunctién has occurred in the atti-
tude portion of the IMJ. The RESET switch will turn fo the lights, indicating

that the IMU has returned to normel operation. The RﬁSET switch works for momen-
tery malfunctions of either type. Inability to resetithe lights indicates a
permanent malfunction, The AC POWER selector allows the pilot to turn the IGS

inverter on without operating the platform or electroﬁics circuits,
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SYSTEM UNITS

INERTTIAL MEASUREMENT UNIT

The Inertial Measurement Unit (IMU) is the inertial attitude and acceleration
reference for the Geminl Spacecraft. The IMJ consists of three separate packages;
the inertial platform, platform electronics, and IGS power supply. All three
packages conform to spacecraft contours for mounting convenience and have a

total weight of 130 pounds. A functional block diagram (Figure 8-17) indicates
functions and signal routing throughout all three packages. In addition to
attitude and acceleration reference, the IMJ provides ac and dc power for use in
other units of guidance and control. The platform and electronics packages are

mounted on cold plates to prevent overheating.

References to %, ¥, and z attitude and
translational axes pertain to inertial
guidance only and should not be confused

with structural coordinate axes.

Inertial Platform

The inertial platform (Figure 8-18) is a four ginbal assembly containing three
miniature integrating gyros and three pendulous accelerometers. Gimbals allow
the gyro mounting frame (pitch block) to remsin in a fixed attitude while the

housing moves freely about them. Major components of the platform are: a housing,
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gimbal structure, torque motors, gimbal angle synchros, resolvers, gyros and
accelerometers. The gimbals from inside to outside are: pitch, inner roll,

yaw and outer roll. All gimbals, except inner roll,%have 360 degrees of free-
dom. The inner roll gimbal is limited to plus and m@nus 15 degrees, Two roll
gimbals are used to eliminate the possibility of gimaal lock. Gimbal lock can
occur on & three gimbal structure when an attitude of 0 degrees yaw, O degrees
piteh, and 90 degrees roll exists, At this time the;roll and yaw gimbals are

in the same plane and the yew gimbal cannot move abo@t 1ts axis (gimbal lock).

In the Gemini four gimbal platform an angle of 90 deérees is maintained between
the inner roll and yaw gimbals thus preventing gimbai lock, The inertial compo-
nents are mounted in the innermost gimbal casting (pitch block) for rigidity

and shielding from thermal effects. The gyros and a#sociated servo loops maintain
the pitch block in a fixed relationship with the reférence coordinate system. The
accelerometer input axes are sligned with the three mutually perpendicular axes
of the pitch block. Two sealed optical quality windows are provided in the
housing for alignment and testing. Both windows provide optical access to an

alignment cube located on the stable element.

System Electronics

The system electronics package contains the circultry necessary for operation
of the IMJU. Circuits are provided for gyro torque cbntrol, timing logic, spin
motor power, accelerometer logie, accelerometer rebaiance, and malfunction

detection., Relays provide remote mode control of thé ebove circuits.
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Figure 8-18 Inertial Platform Gimbal Structure
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IGS Power SVEBEZ

The IGS power supply (Figure 8.19) contains gimbal control electronics and the
static power supply unit. Gimbal control electronics%ﬁrive torque motors in the
platform. Separate control circuits are provided forieach ginbal, The static
power supply provides the electrical power for the IMU, OBC, ACPU, MDIU, IVI,
ACME, and horizon sensors. Figure 8-19 indicates the itypes of power available

and the units to which they are supplied.

Attitude Measurement

Attitude measurements are made from inertial platform gimbals and reflect the
difference between spacecraft and gimbal attitudes. ?latform gimbals are mein-
tained in essentially & fixed inertial attitude by gi@bal control electronics.
As the spacecraft moves about the attitude axes, fricﬁion transfers some of the
novement to platform gimbels. Three miniature gyros are used to sense minute
gimbal gttitude changes. When gyros sense a change 1§ attitude, they produce

& signel proportional to the attitude error. Gyro ou&puts are then used by
gimbal control circuits to drive gimbals to their original inertiagl attitude,
Gimbal positions relstive to the spacecraft are measu&ed by synchros and re-
solvers. Synchro outputs are provided for attitude display, automatic attitude
control, and gyro alignment. Two types of resolvers,7phase shift and coordinate
transformation, are used. Phase shift resolvers provide gimbal angle information
to the computer, Coordinete transformation resolveré provide attitude signal

resolution for gimbal control purposes,
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Figure 8-19 IGS Power Supply
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Modes of Operation

Seven modes of operation are selectable by the astronaﬁt. The modes, in order of
switch position are: OFF, CAGE, SEF, ORB RATE, BEF, CAGE, and FREE. The CAGE
position is used for IMU warm-up and to align the platform.gimbals with space-
craft body axes. Platform gimbals are caged prior to fine alignment with the
horizon sensors, In the CAGE mode, gimbals are torqued by synchro outputs until
a null is obtained on the synchro. When synchro outputs reach null, torquing
stops and the gimbals are aligned with spacecraft exes. SEF (Small End Forwerd)
mode is used to align the platform with the horizon se@sors when the spacecraft is
flying smell end forward. Horizon sensor pitch and roil outputs are compared with
synchro outputs and the difference used to torque gimbals., When synchro and
horizon sensor outputs are balanced the gimbals are aligned to earth local vertical.

A gyro compass loop eligns the yew gimbal with the orbit plane.

If horizon sensors lose track during either
SEF or BEF alignment modes, the platform is

sutomatically switched to QRB RATé mode.

ORB RATE (orbit rate) mode is used to maintain attitude reference during space-
craft maneuvers. ORB RATE mode is inertially free exc?pt for the pitch gyro.
The pitch gyro is torqued a4t approximately four degree§ per minute to maintain
a horizontal attitude with respect to the earth, If ORB RATE mode is used

for long periods of time, drift can cause excessive errors in the platform.

BEF (Blunt End Forward) mode is the same as SEF except that relays reverse the
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phese of horizon sensor inputs, The second CAGE mode allows the platform to
be caged in blunt end forward without switching back through other modes.
FREE mode is used during launch and re-entry phases, FREE mode is completely

inertial and the only torquing employed is for drift compensation,

FREE mode is selected asutomatically by

the Sequential System at retrofire.
Gimbal Control Circuits

Four separate servo loops provide gimbal attitude control. PFigure 8-17 illus-
trates the signal flow through all four loops. Gyro signal generator outputs

are used either directly or through resolvers as the reference for gimbal control.
Both phase and amplitude of signal generator outputs are functions of gimbal
attitude. Gimbal pumber one (pitch) is controlled directly by the pitch gyro
output. Error signals produced by the pitch gyro are amplified, demodulated,

and compensated, then used to drive the pitch gimbal torque motor. The first
amplifier raises the signal to the level suiteble for demodulation. After supli-
fication, the signal is demodulated to remove the 7.2 KC carrier. A compensation
section keeps the signal within the rate characteristics necessary for loop
stability. When the signal is properly conditioned by the compensation section,
it goes to a power amplifier, The power amplifier supplies the current required
to drive the gimbel torque motor. The torque motor then drives the gimbal main

taining gyro outputs at or very near null,
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Roll and yaw servo loops utilize resolvers to correléte gimbal angles with
gyro outputs. Inner roll and yaw gimbals are controiled by a coordinate
transformation resolver mounted on the pitch gim‘bal.i When the spacecraft
is at any pitch attitude other than O or 180 degrees, some roll motion is
sensed by the yaw gyro and some yaw motion is sensed?by the roll gyro. The
emount of roll motion sensed by the yaw gyro is propbrtional to the pitch
girbel angle. The resolver mounted on the pitch gimbel angle. Resolver
output is then conditioned in the same manner as in ihe pitch servo loop to

drive inner roll and yaw gimbals.

The outer roll gimbal is servo driven from the imner roll gimbal resolver. A
coordinate transformation resolver mounted on the inner roll gimbal, monitors

the angle between inner roll end yaw gimbals., If tﬁe angle is anything other
than 90 degrees an error signal is produced by the ﬁesolver. The error signal is
conditioned in the same manner &s in the pitch servd loop to drive the ocuter roll
gimbal, One additional circuit (phase sensitive elgctronics) 45 incluaed in the
outer roll servo loop. The outer roll gimbsl torque motor is mounted on the
platform housing and moves sbout the stable element%with the spacecraft. As

the spacecraft moves through 90 degrees in yaw, the:direction that the outer roll
gimbal torque motor must rotate to compensete for sﬁacecraft roll, reverses.
Phase sensitive electronics and & resolver provide the phase reversal necessary
for control., 'The resolver is used to measure rotat%on of the yaw gimbel ebout

the yaw axis. As the gimbal rotates through 90 deg?ees in yaw, the resolver
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output changes phase. Resclver output is compared io a reference phase by the
phase sensitive electronies. When the resolver output changes phase, the torgue

motor drive signal is reversed.
Pre-launch Alignment

The IMU is the inertial reference for back-up ascent guidance and must therefore
be gligned for that purpose. The platform is aligned to local vertical and the
launch azimuth., Platform X and Y accelerometers are the reference for local
vertical alignment. When the platform is aligned to the local vertical, X and Y
accelerometers are level and cannot sense gny acceleration due to gravity. If
any acceleration is sensed, the platform is not properly aligned and must be
torqued until no error signal exists. The accelercmeter ocutput is used by AGE
equipment to generate torque signals for the gyros. When the gyro is torgued

it produces an error signal which is used to align the gimbal. The outer roll
ginbal synchro output is compared with a signal representing the launch azimuth
by AGE equipment. The error signal is conditioned by AGE equipment and applied
to the yaw gyro torque generator. The yaw gjro signal generator then produces a
signal proportional to the input torque. Gyrc output is coordinated by =a
resolver mounted on the pitch gimbal. Since the spacecraft is in a 90 degree
pitch up attitude essentially all of the yaw gyro output is transferred te roll
gimbal control electronics. The electronics drive the roll girbals until no
error exists between synchroc output and the AGE reference signal. When no error

signel exists, the platform is aligned to the launch azimuth.
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Orbit Alignment

Alignment of the platform in orbit is accomplished by referencing it to the
horizon sensors. Placing the platform mode selector in SEF or EEF position

will reference it to the horizon sensors. Pitch and roll horigon sensor outputs
are compared with platform pitch and outer roll synchro outputs. Differential
amplifiers produce torque control signals proportional to the difference between
sensor and synchro outputs. Torque control signals afe used to drive pitch and
roll gyro torque generators. Gyro signal generator outputs are then used by
gimbal control electronics to drive platform gimbals. When synchro and horizon
sensor outputs balance, the pitch and roll gimbals ere aligned to the local verti.
cal. The yaw gimbal is sligned to the orbit plane through & gyro compass loop.
If yaw errors exist, the roll gyro will sense a component of orbit rate, The
roll gyro output is used through a gyro compess loop ) torque the yaw gyro.

Yaw gyro output is then used by gimbal control electronics to drive the yaw
gimbal. When the roll gyro no longer senses a componént of orbit rate, the yaw
gimbal is aligned to the orbit plane. All three gimbals are now aligned and will
remein aligned as long as SEF or EEF modes are used. The pitch gyro will bve

continuously torqued {at the orbit rate) to maintain a horizontal attitude.

If horizon sensors lose track while the
platform is in SEF or EEF modes, the
platform is automatically switched to

ORB RATE mode,

8-67
CONFIDENTIAL




CONFIDENTIAL
SEDR 300

PROJECT GEMINI

Orbit Rate Circuit

The orbit rate circuit is used to maintaein aligmment to the local vertical
during orbit maneuvers. Iocal vertical cannot be provided by horizon sensors
during maneuvers because they will lose track. To maintain a horizontal
attitude with no external reference, the pitch gyro is torqued at approximately
four degrees per minute, The torque represents the spacecraft orbit rate.
Torque is obtained by placing a DC bias on the output of the pitch differential
amplifier, The bias drives the pitch gyro torquer at spproximately the orbit
rate. Orbit rate bias is adjustable and can be set to match orbits of various

altitudes,

T

Phase Angle Shift Technique

Phase Angle Shift Technique (PAST) is a method of improving gyro drift repeat-
ability. One of the factors which affects gyro drift is spin motor rotor
unbalance, The effect of unbalance will vary with changes in the point of lock
on with the synchronous motor's roteting field. The spin motor can lock on to a
different point each time it is sterted. Drift errors due to rotor unbalance
are in the order of 0.5 degrees per hour. PAST provides a means of reducing
drift errors by a factor of ten. To cancel drift errors, PAST shifts the phase
of spin motor excitation 30 degrees at regular intervals. Shifting the phase
causes the rotor to lock on a different point each time the phase is shifted,
Drifts now tend to cancel and become predictable, (When drift is predictable

it can be compensated for.) All three gyro torque control loops contain drift
compensation circuits, The drift compensation circuits apply a dc bias to each —

gyro torque generator. Drift compensation torques the gyro in the opposite
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direction as predicteble drift, meintaining a stable attitude.

Attitude Malfunction Detection

An attitude malfunction detection circuit perforus seif checks of gyro signal
generator excitation, gimbael control signals, loglc timing signals, and critical
voltages. Gyro signal generator excitation is checked for presence and proper
amplitude. Gimbal control signals are checked for thé length of time signals
are present. The logic timing signal (28.8ke) is cheéked for presence., Criti-
cal voltages (+22vdc, -3vde, +12vde) are checked for ﬁresence. If a wmalfunc-
tion is detected, an ATT light on the control panel ié automatically illuminated.
If momentary malfunctions occur, the ATT indlcetor caﬁ be restored to normal

operation by pressing the RESET button.

If the attitude measurement circuﬁts

malfunction, the acceleration indﬁca-
tions are not reliable. Accelero@eter
axes will not be properly aligneq%and

indications sre along unknown axes.

Acceleration Meesurement

Acceleration is measured along three mutually perpen@icular axes of the inertial

platform. Sensing devices are three miniature penduyous accelerometers. The
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accelerometers are mounted in the platform pitch block and measure acceleration
along gyro x, ¥y, and 2z axes. Accelerometer signal generstors produce signals
whose phase is a function of the direction of accelerastion. Signal generator
cutput is used to control torque rebelance pulses. The torgue rebalance pulses
drive gccelerometer pendulums toward their null position. Rebalance pulses are
de current whose polarity is controlled by signal generator output. The polarity
of rebalance pulses indicates the direction of acceleration and the algebraic
sum of the pulses indicates the amount of accelerstion. Rebalsnce pulses are
supplied to the spacecraft digital computer where they are used for computations

and incrementel velocity displays.
Torque Rebelance Ioop

Three electrically identical torque rebalance loops are used to control acceler-
ometer pendulum positions. Normally an analog loop would be used for this pur-
pose; however, if an analog loop were used, the output would have to be converted
to digital form for use in the computer._ To eliminate the need for an analog to
digital converter, s pulse rebalance loop is used. Short duration 184 milliampere
de current pulses drive the accelerometer pendulum in one direction until it
passes through null. Pulses are applied at the rate of 3,6kc, When the pendulum
rasses through null, signal generator output changes phase. The signal generator
output is demodulated to determine the direction of the pendulum from null.
Demodulator output is used by logic circuits to control the polarity of rebalance
pulses. If acceleration is being sensed, there will be more pulses of one polar-

ity than the other. If no accelergtion is being sensed, the nunber of pulses of
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each polarity will be equal. In addition to controlli?g the polarity of rebalance
pulses, logic circuits set up precision timing of the pulses. Precision frequency
\

inputs from the timing circuits are the basis for rebaﬁanee pulse timing. Precise
timing is essential because the amount of pendulum torque depends on the length of
the current pulse. All pulses are precisely the same @uration and amplitude,
therefore total torque is dependent only on the algeb#aic sum of the applied
pulses. Each time a rebalsnce pulse is applied to th% accelerometer torquer, a
pulse is also provided to the computer. Algebraic Suﬂmation of the rebalance

pulses is performed by the computer.
Puise Rebalance Current Supply

A pulse rebalsnce current supply provides the requireﬁ current for torque rebal-~
ance. Since acceleration messurements are based on tﬁe number of torque pulses
it is essentizl that all pulses be as near identical As possible. To maintain a
stable current, a negative feedback circuit is employéd. The supply output is
passed through a precision resistor and the voltage d%op across the resistor
compared to a precision voltage reference. Errors det;cted by the comparison are
used in the feedback circuit to correct any deviation% in current. To further
enhance stability both the current supply and the preLision voltage reference

are housed in a temperature controlled oven.

Accelerometer Dither

A pendulous accelerometer, unlike a gyrp, has an inherent mass unbalance. The
mss unbalance is necessary to obtain the pendulum.aétion. Due to the unbalance,

perfect flotation of the pendulous gimbal cannot be achieved and consequently
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pressure is present on the gimbal bearing. To minimize the stiction effect,
cauged by bearing friction, a low amplitude oscillation is imposed on the ginbal.
The oscillation (dither) prevents the gimbal from resting on its bearing long
enough to cause stiction. To obtain gimbal oscillation, two signals are required:
a 100 cps dither signal and a dec field current. The dc field current is super-
imposed on the signal generator excitation and creates a magnetic fleld around
the gimbal., The 100 cps dither 1s applied to a separate (modulator) coil. The
dither signal beats against the de¢ field, causing the gimbal to oscillate up and
down. The dither motion is not around the output axis end consequently no motion

is sensed by the signal generator.

Accelerometer Malfunction Detection

An acceleration malfunction detection circuilt performs self checks of incremental
velocity pulses and critical voltage. Incremental velocity pulses from each of
the three axes are checked for presence. If pulses are absent longer than 0.35
seconds, it indicates that a flip flop did not reset between set pulses. The
critical voltage (+12 vdc) is checked for presence. If a malfunction is detected,
an ACC light on the control panel is automatically illuminated. If momentary
malfunctions occur, the accelerometer malfunction circuit can be restored to

normal operation by pressing the RESET button.

Malfunction of the accelerometer circuits

does not affect attitude measurements.
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AUXILIARY COMPUTER POWER UNIT

The Auxiliary Computer Power Unit (ACPU) is used in conjunction with the IGS
power supply to meintain the correct dc voltages at the cowputer. The computer
cennot function properly on low voltsge elther as a trgnsient or & depression,
Abpormal voltages can cause permenent changes in the computer memory. Three
types of circuits are provided in the ACPU %o prevent a low voltage condition
at the computer. The first circuit is a transient sense and auxiliary power
control circuit. The second circuit is a low voltage ?ense and power control
circuit and the third is euxiliary power. The ACPU is turned on and off with
the COMPUTER ON-OFF switch.

Transient Sense Circult

The transient sense circuit is designed to sense and correct transient low
voltage conditions. A series type transistor voltage regulator holds auxiliary
power off the line as long as IGS power supply computgr voltage regulator voltage
is normel. If regulator voltage momenterily drops be#ow e minimm of 17.5 volts,
the trensient sense circuit detects the drop and turné on the series regulator.

The regulator then places auxiliary power on the line and meintains voltage at

the desired level.

Low VOltqgg Sense Circuit

A low voltage sense circuit prevents the computer from operating on low voltage.
When the computer is turned on, the low voltage sensejcircuit insures that space-

craft bus voltage is above 21 volts before allowing power to be applied to the
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computer. If the computer is already on when & low voltage condition occurs,
the transient sense circuit will maintain normal voltage for 100 milliseconds.
If spacecraft bus voltage is not back to normal after 100 milliseconds the low
voltage sense circuit initlates a controlled shutdown of the computer. Computer
power is controlled through contacts of a relay in the low voltiage sense circuit.
When the low voltage sense circuit detects a voltage depression it deenergizes
the relay. Contacts of the relay initiate a computer shutdown in & manner
identical with the computer power switch. When the low voltage sense circult
turns off the computer it also breaks power to all ACPU circulis except low
voltage sense. If power were not broken to the transient sense circuit it would
attempt to maintain normal voltage at the computer. In attempiing to maintain

normal voltage the auxilliary power capability would be exceeded.

Auxiliary Power

Auxiliary power consists of & battery and a trickle charger. A 0.5 asmpere-hour
nickel cadmium battery is used to supply computer power during spacecraft bus

low voltage transients. The battery will supply up to 9.8 amperes for periods

of 100 milliseconds or less. A trickle charger is provided to maintain a full
charge on the battery. The charger consists of a transistor oseillator, trans-
former, and rectifier. The oscillator changes static power supply dec voltage

t0 ac. The ac voltage is then stepped up with a transformer and changed back to
de by a full wave diode rectifier. Rectifier output is then applied, through

a current limiting resistor, to the battery. The resistor limits charging current
to 25 milliamperes. Provision is included to charge the battery from an externsl

source 1f desired.
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DIGITAL COMPUTER

SYSTEM DESCRIPTION

Genersl

The Digital Computer, hereinafter referred to as the c@m@uter, is a binary, fixed-
point, stored-program, general-purpose computer, used %o perform on-board computa-
tions. The computer is 18.90 inches high, 1%.50 inche% wide, and 12.75 inches
deep. It weighs 58.98 pounds. External views of the @omputer are shown in
Figure 8-20. The major external characteristics are s&mmarized in the accompany-
ing legend.

Using inputs from other spacecraft systems, along wit# a stored program, the
computer performs the computations required during thé pre-launch, insertion,
catch-up, rendezvous, and re-entry phases of the mission. In addition, the com-

puter provides back-up guidance for the launch vehiclé during ascent.

Inputs and Outputs
The computer is interfaced with the Inertial Platformé Systemn Electronics,
Inertial Guidance System Power Supply, Auxiliary Compﬁter Power Unit,
Manual Data Insertion Unit, Time Reference System, Di%ital Command System,
Attitude Display, Attitude Control and Maneuver Elect%onics, Titen Autopilot,
Auxiliary Tepe Memory (spacecraft 8 through 12), Pilo%s' Control and Display
Panel, Incremental Velocity Indicator, Instrumentatio% System, and Aerospace
Ground Equipment. In connection with these interface%, the computer inputs and
outputs include the following:

Inputs

40 discrete

3 incremental velocity
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Figure 8-20 Digital Computer
8-76
CONFIDENTIAL




CONFIDENTIAL
SEDR 300

PROJECT GEMINI ﬂ_—_\

Inputs {cont)

3 gimbal angle

2 high-speed data (500 kc)

1 low-speed data (3.57 kc)

1 low-speed data (182 cps)

1 input and read-back (99 words)

6 dc power (5 regulated, 1 unregulated)

1 ac power (regulated)

Outputs
30 discrete
3 steering command
3 incremental veloclty
1 decimal display (7 digits)
1 telemetry (21 digital data words)
1 low-speed data (3-5T7 kec)
1 low-speed data (182 cps)
3 de power (regulated)

1 ac power (regulated, filtered)

Operational Characteristics

The major operational characteristics of the computer:are as Tollows:

Iype

Binary, fixed-point, stored-program, general-purpose

8-T7
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Random-access, nondestructive-readout

Flexible division between instruction and data storage
4096 addresses, 39 bits per address
13 bits per instruction word

26 bits per data word

Arithmetic Times

Instruction cycle - 140 usec

Divide requires 6 cycles

Multiply requires 3 cycles

All other instruction require 1 cycle each

Other instructions can be programmed concurrently with multiply and divide

Clock Rates
Arithmetic bit rate - 500 ke

Memory cycle rate - 250 ke

Controls and Indicators

The computer itself contains no controls and indicators, with the exception of the
elapsed time indicator. However, the computer can be controlled by means of four
switches located on the Pilots' Control and Display Panel: a two-position

ON-OFF switch, a seven-position mode switch, a push-button START Computation switch,

and a push-button RESET switch.
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SYSTEM OPERATION

Power

The computer receives the ac and dc power reguired for 4.ts operation from the
Inertisl Guidance System (IGS) Power Supply. The regulia.ted de power supplied

to the computer is buffered in the IGS Power Supply in a manner that eliminates
any loss in regulation dué to transients that occur in ‘;bhe spacecraft prime power
gource. Actual power interruptions and depressions are? buffered by the IGS Power
Supply and the Auxiliary Computer Power Unit. The powejr inputs received from the

I6S Power Supply are as follows:

{(a) 26 vac and return

(b) +28 vde filtered and return
(¢) +27.2 vdc and return

(@) -27.2 vdc and return

(e) +20 vde and return

(£) +9.3 vde and retum

The application of all power is controlled by the ON-OIl‘“'F switch on the

Pilots' Control and Display Panel. When the switch 1s %turned on, the computer
elapsed time indicator starts operating and a power control signal is supplied to
the IGS Power Supply by the computer. This signal cau%es pover to be transferred
to the computer. When the switch is turned off, the computer elapsed time indicator

stops operating and the power control signal is termin%n.ted to remove power from

the computer.
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Within the computer, the 26 vac power is used by magnetic modulators to convert dc
analog signals to ac analog signals. This power is also used by a harmonic filter
to develop & 16 vac, 400 cps filtered gimbal angle resolver excltation signal.

The +28 vde power is used by computer power sequencing circuits. The +2'7.2 vde,
-27.2 vde, +20 vdc, and +9.3 vde povwer is used by power regulators to develop +25
vde, - 25 vde, and +8 vdc regulated power. This regulated power is used by logic
circuits throughout the computer, and is supplied to some of the other spacecraft

systems.

Basic Timing
The basic computer timing is derived from an 8 me oseillator. The 8 me signal is

counted down to generate four clock pulses (called W, X, Y, and 2Z) (Figure 8-21).
These clock pulses are the basic timing pulses from which all other timing is
generated. The width of each clock pulse is 0.375 usec and the pulse repetition
frequency is 500 kc. ‘The bit time is 2 usec, and a new bit time is considered as
starting each time the W clock pulse starts. Eight gate signals (G, G3, G5,

6T, G9, Gl1, Gl3, and Glk) are generated, each lasting two bit times. The first
and second bit times of a particular gate are discriminated by use of a control
signal (called LA) which is on for odd bit times and off for even bit times.
Fourteen bit times make up one phase time, resulting in a phase time length of 28
usec (Figure 8-22). Five phases (PA through PE) are required to complete a
computer instruction cycle, resulting in an instruction cycle length of Ll40 usec.
Special phase timing, consisting of four phases (PHL through PHL) (Figure 8-23),
is generated for use by the input processor and the output processor. This timing

1s independent of computer phase timing but is synchronized with computer bit timing.
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Figure 8-21 Computer Clock and Bit Timing
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Figure 8-22 Computer Phase Timing
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Figure 8-23 Processor Phase Timing
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fhe computer memory 1s a random-access, coincident-cu?rent, ferrite array with

Menmory

nondestructive readout. The basic storage element is & two-hole ferrite core.
The nondestructive read property mekes it possible to%read or write serially or in
series-parallel, thereby allowing operation with a se?ial arithmetic unit without
a separate buffer register. 'The memory array can sto%e 096 words, or 159,Thh
bits. All memory words of 39 bits are divided into three syllables of 13 bits
each. Data words (25 bits and a sign) are normelly stored in the first two
syllables, and instruction words (13 bits) are intermﬁxed in all three syllables.
Once the spacecraft has been removed from the hangar area, it is not possible to
modify the third syllable of any memory word. Modifi@ation of data stored in
syllables O and 1 can be accomplished at the launch s@te through interface with
+the Manmual Data Insertion Unit or the Digital Command%System. It can also be
accomplished in flight, on spacecraft 8 through 12, Qsing the Auxiliary Tape

Memory (ATM).

As shown on Figure 8-2L4, the memory is & 64 x 64 x 39 bit array of nondestructive
readout elements. Physically, it consists of a stack of 39 planes (stacked in the
7 dimension), with each plane consisting of a 64 x 64 array of cores. The memory
is logically subdivided into smaller parts to increaée the program storage
efficiency. The Z dimension is divided into three sjllables (sYL O through SYL 2),
with each syllable consisting of 13 bits. The X-Y plane is divided into 16
sectors (SEC 00 through SEC OT, end SEC 10 through SEC 17), with sector 17 being

defined as the residual sector.

A memory word is defined as the 39 bits along the Z dimension and is located at one
of the 4096 possible X-Y grid positions. An instruciion word or command requires
13 bits, and is coded in either syllable O, 1, or 2 Qf & memory word. A data word
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Figure 8-24 Computer Memory Functional Organization
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requires 26 bits, and is always coded in syllables O anﬁ 1 of a memory word. In-
formation stored in syllable 2 can be read as a short data word by using a special

mode of operation primarily used to check the contents of the memory .

NOTE
The operation codes mentioned injthe sub-
sequent paragraphs are described in the

Instruction and Data Words paragraph.

Instruction List

The instructions which can be executed by the computer are as follows:

Qperation Code Instruction
0000 HOP. The contents of thé memory location specified

by the operand address are used to change the next
instruction address. Four bits identify the next
sector, nine bits are transferred to the instruction
address counter, two bit? are used to condition the
syllable register, and oﬁe bit is used to select one

of the two data word mod?s.

0001 DIV {divide). The contehts of the memory location
specified by the operand}address are divided by the
contents of the accumula%or. The 24-bit quotient is
avallable in the quotienﬁ delay line during the fifth
word time following the DIV.
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0010

0011

0100

0101

0110

PROJEGT GEMINI ﬂ]

.

Instruction (cont)

PRO (process input or output). The input or output
specified by the operand address is read into, or
loaded from, the accumulator. An output command clears
the accumulator to zero if address bit A9 is a 1.

The accumulator contents are retained if A9 is a O.

(Refer to Table 8- for a list of the PRO instructions.)

RSU (reverse subtract). The contents of the accumula-
tor are subtracted fram the contents of the specified
memory location. The result is retained in the ac-

cumulator.

ADD. The contents of the memory location specified
by the operand address are added to the contents of
the accumulator. The result is retained in the ac-

cumilstor.

SUB (subtract). The contents of the memory location
specified by the operand address are subtracted from
the contents of the accumulator. The result i1s re-

tained in the accumulator.

CIA (clear and add). The contents of the memory
location specified by the operand address are trans-

ferred to the accumulator.
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Operand Address | Signal
X (Bits Al-A3) Y (Bits Ah-A6) ‘

0 0 Digital Comniand System shift pulse gate
0 1 Data Tranmission System control gate
0 2 Time Refereﬁce System deta and timing
ulses

3 Digit megnitude weight 1

4 Reset date fead\y, enter, and readout
5 Digit aelectf. welght )

6 Memory strobe

0 Computer ready

1 Drive countérs to zero

2 Enter

3 Digit magnitude weight 2

! Display device drive

5 Digit aelechj weight 2

6 Autopilot scale factor

0 Pitch resolution

1 Select X counter

2 Aerospace Gjround Equipment dates link
3 Digit magnitﬁxde veight 4

5 Digit select§ weight &

6

L - - B L N T Y R I = R R S =~ S o S

Reset start computation

Table 8-1. PRO Instruction Progrmi}:g (1 of 3)
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Operand Address Signal
X (Bits A1-A3) Y (Bits Ak-A6)

3 ¢ Yaw resolution

3 1 Select Y counter

3 2 Aerogpace Ground Equipment data clock

3 3 Digit magnitude weight 8

3 4 Read Manual Data Insertion Unit insert data

3 6 Reset radar ready

h 0 Roll resolution

L 1 Elapsed time control and Time Reference
System control reset/ATM wind-rewind
Reset

4 3 Computer malfunction

I L AT™ verify/repro command

L 6 Second stege engine cutoff

5 0 Computer running

5 1 Time to start re-entry celculations control
/ATM wind command

5 2 Time to reset control/ATM rewind command

5 3 Write ocutput processor

5 h Read delta velocity

5 5 Input processor time

5 6 Time to retrofire control

6 3 Read pitch gimbal

6 .1 Read roll gimbal

Table 8-1. PRO Instruction Programuing (2 of 3)
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Operand Address . Signal
X (Bits Al-A3) | Y (Bits AL-AG) ?
6 5 Ready yaw gimbal
7 0 Piteh error cbmmand
7 1 Yaw error ccm:fmand
7 2 Roll error ca@mand

1
Table 8-1., PRO Instruction Programming (3 of 3)
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Operation Code (cont)

01lL

1000

1001

1010

Instruction (cont)

AND. The contents of the memory location specified
by the operand address are logically ANDed, bit-
by-bit, with the contente of the accumulstor. The

result is retained in the accumulator.

MPY (multiply). The contents of the memory loca-
tion specified by the operand address are multi-
plied by the contents of the accumulator. The 2k
high-order bits of the multiplier and miltiplicand
are multiplied together to form & 26-bit product
which i1s available in the product delay line dur-

ing the second word time followling the MPY.

TRA (transfer). The operand address bits (AL
through A9) are transferred to the instruction
address counter to form a new instruction address.

The syllable and sector remain unchenged.

SHF (shift). The contents of the accumulator are
shifted left or right, one or two places, as
specified by the operand address, according to the

following table:
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Operation Code (cont) - Instruction (cont)
Command ‘ erand Address
- }_c_(laits Al-A3%p_Y_ﬁ_i_t?m
Shift left one place * 3
Shift left two places | * b
Shift right one place 1 2
Shift right two places 0 2

* Insignificant

If an imérapér address coﬁe is given, the accumu-
lator is cleared to zero.§ While shifting left,
O's are shifted into the iow—order positions;
while shifting right, theisign bit condition is

shifted into the high-order positions.

1011 T™MI (transfer on minus ac?umulator sign). If %he
sign is positive (0), the%next instruction in
sequence is chosen (no br%nch). If the sign is
negative (1), the nine bi@s of operand address
become the next 1nstructi;n address (perform branch).

The syllable and sector remsin unchanged.

11600 810 (store). The content? of the accumlator are
stored in the memory loca&ion specified by the
operand address. The con%euts of the accumulator

|
are also retained for later use.
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Operation Code (cont) Instruction (cont)
1101 sPQ (store product or quotient)}. The product is

available on the second word time following an
MPY. 'The quotient is available on the fifth word
time following a DIV. The product or quotient is
stored in the memory location specified by the

operand address.

1110 CLD (clear and add discrete). The state of the
discrete input selected by the operand address is
read into all accumulator bit positions. (Refer

to Table 8-2 for a 1ist of the CLD instructions.)

1111 . TNZ (transfer on non-zero). If the contents of the
accumulator are zero, the next instruction in
sequence 18 chosen (no branch); if the contents
are non-zero, the nine bits of operand address
become the next instruction address (perform

brench). The syllable and sector remain unchanged.

NOTE
The instructions menticned in the subsequent
paragraphs (e.g., HOP, TRA, TMI, and TNZ)
are described more completely in the

Instruction Information Flow paragraph.

Instruction Sequencing

The instruction address is derived from an instruction counter and its associated
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Operand Address - Signal
X (Bits A1-A3) |Y (Bits Ak-AG)
0 0 Redar ready
0 1 Computer mode 2
0 2 Spare
0 3 Processor timing phase 1
0 i Spare
1 0 Data ready
1 1 Computer mode 1
1 2 Start computation
1 3 X zero indication
1 h ATM clock
2 0 Enter
2 1l Instrumentation System sync
2 2 Veloclty error count not zero
2 3 Aerospace Ground Equipment regquest
2 3 Spare
3 0 Readout
3 1 Computer mode 3
3 2 Spare
3 3 ATM on
3 b ATM data channel 2
h 0 Clear

Pable 8-2. CLD Instruction Programming (1 of 2)
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Operand Address Signal
X (Bits A1l-A3) [ Y (Bits AL-A6)

b 1 AT™™ mode control 1

Simulation mode command

ATM end of tape

AT deta channel 3

Time to start re-entry calculations
AT™ mode control 2

Y zero indication

ATM data 1

oW N = O F W N

Spare

O

Digital Command System ready

Fade-in discrete

Z zero indication

Umbilical disconnect

Spare

Instrumentation System request

Abort transfer

Aerospace Ground Equipment input data

Spare

] =] =] =] =~ O N O O OV oW oo FOFF

Fow p oW O & ow N

Spare

meble 8-2. CLD Instruction Programing (2 of 2)
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address register. To address an instruction, the sylLable » sector, and word

position within the sector (one of 256 positions) mustj; be defined. The syllable
and sector are defined by the contents of the sylla.blej register (two-bit code,
three combinations) and sector register (four-bit code?; » 16 combinations). These
reglsters can be changed only by a HOP instruction. The word position within the
sector is defined by the 1nstructiér; ‘éﬁdreas counter. The instruction address
count 1s stored serlally in a delsy line; and norma.lhj* each time it 1s used to
address & new instruction, a one is added to it so ‘bhe%.t the instruction locations
within a sector can be sequentially scanned. The numper stored in the counter can
be changed by either & TRA, TMI, or TNZ instruction, ij?i‘hh the operand address
specifying the new number. A HOP instruction can e.lsqu change the count, with the

new instruction location coming from e dete word.

Insbtruction and Dats Words

The instruction word consists of 13 bits and can be coded in any syllable of any

memory word. The word is coded as follows:

Bit Position 1 2 3 L4 5 6 7 8 9 10 11 12 13

Bit Code Al A2 A3 AL A5 A6 AT A8 ?AQ OPL OP2 OP3 OPk

The four operation bits (OPL through OP4) define one pf 16 instructions, the eight
operand address bits (AL through A8) define a memory word within the sector being
presently used, and the residual bit (A9) determines %hether or not to read the
data vesidgual. If the A9 bit is & 1, the data word a?.d.ressed is always located

? the data word addressed

in the last sector (sector 17). If the A9 bit is a ©
i3 read from the sector defined by the contents of thj¢ sector register. This fea-
ture allows data locations to be avallable to 1nstruc1t10ns stored anywhere in the
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memory .

The data word consists of 25 magnitude bits and & sign bit. Numbers are represent-
ed in two's-complement form, with the low-order bits occurring at the beginning

of the word and the sign bit occurring after the highest-order bit. The binary
point is placed between bit positions 25 and 26. The bit magnitude number also
denotes the binary weight of the position. For example, ML6 represents 2'16.

Por the HOP instruction, the next instruction address is coded in a data word that
is read from the memory location specified by the operand address of the HOP word.

The codings of a numerical data word and a HOP word are as follows:

Bit Position 1 2 3 L 5 6 T 8 9 10 11 12 13

Data Word M25 MRhL M23 M22 M2l M20 ML9 MM8 MLT M16 M5 Mk Mi3
HOP Word Al A2 A3 Ak A5 A6 AT A8 A9 8S1 s2 83 Sk

Bit Position 1% 15 16 17 18 19 20 21 22 23 24 25 26

Data Word M2 M1 MO Mo M8 M7 M5 M5 ME M3 M2 M1 S

HOP Word - SYA SYB - 85 - - - = = = - -

For the HOP word, eight address bits (Al through A8) select the next instruction
{one of 256) within the new sector, the residual bit (A9) determines whether or
not the next instruction 1s located in the residuasl sector, the sector bits (S1
through Si) select the new sector, and the syllable bits (SYA and SYB) select the

new syllable according to the following table:

Syllable SYB SYA
0 0 o
1 0 1
2 1 0
8-96
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Roll and yaw servo loops utilize resolvers to correléte gimbal angles with
gyro outputs., TInner roll and yaw gimbals are controiled by a coordinate
transformation resolver mounted on the pitch gimbal.% When the spacecraft
is at any pitch attitude other than 0 or 180 degrees; some roll motion is
sensed by the ysw gyro and some yaw motion is sensedﬁby the roll gyro. The
emount of roll motion sensed by the yaw gyro is propbrtional to the pitch
gimbal angle, The resolver mounted on the pitch gimbal angle. Resolver
output is then conditioned in the same manner as in ﬁhe pitch servo loop to

drive inner roll and yaw gimbals.

The outer roll gimbal is servo driven from the inner%roll gimbel resolver. A
coordinate transformation resolver mounted on the inﬁer roll gimbal, monitors

the engle between inner roll and yaw gimbals., If th; angle is anything other
than 90 degrees an error signal is produced by the résolver. The error signal is
conditioned in the same manner &s in the pitch servojloop to drive the outer roll
gimbal. One sdditional circuit (phase sensitive electronics) is incluued in the
outer roll servo loop. The outer roll gimbal torquejmotcr is mounted on the
platform housing and moves about the steble element %ith the spacecraft. As

the spacecraft moves through 90 degrees in yaw, the hirection that the outer roll
gimbal torque motor must rotate to compensate for sﬁacecraft roll, reverses.
Phase sensitive electronics and & resolver provide ﬁhe phese reversal necessary
for control. The resolver is used to measure rotatﬂon of the yaw gimbal about

the yaw axis, As the gimbal rotates through 90 degﬁees in yaw, the resolver
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output changes phase. Resolver output is compared to a reference phase by the
phase sensitive electronics. When the resolver output changes phase, the torque

rmotor drive signal is reversed.

Pre-launch Alignment

The IMUJ is the inertial reference for back-up ascent guidance and must therefore
be aligned for that purpose. The platform is aligned to local vertical and the
lgunch azimath. Platform X and Y accelerometers are the reference for local
vertical alignment. When the platform is aligned to the local vertical, X and Y
accelerometers are level and cannot sense any acceleration due to gravity. If
any acceleration is sensed, the platform is not properly aligned and must be
torqued until no error signal exists. The accelerometer output is used by AGE
equipment to generste torque signals for the gyros. When the gyro is torqued

it produces an error signal which is used to align the gimbal. The outer roll
gimbal synchro output is compared with a signal representing the launch azimuth
by AGE equipment. The error signal is conditicned by AGE equipment and applied
to the yaw gyro torque generator. The yaw gyro signal generator then produces a
signal proportional to the input torque. Gyro output is coordinated by a
resolver mounted on the pitch gimbal. Since the spacecraft is in a 90 degree
pitch up attitude essentially all of the yaw gyro output is transferred to roll
gimbal control electronics. The electronics drive the roll gimbals until no
error exists between synchro output and the AGE reference signal. When no error

signal exists, the platform is aligned to the launch azimuth.
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Orbit Alignment

Alignment of the platform in orblt is accomplished by ireferencing it to the
horigon sensors. Placing the platform mode selector i}n SEF or BEF position

will reference it to the horigon sensors. Pitch and roll horizon sensor outputs
are compared with platform pitch and outer roll synch;:fo outputs. Differential
amplifiers produce torque control signals proportionai to the difference between
gensor and synchro outputs. Torgue contrel signals aﬁe used to drive pitch and
roll gyro torgque generators. Gyro signal generator Otitputs are then used by
gimbel control electronics to drive platform gimbals. When synchro and horizon
sensor outputs balance, the pitch and roll gimbals a.re aligned to the local verti.
cal. The yaw gimbal is aligned to the orbit plane through & gyro compass loop.
If yew errors exist, the roll gyro will sense a comporj;ent of orbit rate, The
roll gyro output is used through a gyro compass loop 1,*?»0 torgue the yaw gyro.

Yaw gyro output is then used by gimbal control electrt:jmics to drive the yaw
gimbal. When the ro0ll gyro no longer senses a cmon;nt of orbit rate, the yaw
gimbal is aligned to the orbit plane. All three gimba.ls are now aligned and will
remain aligned as long as SEF or EEF modes are used, The pitch gyro will be

continuously torqued {at the orbit rate) to maintain a horizontal attitude,

If horigon sensors lose track while the
|
platform is in SEF or EEF modes, the

platform is automatically switched to

ORB RATE mode,
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Orbit Rate Circuit

The orbit rate eircuit is used to maintain aligmment to the local verticel
during orbit maneuvers, Local vertical cannot be provided by horizon sensors
during meneuvers beceuse they will lose track. To maintain & horizontal
attitude with no external reference, the pitch gyro is torgued at approximately
four degrees per minute. The torque represents the spacecraft orbit rate.
Torque is obtained by placing & DC bias on the output of the pitch differential
amplifier., The bias drives the pitch gyro torquer at aspproximately the orbit
rate, Orbit rate bias is adjustable and can be set to match orbits of various

altitudes,
Phase Angle Shift Technique

Phase Angle Shift Technique (PAST) is a method of improving gyro drift repeat-
ability. One of the factors which affects gyro drift is spin motor rotor
unbalance. The effect of unbalance will vary with changes in the point of lock
on with the synchronous motor's rotating field. The spin motor can lock on to a
different point each time it is started. Drift errors due to rotor unbalance
are in the order of 0.5 degrees per hour., PAST provides a means of reducing
drift errors by a factor of ten. To cancel drift errors, PAST shifts the phase
of spin motor excitation 30 degrees at regular intervals, Shifting the phase
causes the rotor to lock on a different point each time the phase is shifted.
Drifts now tend to cancel and become predictable, (When drift is predictable
it can be compensated for.) All three gyro torque control loops contain drift
compensation circuits. The drift compensation circuits apply a dc bilas to each

gyro torque generator. Drift compensation torques the gyro in the opposite
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direction as predictable drift, maintaining z stable attitude.

Attitude Malfunction Detection

An attitude malfunction detection circuit performs se#f checks of gyro signal
generator excitation, gimbal control signals, logic tﬂming signals, and critical
voltages. Gyro signal generator excitation is checked for presence and proper
amplitude. Gimbel control signals are checked for thé length of time signals
are present. The logic timing signel (28.8ke) is cheﬁked for presence. Criti-
cal voltages (+22vdec, -3vde, +l2vde) are checked for ﬁresence. If a malfunc-
tion is detected, an ATT llght on the control panel is automatically illuminated.
If momentary malfunctions occur, the ATT indicator ca# be restored to normal

operation by pressing the RESET button.

If the attitude measurement circuits
malfunction, the acceleration indica-
tions are not reliable. Accelero@eter
axes will not be properly aligned?and

indications are along unknown axes.

Acceleration Measurement

Acceleration is measured along three mutually perpend%cular axes of the inertial

platform. Sensing devices are three miniature pendulbus sccelerometers. The
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accelerometers are mounted in the platform pitch block and measure acceleration
along gyro X, ¥, and z axes. Accelerometer signal generators produce signals
whose phase is a function of the direction of acceleration. Signal generator
ocutput i{s used to control torgque rebalance pulses. The torque rebalance pulses
drive accelerometer pendulums toward their null position. Rebalance pulses are
de current whose polarity is controlled by signel generator output. The polarity
of rebalance pulses indicates the direction of acceleration and the algebraic
sum of the pulses indicates the amount of acceleration. Rebalance pulses are
supplied to the spacecraft digital computer where they are used for computations

and incremental velocity displays.

Torque Rebslance Loop

Three electrically identical torgue rebalance loops are used to control acceler-
ometer pendulum positions. Normally an anelog loop would be used for this pur-
pose; however, if an analog loop were used, the output would have to be converted
to digital form for use in the computer. To eliminate the need for an analog to
digital converter, a pulse rebalance loop is used. Short duration 184 milliampere
dc current pulses drive the accelerometer pendulum in one direction until it
passes through null. Pulses are applied at the rate of 3.6kc, When the pendulum
passes through null, signal generator output changes phase. The signal generator
output is demodulated to determine the direction of the pendulum from null.
Pemodulator output is used by logic circuits to control the polarity of rebalance
pulses. If acceleration is being sensed, there will be more pulses of one polar-

ity than the other. If no acceleration is being sensed, the number of pulses of
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each polarity will be egual. In addition to controlli#g the polarity of rebalance
pulses, logic circuits set up precision timing of the bulses. Precision frequency
inputs from the timing circuits are the basis for reba#ance pulse timing. Precise
timing is essential because the amount of pendulum.torhue depends on the length of
the current pulse. All pulses are precisely the same éuration and amplitude,
therefore total torque is dependent only on the algebraic sum of the applied
pulses. Each time a rebalance pulse is applied to thé accelerometer torquer, a

pulse is also provided to the computer. Algebraic sunﬁation of the rebalance

pulses is performed by the computer.
Pulse Rebalance Current Supply

A pulse rebalance current supply provides the required current for torque rebal-
ance. Since acceleration messurements are based on tﬁe nunber of torque pulses
it is essential that all pulses be as near identical és possible. To maintain a
stable current, a negative feedback circuit is employéd. The supply output is
passed through a precision resistor and the voltage dfop across the resistor
compared to a precision voltage reference. Errors detécted by the comparison are
used in the feedback circuit to correct any deviation% in current. To furthex
enhance stability both the current supply and the preéision voltage reference

are housed in a tempersture controlled oven.

Accelerometer Dither

A pendulous accelerometer, unlike a gyrp, has an inherent mass unbealance. The
mss unbalance is necessary to cbteain the pendulum ection. Due to the unbalance,

perfect flotation of the pendulous ginbal cannot be a#hieved and consequently
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pressure 1s present on the gimbal bearing. To minimize the stiction effect,

caused by bearing friction, a low amplitude oscillation is imposed on the gimbal.
The oscillation (dither) prevents the gimbal from resting on its bearing long
enough to cause stiction. To obtain gimbal oscillation, two signals asre required:
& 100 cps dither signal and a de fileld current. The de field current is super-
imposed on the signal generator excitation and creates a magnetic field around
the gimbal. The 100 cps dither 1s applied to a separate (modulator) coil. The
dither signal beats against the dc field, causing the gimbal to oscillate up and
down. The dither motion is not around the output axis and consequently no motion

1s sensed by the signal generator.

Accelerometer Malfunction Detection

An acceleration malfunction detection circuit performs self checks of incremental o
velocity pulses and critical voltage. Incremental velocity pulses from each of

the three axes are checked for presence. If pulses are absent longer than 0.35

seconds, 1t indicates that a flip flop did not reset between set pulses. The

critical voltage (+12 vde) is checked for presence. If a malfunction is detected,

an ACC light on the control panel is automatically illuminated. If momentary

malfunctions occur, the accelerometer malfunction circuit can be restored to

normal operation by pressing the RESET bution.

Malfunetion of the accelerometer circuits

does not affect attitude measurements.
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AUXILIARY COMPUTER POWER UNIT

The Auxiliary Computer Power Unit (ACPU) is used in conjunction with the IGS
power supply to maintain the correct dc voltages at th% computer. The computer
cannot function properly on low voltage either as a tr#nsient or a depression,
Abnormel voltages can cause permanent changes in the computer memory. Three
types of circuits are provided in the ACPU to prevent $ low voltage condition
at the computer. The first circuit is a transient sen%e and auxiliary power
control circuit. The second circuit is a low voltage %ense and power control
circult and the third is suxiliary power. The ACPU is turned on and off with
the COMPUTER ON-OFF switch, |

Transient Sense Circult

The transient sense circuit is designed to sense and cbrrect transient low
voltage conditions., A series type transistor voltage %egulator holds auxiliary
power off the line as long as IGS power supply camput%r voltage regulator voltage
is normel. If regulstor voltage momentarily drops beiow e minimum of 17.5 volts,
the transient sense circuit detects the drop and turné on the series regulator,
The regulator then places auxiliary power on the 11ne§and meintains voltage at

the desired level.

Low Voltage Sense Circuit

A low voltage sense circuit prevents the computer froﬁ operating on low voltage.

¥hen the computer is turned on, the low voltege senseicircuit insures that space-

craft bus voltage is above 21 volts before allowing péwer to be applied to the
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computer. If the computer is already on when a low voltage condition occurs,

the transient sense circuilt will maintain normal voltage for 100 milliseconds.
If spacecraft bus voltage is not back to normal after 100 milliseconds the low
voltage sense circult initiates a controlled shutdown of the computer. Computer
power 18 controlled through contacts of a relay in the low voltage sense circuit.
When the low voltage sense circuit detects a voltage depression it deenergizes
the relay. Contacts of the relay initiate a computer shutdown in & manner
jdentical with the computer power switch. When the low voltage sense clreult
turns off the computer it also dbreaks power to all ACPU circults except low
voltage sense. If power were not broken to the transient sense circuit it would
attempt to maintain normal voltage at the computer. In attempting to maintain

normal voltage the auxiliary power capability would be exceeded.

Auxilisry Power

Auxiliary power consists of a battery and a trickle charger. A 0.5 ampere-hour
nickel cadmium battery is used to supply camputer power during spacecraft bus

low voltage transients. The battery will supply up to 9.8 amperes for periods

of 100 milliseconds or less. A trickle charger is provided to maintain a full
charge on the battery. The charger consists of & transistor osclillator, trans-
former, and rectifier. The oscillator changes static power supply dc voltege

to ac. The ac voltage is then stepped up with a transformer and changed back to
de by & full wave diode rectifier. Rectifier output is then applied, through

a current limiting resistor, to the battery. The resistor limits charging current
to0 25 milliamperes. Provision is included to charge the battery from an external

source if desired.
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DIGITAL COMPUTER

SYSTEM DESCRIPTION

General

The Digital Computer, hereinafter referred to as the computer, is & binary, fixed-
point, stored-program, general-purpose computer, used %o verform on-board computa-
tions. The computer is 18.90 inches high, 1L.50 inche? wide, and 12.75 inches
deep. It weighs 58.98 pounds. FExternal views of the ?omputer are shown in
Figure 8-20. The major external characteristics are s&mmarized in the accompany-

ing legend.

Using inputs from other spacecraft systems, along with a stored progrem, the
computer performs the computations reqguired during theépre-launch, insertion,
catch-up, rendezvous, and re-entry phases of the missﬁon. In addition, the com-

puter provides back-up guidance for the launch vehiclé during ascent.

Inputs and Outputs
The computer is interfaced with the Inertial Platform, System Electronics,
Tnertial Guidance System Power Supply, Auxiliary Compﬁter Power Unit,
Manual Data Insertion Unit, Time Reference System, Diéital Command System,
Attitude Display, Attitude Control and Maneuver Electfonics, Titen Autopilot,
Auxiliary Tape Memory (spaceeraft 8 through 12), Piloﬁs' Control and Display
Panel, Incremental Velocity Indicator, Instrumentatio% System, and Aerospace
Ground Equipment. In connection with these 1nterfaeeg, the computer inputs and
outputs include the following:

Inputs

40 discrete

3 incremental velocity
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LEGEND

NOMENCLATURE

MOUNTING ACCESS COVER

CONMNECTOR J4

CONNECTOR JS

COMNMNECTOR J7

CONNECTCR 43

CONNECTOR J2

CONNECTOR 11

CONNECTCR J6

MOUNTING ACCESS COVER

MOUNTING ACCESS COVER

MOUNTING ACCESS COVER

ELAPSED TIME INDLCATOR

CONNECTOR ACCESS COVER

RELIEF VALVE

MOUNTING ACCESS COVER

HANDLE

MOUNTING ACCESS COVER

IDENTIFICATION PLATE

MAIN ACCESS COVER

BUS BAR ACCESS COVER

BUS BAR ACCESS COVER

RELIEF VALVE

Figure 8-20 Digital Computer
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Inputs (cont)

3 gimbal angle

2 high-speed data (500 kec)

1 low-speed data (3.5T kec)

1 low-speed data (182 eps)

1 input and read-back (99 words)

6 dc power (5 regulated, 1 unregulated)

1 ac power (regulated)

Qutputs
30 disecrete
3 gteering command
3 incremental velocity
1 decimal display (T digits)
1 telemetry (21 digital data words)
1 low-speed data (3.57 ke)
1 low-speed date (182 cps)
3 dc power (regulated)

1 ac power (regulated, filtered)

Operational Characteristics

The major operational characteristics of the computer gre as follows:

Lype

Binary, fixed-point, stored-program, general-purpose
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Memory

Random-access, nondestructive-readout

Flexible division between instruction and data storage
L1096 addresses, 39 bits per address
13 bits per instruction word

26 bits per data word

Arithmetic Times

Instruction cycle - 140 usec

Divide requires 6 cycles

Multiply requires 3 cycles

All other instruction require 1 cycle each

Other instructions can be programmed concurrently with multiply and divide

Clock Rates
Arithmetie bit rate - 500 ke

Memory cycle rate - 250 ke

Contrcls and Indicators

The computer itself contains no controls and indicators, with the exception of the
elapsed time indicator. However, the computer can be controlled by means of four
switches located on the Pilots' (Control and Display Panel: a two-position

ON-OFF switch, a seven-position mode switch, a push-button START Computetion switch,

and a push-button RESET switch.
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SYSTEM OPERATION

Bower

The computer receives the ac and dc power required for its operation from the
Inertial Guidance System (IGS) Power Supply. The regulsjated de power supplied

to the computer is buffered in the IGS Power Supply in $. manner that eliminates
any loss in regulation due to transients that occur in fj‘.he gpacecraft prime pover
gource. Actual power interruptions and depreseions are% buffered by the IGS Power
Supply aend the Auxiliary Computer Power Unit. The powe:%r inputs received from the

I1GS Power Supply are as follows:

(a) 26 vac and return

(b) +28 vdc filtered and return
(e} +27.2 vic and return

(d) -27.2 vdc and return

(e) +20 vde and return

(£) +9.3 vdc and return

The application of all power is controlled by the ON-OFF switch on the
1
Pilots' Control and Display Panel. When the switch 1s %tu.med on, the computer

1
elapsed time indicator starts operating and a power control signal is supplied to

|
the IGS Power Supply by the computer. This signal cauﬁes povwer to be transferred
to the computer. When the switch is turned off, the cd?mputer elspsed time indicator
stops operating and the power control signal is termin+ted to remove pover from

the computer.
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Within the computer, the 26 vac power is used by magnetic modulators to convert de
analog signale to ac analog signals. This power is also used by & harmonic filter
to develop a 16 vac, 400 cps filtered gimbal angle resolver excitation signal.

The +28 vde power 1s used by computer power sequencing circults. The +27.2 vdc,
-27.2 vde, +20 vde, and +9.3 vde power is used by power regulators to develop +25
vde, - 25 wie, and +8 vdc regulated power. This regulated power is used by logilc
circuits throughout the camputer, and is supplied to some of the other spacecraft

systems.

Basic Timing
The basic computer timing is derived from an 8 me oscillator. The 8 me signal is

counted down to generate four clock pulses (called W, X, Y, and Z) (Figure 8-21).
These clock pulses are the basic timing pulses from which a}.l other timing is
generated. The width of each clock pulse is 0.375 usec and the pulse repetition
frequency is 500 kec. The bit time is 2 usec, and a new bit time is considered as
starting each time the W clock pulse starts. Eight gate signals (GlL, G3, G5,

¢7, 69, Gl1, GL3, and Glk) are generated, each lasting two bit times. The first
and second bit times of & particular gate are discriminated by use of a control
signel (called LA) which is on for odd bit times and off for even bit times.
Fourteen bit times make up one phase time, resulting in a phase time length of 28
usec (Figure 8-22). Five phases (PA through PE) are required to complete e
computer instruction cycle, resulting in an instruetion cycle length of 140 usec.
Special phase timing, consisting of four phases (PHL through pik) (Figure 8-23),
is generated for usé by the input processor and the output proceesor. This timing

is independent of computer phase timing but is synchronized with computer bit timing.
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Figure 8-21 Computer Clock and Bit Timing
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Figure 8-22 Computer Phase Timing
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Figure 8-23 Processor Phase Timing
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The computer memory 1s a random-access, coincident-cu%rent, ferrite array with

Memory

nondestruetive readout. The basic storage element isja two-hole ferrite core.
The nondestructive read property mekes it possible to read or write serially or in
series-parallel, thereby allowing operation with a Se%ial arithmetic unit without
a separate buffer register. The memory array can st&re 096 words, or 159,7hh
bits. All memory words of 39 bits are divided luto t@ree syllables of 13 bits
each. Data words (25 bits and a sign) are normally %tored in the first two
syllables, and instruction words (13 bits) are inter&ixed in all three syllables.
Once the spacecraft has been removed from the hangariarea, it is not possible to
modify the third sylleble of any memory word. Modification of data stored in
syllables O and 1 can be accomplished at the launch éite through interface with
the Manual, Data Insertion Unit or the Digital COmman% System, It can also be
accomplished in flight, on spacecraft 8 through 12, dsing the Auxiliary Tape

Memory (ATM).

As shown on Figure 8-24, the memory is a 64 x 6h x 39 bit erray of nondestructive
readout elements. Physically, it consists of & stac# of 39 planes (stacked in the
7 dimension), with each plane consisting of a 6l x 6# array of cores. The memory
is logically subdivided into smaller parts to increaée the program storage
efficiency. The % dimension is divided into three syllables (SYL O through SYL 2),
with each syllable consisting of 13 bits. The X-Y piane is divided into 16
sectors (SEC 00 through SEC 07, and SEC 10 through sEc 17), with sector 17 being

defined as the residual sector.

A memory word is defined as the 39 bits along the Z dimension and is located at one
of the 4096 poesible X-Y grid positions. An instruction word or command requires
13 bits, and is coded in either syllable 0, 1, or 2 of a memory word. A data word
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Figure 8-24 Computer Memory Functional Organization
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requires 26 bits, and is always coded in syllables O and 1 of a memory word. In-
formation stored in syllable 2 can be read as a short &ata word by using a special

mode of operation primarily used to check the contents of the nemory .

KNOTE
The operation codes mentioned in the sub-

sequent paragraphs are described in the

Instruction and Date Words paraéraph.

Instruction List

The instructions which can be executed by the ccmputeriare as follows:

Operation Code %Instruction
0000 HOP. The contents of tﬂe memory location specified

by the operand address ére used to change the next
ingtruction address. F%ur bits identify the next
sector, nine bits are téansferred to the instruction
address counter, two biﬁs are used to condition the
syllable register, and éne bit is used to select one

of the two data word modes.

0001 DIV (divide). The contents of the memory location
specified by the operand address are divided by the
contents of the accumulétor. The 24-bit quotient is

available in the quotieﬁt delay line during the fifth
word time following the DIV.
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0010

o011

0100

0101

0110
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Instruction (cont)

PRO (process input or output). The input or output
specified by the operand address 1s read into, or
loaded from, the accumulator. An output command clears
the accumulator to zero if address bit A9 is a 1.

The accumulator contents are retained if A9 is a OC.

(Refer to Table 8-1 for a list of the PRO instructions.)

RSU (reverse subtract). The contents of the accumula-
tor are subtracted from the contents of the specified
memory location. The result is retained in the ac-

cumalator.

ADD. The contents of the memory location specified
by the operand address are added to the contents of
the accumulator. The result is retained in the ac-

cumulator.

SUB (subtract). The contents of the memory location
specified by the operand address are subtracted from
the contents of the accumulator. The result is re-

tained in the accumuletor.

CIA (clear and add). The contents of the memory
location specified by the operand address are trans-

ferred to the accumulator.
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Operand Address | Signal
X (Bits Al1-A3) Y (Bits AL-A6)

0 0 Digital Command System shift pulse gate

o] 1 Data Tranamission System control gate

0 2 Time Referegce System data and timing
Pulses.

Digit magni%ude weight 1

o

Reset data }eady, enter, and readout
Digit selec? welght 1

Memory strobe

Computer regdy

Drive countérs to zero

Enter

Digit magnitude weight 2

Display device drive

Digit selecf weight 2

Autopilot s¢a1e factor

Pitch resol#tion

Select X coﬁnter

Aerospace éround Equipment data link
Digit magniﬁude veight 4

Digit aelecﬁ weight b

RN DR DN e e e 0O O O
O V1 W P = O N W W N H O NV W

Reset atart%computation

Table 8-1. PRO Instruction Programming (1 of 3)
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Operand Address Signal
X (Bits A1-A3) | Y (Bits AL-A6)

3 0 Yaw resolution

3 1 Select Y counter

3 2 Aerospace Ground Equipment data clock

3 3 Digit magnitude weight 8

3 L Read Manual Data Insertion Unit insert data

3 6 Reset radar ready

h 0 Roll resolution

h 1 Flapsed time control and Time Reference
System control reset/ATM wind-rewind
Reset

L 3 Computer malfunction

L L ATM verify/repro command

L 6 Second stege engine cutoff

0 Computer running

5 1 Time to start re-entry calculstions control
/ATM wind command

5 2 Time to reset control/ATM rewind command

5 3 Write output processor

5 b Read delta velocity

5 5 Input processor time

5 6 Time to retrofire control

6 3 Read pitch gimbal

6 L Read roll gimbal

Table 8~-1. PRO Instruction Programming (2 of 3)
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Operand Address Signal
X (Bits AL-A3) | Y (Bits A4-A6) |
6 5 Ready yaw gimi:al
7 0 Piteh error ciommand
7 1 Yaw error command
7 2 Roll error commend

Table 8-1. PRO Instruction Progranm.‘ng (3 of 3)
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Operation Code (cont)

Ol1ll

1000

1001

1010

Instruction (cont)

AND. The contents of the memory location specified
by the operand address are logically ANDed, bit-
by~bit, with the contents of the accumulator. The

result is retained in the accumulator.

MPY (multiply). The contents of the memory loca-
tion specified by the operand address are multi-
plied by the contents of the accumulator. The 24
high-order bits of the multiplier and miltiplicand
are multiplied together to form a 26-bit product
vhich is available in the product delay line dur-

ing the second word time following the MPY.

TRA (transfer). The operand address bits (Al
through A9) are transferred to the instruction
address counter to form a new instruction address.

The syllable &nd sector remain uncheanged.

SHF (shift). The contents of the accumulator are
shifted left or right, one or two places, as
speclfied by the operand address, according to the

following table:
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1011

1100

|
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- Instruction (cont)

Command Operand Address
x (Bits A1-A3) Y (Bits Ah-AG)
Shift left one place ? * 3
Shift left two places | * L
Shift right one place % 1 2
Shift right two places 0 2

* Insignificant

If an imﬁrbﬁér address co?e is given, the accumu-~
lator is cleared to zero.§ While shifting left,
0's are shifted into the ﬁow-order positions;
while shifting right, theisign bit condition is

shifted into the high-order positions.

™I (transfer on minus aq&umulator sign). If the
gign is positive (0), thé next instruction in
sequence is chosen (no béanch). If the sign is
negetive (1), the nine bﬂts of operand address
become the next instruction address {perform branch).

The syllable and sector femain unchanged.

1
870 (store). The contenﬁs of the accummlator are
stored in the memory location specified by the
operand address. The co%tents of the accumulator
are also retained for later use.
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Operation Code (cont)

1101

1110

1111

Instruction {(cont)

SPQ (store product or quotient). The product is
available on the second word time feollowing an
MPY. The gquotlent is available on the fifth word
time following a DIV. The product or quotient is
stored in the memory location specified by the

operand address.

CLD (clear and add discrete). The state of the
discrete input selected by the operand address is
read into sll accumulator bit positions. (Refer

to Table 8-2 for a list of the CLD instructions.)

TNZ (transfer on non-zero). If the contents of the
accumulator are Zero, the next instruction in
sequence 1s chosen (no branch); if the contents

are non-zero, the nine bits of operand address
become the next instruction address (perform

brench). The syllable and sector remain unchanged.

NOTE

The instructions mentioned in the subsequent

paragraphs (e.g., HOP, TRA, TMI, and TNZ)

are described more completely in the

Instruction Information Flow paragraph.

Instruction Sequencing

The instruction address is derived from an instruction counter and its associated
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Qperand Address

Signal

X (Bits A1-A3)

Y (Bits AL-AB)

0

0

LT 2> T S S | S R N o o el

V)

W W Wwow W

0
1
2
3
M
0
1

o & W

O F W N H O F W N W+

Radar ready

Computer mode 2

Spare

Processor timing phase 1
Spare

Data ready

Computer mode 1

Start computation

X zero indication

ATM clock

Enter

Instrumentatﬁon System sync
Velocity errbr count not zero
Aerospace Gﬁound Equipment request
Spare

Readout

Computer mode 3

Spare

ATM on

ATM data channel 2

Clear

Table 8-2. CID Instruction Programmiﬁg (1 of 2)
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Operand Address Signal
X (Bits Al-A3) | Y (Bits Al-A6)

4 o1 ATM mode control 1

Simulation mode command

ATM end of tape

ATM data channel 3

Time to start re-entry calculations
ATM mode control 2

Y zero indication

ATM date 1

Spare

Digital Commend System ready
Fade-in discrete

7 zerc indication

Unbilical disconnect

Spare

Instrumentation System request
Abort transfer

Aerospace Ground Equipment input data

Spere

- =] =3 =~ ~ O O OOV WY WU WY WU
P OW N M O F W N O W N MO W M

Spare

Table 8-2. CLD Instruction Programming (2 of 2)
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address register. To address an instruction, the syllable, sector, and word

position within the sector (one of 256 positions) musf; be defined. The syllable
and sector are defined by the contents of the syllab].% register (two-bit code,
three combinations) and sector register (four-bit cod% s 16 combinations). These
registers can be changed only by a HOP instruction. 'J;.‘he word position within the
sector is defined by the instruction ajdress cou.nter.i The instruction eddress
count 1s stored serially in a delsy line; and nomllqj.r each time it is used to
address a new instruction, a one is added to 1t so thp.t the instruction locations
within s sector can be sequentially scanned. The num#)er stored in the counter can
be changed by either a TRA, TMI, or TNZ instruction, ;rith the operand address
specifying the new number. A HOP instruction can alsb change the count, with the

new instruction location coming from a data word.

Instruction and Data Yords

The instruction word consists of 13 bits and can be coded in eny syllable of any

memory word. The word is coded as follows:

Bit Position 1L 2 3 Lk 5 6 T 8 9 10 11 12 13

Bit Code AL A2 A3 A A5 A6 AT A8 A9 oPL OP2 OP3 OPh

The four operation bits (OPL through OPl4) define one ;of 16 instructions, the eight
operand address bits (Al through A8) define a memory ﬁrword within the sector being
presently used, and the residual bit (A9) determines Whether or not to read the
data vresidual. If the A9 bit is a 1, the data word ajd.d.ressed is always located
in the last sector (sector 17). If the A9 bit is a Q, the data word addressed
i8 read from the sector defined by the contents of tl:‘;e sector register. This fea-
ture allows data locations to be availsble to :!.natruq?tions stored anywhere in the
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memoxy .

The dats word consists of 25 magnitude bits and a sign bilt. Numbers are represent-
ed in two's-complement form, with the low-order bits occurring at the beginning

of the word and the sign bit occurring after the highest-order bit. The binary
point is placed between bit positions 25 and 26. The bit magnitude number also
denctes the binary weight of the position. For example, ML6 represents 215,

For the HOP instruction, the next instruction address is coded in a date word that
is read from the memory location specified bty the operand address of the HOP word.

The codings of a numerical data word and & HOP word are as follows:

Bit Position 1 2 3 4 5 6 T 8 9 10 11 12 13

Data Word M25 M2hk M23 M22 MRl MP0 M9 M8 MLT M6 M15 Mk M13
HOP Word Al A2 A3 AW A5 A6 AT AB A9 81 s2 83 sk

Bit Position 14 15 16 17 18 19 20 21 22 23 24 25 26

Date Word M2 Ml MIO MO M8 MY M M5 My M3 M2 M1 8

HOP Word - SYA SYB - S5 - = - = = - - .

For the HOP word, eight address bits (Al through A8) select the next instruction
(one of 256) within the new sector, the residual bit (A9) determines whether or
not the next instruction is located in the residusl sector, the sector bits (S1
through Si) select the new sector, and the syllable bits (SYA and SYB) select the

new syllable according to the following table:

Syllable SYB SYA
0 0 0
1 0 1
2 1 0
8-96
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The special sylleble bit (S5) determines the mode in which data words are to be

read. If the S5 bit is a O, normal operation of reading data words from syl-
lables O and 1 is followed; however, if the S5 bit is?a 1, datas words are read
from syllable 2 only. These data words contain infor@ation from syllable 2 in
bit positions 1 through 13, but contain all O's in bié positions 1k through 26.
This special mode is followed until a new HOP command§p1aces the computer back in
+he normal mode of reading deta words. (While in thefspecial mode, any HOP word
addressed always has O's coded in the SYA, SYB, and S$ positions due to the

short dmta word that is read; therefore, any HOP word coded while in this mode
terminates the mode and operation is resumed in syllaﬁle 0.). The computer itself
does not have the capability to store information in éyllable 2; therefore, STO
and SPQ commands are not executed while in the sPeciai mode. The mode is used
only to allow the computer arithmetic circuits to cheék the entire memory contents

to verify the fact that the proper information is in étorage.

In a HOP word, the residual bit (A9) overrides the se¢tor bits (S1 through Sk).
If the A9 bit is a 1, the next instruction is read fr@m the residusl sector. If,
however, the A9 bit is a O, the Sl through sh bits determine the sector from

which the next instruction is read.

For convenience, the data and instruction words can be coded in an octal form that
is eagily converted to the machine binary representat#on. The order in which the
bits are written is reversed to conform to the normalimethod of placing lower-

significance bits to the left so that, while performi#g arithmetic, the low-order

bits are accessed first.) The coding structure is as follows:
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Instruction Word

OPh OoP3 ore 0Pl AS A8 A7 A6 A5 Al A3 A2 Al

¥Y Address *¥ Address
*Addresses for CID and PRO instructions
Data Word
S m M2 M3 Mh Ms %....lllll‘mo ml M22 ms mh M25

where each group of three bits is expressed as an octal character {(from O %o 7).
An instruction word is thus expressed as a five~character octal number. The opera-
tion code can take on values from 00 to 17, and the operand address can take on
values from 000 to TT77. Any operand address larger than 377 addresses the residual
sector {sector 17) because the highest-order address bit (A9) is also the residual
identification bit. A data word is expressed as a nine-character octal number,

taking on values from 000000000 to TTTTTTT76. The low-order character can take on

only the values of 0, 2, 4, and 6.

Arithmetic Elements

The computer has two arithmetic elements: an add-subtract element (accumalator),
and a multiply-divide element. Each element operates independently of the other;
however, both are serviced by the same program control circuits. Computer oper-
ation times can be conveniently defined as a number of cycles, where a cycle time
represents the time required to perform an addition (140 usec). All operations

except MPY and DIV require one cycle; MPY requires three cycles, and DIV requires
six cycles. Each cycle, the program control is capable of servicing one of the

arithmetic elements with an instruction. An MPY or a DIV instruction essentially

gstarts an operation in the multiply-divide element, and the program control must
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obtain the answer at the proper time since the multiplyr-divide element has no
means of completing an operation by itself. When an @Y is commanded, the
product is obtainable from the multiply-divide element?two eycle times later by
an SPQ instruction. When a DIV is commanded, the quotient is obtainable five

cycle times later by an SPQ instruction.

It is possible to have one other instruction run concurrently between the MPY and
the SPQ during multiply, and four other instructions rﬁn concurrently between the
DIV and the SPQ during divide. However, an MPY or a DIV is always followed with an

SPQ before a new MPY or DIV is given.

Basic Information Flow

Refer to Figure 8-25 for the following description of &nformation flow during the
five computer phase times. The description is limited%to those operations requir-

ing only one cycle time, and thus does not pertain to NPY and DIV.

During phase A, the 13-bit instruction word is read fgom memory and stored in the
jinstruction address register. The address of the insﬁruction is defined by the
contents of the memory address register, the sector r%gister, and the syllable
register. The four operation code bits (OP1 through QPh) are stored in the
operation register. During phase B, the operand addréss bits (Al through A8) are
serially transferred from the instruction address register to the memory address
register. Simltanecusly, the instruction address stéred in the memory address
register is incremented by plus one and stored in thefinstruction address register.
The operation specified by the operation code bits isfperformed during phases C
and D. During phase E, the next instruction address %tored in the instruction
address register is transferred to the memory address%register.
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Figure 8-25 Basic Information Flow
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Four of the one-cycle operations do not strictly adhere to the above information

flow. These operations are HOP, TRA, TMI, and TNZ. For the HOP instruction, data
read from memory during phases C and D is transferred airectly'to the instruction
address register, the sector register, and the syllabl# register. For the TRA,
TMI, and TNZ operations, the transfer of the next inst}uction address from the
instruction address register during phase E is inhibitéd to allow the operand ad-

dress to became the next instruction address.

Instruction Information Flow

Flow Diagram: The instruction information flow diagram (Figure 8-26) should be

used along with the following descriptions.

CILA Operation

During phases C and D, the data that was contained in%the accumlator during phases
A and B is destroyed. Simultaneously, new data from ﬁhe selected memory location
is transferred through the sense amplifiers and into ghe accumlator. During
phases E and A, the new data is recirculated so as to:be available in the ac-

curnilator during phases A and B.

ADD Operation

During phases C and D, new data from the selected membry location is transferred
through the sense amplifiers and into the accumilator. Here, the new data is
added to the data that was contained in the accmnulatc@ during phases A and B.
During phases E and A, the sum date is recirculated 50 s to be available in

the accumulator during phases A and B.

SUB Operation

During phases C and D, new data from the sclected memory location is transferred
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through the sense amplifiers and into the accumilator. Here, the new data is
subtracted from the data that was contained in the accﬁmulator during phases A
and B. During phases E and A, the difference data is ﬁecirculated so as to be

available in the accumulator during phases A and B.

RSU Operation

During phases C and D, new data from the selected memdry location is transferred
through the sense amplifiers and into the accumulatori Here, the data that was
contained in the accumulator during phases A and B isﬂsubtracted from the new
data. During phases E and A, the difference data is #ecirculated 50 as to be

available in the accumulator during phases A and B.

AND Operation

During phases C and D, new data from the selected memory location is transferred

through the sense amplifiers and into the accumulator. Here, the new data is

ANDed with the data that was contained in the accumul%tor during phases A and B.
|

During phases E and A, the ANDed data is recirculatediso as to be availeble in

the accumletor during phases A and B.

SHEF Operation

During phases C and D, the data that was contained in the accumulator during
phases A and B 1s shifted left or right, one or two places, as specified by the
operand address. During phases E and A, the shifted éata is recirculated so as

to be available in the accumulator during phases A anﬂ B.

STO Operation

During phases C and D, the data that was contained inﬁthe accumlator during

phases A and B is transferred through the inhibit dri&ers and stored in the memory

8-103
CONFIDENTIAL




CONFIDENTIAL
SEDR 300

PROJECT GEMINI

location selected by the operand address. During pheses E and A, the same data is

recirculated so as to be available in the accumilator during phases A and B.

HOP Operation

During phases C and D, new data from the selected memory location is transferred
through the sense amplifiers and into the address, sector, and syllsble registers.
Here, the new data is used to select the address, sector, and syllable of the

memory location from which the next instruction will be read.

TRA Operation

During phases A and B, the instruction from the selected memory location 1s trans-

ferred through the sense amplifiers and into the address register. Here, the

instruction is used to select the address of the memory location from which the o

next instruction will be read. The sector and syllsble remain unchanged.

TMI Operation

During phases A and B, the instruction from the selected memory location is trans-
ferred through the sense amplifiers and into the address register. Here, if the
accumilator sign is negative, the instruction is used to select the address of the
memory location from which the next instruction will be read. However, if the
accumlator sign is positive, the next instruction address in sequence is selected

in the normal manner. The sector and syllable remain unchanged.

TNZ Cperation

During phases A and B, the instruction from the selected memory location is trans-
ferred through the sense amplifiers and into the address register. Here, if the
contents of the accumulator are not zero, the instruction is used to select the

address of the memory location from which the next instruction will be read.
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However, if the contents of the accumulstor are zero; the next instruction address

in sequence is selected in the normal manner. The séctor and syllable remain un-

changed.

CLD Operation

During phases C and D, the data that was contained iﬁ the accumulator during phases
A and B is destroyed. Simultaneously, the state of éhe diserete input selected by
the operand eddress is transferred into all accumula%or bit positions. During
phases E and A, the new data 1s recirculated so as t& be availeble in the accumu-

lator during phases A and B.

PRO Operation {Inputs; when A9=l)

During phases C and D, the data that was contained iﬁ the accumulstor during

phases A and B is destroyed. Simultaneously, the daia on the input channel selected
by the operand address is transferred into the accum&lator. During pheses E and A,
the new data 1s recirculated so as to be availadle 1@ the accumulator during

phases A and B.

PRO Operation (Inputs; when A9=0)

During phases C and D, the date on the input channel:selected by the operand is
transferred into the accumulator. Here, the new daté is ORed with the data that
was contained in the accumulator during phases A and%B. During pheses E and A, the
ORed data is recirculated so as to be available in the accumulator during phases A

and B,

PRO Operation (Outputs)
During phases C and D, the data that was contained iﬁ the accumulator during phases

A end B is tranaferred to the output channel selecteﬁ by the operand address. If
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the A9 bit of the operand address is a 1, the data that was contained in the

gccumulator during phases A and B is then destroyed. However, if the A9 bit is
8 0, the data is recirculated so as to be available in the accumilator during

phases A and B.

MPY Operation

During phases A and B of the first instruction cycle, the data that is contained
in the accumulator is transferred into the multiply-divide element as the multi-
‘plier. During phases C and D of the same cycle, new data from the selected
memory location is transferred through the sense amplifiers and into the multiply-
divide element as the multiplicand. During the remasinder of the first instruction
cycle and the next two instruction cycles, the multiplicand is multiplied by the
multiplier. The product is availsble in the multiply-divide element during phases

C and D of the third instruction cycle.

DIV Qperation

During phases A and B of the first instruction cycle, the data that is contained

in the accumulator is transferred into the multiply-divide element ss the divisor.
During phases C and D of the same cycle, new data from the selected memory address
is transferred through the sense amplifiers and into the multiply-divide element

as the dividend. During the remainder of the first instruction cycle and the next
five instruction cycles, the dividend is divided by the divisor. The quotient is
available in the multiply-divide element during phases C and D of the sixth instruc-

tion cycle.
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During phases C end D, the product or quotient that is contained in the multiply-

8PQ Operation

divide element is transferred through the inhibit drﬂvers and stored in the memory

locetion selected by the operand address.

NOTE
In the subsequent program and interface
descriptions, the signals that}are pro-
grarmed by CLD and PRO instrucﬁions are
sometimes referred to as DI (D#screte
Input) or DO (Discrete Output)isignals.
The two digits following the Di or DO
are the Y and X addresses, resﬁectively,

of the instructions.
OPERATIONAL PROGRAM

(General
Two different programs are used with the rendezvous configuration of the space-
craft. For spacecraft 6, the sixth operational prog?am is utilized. For space-

craft 8 and up, the seventh operational program is used. The primary difference
between the two is that the latter is & modular prog#am and is used in conjunction

with the Auxiliary Tape Memory (ATM).

Sixth QOperational Program

The sixth operational program consists of six basic foutines, called executor,
pre-launch, ascent, catch-up, rendezvous, and re-ent?y. Each routine is made up

of several subroutines. Some of the subroutines are common to all routines while
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some are unique to a particular routine. Each subroutine consists of a series

of program instructions which, when executed, cause specific computer circuits
to operate. The initiation of a particular routine is controlled by the COM-
PUTER mode switch on the Pilots! Control and Display Panel. Once a routine is

initiated, the subroutines within the routine are executed autcmatically.

Executor Routine
The executor routine selects, and handles the functions common to, all other
routines. The program flow for this routine is shown on Figure 8-27. The in-

dividuel blocks shown on the figure are explained as follows:

{(a) Block 1. When the computer is turned on, the first memory loca-
tion addressed is address 000, sector 00, syllable 0. This memory
location is the first memory address utilized by the executor

routine.

(b) Block 2. The operational program utilizes special predetermined
memory locations which are designed as Logical Choice (LC) ad-
dresses. At certain times, the sign bits at these LC addresses
are set minus (1) or plus (0O). The sign bits of specific LC
addresses are then checked during the execution of the routines
and, depending on whether they are plus or minus, special series

of program insitructions are executed.

(¢) Block 3. The following discrete outputs are set plus: start
computation, computer running, second stage engine cutoff, auto-

pilot scale factor, AGE data clock, and Time Reference System gate.
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Figure 8-27 Executor Routine Program Flow
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(a)

(e)

(£)

(2)

(n)

(1)

(3)

(k)

Block 4. The processor real time count is read for utilization by

the individusl routines.

Block 5. The accelerometer subroutine is executed to verify that

the X, Y and Z velocity signals from the accelercmeters equal zero.

Block 6. A special go, no-go diagnostic program is executed to
determine if the basic computer arithmetic circuits are functioning
properly. If these circuits fail, the NO GO path is followed; if

there is no failure, the GO path is followed.

Block 7. Program instruction PRO34 is executed. The execution of
this instruction causes the computer malfunction circuit to be con-

ditioned.

Block 8. The processor real time count is read and updated for

utilization by the individual routines.

Block 9. Program instruction CLD32 is executed to determine the
condition of the AGE request discrete input. If the input is a
1, the YES path is followed; if the input is e O, the NO path

is followed.

Block 10. Speclal check-out tests are executed by the AGE. Both

the Gemini Launch Vehicle and the computer can be checked out.

Blocks 11 through 1k. Progrem instructions CLD1O, CLDll, and CIDL3
determine the condition of the discrete inputs from the COMPUTER

mode switch. This switch is manually controlled by the pilot and,
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depending upon which mode is selected,%causes a particular

routine to be executed until the switcﬂ setting is changed or
until the computer is turned off. Theicombinations of COMPUTER
mode switch discrete inputs required t# gelect a particular

routine are as follows:

Routine Discrete Inputs

DLIO | p DL13
Pre-launch 0 | 0 C
Ascent 1l | 0 0
Catch-up 1 0 1l
Rendezvous 0 1l 0
Re-entry 0 1 1

(1) Blocks 15 through 19. Depending on the setting of the COMPUTER
mode switch, one of these operationaliroutines is selected. The

individusl routines are discussed in $ubsequent paragraphs,

Pre=-launch Routine

The pre-launch routine provides the instructions required to check out the com-
puter prior to launch and to read in special data forifuture use, This routine
performs sum-checks on all sectors within the computer memory. These checks are
performed by adding the contents of all memory addresses within a sector and
comparing the sum with a pre-stored constant. If theiconstant and the sum are
not equal, the computer malfunction latch is set by p%ogram instruction PRO3L.
If the sum check is successful, special data is store# in predetermined memory
addresses by the commop subroutines. These subroutin%s are discussed in later

paragraphs.
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The ascent routine provides the computations required for back-up ascent guldance,

Ascent Routine

After the computer has been placed in the ascent mode, specisl data is transferred
to the computer via the Diglital Commend System. This data 1s then continually up-
dated and used to keep track of the orbit plane and the platform attitude with
respect to Earth. Thirty seconds after the special data is first transferred to
the computer, the Inertial Guidance System is placed in the inertisl mode. The
computer continually monitors and stores the pletform gimbal angle values during
this time. After 1lift-off, the computer performs a back-up guidance function.

If necessary, however, the computer can be used to perform primary guidance during

ascent.

Catch-up Routine

The catch-up routine provides the computations required to properly position the
spacecraft for rendezvousing. During the catch~-up mode, gimbal angle values and
incremental velocity values are computed. Calculated data is then supplied to
the Attitude Display so that the spacecraft can be properly positioned for rendez-

vousing.

Rendezvous Routine

The rendezvous routine provides the computations reguired for achieving a rendez-
vous. The routine performs essentially the same function as the catch-up routine,
with the sddition of radar date computations. The radar data is transferred to
the computer from the rendezvous rader and utilized in computations. These compu-

tations are used to achieve a rendezvous between the spacecraft and the target.

Re-entry Routine

The re-entry routine provides the computations required for re-entry guidance.
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During the re-entry mode, the retrograde velocity is monitored and retrograde

velocity errors are calculated, The distance and heahing of the spacecraft with
respect to the desired landing site are calculated, abd the down range travel to
touchdown 1s predicted. The routine also provides sibnals to command the space-

craft roll maneuvers during re-entry and provides a dispaay of attitude errors.

NOTE

The following subroutines are common to the
previously described routines: gimﬁal angle,
accelerometer, Digital Command Systém, Instru-
mentation System, and manual data. jTherefore,

a description of each of these subroutines follows.

(3imbal Angle Subroutine

The gimbal angle subroutine reads and processes the gimbeal angles for the pitch,
yaw, and roll axes of the Inertial Platform. During é computer word time, the
gimbal angle processor reads in one gimbal angle value and transfers a previously
read gimbal angle value to the accumlator., This meﬁhod enables a faster pro-
cessing operation than if the angle for each axis were processed, individuwally.
Approximately S ms elapses between the processing of one gimbal angle value and
the processing of the next gimbal angle value. (Theigimbal angle value iz the

binary equivalent of the actual gimbal angle.)

Accelerometer Subroutine

The accelerometer subroutine processes velocity signal inputs from the Inertial
Measuring Unit. These signals, which represent velo&ity for the X, ¥, and Z axes
of the spacecreft, are generated by accelerometers. ;Due to the construction and

adjustment of the accelerometers, the signals contain inherent bias and aligmment
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errors. The subroutine corrects these errors and stores the corrected velocity

values in predetermined computer memory locations., The computer input processor
reads the X, Y, and Z velocity signals, and transfers them to the processor delay
line. The delsy line 45 then read by the subroutine at periodic intervals whieh

depend op the selected mode or routine.

Digital Command System Subroutine

The Digital Command System subroutine reads and processes data furnished by the
Digital Commend System (DCS). The DCS furnishes the computer with special 2i-bit
words consisting of 6 address bits and 18 data bits. The address bits indicate
where the data bits are to be stored in the computer memory, The subroutine first
determines if data is avallable from the DCS. If data is available, the subroutine
then reads the data into the accumulator. Next, the address and data bits are
separated. The data bits are then stored in the computer memory address specified
by the address bits, After this data is stored, it is used as constants by other

subroutines.

The DCOS subroutine also contains instructions which provide extended DCS addresses,
(Address 100-11T). The recognition of addresses 20 and 21 exercises the proper
operational progrem loops to store the data in the computer. For each DCS ex-
tended address insert, it is necessary to make two transmissions and this must be
accomplished in the proper order (i.e., DCS address 20 first, 21 next). On the
first cycle through the DCS subroutine, address 20 is recognized apnd the asso-
clated data 1s stored es high order data. On the second cycle, address 21 is
recognized and the assoclated data ylields low order data plus the DCS extended
address word. With the DCS extended address, it is possible to insert 26-bit

words into the computer.
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Instrumentation System Subroutine

The Instrumentation System subroutine asssembles speclel data end transfers it to
the Instrumentation System. Every 2.k seconds, 21 d&ta vords ere transferred
to the Instrumentation System by the subroutine. Thé transferred data words are
the stored results of other subroutines. The types éf data words transferred
include veloeity changes for the X, ¥, and 7 axes, g#mbal angle values for the
pitch, vroll, and yew exes, and radar range. Once evéry 2.4 seconds, the Instru-
mentation System sync discrete inmput occurs. When tﬁe input occurs, the data
words to be transferred are assembled in & special Iﬁstrumentation System memory
buffer. The buffer consists of 21 predetermined mem&ry addresses, A special
memory address is used as a word selection counter t& determine which data words
in the Instrumentation System memory buffer are to bé transferred to the Instru-

‘mentation System,

Manual Dete Subroutine

The menual data subroutine determines when date is transferred from the Manual
Data Keyboard (MDK) to the computer and from the computer to the Manual Data
Readout (MDR). fThe subroutine consists of approximately 1000 instructions which
are used to govern the generation of signals that coptrol circuit operation in

the MDK and MDR.

Seventh Operational Program

The seventh operationsl program consists of six moduies. At this time, space-
craft 8 and 9 are scheduled to use modules I, IV and V. Spacecraft 10 is scheduled
to use all six modules. Esch module contains certain routines and subroutines as

discussed below and under Sixth Operational Progren.

Module I

Module I represents that portion of the program which is slways maintained in
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the computer memory. It contains the programming required for the pre-launch

mode as well as that associated with the executer functions, diegnostic sub-

routines, computetional subroutines and the ATM read programs.

Module II

Module II consists of the ascent computer mode, & simplified cetch-up mode (no
radar interface) and that portion of the re-entry mode required for ascent/abort
re-entfy guidance. ¥For ascent/abort re-entry, the computer mode selector remains

in ASC.

Module III

Modnle IIT consists of the catch-up and rendezvous modes as described under Sixth

Operational Program.

S~

Module IV

Module IV contains the touchdown predict and re-entry modes. The touchdown
predict mode provides an on-board capability for predicting the half-lift touch-
down point on the basis of ground-computed orbital initial condition data and

a selected trial retrograde time. The calculated time-to-go to retrograde and
the assoclated retrograde initial conditions may be automatically transferred
to the Time Reference System (TRS) and re-entry program, respectively, for
subsequent initialization of the re-entry mode, The re-entry mode is generally

the same as that described for the Sixth Operational Program.

Module V

Module V contains the escent mode of module II, without the ascent/sbort capa-
bility, end the catch-up and rendezvous modes of module III without the rende-
vous self test. The purpose of module V is to insure that ATM load failure
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will not jeopardize completion of rendezvous mission ébjectives.

Module VI

Module VI contains the orbit predict, orbit navigatioq, and orbit determination

modes.

The orbit predict mode provides the capability to caléulate the velocity and
position of the spacecraft or target vehicle (or thei% relative velocity and
position) as much as three orbits into the future or éne orbit into the past.
This mode alsc provides the capebility to simlate imﬁulsive velocity changes
in the spacecraft orbit. This is accomplished by ac%epting veloclity change

inputs in the guidance axes while the orbit computati&n is not in progress.

The orbit navigation mode provides the means to naviggte the spacecrsft during
velocity and position changes by including the accele#ometer outputs in the

computer egquations of motion.

The orbit determination mode provides the capability to improve the on~board
navigation accuracy by processing the measurements of}star +to horizon angle or

star to local verticle angle taken sboard the spacecréft.

INTERFACES
Figure 8-28 shows the equipment which interfaces with?the computer. The diagram

also containg references to the individual equipment interface diagrams.

Inertial Platform (Figure 8-29)

The computer supplies 400 cps excitation to the rotors of three resolvers located
on the pitch, roll, and yaw gimbal axes of the Inerti?l Platform. Movement of the

rotors of any of these resolvers away from their zero (pletform-caged) reference
i
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INERTIAL MEASURING UNIT

INERTIAL
PLATFORM
(FIGURE 8-29)

PLATFORM
ELECTRONICS
(FIGURE 8-30)

1GS
POWER SUPPLY
(FIGURE 8-31)

INCREMENTAL
VELOCITY

IINDICATOR
(FIGURE 8-40}

AERQSPACE
GROUND EQUIPMENT
(FIGURE 8-42)

TITAN
AUTOPILOT

PILOT'S
CONTROL AND
DISPLAY PANEL
(FIGURE 8-39)

DIGITAL

(FIGURE 8-37)

INSTRUMENTATION
SYSTEM
(FIGURE 8-41)

COMPUTER

RENBEZVOUS
RADAR
{FIGURE 8-35)

ATTITUDE CONTROL
AND MANEUVER

ELECTRONICS
(FIGURE 8-36)

{T» SPACECRAFT 8 THRU 12 ONLY.

DIGITAL COMMAND
SYSTEM
(FIGURE 8-34)

TIME REFERENCE
SYSTEM
{FIGURE 8-33)

[T> AUXILIARY
TAPE MEMORY
(FIGURE 8-38)

MANUAL DATA
READOQUT
{FIGURE 8-32)

MANUAL DATA
KEYBOARD
(FIGURE 8-32)

MANUAL DATA INSERTION UNIT

Figure 8-28 Computer Interfaces
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INERTIAL PLATFORM

GIMBAL ANGLE EXCIT. (XCEGAE)

DIGITAL COMPUTER

RETURN {XCEGAEG)

ROLL
PHASE
RESOLVER

ROLL GIMBAL ANGLE (XPR4PPSRRC)

400 CPS
FILTER

REFEREMNCE (XPR4PCRFPRC)

i
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AW
PHASE
RESOLVER
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REFEREMNCE (XPR3PCRPYC)
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S

+X% VELOCITY

ACCELEROMETER -X VELOCITY
+Y VELOCITY
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PLATFORM

ACCELEROMETER =Y VELOCITY ELECTRONICS
+2 VELOCITY

z

ACCELEROMETER +Z VELOCITY

GiIMBAL
ANGLE
PROCESSOR
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Figure 8-29 Computer-Platform Interface
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causes the output voltage of the stator winding to be phase-shifted relative to

the reference 40O cps voltage inputs to the computer:; a reference voltage from
the compensator winding (pitch, yaw, end roll references), and & phese-shifted

voltage from the stator winding (pitch, yaw, and roll gimbal angles),

The following PRO instruction programming is associated with the Inertial Platform

interface;
Signal Address
x X
Reed pitch gimbal 6 3
Read roll gimbal 6 by
Read yaw gimbal 6 5

The gimbal angles are read no sooner than 5 ms from each other, and the total
reading time for all three angles is no greater than 30 ms., The angles are read
once per computation in the catch-up, rendezvous, and re-entry modes, and once
every 50 ms in the ascent mode, These angles are gated, as true magnitude, into
the accumulstor S, and 1 through 14 bit positions with the 15 through 25 bit
positions being zero. The accumulator value from the first PRO instruction is
discarded, ZEach of the next three PRO instructions results in an accumulator

value of the gimbal angle read by the previous PRO instruction, as follows:

() PRO3% {resd pitch; process previously read angle)
(b) Discerd previously read angle

(¢) Wait 5 ms

(d) TPRO4 (read roll; provess pitch)

(e) STO pitch
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(£) Wwait 5 ms

(g) PROS6 (read yaw; process roll)
(h) STO roll
(1) Wait 5 ms
(3) PRO36 (read pitch; process yaw)

(k) ST0 yaw
he computer inputs from the Inertisl Platform are summarized as follows:

(2) Roll gimbal angle (XPRUPPSRRC) and i%ference ( XPRUPCRPRC)
(b) Yaw gimbal engle (XPR3PPSRYC) and reference ((XPRSPCRPYC)
(¢) Pitch gimbal angle (XPRLPPSRFC) and reference (XPRLPCRPPC)

The computer output to the Inertisl Flatform is sum#ﬂzed a3 follows:

Gimbal engle excitation (XCEGAE) and return (XCEGAEG)

System Electronics (Figure 8-30)

Outputs derived from each of the three platform acceiercmeters are supplied to the
computer a8 incremental velocliy pulses (+X ang =X d@?elta velocity, +Y and -Y delta
velocity, and +Z and -Z delta velocity). An up level on one line denotes a poei-
tive increment of velocity while an up level on the other line denotes a negative

increment of veloeity.

The following PRO instruction programming is associajbed with the System

Electronices interface:
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PLATFORM ELECTRONICS DIGITAL COMPUTER
+ X VELOCITY
FROM
-X VELOCITY INERTIAL,
PLATFORM
+ X DELTA VELOCITY (XEDVPL)
1 CONVERSION
CIRCUIT -X BELTA VELOCITY (XEDVML)
+ Y VELOCITY
} FROM
A INERTIAL
Y VELOCITY PLATFORM
+Y DELTA VELOCITY (XEDVPY)
CONVERSION INPUT
CIRCUIT =Y DELTA VELOCITY {XEDVMY) PROCESSOR
+Z VELOCITY
FROM
=Z VELOCITY INERTIAL
PLATFORM
+ Z DELTA VELOCITY (XEDVPZ)
CONVERSION
CIRCUIT -Z DELTA VELOCITY (XEDVMZ)
ACCUMULATOR

Figure 8-30 Computer-Platform Electronics Interface
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Signal Address Processor
X Y PHASE TIME
Read X delta velocity 5 L 2
Read Y delta velocity 5 L 3
Read Z delta velocity 5 L L

The input processor accumulates the incremental veloc;ty pulses on the processor
delay line in two's~complement form. The velocity puises have a maximum frequency
of 3.6 ke per channel with a minimum separation of 135 usec between any plus and
minus pulse for a given axis. Three input circuits a?e used to buffer the plus
and minus pulses, one circuit for each axis. The buf?ered velocity pulse inputs
are sampled during successive processor phases and read into a control circuit.
This control circuit synchronizes the inputs with the processor timing and
establishes an add, subtract, or zero control for the%processor carry-borrow cir-
cuit. The sccumulated velocity quantities are read i?to the aceurmilator S, and

1 through 12 bit positions in two's-complement form vﬁa a single PRO4S instruction,

as follows:

(a) Processor phase 2 - read accumulated X velocity
(b) Processor phase 3 - read accumulated & velocity

(¢) Processor phase 4 - read accumilated 2 velocity

As the accelercmeter values are read into the accumnyator, the delay line is auto-
1
matically zeroced so that each reading represents the phange in velocity from the

previous reading.

The computer inputs from the System Electronics are shmmarized as follows:
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(a) +X delta velocity (XEDVEL)

(b) -X delts veloeity (XEDVML)
(¢) +Y delta velocity (XEDVPY)
(d) -Y delta velocity (XEDVMY)
(e) +2Z delta velocity (XEDVPZ)

(£) -2 delta velocity (XFDWMZ)

1GS Power Supply (Figure 8-31)

The computer supplies a filtered 28 vdc gignal to the IGS Power Supply to control
the de power supplied to the computer. The IGS Power Supply supplies power to the
computer within 0.3 second after recelving the 28 vde power control signal. When
the computer power control signal drops to 2 vwde, the IGS Powér Supply removese

dc power fram the computer within 0.3 second. The 26 vac, 400 cps power furnished
to the computer by the IGS Power Supply is not controlled by the computer power
control signal, and is therefore present at the computer whenever the IGS Power

Supply is operating.
The coamputer inputs from the 1GS Power Supply are summarized as follows:

(a) -27.2 vdc (XBP27VDC) and return (XSP2TVDCRT)

(b) -27.2 vde (XSM2TVDC) and return (XSM27VDCRT)

(¢) -20 vde (XSP20VDC) and return (XSP20VDCRT)

(&) +9.3 vde (XSPYVDC) and return (XSP2VDCRT)

(e) | 26 vac (XS26VAC) and return (XS26VACRT)

(£) +28 vdc filtered (XSP28VDC) and return (XSP28VDCRT)

The computer output to the IGS Power Supply is summarized as follows:

Power comtrol (XCEP)
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1GS POWER SUPPLY . DIGITAL COMPUTER
+27.2 VDC (XSP27VDC) j
T
RETURN (XSP27VDCRT) :
;
~27.2 VDC (XSM27VDCQ) ]
RETURN {XSM27V/DCRT) |
! POWER
+ 20 VDC (X5P20VDC) ; REGULATORS
RETURN (XSP20VDCRT)
+9.3VDC (XSPSVDC) :
RETURN (XSPSVDCRT) 1
i
26 VAC (X526VAC)
: 400 CPS
RETURN (XS26VACRT) : FILTER
T
|
i
i
POWER CONTROL (XCEP) ‘
RETURN (XSP28VDCRT) |
+28 VDC FILTERED (XSP28VDC)
POWER
SEQUENCING
| CIRCUITS
AUXILIARY POWER LOSS SENSING (XQBIND) !
COMPUTER
POWER UNIT 28 VDC FILTERED (XSP28VDC)

Figure 8-31 Computer-Power Supply Interface
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Auxiliary Computer Power Unit (ACPU) (Figure 8-31)

The ACPU functions in conjunction with the IGS Power Supply to buffer power
interruptions and depressions. When the ACPU senses a power interruption or de-

pression, it supplies the power loss sensing signel to the power sequencing cir-
cuits in the computer. The ACPU then maintains the computer power constant

until the power interruption or depression ends (up to & maximum of 100 msec).
The computer output to the ACPU is summarized as follows:

Power Control (XCEP)
The computer inmput from the ACPU is summarized as follows:

Power loss sensing (XQBND)
+28 vde filtered (XSP28VDC)

Manual Dete Insertion Unit (MDIU) (Figure 8-32)

The MDIU can insert into, and/or read out of, the computer up to 99 data words.
It provides the crew with a means of updating certain date stored in the computer
by inserting new data into the eppropriate memory location. It also provides s

cepability to verify the date stored in a number of additionsl memory locations.
Two of the qusntities which may be inserted (TR and Tx) are transferred to the

Time Reference System by the computer, following inmsertion.

The MDIU consists of two units: The Manual Deta Keyboard {MDK) snd the Manual
Data Readout (MDR). The MDK has a keyboard containing 10 push-button switches
used during date insertion and readout. To insert data, the pilot alweys de-
presses seven data-insert push-button switches; the first two set up the address

of the computer memory location in which date is to be stored, and the last five
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MANUAL DIGITAL COMPUTER
UAL DATA READOUT MANUAL DATA READQUT
ACCUMULATOR SIGN POS.
READOUT READOUT (XNZRC) DQ'S?&S;E (XCDPOSAX) e
CIRCUIT LOGIC ACCUMULATOR SIGN NEG,
(XCDNEGAX) B )
| ADDRESS X0 (XCSAX0)
CIEAR (XNZCC) ; =
EILREQSIT - ADDRESS X1 {(XCSAX1}
DISCRETE 1 DY
INFUT gt ADDRESS X2 (XCSAX2)
LOGIC ~
ADDRESS : £
© ADDRESS X3
SELECTION i DDRESS X3 (XC5AXJ) -~
LOGIC . ADDRESS Y3 (XCSAY3)
ENTER ENTER (XNZC) : G
| ADDRESS Y4 (XCSAY4)
cRCUIT ACCUM- : ( ) ]
ULATOR | ADDRESS Y5 (XCSAYS)
DATA READY (XMZDA) |
DEVICE
. +25 VDC (xcmvoq}D SELECT
‘ CIRCUIT
INSERT +25 VDC (XCM25vDC} | —
I INSERT DATA 1 (XNZBI) =
BUFFER POWER RETURN (XCPM25VDCRT)
REGULATORS] [
+8 VDC (XCPBVDC)
INSERT DATA 2 (XMX82) INSERT 1 | TURN (XCP8VDCRT
SERIALIZER RETURN (X ’E\
DISPLAY
INSERT DATA 4 (XMZB4) DEVICES
INSERT DATA 8 (XMZB8)
P et
NUMBER
MANLAL DATA KEYBOARD : SELECT
: y CIRCUIT
(A(! (c (orz (A(B(C(D £ 1
INSERT DATA A
BUFFERS ——
. 8
: DISPLAY
* e | DEVICE
RESET DRIVE
CIRCUIT D CONTROL
G
H
! A B D E \F LG A C‘ H N
| | DatareaDy INSERT
CIRCUIT ENCODER

Figure 8-32 Computer-MDIU Interface
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set up the actual data. PBach digit inserted is alsc displayed for verification.

Following the insertion and verification of the seventh digit, the ENTER push-
button switch 1s pressed to store the data in the selected memory location. If
verification of any digit cannot be made, the CLEAR push-button switch is pressed
and the address and data mst be set up again. The MDR seguentially displays for
verification the digits inserted by the pilot. This unit can also be used to re-
check gquantities stored in the computer memory. This operation is accomplished
by inserting and verifying only the first two (address) digits and then depressing
the READ OUT push-button switch. The selected data is then displayed for verifi-
cation. If the pilot sttempts to insert data in an invalid address, attempts to
read date out of an invalid address, inserts more than seven digits, or fails to
insert a two-digit address prior to depressing the ENTER or READ OUT push-button
switch, the seven digits displayed are all zero indicating a pilot error.

The following CID instruction programming is associated with the MDIU interface:

Signal Address
X X
Date ready 1 0
Enter 2 0
Readout 3 0
Clear b 0

The following PRO instruction programming is associated with the MDIU interface:

Signal Address
X 1
Digit megnitude weight 1 0 3
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81 cont. Address (cont.)

i
4

Digit magnitude welght 2
Digit magnitude weight L
Digit magnitude weight 8
Reset DIOLl, DX02, and DIO3
Display device drive
Digit select weight 1
Digit select weight 2
Digit select weight b4

w N H# O M O W M
£ VI W W W W W

Read MDIU ingert data

The pilot must depress the CLEAR push-tutton switch for the first quantity to be
inserted or displayed. Upon the recognition of DIOk %on, the program sets DOLO
off. This results in resetting DIO1, DIO2, and DIO3,§ and clearing the MDIU buffer.
The program then sets DO4L off to reset the display dirivers.

When a digit push-button switch is depressed, the binary coded decimal (BCD) code
16 entered into the buffer end DIOL is turned on. The program resds the buffer
into accumlator bit positions 1 through 4 and sets ﬂpoho off, Following this, the
program sends out a code by means of D050, DO51, and DO52 to select the digit to
be Aisplayed. The progrem then sets DOLL on to turn ion the display drivers, and
sends & BCD digit to the buffer Ly means of D030, m3‘1, D032, and DO33. The pro-
grem waits 0.5 second and sets DOKO and DOKL off. The pilot must wait wmtil

the digit is displayed before entering the next dig:lﬁ After all seven digits
have been entered and displayed, the pilot depresses the ENTER pash-button switch.

This results in DIO2 being set on. The program then }sets DOLO off, and converts
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the five data digits to binary. This dsta is scaled and stored in memory ac-

cording to the two-diglit address.

To read data out of the computer, the pilot enters the two-digit address of the
quantity to be displayed and then depresses the READ OUT push-button switch. This
results in DIO3 being set on, The computer then sets DOLO off, converts the re-
quested gquantity to BCD, and sends the BCP data to the display buffer one digit at
a8 time in 0.5-second intervals,

The computer inputs from the MDIU are summarized as follows:

(a) Readout (MZRC) - The up level of this signal denotes that the two
previously inserted digits are to be used as the address of a
quantity to be displayed.

(b) Clear (XNZCC) - The up level of this signal denotes that the pre-
viously inserted digits are incorrect and the insert sequence must

be repeated.

(¢) Enter (XNZIC) - The up level of this signal denotes that the pre-
tiocusly inserted digits have been verified and should be stored in

the computer memory.

(d) Deta resdy (XMZDA) - The up level of this signal denctes that a
d4git has been inserted. The computer samples this line at least
20 times per second to allow continuous insertion of data.

(e) TInsert data 1, 2, 4, and 8 (XNZRL, XMZB2, XMZB4, and XMZB8) - These
four signals, denoting one BCD character, are supplied to the com-
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puter for each decimel digit inserted,
The computer outputs to the MDIU are summarized as follows:

(a) Accunulstor sign positive (XCDPOSAX) - The up level of this signal

on a set imput causes the addressed latch to be set,

(b) Accumulator sign negative (XCDNEGAX) 4 The up level of this signal

on a reset input causes the addressedilatch to be reset.

(¢) Addressing - Seven lines provide the capability of sddressing ell
latches in the MDIU, The following X%and Y address lines are pro-

vided:

(1) MDIU address X0 (XCSAXO)
(2) MDIU address X1 (XCSAX1)
(3) MDIU address X2 (XCSAXE%)
(k) MDIU address X3 (XCSAX3)
(5) MDIU address Y3 (XCSAY3)
(6) MDIU address Y4 (XCSAYH)

(7) MDIU address Y5 (XCSAYS)

By selecting one X and one Y address line at a time, & total of 12

addresses cen be formed,

(d) ©Power - Regulated dc power is supplied to the MDIU as follows:
(1) 425 vde (XCP 25vDC) andj;l return (XCPM25VDCRT)
(2) -25 vde (XCM25 VDC) an(%. return (XCPM25VDCRT)
{3) +8 vdc (XCPBVDC) and r%turn (XCPBVDCRT)
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Time Reference System (TRS) (Figure 8-33)

The TRS counts Elapsed Time (ET) from 1ift-off through impact, counts down time
to retrogrede (Tr) on command, and counts down time to equipment reset (Tx) on
command, 8ll in 1/8-second increments. The computer receives T and Ty date
words from the MDIU end sutometicelly transfers them to the TRS, When the com-
puter receives a displey request from the MDIU for T, or when the computer pro-

grem requires ET, the TRS transfers them to the computer.
The following CLD instruction programming is associeted with the TRS interface.

Signal Address

>

X

TR discrete 5 0

The following PRO instruction programming is associated with the TRS interfece:

Signal Address

X 4
ET control b 1
Ty control 5 2
Tr control . 6
Enter 1l 2
TRS date end 0 2

timing pulses

TRS control reset L 1

In the readout mode, the computer transfers Ty or Ty data words to the TRS. The

mode is initiated by setting D021 on. The 24 bits of date to be sent to the TRS
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DIGITAL COMPUTER : TIME REFERENCE SYSTEM
T, EXCITATION (XCDGTRE)
+3V ®
|
DISCRETE Tq DISCRETE (XGTR) ‘ 0
INPUT ; —o—A+ R™
LOGIC ‘
DATA TRS DATA INPUT (XGDAT) ] -
INPUT i *
LOGIC i
ENTER (XCDENT) : i
t e
: 59
{ o o
. C Y
TRS DATA QUTPUT (XCDXRCD)
! A "
! D
TRS TIMING PULSES (XCDTRT) ‘
T, CONTROL (XCDTRG) |
[ | Tp TIME B
‘ REGISTER [™
DISCRETE 1
CUTPUT
LOGIC ;
T, CONTROL (XCDTXG) 3 Ty TIME c
REGISTER
I
ET CONTR XCDTEG ‘
Ot [(XCDTEG) s ernve  J . OJ
‘ REGISTER
|

Figure 8-33 Computer-TRS Interface
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are then placed in the accumalator by 24 consecutive sets of PRO20 and SHR1
(shift right one place) instructions. With each PRO instruction, a timing pulse
is sutamatically initiated TO usec after the begimning of the data pulse. The
timing pulge is terminated so that its up level is 139 usec. After bit 24 has
been sent to the TRS, the program generates one of two control gates (IR or 'rx) .
Between 9 and 15 ms later, the computer terminates the TRS control gate.

The enter mode is initiated by setting D021 off. One of two control gates (ET or
'.l'R) is generated by the program and terminated between 9 and 15 ms later. After
termination of the control gate, the program enters a subroutine consisting of 25
consecutive sets of PRO1IO and SHR1 instructions. ZEvery time & PRO operation is
called for, a timing pulse is generated by the same logic as in the readout mode.
The timing pulse is sent to the TRS to cause the addressed data to be supplied to
the camputer. The first bit received is discarded with the final SHR1 instruction.
The second bit received is the least significant bit and is shifted into accumu-
lator bit position 25 at the completion of the twenty-fifth set of PRO20 and SHR1
instructions. When TR equals zero, a reley in the TRS connects the TR excitation
line to the Tr discrete line. The 'rR discrete signal then causes the computer to
start re-entry calculations.

The camputer inputs from the TRS are summarized as followst

(a) Tp discrete (XOTR) - The up level of this signal signifies that the
computer should begin re-entry calculations.

(b) TRS deta imput (XGDAT) - All data transfers from the TRS to the
computer occur on this line. The data word on the line is deter-
mined by which control gate the computer actuates prior to the
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actusl date transfer. The up level is & binary 1.

The computer outputs to the TRS are summarilzed ss foll#ws:

(a)

(b)

(<)

(a)

(e)

(£)

Tg excitation (SCDGTRE) - The computer%supplies +8 vde through a

i
resistor to the TRS as the Ty excitati#n input. When Tp equals
zero, the Tp relay causes the Tp excit#tion input to be transferred

to the computer as the TR discrete sig%al.

Enter (XCDENT) - The up level of this signal signifies that date
is to be transferred from the TRS to the computer when the transfer
clocks occur. The down level signifie% that data is to be trans-

ferred from the computer to the TRS.

TRS data output (XCDXRCD) - All data transfers from the computer
to the TRS occur om this line. The da%a word on the line is deter-
mined by which control gate (T or Txb the computer has actuated.

The up level is & binary 1.

TRS timing pulses (XCDTRT) - These 3.5? ke timing pulses ceuse the
computer data to be shifted into or out of the TRS buffer register

for transfer to or from the computer.

TR control (XCDIRG) - The up level of #his signal causes the trans-
fer of deta between the TRS buffer re%ister and the TRS Tp regis-
ter. The direction of transfer is deﬁermined by the level of the

enter signal.

Ty control (XCDTXG) - The up level ofithis signal causes the trans-
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fer of data between the TRS buffer register and the TRS Ty regis-
ter. The direction of transfer is determined by the level of the

enter signsl.

(g) ET control (XCDTEG) - The up level of this signal causes the trans-
fer of data between the TRS buffer register and the TRS ET regis-
ter. The direction of transfer is determined by the level of the

enter signsel.

Digital Commend System (DCS) (Figure 8-3h4)

The DCS accepts BCD messsges from the ground stations at a 1 kc rate, decodes the
messages, and routes the data to either the TRS or the computer. In addition,

the DCS can generate up to 64 discrete commands.

Signel Address

£ X
DCS reedy 6 4]

The following PRO instruction programming is associated with the DCS interface:

Signal Address
X X
Computer ready 1 0
DCS shift pulse gate 0 0

When data is to be sent to the computer, the DCS supplies the computer with a DCB
ready discrete input (DIO6). This input is sampled every 50 ms or less in all com-
puter modes except during the 1/8-second interval in the ascent mode when reading

ET at lift-off. To receive DCS data, the computer supplies a series of 24 DCS
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DIGITAL COMMAND SYSTEM DIGITAL COMPUTER

DCS READY (XDRD)
CONTROL : DISCRETE
CIRCUITS RETURN (XDRDG) : INPUT
LOGIC
ACCUMULATOR
DCS DATA (XDDAT)
‘ DATA
RETURN (XDDATG) INPUT
LOGIC
DATA
BUFFER
DCS SHIFT PULSES (XCDCSP}
‘ DISCRETE
RETURN (XCDCSPG) ouTPUT
LOGIC

Figure 8-34 Computer-DCS Interface
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shift pulses at a S00 kc repitition rate by setting DOOl1 off and programming a

PROO instruction. These shift pulses cause the date contained in the DCS buffer
register to be shifted out on the DCS date line and read into accummlator bit
positions 1 through 24, with position 19 through 24 containing the assigned ad-
dress of the associated quantity and position 1 through 18 containing the gquentity.
Bit position 19 (eddress portion) and bit position 1 (data portion) are the most

significant bits.
The computer inputs from the DCS sre summarized as follows:

(a) DCS ready (XDRD) and return (XPRDG) - The down level of this signal

signifies that the DCS is reedy to transfer data to the computer.

(b) DCS data (XDDAT) eand return (XDDATG) - This serial data from the
DCS consists of 24 bits, with 6 being address bits and 18 being
data bits.

The computer output to the DCS is summarized as follows:

DCS shift pulses (XCDCSP) and return (XCDCSPG) - The computer supplies
these 24 shift pulses to the DCS to transfer data contuined in the DCS

buffer register out on the DCS data line.

Rendezvous Reder (Figure 8-35)

The Rendezvous Reder supplies the computer with three data inputs: 1line-of-sight
range to target, sine of eszimuth, and sine of elevation. In the rendezvous mode,
the computer uses radar data to compute and display velocity to be gained (in

body coordinates).
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RADAR READY (XRED)

DIGITAL COMPUTER

RETURN (XREDG) ;

RANGE

( REGISTER

SINE

— AZIMUTH

REGISTER

RADAR SERIAL DATA (XRDAT)

DISCRETE
INPUT
LOGIC

ACCUMULATOR

RETURN (XRDATG)

RADAR SHIFT PULSES {(XCDRSP)

DATA
INPUT
LOGIC

RETURN {XCDRSPG)

SINE
-] etevanon
REGISTER
\b—
QUTPUT
1 kot
"
CONTROL
CIRCUITS

COMPUTER READY {XCDCRD) :

RETURN (XCDCRDG) ‘

Figure 8-35 Computer-Radar Interface
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The following CLD instruction programming is associated with the Rendezvous Radar

interface:
Signal Address
X I
Radar ready 9 k)

The following PRO instruction programming 1s sssociated with the Rendezvous Redar

interface:

Signal Address

fe
e

Computer ready

1
Reset radar ready 3
0

o o O

DCS shift pulse gate

When the camputer requires radar data, the computer ready discrete output (DOO1)
is supplied to the Rendezvous Radar. Prior to this, the program has reset the
radar ready discrete input buffer with the PR0O63 instruction. The computer ready
signal causes the radar to stop updating its internal data and to enter a hold
mode following completion of a data acqulsition cyele. The program walts 20 ms
and tests the radar ready discrete input (DIOO). If the test is negative, three
consecubive sets of PROOO and STO instructions are glven. Xach PRO lnstruction
causes a burst of fifth-two 500 ke pulses to be sent to the radar to shift out
the contents of the radar data output register. The data appears in the output

register in the following sequence:
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Range -~ 15 bits
Sine azimuth - 10 bits

Sine elevation - 10 bits

A delay of 280 usec occurs before the leading pulse of each 500 kc burst to enable

the computer to store the data it has received and to?allow the next data word to

be inserted into the radar data output register in préparation for transmission to

the computer.

Radar range data is read in true magnitude form into hccumnlator bit positions 8

through 24. If bit positions 8 through 11 (four most%significant bits) are 1's,

the radar range data is consldered unreliable and is ﬁgnored. Sine azimuth and

gine elevation data are read into sccumulator bit posﬁtions 15 through 2k.

The computer inputs from the Rendezvous Radar are sumharized as follows:

(a)

(b)

Radar ready (XRED) and return (XREDG) - The up level of this signal
slgnifies that the radar has recognized%the computer ready signal
and is ready to transfer data. The rad;r ready pulse occurs between
0 and 4000 usec after the computer read& pulse, if radar lock-on

has occurred.

Radar serial dste (XRDAT) and return (ﬁnmm) - This data consists
of three words vhich occur In a fixed f%rmat as determined by the
radar shift pulses. The first word is }ange to target (15 bits),
the second word is sine of szimuth angle (10 bits), and the third

vord is sine of elevation angle {10 bitL).
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The computer outputs to the Rendezvous Radar are summarized as follows:

(a) Radar shift pulses (XCDRSP) and return (XCDRSPG) - These 500 ke
pulses are issued between 280 usec and 5 millisec after the com-
puter receives the radar ready signal. They are sent out as three
groups of 52 pulses each, with a 280 usec delay before the leading

edge of each group.

(b) Computer ready (XCDCRD) and returm (XCDCRDG) - The up level of

this signal signifies that the computer requires radar data imputs.

t is Agtitude trol and euver Electronics (ACME) (Figure 8-36
During the ascent mode, the computer generates pitch, roll, and yaw attitude error
signals and supplies them to the Attitude Display. The pilot utillzes the

Attitude Display to monitor the performance of the ascent guidance equipment.

During the catch-up and rendezvous modes, the computer generates pltch and yaw
attitude error signals and is capable of supplying them to the Attitude Display

and the ACME,

During the re-entry mode, the computer generates a roll attitude error or bank rate
signal and supplies it to the Attitude Display and the ACME. If range to touchdown
with zero 1ift is equal to the computed range to the desired touchdown point, a
bank rate command equivalent to a 15 degree per second roll rate is provided oa the
roll attitude error output line. If the range to touchdown with zero 1ift is not
egual to that for the desired touchdown point, the appropriate roll rate or roll
attitude signal is supplied on the output line. Also, during the re-entry mode,

the computer generates cross range and down range error signals and supplies
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them to the Attitude Display for the pilots' use in ménually'controlling the

re-entry flight path of the spacecraft.

The following PRO instruction programming is associatéd with the Attitude Display

and ACME interfaces:

Signal Address

x X
Pitch error command T 0
Yaw error command T 1
Roll error command T 2
Pitch resolution 2 0
Yaw resolution 3 6
Roll resolution L 0

The pitch, yaw, and roll error commands are written 1Pto a seven-bit register from
accumulator bit positions S, and 8 through 13, with &%PRO instruction having an X
address of 7. The outputs of the reglster are connec&ed to ladder decoding net-
works which generate a dc voltege equivalent to the ﬂuffered digital error. This
analog voltage is then sampled by one of three samplé and hold c¢circuits; while one
circuit is sampling the ladder output, the other twoicircuits are holding their
previously sampled value. The minimum sample time iq 2 ms, and the maximum hold
time is 4B ms. The Y address of the previously mentﬂoned PRO instruction selects
the one sample and hold circuit that is to sample thé ladder output. The output

of each sample and hold circuit is fed into an indivﬁdual ladder amplifier where
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the DC analog voltage for each chanpel is made available for interfacing with the

Titan Autopllot.

The dec analog outputs are also fed through individual range switches and magnetic
modulators where the dc voltages are converted to 40O-cycle analog voltages. The
range switches, which are controlled by meens of discrete outputs, can attenuate
the dc voltages beling fed into the megnetic modulators by a& factor of 6-tc-1. The
addressing of the discrete outputs for controlling the range switches is as fol-
lows:

(e} 7Pitch or down range error {D002) -
plus for low range;

(p) Yaw or cross range error {DO03) -
minus for high renge.
(¢) Roll error (DOOk) -
The error commands are written every 50 ms or less. The updating perlod, however,
is dependent upon the computer mode of operation. For the catch-up, rendézvous,
and re-entry modes (and the orbitasl insertion phase of ascent guidance), the
error commands are updated once per computation cycle or every 0.5 second or less.

For first end second stage ascent guidance, the error commands are updated every

50 ms or less.

The computer outputs to the Attitude Display eand ACME are summarized as follows:

(a) ©Pitch attitude error (SCIPDRM) and return (XCLPDRMG) -
Two identical sets of outputs (A and B) sre time-shared between

pitch attitude error (during ascent, catch-up and rendezvous)
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and down range error (during Re-entry).

(1) Pitch attitude error (ascent) to Attitude Display
(2) Pitch attitude error (catj;h-up and rendezvous) to
|
Attitude Display

{(3) Down range error (re~entr&) to Attitude Display

Roll attitude error/bank rate cammandi(XCIROLM) and return
(XCIROIMG) - Two identical sets of outputs (A and B) are time-
shared between roll attitude error ang} bapk rate command. Dur-
ing ascent, it represents only roll a#titude error. During re-
entry, however, it represents roll at%itude error when the
computed range is less than the desir%d range, and & 20 degree

|
per second bank rate command when thelcomputed range equals or

exceeds the desired range.

(1) Roll attitude error (ascent) to Attitude Display
(2) Roll attitude error (re-e#try) to Attitude Display
and ACME
|

(3) Bank rate command (re-ent?y) to Attitude Display

and ACME

Yew attitude error (XCLYCRM) end return (XCLYCRMG) - Two identical
|

sets of outputs (A and B) are time-sh%red between yaw attitude

error (during ascent, catch-up, and réndezvous) and cross range

error (during re-entry).
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(1) Yaw attitude error (ascent) to Attitude Display

(2) Yaw attitude error (catch-up and rendezvous) to
Attitude Display

(3) Cross range error (re-entry) to Attitude Display

Titan Autopilot (Figure 8-37)
During ascent, the computer performs guidance computations in parallel with the

Titen guidaence and control system., If a mslfunction occurs in the Titan system,
the pilot can switch control to the Inertial Guidence System. For & description
of the progrem requirements and operation associated with the Tital Autopilot

interface, refer to the Attitude Display and ACME interfece description.

The computer outputs to the Titel Autopilot are summarized as follows:

™
() Pitch error (XCLPDC) -
(b) Roll error (XCLRDC) - \ These signals are provided during
(¢) Yaw ervor (XCLYDC) - backup ascent guidance.
(d) Comwon return (XCLDCG) -
>

(e) Autopilot scale factor (XCDAPSF) - This signal changes the auto-
pilot dynamics after the point of maximum dynemic pressure is
reached.

(f) Second stege engine cutoff (XCDSSCF) -~ This signal is generated

vhen velocity to be geained equals zero,
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ATTITUDE CONTROL

DIGITAL COMPUTER AMND MAMEUVER ELECTRONICS

ACCUMULATOR
ROLL ATTITUDE ERROR (XCLROLM-A)
3 CONTROL
RETURN (XCLROLMG -A} 1 CIRCUITS
i
ATTITUDE DISPLAY
LADDER ;
LOGIC PITCH ATTITUDE ERROR (XCLPDRM-8) |

RETURN {XCLPDRMG ~B)

ROLL ATTITUDE ERROR (XCLROLM-B)

RETURN (XCLROLMG-B) DISPLAY

YAW ATTITUDE ERROR (XCLYCRM-B)

RETURN {XCLYCRMG -8)

Figure 8-36 Computer-Attitude Display/ACME Interface

DIGITAL COMPUTER TITAN AUTOPILOT
PITCH ERROR (XCLPDC)
ROLL ERROR (XCLRDC)
LADDER
LOGIC YAW ERROR (XCLYDC)
RETURN (XCLDCG) ConTROL
CIRCUATS
DISCRETE AUTOPILOT SCALE FACTOR (XCDAPSF)
OUTPUT SEC. STAGE ENGINE CUTOFF (XCDSSCE) 1
LOGIC ‘
|

Figure 8-37 Computer-Autopilot Interface
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Auxiliary Tape Memory (ATM) (Figure 8-38)

The ATM 1is interfaced with the Digital Computer and the following controls and

indicators on the Pilots' Control and Display Panel (PCDP):

A™ mode switch
ATM ON/RESET switch
ATM ERROR indicator

ATM RUN indicator

The crew, via the PCDP and the computer, controls the modes of ATM operation.
The Incremental Velocity Indicator (IVI) and the AT FRROR and RUN indicetors
are used to provide information on ATM status. The crew also uses the Manusl
Data Insertion Unit (MDIU) for communication with the computer and subsequent

computer communicetion with the ATM.

The following CID instruction programming is assoclated with the ATM interface:

Signal Address

X L
AT clock 1 b
ATM on 3 3
ATM data channel 2 3 b
AT™ mode control number 1 L 1
AT beginning or end of tape 4 3
AT data channel 3 L 4
AT mode control number 2 5 1
ATM data channel 1 5 3
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ATM , COMPUTER
ATM CLOCK {XLOCK)
REPRODUCE ATM DATA 3 (XLDAT 3) ‘
ELECTRONICS ATM DATA 2 (XLDAT 2)
ATM DATA | (XLDAT 1)
DISCRETE
INPUT
CIRCUITRY
END OF TAPE (XLEOT)
ATM GN (XLON}
ATM MODE 1 (XHMSAL)
1 ——— ATM MODE 2 (XHM5A2)
POWER SUPPLY AUTO VERIFY /REPRQ (XCDWR) — AUTO VERIFY/REPRO (XCOVR)
AND CONTROL 3
W r
CIRCUITRY AUTO WIND (XCOWD} ‘ AUTO WIND (XCDWD)
AUTO REWIND (XCDRW) ———rt— AUTO REWIND {XCDRW)
|
AUTO WRITE (XCDWT) +AUTO WRITE (XCDWT)
AGE WRITE ENABLE (XHDWEN)
MANUAL VERIFY/REPRO (XHDVR)
MANUAL REWIND (XHDRD) ———————— j DISCRETE
i QUTRUT
MANUAL WIND (XHDWD) —————— | CIRCULTRY
ATM MODE SWITCH
EXCITATION (XL8YDC}
i
COMP. DATA (XCDAT) ,
WRITE ;
ELECTRONICS COMP. SHIFT (XCDSH)
COMP. CLOCK {XCDCEK) ‘
f pcoP
i
|
ATM MODE
SWITCH ‘
ATM ERROR
LIGHT
K ATM ON/RESET “ ATi ERROR
[ - ATM I i INDICATION —}———e—
Eﬁgﬁ?ﬁ o ON/RESET Y (XLERR)
ATM OFF SWITCH ; FROM CONTROL
1 ; CIRCUITRY
ATM RUNNING
INDICATION —f————t—
28V MAIN {XLRN)
BUS = ATMRUNNING
= LIGHT'
i

|
Figure 8-38 Computer-ATM-PCDP Interface (S/C 8 thru 12 Only)
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The following PRO instruction programming is associated with the ATM inter-~

face:

Signal Address
X b4
ATM wind/rewind reset in 1
AT™ verify/reprogram command L i
ATM wind command 5 1
AT™ rewind command 5 2

The computer inputs from the ATM are sumarized as follows:

(a)

(b)

(c)

(a)

ATM clock (XLOCK) - A two millisecond pulse for each three.bit
parallel date ocutput frame, delayed 1520 microseconds from the
nominal beginning of each frame. Up level six to twelve volis;
down level less than one volt. Rise and fall times less than 20

nicroseconds each.

ATM data 1 (XLDAT 1), deta 2 (XLDAT 2), data 3 (XxDAT 3) -
Parallel NRZ data output on three lines at a rate of 200 bits
per second on each line. Individual bit periods are written

+ 2% of normal. Other specifications seme as for deata outputs.

End-of-tape (XIEOT) - A logic level from the ATM to the computer.

An up level indicates that either end of the tape has been reached.

AT on (XTON) - A logic signal from the ATM to the computer. An
up level indicates that the ATM has reached proper operating speed
in the read and write modes. This signal appears approximately
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five seconds after a command is givejn to the ATM to read or

write, It is inhibited when either iend of the tape 1s reached.

The computer outputs to the AT™M are summariged as fo:ujlows:

(a) Auto verify/reprogram {XCDVR) - A comand line from the computer,

(b)

(c)

(a)

(e)

through the AUTO position of the AU'% TAPE mode switch, to the
A™, An 8 vdec signal on this line ﬁiauses the A™ to operate in
the record or write mode in the forw;*ard direction at a nominsl

tape speed of 1.5 ips.

Auto wind (XCIWD) - An 8 vdc signal ‘f‘rom the computer through the
AUTO position of the AUX TAPE mode qwitch, to the ATM, This
signal causes the tape to move in tﬂe forward direction at &
nominal tape speed of 12 ips. ‘The 4@4 funections internally in

the read mode during this operation.%

Auto rewind (XCDRW) - An 8 vdc signé,l from the computer, through
the AUTO position of the AUX TAPE @e switeh, to the ATM. This
signal causes the tepe to move in tlie reverse direction at &

|

nominal tape speed of 12 ips,

Auto write (XCDWT) - A signal from i?,he computer, through the AUTO
position of the AUX TAPE mode switcﬁ, to the AIM. The signal is

|
used by the ATM to set up internsl controls such that computer

dats cen be recorded on the tape.

Computer date (XCDAT) - Groups of féur serial NRZ data bits, each

group or frame totaling 1120 microséconds duretion at s rate of
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(£)

(g)

Additional ATM
(a)

(o)

(c)

200 frames per second. Up level greater than seven volts; down
level less than one volt. Rise time less than 15 microseconds;

fall time less than ten microseconds,

Computer shift (XCDSH) - Groups of four serial pulses, each pulse
having a period of 139 microseconds and spaced 1l microseconds
from the next pulse. Shift input pulses begin TO microseconds
efter the start of the data pulses, Up level greater than seven
volts; down level less than one volt., Rise time less than 15

microseconds; fall time less than 0.4 microseconds.

Computer clock (XCDCIK) - Serial pulses having a duration of 18
microseconds each at & rate of 200 pulses per second or one per
frame. These pulses are delayed 280 or 560 microseconds after the
beginning of bit number four in each freme., Up level is seven to
1% volts; down level less than one volt. Rise time less than ten

microseconds; fall time less than 0.5 microseconds.

-~ PCDP and PCDP - Computer interfaces are summarized sz follows:
AT mode switch excitation (XI8VDC) - A nominel 8 vdc excitation
voltage from the ATM to the AUX TAPE mode switch on the PCIP.

AGE write enable (XHDWEN) - An 8 vdc discrete from the ATM, through
the STANDBY position of the AUX TAPE mode switch, to the AGE to
enable it to send a write command to the ATM,

Manuel verify/reprogram (XHDVR) - An 8 vdc discrete from the AUX
TAPE mode switch to the ATM which causes the ATM to operate in the

write mode at a nominal tape speed of 1.5 ips.
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(4) Menual wind (XHDWD) - An 8 vde discrete from the AUX TAPE mode
switch to the ATM which ceuses the tape to move in a forward

direction at & nominal tape speed ofila ips,
|

(e) Manual rewind (XHDRD) - An 8 vdc disérete from the AUX TAPE mode
awitch to the ATM which causes the tépe to move in the reverse

direction st a nominel tepe speed of 12 ips.

(£) ATM on/reset - A momentary 28 vdc signsl from the AUX TAPE OFF-
GN/RESET switch to the ATM, This Si#nal will either initiate
AT operation (epply power) or re-initiate operation while extin-

guishing the AUX TAPE ERROR indicator on the PCDP.

(g) ATM OFF - A momentary 28 vdc signal from the AUX TAPE OFF-ON/RESET

switch to the ATM, It causes the AT# to cease operation.

(h) ATM error indication (XIERR) - A signal from the ATM to the PCDP
When ever the error detection logic %ircuits in the ATM indicate
a disagreement between the recorded #arity bits end the parity
bits thet are generated from the dat& during playbeck at either
tape speed. The signal casuses the AiM ERROR indicetor on the
PCDP to illuminate, j

(j) ATM running indication (XIRN) - A sigml from the ATM which 1is
transmitted to the PCDP five seconﬂsiafter the ATM is commanded
to operate in any mode. This signal%illuminates the ATM RUR
indicator on the PCDP whenever the t%pe i1s in motion. The

signal is terminated when either end of the tape 15 reached.
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(k) Two mode controls (XAMSALl and XHMSA2) - Mode control signals

supplied to the computer from the AUX TAPE mode switch on

the PCDP. The signels define the ATM mode selection,

MODE POSITION XHMSAL XHMSA2
AUTO 1 1l
REPRO 0 1
All Others 0 0

Pilots' Control and Display Panel (PCDP) (Figure 8-39)

The followinz CLD instruction programming is associated with the PCDP interface:

Signal Address

i
1+

Computer mode 1
Computer mode 2
Computer mode 3
Start computation

Abort transfer

o R R T U - I
I I SR W S Ry W

Fade~.in discrete
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DIGITAL COMPUTER

COMPUTER
ON-OFf
SWITCH

COMPUTER ON (XHONP)

COMPUTER OFF (XHOFF}

COMPUTER
MODE
SWITCH

COMPUTER MODE 1 (XHMS1)

POWER
SEQUENCING
CIRCUITS

COMPUTER MODE 2 (XHMS2)

COMPUTER MODE 3 (XHMS3)

START
COMPUTATION
SWITCH

START COMPUTATION (XHSTC)

COMPUTER
MALF . RESET
SWITCH

MALFUNCTION RESET (XHRST)

RELAYS

ABCRT TRANSFER (XHABT)

FADE=IN DISCRETE (XHSFI)

COMPUTER
RUNNING
LAMP

COMPUTER RUNNING (XCDCOMP)

DISCRETE
INPUT
LOGIC

COMPUTER
MALFUNCTION
LAMP

COMPUTER MALFUNCTION (XCDMAL-A)

TO COMPUTER
CONTROL SWITCHES

SWITCH EXCITATION (XCDHSME)

DISCRETE
QUTPUT
LOGIC
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The following PRO instruction programming is associated with the PCDP interface:

Signal Address
X X
Computer malfunction Y 3
Computer running 5 0
Reset start computation 2 6

The computer inputs from the PCDP are summarized as follows:

(a) Computer on (XHONP) and computer off (XHOFF) - These signals from
the COMPUTER ON-OFF switch control computer power.

(b) Computer mode - The computer receives three binary coded diserete
signals from the COMPFUTER mode switch, to define the following

operational modes:

Computer Conmputer Computer
Mode Mode 1 Mode 2 Mode 3

(XHMS1) (xEMS2) {XHMs3)
Pre-launch 0 0 1
Ascent 0 1 0
Catch-up 0 1 1
Rendezvous 1 0 0
Re-entry 1 c 1

(e¢) start computation (XHSTC) - This signal from the START push-
button switch starts the closed-loop rendezvous operation and

initiates re-entry calculations.
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(d) Malfunction reset (XHRST) - This signal from the camputer mel-

function RESET switch resets the cmﬁuter malfunction latch. The

pilot uses the switch to test for a ~l;?.1':5.1:5;‘.!.@:11: failure.

(e) Abort transfer (XHABT) - The signal sutomaticelly switches the

computer from the ascent mode to the re-entry mode.

(£) Fade-in descrete (XHSFI) - Thie signal from a relay is supplied
to the acumulator via the discrete input logic.

(g) 28 vic unfiltered (XSP28UNF)
The computer outputs to the PCDP are summarized as follows:

(a) Computer running (XCDCOMP) - This prc%gm-controlled signal lights

\
the computer running lemp which is used as follows:

(1) Pre-launch: The COMP (camputer running) lamp remains
off during this mode, exceﬁt during mission simulation
\
vhen its operation is govermed by the mode being

simulated.

(2) Ascent: The CQMP lawp turns on following Inertial
|
Platform release. The 1amp remains on for the duration

of the mode, and then turns off.

(3) Catch-up: The COMP lamp lﬁghts after the START push-
|

button switch is depressed. The lamp remains on for the
i

duration of the mode, and then turns off.
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(4) Rendezvous: The COMP lawmp lights after the START push-
button switch is depressed. For the remainder of the
mode, operation of the lemp is dictated by the radar
reedings that occur in this mode., The lamp turns off

when the mode is terminated.

(5) Re-entry: The COMP lamp lights when the START push-

button switch is depressed or when time to start
re-entry calculations 1s equel to zero. The lemp remeins

on for the duration of the mode, and then turns off.

(b) Computer malfunction (XCDMAL-A) - This signal turns on the com-
puter MALF lamp. Either the computer dlagnostic progrem, a

built-in timing check, or an AGE command actuates the signal.

(¢) Switch excitation (SXDHSME) - This dc excitation is suppled to
the COMPUTER mode switch, the START computation switch and the

malfunction RESET switch.

Incremental Velocity Indicator (IVI) (Figure 8-%0)

The IVI contains three incremental velocitiy counters that display velocity inere-

ments elong the spacecraft (body) axes.

Power is applied to the IVI vwhenever the computer is turned on. During the first
30-second period (or less) following the application of power, the IVI sutomati-
cally references 1lts counters to zero, After this perlod, the IVI 1s capable of

recognizing computer signels,
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DIGITAL COMPUTER ! INCREMENTAL VELOCITY
INDICATOR
+ X DELTA VELOCITY (XCWXVP)
-X DELTA VELOCITY (XCWXVM) X AXIS
CHANNEL
X SET ZERO (XCDVIXZ)
-
+Y DELTA VELOCITY (XCWYVP)
OUTPUT -¥ DELTA VELOCITY (XCWYVM) Y AXIS
PROCESSOR CHANNEL [
¥ SET ZERO (XCDVIVZ)
-
+ Z DELTA VELOCITY (XCWZVF)
-7 DELTA VELOCITY {XCWZVM) Z AXIS
CHANNEL —
Z SET ZERO (XCDVIZZ)
-
-]
DISCRETE
OUTPUT 4 ‘
LOGIC ;
W i
X ZERO INDICATION (XVVXZ)
DISCRETE Y ZERO INDICATION (XVVYZ) y
INPUT
LOGIC 7 ZERO INDICATION (XVVZZ) )
o DC RETURN (XCDCRT)
+27.2 VDC (X5P27VDC-B)
+5 VDC (X55VDC)
RETURN (XS5VDCRT)
—— e —————

FROM IGS
FPOWER SUPPLY

Figure 8-40 Computer-1VI Inteﬁface
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The IVI counters can be set manually by means of control knobs on the front of the
unit, or they can be set automaticelly by the computer. After the counters are
initially set, they are driven by incremental veloclty pulses from the computer.
These pulses are used to update the indications displayed by the counter. The
computer can set the individual counters to zero by providing a 20 usec puise on
each of three set zero lines. A feed-back signal, denoting zero counter position,
yermits the computer to test for the proper counter reference prior to the inser-

tion and display of a computed velocity increment.
The following CLD instruction programming is associated with the IVI interface:

Signal Address

pe
fd

X zero indication
Y zero indication

Z zerp indication

L\ o\
n PP W

Veloeity error count not zero

The following PRO instruction prograrming ls assoclated with the IVI interface:

Signal Address

X X
Select X counter 2 1
Select Y counter 3 1
Drive counters to zero 1 1
Write output processor 5 3
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The computer supplies three signals to the IVI, one for each counter, thet are

used to position the counters to zero. To generate jthese signals, the program

sets DO11 minus and sets DO12 and PO1l3 as follows:

Signal o2 poi3
X set zero Minus Plus
Y set zero Plus ‘ Minus
Z set zero Minus | Minus

The IVI provides three feed-back signals to the computer (D131, D125, and D126)
to indicate that the counters are zeroed. The program tests the individual

counters for zero position before attempting to drive them to zero.

The output processor provides a timed output to the IVI that represents velocity

increments along the spacecraft axes. One output chnel (phase 2) on the delay
line is time-shared among the X, ¥, and Z counters. 1 Incremental velocities (in
two's-complement form) are written on the delsy line during phase 2 from accum-
ulator bit positions S, and 1 through 12. Discrete icutputs D012 and DO13, which
are set no more than 1 ms before the PRO3S operatiox%, select the proper velocity

signal as follows:

Signel iz Do13
X velocity Minus Plus
Y velocity Plus Minus
Z velocity Minus Minus

Cnce dsta is written on the delsy line, the output of the delay line 1s sensed

for data during bit times Bl through BI'l2. Any bit sensed during this time in-
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dicates the presence of dats which is then gated into a buffer along with the sign

bit (Bri3) during phase 2. This buffer is sampled approximately every 21.5 ms

and a pulse is genergted if the buffer is set either plus or minus. During this
same time, an update cycle is initiasted and a count of one is either added to or
subtracted from the delay line data to decrease the megnitude by a count of one.
If the buffer is set to zero during the update cycle, the data on the delay line
is recirculated without affecting its megnitude. The zero output of the buffer is
addressed as D122. When this discrete input is off, velocity data has been count-

ed down to zero and the next velocity can be processed.
The computer inputs from the IVI are summarized as follows:

(a) X zero indication (XVVXZ) - The down level signifies that the X chan-

nel of the IVI is at the zero position.

(b) Y zero indication (XVVYZ) - The down level signifies that the Y chan-

nel of the IVI is at the zero position.

(e) Z zero indication (XVVZZ) - The down level signifies that the Z chan-

nel of the IVI is at the zero position.
The camputer outputs to the IVI are sunmarized as follows:

(a) +X delta velocity {XCWXVP) - The up level denctes that the X channel

should change by one foot per second in the fore direction.

(b) =X delta velocity (XCWXVM) - The up level denotes that the X channel

should change by one foot per second in the aft direction.
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(¢) X set zero (XCDVIXZ) -~ The up level drives the X channel to the

zero position,

(d) +Y delta velocity (XCWYVP) - The up ievel denotes that the Y chan-

nel should change by one foot per second in the right direction,

(e) ~Y delte velocity (XCWYVM) - The up level denotes that the Y chan-

nel should change by one foot per seéond in the left direction.

(£) Y set zero (XCDVIYZ) - The up level drives the Y chamnel to the

zero position,

(g) -Z delta velocity (XCWZVP) - The up level denotes that the Z chan-

nel should change by one foot per second in the down direction,

(h) -2 delta velocity (XCWZVM) « The up ievel denotes that the Z

channel should change by one foot per second in the up direction,

(1} 7 set zero (XCDVIZZ) - The up level drives the 7 chennel to the

zero position,

Instrumentation System (Figure 8.41)

The computer is interfaced with the multiplexer encodér unit and the signel cone
ditioning equipment of the Instrumentation Systemn. Cbntinuous analog dete is
provided to the signal conditioning equipment, snd stored digitel quantities are

sent upon reguest to the multiplexer encoder unit,

Certain computer deta, as described below, is continvally made svaileble to the
signal conditioning equipment, The signal conditioning equipment conditions this

deta for multiplexdng and enalog-to-digital conversion by the multiplexer encoder

unit,
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DIGITAL COMPUTER

LADDER
LOGIC

PITCH ERROR (XCLPMBD)

INSTRUMENTATION
SYSTEM

RETURN {XCLPMBDG}

ROLL ERRCR (XCIRMBD)

RETURN (XCLRMBDG)

YAW ERROR (XCLYMBD)

RETURN (XCLYMBDG)

POWER
SEQUENCING
CIRCUITS

COMPUTER OFF (XCEOFFD)

DISCRETE
QUTPUT
LOGIC

COMPUTER MALFUNCTION {(XCDMALD)

SEC. STAGE ENGINE CUTOFF (XCDSSCFT)

COMPUTER MODE 1 (XCDM51D)

COMPUTER MODE 2 (XCDMS2D)

COMPUTER MODE 3 (XCDMS3D)

+27.2 VOC (XCDP27D)

+ 9.3VDC (XCDPID)

15 SHIFT PULSES (XCDASSP)

SIGMNAL
CONDITICNING
EQUIPMENT

RETURN (XCDASSPG)

IS DATA (XCDASD)

RETURN (XCDASDG)

+8VDC @

15 REQUEST EXCiT. (XCDTRQE)

15 DATA SYNC EXCIT. (XCDTDSE)

+8VDC o~

DISCRETE
INPUT
LOGIC

15 REQUEST (XTRQ}

1S DATA $YNC (XT0S)

Figure 8-41 Computer-18 Interface
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Computer modes - The mode signals transmitted to the computer are
monitored to determine that the computér was in the correct mode

for e perticular operational mission phase.

Computer input power - The 27.2 vdc ané 9.3 vdc inputs supplied to

the computer by the IGS Power Supply are monitored vie the computer.

Computer running - The computer running discrete output is monitored

and recorded.

Computer malfunction - The computer malfunction discrete output is

monitored and recorded.

Attitude errors: The pitch, yaw, and roll ac anslog attitude errors

are monitored and recorded.

Twenty-one date word locations in the computer memory are allocated for the storage

of Instrumentation System datea. Data stored in theseﬁlocations is dependent upon

the computer mode of operation.

The following CID instruction programming is associated with the Instrumentation

System interface:

Signal 1 Address
oz X
Instrumentation System regquest ? T 0
Instrumentation System sync 2 1l

The following PRO instruction programming is associat?d with the Instrumentation

System interface:
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Signal Address
X 4
Instrumentation System
control gate 0 1

Every 50 ms or less, the computer program tests the Instrumentation System request
discrete input (DIOT). If the discrete input is tested minus, the Instrumentation

System sync discrete input (DI12) is tested as follows:

(2) DI12 mimus - The program stores current specified values, according
to the computer mode, in an Instrumentation System memory buffer of
21 locations. The contents of the first buffer locatlion are placed
in the accumilator so that the sign position of the data word corre-
sponds to the sign position of the accumilator. Then & PROLO in-
struction is given. This instruction causes the information con-
tained in accumulator bit positions S, and 1 through 23 to be
supplied tc the Instrumentation System. Twenty-four shift pulses

are also supplied to the Instrumentation System.

(v) DI12 plus - An Instrumentation System program counter is incremented
by one and the contents of the next sequential buffer location are
placed in the accumulator and sent to the Instrumentation System
via the PROLO instructions. Subsequent Instrumentation System
requests advance the progrem counter until all 21 Instrumentation

System quantities are transmitted.
The computer inputs from the Instrumentation System are summarized as follows:

(a) Instrumentation System request (XTRQ) ~ An up level on this line
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signifies that the Instrumentation Sysfem requires a computer data
word. The word is transferred from thé computer within 75 ms of

the request. Requesis can occur at ra#es up to 10 times per second.

(v) Instrumentation System deta sync (XTDS) - An up level on this line
signifies the beginning of the Instrum%ntation System data transfer

operation.
The computer cutputs to the Instrumentation System aré summarized as follows:

(a) Instrumentation System shift pulses (XpDASSP) and return (SCDASSPG)
This series of 24 pulses causes Instru@entation System date to be

transferred to the Instrumentation Sys%em buffer.

(b) Tnstrumentation System data (SCDASD) and return (XCDASDG) - These
1
2} bits of data are transferred in syn#hronism with the Instrumen-

tation System shift pulses.

(c) Instrumentation System request excitatﬁon (SCDTRQE) - This +8 vde
gignal is the excitation for the Instr#mentation System request

signal.

(d) Instrumentation System data sync exeit#tion (SCDTDSE) - This +8
vdc signel is the excitetion for the Ibstrumentation System data
sync signal.

(e) Monitored signels - The following sign?ls are supplied to the
|

Instrumentation System for monitoring burposes:
(1) Piteh error (XCLPMBD) and return (XCLPMBDG)
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DIGITAL COMPUTER

AGE REQUEST (XURGIT)

AGE INPUT DATA (XUGED)

DISCRETE

MARGINAL TEST (XUMRG)

INPUT
LOGIC

UMBILICAL DISCONNECT (XUMBDC)

SIMULATION MODE COMMAND (XUSIM)

CONTROL

COMPUTER HALT (XUHLT)

LOGIC

AGE DATA CLOCK (XCDGSEC)

AGE DATA LINK (XCDGSED)

DISCRETE

COMPUTER MALFUNCTION (XCDMALT)

ouTPUT
LOGIC

AUTOPILOT SCALE FACTOR (XCDAPSF)

SEC. STAGE ENGINE CUTOFF (XCDSSCF)

PITCH ERROR (XCLPDC)

ROLL ERROR {(XCLRDC)

LADDER
LOGIC

YAW ERROR (XCLYDC)

RETURN (XCLDCG)

+25 VDC (XCP25VDC)

=25 VOC (XCM25VDC)

POWER
REGULATORS

+8 VDC (XCP8VDC)

RETURN (XCSRT)

AEROSPACE
GROUND
EQUIPMENT

26 VAC {4526V AC)

DIGITAL COMPUTER

RETURN (XS26VACRT)

+28 VDC FILTERED (X5P28VDC)

RETURN (XSP28VDCRT)

+27.2 VDC (X5P27VDC}

FROM 1GS
POWER SUPPLY

RETURN (XSM27VDCRT)

+20 VDC (X5P20VDC)

+9.3 VDC {X5P9VDC)

POWER LOSS SENSING (XQBNU)

FROM AUX. COMP,

+28 VDC UNFILTERED (XSP2BUNF)

POWER UNIT

ABORT TRANSFER (XHABT)

FROM PHLOT'S
CONTROL AND

FADE-IN DISCRETE (XHSFI)

DISPLAY PANEL

Figure 8-42 Computer-AGE Interface
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Roll error (SCIRMBD) and retur#: { XCIRMBDG )

Yew error (XCLYMBD) end return (XCLYMBDG)

Computer off (XCEOFFD)

Computer malfunction (XCDMAID)

Second stage engine cutoff (XCDSSCFT)

Computer mode 1 (XCDMSID)
Computer mode 2 (XCDMS2D)
Computer mode 3 (XCDMS3D)
+27.2 vdc (XCDP2TD)

+9.3 vde (XCDPYD)

Aerospace Ground Equipment (AGE) Figure 8-h2)

The AGER determines spacecraft-installed computer statqb by being able to read and

display the contents of any memory location, initlate End terminate marginal tests

of the memory timing, and command the computer to condition the computer malfunc-

tion circuilt.
link.

These tests are accomplished by & hard-wired computer/AGE data

In conjunction with a voice link to the spacecraft, tﬂe AGE can control the

various computer modes of operation to determine the Atatus of the computer and

its interfaces. To aid in locelizing failures, the AdE nonitors the following

computer signals:

(a)
(v)
(e)
(a)
(e}
(£)
(8)

All input and output voltages )
Second stage engine cutoff

Autopilot scale factor

Roll error command
Yaw error command

Piteh error command
Computer malfunction )

> {to ﬁitan Autopilot)

1
In addition, the AGE provides two hard-wired inputs té the computer to reset the

malfunction circuit and halt the computer and to forcé a marginal check of the

memory timing. Early and late strobing of the memoryiis effected using the com-

8-169
CONFIDENTIAL

-



CONFIDENTIAL
SEDR 300

PROJEGT GEMINI ﬂ]

puter/AGE deta link.

The following CID instruction programming is associated with the AGE interfaces:

Signel Address
X X
AGE request 2 3
AGE input data 7 2
Simulation mode command L 2
Umbilical disconnect 6

The following PRO instruction programming is associated with the AGE interface:

Signal Address

X 4
AGE data link 2 2
AGE data clock 3 2
Computer malfunction y 3
Memory strobe 0 6
Autopilot scale factor 1 6
Second stage engine cutoff L 6

The AGE program commences when the AGE request (CI32) is tested mirnus. To receive
the 18 bit AGE data word, the program repeats the following sequence of operations

18 times:

(a) Turn on AGE data clock (D023)

(b} Wait 2.5 ms
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(c) Reset AGE data clock (D023)
(@) Wait 1.5 ms
(e) Read ACE input data {DI2T)

(£) Wait 1.5 ms

The above sequence causes the 18-bit AGE word to be shifted out of the AGE regis-
ter and into the computer. The first L bits of the AGE word are mode bits, and

the remaining 14 bits are data. The coding of the 4 imode bits is as follows:

Mode Bits Mode

2

i+
ko
fe

None

(= N v
o O

Read any word

o

Setv ma?ginal early

Set caﬁputer malfunction on
Set ma.}'ginal late

Set pitch ladder output

Set yaﬁ ladder output

Set roll ladder output

O K K H W O O ©O ©
O B H O O W M
O H O H O I O ¥ O

= O O O O O

Set all ladder outputs
In the read any word mode, the 14 data bits of the AGE word are as follows:

18 17 16 15 1+ 13 12 1 10 9 8 T 6 5
B5 8 83 S2 S1 A9 A8 AT A6 A5 Ah A3 A2 A1

vhere Al through A8 define the address of the requested data, A9 sets up AGE

internal clock pulse timing, S1 through Sk define the sector of the requested
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data, and 85 defines the sylleble(s) of the requested data. The computer deter-

mines the requested data and sends it to the AGE. If the requested data is
located in syllables O and 1, it is sent to the AGE starting with the high-order
bit of syllable 1 and finishing with the low-order bit of syllable O. If the
requested data is located in syllsble 2, the first 13 blts sent to AGE are O's,
and the last 13 bits are data from syllable 2 (high-order bit first). Requested
data is sent to the AGE by executing the following sequence of operations 26
times. There is a delay of 4.5 ms between resetting clock 18 and setting clock

19.

(a) Set AGE data link (D022) from accumulator sign position
(v) Turn on AGE data clock (D023)

(e) WVait 2.5 ms

(&) Reset AGE data clock {D023)

(e) Wait 2 ms

(£) Reset AGE data link (D022)

(g) Wait 1 ms

In the set marginal early mode, the computer sets DO60 on. This signal, in con-
Junction with the marginal test signal provided by the AGE, causes early strobing

of the computer memory.

In the set computer malfunction on mode, the computer sets D034 on to check the

melfunction indication.

In the set marginal late mode, the computer sets D060 off. This signal, in con-
Junction with the marginal test signal, causes late strobing of the computer

MEMOTY »
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In the set ladder outputs modes, the 1lb date bits of the AGE word are as follows:

18 17 16 15 14 13 12 1 10 9 8 T 6 5
8 P D5 D« D3I D2 DM O O O O ©o o ©°

where D1 through D6 are data bits and S is the sign bit. The data and sign bits
are used to control the ladder output indicated by the 4 associated mode bits.

The number is in two's-complement form where D1 is the low-order data bit.
The computer inputs from the AGE are summarized as follows:

(a) AGE request (XURQT) - An up level signifies that the AGE is ready to

transfer a message to the computer.

(b} AGE input data (XUGED) ~ An up level denotes a binary 1 being

transferred from the AGE to the computer.

{(¢) Marginal test (XUMRG) - An up level, in conjunction with the proper
AGE message, causes the computer memory timing to be marginally

teated.

(@) ‘Umbilical disconnect (XUMBDC) - An open circuit on this line signi-
fies that the Inertial Platform has been§ released (or that the
torquing signals have been removed). Thp Inertial Platform then
enters the inertial mode of operation a.nd the computer begins to

perform the navigation guidance portion of its ascent routine.

(e) Simulation mode canmand (XUSIM) - This command causes the computer
to operste in a simulated mode as detemhﬁ by the COMPUTER mode

switch.
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(£f) Computer halt (XUHLT) - An up level resets the computer malfunction

circuit and sets the computer halt circuit.

The computer outputs to the AGE are summarized as follows:

(2) AGE data clock (XCDGSEC) - This line reads out the AGE register and

synchronizes the AGE with the AGE data link.

(b) AGE data link (XCDGSED) - An up level denotes a binary 1 being

transferred from the computer to the AGE.

(¢) Computer malfuncticn (XCDMALT) - An up level indicates that the com-

puter malfunction latch is set. The latch can be set by the computer

diagnostic program, a timing error, program looping, or an AGE

comnang .

(a) Monitored signals - The following signals and voltages are supplied

4o the AGE for monitoring or recording purposes:

(1)
(2)
(3)
()
(5)
(6)
(1)
(8)

Autopilot scale factor (XCDAPSF)

Second stage engine cutoff (SCDSSCF)

Pitch error (XCLFDC)

Yaw error (XCLYDC) and common return (XCLDCG)
Roll error (XCLRDC)

+25 vde (XCP25VDC

-25 vde (XCM25VDC) and common return {XCSRT)

+8 vde (XCPSVDC)
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(9)
(10)
(11)
(12)
(13)
(1)
(15)
(16)
(171)
(18)
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|
+28 vdc filtered (XSP28VDC) and return (XSP28VDCRY)

26 vac (XS26VAC) and return sz%v.&cm')

+28 vic unfiltered (XSP2801@‘§')
+27.2 vic (XSP27VDC)

~27.2 védc return (xsuaTVDCRﬁ)
+20 vde (XSP20VDC) |
+9.3 vde (XSPOVDC)

Power loss sensing (XQBND)
Abort transfer (XHABT)

Fade-in discrete (XHSFI)
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MANUAL DATA INSERTION UNIT

SYSTEM DESCRIPTION

Purpose.

The Manual Data Insertion Unit, hereinafter referred to as the MDIU, physically
consists of the Manual Data Keyboard (Figure 8-43) and the Manual Data Readout
(Figure 8-44), hereinafter referred to as the MDK and the MDR, respectively.
The MDIU enables the pilot to insert date into, and read data from, the com-

puter memory.

Performance

Data Insertion

Before data ie set up for insertion into the computer, all existing data is
cleared from the MDIU by pressing the CLEAR push-button switch on the MDR.
Then the data insert push-button switches on the MDK are used to set up & T-
digit decimal number. The first two digite from the left specify the address
of the computer memory location in which the datea is to be stored, and the last
five digits specify the data itself. As the data is set up, it is automati-
cally supplied to the computer accumulator. A digit-by-digit verification of
the address and data is made by means of the ADDRESS and MESSAGE display devices
on the MDR. After verification, the EXTER push-button switch on the MDR is

pressed to store the date in the selected memory location.

Data Readout
Before date is read from the computer, all existing date is cleared from the

MDIU by pressing the CLEAR push-button switch. Then the data insert push-

8.176
CONPIDENTIAL




CONFIDENTIAL
SEDR 300

PROJECT GEMINI

il
\\

MANUAL DATA KEYBOARD
SERIAL NO PARY NO
INTERNATIONAL BUSINESS MACHINES CORP
MCDONNELL 5CD

MODEL CONTRACY

us

N

Eil ‘ LEGEND

NOMEMNCLATURE

DATA INSERT PUSH-BUTTON SWITCHES

CONNECTOR N1

IO £

IDENTIFICATION PLATE

Figure 8-43 Manual Data Keyboard
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. P

MANUAL DATA READOUT
SERIAL NO. PART WO

LEGEND

INTERNATIONAL BUSINESS NACHINES CORP
MCDONNELL SCO

NOMENCLATURE

MKOOEL CONTRACT
us

ADDRESS AND MESSAGE DISPLAY DEVICES

e a

ENTER PUSH-BUTTON SWITCH

CLEAR PUSH-BUTTOM SWITCH

READ QUT PUSH-BUTTON SWITCH

PWR (POWER) TOGGLE SWITCH

CONNECTOR )1

O,
®
®
o O
®
®
®

Figure 8-44 Manual Data Readout
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button switches are used to set up a 2-diglt decimal number. The two digits

specify the address of the computer memory location ﬁrom vhich data is to be
read. A digit-by-digit verification of the address :l,s made by means of the
ADDRESS display devices. After verification, the READ OUT push-button switch
on the MDR 18 pressed and the data 1s read from the q?elected memory location
and displayed by the MESSAGE display devices. |

MDK Physical Description

The MDK is 3.38 inches wide, and 5.51 inches deep. It weighs 1.36 pounds.
External views of the MIX are shown on Figure 8-43. The major external charac-

teristics are summarized in the accompanying legend.‘

MIR Physical Description

The MDR is 3.26 inches high, 5.01 inches wide, and 6.41 inches deep. It weighs
3.15 pounds. External views of the MDR are shown on Figure 8-4i. The major

external characterisgtics are summsrized in the accomﬁanying legend.

Controls and Indicators

The controls and indicators located on the MDK and MDR are illustrated on
Figure 8-45. The accompanying legend identifies thef controls and indicators,

and describes their purposes.
SYSTEM OPERATION

Power
The MDIU receives all of the power required for its operation from the computer.

This power consists of the following regulated dc voltages:
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(0 & & & & & o)

ADDRESS MESSAGE

Y

LEGEND

NOMENCLATURE PURPOSE

DISPLAY. ADDRESS AND MESSAGE SENT TO COMPUTER DURING
ADDRESS AND MESSAGE DISPLAY DEVICES ENTER OPERATION; DISPLAY ADDRESS SENT TO, AND MESSAGE
RECEIVED FROM, COMPUTER DURING READOUT OPERATION.

PROVIDES MEANS FOR CAUSING MESSAGE SENT TO COMPUTER
DURING ENTER OPERATION TO BE STORED IN MEMORY,

PROVIDES MEANS FOR CAUSING ADDRESS AND MESSAGE SET
UP BY MDK TO BE CLEARED OR CANCELED.

PROVIDES MEANS FOR CAUSING MESSAGE TO BE READ OUT
OF COMPUTER AND DISPLAYED BY MESSAGE DISPLAY DEVICES.

PROVIDES MEANS FOR CONTROLLING APPLICATION OF
POWER TO MDK AND MDR.

EMTER PUSH-BUTTON SWITCH

CLEAR PUSH-BUTTON SWITCH

READ OUT PUSH-BUTTON SWITCH

PWR (POWER) TOGGLE SWITCH

PROVIDE MEANS FOR CAUSING ADDRESS AND MESSAGE TO
DATA INSERT PUSH-BUTTON SWITCHES BE SENT TO COMPUTER AND TO BE DISPLAYED 8Y ADDRESS
AND MESSAGE DISPLAY DEVICES,

OO CCIOICIE

Figure 8-45 Manual Data Insertion Unit Front Panels
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and common return

(e) +25 vde

(b)  -25 vac

(¢) +8 vdc and return
This power is available at the MDIU whenever the computer is turned on. However,
it is not actuslly applied to the MDIU circuits untiﬂ the PWR switch on the MDR
is turred on. When power is turned on at the MIR, the regulated dc voltages are

filtered by a capacitor network and supplied to the MBK and MDR circuits.

MDK Data Flow (Figure 8-46)

The MDK hss ten data insert push-button switches. These switches are used to
select the address of & computer memory location in thch date is to be stored
or from which data is to bBe read. For storing data,%the push-button switches
are numbered decimally, the insert button encoder 1s%used to convert their
outputs to binary coded decimal values that can be used by the computer. These
values, called the insert data signals, are auppliedito the insert serializer
in the computer. The insert button encoder also devélops the date available

signal which is supplied to the discrete input logic .of the computer.

MDR Date Flow (Figure 8-47)

The MDR has seven digital display devices and three command push-button switches.
The display devices are used to display the address set up by the date insert
push~-button switches on the MDK, and to display eith&r the data set up by the
data insert push-button switches or the data read frdm a computer memory location.
The command push-button switches, called ENTER, BEAD%OUT, and CLEAR, are used

tco determine whether data 1s entered into or read ouﬁ of the computer, or whether
the data that has been set up is to be cleared (or c%nceled). These push-button
switches all supply inputs to the dilscrete input log#c of the computer. Since
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DATA INSERT é}gﬁ'ﬁﬁm "™ INPUT LOGIC
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Figure 8-46 Manual Data Keyboard Data Flow
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Figure 8-47 Manual Data Readout Dat}a Flow
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the display devices provide a decimal display, the binary coded decimal velues

received from the computer must be decoded before they can be displayed. These
values from the computer are supplied to three device select control circuits
and three insert data circuits. Another signal from the computer is suppliled
to the display device drive control circult. A combination of outputs from the
device select control circuits is used in conjunction with the outputs of the
display device drive control circult to select a particular display device. This
selection is accomplished by means of the device selector. A combination of
outputs from the insert data circuite is used in conjunction with the outputs
of the display device drive control circuit to select a particular number on the
selected display device. This selection is accomplished by means of the number
selector. Thus, through the combined operations of the device selector and the
number selector, the binary coded decimal values received from the computer are

decoded and an equivalent decimal display is presented on the display devices.

Manual Datsa Subroutine

The manual data subroutine, which determines when data 1s transferred between

the MDIU and the computer, is described under the Operational Program heading

in the DIGITAL COMPUTER SYSTEM OPERATION part of this sectionm.

Interfaces
The MDIU interfaces, all of which are made with the computer, are described

under the Interfaces heading in the DIGITAL COMPUTER SYSTEM CFERATION part of

this section.
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AUXTLIARY TAPE MEMORY

SYSTEM DESCRIPTICN

Ceneral

The Auxiliery Tape Memory {A™M) is a self-contained m%gnetic tape recording
system. It is used in spacecraft eight through twelv% to provide additional
program storage for the digital computer. It has a total storage capacity of
over 85,000 thirteen-bit words, This is about seven éimes that of the com-
puter core memory. The AT is mounted on & cold plat% in the adapter sectlon

of the spacecraft (Figure 8-15).

Physical Characteristies

The ATM is 10 inches x 10 inches x 7 inches and weighs 25.7 pounds (Figure 8-48).
It has three external connectors for its interfaces with the digitel computer and
the Pilots' Display and Control Panel (PCDP). The AE# is hermetically sealed with
initial pressurization of one atmosphere, gage, at ambient room temperature and

pressure.

Internally, the ATM contains a tape transport, & drivé motor, and the necessary

electronics for the read, write and control functions%

Functlonal Characteristics

The functional characteristics of the ATM are summari%ed as follows:
Tape length 525 fbet%
Tape type M type IR-1353
Heavy-du%y, high resolution
Instrume#tation tape

Tape speed. Reaa/wri#e - 1.5 ips +0.5%

Wind/rew#nd - 8 times r/w speed
8-185 :
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ACCESS HOLES FOR MOUNTING SCREWS
(TYPICAL)

(&

MOUNTING SURFACE

('1
)N

= o> VENT SEAL

AGE & 1S CONNECTOR

B

GROUNDING HOLE

COMPUTER AND CONTROL CONNECTOR

POWER CONNECTOR

Figure 8-48 Auxiliary Tape Memory
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Channels 16 (9 data, 3 parity, 3 clock, 1
spare)

Storage capacity Total 12.5 x 108 bits (15 channels)

Effective 90,000 13-bit computer words

Storage density 133 bitsyinch/channel
Data transfer rate 600 bits/second
Ready time-per max program 10 minuth {verify 3 syllables)

T minutés (reprogram 2 syllables)

Total read time 67 minuﬁes
Total wind/rewind time 10 minuﬁes max.
Voltage 21 - 30§vdc
Voltege interrupts 115 miliiseconﬁs

Controls and Indicators

The controls and indicators associated with the ATM ére'summarized as follows:
(a) AUX TAPE OFF - ON/RESET - A toggle switch on the PCDP, used to

apply power to the ATM or to reset it.

(v) AUX TAPE mode selector - A five - position rotary switch used
to select an operational control moﬁe for the ATM, The five
modes are: (1) STDBY, (2) AUTO, (3) WIND, (4) REWIND and

(5) PROG (reprogram).

(¢) Manual Data Insertion Unit (MDIU) -iUsed to select one of three
ATM operational sequences stored inithe computer memory. These

ares (1) reprogram, (2) verify, an§ (3) reprogrem/verify.

8.187
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(d) Incremental Velocity Indicator (IVI) - Display tape position

words (on the IVI LEFT/RIGHT channel) and module words (on the

IVI FORE/AFT channel) during the ATM search operation.

(e) AUX TAPE RUN indicator - A lamp on the PCDP vhich illuminates

whenever AT motor power is applled.

(f) AUX TAPE ERRCR indicator - A lamp on the PCDP which illuminates

when incorrect frame parity is detected by the ATM.
SYSTEM OPERATION

neral
The AT is used to store operationel program modules for in~flight loading of the .
spacecraft digitsl computer. It is capsble of replacing the majority of the date
in syllebles zero and one of the computer memory (approx 8,000 thirteen-bit

words) in approximately seven minutes.

The program data is stored in the ATM by recording it on magnetic recording tape.
Normally, this data is supplied by the Aerospace Ground Fquipment (AGE) end re-
corded (written) on the tape prior to launch time. It is also possible, however,

to write data onto the tape using the MDIU and digitel computer.

There are two methods of loading the computer memory from the ATM. The first is
the auto mode and is considered to be the primary one. The second is the manual
mode and is provided as a back-up method for loading the compgter memory. The
basic difference between the two is that the auto mode requires fewer manual

operations.
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The AT employs & reel-to-reel peripheral drive transport assembly and a single-

Tape Transport

combination read/write head having 16 tracks with two windings per track. The
drive motor aceomplishes apeed reversal by using a sélid-stete switch to switch
the phase of one winding with respect to the other. ‘A tape speed of 1.5 1ips
(nominal) is provided for both read and write modes &f operation. High speed
wind/rewind operation is accomplished by supplying tl%e drive motor with a fre-
quency and voltage which are eight times those used ﬁor the read/write speed.
The drive system power is provided by a de-to-de 1nv§mr and & fixed frequency
oscillator. The oscillator output provides the freq@ency for high~-speed
operation. The frequency for the read/write speed oxj'igine.tes from this same

source but it is reduced by 8:1 through a binery chain.

Write Electronics

Figure 8-49 shows the AT write electronics. The ATM input accepts four-bit

NRZ (Non-Return-to-Zero) deta in serial form (one biﬁ in each four-bit frame is
e parity bit) together with shift pulses and frame synchronizing clock pulses.
The recording circults convert the serial input into%parallel form and record the
four-bit frames in persllet KRZ format on the magnetic tape. Each four-bit frame
plus a frame synchronizing clock pulse is recorded rédundantly on the magnetic
tape by triple redundant head drivers. Each data biﬁ is spread across the tape
width to minimize errors introduced by tape flaws or%foreign matter on the tape
surface. ‘

Read Electronics

The play-back (read) electronics (Figure 8-50) uses the seme tape head as the

write electronics. Each data channel is read by a play-back amplifier/level
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Figure 8-49 ATM Write Electronics Block Diagram
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Figure 8-50 ATM Read Electronics Block Diagram
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detector, and each redundantly recorded data bit (Dy, Do, D3, P, C) is majority
voted on (2 out of 3 mejority vote) by the ATM voting logic. Three voted
outputs (Dl, Dy, and D3) and clock voters are supplied to output interface
amplifiers snd, subsequently, to the digital computer (the parity bit is not
supplied to the computer). Each data voter output is also supplied to a parity
generator., The output of the parity generator is then compared with the voted-
on parity bit read from the tepe. If the recorded parity bit differs from the
generated parity bit, the ATM issues an ATM error discrete which will illuminate
the AUX TAPE ERROR lemp on the PCDP. A check for tape errors is also performed
during the wind and rewind modes of operation by comparing the recorded parity

bits with those developed from the voted deta bits during playback.

—

INTERFACES
The ATM interfaces with the digital computer and the PCDP are described in the

DIGITAL COMPUTER INTERFACES part of this section.
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INCREMENTAL VELOCITY INDICATOR

SYSTEM DESCRIPTION

ose
The primery purpose of the Incremental Velocity Indi%ator (Figure 8-51), herein-
after referred to as the IVI, is to provide visusl indications of incremental
velocity for the longitudinal (forward-aft), lateralg(left-right), and vertical
(up-down) axes of the spacecraft. These indicated iécremental velocitles repre-
sent the emount and direction of additional velocitygor thrust necessary to
achieve correct orbit, and thus are added to thé exi%ting spacecraft velocities

by weans of the maneuver thrusters,

An additional use of the IVI is to display the tape ﬁosition words and module
words from the Auxiliery Tape Memory during its oper#tion. Additional infor-

mation concerning this usage cen be found in the AUXILIARY TAPE MEMORY SYSTEM

OPERATION part of this section,

Performance

A three-digit decimal display device and two direction indication lamps are

nsed to display incremental velocity for each of theithree spacecraft axes,

Both the lamps and the display devices can be set up%either manuelly by rotary
switches on the IVI or automatically by inputs from %he computer, Then, as the
maneuver thrusters correct the spacecraft velocities; pulses sre received from
the computer which drive the displsy devices toward %ero. If a display device is
driven beyond zero, indicating an overcorrection of %he spacecraft velocity for
the respective exis, the opposite direction indicati%n.lamp lights and the display
device indication increases in magnitude to show & v%locity error in the opposite
direction. ;
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LEGEND

NOMENCLATURE

EWD (FORWARD) DIRECTION INDICATION LAMP

FORWARD-AFT DISPLAY DEVICE

L (LEFT) DIRECTIOM INDICATION LAMP

LEFT-RIGHT DISPLAY DEVICE

R {RIGHT) DIRECTEON INDICATION LAMP

UP-DOWN DISPLAY DEVICE

UP DIRECTION INDICATION LAMP

DN (DOWN} DIRECTION INDICATION LAMP

DN-UP ROTARY SWITCH

L-R ROTARY SWITCH

AFT-FWD ROTARY SWITCH

AFT DIRECTEON INDICATION LAMP

{DENTIFICATION PLATE

RRIPIRIBEEICEEOEE ¢

CONNECTOR 21

INCREMENTAL YELOCITY INDICATOR
SERIAL NO. us
LEAR SIEGLER INOCQRFORATED
FOR 1BM CORP
MG DONNELL 5CD

MODEL CONTRACT
\_PRRT HO.

_

\

Figure 8-51 Incremental Velocity Indicator
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Physical Description

The IVI is 3,25 inches high, .05 inches wide, and 5.@9 inches deep, 1t weighs

3.25 pounds. The major external characteristics are shown in Figure O-51 and

summarized in the accompanying legend,

Controls and Indicators

The controls and indicators located on the IVI are illustrated on Figure £8-52,
The accompanying legend identifies the controls and ihdicators, and describes

their purposes.

SYSTEM OPERATION

Bower

The power required for operation of the IVI is suppli%d by the IGS Power

Supply whenever the computer is turned on., The power?inputs are as follows:
(a) +27.2 vde and return

{b) +5 vdc and return

During the first 30 seconds (or less) following the application of power, the
incremental velocity counters on the IVI are automatibally driven to zero.
!

Thereafter, the IVI is capable of normal operation,

Basic Operation

The IVI includes three identical channels, each of Wh%ch accepts velocity error
pulses for one of the spacecraft axes and processes them for use by a decimal

display device and its two associated direction indication lamps, The velocity
error pulses are either received from the computer or generated within the IVI,

as determined by the position of the rotary switch associated with each channel,

With the spring-loaded switches in their neutral cenﬁer positions, the IVI
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LEGEND

ITEM NOMENCLATURE PURPOSE

FWD (FORWARD) DIRECTION INDICATICN LAMP | INDICATES THAT PLUS X AXIS VELOCITY 1S INSUFFICIENT,

VELQCITY ERROR ON FORWARD-AFT DISPLAY DEVICE.

INDICATES AMOUNT OF INSUFFICIENT VELOCITY FOR PLUS
@ FORWARD-AFT DISPLAY DEVICE LS % Axrs
@ L (LEFT) DIRECTION INDICATION LAMP INDICATES THAT MINUS Y AXIS VELOCITY IS INSUFFICIENT,
| NDICATES AMOUNT OF INSUFFICIENT VELOC ITY FOR PLUS
@ LEFT-RIGHT DISPLAY DEVICE S ¥ AXIS
@ & RIGHT) DIRECTION INDICATION LAMP INDICATES THAT PLUS ¥ AX1S VELOCITY 15 INSUEFICIENT.
INDICATES AMOUNT OF INSUFFICIENT VELOCITY FOR
@ UP-DOWN DISPLAY DEVICE e S 7 Aty
@ UP DIRECTION INDICATION LAMP INDICATES THAT MINUS Z AXIS VELOCITY IS INSUFFICIENT.
DN {DOWN) DIRECTION INDICATION LAMP INDICATES THAT PLUS Z AXIS VELOCITY IS INSUFFICIENT.
PROVIDES MEANS FOR MAMUALLY SETTING UP Z AXIS
@ DN-UP ROTARY SWITCH VELOCITY ERROR ON UP-BOWN DISPLAY DEVICE .
PROVIDES MEANS FOR MANUALLY SETTING UP Y AXIS
ROTARY SWIT
LR ROTARY SWITCH VELOCITY ERROR ON LEFT-RIGHT DISPLAY DEVICE,
@ AFT-FWD ROTARY SWITCH PROVIDES MEANS FOR MANUALLY SETTING UP X AXIS

AET DIRECTION INDICATION LAMP HNDICATES THAT MINUS X AXIS VELOCITY IS INSUFFICIENT.

Figure 8-52 Incremental Velocity Indicator Front Panel
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processes only the pulses received from the computer. However, rotation of the

switches in either direction removes the pulses received from the computer and
replaces them with pulses generated by an internal variable oscillator These
pulses are generated at a rate of one pulse per second%for every 13.5 degrees

of rotation until the rate reaches 10 pulses per seconﬁ. Rotation of the switches
beyond the 10 pulse per second position removes the puises generated by the
variable oscillator and replaces them with pulses gene&ated by an internal

fixed oscillator. These pulses are generated at a rat§ of 50 pulses per second.
Rotation of the switches beyond the 50 pulses per secoﬁd position is Limited by

mechanical stops.

The first pulse received on any channel, from either the computer or one of the
oscillators, causes the appropriate display device to display a count of ome.
Simultaneously, this same pulse causes one of the twojassociated direction indi-
cation lamps to light. If the pulse wes received on a positive input line, &
forward, right, or down direction is indicated, depending on which channel

(X, Y, or 2) received the pulse; and if the pulse waséreceived on & negative

input line, an aft, left, or up direction is indicateé, depending on which channel
received the pulse. Each additional pulse either incfeaaes or decreases the

count depending on the relationship between the sign of the existing value on the
counters and the sign of the added pulse as determined by the line on which it

is received. A pulse having the same sign as the exi%ting error lncreases the
count; conversely, & pulse having the opposite sign o# the existing error decreases
the count. A series of pulses having the opposite sién indicates a corrective
thrusting and eventually reduces the indicated error fo zero. An overcorrection,
causing still more pulses, causes the count to 1ucreaée again but with the opposite

direction indication lamp 1lit.
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X CHANNEL
X DELTA VELOCITY
QSTT;';:,V[’ PULSE MOTOR
X DELTA VELOCITY SWITCH COUNTER DRIVERS
+7.N
TO-FROM
COMPUTER ] +27. 2V @
X SET ZERO SET ZERO 1
CONTROL :
i
FORWARD - AFT L
L X ZERO INDICATION DISPLAY ololoe
DEVICE
T T T
i i |
I I 1
FIXED ! ! ‘
- XZEROWD. | sl e o
OSCILLATOR A" DRIVER +27.2v
FWD
* +5V i
VARIABLE N LAMP
OSCILLATGR DRIVER
-
LAMP
SELECTOR AFT
{ | LAMP
, DRIVER
+ —]
TO-FROM v
Y AND Z
CHANNELS

Y AND Z CHANNELS ARE SAME AS X CHANNEL, EXCEPT Y CHANNEL CONTROLS AND
INDICATORS ARE LEFT-RIGHT AND Z CHANNEL CONTROLS AND iNDICATORS ARE UP-DOWN.

Figure 8-53 Incremental Velocity Indicator Data Flow
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As shown on Figure 8-53, three series-connected switches are operated by the

Zero Indication

forward-afi display device. (The same thing is true for the Y and Z channels;
however, since the three channels are identical, only the X channel is shown.)
VWhen the display device indicates 000, all three switches are closed. A

+27.2 vde signal is then applied to the X zero indication driver which develops
the X zero indiecation signal that is supplied to the computer. This signal

indicates that the respective counter is at zero.

Pulse Count

Velocity error pulses are applied to the lamp selector and the pulse counter
via the AFT-FWD rotary switch. If the switch is in the center position, these
pulses are received from the computer on the +X delta velocity line and the

-X delta velocity line. If the switch is not in the%center position, the pulses
are received from either the fixed oscillator or the variable oscillator. As
previously explained, the oscillator that is used depends on the exact position
of the switch. Regardless of the source of the pulsés, the lamp selector and
the pulse counter operate the same. The lamp selectér determmines, by means

of the sign of the error, which lamp should be lit. Power is then supplied to
the selected lamp via the associated lamp driver. Meanwhile, the same pulses
are being processed by the pulse counter and supplied to the motor drivers.

The pulse counter and the motor drivers operate in a mapner that causes the
motor to be driven 90 degrees for each pulse that is counted. The direction

in which the motor is driven is determined by the relationship between the sign
of the existing velocity error count and the sign of the added velocity error

pulse. The motor drives the display device so that it changes by a count of one
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for each 90 degrees of motor rotation. Thus the display device maintains an

up-to-date count of the size of the veloclty error for the assoclated axis
(in this case, the X axis), and the direction indication lamps maintain an

up-to-date indication of the direction of the error.

Zero Command

The IVI counters can be individually driven to zero by means of set zero signals
(X set zero, on Figure 8-53) supplied by the discrete output logic of the com-
puter. The set zero signal is supplied to the set zero control circuit which
gates the 50 ppe output from the fixed oscillator into the pulse counter,
provided the display device counter is not already at zero. The pulses from
the fixed oscillator then drive the motor in the normal manner until the counter
is zeroed. The pulses are applied in such a manner that the count always

decreases, regardless of the initlal value.

Interfaces
The IVI interfaces, which are made with the computer and the IGS Power Supply,

are described under the Interfaces heading in the DIGITAL COMPUTER SYSTEM

OPERATION part of this section.
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Figure 8-54 Horizon Sensor System
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HORIZON SENSOR SYSTFM

SYSTEM DESCRIPTION

The Horizon Sensor System (Figure 8-5l) consists of aisensor head, an electronics
package and their associated controls and indicators.} The system is used %o
establish a spacecraft attitude reference to earth lo#al vertical and generates
error signals proportional to the difference between %pacecraft attitude and a
horizontel attitude. Attitude error signals can be u%ed to align either the
spacecraft or the inertial pletform to earth local vertical. The system has a
null accuracy of 0.1 degree and is capable of operati#g at altitudes of 50 to 900
nautical miles. When the system 1s operating in the %O to 550 nauticsl nmile
altitude range, measuraeble spacecraft attitude error ks + 14 degrees. When
spacecraft attitude errors are between 14 and 20 degr%es, the sensor output
becomes non-linear but the direction of its slope aJM?ys corresponds with the
slope of the attitude error. When spacecraft attitud% errors exceed 20 degrees,

the system may lose track. Two complete systems are ﬁnstalled on the spacecraft.

The second system is provided as a backup 1in case of%primary system malfunction.

SENSOR HEAD

The sensor head (Figure 8-55) contains equipment reqn}red to scan, detect and
track the infrared gradient between earth and space, ;t the horizon. The sensor
heads are mounted on the left side of the spacecraft %nd canted 14 degrees for-
ward of the spacecraft pitch axis. Scanning is provihed sbout the azimth axis
by a yoke assembly and about the elevation axis by a %OSitor (mirror positioning
assembly). Infrared detection is provided by a bolom@ter and tracking by a
servo loop which positions the Positor mirror.
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Figure 8-55 Horizon Sensor Scanner Head
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ELECTRONICS PACKAGE

The electronics package (Figure 8-56) contains the circuitry required to pro-
vide azimuth and elevation drive signals to the sensojr head and attitude error
signels to spacecraft and platform control systems. blectrical signels from the
sensor head, representing infrared radiation levels a#d optical direction, are
used to generate elevation drive signals for the Posi&or. Signals are also
generated to constantly drive the azimuth ycke from limit to limit. Attitude
error signals are derived from the constantly changin% Positor position signal

vhen the system is tracking,

SYSTEM OPERATION

The primary Horizon Sensor System is energlzed during%pre-launch by piloct
initiation of the SCAN HTR and SCANNER PRI-OFF-SEC sﬁitches. Imediately after
staging the pilot presses the JETT FAIR switch, expoéing the sensor heads to
infrared radiation. Initial acquisition time (the tgme required for the sensor
to acquire and lock-on the horizon) is approximatekyilEO seconds; reacquisition
time is approximately 10 seconds. The system can be used any time between
staging and retrograde section separation. At retrograde section separation

plug 80 milliseconds the sensor heads are automatically jettisoned, rendering

the system inoperative,

Operation of the Horizon Sensor System depends on re%eiving, detecting and
tracking the infrared radistion gradient between earﬁh and space, at the
horizon. To accomplish the above, the system employ$ infrared optics, infrared
detection and three closely related servo loops. A %unctional block diagram

of the Horizon Sensor System is provided in Figure 8%57.
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Figure 8-56 Horizon Sensor Electronic Package
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INFRARED OPTICS |

Infrared optics (Figure 8-58) consists of a Positor, ; telescope-filter assembly
and an azimath drive yoke. All of ‘these components a}e located in the sensor
head. The Positor has a movable mirror which is used to position the system
field of view about the horizon. Radiation is reflec%ed by the Positor mirror
into the telescope~-filter assembly. A fixed mirror, in the telescope-filter
assembly, directs infrared radiation into the telescope. The telescope~filter
essenbly contains a germanium meniscus objective lens, an infrared filter and
a germanium~immersed thermistor bolometer. The objJectlve lens is used to
direct all the infrared radiation, reflected by the m;rrors, on the germanium
immersion lens of the bolometer. The infrared filteriis used to eliminate
radiation of undesired frequencies. The filter has a band pass of 8 to 22

microns (80,000 to 220,000 angstroms). The germanium immersion lens focuses

the infrared radiation on an immersed thermistor.

The horizon semsor field of view is deflected throughiléo degrees (+ 80) in
azimuth and TO degrees (12 up and 58 down) in elevation by rotating the Positor
mirror. The Positor is rotated in azimuth by a drivq yoke. Rotation is about
an axis which runs through the center of the infrare& ray bundle on the surface
of the Positor mirror. The yoke is driven at a one cycle per second rate by
eircuitry in the electronics package. The center of the azimuth scan is 1k
degrees forward of the spacecraft pitch axis. This ﬂs due to the nmounting of

the scanner heads. Elevation deflection is provided by the Positor which

tilts the Positor mirror as regquired to search for or track the horizon. The
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rate at which the Positor tilts the mirror is a funcﬁion of the mode of opera-
tion (track or search). In search mode, the Positor§mirror moves at a two

¢ps search rate plus & 20 cops dither rate., In track%mode, the Pssitor mirror
moves at a 30 cps dither rate, plus, if there is any%attitude error, a4 one Or
two cps track rate. The one or two cps track rate dépends on the direction of

spacecraft atiitude error.

INFRARED DETECTION

Infrared radiation is detected by the germanium-immersed thermistor bolometer.

The bolometer contains two thermistors (temperature semsitive resistors) which

are part of a bridge circuit. One of the thermistor% (active) is exposed to
infrared rediation from the horizon. The second theﬁmistor (passive) is located
very near the Tirst thermistor but it 1s separated fﬁom infrared radiation.
Radiation from the horizon is sensed by the active tgermistor which changes
resistance and unbalances the bridge circuit. The uﬂbalanced bridge produces

an output voltage which is proportional to the intenéity of the infrared radiation.
If only one thermistor were used, the bridge would aﬂso sense temperature changes

caused by conduction or convection; to prevent this,}a passive (temperature

reference) thermistor is used.

The passive thermistor changes resistance the same aﬁount as the active ther-
mistor, for a given ambient temperature change, keep%ng the bridge balanced.,
The passive thermistor is not exposed to infrared raéiation and allows the
bridge to become unbalanced when the active thermist%r is struck by radiation

from the horizon.
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SERVO LOOPS
The three servo loops used by the Horizon Sensor System are: the track loop,
the azimuth drive loop and the signal processing loop. Some of the cirecuitry

is used by more than one servo loop and provides synchronization.

ack Loo
The track loop (Figure 8-59) 1s used to locate and track the earth horizon
with respect to the elevation axis. Two modes of operation (search and track)
are used 1n the track loop. The search mode is selected automatically when
the system is first energized and used until the horizon is located. After
the horizon is located and the signal built up to the required level, the

track mode is automatically selected.

Search Mode

The search mode is automatically selected by the system any time the horizon
is not 1in the field of view. The purpose of the search mode is to move the
system line of sight through its elevation scan range until the horizon is
located. (The system line of sight is moved by changing the angle of the
positor mirror.) When the system is initially energized, the Positor position
signal is used to turn on a search generator. The generator produces & two
eps ac search voltage which is applied tco & summing Jjunction in the Positor
drive amplifier. A second signal (30 cps dither) is also applied to the
summing junction. (The dither signal is present any time the system is energized.)
The search and dither voltages are sumed and amplified to create a Positor
drive signal. This drive signal is epplied to the drive coils of the Fositor
causing it to tilt the FPositor mirror. The dither portion of the signal

causes the mirror to oscillate about its elevation axis at & 30 cps rate and
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through an angle which represents approximately four degrees change in the

line of sight. The search portion of the signal will drive the Positor mirror

up to an angle which represents & line of sight 12 degrees above the spacecraft
azimuth plane. During the up scan {earth to space) a lock-out signal is

applied to the servo loop to prevent the system from locking on to false horizon
indications. When the positive 1imit of the search voltage (12 degrees up) is
reached, the voltage changes phase and the system begins to scan from 12 degrees
up to 58 degrees down. During the down scan (space to earth), the lock-out

signal is not used and the system is free to select track mode if the horizon comes

within the field of view.

The bolometer output {indication of infrared radistion) is used to determine
when the horizon comes within view and to initiate the track mode of operation.
As the system line of sight crosses the horizon (from space to earth), a sharp
increase in infrared radiation 1s detected by the bolometer. The bolometer
bridge output now produces & 30 cps ac signal. (The 30 cps is caused by the
dither signal driving the line of sight back and forth across the horizon.)
The bolometer bridge output is amplified and applied to the track check cir-
cuit. When the 30 cps signal reaches the track check circuit, it causes a
tracking relay to be energized indicating that the horizon is in the field of
view. Contacts of the relay apply a blas to the search generator, turning it
off and removing the search voltage from the Positor drive signal. This places

the system in the track mode of operation.
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Track Mode

The bolometer output signel is used to determine the direction of the horizon
from the center of the system line of sight. A Posito? drive voltage of the
proper phase is then generated to move the system 1ine:of sight until the
horizon is centered in the field of view. The bolometer output signal is

phase detected with respect to a 60 cps reference signal. The 60 cps signal

is obtained by doubling the frequency output of the diﬁher oscillator. 8Since
both sigpals (30 cps dither and 60 cps reference) come from the same source,

the phase relationship should be a constant. However, when the horizon is not
in the center of the field of view, the bolometer output is not symmetrical.

The time required for one complete cycle is the same as for dither but the

zero crossover is not equally spaced, in time, from thg beginning and end

of each cycle. The direction the zero crossover is shifted from center depends
on whether the horizon is above or below the center of the field of view. The
phase detector determines the direction of shift (if any) and produces dc pulses
of the appropriate polarity. The output of the signal‘phase detector is applied
to the Positor drive amplifier where it is summed with;the dither signal. The
composite signal is then amplified and used to drive the Fositor mirror in the

direction required to place the horizon in the center of the field of view.

A pickup ceil, wound on the permanent magnet portion of the Positor drive
mechanism, produces an output signal which is proportional (in phase and ampli-
tude) to the position of the Positor mirror. This Positor position signal is
phase detected to determine the actual position of thejmirror. The detector

output is then amplified and used for two purposes in the track loop: to activate
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the search gererator when the tracking relay is de-energized and as & rate

damping feedback to the Positor drive amplifier. (When the tracking relay is

energized, it biases the search generator to cutoff.)

Azimuth Drive Loop

The azimuth drive loop (Figure 8-60) provides the drive voltage, overshoot
control and synchronization required to move the system lirne of sight through

a 160 degree scan angle at a one cps rate. The azimuth drive loop consists

of an azimuth overshoot detector, azimuth control circuit, azimuth multivibrator,

azirmuth drive coils and an azimuth drive yoke.

Azimath Overshoot Detector

The azimuth overshoot detector does not, as the name implies, detect the
azimith scan overshoot. It instead detects when the azimuth drive yoke reaches
either end of its scan limit., The detector is a magnetic pickup, located near
the azimuth drive yoke and excited by 2 5 ke signal from the field current
generator. Two lron slugs, mounted on the azimuth drive yoke, pass very near
the magnetic pickup when the yoke reaches the scan limit. The slugs are posi-
tioned 160 degrees apart on the yoke to represent each end of the scen. When
cne of the iron slugs passes near the magnetie pickup, it changes the inductance
and causes the 5 ke excitation signal to be modulated with a pulse. Since the
azimuth scan rate is one cps and the modulation occurs at each end of the scan,
the overshoot pulse oeccurs at a two pps rate. Output of the overshoot detector

is applied to the azimuth control circuit.
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Azimuth Control Circuit

The azimuth control circuit generates two types of azimuth control voltages
(coarse and fine) based on the azimuth overshoot signal., The azimuth over=-
shoot detector output is rectified, filtered, peak detected and integrated to
develop a de control veltage proportional to the amplitude and width of the
overshoot pulse. This control voltage serves two purposes: +to provide con-
tinuous, fine control of the azimuth drive pulse and, when the control voltage
reaches a high enough level (indicating a large overshoot), provide a coarse
(step) control of the reference voltage on the azimuth drive coils. The fine
control is obtained by applying the conbtrol voltage, as a bias, to the azimuth
drive amplifier. The coarse control is obtained by energizing a relay, which
switches the reference voltage on the azimuth drive coils when the control vol~
tage reaches & high enough level. The level at which the relay energizes is
determined by a zener diode which breaks down and biases 8 relay driver into
conduction. The relay driver then energizes a relay which switches the de

voltage on the reference winding of the azimuth drive coills.

Azimuth Multivibrator

The azimuth multivibrator provides the direction control signal for the azimuth
drive. The multivibrator is synchronized by pulses from the azimuth sync switch.
The sync switch is located next to the azimuth drive yoke and is closed each
time the yoke passes through the center of its 160 degree scan. The switch
produces a two pps output which is used to switch the state of the multivi-

brator. The multivibrator then produces & one cps square wave signal which is
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synchronized with the motion of the azimuth drive yoke. The pogitive half of

the square wave controls the azimuth drive in one direction and the negative
half controls the drive in the other direction. Output of the multivibrator is

applied to the azimuth drive amplifier.

Azimath Drive Amplifier

The azimuth drive amplifier adjusts the width of multivibrator output pulses

to control the azimuth drive yoke. The output pulse width, from the drive
amplifier, depends on the amount of control voltage (bias) provided by the
azimuth control ecircuit. When the amount of azimuth yoke overshoot is large,
the control voltage is high and the output pulse width is narrow. As the
amount of overshoot decreases, the control bias decreases and the output pulse
wildth increases. This provides a continuous, fine coﬁtrol over the drive pulse

and consequently the amount of azimuth drive yoke travel.

Azimuth Drive Coils
The azimuth drive colls convert drive signals into a magnetic force. The
coils are mounted next to, and their magnetic force exerted on, the azimuth

drive yoke. The direction of magnetic force is determined by which drive coil

is energized.

Azimuth Drive Yoke

The azimuth drive yoke is a means of mechanically moving the system line of sight
through a scan angle. (The Fositor is mounted inside the azimuth drive yoke and
the rotation is around the center line of the infrarea ray bundle on the Positor
mirror.) The azimuth drive yoke is spring loaded to its center position and

the mass adjusted to give it a natural frequency of one cps. Mounted on the yoke
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are two iron slugs and a permanent magnet. The iron slugs are used in conjunction
with the azimuth oversheoot detector mentioned previocusly. The maghet is used to
activate sync switches located next to the drlve yoke. The switches synchronize
mechanical motion of the yoke with electrical signals. The function of the azimuth
sync switch was described in the azimuth multivibrator paragraph. The function of
the two roll sync switches will be described in the phase detectors paragraph of

the signal processing loop.

Signal Processing Loop
The signal processing loop (Figure 8-61) converts tracking and azimuth scan in-

formation into attitude error signals. (The error signals can be used to align
the spacecraft and/or the Inertial Guidance System to the earth local vertical.)
A complete servo loop ls obtained by utilizing two other spacecrafﬁ systems
(Attitude Control and Maneuver Electronics and the Propulsion System). Attitude
error slgnals, generated by the Horizon Sensor System are used by the Attitude
Control and Maneuver Electronics (ACME) (in the horizon scan mode) to select
the appropriate thruster (or thrusters) and generate a fire commaend. The fire
command causes the Propulsion System to produce thrust in the desired direction.
As the thrust changes spacecraft attitude, in the appropriate dlrection, the
attitude error signaels decrease in amplitude. When the spacecraft attitude
comes within preselected limits (O to =10 degrees in pitch and + 5 degrees in
roll), as indicated by error signal amplitude, the ACME stops generating fire
commands. As long &s the spacecrart attitude remains within the preselected
limits, it is allowed to dArift freely. If the attitude exceeds the limits,

thrust is sutomatically spplied to correct the error.

8-220
CONFIDENTIAL




CONFIDENTIAL
SEDR 300

-~ ~
/ ~
/ A\
/ EARTH Il
{ HORIZON
\ /
\ s
~ -

|
|
|
|

|
SPACECRAFT
ATTITUDE
CHANGE

I

I

I

I

I

I
r__.....I._._.

PROPULSION
SYSTEM

-
|
I
I
I
I
I
I
|
I
l
I
I
I
I
|
_I

I""_—T""

FIRE COMMAND

PROJECT GEMINI

INFRARED
RAY BUNDLE POSITOR Sﬂ‘f/:I'CéHES
{2ROLL
1 AZIMUTH)
| POSITION
‘ PHASE
PHASE U DETECTOR
SHIFTED ) AND
5KC
REFEREMCE | AMPLIFIER
I ]
TRACK
CHECK
MODULATED POSITOR
¥  POSITION SIGNAL
ROLL PITCH
ERROR ROLL SYNC AZIMUTH SYNC : ERROR LOSS OF
AMPLIFIER SIGNAL SIGINAL ; AMPLIFIER TRACK SIGNAL
ROLL rOLL PHASE|  AZIMUTH PITCH
PHASE MULTI- -t MULTI- ; PHASE
DETECTOR viBraTorR  [rock]  visraTOR i DETECTOR
{2 CPS} {1 CP3) !
ROLL ERROR " PITCH ERROR
(+ PHASSE) ' (- PHASE)
PITCH ERROR JL
(+ PHASE) ="
CROS5 COUPLING I
(ALIGNMENT |
ERROR |
CORREC TION) |
ROLL PITCH | I
FILTER FiLTER ’
AND AND | INERTIAL
AMPLIFIER AMPUIFIER MEASUREMENT |
UNIT I
PITCH ERROR, I
b QTETY T I |
ROLL ERROR SIGNAL I o~
> !
ATTITUDE CONTROL | ROLL ERROR

r.....JL.._____........
I
!
|

AND MANEUVER
ELECTRONICS |

PITCH £RROR

LOSS-OF-TRACK SIGNAL

Figure 8-61 Signal Processing Loop Block Diagram

8-221

CONFIDENTIAL




CONFIDENTIAL
SEDR 300

PROJECT GEMINI @]

An indirect method of conmtrolling spscecraft attitude (on spacecraft 5, 6 and

8 through 12) with the horizon sensor involves a third spacecraft systenm
(Inertial Guidence). This method can be used when it is desired to fine align the
inertial measurement unit. Horizon sensor attitude error signals are now used to
contimiously torque gyros in the inertial platform, aligning them to the local
vertical. The platform attitude error signals are then used by the ACME (in the
platform mode) to generate fire commands for the Propulsion System. Using this
method of attitude control, the spacecraft is held to within + 1.1 degrees of

the platform sttitude in all three saxes.

The inertial platform can also be aligned by the horizon sensor without using

a servo loop. To align the platform without a closed servo loop, the pilot must
manually maintain spacecraft attitude as near null as possible. (The horizon
sensor attitude error signals are most accurate when the spacecraft is in a
horizontal attitude with respect to the earth surface.) Attitude error signals
are then used to torque platform gyros and have no direct effect on spacecrafi

attitude.

The Horizon Sensor System also provides a loss of track indication to both the

ACME and Inertial Guidance System. The signal is used to prevent the ACME

or platform from aligning to a false horizon. The loss of track signal is also
used to illuminéte the SCANNER light on the pedestal, informing the pilot that

the system is not tracking. (Spacecraft attitude must be held within t+ 20

degrees of the horizontal for the system to track.)
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Tracking Geometry

Horizon sensor itracking geometry (Figure 8-62) is composed of the elevation
angles {8) generated by the track loop and the azimuth angles (@) generated
by the azimuth drive loop. Angles are compared in time and phase to generate
an error signal proportional to the elevation angle change with respect to

the azimuth scan angle.

As explained in the track loop paragraph, the system will lock on in eleva-~
tion and track the earth horizon. A dither signal causes the Positor to move
the system line of sight about the horizon at a 30 cps rate. The track loop
will move the Positor mirror such that the horizon is always in the center

of the dither pattern. It was also explained, in the azimuth drive loop para-
graph, that the system line of sight is continucusly moved through a 160 degree

azimuith scan angle at & one cps rate.

When the spacecraft is in a horizontel attitude, the azimuth scan has no effect
on the elevation angle of the Positor as it tracks the horizon. If the space-
craft is in a pitch up attitude, the elevation angle (0) will decrease as the
azimuth angle (@) approaches 80 degrees forward and increase as angle § approaches
80 degrees aft. If the spacecraft is in a pitch down attitude, the elevation
angle will increase as the azimuth angle approaches 80 degrees forward and
decrease as the azimith angle approaches 80 degrees aft. This produces a one

cps pitch error signal which is superimposed on the 30 cps Positor dither.

If the spacecraft has a roll right attitude, the elevation angle will increase as
the azimuth angle approaches either limit and decrease as the azimuth angle

approaches zero from either limit. If the spacecraft is in a roll left attitude
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the elevation angle will decrease as the azimuth angle approaches either limit
and increase as the azimuth angle approaches zero from eilther limit. This pro-

duces a two cps error signal which is superimposed on the 30 cps Positor dither.

Position Phase Detector

The Positor position phase detector compares the Positor pickoff signal with &

5 ke reference to determine the angle of the Positor mirror. (The mirror angle
will be changing at & 30 cps dither rate, plus, if there is any spacecraft atti-

tude error, & one an&/or two cps error signal rate.) The phase detector output is

then amplified and applied to the track check circuit.

Track Check

The track check circuit determines when the horizon is;in the field of view. If
the horizon is in the field of view, the track check circuit energlizes a relay.
Contacts of this relay connect the Positor position siénal to the pitch and roll
error amplifiers. A second relay in the track check circuit, energized when the
system 1s not tracking, provides a loss of track indicétion to the inertial mea-
surement unit and the ACME. The loss of track signel is 28 volts dc obtained

through the ATT IND CNTL-LDG circuit breaker and switched by the track check

¢ircuit.

Brror Amplifiers

In order to obtain individusl pitch and roll attitude érror outputs, error signal
separation must be accomplished. This function is perfonmed by two error ampli-
flers. The Positor position signal input to the error?amplifiers is a composite
30 cps dither, one cps pitch error and two cps roll er%or signal. The pitch error

amplifier is tuned to one cps and selects the pitch error signal only for
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emplification. The roll error amplifier is tuned to two cps and selects the roll
error signal only for amplification. Fach amplifier then smplifies and inverts

thelr respective signals, producing two outputs each. The outputs are 180 degrees
out of phase and of the same frequency as their input circuits were tuned. Output

of each error amplifier is coupled to its respective phase detector.

Phase Detectors

Phase detectors compare the phase of pitch and roll error signals with one and two
¢ps multivibrator reference signals to determine the direction of attitude error.
The multivibrators are synchronized with motion of the azimuth drive yoke by three
sync switches. Two sync switches, located at 57 degrees on either side of the cen-
ter position of the yoke, synchronize the roll multivibrator with the motion of the
yoke and set its frequency at two c¢ps. The sync switches close each time the ycke
passes, in either direction, producing four pulses for each cycle of the yocke.

Each time a pulse is produced it changes the state of the multivibrator resulting
in a two cps output. The azimuth multivibrator operates in the same manner except
that it only has one sync switch, located at the center of the drive yoke scan,
resulting in a one cps output frequency. The azimuth multivibrator also provides

a phase lock signal to the roll multivibrator to assure not only frequency synch-
ronization but correct phasing as well. The phase detectors themselves are act-
ually reed relays, two for each detector, which are energized alternately by thelr
respective multivibrator output signals. (ontacts of these relays combine the two
input signals in such a manner that two full wave rectified output signals are
produced. The polarity of these pulsating de outputs indicates the direction and
the amplitude indicates the amount of attitude error about the horizon sensor pitch

and roll axes. Since the sensor head was mounted at a 14 degree angle with
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Figure 8-63 Horizon Sensor Power Supply Block Diagram
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respect to the spacecraft, the mounting error must be compensated for. Electrical

rotation of the horizon sensor axes, to correspond with spacecraft axes, is accom-

plished by cross coupling a portion of the pitch and roll error signals.

Output Amplifier and Filter

The output amplifier-filter removes most of the two and four cps ripple from the
rectified attitude error signals and amplifies the signals to the required level.
The identical pitch and roll operational amplifiers, used as output stages for the
Horizon Sensor System, are highly stsble and have a low frequency response. The
output signal amplitude is four tenths of & volt for each degree of spacecraft
attitude error The signals are supplied to the ACME for spacecraft aligmnment and

to the inertial measurement unit for pletform alignment.

HORIZON SENSCR POWER

Horizon sensor power (Figure 8-63) is obtained from the 28 volt dec spacecraft bus
and the 26 volt ac, 400 cps ACME power. The 28 volt dc power, supplied through the
SCAN HTR switch, is used to maintain temperature in the sensor head and as power
for the SCANNER lemp. Sensor head heaters are thermostatically controlled and
coperate any time the SCAN HTR switch is on. The 26 volt ac, 400 cps ACME povwer is
provided by either the IGS or ACME inverter, depending on the position of the ac
POWER selector. The 26 volt ac is used to produce seven different ilevels of de
voltage used in the horizon sensor. One of the voltages (31 volts de) is obtained
by rectifying and filtering the 26 volt ac input. The remaining six levels are
obtained by transforming the 26 volts to the desired level, then rectifying, f£il-
tering and regulating it as required. The minus 27 volts dec output is used to

excite one side of the bolometer bridge. The other side of the bridge is excited
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by plus 25 volts de. Plus 25 volts de 18 also used for transistor power in the
error amplifiers. The 31 volt dc unregulated output is used as excitation for the
azimuth drive yoke; The remaining four voltages (+15, -15, +20, -20) are all used

for transistor power in the various electronic modules.

SYSTEM UNITS

The Horizon Sensor System (Figure 8-54) consists of two major units and five minor
units. The minor units are: +three switches, an indicaﬁor light and a fiberglass
fairing. The three switches are mounted on the controlipanels for pilot actuation.
The indicator light is mounted on the pedestal and, wheA illuminated, indicates a
loss of track. The fiberglass fairing is dust proof ani designed to protect the
sensor heads, which it covers, from accidental ground d%mage or thermal damage dur-

ing launch. The two major units are: +the sensor head énd the electronics package.

SENSOR HEAD

The sensor head (Figure 8~55) is constructed from a mag#esium casting and contains
a Positor, & telescope-filter assembly, a sigral preampiifier, a position detector,
an active filter and an azimuth drive yoke. The Positoﬁ (Figure 8-64) is & mirror
positioning assembly designed to position a mirror\abouﬁ its elevation axis. The
mirror is polished beryllium and is pivoted on ball beaﬁings by a magnetic drive.
The Positor also includes a position pickoff coil for détermining the angle of the

Positor mirror.

The telescope-filter assembly (see Figure 8-58) contain% a fixed mirror, a germa-
nium meniscus lens, an infrared filter and a germanium immereed thermistor bolom-

eter. The fixed mirror is set at a 45 degree angle to %eflect radiation from the
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Positor mirror into the telescope. The germanium meniscus objective lens of the

telescope is designed to focus incoming infrared radigtion on the bolometer. The
infrared filter, located immediately behind the ob;ecéive lens, is designed to pass
infrared radistion in the 8 to 22 micron range. The germanium immersed thermistor
bolometer contains a culminating lens and two thermistors. The culminating lens
directs all incoming radiation on one of the thermistors. The two thermistors are
bonded to the rear of, and effectively immersed in, the culminating lens. DBoth
thermistors are identical; however, one of the thermigtors {active) is located at
the focal point of the culminating lens. The other t@ermistor (passive) is located
to one side of the focal point. The passive thermistér is used as an ambient

temperature reference and does not react to direct infrared radistion.

Signel Preamplifier
The signal preamplifiler is a low noise, high gain, four stage, direct coupled
transistor amplifier. The preamplifier is made in modular form and potted in

epoxy for thermel conductivity and protection from shock and vibration.

Posltion Detector

The positior detector is a five kc phase detector designed to determine the
position of the Positor mirror. The circuit produces & voltage which is
proportional to the angle of the Positor mirror. Output of the detector is
8 de¢ voltage which varies at the same rate as the Positor mirror moves. The
detector is made in modular form and potted in epoxy for thermal conductivity

and protection from shock and vibration.
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Azimuth Drive Yoke

The azimuth drive yoke provides a means of moving the Positor wmirror about

its azimuth axis. The yoke is magnetically driven and pivots om ball bearings.

The Positor is mounted inside the azimuth drive yoke and is rotated through

an azimuth scan angle of 160 {+80) degrees by the yoke. The azimuth axis of
rotation is through the center line of the infrared ray bundle on the surface

of the Fositor mirror. Drive coils, located directly in front of the yoke,

supply magnetic impulses to drive the yoke. Mounted on the edge of the yoke

(see Figure 8-60) are two iron slugs and a permanent magnet. The iron slugs

are used to induce an overshoot signal in the azimuth overshoot detector.

The permanent magnet is used to synchronously close contacts on three sync switches,

mounted around the periphery of the ycke.

ELECTRONICS PACKAGE

The electronics package (Figure 8-56) contains the circuitry necessary to
control the azimuth yoke and Fositor in the sensor head, as well as process
attitude error signals. The package also contains a dc power supply and a
five kc field current generator. The solid-state circuitry is made in modular

form and potted in epoxy for thermal conductivity and protection from shock and

vibration.

8-232
CONFIDENTIAL




CONFIDENTIAL

RENDEZVOUS RADAR SYSTEM

TABLE OF CONTENTS

TITLE

SYSTEM DESCRIPTION , .
SYSTEM OPERATION ., .
RADAR . . + + &
TRANSPONDER , .
INTEGRATED OPERATION
COMMAND LINK OPERATION
SYSTEM UNITS . .

» *
* & » »
» & & & @
* & & & & ¢ @

RADAR MODULATOR AND TRANSMITTE

*
-
*
L 4
L)
-
*
|

TRANSPONDER ANTENNA . . . .

SUFFICIENT AMPLITUDE DETECTOR
TRANSPONDER CIRCULATOR., . . .

RECEIVER, . . .
TRANSPONDER MODULATOR AND
TRANSMITTER, ., .

-

L 3
L]
*
»
*
*
-
T .

RADAR RECEIVING ANTENNA SYSTEM

GATE GENERATOR, . . »
ELEVATION TWO-MICROSECOND

MULTIVIBRATOR FUNCTIONS.
DITHER BISTABLE MULTIVIBRATOR

FUNCTION , , .
SPIRAL ANTENNA IN ANGULAR

e o o &+ & o o

.

- * &

MEASUREMENT . o v o o o o o o

DITHER SWITCHES o s s e e
RANGE AND RANGE RATE (R/R
RANGE SWEEP CIRCUIT , . .
DIGITAL RANGE COUNTER ., .
RADAR POWER SUPPLY, . . .
TRANSPONDER POWER SUPPLY,

8-233
CONFIDENTIAL

METER)

-

-
*
L]

L ]
-
o

a & & ¢ & & ® & * 2 &

*

E ] - L J L] * * *

@ ® & &4 & & * 2 0 b & »

L]

PAGE

8-235
8-2138
8~238
8-239
8-239

82k

8-243
8-243
8-245
8-247
8-247
8-247

8- 254
B-255
8-257

8~-261
8-261

8- 261
8-263
8-263
8-265
8-266
8-267
8-270



CONFIDENTIAL
SEDR 300

PROJECT GEMINI

PLAT
RDR f CMPq
b |

’

RANGE/RANGE RATE FLIGHT DIRECTOR
METER CONTROLLER'{REF}

DETAIL A

DETAIL A
(COMMAND |PILOT PANEL}

DETAIL B
(PEDESTAL PANEL)

D
<P

DETAIL D
(REGHT SWITCH/CIRCUIT
BREAKER PANEL)

DETAILC
(iPILCT PANEL)

REFERENCE ANTENNA (REF

ELEVATION ANTENNA (REF}

RADAR
PWR

FLIGHT DIRECTOR
INDICATOR

DETANL €
(REF)

DETAIL D

FLIGHT DIRECTOR
INDICATOR [(REF)

DETAILB

DIFQLE
ANTENNA

RADAR

AZIMUTH ANTENNA (REF)

TRANSMITTING ANTENNA (REF}

SPIR'AL
ANTENNA

Figure 8-65 Rendezvous Radar System

8-234
CONFIDENTIAL




e

CONFIDENTIAL
SEDR 300

=1

PROJECT GEMINI

RENDEZVOUS RADAR SYSTEM

SYSTEM DESCRIPTION

The Rendezvous Reder System (Figure 8-65) is incorporated in the Gemini Project
to facilitate & rendezvous maneuver of the Geminl Spacécraft with the target
vehicle, The system is comprised primarily of two units, a radar located in the
rendezvous and recovery section of the Geminl and a trhnsponder located in the
target docking adepter of the target vehicle, The co-@perative operation of the
two units enables the detection of the target vehicle by the Geminl and the
determination of the range, relative velocity, and angular relationship of the two
craft, The radar transmission is also used as a carriér for the command link
intelligence; refer to the command link portion of Section VIII for & description

of this systenm.

The Rendezvous Radar System, as described herein is applicable to the rendezvous
mission of spacecraft six and those planned for spacec?afts eight through twelve,
Spacecraft five utilized a rendezvous evaluation pod tb simulate the rendezvous
mission, The difference beitween the rendezvous missioﬁ end the rendezvous evalu-
tion mission will be discussed in the rendezvous evalu;tion pod pertion of Section
VIII.

The Rendezvous Radar System is capable of acquiring lock-on when the target
vehicle is within 180 nautical miles df the Gemini and is within 8.5 degrees of
the radar boresight axis. The angular acquisition capability inereases to 25
degrees relative to the radar boresight when the rang% decreases to within 130
neutical miles. The radar provides bi-level, analog, and digital outputs for

use during the catch-up and rendezvous portion of theiGemini fiight (Figure 8-66).

The Gemini crew is provided with visual indications of radar lock~on and Command
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Link message acceptance. Analog indications of the target vehicle range and
differential velocity are presented on the Range and Rénge Rate Indicator.

Analog indications of the elevation and azimuth position of the target vehicle,with
respect to the Gemini,are presented on the flight direétor indicators. Digital
indications of range, elevation, and azimuth are avail@ble to the computer for

calculating the corrective thrusts required for the rendezvous maneuver.

The radar is contained within & pressurized module. The module dimensions are
approximately 17 by 29 by 9 inches, the module area iz 1.8 cubic feet, and the
weight is 72 pounds. The radar is installed ir the small end of the Gemini

Spacecraft on the forward face of the Rendezvous and Recovery Section.

The radar antenna system consists of four spiral antenﬁas, one uncovered transmit
antenna and three covered receive antennas, mounted on the radar face plate. When
installed in the spacecraft, the radar is covered with the nose falring for

thermal protection during the launch phase of the mission.

The transponder is contained within an unpressurized module. The module dimensions
are approximately 9 by 10 by 2k inches, the module area is 1.25 cubic feet, and
the weight is 34 pounds, The transponder is 1nstalled‘in the Target Docking

Adapter of the target vehicle.

The transponder antenna system consists of one dipole gnd two spiral antennas
electronically connected by coaxial cables. The dipolg antenna 1s mounted on
an extendable boom which is recessed until the extend command is given via the
Digital Commend System. The spiral antemnas are mountéd flush with the skin of

the Target Docking Adapter and are mounted 180 degrees apart from each other.
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SYSTEM OFERATION

RADAR

The rendezvous radar will, at the time of launch, be deenergized end the radar
will be covered with the nose fairing for thermal protection. At staging plus
45 seconds the pilot will depress the JETT FAIRING switch,thereby Jjettisoning

the nose fairing and exposing the radar,

During the initisl portion of the orbital phase the spacecraft will maneuver to
catch up with the target vehicle. This maneuver will place the Gemini and the
target vehicle in co-planar, circulsr orbits. The Gemini will be lagging at a
range of approximately 125 nautical miles and closing at a rate of approximately
1.5 nautical miles per mimite. After completing the catch-up maneuver the Gemini

crew will initiate radar transmission.

The radar is placed in the standby mode by switching the RADAR PWR circuit
breeker, located on the right switch/circuit breaker panel, o ON and the RADAR
switch, located on the main instrument panel center console, to STBY. Those
systems with which the radar is interfaced are energized at this time. A time
delay of 60 seconds is allowed for warm up prior to positioning the RADAR switch
to ON. When turned ON, the radar commences trensmission at a freguency of 1528
megacycles. The transmitted interrogation signel has a pulse width of 1 micro-
second, & pulse repetition rate of 250 pulses per second for radars in space-
craft five, six, seven, eight, and nine, while those in spacecraft ten, eleven,
and twelve operate at 240 pulses per second., The tranemitter has a peak power

output of 1150 watts.
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The transponder will, at the time of launch, be deeneréized and the extendable

TRANSPONDER

dipole antenna will be retracted. After the target veﬁicle enters the orbital.
phase the transponder iz placed in a standby conditionjand the dipole antenna

is extended via the Digital Command System. At this time the transponder is in
standby and is connected to the dipole antenna. A suf%icient amplitude detector
is lncorporated in the transponder, this circuit detec%s the initial pulses from
the interrogate radar and enables the high voltage pou%r supply. The period
required for the transponder to become operational is %pproximateky 12 interrogate
pulses or 50 milliseconds., When the high voltage iz energized the transponder

is fully operational and will respond to the interrogaﬁe pulses of the radar.

INTEGRATED OPERATION

The initiel pulses of the radar will energize the tran%ponder high voltage power
supply. Now energized, the transponder responds to th% radar at the interrogate
pulse repetition frequency. The initial reply pulses %rom the transponder cause
the illumination of the LOCK ON lamp.

The rendezvous radar determines the range to the trans%onder by observing the
events which occur between radar transmission and rece&pt of the reply pulse
from the transponder. This period of time 1s commence%.by the time zero pulse,
& pulse which occurs simultaneously with the leading ebge of the radar trans-
mission, and is terminated by the receiver video pulseL the detected transponder
reply. The radar determines analog range by the initibtion of a ramp voltege

with the time zero pulse. The ramp voltage continues bntil stopped by the
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leading edge of the transponder reply pulse. The ramp voltage is pesk detected
end the resultant dec voltage is proportional to the range. Succeeding pulses
are differentiated to obtain the renge rate. The radar analog range and range
rate voltages are provided to the range and range rate meter and are, by means
of & voltage divider, utilized for telemetry purposes. The radar measures
digital range by counting the number of 50 megacycle computer clock pulses
which occur during the range gate. The digital data is stored in the shift

register for transmission to the computer.

The rendezvous radar determines the angular position of the target vehicle to
the Gemini by observing the phase difference of the rf received at the
reference antenna to the rf received at each of the two angle antennas. ZEach
of the two angle antennas rotate to nullify the incoming phese difference.

The eamount of antenna rotation, from a zero position, reguired to achieve this
result corresponds directly to the position error. An induction potentiometer
and a Gray Binary Encoder, used to provide analog and digital intelligence, is
connected to each of the antenna shefts. The analog angle informetion is
provided to the flight director indicator needles of the attitude display
group. The Gray binary information is converted to serlal binary and stored

in the shift register for irausmission to the computer.

The radar digital range and sngle date is stored in the shift register. The
register stores a series of three readings which are continuously updated so
as to indieate the latest information. The computer sends & radar data pulse
to indicate a request for radar information. The shift register, after receiving

the radar data pulse, obtains three complete radar readouts and discontinues
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updating the informetion. The radar now transmite a data ready pulse, The com-

puter, upon detecting that the radar data is ready, t&ansmits a series of three
bursts of 500 k¢ pulses to shift the radar data into ihe computer. The radar at

this time returns to the state of continuous data updating.

COMMAND LINK OPERATION

The radar is utilized during the rendezvous meneuver with the target vehicle

as & carrier for the command link information. For ibformation concerning this
system refer to the command link portion of Section ViII. The operation of the

radar, es a carrier, 1s explained herein.

The Command Link System, when energlzed, disables the radar pulse repetition
frequency generator and interconnects the radar and tpe Time Reference System.

The radar now operates at a pulse repetition rate of 256 pulses per second. The
rader transmits data by pulse position wmodulation. The modulation is controlled
by a portion of the Command Link System, the encoder.i The normal pulse repetition
time of 3900 microseconds is indicative of a zero; afone 1s transmitted by

lengthening this time to 3915.2 microseconds.

The transponder received information is provided to the sub-bit detector, a
portion of the Command Link System. The sub-blt detebtor converts the pulse
position modulation to binary form and sends the messhge to the target vehicle
programmer. The progremmer verifies that an acceptabie message is received and
provides a message acceptance pulse to the transpondér. The message acceptance
pulse, when received by the transponder, causes the ﬁransponder transmitted pulse

t0 lengthen from 6 to 10 microseconds and remain in this condition for three

8-241
CONFIDENTIAL



|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| _

———— — e e —
254 PPS TRANSMITTING
TINE SPIRAL
REFERENGE
SYSTEM
|25o PP$ CN $/C 5 THRU 9 1-USEC PULSES 1150 WT, FK.
PRF TRIG XMTR. 4
MULTI. MODULATOR 1528 M&
Iuo PPSON S/C 10,11, & 12 ¥
TG ANALOG AND DIGITAL 2-USEC
RANGE START INPUTS DELAY MuLTI
Az ELEVATION REFERENCE
SPIRAL SPIRAL SPIRAL
: i
! ANTENNA : ! DITHER
i e SWITCHING i SWITCH
i T i
' L,O, STCP ke RF
H .0,
;  EL ZERO DRIVE SWEEP
AZ SERVO AZ SERVO EL SERVO EL SERVO RCVR
MOTOR AMPLIFIER AMPLIFIER MOTOR E'—ﬂ
1 T =<{
i I i
l | g
AZ OIGITAL AZ BOX CAR EL BOX CAR EL GATE
ENCODER DEMOD, DEMOD. ENCODER GEN
T ! b q
| AZ GATE _ &0
Fy J VIDEO M EL GATE i s
AZ INDUCTION EL BOX EL. INDUCTION TARGET
POTENTIOMETER AZ BOXCAR OXCAR POTENTIOMETER [<] VERIFICATION
10 YAW
FLIGHT
DIRECTOR pi1ch
AZ OFF-ZERO AZ PREACQ. EL PREACQ ELOFF-2ERO | | |
DETECTOR SWITCH SWITCH DETECTOR
A PREACQ. LOCP DISABLE 1
AZ ZERO DRIVE *
400 CPS REF, D=
10 /AR €
METER
R, AZ,EL <
TO COMPUTER RANGE STOP
SHIFT ¢ DIGITAL e ANALOG
REGISTER RANGE I RANGE
RANGE START FROM
RADAR 2-USEC MULTI
TRANSPONDER
DIPOLE
2 USEC ANTENNA (———Y
oey |
CIRCULATOR
SUFFICIENT
ANTENNA
AMPLITUDE ENABLE MODULATOR TRANSMITTER
DETECTOR 1428 Mc SWITCHING

CONFIDENTIAL
SEDR 300

PROJECT GEMINI
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transmissions. The rader detects the additional pulse width and effects

the illumination of the Message Acceptance (MSG ACPT) la.mp

The previously described system operation affects onlj the radar pulse
repetition frequency. This uperation results in no aiteration or intepr-

ruption to the radar system.

5YS UNITS

RADAR MODULATOR AND TRANSMITTER

When the RADAR switch is in the STBY position & hold of‘f signal is applied to
the high voltage portion of the radar power supply to gprevent it from producing
the high voltage required by the transmitter tube. When the pillot places the
RADAR switch to the ON position, (Figure 8-67) the hoid. off signal is removed,
the 1650 volts dc is produced and applied to the trans?;mitter tube, and the radar
comuences transmitting in the search mode. In the seérch mode the pulse
repetition frequency trigger muliivibrator osclllates 1&1‘. 250 cycles per second
for radars on spacecraft five, six, seven, eight and nj,ine, while on spacecraft
ten, eleven, and twelve the trigger multivibrator osc.‘g?]lates at 240 cycles per
second, generating a square wave which is used to trigger the modulator.

The modulator output is a series of ome microsecond p&sitive pulses which
triggers the transmitter tube. The transmitter tube q;utput is a 1528 megacycle,
1 microsecond, 1150 watt pulse at a repetition rate e¢ual t0 the output of the
pulse repetition fregquency trigger multividbrator. Th? transmitter output

pulse 18 coupled to the transmitting dual spiral antex%;na and radiated in order
to interrogate the transponder.
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Figure 8-68 Transponder Antenna System Coverage
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The transponder utilizes two antenna systems, (Figure 8-68) a dipole antenna

TRANSPONDER ANTENNA

srray and two dual spiral entennass, The selected antenna system is connected

to the transponder by an antenna select switch. The dipole antenna arrey is
located on an extendeble boom which is retracted until after the target vehicle
enters the orbit phase of the mission. The spiral anﬁennas gre located on either
side of the Target Docking Adapter and are mounted fl@sh with the surface of

the adapter (Figure 8-65).

The dual transponder antenns systems are designed to provide spherical coverege
about the target vehicle, The dipole will provide omnidirectional coversasge in
the horizontal plane. The dipole pattern is doughnut shaped with the dipole
located in the center, The beam width considered in Qny horizontal direction
is plus or minus 25 degrees at the half power points, The array has & minimum
gain of 3.5 db, In order to provide effectively sphefical coverage the spirals
will operate in the space above and below the dipole ﬁattern. The spiral beam

width is plus or minus 35 degzrees and the minimum gaiﬁ of esch spirel is 7.5 db,

The initial condition of the transponder will be with the internal circuitry
connected to the dipole arrsy and the spiral antennas%disconnected. The dipole
array is selected since this provides coverage for the anticipated acquisition
area, The initial rader pulses received by the transﬁonder enables the sufficient
amplitude detector. The detector turns on the high v%ltage required for trans-
mitter operation, thereafter it monitors the receivedisignal to ensure adequate
strength. Should the signal level decresse below a sﬁecific level the detector
causes the transponder to switch to the opposite anteﬁna system in search of

grester strength,
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Figure 8-69 Radar/Transponder Receiver Block Diagram
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SUFFICIENT AMPLIIUDE DETECTOR

The signal from the transponder video circuit is applied to the Sufficient
Amplitude Detector (SAD). During the initial portion of the mission, when the
transponder is in standby, the SAD monitors the antenﬁa system for the initial
interrogate pulse from the radar. When the first pulées are recelved it places
the transponder in the transmit mode by activating the high voltage. While the
transponder is operating the SAD monitors the received signal strength; if it
decreases below a specific level it selects the cpposite antenne system in order
to seek greater signal strength. Should the 1nterrog§te signal be lost, the SAD

causes the transponder to contimmally cycle from one antenna system to the other

until lock-on re-occurs.

TRANSPONDER CIRCUIATOR |

The transponder circulator (Figure 8-67) is a transmi#/recetve device which
permits the receiver and transmitter to operate by thg seme antenna. The
circulator provides a low attenuation path for the rf?from the transmitter tube
to the antenna and a low attenuation path from the anfenna to the receiver.

The directivity of the circulator provides a high attgnnation,and enables the

blocking of the main bang from the receiver.

RECEIVER

The trensponder and radar receivers (Figure 8-69) areipractically identicel in
most respects. There are some differences, principalhy in the input circuit.
The receiver will be explained in the following way.  The difference in the
input circultry will be discussed first, then the porﬁion of the receiver from
the bandpass filter to the video circults output. An&omatic frequency control

and automatic gain control will conclude the discussion of the receiver.
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Figure 8-67 shows the three receiving spiral entennas and the manner in which

Radar Receiver IngEE

the rf is comnected to the receiver. As will be discussed later in the radar
receiving antenna system paragraph, the radar compares phase relationships on
two receiving entennas et a time during each refurn pulse, Because the radar
compares phase relationships while the transponder does not, the input circuits
are different. The two rf signels being compared in phase are combined in the
hybrid (Figure 8-69). The signal path of the combined rf is through the circula-
tor, the bandpass filter, the voltage controlled attenuator and into the mixer,
The load associated with the radar circulator is required because of the voltege
controlled sttenuator, (Refer to the discussion of the voltage controlled
attenuator below, where its operation in both receivers is explained.,) The
load associsted with the radar hybrid switch is explained in the gete generator

discussion,

Transponder Receiver Input

As Figure 8-69 shows, both spirals are comnected to a hybrid, Since only one
spirel et a time will be directed towerd the radar, the signal received on
either one will pass through the hybrid to the antenna select switch, The
signal is passed through the circulstor, the bandpass filter, and the voltage«
controlled attenuator to the mixer., The loads associated with the transponder
hybrid are required for equal power division in the hybrid. If neither spiral
was directed towerd the redar, the signal would be received on the dipole,
passed through the antenna select switch and on to the mixer in the same way

as was described for the spiral.

8-248
CONFIDENTIAL




CONFIDENTIAL
SEDR 300

PROJECT GEMINI ﬂ]

dpass ters
The bandpass filters in the transponder and the radar %are i{dentical; however,
the frequencies to which they are tuned are differen‘b; Each filter is tuned
at the transmit frequency of the other unit. The mdér is tuned to 1428
magacycles and the transponder 1is tuned to 1528 megacjfrcles. These filters
provide the required interference rejection and help $eep the transmitter

main bang out of the receiver.

Voltage-Controlled Atteguators
The voltage controlled attenuators in the radar and the trancponder are identi-

cal. The purpose of the attenuator is to prevent sahitration of the mixer by
holding the mixer input to a minus 12 dbm maximum. T]ipe attenuator is inoperative
at far and middle ranges. Operation commences as thei range decreases and the
power at the receiver increases. The attenuator is a solid-state device with

a paximum attenuetion of 24 db. The attenuation is ci-mtroued by a delayed

automatic gain control voltage which varies from O toi minus 6 volts.

The voltage-controlled attenuator produces attenuat:lo# by jmpedance mismatching.
In the radar, the impedance mismatch tends to reflect% the wave back to the
input, which is the circulator. Due to the directioa;al characteristic of the
circulator described earlier, the reflected wave will‘ not back up through the
eirculator the same way it enters. The path that the§ reflected wave takes
through the circulator terminates in & load reaistaneje ; thus the reflected

wave is prevented from becoming & standing wave. mP precaution is taken in
the radar because standing waves could upset sta'bilitiy and render the angular

measurements inaccurate.
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The voltage-controlled attenuator in the transponder functions in a similar

manner; however, standing waves are not avoided. Never the less, attenuation is
effective, and the mixer is prevented from saturating. Since no eritical
measurements are made in the transponder the standing weves produce no

unfavorable effects.

Automstic Frequen trol

The automatic frequency control circuit in the transponder and radar is comprised
of the locel oscillator, the mixer preamplifier, the narrow band amplifiers

and detector, the amplifier limiter, the discriminator and gate, and the AFC
varactor and sweep circuit (Figure 8-69). The varactor, a solid-state voltage-
controlled variable capacitor, is the heart of the AFC circuit. A 0.2 cycle

per second sweep voltage is applied to the varactor when the receiver is turned
on. This voltage causes the local oscillator frequency to vary over a l-mega-~

cycle band about its operating frequency.

In the transponder, when the 1528 megacycle interrogation pulse is received, it
is applied to the mixer. Here the 1557.5 to 1558.5 megacycle output of the
local oscillator beats with it, and the 30 megacycle Intermediate Frequency (17)
is produced. The IF is applied to the wide band and narrow band amplifiers. The
signal selector gate initlally selects the narrow band output since it is larger.
Five pulses in 16 milliseconds produce the stop sweep pulse which ends the local
oscillator sweeping. This prepares the varactor to be controlled by the dis-
criminator. The narrow band signal is amplified, limited, and discriminated. If
the video exceeds the predetermined threshold, a 1 microsecond pulse is supplied

which opens the discriminator gate and allows the discriminator output to control
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the varactor. The discriminator increases the frequency if it is low, decreases
it 1if it is high. There 1s no output from the discriminator whern the IF is

exactly 30 megacycles.

In the radar, when the 1428 megacycle return pulse 1s received, the 1L457.5

to 1458.5 megacycle output from the oscillator beats with it. Twelve pulses in
48 milliseconds are required to produce the target verification pulse which stops
the varactor sweep. The 1 microsecond miltivibrator (Figure 8-70) produces the
disceriminator gate which enables the diseriminator to control the varactor.

The IF is maintained to 30 megacycles.

Automatic Gain Control (AE{

Receiver gain in both the radar and the transponder must be adjusted automati-
cally to accommodate a wide range of input signal levels. Figure 8~71 shows
how the narrow and the wide band channels are controlled by nolse levels, input
signals, and range. The narrow band channel has 14 db higher gain than the
wide band channel. Since the signal selector gate (Figure 8-69) will select
the higher output to operate the video circuits, the narrow bapd circuit will
have control at the distant ranges. XNarrow band gain will be controlled by the
narrow band noise feedback voltage. When the narrow band signal assumes control
of the narrow band gailn, the outputs of the narrow band noilse detector and sig-
nal detector are both applied to the AGC selector. The AGC selector controls
the narrow band gain. The wide band signal has also been increasing with the
input slgnals and the decreasing range. As the side-band signal reaches the
predetermined level, it is selected by the signal selector gate and assumes

control. The wide band signal applied to the AGC selector along with the
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narrow band noise detector output further reduces narrow band gain and narrow
band nolse. As range continues to diminish and input signal to increase, a
greater AGC voltage is developed to hold the signal at the precietemined level.
The AGC delay is overcome and AGC is applled to the voltage-controlled attenu-
ator and the mixer presmplifier at near range. AGC in these receivers is capable
of maintaining a constant output level with input signals wesker than -83.3

dbm at 160 nautical miles to signals of +12 dbm at a range of 20 feet.

TRANSPONDER MODULATCR AND TRANSMITTER

The transponder transmitter is placed in the standby mode by the uhf command
link. A hold off signal is applied to the high voltage portion of the trans-
ponder power supply to prevent 1t from producing the high voltage required hy
the transmitter tube. The initial Interrogate pulses from the radar surpass
the threshold of the sufficient amplitude detector and cause the removal of
the hold off signal. The 1590 volts de is produced when the signal is removed
and the transmitter commences transmitting. In the transmit mode the inter-
rogate pulse from the radar 1s received at the transponder, delayed for 2
microseconds, and used to trigger the modulator. The moduletor output is &

6 microsecond positive pulse which triggers the transmitter tube. The trans-
mitter output is a 1428 megacycle, 6 microsecond, 1150 watt pulse at the
interrogate pulse repetition frequency. The transmitter output pulse is
coupled through an rf switch to either the pair of spiral antemmas or the

dipole antenna array and radiated.
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RADAR RECEIVING ANTENNA SYSTEM

Antenna System Description
The readar recelving antenna system consists of three dual spirel antennas 6.5

|
inches in diameter. The receiving antennas, along with the transmitting antenna,

form a square array spaced 0.82 wave length apart. Tﬁe three receiving antennas

\
are: the azimuth antenna, the elevation anterna, and|the reference antenna,

The azimuth and elevation antennes are rotatable and ére pressurized to aid
Iubrication in the space enviromment. They are retur#ed to zero rotation by

a preacquisition loop. The reference antenna and the%transmitting antenna do
not rotate and are not pressurized. The spirals are }aised about & quarter
wave length (2-1/8 inches) above the radar face plate* and have a circum-
ference of 2.k wave lengths (20.5 inches). Thelr cha%acteristic impedance is
75 ohms. The receiving antennas are operated in pair%, using the reference
antenna as the common element, to measure the target ﬁearing angle. The radar
uses time sharing of the 6-microsecond return pulse, %nterferometer measurement

technlques, and phase dither to obtain complete track#ng information.

Azimuth and Elevation Antenna Zeroing

The smount that the azimuth and/or elevation antenna %s rotated is the measure
of target position. When the radar is tracking a taréet and these antennas are
following the target's changing position, lock on may?be interrupted. When this
happens, it 1z desirable to return the antennas to zero rotation. A circuit
called the preacquisition loop is provided to do this%when the target pulse

1s not being received. The loop comsists of the preaéqnisition switeh, a 40O
cps reference voltage, output from the induction pote%tiometers, a detector,

the servo amplifiers, and the servo motors.
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The loop compares the output of the induction potentiometer with a 400 cps

reference voltage. If the antenna is off zero, an error voltage is produced
in the detector output. The error voltage drives the servo amplifier which
turns the sexrvo motor. As the rotation angle decreases, so does output of
the indiction potentiometer; and when the potentiometer output is zero the
error voltage snd the rotetion angle are zero. As soon as lock on is estab-

lished, this loop is disabled by the target verification signal.

Return Pulse Time Sharing
There is a reason why the transponder transmits & 6 microsecond pulse in reply

to l-microsecond interrogation pulse. If only range data and automatic frequency
control voltages were obtailned from the pulse a similisr 1 microsecond pulse
would be wide enough; but the azimuth and elevation angle of the target must be
obtained from the same pulse. The interfercmeter technique of angular measure-
ment (which will be described later) required that two antennas in the horizon-
tal plane receive the return signal. The signal on the two horizontal antennas
must be present for an interval long enough to compare their phase relationship.
Next, two antennas in the vertical plane must receive components of the return
signal long enough to compare their phase relationship. In this system, the
optimum interval for the phase comperison is 2 microseconds. For this reason

the transponder sends back a 6-microsecond pulse.

e Division
The return pulse must be divided into 3 parts each time it is received. (Figure
8-70). The first part, one microsecond, will be used for range measurement
and automatic frequency control of the local oscillator and receiver inter-
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mediate frequency. The second part will be used for @azimu‘bh angular measurenent,
and the third part will be used for elevation angular‘ measurement. The first
interval will be made 1 microsecond; the second and tjhird, 2 microseconds each.
These intervals add up to 5 microseconds; the rmnainijng 1 microsecond is not

used.

GATE GENERATOR

The key circuit which controls pulse division, witc@ing and time sharing is
the gate generator. Figure 8«70 illustrates how the %ates which perform the
required switching ere generated. To understand the %switching that 1s done,
the gates that are generated and used, and how the reﬁturn pulse time is shared,
it 1s necessary to know the static conditions before %the pulse is returned,
the return signal path, and the sequence in which the§ getes and switches

operate.

Static Conditions Before Arrivael of Return Pulse
While the radar 1s waiting for the return pulse from }the transponder, the

following conditions prevail: The azimuth RF sw:l-bch,g the elevation RF switch,
and the hybrid switch are open. The open azimuth andi elevation switches pre-~
vent rf, which arrives on these antennas, from being it:c»:.\ne«:zt‘.ec]. to the hybriad
and receiver. Thus this rf cannot be mixed with the reference antenna rf
until the proper gate voltage is applied. The open hybrid switch keeps the
hybrid load disconnected from the hybrid. The dither switch is closed in ome
of its two positions. All of the multivibrators (except the dither bistable

multivibrator) are onme-kick mAdtivibrators, and in the guiescent state. They
are walting for the return pulse to trigger them in Quccessim.
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The reference anterma is the only receiving antenna initielly commected to

Return S@gnal Path

receive the return pulse, Following the errows from the reference antemnna to
the input to the gate generator on Figure 8~TO, the signal flow is as follows,
The 6-microsecond pulse enters the reference antenna and flows through the dither
switch and selected stub, the hybrid, the circulator, the bandpess filter, the

voltege~-controlled etenuator, and the receiver, and enters the gate generator.

Gate and Switching Sequence

When the transponder pulse arrives at the antenna system, it enters the reference
antenna and follows the described path to the gate generator. Here, it is
applied as a G-microsecond video pulse to the range threshold and multivibrator,
If the pulse amplitude is large enough, the leading edge of the video pulse trig-

gers the multivibrator. Then the whole process of gating and switching begins,

Range Threshold Multivibrator Funcitions

The on-period of the range threshold multivibrator is 12 microseconds, This
threshoid multivibrator has four functions: First, the leading edge of this 12
nmicrosecond pulse terminates the range messurement in both the digital end analog
range circuits., Second, five of these pulses are integrated by the target veri-
fication circuit to produce the {arget verification signal, The target verification
signal stops the AFC sweep (Figure 8-69), and disables the preacquisition loop.
Third, the leading edge of the threshold multivibrator output has no effect on the
dither bistable multivibrator. The dither multivibrator and switch remasin locked

in position throughout the return pulse, Fourth, the one-microsecond multivibrator

is triggered by the leading edge of the threshold multivibrator output.
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One-Microsecond Multivibrator Functions

The l-microsecond multivibrator has three functions: First, it gates the dis-
criminator output into the AFC varactor (Figure 8-.69). This gate permits the
output of the discriminator to continually correct the local oscillator frequency
to 1458 megacycles, Second, the l-microsecond gate is applied to the azimuth end
elevation boxcar detectors simultenecusly. The gete dumps the charges built up
in these detectors during the preceding sampling intervel, Third, the trailing
aedge of the l-microsecond gate triggers the 2-microsecond multivibrator.

(Figure 8-70)

Azimuth Two-Microsecond Multivibrator Functions

The 2-microsecond pulse generated by the azimuth multivibrator is the azimuth
gate, This gate performs five functionss: First it ejcites the azimuth rf switch
driver, The driver closes the agimuth rf switch., The switch connects the azimuth
antenna to the hybrid (Figure 8-70), Second, the gate enters the hybrid or

gate and excites the hybrid switch driver, The drivef closes the hybrid switch,
The switch connects the load during the azimuth angle;measurement. This load
flattens the line and prevents standing waves from prqducing erratic messure-
ments, Third, the gete permits the video received during this intervel to
develop a charge voltege in the azimuth boxcar detector (Figure 8-72). The
charge voltege is leter demodulated to provide the control voltage for the
azimuth servo motor. Fourth, when the azimuth gate ends, the azimuth rf switch
is opened, The switch disconnects the azimuth antenna (Figure 8-70), Fifth,

the treiling edge of the azimuth gate triggers the elévation 2-microsecond

multivibrator.
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ELEVATION TWC-MICROSECOND MULTIVIBRATOR FUNCTIONS

The output of the multivibrator is the elevation gate% It performs five
functions: First, it keeps the hybrid switch closed and the load applied to the
hybrid. Second, it closes the elevation rf switch an& connects the elevation
antenna to the hybrid. Third, it permits the video réceived during this interval
4o charge the elevation boxcar detector. This voltage charge is later demodulated
to become the control voltage for the elevation servo motor. Fourth, the end of
the azlmuth gate opens the elevation rf switch and disconnects the elevation
antenna., Fifth, the end of the gate also ends the drive to the hybrid switch

and disconnects the hybrid load.

DITHER BISTABLE MULTIVIBRATOR FUNCTION

The dither bistable multivibrator has one function: ﬁo change the position of
the double-pole double~throw dither switch. The dithgr multivibrator is insensi-
tive to the leading edge of the 12-microsecond threshéld multivibrator pulsé.
However, the trailing edge of this pulse will trigger%the dither multivibrator.
Hence, the dither switch and stub are changed 6 microéeeonds after every return

pilse ends.

SPIRAL ANTENNA IN ANGUIAR MEASUREMENT

Interferometer Measurement of r Displacement

The method of measuring sngulsr displacement employed in the Rendezvous Radar
System uses rf waves from 2 point source, the operating transponder antenna
(Figure 8-72). These waves are received simultaneousiy'by two of the three
spiral receiving antennas of the Rendezvous Radar, Tﬁe length of the rf path
to the reference antenna is compared first with the length to the azimuth

antenna, then with the length to the elevation antenns. The transmission lines
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from the three receiving antennas are wired so that rf voltage induced in

the azimuth and elevation antennas will be 180 degrees out of phase with rf voltage
induced in the reference antenmna, if the transponder is on the radar boresight
axis. The sum of two compared voltages wlll be zero. If, however, the trans-
ponder is off the boresight axis, in azimuth for instance, the path lengths

to the reference antenna and to the azimuth antenna will be different. There-
fore, the phase difference between the RF voltage induced In the two antennss

will not be 180 degrees. As a result, there will not be complete cancellation

(or & null) as before. A voltage proportional to the displacement from the

boresight axis will result. This voltage is called the error voltage.

i otation ror Voltage
The method used to null out the error voltage constitutes the interferometer
method of angular measurement. This method depends upon a pecullarity of the
spiral antenna, The spiral antenna shifts the phase of the rf voltage induced
in it as it is rotated about its center. Therefore, the 180~degree phase
difference between the azimuth and reference antennas can be obtalned by rotating
the azimuth antenna. The smount of azimuth antenna rotation required to get
the null is proportional to the target displacement in azimuth. If the error
voltage is used to drive a motor which rotates the azimuth antenna, then when
the m1l is reached, the error voltage is zero, and the motor stops rotating.
The antemnma also stops rotating. If 2 sensing device is put on the azimuth
antenna which counts the angular mils of rotation or generates a voltage pro-
portional to the rotation, a digital or analog measure of the target's angular
displacement in azimuth from boresight is provided. Figure 8-72 shows that this

is what 1s done. Displacement in elevation is measured in a similar manner.

8-262
CONPIDENTIAL




CONS:IDINTIAL

DR 300 i
|

PROJECT GEMIt

C "l

DITHER SWITCHES
Interferometer measurement of target angle does not {ield direction data. Inter-
ferometer measurement tells how much the target is o*f the boresight axis but

not in which direction. To establish target directi&n, dither is added.
\

the es r Direction %
The phase dither circult contains two single-pole, double throw diode switches
and two different lengths of transmission line, ca11$d stubs., The diode switches
are Installed in the transmission line between the r%ference antenna and the
hybrid. One position of the diode switches is associated with the short stud
of transmission line, the other position with the loﬁg stub. Successive trans-
ponder pulses are received in alternate positions of three switches. After each
transponder pulse has been received, the positions of the dither switches are
changed. Signals from the target on the pllot's 1ef£ or from below the bore-
sight axis are reinforced by the long stub, weakenediby the short stub. Signals
from the target on the pilot's right or above the bo%esight axis are reinforced
by the short stub, weakened by the long stub. Signais along the axis are equal
on both stubs but oppositely polarized; these signalg average out to zero. Since
target position 1s associated with a reinforced signﬁl in & given position of

the dither switches, dither can detect target directions.

mmmmnm(n/‘g)mm

- During the catch-up phase, the closing range rate injfeet per second may be
equal to or less than the square root of the nnmericél value of the range in
feet. This means, for instance, that at 300,000 feef, the maximm closing

range rate is 54T feet per second; at 30,000 feet, 173.2 feet per second; but
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Figure 8-73 Range/Range Rate Meter and Operating Curve
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at 3,000 feet, 5h.T feet per second is maximum. The range and range rate

scales are srranged concentrically on the R/ﬁ meter so 'bhat the range is on a
radius directly adjacent to the maximm closing rate. (Figure 8-T73) Hence, as
long as the range rate needle precedes the range needle toward zero, the closing
rate is not excessive. When the indicating edges of the needles colncide as the

needles move toward zero, the maximm tolerable closing rate is indicated. If

the range needle precedes the range rate needle toward zero, the closing rate

is excessively high.

Vernier range rate is indicated in one foot~per-second 1ncrements from plus 5
to minus S feet per second on the scale located above cén‘ber on the R/ﬁ meter.
The indicating needle for the vernler meter is usually off scale and out of

sight until the spacecraft is within very near range oﬂ the target.

RANGE SWEEP CIRCUIT

Compression and Expansion of Meter Scales

The range and range rate meter scales are clearly nonlinear. Maximum values
are compressed, minimum values are expanded. This is d,jone because precision
indications of range and range rate become far more cr:litical a5 the range

to target closes,

Range Sweep Expansion and Compression

In order to make a current-operated meter indicate the range and range rate
with high sccuracy, & special range sweep circuit is u%ed (Figure 8-73). The
rate of voltage change with time during the first 6.1 xijxicroseconds of sweep is

the most rapid. Thus the range indication from O to 3 iOOO feet is the most
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expanded, During the next 54,9 microseconds of the sweep, the voltage increeased

with time at about 1/9th the rate of the first 6.0 microseconds, The range
indication from 3,000 to 30,000 feet is expanded to a reduced extent. During
the last 549 microseconds of the sweep, the voltege increases at 1/90th the

rate of the first 6.1 microseconds, The range between 30,000 and 300,000 feet
is compressed into a small portion of the scale, Thus the near range is 9 times
more sensitive than the middle range and 90 times more sensitive then the far

range.

Range Measurement

Range is measured by sampling the sweep voltage at a time coincident with the
leading edge of the transponder return pulse. The sampled voltage is stretched

into & dc voltage, and applied to the range meter winding.

Range Rate Measurement

Range rate is a function of the difference in range voltages on successive
transponder pulses, This voltage difference is monitored, shaped and amplified
in & circuit controlled by the same logic thet changes the range sweep slope.

It is spplied as a de voltage to the rangé rate meter coil on the far and inter-

mediate ranges, and to the vernier range rate meter coil on the near range.
DIGITAL RANGE COUNTER

Range Gated Clock Pulse Count

A high-speed digitel counter counts 10-megacycle clock pulses during the range
gate to generate the digitel range count. (Figure 8-67 and 8-69). The clock

pulses are produced by a 10 megacycle crystal-controlled oscillator in the
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spacecraft rader. The range gate is started 2 microsefzonds after the leading

edge of the interrogating pulse. This 2-microsecond djelay compensates for
a similer delay through the transponder. The range gate is closed by the

leading edge of the transponder pulse.

Relation of Range to Clock Time

One cyecle at 10 megacycles equals 0.l microsecond or 50 feet of radar range.
Digital renge supplied to the computer is the average pf four successive digital
counts of the range to the target. Accuracles within 50 feet or 0.1 percent of

the range (whichever is larger) are cbtained for ranges up to 250 nautical miles

RADAR POWER SUPPLY

Primary Power Requirement

Primary power to operate the rendezvous radar is obtalned from the spacecraft
source. Voltage from this source may vary between 22 and 30 volts de, Noise
and transients produced by various spacecraft equipmeﬁt will alsoc be present

in this power. Filtering of the primary power is essejntial..

Electrieally operated equipment in the spacecraft w:tll reduce the voltage
available from the source. The radar requires a meansj of maintaining its
primary power voltage at a high and constant level, e\jren though source voltage

is reduced consider=bly.

Input Filter and Boost Regulator

Unregulated primary power is applied to the radar pow#r supply input. An iInput

filter removes the noise and transients. A boost m@l&tw uses & portion of
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Figure 8-74 Radar and Transponder Power Supply Block Diagrams
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the filtered primary power to generate a voltage to 2dd in series with the

primary voltege. The voltage generated depends on the difference between

31.7 volts dc {the boost regulator output) and the pfimary voltage. The boost
regulator generates 1.7 volts de and addé it in seriés when the primery voltage
is 30 volts dc., As the primary voltage decreases, tﬁe boost regulator output

incresses by an equal amount (Figure 8~Th).

DC-to~AC Inverter

The de to sc inverter changes the regulated 31.7 volts de into 31 volts =ac.
The satursble reactor which is connected across the inverter stebilizes the
output. The inverter energizes the power transformef. Multiple secondary
windings provide a1l the voltages which the radar reéuires. Nine of the ac
output voltages are rectified and filtered. Two of these, the plus and minus
15 volts de, are used without regulation. The remaiﬁing seven rectified and
filtered outputs are regulated, A<short-circuitﬁpro§f circuit is bullt into
each regulator, The regulators of the plus 120 volt# de, the plus and minus
4O volts dc, and the plus and minus 20 volts de are éach operated by the
voltages they regulate, The plus and minus 6.3 volts de do not provide a
high enough voltege to operate their regulators, Thérefore, additional
higher voltages from the power transformer are provi@ed to operate these

regulators,

High Voltage Power Supply

The transmitter requires plus 1650 volts dc plate voltage to produce the
1150-~-watt peak power interrogator pulse, A.high-volﬁage power supply capable

of generating this voltage is therefore provided, Aithough another winding
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could have been added to the power transformer to supply the high ac voltage
needed, transients would be spplied to the common transformer each time the
transmitter was fired. Consequently, & separate dc to ac inverter and high-
voliage transformer were used.’ Only a 6.3 volt ac switch voltage for the
high-voltage inverter was taken from the common transformer., In the standby
state, the regulated 31.7 volts dc 1s applied to the high-voltage inverter,
The switching voltage is applied through the current limiters to the high-
voltege inverter, but is grounded out by the switching transistors which are
conducting, The holdoff signal applied by the RADAR switch in the STBY
position to the switching transistors causes them to conduct, preventing the
high-voltage inverters from operating. When the pilot puts the radar in the
search mode, he places the RADAR switch to ON, This action removes the hold
off voltage, and permits the 6,3 volts ac to switch the inverter on and off.
As the inverter is switched, the ac voltage is generated and applied to the
high-voltage transformer, The transformer steps up this voltage and applies
it to & voltage doubler. The voltege doubler rectifies and doubles the ac
output of the transformer, and delivers plus 1650 volts dc to the transmitter

tube plate, No high-voltage regulastion is required,

TRANSPONDER POWER SUPPLY

Power Supply Similarities

By comparing the block diegrems (Figure 8-T4) of the radar and transponder
power supplies, the similarities will be apperent. Both power supplies use a
boost regulator, & dec to ac inverter, a power transformer, rectifier, filters,

and regulators to provide plus 120, minus 40, plus and minus 20, and plus 6.3
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volt de outputs. The same high-voltage circuitry is also used.

Transponder Power Supply Differences

Cexrtain differences, of course, between the two powejr supplies do exist. The
following are the differences: The transponder doe% not require the plus Lo,
minus 6.3, and plus and minus 15 volt dc power supp]%ies. The current drains
on individual supplies differ owing to the peculiar ineeds of the two units.
The transponder high-voltage power supply is turned gon when the sufficient
amplitude detector triggers the enable delay circuité and removes the hold off
voltage. Less transmitter power is used in the t@sponder to protect the

solid-state antenna select switch (Figure 8-69).
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ENCODER CIRCUIT BREAKER

G

ENCODER CONTROLLER \RIGHT SWITCH AND.CIRCUIT
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Figure 8-75 Command Link System
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COMMAND LINK SYSTEM

SYSTEM DESCRIPTION

The Commaend Link System (Figure 0-75) is incorporated into the Geminl Space-
craft to allow the spacecraft pilot to control the target vehicle., Command
link control is used as a means of positioning the target vehicle in the de-
3ired attitude and orbital path, of turning acquisition and approach lights on
or off, and Tor controlling Communications and Instrumentation Systems required
for ground monitoring. Using the radar rf transmission prior to docking and a
hardline umbilical after docking, the command link is capable of transmitting

8 possible 128 commend messages (Figure 8-76). Commands presently allocated
and g corresponding three digit number for each of the commands are listed in

Table 8-3,

Prior to docking the command link mey be used any time that the rendezvous

radar aboard the spucecraft is locked onto the radar transponder located in
docking adapter of the target vehicle. The desired command message is inserted,
by the pilot, into the encoder controller, located below and slightly aft of the
vight switch/circuit bresker panel. The message is £hen transmitted by pulse
position modulation of the radar transmission through the transponder to the

target vehicle programmer.

After docking, the command link wessages are routed throngh the hardline
umbilical., The method by which the pilot inserts the desired message remains
unchanged, The commend link also provides the pilot with the capsbility to

uwndaten from the target wvehicle at the completion of the mission,
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Figure 8-76 Command Link System Block Diagram
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TABLE 8-3
COMMAND FUNCTION LIST
AGENA TARGET VEHICLE

SPACECRAFT REAL

COMMAND TIME |
NUMBER COMMAND §COMMAND TITLE
001 0000001 C-Band Beacon On %

010 0000010 S~Band Beacon On |

011 0000011 Modulation Bus Select Normal
020 0000100 Modulation Bus Sel%ct Reverse
021 0000101 Telemetry On :

030 0000110 Telemetry Off |

031 0000111 Stored Data Readou€

okl 0001001 Record Data

050 0001010 C and S~Band Beaco%s of s

060 0001100 Reset Timer Reset i

061 0001101 Time Word Reset

070 0001110 L-Band Beacon Off

o7l 0001111 L-Band Beacon On

140 0011000 Approach ILights Ofﬂ

141 0011001 Approach Lights On

151 0011012 Extend Boom Antenna

160 0011100 Antenna Transfer, Ascent

161, 0011101 Antenna Transfer, Orbit

200 Q100000 Agens Status Displqy Off

201 0100001 Agena Status Displ%y On Bright

211 0100011 Agena Status Displ#y On Dim
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SPACECRAFT
COMMAND
NUMBER

220
221
2%0
241
250
251
260
270

271

REAL

TIME
COMMAND
0100100
0100101
0101000
0101001
0101010
101011
0101100
101110
0101111
110000
0110001

0110010

0110011

0110100
0110101
0111000
0111001
0l11010

0111011

PROJEGT GEMINI ﬂ]

TABLE 8-3 (Continued)
COMMAND FUNCTION LIST
AGENA TARGET VEHICLE

CCMMAND TITLE
Adapter Unrigidize
Adapter Ridigize
Stored Program Commands Disable
Stored Program Commands Enable
Acquisition Lights Off
Acquisition Lights On
Dipole Select

—

Spiral Select
Power Relay Reset
Horizon Sensor Off

Horizon Sensor On

Roll Horizon Sensor to Yaw, Inertisl
Reference Package On

Pitch Horizon Sensor to Yaw, Inertial
Reference Package On

Horizon Sensor to Yaw Out of Phase
Horizon Sensor to Yaw in Phase
Velocity Meter Interrogate
Gyrocompassing On

Geocentric Rate Off

Geccentric Bate On
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COMMAND
NUMBER

360

ho1
k10
b1y
k20
W21
420
431
Lho
by
450
451
460
k710
471

PROJECT GEMINI ﬂ]

TABLE 8-3 (Continued)
COMMAND FUNCTION LIST
AGENA TARGET VEHICLE

REAL
TIME
COMMAND COMMAND TITLE
0111100 Geocentric Rate Re%erse
0111101 Geocentric Rate Nb?mal
0111110 Attitude Control System Pressure lLow
0111111 Attitude Control S&stem Pregsure High
1000000 Attitude Control System Off
1000001 Attitude Control system On
1000010 Pitch/Yaw Minus
1000011 Pitch/Yaw Plus
1000100 Pitch/Yaw Low Rate
1000101 Pitch/Yew High Rate
1000110 Pitch Rate Off
1000111 Pitch Rate On
1001000 Yaw Off
1001001 Yaw On
1001010 Attitude Control System Deadband Narrow
1001011 Attitude Control S&stem Deadband Wide
1001100 Attitude Control S}stem Gain Low
1001110 Attitude Control S&stem Gain High - Undocked
1001111 Attitude Control s}stem Gain High - Docked
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TARLE 8-3 (Continued)
COMMAND FUNCTION LIST
AGENA TARGET VEHICLE

SPACECRAFT REAL
COMMAND TIME
NUMBER COMMAND COMMAND TITLE

500 1010000 Primary Propulsion System Cutoff

501 1010001 Primary Propulsion System Start

520 1010100 Velocity Meter Disable

521 1010101 Velocity Meter Enable

530 1010110 Velocity Meter Load O

531 1010111 Velocity Meter Load 1

540 1011000 Velocity Meter to Mode IV Off

Shl 1011001 Velocity Meter to Mode IV On

550 1011010 Secondary Propulsion System Thrust Cutoff

551 1011011 Secondary Propulsion System 16 Thrust
Initiate

560 1011100 Secondary Propulsion System 200 Thrust
Initiate

561 1011101 Secondary Propulsion System Ready

570 1011110 Hydraulics Gain - Undocked

571 1011111 Hydraulics Gain - Docked
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SYSTEM OPERATION

The Command Link System is energized by placing the ENCDR circuit breaker in
the ON position. The ENCDR circuit breaker is located?on the right switch/
circuit breaker panel. The command link may now be used for the transmission

of messages.

To initiate & command the Cemini pilot selects a command from & list provided.
Inserts the corresponding three digit number into the éncoder controller.

For example; Target Docking Adapter Acgquisition Lights%On command number is
251. To transmit this message the Gemini pilot adjusté the encoder controller
to the following positions: +the outer octal dial is tﬁrned to 2, the inner
octal dial is turned to 5, and the binary switch (XMITb is positioned to 1 and
heid until the message cycle described in this section%is completed. The only
effect of the commend link message transmission on the%rendezvous radar is the
changing of the radar pulse repetition frequency. During the message trans-
mission the radar 1s switched from the internal genera&ed pulse to the more

stable Time Reference System generated 256 pulses per second.

The encoder controller output is a seven binary digit (bit) binery word, three
binary bits indicating each octal number and cne binary bit corresponding to the
XMIT switch. The commend message is added to the vehiéle address, consisting of
two binary bits, and the system address, consisting of%three binary bits. The
vehicle address used is the two binary mumbers 1 1, thé system address is 1 O 1.

It is therefore seen that the complete command functioh word is as follows:
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VEHICLE SYSTEM COMMAND
ADDRESS ADDRESS 2 5 1
11 101 0160 010 1

The positioning of the XMIT switch to either the 1 or the O position also

initiates a cne time transmission of the command.

The command link data transmission is accomplished in the following manner., The
Time Reference System provides two trigger pulses to the encoder, both having

a repetition rate of 256 pulses per second. One pulse will be referred to as
occurring at Time Zero (To) end the other at time zero plus 15.2 microseconds
(TO + 15.2). At the time the ENCDR ON circuit breaker is turned ON the radar
commences being pulsed by the TO pulse from the Time Reference System. The
transmit command, initiated by the XMIT switch, causes the information bit to be
teken, one at a time commencing with the vehicle address, and further encoded
into five binary sub-hits. The encoder affects pulse position modulation of the
radar interrogate transmission by allowing the Ty or Tg + 15.2 pulse to trigger

the radar, indicating a O or & 1 respectively.

The interrogate transmission, at the repetition rate of 256 pulses per second,

is received at the radar transponder. The transponder receiver video signal is
applied to the sub-bit detector. The sub-bit detector contains an oscillator
which is synchronized with the received interrogate O pulse. The oscillator
provides two gates, one which occurs in synchronism with the T, pulse and another
with the Ty + 15.2 pulses The coincidence of the received pulse with one of the
above gates results in the identification of the pulse modulation. A decoded O

generates a 25 microsecond pulse across the message complement output and a
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decoded 1 generates a 25 microsecond pulse across the message output. These

pulses are provided to the programmer.

The programmer converts the 60 sub-bits back into the 12 information bits.

The programmer verifies that the sub.bit code is correét, that the vehicle and
system address is correct, and that an acceptable mess%ge was recelved. If the
aforementioned requirements are met the programmer wili provide a message accep-
tance pulse to the transponder. The message acceptancé pulse causes three
consecutive transmissions from the transponder to shif% from the normal six
microsecond pulse width to ten microseconds. The rada% detects the additional
pulse width and causes the Message Accept (MSG ACPT) light, located on the

encoder controller to illuminate for a period of 2.5 seconds.

The illumination of the MSG ACPT Light indicates to thé pilot that an acceptasble
message has been received by the programmer. At this time the pillot may release

the XMIT switch.

SYSTEM UNITS

SUB~BIT DETECTOR

The purpose of the sub-bit detector (Figure 8-T7) is tpe conversion of the radar
transmitted pulse modulation to a pulse form indicativ% of the 0 and 1 sub-

bit code. The sub-bit detector is also used to controi the sending of the

message acceptance pulse to the Gemini Spacecrarft.

Prior to lock-up of the Command Link System the sub-bit detector is held in a
standby state by the incorporation of a pre-acquisitioh loop. The varisasble

frequency oscillator, driven at a rate of 253 cycles pkr second, is insensitive
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Figure 8-77 Decoder Block Diagram
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+0 lesser freguencies. The modulated radar transmis%ion is applied to the detector
in two forms, the transponder receiver video pulse an& 8 pulse in synchronism

with the leading edge of the video. The sync pulse is applied to the oscillator
thereby csusing the frequency to increase to 256 cyclés per second and synchronizing

the early and late gates to the incoming video pulse.

The early gate and late gate, initiated by the variasble frequency oscillator, are
for tracking the interrogate pulse repetition frequency and detecting the trans-
mission of the pulse corresponding to the binary sub-bit 0. The two gates are
each 0.75 microseconds in width and are so related that the trailing edge of the
early gate abuts on the leading edge of the late gate. The combined width of the
gates is slightly more than the video pulse. The video pulse is to be centered
equally between the two gates; any deviation from this condition will result in

an appropriate control voltage applied to the variable frequency oscillator.

The radar modulation is determined by observing the presence of the radar trens-
mission in either the combined early and late gate or the one gate, a 1.5 micro-
second gate occurring 15.2 microseconds from the leading edge of the early gate.
The continuous transmission of the sub-bit O enables the synchronization of the
variable frequency oscillator. A slow frequency cont#ol loop provides memory s0
that a command message may be sent and the oscillator will maintain the correct

0 and 1 time relationship.

The sub-~bit detector provides a 25 microsecond pulse over the message line to
indicate a 1 and a 25 microsecond pulse over the mess&ge complement line to
indicate a 0. These pulses, along, with a sync pulse which occurs for either

0 or 1, are then coupled to the ccmputer.
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Figure 8-78 Encoder Block Diagram
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The command link encoder (Figure 8-78) is provided to link the commands entered

COMMAND LINK ENCODER

into the enceder controller, by the Gemini Spacecraft pilot, to the target vehicle
|

via two completely separate comunication channels. iThe channel initially used is

the rf link using the rendezvous radar transmission as a carrier, the link used

after the docking maneuver is the hardline umbilical}

The command link message is comprised of 12 binary ihformation bits, a vehicle
address, a system address, and a camand function wo&d. The initisl portion of
the message, the vehicle address consisting of two iﬁformation bits and the
system address consisting of three information bits,iare fizxed in content. The
command function word is made up of seven informati&n bits, thereby allowing

128 possible commends.

The task of entering a command by manipulating seve# switches, each having binary
states, is undesirable from & humen factors standpo@nt. An octal form of coding,
entered by two octal switches and a binary switch, ﬂs selected for use by the
spacecraft pilots. The pilot is provided with a liét showing the individual com-
mands and the corresponding three digit number. Thé message 1s entered into the
encoder controller located below and slightly aft of the right switch/circuit
breaker panel. The encoder switches establish a unique current routing path
through a twelve bit multiaperture megnetic core sh#ft register in the encoder
for each of the 128 possible commands. The setting?of the encoding switches,
which represent a particular command function worﬁ,iare interrogated and encoded
into the infcbit shift register as magnetization stétes of magnetic cores by
means of the interrogate current pulse generated byjfhe encoder subsequent to
actuation of the XMIT switch. |
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The twelve information bits are shifted sequentially in information bit message
(1) and message complement (0) form from the information bit shift register and
further encoded, one at a time, into another shift register in accordance with
pseudo-random sub-bit code. Each is encoded into five sub-bits which are
shifted sequentially in sub-bit message (1) and message complement {0) form

at a 256 pulses per second rate to the hardline waveform coder. The complete
message format, as & consequence of the encoding process, is a serial group of
60 sub-bits. For the hardline link the binary coded message is presented to the
sub-bit detector, located in the transponder, as bipolor return-to-zero signals.
For the rf link, the sub-bit message and message complement signals are pulse
position modulated by the rf waveform coder in the encoder and are connected to
the grid modulator of the radar. The method of pulse position modulation used
will cause a normal radar pulse, indicative of the sub-bit message 0, to be trans-
mitted in the first defined time slot while & sub-bit message 1 will cause
transmission of the rf pulse delayed 15.2 microseconds from the normal, or O

position.
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RENDEZVOUS EVALUATION POD

SYSTEM DESCRIPTION

The Rendezvous Evaluation Pod (REP) (Figure 8-79) is %n assembly used during
Gemini Spacecraft mission number five to simulate theiAgena Target Vehicle, The
KEP consists of a transponder, two antenna systems, t%o flashing light beacons,
and two squib batteries, The transponder is nearly i%entical to the transponder
t0 be installed in the Agenas, The flashing light bea%ons, which emit 80 + 1
flashes per minute, are visible for spproximately twe#ty miles, These beacons
are to ensble the crew of the Geminl to gain tracking experience by visually
observing the REP in space, Observetions are st meaered distances from the
spacecraft sgainst both earth and sky background, Th#s experience is used in
determining the placement end intensity required for %he Agens acquisition lights.
The REP also provides a meens of studying the man/equ#pment interface problems
which might be encountered during an actual rendezvou% mission with the Agena,
The REP was installed in the center of the equipment ?dapter section of the
spacecraft (Figure 8-79). Thermel protection for the%REP prior to ejection 1is
provided by the rendezvous pod cover. The REP is ejected into orbit by a
pyrotechnic charge, after the spacecraft has been 1ns%rted into a satisfactory

orbit.

SYSTEM OPERATION

During the first 65 minutes after lift-off, the REP rémains stationary in the
equipment adapter of the spacecraft (Figure 8-80). The REP is ejected from the
spacecraft near the end of the first orbit, Other ac#ivities related to the

REP occur primarily during the second orbit,
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RENDEZVQUS
POD COQVER

A

RIGHT SWITCH/CIRCUIT BREAKER PANEL

CABLES

REP SUPPORT
ASSEMBLY

n THE RENDEZVCUS POD COVER IS SHOWN IN THE
MOUNTED POSITION SHIELDING THE REP. THE COVER
PROTECTS THE REP FROM THE EXTREME HEAT OF THE SUN
[N SPACE.

RENDEZVOUS

POD COVER

REP TURN-ON SWITCH

EJECTION SPRING ASSEMBLY
(OFF WHEN C OMPRESSED)

2 THE RENDEZVOUS POD COVER 1S SHOWN LEAVING THE
ADAPTER SECTIOM. THE GUILLOTINE HAS CUT THE CABLES
HOLDING THE COVER AGAINST THE TUBULAR POSTS.

THE VELOCITY WHICH THE SPRINGS IMPART TO THE
COVER IS 100 FEET PER SECOND.

REP SWITCH ASSEMBLY

REP SUPPORT ASSEMBLY
(REP PYROTECHNIC EJECTION
CHAR GE INSIDE}

THERE 1S A TIME DELAY OF 80 MILLISECONDS OR AN
APPROXIMATE DISTANCE OF THREE FEET BETWEEN THE
COVER EJECTION AND THE POD EJECTION. IMMED-
IATELY AS THE REP IS EJECTED, THE TWO PLUNGER TYPE
SWITCHES ON THE REAR OF THE REP ARE RELEASED CAUS-
ING THE BEACON LIGHTS AND THE TRANSPONDER RE-
CEIVER TO BECOME OPERATIONAL.

Figure 8-80 Mounting and Ejection of Cover and Rendezvous Evaluation Pod
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The REP has two spring~losded, plunger-type switches (Figure 8-80) which control
the battery power to the beacon lights and the transpoﬁder. Prior to ejection
these normally closed switches esre held depressed (qpeﬁ) so that power is
conserved, The pilot will ejeet the REP approximately%fifteen minutes prior
to the first perigee, The spacecreft will yew left 90? end the POD EJECT
switch located on the right switch/circuit breaker panél (Pigure 8-80) wili
be depressed, Pushing the POD EJBCT switch activates éwo pyrotechnic charges
(Figure 8-80). One charge drives a guillotine type caﬁle cutter which severs
the two cables shown in Figure 8-80. The cables, whenireleased, allow the two
compressed springs to expand, thereby propelling the réndezvous pod cover from
the rear of the spacecraft, The relstive ejection velﬁcity of the cover 1is
100 feet per second, The other charge, initisted aftef an 80 millisecond time
delay, propells the REP from the spacecraft with the rélative velocity of 3.%
feet per second., The cover will not interfere with th% ejection of the REP
since the ejection velocity of the cover is much great%r than and is prior to

the ejection of the REP,

Since the REP will be orbiting outside the earth's atmésphere, it will experience
extreme hot and cold temperature conditions, Therefore, a slow rate of rotation
or tumble of the REP is desireble to allow uniform heaﬁing and cooling throughout
the mission. If the retrograde thrust were applied to the exact center of gravity
of the REP, no tumbling would result. Since a very mi?ute error is anticipated
in locating the exact center of gravity, a slow tumble%within the required limits
is expected. For successful operation, the rate of tu@bling of the REP will be

between one revolution per minute and one revolution pér hour,
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Immediately upon ejection the compressed, spring-losded, plunger-type switches
are relessed causing the transponder receiver and the two flashing light beacons
t0 become operational. It is estimated that the flashing lights on the REP at
20 nautical miles are equivalent to the intensity of a third magnitude star.
Thus, a range of 30-35 nautical miles between the REP and the spacecraft is
desired to assure exceeding the visible limit of the HEP lights. The EEP and
the spacecraft trajectories will be designed so that the crew can make visual
observations of the REP up to the maximum observational distance in both daylight
and darkness. The ejection of the HEP and the maneuvering of the spacecraft is

performed over ground tracking stations to provide ground monitoring capability.

SYSTEM UNITS

TRAKSPONDER

The transponder of the REP (Figure 8-T9) is nearly identical to the transponder

of the Agene Target Vehicle. 'The transponder, 10 by 10 by 20 inches, is the
largest component of the REP, For this reason, the transponder serves as the besic
component to which all other components are sttached. For a detalled discussion
of the operation of the transponder, refer to the Rendezvous Rader System portion

of this section,

ANTENNA SYSTEM

The REP radar antenna systems (Figure 8-79) consist of two circulsrly polerized
double-spiral antennas and one dipole antenna array. The REP antennas are the
same type and size as the antennas used on the Agena, however, there are several
slight differences in the manner in which the antenmas are mounted. The spiral

antennas of the REP extend outward approximetely two inches from the case of the
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transponder. In comparison, the spiral antennas of the Agena are mounted flush
with the outer surface of the Agena. The dipole antenna of the REP is mounted
on the end of a two-foot long fixed boom, wherese the éipole antenna of the
Agena is mounted on an electrically operated, retractal?ale boom. The electrical
operationa of the two antenns systems are the same. All antennas have the
capability of transmitting and receiving. Refer to the Rendezvous Redar System

in this manual for a detailed discussion of the a.ntenn{s system operation.

FLASHING LIGHET BEACONS

The REP has two toroid-shaped, xenon-filled, 25-watt bgacon lights. These lights
are the same type lights as the 100 candlepower Agena %acquisition lights which
are used on the Agena target vehicle. The lighte are zlocated on opposite sides
of the REP so that at least one light is visible to the crev from any direction.
The beacon lights asslst the crevw in maneuvering the s?pacecra.ft relative to the
REP. ‘

The flashing of the lights is regulated by a resistor-hapaeitor circuit located in
each mounting case. The charging circuit is designed so that both lights operate
simultaneously and assume the flashing rate of the 11315:1-. having the higher rate
of flash. This rate can be manually adjusted within a. range of 75 to 90 flashes
per minute however the optimum rate 1s 30 + 1 flashes per minute. The lights
have & life expectancy of 25,000 flashes, or approxiua‘j’belv 5 hours. This is
more than sufficient time, since the REP will be used for approximately

|

one and one half hours.
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Each beacon light has a thermel bonding strap attached., The thermal bonding
strap is a % inch thick strap of laminated copper which is used to help dissipate
the heat generated by the light. The lights are connected through two redundant
plunger-type switches to a 24 volt silver-zinc battery. The flashing circuit
uses a de to de converter to increase the battery voltage to the 2500 volts
required to flash the zenon filled lamps, The electrical schemetic diagram of

the lighting system is shown in Figure 8.81.

SQUIB BATTERIES

The REP utilizes two low impedance, 24.volt, silver-zine squib batteries, The
batteries are the same type of squib battery used in the spacecraft. Figure

8-T9 shows one of the squib batteries attached to the case of the transponder,
The other battery is on the other side of the REP and cannot be identified in

the illustration. The squib batteries serve as the power source for the trans-
ponder and the two beacon lights, The transponder and the beacon lights are each

served from & separate squib battery and operate independently of one another,

During spacecreft mission number § the REP will be required to function for only
e very small time, spproximately one orbit or 90 minutes, Therefore, it is not
necessary that the batteries possess an exceptionslly long life, The life of
the 1lights is the limiting factor, Due to the short usage perlod, the slize and
weight of the batteries can be held to & minimum, For a detailed discussion of
the internal structure and operation of the squib battery, refer to the section

entitled Electrical Power System .

The battery supplying power to the trensponder is augmented by & boost regulstor.

The operating level of the transponder is 28,3 volts and the rated voltage

8-296
CONFIDENTIAL




CONFIDENTIAL.
SEDR 300

PROJECT GEMINI

(=]
2e TRANSPONDER
< Q9
22 - -
8 2 =
| (=]
<) z 'E &
[} b3 b3 =
= < e Q
< & PE &
Zx & !
) ! g E D D
D O )
‘I” g S -0 | ! 101 09 _ 1 s
{ 1 ¢ 1 ¥
5 A L x v s k Y w] INMJ b B AUXYT drmo qpl(ﬁ
[TTTTTT T ime P10l
ZEEEREEZEE D )
S e =00 0QCQC
[l O =2 = = X !
® DD % P =T !
BEE29222%%%2
ER3Z =z 5 Z
[&] 6 - = ':E o e =
& o <4 oW T e
[S - a Qo2 ¢
Sy - S5wZ 50
IsEx T 20~ 35
20590 Ly
g =0 92 DIPOLE ANTENNA
o v @ &
592 - pros| 1705
o & & > T ._|
@ ' | POWER
: DIVIDER
5701
SPIRAL
ANTENNA
P704
1704
"
TURN ON AT T |
EJECTION i |
5702
‘ SPIRAL
ANTENNA
P73
1703
o\
&1
3 o | h
N T i) 190! 1
4 4 L ;
al XBT702 1 T xereon ¢
ED B A EDB A 1 2 3 6 5 4 P70
J701 ‘
BT702 BY701
24v 24v A701
LIGHT TRANSPONDER BOOST
BATTERY BATTERY REGULATOR

(BN ‘

XD5701 T ) XDs702
|
DS701 DS§702
LIGHY LGHT

Figure 8-81 Rendezvous Evaluation Pod Schematic Diagram
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of the squid battery is only 24 volts, therefore it 18 necessary that a boost

regulator be incorporated into the system. The purpose of the boost regulator
is to increase the transponder input voltage t0 and meintein it at the required

28.3 volt operating level.

As the power is consumed and the voltage of the sguib battery decreages, the
boost regulator compensates for the decrease by adding a variable voltage in
geries with the squib battery. The additional voltage of the boost regulator
varies so that there 1s a constant 28.3 volts input to the transponder at all
times. Refer to the schematic diamgram of Figure 8-81 for further information

on how the batteries of the REP are employed.

RENDEZVOUS POD COVER

The rendezvous pod cover (Figure 8-80) 18 &n oval, plane structure which is

located directly behind the REP in the equipment-adapter section of the space-
craft. The cover is llke an umbrella which serves to protect the REP from the
intense heat of the sun's rays in space. The cover is made of a tubular metal
frame over which a thin fiberglass cloth 18 stretched. The outer face of the cover
has a .00035 inch thick silvered surface. This silvered surface reflects the

sun's rays, thereby ensuring that the temperature of the REP remains within

the required limits.

Four tubular posts, which extend past the REP, are provided to support the
cover. Two of the posts dilagonslly located terminate in guide pine. These

guide pins are used to properly slign the cover. The other two posts terminate
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in sockets which house the spring ejection assembly. The cover is held in place
by two cables which pase through the springs, sockets, and tubes. Both cables
pass through a pyrotechnic guillotine snd are anchcr{ed to the REP support assenbly.
The other end of each cgble is attached to the mnde#vous pod cover by a screw

and & nut. Thies screw znd nut serves as a turnbucklé and is used to apply

tension to the cable, ceusing the spring to be compréssed.

EJection of the cover is initiated in the same menner as the ejection of the
HFP. When the pilot pushes the POD EJECT switch, = pyrotechnic charge activates
the guillotine~type ceble cutier which severs the twrb cables. Cutting the
eables allows the two compressed springs to expand, 1j:hu imparting a relative
veloeity to the cover of 100 feet per second. The cﬁbles remain with the cover

after ejection.
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Figure 8-82 Time Reference System Equipment Locations
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TIME REFERENCE SYSTEM

SYSTEM DESCRIPTION

The Time Reference System (TRS) (Figure 8-82) provides “;the facilities for perform-
ing 21l timing functions aboard the spacecraft. The sy%stem is comprised of an
electronic timer, & time correlation buffer, 2 mission felﬁ.psed time digital clock,
an event timer, an Acceutron clock and a mechanical clock. The event timer, mission
elapsed time digital clock, Accutron cloek and mecha.nicfal ¢clock are all mounted on
the spaceecraft instrument psnels. 'The eleetronic timerj is located in the area
behind the center instrument panel and the time correla;j'bion buffer is located in
back of the pilotts seat. :

The electronic timer provides (1) an accurate countdom:{ of Time-To-Go to retro-

|
fire (TTG to Tg) and Time-To-Go to equipment reset ('.ITG% to Tyx), (2) time correla-
tion for the PCM date system (Instrumentation) and the fb:{o-med tape recorders,

and (3) & record of Elapsed Time (ET) from lLift-off.

The Time Correlation Buffer (T(B), conditions certain qjutput signals from the
electronic timer, making them compatible with bio-med volce tape recorders.
Provision is included to supply buffered signals for ipeu."i:men'lz of Defense {DOD)
experiments if required. i

The mission elapsed time digital clock (on spacecraft 6‘ through 12) provides a
digital indication of elapsed time from lift-off. The idigital clock counts pulses
from the electronic timer and is therefore started and |stopped by operation of the
electronic timer. 1
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The event timer provides the facilities for timing various short-term functions
aboard the spacecraft. It is also started at 1ift-off to provide the pilots
with a visual display of ET during the ascent phase of the mission. In case the
electronic timer should fail, the event timer may serve as a back-up method of

timing out T

The Accutron clock provides an indication of Greenwich Mean Time (GMT) for the
command pilot. The elock is powered by an internel battery and is independent

of external power or sigznals.

The mechanical clock provides the pilot with an indication of GMT and the calendar
date. In addition, it has a stopwatch capability. The stopwatch provides an

emergency method of performing the functions of the event timer.

SYSTEM OPERATION

Four components of the Time Reference System (electronic timer, event timer,
Accutron clock and mechenical clock) function independently of each other. The
two remeining components (mission elapsed time digital clock and time correlation
buffer) are dependent on output signals from the electronic timer. A functional

diagram of the Time Reference System is provided in Figure 8-83.

The electronic timer, mission elapsed time digital clock, Accutren cloek and the
tine-of ~day portion of the mechanical clock operate continuously, during the
spacecraft miseion. The mechanical clock and Accutron clock are started during
the pre-launch period. The electronic timer starts operating upon receipt of

& remote start signal from the Sequential System at the time of 1lift-off.
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Figure 8-83 Time Reference System Functional Diagram
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If the 1ift-off eignal is not received from the Sequential System, the electronic
timer can be started by actuation of the START-UP switch on the event timer. The
mission elapsed time diglital clock and time correlation buffer start operating

upon receipt of output signals from the electronic timer.

During the mission, the event timexr, Accutron clock and the stopwatch portion of
the mechanical clock can be started and stopped, manually, at the deseretion of the
crew. At lift-off, however, the event timer is started by a remote signal from

the Sequential System.
ELECTRONIC TIMER

General

At the time of lift-off, the electronic timer begins its processes of counting up
elasped time and counting down TTG to Ty and TTG to Ty. ET is counted up from
zero to a maximum of approximately 24 days. The retrofire and equipment reset
functions are counted down to zero from certain values of time which are written
into the timer prior to lift-off. The timer is capable of counting TTG to Ty from

a maximum of 2k days and to equipment reset from & maximum of two hours.

The TTG to TR data contained by the timer may be updated at any time during the
missgion by insertion of new data. Updating may be accomplished either by a ground
station, through the Digital Commend System (DCS), or by the crew, via the Manual
Data Insertion Unit (MDIU) and the digital computer. To prevent inadvertent, pre-
mature countdown of TR as & result of equipment fallure or personnel error during
updete, the timer will not accept any new time-to-go of less than 128 seconds
duration. Upon receipt of new data of less than the inhibit time mentioned above,

the timer will cause itself to be loaded with a time in excess of two weeks.
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The TTG to Ty function of the timer serves to reset ceﬁain equipment which
operates while the spacecraft is passing over a groundj station equipped with
telemetry. As the spacecraft comes within range, the %romd station inserts,
via the DCS, a TIG to Ty in the timer. Then, as the sbacecraft moves out of
the range of the ground station, the TIG to Ty reaches% zero, and the equipment
is automatically reset. If the ground station is unabﬂ.e to insert the time

data, it may be done by the crew, using the MDIU and digital computer.

Information from the electronic timer is not continuou?ly displayed; however,
confirmmation of satisfactory operation may be mede by ?the readout of Ty data

through use of the digital computer MDIU display madoht capability.

The mission elapsed time digital cl@ck counts
pulses Vf'ran the electronic timer anjd, agsuning
no loss of pulses, will indicate thé elapsed
time recorded in the electronic timer. The
digital clock does not, however, read out the

elapsed time word from the electronﬁl.c timer.

Construction

The electronic timer (Figure 8-84) is approximately 6 ﬁ.nches x 8 3/4 inches x 5 1/2
inches and weighs about ten pounds. It has two externél connectors for interface with
1ts assoclated systems. The enclosure for the unit is? sealed to keep out moisture
but is not pressurized. The timer utilizes & modular ;cons'cruction, containing

elght modules which are wired directly into the enclos#jxre. The modules are:

(1) ecrystal oseillator, (2) timing assembly, (3) register control assembly,
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(4) memory control assembly, (5) memory assembly, (6) driver assembly, (T)
relay assembly, and (8) power supply. Printer circuit boards and solid-state

components are used in all modules except the crystal oseillator.

Qperation

The electronic timer is basically an electronie binary counter. It performs the
counting operation for each of its functions (ET, TEG to Ty, and TTG to TX) by

an add/subtract progrem which is repeated every 1/8 seconds. (Refer to Figure
8-85). 1In each repetition of the counting operation, a binary word, representing
ET or a TTG, 1s modified to represent a new amount of time. Magnetic core storage
registers are used to store or remember the binary words between counting cycles.
A storage register is provided for each of the three timer funtions and another is
provided for use as a buffer register for data transfer between the {timer and the

digital computer.

A erystal controlled oscillator is used as & frequency standard for developing
the timing pulses necessary for the operation of the timer. The type of
oscillator provides the high degrees of sccuracy required for the timer whose
operations take place in very smell fractions of & second. The oscillator is
coupled to a series of toggle flip flops whose outputs provide the actusl timing

pulses for the timer operation.

The electronic timer utilizes a 32-word time program. That is, each 1/8 second
of time is further divided intc 32-word times. Each word time is divided into
32 bit times, and each bit time is divided into 32 S pulses times. § pulses are
the shortest pulses used in the timer operation and are 3.8 microseconds long.

Cne bit time is egqual to 122 mieroseconds and one word time 3.9 milliseconds.
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Figure 8-85 Electronic Timer Functional Block Diagram
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It is pulses of these durations, and their multiples, which are produced by the

toggle flip fliops in the timing module.

Timer Start Circuit

Timer operation is initisted when a 28 vdc start signsl is received from either the
spacecraft Sequential System or the event timer. The:signal from the Sequential
System is transmitted to the electronic timer, automaﬁically, at liftoff; the one
from the event timer is generated when the UP/DN toggle switch on the face of

the unit is placed in the UP position. Receipt of a signal from either source
cauges the set side of the clock-start relay to be acﬁuated. Until lift.off, the
relay is held in the reset position by & clock-hold signal from the AGE vis the
spacecraft umbilical. This is done to assure that th% timer will not be started
prematurely and will be at zero at the time of lift-off. Actustion of the clock-
start relay causes a positive control signal to be applied to a gate in the timing
module. This gate allows the output of the crystal controlled oscillator to be

coupled to the countdown flip flops.

Countdown and Time Decoding

The countdown and time decoding operations take place:primarily in the timing module.
When timer operation is initiated, the 1.048576 megacycle output of the crystal-
controlled oscillator is coupled to the first of a series of 17 toggle flip flops
(Refer to Figure 8-86), Twelve of the flip flops are contained in the timing

module and five in the register control module. The flip flops form a frequency
dividing network, each stage of which produces one sqﬁare wave output pulse for
every two input pulses. The output frequency of the final stage in the series is

eight pulses per second.
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Outputs of all but the first two stages of the countdqwn circuitry are utilized
to develop the timlng pulses necessary for timer oper@tions. Output pulses from
either the 1 or the 0 side of an individual flip flopimay be used; however,

the polarity of the pulses from one side will be l80°§out of phase with those
from the other side. Pulses from the flip flop output;s are supplied, In certain
cowbinations, to gate eircuits in the time decoding séction. Each gate circuit
receives seversl Input pulse trains and produces outpﬁt pulses which are usable
for the timer circuitry (Refer to Figure 8-8Ta). Basiéauy, a gate will produce
output pulses which will have the pulse width of the #arrowest input pulses and
the frequency of the input pulse train with the widesé pulseg. If the polarity
of one input is reversed, the time at which the outpu# pulse occuars, will change

(Refer to Figure 8-8Tb).

Operational Control

Two complete modules are required to encompass all of ithe circuitry necessary to
perform the control functions in the electronic timer; The register control
nodule primarily controls the transfer of date into aﬁd out of the timer. The
memory control module directly controls the operationé of the magnetic storage

registers in the memory module.

The register control module supplies the control signals which are required to
perform the operations directly associated with the t#ansfer of time data. It
utilizes the various command and clock signals from tﬁe other spacecraft systems
to produce 1ts control signals. The control signals %re then supplied to the
appropriate circuitry to: (1) receive & new binary déta word (as in the updating
process), (2) initiate the shifting operations of th% proper storage reglsters

to write in or read out the desired time data (ET, ij or Ty), and (3) supply
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data, reed out of the storesge registers, to the proper timer output terminal(s)

to be transferred to the system requesting it.

The memory control module directly controls the operation of the megnetic storsge
registers and performs the arithmetic computations of the counting process. TInputs
from the timing and register control modules are utilized to develop the shift and
trensfer output pulses for shifting date words into and out of the storage regis-

ters, These pulses are developed separstely for esch register,

Both control modules are wade up of rather complex snd overlaspping networks of
logic eirecuitry, The memory control module also employs shift current generators
end transfer switches, as output steges, to develop the required power cepabili-

ties.

Storege Register Operetion

The megnetic storage register to EI, Ty, end Ty ere used to store or remember
binary words of time deta. These deta words may be shifted out of their respective
registers, as required, for the counting operations and for transfer to other
spacecraft systems, The transfer of data into and out of a storage register is

accomplished, serially, with the Least Significant Bit (ISB) first,

A storege register is comprised of e series of magnetic memory cores, eech of which
is cepable of storing one binary bit of time data. This capeblility is based upon
the characteristic of & magnetic core to saturste in one of two directions when

& current pulse is applied to one of its windings (Figure 8-88). Saturation in
one direction represents & binary 1 and indicates the presence of a date bit,
Seturation in the other direction represents a binary O end indicates the absence

of date bit., The storege registers for ET end TIG to Tp each contein 24 megnetic
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cores and the register for TTG to Ty contains 16. Therefore, & binary word for

ET or '1'R consists of 24 bits, while a word for Ty consists of 16 bits.

The use of the binary system for time representation permits the storage of data
which can represent an amount of time as small as 1/8 second end as large as 2k
days. BEach data bit in a binary deta word represents one individual increment of
time. In looking at the flow diagram in Figure 8-89a, the 24 sections of the
storage register represent its 24 individusml cores. The date bit which represents
the smallest time increment (1/8 second) is stored in core number 24. It 1s
referred to as the LSB in the data word. Core number 23, then would store the
next bit (representing 1/h4 of a second) of the data word. The sequence continues,
with core mmber 22 representing 1/2 second, back through core number 1 with each
successive core representing a time increment twice that of the preceding one.

By adding together the increments of time represented by all of the cores, the
total time capacity of the register can be determined. Thus, it is found that the
ET and TR registers have capacities of approximstely 24 days and the Ty register,
approximately two hours. Cenversicon of a data word to ites representative may be
accomplished by totaling the increments of time represented by the bit positions
of the word where binary ones are present. For the data word shown in Figure 8-89b

the representstive time is 583 3/8 seconds.

The process of shifting a date word into ¢or out of a storage register is controlled
by the occurrence of the shift and transfer pulses and by the condition of a
control gate preceding each register and its write-in amplifier. The shift and
transfer pulses from the control section are supplied to a storage register
wvhenever a data word is to be written in or read out. These pulses occur once

each bit time for a duration of one word time. The actusl flow of data into a
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storage register is controlled by & logic gate preceeding the write-in amplifier
for each register {(Figure 8-90). The count enable iﬁput of the gate will have

& continuously positive voltage applied after lift-ofﬁ has occurred. The write-
in pulse input will have & positive pulse applied foro.G microseconds during each
bit time (122 microseconds). These two inputs contro# the gate. The result is
that a positive dete pulse may pass through the gate qnly during a 7.6 microsecond

period during eech bit time,

When & binary date word is to be written into a storaée register, its individual bits
appear at the input of core number 1 as a series of cﬁrrent pulses, When the

first current pulse (representing 1/8 second) of the Qord flows through the input
winding of core number 1, the core is saturated in th% bingry Y direction. It
remaing in this condition until a current pulse flowsithrough the shift wirding

of the core. The shift pulse causes the flux of the éore to collapse and reform,
switching the core back to the O condition. When thi% occurs, & voltage is
developed ecross the output winding of the core and tﬁe temporary storage capacitor
is charged through the winding from the diode end. When the shift pulse decays and
a ground potential is placed on the transfer line, the capacitor discharges through
the input winding of the next core, setting it to the%binary 1 condition, Whenever
a bit position of the incoming data word does not contain a pulse, core number 1

is not switched to 1. As a result, its shift pulse causes no change of flux; no

voltage is developed across the output and the capacitor is not charged or dis-
charged. Hence, the next core is not set to the 1 co#dition. Because the shift
pulses are applied to all the cores in a register, si%ultaneously, it ie assured
that each one is set to the O condition before the trénsfer pulse (also applied

to all cores, sim:ltaneously) allows the storage capa&itors to discharge. When
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a complete word has been written into the register, the cores which are in the

binary 1 condition contain the binary data blts.

Reading a data word out of a storage reglster involves basically the same processes

as writing one in.

The date bits shift from left to right, with the bit in core mmber 2L leaving
the register first. An additional bit is shifted out of the register with each

repetition of the shifting process.

Counting Operations

The counting operation for each of the timer functions consists of reading a binary
data word out of a storage register, cyecling it througﬁ an arithmetic network,

and writing it back into the register. (Refer to Figu:j?e 8-89a. The operation is
completed in one word time and 1s repeated every 1/8 sqcond. In the process, the

time representation of the word is changed by an increﬁent of 1/8 second.

The read and write portions of the counting operation ﬁake place concurrently. As
the Pirst data bit is shifted out of a register, the rémaining bits shift one core
to the right, leaving core number 1 vacant. Before thé next shift operation takes
place, the bit which has been shifted out of the regisyer is cycled, instantaneously,
throught the arithmetic circultry and inserted back inﬁo core nmumber 1. The process
is the same for each bit of the wgrd‘ ﬁhus, vhen the #ast bit of the original word
is shifted out of the register, the first bit of the n%w one shifts into core number
2. The last bit then cycles through the arithmetic circuitry and enters core

number 1, completing the counting operation.
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In the arithmetic portion of the counting process, the output of the elapsed time
register is supplied to an add circuit and those from the Tg and Ty reglsters to
separate subtract circuits. Both types of circuits are made up of combinations
of logic and switching eircuits. Their operation is quite similar, the main

difference being in their logic programs.

The add process for the ET consists of adding a binary 1 to the first bit position,
{the LSB) of the word coming into the add circuit. If there is slready a 1 in that
bit position, the 1 is carried to the next bit position. The carry operation

continues until the 1 reaches an open bit position.

When the first bit of a data word read out of the ET register is & binary O

the add circuit produces & positive output signal. The positive signal is then
inverted by the write-in amplifier and supplied to the input of the storage
register. With a negative input to the register, a binary 1 is written Into
core number 1 as the first bit of the new word. Thus, the first bit of the word
hes been changed from & binary O to a binary 1 adding 1/8 seconds to the repre-
gentative time of the word. The remaining bits are written back into the

register just as they were read out.

When a binary 1 is read out the ET register as the first bit of a data word, the
output of the add circuit will be negative. Upon inversion by the write-in
amplifier, the signal will be positive. A positive signal at the register input
causes & binary O to be written into the first core. If the subsequent
consecutive, data bits are also binary 1's, the output of the add circuit remains
negetive, causing binmary 1's to be written into the register. Upon receipt of
the first binary O in the data word from the register, the output of the add
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clrcuit becomes positive, causing a binary 1 to be written back into the register
for that bit position. For example, if the first five bits of the word being read
out of the register are binary 1's (representing a total of 3 7/8 seconds of ET)
and the next one is a binary O, then the first five bits of the new word will
be binary O's; and the sixth will be a binary 1. A binary 1 in the sixth bit
position represents and ET of four seconds. The remaining bits of the data

word, again, are inserted back into the register just as they were read out.

Although the circuitry of & subtract network is much the seme as that of an

add network, the operation is different because of the subtract logiec. If the
LSB of a word coming into a subtract network is a binary 1, the output for

that bit poslition will be negative, causing a binary O to be written back into
regleter. In this case, the 1/8 second has now been subtracted, and the balance
of the word will remain the same. If the ISB of the iﬁcoming word is a binary O
the output of the subtract network will become positive, allowing a binary 1 to
be written into the registér. The output of the subtract circultry will remein
positive until the first binary 1 enters the circuitryﬂ When this oceurs, the
output becomes negative and causes a binary O to be written into the register.

The rest of the word is then written back into the register just as it came out.

Data Transfer

Binary words of time datm are transferred into and out;of the electronic timer
by several different methods. Data words received frém the ground station, via
the DCS, are inserted directly into their respective s@orage registers in the
timer. Data from the guidance system computer, howeve;, is transferred into the

buffer register of the timer and then shifted into the proper storage register.
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The same process is involved in the transfer of data from the timer to the

computer: a word is shifted out of its storage register into the buffer register
and then transferred to the computer. Data transfer from the timer to the
Instrumentation System is accomplished by shifting the desired data out of its
register to a pulse transformer. The output of the tranaformer is coupled to =

storage register in the Instrumentation System.

Timer Interfaces
The following is a list of the inputs and outputs of the electronic timer

together with a hrief description of each:
INPUTS

(a) A continuous 28 vdc signal from the spacecraft Sequential System
at 1lift-off to stert the recording of ET and countdown of Tp and Ty,

(v) A 28 volt emergency start signal from the event timer to initiate
the electronic timer operation in the event that the lift-off signsal
is not receilved from the Sequential System. The signal would be
crew~-ground co-ordinated and would be initiated by actuation of
the event timer UP/DN switch to UP.

(¢) A Read/Write command signal from the digital computer to direct
the timer as to which function is to be accomplished.

(d) A TIG to TR address signal from the digital computer to updete or
readout TTG to Tg.

(e) A TIG to Ty address signal from the digital computer to enter

a TTG to TX' —
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(e)

(h)

(1)

(3)

(k)

(1)
(m)
(n)

(o)

(p)

PROJECT GEMINI

An elapsed time address signal from the digital computer to
readout ET. |

Twenty-four clock pulses from the digital computer to accomplish
data trensfer. (25 pulses for data transfer out of the electronic
timer.)

Write date for update of TIG to Ty, or TIG to Ty from the digital
computer. Twenty-four deta bits will be forwarded serially,

ISB first.

A TTG to Ty ready signal from the DCS to command update of TTG to
Tp-

A TTG to Ty ready signel from the DCS to commend entry of a TTG
to TH.

Serial data from the DCS to update TTG to TR, or TTG to TX’
Twenty-four data bits will be forwarded serially, LSB first.
Clocking is provided by the electronic timer.

TIG to Tg readout signals from the Instrumentation System.

An elapsed time readout signal from the Instrumentation System.
An AGE/count inhibit signal from ground based equipment, via the
spacecraft umbilical, to keep the elapsed time register at zero
time prior to launch.

A clock hold signal from ground based equipment, via the space-
craft umbilical, to prevent the timer from operating prior to

launch.

An event relay reset signal from ground based equipment, via

the spacecraft umbilical.
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(q) An event relay check signal from ground based equipment, via
the spacecraft umbilieal.

OUTPUTS

(a) A contact closure at Tp for the digital computer.

(b) A contact closure at Ty (Continuous) for the Sequential System.

(¢) A contact closure at Ty for the DCS.

(d) Read data to the digital computer for ﬁT or TIG to Tr. Data
bits are forwarded serially, LSB first.

(e) signal power (12 tg volts) to the DCS and Instrumentation System.

(£) Twenty-four clock pulses to the DCS to accomplish data transfer.

(g) Twenty-four clock pulses to the Instrumentation System to accomp-
lish data transfer.

(h) Serial data to the Instrumentation System for readout of ET or TTG
to Tg. Data bits are forwarded serially, LSB first.

(1) A contact closure from TR~256 seconds to Ty for the Sequential
System.

{(3) A contact closure from Tr-30 seconds to T, for the Sequential
Systemn.

{k) An input power monitor signal to ground based equipment via the

spacecraft umbilical.

TIME CORRELATION BUFFER

General

The Time Correlation Buffer (TCB) supplies the time correlstion signals for the

bilo-medical and voice tape recorder. Serial data and data clock output from
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the electronic timer is spplied to the TCB input, Serisl dste conteins 24 elepsed
time words, and extraz elapsed time word and = time-to-go to retrogrede word., The
TCB selects the extre elspsed time word and modifies the word formaet to make it
compatible with the tape recorder freguency responses, TInformetion to the
recorder is updeted once every 2.4 seconds snd hes the same resolution {1/8

second) as the electronic timer,

Construction

The dimensions of the TCB (Figure 8-84) sre 2,77 x 3.75 x 3.80 inches and the weight

is spproximately 3.0 pounds:. The TCB conteins megnetic shift registers, a 100 ke
estaeble multivibrator, a power supply end logic circuitry, One 19 pin connector

provides bhoth input end output connections,

Operation

The operation of the TCB is dependent on signals from the Instrumentstion System
end the electronic timer, In response to request pulses from the Instrumentation
System, the electronic timer provides elapsed time and}time-to~go to retrogrsde
words to both the Instrumentetion System and the TCB. The elspsed time word is
supplied every 100 milliseconds, In sddition, once every 2.4 seconds it provides
an extra elepsed time word and 100 milliseconds later it provides & time-to-go

to retrogrede word.,

The TCB requires elapsed time informstion only, therefore, the time-to-go to
retrograde word is rejected. The tepe recorders, due ﬁo their response times,
sre not cepable of recording time dete every 100 milliéeconds end for this
reason only the extra elapsed time word is sccepted byjthe TCB., The remeining

24 elapsed time words and the time-to-go to retrogradejword are rejected by logice
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circuitry in the TCB. Rejection of unused words is based on their time relation-~

ship to other words.

The TCB contains three 8-bit magnetic shift registers in which the 2h.bit extra
elapsed time word is loaded once every 2.% seconds. The TCB then shifts out bits
at the rate of one every 100 milliseconds. The shift rate is based on data clock
pulses from the electronic timer. The first data clock pulse in & word causes the
TCB to shift out ome bit of the data and the other 23 data clock pulses are

disregarded.

Each bit that is shifted out of the shift register 1s stretched in time and coded
to make it compatible with tape recorder response times. The output to the bio-
medical recorder is one poasitive pulse for a binary O and two positive pulses for
a binary 1. The most significant bit has two additional pulses to distinguish

it from the other 23 bits in the word. Data is shifted out of the TCB in a least

significant bit first and most significant or marker bit last,

The output to the voice tape recorder 1s the same basic format as for the blo-
medical recorders., However, to meke it compatible with the higher frequency
response characteristics of the voice tape recorder, each output pulse is chopped

into two pulses, doubling the frequency.

All input and output signals are coupled through isclation transformers providing

complete DC 1solation.

MISSION ELAPSED TIME DIGITAL CLOCK
The mission elapsed time digitel clock {used on spacecraft 6 through 12) is capable

of counting time up to a meximum of 999 hours, 59 minutes and 59 seconds. The time
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is displayed on & decimal display indicator on the facg of the unit. The seconds
tumbler of the display is further graduated in 0.2 secénd increments. Counting
may be started or stopped manually. Prior to initiatiﬁg a8 counting operation,
the indlicator should be electrically present to the de%ired starting time which
normally starts from zero at lift-off and counts missi&n elapsed time in real

time.

Construction

The dimensions of the digital clock are approximately 2 inches by 4 inches by
6 inches and its weight is approximately 2 pounds. On the face of the clock
there are two controls and a decimal display window. fhe unit contains four
electronic modules, a relay and a step servo motor. A;gear train connects the
gervo motor with the decimal display tumblers. An ele¢trica1 connector is

provided at the rear of the unit for power and signal inputs.

Operation

Operation of the digital clock is dependent on timing pulses from the electronic
timer. The time base used for normal counting operatiéns in the digital clock
is derived from the 8 pps timing pulse output of the eiectronic tiner. The

8 pps signal is buffered and used to establish the rep%tition rate of a step
servo motor. The step servo motor is coupled through é gear train to display
tumblers. Additional counting rates are selectable fok the purpose of setting
the clock to a desired starting point.

Start/Stop Operation

Remote starting of the digital eclock is accomplished b& providing the 8 pps
timing pulses from the electronic timer. Before remotg starting can be accom-
plished, the START/STOP switch muet be in the START po%ition and the DECR/INCR
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switch must be in the O position. Manual starting of the digital clock can be

accomplished (if timing pulses are availeble) by placing the START/STOP switch

in the START position. This energizes the start side of the start/stop magnetic

latching relay. The relay applies control and operating voltages to the counting
circuitry, allowing the counting operation to begin. Counting may be stopped by

removing the time base (8 pps) from the clock or by placing the START/STO? switeh

in the STCP position, removing voltage and disabling the circuitry.

Counting Operations

When the start/stop relays are actuated and operating voltage of plus 28 volts de
applied to the servo motor, a plus 12 volt de enable signal is applied to the normal
count gate. This initiates the counting sequence. The electronic timer provides
and 8 pps timing signal which is buffered and supplied to the sequential logic

section.

Sequential logic section consists of four set-reset flip flops which provide the
necessary sequences of output slgnals to cause the servomotor to step in one
direction of the other (Figure 8-91). As the counting process begins, three of
the flip flops are in the reset condition (reset output positive) and one is

in the set condition (set output positive). With receipt of the first timing
pulse, the next flip flop switches to the set condition. The first one also
remains set, but the other two remain reset. Then, when another timing pulse

is received, the first flip flop resets, leaving only the second one set. The
sequence continues with altermnate timlng pulses setting one flip flop, then
resetting the preceding one. After the fourth flip flop has been set and the

third one subsequently reset, the first one is again switched to the set

condition and the sequence is started over again. In order to have the logic
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section function properly, either a forward or reverse control signal must be
received from the start/stop relay. These are used as steering signals for the
timing pulses which set and reset the flip flops. For counting up, the control
signals cause the flip flop operating sequence to be in one direction. When
counting down, they cause the sequence to reverse; flip flop number 4 is set
first, then number 3, etc., back through number 1. The output of the sequential

loglec circult is applied to the power converison and driver section.

The power conversion and driver section converts the voltage-pulse outputs of the
logic section to current pulses which are used to drive the servomotor. The
driver section provides four separate channels, one for each input. Z¥ach channel
has a logic gate and a power driver, The logic gate permits the logic section
output to be sensed at ten selected times each second. The gate senses only the
occurence of a positive signal which will allow the power driver to conduct and

send a pulse of current through one of the four servomotor stator windings.

The sequence of pulses from the driver section causes the servomotor to step
eight times each second and 45° each step. Figure 8-92 1llustrates the step
positions relative o the sequence of operating pulses from the driver section.
If pulses were applied to each of the four servomotor windings, without overlap,
the unit would step 90o each repetition. It is this overlapping of signal

applications which causes 1t to step 45° at a time.

The displa& indicator is a rotating counter with wheels to display seconds, tens
of secbnds, minutes, and tens of mimates, hours, tens of hours and hundreds of
hours. It is coupled to the servomotor through a gear train with a reduction
ratio, from the servomotor, of 10:1. Therefore, as the servomotor rotates 360°
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o
(in one second), the indicator shaft turns 36 or 1/8 of a rotation. Since the

seconds wheel is directly coupled to the shaft and is calibrated from zero to
nine, a new decimal is displayed each second. As the seconds wheel moves from
nine to zero, the tens-of-seconds wheel moves to the one position. The operations

of the other wheels are similar.

Updating

The display may be returned to zero or updated to some other readout with the use

of the DECR-INCR rotary switch on the face of the timer. The rotary switch must

be in the O position in order to have the timer operate at a normal rate; with

the switch in one of the other position, it counts at a different rate. There are
three rate selections, each for the INCR and DECR (count-up and count-dewn) updating
modes. The positions on each side that are farthest from the 0 position are
utilized to make the timer count at 25 times 1ts normal rate. The next closer
positions are utilized to count at three times the normal rate. The positions
nearest the O position are used to count at a rate 0.3 times the normal one.

This position serves to more accurately place the indicator at a desired readout.

Operationally, positioning the rotary switch in some position other than O causes
the time base frequency from the electronic timer to be replaced in the circuitry
by an update oscillator. The frequency of the oscillator is established by the
position of the rotary switch. In the 25X positions, the frequency 1is L0O cycles
per second; in the 3X position, it is 48 cps; and in the 0.3X positions, it is
approximately 4.8 cycles per second. The accuracy of the oscillator output is

not critical since the oscillator functions only for updating purposes.
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Operation of rotary switch supplies a stop command to the electronic circuitry,

end start switch must be operated to resume normsl count,
EVENT TIMER

General
The event timer is capable of counting time, either uﬁ or down, to a maximum of
50 minutes and 59 seconds. The time is capable of ccdnting time down to zero

from any preselected time, up to the maximum listed above.

When the event timer is counting down, it will
continue through zero if not manually stopped.
After counting through zero, the timer will be-

gin counting down from 59 minutes and 59 seconds,

The time is displayed on a2 decimal display indicator dn the face of therunit.

The seconds tumbler of the displey indicator is furthqr graduated in 0.2 second
increments, Counting, in either direction, may be st@rted or stopped either
remotely or manually. Prior to starting a counting qqeration, the indicator must

be manually preset to the time from which it is desired to start counting.

Construction

The dimensions of the event time are spproximately 2 x 4 x 6 inches and the weight
about two pounds, On the face of the timer, there ar% two toggle switches, one
rotary switch, and a decimel displsy window, (Refer Qo Figure 8-84) In addition
to the panel-mounted controls, the unit contains four%electronic modules, two

relays, a tuning fork resonator, and e step servo motdr. A gear train connects
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the servo motor with the decimel display tumblers, There is one electrical

connector on the back of the unit.

ggeration

The operation of the event timer is independent of the electronic timer, (Refer
to Figure 8-93) It provides its own time base which is used to control the opera-
tion of the decimel display mechanism. The time base used for normal conntingr
operation is developed when the output of a tuning for, resonator is connected %o
a series of toggle-type flip flops. The resulting signel establishes the repi-
tion rate of a step-type servo motor, The servo motor is coupled, through a gear
train, to the display tumblers. Additional counting rates may be selected in order

to rapidly reset the timer to zero or to some other desired indication.

Stert/Stop Operations

The remote and manuel start/stop functions of the timer are accomplished in almost
exactly the same manner. The difference is only in the source of the control
signals. In order to initiaste counting operations by either method, it is neces-
sary to first have the STOP-STBY toggle switch in either the STBY or the center
off position. (Refer to Figure 8-84)
NOTE
When starting is sccomplished with the STOP - STBY
switch in the center position, a smell inaccuracy is

incurred, To prevent any starting inaccuracies, the

STOP - STBY switch is placed in the STBY position

before starting the timer,

Menual starting may then be accomplished by placing the UP-DN toggle switch in

either the UP or the DN position. This energizes one of the two coils of the
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forward/reverse relay, also causing the start colil of the start/stop relay to be
energized. When these events teke place, control and operating voltages are supplied
to the counting circuitry, thus allowing the operation to begin. When starting is
to be accomplished remotely, either a remote forward or a remote reverse signal is
transmitted from the ground station to energize the forward/reverse relay. The
counting process may be stopped upon receipt of a remote stop signal or by placing
the STOP-STBY switch in the STOP position. Either of these functions energizes

the stop side of the start/stop relay, removing critical operating voltages from

the counting circuitry.

Counting Operations

Normal counting operations begin with the actuation of the forward/reverse relay in
either direction and the start/stop relay in the start direction. When the forward/
reverse and the start/stop relays are actuated, an operating voltage of +28 vde is
applied to the servo motor and a ground level inhibit signel 1is removed from the
toggle flip flops. Also, a +12 vde conbtrol signal, denoting either a forward or
reverse counting process, is transmitted to the logic cireuitry preceding the servo
motor. The remainder of the timer circuitry has operating voltages applied when

the STOP/STBY switch is placed in STBY.

With the application of operating voltages, the tuning fork resonator emits and ec
signal of 1280 cycles per second. The signal is passed through a buffer to condi-
tion it for use by thé sefies of seven toggle flip flops in the frequency standard
countdown section. Since the output freguency of each flip flop is half that of its
input, the final one in the series generates & signal of ten pulses per second. The
outputs of the countdown section are connected to the sequential logic section and

the power conversion and driver section.

8-~336

CONFIDENTIAL




CONFIDENTIAL
SEDR 300

PROJEGT GEMINI

Sequential logic section consists of four set-reset flip flops which provide the
necessary sequences of output signals to cause the servo motor to step in one direc-
tion or the other (Figure8~93). As the counting process begins, three of the flip
flops are in the reset condition (reset output positive) and one is in the set
condition (set output positive). With receipt of the first timing pulse, the next
flip flop switches to the set condition. fThe first one also remains set, but the
other two remain reset. Then, when another timing pulse is received, the first
flip flop resets, leaving only the second one set. The sequence continues with
alternate timing pulses setting one flip flop, then reéetting the preceding one.
After the fourth flip flop has been set and the third Bne subsequently reset, the
first one is again switched to the set condition and the sequence is started over
again. In order to have the logic section function prbperly, either a forward or
reverse control signal must be received from the forwa}d/reverse relay. These are
used as steering signals for the timing pulses which sét and reset the flip flops.
For counting up, the control signals cause the flip flpp operating sequence to be
in one direction. When counting down, they cause the sequence to reverse: flip

flop number 4 is set first, then number 3, etc., back through number 1.

The power conversion and driver section converts the voltage-pulse outputs of the
logic section to current pulses which are used to drivé the servo motor. The
driver section provides four separate channels, one foi each input. Each channel
has a loglc gate and a power driver. The logic gate p%rmits the logic section
output to be sensed at ten selected times each second.ﬁ The gate senses only the
occurrence of a positive signal which will alliow the péwer driver to conduct and

send a pulse of current through one of the four serve motor stator windings.
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The sequence of pulses from the driver section causes the servomotor to step ten
times each second and h5° each step. Figure 8-92 {llustrates the step positions
relative to the sequence of operating pulses from the driver section. If pulses
were applied to each of the four servomotor windings, without overlap, the unit
would step 90° each repetition. It is this overlapping of signal applications

which causes it to step 45° at a time.

The display indicator is & rotating counter with wheels to display seconds, tens
of seconds, minutes, and tens of minutes. It is coupled to the servomotor through
a gear train with a reduction ratio, from the servomotor, of 12.5;1. Therefore,
as the servomotor rotates hSOo (in one seconds), the indicator shaft turns 36o or
1/10 of a rotation. Since the seconds wheel is directly coupled to the shaft

and is calibrated from zero to nine, & new decimal is displayed each second. As
the seconds wheel from nine to zero, the tens-of-seconds wheel moves to

the one position. The operations of the other wheels are similar.

Updating

The display may be returned to zero or updated to some other readout with the use
of the DECR-INCR rotary switch on the face of the timer. The rotary switch must
be in the O position in order to have the timer operate at a normal rate; with
the switch in one of the other positions, it counts at a different rate. There
are three rate selections, each, for the INCR and DECR (count-np and count-

down) updating modes. The positions on each side that are farthest from the O
position are utilized to make the timer count at 25 times fts normel rate.

The next closer positions are utilized to count at four times the normal rate.

The position nearcst “he O position are used to count at & rate 0.4 times the
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the normal one. This position serves to more accurately place the indicator

at a desired readout.

Operationally, positioning the rotary switch in some position other than O
causes the tuning fork resonator and the first three toggle flip flops to be
replaced in the circuitry by an update oseillator. The frequency of the
oscillator is established by the position of the rotary switch., In the 25X
positions, the frequency is 4,000 cycles per second; in the LX position, it is
640 cps; and in the 0,UX positions, it is approximately 64 cycles per second.
The accuracy of the oseillator output is not critical since the oscillator func-

tions only for updating purposes.

ACCUTRON CLOCK

The Accutron clock (Figure 8-84), located on the command pilot's control panel.
The clock is approximately 2 3/8 inches square and one inch thick. The clock
has a 24 hour dial with major divisions on the half hour. An hour hand, minute
hand and a sweep second hand are provided for a precise indieation of the time
of day. The unit is completely self contained and has no electrical interface
with the spacecraft. The clock 1s capable of operating continuocusly for

epproximately one year on the internal mercury battery.

Operation

The Accutron clock is provided with one control knob. The knob is used to stop,
set and start the timer as desired. To stop the timer, the control is depressed.
From the depressed position, the clock can be set to the desired time. The

clock will start automatically when the control knob is released,
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The Accutron clock is a highly accurate device with an error of less than + 3
seconds per day. This high degree of accurscy is msde possible by using a tuning
fork as the time standard, instead of the conventional balance wheel and hair
spring. The tuning fork is magnetically driven at a natural frequency of 360 cps.
The tuning fork frequency is adjustable, making precise calibration of the clock
possible., The vibrationsl motion of the tuning fork is converted to rotational
motion to provide outputs of: one revolution per day, one revolution per hour

and one revolution per minute, for the clock hands.

MECHANICAL CLOCK

Construction

The mechanical clock is shown in Figure 8-84., The unit is epproximately 2 1/k

x 2 1/ x 3 1/b inches and weighs sbout one pound. The dial face is calibreted in
increments of 0-24 and 0-60. The clock has two hands for the time of day portion
and two for the stopwatch portion. The controls for cperating both portions of

the clock are located on the face of the unit,

ggeration

The clock is a mechaenical device which is self-powered and required no outside
inputs. The hand and dilsl-Pface clock displays Greenwich Mean Time in hours and
minutes, A control on the fece provides for winding and setting the uanit., With
the passing of each 2h-hour period, the calendar date indicator advances to the
next consecutive number. The stopwatch portion of the clock can be started,
stopped, and returned to zero at any time. Two settable markers are provided on
the minute dial to provide a time memory, permitting the clock to serve as a
short-term back-up timer,
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PROPULSION SYSTEM

GENERAY, INFORMATION

The Gemini Spacecraft is provided with an attitude and maneuvering control
cepability. (Figure 8-94). This control capability is used during the entire
spacecraft mission, from the time of launch vehicle separation until the re-
entry phase is completed. Spacecraft control is acccﬁplished by two rocket engine
systeme, the Orbit Attitude and Maneuvering System (OAHS) and the Re-entry

Control System (RCS).

The OAMS controls the spacecraft attitude and provides maneuver capability from
the time of launch vehicle separation until the initiation of the retrograde
phase of the mission. The RCS provides attitude control for the re-entry module
during the re-entry phase of the mission. The OAMS aﬁd RCS respond to electri-
cal commands from the Attitude Control Maneuvering Electronics (ACME) in the

automatic mode or from the crew in the manusl mode.

ORBIT ATTITUDE AND MAREUVERING SYSTEM

SYSTEM DESCRIPTIOR

The Orbit Attitude Maneuvering System (OAMS) (Figure 8-94) is a fixed thrust,
cold gas pressurized, storable liquid, hypergolie bi-propellant, self contained
propulsion system, which is capable of cperating in ti:e enviromment outside the
earth's atmosphere. Maneuvering capability is obtainéd by firing thrust
chamber assemblies (‘PCA) singly or in groups. The t.h:;:ust chamber assemblies
are mounted at various points about the adapter in loéa.tiona consistent with the

modes of rotational or translation acceleration required.
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The OAMS provides a means of rotating the spacecraft about its three attitude

control axes (roll, pitch, and yaw) and translation control in six directions
(right, left, up, down, forward and aft). The cambination of attitude and
translational maneuvering createe the capability of rendezvous and docking with

another space vehicle in orbit.

The primsry purpose of OAMS is spacecraft control in ofbit. The OAMS is also

used, after firing of shaped charges, to separate the ?pacecraft from the launch
vehicle during & normal launch or in case of an abort &hich may occur late in

the lsunch phase. During initiation of retrograde seq&ence, tubing cutter/sealer
devices sever and seal the propellsant feed lines from the equipment adapter. All
of the OAMS (except six TCA's located in retro sectiond are separated from the
spacecraft with the equipment section of the adapter. Spacecraft control functions
are then assumed by the Re-entry Control System (RCS)Q OAMS control units and tanks
are mounted on a structural frame (module concept) in &he equipment section. The
control units consist of forged and welded "packages"{ Each package coneists of
several functlioning components and f£ilters. The CAMB Control and Indicator
Schematic (Figure 8-95) is a simplified schematic of t%e indicators and manual
controls which are directly related to the Propulsion System. Additional controls
are provided by the Attitude Control and Maneuvering Eiectronics (ACME) System The
delivery of pressurant, fuel and oxidizer is accomplished by a uniquely brazed
tubing manifold system. The OAMS system 1s divided 1n§o three groups; pressurant

group, fuel/oxidizer group and Thrust Chamber Assemblyi(TCA) group.

Pressurant Group

The pressurant group (Figure 8-96) consists of a pressurant tenk, "A" package,
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"E" package, "F" package on Spacecraft 8 thru 12, pressure regulator, and "B"

package. Inlet valves, ports and test porte are provided at accessible points te
permit servicing, venting, purging and testing. Filters are provided throughout
the system to prevent contamination of the system. The pressurant is jsolated

in the storage tank during pre-~launch periods by a normally closed pyrotechnic
actuated valve, located in the A" packege. On Spacecraft 8 thru 12, the pressurant

is isolated from the reserve fuel tank by the "F" package.

Fuel/Oxidizer Group

The fuel/oxidizer (propellant) group (Figure 8-96) consists of expulsion bladder
storage tanks, "C" and "D" packages and two propellant shut off valves. Charging
valves and ports and test valves and ports are provided at accessible points to
permit servicing, venting, purging and testing. The propellants are isclated in
the storege taﬁks by normally closed, pyrotechnic actuated valves ("C" and "D"
packages). Filters are provided in the "C" and "D" packeges, down stream of the
isolation valves, to guard against contamination of the thrust chamber assemblies.
The propellants used are:
OXIDIZER - nitrogen tetroxide (neoh conforming to
specification MIL - P - 26539 A
FUEL - monomethyl hydrazine (NpH3CHz) conforming
to speeification MIL - P - 2ThOL

Thrust Chamber Agsembly (TCA) Group

The TCA group consists of thrust chembers and electrical solenocid velves. Six-
teen TCA's are used per spacecraft (Figure 8-9%), Eight twenty-five pound thrust

capacity TCA's are used for attitude control, (roll, pitch and yaw). Six one-
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hundred pound and two eight-five pound thrust capacity TCA's are used for

translational maneuvering.

SYSTEM OPERATION

Pressurant Group

The pressurant tank contains high pressure helium (He)istored at 3000 PSI.
(Figure 8-96). The tank is serviced through the "A" pﬁckage high pressure gas
charging port. Pressure from the pressurant tank is i%olated from the remainder
of the system by a normally closed pyrotechnic actuateﬁ isclation valve located
in the "A" package. Upon command, the system isolatioﬁ valve is opened and
pressurized helium flows through the "E" package, to the pressure regulator, "B"
package and propellant tanks. Normally, pressurant is%controlled through system
pressure regulator, and regulated pressure flows to thg "B" package. The "B"
package serves to deliver pressurant at regulated preséure to the fuel and oxdidizer
tanks, imposing pressure on the propellant tank bladde# exteriors. Relief valves
in the "B" package prevent over pressurization of the %ystem downstream of the
regulator. Burst diaphragms are provided in series wifh the relief valves, in
the "B" packsge, to provide & positive leak tight seal%between system pressure

and the rellef wvalve.

The "E" packege provides a secondary mode of pressure xegulation in the event of
regulator failure. In the event of regulator dver-pre%sure failure, resulting in
excess pressure passage through the regulator, a press#re switch ("E" package)

intervenes and automatically closes the nommelly open §artr1dge valve. Regulated

pregsure is then controlled mamially by the crew by moﬁentary placing the OAMS-

-2k
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REG switch in the PULSE position. (Figure 8-95). Control pressure information

is obtained from the "B" package regulated pressure transducer on spacecraft 5

and 6, the "F" package pressure transducer on spacecraft 8 thru 12. Should
regulator under-pressure failure occur, the crew cap manually select the OAMS-REG
switch to SQUYIB. 'This selection opens the normally closed valve and closes the
normally open valve, thus pressurant by-passes the regulator completely. Pressure
is then regulated manually (OAMS-PUISE) by the crew with control pressure infor-
mation obtained from the "B" package regulated pressure transducer on spacecraft

5 and 6, the "F" package pressure transducer on spacecraft 8 thru 12, The "B"
package provides a division of pressurant flow to the propellant tanks. The reg-
ulated pressure is sensed by the pressure transducer and provides & signal to the
cabin instrument, (Figure 8-95) indicating pressure downstream of the regulator.
In the event of regulator fallure, the crew utilizes the reading to manually
meintein the required pressure in the system. Three check valves prevent back
flow of propellant vapors into the preessurant system. The "B" package also
affords a safety feature for prevention of over pressure on the fuel and oxidizer
tank bladders. Should the system be over pressureized downstream of the regulator
the over pressure would first rupture the burst diaphragms, then be vented over-
board through the relief valves. The relief valvea will reset when system pres-

sure returns to normal.

On spacecraft 8 thru 12, the pressurant flows from the "B" package to the "F"
peckage. The normally closed pyrotechnic valve in the "F" package is opened by
placing the OAMS RESV switch (Figure 8-95) in the SQUIB position,allowing

pressurant to flow to the reserve fuel tank.
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Fuel/Oxidizer Group

Fuel and oxidizer are stored in their respective tank$ and are isolated from the
remainder of the system by normally closed pyrotechnié valves in the "C" (oxidizer)
and "D" (fuel) packages. Upon command, the "A" (preséurant), "C" and "D" package
isolation valves are opened. The pressurant imposes éressure on the propellant
tank bladders and fuel and oxidizer are distributed tﬂrough their separate tubing
manifold systems to the inlet of the thrust chamber s&lenoid velves. Upon command
on spacecraft 8 thru 12, the normally closed pyrotechﬁic valve in the "F" package
is opened to allow pressurant to impose pressure on tﬁe reserve fuel tank bladder
to distribute reserve fuel to the thrust chamber soleﬁoid velve. Two electrically
operated motor control valves (Figure 8-95) are locatéd in the propellant feed
lines, upstream of the TCS's, In the event of fuel o# oxiclzer leakage through
the TCA solenoid valves, the motor operated valves caﬁ be closed by the crew to
prevent loss of propellants. The valves can again be%actuated open by the crew,

when required, to deliver propellants to TCA solenoids.

rust Chamber Assemb Grou
Upon command from the automatic or manual controls, signals are transmitted
through the Attitude Control Maneuvering Electronics éACME) to selected TCA's to
open simultaneously the normally closed, qnick-acting%fuel and oxidizer solenocid
valves mounted on each TCA. In response to these comﬁands, propellants are di-
rected through small injector Jets into the combustio% chamber. The controlled
fuel and oxidizer impinge on one ancther, where they ignite hypergolically to
burn and create thrust. Heaters are connected to eacﬁ TCA oxidizer solenoid valve

to prevent freeze-up and are activated by an OAMS HTR$ switch (Figure 8-95).
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SYSTEN UNITS

Pressurant Storagg Tank

The helium pressurant is stored in welded, titanium spherical tank. Tank dimension
18 16.20 inches outside dismeter and has an internal volume of 1696.0 cubic inches,
The helium gas is stored at 3000 psi and held therein by the "A" package normally
closed pyrotechnic actuated valve. The pressurized helium is used to expel the
fuel and oxidizer from their respective tanks. Temperature sensors are affixed

to the pressurant tank and outlet line to provide readings for the cabin instru-

ment and telemetry.

"A" Package

The "A"™ package (Figure 8-97) consists of a source pressure transducer, isolation —_
valve, two high pressure gas charging and test valves and filters. The source
pressure transducer monitors tank pressure and transmits an electric signal to
the propellant indicator in the cabin and to the Instrumentation System, The
normally closed pyrotechnic isolation valve is used to isolate pressure from
the remainder of the system. The valve is actuated to the open position to
activate the system for operation. Two dual seal, high pressure gas charging
valves and ports are provided, one on each side of the isolstion valve. The
upstream valve is used for servicing, purging and venting the pressurant tank,
while the downstream velve 1s used to test downstream components, The valve

filters prevent system contamination during testing and servicing.

"F" Package (Spacecraft 8§ thru 12 Only)

The "F" package (Figure 8-97) consists of a source pressure transducer, isolation
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valve, two high pressure gas charging and test valves and filters. The source
pressure transducer monitors the regulated pressure and transmits an electrical
signal to the cabin indicator and Instrumentation System,indicating the amount

of regulated pressure for the OAMS system. The normally closed pyrotechnic valve
is used to isolate the pressurant from the reserve fuel tank., The valve is
actuated to the open position to activate the reserve fuel system for operation.
Two dual seal, high pressure gas charging valves and ports are provided, one on
each side of the isolation valve, The valve filters prevent system contamination

during testing and servicing.

"E" Package

The "E" package (Figure 8-98) consists of a filter, one normally open pyrotechnic
actuated valve, one normally closed pyrotechnic actuated valve, & normally closed
two way solenoid valve, a pressure sensing switch, and a manusl by-pass valve.
The input filter prevents any contaminants from the "A" peckage from entering the
"E" package. The two pyrotechnic actuated valves are activated (open to closed
and closed to open) as required to maintain regulated system pressure, in the
event of system regulstor malfunction. The two way (open-close) solenoid valve
is normally closed and functions upon crew commend to maintain regulated system
pressure in the event of a system regulator melfunction., The pressure switch
senses regulsted pressure from the system regulstor. Upon sensing over pressure,
the pressure switch intervenes and causes the normally open valve to actuate to
the closed position, closing the inlet to the pressure regulator. The solenoid
valve, when opened, allows pressurant flow through the package after the normally
opened valve is actuated to the closed position., The manual by-pass (normally

open) test valve is used to divert pressure to the solenoid valve, during system

8-35k

CONPFIDENTIAL

—




CONFIDENTIAL
SEDR 300

PROJECT GEMINI

NORMALLY-OPEN
CARTRIDGE VALVE

Al FILTER

Cmrnon o SOLENOID VALVE

NORMALLY-OPEN

MANUAL VALVE

-

M

QUTLET-TO
REGULATOR

INLET-FROM REGULATOR

N —
IT
¥

OUTLET

Figure 8-98 OAMS "E” Package

8-355
CONFIDENTIAL

NORMALLY-CLOSED
CARTRIDGE VALVE

o34 PRESSURE
-J switcH




CONFIDENTIAL
SEDR 300

PROJECT GEMINI ﬂ]

test.

In the normal mode of operation, gas flows through the normelly open pyrotech-
nic valve to the system regulator. In the event system regulator over pressure
malfunction, the pressure switch intervenes and causes the normally opened
pyrotechnic valve to actuate to the closed pesition, diverting pressure to the
normally closed solenoid valve. The solenoid valve is manually controlled
(pulsed) by the crew to maintsin regulated system pressure. In the event of
system regulator (under pressure) malfunction, the normally closed pyrotechnic
valve can be actuated to the open position. Slmultaneously insured by the cir-
cuitry, the normally open valve is activated to the closed position. This pre-
vents by-pass of the solenoid valve. In this mode, & regulator by-pass eircuit

is provided and pressure is regulated by the crew.

Pressure Regtulator

The pressure regulator (Figure 8-99) is a conventional, mechanical-pneumatic
type. The regulator functions to reduce the source preassure to regulated system
pressure. An inlet filter is provided to reduce any contaminants in the gas to
an acceptable level. An outlet line is provided from the regulated pressure
chamber to the pressure switch ("E" package) and activates the switch in the

event of an over pressure melfunction.

"B" Package

The "B" package (Figure 8-100) consists of filters, regulated pressure transducer,
three check valves, two burst diaphragms, two relief valves, regulator out test
port, fuel tank vent valve, inter-check valve test port, oxidizer tank vent valve,

and two relief valve test ports. The inlet filter reduces any contaminants in
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the gas to an acceptable level, Test valve inlet filters prevent any con-
taminants from entering the system., The regulated pressure {ranséucer monitors
the regulsted pressure and transmits an electric signa} to the cabin indicator
and Instrumentetion System, indicating the amount of regulgted pressure on space-
craft 5 end 6. A single check valve prevents backflow;of fuel vapors into the
gas system. Two check valves are provided on the oxidizer side to prevent back-
flow of oxidizer into the system, The burst diaphragm§ are safety (over pressure)
devices that rupture when regulated pressure reaches tﬁe design fsllure pressure,
preventing excessive pressure from being imposed on thé propellant bladders. The
two relief valves are conventional, mechanical-pneumatic type with preset opening
pressure. TIn the event of burst disphragm rupture, the relief valve opens venting
excess pressure overboard. The valve reseats to the ciosed position when a safe
pressure level is reached, thereby, prevents venting the entire gas source.

Manual valves and ports are provided to vent, purge and test the regulated system.

Fuel Tank

The fuel storage tank (Figure 8-101) is welded, titanium sphericel tank which
contain an internal bladder and purge port. The tank aimension is 21.13 inches
in diameter, end has a fluid volume capacity of 5355.0§cubic inches. The tank
bladder is a triple layered Teflon, positive expulsionitype. The helium pres-
surant is imposed on the exterior of thg bladder to expel the fuel through the
"D" packsge to the thrust chamber solenoid valves. Puﬁge ports are provided to
purge and vent the fuel tank. Temperature sensors sre affixed to the inmput pres-
surant line, fuel tank exterior end output line to pro&ide readings for the

cabin indicstor and Instrumentation System.
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Reserve Fuel Tank (Spececraft 8 thru 12 only)

The reserve fuel tank (Figure 8-102) is a welded titanimm cylindrical tank which
contains an internal bladder and purge port. The tank is 5.10 inches outside
diameter, 30.7 inches in length and has a fluid volume capacity of 546.0

cubic inches. The helium pressurant is imposed on the exterior of the bladder to

expel fuel through the "D" package to the thrust chamber solenoid valves.

Oxidizer Tenk

The oxidizer tank (Figure 8.101) is a welded titanium sphericel tank which contain
a bledder and purge port. The tank is 21.12 inches in diameter, and has a fluid
volume capacity of 5355.0 cubin inches. The tank bladder is double layered Teflon,
positive expulsion type. ‘The helium pressurant is imposed on the exterior of the
bladder to expel the oxidizer through the "C" package to the thrust chamber solenoid
valves, Purge ports are provided to purge and vent the oxidizer tanks. Tempere-
ture sensors are affixed to the input pressurant line, oxidizer tank exterior and

output line to provide readings for the cabin indicator and Instrumentation System.

"Cc" and "D" Packages

The "C" (oxidizer) and "D" (fuel) packages (Figure 8-103) are identical in func-
tion and are located downstream of the tanks of their respective system., Each
package consists of a filter, isolation valve, propellant charging valve and
test valve, The filter is located at the outlet port to prevent contaminants
from entering the downstream system. The normally closed isolation valve is used
to isolate propellants from the remainder of the system during the pre-launch

walting period. The pyrotechnic isolation valve is actuated to the open position
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for system operation. The propellant charging velve is located upstream of the
isolation velve and is used for servicing and venting the system, The test
valve is locasted downstreem of the isolation valve and is used to test the

downstream system.

Propellant Supply Shutoff Valves

Propellant supply shutoff valves (Figure 8-104) are provided for both the
oxidizer and fuel system and are located downstream of the "C" and "D" packages.
The motor driven shutoff velves are electrically operasted and mammally controlled.
The propellant valves serve as safeguards in the event of TCA leakage. The
valves are normally in the open position, and are closed at the option of the
crew to prevent loss of propellants. The valve is thereafter reopened only when

it is necessary to actuate the TCA's for the purpose of the spacecraft control.

Thrust Chamber Assembly (TCA) Group

Each TCA (Figure 8-105, 8-106 and 8-10T) consists of two propellant solenoid valves,
an electric heater, injection system, celibtated orifices, combustion chamber

and an expansion nozzle, The propellant solenoid valves are quick acting,

normally closed valves, which open simultaneously upon application of an electric
signal., This action permits fuel and oxidizer flow to the injector system. The
injectors utiligze precise jets to impinge fuel and oxidizer streams on one another
for controlled mixing and combustion, The calibrated orifices are fixed devices
used to control propellant flow. Rypergolic igni'tion occurs in the combustion
chamber. The combustion chember and expansion nozzle are lined with ablative

materials and insulation to absorb and dissipate heat, and control well temperature.
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TCA's are instelled within the adapter with the nozzle exits terminsting flush
with the outer moldline and located at various points about the adapter section
suitable for the sttitude and maneuvering control required. Electric heaters

are installed on the TCA oxidizer valves to prevent the oxidizer from freegzing.

Tubing Cutter/Sealer

The tubing cutter/sealer is a pyrotechnic actuated device and serves to posi-
tively seel and cut the propellant feed lines. Two such devices are provided

for each feed line and are located downstream of the propellant supply on/off
valve, one each in the retrograde and equipment section of the adapter, Prior to
retrofire, the equipment section is jJettisoned. The devices are actuated to
permit separation of the feed lines crossing the parﬁing line, and to contain

the propellants upon separation.

RE-ENTRY CORTROI SYSTEM

SYSTEM DESCRIPTION
The Re-entry Control System (RCS) (Figure 8-108) is a fixed thrust, cold gas
pressurized, storable liquid, hypergolic bi-propellant, self conteined pro-

pulsion system used to provide attitude control of the spacecraft during re-entry.

NOTE
The RCS consists of two ldentical but entirely separate
end independent systems. The systems 'may be operated
individually or simultaneously., One system will be des-

cribed, all data is applicable to either system.

“he RCS is cepable of operating outside of the earth's atmosphere.
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Attitude control (roll, pitch and yaw) is obtained by firing the TCA's in
groups. The TCA's are mounted at various points abouﬁ +he RCS section of the
gpacecraft consistent with the modes of rotational coﬁtrol required. The entire
RCS, (tanks and control paékages), with the exceptioniof instrumentation, is
located in the RCS section of the spacecraft. ZEach péckage conslsts of several
functioning components and filters. The delivery of pressurants and propellants
13 accomplished by & uniquely brazed tubing manifold gystem. The RCS is divided
into three groups; pressurant group, the oxidizer/fuei (propellant) group and
the Thrust Chamber Assembly (TCA) group. :

Pressurant Groqg

The pressurant group (Figure 8-.109) consists of a pressurant tank, "A" package,
pressure regulator and "B" package. Valves and test ﬁorts are provided at
accessible points to permit servicing, venting, purgiﬁg and testing. Filters are
provided throughout the system to prevent system contémination. The pressurant
is stored and isolated from the remainder of the syst#m during pre-lsunch periods

by & normally closed pyrotechnic actuated valve, located in the "A" package.

Fuel/Oxidizer Group

The fuel/oxidizer (propellant) group (Figure 8-109) consists of expulsion bladder
storege tanks, "C" (oxidizer) and "D" (fuel) packages; Valves, ports and test
ports are provided at accessible areass to permit servicing, venting, purging and
testing. Fllters are provided throughout the system #o prevent contamination.

The propellants are isolated in the storsge tanks from the remainder of the system
by normally closed pyrotechnic actuated valves in the%”c“ and "D" packages. Heaters

are provided on the "C" package to maintain the oxidizer at an operating temperature
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Oxidizer - Nitrogen Tetroxide (NoO4) conforming to

The propellants used are:

Specification MIL - P - 265304
Fuel - Monomethyl Hydrazine (N;H3CH,) conforming

to specification MIL - P - 2740k

Thrust Chember Assembly (TCA) Group

The TCA group (Figure 8-108) consists of eight twenty-five pound TCA's used for
attitude (roll, pitch and yaw) control of the re-entry module, Each TCA is
equipped with thrust chamber and electric controlled solenoid valves. Heaters
are provided on the oxidizer solenocid valves to maintain the oxidizer at an

operating temperature,
SYSTEM OPERATION

Pressurant Group

(Figure 8-105) High pressure nitrogen (H2) {pressurant), is stored at 3000 psi in
the pressurant tank. The tank is serviced through the "A" package high pressure
gas charging port. Pressure from the pressurant tank is isolated from the re-
malnder of the system, until ready for operation, by a normally closed pyrotechnic
actuated valve located in the ™A™ package. Stored nitrogen pressure is monitored
and transmitted to the cebin indicator and Instrumentation System by the source
pressure transducer located in the A" package. Upon command, the "A" package
pyrotechnic actuated valve is opened (simultaneously with propellant "C" and

"D" package pyrotechnic actuated valves) and nitrogen flows to the pressure

regulator and “B" package. The "B" package provides g division of flow to the
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propellant tanks. The regulated pressure is sensed by% the regulated pressure
transducer ("B package) and provides e signal to the Iinstrumentation System,
indicating pressure downstream of the regulator. The fcheek valves prevent back-
flow of propellant vaepors into the pressurant system. The "B" package also pro-
vides a safety feature to prevent over pressure of t.he% fuel gnd oxidiger tank
bladders, Should the system be over pressurized downsrtream of the regulstor the
over pressure would first rupture the burst diaphramsL. then be vented overboard
through the relief vaives. ;

Fuel/Oxidizer Group

Fuel and oxidizer (propellants) are stored in their respective tanks, and are
serviced through the high pressure charging ports in t&xe "c" and "D" packages.
The propellants are isolated from the remainder of the% system, until ready for
operation, by the normally closed pyrotechnic valves i‘p the "C" and "D" packages,
Upon command the "A" (pressurant), "C" (oxidizer) and %"D" (fuel) peckage pyro-
technic actuated valves are opened and propellants are distributed through their

separate tubing menifold system to the thrust chamber j:l.nlet solenoid valves.

Two motor driven shutoff valves are located in the propellant feed lines,

upstream of the TCA's., In the event of fuel or OHMZ%r leakage through the TCA

solenoid valves, the motor operated valves can be closfed by the crew to prevent
|

‘ \
loss of propellants. The valves can again be actuated open by the crew, when re-
\
quired, to Qeliver propellants to the TCA solenoids. Heaters are connected to

the output lines of the "C" and "D" packeges and are activated by the RCS HTR
|

switch (Figure 8-109).

Thrust Chamber Assembly (TCA) Group
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Upon command from the automatic or manual controls, signals are transmitted

through the Attitude Comtrol Meneuvers Electronics (ACME) to selected TCA's to
open simultanecusly, the normally closed, quick acting fuel and oxidizer solenoid
velves mounted on each TCA. In response to the signals, propellants are directed
through small injector jets into the combustion chamber. The controlled fuel end
oxidizer impinge on one ancther, where they ignite hypergolicelly to burn and
create thrust. Heaters are connected to each TCA oxidizer solenoid valve to pre-

vent freeze-up and are activated by the RCS HTR switch (Figure 8.109).
SYSTEM UNITS

Pressurant Storage Tank

The nitrogen (N,) pressurant is stored in a welded, titenium spherical tank., The
tank is 7.25 inches outside diameter and has an internal volume of 185.0 cubic
inches, Nitrogen gas is stored at 3000 psi and held therein by the "A" package
pyrotechnic valve. This nitrogen, under pressure, is used to expel the fuel and
oxidizer from their respective tanks, Temperature sensors are affixed to the pres-

surant outlet line to provide readings for the cabin instrument and telemetry.

"A" Package

The "A" package (Figure 8-97) consists of & source pressure transducer, isolation
valve, filters and two high pressure gas charging valves. The source pressure
transducer monitors the stored pressure and transmits an electric signsl to the
cabin indicator indicsting the pressure of the stored gas, The normally closed
isolation valve is used ﬁa isolate the pressure from the remainder of the

system,

——
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The valve is pyrotechnically actuated to the open pokition to activate the

system for operation. Two dual seal, high pressure #as charging valves and ports
are provided, one on each side of the isolation valvé. The upstream valve is
used for servicing, venting and purging the pressura#t tank, while the downstream
valve is used to test downstream components. Filters are provided to Prevent con-

taminants from entering the system.

Pressure Regulator

The pressure regulator (Figure 8.99) is a conventionﬁl, mechanical-pneumatic type.
The regulator functions to reduce the source pressur% to regulated system pressure.
An inlet filter 1s provided to reduce any contaminan%s in the gas to an acceptable

level.

"B" Package ‘

The “"B" package (Pigure 8-100) consists of filters, #egulated pressure transducer,
three check valves, two burst diaphragms, two relief}valves, regulator output

test port, fuel tank vent valve, oxidizer tank vent #alve, inter-check valve test
port and two relief valve test ports. The inlet filiter reduces any contaminants
in the gas to an acceptable level. Valve inlet filt?rs prevent contaminants from
entering the system. The pressure transducer monito*s the regulated pressure and
transmits an electrical signal to the spacecraft Insﬁrumentation System. A single
check valve prevents backflow of fuel vapors into thg gas system. Two check valves
are provided on the oxidizer side to prevent backflow of oxidizer vapor into the
gas system. The burst diaphragms are safety devices that rupture when the reg-

ulated pressure reaches the design failure pressure, preventing excessive pres-

sure from being imposed on the propellant biadders.
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The two relief valves are conventional mechanical-pneumatic type with preset
opening pressure. In the event of burst diasphragm rupture, the relief valve
opens, venting excess pressure overboard. The valve reseats to the closed posi-
tion when a safe level is reached, preventing the entire gas source from being
vented overboard. Manual valves and ports are provided to vent, purge and test

the reguleted system,

Puel Tank

The fuel tank (Figure 8-102) is e welded, titanium cylindrical tank which contains
en internsl bladder and purge port. The tank is 5.10 inches outside dismeter,
30.7 4nches in length and has a £luid volume capacity of 546.0 cubic inches,

The nitrogen pressurant i{s imposed on the exterior of the bladder to expel fuel
through the "D" package to the TCA solencid valves., The purge port is provided
+0 purge and vent the fuel tank bladder. Temperature sensors are affixed to the
nitrogen input line and fuel output line to transmit signals to Instrumentetion

Oxidizer Tank

The oxidizer tank (Figure 8-102) is a welded, titanium cylindrical tank which
contains a bladder and purge port. The tapk is 5,10 inches outside diameter,
25.2 inches in length and has a fluid volume capacity of 439.0 cubic inches.
The bladder is a double layered Teflon, positive expulsion type. The nitrogen
pressurant is inposed on the exterior of the bladder to expel the oxidizer
through the "C" package to the TCA solenoid valve, The purge port is provided
for purging and venting the oxidizer tank bledder. Temperature sensors are
affixed to the nitrogen input line and oxidizer output line to transmit signals

to Instrumentation System.
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The "C" and "D" packages (Figure 8-103) are identical in function and are located

"C" and "D" Packages

downstream of the tanks of their respective system, Each package consists of
filters, an isolatlion valve, propellant charging nlva and test valve, The
filter, located at outlet port, reduces contaminants to an acceptable level. The
velve and port filters prevent contaminants from ente#ing the system. The nor-
mally closed isolation valve is used to isolate propei]ants from the remainder
of the system during the pre-launch period. The isolé.tion valve is pyrotechnic
actuated to the open position for system operation, ﬂfhe propellant charging
valve is located upstream of the isolation velve and is used for servicing and
venting the system. The test valve is located downstream of the igolation valve

and is used to test the downstream system.

Propellant Supply Shutoff Valves

Propellant supply shutoff valves (Figure 8-104) are pfovided for both the oxidizer
and fuel system, and are located downstream of the "c'f and "D" packages in the
system. The motor driven shutoff valves are electricé,lly operated, and manually
controlled., The valves are normally in the open posiﬁion, and are closed at the
option of the crew to prevent loss of propellants. The valves are reopened only

when the TCA's are needed for spacecraft control.

Thrust Chamber Assembly (TCA) Group

Each TCA (Figure 8-110) consists of two propellant vaives, injection system,
callibrated orifices, combustion chamber and expansion fnozzle. The fuel and
oxidizer solenoid valves are quick acting, normally cﬁosed valves, which open

simltaneously upon application of an electric signal.? The action permits fuel and
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oxidizer flow into the injector system. The 1njectots use precise jets to impinge

fuel and oxidizer streams on one another for controlj.ed mixing and cambustion.
The calibrated orifices are fixed devices used %o coﬁtrol propellant flow.
Hypergolic ignition occurs in the combustion chamber. The combustion chamber
and expansion nozzle is lined with ablative materials and insulation to absorb
end dissipate heat and control external wall temperature. TCA's are installed
within the RCS section mold line, with the nozzles terminating flush with the
outer mold line. TCA's are located at fixed points ;ln the RCS section in &
location suitable for attitude control. Electrie heé.ters , located on the oxidi-

zer valve, are used to prevent the oxidizer from freezing.
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