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Chapter 5

PRELAUNCH AND IN-FLIGHT OPERATIONS

5-1 SCOPE

This chapter describes operation of the Block II PGNCS during prelaunch and
in-flight phases of the Apollo mission. PGNCS operation and crew procedures have
been correlated for the following major phases of the flight profile: IMU alignment,
guidance monitor, optical measurements, thrust vector control, attitude control,
S-4B takeover, and entry.

5-2 PREPARATION FOR LAUNCH AND PRELAUNCH IMU ALIGNMENT

Preparation for launch begins when the backup crew enters the spacecraft and be-
gins the checkout before liftoff. After control circuits linking the spacecraft tothe launch
pad have been verified as operational, the PGNCS subsystems are energized and the
PGNCS operational test is performed. Data on trajectory and launch coordinates is
entered into the computer in preparation for prelaunch alignment of the IMU.

During prelaunch IMU alignment, the IMU stable member is aligned to and held
earth referenced at a predetermined orientation with respect to an earth referenced
coordinate system. Stable member prelaunch alignment is required since the PGNCS
monitors Saturn guidance during earth ascent and must be able to assume control of
Saturn booster steeringduring earth orbit insertion and translunar trajectory injection.
Prelaunch stable member alignment is maintained until just prior to lift-off when the
stable member is released to an inertially referenced coordinate system. This proce-
dure establishes an inertial starting point from which the PGNCS can determine space-
craft velocity, position, and attitude.

Stable member alignment (figure 5-1) is accomplished by vertical erection and
azimuth alignment. During vertical erection, the X accelerometer input axis is posi-
tioned to sense local gravity and the Y and Z accelerometer input axes are maintained
in the horizontal plane. If the stable member drifts from this orientation, so that the
outputs of the Y and Z accelerometers indicate a portion of local gravity, the CMC re-
positions the stable member through the stabilization loop.
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Figure 5-1. Prelaunch Alignment Axes Orientation

A computer controlled gyro compassing program aligns the stable member to and
maintains the stable member at the desired azimuth. The desired azimuth of the down
range accelerometer (dependent on the launch constraints) will vary from 72 to 108
degrees from true North. Gyro compassing is a self-alignment process: each gyro will
sense a calculable portion of earth rate when the stable member is aligned to some par-
ticular orientation with respect to an earth referenced coordinate system. The com-
puter compensates for earth rate torquing of the stable member gyros by sending a
predetermined number of torquing pulses per unit of time to each IRIG torque ducosyn.
If the stable member is not aligned to the desired azimuth, the gyro torquing pulses
per unit time will not compensate forthe earthrate torquing of the gyros. Consequently,
the accelerometers originally located in the horizontal plane will be located in a dif-
ferent plane and will sense components of acceleration due to gravity. The computer
interprets the acceleration data from the accelerometer loops as error signals. The
error signals are used by the computer to calculate the necessary additional gyro
torquing pulses per unit time to drive the stable member to the desired azimuth align-
ment.

After the desired azimuth of the stable member has been obtained, it is also main-
tained by the gyro compassing program. The east 25 IRIG will sense a component of
earth rotation when the stable member is misaligned in azimuth. The resultant signal
is used by the computer to reposition the stable member, thus compensating for earth
rate and bias drift until launch.
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To accomplish the task of prelaunch IMU alignment, (figure 5-2) the inertial sub-
system is cycled through the IMU turn-on mode, coarse align mode and into the fine
align mode. The inertial subsystem remains in the fine align mode during vertical erec-

“tion and gyro compassing of the IMU. Accelerometer outputs and IMU gimbal angles are
provided to the computer. The computer uses the accelerometer and gimbal angle in-
formation to control ISSmoding and to generate the commands to initiate the positioning
of the IMU stable member.

The ground crews mount the dust covers onthe APTPS. Installation is accomplished
with the optics shaft axis at 0°. This optics position must be maintained until dust
cover ejection (after second stage engine cutoff).

The backup crew leavesthe spacecraft after disconnecting the GSE and securing the
navigation station by folding up the work table, installing the hand controller on the
center couch, and checking PGNCS indicator lamps and controls.

The flight crew enters the spacecraft about 2-3/4 hours before liftoff. The naviga-
tor selects the required computer program. The status of IMU alignment is monitored
by the navigator on the DSKY and by the ground station telemetry and post installation
ground support equipment.

5-3 GUIDANCE MONITOR

The PGNCS performs the function of guidance monitor during the earth ascent
phase and the translunar injection phase of the Apollo mission. During these phases,
the PGNCS monitors flight profile and mission sequencing.

During guidance monitor, the CMC computes the difference between the desired
spacecraft attitude and the actual spacecraft attitude. The astronaut can send attitude
error signals from the PGNCS to Saturn instrumentation for use as steering signals by
setting a switch on the main D and C panel. The CMC also computes and updates an
abort re-entry program which can be initiated during the earth ascent phase at the
command of the astronaut.

The inertial and computer subsystems (figure 5-3) are used for the guidance mon-
itor functions. The inertial subsystem is operated in the attitude control mode. Changes
in velocity due to engine thrust and gravitational fields are supplied to the computer by
accelerometer loops. Spacecraft attitude, as determined from the gimbal angle resol-
vers, is used as total attitude inputs to the FDAI. The CMC computes the difference be-
tween the actual IMU gimbal angles (spacecraft attitude), as indicated by the CDU, and
the desired gimbal angles (desired spacecraft attitude), as specified by the pitch pro-
gram. The computed differences are converted to analog values in the CDU and dis-
played as attitude error signals on the FDAI. Discretes, such as guidance release and
liftoff, generated by the boost guidance equipmentare received by the CMC. Trajectory
information, such as velocity, position, attitude, and time are available to the ground
tracking stations through downlink.
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5-4 ORBITAL NAVIGATION

During earth or lunar orbits, velocity and positiondata is updated by taking naviga-
tional measurements. Earth and lunar orbit sightings are taken using well defined land-
marks or using landmarks or the horizon and a prominent star as reference targets.

During orbital navigation, the spacecraft is orientated withthe Z axis approximately
down and the X axis in the direction of motion. (See figure 5-4.) This orientation points
the optical axes toward the earth or lunar surface. The spacecraft is referenced to local

vertical through computer control.
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Figure 5-4. Orihital Navigation Sighting

5-6




ND-1021043

BLOCK [ PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL

In preparation for orbital navigation measurements, the navigator mounts the op-
tical eyepieces and adjusts instrument panel and interior spacecraft lighting. To assure
maximum accuracy of orbital navigation measurements, the navigator verifies that the
IMU has been fine aligned within the past 15 minutes. During the orbital navigation
measurements, the IMU is operated in the inertial reference mode.

5-4,1 LANDMARK NAVIGATIONAL MEASUREMENT. Because of the high angular
rate of landmark targets with respect to the spacecraft, the SCT, with its large field
of view, is used for tracking and taking optical measurements. The chosen landmark
targets are close to the orbital ground path so that a target image acquired near the
horizon is tracked along a path which passes beneath the spacecraft.

The navigator applies power to the optical subsystem, selects the zero optics mode,
verifies that the optics has zeroed, refers tothe procedures checklist to obtain the code
number for orbital navigation and enters that number into the computer DSKY, (See
figure 5-5.) The OPTICS MODE switch is set to MANUAL and the TELESCOPE TRUN-
NION switch is set to SLAVE TO SXT, When the landmark latitude, longitude and attitude
is set into the computer, the optics shaft and trunnion angles are driven to the required
angles. The navigator places the optics in manual resolved mode, centers the landmark
in the telescope using the optics hand controller, and presses the mark pushbutton.
Three equally spaced marks are taken on eachtarget. The computer subsystem records
the optical and inertial angles and the time when the mark pushbutton is pressed.
The specific code number for the landmark sighted is then entered into the computer
and the optics shaft and trunnion portions of the CDU are driven to the required values.

With the inertial subsystem in the attitude control mode, the CDU provides gimbal
angle changes to the computer. The computer uses the angular information to calculate
the spacecraft orientation with respect to the stable member. The CDU also provides
changes in the optical angles defining landmark direction with respect to the space-
craft. The computer uses the CDU inputs to calculate the landmark direction relative
to the stable member.

Resultant position and velocity data is sent to MSFN by downlink telemetry and is
checked for accuracy by comparison with ground calculations.

5-4.2 STAR HORIZON NAVIGATIONAL MEASUREMENT. The SXT is used to measure
the angle between an earth landmark or horizon and a target star.

To pertorm a star horizon navigational measurement, the navigator selecls the
computer program, zeros the optics and optics channels of the CDU, and selects a
target star. The target must be a rising star on a bright horizon with less than 57°
azimuth relative to the orbital plane of the spacecraft. After the SLAVE TO SXT mode
is entered and the star acquired in the SCT, the navigator verifies that the target star
is in the SXT field of view by observing the star image on the calibrated shaft axis
crosshair.

o-17
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The command module rolls approximately 75° to point the LLOS toward a bright
portion of the earth's horizon. After the astronaut has acquired the horizon in the SXT,
and has centered the star and horizon in the SXT field of view, the mark pushbutton is
pressed to send the optics angles to the computer.

The inertial subsystem operates inthe attitude control mode with the CDU providing
gimbal angles to the computer. The optical subsystem is operated in the zero optics,
manual, and computer modes with the optical portion of the CDU providing shaft and
trunnion angles to the computer. The MARK commands are provided to the computer.
The computer uses the CDU inputs to calculate the landmark direction relative to the
stable member. MSFN receives the positional data at the time the MARK occurs through
the downlink telemetry. The values are verified by ground computers and relayed back
to the navigator.

5-5 IN-FLIGHT IMU ALIGNMENT

In-flight IMU alignment consists of using optical sightings to align the stable member
to an inertial frame of reference. The CMC has geocentric coordinates of 28 stars
stored in its fixed memory. The catalog of stars is used as the primary reference for
alignment and navigational measurements. The IMU requires alignment each time the
inertial subsystem is energized or after prolonged operation. As a general rule, the
IMU will be aligned just prior to applying thrust to the spacecraft, prior to making
orbital navigation sightings, and when the PGNCS is used for spacecraft attitude control.
During the alignment process, the navigator is at the navigation station (lower D and
C panel).

Basically the alignment procedure consists of two steps, coarse and fine alignment.
In the coarse align mode, the stable member is approximately positioned to the desired
orientation. In the fine align mode, the stable member is precisely aligned with respect
to the inertial frame. Either an in-flight initial alignment or an update alignment may
be required. If the inertial subsystem is in the standby mode, an initial alignment is
performed and the subsystem is cycled through the IMU turn on, coarse align, and
fine align modes. If the IMU has been aligned but has not been recently realigned, an
update alignment may be required. The update alignment requires only the precise
orientation of the fine align mode.

- To accomplish alignment of the IMU, the navigator selects the required computer
program (initial or update IMU alignment) and the target stars. (See figure 5-6.) With
the initial alignment program selected, the IMU gimbal angles are get to zero and the
spacecraft is maneuvered for coarse align sightings on two target stars. The navigator
centers each star on the SCT optical field of view, operating the optics in the zero
optics and manual modes, and initiates a MARK command. After each sighting, a star
code number is entered into the computer. The CMC records the optics angles and the
time and uses the recorded data to calculate the coarse align stable member orienta-
tion. After the computer has coarse aligned the stable member through the CDU, it
maneuvers the spacecraft to obtain the fine align stars. With the optical subsystem in
the computer mode, the optical portion of the CDU receives shaft and trunnion angle
commands from the computer to point the SXT S LOS toward the target star for the

5-9
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fine alignment measurements. The two fine align stars are separately acquired in the
center of the SXT field of view and a MARK command is initiated after each star is
centered. Using the measured optical angles, the fine align star components are trans-
formed into stable member axes by CMC programs. The existing stable member orien-
tation is comparedto the desired stable member orientation to determine the alignment
requirements and the stable member is then torqued into position. A final check of the
alignment can be performed by sighting on two additional stars.

If an update alignment is performed, the required computer program is selected
and the spacecraft maneuvered into position for taking fine align sightings. Upon com-
pletion of sightings, the stable member is torqued into position.

5-6 MIDCOURSE NAVIGATION

A midcourse navigation measurement is accomplished by using the SCT for
coarse acquisition and the SXT for final measurement of an angle between a star
and a well defined landmark.

The catalog of 28 star coordinates stored in the CMC fixed memory is used as the
primary reference for navigational measurements. The stars are selected for uniform
distribution on the celestial sphere so that for a random optical shaft axis direction a
reference star is not more than 31 degrees away. Brightness and compatibility with
midcourse navigation are also factors in star selection.

The landmarks are outstanding geographic locations on the surface of the earth or
moon. The earth landmarks used are selected points of demarkation between land and
water that are clear of cloud cover during the mission. When the optical angle is ob-
tained a MARK command is sent to the computer by the navigator.

The MARK command sends the angle between the S;LLOS and LLOS and time of
measurement to the CMC. (See figure 5-7.) The recorded data defines a cone in space
with the apex at the landmark. (See figure 5-8.) The size of the cone is dependent on
the measured angle which is equal to one-half the cone angle. The cone axis is parallel
to the StLOS, For any arbitrary point on the surface of the cone, the angle between the
landmark and star is the same. Therefore, one sighting defines the spacecraft position
somewhere on the surface of the cone. The point on the cone surface nearest the present
estimated position becomes an improved estimate of position at the time of the sighting.

Since the spacecraft moves in accordance with dynamic laws, departure from
a computed trajectory is sufficiently small to permit linear reduction of the navigation
problem by a running fix technique. This technique avoids dependence on a prepro-
grammed trajectory. It consists of improving or updating the velocity and position
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Figure 5-7. Midcourse Navigation

information with each succeeding optical measurement. At the time of translunar injec-
tion, the CMC contains an indication of velocity and position, which has been calculated
from the inertial subsystem velocity measurements, and data on gravitational fields.
Solving the equations of motion, the projected position data is obtained by extrapolation
and an estimated trajectory is established. Whenever a navigational measurement is
taken, the velocity and position information is used in conjunction with the landmark
and star coordinates to predict or estimate the angle that should be measured. If the
current estimates of position and velocity are correctand there is no instrument error,
the measured angle is equal to the predicted angle. If the measured and predicted angles
are not equal, the difference is used to update the estimated velocity and position.
The CMC calculates the new estimate and verifies its calculation with MSFN,
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Figure 5-8., Midcourse Posgition Determination

The process of taking navigation measurements and converting to linear terms
around the present best estimate is performed throughout the midcourse flight. The

velocity and position data determines whether a velocity correction is required to main-
tain a satisfactory trajectory.
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5-7 MIDCOURSE CORRECTION AND THRUST VECTOR CONTROL

During the Apollo flight thrust maneuvers such as translunar injection, lunar orbit
injection, transearth injection and midcourse corrections are performed. All the ma-
neuvers performed during these phases result in plane and/or orbital changes.

The purpose of midcourse correction is to change spacecraft velocity during the
transearth and translunar portions of the flight and to monitor the thrusting to deter-
mine the resultant trajectory parameters. Midcourse corrections are accomplished
after midcourse navigation has determined that velocity corrections are needed.

The purpose of a thrust maneuver is to change the velocity and position of the
spacecraft, such that, the free-fall trajectory will carry the spacecraft to a required
aim point. The thrust is provided by the SPS engine.

Prior to a midcourse correction or thrust vector control maneuver, the IMU will
be aligned with respect to aninertial frame with the X PIPA inputaxis alongthe desired
thrust vector. (See figure 5-9.) The spacecraft center of gravity is determined. The
computer positions the SPSengine through error signals developed in the optics portion
of the CDU. After an ullage maneuver, the computer issues on-off discretes to the SPS
engine. (For small midcourse corrections, the astronaut makes translation maneuvers
using the RCS.)

A thrust is applied to the spacecraft, the accelerometer loops provide changes in
velocity and the CDU provides attitude change data to the computer. The computer uses
this data to determine the spacecraft's changing position, velocity, and attitude.

Velocity to be gained is displayed on the computer DSKY. Attitude error signals
and total attitude is displayed by the FDAI. Upon completion of the maneuver, velocity
and positional data is displayed and checked with MSFN.

5-8 ATTITUDE CONTROL

The attitude of the spacecraft is changed frequently during the flight for the following
reasons:

(1) To direct antennas for communications.
(2) To change orientation with respect to the sun for thermal controls.
(3) To observe celestial bodies.

(4) To align the spacecraft in preparation for a velocity correction.

5-14
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Figure 5-9. Midcourse Correction and Thrust Vector Control

The PGNCS can generate spacecraft attitude control signals by three methods:
(1) Automatic computer control.
(2) Rotation control (computer aided manual control).

(3) Minimum impulse controller (computer aided manual control).
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Computer control (see figure 5-10) is used in orienting the spacecraft to a given
star field or alignment for thrusting. The astronaut uses the SC CONT switch along
with the rotation control to position the spacecraft. The three position switch selects
the means of controlling spacecraft attitude after the rotation control is released.
The attitude can be either held at a position selected by the astronaut, allowed to
drift or be controlled by the computer. The minimum impulse is used when taking
optical sightings to make small changes in the spacecraft rotational rate.

The inertial and computer subsystems are used in the attitude control function.
The CDU is pulsed by the computer to change the gimbal angles. Attitude error and
IMU gimbal angles are displayed on the FDAI., The CMC uses the attitude error signals
to determine the need for commanding RCS on-off discretes.

5-9 ENTRY

The entry attitude of the command module has certain aerodynamic characteristics
associated with it as it enters andtravels in the earth's atmosphere. These aerodynamic
characteristics develop lift and drag vectors that oppose the acceleration vector and
affect the trajectory of the command module. (See figure 5-11.) The PGNCS attitude
control mode is used during the entry function to control the lift to drag ratio.

Prior to entry, the CMC entry program is selected, the service module is jettisoned
and the command module is oriented to the entry attitude. The computer receives pre-
calculated lift and drag ratios from ground control and provides a signal representing
desired roll angles to the outer gimbal CDU. This signal is compared with the actual
roll angle signal from the IMU, and the difference error signal is applied to the RCS
roll jets on the command module. The module rolls about the entry roll axis, varying
the lift-drag ratio and thereby maintaining the module on the proper trajectory. The
stabilization loop senses spacecraft rotation and cancels the difference error signal
when the proper angle is reached.

To keep the command module in the entry "corridor" (difference between under-
shoot or g-limit condition and overshoot or skip-out condition), the CMC uses velocity
increments from the accelerometers and attitude inputs from the CDU to compute
steering commands. The steering commands are used to fire roll reaction control jets
on the command module.

Upon entry into the atmosphere (.05 g indication on main D and C panel), the astro-
naut starts the elapsed time event time clock. During the entry phase, the astronaut
monitors the attitude indicator, entry monitor display, and DSKY to assure proper
attitude, velocity, and roll control. This procedure is followed until the Earth Landing
System parachutes are deployed.
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Chapter 6

CHECKOUT AND MAINTENANCE EQUIPMENT

6~1 SCOPE

This chapter contains a list of test equipment and tools necessary to complete
checkout of the Block II PGNCS and the PGNCS subsystems. The test equipment is
listed in alphabetical order in table 6-I. The tools are listed in alphabetical order
in table 6-II. Table 6-III lists the job description cards (JDC's) which contain opera-
tion and front-panel calibration procedures for the ground support equipment (GSE).
The layout of equipment in test stations at Kennedy Space Center (KSC), the Manned
Spacecraft Center (MSC), and North American Aviation (NAA) is shown in figures
6-1, 6-2, and 6-3, respectively. The test stations are environmentally controlled
and provide precision checkout of the PGNCS and the PGNCS subsystems. Each
test station contains the test equipment required to check out the PGNCS and the
PGNCS subsystems except for the following test equipment.

a. AGC/CTS operations console*
b. Azimuth reference prism*

c. Degausser assembly*

d. Purge/fill fixture*

* One provided for each field site.
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Table 6-I. Checkout and Maintenance Test Equipment
Equipment and Short Description and Use Remarks
Part Number Nomenclature
Adjustable Mirror adjustable Serves as alignment reference | none
Pedestal Assembly, mirror device when aligning auto-
1019759 collimator assemblies during
PGNCS checkout
AGC Calibration computer Checks calibration of CMC none
Console, calibration clock oscillator and provides
2014049-021 console frequency reference to
auxiliary calibration system
AGC Connector CMC Provides protection for CMC none
Covers, connector and DSKY electrical connec-
2014399-011, covers tors during transit or storage
1006425-006
AGC GSE interconnect Provides cables and buffer Use -051 with
Interconnection kit, CMC- circuit assembly for inter- computer test
Set, G and N, GSE-PGNCS connecting CMC to GSE and set =071, The
2014255-041 and -051 PGNCS modification
(See remarks) (ECP 536)
increases the
diagnostic
capabilities
of the test
equipment.
AGC GSE interconnect Provides cables and mounting | none
Interconnection kit, CMC- bracket for interconnecting
Set, Subsystem, GSE-CSS CMC to GSE and CTS
2014268-031
AGC Handling CMC handling | Provides mounting and none
Fixture, fixture protection for CMC prior
2014282-031 to installation and during
handling
(Sheet 1 of 9)
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Table 6-1. Checkout and Maintenance Test Equipment
Equipment and Short Description and Use Remarks
Part Number Nomenclature
Apollo Optical SXT optical Mounted on APTPS SXT cover |none
Sextant Cover cover and baffle assembly to provide
1902654-011 protection during shipping and
storage and to allow purging of
SXT
Apollo Optical SXT crown Protects SXT after APTPS none
Sextant Crown cover SXT crown half and plug
Cover, assembly is installed
1902661-011
Apollo Optical SCT optical Mounted on APTPS SCT cover |none
Telescope Cover, cover and baffle assembly to provide
1902651-021 protection during shipping and
storage and to allow purging of
SCT
Apollo Optical SCT crown Protects SCT after APTPS SCT| none
Telescope Crown cover crown half and plug assembly
Cover, is installed
1902659-011
Auxiliary Calibration| auxiliary Checks calibration of CMC none
Console, calibration clock oscillator
2014059-021 console
Component Mounting | component Used with subsystem mounting | none
Plate, 2900677-011 mounting fixture: provides mounting for
plate selected PGNCS components
during ISS and OSS checkout
Computer Simulator | computer Simulates CMC signals, loads, | none
(drawer assembly), simulator and outputs for ISS and OSS

2014048-011

checkout

6-6
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Table 6-I. Checkout and Maintenance Test Equipment
Equipment and Short Description and Use Remarks
Part Number Nomenclature
——
Computer Test Set, CTS Checks operation of CSS Use -071 with
2014042-061 and -071 AGC GSE
(See remarks) interconnec-
tion set, G
and N -051,
The modifi-
cation
(ECP 536)
increases the
diagnostic
capabilities
of the test
equipment.
Degausser, degausser Demagnetizes ducosyns of none
1900299-021 16 PIP's and 25 IRIG's
during ISS and PGNCS
checkout
Electrical Adapter adapter Provides capability for none
Cable Assembly Set [ cable set continuity checks and signal
(Block I Series 100 monitoring
or Block II),
2901074-011
Electrical Adapter adapter Provides capability for none
Cable Assembly Set | cable set continuity checks and
(Basic), 2901075-021 signal monitoring
(includes breakout
box)
Electrical Adapter adapter Provides capability for none
Cable Assembly Set [ cable set continuity checks and signal
(Block TI), monitoring
2901076-021
Electronic Level, electronic Part of rotary table none
1901328 level calibration set. Used to
align adjustable mirror and
shaft accuracy tester rotary
table

Rev. V
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Table 6-I. Checkout and Maintenance Test Equipment
Equipment and Short Description and Use Remarks
Part Number Nomenclature
TFilling and Purging purge /fill Purges and fills all components | none
Fixture, fixture requiring coolant
1902371-011
G and N Coolant and | coolant and Part of OITS. Provides none
Power Console, power cooling, power, and precision
1902134-031 console voltage monitoring during
PGNCS, ISS, or OSS checkout
G and N Mounting G and N Serves as mounting fixture for | -051 and
Fixture, mounting selected PGNCS components -061 change
2900067-051 or =061 | fixture for PGNCS, ISS, and OSS mounting for
checkout signal
conditioner
and harness
HAH
(ECP 654).
G and N G and N Used for local transportation -031 or -041
Transportation transportation | of PGNCS components can be used
Cart Assembly, cart with BlockII

1900000-041

GSE Coolant
Interconnect
Hose Set,

2900405-011

GSE Distribution
Box,
2900024-031

GSE P&M Cable
Kit,
2014064-011

GSE coolant
hoses

GSE
distribution
box

P&M cables

Connects PGNCS components
to coolant and power console

Part of OITS. Provides test
interconnection during PGNCS,
ISS, and OSS checkout

Interconnects CTS to buffer
circuit assembly

components

none

none

none

6-6B
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Table 6-I. Checkout and Maintenance Test Equipment
Equipment and Short Description and Use Remarks
Part Number Nomenclature

IMU Mounting
Fixture,
2900000-021

IMU Pressure Seal
Tester, 1900804-011

IMU Snap-on Bellows,
1900802-011

Interconnect Cable
Set, 2900025-011

Interconnect Cable
Set, 2900712-051,
-061, and -071

ISS Connector
Covers,
2900065-021

Operation Console,
2014024-021

IMU mounting
fixture

IMU pressure
seal tester

IMU snap-on
bellows

interconnect
cables

interconnect
cables

ISS connector
covers

AGC/0OC

Mounts IMU to rotary table for

ISS checkout

Checks for leakage of pressure

seals in IMU case during
PGNCS checkout

Allows for expansion of coolant

in IMU during storage

Part of OITS., Interconnects
GSE and PGNCS components
during PGNCS, ISS, and OSS
checkout

Part of OITS. Interconnects
GSE and PGNCS components
during PGNCS, ISS, and OSS
checkout

Provides protection for
indicator control panel, PEA,
signal conditioner, and
PGNCS interconnect cables
electrical connectors during
transit or storage

Provides mounting, power,
test connections, and cooling
for CSS

none

none

none

none

-071 insures
proper tele-
metry inter-
face

(ECP 581)
-051 and
-061 change
cables for
PSA
moisture
seal
compatibility
(ECP 529).

none

none

Rev. V
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Table 6-1.

Checkout and Maintenance Test Equipment

Equipment and
Part Number

Short
Nomenclature

Description and Use

Remarks

Optics Covers,
1022980-011

Optics-Inertial
Analyzer,
2900023-051

Optics-Inertial
Test Set,
2900022-041

Optics/Nav Base
Mounting Fixture,
2900072-011

Oscillograph
Console Assembly,
1900000-021

Portable Light
Assembly,
1019837-021, -031

Portable Tempera-
ture Controller,
2900060-031

optics covers

OIA

OITS

optics/nav
base mount-
ing fixture

oscillograph

portable
light
assembly

PTC

Provides protection for OUA
optics during transit or
storage

Part of OITS. Provides
control signals and monitor-
ing and measurement facilities
for use during PGNCS, ISS,
and OSS checkout

Provides control signals

and monitoring and measure-
ment facilities for use during
PGNCS, ISS, and OSS
checkout

Provides mounting for
optical unit on rotary table
and test interconnections
during OSS checkout

Part of OITS. Monitors and
records signals from OIA

Illuminates SXT and SCT
reticle during OSS checkout

Provides IMU temperature
control during local transpor-
tation and storage

none

none

none

none

none

-021 con-
tains SCT
adapter

assembly.

-031 extends
range of
variable
resistor
(R16) from
0-2 to 0-5
kilohm.

6-8
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Table 6-I, Checkout and Maintenance Test Equipment
Equipment and Short Description and Use Remarks
Part Number Nomenclature
=
PSA Test Point PSA test point | Part of OITS, Provides test none
Adapter, adapter interconnections for use with
2900037-031 OIA
PTA/PEA Mounting |PEA Provides mounting for PEA none
Fixture, mounting on rotary table during ISS
2900066-021 fixture checkout and on G and N
mounting fixture during
PGNCS checkout
PTA/PEA Test Point | PEA test Provides test interconnections | none
Adapter, | point for use with OIA
2900145-011 adapter
Remote Optics remote Positions optical unit during none
Controller, optics 0SS checkout
1902056-021 controller
Resolver Circuit resolver Provides simulated loads for |none
Tester, circuit IMU and OUA resolvers during
2900708-011 tester PGNCS, 0SS, and ISS checkout
Retroreflecting retroreflecting| Used in aligning OSS targets none
Prism Assembly, prism and checking SCT shaft
1019840 accuracy
Rotary Table, rotary table Serves as a mounting and test |none
1900926-021 platform for selected PGNCS
components during ISS and OSS
checkout
Rotary Table rotary table Contains all equipment neces- | none
Calibration Set, calibration sary to perform rotary table
1900810-011 set calibration
(Sheet 7 of 9)
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Table 6-I. Checkout and Maintenance Test Equipment
Equipment and Short Description and Use Remarks
Part Number Nomenclature
SCM/PSAAM Cali- SPCU Used for pre-installation 031 contains
bration and Test acceptance testing of 0 volt com-
Console, operational or flight qualifi- puter
2900895-031 and cation signal conditioners reference
-041 for 4 and
14 volt
outputs
(ECP 522).
041 pro-
vides 28 vdc
low to SCA
optics and
resolver
CDU
modules.
SXT Shaft Zero SXT shaft zero | Checks accuracy of SXT none
Check Fixture check fixture shaft zero during OSS
2901755=-011 checkout,
Shaft Accuracy shaft Checks accuracy of SXT none
Tester, accuracy shaft during OSS checkout
1019769 tester
Subsystem subsystem Provides mounting for none
Mounting mounting selected PGNCS components
Fixture, fixture during ISS and OSS checkout
2900070-021
Theodolite and theodolite Aligns 0° autocollimator none
Support assembly and 45° autocolli-
Assembly, mator assembly
1017447
Universal DSKY DSKY Provides mounting and protec-| none
Handling Fixture, handling tion for DSKY during handling
2014013-011 fixture and transit. Provides
mounting for DSKY in
AGC/0C

6-8B

Rev. AG



ND-1021043

BLOCK 1 PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL
Table 6-III. List of Operating Procedure JDC's for GSE
Equipment JDC Description JDC
Nomenclature Number

Auxiliary input Applying auxiliary signals to digital voltmeter, phase 18103
angle voltmeter, dual beam oscilloscope, and counter
Applying PSA test point adapter and PTA/PEA test 18204
point adapter signals to dual beam oscilloscope
Applying PSA test point adapter signals to dual 18104
beam oscilloscope
Operation - general 18050

Counter (OIA) Applying auxiliary signals 18103
Count clock frequency pulses that occur during 18020
interval determined by "D'" input events
Count number of input events that occur during 18018
any preselected time interval
Count number of input events that occur during 18019
interval determined by "D'" input events
Determine correct operation of N1 switches, time 18021
base circuitry, and count-chain circuitry
Determine correct operation of Ny switch 18022
Forward or reverse count 18017
Performance verification 19261

Counter-timer Count number of pulses during a time interval 05402

(CTS)
Measure frequency 05401
Measure period between leading edges of pulses 05403
Measure time between pulses using the internal 05404
frequency standard

(Sheet 1 of 7)
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Table 6-1II. List of Operating Procedure JDC's for GSE

Equipment JDC Description JDC
Nomenclature Number
Current source Measure voltages 18216

monitor panel

Digital recorder | Operation and interpretion of data 18043
Digital voltmeter | Applying auxiliary signals 18103
Applying internal signals 18000
Applying PSA test point adapter signals 18002
Applying PTA/PEA test point adapter signals 18202
Automatic measurement of ac or dc voltage 18037
Measurement of ac voltage 18236
Measurement of dc voltage 18235
Performance verification 19260
Dual beam Adjustment 19362
oscilloscope .
Adjustment of scope A upper beam vertical 19360

plug-in unit

Adjustment of scope B lower beam vertical 19361
plug-in unit

Applying auxiliary signals 18103
Applying internal signals 18000
Applying oscillograph signals to scope "B", 18011
channel 2

Applying PSA test point adapter and PTA/PEA 18204

test point adapter signals
(Sheet 2 of 7)
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Table 6-III. List of Operating Procedure JDC's for GSE

Equipment JDC Description JDC
Nomenclature Number
Dual beam Applying PSA test point adapter signals 18002
oscilloscope
(cont) Applying PSA test point adapter signals 18104
Applying PTA/PEA test point adapter signals 18202
Applying reference signals 18001
Applying two signals simultaneously to scope "B 18010
Frequency measurements | 18008
Performance verification 19263
Phase shift measurements using upper beam 18006

differential amplifier

Pulse monitoring using scope ""B'", channel 1 18009
Time measurements 18007
Voltage measurements using upper beam differ- 18005

ential amplifier

Electrical adap- | Signal monitoring and continuity tests 18052
ter cable assem- ;
bly set

Electronic count- | Operating the counter to measure frequency 05400
er (auxiliary
calibration
console)

Fill and purge Fill and purge G and N system components 18045
fixture

Galvanometer Measure voltages 18216

(Sheet 3 of 7)
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Table 6-III. List of Operating Procedure JDC's for GSE

Equipment JDC Description JDC
Nomenclature Number
G and N coolant Operation and interconnections for G and N system, 18046
and power ISS, and OSS testing
console
Gimbal position Operation - general 18244

control panel

Intertial com- Provide IMU heat 18049
ponents tem-
perature con-

troller

Oscillograph Adjustment of dc amplifiers 19363
Adjustment of phase sensitive demodulators 19364
Adjustment of phase sensitive demodulators 18027

(800 cps reference)

Adjustment of phase sensitive demodulators 18028
(3200 cps reference)

Applying signals to dual beam oscilloscope 18011
scope ""B", channel 2

Electric writing 18023
Ink writing 18024
Installation of ink cartridge 18032
Installation of ink pen 18033
Installation of paper 18034
Operation of dec amplifiers 18026
Operation of phase sensitive demodulators 18031

(Sheet 4 of 7)
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Table 6-III. List of Operating Procedure JDC's for GSE
Equipment JDC Description JDC
Nomenclature Number
Oscillograph Performance verification of de amplifiers 19264
(cont)
Performance verification of phase sensitive 19265
demodulators
Performance verification of phase sensitive 19268
demodulators
Oscilloscope - Measure pulse characteristics 05405
(CTS)
Phase angle Applying auxiliary signals 18103
voltmeter
Applying internal signals 18000
Applying PSA test point adapter signals 18002
Applying PTA/PEA test point adapter signals 18202
Indication of phase sensitive null 18042
Measurement of fundamental rms voltages 18039
Measurement of in-phase and quadrature 18041
components
Measurement of phase angle 18040
Measurement of total rms voltage 18038
Performance verification 19262
Performance verification 19266
Portable tem- Providing heat to the IMU 18249
perature con- '
troller
(Sheet 5 of 7)
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Table 6-III. List of Operating Procedure JDC's for GSE
Equipment JDC Description JDC
Nomenclature Number
Primary signal Applying auxiliary signals through auxiliary input 18103
selector panel panel to digital voltmeter, phase angle voltmeter,
dual beam oscilloscope, and counter
Applying internal signals to digital voltmeter, 18000
phase angle voltmeter, and dual beam oscilloscope
Applying PSA test point adapter and PTA/PEA test 18204
point adapter signals through auxiliary input panel
to dual beam oscilloscope
Applying PSA test point adapter test point signals 18104
through auxiliary input panel to dual beam
oscilloscope '
Applying PSA test point adapter signals to dual 18002
beam oscilloscope, phase angle voltmeter, and
digital voltmeter
Applying PTA/PEA test point adapter signals 18202
to dual beam oscilloscope, phase angle voltmeter,
and digital voltmeter
Applying reference signals to dual beam os- 18001
cilloscope
Voltage measurement on dual beam oscilloscope 18005
of signals through primary signal selector panel
PSA test point Applying signals through primary signal selector 18002
adapter panel to digital voltmeter, phase angle voltmeter,
and dual beam oscilloscope
Applying signals via auxiliary input panel and 18104
primary signal selector panel to dual beam
oscilloscope
(Sheet 6 of 7)
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Table 6-III. List of Operating Procedure JDC's for GSE
Equipment JDC Description JDC
Nomenclature Number
PSA test point Applying signals via auxiliary input panel and 18204
adapter (cont) primary signal selector panel to dual beam
oscilloscope (PSA test point adapter and PTA/PEA
test point adapter)
Purge/fill Purge and fill PGNCS components 18045
fixture
Signal generator | Adjustment 18012
Operation 18013

Rev. C
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Chapter 7
CHECKOUT
7-1 SCOPE

This chapter contains flowgrams which outline checkout procedures for the PGNCS
and the PGNCS subsystems. Checkout is performed in the G and N laboratories of
KSC, MSC, and NAR. A master flowgram for the PGNCS and one for each of the
PGNCS subsystems precedes more detailed preparation and checkout flowgrams. Each
master flowgram references the detailed flowgrams which in turn reference the JDC's
required to fulfill the checkout function.

Information regarding packing, shipping, and handling of any component of the
PGNCS will be found in Packing, Shipping, and Handling Manual, ND-1021038.

7-2 PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM

7-2.1 PREPARATION. The PGNCS master flowgram (figure 7-1) specifies the condi-
tions leading to a PGNCS checkout and specifies the mandatory sequence to be followed.
Prepare the PGNCS for checkout in accordance with figure 7-2 which gives the sequen-
tial listing of JDC's to be performed. Table 7-I lists PGNCS components and the GSE
required for a PGNCS checkout. Tables 7-II, 7-III, and 7-IV list the interconnect
cabling required for a PGNCS checkout.

7-2.2 CHECKOUT. Check out the PGNCS in accordance with figure 7-3 which gives
the sequential listing of JDC's to be performed. Upon completion of checkout and
necessary maintenance, prepare the PGNCS for storage, shipment, or subsystem
checkout in accordance with figure 7-1.

7-2.3 TEST DESCRIPTIONS. The following paragraphs provide descriptions of tests
performed during PGNCS laboratory testing.

7-2.3.1 Master Initialization. This procedure establishes initial conditions, after
system turn-on, required for the performance of various system tests.

The test insures that equipment is in the proper power mode, measures the tem-
perature deviation of the IRIG's and PIP's, sets all erasable locations in the computer
to zero, coarse aligns the IMU gimbals to zero, and inhibits the computer activity con-
trol to prevent excessive cycling, leaving the computer activity lamp on.

Rev., Y 7-1
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7-2.3.2 Standby Control Test. During this test, the G and N system standby require-
ments are verified. The 28 vdc standby bus voltage, 3200 cps suspension power, CMC
master clock sync, +4 and +14 vdc CMC power supplies, IRIG and PIPA standby tem-
peratures, and BMAG attitude signals are checked.

The test is initiated by applying power to the CMC, placing the ISS in the standby
mode, and obtaining an input bus voltage of 28 vdc.

The IMU standby bus voltage is set to insure that nominal voltage is available for
the temperature control system, for magnetic suspension of the inertial components,
and for the CMC.

The temperature deviation voltage is measured to obtain the IRIG and PIPA tem-
peratures and the difference between the temperatures. One hour after entering
standby (hour allows time for the IRIG and PIPA temperatures to stabilize), the IRIG
and PIPA instantaneous temperature deviation voltages are recorded. These voltage
measurements are converted to temperature values. The calculated temperature is
added to the nominal IRIG temperature and nominal PIPA temperature to obtain the
actual IRIG and PIPA temperatures.

Proper operation of the ducosyn magnetic suspension system in the standby mode
is verified. Verification is accomplished by measuring the 3200 cps suspension power
frequency on the counter and then measuring the 3200 cps feedback voltage.

The CMC master clock sync, which supplies synchronization pulses to the PGNCS
power supplies, is checked. The CMC master clock sync is connected to the computer
auxiliary calibration console and the frequency is monitored for 15 minutes (9 printouts
on the printer) to insure that the frequency does not deviate by more than the specified
amount. The CMC master clock sync is then connected to the oscilloscope and the
amplitude, pulse width, rise time, and noise of the signal are measured to insure that
the CMC develops proper synchronization pulses.

The CMC +4 and +14 vdc power supply outputs are used in the CMC to provide
necessary internal power for CMC operation. If the CMC is in the standby mode, the
power supply loads are switched so that only scaler and timing pulses are generated
and are externally available. The CMC +4 and +14 vdc supply outputs then are meas-
ured. Operation of the CMC through the +4 and +14 vdc supplies tolerance ranges is
verified. Fail detect circuits beyond the tolerance ranges are also verified.

A logic one is forced into bit 8 of channel 13 through DSKY entries, allowing the
CMC to accept RMAG piteh, roll, and yaw attitude signals., Locations 42, 43, and 44
are then exercised to verify that the BMAG counters accept the BMAG attitude infor-
mation.

7-2.3.3 G and N System Operational Test. This test is a gross check of the PGNCS
operation. The test consists of a computer/DSKY interface test (performance of a

7-2 Rev. Y
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computer-controlled DSKY test to verify correct DSKY character displays), a manual
DSKY keyboard test (verification of correct key-character display operation), an alarm
and interrupts test (check of computer program error sensing capabilities), computer
self-check, and a computer-controlled test of PIPA and IRIG operation. The PIPA
and IRIG tests are performed at normal, low, and high prime power voltage levels.

The tests are initiated with the cradle assembly of the G and N mounting fixture
set to 32.5 degrees, the system in ISS standby, and the computer operating. The com-
puter/DSKY interface test is the +11 option of the self-check routine (A+11 in the CMC
SMODE register) to check the electroluminescent displays on the DSKY. This check is
accomplished by entering 00011 and the VERB/NOUN combination that initiates the
self-test on/off switch program into the DSKY. This sequence illuminates all possi-
ble displays on the DSKY. The subroutine then puts a + zero in the SMODE register
which does not allow the computer to automatically check for a malfunction; the opera-
tor must watch the DSKY for the proper displays specified in the JDC. Next, the VERB
for the test lights routine is entered in the DSKY to illuminate all DSKY lights and
alarm display panel lights concurrently for 5 seconds, after which the DSKY and alarm
lights go out, leaving +88888 in row 1, row 2, and row 3.

The manual DSKY keyboard test is initiated with the proper VERB/NOUN and
address. The DSKY is observed for acceptance and display of +12345 in row 1 and
~-67890 in row 2. The test is completed by pressing CLR pushbutton twice so that
row 1 and row 2 are blank.

The alarm and interrupts test is entered into the DSKY manually and checks the
following CMC fail circuits:

1) parity fail

2) RUPT lock

3) TC trap

4) night watchman.

Each fail circuit generates a restart in the CMC when an error is detected. The re-
start is displayed as follows: RESTART condition, PGNCS, and G/N CAUTION lamps
are lighted; DSKY VERB/NOUN code is displayed, and DSKY row 1, row 2, and row 3
display 00000. The RSET pushbutton is pressed and VERB 36 (fresh start) is entered
into the DSKY after each fail circuit is checked. Provision is made either for the use
of both DSKY's and testing from both stations, or for the use of only one DSKY at a
time.

The PIPA's are checked by positioning the OG, IG, and MG at 450; each PIPA then
senses a portion of local gravity. If the PIPA's are operating correctly, the accumu-
lative reading should be the established value of local gravity. IRIG performance is
checked by measuring the horizontal component of earth rate (cos A).
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The ISS is put in the operate mode and the prime power is adjusted to 28 vdc,
measured at the PSA input. The CMC self-check is then performed for 5 minutes by
entering VERB 21, NOUN 27, and address 77767. After the 90 second time delay, the
PIPA loops are closed; the closure is indicated by a butterfly pattern on the PIPA
monitor oscilloscope.

The PIPA and IRIG tests are initiated by entering VERB 57 (perform system test)
and address 00004 (IMU check). After approximately 12 minutes, VERB 06 and
NOUN 66 flash and row 1 and row 2 display the local gravity vector (cm/sec“) meas-
ured by the PIPA's. VERB 34 is entered to advance into the IRIG test. When VERB 06
and NOUN 66 flash again, the horizontal component of earth rate (cos ), measured by the
IRIG's, is displayed in row 1 and row 2. The local gravity and earth rate indications
are recorded and compared with test site values. The PIPA and IRIG tests are then
repeated with the prime power adjusted to the low voltage and high voltage limits.

7-2.3.4 Operate Control Test. This test provides an operate control test for IMU
time delay, gimbal ambiguity, 1X sine and cosine signals, standby to operate tempera-
ture transient, 800 cps power supply thermistor, temperature monitor 1 thermistor,
PIPA calibration module thermistor, auto cage, inertial temperature control point,
heater telemetry discrete, blower telemetry discrete, manual IMU cage, master
alarm, and normalization.

The prime power is adjusted for 28 vdc in standby mode. The IMU time delay
test is conducted by measuring the time required for the ISS to upmode from standby
to operate. This time delay, which is gyro runup time, should be 90 seconds. During
the 90 second delay period, the IRIG and PIPA pulse torque power supply is inhibited,
the CDU's are zeroed, the IRIG's are caged, and the gimbals are driven and held at
zero. Loss of +28 vde CMC prime power at any time causes the power supply to be
inhibited. At the completion of the time delay test, the CDU's are zeroed, all gimbals
are coarse aligned to 2259 (through DSKY inputs), and the system is downmoded to
standby. The PIP and IRIG temperatures are allowed to stabilize one hour and then
temperatures are recorded. The system is then upmoded to operate, the time delay
is monitored, and automatic caging is verified.

During automatic caging and gimbal ambiguity operation, the IMU gimbal resolvers
drive the 1X sine signals to zero volt rms and the 1X cosine signals to 28 volts rms,
with the IMU gimbal angles initially at 225°. Verification is accomplished through
DSKY inputs, displays of IMU angles, and measurement of the 1X resolver sine and
cosine outputs of each gimbal axis.

With the ISS in the operate mode and the IMU gimbals coarse aligned Lo 09, the
PIPA temperature is checked during the first 15 minutes after switching from the
standby to the operate mode to monitor temperature transients. The IRIG temperature
is checked 30 minutes after switching to the operate mode to monitor temperature
transients. One hour is allowed for the IRIG and PIPA temperature to stabilize in the
operate mode with gimbals held at zero. These temperatures are then compared with
the stabilized temperatures of the standby mode.
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To test the 800 cps power supply, the temperature monitor 1, and the PIPA cali-
bration module thermistors, the resistances of the following thermistors are measured
at the PSA test point adapter: 800 cps, 5% P/S (in the PSA), temp monitor 1 (in CMC -
erasable driver), and PIPA cal mod (PIPA cal mod).

The heater telemetry discrete is checked during the ON cycle. Voltage at the
interface is 26.5 vdc. The blower telemetry discrete cycles on and off with a heater
duty cycle of approximately 45 percent. The ON state is 0 volt rms and the OFF state
is 28 volts rms. The blower may not cycle during G and N laboratory tests.

During operate temperature stabilization, manual IMU cage is performed by
coarse aligning the three gimbals to 2 degrees and monitoring the gimbal angles on the
DSKY. The IMU cage command button is held and caging is verified by measuring the
gimbal 1X resolver sine windings for null. Upon release of the cage command button,
the contents of channel 12 are checked to determine that the cage command is no
longer present.

Continuity tests of the master alarm circuitry through the PSA is checked using
the interface load test section of the test control panel.

7-2.3.5 G and N System Power Supplies Test. This test checks the amplitude, fre-
quency, and phase relationship of the PGNCS power supplies at nominal high and low
bus voltages using input bus A; it also checks the input voltages of bus B.

A master initialization condition is established to zero the IMU gimbals and to
clear CMC erasable memory while this test is performed. The optics power is turned
on so all system voltages are available. The crossbar control and DVM are used to
measure the following voltage amplitudes and noise levels:

1) 28 vde (operate IMU)

2) 28 vdc (optics)

3) 28 volts, 800 cps, 1% (IMU)

4) 28 volts, 800 cps, 1% (optics)

9) 28 vdc (computer TP)

6) 28 volts, 3200 cps, 1% (feedback)
7) =28 vdc

8) +4 vdec (CMC)

9) +14 vdc (CMC)
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10) 120 vdc (PIPA)

11) +4 vde (CDU)

12) 115 volts, 400 cps

13) 28 volts, 800 cps (reference voltage)
14) 28 vde (X PIPA PVR)

15) 28 vdc (Z PIPA PVR)

16) 28 vdc (Y PIPA PVR)

17) 28 volts, 800 cps, 5%, A¥, B

Using the counter, test point adapter, and primary signal selector panel, frequen-
cies of the following voltages are measured: outputs of the IMU and optics 28 volt,
800 cps, 1% power supplies and the 28 volt, 3200 cps, 1% feedback. Peak-to-peak
amplitude of the 3200 pps sync pulse for the 28 volt, 3200 cps, 1% power supply is
checked using the auxiliary panel and the dual beam oscilloscope. The time difference
is measured between the leading edge of the 3200 pps set pulse (JA - 3u sec) input to
the 3200 cps power supply and the first positive going zero crossover of the 28 volt,
3200 cps power supply output to determine phasing.

The system is downmoded to OIA on and G and N power transferred to bus B to
make measurements of bus B inputs, and then downmoded and returned to bus A.

Using the phase angle voltmeter and test point adapter, the phase angle between
phase A and phase B of the IMU 28 volt, 800 cps, 5% power supply is measured. The
phase angle of the optics 28 volt, 800 cps, 5% power supply is also checked. The above
voltages, frequencies, and measurements are repeated at low and high bus A inputs.

The CMC +4 and +14 vdc power supplies are measured with and without loading,
using the interface load test and the crossbar control to check regulation.

7-2.3.6 CMC Output Test. This test checks the discrete outputs of the RCS jet and
SCS command interface, and the pulse train outputs of the main engine command and
downlink interface.

The semiautomatic interface test checks a portion of the input-output control cir-
cuitry. This test is evaluated by observing the frequency and waveform measurements
on the computer test set (CTS) and observing the DSKY displays. Discrete outputs are
measured on the CTS digital counter voltmeter (DCVM). Interfaces checked during the
semiautomatic interface test are as follows:

1) pitch, yaw, and roll RCS jets
2) engine on

3) S-4B injection sequence start
4) S-4B cutoff.
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The sequence for checking these interfaces is programmed so that, once the test
is initiated, the test advances from one phase to another by pressing ENTR.

The downlink telemetry waveform and the delay between downlink sync pulse and
data pulse are checked at a word rate of 55 pps. The delay between the downlink sync
pulse and data pulse is also checked at a word rate of 10 pps. A check of downlink to
fast fail circuitry is made by programming a word rate of 300 pps at the CTS and then
checking DSKY displays and the contents of channel 33.

7-2.3.7 CMC Input Test. This test checks all CM spacecraft inputs to the CMC. The
results are checked by interrogation of CMC channels and registers.

All spacecraft input signals to in-bits of channels 30, 31, 32, 33 and 16 are simu-
lated by the computer test set (CTS) at the spacecraft interface. This test insures that
the spacecraft input signals are received by the CMC and that the signals create the
desired response within the PGNCS. Rotational hand controller input signals are also
simulated by the CTS and the reaction within the PGNCS is monitored for each signal.

The uplink data input signals are tested by preparing an uplink tape, using the
keyboard in the tape prepare mode. The tape is prepared per instructions given in the
JDC. The tape is read (press EXECUTE) into the CMC in-link counter (erasable as-
signment 00045). When overflow occurs (bit 16~1), pinball displays the contents on the
DSKY. This test verifies that the uplink telemetry is being received by the CMC and
that the PGNCS is reacting accordingly.

7-2.3.8 Optics Coordinate Transformation Control Test. This test checks the opera-
tion of the optics when it is inthe manual resolved mode. In the manual resolved mode,
up-down and left-right optics hand controller motion should produce up-down and left-
right image motion in the SXT or SCT field-of-view.

In addition, this test verifies the ability of the RETICLE BRIGHTNESS thumbwheel
on the indicator control panel to control the brightness of the SXT and SCT reticle
patterns and the TPAC dials.

The manual resolved mode is checked as follows: The shaft angle is set to 225
degrees and the trunnion angle is set to 10 degrees using the optics hand controller.
The optics angle measurement is monitored on the DSKY.

The optics 1s then placed in regolved mode, the controller speed swilch is sel Lo
MED, and the oscillograph is set up to monitor the SCT trunnion tachometer output.
An object is observed through the SCT in the center of the field-of-view, and the optics
hand controller is quickly displaced 45 degrees in the upper right-hand quadrant.
When the object leaves the SCT field-of-view, the MARK button on the indicator con-
trol panel and the EVENT MARKER pushbutton on the oscillograph control panel are
pressed simultaneously. The time between the rise of the SCT trunnion tachometer
output and the event marker indication is determined on the oscillograph. The shaft
angle is monitored on the DSKY. This time is an indication of the optics slewing rate
in the resolved mode.

Rev. Y 7-2E



ND-1021043

MANUAL BLOCK 11 PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM

The RETICLE BRIGHTNESS thumbwheel operation is verified by observing the
SXT reticle, SCT reticle, and TPAC dials while the thumbwheel is rotated from fully

off to fully on.

7-2.3.9 Zero Optics Test. This test checks the performance of the zero optics servo
loops to insure that the optics lines-of-sight (LOS) are driven to zero within a specified
time after the zero optics command is given and that the servo loops can drive the sys-
tem sufficiently close to zero. In addition, the test qualifies the SCT trunnion and the
SCT shaft motor drive amplifier output signals.

To determine time-to-zero, the optics LOS are driven to a +180 degree shaft angle
and a +75 degree trunnion angle. The zero optics command is given and the SCT shaft
and trunnion tachometer signals are monitored on the oscillograph. The elapsed time
between the steady state nulls of the tachometer signals is an indication of the time-
to-zero of the zero optics servo loops.

The DSKY indications are monitored after the system has stopped driving to deter-
mine how close the zero optics servo loops drive the system to zero. The tolerance on
the allowable displacement of the LLOS from fine resolver electrical zero is determined
on system capability, not on system requirements.

The SCT trunnion and shaft motor drive amplifier test points are monitored to
qualify their output signals while the optics is slewing at maximum rate in HI CON-
TROLLER speed switch position. The tolerances on the signals from the test points
to be qualified are set to insure that the proper signals are being monitored, not to in-
sure that the system is operating properly.

7-2.3.10 Optics Slew Rate Test. This test checks the maximum trunnion and shaft
slew rates of SXT and SCT, with the controller speed switch at HI, MED, and LO; the
smoothness of drive with the controller speed switch at LO; and shaft and trunnion
drift rates in the MAN mode.

After establishing master initialization, the maximum slew rates are measured
with the controller speed switch at HI. The SCT and SXT tachometers and MDA's are
monitored for both trunnion and shaft loops. Slewing is started from zero optics, or
known position, and is time-limited to prevent driving the optics into the mechanical
stops at high slewing rates. The shaft axis is slewed in both directions while the trun-
nion axis is slewed only through increasing angles with the controller speed switch at
HI.

With the contlroller speed switch at MED, both trunnion and shaft axes are slewed
in both directions. The SXT and SCT trunnion and shaft tachometer in-phase outputs
are measured on the PAVM. These signals are also recorded with the oscillograph,
and steady state tachometer voltages of both SXT and SCT are determined from the
Eraces. In addition, smoothness is determined from the irregularities of the SCT
races.
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With the controller speed switch at LO, both trunnion and shaft axes are slewed
and the same measurements made as those for the MED position. In addition, each
axis is individually driven into the stop and, while held against the stop, measurements
are made with the PAVM. The signals measured are CDU trunnion fine error, SXT
trunnion MDA P/A output, SCT trunnion tach, CDU shaft fine error, and SXT shaft
MDA P/A output.

In zero optics mode, the quadrature voltage of the four MDA P/A outputs are
measured with the PAVM. On completion of the quadrature measurements, the optics
are placed in MAN mode and the MARK pushbutton actuated. The MARK pushbutton
is actuated again after approximately one minute. After each MARK, the display of
shaft angle, trunnion angle, and time on the DSKY is recorded and the data from the
two MARK actuations used to compute drift rate.

7-2.3.11 Optics Positional Accuracy Test. This test checks SXT landmark line-of-
sight (LLOS) and star line-of-sight (StLOS) parallelism and SXT StLOS positional ac-
curacy. During the test the SCT is slaved to the SXT. The SXT shaft LOS angle is
displayed on the first row of the DSKY, and the SXT trunnion LOS angle on the second
TOow.

The misalignment between the SXT LLOS and StLOS when the system is in the
zero optics mode is checked with a variable deviation wedge (VDW) and a 5 inch auto-
collimator (target no. 1). The SXT StLOS is covered and the VDW dial set to zero.
By sighting through the SXT LLOS and adjusting the G and N mounting fixture, the SXT
LLOS is coarse aligned to the projected reticle of the 5 inch autocollimator through the
VDW in the vertical plane. Fine alignment is accomplished by adjusting the VDW.
Then the SXT LLOS is covered and the SXT StLOS is aligned in the vertical plane to
the projected reticle by adjusting the VDW. The two VDW readings are converted to
LOS misalignment. The tolerance on the misalignment of the SXT StLOS to the SXT
LLOS at the G and N system level is determined from the 64X resolver alignment
error, SXT trunnion stiction, observation errors, and GSE errors.

SXT StLOS trunnion accuracy tests are made using the SXT LLOS as the zero ref-
erence. The SXT shaft angle is set to 270 degrees placing trunnion motion in the
horizontal plane. The SXT LLOS is then aligned to the 5 inch autocollimator in the
horizontal plane using the VDW. Using the VDW reading and the alignment angle be-
tween the 0 degree target (target no. 1) and 45 degree target (target no. 3) obtained
from JDC 12223, the VDW is placed in front of the 45 degree target and set to yield a
true 45 degree angle. The SXT St{LOS is aligned to the projected reticle of the 45 de-
gree target through the VDW by using the oplics hand controller, and the trunnion angle
is displayed on the DSKY. Incremental angles (30 arc-second increments) around
45 degrees are also checked by adjusting the VDW and by realigning the SXT StLOS
to the projected reticle with the optics hand controller. The tolerance for SXT trun-
nion accuracy for the incremental angles around 45 degrees is determined from the
SXT 64X resolver alignment and 64X resolver functional error. The granularity of the
trunnion CDU pulse is 9.8877 arc-seconds per pulse.
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The SCT trunnion accuracy in the 25 degree and 0 degree offset modes is checked
to insure proper operation. First, the SCT LOS is aligned to the SCT target auto-
collimator (target no. 2) when the SCT trunnion angle is at zero. Then the system is
set to each offset mode. The applicable reticle mark should be aligned to the target
autocollimator.

The 25 degree and 0 degree offset mode operation checks are coarse checks to
insure that the SCT trunnion reacts as specified.

The resolution at the center of the field-of-view of the SXT LLOS and StLOS is
checked by observing the resolution patterns in the 5 inch autocollimator. The SCT
resolution is checked by observing the resolution patterns on the SCT resolution card.

7-2.3.12 Semiautomatic Mode Test. This test is designed to verify the IMU CDU
moding, CDU repeating accuracy, CDU command accuracy, CDU command rate, and
attitude error positioning commands. The test is under CMC program control but
provides operator control intervals to make analog measurements.

After a master initialization is established, the IMU CDU's are zeroed. The
DSKY display registers contain the CDU angles. The IMU goes through coarse align
(to 0 degree gimbal angle) eight times to insure that the gimbals are coarse aligned
within 1 CDU bit (160 arc-seconds). The total attitude sine in-phase and total null is
then checked through a DSKY display of the gimbal angles.

At gimbal angles of 45 degrees, the total attitude output and IMU ac D/A output are
tested by checking the display of the gimbal angles. The CDU repeating accuracy is
checked by placing the system in the fine align mode, waiting 90 seconds, and then
reading the CDU angles on the DSKY. The CDU zero mode is then entered, after
which the system is returned to the fine align mode. The difference in the initial and
final CDU angles is a measure of the CDU repeating accuracy. The system is again
sequenced through fine align; 90 seconds elapse to allow the mode switch to occur;
and, at the completion of the mode switching, the CDU angles are read and stored by
the computer.

The IMU zero mode is initiated; then the IMU zero discrete is left on for 320
milliseconds, after which the IMU returns to the fine align mode. Four seconds are
allowed for the CDU's to synchronize with the gimbal angles. The computer calculates
and the DSKY displays the difference in the initial and final CDU readings.
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The PGNCS is sequenced through the plus gimbal lock test and each gimbal is
aligned to +71 degrees. Next, the system is sequenced through a total attitude cosine
in-phase and total null test with each gimbal at +90 degrees.

The CDU command accuracy test is verified at +135 degrees by DSKY displays.
The middle gimbal is then coarse aligned to +45 degrees to take it out of the gimbal
lock situation. The CDU repeating accuracy is checked with the gimbals and CDU's
at the present position. Next, the IMU is coarse aligned to 225 degrees, the middle
gimbal is removed from gimbal lock by coarse aligning it to 315 degrees, and CDU
repeating accuracy is again checked. The IMU is coarse aligned to 315 degrees, the
total attitude outputs test takes place, the CDU repeating accuracy is verified once
more, and the CDU difference is displayed on the DSKY in octal. The minus gimbal
lock test is then completed with the IMU gimbals aligned to +289 degrees. The IMU is
coarse aligned to zero.

The IMU CDU command rate test commands a gimbal to be coarse aligned to
170 degrees. The progam then obtains the time when the associated CDU counter indi-
cates 10 degrees and 160 degrees. The CDU command rate is calculated by dividing
the difference in CDU readings by the elapsed time between the two angles. The re-
sults are displayed and the test is repeated for the other two CDU's.

In the IMU CDU fine fail test, the IMU is coarse aligned to zero gimbal angle and
the CDU's are zeroed. The operator commands the IMU to fine align to 1 degree.
The zero CDU discrete is then set, causing the CDU fine error fail gate to energize
which will initiate the IMU CDU zero mode.

In the IMU CDU coarse fail test, the operator loads +37.5 degrees when the pro-
gram requests the gimbal angles to which the IMU is to be aligned. The IMU is then
coarse and fine aligned to these angles. The CDU under test is zeroed, causing the
CDU coarse error fail gate to energize.

In the optics rate test, the trunnion is first commanded to -19.775 degrees to keep
it from moving and the shaft is commanded to 180 degrees. 'I'he time at which the
shaft CDU counter indicates 10 degrees and 160 degrees is obtained. The shaft CDU
rate is calculated by dividing the difference in CDU readings by the elapsed time be-
tween the two angles. The results are displayed and the test is repeated by command-
ing the trunnion to 32.5 degrees. The time at which a CDU pulse occurs at 1 degree
and at 30 degrees is obtained and the trunnion CDU rate is calculated and displayed.
Minus 19.775 degrees is placed in the trunnion command register. The computer
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obtains the time when the optics CDU's are equal to the angle in the accumulator.
The test is completed at different angles with scaling corrections so that results for
the trunnion CDU rate test will have the same scaling as the results for the shaft
CDU rate test. The computer calculates and displays the CDU rate. After displaying
the trunmnion CDU rate, a VERB NOUN combination is entered to terminate the test.

7-2.3.13 IMU Performance Test. This test determines three IRIG coefficients: bias
drift (BD), drift due to acceleration along the input axis (ADIA), and drift due to ac-
celeration along the spin reference axis (ADSRA). In addition, the PIPA scale factor
(SF) and PIPA bias (Ag) are determined. The PIPA precision voltage reference
(PVR) and PIPA torque current are measured. The test is computer controlled and
requires six stable member orientations to determine the biases and first order ac-
celeration sensitive gyro drift coefficients.

After a master initialization is established and the G and N mounting fixture is
set to a position that simulates spacecraft attitude, the PIPA PVR and PIPA torque
current are measured.

The actual test is initiated by entering VERB 57 and 00001 into the DSKY. The
IMU CDU's are zeroed, the IMU is coarse aligned, and the middle gimbal is driven to
zero. This allows the operator to reposition the navigation base without worrying
about gimbal lock. The nav base tilt angle codes are displayed.

After the displays have been verified, VERB 33 is entered into the DSKY to pro-
ceed, and VERB 34 is entered to increment the stable member position number and
to schedule the horizontal gyro drift test. The computer uses the nav base tilt angle
code to obtain vectors from fixed memory which describe the orientation of the nav
base. The stable member position code selects the desired stable member orientation
routine. The computer also calculates (using the information provided by the selected
routine) the coarse align gimbal angles to align the stable member to the desired
orientation. The IMU is fine aligned and the inertial CDU's are read to determine the
present stable member orientation in order to calculate the amount of misalignment
from the desired orientation. The gyros are then torqued to complete the alignment
of the stable member. Every second the three PIPA counters are read and zeroed
to call on a computer routine to process the PIPA counts. 'The routine initially
uses a new set of slopes and time constants. The length of time for these parameters
is obtained from fixed memory. Successive entries to the routine will decrement the
length of time for these parameters until it has been reduced to zero and a new set
of parameters is entered.
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The next routine obtaing the difference in the extrapolated and actual velocity
as measured by the PIPA's. The stable member variables are extrapolated for this
measurement. This includes the extrapolated velocities along south and east, the
angular velocities of the stable member axes, and the incremental gimbal angles
(alignment angles). The register containing the length of time in the optimum esti-
mator is decremented every second. In the vertical drift test, the south gyro is
torqued by the amount the stable member has drifted due to earth rate since the last
time it was torqued, in order to keep the stable member horizontal. After the optimum
estimator has gone to zero, a test is initiated to determine if the vertical drift test is
complete. At the completion of a horizontal drift test, the gyros are torqued by the
alignment angles calculated by the optimum estimator in order to realign the stable
member in preparation for a PIPA scale factor test. VERB 33 must be entered to
proceed to the PIPA scale factor test. VERB 34 increments the stable member posi-
tion code and schedules the next horizontal drift test.

In the scale factor test, the vertical PIPA counter in the computer is zeroed.
The computer monitors the vertical PIPA to determine when a PIPA data pulse oc-
curs. The time and PIPA pulses at the start of the test are saved. If the IMU is not
in the coarse align mode, the south and east gyros are torqued to compensate for
earth rate in order to keep the PIPA under test vertical. The check is repeated
18 times and the PIPA reading routine is entered at the end of this test to obtain the
final time and final PIPA counts. The results of the PIPA scale factor test are cal-
culated from the following equation:

(nominal PIPA SF) times (final PIPA counts minus initial PIPA counts) divided
by (the final time minus the initial time).

Entering VERB 33 proceeds to the vertical drift test and entering VERB 34 incre-
ments the stable member position code and schedules the next gyro drift test. The
vertical gyro drift test is begun by entering VERB 33 and loading the previously cal-
culated value of east-west drift. The program places 3998 seconds into the length of
time in the optimum estimator. The PIPA test is repeated with the south gyro being
compensated for earth rate every second. The test results are displayed as follows:

Row 1 plug or minug 00000

Row 2 plus or minus xxx.xx meru (vertical gyro drift)

Row 3 SM position code.
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7-2.3.14 G and N Fine Align Test. This test determines system accuracy in aligning
the PIPA input axes to a prescribed orientation. The orientation is defined using the
result of optical sightings. The amount of stable member misalignment is determined
the instant that stable member torquing is complete.

The fine align test consists of three basic steps; two of the six alignment errors
measured by the test are determined from the performance of each basic step. In
each step, two optical targets are used to define the relationship between the navigation
base and the local vertical coordinate systems. The computer assumes that the data
provided by the CDU's is correct and it coarse aligns the stable member with respect
to the optical measurements. The system's coarse align mode positions the PIPA
axes to the ideal orientation within the limitations of the coarse align mode. The tar-
gets are then used to establish the relationship between the coarse aligned PIPA axes
and the local vertical triad. The system's fine align mode is used to finally position
the PIPA axes to the ideal orientation. That is, two PIPA's are in the optically defined
horizontal plane and the third is parallel to the optically defined vertical. The two
horizontal axes represent the test axes for the basic step.

When fine align is complete, the PIPA outputs are used to determine the angles
between the horizontal plane and the corresponding PIPA input axes. These angles
represent the misalignments measured by the test and are the result of the errors in
the determination of the ideal PIPA versus local vertical relationship, the instrument
imperfections which are contributory to alignment inaccuracy, and the misalignments
of the PIPA input axes with respect to the ideal PIPA orientation.

7-2.3.15 IRIG Scale Factor Test. The IRIG scale factor test determines the accuracy
of stable member response to torquing. IRIG scale factor is defined as the amount of
stable member angular rotation about an IRIG input axis resulting from a known IRIG
torque input from the CMC.

During this test the effect of earth rate on an IRIG is minimized by aligning the
IRIG input axis to be tested along an east or west direction. The test is run three
times, and the average plus and minus scale factor error is calculated for each gyro.

The test is initiated by entering VERB 57 (perform system test) and 00005 (IRIG
scale factor test) into the DSKY. The selected program displays the following on the
DSKY: VERB 6 (decimal display), NOUN 61 (target azimuth and elevation), navigation
base azimuth in row 1, and the site latitude in row 2. If the navigation base azimuth
and site latitude are correctly displayed, VERB 33 (proceed with data) is entered into
the DSKY. If the information is incorrect, it is updated before entering VERB 33.

After an IRIG test position is entered into thc DSKY, thc gyro drift cnable discrete
(bit 6 of channel 14) is set to turn on the gyro power supply and allow computer pulsing
of the gyros. The system is automatically sequenced through CDU zero, coarse align,
and fine align ending with the selected IRIG aligned east or west, another IRIG aligned
north or south, and the remaining IRIG in a vertical alignment.
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The computer loads the gyro counter with 16,383 pulses (equivalent to 3.8125 de-
grees of stable member rotation). Each gyro torquing pulse issued decrements the
gyro counter by one.

At the first loading of the gyro counter, the computer allows the IRIG to be pulsed
for two periods of 320 milliseconds each and reloads the gyro counter with the first set
of pulses between the two loading periods. This operation allows a total of 2048 pulses
or 0.3515 degree of gimbal rotation and insures that the CDU is on the linear portion
of the CDU error curve when the test starts.

The computer CDU counter is zeroed and the CDU is monitored for the first pulse
resulting from the above torquing. When the first CDU pulse is detected, the contents
of the gyro counter are stored and 2048 CDU counts (with a polarity opposite that of the
first pulse) are placed in the CDU counter. Thus, as the IRIG is pulsed by the gyro
counter causing a change in stable member orientation and CDU angle, the CDU counter
approaches zero. 2048 CDU pulses correspond to 22.5 degrees of gimbal movement.

The IRIG that is aligned north or south and the IRIG that is aligned vertically
sense calculable portions of earth rate and the loop response forces the stable member
to move, thus causing the IRIG under test to be moved from its east or west alignment.
This results in the IRIG under test sensing a portion of earth rate and introduces an
error into scale factor measurements. Therefore, after the first gyro counter de-
crementing and every other time thereafter, the computer returns the north or south
IRIG and the vertical IRIG to their original positions.

During the entire test, the gyro counter is reloaded with 16,383 pulses for eight
or nine times after it decrements to zero. By the end of this time, the gimbal should
have moved 22.5 degrees and the CDU counter should have decremented to zero. If
the CDU counter does not go to zero after the gyro counter is reduced the ninth time,
alarm number 1411 is displayed to indicate that the scale factor error is too large or
the CDU does not function.

If the CDU counter goes to zero on the eighth or ninth time, the gyro counter con-
tent is saved. With a perfect IRIG scale factor, the final content of the gyro counter
equals the initial content and the scale factor error is zero. The difference between
the initial and final gyro counter content is obtained and the scale factor error is cal-
culated as follows:

+ scale factor error is equal to initial gyro counter content minus final gyro coun-
ter content times 1/7.6

-~ scale factor error is equal to 37777 minus difference between the initial and
final gyro counter content times 1/7.6

where 1/7.6 is the scale factor constant that converts the difference in initial and final
gyro counter readings to parts per million error.

The DSKY displays VERB 06 and NOUN 66 with the + scale factor (in parts per
million) displayed in row 1.
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7-2.3.16 Gimbal Response Test. The gimbal response test measures the amount of
torque motor current required to keep a gimbal moving and detects the frictional
restraints of a gimbal. Also included in the gimbal response test is a step response
test used to verify stabilization loop response after displacing the IRIG floats from
null.

A master initialization is established and the IMU is coarse aligned to zero de-
grees. To prevent unnecessary cycling of the gyro torque enable relay, certain bits
of location 00370 are set to logic 1 (continuous gyro torque enable).

Before gimbal torquing begins, static loop parameters of the following signals are
measured: the in-phase gimbal error signal for each gimbal and the total voltage of
the gimbal torque drive amplifiers for each gimbal.

IRIG torquing signals are supplied by the CMC by commands received through the
DSKY, and the outer and inner gimbals are rotated plus and minus 360 degrees and the
middle gimbal is rotated plus and minus 135 degrees. During the slew periods the fine
and coarse CDU errors and gimbal torque motor current are monitored on the oscillo~-
graph to verify gimbal response and CDU operation.

The IRIG floats are initially displaced from null by applying 10, 5, and 5 vdc step
inputs to the test input of the gimbal servo amplifier. The signal is removed after
reaching a steady state. The time required for the servo error to reach a constant
value is measured as an indication of loop response (within 5% of steady state value
not exceeding 0.1 second). The number of overshoots after the test signal is removed
is counted as a measure of loop stability. The number of oscillation peaks occurring
before reaching and staying within the 5% band are measured. To measure response
time and number of oscillations ( a measure of damping coefficient), the oscillograph
is set to a sensitivity which gives a 1 mm deflection equal to 5% of the steady state
value. If a 5 volt step input is applied, the steady state gyro error will equal .5 volt.
5% of 500 mv would equal 25 mv, but no oscillograph sensitivity exists to handle that
voltage; therefore, 20 mv/mm is used.

7-2.3.17 Spacecraft Display and Control Test. This test checks the interface between
the PGNCS and other spacecraft systems by generating attitude error signals (FDAI
interface test), steering signals for spacecraft control of S-4B booster (S-4B takeover
test), and steering signals for thrust vector control commands (thrust vector control
test). All of the checks involve computer operation and control of CDU outputs.

During the FDAT interface test, the computer generates attitude errors by pulsing
the inertial CDU's to ungles different from the gimbal angles. The resulting crror
output from the D/A converter (computer desired angles versus actual gimbal angles)
is monitored on the GSE. Under flight conditions, attitude error is displayed on the
FDALI.

During the S-4B takeover test, the PGNCS generates attitude error signals for
guidance of the S-4B vehicle. The +28 vdc ISS power is routed to the inertial CDU's
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and arms a set of relays that control the dc error output signals of the CDU's. The
+28 vdc is also sent to the computer as the "spacecraft control of Saturn' discrete.
This discrete normally signals the computer to enter steering control of S-4B program
(this test does not check the discrete). The computer receives the discrete and sends
the S-4B takeover discretes to the CDU, energizing the control relays connecting the
D/A dc outputs to the S-4B guidance electronics. After a short delay, the computer
sends the ISS error counter enable discrete and pulses the CDU's. In the actual mis-
sion program, the computer will monitor the spacecraft response through PIP response
and the ISS CDU's, and will control the S-4B steering by providing attitude error sig-
nals to the S-4B guidance system through the ISS CDU D/A converter outputs.

The thrust vector control test generates analog signals for positioning the service
module propulsion system engine gimbals. During this test, 28 vdc is routed through
the CDU to the computer. This discrete arms the TVC relays in the optics CDU but
does not energize them. These relays are energized when the computer sends the
TVC enable discrete to the CDU. The dc error signal outputs are then measured;
normally these error outputs are sent to the SPS engine gimbal amplifiers. After a
brief delay, the computer sends the optics error counter enable discrete and transmits
CDU command increments. In normal TVC operation, the computer monitors space-
craft response through PIP response and ISS CDU's. The computer then controls the
spacecraft by positioning the SPS engine through the optics CDU D/A converters.

7-2.3.18 Gyrocompassing Test. The purpose of this test is to determine the ability
of the system to maintain a constant azimuth heading (angular measurement with re-
spect to the North pole). An accurate azimuth heading is, in turn, a function of the
system's leveling capability (maintaining selected stable member axes in a horizontal
plane).

Assume the desired orientation is Zgpy down, XS\ north, and Ysy east. If the
YsM axis is not due east, the Y IRIG senses a portion of earth rate proportional to
the angle offset. This portion of earth rate causes the stable member to rotate with
respect to the earth about the Yg) axis. This in turn tilts the Xg)\ axis out of the
horizontal plane resulting in an X PIPA output. Therefore, the X PIPA output is also
utilized for computing the IRIG torquing command for the Z (vertical) IRIG to position
the YsM axis due east. In addition to gyrocompassing IRIG torquing commands, the
IRIG's are also torqued to compensate for the earth's rotational rate. This procedure
maintains the azimuth heading.

If the Xg axig ig not perfeetly horizontal, the X PIPA senses a portion of the
earth's gravity proportional to the angle offset. Therefore, the X PIPA output is utilized
for computing the IRIG torquing command for the Y IRIG to reposition the Xg) axis in
the horizontal plane. Similarly, the Y PIPA output is utilized for computing the IRIG
torquing commands for the X IRIG to position the Yg) axis in the horizontal plane.
This procedure is known as system leveling.
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During this test, the stable member is coarse aligned to the desired gyrocompass
orientation. During coarse align, the IRIG's are forced to follow the stable member.
The floats are against their physical stops and the IRIG outputs indicate approximately
+1.5 degrees. The fine align routine is then initiated by closing the IMU stabilization
loops. The stable member moves an amount equal to the indicated IRIG error about
each stable member axis. After 90 seconds of fine align, the vertical erect routine
is entered for 5 minutes. In this routine, the Zg) axis is aligned to within £0.5 degree
of local vertical by utilizing the X and Y PIPA outputs to calculate the torquing com-
mands for the Y and X IRIG's, respectively. The vertical erect routine is very similar
to the gyrocompass routine except that the vertical erect routine possesses no azimuth
control and the settling time is much shorter. The system is gyrocompassed at nom-
inal bus voltage for the first 4-1/2 hours, then at low bus voltage for one hour, and at
high bus voltage for one hour. CDU data is recorded approximately every ten minutes
for the duration of the test (about 6-1/2 hours) to evaluate the dynamics of the gyro-
compass. At the four hour point, the accuracy of the gyrocompass is determined by
using the optical verification routine.

7-3 INERTIAL SUBSYSTEM

7-3.1 PREPARATION. The ISS master flowgram (figure 7-4) specifies the conditions
leading to an ISS checkout and specifies the mandatory sequence to be followed. Pre-
pare the ISS for checkout in accordance with figure 7-5 which gives the sequential list-
ing of JDC's to be performed. Table 7-I lists PGNCS components and the GSE re-
quired for an ISS checkout. Table 7-V lists the interconnect cabling required for an
ISS checkout.

7-3.2 CHECKOUT. Check out the ISS in accordance with figure 7-6 which gives the
sequential listing of JDC's to be performed. Upon completion of checkout and neces-
sary maintenance, prepare the ISS for shipment or PGNCS checkout in accordance with
figure 7-4.

7-4 OPTICAL SUBSYSTEM

7-4.1 PREPARATION. The OSS master flowgram (figure 7-7) specifies the conditions
leading to an OSS checkout and specifies the mandatory sequence to be followed. Pre-
pare the OSS for checkout in accordance with figure 7-8 which gives the sequential list-
ing of JDC's to be performed. Table 7-I lists PGNCS components and the GSE required
for an OSS checkout. Table 7-VI lists the interconnect cabling required for an OSS
checkout.

7-4.2 CIIECKOUT. Check oul the OSS in accordance with figure 7-9 which gives the
sequential listing of JDC's to be performed. Upon completion of checkout and neces-
sary maintenance, prepare the OSS for shipment or PGNCS checkout in accordance
with figure 7-7.
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7-5 COMPUTER SUBSYSTEM

7-5.1 PREPARATION. The CSS master flowgram (figure 7-10) specifies the conditions
leading to a CSS checkout and specifies the mandatory sequence to be followed. A
flowgram will be provided which will give the sequential listing of JDC's to be performed
to prepare the CSS for checkout. Table 7-I lists PGNCS components and the GSE re-
quired for a CSS checkout. Table 7-VII lists the interconnect cabling required for a
CSS checkout.

7-5.2 CHECKOUT. A flowgram will be provided which will give the sequential listing
of JDC's to be performed for a CSS checkout. Upon completion of CSS checkout and
necessary maintenance, prepare the CSS for shipment or PGNCS checkout in accordance
with figure 7-10.

7-6 SIGNAL CONDITIONER ASSEMBLY

7-6.1 PREPARATION. Refer to table 7-I for equipment required to perform an SCA
checkout.

7-6.2 CHECKOUT. The SCA master flowgram (figure 7-11) specifies the conditions
leading to an SCA checkout and gives the sequential listings of JDC's to be performed.
Upon completion of checkout, prepare the SCA for storage or PGNCS checkout in ac-
cordance with figure 7-11.

7-7 PRE~-INSTALLATION ACCEPTANCE

PIA tests are performed on all spares prior to installing the spare in the space-
craft. PIA tests and procedural requirements are listed in table 7-VIII. Perform the
procedures in the sequence listed for the applicable component prior to installing the
spare component in the spacecraft. Auxiliary airborne equipment can be used to sup-
plement test. (See paragraph 8-11.)
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Table 7-I. Equipment Required for Checkout
Equipment Used In
PGNCS | ISS | 0SS | CSS| SCA
PGNCS COMPONENTS
CDU X X X
CMC X X
Indicator control panel X X
IMU X X
Main panel DSKY X X
Nav base X
Navigation panel DSKY X X
OUA X X
PEA X X
PGNCS interconnect harness X
group
PSA X X X
SCA X X
GSE
Adjustable mirror X
AGC/0C
Auxiliary calibration console X
(Sheet 1 of 4)
7-3

Rev. S



ND-1

MANUAL

021043

BLOCK |1 PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM

Table 7-I. Equipment Required for Checkout

Equipment

Used In

PGNCS

ISS

0SS

CMC handling fixture
Component mounting plate
Computer calibration console
Computer simulator
Coolant and power console
CTsS

Degausser

DSKY handling fixture
DSKY mounting stand
Electronic level

G and N mounting fixture
GSE coolant hoses

GSE distribution box

IMU mounting fixture

IMU pressure seal tester

Interconnect cables

Interconnect kit, CMC~-GSE-CSS

©“oooX X

T

ST T R

X

XX X X

CSS|SCA

7-4
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Table 7-I. Equipment Required for Checkout

Equipment Used In
PGNCS | ISS OSS | CSS | SCA

Interconnect kit, CMC-GSE-PGNCS
OIA X X
Optics/nav base mounting fixture
Oscillograph X X
P&M cables X X
PEA mounting fixture X X
PEA test point adapter X X
Portable light assembly
PSA test point adapter X X
PTC
Purge/fill fixture X X
Remote optics controller X
Resolver circuit tester X X X
Retroreflecting prism X
Rotary table X X
Rotary table calibration set X X
Shaft accuracy tester X
SXT shaft zero check fixture X
SPCU X X

(Sheet 3 of 4)
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Table 7-I. Equipment Required for Checkout

Equipment Used In

PGNCS [ ISS | OSS | CSS | SCA

Theodolite
Variable deviation wedge
Vertical leveling mirror

0° autocollimator assembly

I T B
>

45° autocollimator assembly

(Sheet 4 of 4)
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Table 7-II. PGNCS Interconnect Harness Group Connections (PGNCS Checkout)

PGNCS Interconnect Harness Connects to
Designation Plug Jack Equipment |
A P1 Jl PGNCS interconnect harness D
P2 J2 PGNCS interconnect harness D
P3 J3 PGNCS interconnect harness D
P4 J4 PGNCS interconnect harness D
P5 J5 PGNCS interconnect harness H
P6 J9 G and N mounting fixture harness E
P7 P3 Cable W155
P8 P1 Cable W160
P9 J53 CDU
P10 J51 CMC
B P13 Jl SXT
P14 J2 SXT
P18 J5 PSA
C P12 J14 PEA
P15 J2 IMU
P16 J1 IMU
P19 J6 PSA
D Jl Pl PGNCS interconnect harness A
J2 P2 PGNCS interconnect harness A
J3 P3 PGNCS interconnect harness A
J4 P4 PGNCS interconnect harness A
P17 J2 G and N mounting fixture harness B
E P24 J1 Indicator control panel
P26 J7 PSA
F P23 J1 SCT
P28 J9 PSA
G Jo6 Not used
J7 Not used
J8 Not used
P20 J5 G and N mounting fixture harness C
P21 J4 G and N mounting fixture harness C
P22 J6 G and N mounting fixture harness D
P29 J10 PSA
P32 P2 Cable W163
H J5 P5 PGNCS interconnect harness A
P25 J9 Navigation panel DSKY
P27 J8 PSA
P30 P2 Cable W164
P31 P3 Cable W164
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Table 7-III. G and N Mounting Fixture Harness Connections (PGNCS Checkout)

G and N Mounting Fixture Harness Connects to
Designation Part Number Plug Jack Equipment

A 2900753 J1 Al1J3 GSE distribution box
Pl J1 CDU coldplate
P2 J1 CMC coldplate
P3 J1 IMU coolant inlet line
P4 J1 PSA coldplate
P5 J2 PEA coldplate

B 2900915 J2 P17 PGNCS interconnect harness D
P6 J4 PSA

C 2900924 J3 P2 Cable W165
J4 P21 PGNCS interconnect harness G
Jb P20 PGNCS interconnect harness G
P7 J2 Signal conditioning module
P8 J1 Signal conditioning module

D 2900925 J6 P22 PGNCS interconnect harness G
P9 J3 Signal conditioning module

E 2900666 J7 P1 Cable W232
J8 P1 Cable W233
J9 P6 PGNCS interconnect harness A

Table 7-IV. GSE Interconnect Cable Connections (PGNCS Checkout)

Cable Connects to
Designation | Part Number | Plug Jack Equipment ;J

W1 1900886 P1 J1 OIA
P2 J1 Oscillograph

w2 1900669 P1 J2 OIA
P2 J2 Oscillograph

w3 1900670 Pl J3 OIA
P2 J3 Oscillograph

(Sheet 1 of 6)
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Table 7-IV. GSE Interconnect Cable Connections (PGNCS Checkout)

Cable Connects to
Designation | Part Number | Plug Jack Equipment
W4 1900671 P1 J4 OIA
P2 J4 Oscillograph
W19 1900873 P1 J20 OIA
P2 J3 Coolant and power console
W22 1902610 P1 J23 OIA
P2 J6 CTS (Diagnostic tests only)
W26 1900921 P1 A30J1 OIA
P2 Facility | Wall power
W27 1900871 P2 A30J2 OIA
P2 J1 Coolant and power console
w28 1900872 P1 J2 Coolant and power console
P2 Facility | Wall power
W33 1901404 P1 E1l OIA
P2 E4 Oscillograph
W37 1901662 P1 Facility | Facility ground
P2 E300 Rotary table
W64 1901676 P1 El G and N mounting fixture base
P2 | E300 Rotary table
W65 1900739 P1 J4 Current source monitor panel
P2 J15 PSA test point adapter
W85 1901960 P1 A30J5 OIA
P2 Facility | Auxiliary wall power
w120 2900456 P1 J19 OIA
P2 J2 PSA

Rev. P
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Table 7-IV. GSE Interconnect Cable Connections (PGNCS Checkout)
Cable Connects to
Designation | Part Number | Plug Jack Equipment
Wi21 2900257 P1 J8 OIA
P2 J9 OIA
P3 J13 OIA
P4 J14 OIA
P5 J15 OIA
P6 Jb7 GSE distribution box
w122 2900378 P1 J18 OIA
P2 J17 OIA
P3 J16 OIA
P4 J22 OIA
P5 Jb5 GSE distribution box
P6 Jbh9 GSE distribution box
P7 J62 GSE distribution box
P8 Jb8 GSE distribution box
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