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1 INTRODUCTION 

1.1 This Guidance and Control (G&C) Data Book is intended 
planning and reference document for Block I manned flight missions. 
some sections pertain specifically to SC 012 (Mission AS-204-A), most 
data included is equally applicable to SC 014. 

as a 
Although 
of the 

1.2 Irronediate application of the G&C data included is intended 
for the preparation, planning, and presentation of spacecraft capabilities 
and limitations at the Mission Review portion of the SC 012 CDR. Data on 
G&C Procedures will be used directly in the preparation of the Integrated 
Crew Task Analysis Documents and the Apollo Operations Handbook for SC 012. 
The CSME 012 evaluation will also use this data book as a basic planning 
document. 

1.3 
following: 

A revision to this document is planned to include the 

a. Abort procedures. 

b. Revisions to published procedures. 

c. Other procedures determined to be required. 

d. Changes to sections resulting from the Mission Review. 

e. Completion of analysis presently in work. 

f. Completion of descriptive sections planned or in work. 

The revision will be scheduled to be released three weeks 
prior to the Mission Operational Readiness Review for SC 012. 

1-1,1-2 
SID 65-1702 
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2 G&C MISSION TEST OBJECTIVES 

2.1 Introduction. As Mission AS 204A is the first Apollo manned 
flight, it is the first opportunity to test design assumptions used in Guid­
ance and Control Subsystems designs in an integrated vehicle in a dynamic 
environment. While a comprehensive simulation and testing program has been 
undertaken (see Section 8), actual flight demonstration remains the final 
proof of design concepts and assumptions. 

The Block I Guidance and Control capabilities have been designed 
as general functional capabilities, as much as possible, to allow Apollo to 
fly a variety of missions instead of designing to only one detailed reference 
mission. These general capabilities are defined in this section as the 
functions that should be confirmed on this flight. 

2.1.1 

2.1.1.1 

Rate Damping. 

Remarks. 

2.1.1.1.1 Demonstrate Rate Damping in All Three Axes. Rate damping is 
included in the design of the control system to provide stabilization from 
external disturbing forces. Some examples of the forces that must be damped 
are CSM S-IVB separation, CM SM separation, roll disturbances during TVC, 
abort separation disturbances, those induced from any impact with a foreign 
body, and wind gusts. The rate damping capability is required for all vehicles 
and is an included functional capability of all control modes. Demonstration 
in any mode will prove the functioning of this system capability for all modes. 
Barring the occurrence of any abort during launch, the earliest demonstration 
of the function will occur naturally at CSM S-IVB separation in orbit with the 
control system in the Monitor Mode. Observation of the rate indicators on the 
FDAI will show whether or not the vehicle damps to the midcourse rate dead­
band level (nominally± 0.2 degrees second) in all axes and how quickly this 
occurs. 

2.1.1.1.2 Demonstrate Convergence to Minimum Impulse Limit Cycle Rates 
During Attitude Hold in the SCS Attitude Control Mode. Con­

vergence of the vehicle rates to the minimum impulse rate levels is a require­
ment for navigation sightings. To a lesser level, this convergence applies 
to fuel conservation during all attitude hold periods and establishment of 
optimum initial conditions for SPS ignitions. The convergence will exist for 
all of the attitude control modes. It can best be demonstrated initially 
during the attitude hold period immediately following CSM S-IVB separation 
and the pitch maneuver (i.e., while holding attitude for SLA photography) and 
then confirmed during the attitude hold period prior to the first subsequent 
navigation sighting or IMU alignment period. The minimum impulse rate con­
verged to will vary with vehicle inertia, RCS performance, d.c. bus voltage 
fluctuations, and subsystem internal tolerances. The inertial sensors on 
board and the TM processing of their data are not compatible with measurement 
of minimum rates expected. An artificial technique is used in achieving the 

2-1 
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extremely low level rates required and is not susceptible to measurement with 
existing sensors. An approximate measurement of the rates experienced can 
be derived, ho,vever, applying RCS on-off histories and the approximately 
kno~m attitude deadbands. A qualitive demonstration of the function will be 
available from astronaut remarks relative to vehicle rates for navigation 
sightings, which is the prime purpose of the function. 

2.1.2 Minimum Impulse Control. Demonstrate the adequacy of the navi-
gational sighting design basis including the optics, the attitude impulse 
controller, the minimum impulse control circuitry, and the HCS minimum impulse 
capability. 

2 .1. 2 .1. Hemarks. 

2.1.2.1.1 Demonstration of the on-board navigational sighting capability 
is necessary, as for Block II midcourse flight the on-board navigational 
capability is primary in some phases. SC 012 will be the f irst opportunity 
to demonstrate this combined systems capability in a dynamic environment. 
Orbital parameters must be determined for the orbit that the sightings are 
planned for to provide a comparative basis f or the accuracy of the sighting. 
A minimum of three sightings should be scheduled. They may be taken 
sequentially to avoid having to turn on the Li&N more than once for this 
requirement. Astronaut comments would be used as the basis of evaluation of 
the optics and the attitude impulse controller. The minimum impulse control 
circuitry and RCS minimum impulse capability can be coarsely determined from 
RCS automatic on-off histories if TM coverage exists for this period. Astro­
naut comments on sightings procedures and adequacy of the rate change cap­
ability of the integrated systems are also required. 

2.1.J Proportional Rate Control. Demonstrate proportional rate con-
trol utilizing the rotation control and the FDAI attitude display for (1) 
single axis, and (2) multi-axis maneuvers. 

2.1.J.l Remarks. 

2.1.J.l.l The rotation control and FDAI are included to provide a manual 
attitude change capability for the spacecraft. There are no opportunities 
for dynamic demonstration prior to SC 012. Two separate methods of attitude 
change are available (single axis or multi-axis maneuvering) and both should 
be demonstrated. Immediately following separation from the S-IVB, the single 
axis method can be demonstrated in the pitch around required for SLA photo­
graphy. Following this photographic period, a multi-axis maneuver can be 
used in arriving at the desired passive thermal control attitude. 

2-2 
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2.l.4 Thrust Vector Control. Demonstrate thrust vector control (TVC) 
performance. 

2.1.4.l Remarks. 

2.1.4.l.l Preliminary confidence in the thrust vector control capability 
of the control system will have been established in static firings for open 
loop testing and on SC 009 and Oil for dynamic closed loop operation. The 
manned aspects should be stressed in SC 012 as most of the manned functions 
are similar for Block I and Block II TVC design. See Table 2-1. 

2.1.4.1.2 Manual trim of the pitch and yaw gimbals prior to each SPS 
firing should be compared via™ with intended trim locations. The demon­
stration in-flight of this function should be limited to trimming to the 
expected e.g. location as derived from on-board charts and the SPS fuel and 
oxidizer readings. It is important to establish enough data points,. relating 
to the accuracy and readibility of the SPS gauging system, the accuracy and 
settability of the manual trim thumbwheels and display function, and the 
accuracy of predicted e.g. location and travel vs. the apparent e.g. location 
and travel,as all of these factors interact to limit the accuracy possible 
for a TVC maneuver. On Block I flights the accuracy requirements are not as 
critical as those relating to lunar orbit injection or transearth injection. 
These early flights should be used to gather data that can validate Block II 
design assumptions and possibly locate potential design problem areas. 

2.1.4.l.J Both the G&N delta V mode and the SCS delta V mode should be 
used for the SPS thrusting. 

2.1.4.l.4 Monitoring of attitude (G&N mode only), attitude error, rate, 
gimbal position, and velocity remaining in a continuous scan pattern by the 
pilot must be validated in a dynamic environment. Hopefully, the emergency 
procedures, developed as applicable upon detection of a problem during the 
scan, will not be demonstrated during flight. 

2.1.4.l.5 Direct on and direct off control of the SPS should be done 
early in the flight on one of the longer burns to demonstrate both emergency 
functional capabilities. 

2.1.5 SCS Attitude Hold. Demonstrate SCS attitude hold capability in 
the propellant conservation configuration for one hour. 

2.1. 5.1 Remarks. 

2.1.5.1.1 The SCS is designed to hold attitude in two different dead-
bands when a mission constraint requires it. The function of control in the 
minimum deadband will be demonstrated in conjunction with TVC and navigation 
sightings. In the wide deadband applications, minimum fuel consumption and 
balancing of remaining fuel between quads are required. To accomplish this, 
a procedure of turning off one of the roll enable switches and either the A 
or B de circuit breaker for pitch, yaw, and the still enabled four roll jets 
is planned. In this way, a single pair of pitch, yaw, and roll jets will. 
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remain functional. The pitch and yaw firings will use fuel from all four 
quads as one engine per quad remains functional. In roll, a single pair of 
roll jets on one quad will be firing. The roll pair on can be varied to use 
fuel from the fullest quad. Use of this control configuration for one hour 
will provide data on cumulative translational disturbances and control effi­
ciency resulting from use of single jet rotation control in lieu of firing 
control couples. 

2.1.5.1.2 The sole means of disabling a specific quad and retaining the 
use of the other three quads is through the fuel/oxidizer isolation valves 
for that quad. In this case, the valves will still be exercised in the pitch 
or yaw control lines unless all pitch or yaw jets are off electrically. The 
pitch and yaw jets are paired this way electrically deliberately to retain a 
balanced translational capability for any level of electrical inhibition (i.e., 
+ pitch and+ X and - pitch and + X are paired together). There is concern 
over dry operation of the RCS valves (i.e., fuel and oxidizer off but control 
system still operating the valve) due to the possibility of "vacuum-welding" 
of the metal to metal surfaces. Since the principle that would be demon­
strated in the quad lost due to a failure period will be demonstrated in the 
normal planned wide deadband attitude hold periods, no requirement for single 
quad operation is seen. 

2.1.6 

2.1.6.1 

Direct Control and Ullage. 

Remarks. 

2.1. 6.1.1 Demonstrate Operation of Direct Attitude Control in All Three 
Axes. Direct rotation control and direct ullage have been in­

cluded in the SCS to provide an alternate path in the event of certain possi­
ble electrical failures. Their early demonstration in the mission will vali­
date their use in the event of the electrical failures for the remainder of 
this mission and for all future manned flight in Block I and Block II. 

2.1.6.1.2 Demonstrate Operation of Direct Ullage. Direct ullage can be 
demonstrated as a part of one of the SPS thrustings in lieu of using the 
translation control to initiate the normal + X maneuver to settle the SPS 
fuel and oxidizer in their tanks. The Velocity Change Indicator will provide 
an additional validation of direct ullage visually over and above the slight 
acceleration cue also available to the pilot. The mission sequencer use of 
direct ullage for CSM S-IVB separation employs different circuitry upstream 
of the CM-SM RCS transfer switch. 
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2.1.7 

2.1.7.1 

Manual TVC. Demonstrate operation of manual TVC (MTVC). 

Remarks. 

2.1.7.1.1 The manual TVC mode (MTVC) has been included in Block I to pro-
vide an alternate control path to possible single point electrical failure 
points in the control electronics. It is only intended as an emergency means 
of controlling the SPS for de-orbit in the event of such electronics failure. 
It should be demonstrated relatively early in the SC 012 flight to validate 
the existence of an adequate alternate means of SPS control. It would 
be desirable to demonstrate the MTVC function in conjunction with an SPS burn 
of approximately the same duration as that for de-orbit so that approximate 
accuracy data on the mode may be obtained. The firing should be planned to 
begin in the MTVC mode to eliminate the errors and possible dynamic control 
problems associated with selection of MTVC from either the G&N or SCS delta V 
mode during an SPS burn. If possible, two MTVC 1s should be scheduled so that 
two major variables of the G&N providing an on-board attitude reference through 
the FDAI and the pilot flying to an external reference using the Crewman's 
Optical Sight or its equivalent can both be demonstrated. (If only one MTVC 
is possible, the external reference type should be done). See Table 2-1. 

2.1.8 Attitude References. Evaluate the relative performances of the 
SCS and G&N attitude reference systems during launch, orbital maneuvers, and 
entry. 

2.1.8.1 Remarks. 

2.1.8.1.1 The SCS and G&N on-board attitude reference systems are both 
used during various mission phases for precise and coarse attitude position­
ing. Test data accumulation on the two systems performing in similar dynamic 
environments is not and will not be available prior to SC 012. A comparative 
basis for the performance of the two systems on both an absolute and relative 
basis is required. Following boost into orbit and prior to the shutdown of 
the G&N, G&N and SCS attitude references should be compared. Although tele­
metry of both reference systems is available, on-board readout and recording 
of the positions as shown by the two systems will provide more accurate data. 
The G&N inertial reference can then be checked against the stars and absolute 
as well as relative data derived. 

2.1.8.1.1.1 Similarly for the maneuver periods prior to an SPS thrusting 
when the G&N is on and during entry, comparative data may be obtained. In 
the case of entry, the high crew workload and possible fatigue of the crew 
may eliminate the manual readout and recording but the telemetry or taped 
data should be available for this period. 
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2.1.9 Backup Vehicle Inertial Alignment. Demonstrate the use of the 
scanning telescope in conjunction with the Rotation and Attitude Impulse 
Controls to align the vehicle to a precise inertial attitude. 

2.1.9.1 Remarks. 

2.1.9.1.1 There is a question of the compatibility of both the Block I 
and Block II backup attitude reference systems with respect to the precise 
attitude orientation requirements for SPS firings, therefore an alternate 
backup method has been theorized, analyzed, and is now being simulated. This 
alternate approach has not been demonstrated in a dynamic environment, though, 
where t he important variables of time, propellant, and final accuracy can be 
realistically measured. Demonstration of the adequacy of this concept will 
allow a significant relaxation of mission requirements f or the Block I or 
Block II backup at titude reference as alignment of the vehicle for an SPS 
thrusting is the single mission constraint involving precise (i.e. less than 
2 degrees) attitude orientation. In this demonstration the IMU would first 
be turned on and aligned. The vehicle will be deliberately moved away from 
the desired attitude~ 5 degrees per axis. Then the attitude will be re­
acquired using the scanning telescope with fixed trunnion and shaft axis 
angles and a previously selected star pair in the field of view. The time, 
propellant used, and final accuracy will all be recorded following the com­
pletion of realigning the vehicle. 

2.1.10 nm Alignment. Demonstrate inflight IMU alignment with the 
G&N (Opt ics). 

2.1.10.1 Remarks. 

2.1.10.1.1 Demonst ration of inf light IMU alignment is necessary to validate 
the design assumption that the nm can be accurately re-erected after an 110FF 11 

period or realigned after it has been on for some time as possible error build­
ups have occurred. As a normal part of the flight, an IMU alignment will 
precede each SPS thrusting in which the G&N will be in control or be on for 
comparitive data purposes. For most of the mission the IMU will be in standby 
and require erection prior to use. In the remainder of the cases the systems 
may have accunrulated significant drift errors requiring updating. 
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2.1.11 Orbital Determination. Demonstrate orbital determination with 
G&N Optics (scanning telescope) and computer by earth landmark tracking. 

2.1.11.1 Remarks. 

2.1.11.1.1 Demonstration of orbital determination during earth orbital 
flights is important as this is the backup to MSFN provision of navigational 
data for Block I flights and a prime function with respect to lunar orbital 
determination for Block II flights. In addition to demonstrating the function 
itself, analytical determination of potential accuracy, fuel required, time, 
and procedural adequacy can be confirmed or problem areas identified before 
actual Block II flights. This dynamic validation is required. MSFN and on­
board orbital determination may be accomplished in parallel. This would be 
done after each orbit change. 

2.1.12 AGC Updating. Demonstrate updating of the on-board computer 
from the MSFN via up-data link and voice modes. 

2.1.12.1 Remarks. 

2.1.12.1.1 The ground rule that MSFN will be responsible for prime naviga-
tional data for much of Block I and II missions assumes that data updating 
via up-data and/or voice links will be effective. Early validation of this 
assumption is required therefore for Block I and II. An up-data link capa­
bility will exist for SC 011 but there is no assurance, at this time, that 
it will be used. SC 012 is the first flight opportunity to demonstrate voice 
mode updating and may be the first flight application of the up-link technique. 
Both techniques must be done at least once. 

2.1.lJ Boost Monitoring. Demonstrate capability of G&N to compute 
attitude error for display during the fixed program portion of the boost 
phase for astronaut monitoring. 

2.1.lJ.l Remarks. 

2.1.lJ.l.l During the fixed program portion of the boost phase, the G&N 
system will display attitude error on the FDAI. These attitude errors will 
be monitored by the pilot to assist in making any required abort decision. 
Post flight comparison of G&N values versus IU values will demonstrate the 
adequacy of this additional abort decision aid. Following the fixed portion 
of the boost phase the G&N will null the attitude error indicators. The 
computer can no longer follow IU control with sufficient accuracy for use as 
an abort determining parameter. Astronaut corranent plus post-flight telemetry 
evaluation will provide a total demonstration of this function. 
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2.1.U G&N Performance. Demonstrate performance of G&N lift vector 
control, thrust vector control, and attitude control. 

2.1.u.1 Remarks. 

2.1.U.l.l While there are significant differences between the Block I and 
II G&C Systems, the control philosophy is similar and so demonstration in 
Block I of lift vector control, thrust vector control, and attitude control 
will establish confidence in the Block II design basis. These functions will 
be demonstrated on SC Oil first but manned observations of these functions 
on SC 012 will provide more accurate data on the performance parameters and 
successive successful demonstrations on the two flights will increase the 
confidence in the design base. Telemetry and on-board data recording plus 
ground tracking during the dynamic flight phases will provide the required 
data base. See Table 2-1. 

2.1.15 Out the Window Orientations. Verify the capability of aligning 
to SPS and RCS cleorbit, CM-SM separation, and entry attitudes "out the window". 

2.1.15.1 Remarks. 

2.1.15.1.1 "Out the window" orientation should be accomplished early in 
the flight with the G&N and SCS ON. "Out the window" orientation for 
aborts has long been a design assumption but no objective data on accuracy 
of such orientations has been available. SC 012 will be the first opportunity 
to obtain such man-in-the-loop data for Apollo in a dynamic environment. 
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Table 2-1. TVC Control Variables 

Attitude Control Magnitude Control 

A-1 G&N AUTO B-1 G&N AUTO 

A-2 SCS AUTO B-2 SCS AUTO 

A-3 MANUAL (RATE DAMPED) TO G&N BALL B-3 DIRECT ON-OFF 

A-4 MANUAL (RATE DAMPED) TO EXTERNAL REF. 

A-5 MANUAL (ACCELERATION) TO G&N BALL 

A-6 MANUAL (ACCELERATION) TO EXTERNAL REF. 

The following combinations are recommended: 

M , A-1 B-1 

* A-1 B-2 

* A-1 B-3 

iHf- A-2 B-2 

A-2 B-3 

* A-3 B-1 

A-3 B-2 

A-3 B-3 

iHf- A-4 B-2 

* A-4 B-3 

A-5 and A-6 are not recommended. 

* Designates desired flight test configuration 
~ Designates required flight test 

(Refer to objectives 2.1.4, 2.1.7, and 2.1.14.) 
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3 GUIDANCE AND CONTROL MISSION DATA 

3.1 G&C Data. This section will include G&9 data or G&C related 
data for the SC-012A Mission. 

3.1.1 G&C Timeline. See Figure 3-1. 

3.2 SCS Power Data. Power data for each of the SCS power switches 
are listed in Table 3-1. These data are valid for all "K" block SCS systems 
and so applies to SC 012, 011.i., 017, 020, and 008. 

Table 3-1. SCS Power 

DC AC 

SCS Power 
Rate Gyro None 
TVC 1 
BMAG 
Rotation Control None 
TVC 2 None 
FDAI Lighting None 

3.2.1 Additional de power is required for control mode and submode 
switching, RCS commands, and Direct Control functions (including SPS ON-OFF). 
Specific values for this power are not available. 

3.3 G&N Power Data. MIT report E-111+2, section 6, contains the 
current power requirements for G&N power by series. The series 50 power 
values apply to SC 012. The report is revised monthly. 

3.4 CM-RCS Propellant History. Figure 3-2 shows the nominal case 
and Figure 3-3 shows the off nominal case for CM-RCS propellant history for 
an automatic G&N Entry on SC 012. 

3-5 SM-RCS Propellant History. 

(To be supplied). 

3.6 SPS Performance Curves. Figure 3-4 shows the rise and fall 
curves of the SPS engine in response to G&C ON-Off conunands. 

3.6.l Figure 3-5 is a curve of pitch and yaw gimbal trim angles 
versus SPS fuel remaining, and Figure 3-6 is a curve of Delta V capability 
remaining as a function of SPS fuel remaining. 

3.6.2 Figure 3-7 is a curve of pound-seconds of thrust versus "on" 
command times for SPS minimum impulses. The nominally desired minimum impulse 
of 5000 ± 1000 pound seconds requires a 400 millisecond "on" command. 

3.7 
Velocities. 

SPS Nominal Gimbal Position Settings and Characteristic 
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3.7.1 Introduction. This section discusses the gimbal position 
settings and the characteristic velocities for the eight SPS firings during 
mission 204A. 

3.7. 2 General. Figure 3-8 shows the pitch and yaw gimbal angles 
varying linearly as functions of the SPS propellant consumed. The angular 
magnitudes are dependent on the position of the CSM center of gravity; they 
are therefore functions of the CSM weight. The nominal trim voltages were 
determined by applying the proper scale factor at discrete points of the 
pitch and yaw curves. 

It is observed in Figure 3-8 that the small step indications at the 8th SPS 
gimbal positions are not significant when conversions to voltages are made. 
The increase in voltage f or either pitch or yaw is in the order of 0.1 to 0.3 
volts only at these steps. 

3.7.2.1 Nominal SPS Pitch and Yaw Gimbal Position Settings. In Block 
I configurations the initial SPS engine girnbal plane does not vary in 
orientation. The required nominal input voltages f or vertical hold during 
boost are: 

E e = 0.0 volts 
T 

E 

~ = -9.24 volts 

3.7.2.2 Figure 3-8 delineates the position settings and input voltages 
at the i nitiation of each SPS burn maneuver. The overall voltages, corres­
ponding to the overall range of the pitch and yaw trim angle functions, are: 

E 

E 

0 (range) = 3 .35 volts 
T 

Vt (range) = 6. 59 volts 
T 

The scale factors are: 

Pitch: K00T = 2.22 volts/degrees 

Yaw: K6 l/fT = 2.22 volts/degrees; within a range of 

~T = 4 ° to +4 ° and, Ks rr = 2.31 volts/degrees; within a 

range of "If T = +4° to +12° 

The error associated with any voltage magnitude is± 5 percent. 

The SPS nominal flew rate is 68.766 pounds per second. 
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3.7.3 Characteristic Velocities. Table 3-2 contains data that 
relates delta velocity sources to Gimbal Position Setting (GPS) requirements. 
The required delta V maneuver for an orbital change, or trajectory character­
istic, is shown as a swmnation of the velocity obtained in the SPS burn and 
the small velocity magnitude imparted by the ullage maneuver. 

3.7.3.1 The desired delta velocity, as a counter indication for 
display, includes the effects of engine tail off and the tolerance defined 
as counter accuracy. The counter range values reflect a range of SPS engines, 
in terms of "tail off impulse 11 classification, given by 

I = 8,000 to 13,000 pound/second T.O. 

± 300 pound/second (absolute value) 

3.7.3.2 The difference in lower and upper counter range limits for 
delta Vc(counter velocity) is in the order of 6 to 8 feet per second for 
each of the eight SPS burns. 
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CfJ 
~ 

600 50:15:00 SPS 11oni tor Program See Thrusting Procedure en 
~ 
t'l 

15 50:25:07 Ullage + X Translation See Thrusting Procedure 
? 
rri 

!2 
~ 

00 
0 
z 



\..v 
I 
t-' 
~ 

en 
H 
t::, 

°' V, 

I 
t-' 
--l 
0 
l\) 

Time Data 

Duration 
Sec 

Initiation Rev 
Time No 

Hr. 11in • .S ec. 

7 50:25:22 

120 50:32:00 

600 50:36:00 

120 50:46 :00 

120 53:44:00 

600 53:46:00 
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10.9 G&C Power Up Sequence 
I z ~ . 0 
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Receive Maneuver Data Via 
Update Link and Voice 
Modes 
Power Up G&C 

nru Orientation Deter-
mination Program 

Prethrusting Program 

Confirm Thrusting Para-
meters With M3FN 

Align IMU 

Start Thrusting Orbit 
Change Program 

61 Ullage + X Translation 

61 Initiate 7th SPS MTVC With Damping To An 
Burn FDAI Reference G&N Thrust 

On/Off 

Power Down G&C 

Turn On AGC 

z 
0 
lJ 
-4 

Guidance & Control :I 
Procedure )> 

~ 

"' lJ 
10.46 AGC Update -

0 
)> 

z 
10.9 G&C Power Up )> 

< -
10.44 IMU Orientation 
Determination 

~ )> 
~ -4 (Jq -
~ 0 
(t z 

10.42 Orbit Change and 
SPS Minimum Impulse 
Prethrusting 
10.42 Orbit Change and 
SPS Minimum Impulse 
Prethrusting 
10.45 1MU Align 

See Thrusting Procedures 

v.) -I z ~ . 0 

~ 
~ ~ 

~ 
(t 
~ (I) ...,. 
::, 1 C, 

(") 
OJ l!J 
,,,-.., • 0 :, 
0 0, 

See Thrusting Procedure ::, ... 
c+ z - d 

10.20 Manual TVC To FDAI 
Attitude Reference 

:z, 
3:: 
~ 
0 :z 

10.1 G&C Power Down (I) 
i< 
CIJ 
-i 

10.46 AGC Update ti] 

3:: 
(/) 

E 
< ; 
0 :z 



en 
H 
t::, 

°' V, 

I 
I-' 
-.J 
0 
l\) 

w 
I 
~ 

Time Data 

Duration Initiation Bev 
Sec Time No 

Hr. Min. Sec. 

300 327: 54 :00 

120 327: 59 :00 

600 328:01:00 

600 

300 

120 

QC)() 

600 

15 

l'7 

328:11:00 

328:28:00 

328:41:00 

32R: 56 :00 

329:0A:14 

200 

Reference Trajectory 
Event 

TJlla:::e 

Guidance & Control 
Event 

Guidance & Control 
Procedure 

Receive Maneuver Data 10.46 Update 
Via Updata Link and Voice 
Modes 

Power Up G&N 10.9 G&C Power Up Sequence 
(G&N Portion) 

IMU Orientation Deter- 10.44 IMU Orientation 
-mination Program Determination 

Deorbit Prethrusting 
Program 

Confirm Thrusting 
Program 

Power Up SCS 

Align nm 

Start Deorbit ~~rusti~g 
Pro::-ram 

+ X Tran~latio:--

10.43 Deorbit Prethrillsting 

See - 10~43 Deorbit Pre­
thrusting 

10. 9 Gx·C P~r-=r Up 
Sequence (SCS Portion) 

10.45 IMU Align 

10.3 G&N Velocity Change 

Tn i t,; at~ SPS ~eorbit r~,_r Automat ic Delta .T 

See Thrust 1ng Procedure 

See Thrusting Procedure 
Rurti Gl .~r: Thrust 0-n/ ()ff 

-n 
0 
::s 
c+ -

z 
0 
:::0 
-➔ 
::r 
> 
~ 

"' :::0 

0 
)> 

z 
► < 
)> 
-➔ 

0 
z 
-z 
0 



z 
Tiae Data : 0 

lJ ... 
Duration rn·tiation Rev Reference Trajectory Guidance & Control Guidance & Control :r 

Sec Time No Evente Events Procedures 
Hr. Min. Sec. 

)> 

~ 
m 

. lJ 

40.75 329:06:46 Maneuver To CM-SM Maneuver To CM-SM Separa- 10. U CM-SM Separation 
Separation Attitude tion Attitude Orientation and Separa-

-
0 
)> 

z 
tion Proceriure )> 

< 
329:07:26.75 Perform CM-SM Perform CM-SM Separation See 10;1.4 CM SM Separat io~ 

Separation Orientation and Separation 
Procedure 

-
~ )> 
~ ... 

()q -,:! 0 ., 
ca z 

329:(17:rt Naneunr ~ ~t:17 ManeUYer To Entry 10.15, 0.05 g Orientation, 
Attitude Attitude Attitude Hold And G&N 

\,A) -
I z 
~ 0 . 

' 
Automatic Entry 

329:14t08 400,000 Ft Entry See 10.15 
Interface 

~ 
~ ~ 

~ a ca 

329:16:34 0.05 g Rate Damping Only Pitch See 10.15 
and Yaw Attitude Hold 

~ Ill 
~ ~ ca (') a, lll 

I n Roll - ID 
0 

:, 
0 

Q, 

329:17:06 0.20 g Begin Range Control See 10.15 
Maneuvers 

::, ... 
c+ z .._, 

~ 
:z, 

329:23:56 25,000 Feet 
3: 
~ 
0 
z 
C/) 
I,( 
C/) .., 
['!l 

:: 
(/) 

~ 
< 
w 
0 
z 



\,.) 

I 
l'v 
~ 

en 
H 
0 

CJ"-
V, 

I 
I-' 
-..J 
0 
l'v 

'tj 
f-'· 

(1Q 
c 
'1 
('I) 

'f 
l'v . 
~ 
'1 
0 

'O 
('I) 
I-' 
I-' 
§ 
c-t-

1-'3 
~-
('I) 

::i:: 
f-'· 
en 
c+ 
0 

~ 
en 
0 

0 
I-' 
l'v 

en 
f-'• 
::s 

(1Q 
I-' 
('I) 

:::0 a 
CJ) 

z 
0 

~-
II> 
I-' 

a 
I)> 
en 
('I) 

C/) 
0 z 
:::, 
0 
0.. 
l 

~ 
C/) 
:::, 

E-< z 

~ 
0.. 

~ 
0.. 

50 

ho= 400,000 ft. 
11:f = 24,000 ft. . 
Vg = 24,216 ft./sec. ~ 
Yg = -1.65° 
ag = 52. 7° 

RANGE= 1547 N.M. 
a = 156° 
/3 = oo 

301 ti~= ~~00004 
STEER 12 
SYSTEM 11A II RCS 
NO GUSTS 

-rrr .... 

20 

CM AT 1+00.000 ft. -~ 

..,..,. 

100 200 

+ 

-.------........... 

• ......J_ 

300 
TIME~ SECONDS 

·•r-, 

4.00 

~ - ,:::::_::- t:::q:: .. ~ >-::::-;::: r.=--r: 
-·~t::::.::.,::......_~j r::;T: 

~ L:. · 

·-~ 

~ ....,....,...-,r--' ! T~• 

~__..~f-~ ~ ~ :_ :-;r.:-
......_ - f- · ·- ,._.. 

. ...,... -----,--1----- ·- ,...... - • . - ..,._ 
~ •••• ~. -- ·- - --r ·--

1-- ·-..- · ·- --· ·- ...... t-r----f------ -
J....- -- •·•-J--- · -- - -- f- --- --- - - - . ·- -

_,.._,.... .. . ....... T"'I 

------ 1--~~ 

500 600 

z 
0 
;u 
-i 
I 

l> 
~ 
m 
;u 

() 

l> 
z 
l> 
< 
l> 
-i 

0 
z 

z 
() 

[J) 

~ 
(') 
tTl 
Ill 
:l 
C. 

z 
T, 
C 
::0 
::: 
> 
j 
0 
z 
[J) 
>( 
[J) .., 
t'i 
? 
[J) 

!2 
:s 
[J) 

0 
z 



NORTH AMERICAN AVIATION, INC. ~ SPACEand>NFORMAT>ON SYSTEMS D<V>S<ON 

Cl) 

S2 
:::, 

~ 
l 
~ 
~ 
Cl) 
:::, 

E--< z 

~ 
11.. 
@ 
11.. 

70 

60 

50 

40 

30 

j 

20 

-~ 
10 

-W 

ho 400,000 ft. 
hj 24,000 ft. 
Vg 24,216 ft./sec. 
Yg 1.65° 
o-g 52. 7° 

RANGE 1547 N.M. 
a 156° 
f3 oo 
<Po 0° 
Clo -.00006 

STEER L2 
SYSTEl-l: "A II RCS 
HALF SINE WA VE GUS TS 

-

-

-

CM AT 400 000 ft. 

100 200 300 400 500 

Figure 3-J. Propellant Time History SC 012 Single RCS Off-Nominal Case 

3-25 

SID 65-1702 

600 



N
O

R
T

H
 

A
M

E
R

IC
A

N
 

A
V

IA
T

IO
N

, 
I N

C
. (I) 

S
P

A
C

l<
a

n
d

 
IN

F
O

H
>

IA
'l'IO

N
 S

Y
S

T
E

M
S

 D
IV

IS
IO

N
 

I 
:tH4t· 

r 
~
 

:tiltH} 
tm--.. , 

::t 
w

 
1100 

11~1w1 --I ltt 
. 

f 1 f. : ( 
1=1 li jJ ! W:l ttftfimlffl 0 

J' .. nr. 
1mrn~ Hill1H~ 11 H

llm
 I IIB

-£
fffia

 0
\ 

ii 
t 

i. 
0 . 

h 
N

 

r 
1 

llill1Jilifflfflffl00ffl1 l+H
H

ffiH
.H

EIBU
 m

 
0

0
 . 

l!HI 
lllllHff ll l!HHI ! I 11Ulll111 ! l HI! il 

llIITw
 

I
t 

tlll 
I 

r
l 

! '°--. 
-+

H
+

+
+

+
+

+
+

i+
-,-+

u--r-"-4
-----+

~
~

+
+

+
---~

-+
.-+

~
#

+
+

-'..+
-~

--"
-l+

....~
+

+
+

.~
-
+

 ....... ,.:u
 

l+l+~U
-1--U

+U
:l:U

.U
+U

l:lm
U

W
:.tl.llt..:..!JJU

..:.U
..!.lli.C

 
~
 

C
l) 

-~ 
-:t-~

 
!+

t+
,-..H

-4
4

~
+

-"
-!+

t+
H

-.+
;..u

...,~
;.+

.;+
~

u
.-,+

,+
+

.:-~
~

~
~

;.+
#

h
+

r
--~t-l.-H

1........ 
• 

~
~
~
H
~
~
~
~
~
~
~
~
~
~
~
~
l
~

➔a~~~
r
l
~
 

C
l) 

0... 

~ 
+

+
+

+
+

+
+

+
+

+
+

+
+

+
+

+
-4

-U
~

-4
-4

~
~

-.-4
~

-H
-4

+
4

.--1
-+

-+
+

.;.u
.;.-1

-,-.,...~
~

-+
+

....._
.N

 

amtmH~~tt11rmw111t1t11 . I 
r
l 

~
 

-~
 C
/) L

it 

I f 

lW "" . 
il 

) 1 Ll o 
:: 

:::: 
::: 

r
l 

00 
---+

-'4--------1----+
---+

..--..+
+

;..i.+
+

 ..... +
.-

-
I
 0 

.... 
#lllflW

 111ffl 
,lfl!ll'.llilil. 

I 
.......... +

+
+

,----,+
+

-,--+
<

---,..+
 

: 
;
;
 <

 
J 

' 
0 

1 rrtrnJne n
•

M#HITTHml!u11wn 1 ,~
 j HH t: IHinF.;;: rrrm '.: · · · i · _ .. i 

· , · · · , _ ·: ·: · ·: ·::, _ · • · -· -

0 

t; lj I It-' lll+1
ttil±

tljjfflt 
. j 

•
•
 

rm
:n

m
m

1+1 h:t@
 

:: 
:: 

t 

~
 

ttttttttti ttt I ti I-' R" 

~ ~ ~ 
u 

~
 

0 
0 

f5 ~ ~ 
N

 
0 

0.. 
E--4 

r
l 

r
l ~
 

0 
00 

f I: 
N

 

t 
..

. 
·
:· .. 

~ 1
: t! ~ 1 = i~oo41mnm@

~ wtbrPfof -~.,, ;-· iwrr ~--
0 

0 
0 

'° 
-:t-

C
\l 

0 

;3 
ci: 

~
 

H
 

C
l) 

Q
 

z ~ 0 u N
 

C
/) 

µ., 

~
 

r
l 

C
/) 

µ., 

F
igu

re 3-4. 
T

h
ru

st T
ran

!!ien
ts SPS 

E
n

g
in

e S
/N

 
3

1
 

E
stim

ated
 N

o
m

in
al. 

J-26 
SID

 65-1702 



N
O

R
T

H
 

A
M

E
R

IC
A

N
 

A
V

IA
T

IO
N

, 
IN

C
. (I) 

S
P

A
C

E
=

d
 <

N
F

O
R

M
A

T
<

O
N

 S
Y

S
T

E
M

S
 D

M
S

<
O

N
 

l=
"--1

-
t:::::.:~

-.i~J..14
f-l 

1: :::E
E

­
S:.::-:t:fr: 

E
.+

· 

E
::E

· 
=

 ~
 

s-:::: 

-
. -' 

!:!: 

~
E

$
$

 
F

l.':::. 
J.=

-+-:::-3
-~----

l==f.;:3::::r.• 
E

~
 

i=:-:=
--

l::==-f-=t: 
E

.,~ 

~
c
f: .. 

i:=·J-;t ~
 

.. 
-, 

~tliM
i 

~
...L

J~
 

J::~,::1 : ~~ ! f.f:; 

I1
 

~ 

~
o 0 <

'I 
O

f
r-i 

~
 

r-i ,1-P.:!1 

8
'~ 

"' 
0 

,
r-i 

~ 

~ 8 0 
0 

N
 

0
1±

~ 
o

i;:r-t 

o
d~ 

R. 

0 0 

g
H~' 

g
il:I~

 
r-i 
N

 .lfr 
: i 
J~, ~

=
<

 
'-H

llL
L

L
L

L
L

L
L

L
J
c
l=

iililllL
L

W
i 

l 

,..., 
r
l 

0 
"
' 

0 
r-i 

0 

~
D

~
Q

 N
I TID

N
V

 1V
H

H
ID

 ~N
ID

~ SdS H
8lld 

F
ieu

re J-5. 
SPS 

F.neine G
im

bal A
ngles 

V
ersus SPS 

R
em

aining fo
r AFRM

 012
. 

J-27 

SID
 65-1702 

8
fil~

 
g

tN' 
i-1 

;ult: 
:t..iliJ.! 
l -'1 . 0 I 

0 . -:t 

0 . <
'I ~ s C

l 

z H
 

~ z <
 

0 
H

 
. m

 
N

 

c., 

~ c., 

~
 

C
l) 

0.. 
C

l) 

~
 

>-< 

0 r-i 

0 



N
O

R
T

H
 

A
M

E
R

IC
A

N
 

A
V

IA
T

IO
N

, 
I N

C
. ~
 

S
P

A
C

E
 a

n
d

 
IN

F
O

R
M

A
T

>
O

N
 S

Y
S

T
E

M
S

 D
<

V
>

S
>

O
N

 

0 
0 

0 
0 

'° 
~
 

C
\l 

0 
0 

0 
0 

0 
0 

8 
8 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

C
\l 

0 
00 

'° 
~
 

C
\l 

0 
00 

'° 
~
 

C
\l 

C
\l 

,..; 
r
l 

,..; 
,..; 

,..; 

!>N
I N

IV
W

'.IB 
1311.!l 

F
igu

re 3
-6

. 
D

elta V
 c

a
p

a
b

ility
 R

em
aining v

s SPS 
F

uel R
em

aining. 

3-2
8

 

S
ID

 65-1702 

0 200 

400 

600 

800 

1000 
C

!, 

1200 
~
 
~
 

1400 I >
 

1600 
~
 

tj 
11800 

0 

2000 

2200 

2400 

2600 

2800 

0 
3000 

0 
0 C

\l 



NORTH AM ER ICAN AVIATION, I NC, ~ S PACEand >NH>RMAT>ON SYSTF.MS """>S >ON 

u 
~ 
C/) 

+ 
--0 
rl 

C'"\ 
I 
0 
rl 

>< 
~ 

~ 
:::, 

~ 
~ 
E-➔ 
0 
E-< 

2 5 

2 I 

l 5 

l 0 

5 

0 
0 

-

2 TF.sTS -

-

-

3 TF.sTS 

5 TESTS 

- -

0.2 0.4 o.6 0.8 1.0 

FSl to FS2 (SEC) 

Figure 3-7. Minimum Impulse Tests AEDG Qualification 
Series CB and CC 

3-29,3-30 

SID 65-1702 

f-+1 1m 
_j 

u 

' 

➔ 

+ 

Ltrn - I 
·fr 

1.2 



3 

2 

1 

0 

~ 
~ 
E-< 
H z 

-1 H 

~ 
:::, 
i:Q 

Cl) 
A. 

-2 en 
e-, 
Cl) 
rl 

LI"\ 
LI"\ .. 
rl 
rl .. 
LI"\ 
N 

0 

0 

+2.98° 
-2.26VDC 

+o.01 °· 
+o.02VDC 

687.66 

I I 
5 10 

MISSION 204A - s/c 012 
NOMINAL SPS PITCH AND YAW GIMBAL POSITION WITH 

BURN TIME, . AND PROPELLANT . CONSUMED 
(GPI POSITION AND GPS VOLTAGES ARE SHOWN) 

e.----1 
T 

1ST SPS 

+l, 96° 
-4. 53V 

/ 

-0.38° 
-0. 84V 

2ND SPS 35 SECS . 7.00 SECS. 

1375.32 2062.98 2406 

SPS PROPELLANT CONSUMED~ LBS. 

I I I I I I 
15 20 25 30 35 40 

0 SPS PROPELLANT BURN TIME~ SECONDS 
rl 0 ..;t 

(""\, rl 
N .. .. 
rl N l('\ .. rl LI"\ 
U'"\ .. .. 
N Lt"\ (X) 

N. ,.C\l "..,,. .. ,, 
MISSION TIME LINE~ HOURS: MINUTES : SECONDS 

+l. 70° 
- 5.lOV 

-0.50° 
-0.llV 

/ 

3RD SPS 
13.00 SECS. 

2887 3438.JO 

I I 
45 50 

co . 
..;t N 
rl N .. 
N LI"\ 
0 C\I .. 
°' 0 
N l('\ . . 

., y y 

+l.29° 
-6 .02V 

+o.80° 
-7.lV 
I +o. 79° 

// -7 .13V 

NORTH AMERICAN AVIATION, INC ~ SPACEand <NFORMAT<ON SYSTEMS DMS<ON 

GTI.ffiAL POSITION INDICATION (GPI) 
REQUIRED TRIM VOLTAGE 

E8T = +2 .220T 

E'l'T= +2.31 ('l'T- 4°) 

_., -8 .40V 
-----f----~L_J +o .250 

'V T / 

-0.71 ° 
-0.88V 

4TH SPS 
13.00 SECS. 

3781 4125.96 

I I I 
55 60 65 

co t'-. . 
LI"\ 0 
C""\ l('\ .. .. 
l('\ Lt"\ 
C\I 0 .. 
0 ..;t 
U'"\ t'-. . 

"y" 

r--------J -0.88° 
-l.9JV 

-0.88° 
v-l.95V -1.15'! 

-2.55v 

5TH & 6TH SPS 
0.23 SECS. EACH 

~ 7TH SPS 8TH SPS 
13.5 SECS. 17.00 SECS. 

4675 I 5635 6804 
4707 SPS PROPELLANT CONSUMED~ LBS. 

l~ I I I 70 80 rl 90 

1 100 

r:-- N N . . . . 0-- SPS PROPELLANT BURN TIME~ SECONDS-.o (Y'\ 0 ('t"\ N ..;t .. 0 C\I CV, .. .. . .. .. '° 0 '° '° IJ"\ LI"\ 0 .. 0 "" ""' 0--.. 
N 0--..;t t'- r:-- C\l r:--_ t- r:-- ~ . ("'\ 

" w "V • 

MISSION TH'iE LINE ~ HOURS: MINUTES : SECONDS Figure J-8. Mission 204A-SC012 Nominal SPS Pitch and Yaw Gimbal 
Position With Burn Time and Propellant Consumed 

.3- 31, 3-32 SID 65-1702 



C/) 
H 
t::I 

°' V, 
I ..... 

-.J 
0 
l\) 

Ullage Ullage SPS Burn 

Prior RCS 

to SPS 

Duration Fuel No. Dur Fuel 

Secs. Lbs. Secs. Lbs. 

15.0 20.5 1 35.00 2406 

15.0 20.5 2 7.00 481 

15.0 20.5 3 13.00 894 

15.0 20.5 4 13.00 894 

15.0 20.5 5 0.23 16 

15.0 20.5 6 0.23 16 

15.0 20.5 7 13.50 928 

15.0 20.5 8 17.00 1169 
(98.96) (6804) 

* Minimum Tolerance= 2.0 F.P.S. 

Gimb. Pos. Sett tings 

Initial Initial 

Gimb. Pos. Voltage 

(GPI) (GPS) 

8T 1/,T Ee 
T 

Ev, 
T 

Deg. Volts 

0.01 2.98 0.02 -2.26 

-0.38 1.96 -0.84 -4.63 

-0.50 1.70 -0.84 -5.10 

-0.71 1.29 -1.58 -6.02 

-0.88 0.80 -1.93 -7.10 

-0.88 0.79 -1.95 -7.13 

-0.89 0.78 -1.97 -7.15 

-1.15 0.22 -2.55 -8.40 

1-3 
p, 
C1' ..... 
(1) z 
w 0 
I ::u 
l\) -I . 

I 
Characteristic Velocities 

C/) l> 

Nominal Engine Counter Counter 
Tailoff Accuracy Range 

Lower Upper 
SPS Ull. Req. Lower Upper Lower Upper 

Limit Limit 

> ~ 
l\) m 
0 ::u 
t -

() 

6 l> 
..... z 
l\) 

2! l> 
0 < 

AV AV AVX AV AV AV AV AV AV 
SPS ULL T.O. T.O. C.A, C.A. C C ~ 

-
l> 
-I 

Ft/Sec Ft/Sec Ft/Sec Ft/Sec 
~ 

-
0 

c;'l z 

917.0 7.0 924.0 10.0 16.3 18.3 18.2 932.3 925.9 i -z 
lit () 
t,-1 

187.0 7.3 194.3 10.2 16.6 3.8 3.7 187.9 181.4 

365.0 7 .4 372.4 10.6 17.2 7.2 7.1 369.0 362.3 ~~ 
376.1 7.6 383.7 10.6 17.2 7.5 7.3 380.6 373.s 

* 
8.1 8.0 16.1 11.0 17.9 ~.10 -0.036 7.1 0.2 

* 7.8 8.4 16.2 11.0 17.9 ~.10 -0.034 7.2 0.3 

::s 
(/) 'Jl 
CD ;; 
c+- r. c+- tr: 
~ g;i ::s ::, 
~ Q. co 

2 

434.8 8.4 443.2 11.5 18.7 8.6 8.5 440.3 433.0 

577.5 8.4 585.9 12.3 20.0 11.5 11.3 585.1 577.2 

~ ;:; 
p.. :0 
0 

~ 
;i. ::r .., 

p, c ~ 
p, z 
C) CJ) 
c+- ~ 
(1) (/) 
~ .., 
I-'• ;!] 
co :::: c+- (/) 
I-'• 
C) ~ 
< :; 
(1) (/) ..... 0 0 z C) 

I-'· 
c-+ 
I-'· 
(1) 

co . 



NORTH AMERICAN AVIATION, INC. ~ SPACEand <NFORMAT<ON SYSTEMS D<V<S<ON 

4 SPACECRAFT Arm MISSION REFERENCE DATA 

4.1 The following listed specifications and documents have been 
used in defining the spacecraft configuration and as a data base for the 
derivation of the performance values and performance limitations in this 
document. 

a. SID 63-313 CSM Technical Specification (Block I) Revised 
22 February 1965. 

b. SID 64-1080 SC 012 End Item Specification (Part I) 
Revised 22 February 1965. 

c. SID 64-1237 CSM Master End Item Specification (Block I) 
Revised 22 February 1965. 

d. MIT R-507 G&N System Operations Plan Mission AS 204A, 
January 1966. 

e. SID - 1006-3 Bi-monthly Weight and Balance Status Report 
for CSM End Item Spacecraft 012 and 014, 1 January 1966. 

4.1.1 The reference documents used in developing the specific 
SC 012 mission requirements are listed below: 

a. MSC Internal Note No. 65-FM-134, AS 204A Spacecraft 012 
Reference Trajectory Volumes I, II and III dated 
5 November 1965. 

b. TRW 3640 - 6012 - To - 000 Mission Requirements for 
Apollo Spacecraft Development Mission AS 204A/AS205, dated 
30 August 1965. 
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5 GUIDANCE AND CONTROL FUNCTIONAL DESCRIPI'IONS 

5.1 General Guidance and Control Descriptions. 

5.1.1 Attitude Control Ca abilities of Block I G&N S stems Attitude 
Hold. The purpose of this section is to clarify the attitude 

control capabilities and limitations of the Block I G&C systems. Questions 
within Apollo have shown that such clarification will assist other units in 
mission planning and similar activities for Block I. 

5.1.1.1 General. Several approaches to attitude hold capabilities have 
been taken into consideration during the design concept stages and now new 
procedural innovations are being developed in response to specific require­
ments (e.g., "Bar-B-Q 11 and ''Wobble" Modes). Disregarding the source of the 
hold signals and the magnitude of the attitude excursions permitted, the 
systems can hold attitude in all three axes; hold attitude in two axes, and 
free drift in one axis; establish a 11wobble 11 mode, where pitch and yaw are 
held approximately and a deliberate roll rate is initiated and maintained; 
or free drift in all three axes. In all of these cases certain electrical 
power, RCS fuel, and equipment operating time costs are associated with the 
application. In any closed system, energy management is very important, so 
a table showing the relative costs of the various control modes is included. 

5.1.1.2 System Description. All of the control modes are basically 
attitude control modes with the exception of the Monitor Mode. They all 
include the capability of attitude maneuvers. The Monitor Mode is a rate 
damped, free drifting mode. The G&N and SGS Attitude Control and Delta V 
Modes are all similar to the extent that any of these modes can be used inter­
changeably (with two minor restrictions). Any use of the Attitude Impulse 
Controller (Minimum Impulse Control) is, for safety reasons, restricted to 
the G&N or SGS Attitude Control Modes. SPS thrusting (TVC) should be accom­
plished in the G&N or SGS Delta V Mode or their emergency backup, the Manual 
Thrust Vector Control Mode (MTVC). The main differences between the Entry 
Modes and those discussed earlier are displ~ scaling, rate and attitude 
deadbands, and rate command limiting. Functionally, the modes are equivalent 
to their midcourse brothers. The Local Vertical Mode is an attitude control 
mode in which an attempt to provide an open loop torquing signal has been 
included to cancel out the attitude changes with respect to an earth centered 
frame of reference (as opposed to inertially fixed attitude hold). Due to 
the basic open loop nature of the mode, errors,resulting from a noncircular 
and/or off 100 nautical mile altitude and natural system drifts and tolerances, 
approaching 40 degrees per axis per orbit can occur. S&ID formally recom­
mended to NASA/MSC that the Local Vertical Mode should not be used in flight 
due to the large errors probable in its application (CSM SGS Meeting No. 21, 
October 1964). S&ID mission planning ls based on this recommendation. 

5.1.1.3 Three Axes Attitude Hold. The normal attitude hold mode is that 
in which a space fixed three axis hold is established and maintained using 
either of the on-board attitude references to close the outer loop. The wide 
(maximum) or narrow (minimum) deadband can be selected depending upon the 
attitude excursion limit desired. This mode is most expensive in terms of 
electrical power, RCS propellant and system operating times. It should only 
be employed when the mission requires a specific and relatively accurate 
inertial attitude hold be established and maintained. Both of the on-board 
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attitude reference systems will require periodi_c updating anrl, dependine; uror, 
the attitude tolerance of the specific mission ob,iectivAs, +,he spacecraft 
attitude may require periodic correctior. 

5. L 1. ~ Two Axes Hold-One Axis Free Drift ( Bar-B-Q Mode). Thermal con-
str~ints have arisen since the control system desie;n base estabJishment in 
which there is a desire to hold two axes space fixerl while maintainir£ a 
specific r,qte i_n t.he third axis. While such a control '11ode fa not specifi­
cally included in the design, the swHcM ng flexibil it.y- of tlce system h:J.s 
permitted the development of such an operational capability. 

5.Ll.h.J. For this special c.cise, the sr:s Att.it.urle r.ontrol Moi:le mu!:'t be 
used. The veMcle is oriented to the desired initial attitude: and the free 
axis c0ntrol jets are ctisablerl h~r openj ng their resrecti ve circuit breakers 
after the desired rate of rotatton has bPen established in that axis. 

CAUTION: 'l'he disable switch cannot be used as this would 
cause a] 1 three RHAG I s to c,qge thrrmeh the AGCV. 

The BMAG for that axis should now be rate caged by its Backup Rate switch, to 
prevent its go:ing into and nut of its attitude stnps as the vehicle rotates 
about its ax:is. Equipment operating times and electr:_cal power required will 
be the same as for the three axes attitude hold mode altl1ough sJight RCS pro­
pellant savings will occur in the rotating axis. Avain, unless the attitude 
constraints require very accurate control, this control application should be 
avoided. The BMAG I s for the two hel rl axes will have sr:,ne d !":i ft and periodic 
updating will be required. 

5.1.J.5 Wobble Mode. An application in wh:ich two axes are establjshed 
in an attitude hold as a side-effect of spinning up the vehicle about the 
third axis is theoretically possihle and being investigated at this time. 
Its benefits are that the control system may be turned o~f after the mode is 
established and significant savings result in all three areas of concern (i.e., 
equjpment operatine time, RCS propellant, and electrical power). The limita­
tion to the application of this mode is that it is roughly three times less 
precise than previously discussed modes (half angle of ll degrees vs. 5 degrees 
nominal in both cases). The rate of rlecay for this mode has not yet been cal­
culated. No time can be specified on frequency of re-establishment of the mode 
until additional analyses and simulations have been completed. (See later 
sections for preliminary analytical results). 

5.1.1.6 Free Drift. Where no specific attitude is required, a free 
drifting mode can be established in which the equipment is off and no RCS 
propellant is required in establishing the condition. This is the least 
expensive mode of control and should be used whenever possible. Present 
thennal constraints and mission objective requirements make it unlikely that 
this mode will be applied very often. 

5.1.1.7 Surranary. Specific procedures, for establishine the various 
attitude control modes described, are included separately. 
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5.1.1.7. 1 The most accurate and most expensive method of attitude holrl is 
the establishment of a three axis attitude hold in either the maximum or mini­
mum deadband. In all applications, the minimum deadband uses more RCS propel­
lant and slightly more electrical power than the maximum deadband. 

5.1.1.7.2 A method that is approximately as accurate as three axis atti­
tude hold, but that does allow for some RCS propellant savings and satisfies 
the thermal objective of holding two axes while rotating about the third is 
the "Bar-B-Q Moce." 

5.1.1.7.3 A less accurate, but considerably more economical, method of 
two axes controlled-one axis rotating hold is the ''Wobble Mode." 

5.1.1.7.4 The most economical method in terms of the three parameters con-
sidered is Free Drift, but this mode can only be applied where no specific 
attitude constraint exists. 

5.1.1.7.5 All methods of attitude control, except Free Drift, require 
periodic updating of the attitude reference and may require periodic vehicl e 
maneuvering. 

5.1.1.7.6 The G&N would not be used for the Bar-B-Q, or Wobble modes. To 
establish the mode the SCS would also have to be on, and a considerable increase 
in electrical power would be required. Also, the available operating time for 
the G&N subsystem is considerably less than for the SCS. Finally, the SCS 
BMAG 1s are better suited to body axis control by axis for these applications 
than the G&N IMU. See Table 5-1 for a comparison of the attitude hold modes. 

5.1.2 SC 012 Application of Spin-Stabilized Inertial Attitude Hold 
Capability. Some of the experiments tentatively planned for 

the SC 012 mission require holding specific i nertial attitudes for relatively 
long periods of time (12 to 20 hours). An active attitude hold with the SCS 
RCS for these time periods is undesirable in tenns of other mission objectives. 
The SM/RCS propellant consumed would seriously limit the orbital dwell period, 
and a specifically identified objective for SC 012 is to remain in orbit as 
long as possible. Due to the NASA directed deletion of on-board spares and 
the inflight test and maintenance concepts that Block I equipment is designed 
to, the reliability goal for the SCS is on the order of 14 hours of operation 
without a failure. Obviously, two 12 hour attitude hold periods more than use 
up the safe operating time of the SCS and so some alternative method of per­
forming the experiments must be found or the experiments should be dropped. 

A spin-stabilized inertial attitude hold mode is being investi­
gated for Block II passive thermal control applications. This mode is based 
on the classical mechanics case discussed by Goldstein, ("Classical Mechanics", 
Addison-Wesley Publishing Co., 1965, Reading, Massachusetts (pp. 156-163)). 
Certain assumptions are made in exploring the application of this technique to 
Block I orbital flihgt and they and the limitations to the "wobble" mode will 
be covered in the following section. 
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5.1.2.1 Discussion. Several assumptions will be required to apply the 
principles of Goldstein's classic case to the Apollo CSM. As will be shown 
in the discussion, the assumptions and limitations are not extreme and, in 
other studies, where actual values have been used, no significant changes to 
the general solution were found. Two unknowns do limit the application of 
the "wobble" made in orbital flight, but their magnitude and impact are unknown 
at this time. Both the gravity gradient and atmospheric drag effects and 
their possible effects on this mode will be covered later. 

5.1.2.1.1 The first assumption required is that the body considered is a 
rigid body with two axes symmetrical. For the lightest earth orbital CSM 
inertias, the current Ivy and Izz values are just above and below 35,000 slug 
feet2. This study will~use the median between the two values. A value of 
12,000 slug-feet2 will be used f or I:x:x. 

5.1.2 . 1.2 The principal X axis (Xp) of the vehicle has been calculated as 
approximately 1. 8 degrees offset from the vehicle X axis (XB). Although the 
transforms are availabl e, the differences between body rates and rates about 
the principal axes are so slight that the rates will be assumed to be equal. 
The actual offset of the principal axis is into the +y and -Z directions at 
a ratio of roughly 1 - 3, see Figure 5-1. 

5.1.2.2 General Case. Residual body rates in all axes can be reduced 
to roughly .01 degrees/second. Imparting a roll rate to the vehicle will not 
increase these rates in pitch and yaw t o more than .02 degrees/second and, 
in fact, may reduce these rates to zero. 

5.1.2.2.1 The pitch and yaw rates may have any value between± .10 degrees/ 
second at the start of the roll rate, and any value between± .02 degrees/ 
second after imparting a .5 degree/second roll r ate. The SCS would now be 
shut off. 

5.1.2.2.2 The vehicle principal axes angular momentums will now add vector-
ially (as illustrated in Figure 5-2) to produce a vector offset from the prin­
cipal X axis by the angle a. The magnitude of a will be determined by the 
l'M.gnitudes of the pitch (We ), yaw (Wf.lJ) and roll ( ~) rates and the 
moments of inertia for the three axes. The direction of a in the Y-Z plane 
will be determined by the vector sum of W 8 and W l/1 . Since for the general 
case we have allowed W0 and WI// to have any sense, the inertial axis (Xr) 
about which the vehicle will rotate may be offset in any direction from Xp. 
The formula for determining a is given below: 

a=- tan-,✓ ( We I:1y }2 + ( W1/f I,z )2 
Lxx. wcp 
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Figure 5-1. Principal X Axis Offset 
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wcpl:x:x. 

CENTER OF MASS OF VEHICLE 

Figure .5-2. Angular Monentum Vector 

5-7 
SID 65-1702 



NORTH AMERICAN AVIATION, INC . ~ SPACEand •NFORMATmN SYSTEMS DMSWN 

Remembering the assumption Iyy = Izz = I1, equation (1) simplifies to: 

(2) 

As the inertials are a constant of any giventime, equation (2) shows that 
increasing W ¢ or decreasing Lt.) e or w yr will cause ct to decrease and vice 
versa. The smaller Cl becomes the more precisely we will know our inertial 
axis of rotation location. 

Assuming We = WY,= <.,JD. then 

Equation (2) can now be simplified to 

tan U= (4) 

Sol vine equation (4) for the maximum value ofW6 results in ct~ 9.3 degrees. 

The inertial axis (Xr), about which the principal axis (Xp) will rotate, is 
therefore, constrained to lie within a pyramid about the Xp axis such that 
the half angle of the inscribed cone is 9.3 degrees(see Fig11re 5-3). 

5.1.2.2.3 Assumine that the XB axis has been pointed in the direction of 
the desired inertial attitude hold, the vehicle will simultaneously be rotat­
ing the XB axis about the Xp axis and the Xp axis about the Xr. Figure 5-4 
shows the path constraints of these motions in the Y-Z plane. The actual 
attitude history with respect to inertial space will depend upon the values 
of the periods of revolution of XB and Xp about Xr. For this general case, 
we have assumedW~ B~ W ¢ = 0.5 degree/second. This results in 5 revo­
lutions/hour of XB about Xp. ¥he rate for Xp about Xr can be calculated from 
equation (5) to be~ 3.3 revolutions/hour. 

(5) 

Figure 5-5 illustrates the means of calculating the maximum travel of the XB 
axis from the initial point of alignment. Assuming that XB on the left is the 
initial inerti_al attitude desired as we said earlier, it will be 1.8 degrees 
from Xp. Imparting anuJ¢ of .5 degree/second will start the vehicle rotating 
about Xr at the angle ct. which was calculated to be 9.3 degrees maximum. The 
angle (ti) between the desired XB orientation and the actual worst case travel 
of XB can be seen to be: 

(6) 
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Figure 5-3. Value of Possible Angular Momentum Vector Locations 
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INNEri LIMIT OF XB TRAVEL 
OU'l'E1i LIMIT OF ~ TRAVEL 

a= 9.30 

Figure 5-4. Y-Z Plane Paths of X Body Axis 
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DE.SIRED+ X INERTIAL DIRECTION 

Figure 5-5. X-Y Plane Illustration of Angular Offsets 
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5.1.2.3 Special Case. For some experiments, a more precise spin-stabil-
ized attitude hold may be desirable. For these cases an additional procedure 
has been prepared and is included as 10.7 Precise Wobble Mode Establishment. 

5.1.2.3.1 If the sense of(J)g andW~are known, the general case location 
of XI will be constrained to be in a single quadrent as shown in Figure 5-6. 
The sense of wa and W"I' can be determined by observing the direction of 
motion of the pitch and yaw attitude error indicators. By picking specific 
senses foru.Je andWVt", a specific quadrent for the location of XI can be 
established. A negative (moving down) pitch indicator motion and a negative 
(moving left) yaw indicator will limit the location of XI to the +y -Z 
quadrent. This is the quadrent that also contains Xp. 

5. 1. 2. 3. 2 If the phasing of uJ e to W !J' is not correct, or if their magni­
tude is too low to be sure of their sense, the mininrum impulse control at the 
G&N station can be used to adjust for these problems. 

5.1.2.3.J In place of We and W<p ranging from plus to minus .02 degree/ 
second, they can now be restricted to having some positive value less than 
.02 degree/second. A lower limit can also be set as, unless this value exists, 
positive motion of the attitude error indicators could not be observed. The 
upper limit of .02 degree/second will cause 1.2 degrees of travel of the 
indicators in a minute. Any rate slower than .6 degree in a minute will be 
difficult to determine, so the lower rate limit will be set at .01 degree/ 
second. Imposition of these rate boundries will limit the location of XI 
even further as is shown in Figure 5-7. 

5.1.2.J.4 If the area through which XI must pass (shaded area of Figure 5-7) 
can be superimposed about the desired inertial XB orientation the value of,S 
can be substantially reduced. The choice of the +Y, -Z quadrent for location 
of XI was deliberate. The offset location of XI from Figure 5-7 is shown in 
a view of the Xs-ZB plane in Figure 5-8 to clarify this discussion. The 
center of the area of possible locations of XI can be seen to be a fixed value 
away from the Xs axis. 

5.1.2.J.5 If the XB axis is initially aligned away from the desired inertial 
hold axis in the (+ZB, -YB) quadrent the area of possible locations will now be 
superimposed over the desired inertial hold attitude (see Figure 5-9). 

The maximum value for /3 in this special case can be found using equation (7) 
~ee Figure 5-10). 

/3M.Ax= aMAx+ (LXp-LXB) +½ (aMAX.-aM11-~) (7) 

All values for equation (7) are known except for a. MIN. a. MIN is calculated 
using equation (4) and the mininrum assumed limit of .01 degree/second to be 
L,.6 degrees. Equation (7) can now be solved and IJ max is eq~al to 13.4 degrees. 
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Figure 5-6. Reetriction of Angular Momentum Vector 
Location Through Rate Direction Constraint 
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AREA OF POSS IBLE 
LOCATIONS OF Xr 

+Z p 

+Yp 

Figure 5-7. Further Restriction Through Rate Magnitude Selection 

5-14 

SID 65-1702 



NORTH AMERICAN AVIATION, INC. (I) SPACEand INFORMAT<ON SYSTEMS D>VISION 

0 + ZB 

XB + YB 
..... 
·• -

Xp + Yp 
~ -

'\. 

~ 

'\. 

■ 

I) -Zp 

'r 

Figure 5-s. Y-Z Plane Plot of Restricted Location 
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+ ~ 
VECTOii Or' r..E~U I.ti.ED 
(;Oifo.EC'r ION '1'0 SUPErt 
il'J.POSE XI Aft.EA ON 
DESIRED XB ORI.hlJTA'l' ION. 

AREA OF POSSIBLE 
LOCATIONS OF XI 

DESIRED INERTIAL 
X AXIS LOCA'l'ION 

Figure 5-9. Optimization of Angular Momentum Vector 
Location Uncertainty 
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Figure 5-10. 

/3 /3 LIMIT OF POSSIBLE XI 
LOCATIONS 

CENTER OF MASS OF VElUCLE 

X-Y Plane Illustration of Reduction in 
Angular Momentum Vector Uncertainty 
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The specific offset from the desired XB pointing direct.ion required can 'be 
determined by taking the reciprncal of the vector sum of the XB - Xp offset 
and the Xp - Xr nominal offset. Xr nominal w:_11 lie along a line thro1Jeh 
the Xp point that is at 1~5 rlegrees from the +Y and -Z axes. The magnitude 
of the nominal x1 offset is determined by determining th~ median between a 
MAX and <l MIN which is ~ 7 rl ""f!rees. The vector resn] ution results in a 
required offset of ~ 8 rlegrees - at :=:: JO rlegrees from the +Z axis toward 
the -Y axis. 

Imparting W¢ will cause the area of possible locations of 
the same direction as the imparted rate. The value of thi2 
found by combining the standard angular equations of motion 

and 

9 =- Wot + f at 2. 

and assuming W o = 0 results i.n 

e =-

Xr to 
shift 
o.f 

rotate in 
can be 

(8) 

(9) 

(10) 

Us1ne the • 5 degree/second rate assumed and a r/J of 13.1 degrees/seconct2,8¢ 
is~ 0.01 degree. 0¢ is insignificant and will not be crmsidered. 

5.1.2.J.6 For the specific problem, where the sun is too near the desired 
+X orientation for either the general or special case, procedure, 10.24 outlines 
the steps required to orient the vehicle using the telescope, and minimum 
impulse control. Since a specific attitude is established using the telescope, 
assume that the special case compensation has been included in the star field 
orientation data to provide the more accurate attitude hold. 

5.1.2.4 Limitations. In orbit, the atmosphere will produce an effective 
drag on the SC that will attempt to "streamline" the vehicle into the orbital 
path. For any inertial attitude held the disturbances to the attitude from 
this effect will be a function of the atmospheric density, the vehicle profile, 
and the instantaneous difference angles existing between the vehicle attitude 
and the "streamlined" attitude. The exact magnitude of these disturbances 
is not known for this case but the general prediction that their effect will 
be to cause an increasing C! due to perturbations to the We and W~ values 
can be made. As higher Cu¢ rates are used this sensitivity decreases so the 
higher theW¢ , the more stable the "wobble" mode. 

5.1.2.4.1 The gravity gradient effect tends to align the vehicle X axis 
parallel to the local vertical with the +X axis either up or down. Again the 
exact magnitude of the disturbances is not known, but they will be proportional 
to the angle between the X axis and the local vertical (which will change con­
tinually in orbit). 
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5.1.2.4.2 While the atmospheric effect tends to streamline and slow down 
the CSM, the gravity gradient effect tends to bring the X axis parallel to 
the local vertical. The two effects will therefore fight each other and 
their relative effect will vary with vehicle attitude with respect to the 
local vertical. 

5.1.2.5 Conclusions. 

a. Where no specific attitude need be held, a three axis 
free drift with the SCS off is most efficient in terms of 
power, SM RCS fuel, and SCS reliability. 

b. Where a specific inertial attitude must be held for 1 
hour (BMAG warrnup time) or longer and the attitude accuracy 
requirements are between 22 degrees and 45 degrees the 
wobble mode can be used without offsetting the XB axis as 
shown in Figure 5-9. 

c. ~!hen the accuracy requirement of (2) above lies between 
14 degrees and 22 degrees, the method of alignment, including 
the compensation shown in Figure 5-9, should be applied. 

d. If the attitude accuracy is less than 14 degrees, then 
the SCS attitude control mode must be used. The only cases 
where this seems desirable are for navigation sightings and 
Delta V maneuvers. 

e. The effects of gravity gradient and atmospheric drag 
effects on this mode must be calculated to determine their 
impact. 

5.1.2.6 Summary. A spin-stabilized inertial attitude hold (wobble) mode 
can be established in earth orbit. This mode is applicable for periods of 1 
hour and longer and where the attitude accuracy requirement is equal to or 
greater than± 14 degrees. Its use will permit turning off the SCS system 
and conserving both electrical power and SM RCS propellant. 

The stability of this mode will depend upon the impact of atmos­
pheric drag and the gravity gradient effects, which have not been calculated 
yet for this application. 

Increasing the roll rate (W;) directly decreases the "wobble" 
angle and increases the stability of the ''wobble" mode. As the only recognized 
penalty to higher roll rates is the SM RCS propellant required to impart and 
remove them, higher roll rates than those used in this study (0.5 degrees/ 
second) can be considered for actual flight applications. 
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5.1.3 Proposed Alternate Method to Present Thermal Control Approach. 
This section contains a proposed alternate method of satisfying the thermal 
constraints of the SPS engine for both the free drift mission periods and 
the attitude hold periods for the hot and cold soak test firings of the SPS. 
It is based on data contained in Figure 5-11. The effort was initiated by 
the preliminary analysis results received showing that the wobble (spin 
stabilized) mode will not be useful as proposed to date. A means of satisfy­
ing SPS thermal constraints, minimizing SM RCS propellant consumption, con­
serving electrical power, and reducing SCS operating time is therefore proposed. 

5.1.3.1 Problem Statement. The present attitude timeline for SC 012 
includes long attitude hold periods for SPS cold and heat soak prior to SPS 
burns. These times are given as fixed numbers of hours in some cases pre­
ceded or followed by an equally expensive hold period to provide assurance 
that the SPS equipment is not exceeding its lower temperature limits of 40 
degrees F. The hold periods are expensive in terms of three critical con­
sumables for the mission (i.e., electrical power, SM RCS propellant, and SCS 
operating time) and any reduction in these attitude hold periods will have 
a direct relationship to increasing mission duration. Mission duration is 
very important with respect to SC 012 performance for establishment of lunar 
flight feasibility. A joint study of means of reducing the hold times has 
been completed by G&C Systems and SPS Analysis. The jointly developed method 
will result in significant savings in SM RCS propellant, electrical power, 
and SCS operating times. The basic principle of this method can also be 
applied with only slight procedural variation to provide a check against ex­
ceeding the lower temperature limits of the SPS during periods of true free 
drift. 

5.1.3.1.1 Studies by the SPS group have established heating and cooling 
rates for the SPS area based upon the relationship between the sun and the 
- X axis of the vehicle. A telemetry point in the SPS is available to in­
dicate current temperature. Periods of MSFN telemetry coverage are available 
from the trajectory data and the time of SPS burns and free drift are similarly. 
available. The SPS has an upper temperature stable limit of 95 degrees - 100 
degrees F. 

5.1.J.l.2 The analytically derived heating and cooling rates versus solar 
attitude are presented in Figure 5-11. More complete data on temperature 
change characteristics in the SPS region is available from SPS Analysis. 

5.1.J.l.J A sampling method can be derived which will meet the hardware 
constraints and still allow a considerable reduction of mission planning 
constraints. An example of each application follows: 
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5.1.3.2 General Case (Free Drift). First the general case will be 
covered, then the application for cold and heat soak will be discussed. Each 
time a MSFN telemetry contact is available, the SPS temperature should be 
checked. The astronaut should then identify visually the relationship be­
tween the SPS nozzle (- X axis) and the sun and the direction of drift of the 
vehicle. Examination of Figure 5-11 will show that for any attitude an 
approximate heating or cooling rate can be resolved. From the direction of 
drift, the probable change tot he heating or cooling rate can be predicted. 
If necessary, the random drift rate can be modified simply to adjust the 
temperature trend appropriately. Several examples are given of sample 
evaluations for clarification. 

Example 1: Temperature: 78 degrees F, attitude: - X 
drift trend: - X moving away from sun. 

120 degrees from sun, 

Conclusions: Temperature is acceptable, presently vehicle is in an SPS heating 
attitude, and drift is toward cooling. The temperature limit 
will not be reached for 

Example 2: 

78°F - 40°F = ~ = 10 
3.8°F (max. cooling ratcl 3.8 

A mininrum of 10 hours 

Temperature: 58 degrees, attitude: - X 
drift trend: - X toward sun. 

130 degrees from sun, 

Conclusions: Temperature is acceptable, presently vehicle is in SPS cooling 
attitude, trend is toward warming area but will be cooling for 
some time so temperature should be watched carefully. 

The temperature limit will not be reached for (58 - 40 = 18 = 4.7) a minimum 
of 4.7 hours. 3.8 3.8 

Example 3: Temperature: 51 degrees, attitude: - X 
drift trend: - X away from sun 

150 degrees from sun 

Conclusions: Temperature is getting too low, presently vehicle is in cooling 
attitude and will be getting cooler, may reach or exceed 40 
degree F before drifting back to the warming region. The tem­
perature limit may be reached in 

(51 - 40 = 11 = 2.9) 
3.8 3.8 

a minimum 2.9 hours. To avoid a requirement for rapid maneuver 
and attitude hold at the optimum heating attitude if the cooling 
rate and trend continues the drift should be adjusted at this time. 
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5.1.3.3 Drift Adjustment. A detailed procedure is included in the G&C 
procedures section to cover G&C functions required in adjusting the spacecraft 
drift pattern. Functionally, the pilot will set up single jet firings, turn 
on the SCS in the SCS Attitude Control mode leaving the inertial sensors open, 
and then move to the lower equipment bay. At the lower equipment bay, the 
astronaut will enable the Attitude Impulse Control and then adjust the vehicle 
drift pattern to head toward the ·sun with the - X axis. Pitch or yaw or a 
combination of a pitch and a yaw mini.mum impulse should be used to stop the 
drift toward a - X axis 180 degrees from the sun condition and start the - X 
axis back toward the sun. 

NOTE: Regardless of how carefully temperature, attitude, 
and drift rates are monitored, the design is biased 
to the cold side to such an extent that, after extended 
drift periods, presently unscheduled heat soaks will 
be required to bring the temperatures in the SPS area 
up to safe levels. Tests are being scheduled on AFRM 
008 to verify to some ext_ent the analytically derived 
thermal trend data being prepared by Engine Analysis. 

5.1.3.4 Heat and Cold Soaks - General. In the SC 012 mission there are 
two cold soak periods called out before the third and seventh burns and a 
hot soak called out before the fourth burn. The objective is to cool or heat 
the SPS area to~ 40 degrees For~ 100 degrees and then fire the SPS there­
by demonstrating performance near the upper and lower design limits. The 
maximum temperature, as mentioned earlier, can be considered to be 100 degrees 
F. The minimum temperature is 40 degrees F. The maxi.mum temperature differ­
ence to be heated or cooled would be 60 degrees F. The maximum cooling rate 
of J.8 degrees F per hour divided into ·the maximum temperature differential 
shows that, a maxi.mum of ~ 15 hours before the cold soak burns . the conver­
gent sampling method should be initiated. The maxi.mum heating rate can sim­
ilarly be used to develop a maximum time required to heat the SPS area to 
the 100 degrees F region; 60 degrees F divided by 2.5 degrees per hour shows 
that, if the SPS area were at 40 degrees F, ~ 20 hours of a heating attitude 
hold would be required to reach the 100 degrees F level. 

5.1.3.4.1 For planning purposes, ten minutes should be allowed to configure 
the required equipment and establish the attitude hold for heating or cooling. 
Twenty minutes will be required for the rnu alignment and pre-thrusting pre­
parations following the thermal control soak periods. 

5.1.3.4.2 As a normal routine part of MSFN telemetry contacts, the SPS area 
temperature will be checked. A series of converging refinements of the actual 
hold duration required should be initiated a minimum of 16.5 hours (for cold 
soak) and 24.5 hours (for heat soak) prior to the firing time. Since the 
procedure would be the same for heat or cold soak, except for the direction of 
temperature control, a single case using the cold soak values will be used as 
an example. 
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5~1.3.5 Cold Soak - Example. The first step is to examine the mission 
timeline for MSFN telemetry contacts preceding the 16.5 hour maximum cooling 
time. For this example, two contacts will be assumed to be available. The 
first will be at - 19.3 hours from the firing time and the second will be 
at - 17.2 hours. 

5.1.3.5.1 At the 19.3 contact the following conditions are observed by 
the MSFN station and the astronaut: (1) An SPS area temperature of 68 degrees 
F, (2) an angle of 100 degrees between the - X axis and the sun, and (3) the 
- X axis is moving away from the sun. This data provides the basis for the 
first refinement to the 16.5 hours commencement time. 

5.1.3.5.2 The temperature difference is (68 degrees F - 40 degrees F) 28 
degrees. Dividing that value by the J.8 degrees F per hour cooling rate for 
cold soak yields a requirement for 7.3 hours of cold soak hold. When the 
0.5 hour constant f or other functions is added the first refinement results 
in a reduction in required hold time of 8.7 hours. In addition, the present 
position and drift direction are both in the proper direction. 

5.1.3.5.3 Repeating this process at the 17.2 hour point, the new data 
set is: (1) a temperature of 64 degrees F, (2) an angle of 120 degrees be­
tween the - X axis and the sun, and (3) - X axis again moving away from the 
sun. The temperature difference of 24 degrees yields a start time now of 
6.8 hours ahead of the cold soak burn and again both the present attitude and 
the drift trend are in the correct direction, no adjustments are required. 

5.1.3.5.4 Moving forward to the MSFN telemetry contact innnediately before 
the last refinement, the refinement process should continue for each inter­
vening MSFN telemetry contact, assume that the latest start time is 6.5 hours 
and that the contact closest to this time is 7.3 hours. The temperature, 
attitude, and drift trend should be measured and evaluated as before. This 
last iteration establishes the actual time for cold soak attitude hold esta­
blishment. A temperature of~ 40 degrees F will be achieved for the test 
objective. In this case, hours of attitude hold have been avoided. The 
attendant savings in SM RCS propellant, electrical power, and SCS operating 
time will be directly reflected in increased mission life. Remembering that 
there are three such firings scheduled (two cold, one hot), an appreciable 
extension to mission life can be expected. 
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time lost due to this blind spot is approximately six seconds. This would 
reduce the maximum tracking time for a landmark in the Landmark Definition 
Limit, and passing through the blind spot to~48 seconds. Due to this fact, 
landmarks which will not pass through the blind spot should be selected. 
Landmarks within 16 NM of the orbital plane should not be used because they 
would pass through the blind spot. 

5.1.4.2.2 The tracking time in the Landmark Definition Limit is decreased 
as the LOS to landmark angle from the orbital plane increases. Assuming 20 
seconds is the minimum time needed to perform a sighting, the maximum angle 
from the orbital plane would be approximately 40 degrees. 

5.1.4.3 Landmark Definition Limit. Once the landmark has been recog-
nized, the operator must know when the landmark is defined enough to MARK. 
It is presently accepted that the landmark will have sufficient definition 
when the angle between the line of sight to the landmark and the vehicle's 
local vertical is less than 45 degrees. The operator must determine from 
the view in the optics when the target falls within this Landmark Definition 
Limit. This can be done when the reticle is in the position given for the 
Landmark Recognition Limit. With the Earth's horizon just tangent to the 
top of the telescope's field of view, the angle from the local vertical to 
the ''M" line ie 46 degrees 20 minutes. This isl degree 20 minutes from the 
accepted limit. A landmark will move into the accepted limit one second 
after . the "M" line is reached. 
5.1.4.4 Summar.y. With the reticle in the reference position, shaft 
angle zero, and the Earth's horizon just tangent to the top of the telescope's 
field of view, the following may be determined: 

a. Due to time consideration, the landmark must be recognized 
before it passes the "M" line. (Landmark Recognition Limit.) 

b. The landmark will be in the correct band under the CSM if 
it will cross the ''M" line before it passes from the tele­
scope 1s field of view. 

c. The Landmark Definition Limit is entered when the "M" line 
is crossed by the landmark. The operator should move the 
reticle laterally to place the crosshairs on the target before 
the "M" line is reached by the landmark. In some cases this 
may not be possible, due to late recognition of the landmark. 
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5.2 SCS Functional Descriptions. 

5.2.1 SCS Power Distribution and Switching. This section will discuss 
the SCS power distribution and switching. The design philosophy, operational 
applications, failure effects, and operational limitations of SCS power dis­
tribution will be discussed in this section. 

5.2.1.1 General. The ac and de power on the spacecraft is available 
from redundant buses. The buses may or may not be connected to independant 
sources of power. In either case, the ultimate sources of energy are the 
fuel cells and/or batteries. A simplified block diagram of the power sources 
is included as Figure 5-13. If a more detailed insight is required in this 
area, the reader is referred to the Electrical Power Systems design area and 
their reference documents. 

5.2.1.2 Power Distribution Philosophy. In the fall of 1964, as a part 
of the MTVC design change, a complete relayout of the SCS power switching and 
power distribution was undertaken. The objective of this effort was the 
correction of the existing single point failures possible in the TVC paths 
and as much as possible in the other control loops. Most normal automatic 
and manual functions were distributed to a common group and as much as possi­
ble in the other control loops. Most normal automatic and manual functions 
were distributed to a common group of power switches, called group 1 switches 
and circuit breakers. Backup or emergency control paths were assigned to 
the alternate set of circuit breakers and power switches, called group 2 
switches. 

5.2.1.2.1 Automatic reaction control system coils have been divided 
functionally and equally between the two de buses as shown in Figure 5-14. 
Direct de power was similarly divided between the two 1. rotation controls, 
2. SPS engine on-off control paths, and 3. direct ullage switch contacts 

(see Figure 5-15). Power (de) for the translation controls was taken from the 
two normal de bus circuit breakers (A de bus to Translation Control No. 1 
and B de bus to Translation Control No. 2). Control panel power is similarly 
taken from the normal de circuit breakers. In this case, the power is tied 
together through isolation diodes and then distributed to the control mode 
and submode switches. 

5.2.1.3 Power Distribution Details. 

5.2.1.3.1 Power Switches. The SCS power switches for each controlled 
function are connected so that power can either be off, have ac taken from 
ac bus 1 and de taken from de bus A, or have ac taken from ac bus 2 and de 
taken from de bus B. Some of the six power switches are less complex than 
others. DC is not always used. The Rotation control switch controls only 
phase A. ac. Figure 5-16 shows the details of the power switching. 
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5.1.4 Obtaining Information From the Telescope's Field of View 
When Manual Tracking is Performed. During Earth Orbit - Landmark sightings, 
certain information must be obtained by looking through the telescope. Due 
to the short time available to perform an Earth. Orbit Landmark sighting , it 
is not advisable to obtain the required information in any other manner. The 
information that must be obtained by looking through the telescope is as 
follows: 

a. Landmark Recognition Limit. The point at which the 
landmark must be recognized, so that sufficient time remains 
to acquire, track , and accurately obtain MARKS before the 
landmark passes from the field of view of the telescope. 

b. Distance From Orbital Plane. Distance landmark is from 
orbital plane. This distance must be determined when the 
landmark is first recognized. 

c. Landmark Definition Limit. The point at which the land­
mark definition is fine enough to allow accurate MARKS. 

The above information can be obtained by the operator from looking through 
the telescope with the aid of the reticle's "R" and "M" lines. 

5.1.4.1 Landmark Recognition Limit. A landmark must be recognized a 
given distance in front of the vehicle. This distance is dictated by the 
time it takes the operator to acquire, track and accurately obtain two 
MARKS before the landmark passes from the field of view of the telescope. 
For a given landmark, this distance will establish a point on the path the 
landmark will follow. This point is the Landmark Recognition Limit. The 
point will fall on a line which is the recognition limit for all landmarks. 
The reticle's "M" line can be superimposed on this line by driving the optics 
in trunnion until the earth's horizon is just tangent to the top of the 
telescope's field of view, {see Figure 5-12). The landmark should be recog­
ni zed before it passes the "M" line in the above position. lf the landmark 
is recognized after it has passed the "M" line there may not be sufficient 
time remaining t o acquire, t rack and obtain two accurate MARKS before the 
landmark passes f r om the field of view of the telescope. 

5.1.4.2 Dist ance from Orbital Plane. After the landmark is recognized, 
the operator must determine if the landmark will pass inside of the Landmark 
Definition Limit. The band width on each side of the orbit plane is eighty­
five nautical miles. With the reticle in the same position as for the 
Landmark Recognition Limit, the landmark position can be easily determined. 
If the landmark will cross the 11M11 line before it passes from the telescope's 
field of view, it will fall within the proper band, (see Figure 5-12). The 
operator should determine the above when the landmark is recognized. Waiting 
for the landmark to cross the 11M11 line would only be wasting time. Once it 
is determined the landmark will pass within the required band, the operator 
should center the landmark on the crosshairs of the telescope. 

5.1.4.2.1 It is lmown that the telescope has a blind spot or area where 
the telescope is unable to keep up with motion of the landmark. Tracking 
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The earth's horizon is 
tangent to the top of 
the field of view. 

- AREA OF TRACKABLE LANDMARK 

-.i I• -BLIND SPOT REGION 

40 

35 

JO 

4° MARK 

Figure 5-12. Telescope Field of View for Landmark Recognition 
Limit and Distance from Orbital Plane. 
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Figure 5-14, DC Power Distribution to Automatic RCS Coils 
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Figure 5-16. SCS Power Switching 
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CAUTION: Care must be exercised in setting up the electrical 
power distribution to assure that the same de bus/ 
inverter/ac bus relationships (Figure 1) are being 
established that has been used for the SCS power 
switches. If for example A bus de power was used 
to excite inverter No. 3 and then inverter No. 3 
were placed on ac bus No. 2, a failure of Bus A 
would cause loss of both primary (group 1 AC and de 
power) and emergency (group 2 ac power) circuits. 
A single failure would loose both control paths. 

5.2.1.3.2 Automatic vs MTVC Control Power. The normal mode for velocity 
corrections is the G&N delta V mode. The gimbal control loops for the SPS 
engine normally use the Servo No. 1 paths in both pitch and yaw. The SCS 
pitch and yaw TVC electronics and the rate gyros are also a part of the normal 
control mode. 

5.2.1.3.2.1 The emergency SPS engine control path consists of the MTVC 
electronics, the direct on and direct off control of the SPS, and in the 
preferred mode the BMAG 1s in a rate mode of operation. The MTVC electronics 
in pitch and yaw consists of some added demodulators, sunnning amplifiers, 
power supplies and the No. 2 servo amplifier control loops as shown in 
Figure 5-17. 

5.2.1.3.2.2 The SPS direct on off de power is taken in parallel from the 
A and B de Direct circuit breakers to the two independent control paths as 
shown in Figure 5-15. · 

5.2.1.3.2.3 The MTVC pitch and yaw electronics are connected to the TVC No. 2 
power switch, which is a group 2 switch. All other TVC electronics, the 
accelerometer, and delta V Indicator power are connected to the TVC No. 1 
power switch which is a group 1 switch. 

5.2.1.3.~.4 Rotation control excitation is taken from the group 2 ac bus. 
Phase A only i s taken to the pitch and yaw ECA I s from the power switch and 
applied to the primary of two step down transformers. The transformer in 
pitch is used to excite the three proportional control transducers in Rota­
tion Control No. 1 and the transformer in yaw is used to excite Rotation 
Control No. 2. The phase A ac is also used in the pitch, yaw, and roll ECA 1s 
as a demodulator reference for the Rotation Control outputs. This signal 
flow is shown in Figure 5-18. The outputs are used for either rate or 
acceleration control inputs in the MTVC mode and for proportional rate con­
trol in all other modes. 

5.2.1.3.3 Sensor Control. In the mission timeline tha two gyro packages 
within the SCS must be active. The Rate Gyros are a part of normal TVC con­
trol and the BMAG 1s are a part of the MTVC loops, as mentioned earlier. The 
Rate Gyro and BMAG power switches are independant. The Rate Gyros use group 
1 power and the BMAG 1s use group 2 power. Refer back to Figure 5-16 for 
switching details. 
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5.2.1.4 Power Failure Considerations. 

5.2.1.4.1 Bus Failures. As shown in Figure 5-16, the power switches of 
either group may be connected to either pair of ac and de power. Figure 5-13 
also shows that ac and de power sources may be interchanged between the bus 
sets or tied together in almost any combination. Where time is not critical 
this switching flexibility will permit retention of all control functions in 
spite of temporary bus or power source problems. The control of the space­
craft involves several time and/or environmental critical periods when such 
switching flexibility is not adequate. Specifically entry and TVC periods 
have been identified as being time critical. 

5.2.1.4.1.1 TVC normal and emergency control have been specifically grouped 
on two independant sets of circuit breakers for this reason. The group 1 
switches will be set up on the bus i ac and A bus de position and the group 2 
switches will be at the bus 2 ac and B bus de position. Two inverters must 
be on and should be connected independantly to the two ac buses both for 
TVC and during entry. Failure of the ac bus suppling the group 2 switches 
has no impact on TVC control. Failure of the ac bus suppling the group 1 
switches will cause loss of TVC control. This is an immediately recognizable 
failure. The corrective action is to -switch to the MTVC mode and complete 
the delta V. AC bus failure in entry has similar impacts to failures during 
TVC. During entry, the power switches would be set the same as for a TVC, 
except that TVC No. 1 and 2 would be off. Again, ac bus 1 failure would be 
immediately recognizable. All control and display functions would stop. 
Vehicle control would have to be maintained with direct rotation until the 
power switches can be switched to the other bus. Some erratic control will 
be present as the control system comes back on the line, but this will dis­
appear quickly. The Rate Gyro and then the SCS Power switches should be 
changed to the other bus pair in that order. A bus 2 ac failure would be 
more difficult to pick up, assuming no previous failures. Proportional con­
trol authority loss in all three axes would occur. In a G&N Manual Entry, 
roll proportional control would be lost. This could be recovered by switching 
the Rotation Control power switch. The backup attitude reference in the SCS 
will be lost by this power failure. If time and environment permits, it may 
be realigned to the G&N data after switching the BMAG power switch back on 
again. The latter should be done in any case to restore BMAG availability 
as a backup rate source. 

NOTE: Again, for both the Entry and any TVC phase, two 
inverters must be on and connected separately 
to the two ac buses. 

5.2.1.4.1.2 It is critical that one of the Rotation Controls work for Entry. 
The direct power (Figure 5-15) for the two controls is provided independently. 
Most of the path for proportional control is separate also. The single common 
point for all three axes is the Rotation Control ac power switch (Figure 5-18). 
The common point by control channel is the demodulator or downstream electronics. 
The alternate path for either of these problems is direct control. 

5-40 
SID 65-1702 



/ '' 

'_~.--.::!:1/~' -NORTH AMERICAN AVIATION, INC . ~ ) SPACE and INFORMATION SYSTE!\tS m,·1s1O:-. 

'~ 

5.2.1.4.1.J Failure of a de bus, such that the bus is lost for the remainder 
of the mission, can be corrected by selecting the other bus. One half of the 
automatic RCS control will be lost with the permanent failure of either de 
bus. Direct control and the other half of the automatic RCS control will 
remain functional. One translation and rotation control pair will loose 
their de power which applied breakout signals; translation cormnands; direct 
control; and MTVC selection. The other pair will be unaffected. Direct 
power will be lost to 1/2 of the direct ullage jets, one of the SPS engine 
on-off circuits, and (as just mentioned) one of the rotation controls. Con­
trol mode selection will not be affected since its supply is redundant. See 
Figure 5-14 and 5-15. 

5.2.1.4.2 SCS Power Failures. Two different failure conditions will be 
considered on the SCS side of the circuit breakers, shorts and opens. 

5.2.1.4.3 Direct Power. Direct power is connected as shown in Figure 5-15. 
By inspection, an open at any point will cause loss of all functions beyond 
that point. As the two independent paths exist a limited operational de­
gradation occurs for any open failure. 

5.2.1.4.3.1 A short on either path will open the circuit breaker for that 
path rendering the path nonfunctional. In this case, an SPS on-off coil, 
one rotation control, and two of the direct ullage jets will no longer have 
de power available. If time pennits, the circuit breaker can be reset to 
see if the problem was transient. If not, the redundant path pennits a 
safe return. 

5.2.1.4.4 Automatic RCS Power. Automatic RCS 28 vdc power is distributed 
as shown in Figure 5-14. An open at any point will preclude firing any of 
the RCS downstream of that point through the automatic circuitry. 

5.2.1.4.4.1 A short at any jet on the return side will cause that jet to 
fire continuously. A short at any point upstream of the high side of the 
RCS coils will cause the related circuit breaker to open. Two automatic 
control jets are lost functionally, if this occurs. 

5.2.1.4.5 Control Panel. A detailed schematic for the Control Panel will 
be included in this data book. Inspection of the schema.tic will show that 
most open circuits will only cause loss of control functions beyond that 
point in that path. A short will cause both isolation diodes or circuit 
breakers to open and will loose all normal mode and submode switching control. 

5.2.1.4.6 SCS Power Switches. Any open in the power path following any 
of the power switches will cause loss of all functions downstream of that 
point. Any short will cause the appropriate circuit breaker to open. All 
switches on that circuit breaker should be turned off. Then one at a time 
they can be turned back on after resetting the circuit breaker. The failed 
circuit can be isolated in this way and left off. The functions related to 
the circuit including the failure will also be lost. Refer to Figure 5-16 
for a gross indication of functions lost. Precise determination of the 
functions lost will require extensive analyses of the SCS Schematic and SCS 
Wiring diagram for this vehicle. 
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5.2.1.5 Power Control Selection vs Mission Phase. Table 5-2 is a 
table of the correct positions of the SCS power switches and circuit breakers 
for the various mission phases identified to date. 

5-42 
SID 65-1702 



NORTH AMERICAN AVIATION, I NC. (i) SPACE and <NFO-AT,ON SYSTEMS mv,smN 

Table 5-2. Power Control Position by Mission Phase 

Free 
Bar-B-Q CM-SM Entry 

S-IVB S-IVB Attitude Attitude Drift 
Control Launch Monitor Hold TVC Separation 25000 

Control Separation Manuver or Mode Separation to 25000 Feet to 
15 Min. Wobble Feet Impact I 

SCS Power AC 1 OFF AC 1 ON l or 2 AC 1 AC 1 AC 1 OFF AC 1 AC 1 AC 1 OFF 
•· 

Rate Gyros AC 1 AC 1 AC 1 AC 1 AC 1 AC 1 AC 1 AC l AC 1 AC 1 AC l OFF 

TVC No. 1 AC 1 OFF OFF OFF OFF OFF AC 1 OFF OFF OFF OFF OFF 
I 

BMAG 1 s AC 2 AC 2 AC 2 AC 2 AC 2 AC 2 AC 2 AC 2 AC 2 AC 2 AC 2 OFF 

Rotation Control AC 2 AC 2 AC 2 AC 2 AC 2 AC 2 AC 2 AC 2 AC 2 AC 2 AC 2 OFF 

TVC No. 2 AC 2 OFF OFF OFF OFF OFF AC 2 OFF OFF OFF OFF OFF 

Direct RCS ON OFF ON OFF OFF ON OFF OFF OFF ON ON OFF 

Pitch Enable ON OFF ON ON ON ON ON OFF ON ON ON OFF~~-

Yaw Enable ON OFF ON ON ON ON ON OFF ON ON ON OFF-r-~ 
I 

B&D Roll Enable ON OFF ON ➔r~ ir~ ~·:-~ ON OFF ON ON ON OFF-f--~ 

A&C Roll Enable ON OFF ON ~t.,I ➔~.,I -r.-.; OFF OFF OFF OFF OFF OFF 
Pitch A Breaker CLOSED CLOSED CLOSED CLOSED " .,~~ CLOSED CLOSED CLOSED *~ CLOSED CLOSED CLOSED 

Pitch B Breaker CLOSED CLOSED CLOSED CLOSED *.,I CLOSED CLOSED CLOSED v,./ 
", \ OPEN OPEN OPEN 

i 

Yaw A Breaker CLOSED CLOSED CLOSED CLOSED ➔<~ CLOSED CLOSED CLOSED -l:~ I 
CLOSED CLOSED CLOSED 

Yaw B Breaker CLOSED CLOSED CLOSED CLOSED * CLOSED CLOSED CLOSED .,,,~ OPEN OPEN OP.EN 
I 

B&D Roll A Breaker CLOSED CLOSED CLOSED CLOSED -:---~ CLOSED CLOSED CLOSED OPEN CLOSED CLOSED CLOSED 
B&D Roll B Breaker CLOSED CLOSED CLOSED CLOSED .r,-.-1 CLOSED CLOSED CLOSED OPEN OPEN OPEN OPEN 

I 

A&C Roll A Breaker CLOSED CLOSED CLOSED CLOSED *~ CLOSED CLOSED CLOSED CLOSED OPEN OPEN OPEN 
A&C Roll B Breaker CLOSED CLOSED CLOSED CLOSED *,./ CLOSED CLOSED CLOSED CLOSED OPEN OPEN OPEN 

* One is "ON" or "CLOSED" the other is 11OFF 11 or "OPEN" by pairs ( Example: A&C or B&D Roll Enable ) 

** Turned Off Sequentially: First Pitch, then Yaw, then B&D Roll to Back-Up Mission Sequencer RCS Inhibi~ 
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5.2.2 SPS Thrust ON/OFF Control Circuit. This section will discuss 
the mechanization within the SCS, the three methods of turning on and off the 
SPS engine, the design philosophy, and the operational considerations. The 
failure effects and corrections will also be covered. 

5.2.2.1 Background and Philosophy. In the original design two methods 
were included for initiating the SPS engine thrust, (G&N Auto and SCS Manual); 
four methods were included for terminating the SPS engine thrust, (G&N Auto, 
SCS Auto, Clockwise Translation Control Switches, and the THRUST OFF switch 
on the Delta V display). An extensive failure mode analysis of the SCS thrust 
control circuitry disclosed both "failure-firing and "failure-to-fire" design 
problems. The thrust control circuitry was too far along the design path for 
revisions so changes were made to the interfacing circuitry to provide three 
initiating control paths for the SPS, (G&N Auto, SCS Manual, and Direct ON), 
and three terminating control paths for the SPS (G&N Auto, SCS Auto, and 
Direct OFF (thrust off) switch position on the Delta V display). 

5.2.2.1.1 Attempts to simplify the G&N Auto On Circuitry during the early 
design phases were unsuccessful. A means of retaining the steering signals 
from the G&N and the G&N displays for a velocity change, (as a "workaround" 
to this possible failure) were included in the design. 

5.2.2.2 G&N Automatic Control. When the computer requires ignition of 
the SPS engine, a 102.4 kc signal is transmitted to the SCS on the thrust 
control interface line. Thrust OFF, is indicated by the removal of this 
signal. Reference (ICD MHOl-01238-216, Engine ON-OFF Signals to SCS MIT-NAA, 
Block I, Series 100, E0210748, dated 3 March 1965) covers the details of this 
G&N/scs interface. 

5.2.2.2.l Within the SCS, the pulse train is detected and converted into 
a de logic signal. The signal is then "added" with both the presence of the 
G&N Delta V mode signal and either a normal+ X ullage or the direct ullage 
signal, see Figure 5-19. Satisfaction of these conditions result in an "on" 
condition for both switching amplifiers and an "on" output to the THRUST ON 
light behind the THRUST ON pushbutton of the Delta Vindicator, (see Figure 
5-20). In their "on" condition the switching amplifiers provide a ground for 
the SPS coils. Removal of the pulse train or the G&N Delta V mode signal will 
return the switching amplifiers .to the "off" condition. Ullage is normally 
manually terminated one second after thrust "on". A latching circuit on the 
ullage logic is provided to satisfy this logic section. In addition to the 
SPS engine "on" and thrust "on" pushbutton illumination functions, the thrust 
"on" signal is used to inhibit the pitch and yaw RCS automatic control paths, 
and to close the inputs of attitude and rate error signals to the TVC servo 
amplifiers, thereby providing gimbal control of the pitch and yaw axes, (see 
Figure 5-21.). The gimbal control path includes the time delay on the removal 
of "thrust on" to retain gimbal control during the significant portion of the 
thrust decay period. The RCS inhibit is delayed "on" to insure ullage during 
the thrust buildup period. 

5.2.2.2.2 For the G&N Auto control circuitry to control SPS "on/off", one 
more condition must be satisfied within the SCS. The thrust control switch 
must be in normal position, (see Figure ·5-22). 
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~ V REMAINING 

100001 
NORMAL 

~ ~ ~db~OFF [;] 
DIRECT ON 

Figure 5-20. Delta V Indicator 
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28 VDC ------

• 
THRUST ON GROUND __ ....,. 

ENGINE 
IGNITION 
CONTROL 
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( PITCH & YAW) 

RCS COILS 
AUTO CONTROL 
INTERRUPT 
( PITCH & YAW) 

Figure 5-21. Thrust On Signal Control Functions 
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Figure 5-22. Thrust Control Switch Circuitry 
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5.2.2.2.3 Placing the thrust control switch in the "off" position will 
provide a positive SPS "off" for any failure condition. Both the 28 vdc and 
the ground paths to the parallel SPS coils are open in this switch position, 
so a failure on either side of the control path to the SPS coils will be 
neutralized. 

5.2.2.2.4 There are several possible causes for an "on" circuitry mal-
function. The G&N pulse train output may be a malfunction in the detection 
circuitry, or the "and" circuitry may have malfunctioned. The remainder of 
the 1on 11 path is parallel redundant so a failure in either path should not 
prevent "engine on". In case of a failure in either of the parallel circuits 
the SGS thrust control path can be activated by depressing the THRfilST ON 
pushbutton on the Delta V display. 

5.2.2.2.5 A Flight Combustion Stability Monitor (FCSM) circuit has been 
added. This circuit can also cause a failure-to-fire, or a cutoff during 
the SPS firing. This circuit interfaces with the SGS as shown in Figure 5-23. 
The logic involved, uses the interruption of the Delta V mode signal to cause 
engine cutoff in either the G&N or SGS Delta V mode. A special section des­
cribes t he funct i on of the circuit in greater detai l incl uding restart pro­
cedures. When the circuit has actuated, the caution and warning panel labeled 
"SPS ROUGH ECO" is illuminated. 

5.2.2.3 SGS Automatic Control. SGS control of the SPS engine is manually 
init iated. Originally the pilot was to initiate the command, but the addition 
of the Manual TVC mode as the corrective path for G&N, SGS, and/or common TVC 
electronics control path failures requires the retention of the left hand on 
the translation control and makes it desirable to retain the right hand on 
the rotation control (see section describing thrust vector control functions 
for more details). It now appears that the navigator is in best position to 
initiate the SPS engine on command as a left handed function. The command is 
initiated by depressing momentarily the THRUST ON pushbutton just to the left 
of the t hrust control switch on the Delta V display, (see Figure 5-20). 

5.2.2.3.1 The logic for SGS "thrust on" is simpler than that for the G&N 
"thrust on" because it is always manually initiated, ( see Figure 5-24). The 
interlock with ullage (either normal or direct) is unnecessary and the "or", 
"and" gate input is eliminated. Since a momentary pushbutton input signal 
is used, a latching circuit from the "thrust on" amplifier is returned to 
maintain the thrust on signal. Thrust off is accomplished when the Delta V 
remaining counter reaches zero and opens one of the SGS "and" gate inputs. 

5.2.2.3.2 The Delta V remaining counter is a stepping motor that is driven 
by signals from an accelerometer that senses velocity changes along the SC 
X axis. The circuitry, once an ullage signal is present, counts down with a 
+ X acceleration or up with a - X acceleration from the present shaft position. 
The value stored is available visually on the Delta V display, (see Figure 5-20). 
This value can be adjusted in either direction with the Delta V switch on the 
same panel. This indicator will be preset to the velocity gain desired along 
the X axis as part of the Delta V procedure. A coincidence detector switch 
is connected to close at the shaft position equivalent to a Delta V remaining 
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reading of 00000. The switch applies ground momentarily to remove one of the 
inputs to the SCS auto logic "and" gate causing interruption of the SCS auto 
on signal, (see Figure 5-25). The following operation is the same as the G&N 
automatic control function. Placing the thrust control switch in the OFF 
position opens both the 28 vdc and ground paths to the SPS coils providing a 
positive interruption of SPS firing regardless of the malfunction causing 
the continuing engine on signal, (see Figure 5-23). 

5.2.2.3.3 Figure 5-25 shows the method of SPS ON/OFF control that may be 
used if a failure in the G&N auto on path is suspected. The SCS auto on 
logic is satisfied by the presence of either a G&N Delta V mode signal or an 
SCS Delta V mode signal. The SCS thrust on pushbutton signal or the latching 
signal is used as an inhibiting signal in the G&N auto control loop. Depress­
ing the thrust on pushbutton, while in the G&N Delta V mode, will turn on the 
SPS, inhibit the G&N auto control path, and permit continued use of the G&N 
control and display signals. 

5.2.2.4 Direct On/Direct Off. The direct off function has been dis-
cussed in both of the preceding sections. As has been seen by inspecting 
Figure 5-22, both of the 28 vdc inputs and both ground return paths for the SPS 
coils are opened by placing the thrust on switch in the off position. This 
provides a positive off control of the SPS. 

5.2.2.4.1 To cover the cases when the common power supply logic line or 
other failures prevent an automatic on, a direct on position has been pro­
vided for manned flights, (see Figure 5-22). Seperate paths of the direct 28 
vdc paths are connected from the airec~ circuit breaker to the top of the 
SPS coils. The de ground is connected to the return side of each path. 

5.2.2.5 Functional Priorities. 

a. "Direct on" and/or "direct off" override any other function. 

b. SCS auto control will pre-empt G&N auto control if activated. 

5.2.2.6 Flight Combustion Stability Monitor. The possibility of a com-
bustion instability developing during SPS ignition or burn has caused the 
addition of detection circuitry to the SCS that will cutoff the thrust signal. 
The interface of this signal with the SCS is shown in Figure 5-23. Activation 
of the detector will open both the G&N and SCS Delta V mode lines causing both 
auto control circuits to open and return the switching amplifiers to the "off" 
state. The override position of the auto/override switch bypasses the cir­
cuitry for emergency or malfunction cases. For example, for SPS abort during 
launch the switch would be in the override position. It is important to be 
able to separate from the S-IVB in an emergency. A false shutdown could add 
a significant time delay to SPS ignition or reignition. The direct on circuit 
also completely bypasses the FCSM circuitry. 
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5.2.2. 6.1 For most burns the FCSM would not be reset with an attendant 
reignition try. The ignition could be delayed on most .plane changes, etc., 
until t he problem had been checked out and a new change scheduled. In the 
case of deorbit though it is important to continue the burn, especially, if 
several seconds of SPS combusti on have occurred. The three possible methods 
of continuing the velocity change will be discussed below. It will be assumed 
that the deorbit burn is occurring in the planned G&N Delta V mode. 

or 

or 

(1) Confirm from the caution and warning system (illumination 
of the 11 SPS Rough ECO" panel and alarm present" that the FCSM 
has triggered. 

(2) Wait ~11 seconds for the G&N to remove its thrust on 
signal (the thrust on light will go out). 

(3) Initiate the 15 second normal ullage. 

(4) During the ullage period place the FCSM switch to 
Reset and then back to "On". 

(5) The navigator should press enter when ready for 
the G&N to send a thrust on signal again. 

(1) Confirm from the caution and warning system 
(Illumination of the "SPS Rough ECO" panel and 
alarm present) that the FCSM has triggered. 

(2) Initiate the 15 second normal ullage. 

(3) Switch to the SCS Delta V mode during ullage. 

(4) Also during ullage place the FCSM switch to 
"Reset" then back to "0N11 • 

(5) The navigator should press the thrust on push­
button when the 15 second ullage has been completed. 

(1) Confirm from the caution and warning system 
(illumination of the 11SPS Ro~gh ECO" panel and 
alarm present) that the FCSM has triggered. 

(2) Initiate normal ullage. 

(3) The navigator should place the thrust control 
switch to "direct on" on command from the pilot. 
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5.2.2.6.2 The third method includes the possibility of a second instability 
condition developing and possibly proceeding to an explosion. The procedures 
are being studied for impact on the entry interface and impact point. Studies 
have been requested to determine if the attitude and velocity change magnitude 
settings available for the SCS mode are still sufficiently valid to use after 
a shutdown. 

CAUTION: Care must be exercised in switching the thrust 
control switch to "Off". For all normal SPS 
firings, the automatic cutoff should be allowed 
to function, and then a second or two should 
elapse to allow the arc suppression diodes to 
discharge the energy stored in the SPS coils. 
If the thrust control switch itself is used 
to interrupt the circuit, arcing will occur 
across the switch contacts. Some arcing has 
been provided for in the selection of the 
switch, but repeated and or unnecessary arcing 
could not be considered beneficial. 

The ullage interlock with the G&N automatic "on" 
function was intended to insure that the G&N "on"" 
connnand could not come without ullage. The ullage 
must be adequate to settle the propellant and 
studies have shown ,~15 seconds of ullage to be 
required. The interlock is not sufficient of 
itself in that if the G&N Delta V mode exists 
and the pulse train is present from the G&N, the 
initiation of ullage will satisfy the "and" gates 
and a premature SPS ignition is possible. MIT 
was requested to prov~de an automatic interlock 
on their thrust on signal by requiring the accumu­
lation of the ullage as a velocity change (7-8 
feet per second in the case of present SC 012 data) 
before sending out a SPS on signal. MIT has not 
complied with this request. Instead an enter is 
required by the navigator to permit transmission 
the SPS on signal in normal operating conditions. 

This places the responsibility for insuring suffi­
cient ullage on the navigator. He can use the 
change on the Delta V remaining counter and/or the 
change in the Delta V value shown in Register 3 of 
the DSKY to satisfy this function. This will cover 
the normal operation. It is also possible that an 
erroneous SPS pulse train may be present. The pilot 
can check for this by watching the THRUST ON light 
behind the THRUST ON pushbutton. Figure 5-26 shows 
the signals that will cause the THRUST ON light to 
be "on". Notice that a pulse train and the G&N 
Delta V mode will light the pushbutton. If the 
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NO ClITOFF 

SCS THRUST ON 

G & N liV MODE 

PUISE TRAIN 
CONVERTOR 

Figure 5-26~ 

SCS liV 
MODE ---- LIGHT 

Pa-lER SUPPLY 
G & N liV 
MODE --

l 

--

THRUST ON Pushbutton Light Logic 
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light is on before u.llage and without a manually 
initiated signal either a premature pulse train 
is present or the detector has failed in the 11on11 

condition. Ullage should not be initiated until 
the condition is corrected or an alternate means 
of accomplishing the Delta V has been selected. 

5-3 G&N Functional Descriptions. Complete functional descriptions 
of the G&N Subsystem are included in Volumes 1 and 2 of Report Number 1021041, 
(prepared for NASA by AC Electronics), Revision A, dated September 1, 1965. 
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6 G&C ANALYTICAL AND FUNCTIONAL BLOCK DIAGRAMS 

To be supplied. 
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7 G&C TELEMETRY DATA 

To be supplied. 
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8 G&C TF,STING REFERENCES 

To be supplied. 
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9 G&C POST-FLIGHT ANALYSIS 

To be supplied. 
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10 

10.1 

10.1.1 

G&C PROCEDURES 

G&C Power Down. 

Confirm or select the following switch condition: 

MDC 8 

1. DIRECT RCS - OFF 
2. LIMIT CYCLE - OFF 
3. ATTITUDE DEADBAND - MAXIMUM 
4 •• 05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&N/SCS - SCS 
8. ATTITUDE/MONITOR/ENTRY - MONITOR 
9. A&C ROLL CHANNEL - OFF 

10. B&D ROLL CHANNEL - OFF 
r .. PITCH CHANNEL - OFF 
12. YAW CHANNEL - OFF 
13. ROLL RATE GYRO - BMAG 
14. PITCH RATE GYRO - BMAG 
15. YAW RATE GYRO - BMAG 

MDC 25 

1. FDAI LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MNA - CLOSED 
13. A&C ROLL-MNB - CLOSED 
14. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR OONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OP:EN 
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MDC 24 

1. SCS POWER - OFF 
2. RATE GYRO PCMER - AC 1 
J. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
J. YAW GIMBAL MOTOR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC l4 

1. PROGRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
J. DSKY BRIGHTNESS - MAX. DIM. 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - OFF 
J. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 

MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
J. IMU-MNA - OPEN 
4. IMU-MNB - OPEN 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
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7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 
9. G&N AC POWER-AC 1 - OPEN 

10. G&N AC POWER-AC 2 - OPEN 
11. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHES 

1. IMU TRANSFER - COMPUTER 
2. OPTICS SLAVE TELESCOPE - STAR LOS 
3. OPTICS MODE - ZERO OPTICS 
4. OPTICS HOLD - OFF 
5. OPI'ICS CONTROILER SPEED - HIGH 
6. OPI'ICS CONTROILER MODE - DIRECT 
7. IMU TEMP. MODE - AUTO OVERRIDE 
8. AGC MODE - STAND BY 
9. ATTITUDE IMPULSE ENABLE - OFF 

10. CONDITION LAMPS - OFF 
11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONTROL SECONDARY - OFF 
13. PANEL BRIGHTNESS CONTROL - MAX. DIM. 
l4. AGC BRIGHTNESS CONTROL - MAX. DIM. 
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10.2 

10.2.1 

Free Drift Establishment and Ad.justment. 

Confirm or select the following switch positions: 

MDC-8 

1. DIRECT RCS - OFF 
2. LIMIT CYCLE - ON 
3. ATTITUDE DEADBAND - MAXIMUM 
4. 0.05 G ENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&N/scs - scs 
8. ATTITUDE/MONITOR/ENTRY - MONITOR 
9. A&C ROLL CHANNEL - OFF 

10. B&D ROLL CR.\NNEL - OFF 
11. PITCH CHANNEL - OFF 
12. YAW CHANNEL - OFF 
13. ROLL RA TE GYRO - BMAG 
14. PITCH RA TE GYRO - BMAG 
15. YAW RATE GYRO - BMAG 

MDC-25 

1. FDAI LTG - OFF 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

GROUP 1-AC 1 - CLOSED 
GROUP 1-AC 2 - CLOSED 
GROUP 2-AC 1 - CLOSED 
GROUP 2-AC 2 - CLOSED 
GROUP 1-MNA - CLOSED 
GROUP 1-MNB - CLOSED 
GROUP 2-MNA - CLOSED 
GROUP 2-MNB - CLOSED 
DIRECT CONTROL-MNA - CLOSED 
DIRECT CONTROL-MNB - CLOSED 

10. 
11. 
12. 
13. 
ll~. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

A&C ROLL-MNB - ONE CLOSED, THREE OPEN 
A&C ROLL-MNA -J 
B&D ROLL-MNA - ONE FOR FULLEST QUAD CLOSED 
B&D ROLL-MNB -
PITCH-MNA -J 
PITCH-MNB -
YAW-MNA -J 
YAW-mm -
G&N SYNC - OFF 

ONE OPEN, ONE CLOSED 

ONE OPEN, ONE CLOSED 

GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 

MDC-24 

1. SCS POWER - AC 1 
2. RA TE GYRO POWER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
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4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

MDC-3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
J. YAW GIMBAL MOTOR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. JNJECT PREVAL VE A - OFF 
6. JNJECT PREVALVE B - OFF 

MDC-6 

ATTITUDE SET - OFF 

MDC-7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC-J.4 

1. PROGRAM - 00 
2. UPTEL - ACCEPI'/BLOCK - BLOCK · 
J. DSKY BRIGHTNESS - MAX DIM 

MDC-2 

1. FDA! SELF TEST - OFF 
2. FDA! BRIGHTNESS - OFF 
J. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 

MDC-22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
J. IMU-MNA - OPEN 
4. IMU-MNB - OPEN 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 
9. G&N AC POWER-AC 1 - OPEN 

10. G&N AC POWER-AC 2 - OPEN 
11. G&N AC POWER-AC 1 
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LEB NAV STATION SWITCHES 

1. IMU TRANSFER - COMPUTER 
2. OPTICS SLAVE TELESCOPE - STAR LOS 
3. OPTICS MODE - ZERO OPTICS 
4. OPTICS HOLD - OFF 
5. OPTICS CONTROLLER SPEED - HIGH 
6. OPTICS CONTROLLER MODE - DIRECT 
7. IMU TEMP MODE - AUTO OVERRIDE 
8. AGC MODE - STANDBY 
9. ATTITUDE IMPULSE ENABLE - OFF 

10. CONDITION LAMPS - OFF 
11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONTROL SECONDARY - OFF 
13. PANEL BRIGHTNESS CONTROL - ¥.AX DJM 
14. AGC BRIGHTNESS CONTROL - ¥.AX DIM 

When it is necessary to adjust the drift rates or directions 
perform the following. 

10.2.2 

10.2.3 

Place the SPS Power switch on MDC-24 to AC-1. 

Place the Pitch, and Yaw Channel Enable Switches on MDC-8 to ON. 

10.2,4 Place the Roll enable switch on MDC-8 related to the closed 
circuit breaker on MDC-25 (for fullest quad) to ON. 

10. 2.5 

10. 2. 6 

10. 2.7 

10. 2.8 

10 . 2.9 

Confirm that the Limit Cycle switch on MDC-8 is ON. 

Place the Attitude Impulse Enable switch at the LEB to ON. 

Ad just the vehicle rates as necessary. 

Return all channel enable switches on MDC-8 t o Off. 

Place the SCS Power switch on MDC-24 to Off. 

10-6 

SID 65-1702 



, 

NORTH AMERICAN AVIATION, INC. ~ SPACE and ,NFORMATmN SYSTEMS D<VISION 

10.3 G&N Velocity Change (Including Deorbit) 

NOTE: Steps 10.3.1 through 10.3.5 will have preceded this 
procedure. They are included to show the Delta V 
preparation continuity. 

10.3.1 Using SPS propellant readings taken following the previous 
SPS burn and onboard curves, read pitch and yaw gimbal trim angles required. 

10.3.2 Check with MSFN for following data after confirming SPS fuel 
quantity remaining to MSFN as a part of procedure 10.46, AGC Update. 

a. GMT time of firing. 

b. Delta V change required (less tail-off allowance) 

c. Firing duration(± 1 second) 

d. Attitude required for delta V both as IMU gimbal angles 
read out from last IMU alignment and as visual references 
expected out the docking window when aligned. 

e. Pitch and yaw trim angles. 

10.3.3 Compare G&N data with MSFN using procedure 10.42, Orbit 
Change and SPS Minimum Impulse Prethrusting. 

10.3.4 Using procedures 10.44, IMU Orientation Determination and 10.45, 
IMU Align, align the IMU and orient the vehicle to the required attitude. 

10.3.5 

10.3.6 

Confirm s/c attitude through the docking window. 

At 12 minutes before the burn the following initial switch 
conditions should exist or be selected. 

MDC-8 

i. DIRECT RCS - OFF 
2. Lil1IT CYCLE - ON 
3. ATTITUDE DEADBAND - MAXIMUM 
4. 0 . 05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&N/scs - G&N 
8. ATTITUDE/MONITOR/ENTRY - ATTITUDE 
9. A&C ROLL CHANNEL - OFF 

10. B&D ROLL CHANNEL - ON 
11. PITCH CHANNEL - ON 
12. YAW CHANNEL - ON 
13. ROLL RA TE GYRO - NORMAL 
14. PITCH RATE GYRO - NORMAL 
15. YAW RA TE GYRO - NORMAL 

10-7 
(;-'-f-N 

SID 65-1702 



NORTH AMERICAN AVIATION, INC. ~ SPACEand <NFORMATWN SYSTEMS mv,sroN 

MDC-25 

1. FDAI LTG - AC 1 
2. GROUP 1 - AC 1 - CLOSED 
3. GROUP 1 - AC 2 - CLOSED 
4. GROUP 2 - AC 1 - CLOSED 
5. GROUP 2 - AC 2 - CLOSED 
6. GROUP 1 - MNA - CLOSED 
7. GROUP 1 - MNB - CLOSED 
8. GROUP 2 - MNA - CLOSED 
9. GROUP 2 - MNB - CLOSED 

10. DIRECT CONI'ROL - MNA - CLOSED 
11. DIRECT CONTROL - MNB - CLOSED 
12. A&C ROLL - MNA - CLOSED 
13. A&C ROLL - MNB - CLOSED 
14. B&D ROLL - MNA - CLOSED 
15. B&D ROLL - MNB - CLOSED 
16. PITCH - MNA - CLOSED 
17. PITCH - MNB - CLOSED 
18. YAW - MNA - CLOSED 
19. YAW - MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL - PITCH - BAT A - CLOSED 
22. GIMBAL MOTOR CONTROL - YAW - BAT A - CLOSED 
23. SPS GAUGING - AC 1 

MDC-24 

1. SCS POWER - AC 1 
2. RATE GYRO POWER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF' / 
6. TVC 2 POWER - OFF 

MDC-3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW GIMBAL MOTOR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC-6 

ATTITUDE SET - OFF 
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NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONI'ROLS - LOCKED 

MDC-14 

1. PROGRAM-=. 00 
2. UPI'EL - ACCEPI'/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - ADJUST AS REQUIRED 

MDC-2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 

MDC-22 

1. IMU HTR - MNA - CLOSED 
2. IMU HTR - MNB - CLOSED 
3. nru - MNA - CLOSED 
4. IMU - MNB - CLOSED 
5. COMPUTER - MNA - CLOSED 
6. COMPUTER - MNB - CLOSED 
7. OPI'ICS - MNA - OPEN 
8. OPI'ICS - MNB - OPEN 
9. G&N AC PCWER - AC 1 - CLOSED 

10. G&N AC PCWER - AC 2 - CLOSED 
11. G&N AC PCWER - AC 1 

LEB NAV STATION SWITCHES 

1. IMU TRANSFER - COMPUTER 
2. OPI'ICS SLAVE TELESCOPE - STAR LOS 
3. OPI'ICS MODE - ZERO OPI'ICS 
4. OPI'ICS HOLD - OFF 
5. OPI'ICS CONTROLLER SPEED - HIGH 
6. OPI'ICS CONI'ROLLER MODE - DIRECT 
7. IMU TEMP. MODE - AUTO OVERRIDE 
8. AGC MODE - ON 
9. ATTITUDE IMPULSE ENABLE - OFF 

10. CONDITION LAMPS - ON 
11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONI'ROL SECONDARY - OFF 
13. PANEL BRIGHTNESS CONTROL - MAX. DIM. 
1.4. AGC BRIGHTNESS CONTROL - MAX. DIM. 

10.3.7 Approximately 10 minutes before the burn, enter V37E~E on 
MDC-14. *Mczy be 41 for orbital change,42 for deorbit,or 43 for min. impulse. 

10-9 
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10.3.8 In response to V50N25 flash key in V33E on MDC-14 to bypass 
the mode check (which is too early). 

10.3.9 In response to Vl6N20 flash key in V33E on MDC-14 to bypass 
AGCU set routine. 

10.3.10 In response to Vl6N51 flash,set Digital Event Timer to 
minutes and seconds to go in Rl. Note total velocity change required in R2. 
(For a minimum impulse burn R2 will display the burn time.) 

10.3.11 Set pitch and yaw gimbal trim angles coarsly to ~4 degrees 
and +6 degrees respectively using numerical values on thumbwheels on MDC-6. 

10.3.12 Set the attitude set dials on MDC-6 to O degrees roll, 0 / 
degrees yaw, and 32 degrees pitch and depress the FDAI align pushbutton 
(all ON MDC-6) for ~30 seconds. For deorbit the attitude set dials would 
now be reset to degrees roll, degrees pitch, and degrees yaw to 
save time during the CM-SM Separation preparation period. 

10.3.13 Set TVC 1 switch to AC 1 (MDC-24). 

10.3.14 Set the delta V remaining counter on MDC-7 to the value of 
delta V required received from MSFN using the delta V set switch on the 
same panel. 

10.3.15 

10.3.16 

Set TVC 2 switch t o AC 2 (MDC-24). 

Set Inject Prevalve switches A and B to ON (MDC-3). / 

10.3.17 Approximately 5 minutes before the burn set the Attitude 
Deadband switch on MDC-8 to Minimum. 

~ 10.3.18 Delta V switch on MDC-8 to ON. 

~fri r, 10.3.19 Gimbal motors switches on MDC-3 in sequence approximately 4 
~ minutes before ignition. 

a. Pitch 2 to momentary start then ON. 

b. Yaw 2 t o momentary start then ON . 

10.3. 20 Confirm on }IDC-6 the driye of the pitch and yaw gimbals to 
+4 degrees and +6 degrees respectively. 

10.3.21 Gimbal motor switches on MDC-3 in sequence. 

a. Pitch 1 to momentary_ start then ON. 

' b. Yaw 2 to momentary start then ON . 

10.3.22 After any transients settle out, fine adjust the pitch and 
yaw required trim angles (MDC-6). 

10-10 
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10.3.23 
(MDC-6). 

10.3.24 

10.3.25 

10 .3.26 

10 .3.27 
lated ullage. 

Confirm that the pitch and yaw gimbals go t o t he final values 

Unlock the prime translation control only. / 

Set the thrust control switch on MDC-7 to NORMAL. 1 

Unpin the r otation control. 

At T-25 seconds R3 on MDC-14 should begin t o display accumu­
R3 should remain 00000 until ullage commences. 

10.3.28 When the digital event timer on 1'IDC-5 reads 00 15 initiate a 
+X command with the translation control. 

10.3.29 
flashing. 

At -5 seconds, the Verb Noun flash will change to V50Nll 

10.3.30 At 00 00 the navigator should press Enter on MDC-14 if 15 
seconds of ullage have occurred. The light behind the thrust-on pushbutton 
on MDC-7 should come on and SPS thrust buildup should commence. 

10.3.31 
will change 
t o be gained 
accumulated . 
the burn and 

10.3.32 
ignition. 

NOTE: The exact velocity change is not important in ullage. 
There must have been a steady ullage of 2 or more +X 
jets to settle the propellant. 

At ignition the Verb Noun display will change to Vl6N51. Rl 
to time to engine cutoff (decreasing), R2 will display velocity 

(decreasing), and R3 will continue t o display ullage velocity 
For minimum impulse burns, R2 will display the delta time for 

the Verb Noun will be V06N50 . 

Retain the +X command for approximately 1 second after SPS 

10.3.33 Keep the left hand on the translation contr ol to select MTVC, 
if necessary. The pilot should monitor attitude, the attitude error indica­
tors, and the rate indicators .on MDC-4 for any indication of failure and 
required takeover. 

10.3.34 The navigator must monitor thrust control t o backup the 
automatic thrust off by returning the thrust control switch to off (MDC-7) 
if necessary. Total time from SPS ignition and the delta V remaining 
counter (MDC-7) are the items checked. When the ~ V remaining counter reads 
00000, and R2 reads the tail off value for this ,burn, the light behind the 
thrust on pushbutton should go out. In the case of the minimum impulse 
burn the light will come on and thep go off again in less than a second. 

10.3.35 Following tail off of SPS engine 

a. B&D Roll, Pitch, and Yaw Channel Enable switches to Off 
(MDC-8). 
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NOTE: The enable switches must be off for 10 minutes minimum 
to allow the SPS propellant to damp itself or excessive 
SM/RCS propellant will be expended in this time period. 

b. Gimbal motors in sequence (MDC-3) 

1. Pitch 1 to OFF 

2. Pitch 2 to OFF 

3. Yaw 1 to OFF 

4. Yaw 2 to OFF 

c. Inject Prevalve A and B - both OFF (MDC-3) 

d. Thrust control switch OFF (MDC-7) 

e. TVC 2 OFF (MDC-24) 

f. TVC 1 OFF (MDC-24) 

g. Delta V OFF (MDC-8) 

h. Repin rotation control 

i. Lock translation control 

j. Open the two BAT A circuit breakers for gimbal motor 
control on MDC-25. 

k. SPS gauging switch on MDC-25 to OFF 

10.3.36 Read and record delta V accomplished from the delta V 
remaining counter (MDC-?). 

10.3.37 
MDC-20. 

10.3.38 

Read and record SPS propellant quantities remaining from 

Read delta V accomplished from register 2 of MDC-14. X 
10.3.39 If in P-42 enter V34E on MDC-14 and exit procedure. If in 
P-41 or P-43 enter V33E on MDC-14. Procedure 10.33, Orbit Parameter Display 
will now follow. Upon the final V33E entry on MDC-14 the program will 
change f rom 41 or 43 to 00. 
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10.4 

10.4.1 

Precise SCS Attitude Reference Alignment to IMU Gi.mbal Angles. 

Confinn or select the following switch positions: 

MDC 8 --
1. DIRECT RCS - OFF 
2. LIMIT CYCLE - ON 
3. ATTITUDE DEADBAND - MINIMUM 
4 • • 05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&N/SCS - ENTER G&N OR SCS 
8. ATTITUDE/MONITOR/ENTRY - ATTITUDE 
9. A&C ROLL CHANNEL -J ONE ON, 

10. B&D ROIJ. CHANNEL - ONE OFF 
11. PITCH CHANNEL - ON 
12. YAW CHANNEL - ON 
13. ROLL RA TE GYRO - NORMAL 
14. PITCH RATE GYRO - NORMAL 
15. YAW RATE GYRO - NORMAL 

MDC 25 

1. FDAI LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 

GROUP 2-AC 2 - CLOSED 
GROUP 1-MNA - CLOSED 
GROUP 1-MNB - CLOSED 
GROUP 2-MNA - CLOSED 
GROUP 2-MNB - CLOSED 

5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

DIRECT CONTROL-MNA - CLOSED 
DIRECT CONTROL-MNB - CLOSED 
A&C ROLL-MNA -J ONE OPEN, 
A&C ROLL-MNB - ONE CLOSED 
B&D ROLL-MNA -J ONE OPEN, 
B&D ROLL-MNB - ONE CLOSED 
PITCH-MNA j ONE OPEN, 
PITCH-MNB ONE CLOSED 
YAW-MNA - J ONE OPEN, 
YAW-MNB - ONE CLOSED 
G&N SYNC - OFF 

21. 
22. 

GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 2J+ 

1. SCS POWER - AC 1 
2. RATE GYRO POWER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

MDC 3 

1. PITCH GDmAL MOTOR 1 - OFF 
2. PITCH GDmAL MOTOR 2 - OFF 
J. YAW GDmAL MOTOR 1 - OFF 
4. YAW G DmAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC 14 

1. PROORAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
J. DSKY BRIGHTNESS - ADJUST AS RE~UIRED 

MDC 2 

1. FDA! SELF TEST - OFF 
2. FDA! BRIGHTNESS - ADJUST AS REQUIRED 
J. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 
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10.4.2 

MDC 22 

1. IMU HTR - MNA - CLOSED 
2. IMU HTR - MNB - CLOSED 
3. IMU - MNA - CLOSED 
4. IMU - MNB - CLOSED 
5. COMPUTER - MNA - CLOSED 
6. COMPUTER - MNB - CLOSED 
7. OPTICS - MNA - OPEN 
8. OPTICS - MNB - OPEN 
9. G&N AC POWER - AC 1 - CLOSED 

10. G&N AC P&ER - AC 2 - CLOSED 
11. G&N AC POWER - AC 1 

LEB NAV STATION SWITCHES 

1. IMU TRANSFER - COMPUTER 
2. OPTICS SLAVE TELESCOPE - STAR LOS 
3. OPTICS MODE - ZERO OPTICS 
4. OPTICS HOLD - OFF 
5. OPTICS CONTROLLER SPEED - HIGH 
6. OPTICS CONTROLLER MODE - DIRECT 
7. IMU TEMP. MODE - AUTO OVERRIDE 
8. AGC MODE - ON 
9. ATTITUDE IMPULSE ENABLE - OFF 

10. CONDITION LAMPS - ON 
11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONTROL SECONDARY - OFF 
13. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
14. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 

On the DSKY (MDC 14) Enter Vl6N20E. 

On Attitude Set/Gimbal Position Indicator (MDC 6) Set: 

a. Roll IMU gimbal angle from Rl on Roll attitude set dial. 

b. Pitch IMU gimbal angle from R2 on pitch attitude 
set dial. 

c. Yaw IMU gimbal angle from R3 on Yaw attitude set dial. 

10.4.4 Depress FDAI align pushbutton on attitude set/gimbal position 
indicator for 32 seconds minimum. 

10.4.5 Mode select (using G&N/SCS SWITCH MDC 8) to either G&N or SCS 
Attitude Control from present mode. 
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10.4.6 

10.4.7 

10.4.8 

10.4.9 

Verify the lack of motion of the total attitude Ball and Roll BUG. 

Mode Select back to original control mode. 

Return attitude deadband switch to maximum. 

Clear DSKY Display by entering VJ4E. 
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10.5 

10.5.1 

Coarse SCS Attitude Reference Alignment To IMU Gimbal Angles. 

Confirm or select the following switch positions: 

MDC 8 

1. DIBECT RCS - OFF 
2. LlMIT CYCLE - ON 

ATTITUDE DEADBAND - MAXIMUM 
.05 G ENTRY - OFF 
LOCAL VERTICAL - OFF 
DELTA V - OFF 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

G&N/SCS - G&N 
ATTITUDE/MONITOR/ENTRY - ATTITUDE 
A&C ROLL CHANNEL -J ONE ON, 
B&D ROLL CHANNEL - ONE OFF 
PITCH CHANNEL - ON 
YAW CHANNEL - ON 
ROLL RATE GYRO - NORMAL 
PITCH RATE GYRO - NORMAL 
YAW RATE GYRO - NORMAL 

MDC 25 

1. FDAI LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 

GROUP 1-AC 2 - CLOSED 
GROUP 2-AC 1 - CLOSED 
GROUP 2-AC 2 - CLOSED 
GROUP 1-MNA - CLOSED 
GROUP 1-MNB - CLOSED 
GROUP 2-MNA - CLOSED 
GROUP 2-MNB - CLOSED 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

DIBECT CONTROL-MNA - CLOSED 
DIRECT CONTROL-MNB - CLOSED 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

A&C ROLL-MNA - CLOSED] ONE MAY BE OPEN 
A&C ROLL-MNB - CLOSED 
B&D ROLL-MNA - CLOSED ONE MAY BE OPEN 
B&D ROLL-MNB - CLOSED 
PITCH-MNA -J ONE OPEN ONE CLOSED 
PITCH-MNB - ' 
YAW-MNA - ] ONE OPEN ONE CLOSED 
YAW-MNB - ' 
G&N SYNC - OFF 
GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC ?4 

1. SCS PCMER - AC 1 
2. RATE GYRO POWER - AC 1 
J.- ROTATION CONTROL POr/ER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW G IMBAL MOTOR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 
NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC 14 

1. PROORAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
J. DSKY BRIGHTNESS - ADJUST AS DESIRED 

MDC 2 . 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
J. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 
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MDC 22 

1. IMU HTR - MNA - CLOSED 
2. IMU HTR - MNB - CLOSED 
3. IMU - MNA - CLOSED 
4. IMU - MNB - CLOSED 
5. COMPUTER - MNA - CLOSED 
6. COMPUTER - MNB - CLOSED 
7. OPI'ICS - MNA - OPEN 
8. OPI'ICS - MNB - OPEN 
9. G&N AC POWER - AC 1 - CLOSED 

10. G&N AC POWER - AC 2 - CLOSED 
11. G&N AC POWER - AC 1 

LEB NAV STATION SWITCHES 

1. IMU TRANSFER - COMPUTER 
2. OPI'ICS SLAVE TELESCOPE - STAR LOS 
3. OPI'ICS MODE - ZERO OPI'ICS 
4. OPI'ICS HOLD - OFF 
5. OPI'ICS CONTROLLER SPEED - HIGH 
6. OPI'ICS CONTROLLER MODE - DIRECT 
7. IMU TEMP. MODE - AU'I'O OVERRIDE 
8. AGC MODE - ON 
9. ATTITUDE IMPULSE ENABLE - OFF 

10. CONDITION LAMPS - ON 
11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONTROL SECONDARY - OFF 
13. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
J.J+. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 

10.5.2 Read Roll BUG against outer ball shield markings and set value 
on roll attitude set dial. 

10.5.3 Read attitude ball pitch angle against entry symbol and set 
value on pitch attitude set dial. 

10.5.4 Read attitude bail yaw angle against entry symbol and set value 
on yaw attitude set dial. 

10.5.5 Depress FDAI align pushbutton on attitude set/gimbal position 
indicator for 32 seconds minimum. 

10.5.6 

10.5.7 
BUG. 

10.5.8 

Place the G&N/SCS Switch on MDC 8 to SGS. 

Verify the lack of motion of the total attitude ball and roll 

Return the G&N/SCS Switch on MDC 8 to the G&N position. 
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10.6 

10.6.1 

Bar-B-Q Mode Establishment. 

Confirm or select the following switch positions: 

MDC 8 

1. DIRECT RCS - ON 
LIMIT CYCLE - ON 
ATTITUDE DEADBAND - MAXIMUM 
• 05 GENTRY - OFF 
LOCAL VERTICAL - OFF 
DELTA V - OFF 

2. 
J • 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

G&N/SCS - SCS 
ATTITUDE/MONITOR/ENTRY - ATTITUDE 
A&C ROLL CHANNEL - J 
B&D ROLL CHANNEL_ ONE OFF, ONE ON 

11. 
12. 
13. 
14. 
15. 

PITCH CHANNEL - ON 
YAW CHANNEL - ON 
ROLL RATE GYRO - BMAG 
PITCH RATE GYRO - NORMAL 
YAW RATE GYRO - NORMAL 

MDC 25 

1. FDAI LTG - AC 1 
GROUP 1-AC 1 - CLOSED 
GROUP 1-AC 2 - CLOSED 
GROUP 2-AC 1 - CLOSED 
GROUP 2-AC 2 - CLOSED 
GROUP 1-MNA - CLOSED 
GROUP 1-MNB - CLOSED 
GROUP 2-MNA - CLOSED 
GROUP 2-MNB - CLOSED 

2. 
J. 
4. 
5. 
6. 
7. 
8. 
9. 

DIRECT CONTROL-MNA - CLOSED 
DffiECT CONTROL-MNB - CLOSED 

10. 
11. 
12. 
lJ. 
l 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

A&C ROLL-MNA -JJ ONE PAIR OPEN -
A&C ROLL-MNB - ONE PAIR CLOSED 
B&D ROLL-MNA -1 ( OPEN THE PAIR FOR THE 
B&D ROLL-MNB - ON ENABLE SWITCH) 
PITCH-MNA -J 
PITCH-MNB _ ONE CLOSED, ONE OPEN 

YAW-MNA -1 ONE CLOSED ONE OPEN 
YAW-MNB - ' 
G&N SYNC - OFF 
GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC ?4 

1. SCS POWER - AC 1 
2. RATE GYRO PCMER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG PO.vER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 PO.vER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW GIMBAL MOTOR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 
NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC l4 

1. PROGRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - MAX. DIM. 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNE.5S - ADJUST AS REQUIRED 
3. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 
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10.6.2 

MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. IMU-MNA - OPEN 
4. IMU-MNB - OPEN 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 
9. G&N AC POWER-AC 1 - OPEN 

10. G&N AC POWER-AC 2 - OPEN 
11. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHES 

1. FLOODLIGHT CONTROL PRIMARY - OFF 
2. FLOODLIGHT CONTROL SECONDARY - OFF 
J. PANEL BRIGHTNESS CONTROL - MAX. DIM. 
4. AGC BRIGHTNESS CONTROL - MAX. DIM. 
5. IMU TRANSFER - COMPUTER 
6. OPTICS SLAVE TELESCOPE - STAR LOS 
7. OPTICS MODE - ZERO OPTICS 
8. OPTICS HOLD - OFF 
9. OPTICS CONTROLLER SPEED - HIGH 

10. OPTICS CONTROLLER MODE - DIRECT 
11. IMU TEMP. MODE - AUTO OVERRIDE 
12. AGC MODE - STANDBY 
lJ. ATTITUDE IMPULSE ENABLE - OFF 
14. CONDITION LAMPS - OFF 

Unpin the rotation control. 

10.6.J Impart a 0.6 degrees per second clockwise roll to the spacecraft 
using direct rotation control and the roll rate display on the FDA!. 

10.6.4 

10.6.5 

10.6.6 

Return the rotation control to neutral. 

Direct RCS switch - OFF. 

CAUTION: The positions called out with respect to A&C and 
B&D roll switches and circuit breakers are inter­
changeable. One of the roll channel enable switches 
must remain on in the mode or the pitch and yaw BMAG's 
will be switches out of attitude hold). 

Repin the rotation control. 

10.6.7 Periodically check the+ X axis direction through the docking 
window to monitor the amount of drift from the desired attitude. When the 
pointing error becomes too large one of the maneuver procedures will be used 
to re-establish the desired attitude. 
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10.7 Precise Wobble Mode Establishment. 

10.7.1 Following orientation of the vehicle to the desired attitude, 
remain in minimum deadband until residual vehicle rates in pitch and yaw have 
decreased to between 0.01 and 0.02 degrees per second ( -~ 60 minutes). 

10.7.2 
settle: 

Confirm or select the following switch positions as the rates 

MDC 8 

1. DIRECT RCS - OFF 
2. LIMIT CYCLE - ON 
3. ATTITUDE DEADBAND - MINIMUM 
4 •• 05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&N/scs - scs 
8. ATTITUDE/MONITOR/ENTRY - ATTITUDE 
9. A&C ROIJ.. CHANNEL - ON 

10. B&D ROIJ.. CHANNEL - ON 
11. PITCH CHANNEL - ON 
12. YAW CHANNEL - ON 
13. ROIJ.. RATE GYRO - NORMAL 
14. PITCH RATE GYRO - NORMAL 
15. YAW RATE GYRO - NORMAL 

MDC 25 

1. FDA! LTG - AC 1 
2. GROUP 1-AC 1 - CLOSE!: 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MNA - CLOSED 
13. A&C ROLL-MNB - CLOSED 
l4. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 24. 

1. SCS POWER - AC 1 
2. RATE GYRO PCMER - AC 1 
J. ROTATION CONTROL POWER - AC 2 
4. BMAG POtlER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
J. YAW GIMBAL MOTOR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - UNPINNED 
TRANSLATION CONTROLS - LOCKED 

MDC l4 

1. PROGRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
J. DSKY BRIGHTNESS - MAX. DIM. 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDA! BRIGHTNESS - ADJUST AS REQUIRED 
J. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 
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MDC 22 

1. Dru HTR-MNA - CLOSED 
2. Dru HTR-MNB - CLOSED 

*3. Dru-MNA - CLOSED 
*4. Dru-MNB - CLOSED 

5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 

*9. G&N AC PCMER-AC 1 - CLOSED 
*10. G&N AC PCMER-AC 2 - CLOSED 

11. G&N AC POWER-AC 1 

LEB NAV STATION 5WITCHES 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 

*12. 
13. 
14. 

NOTE: 

FLOODLIGHT CONTROL PRIMARY - OFF 
FLOODLIGHT CONTROL SECONDARY - OFF 
PANEL BRIGHTNESS CONTROL - MAX. DIM. 
AGC BRIGHTNESS CONTROL - MAX. DIM. 
Dru TRANSFER COMPUTER 
OPTICS SLAVE TELESCOPE - STAR LOS 
OPTICS MODE - ZERO OPTICS 
OPTICS HOLD - OFF 
OPTICS CONTROLLER SPEED - HIGH 
OPTICS CONTROLLER MODE - DIRECT 
Dru TEMP. MODE - AUTO OVERRIDE 
AGC MODE - ON 
ATTITUDE IMPULSE ENABLE - OFF 
CONDITION LAMPS - OFF 

* These switch positions assume the G&N has been on 
and the Dru is aligned. If this assumption is not 
correct, then the Dru circuit breakers should be 
open and the AGC mode switch in standby and later 
references in this procedure of opening the IMU 
circuit breakers and switching the computer to 
standby should then be deleted. They are also 
keyed by an*• 

10.7.3 Watch the pitch and yaw attitude error indicators for a moving 
down and left coincidence. (If necessary a. enable the minimum impulse 
control, b. adjust either the pitch or yaw rate within the minimum impulse 
control, c. return the minimum impulse enable switch to off). 

10.7.4 Pitch and yaw channel enable switches - OFF. 
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10.7.5 Impart a clockwise roll rate of 0.5 degrees-per-second with 
the rot ation control using the roll rate display as a reference. 

10.7.6 After the rate is established, but before returning the 
rotation control to neutral, A&C and B&D roll enable switches set off. 

10.7.7 

10.7.8 

10.7.9 

10.7.10 

10.7.11 

10.7.12 

10.7.13* 

10.7.14* 

Rotation control - neutral. 

Place all three rate switches on MDC 8 to BMAG. 

SCS power - OFF. 

Attitude deadband - maximum. 

Limit cycle - OFF. 

Re-pin the rotation control. 

Open the A&B IMU circuit breakers on Panel 22. 

Switch the AGC mode switch to standby at the lower equipment bay. 

10.7.15 Periodically check the+ X axis direction through the docking 
window (unless+ Xis± 15 degrees of sun) to monitor the amount of drift 
from the desired attitude. When the pointing error becomes too large, one of 
the maneuver procedures will be used to reestablish the desired attitude and 
then this procedure would be repeated. 
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10.8 Coarse Wobble Mode Establishment. 

10.8.1 Following orientation of the vehicle to the desired attitude, 
remain in minimum deadband until residual vehicle rates in pitch and yaw have 
decreased to between 0.01 and 0.02 degree per second ( ~60 minutes). 

10.8.2 
settle: 

Confirm or select the following switch conditions as the rates 

MDC 8 

1. DIRECT RCS - OFF 
2. LIMIT CYCLE - ON 
3. ATTITUDE DEADBAND - MINIMUM 
4 •• 05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&N/scs - scs 
8. ATTITUDE/MONITOR/ENTRY - ATTITUDE 
9. A&C ROLL CHANNEL - ON 

10. B&D ROLL CHANNEL - ON 
11. PITCH CHANNEL - ON 
12. YAW CHANNEL - ON 
13. ROLL RA TE GYRO - NORMAL 
14. PITCH RATE GYRO - NORMAL 
15. YAW RATE GYRO - NORMAL 

MDC 25 

1. FDAI LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MNA - CLOSED 
13. A&C ROLL-MNB - CLOSED 
14. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNA - CLOSED 
16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 24 

1. SCS POWER - AC 1 
2. RATE GYRO POWER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 P&ER - OFF 
6. TVC 2 POWER - OFF 

MDC 3 

1. PITCH GilffiAL MOTOR 1 - OFF 
2. PITCH GilffiAL MOTOR 2 - OFF 
3. YAW GIMBAL MOTOR 1 - OFF 
4. YAW G IMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - UNPINNED 
TRANSLATION CONTROLS - LOCKED 

MDC l4 

1. PROGRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - MAX. DIM. 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 
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10.8.3 

MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 

*3. IMU-MNA - CLOSED 
*4. IMU-MNB - CLOSED 

5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 

*9. G&N AC POWER-AC 1 - CLOSED 
*10. G&N AC POWER-AC 2 - CLOSED 
ll. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHES 

1. FLOODLIGHT CONTROL PRIMARY - OFF 
2. FLOODLIGHT CONTROL SECONDARY - OFF 

PANEL BRIGHTNESS CONTROL - MAX. DIM. 
AGC BRIGHTNESS CONTROL - MAX. DIM. 
IMU TRANSFER - COMPUTER 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
ll. 

*12. 
13. 
14. 

OPTICS SLAVE TELESCOPE - STAR LOS 
OPTICS MODE - ZERO OPTICS 
OPTICS HOLD - OFF 
OPTICS CONTROLLER SPEED - HIGH 
OPTICS CONTROLLER MODE - DIRECT 
IMU TEMP. MODE - AUTO OVERRIDE 
AGC MODE - ON 
ATTITUDE IMPULSE ENABLE - OFF 
CONDITION LAMPS - OFF 

NOTE: * These switch positions assume the G&N has been on 
and the IMU is aligned. If this assumption is not 
correct, then the IMU circuit breaker should be 
open and the AGC mode switch in standby. Later 
references in this procedure of opening the IMU 
circuit breakers and switching the computer to 
standby should then be deleted. They are also 
keyed by an*• 

Pitch and Yaw channel enable switches - OFF. 

10.8.4 Impart a clockwise roll rate of 0.5 degree per second with the 
rotation control using the roll rate display as a reference. 

10.8.5 After the rate is established, but before return of the rotation 
control to neutral, place A&C and B&D roll enable switches OFF. 

10-29 
SID 65-1702 



NORTH AMERICAN AVIATION, INC (i) SPACE and ,NFORMAT<ON SYSTE"S omsmN 

10.8.6 

10.8.7 

10.8.8 

10.8.9 

10.8.10 

10.8.11* 

10.8.1~ 

10.8.13* 

Rotation control to neutral. 

SCS power - OFF. 

Attitude deadband - Maximum. 

Limit cycle - OFF. 

Re-pin the rotation control. 

On the DSKY enter V37EOOE. 

Open the A&B IMU circuit breakers on Panel 22. 

Switch the AGC mode switch to standby at the lower equipment bay. 

10.8.14 Periodically check the+ X axis direction through the docking 
window (unless+ Xis± 15 degrees of sun) to monitor the amount of drift 
from the desired attitude. When the pointing error becomes too large, one 
of the maneuver procedures will be used to re-establish the desired attitude 
and the wobble mode must be re-established. 
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10.9 G&C Power Up Sequence. 

10.9.1 Prior to required G&C operations, confirm or select the 
following switch conditions: 

MDC-8 

1. DIRECT RCS - OFF 
2. LIMIT CYCLE - OFF 
3. ATTITUDE DEADBAND - MAXIMUM 
4. 0.05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&N/SCS - SCS 
8. ATTITUDE/MONITOR/ENTRY - MONITOR 
9. A&C ROLL CHANNEL - OFF 

10. B&D ROLL CHANNEL - OFF 
11. PITCH CHANNEL - OFF 
12. YAW CHANNEL - OFF 
13. ROLL RA TE GYRO - BMAG 
14. PITCH RATE GYRO - BMAG 
15. YAW RA TE GYRO - BMAG 

MDC-25 

1. FDA! LTG - OFF 
2. GROUP 1 - AC 1 - CLOSED 
3. GROUP 1 - AC 2 - CLOSED 
4. GROUP 2 - AC 1 - CLOSED 
5. GROUP 2 - AC 2 - CLOSED 
6. GROUP 1 - MNA - CLOSED 
7. GROUP 1 - MNB - CLOSED 
8. GROUP 2 - MNA - CLOSED 
9. GROUP 2 - MNB - CLOSED 

10. DIRECT CONTROL - MNA - CLOSED 
11. DIRECT CONTROL - MNB - CLOSED 
12. A&C ROLL - MNA - CLOSED 
13. A&C ROLL - MNB - CLOSED 
14. B&D ROLL - MNA - CLOSED 
15. B&D ROLL-- MNB - CLOSED 
16. PITCH - MNA - CLOSED 
17. PITCH - MNB - CLOSED 
18. YAW - MNA - CLOSED 
19. YAW - MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL - PITCH - BAT A - OPEN 
22. GIMBAL MOTOR CONTROL - YAW - BAT A - OPEN 

MDC-24 

1. SCS :I'CWER - OFF 
2. RATE GYRO Pafflt - AC 1 
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J. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

MDC-3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
J. YAW GIMBAL MOTOR 1 - OFF 
4. YAW G IMBAL MOTOR 2 - OFF 
5. INJECT PREVAL VE A - OFF 
6. INJECT PREVAL VE B - OFF 

MDC-6 

ATTITUDE SET - OFF 

MDC-7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC-14 

1. PROGRAM - 00 
2. UPTEL - ACCEPI'/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - MAX DIM 

MDC-2 

1. FDA! SELF TEST - OFF 
2. FDAI BRIGHTNESS - OFF 
J. FCSM - ON/OFF/RF.SET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 

MDC-22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. IMU-MNA - OPEN 
4. IMU-MNB - OPEN 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - OPEN 
8. OPI'ICS-MNB - OPEN 
9. G&N AC POWER - AC 1 - OPEN 

10. G&N AC Pa-lER - AC 2 - OPEN 
11. G&N AC POWER - AC 1 
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10.9.4 

LEB NAV STATION SWITCHES 

1. IMU TRANSFER - COMPUTER 
2. OPTICS SLAVE TELESCOPE - STAR LOS 
3. OPTICS MODE - ZERO OPTICS 
4. OPTICS HOLD - OFF 
5. OPTICS CONTROLLER SPEED - HIGH 
6. OPTICS CONTROLLER MODE - DIRECT 
7. IMU Til-!P MODE - AUTO OVERRIDE 
8. AGC MODE - STANDBY 
9. A'ITITUDE IMPULSE ENABLE - OFF 

10. CONDITION LAMPS - OFF 
11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONTROL '.SECONDARY - OFF 
13. PANEL BRIGHTNF..5S CONTROL - MAX DIM 
14. AGC BRIGHTNESS CONTROL - MAX DIM 

The following constraints should be kept in mind: 

a. The channel enable switches should be the last ones 
turned on. 

b. All jets need not always be enabled. 

c. Allow the SCS electronics 1 minute to stabilize before 
enabling the jets. 

d. When the system has settled and while still in Monitor, 
with Limit Cycle off, and deadband at maximum, return the 
three rate gyro switches from BMAG to NORMAL. 

NOTE: The G&N portion of the power up sequence is not 
available at this time. It was not included in R-507. 
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10.10 SCS Attitude Hold. 

10.10.l From retest recording of RCS fuel and oxidizer levels by quad 
determine which q~ad is fullest. 

10.10.2 Confirm or select the following switch conditions: 

1. DIRECT RCS - OFF 
LIMIT CYCLE - ON 2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

ATTITUDE DEADBAND - MAXIMUM 
.05 G ENTRY - OFF 
LOCAL VERTICAL - OFF 
DELTA V - OFF 
G&N/scs - scs 
ATTITUDE/MONITOR/ENTRY - ATTITUDE 
A&C ROLL CHANNEL -J ONE OFF/GNE ON - SWITCH FOR 
B&D ROLL CHANNEL - FULLEST QUAD LEFT ON 
PITCH CHANNEL - ON 
YAW CHANNEL - ON 
ROLL RATE GYRO - NORMAL 
PITCH RATE GYRO - NORMAL 
YAW RATE GYRO - NORMAL 

MDC 25 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

FDA! LTG - AC 1 
GROUP 1-AC 1 - CLOSED 
GROUP 1-AC 2 - CLOSED 
GROUP 2-AC 1 - CLOSED 
GROUP 2-AC 2 - CLOSED 
GROUP 1-MNA - CLOSED 
GROUP 1-MNB - CLOSED 
GROUP 2-MNA - CLOSED 
GROUP 2-MNB - CLOSED 
DIRECT CONTROL-MNA - CLOSED 
DIRECT CONTROL-MNB - CLOSED 
A&C ROLL-MNA -J THREE OPEN - 1 CLOSED - BREAKER 
A&C ROLL-MNB - . FOR FULLEST QUAD IS CLOSED~QUAD 
B&D ROLL-MNB - RELATIONSHIPS ARE A&C A-A, A&C 
B&D ROLL-MNB B-B, B&D A-C, and B&D B-D 
PITCH-MNA - ] 
PITCH-MNB _ ONE OPENED - ONE CLOSED 
YAW-MNA - J YAW-MNB _ ONE OPENED - ONE CLOSED 
G&N SYNC - OFF 
GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 21+ 

1. SCS POWER - AC 1 
2. RATE GYRO POWER - AC 1 
J. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 PCWER - OFF 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
J. YAW GIMBAL MOTOR 1 - OFF 
4. YAW G IMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC 14 

1. PROGRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
J. DSKY BRIGHTNFSS - MAX. DIM. 

MDC 2 

1. FDAI SELF TFST - OFF 
2. FDAI BRIGHTNFSS - ADJUST AS REQUIRED 
J. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVER.RIDE - OVERRIDE 

NOTE: The G&N may or may not be on during SCS attitude 
holds. Switch conditions below assume the G&N 
is on. If the G&N is off, or if the G&N is per­
forming a special task i.e. nav sighting, orbital 
tracking, etc. these switch call outs will be 
modified to the specific requirements of the 
special task. 
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MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. IMU-MNA - CLOSED 
4. IMU-MNB - CLOSED 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 
9. G&N AC POWER-AC 1 - CLOSED 

10. G&N AC POWER-AC 2 - CLOSED 
11. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHF.s 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

FLOODLIGHT CONTROL PRIMARY - J 
FLOODLIGHT CONTROL SECONDARY - ADJUST AS DESIRED 
PANEL BRIGHTNESS CONTROL -
AGC BRIGHTNESS CONTROL -
IMU TRANSFER - COMPUTER 

8. 
9. 

10. 
11. 
12. 
13. 
14. 

OPTICS SLAVE TELESCOPE - STAR LOS 
OPTICS MODE - ZERO OPTICS 
OPTICS HOLD - OFF 
OPTICS CONTROLLER SPEED - HIGH 
OPTICS CONTROLLER MODE - DIRECT 
IMU TEMP. MODE - AUTO OVERRIDE 
AGC MODE - ON 
ATTITUDE IMPULSE ENABLE - OFF 
CONDITION LAMPS - ON 

10.10.3 Monitor limit cycling in attitude by attitude error indicators 
for malfunction cues. 

CAUTION: SM RCS firings should all be ~ 18 millisecond 
pulses spaced 200 to 300 seconds apart after 
settling out. Longer or continuous firings 
indicate possible malfunctions. Attitude error 
indication movement may naturally cease at one 
extreme of attitude deadband. Check to exterior 
reference if this occurs to assure that motion 
has been stopped in the relevant direction. If 
motion is continuing a non-firing malfunction 
or display failure may have occurred. 
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10.11 

10.11.1 

SC Inertial Attitude Determination With Telescope. 

Confirm or select the following switch conditions: 

MDC 8 

1. 
2. 
J • 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
lJ. 
1.4. 
15. 

DIRECT RCS - OFF 
LIMIT CYCLE - ON 
ATTITUDE DEADBAND - MAXIMUM 
. 05 GENTRY - OFF 
LOCAL VERTICAL - OFF 
DELTA V - OFF 
G&N/SCS - SCS 
ATTITUDE/MONITOR/ENTRY - ATTITUDE 
A&C ROLL CHANNEL - J 
B&D ROLL CHANNEL_ ONE ON, ONE OFF 
PITCH CHANNEL - ON 
YAW CHANNEL - ON 
ROLL RATE GYRO - NORMAL 
PITCH RATE GYRO - NORMAL 
YAW RATE GYRO - NORMAL 

MDC 25 

1. 
2. 
J. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
lJ. 
1.4. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

FDAI LTG - AC 1 
GROUP 1-AC 1 - CLOSED 
GROUP 1-AC 2 - CLOSED 
GROUP 2-AC 1 - CLOSED 
GROUP 2-AC 2 - CLOSED 
GROUP 1-MNA - CLOSED 
GROUP 1-MNB - CLOSED 
GROUP 2-MNA - CLOSED 
GROUP 2-MNB - CLOSED 
DIRECT CONTROL-MNA - CLOSED 
DIRECT CONTROL-MNB - CLOSED 
A&C ROLL-MNA -11 ONE PAIR CLOSED - ONE OF THE 
A&C ROLL-MNB - OTHER PAIR OPEN, THE OTHER 
B&D ROLL-MNA -{ CLOSED - CLOSED C. B. WILL BE 
B&D ROLL-MNB -:J FOR FULLEST QUAD 
PITCH-MNA -1 
PITCH-MNB - ONE OPEN, ONE CLOSED 
YAW-MNA -1 YAW-MNB _ ONE OPEN, ONE CLOSED 
G&N SYNC - OFF 
GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN , 
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MDC 2J+ 

1. SCS ~'ER - AC 1 
2. RATE GYRO POWER - AC 1 
J. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 PCWER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
J. YAW GIMBAL MOTOR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 --
ATTITUDE SET - OFF 

MDC 7 
NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC l4 

1. PROGRAM - 00 
2. UPI'EL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - :t-'iAX. DIM. 

MDC 2 

1. FDA! SELF TEST - OFF 
2. FDA! BRIGHTNESS - ADJUST AS REQUIRED 
J. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 

NOTE: This procedure will be used when the IMU is OFF. 
For SC 012 the G&N will be on and the IMU aligned 
to check the accuracy of this method. Switches 
and circuit breakers are shown in SC 012 con­
dition. Those marked with an* may be reversed 
or deleted for later missions. 
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MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 

*3. IMU-MNA - CLOSED 
*4. IMU-MNB - CLOSED 

5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - CLOSED 
8. OPTICS-MNB - CLOSED 
9. G&N AC POWER-AC 1 - CLOSED 

10. G&N AC POWER-AC 2 - CLOSED 
11. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHES 

1. FLOODLIGHT CONTROL PRIMARY - ADJUST AS REQUIRED 
2. FLOODLIGHT CONTROL SECONDARY - ADJUST AS REQUIRED 
3. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
4. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
5. IMU TRANSFER - COMPUTER 
6. OPTICS SLAVE TELESCOPE - STAR LOS 
7. OPTICS MODE - MANUAL 
8. OPTICS HOLD - OFF 
9. OPTICS CONTROLLER SPEED - HIGH 

10. OPTICS CONTROLLER MODE - DIRECT 
11. IMU TEMP. MODE - AUTO OVERRIDE 

*12. AGC MODE - ON 
13. ATTITUDE IMPULSE ENABLE - OFF 
14. CONDIT ION LAMPS - ON 

10.ll.2 Assure that the optics either a. point toward the starfield 
orb. have sufficient travel to point toward the starfield. 

10.11.3* 

10.u.4 

Select minimum deadband on MDC 8. 

At the navigation station look out the telescope at the star field. 

10.11.5 Manually, or, if the optics drive is functional, using the optics 
drive control, center an identifiable star while locating another identifiable 
star on the Mor R line of the telescope. 

10.11.6 

10.ll.7 

10.11.8 

Actuate the attitude impulse control enable switch for 5 seconds. 

Deactivate the attitude impulse control enable switch. 

Read and record the telescope shaft and trunnion angles. 
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10.11.9 Discribe the stars located, give their relative _positions, and 
read the shaft and trunnion angles to DSIF. 

10.11.10 DSIF will identify the specific inertial attitude held. 

10.11.11 Set the attitude set dials to values given by DSIF in all 
three axes (panel 6). 

10.11.12 

10.11.13* 

10.11.14* 

10.11.15* 

10.11.16* 

10.11.17* 

Depress the FDAI align push button for ~ -32 seconds. 

On the DSKY enter Vl6N20E. 

Record the gimbal angles displayed on Rl, R2, and R3. 

On the DSKY enter VJ4E. 

Select maxi.mum deadband MDC 8, 

Open the two optics circuit breakers on MDC 22. 
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10.12 

10.12.1 

Attitude Maneuver to Attitude Set Reference. 

Confirm or select the following switch conditions: 

MDC 8 --
1. DIRECT RCS - OFF 
2. LIMIT CYCLE - ON 

ATTITUDE DEADBAND - MAXIMUM 
.05 G ENTRY - OFF 
LOCAL VERTICAL - OFF 
DELTA V - OFF 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

G&N/SCS - SCS 
ATTITUDE/MONITOR/ENTRY - ATTITUDE 

10. 
11. 
12. 
13. 
14. 
15. 

A&C ROLL CHANNEL - 1 ONE ON, ONE OFF ( ONE 
B&D ROLL CHANNEL - CONTAING FULLEST QUAD ON) 
PITCH CHANNEL - ON 
YAW CHANNEL - ON 
ROLL RATE GYRO - NORMAL 
PITCH RATE GYRO - NORMAL 
YAW RATE GYRO - NORMAL 

MDC 25 

1. FDA! LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MNA - CLOSED 
13. A&C ROLL-MNB - CLOSED 
14. B&D ROLL-MN A - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 24. 

1. SCS POWER - AC 1 
2. RATE GYRO POtlER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POtlER - OFF 
6. TVC 2 PrnER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW GIMBAL MOTOR 1 - OFF 
4. YAW G IMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 
NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC 14 

1. PRffiRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - MAX. DIM. 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 

NOTE: It is assumed that the G&N will be on with the IMU 
aligned for at least the first maneuver to the 
attitude set reference. For later applications the 
IMU can be OFF, the computer in stand by and steps 
7, 19, 20, and 21 deleted. The variable items in 

· the procedure are marked with an *. 
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MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 

*3. IMU-MNA - CLOSED 
*4. IMU-MNB - CLOSED 

5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 

-ll-9. G&N AC P&ER-AC 1 - CLOSED 
*10. G&N AC POWER-AC. 2 - CLOSED 

11. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHES 

1. IMU TRANSFER - COMPUTER 
2. OPTICS SLAVE TELESCOPE - STAR LOS 
3. OPTICS MODE - ZERO OPTICS 
4. OPTICS HOLD - OFF 
5. OPTICS CONTROLLER SPEED - HIGH 
6. OPTICS CONTROLLER MODE - DIRECT 
7. IMU TEMP. MODE - AUTO OVERRIDE 

*8. AGC MODE -ON 
9. ATTITUDE IMPULSE ENABLE - OFF 

10. CONDITION LAMPS - ON 
11. FLOODLIGHT CONTROL. PRIMARY - OFF 
12. FLOODLIGHT CONTROL SECONDARY - OFF 
13. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
14. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 

10.12.2 From MSFN and/or on board mission timeline data determine roll, 
pitch, and yaw angle desired. 

10.12.3 Set roll, pitch, and yaw attitude set dials (MDC 6) to 
desired angles. 

10.12.4 Compare desired attitude with present attitude and determine 
magnitude and direction of changes required. 

10.12.5 

10.12.6 

10.12.7 

Unpin rotation control to be used. 

Attitude set switch - ON 

Limit cycle switch - OFF 
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10.12.8 Simultaneously displace the rotation control in all three axes 
to cormnand proportional rates in the appropriate directions and in the same 
ratic as the magnitudes of the angular changes required. After the rates 
are established, return the rotation control toward the neutral point. This 
will reduce the probability of inadvertent RCS firings due to hand movements. 
If very low rates are used and the maneuver time is long, the channel enable 
switches may be placed in off then turned on again as each attitude error 
indicator nulls out. 

10.12.9 

NOTE: On large angle changes, the ball should be the 
primary reference and the attitude error indicators 
secondary as they may have false null signals and/ 
or wrong directions may be indicated while large 
errors exist. As the errors become less than 20 
degrees, the meter direction should become primary 
and as the error becomes less than 5 degrees the 
meter should become prime for magnitude. The 
meters function as a vernier readout for the 
attitude ball. 

Attitude deadband to minimum. 

10.12.10 As the attitude ball nears the correct attitude, restore the 
rotation control to neutral. 

10.12.11 
indicators. 

10.12.12 

10.12.13 
window. 

10.12.14 

10.12.15 

10.12.16 

10.12.17 

10 .12 .18-J:-

10 .12. l 9'>'t-

10 .12. 20-:1-

Make minor adjustments as necessary to null the attitude error 

Limit cycle switch - ON. 

Visually confirm the attitude acquired through the docking 

Select maximum attitude deadband. 

Repin the rotation control. 

Rate gyro - OFF. 

Rotation control - OFF. 

Enter on DSKY Vl6N, 20E. 

Record roll, pitch, and yaw angles from registers 1, 2, and J. 

Enter on DSKY VJ4E. 
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10.13 

10.13.1 

Attitude Maneuver to Attitude Ball Reference. 

Confirm or select the following .switch conditions: 

MDC 8 

1. DIRECT RCS - OFF 
2. LIMIT CYCLE - ON 

ATTITUDE DEADBAND - MAXIMUM 
• 05 GENTRY - OFF 
LOCAL VERTICAL - OFF 
DELTA V - OFF 

3 • 
4. 
5. 
6. 
7. 
8. 
9. 

G&N/scs - scs 
ATTITUDE/MONITOR/ENTRY - ATTITUDE 

10. 
11. 
12. 
13. 
14. 
15. 

A&C ROIJ. CHANNEL - J ONE OFF, ONE ON (ONE 
B&D ROIJ. CHANNEL - CONTAINING FUIJ.EST QUAD ON) 
PITCH CHANNEL - ON 
YAW CHANNEL - ON 
ROIJ. RATE GYRO - NORMAL 
PITCH RATE GYRO - NORMAL 
YAW RATE GYRO - NORMAL 

MDC 25 

1. FDAI LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
ll. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MNA - CLOSED 
13. A&C ROLL-MNB - CLOSED 
14. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MN A - CLOOED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL-PITCH-BAT .A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 21;. 

1. SGS POWER - AC 1 
2. RATE GYRO POWER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW G IMBAL MOTOR 1 - OFF 
4. YAW G IMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

}IDC 6 

ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC l4 

1. PRffiRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - MAX. DIM. 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 

NOTE: It is assumed that the G&N will be on with the IMU 
aligned for at least one maneuver to the Attitude 
Ball reference. For other applications the IMU can 
be off, the computer in standby, and G&N steps 
deleted. The variable items in the procedure are 
marked with an*· 
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MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 

*3. IMU-MNA - CLOSED 
~-4. IMU-MNB - CLOSED 

5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 

*9. G&N AC POWER-AC 1 - CLOSED 
*10. G&N AC POWER-AC 2 - CLOSED 

11. G&N AC POWER-AC 1 

LEB NAV STATION 3'/ITCHES 

1. FLOODLIGHT CONTROL PRIMARY - OFF 
2. FLOODLIGHT CONTROL SECONDARY - OFF 
3. PANEL BRIGHTNESS CONTROL - MAX. DIM. 
4. AGC BRIGHTNESS CONTROL - MAX. DIM. 
5. IMU TRANSFER - COMPUTER 
6. OPTICS SLAVE TELESCOPE - STAR LOS 
7. OPTICS MODE - ZERO OPTICS 
8. OPTICS HOLD - OFF 
9. OPTICS CONTROLLER SPEED - HIGH 

10. OPTICS CONTROLLER MODE - DIRECT 
11. IMU TEMP. MODE - AUTO OVERRIDE 

*12. AGC MODE - ON 
13. ATTITUDE IMPULSE ENABLE - OFF 
~. CONDITION LAMPS - OFF 

10.13.2 From DSIF and/or onboard mission timeline data determine roll, 
pitch, and yaw angles desired. 

10.13.3 Compare desired attitude with present attitude and determine 
magnitude and direction of attitude changes required. 

10.13.4 

10.13. 5 

Unpin the rotation control to be used. 

Limit cycle - OFF 

10.13.6 Simultaneously displace the rotation control into all three 
axes to connnand proportional rates in the appropriate directions and in the 
same ratio as the magnitudes of the angular changes desired. After the 
desired rates are established, ease the Rotation Control slightly back 
toward neutral to avoid unnecessary RCS pulsing. 

10.13.7 Attitude deadband to minimum during the maneuver. 

10.13.8 As the attitude ball nears the correct attitude restore the 
rotation control to neutral. 
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10.13.9 Adjust the final attitude if required. 

10.13.10 Visually confinn the attitude acquired through docking window. 

10.13.11 Limit cycle ON. 

10.13.12 Repin the rotation controls. 

10.13.13* Enter on DSKY Vl6N20E. 

10.13.14* Attitude deadband maxinrum. 

10.13.15* Read and record the roll, pitch, and yaw angles from registers 
1, 2, and 3. 

10.13.16* Enter V34E on DSKY. 

10.13.17 Attitude set switch on (Panel 6). 

10.13.18 Drive the attitude error indicators to null by adjusting the 
attitude set dials. 

10.13.19 

10.13.20 

Record the attitude set indicator values. 

Attitude set switch off. 
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10.14 

10.14.1 

CM-SM Separation Orientation and Separation, 

The initial switch positions are: 

MDC-8 --
1. DIRECT RCS - OFF 
2. LIMIT CYCLE - ON 
3. ATTITUDE DEADBAND - MAXIMUM 
4. 0.05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&N/SCS - G&N 
8. ATTITUDE/MONITOR/ENTRY - ATTITUDE 
9. A&C ROll CHANNEL - OFF 

10. B&D ROLL CHANNEL - ON 
11. PITCH CHANNEL - ON 
12. YAW CHANNEL - ON 
13. ROLL RA TE GYRO - NORMAL 
14. PITCH RA TE GYRO - NORMAL 
15. YAW RA TE GYRO - NORMAL 

MDC-25 

1. FDAI LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MNA - CLOSED 
13. A&C ROLL-MNB - CLOSED 
14. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 

MDC-?4 

1. SCS KWER - AC 1 
2. RATE GYRO POWER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
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4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

MDC-3 

1. PITCH G IMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
J. YAW GIMBAL MOTOR 1 - OFF 
4. YAW G IlIBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVAL VE B - OFF 

MDC-6 --
ATTITUDE SET - OFF 

MDC-7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - UNPINNED 
TRANSLATION CONTROLS - UNLOCKED 

MDC-14 

1. PROGRAM - 42 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
J. DSKY BRIGHTNESS - ADJUST AS RE(.lUIRED 

MDC-2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REw,UIRED 
J. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - AUTO 

MDC-22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. IMU-MNA - CLOSED 
4. IMU-MNB - CLOSED 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 
9. G&N AC POWER-AC 1 - CLOSED 

10. G&N AC POWER-AC 2 - OPEN 
11. G&N AC PCWER-AC 1 
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10.14.2 

LEB NAV STATION SWITCHES 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

lMU TRANSFER - COMPUTER 
OPTICS SI.A VE TELESCOPE - STAR LOS 
OPTICS MODE - ZERO OPTICS 
OPTICS HOLD - OFF 
OPTICS CONTROLLER SPEED - HIGH 
OPTICS CONTROLLER MODE - DIRECT 
IMU TEMP MODE - AUTO OVERRIDE 
AGC MODE - ON 
ATTITUDE IMPULSE ENABLE - OFF 
CONDITION LAMPS - OFF 
FLOODLIGHT CONTROL PRIMARY - OFF 
FLOODLIGHT CONTROL SECONDARY - OFF 
PANEL BRIGHTNESS CONTROL - MAX DIM 
AGC BRIGHTNESS CONTROL - MAX DIM 

On DSKY Enter V37E61E. ----------
10.14.3 Note display of max "g" expected in Rl and time to 300,000 / 
feet in R2 and enter V33E on MDC-14. 

10.14.4 

10.14.5 

Limit cycle switch to OFF 

Key in V33E in response to V06N17 flash. r 

NOTE: Monitor the G&N initiation of a minus pitch rate of 
4 degrees per second. Maneuver will be towards 60 
degree pitch at the body reference on the FDAI. Yaw 
will be held at zero and a 180 degree roll maneuver 
will also occur. 

10.14.6 During the maneuver, manually activate A&B CM/RCS pressuriza-
tion and verify on pressure indicator on MDC-12. 

10.14.7 
automatically. 

10.14.8 

10.14.9 

NOTE: Leave RCS indicator selector on CM B. 

Program 61 will change to program 62 on the MDC-14 
I 

\\\ (.( 0~ 

Limit cycle switch to ON. 

G&N/SCS switch to SCS. 

10.14.10 On MDC-14 _Press Enter. V50N25 flash will begin. Disregard v 
until ready to place G&N/SCS switch to G&N. 

10.14.ll 

10.14.12 

10.14.13 

Depress FDAI align push button for approximately 10 seconds. 

Set FCSM switches (MDC-2) to override and Off respectively. 

Open the following circuit breakers on MDC-25. v 
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10.1.4.15 

10.1.4.16 

Direct RCS ON. v 

G&N/SCS to G&N ., 

10.1.4.17 Attitude/Monitor/Entry to Entry, stopping in monitor for a 
moment to confirm the attitude error indicators are at or near null • 

. ,. 
lO.l.4.18 Key in V.33E on MDC-1.4. V50N25 flash will begin. Disregard 
until ready to separate. /l1 ..., 

10.1.4.19 Limit cycle switch to OFF. 

NOTE: This must be done or excessive propellant will be used 
in entry. 

V 

lO.l.4.20 Momentarily set FDAI Self Test switch (MDC-2) to ON. Verify ,,,--
movement of all three rate indicators. Return the switch to OFF. 

10.1.4.21 Activate CM-SM separation switch on MDC-15. 

10.1.4.22 Backup CM-SM RCS transfer manually by placing the RCS 
transfer switch on MDC-16 momentarily to C/M. 

10.1.4.23 

10.1.4.24 

Confinn CM/SM separation rate damping. 

Perforµi procedure 10.46, AGC Update Automatic. 
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10.15 

10.15.1 
procedure: 

0.05 G Orientation, Attitude Hold, and Automatic G&N Entry. 

The following switch positions exist from the CM-SM separation 

MDC-8 

1. DIRECT RCS - ON 
2. LIMIT CYCLE - OFF 
3. ATTITUDE DEADBAND - MAXIMUM 
4. 0.05 GENTRY - OFF 
5. LOCAL VERTICAL- OFF 
6. DELTA V - OFF 
7. G&N/SCS - G&N 
8. ATTITUDE/MONITOR/ENTRY - ENTRY 
9. A&C ROLL CHANNEL - OFF 

10. B&D ROLL CHANNEL - ON 
11. PITCH CHANNEL - ON 
12. YAW CHANNEL - ON 
13. ROLL RA TE GYRO - NORMAL 
14. PITCH RATE GYRO - NORMAL 
15. YAW RA TE GYRO - NORMAL 

MDC-25 

1. FDAI LTG - AC 1 
2. GROUP 1 - AC 1 - CLOSED 
3. GROUP 1 - AC 2 - CLOSED 
4. GROUP 2 - AC 1 - CLOSED 
5. GROUP 2 - AC 2 - CLOSED 
6. GROUP 1 - MNA - CLOSED 
7. GROUP 1 - MNB - CLOSED 
8. GROUP 2 - MNA - CLOSED 
9. GROUP 2 - MNB - CLOSED 

10. DIRECT CONTROL - MNA - CLOSED 
11. DIRECT CONTROL - MNB - CLOSED 
12. A&C ROLL - MNA - OPEN 
13. A&C ROLL - MNB - OPEN 
14. B&D ROLL - MNA - CLOSED 
15. B&D ROLL - MNB - OPEN 
16. PITCH - MNA - CLOSED 
17.- PITCH - MNB - OPEN 
18. YAW - MNA - CLOSED 
19. YAW - MNB - OPEN 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
2Z. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 

MDC-24 

1. SCS rovER - AC 1 
2. RATE GYRO POWER - AC 1 

10-53 
SID 65-1702 

I 



NORTH AMERICAN AVIATION, I NC. ~ SPACE and •NFORMAT<ON SYSTEMS DIV<S<ON 

3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

MDC-3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW GIMBAL MCYI'OR 1 - OFF 
4. YAW G IMBAL MOTOR 2 - OFF 
5. INJECT PREVAL VE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC-6 

ATTITUDE SET - OFF 

MDC-7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - UNPINNED 
TRANSLATION CONTROLS - LOCKED ___,.,---

MDC-14 

1. PROGRAM - 62 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - ADJUST AS REQUIRED 

MDC-2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 

MDC-22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. IMU-MNA - CLOSED 
4. IMU-MNB - CLOSED 
5. COMPUTER-MNA - CLOSED 
6. COMPU1'ER-MNB - CLOSED 
7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 
9. G&N AC PCMER-AC 1 - CLOSED 

10. G&N AC PCMER-AC 2 - OPEN 
11. G&N AC PCWER-AC 1 
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10.15.2 

10.15.3 

10.15.4 

LEB NAV STATION SWITCHES 

1. IMU TRANSFER - COMPUTER 
2. OPI'ICS SLAVE TELESCOPE - STAR LOS 
J. OPTICS MODE - ZERO OPI'ICS 

· 4. OPTICS HOLD - OFF 
5. OPI'ICS CONTROLLER SPEED - HIGH 
6. OPTICS CONTROLLER MODE - DIRECT 
7. IMU TEMP MODE - AUTO OVERRIDE 
8. AGC MODE - ON 
9. A Tl'ITUDE IMPULSE ENABLE - OFF 

10. CONDITION LAMPS - OFF 
11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONTROL SECONDARY - OFF 
13. PANEL BRIGHTNESS CONTROL - MAX DIM 
14. AGC BRIGHTNF,SS CONTROL - MAX DIM 

On MDC-14 Press ENTER. I) 

In response to V06Nl7 flash enter V33E on MDC-14. (k -
([ (. ) 

NOTE: The G&N will initiate a positive pitch maneuver at 
4 degrees per second until the ball reads a pitch angle 
of 152 degrees with respect to the body symbol. Yaw 
and roll should remain at zero degrees. 

Confirm the program change to 63 on MDC-14. ----
10.15.5 Visually confirm entry attitude out the docking window to 
exterior reference cues given by DSIF and from onboard mission data~ 

10.15.6 0 ' 
The DSKY will ~~ Vl6N54 and display the following: 

ngle to 0.01 de rees 
R2 - G actual t ,,, g --- ~, • ( r-J 

i-tude to O.l NM 12. i (l (, o ' 

10.15.7 Monitor attitude hold limit cycle during this period. Depress 

~ the FDAI align pushbutton for approximately 10 seconds. 

10.15.8 Watch the DSKY for major mode change to 64 and display of O. ~ ~ 
gin register 2. ~ 
10.15.9 

10.15.10 
a 2 in the 

10.15.11 

10.15.12 

Change the 0.05 g switch to ON. 

Monitor register 2 for a 0.2 g indication from the display of 
right columns. ~ 

Program 64 will change to Program 67 on the MDC-14 automatically. (o 1 
Monitor G&N control of roll attitude. 
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10.15.13 Monitor the pitch and yaw rate displays for rate damping to 
± 2 degrees per second. 

10.15.14 Monitor the pressure gauge for the CM B propellant system to 
assure no loss of propellant (i.e., constant pressure reading from initial 
value when tuned on and allowed to stabilize.) 

10.15.15 When register 3 reads 14 NM discontinuP. roll control by 
rotating the Translation Control clockwise into the stop. 

10.15.16 When register 3 reads 4 NM switch off the pitch, yaw, and 
B&D Roll Channel Enable Switches to backup the Mission Sequences RCS inhibit 
functions and momentarily move the RCS CMD switch on MDC-16 to OFF. 
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10.16 

10.16.1 

Prelaunch G&C Functions. 

Confirm the following initial switch conditions: 

MDC 8 --
1. DIRECT RCS - OFF 
2. LIMIT CYCLE - OFF 
3. ATTITUDE DEADBAND - MAXIMUM 
4 •• 05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - ON 
7. G&N/scs - scs 
8. ATTITUDE/MONITOR/ENTRY - MONITOR 
9. A&C ROLL CHANNEL - OFF 

10. B&D ROLL CHANNEL - OFF 
11. PITCH CHANNEL - OFF 
12. YAW CHANNEL - OFF 
13. ROLL RA TE GYRO - NORMAL 
14. PITCH RATE GYRO - NORMAL 
15. YAW RATE GYRO - NORMAL 

MDC 25 

1. FDAI LTG - AC l 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. 

1 
A&C ROLL-MNA - CLOSED 

13. A&C ROLL-MNB - CLOSED 
14. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 24 

1. SCS POWER - AC 1 
2. RATE GYRO POWER - AC 1 
J. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW G IMBAL MOTOR 1 - OFF 
4. YAW G IMBAL MOTOR 2 - OFF 
5. INJECT PREVAL VE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC 14 

1. PRffiRAM - 03 
2. UPI'EL - ACCEPT/BLOCK - BLOCK 
J. DSKY BRIGI-ITNESS - ADJUST AS REQUIRED 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF /RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 
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MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. IMU-MNA - CLOSED 
4. IMU-MNB - CLOSED 
5. COMPUTER-MNA.,. CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPI'ICS-MNA - OPEN 
8. OPI'ICS-MNB - OPEN 
9. G&N AC POWER-AC 1 - CLOSED 

10. G&N AC POWER-AC 2 - CLOSED 
11. G&N AC PCWER-AC 1 

LEB NAV STATION SWITCHES 

1. IMU TRANSFER - COMPUTER 
2. OPI'ICS SLAVE TELESCOPE - STAR LOS 
3. OPI'ICS MODE - ZERO OPI'ICS 
4. OPI'ICS HOLD - OFF 
5. OPI'ICS CONTROLLER SPEED - HIGH 
6. OPI'ICS CONTROLLER MODE - m RECT 
7. IMU TEMP. MODE - AUTO OVERRIDE 
8. AGC MODE - ON 
9. ATTITUDE IMPULSE ENABLE - OFF 

10. CONDITION LAMPS - ON 
11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONTROL SECONDARY - OFF 
13. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
14. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 

10.16.2 Place the FDAI self test switch ON. Observe the rate indicator. 
All three should deflect to approximately - 2/3 of full scale. (i.e., roll 
and yaw right, and pitch up) 

10.16.3 Return the FDAI self test switch to OFF. The rate indicators 
should return to null. 

10.16.4 Switch the ATTITUDE/MONITOR/ENTRY switch to attitude. 

10.16.5 Confirm the following attitude set dial values. Roll 164.8 
degrees, Pitch 58.3 degrees, Yaw 9.7 degrees. (For launch pad 37 only. 
Pad 34 values would all be different and this step and steps 7 and 11 may 
also change). 

10.16.6 

10.16.7 

Depress the FDAI Align pushbutton ~10 seconds. 

Set the attitude set dials to Roll 150 degrees, Pitch 80 
degrees, Yaw 20 degrees. 
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10.16.8 Place the attitude set switch ON and confirm the displacement 
of all three attitude error indicators. Roll, full left; Pitch, full down; 
Yaw, full left. 

10.16.9 Return the attitude set switch to OFF. 

10.16.10 Depress the FDAI align pushbutton for~ 10 seconds. Confirm 
that the attitude ball moves to the above angles when references t o the 
entry symbol ( $ ) • 

10.16.ll Return the attitude set dials to Roll 164.8 degrees, Pitch 
58.3 degrees, Yaw 9.7 degrees. 

10.16.12 Place the attitude set switch on. Confi rm the displacement of 
all three attitude error indicators. Roll, full right; Pitch, full up; Yaw, 
full right. 

10.16.13 Return the attitude set switch to OFF. 

10.16.14 Depress the FDAI align pushbutton for~ 10 seconds. Confirm 
that the attitude ball returns to the above angles when referenced to the 
entry symbol ( (I) ) • 

10.16.15 

10.16.16 

Place the TVC 1 switch to AC 1. 

Place the TVC 2 switch to AC 2. 

10.16.17 Depress the delta V set switch to the maximum, increasing 
drive position until the delta V remaining indicator reads~ 2,50~ feet 
per second. 

10.16.18 Depress the delta V set switch to the maximum, then minimum 
decreasing drive position until the delta V remaining indicator reads,::::::, 
2,45o-r.- feet per second. 

*NOTE: The values listed in paragraph 10.16.17 and 10.16.18 
are variable depending upon the final SPS propellant 
loading values and should be recalculated whenever 
the planned SPS propellant loading is varied. The 
values are derived from the following formulas: 

10.16.17 Initial setting = 6 Ve + 50 

10.16.18 

/J.Vc. =A\/15p5 - b.Vr - AV.I> 

c1 Ve - counter setting 

6 VT = Total SPS change sps 

A VT - Tailoff 

fl Vu = SPS deorbit velocity 
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CAUTION: The delta V remaining drive circuitry design has 
an operational problem with respect to setting 
these values on the pad. The accelerometer input 
adds to the delta v set drive rate to produce the 
following drive rates: 

Increasing fast 
Increasing slow 
Decreasing slow 
Decreasing fast 

32 feet per second 
-30 feet per second 
-34 feet per second 
-96 feet per second 

This requires tapping the set switch when near the 
final value to approximate the required setting. 
The setting in step 17 has a large tolerance. The 
setting in step 18 should be within 10 feet per 
second of the required value as it will be used to 
override G&N control of an SPS abort to orbit. The 
value reserves deorbit delta V and indicates a 
possible computer malfunction. 

10.16.19 Adjust the pitch and yaw gimbal position thumbwheels to 0 
degrees and+ 4 degrees respectively. 

10.16.20 Place to momentary start then ON, in sequence, the gimbal 
motor drive switches PITCH 1, PITCH 2, YAW 1, and YAW 2. 

10.16.21 Confirm that the gimbal position indicators settle at approxi-
mately the above angles. 

10.16.22 Adjust the pitch and yaw gimbal position thumbwheels to+ 2 
degrees and+ 6 degrees respectively. Confirm that the indi~ators follow 
the thumbwheel conunands and settle at the new values. 

10.16.23 Place the PITCH 1 and YAW 1 gimbal motor swit.ches to OFF. Con-
firm t hat the pitch and yaw indicators remain at approximately the set values. 

10.16.24 Adjust the pitch and yaw gimbal position thumbwheels to +o.4 
degrees and+ 3.6 degrees respectively. Confirm that the indicators follow 
the thumbwheel conunands and settle at the new values. Use the indicators 
for fine adjusting to the+ 0.4 degree and+ 3.6 degrees positions. (The 
final SPS gimbal trim angles are also based upon the presently planned SPS 
propellant load for SC 012 and will vary with any changes in that value). 

10.16.25 

10.16.26 

Place the PITCH 2 and YAW 2 switches to OFF. 

Return the ATTITUDE/MONITOR/ENTRY switch to ' monitor. 

10.16.27 Confirm that the ball continues to indicate Roll 164.8 degrees, 
Pitch 58.3 degrees and Yaw 9.7 degrees against the entry symbol ( + ). 
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10.16.28 

10.16.29 

10.16.30 

10.16.31 

10.16.32 

10.16.33 

10.16.34 

Confirm major mode 03 is displayed on the main display panel DSKY. 

NOTE: The following steps should be delayed until 
immediately before launch. 

Place the INJECT PREVALVE A and B switches to ON. 

NOTE: G&N lower equipment bay setup was accomplished 
prior to installation of boost protective cover. 

Place the DIRECT RCS switch ON. 

On MDC ENTER V37Ell. Do not PRESS ENTER after 11. 

Unpin the ROTATION CONTROLS. 

Place the NORMAL/OFF/DIRECT ON switch to the NOP.MAL position. 

Place the RCS COMMAND switch to momentary OFF. 

10.16.35 Place the SCS CHANNEL ENABLE switches, (PITCH, YAW, B&D ROLL, 
and A&C ROLL) to ON. 

10.16.36 

10.16.37 

Depress the FDAI align pushbutton for~ 10 seconds. 

Place the G&N/SCS switch to G&N 
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10.17 

10.17.1 

Launch G&C Functions. 

CAUTION: During launch parts of the G&C systems are used 
as abort cues. In all cases two independant cues 
are to be used in deciding to initiate an abort. 
Sources available are Launch Vehicle displays, 
G&N displays, SCS disnl~ys, angle of attach dis­
play, ground requests, and physical sensing on 
the part of the astronaut. 

Initial Switch Conditions are: 

MDC 8 

1. DIRECT RCS - ON 
2. LIMIT CYCLE - OFF 
3. ATTITUDE DEADBAND - MAXIMUM 
4 •• 05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - ON 
7. G&N/scs - G&N 
8. ATTITUDE/MONITOR/ENTRY - MONITOR 
9. A&C ROLL CHANNEL - ON 

10. B&D ROLL CHANNEL - ON 
11. PITCH CHANNEL - ON 
12. YAW CHANNEL - ON 
13. ROLL RA TE GYRO - NORMAL 
14. PITCH RA TE GYRO - NORMAL 
15. YAW RA TE GYRO - NORMAL 

~5 

1. FDAI LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CIDSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MN A - CLOSED 
13. A&C ROLL-MNB - CLOSED 
14. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED c H 
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20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 

MDC ?4 

1. SCS POWER - AC 1 
2. RATE GYRO PCMER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - AC 1 
6. TVC 2 POWER - AC 2 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW G IMBAL MOTOR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - ON 
6. INJECT PREVALVE B - ON 

MDC 6 --
ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - UNPINNED 
TRANSLATION CONTROLS - LOCKED 

MDC 14 

1. PROORAM -
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - ADJUST AS REQUIRED 

MDC 2 

1. FDA! SELF TEST - OFF 
2. FDA! BRIGHTNESS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 

10-64 
SID 65-1702 



NORTH AMERICAN AVIATION, INC . SPACE and INFOR!l.1ATION SYSTE!I.IS DIVISION 

MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. IMU-MNA - CLOSED 
4. IMU-MNB - CLOSED 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 
9. G&N AC POWER-AC 1 - CLOSED 

10. G&N AC POWER-AC 2 - CLOSED 
11. G&N AC POWER - AC 1 

LEB NAV STATION SWITCHES 

1. Hill TRANSFER - COMPUTER 
2. OPTICS SLAVE TELESCOPE - STAR LOS 
3. OPTICS MODE - ZERO OPTICS 
4. OPTICS HOLD - OFF 
5. OPTICS CONTROLLER SPEED - HIGH 
6. OPTICS CONTROLLER MODE - DIRECT 
7. IMU TEMP. MODE - AUTO OVERRIDE 
8. AGC MODE - ON 
9. ATTITUDE IMPULSE ENABLE - OFF 

10. CONDITION LAMPS - QN 
11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONTROL SECONDARY - OFF 
13. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED f'A ./\. rJ 1

"" 

14. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED k~ ~ ~ fJ M 

10.17.2 At liftoff - 3 seconds, confirm the major mode change from 03 
to 05 on the main display DSKY panel. 

10.17.3 At liftoff, confirm the major mode change from 05 to 11 on 
the main display DSKY panel. If this occurs, press verb then key release. 
If it does not occur, press enter. 

10.17.4 
abort cue. 

Monitor on the FDAI for any full scale rate indication as an 

10.17.5 Monitor on the FDAI the attitude error indicators as follows: 
Roll - Liftoff to LET jettison - full scale is an abort cue. Pitch and Yaw -
Lift off to 50 seconds - 2/3 full scale is an abort cue(± 10 degrees) - 50 
seconds to LET jettison - full scale is an abort cue(± 15 degrees). 
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10.17.6 Monitor on the FDAI the attitude ball indications as follows 
against the entry symbol ( e ) . 

Up to lift off Roll 
Pitch 
Yaw 

164.8 deg. 
58.3 deg. 
9.7 deg. 

Roll maneuver complete Roll 180 deg. 

(Immediately after liftoff) Pitch 

Yaw 

58 deg. 

0 deg. 

Yaw and Roll should remain ~O degrees and 180 degrees res­
pectively as Pitch gradually changes from 58 degrees to O degree to - 49.5 
degrees at orbital insertion. Significant differences from this attitude 
program would constitute an abort cue. 

10.17.7 At+ 110 seconds place the four gimbal Motor switches (Pitch 
1 and 2 and Yaw 1 and 2) momentarily to start then ON. Confirm Pitch and 
Yaw gimbal position indicators to remain at or near+ 0.4 degree and+ 3.6 
degrees respectively. 

10.17.8 

10.17.9 
the MDC 14 

The DSKY displays from lift-off to 171 seconds will be: 

Register 1 - Altitude in nautical miles to .01 (an increasing 
value). 

Register 2 - Inertial velocity in feet per second (an increas­
ing value). 

Register 3 - An angle to 0.1 degrees representing the differ­
ences between the inertial velocity vector and 
the local horizontal. 

At 171 seconds confirm the major mode change from 11 to 12 on 

NOTE: At 176 seconds the attitude error indicators on 
the FDAI should go to and remain at O degree in 
all axes as the IMU has been switched to a fine 
align mode. 
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10.17.10 The DSKY displays will now indicate: 

Register 1 - Maximum g predicted for free fall to entry to 
0.1 g (variable then decreasing to zero). 

Register 2 - Perigee Altitude to the nearest 0.1 nautical 
mile (increasing). 

Register 3 - Time of free fall in minutes and seconds to 
300,000 feet (increasing to maximum of 59 
minutes 59 seconds unless perigee is > 300,000 
feet. In that case, R3 will read 99999). 

10.17.11 At successful orbit injection (S-IVB shutdown) the DSKY dis-
play changes from the above to: 

10.17.12 

Register 1 - Delta R or miss distance to the recovery area 
in nautical miles (maybe plus or minus). 

Register 2 - Perigee Altitude to the nearest 0.1 nautical 
mile (increasing). 

Register 3 - Time of free fall in minutes and seconds to 
300,000 feet (increasing to maximum of 59 
minutes 59 seconds unless perigee is ::> 300,000 
feet. In that case, R3 will read 99999). 

Safe orbit confirmation must be received from MSFN. 

10.17.13 At this time the Pitch and Yaw Gimbal Motor switches should 
be successively placed to OFF. 

10.17.14 Enter V33E on MDC l.4. 

10.17.15 On the Main display panel DSKY monitor the display of Verb 16 
Noun 43 flashing and the values below. 

10.17.16 

Register 1 - Apogee attitude in nautical miles to 0.1 

Register 2 - Perigee attitude in nautical miles to 0.1 

Register 3 - same as above 

When finished V33E should be entered on MDC-14. 
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10.17.17 Verb 16N34 will now Flash and time to perigee will be displayed 
in Rl, R2, and R3 as follows: 

10.l 7 .18 

10.17.l9 

Register 1 - Time perigee (hours) 

Register 2 - Time perigee (minutes) 

Register 3 - Time perigee (seconds to 0.01) 

When finished VJJE should be entered on MDC 14. 

The program number should now go to 00 on the DSKY panel MDC l4. 

10.17.20 Procedure 10.23, SCS-G&N Attitude Reference Comparison should 
not be followed. 

10.17.21 The SCS portion of the 10.1, G&C Power Down Procedure should 
now be followed. 

10.17.22 
on MDC 25. 

Open the two BAT A circuit breakers for gimbal motor control 
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10.18 

10.18.1 

SC Attitude Maneuver to External Reference. 

Confirm or select the following initial switch conditions: 

MDC 8 

1. DIRECT RCS - OFF 
LIMIT CYCLE - ON 
ATTITUDE DEADBAND - MAXIMUM 
• 05 GENTRY - OFF 
LOCAL VERTICAL - OFF 
DELTA V - OFF 

2. 
3. 
4 • 
5. 
6. 
7. 
8. 
9. 

G&N/scs - scs 
ATTITUDE/MONITOR/ENTRY - ATTITUDE 

10. 
11. 
12. 
13. 
14. 
15. 

A&C ROLL CHANNEL -1 ONE ON, ONE OFF -
B&D ROLL CHANNEL - ONE FOR FULLEST QUAD ON 
PITCH CHANNEL - ON 
YAW CHANNEL - ON 
ROLL RATE GYRO - NORMAL 
PITCH RATE GYRO - NORMAL 
YAW RATE GYRO - NORMAL 

MDC 25 

1. FDAI LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROIJ..-MNA - CLOSED 
13. A&C ROIJ..-MNB - CLOSED 
14. B&D ROIJ..-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 24 

1. SCS POWER - AC 1 
2. RATE GYRO POWER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 PCWER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW GIMBAL MOTOR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC 14 

1. PROGRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - ADJUST AS REWUIRED 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF /RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 

NOTE: This procedure is intended for cases where either the 
G&N has failed or where the accuracy of the final atti­
tude does not require a precise maneuver. The G&N will 
be on with the IMU aligned for some of these maneuvers 
on SC 012 and the switches are called out for those 
positions. Steps that can be deleted and position 
that would be changed for a G&N off condition are 
called out with an*· 
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MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 

*3. IMU-MNA - CLOSED 
*4. IMU-MNB - CLOSED 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPI'ICS-MNA - OPEN 
8. OPI'ICS-MNB - OPEN 

*9. G&N AC POWER-AC 1 - CLOSED 
*10. G&N AC PCWER-AC 2 - CLOSED 

11. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHES 

1. IMU TRANSFER - COMPUTER 
2. OPI'ICS SLAVE TELESCOPE - STAR LOS 
3. OPI'ICS MODE - ZERO OPI'ICS 
4. OPI'ICS HOLD - OFF 
5. OPI'ICS CONTROLLER SPEED - HIGH 
6. OPI'ICS CONTROLLER MODE - DIRECT 
7. IMU TEMP MODE - AUTO OVERRIDE 

*8. AGC MODE - ON 
9. ATTITUDE IMPULSE ENABLE - OFF 

10. CONDITION LAMPS - ON 
11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONTROL SECONDARY - OFF 
13. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
14. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED 

10.18.2 From MSFN and/or on board mission timeline data determine the 
attitude to be attained. The external reference can be stellar, solar, and/ 
or earth oriented. 

10.18.3 Use on board star charts and/or earth maps to review for pre-
sent attitude, desired attitude, and the magnitude and direction of the 
required attitude changes. 

10.18.4 

10.18.5 

10.18.6 

CAUTION: Care should . be taken to avoid pointing the+ X 
axis within± 15 degrees of the sun during the 
maneuver. If the final attitude is within+ 15 
degrees of the sun 10.24 the precise SC orienta­
tion using telescope procedure should be used. 

Adjust seat back to docking position. 

Unpin Rotation control to be used. 

Limit cycle switch - OFF (MDC 8). 
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10.18.7 Simultaneously displace the rotation control in all three axes 
to command proportional rates in the appropriate directions and i n the same 
ratios as the magnitudes of the angular changes required. 

10.18.8 

10.18.9 

Attitude deadband - minimum during the maneuver (MDC 8). 

Monitor the attitude change against the external references. 

10.18.10 As the attitude nears that desired restore the rotation con-
trol to neutral in the appropriate axes. 

10.18.11 Confinn achievement of the desired attitude making final 
adjustments as required. 

10.18.12 

10.18.13 

10.18.14 

10.18.15 

Limit cycle switch - ON (MDC 8). 

Use procedure 10.23, Attitude Reference Comparison, at this point. 

Repin the rotation control. 

Readjust the seat back . to normal position. 
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10.19 

10.19.1 

RCS De-Orbit (G&N and SPS Inoperative), CM-SM Separation, 
and SCS Entry. 

Confirm or select the following switch positions: 

MDC 8 

1. DIRECT RCS - OFF 
2. LIMIT CYCLE - ON 
3. ATTITUDE DEADBAND - MAXIMUM 
4 •• 05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&N/scs - scs 
8. ATTITUDE/MONITOR/ENTRY - ATTITUDE 
9. A&C ROLL CHANNEL - OFF 

10. B&D ROLL CHANNEL - ON 
11. PITCH CHANNEL - ON 
12. YAW CHANNEL - ON 
13. ROLL RA TE GYRO - NORMAL 
14. PITCH RATE GYRO - NORMAL 
15. YAW RATE GYRO - NORMAL 

MDC 25 

1. FDAI LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 
J. GROUP 1-AC 2 - CWSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CIJJSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MNA - CLOSED 
13. A&C ROLL-MNB - CLOSED 
l4. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CWSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 24 

1. SCS PCMER - AC 1 
2. RATE GYRO POWER - AC 1 
3. ROTATION CONTROL PCMER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW GIMBAL MOTOR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 --
ATTITUDE SET - OFF 

MDC 7 
NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC l4 

1. PROGRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - MAX. DIM. 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
3. ECSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 
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10.19.2 

MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. IMU-MNA - OPEN 
4. IMU-MNB - OPEN 
5. COMPUTER-MNA - OPEN 
6. COMPUTER-MNB - OPEN 
7. OPI'ICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 
9. G&N AC POWER-AC 1 - OPEN 

10. G&N AC P<MER-AC 2 - OPEN 
11. G&N AC P<MER-AC 1 

LEB NAV STATION SWITCHES 

1. IMU TRANSFER - COMPUTER 
2. OPTICS SLAVE TELF.sCOPE - STAR LOS 
3. OPI'ICS MODE - ZERO OPTICS 
4. OPI'ICS HOLD - OFF 
5. OPI'ICS CONTROLLER SPEED - HIGH 
6. OPI'ICS CONTROLLER MODE - DIRECT 
7. IMU TEMP. MODE - AUTO OVERRIDE 
8. AGC MODE - STANDBY 
9. ATTITUDE IMPUL.5E ENABLE - OFF 

10. CONDITION LAMPS - OFF 
11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONTROL SECONDARY - OFF 
13 .. PANEL BRIGHTNF,SS CONTROL - MAX. DIM. 
14. AGC BRIGHTNESS CONTROL - MAX. DIM. 

Confirm with MSFN the following data: 

a. GMT time of firing of CM-SM separation, and of reaching 
the 0.05 g interface. 

b. Actual delta V change required (feet per second). 

c. Firing duration (seconds). 

d. Attitude required for deorbit with respect to visual 
external reference cues to be used and attitude set values 
for RCS Deorbit Attitude. 

NOTE: An average attitude must be held in this case which 
will require a higher delta V than in the case where 
all of the change is opposite the velocity vector. 
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10.19.3 Set digital event timer to reach 00 - 00 at time for ullage. 

10.19.4 Using G&C procedure 10.18, SC Attitude Maneuver to external 
reference, maneuver SC to required Attitude. 

10.19.5 

10.19.6 

Attitude deadband switch to minimum during maneuver. 

TVC number 1 switch to AC 1. 

10.19.7 Set delta V remaining counter (MDC 7) to value received from 
MSFN using delta V set switch. 

10.19.8 Set attitude set dials to values received from MSFN Roll 000, 
Yaw 000, Pitch 

10.19.9 

10.19.10 

10.19.11 

10.19.12 

Unlock the prime and alternate translation controls. 

Unpin the rotation control. 

Direct RCS switch ON. 

Limit cycle switch OFF (within less than one minute of ON time). 

10.19.13 Standby to takeover manually to the external reference if the 
automatic hold function fails. 

10.19.1..4 On cue from the navigator, who is monitoring either the elapsed 
time indicator or the GMT clock, initiate a+ X translation cormnand. 

10.19.15 On cue from the navigator, who is monitoring the delta V 
remaining counter and the time cues, cease the+ X translation command. 

10.19.16 

10.19.17 

10.19. 18 

Attitude deadband switch to maximum. 

TVC 1 power switch to OFF (MDC 24). 

Relock the translation control. 

10.10.19 Using G&C Procedure 10.13, Attitude Maneuver, to Attitude Ball 
Reference, change the pitch angle to which will be the attitude for CM­
SM at the separation time. Yaw and roll should be held at 000. 

10.19.20 Confirm the separation attitude to external visual cues. 
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10.19.21 Open the following circuit breakers on MDC 25. 

A&C Roll MNA 
A&C Roll MNB 
B&D Roll MNB 
Pitch MNB 
Yaw MNB 

10.19.22 Manually activate A&B CM RCS pressurization and verify on 
pressure indicator on MDC 12. 

NOTE: Leave RCS Indicator selector on CMB. 

10.19.23 Recheck Limit Cycle switch on MDC 8 is OFF. (An incorrect 
setting of this switch will use excessive propellant in entry). 

10.19.24 Momentarily set FDAI Self-Test switch on MDC 2 to ON. Verify 
movement of all three rate indicators. 

10.19.25 Place the Attitude/Monitor/Entry switch on MDC 8 to Entry. 

10.19.26 When Digital Event Timer reads activate CM-SM 
Separation sw:it ch on MDC 16. 

10.19.27 Confirm CM-SM separation rate damping. 

10.19.28 Command a negative pitch maneuver to again holding Yaw 
and Roll 000. 

10.19.29 At on the Digital Event Timer and when the first "g" 
buildup is sensed place the 0.05 g switch on MDC 8 to ON. 

NOTE: The "g" meter on MDC 2 may also be useful as a cue. 

10.19.30 Initiate a 15 degrees per second clockwise roll. 

10.19.Jl Place the B&D Roll Enable switch off on MDC 8 and return the 
rotation control to neutral. 

10.19.32 Monitor the pitch and yaw rate displays for rate damping to± 2 
degrees per second. The roll rate display should continue to read 15 ± 3 
degrees per second. 

10.19.33 At ~35,000 feet stop the roll rate with direct. 

10.19.34 At~ 25,000 feet place the Pitch and Yaw Enable switches on 
MDC 8 to OFF and momentarily move the RCS CMD switch on MDC 16 to OFF to 
Backup Sequencer inhibition of RCS firings. 
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10.20 Manual TVC to FDAI Attitude Reference. 

CAUTION: An MTVC, using the FDAI as a reference, is only 
possible if the IMU is aligned and operating. The 
SCS attitude reference is not available for MTVC as 
an inherrent part of the design of the MTVC mode. 

NOTE: Steps 10.20.l through 10.20.5 will have preceded this 
procedure. They are included to show the Delta V 
preparation continuity. 

10.20.l Using SPS propellant readings taken following the previous 
SPS burn and onboard curves, read pitch and yaw gimbal trim angles required. 

10.20.2 Check with MSFN for following data after confirming SPS fuel 
quantity remaining to MSFN as a part of procedure 10.46, AGC Update. 

a. GMT time of firing 

b. Delta V change required (less tail-off allowance) 

c. Firing duration(~ 1 second) 

d. Attitude required for delta V both as IMU gimbal angles 
readout from last IMU alignment and as visual references 
expected out the docking window when aligned. 

e. Pitch and yaw trim angles 

10.20.3 Compare G&N data with MSFN using procedure 10.43, Orbit 
Change and SPS Minimum Impulse Prethrusting. 

10.20.4 Using procedures 10 .4.4, IMU Orientation Determination and 
10.45, IMU Align, align the IMU and orient the vehicle to the required 
attitude. 

10.20.5 

10.20.6 

Confirm S/C attitude through the docking window. 

At 12 minutes before the burn the following initial switch 
conditions should exist or be selected. 

MDC-8 

1. DIRECT RCS - OFF 
2. LIMIT CYCLE - ON 
3. ATTITUDE DEADBAND - MAXIMUM 
4. 0.05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&N/SCS - G&N 
8. ATTITUDE/MONITOR/ENTRY - ATTITUDE 
9. A&C ROLL CHANNEL - OFF 
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10. B&D ROLL CHANNEL - ON 
11. PITCH CHANNEL - ON 
12. YAW CHANNEL - ON 
13. ROLL RA TE GYRO - NORMAL 
1.4. PITCH RA TE GYRO - NORMAL 
15. YAW RA TE GYRO - NORMAL 

MDC-25 

1. FDAI LTG - AC 1 · 
2 . GROUP 1 - AC 1 - CLOSED 
3. GROUP 1 - AC 2 - CLOSED 
4. GROUP 2 - AC 1 - CLOSED 
5. GROUP 2 - AC 2 - CLOSED 
6. GROUP 1 - MNA - CLOSED 
7. GROUP 1 - MNB - CLOSED 
8. GROUP 2 - MNA - CLOSED 
9. GROUP 2 - MNB - CLOSED 

10. DIRECT CONTROL - MNA - CLOSED 
11. DIRECT CONTROL - MNB - CLOSED 
12. A&C ROLL - MNA - CLOSED 
13. A&C ROLL - MNB - CLOSED 
l.4. B&D ROLL - MNA - CLOSED 
15. B&D ROLL - MNB - CLOSED 
16. PITCH - MNA - CLOSED 
17. PITCH - MNB - CLOSED 
18. YAW - MNA - CLOSED 
19. YAW - MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL - PITCH - BAT A - CLOSED 
22. GIMBAL MOTOR CONTROL - YAW - BAT A - CLOSED 
23. SPS GAUGING - AC 1 

MDC-24 

1. SCS POWER - AC 1 
2. RATE GYRO POWER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 P&ER - OFF 

MDC-3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW GIMBAL MOTOR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVAL VE B - OFF 
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MDC-6 

ATTITUDE SET - OFF 

MDC-7 

NORMAL/OFF/DIRECT ON - OFF . 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC-l.4 

1. PROORAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - ADJUST AS REQUIRED 

MDC-2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 

MDC -22 

1. IMU HTR - MNA - CLOSED 
2. IMU HTR - MNB - CLOSED 
3. IMU - MNA - CLOSED 
4. IMU - MNB - CLOSED 
5. COMPUTER - MNA - CLOSED 
6. COMPUTER - MNB - CLOSED 
7. OPTICS - MNA - OPEN 
8. OPTICS - MNB - OPEN 
9. G&N AC PCWER - AC 1 - CLOSED 

10. G&N AC PCMER - AC 2 - CLOSED 
11. G&N AC PCMER - AC 1 

LEB NAV STATION SWITCHF.S 

1. IMU TRANSFER - COMPUTER 
2. OPTICS SI.A VE TELESCOPE - STAR LOS 
J. OPTICS MODE - ZERO OPTICS 
4. OPTICS HOLD - OFF 
5. OPTICS CONTROLLER SPEED - HIGH 
6. OPTICS CONTROLLER MODE - DIRECT 
7. IMU TEMP MODE - AUTO OVERRIDE 
8. AGC MODE - ON 
9. ATTITUDE IMPULSE ENABLE - OFF 

10. CONDITION LA.MPS - ON 
11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONTROL SECONDARY - OFF 
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10.20.7 
MDC-U. 

13. PANEL BRIGHTNESS CONTROL - MAX DIM 
U. AGC BRIGHTNESS CONTROL - MAX DIM 

Approximately 10 minutes before the burn, enter V37E41E on 

10.20.8 In response to V50N25 flash key in VJ3E on MDC-U to bypass 
the mode check (which is too early). 

10.20.9 In response to Vl6N20 flash key in V33E on MDC-14. to bypass 
AGCU set routine. 

10.20.10 In response to Vl6N57 flash set Digital Event Timer to 
minutes and seconds to go in Rl. Note total velocity change required in R2. 

10.20.11 Set pitch and yaw gimbal trim angles coarsly to +4 degrees 
and +6 degrees respectively using numerical values on thumbwheels on MDC-6. 

10.20.12 Set the attitude set dials on MDC-6 to O degrees roll, 0 
degrees yaw, and 32 degrees pitch and depress the FDA! align pushbutton 
(all on MDC-6) for approximately 30 seconds. 

10.20.13 Set TVC 1 switch to AC 1 (MDC-24). 

10.20.U Set the delta V remaining counter on MDC-? to the value of 
delta V required received from MSFN using the delta V set switch on the 
same panel. 

10.20.15 

10.20.16 

Set TVC 2 switch to AC 2 (MDC-24). 

Set Inject Prevalve switches A and B to ON (MDC-J). 

10.20.17 Approximately 5 minutes before the burn set the Attitude 
Deadband switch on MDC-8 to Minimum. 

10.20.18 Delta V switch on MDC-8 to ON. 

10.20.19 Gimbal motors switches on MDC-3 in sequence approximately 4 
minutes before ignition. 

a. Pitch 2 to momentary start then ON. 

b. Yaw 2 to momentary start then ON. 

10.20.20 Confirm on MDC-6 the drive of the pitch and yaw gimbals to +4 
degrees and +6 degrees respectively. 

10.20.21 Gi.mbal motor switches on MDC-3 in sequence. 

a. Pitch 1 to momentary start then ON. 

b. Yaw 2 to momentary start then ON. 
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10.20.22 After any transients settle out, fine adjust the pitch and 
yaw required trim angles (MDC-6). 

10.20.23 
(MDC-6). 

10.20.24 

10.20.25 

10.20.26 

10.20.27 
lated ullage. 

Confirm 'that the pitch and yaw gimbals go to the final values 

Unlock the prime translation control only. 

Set the thrust control switch on MDC-7 to NORMAL. 

Unpin the rotation control. 

At T-25 seconds R3 on MDC-14 should begin to display accumu­
R3 should remain 00000 until ullage commences. 

10.20.28 When the digital event timer on MDC-5 reads 00 15 initiate a 
+X command with the translation control. 

10.20.29 
flashing. 

At -5 seconds, the Verb Noun flash will change to V50Nll 

10.20.30 At 00 00 the navigator should press Enter on MDC-14 if 15 
seconds of ullage have occurred. The light behind the thrust-on pushbutton 
on MDC-7 should come on and SPS thrust buildup should commence. 

10.20.31 
will change 
to be gained 
accumulated. 

NOTE: The exact velocity change is not important in ullage. 
There must have been a steady ullage of 2 or more +X 
jets to settle the propellant. 

At ignition the Verb Noun display will change to Vl6N51. Rl 
to time to engine cutoff (decreasing), R2 will display velocity 

(decreasing), and R3 will continue to display ullage velocity 

10.20.32 After 15 seconds, when thrust on light behind thrust on push 
button comes on, rotate translation control handle clockwise to select MTVC 
mode. Do not enter V71 or the G&N will terminate thrusting. 

10.20.33 Control attitude to attitude ball reference for total attitude 
and the rate displays as a cross check. 

10 .20.34 
ignition. 

CAUTION: For any failure in this mode during SPS thrusting, 
the corrective action is to place the thrust control 
switch on MDC-7 to OFF and either allow the auto­
matic system to reduce the vehicle rates with RCS 
or to do so manually with Direct Control. New 
orbital parameters data should be obtained from 
MSFN and the appropriate contingency mission path 
selected. 

Retain the +X command for approximately 1 second after SPS 
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10.20.35 The navigator must monitor thrust control to backup the auto-
matic thrust off by returning the thrust control switch to off (MDC-7) if 
necessary. Total time from SPS ignition and the delta V remaining counter 
(MDC-7) are the items checked. When the delta V remaining counter reads 
00000, and R2 reads the tail off value for this burn, the light behind the 
thrust on pushbutton should go out. 

10.20.36 Following tail-off of SPS engine 

a. B&D Roll, Pitch, and Yaw Channel Enable switches to OFF 
(MDC-8). 

NOTE: The enable switches must be off for 5 minutes minimum 
to allow the SPS propellant to damp itself or excessive 
SM/RCS propellant will be expended in this time period. 

b. Gimbal motors in sequence (MDC-3) 

1. Pitch 1 to OFF 

2. Pitch 2 to OFF 

3. Yaw 1 to OFF 

4. Yaw 2 to OFF 

c. Inject Prevalve A and B - both OFF (MDC-3) 

d. Thrust control switch OFF (MDC-7) 

e. TVC 2 OFF (MDC-24) 

f. TVC 1 OFF (MDC-24) 

g. Delta V OFF (MDC-8) 

h. Repin rotation control 

i. Center and lock the translation control 

j. Open the two BAT A circuit breakers for gimbal motor 
control on MDC-25 

k. SPS gauging switch on MDC-25 to OFF 

10.20.37 Read and record delta V accomplished from the delta V remain-
ing counter (MDC-7). 

10.20.38 
MDC-20. 

10.20.39 

Read and record SPS propellant quantities remaining from 

Read delta V accomplished from register 2 of MDC-14. 
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10.20.40 Enter VJJE on MDC-14. Procedure 10.33, Orbit Parameter 
Display will now follow. Upon the final VJJE entry on MDC-14 the program 
will change from 41 to 00. 
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10.21 Manual TVC to Docking Window Reference 

CAUTION : An SCS MTVC, using the FDAI, is not possible. The 
BMAG 1s are providing the MTVC rate reference and so 
cannot update the AGCU position data or display 
attitude error. 

NOTE : Although this procedure would not normally be employed 
unless there has been a failure in the G&N or SCS, on 
s/c 012 this method will be tested with the G&N ON to 
monitor the performance. For later applications the 
G&N may be OFF or only partially ON. The variable 
items in this procedure are marked with an*• 

NOTE: Steps 10.21.1 through 10.21.5 will have preceded this 
procedure. They are included to show the Delta V 
preparation continuity. 

10.21.1 Using SPS propellant readings taken following the previous 
SPS burn and onboard curves, read pitch and yaw gimbal trim angles required. 

10.21.2 Check with MSFN for following data after confirming SPS fuel 
quantity remaining to MSFN as a part of procedure 10.46, AGC Update. 

a. GMT time of firing 

b. Delta V change required (les_s tail-off allowance) 

c. Firing duration(± 1 second) 

d. Attitude required for delta V both as 1MU gimbal angles 
readout from last 1MU alignment and as visual references 
expected out the docking window when aligned. 

e. Pitch and yaw trim angles 

10.21.J* Compare G&N data with MSFN using procedure 10.42, Orbit Change 
and SPS Minimum Impulse Prethrusting. 

10.21.4* Using procedure 10.44, 1MU Orientation Determination and 10.45, 
IMU Align, align the IMU and orient the vehicle to the required attitude. 

10.21.5 Confirm SC attitude through the docking window. 

10.21.6 At 12 minutes before the burn the following initial switch 
conditions should exist or be selected. 

MDC-8 

1. DIRECT RCS - OFF 
2. LIMIT CYCLE - ON 
J. ATTITUDE DEADBAND - MAXIMUM 
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4. 0.05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&N/scs - scs 
8. ATTITUDE/MONITOR/ENTRY - ATTITUDE 
9. A&C ROLL CHANNEL - OFF 

10. B&D ROLL CHANNEL - ON 
11. PITCH CHANNEL - ON 
13. ROLL RA TE GYRO - NORMAL 
14. PITCH RA TE GYRO - NORMAL 
15. YAW RA TE GYRO - NORMAL 

MDC-25 

1. FDAI LTG - AC 1 
2. GROUP 1 - AC 1 - CLOSED 
3. GROUP 1 - AC 2 - CLOSED 
4. GROUP 2 - AC 1 - CLOSED 
5. GROUP 2 - AC 2 - CLOSED 
6. GROUP 1 - MNA - CLOSED 
7. GROUP 1 - MNB - CLOSED 
8. GROUP 2 - MNA - CLOSED 
9. GROUP 2 - MNB - CLOSED 

10. DIRECT CONTROL - MNA - CLOSED 
11. DIRECT CONTROL - MNB - CLOSED 
12. A&C ROLL - MNA - CLOSED 
13. A&C ROLL - MNB - CLOSED 
l4. B&D ROLL - MNA - CLOSED 
15. B&D ROLL - MNB - CLOSED 
16. PITCH - MNA - CLOSED 
17. PITCH - MNB - CLOSED 
18. YAW - MNA - CLOSED 
19. YAW - MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL - PITCH - BAT A - CLOSED 
22. GIMBAL MOTOR CONTROL - YAW - BAT A - CLOSED 
23. SPS GAUGING - AC 1 

MDC-24 

1. SCS POWER - AC 1 
2. RATE GYRO POWER - AC 1 
3. ROTATION CONTROL PCWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

MDC-3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
J. YAW GIMBAL MOTOR 1 - OFF 
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~ -,· 

4. YAW GIMBAL MOTOR 2 - OFF 
5. INJECT PREVAL VE A - OFF 
6. INJECT PREVAL VE B - OFF 

MDC-6 --
ATTITUDE SET - OFF 

MDC-7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC-11+ 

* 1. PRCGRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - ADJUST AS REQUIRED 

MDC-2 

1. FDAI SELF TFST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 

MDC-22 

1. IMU HTR - MNA - CLOSED 
2. IMU HTR - MNB - CLOSED 

* 3. IMU - MNA - CLOSED 
* 4. IMU - MNB - CLOSED 
* 5. COMPUTER - MNA - CLOSED 

6. COMPUTER - MNB - CLOSED 
7. OPTICS - MNA - OPEN 
8. OPTICS - MNB - OPEN 

* 9. G&N AC POWER - AC 1 - CLOSED 
*10. G&N AC POWER - AC 2 - CLOSED 

11. G&N AC POWER - AC 1 

LEB NAV STATION SWITCHF.S 

1. IMU TRANSFER - COMPUTER 
2. OPTICS SLAVE TELF,SCOPE - STAR LOS 
J. OPTICS MODE - ZERO OPTICS 
4. OPTICS HOLD - OFF 
5. OPTICS CONTROLLER SPEED - HIGH 
6. OPTICS CONTROLLER MODE - DIRECT 
7. IMU TEMP MODE - AUTO OVERRIDE 

* 8. AGC MODE - ON 
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9. ATTITUDE IMPUL5E ENABLE - OFF 
*10. CONDITION LAMPS - ON 

11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONTROL SECONDARY - OFF 
13. PANEL BRIGHTNESS CONTROL - MAX DIM 
l4. AGC BRIGHTNESS CONTROL - MAX DIM 

10.21.7 * Approximately 10 minutes before the burn, enter V37E46E on 
MDC-l4. Confirm program 46 on MDC-l4. 

10.21.8 
ignition time. 

Set the DET from the GMT clock to reach 00 00 at engine 

10.21.9 Set pitch and yaw gi.mbal trim angles coarsly to +4 degrees 
and +6 degrees respectively using numerical values on thumbwheels on MDC-6. 

10.21.10 Set the attitude set dials on MDC-6 to O degrees roll, 0 
degrees yaw, and 32 degrees pitch and depress the FDAI align pushbutton 
( all on MDC-6) • 

10.21.11 Set TVC 1 switch to AC 1 (MDC-24). 

10.21.12 Set the delta V remaining counter on MDC-7 to the value of 
delta V required received from MSFN using the delta V set switch on the 
same panel. 

10.21.13 

10.21.14 

Set TVC 2 switch to AC 2 (MDC-24). 

Set Inject Prevalve switches A and B to ON (MDC-3). 

10.21.15 Approximately 5 minutes before the burn set the Attitude 
Deadband switch on MDC-8 to Minimum. 

10.21.16 Delta V switch on MDC-8 to ON. 

10.21.17 Gimbal motors switches on MDC-3 in sequence approximately 
4 minutes before ignition. 

a. Pitch 2 to momentary start then ON. 

b. Yaw 2 to momentary start then ON. 

10.21.18 Confirm on MDC-6 the drive of the pitch and yaw gimbals to 
+4 degrees and +6 degrees respectively. 

10.21.19 Gimbal motor switches on MDC-3 in sequence. 

a. Pitch 1 to momentary start then ON. 

b. Yaw 2 to momentary start then On. 

10.21.20 After any transients settle out, fine adjust the pitch and 
yaw required trim angles (MDC-6). 
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10.21.21 Confirm that the pitch and yaw gimbals go to the final 
values (MDC-6). 

10.21.22 

10.21-.23 

10.21.24 

Unlock the prime translation control only. 

Set the thrust control switch on MDC-7 to NORMAL. 

Unpin the rotation control. 

10.21.25 When the digital event timer on MDC-5 reads 00 15 initiate a 
+X command with the translation control. 

10.21.26 At the time of initiating ullage, the pilot should shift 
his attention to the external attitude references in anticipation of selec­
ting MTVC. 

10.21.27 * When the pilot initiates ullage the navigator should press 
ENTER on MDC-14. 

10.21.28 At 00 00 the navigator should press the thrust on pushbutton 
on MDC-7 if 15 seconds of ullage have occurred. The light behind the thrust­
on pushbutton on MDC-7 should come on and SPS thrust buildup should commence. 

NOTE: The exact velocity change is not important in ullage. 
There must have been a steady ullage of 2 or more +X 
jets to settle the propellant. 

10.21.29 Simultaneously with the initiation of thrust on by the navi-
gator, the pilot should select the MTVC mode by rotating the translation 
control handle clockwise. 

10.21.30 
ignition. 

Retain the +X command for approximately 1 second after SPS 

NOTE: The attitude ball is not driven in the SCS MTVC mode. 
The BMAG 1s are providing the rate inner loop signals. 

10.21.31 The navigator must monitor thrust control to backup the SCS 
automatic thrust off by returning the thrust control switch to off (MDC-7) 
if necessary. This same action will correct for any failure during thrusting. 
Total ti.me from SPS ignition and the delta V remaining counter (MDC-7) are 
the two items checked. When the counter reads 00000, the light behind the 
thrust on pushbutton should go out. 

CAUTION: For any failure in this mode during SPS thrusting, 
the corrective action is to place the thrust con­
trol switch on MDC-7 to OFF and either allow the 
automatic system to reduce the v~hicle rates with 
RCS or to do so manually with Direct Control. New 
orbital parameters data should be obtained from 
MSFN and the appropriate contingency mission path 
selected. 
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10.21.32 Following tail-off of SPS engine 

a. B&D Roll, Pitch, and Yaw Channel Enable switches to OFF 
(MDC-8). 

NOTE: The enable switches must be off for 5 minutes minimum 
to allow the SPS propellant to damp itself or excessive 
SM/RCS propellant will be expended in this time period. 

b. Gi.mbal motors in sequence (MDC-3) 

1. Pitch 1 to OFF 

2. Pitch 2 to OFF 

J. Yaw 1 to OFF 

4. Yaw 2 to OFF 

c. Inject Prevalve A and B - both OFF (MDC-3) 

d. Thrust control switch OFF (MDC-7) 

e. TVC 2 OFF (MDC-24) 

f. TVC 1 OFF (MDC-24) 

g. Delta V Off (MDC-8) 

h. Repin rotation control 

i. Lock translation control 

j. Open the two BAT A circuit breakers for gi.mbal motor 
control on MDC-25 

k. SPS gauging switch on MDC-25 to OFF 

10.21.33 Read and record delta V accomplished from the delta V remain-
ing counter (MDC-7). 

10.21.34 
MDC-20. 

10.21.35 * 
10.21.36 

10.21.37 * 

Read and record SPS propellant quantities remaining from 

Read delta V accomplished from register 2 of MDC-14. 

Enter V33E on MDC-14. 

Accomplish procedure 10.33, Orbit Parameter Display. 

10.21.38 Report delta V accomplished, SPS propellant remaining, and 
Orbital parameter changes (if available) to MSFN. 
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10.22 SCS Velocity Change. 

NOTE: The following switch and circuit breakers are called 
out as if the G&N is functional and in a monitoring 
mode for the SCS controlled velocity change. Items 
that would be deleted or reversed if the G&N is not on 
are marked with a*· 

NOTE: Steps 10.22.1 through 10.22.5 will have preceded this 
procedure. They are included to show the Delta V 
preparation continuity. 

10.22.1 Using SPS propellant readings taken following the previous SPS 
burn and onboard curves, read pitch and yaw gimbal trim angles required. 

10.22.2 Check with MSFN for following data after confirming SPS fuel 
quantity remaining to MSFN as a part of procedure 10.46, AGC Update. 

a. GMT time of firing 

b. Delta V change required (less tail-off allowance) 

c. Firing duration(± 1 second) 

d. Attitude required for delta V both as IMU gimbal angles 
readout from last IMU alignment and as visual references 
expected out the docking window when aligned. 

e. Pitch and yaw trim angles 

10.22.3 * Compare G&N data with MSFN using procedure 10.42, Orbit 
Change and SPS Minimum Impulse Prethrusting. 

10.22.4 * Using procedures 10.44, lMU Orientation Determination and 
10.45, IMU Align, align the IMU and orient the vehicle to the required 
attitude, then deliberately offset the vehicle 5 degrees per axis and use 
procedure 10.24 Precise SC Orientation using the telescope to realign. 

10.22.5 Confirm SC attitude through the docking window. 

10.22.6 At 12 minutes before the burn the following initial switch 
conditions should exist or be selected. 

MDC-8 

1. DIBECT RCS - OFF 
2. LlMIT CYCLE - ON 
3. ATTITUDE DEADBAND - MAXIMUM 
4. 0.05 G ENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&N/scs - scs 
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8. ATTITUDE/MONITOR/ENTRY - ATTITUDE 
9. A&C ROLL CHANNEL - OFF 

10. B&D ROLL CHANNEL - ON 
11. PITCH CHANNEL - ON 
12. YAW CHANNEL - ON 
13. ROLL RA TE GYRO - NORMAL 
14. PITCH RA'I'E GYRO - NORMAL 
15. YAW RA TE GYRO - NORMAL 

MDC-25 

1. FDAI LTG - AC 1 
2. GROUP 1 - AC 1 - CLOSED 
3. GROUP 1 - AC 2 - CLOSED 
4. GROUP 2 - AC 1 - CLOSED 
5. GROUP 2 - AC 2 - CLOSED 
6. GROUP 1 - MNA - CLOSED 
7. GROUP 1 - MNB - CLOSED 
8. GROUP 2 - MNA - CLOSED 
9. GROUP 2 - MNB - CLOSED 

10. DIRECT CONTROL - MNA - CLOSED 
11. DIRECT CONTROL - MNB - CLOSED 
12. A&C ROLL - MNA - CLOSED 
13. S&C ROLL - MNB - CLOSED 
l-4. B&D ROLL - MNA - CLOSED 
15. B&D ROLL - MNB - CLOSED 
16. PITCH - MNA - CLOSED 
17. PITCH - MNB - CLOSED 
18. YAW - MNA - CLOSED 
19. YAW - MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOH CONTROL - PITCH - BAT A - CLOSED 
22. GIMBAL MOTOR CONTROL - YAW - BAT A - CLOSED 
23. SPS GAUGING - AC 1 

MDC-24 

1. SCS POWER - AC 1 
2. RATE GYRO POWER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. 'l'VC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

MDC-3 

1. PITCH G IMBAL MO'l'Oh'. 1 - OFF 
2. PITCH GIMBAL MOTOH 2 - OFF 
3. YAW GIMBAL MO'fOR 1 - OFF 
4. YAW GIMBAL MO'l'OH 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREYAL VE B - OFF 
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MDC-6 

A T'i'l'I'UDE SET - OFF 

MDC-7 

NORMAL/OFF/DlliECT ON - OFF 

ROTA'i ION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC-14 

* 1. PROORAM - 00 
2. UPTEL - ACCEPl'/BLOCK - BLOCK 
3. DSKY BRIGIITNESS - ADJUS'I' AS RE<-lUIRED 

MDC-2 

1. FDAI SELF TF.sT - OFF 
2. FDA! BRIGHTNESS - ADJUST AS RE<-lUIRED 
3. FCSM - ON/OFF/RESE'I' - OFF 
4. FCSM - AUTO/OVE!lliIDE - OVERRIDE 

MDC-22 

1. IMU HTR - MNA - CLOSED 
2. IMU HTR - MNB - CLOSED 

* 3. IMU - MNA - CLOSED 
* 4. IMU - MNB - CLOSED 

5. COMPUTER - MNA - CLOSED 
6. COMPUTER - MNB - CLOSED 
7. OPI'ICS - MNA - OPEN 
8. OPTICS - MNB - OPEN 

* 9. G&N AC PCMER - AC 1 - CLOSED 
*10. G&N AC PCMER - AC 2 - CLOSED 

11. G&N AC PCWER - AC 1 

LEB NAV STATION SWITCHF.s 

1. IMU TRANSFER - COMPUTER 
2~ OPI'ICS SLAVE TELESCOPE - STAR LOS 
3. OPI'ICS MODE - ZERO OPTICS 
4. OPTICS HOLD - OFF 
5. OPTICS CONTROLLER SPEED - HIGH 
6. OPTICS CONTROLLER MODE - DIRECT 
7. IMU TEMP MODE - AUTO OVERRIDE 
8. AGC MODE - ON 
9. A 'rl'ITUDE IMPULSE ENABLE - OFF 

10. CONDITION LAMPS - ON 
11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONTROL SECONDARY - OFF 
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10.22.7 
MDC-14. 

13. PANEL BRIGHTNESS CONTROL - MAX DIM 
l.4. AGC BRIGHTNESS CONTROL - MAX DIM 

Approximately 10 minutes before the burn, enter VJ7E46E on 
Confirm program 46 on MDC-14. 

10.22.8 Set Digital Event Timer using the GMT clock to reach 00 00 
at engine ignition time. 

10.22.9 Set pitch and yaw gimbal trim angles coarsly to +4 degrees 
and +6 degrees respectively using numerical values on thumbwheels on MDC-6. 

10.22.10 Set the attitude set dials on MDC-6 to O degrees roll, 0 
degrees yaw, and 32 degrees pitch and depress the FDAI align pushbutton 
(all ON MDC-6) for JO seconds. 

10.22.11 Set TVC 1 switch to AC 1 (MDC-24). 

10.22.12 Set the delta V remaining counter on MDC-7 to the value of 
delta V required received from MSFN using the delta V set switch on the same 
panel. 

10.22.13 

10.22.14 

Set TVC 2 switch to AC 2 (MDC-24). 

Set Inject Prevalve switches A and B to ON (MDC-J). 

10.22.15 Approximately 5 minutes before the burn set the Attitude 
Deadband switch on MDC-8 to Minimum. 

10.22.16 Delta V switch on MDC-8 to ON. 

10.22.17 Gi.mbal motors switches on MDC-Jin sequence approximately 4 
minutes before ignition. 

a. Pitch 2 to momentary start then On. 

b. Yaw 2 to momentary start then ON. 

10. 22 .18 Confinn on MDC-6 the drive of the pitch and yaw gimbals to +4 
degrees and +6 degrees respectively. 

10.22.19 Gimbal motor switches on MDC-Jin sequence. 

a. Pitch 1 to moment ary start then ON. 

b. Yaw 2 to momentary start then On. 

10.22.20 After any transients settle out, fine adjust the pitch and yaw 
required trim angles (MDC-6). 

10.22.21 
(MDC-6). 

Confirm that the pitch and yaw gimbals go to the final values 
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10.22.22 

10.22.23 

10.22.24 

Unlock the prime translation control only. 

Set the thrust control switch on MDC-? to NORMAL. 

Unpin the rotation control. 

10.22.25 When the digital event timer on MDC-5 reads 00 15 initiate a 
+x command with the translation control. The navigator should press ENTER 
on MDC-14. 

10.22.26 At 00 00 the navigator should press the thrust on pushbutton 
on MDC-? if 15 seconds of ullage have occurred. The light behind the thrust­
on pushbutton on MDC-? should come on and SPS thrust buildup should commence. 

10.22.27 
ignition. 

NOTE: The exact velocity change is not important in ullage. 
There must have been a steady ullage of 2 or more +X 
jets to settle the propellant. 

Retain the +X command for approximately 1 second after SPS 

10.22.28 The Pilot should monitor the attitude error indicators and 
the rate indicators on MDC-4 for any indication of failure and required 
emergency thrust cutoff. 

10.22.29 The navigator must monitor total time from SPS ignition and 
the delta V remaining counter (MDC-?). When the delta V remaining counter 
reads 00000, the light behind the thrust on pushbutton should go out. If 
this does not occur he should cue the pilot to cutoff thrusting. 

10.22.30 

CAUTION: For any failure in this mode during SPS thrusting, 
the corrective action is to place the thrust control 
switch on MDC-? to OFF and either allow the auto­
matic system to reduce the vehicle rates with RCS or 
to do so manually with Direct Control. New orbital 
parameters data should be obtained from MSFN and 
the appropriate contingency mission path selected. 

Following tail-off of SPS engine 

a. B&D Roll, Pitch, and Yaw Channel Enable switches to OFF 
(MDC-8) 

NOTE: The enable switches must be off for 5 minutes minimum 
to allow the SPS propellant to damp itself or excessive 
SM/RCS propellant will be expended in this time period. 

b. Gimbal motors in sequence (MDC-3) 

1. Pitch 1 to OFF 

2. Pitch 2 to OFF 
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J. Yaw 1 to OFF 

4. Yaw 2 to OFF 

c. Inject Prevalve A and B - both OFF (MDC-3) 

d. Thrust control switch OFF (MDC~7) 

e. TVC 2 OFF (MDC-24) 

f. TVC 1 OFF (MDC-24) 

g. Delta V OFF (MDC-8) 

h. Repin rotation control 

i. Lock translation control 

j. Open the two BAT A circuit breakers for gimbal motor 
control on MDC-25 

k. SPS gauging switch on MDC-25 to OFF 

10.22.31 Read and record delta V accomplished from the delta V remain-
ing counter (MDC-7). 

10.22.32 
MDC-20. 

10.22.33 * 
10.22.34 

10.22.35 * 

Read and record SPS propellant quantities remaining from 

Read delta V accomplished from register of MDC-14. 

Enter VJJE on MDC-14. 

Accomplish procedure 10.JJ, Orbit Parameters Display. 

10.22.36 Report delta V accomplished, SPS propellant remaining, and 
orbital parameter changes (if available) to MSFN. 

10-96 
SID 65-1702 



NORTH AMERICAN AVIATION, INC . SPACE and INFORMATION SYSTE'.\IS Dl\ ' ISIO:--

10.23 

10.23.1 

Attitude Reference Comparison. 

NOTE: This procedure will be used to record coni.parative 
performance data on the SCS and G&N attitude refer­
ence systems following maneuvers or specific mission 
phases. 

Confirm or select the following initial switch positions: 

MDC 8 

1. 
2. 
3. 
4. 
5. 
6. 

DIRECT RCS - OFF 
LIMIT CYCLE - ON 
ATTITUDE DEADBAND - MINIMUM 
.05 G ENTRY - OFF 
LOCAL VERTICAL - OFF 
DELTA V - OFF 

7-
8. 

G&N/SCS - SCS 
ATTITUDE/MONITOR/ENTRY - ATTITUDE 

9. 
10. 
11. 
12. 
13. 
u.. 
15. 

A&C ROLL CHANNEL -J ONE ON, ONE OFF -
B&D ROLL CHANNEL - ONE FOR THE FULLEST <..!UAD ON 
PITCH CHANNEL - ON 
YAW CHANNEL - ON 
ROLL RATE GYRO - NORMAL 
PITCH RATE GYRO - NORMAL 
YAW RATE GYRO - NORMAL 

MDC 25 

1. FDAI LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MN A - CLOSED 
13. A&C ROLL-MNB - CLOSED 
U,. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&C SYNC - OFF 
21. GIMBAL MOTO!i L:UNTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 24 

1. SCS PCWER - AC 1 
2. RATE GYRO POWER - AC 1 
3'. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW G IMBAL MOTOR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. JNJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

· MDC 6 --
ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC 14 

1. PROGRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - ADJUST AS REQUIRED 

MDC 2 

1. FDA! SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 
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MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. IMU-MNA - CLOSED 
4. IMU-MNB - CLOSED 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPI'ICS-MNA - OPEN 
8. OPI'ICS-MNB - OPEN 
9. G&N AC POWER-AC 1 - CLOSED 

10. G&N AC POWER-AC 2 - CLOSED 
11. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHES 

1. IMU TRANSFER - COMPUTER 
2. OPI'ICS SLAVE TELESCOPE - STAR LOS 
3. OPI'ICS MODE - ZERO OPI'ICS 
4. OPI'ICS HOLD - OFF 
5. OPI'ICS CONTROLLER SPEED - HIGH 
6. OPI'ICS CONTROLLER MODE - DIRECT 
7. IMU TEMP. MODE - AUTO OVERRIDE 
8. AGC MODE - ON 
9. ATTITUDE IMPULSE ENABLE - OFF 

10. CONDITION LAMPS - ON 
11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONTROL SECONDARY - OFF 
13. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
U.. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 

10.23.2 Enter Vl6N20E on MDC U. to call up the outer middle and inner 
gimbal angles on registers 1, 2, and 3 respectively. 

10.23.3 Enter V34E on MDC U. after recording the values displayed. 

10.23.4 Read the ball indications against the entry symbol (@) for 
pitch and yaw and the roll bug for roll (MDC 4). 

10.23.5 

10.23.6 

Set the attitude set dials on MDC 6 the values read. 

Place the attitude set switch on MDC 6 to ON. 

10.23.7 Fine adjust the attitude set dial readings by driving all three 
attitude error indicators on MDC 4 to null with the three thumbwheels on MDC 6. 

10.23.8 Record the final readings on the attitude set dials. 
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10.23.9 

10.23.10 

Set the attitude deadband switch (MDC 8) to maximum. 

Attitude set switch (MDC 6) to OFF. 

NOTE: If possible, a fine alignment of the IMU and a 
display of the corrections required by the DSKY 
will permit a determination of Dru drift during 
the preceding period. 
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10.24 

10.24.1 

Precise SC Orientation Using Telescope. 

Confirm or select the following initial switch conditions: 

MDC 8 --
1. DIRECT RCS - OFF 

LIMIT CYCLE - ON 2. 
ATTITUDE DEADBAND - MAXOOJM 
• 05 G ENTRY - OFF 
LOCAL VERTICAL OFF 
DELTA V - OFF 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

G&N/scs - scs 
ATTITUDE/MONITOR/ENTRY - ATTITUDE 

10. 
11. 
12. 
13. 
14. 
15. 

A&C ROLL CHANNEL - J ONE ON, ONE OFF -
B&D ROLL CHANNEL - ONE FOR FULLFST QUAD ON 
PITCH CHANNEL - ON 
YAW CHANNEL - ON 
ROLL RATE GYRO - NORMAL 
PITCH RATE GYRO - NORMAL 
YAW RATE GYRO - NORMAL 

MDC 25 

1. FDAI LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC l - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MNA - CLOSED 
13. A&C ROLL-MNB - CLOSED 
14. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CLOSED 
17. · PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. GlMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 24 

1 • . SCS POWER - AC 1 
2. RATE GYRO PCWER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 PCWER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW GIMBAL MOTOR 1 - OFF 
4. YAW G lNBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 
NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC 14 

1. PROGRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - ADJUST AS REQUIRED 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRillE 

NOTE: Although this procedure would not nonnally be 
employed unless there has been a failure in the 
G&N, on SC 012 this method will be tested with 
the G&N on to monitor the performance. For 
later applications the G&N may be off. The 
variable items in this procedure are marked 
with an*• 
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10.24.2 

10.24.3 

MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 

*3. IMU-MNA - CLOSED 
*4. IMU-MNB - CLOSED 
*5. COMPUTER-MNA - CLOSED 
*6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 

*9. G&N AC POWER-AC 1 - CLOSED 
*10. G&N AC POWER-AC 2 - CLOSED 

11. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHES 

1. 
2. 

*3. 
*4. 

5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 

~-13. 
*14. 

FLOODLIGHT CONTROL PRlMARY - OFF 
FLOODLIGHT CONTROL SECONDARY - OFF 
PANEL BRIGHTNESS CONTROL -1 ADJUST AS REQUIRED 
AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
IMU TRANSFER - COMPUTER 
OPTICS SLAVE TELESCOPE - STAR LOS 
OPTICS MODE - ZERO OPTICS 
OPTICS HOLD - OFF 
OPTICS CONTROLLER SPEED - HIGH 
OPTICS CONTROLLER MODE - DIRECT 
IMU TEMP. MODE - AUTO OVERRIDE 
AGC MODE - ON 
ATTITUDE IMPULSE ENABLE - OFF 
CONDITION LAMPS - ON 

Obtain from MSFN the following data: 

a. External visual references (stars and/or landmarks) 
for gross+ X orientation. 

b. Telescope shaft and trunnion angles to be used. 

c. Star pair to be used and star pair location required 
in the field of view. 

Review on board star charts and landmark reference data. 

10.24.4 Use procedure 10.18, SC maneuver to External Reference, to 
orient the SC to the gross+ X orientation required. 

10.24.5 Select minimum deadband _during the maneuver. 
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10.24.6 

10.24.7 

Repin the rotation control at the left seat. 

Move to the navigation station. 

Enter V16N20E on the LEB DSKY. 

10.24.9 Set the given shaft and trunnion angles on the telescope 
manually. (If the optics drive is working, use the optics drive control 
after calling for the closure of the two optics circuit breakers on MDC 22). 

10.24.io Through the telescope identify the key star pair and note 
their location in the field of view. 

10.24.11 If necessary unpin the rotation control and adjust vehicle 
attitude to bring the correct star near the center and the second star near 
the R or M line. 

10.24.12 

10.24.13 

Repin the rotation control. 

Turn on the attitude impulse control enable switch. 

10.24.14 Using the minimum impulse control adjust vehicle rates to 
cause the precise location required of the stars. 

10.24.15 Return the minimum impulse control enable switch to OFF at 
the time that the stars are exactly located. 

10.24.16 Read and record the Roll, Pitch, and Yaw angles on Rl, R2, 
and RJ then enter V34E on the LEB DSKY. 

NOTE: In the case where the G&N is operative 10.24.4 
10.24.7 would be deleted and replaced by the 
following: 

a. Perform a IMU Align at the attitude required for the 
delta V (Procedure 10.45, IMU Align). 

b. At the completion of the IMU align offset the vehicle 
-~ 5 degree per axis from the fine align attitude using 
the rotation control at the lower equipment bay. 

c. Continue with step 10.24.8. 
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10.25 

10.25.1 

Manual On/SCS Off SPS Thrust Control Contingency_ 

NOTE: This procedure covers the second level control 
method for initiating and terminating SPS engine 
on commands. To verify its performance it will 
be used on the second SPS burn as a normal pro­
cedure to turn the SPS engine both on and off 
while the G&N provides attitude control signals. 

Verify the following steps. 

a. Sufficient ullage has occurred and ullage is present. 

b. The SPS Rough Engine ECO light and the master caution 
and warning light have not come on. 

c. The nru/Computer/CDU 1s are providing good control 
signals. 

d. At least 10 seconds past the SPS on time have elapsed. 

e. SPS ignition has not occurred. 

10.25.2 Depress the thrust on pushbutton on MDC 7. (Following a 
successful manual ignition the SCS will provide an automatic engine off). 

10.25.3 Watch for the light behind the thrust on pushbutton on MDC 7 
to go out at the time the delta V remaining counter reads 00000. 

10.25.4 Place the normal/Off/Direct On switch on MDC 7 to Off. 
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10.26 Direct ON/OFF SPS Control Contingency, 

NOTE: This procedure covers the third level control method 
for initiating and terminating SPS engine on commands. 
To verify its performance it will be used on the first 
burn as a normal procedure to turn the SPS engine both 
on and off. It is the emergency off control for all 
cases. When neither of the two normal SPS on methods 
work it may also be used for SPS engine on. 

10.26.1 SPS Direct on switching is accomplished by lifting the lever 
locked Normal/Off/Direct on switch on MDC 7 up from its normal position of 
off to unlock it and then placing it to the Direct On position. 

10.26.2 SPS Direct off switching is accomplished by returning the 
Normal/Off/Direct On switch on MDC 7 from either the Normal or Direct On 
position to the Off position to the Off position. 

10.26.3 · The Direct On and Off switching by the Navigator should be 
in response to the illumination and then darking of the lights behind the 
thrust on pushbutton on MDC 7 for the first burn. 
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10.27 Application of Direct Ullage. 

NOTE: At any time in preparation for a velocity change 
when there is no response to+ X command from the 
translation control the Direct Ullage control path 
should be used. The use of the redundant trans­
lation control will not correct for some wiring 
and electronic failures. The direct ullage control 
path provides for ullage (SPS propellant settling) 
without unacceptable time delays. This emergency 
path will be demonstrated in conjunction with the 
first burn. An undesirable side effect is that 
the pitch and yaw attitude errors and rates at 
time of SPS ignition will be larger than from a 
normal ullage. 

10.27.1 If there is no response to a+ X command from the translation 
control, the Direct Ullage pushbutton on MDC 7 should be depressed by the 
pilots right hand until ~l second after SPS engine ignition, at which 
time it should be released. 
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10.28 

10.28.1 

10.28.2 

10.28.3 

Application of Direct Rotation Control. 

NOTE: Direct rotation control may be substituted for pro­
portional rate control in any of the manual maneuver 
procedures. Several switching conditions must be 
changed to accomplish this and they are described 
below. Exact initial and final switch conditions 
will depend upon the basic procedure in use and 
those requirements will override any final switch 
positions given in this procedure. Direct rotation 
control is intended for use in the case where either 
G&N or SCS failures preclude automatic control in 
any single axis and will not normally be used other 
than for the single demonstration application called 
out in the G&C Event Timeline. 

Direct RCS switch on MDC 8 to on. 

Channel enable switches to off (MDC 8). 

a. A&C Roll 

b. B&D Roll 

c. Pitch 

d. Yaw 

Unpin the pilots rotation control. 

10.28.4 Displace the rotation control into the stop in the appropriate 
direction to establish the desired rate of change. These signals are accele­
ration signals going directly to the RCS. Care must be exercised to prevent 
leaving the rotation control in the stop too long as too high a rate will 
develop. As each axis approaches the desired attitude the rate must be 
removed by an equal opposite command. 

10.28.5 The channel enable switches in step 10.28.2 that were on should 
be returned to on to re-establish attitude hold. 

10.28.6 

10.28.7 

Direct RCS switch on MDC 8 to off. 

Repin the rotation control. 
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10.29 CM RCS S stem A Pro ellant Deletion and or Insufficient Pitch 
and or Yaw Rate Dam in. 

NOTE: Undetectable failures within the SCS, RCS, wiring, and/ 
or unplanned atmospheric condition can cause premature 
depletion of the System A CM RCS propellant. For any 
of these causes, the same corrective action applied. 

10.29.1 Direct RCS control should be applied in the affected axis/ 
axes to continue the entry. 
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10.30 

10.30.1 

RCS Deorbit (G&N Operative) . 

Confirm or select the following switch positions: 

MDC 8 

1. DIRECT RCS - OFF 
2. LIMIT CYCLE - ON 
3. ATTITUDE DEADBAND - MAXIMUM 
4 •. 05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&N/SCS - G&N 
8. ATTITUDE/MONITOR/ENTRY - ATTITUDE 
9. A&C ROLL CHANNEL - OFF 

10 . B&D ROLL CHANNEL - ON 
11. PITCH CHANNEL - ON 
12. YAW CHANNEL - ON 
13. ROLL RATE GYRO - NORMAL 
14. PITCH RATE GYRO - NORMAL 
15. YAW RATE GYRO - NORMAL 

MDC 25 

1. FDAI LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10, DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C R.OLL-MNA - CLOSED 
13. A&C ROLL-MNB - CLOSED 
14. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. G IMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 24 

1. SCS POWER - AC 1 
2. RATE GYRO POWER - AC 1 
J. ROTATION CONTROL POWER - AC 2 
4. BMAG PCWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW G IMBAL MOTOR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC l4 

1. PROGRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
J. DSKY BRIGHTNESS - ADJUST AS REQUIRED 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
J. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 
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10.J0.2 

MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
J. IMU-MNA - CLOSED 
4. IMU-MNB - CLOSED 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 
9. G&N AC POWER-AC 1 - CLOSED 

10. G&N AC POWER-AC 2 - CLOSED 
11. G&N AC POWER-AC 1 

I.EB NAV STATION SWITCHES 

1. FLOODLIGHT CONTROL PRIMARY - OFF 
2. FLOODLIGHT CONTROL SECONDARY - OFF 
J. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
4. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
5. IMU TRANSFER - COMPUTER 
6. OPTICS SLAVE TELESCOPE - STAR LOS 
7. OPTICS MODE - ZERO OPTICS 
8. OPTICS HOLD - OFF 
9. OPTICS CONTROLLER SPEED - HIGH 

10. OPTICS CONTROLLER MODE - DIRECT 
11. IMU TEMP. MODE - AUTO OVERRIDE 
12. AGC MODE - ON 
lJ. ATTITUDE IMPULSE ENABLE - OFF 
14. CONDITION LAMPS - ON 

NOTE: This procedure assures that the IMU has been 
aligned for entry. 

Confirm with MSFN, the following data: 

a. GMT time of firing. 

b. Actual delta V change required. 

c. Firing duration. (seconds) 

d. Attitude required for deorbit including initial visual 
external reference cues to be used, and platform angles 
with respect to the entry IMU alignment. 
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10.30.3 
firing. 

10.30.4 

10.30.5 

10.30.6 

Set digital event timer indicator to reach 00 - 00 at time for 

Enter V37E21E on the Main DSKY (MDC 14). 

Confirm program 21 on MDC 14. 

Enter+ 18000 in Register 1 and+ 00001 in Register 2 on MDC 14. 

10.30.7 No new Digital Event Timer Setting will be required so V33E 
should be entered on MDC 14. 

10.30.8 There will be no FDAI align attitude set function with respect 
to this maneuver. The bypass by kehing V33E should occur in response to the 
Vl6N20 Flash. 

10.30.9 
V06Nl7 Flash. 

10.30.10 

10.30.11 

10.30.12 

Note the final maneuver angles display in conjunction with a 
Confirm that they agree with MSFN data. 

Rl - CX} ANGLE (ROLL) 

R2 - IG ANGLE (PITCH) 

R3 - MG ANGLE (YAW). 

Set values displayed on attitude set dials. 

When ready to maneuver: 

a. Limit cycle switch to OFF (MDC 8). 

b. Attitude deadband switch to minimum (MDC 8). 

c. Navigator PRESS V33E on MDC 14. 

Limit cycle switch (MDC 8) to ON after the maneuver. 

10.30.13 Confirm SC attitude and local vertical hold functioning through 
the docking window. 

10.30.14 
pitch rate . 

10.30.15 

Confirm the local hold on the attitude ball MDC 4 by the gradual 

TVC 1 power switch to AC 1 (MDG 24). 

10.30.16 Set delta V remaining counter (MDC 7) to value received from 
MSFN using the delta V set switch. 

10.30.17 Unlock both the prime and alternate translation controls. 
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10.J0.18 

10.30.19 

Unpin the rotation control. 

Direct RCS switch to ON (MDC 8). 

10.J0.20 Place left hand on prime translation control and right hand on 
Limit Cycle switch (MDC 8). At time when digital event timer reaches 00 - _00 
initiate+ X command and place Limit Cycle Switch to OFF (MDC 8). 

10.30.21 Monitor on the FDAI (MDC 4) the automatic attitude hold function. 

a. The rate indicators should remain at or near null. 

b. The attitude error indicators should remain at or near 
null. 

c. Yaw should read O degrees and roll should read 
on the attitude ball. 

degrees 

d. A gradual pitching maneuver will be seen on the attitude 
ball ( ~ 20 degrees pitch change). 

10.J0.22 When the delta V remaining indicator read 00000 terminate the 
+ X command. (The elapsed time on the digital event timer can be used as a 
check for cutoff. The delta V remaining counter should show a fairly steady 
decrease during the presence of the+ X command). 

10.30.23 

10.30.24 

10.30.25 

10.30.26 

10.30.27 

Attitude deadband switch to maximum (MDC 8). 

Limit cycle switch to ON (MDC 8). 

Relock the translation controls. 

TVC 1 power switch OFF (MDC 24). 

Enter VJ?EOOE on (MDC 14). 

10.J0.28 Procedure 10.46, AGC Update should occur next to revise the 
state vector data in the computers. 

10.J0.29 Procedure 10.14 CM-SM Separation Orientation and Separation 
Procedure is the next step. 
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10.31 Earth Orbit Landmark Navigation Procedure While Still Attached 
to the S-IVB. While the CSM is still attached to the S-IVB, 

the vehicle attitude is controlled by the S-IVB to allow CSM IMU alignments 
and navigation sights. This procedure should only be performed just after 
an IMU align and a S-IVB maneuver to the proper vehicle attitude for navi­
gation sightings. 

10.31.1 Confirm or select the following switch conditions: 

MDC 8 

1. DIRECT RCS - OFF 
2. LDUT CYCLE - OFF 
3. ATTITUDE DEADBAND - MAXIMUM 
4 •• 05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&N/scs - scs 
8. ATTITUDE/MONITOR/ENTRY - MONITOR 
9. A&C ROLL CHANNEL - OFF 

10. B&D ROLL CHANNEL - OFF 
11. PITCH CHANNEL - OFF 
12. YAW CHANNEL - OFF 
13. ROLL RA TE GYRO - BMAG 
14. PITCH RA TE GYRO - BMAG ._ ~ t ,,,-

15. YAW RATE GYRO - BMAG 

MDC 25 

1. FDAI LTG - OFF 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MNA - CLOSED 
13. A&C ROLL-MNB - CLOSED 
l4. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 

l 
I, 

I .,v 

21. GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 24 

1. SCS POWER - OFF '1 
2. RA TE GYRO PCMER - AC 1 /-',/ 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 PCMER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW GIMBAL MOTOR 1 - OFF 
4. YAW G IMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SE'T - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC l4 

1. PROGRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - ADJUST AS IID.!UIRED 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - OFF 
3. FCSM - ON/OFF/RESE'T - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 
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MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. IMU-MNA - CLOSED 
4. IMU-MNB - CLOSED 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 

.7. OPI'ICS-MNA - CLOSED 
8. OPTICS-MNB - CLOSED 
9. G&N AC POWER-AC 1 - CLOSED 

10. G&N AC POWER-AC 2 - CLOSED 
11. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHES 

1. FLOODLIGHT CONTROL PRIMARY - ADJUST AS RE~UIRED 
2. FLOODLIGHT CONTROL SECONDARY - ADJUST AS RE~UIRED 
3. PANEL BRIGHTNESS CONTROL - ADJUST AS RE~UIRED 
4. AGC BRIGHTNESS CONTROL - ADJUST AS REl..:!UIRED 
5. IMU TRANSFER - COMPUTER 
6. OPI'ICS SLAVE TELESCOPE - STAR LOS 
7. OPTICS MODE - ZERO OPTICS 
8. OPI'ICS HOLD - OFF 
9. OPTICS CONTROLLER SPEED - HIGH 

10. OPI'ICS CONTROLLER MODE - RESOLVED 
11. IMU TEMP. MODE - AUTO OVERRIDE 
12. AGC MODE - ON 
13. ATTITUDE IMPULSE ENABLE - OFF 
1.4. CONDITION LAMPS - ON 

10.31.2 Select from the on board charts the proper earth track chart 
for this landmark sighting. Procedure 10.32 Ground Track Determination may­
be used to help select the proper earth track chart. Select three landmarks 
from the earth track charts. These landmarks should be at least ten degrees 
(16 NM) off the orbital track. 

10.31.3 

10.31.4 

10.31.5 

10.31.6 

On the LEB DSKY PRESS V37E22E. 

Verify PROGRAM 22 is Displayed on DSKY. 

Verify the ISS FINE ALIGN MODE light ON. 

Respond to V50N25 Flash with Rl code 00011 as follows: 

a. If automatic optics positioning is desired PRESS VJ3E 
on the DSKY. 
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1. Respond to V06N44 Flash by entering: (Five 
digits must be entered after the sign with zeros 
being entered first if necessary). 

PRESS V25N44E on DSKY 

Rl - Landmark Latitude (0.01 Deg.) 

R2 - Landmark Longitude (0.01 Deg.) 

Rw - Landmark Altitude (0.1 NM) 

Verify values in register before PRESSING ENTER last time 
on DSKY. 

2. Respond to V50N25 Flash with Rl code 00013 by placing 
OPTICS MODE Switch to COMPUTER position and PRESS ENTER 
push button on DSKY. 

3. Monitor Vl6N57 and drive of optics to Shaft and Trunnion 
value displayed on DSKY. 

Rl - Shaft Angle. (0.01 DEG.) 

R2 - Trunnion Angle. (0.001 Deg.) 

4. Proceed to step 10.31.7 

b. If manual optics positioning is desired PRESS ENTER on 
DSKY. 

1. Set OPTICS MODE Switch to MANUAL. 

2. Drive the optics in Trunnion until the structure 
is just tangent to the Telescopes field of view. 

NOTE: V51, Please MARK, will begin to Flash on the DSKY. 
The Flash will continue until MARKS 
have been made. 

10.31.7 Recognize the landmark. If selected landmarks are not visable 
pick an unknown landmark. 

10.31.8 

10.Jl.9 

Verify or set OPTICS MODE Switch to MANUAL. 

Set OPTICS CONTROLLER SPEED as required. 
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10.31.10 Perform one of following; 

a. Center desired landmark in Telescope and track. 

b. Center unknown landmark in Telescope and switch 
attention to SXT. Track unknown landmark with SXT. 

10.Jl.ll Press the MARK button whenever the landmark is centered in 
optics. Repeat MARK at least times or more. 

10.31.2 

NOTE: Arry MARK may be rejected immediately after its 
execution by PRESSING V52E on the DSKY. 

After the landmark passes out of range enter one of the following: 

NOTE: The Program Alarm LIGHT, PGNS, condition 
annunciation and comp fail light have come 
on due to too many MARKS, if so, PRESS ERROR 
RESET button on DSKY, V25N44, load landmark 
data will normally be flashing. 

a. If lrnown landmark used enter on DSKY: (Five digits must 
be entered after the sign with zeros being entered first if 
necessary). 

Rl - Landmark Latitude. (0.01 Deg.) 

R2 - Landmark Longitude. (0.01 Deg.) 

RJ - Landmark Altitude. (0.1 NM) 

Verify values in registers before PRESSING ENTER last time on DSKY. 

b. If unknown landmark used, enter zeros in Rl, R2, and RJ. 

Rl - 00000 

R2 - 00000 

RJ - 00000 

10.Jl.13 Monitor V06N75 Flash and Display of orbital parameter changes 
as a result of the sighting. 

Rl - DELTA POSITION (FEET) 

R2 - DELTA VELOCITY (FPS) 

Record above in Flight Log. 
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*10.31.1.4 

*10.31.15 

10.31.16 

If data acceptable PRESS V33E on DSKY. 

If data not acceptable PRESS V34E on DSKY. 

* The limits to which the Display in 10.31.13 must 
be compared with, have not been defined. 

Verify DSKY PROGRAM goes to 00. 

10.31.17 If additional sightings are to be performed, set the OPTICS 
CONTROLLER SPEED as required and return to step 10.31. 2. 

10.31.18 Confirm or select the following switch conditions if no addi-
tional sightings are to be performed. 

10.31.19 

MDC 22 

1. OPTICS-MNA - OPEN 
2. OPTICS-MNB - OPEN 

LEB NAV STATION SWITCHES 

1. OPTICS ROTARY - ZERO OPTICS 
2. OPTICS CONTROLLER SPEED - HIGH 
J. OPTICS CONTROLLER MODE - DIRECT 
4. FLOODLIGHT CONTROL PRIMARY - ADJUST AS REQUIRED 
5. FLOODLIGHT CONTROL SECONDARY - AS REQUIRED 
6. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
7. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 

Perform LEB closeout as required. (Depends on next mission phase). 

10.Jl.20 Procedure 10.33 Orbit Parameter Display may be used at this 
time if desired. 
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10.32 Ground Track Determination. The following procedure may be 
performed any time during the mission when the IMU is aligned and operating. 
This procedure should not be performed during any Major Program. 

10.32.1 Depending on what type of information is desired, key in the 
following on the DSKY. 

a. Time of arrival at a specific Longitude PRESS V65E. 

1. Respond to V22N44 Flash by entering the specific 
Longitude. (+ is east, five digits must be entered 
after the sign, zeros first). 

Rl - Longitude (.01 Dffi) 

Verify value before PRESSING ENTER ON DSKY. 

2. Respond to V25N34 Flash by entering T PERM LONG. 
(Five digits must be entered after the sign, zeros 
first). 

Rl - HOURS ( Gl-IT) 

H2 - MINUTES (GMT) 

R3 - .01 SECONDS (GMT) 

Verify values in registers before PRESSING ENTER last time 
on DSKY. 

3. Monitor V06N34 Flash and DSKY . Display of time of 
arrival at the specific Longitude after T PERM. Time 
display will be GMT. 

Rl - HOURS (GMT) 

R2 - MINUTES (GMT) 

R3 - 0.01 SECONDS (GMT) 

Record if required. 

4. Proceed to step 10.32.2. 

b. Latitude and Longitude location at a specific time 
PRESS V66E. 
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1. Respond to V25N34 Flash by entering the specific 
time. (After the sign five digits are required with 
zeros first). 

Rl - HOURS (GMT) 

R2 - MINUTES (GMT) 

R3 - .01 SECOND (GMT) 

Verify values in registers before PRESSING ENTER last time 
on DSKY. 

2. Monitor V06N44 Flash- and DSKY Display of Latitude 
and Longitude location at the specific time. (+ is 
north and east) • 

Rl - LATITUDE (0.01 DED) 

R2 - LONGITUDE (0.01 DED) 

Record if Required 

3. Proceed to step 10.32.2. 

c. Maximum Declination of orbit and time to next maximum 
after T PERM. 

1. Respond to V25N34 Flash by entering T PERM DEC. 
(Five digits must be entered after the sign, zeros 
first). 

Rl - HOURS (GMT) 

R2 - MINUTES (GMT) 

R3 - .01 SECOND (GMT) 

Verify values in registers before PRESSING ENTER last 
time on DSKY. 

2. Monitor V06N44 Flash with Rl Display of MAX DEC. 

Rl - MAX DEC. (.01 Dfil) 

Record if Required 

3. When finished with display PRESS V33E on DSKY. 
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10.32.2 

10.32.3 

4. Monitor V06N34 Flash with T MAX DEC after T PERM 
Display on DSKY. 

Rl - HOURS (GMT) 

R2 - MINUTE'S (GMT) 

R3 - .01 SECONDS (GMT) 

Record if required. 

5. Proceed to step 10.32.2. 

When completed with use of Display VJJE button on DSKY. 

Verify VERB-NOUN Flash stops. 
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10.33 Orbit Parameter Display. The following procedure may be per-
formed any time during the mission when the IMU is aligned and operating. 
This procedure should not be performed during any Major Program. 

10.33.1 On the DSKY PRESS V64E. If deorbit thrusting maneuvers has 
just been completed proceed to step 10.33.6. 

10.33.2 Monitor Vl6N43 Flash and DSKY Display of Perigee and Apogee 
Attitude and TFF (only if Perigee Altitude is less than or equal to 300,000 
feet, TFF will be 99999 if altitude is greater than 300,000 feet). 

10.33.3 

10.33.4 
on DSKY. 

10.33.5 

10.33.6 

10.33.7 

Rl - Perigee Altitude (0.1 NM). 

R2 - Apogee Altitude (0.1 NM). 

R3 - TFF (Min. - Sec). 

Record if required 

When completed with use of Display PRESS V33E on DSKY. 

If TFF was 99999, monitor V06N34 Flash and PERIGEE Display 

Rl - HRS 

R2 - MINS 

RJ - .01 SECS 

Record if required 

When complete with Display proceed to step 10.33.7. 

Monitor Vl6N64 Flash and DSKY Display. 

Rl - LAT. SPLASH (.01 Dill) 

R2 - LONG. SPLASH {.01 Dill) 

R3 - TFF (MIN. - SEC) 

Record if required. 

When complete with Display PRESS V33E on DSKY. 
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10.34 IMU Alignment While Still Attached to the S-IVB. While the CSM 
is still attached the S-IVB, attitude control is provided by the S-IVB re­
action control system. Maneuvers are preprogrammed into the S-IVB computer 
to allow CSM IMU alignments and navigation sightings. This procedure should 
not be performed unless the S-IVB is at the proper attitude and there is at 
least ten minutes before the next S-IVB maneuver. This alignment should also 
be related time wise with other mission functions. 

While the CSM is attached to the S-IVB on Mission SA 204A the 
IMU will always be in operation. 

10.34.1 Confirm or select the following switch conditions. 

MDC 8 

1. DIRECT Ras - OFF 
2. LIMIT CYCLE - OFF 
3. ATTITUDE DEADBAND - MAXIMUM 
4. .05 G ENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&N/scs - scs 
8. ATTITUDE/MONITOR/ENTRY - MONITOR 
9. A&C ROLL CHANNEL - OFF 

10. B&D ROLL CHANNEL - OFF 
11. PITCH CHANNEL - OFF 
12. YAW CHANNEL - OFF 
13. ROLL RATE GYRO - BMAG 
14. PITCH RATE GYRO - BMAG 
15. YAW RATE GYRO - BMAG 

MDC 25 

1. FDA! LTG - OFF 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AQ 1 - CLOSED 
5. GROUP 2-A C 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. . GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MNA - CLOSED 
13. A&C ROLL-MNB - CLOSED 
14. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
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16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 

MDC 24. 

1. SCS POWER - OFF 
2. RATE GYRO POWER - AC 1 
J. ROTATION CONTROL PCMER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
J. YAW G IMBAL MOTOR 1 - OFF 
4. YAW G IMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC l4 

1. PROGRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
J. DSKY BRIGHTNESS - ADJUST AS REQUIRED 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - OFF 

· J. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 
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10.34.2 

MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. IMU-MNA - CLOSED 
4. IMU-MNB - CLOSED 
5. COMPtrrER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 
9. G&N AC POWER-AC 1 - CLOSED 

10. G&N AC POWER-AC 2 - CLOSED 
11. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHES 

1. FLOODLIGHT CONTROL PRlMARY - ADJUST AS REQUIRED 
2. FLOODLIGHT CONTROL SECONDARY - AS REQUIRED 
3. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
4. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
5. IMU TRANSFER - COMPUTER 
6. OPTICS SLAVE TELESCOPE - STAR LOS 
?. OPTICS MODE - ZERO OPTICS 
8. OPTICS HOLD - OFF 
9. OPTICS CONTROLLER SPEED - HIGH 

10. OPTICS CONTROLLER MODE - DIRECT 
11. IMU TEMP. MODE - AUTO OVERRIDE 
12. AGC MODE - ON 
13. ATTITUDE IMPULSE ENABLE - OFF 
14. CONDITION LAMPS - ON 

Set up LEB as required to perform this procedure. 

10.34.3 Select from the on board charts the proper star field chart 
for the sighting. 

10.34.4 

10.34.5 

10.34.6 

On LEB DSKY PRESS V37E52E. 

Verify PROGRAM 52 is Displayed on DSKY. 

Verify the ISS FINE ALIGN MODE light ON. 

NOTE: The COARSE ALIGN MODE light could come on at this 
time for 45 seconds. Under normal operation this 
light should not come on. If the COARSE ALIGN MODE 
light comes on, this fact should be noted in the 
Flight Log. 
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10.34.7 Monitor V06N30 Flash with DSKY Display in R-1. 

Rl - Star Code number 

Record if required. 

a. If star code number is acceptable, PRESS V33E on 
DSKY. 

b. If star code number is not acceptable, perform 
following: 

1. PRESS V21N30 on DSKY. 

2. ENTER STAR CODE in Rl. 

10.34.8 Respond the V50N25 Flash with Rl code 00013 by performing one 
of the following: 

a. If Automatic Optics Positioning is desired: 

1. Place OPTICS MODE Switch to COMPUTER position 
and PRESS ENTER button on DSKY. 

2. Monitor Vl6N57 on DSKY and the following Displays: 

Rl - Shaft Angle (.01 DEG) 

R2 - Trunnion Angle (.001 DEG) 

3. Identify star on the star field chart. 

4. Verify Optics have driven to Displayed vaJues. 

5. Place OPTICS MODE Switch to MANUAL position. 

b. If Manual Positioning desired: 

1. Place OPTICS MODE Switch to MANUAL position and 
PRESS VJJE on DSKY. 

2. Select two stars on chart that are to be MARKED 
and will .be in the Optics field of view. 

10.34.9 V51, Please MARK, will begin to Flash. Flash will continue until 
MARK is performed. 
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10.34.10 

10.34.11 

10.34.12 

10.34.13 

10.34.14 

10.34.15 

Recognize star field in Telescope and perfonn one of the following: 

a. If desired star is in the field of view, center star 
in field of view with Optics Hand Controller by first 
driving Shaft axis to place star on R line and then 
driving Trunnion axis to center star. 

b. If the selected star is out of the field of view, 
place OPTICS SLAVE TELFSCOPE Switch to OFFSET 25 degrees 
position. Use the Optics Hand Controller to drive in 
Shaft until the star is on the R line. Place OPTICS 
SLAVE TELESCOPE Switch to STAR LOS position. Drive the 
Optics in Trunnion until the star is centered. 

Recognize star in Sextant. 

Place OPTICS CONTROLLER SPEED SWITCH as required. 

Place OPTICS CONTROLLER MODE Switch to RESOLVED position. 

Center star in Sextant using the Optics Hand Controller. 

Press MARK button when the star is exactly centered. 

NOTE: The MARK may be rejected by ENTER.ING V52 on the 
DSKY. If so, repeat step 10.34.14. 

10.34.16 Respond to V21NJO, FLASH by ENTER.ING the number of the star 
MARKED into the DSKY. The star number can be obtained from the star chart 
if necessary PRESS ENTER after star number is confirmed in Rl. 

10.34.17 Perform MARK on second star by setting the following switches 
and returning to step 10.34.7. 

10.34.18 

a. OPTICS CONTROLLER SPEED Switch to HIGH position. 

b. OPTICS CONTROLLER MODE Switch to DIRECT. 

Monitor one of the following: 

a. V06N05, Data Good and Display of differences between 
actual and measured angle between MARKED stars in Rl. 

Record data in Flight Log. 
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10.34.19 

* b. V06N05, Data Bad Flash and Display of differences 
between actual and measured angle between MARKED stars 
in Rl. 

1. Record data in Flight Log. 

2. To continue program with this data PRESS VJJE 
ON DSKY. 

J. If program should be stopped, change program 
and exit procedure. 

Monitor one of the following: 

a. V06N67, Data Good and Display of IMU Gyro torquing 
angles. 

Rl - X GYRO 

R2 - Y GYRO 

RJ - Z GYRO 

Record data in Flight Log. 

➔}b. V06N67, Data Bad Flash and Display of IMU gyro 
torquing angles. 

Rl - X GYRO 

R2 - Y GYRO 

RJ - Z GYRO 

1. Record data in Flight Log. 

2. To continue program with this data PRESS VJJE 
on DSKY. 

J. If program should be stopped, PRESS V34E on 
DSKY and exit procedure. 

➔(- Acceptable limits for data have not been defined. 
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10.34.20 Respond to V50N25 Flash and Rl code 00014 by: 

a. If Fine Align Check is desired PRESS ENTER on DSKY 
and return to step 10.34.7. 

b. If Fine Align Check will not be performed PRESS V33E 
on DSKY and verify PR(X}RAM is 00. 

c. Verify ISS FINE ALIGN MODE light is ON. 

10.34.21 Closeout the LEB as required, this will be a function of the 
next mission task. 

10-131 

SID 65-1702 



/ 
NORTH AMERICAN AVIATION, INC . - ~ SPACE and INFORMATION SYSTE!\1S DIVISION 

\ ~ 

10.35 Midcourse Navigation Sighting. This procedure should only be 
performed after a maneuver has been made to center the moon in the Telescopes 
field of view by using procedure 10.24. (Use the moon as the reference during 
procedure 10.24). 

10.35.1 Confirm or select the following switch conditions: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

DIRECT RCS - OFF 
LIMIT CYCLE - ON 
ATTITUDE DEADBAND - MINIMUM 
.05 GENTRY - OFF 
LOCAL VERTICAL - OFF 
DELTA V - OFF 
G&N/SCS - SCS 
ATTITUDE/MONITOR/ENTRY - ATTITUDE 
A&C ROLL CHANNEL -J ONE ON, ONE OFF ( ONE 
B&D ROLL CHANNEL - FOR FULLEST QUAD ON) 
PITCH CHANNEL - ON 
YAW CHANNEL - ON 
ROLL RATE GYRO - NORMAL 
PITCH RATE GYRO - NORMAL 
YAW RATE GYRO - NORMAL 

MDC 25 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

FDAI LTG - AC 1 
GROUP 1-AC 1 - CLOSED 
GROUP 1-AC 2- CLOSED 
GROUP 2-AC 1 - CLOSED 
GROUP 2-AC 2 - CLOSED 
GROUP 1-MNA - CLOSED 
GROUP 1-MNB - CLOSED 
GROUP 2-MNA - CLOSED 
GROUP 2-MNB - CLOSED 
DIRECT CONTROL-l.fNA - CLOSED 
DIRECT CONTROL-MNB - CLOSED 
A&C ROLL-MNA -1 ONE OPEN, 
A&C ROLL-MNB - ONE CLOSED 
B&D ROLL-MNA - 1 ONE OPEN, 
B&D ROLL-MNB _J ONE CLOSED 
PITCH-MNA -1 ONE OPEN, 
PITCH-MNB - ONE CLOSED 
YAW-1.fNA - 7. ONE OPEN, 
YAW-1.fNB - J ONE CLOSED 
G&N SYNC - OFF 
GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 21+ 

1. SCS POWER - AC 1 
2. RA TE GYRO POWER - AC 1 
3. ROTATION CONTROL Pa-IBR - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 PrnER - OFF 
6. TVC 2 PCMER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GilIBAL MOTOR 2 - OFF 
3. YAW GIMBAL MOTOR 1 - OFF 
4. YAW GlMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC J.4 

1. PROGRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - ADJUST AS REQUIRED 

MDC 2 

i. FDAI SELF TE.ST - OFF 
2. FDAI BRIGHTNF.SS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF/RF.SET - OFF 
4. · FCSM - AUTO/OVERRIDE - OVERRIDE 
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10.35.2 

10.35.3 
star chart. 

10.35.4 

10.35.5 

JvIDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. JMU-MNA - OPEN 
4. IMU-NNB - OPEN 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - CLOSED 
8. OPTICS-MNB - CLOSED 
9. G&N AC POWER-AC 1 - CLOSED 

10. G&N AC POWER-AC 2 - CLOSED 
11. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHES 

1. FLOODLIGHT CONTROL PRIMARY - ADJUST AS REQUIRED 
2. FLOODLIGHT CONTROL SECONDARY - AS REQUIRED 
3. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
4. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
5. IMU TRANSFER - COMPUTER 
6. OPTICS SLAVE TELESCOPE - STAR LOS 
7. OPTICS MODE - ZERO OPTICS 
8. OPTICS HOLD - OFF 
9. OPTICS CONTROLLER SPEED - HIGH 

10. OPTICS CONTROLLER MODE - DIRECT 
11. IMlJ TD1P. MODE - AUTO OVERRIDE 
12. AGC MODE - ON 
13. ATTITUDE IMPULSE ENABLE - OFF 
14. CONDITION LAMPS - ON 

Set up LEB as required to perform this procedure. 

Select from the onboard charts the lunar landmark and proper 

On LEB DSKY PRESS V37E23E. 

Verify PROGRAM 23 is DISPLAYED on DSKY. 

10.35.6 V51, Please MARK, will begin to Flash. Flash will continue 
until MARK is performed. 

10.35.7 Recognize lunar landmark in Sextant. If required, center 
landmark as follows : 

a. ENABLE THE ATTITUDE IMPULSE CONTROL. 

b. Using the MilHMUM IMPULSE CONTROL adjust vehicle 
attitude until the lunar landmark is centered. 

c. Place ENABLE Switch to OFF. 
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10.35.8 

10.35.9 

10.35.10 

10.35.11 

10.35.12 

Place optics mode switch to the MANUAL position. 

Perform one of the following: 

a. If usable star is in Telescope's field of view do: 

1. Place star on R line by driving the Optics 

b. 

in Shaft. 

2. Center star in field of view by driving Optics 
in Trunnion. 

If no usable star is in Telescope's field of view do: 

1. Place TELESCOPE SLAVE SWITCH TO OFFSET 25 degrees. 

2. Drive Shaft axis to place star on R line. 

3. Place TELESCOPE SLAVE SWITCH to STAR LOS. 

4. Drive Trunnion axis to center star. 

5. Star charts may be used to make star selection. 

Check landmark and star are in Sextant's field of view. 

Place OPTICS CONTROLLER MODE Switch at RESOLVED. 

ENABLE the ATTITUDE IMPULSE CONTROL. 

10.35.13 Superimpose star and landmark by using OPTICS HAND CONTROLLER 
to move the star and the MINIMUM IMPULSE CONTROL to move the landmark. 

10.35.14. 

10.35.15 

NOTE: The star and landmark must be superimposed near 
or on the center of the field of view or the R 
line. 

PRESS MARK button when alignment is exact. 

Respond to V06N57 Flash by: 

a. Recording in Flight Log the Displayed Shaft and 
Trunnion angles. 

Rl - SHAFT ANGLE (0.01 DED) 

R2 - TRUNNION ANGLE ( • 001 DED) 

Confirm with MSFN if possible or hold data until next 
MSFN contact. 

b. When completed with Display PRESS V33E on DSKY. 
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10.35.16 

10.35.17 

10.35.18 

Respond to V06N34 Flash by: 

a. Recording in Flight Log the Displayed GMT 

Rl - TlME OF MARK - HOURS 

R2 - TIME OF MARK - MINUTES 

RJ - TIME OF MARK - 0.01 SECOND 

Confirm with MSFN if possible or hold data until next 
MSFN contact. 

b. When completed with Display PRESS V33E on DSKY. 

Verify PROGRAM on DSKY is 00. 

Close out LEB as required, depends on next mission task. 
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10.36 Earth Orbit Landmark Navigation. 

10.36.l This procedure should be performed within_ minutes after an 
IMU Fine Alignment. In this procedure it is assumed that the vehicle is 
initially in an G&N attitude hold and at a constant attitude relative to the 
local vertical. Procedure 10.41, G&N Local Vertical, would be used to estab­
lish this attitude using a pitch angle of 340 degrees (head up). 

10.36.l.l The navigator would delay calling the G&N Landmark Tracking 
Program until all presighting tasks have been performed and the vehicle 
attitude rates have reduced to approximately minimum impulse level. Once 
the Landmark Tracking Program is called, the vehicle will be placed under 
SCS attitude hold with free drift in pitch. The pitch rate will be approxi­
mately equal to earth rate. The vehicle attitude will remain satisfactory 
for Landmark Sightings for a minimum of ten minutes. 

10.36.1.2 The proper attitude could be prolonged by using the minimum 
impulse controller to reduce the observed horizon rate in the telescope. 
This type of attitude control is not reconunended· unless time or attitude 
becomes a problem. 

10.36.2 Confirm or select the following switch conditions: 

MDC-8 

DIRECT RCS - OFF 
LIMIT CYCLE - ON 
ATTITUDE DEADBAND - MAXIMUM 
0.05 GENTRY - OFF 
LOCAL VERTICAL - OFF 
DELTA V - OFF 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

G&N/SCS - G&N . 
A'I'TI'l'UDE/MONITOR/ENTRY - ATTITUDE 

10. 
11. 
12. 
13. 
14. 
15. 

A&C ROLL CHANNEL-JONE OFF, ONE ON (SWITCH FOR 
B&D ROLL CHANNEL - FULLEST QUAD LEFT ON) 
PITCH CHANNEL - ON 
YAW CHANNEL - ON 
ROLL RATE GYRO - NORMAL 
PITCH RATE GYRO - BMAG 
YAW RATE GYRO - NORMAL 

MDC-25 

1. FDAI LTG - AC 1 
2. GROUP 1 - AC 1 - CLOSED 
3. GROUP 1 - AC 2 - CLOSED 
4. GROUP 2 - AC 1 - CLOSED 
5. GROUP 2 - AC 2 - CLOSED 
6. GROUP 1 - MNA - CLOSED 
7. GROUP 1 - MNB - CLOSED 
8. GROUP 2 - MNA - CLOSED 
9. GROUP 2 - MNB - CLOSED 
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DIRECT CONTROL - MNA - CLOSED 
DIRECT CONTROL - MNB - CLOSED 

10. 
11. 
12. 
13. 
1.4. 
1.5. 

A&C ROLL - MNB - ONE CIRCUIT BREAKER CLOSED FOR 
A&C ROLL - MNA 3 
B&D ROLL - MNA - FULLEST QUAD, OTHERS OPEN: 
B&D ROLL - MNB -

A (.,!UAD - A&C MNA 
B ~UAD - B&D MNA 
C QUAD - A&C MNB 
D (.,!UAD - B&D MNB 

PITCH - MNA -JONE OPEN -
PITCH - MNB - ONE CLOSED 
YAW - MNA -JONE OPEN -
YAW - MNB - ONE CLOSED 
G&N SYNC - OFF 

16. 
17. 
18. 
19. 
20. 
21. 
22. 

GIMBAL MO'l'OR CONTROL - PITCH - BAT A - OPEN 
GIMBAL MOTOR CONTROL - YAW - BAT A - OPEN 

MDC-24 

1. SGS POWER - AC 1 
2. RATE GYRO POWER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH G IMBAL MOTOR 2 - OFF 
3. YAW GIMBAL MO'l'OR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVAL VE B - OFF 

MDC-6 

A 'I'TITUDE SET - OFF 

MDC-7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTHOLS - LOCKED 

MDC-14 

1. PROGRAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIUHTNESS - ADJUST AS hE(.,!UlRED 
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MDC-2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 

MDC-22 

1. IMU HTR - MNA - CLOSED 
2. IMU HTR - MNB - CLOSED 
3. IMU - MNA - CLOSED 
4. IMU - MNB - CLOSED 
5. COMPUTER - MNA - CLOSED 
6. COMPUTER - MNB - CLOSED 
7. OPTICS - MNA - CLOSED 
8. OPTICS - MNB - CLOSED 
9. G&N AC PCWER - AC l - CLOSED 

10. G&N AC PCWER - AC 2 - CLOSED 
11. G&N AC POIJER - AC l 

LEB NA V STATION SWITCHES 

1. FLOODLIGHT CONTROL PRIMARY - ADJUST AS REQUIRED 
2. FLOODLIGHT CONTROL SECONDARY - ADJUST AS REQUIRED 
3. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
4. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
5. IMU TRANSFER - COMPUTER 
6. OPTICS SLAVE TELESCOPE - STAR LOS 
7. OPTICS MODE - ZERO OPTICS 
8. OPTICS HOLD - OFF 
9. OPTICS CONTROLLER SPEED - HIGH 

10. OPTICS CONTROLLER MODE - RESOLVED 
11. IMU TEMP MODE - AUTO OVERRIDE 
12. AGC MODE - ON 
13. ATTITUDE IMPULSE ENABLE - OFF 
J.4. CONDITION LAMPS - ON 

10.36.3 Select from the onboard charts the proper earth track chart 
for this l andmark sighting. Procedure 10.32 Ground Track Determination may 
be used to help select the proper earth track chart. Select three landmarks 
from the earth track charts. These landmarks should be at least ten degrees 
(16 NM) off the orbital track. 

10.36.4 

10.36.5 

10.36.6 

10.36.7 

On MDC-8 place the G&N/SCS Switch to the SCS Position. 

On the LEB DSKY PRESS V37E22E. 

Verify PROORAM number changes from 21 to 22 on DSKY. 

Verify the ISS FINE ALIGN MODE light ON. 
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10.36.8 Respond to V50N25 Flash with Rl code 00011 as follows: 

a. If automatic optics positioning is desired PRESS V33E on 
the DSKY. 

1. Respond to V06N41+ Flash by entering the following 
(Five digits must be entered after the sign with zeros 
being entered first if necessary). 

PRESS V25N4J+E on DSKY 

Rl - Landmark Latitude (0.01 degree) 

R2 - Landmark Longitude (0.01 degree) 

Rw - Landmark Altitude (0.1 NM) 

Verify valves in register before PRESSING ENTER last 
time on DSKY. 

2. Respond to V50N25 Flash with Rl code 00013 by placing 
OPTICS MODE Switch to COMPUTER position and PRESS ENTER 
pushbutton on DSKY. 

3. Monitor drive of optics to Shaft and Trunnion value 
displayed on DSKY. 

Rl - Shaft Angle (0.01 degree) 

R2 - Trunnion Angle (0.01 degree) 

b. If manual optics positioning is desired PRESS ENTER on 
DSKY. 

1. Set OPTICS MODE Switch to MANUAL. 

2. Drive the optics in Trunnion until the horizon is just 
tangent to the Telescope's field of view. 

NOTE: V51, please MARK, will begin to Flash on the DSKY. The 
Flash will continue until ______ MARKS have been 
made. 

10:36.9 Recognize the landmark. If selected landmarks are not visable 
pick an unknown landmark. 

10.36.10 

10.36.11 

10.36.12 
,, . 

Verify or set OPTICS MODE Switch to MANUAL. 

Set OPTICS CONTROLLER SPEED as required. 

Perform one of following: 

a. Center desired landmark in Telescope and track. 
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10.36.13 

b. Center unknown landmark in Telescope and switch attention 
to SXT. Track unknown landmark with SXT. 

Place ATTITUDE ENABLE Switch ON •. 

10.36.11+. Press the MARK button whenever the landmark is centered in 
optics. Repeat MARK at least ____________ times or more. 

10.36.15 

10.36.16 

10.36.17 
following: 

NOTE: Any MARK may be rejected immediately after its perfor­
mance by PRESSING V52E on the DSKY. 

Place ATTITUDE ENABLE Switch OFF. 

On MDC-8 place Pitch Rate Gyro - Normal 

After the landmark passes out of range enter one of the 

NOTE: If program alarm comes on due to TOO MANY MARKS, PRESS 
ERROR RESET ENTER on DSKY. V25N44, Load Landmark Data 
will normally be Flashing. 

a. If known landmark used enter on DSKY: (Five digits must 
be entered after the sign with zeros being entered first if 
necessary). 

Rl - Landmark Latitude (0.01 degree) 

R2 - Landmark Longitude (0.01 degree) 

R3 - Landmark Altitude (0.1 NM) 

Verify values in registers before PRESSING ENTER last time on 
DSKY. 

b. If unknown landmark used enter zeros in all registers. 

10.36.18 Monitor V06N75 Flash and Display of orbital parameter changes 
as a result of the sighting. 

10.36.19 * 
10.36.20 * 

R1 - DELTA POSITION (FEET) 

R2 - DELTA VELOCITY (FPS) 

Record above in Flight Log. 

If data acceptable PRESS V33E on DSKY. 

Ii' data not acceptable PRESS V34E on DSKY. 

* The limits to which the Display in 10.36.17 must be compared 
with have not been defined. 
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. ,, ... 

10.36.21 Verify DSKY PROGRAM goes to 00. 

10.36.22 If additional sightings are to be performed, set the OPTICS 
CONTROLLER SPEED Switch to high and perform Procedure 10.41, G&N Local 
Vertical, using a pitch angle of 340 degrees (heads up) and repeat this procedure. 

10.36.23 If no additional sightings are to be performed proceed to the 
next mission task. 
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10.37 

10.37.1 

10.37.2 

10.37.3 

AGC Clock Update. 

This procedure requires only that the AGC be ON. 

Verify with ground that AGC clock update will be performed. 

Ii' UPDATE is to be performed manually proceed to step 10.37.5. 

10.37.4 On MDC-14 PLACE UPTEL Switch to ACCEPT POSITION. Proceed to 
step 10.37.9. 

10.37.5 

10.37.6 

10.37.7 

10.37.8 

10.37.9 

Record from MSFN, the following: 

±()OXXX (Hours) 

:±{)OOXX (Minutes) 

:±DXXXX (0.01 Seconds) 

The above represents the amount of change that must be made 
to the AGC clock to make it correct. 

PRESS V55E on DSKY. 

ENTER following in sequence 

± ooxxx 

± oooxx 

± oxxxx 

(Hours) 

(Minutes) 

(0.01 Seconds) 

PRESS ENTER button after each value is verified on the DSKY. 

NOTE: All signs must be positive to increase clock value, or 
all negative to decrease clock value. 

PRESS KEY RELEASE on DSKY and exit this procedure. 

~Then UPTL light goes out PLACE UPTEL switch to BLOCK position. 
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10.38 

10.38.1 

CSM/S-IVB Separation and SLA Photography Attitude Orientation. 

Confirm or select the following initial switch positions. 

NOTE: The SCS has been in a power down configuration. 
The G&.N System is on, and the IMU has been aligned. 
The IMU is in fine align and the computer is in 
idle, i.e. program 00. 

MDC 8 

1. DIRECT RCS - OFF 
2. LIMIT CYCLE - OFF 
3. ATTITUDE DEADBAND - MAXIMUM 
4 •• 05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
7. G&.N/scs - scs 
8. ATTITUDE/MONITOR/ENTRY - MONITOR 
9. A&C ROLL CHANNEL - OFF 

10. B&D ROLL CHANNEL - OFF 
11. PITCH CHANNEL - OFF 
12. YAW CHANNEL - OFF 
13. ROLL RATE GYRO - BMAG 
14. PITCH RATE GYRO - BMAG 
15. YAW RATE GYRO - BMAG 

MDC 25 

1. FDAI LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MNA - CLOSED 
13. A&C ROLL-MNB - CLOSED 
14. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 24 

1. SCS POWER - AC 1 
2. RATE GYRO PrnER - AC 1 
3. ROTATION CONTHOL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 PC1tlER - OFF 
6. TVC 2 POWER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW GIMBAL MOTOR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 --
ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC l4 

1. PROOF.AM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
3. DSKY BRIGHTNESS - ADJUST AS REQUIRED 

MDC 2 

1. FDA! SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 
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MDC 22 

1. I.MU HTR-MNA - CLOSED 
2. I.MU HTR-MNB - CLOSED 
3. IMU-MNA - CLOSED 
4. JJ,fiJ-MNB - CLOSED 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOOED 
7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN 
9. G&N AC POWER-AC 1 - CLOSED 

10. G&N AC POWER-AC 2 - CLOSED 
11. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHES 

1. IMO TRANSFER - COMPUTER 
2. OPTICS SLAVE TELESCOPE - STAR LOS 
3. OPTICS MODE - ZERO OPTICS 
4. OPTICS HOLD - OFF 
5. OPTICS CONTROLLER SPEED - HIGH 
6. OPTICS CONTROLLER MODE - DIRECT 
7. IMU TEMP •. MODE - AUTO OVERRIDE 
8. AGC MODE - ON 
9. ATTITUDE IMPULSE ENABLE - OFF 

10. CONDITION LAMPS - ON 
11. FLOODLIGHT CONTROL PRIMARY - OFF 
12. FLOODLIGHT CONTROL SECONDARY - OFF 
13. PANEL BRIGHTNESS CONTROL - MAX. DIM. 
14. AGC BRIGHTNESS CONTROL - MAX. DIM. 

10.J8.2 Set the Digital Event Timer to reach 00-00 at S-IVB Separation 
(03:18:00 Mission Elasped Time). 

10.38.3 

10.J8.4 

Check SM RCS pressure and propellant quantities by quad. 

On MDC 25 Turn TVC 1 POWER SWITCH TO AC-1. 

10.38.5 Adjust the delta V remaining counter on MDC 7 down to read 
00010 feet per second using the delta V set switch on the same panel. 

10.38.6 Momentarily deflect the FDAI self test switch on MDC 2 to the 
self test position and confirm that the rate meters deflect 2/3 full scale 
in the directions indicated: Roll, right; Pitch, up; and Yaw, right on MDC 4. 

10.38.7 
Normal. 

Place the Pitch, Yaw, and Roll Rate gyro switches on MDC 8 to 
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10.38.8 Adjust the attitude set dials on MDC 6 to the following set-
tings: Roll - 0 degree; Pitch; Approximately 8 degrees of negative pitch 
ahead of the value currently under the entry ( e ) symbol on the FDAI; Yaw 
- 0 degree. · 

10.38.9 The navigator should now select program 47 on MDC 14 by pressing 
V37E47E and confirm that program 00 display ceases and 47 appears in the 
program display block. (Disregard flash of V50N25, Rl 00035 until ready to 
ullage). 

10.38.10 The pilot should depress the FDAI Align pushbutton on MDC 6 
releasing it as the pitch value set on the dial is the same as the reading 
under the entry ( 6} ) symbol. 

10.38.11 At 03:15:00 confirm S-IVB attitude hold establishment by the 
cessation of the pitching motion on the FDAI. Note the pitch angle reading. 

10.38.12 Place the Attitude/Monitor/Entry switch (MDC 8) to Attitude. 

10.38.13 The A&C Roll, B&D Roll, Pitch, and Yaw channel enable switches 
on MDC 8 should now be placed on. 

10.38.14 Unlock and unpin the rotation and translation controls. 

10.38.15 At 00-15 on the digital event timer the pilot should place his 
right index finger on the Direct Ullage Pushbutton on MDC 7 and his left hand 
on the translation control. At the same time the navigator should unlock 
the switches on MDC 5 and prepare to press ADPT SEP with his left hand on 
MDC 5 and Enter with his right hand on MDC 14. 

10.38.16 At 00-02 the pilot should initiate Direct Ullage and the 
navigator should press enter (the Verb noun display should switch to Vl6Nl3 
flashing and the velocity change assumulated will be displayed in Rl>. 

10.38.17 At 00-00 the navigator should press ADPT SEP. 

10.38.18 The navigator should momentarily move the RCS SMD switch on 
MDC 16 to on after pushing ADPT SEP. 

10.38.19 At 59-58 the direct ullage command should be terminated and 
normal ullage (+ X) initiated and continued until the delta V remaining 
counter reads 00000. (The delta V displayed value on MDC 7 may be cross 
checked against the Rl display which should read -+DOOlO at this time). 
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10.38.20 When+ Xis terminated, the navigator should, after noting the 
final reading in Register 1, press VJJE to allow the computer to go back 
to program 00. 

10.J8.21 At the time the delta V remaining counter reaches 00000 and he 
terminates the± X conunand, the pilot should initiate a plus pitch rate 
command of 0.5 degrees per second. The rate should be continued until 
nearing a pitch change of 150 degrees with respect to the pitch angle READING 
OF STEP 10.J8.ll the rotation control should be eased back to neutral at 
the desired pitch attitude. 

10.38.22 

10.38.23 

Place the limit cycle switch on MDC 8 to ON. 

The SLA photography task may now be accomplished. 
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10.39 Display- of IMU Gimbal Angles. The following . procedure should 
only be performed if no major program is in progress in the AGC and the IMU 
is inertially stabilized. 

10.39.l If the vehicle is under G&N Attitude Hold and the IMU G:imbal 
Angles are desired without removing G&N Attitude Hold perform the following: 

a. PRESS Vl6N20 on DSKY. 

b. Monitor DSKY DISPLAY of IMU G:imbal Angles (these 
angles will represent the IMU g:imbal angle when the 
FDAI Attitude Error Needles go through null for each 
axis). 

Rl - ROLL (.01 Dffi.) 

R2 - PITCH (.01 Dffi.) 

R3 - YAW (.01 DID.) 

c. PRESS V34E on the DSKY, when complete with DSKY 
Display. 

10.39.2 If the vehicle is in free drift, SCS Attitude Hold or G&N 
Attitude Hold and the IMU Gimbal Angles are desired when no G&N Attitude 
Hold requirement exists, perform the following: 

a. Verify AGC Program is 00. If not perform the following: 

1. PRESS V37EOOE on DSKY. 

2. Verify Program 00 is Displayed on DSKY. 

3. Verify the ISS FINE ALIGN MODE light ON. 

b. PRESS Vl6N20E on DSKY. 

c. Monitor DSKY DISPLAY of IMU Gimbal Angles. 

d. When complete with the Display PRESS V34E on the DSKY. 
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10.40 Conunanding G&N Attitude Hold. The following procedure should 
only be performed if no major program is in the AGC and the IMU is inertially 
stabilized. 

10.40.1 

10.40.2 

Verify AGC Program is 00. If not perform the following: 

a. PRESS V37EOOE on DSKY. 

b. Verify Program 00 is Displayed on DSKY. 

c. Verify the ISS FINE ALIGN MODE light ON. 

Confirm or select the following switch positions. 

MDC 8 

1. 
2. 
3 • 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

DIRECT RCS - OFF 
LIMIT CYCLE - ON 
ATTITUDE DEADBAND - MAXIMUM 
• 05 GENTRY - OFF 
LOCAL VERTICAL - OFF 
DELTA V - OFF 
G&N/scs - AS IS 
ATTITUDE/MONITOR/ENTRY - AS IS 
A&C ROLL CHANNEL j ONE ON - ONE OFF 
B&D ROLL CHANNEL ON FOR FULLEST QUAD ON 
PITCH CHANNEL - ON 
YAW CHANNEL - ON 
ROLL RATE GYRO - AS IS 
PITCH. RA TE GYRO - AS IS 
YAW RATE GYRO - AS IS 

MDC 25 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

FDA! LTG - AC 1 
GROUP 1-AC 1 - CLOSED 
GROUP 1-AC 2 - CLOSED 
GROUP 2-AC 1 - CLOSED 
GROUP 2-AC 2 - CLOSED 
GROUP 1-MNA - CLOSED 
GROUP 1-MNB - CLOSED 
GROUP 2-MNA - CLOSED 
GROUP 2-MNB - CLOSED 
DIRECT CONTROL-MNA - CLOSED 
DIRECT CONTROL-MNB - CLOSED 
A&C ROLL-MNA -J ONE CIRCUIT BREAKER CLOSED FOR 
A&C ROLL-MNB - FULLEST QUAD, OTHERS OPEN: 
B&D ROLL-MNA -
B&D ROLL-MNB - A QUAD - A&C MNA 

B QUAD - B&D MNA 
C QUAD - A&C MNB 
D QUAD - B&D MNB 
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PITCH-MNA -J ONE OPEN -
PITCH-MNB - ONE CLOSED 
YAW-MNA -1 ONE OPEN -
YAW-MNB - ONE CLOSED 
G&N SYNC - OFF 

16. 
17. 
18. 
19. 
20. 
21. 
22. 

GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 

MDC 24 

1. SCS PG/ER - AC 1 
2. RATE GYRO PG/ER - AC 1 
J. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 PGIER. - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH G IMBAL MOTOR 2 - OFF 
J. YAW GIMBAL MOTOR 1 - OFF 
4. YAW GIMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVAL VE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC 14 

1. PROORAM - 00 
2. UPTEL - ACCEPT/BLOCK - BLOCK 
J. DSKY BRIGHTIIBSS - ADJUST AS REQUIRED 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNF.sS - ADJUST AS REQUIRED 
J. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 
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10.40.3 

10.40.4 

10.40.5 

10.40.6 

10.40.7 
references. 

MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. IMU-MNA - CLOSED 
4. IMU-MNB - CLOSED 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-Mr.JB - CLOSED 
7. OPTICS-lfflA - OPEN 
8. OPTICS-MNB - OPEN 
9. G&N AC POWER-AC 1 - CLOSED 

10. G&N AC POWER-AC 2 - CLOSED 
11. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHES 

1. FLOODLIGHT CONTROL PRIMARY - ADJUST AS REQUIRED 
2. FLOODLIGHT CONTROL SECONDARY - ADJUST AS REQUIRED 
3. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
4. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
5. IMU TRANSFER - COMPUTER 
6. OPTICS SLAVE TELESCOPE - STAR LOS 
7. OPTICS MODE - ZERO OPI'ICS 
8. OPI'ICS HOLD - OFF 
9. OPI'ICS CONTROLLER SPEED - HIGH 

10. OPI'ICS CONTROLLER MODE - DIRECT 
11. IMU TEMP. MODE - AUTO OVERRIDE 
12. AGC MODE - ON 
13. ATTITUDE IMPULSE ENABLE - OFF 
14. CONDITION LAMPS - ON 

On MDC PLACE G&N/scs switch to G&N POSITION. 

ON MDC PLACE ATTITUDE/MONITOR/ENTRY switch to ATTITUDE POSITION. 

PRESS V44E on DSKY. 

Verify the ISS ATT CONT MODE light ON. 

Confirm Attitude Hold by monitoring the FDAI or external 

10.40.8 A maneuver may not be performed with the above switch con­
figuration. Reference procedures 10.12, 10.13, and 10.18 for maneuvers. 
Repeat this procedure after the maneuver if necessary. 
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10.41 G&N Local Vertical. This procedure can only be performed if 
the IMU is on and the AGC lmows the inertial orientation of the IMU. 

10.41.1 If G&N Attitude Hold is present proceed to Step 10.41.2. If 
not, Verify AGC is in Program 00. If not, perform the following: 

10.41.2 

NOTE: Program 00 would not normally be selected if there 
is another program in progress. 

a. PRESS V37EOOE ON DSKY. 

b. Verify the ISS FINE ALIGN MODE light ON. 

c. Verify Program 00 is DISPLAYED on DSKY. 

Confirm or select the following switch conditions: 

MDC 8 

DIRECT RCS - OFF 
LIMIT CYCLE - OFF 
ATTITUDE DEADBAND - MAXIMUM 
• 05 GENTRY - OFF 
LOCAL VERTICAL - OFF 
DELTA V - OFF 
G&N/scs - AS IS 
ATTITUDE/MONITOR/ENTRY - AS IS 

1. 
2. 
3 • 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

A&C ROLL CHANNEL -1 ONE OFF, ONE ON ( SWITCH 
B&D ROLL CHANNEL - FOR FULLEST QUAD LEFT ON) 
PITCH CHANNEL - ON 
YAW CHANNEL - ON 
ROLL RATE GYRO - AS IS 
PITCH RATE GYRO - AS IS 
YAW RATE GYRO - AS IS 

:t-IDC 25 

1. FDAI LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7 ~ GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MNA - CLOSED 
13. A&C ROLL-MNB - CLOSED 
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l.4. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 

MDC 24 

1. SCS POWER· -AC 1 
2. RATE GYRO Pa-IBR - AC 1 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW G IMBAL MOTOR 1 - OFF 
4. YAW G IMBAL MOTOR 2 - OFF 
5. INJECT PREV AL VE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 --
ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC 14 

1. UPI'EL - ACCEPI'/BLOCK - BLOCK 
2. DSKY BRIGHTNESS - ADJUST AS REQUIRED 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS REQUIRED 
3. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 
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10.41.3 

10.41.4 

MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. IMU-MNA - CLOSED 
4. IMU-MNB - CLOSED 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - OPEN 
8. OPTICS-MNB - OPEN · 
9. G&N AC POWER-AC 1 - ClOSED 

10. G&N AC POWER-AC 2 - CLOSED 
11. G&N AC PCMER-AC 1 

I.EB NAV STATION SWITCHES 

1. FLOODLIGHT CONTROL PRIMARY - ADJUST AS REQUIRED 
2. FLOODLIGHT CONTROL SECONDARY - ADJUST AS REQUIRED 
3. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
4. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
5. IMU TRANSFER - COMPUTER 
6. OPTICS SLAVE TELESCOPE - STAR LOS 
?. OPTICS MODE - ZERO OPTICS 
8. OPTICS HOLD - OFF 
9. OPTICS CONTROllER SPEED - HIGH 

10. OPTICS CONTROllER MODE - DIRECT 
11. IMU TEMP. MODE - AUTO OVERRIDE 
12. AGC MODE - ON 
13. ATTITUDE IMPULSE ENABLE - OFF 
14. CONDITION LAMPS - ON 

PRESS V37E21E ON DSKY. 

Verify Program 21 is DISPLAYED on DSKY. 

10.41.5 Respond to V25N06 Flash by Entering desired local vertical 
vehicle attitude as follows: 

a. ENTER PITCH ANGLE - Angle measured positively going 
up from forward local horizontal to spacecraft+ X axis 
(.01 DEn). {Enter must be five digits with zeros entered 
first, if necessary). 

Rl - PITCH ANGLE (.01 DEn) 
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b. ENTER HEADS UP OR DOWN 

R2 - + 00001 (HEADS UP) 

- - 00001 (HEADS Da-JN) 

Verify data in Rl and R2 before ENTER button is pushed 
during R2 load. 

10.41.6 Respond to V16N36 Flash with time to gimbal lock DISPLAY in 
Rl as follows: 

Rl - TIME TO GIMBAL LOCK (MIN - SEC) 

a. If Rl Display is 00000 gimbal lock is not a problem. 
PRESS V33E on DSKY. 

b. If local vertical is not desired if gimbal lock is 
possible, select another Program (V36E E). 

c. If local vertical is desired for period greater than 
Rl Display, perform Procedure 10.45, IMU ALIGNMENT. 

d. If local vertical is desired for period shorter than 
Rl Display, PRESS V33E on DSKY. (The DET may be set if 
desired and the FDAI must be monitored to prevent gimbal 
lock). 

10.41.7 If G&N Attitude Control is not present, respond to V50N25 
Flash with Rl code 00001 by PRESSING V33E on DSKY and selecting the following: 

a. G&N/SCS Switch to G&N 

b. ATTITUDE/MONITOR/ENTRY to ATTITUDE 

10.41.8 Respond to V16N20 Flash and DSKY DISPLAY OF PRESENT CDU GIMBAL 
ANGLES by PRESSING V33E on DSKY. 

Rl - OG ROLL (.01 DEG) 

R2 - IG PITCH (.01 DEG) 

RJ - MG YAW ( .01 DEG) 
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10.41.9 Respond to V06Nl7 Flash and DSKY DISPLAY of Gimbal Angles 
desired at the end of the maneuver as follows: 

Rl - 0G ROLL(.01 Dfil) 

R2 - IG PITCH (.01 DEG) 

R3 - MG YAW(.01 DEG) 

a. Limit Cycle Switch - OFF. 

b. PRESS VJJE on the DSKY. 

c. Monitor FDAI to check that maneuver is toward the 
ICDU values displayed on DSKY and gimbal lock is 
avoided. 

d. Monitor Rate Needles indicate ~. 5 degrees per second 
maneuver rate. 

e. When final attitude is obtained place Limit Cycle 
Switch ON. 

10.41.10 Monitor Pitch rate on the atti~ude ball of the FDAI (approxi-
mately 4 degrees per minute). 

10.41.11 Select the following switch positions. 

MDC 25 

1. A&C ROLL-MNA -1 
2. A&C ROLL-MNB -
3. B&D ROLL-MNA -
4. B&D ROLL-MNB -

ONE CIRCUIT BREAKER CLOSED FOR 
FULLEST ~UAD, OTHERS OPEN. 

A l..!UAD - A&C MNA 
B QUAD - B&D MNA 
C QUAD - A&C MNB 
D ~UAD - B&D MNB 

5. PITCH-MNA -1 ONE OPEN -
6. PITCH-MNB - ONE CLOSED 
7. YAW-MNA - J ONE OPEN -
8. YAW-MNB - ONE CLOSED 

10.41.12 When complete with local vertical requirement, change Program 
by Pressing V37E __ Eon DSKY. 

10-157 
SID 65-1702 



NORTH AMERICAN AVIATION, INC . ~ SPACEand <NFORMAT<ON SYSTEMS DMSmN 

10.42 Orbit Change and SPS Minimum Impulse Prethrusting. This pro-
cedure will be performed at least twice for each thrusting maneuver. Once 
after the initial MSFN UPDATE of thrusting parameters and once prior to the 
burn while in contact with MSFN for final confirmation of thrusting parameters. 
AGC is required ON to perform the following. 

10.42.1 

10.42.2 

10.42.3 

10.42.4 

On the DSKY PRESS V37E *E. 

Verify PROGRAM* is Displayed on DSKY. 

➔~ 31 if data load for orbit change. 

33 if data load for SPS minimum impulse. 

Monitor V06N34 Flash and DSKY Display: 

Rl - TIG (HRS) (GMT) 

R2 - TIG (MIN) (GMT) 

R3 - TIG (. 01 SEC) (GMT) 

Compare Display with onboard recording of MSFN data and 
perform the following: 

a. If Display is correct PRESS V33E on the DSKY. 

b. If Display is not correct PRESS V25N34 on DSKY and 
ENTER correct data: (Five digits must be entered after 
the sign with zeros being entered first). 

Rl - TIG (HRS) (GMT) 

R2 - TIG (MIN) (GMT) 

R3 - TIG (.01 SEC) (GMT) 

Verify values in registers before PRESSING ENTER last time 
on DSKY. 

Monitor V06N44 Flash and DSKY Display: 

Rl - LATITUDE (.01 Dffi) 

R2 - LONGITUDE (.01 Dffi) 

R3 - ALTITUDE (.01 NM) 

(+ is east or north) 
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10.42.5 

Compare Display with onboard recording of MSFN data and 
perform the following: 

a. If Display is correct PRESS VJJE on the DSKY. 

b. If Display is not correct PRESS V25N44 on DSKY 
and ENTER correct data: (Five digits must be 
entered after the sign with zeros being entered 
first; if necessary). 

Rl - LATITUDE (.01 DEG) 

R2 - LONGITUDE (.01 DEG) 

RJ - ALTITUDE (0.1 NM) 

(+ is east or north) 

Verify values in registers before PRESSING ENTER last time 
on DSKY. 

Monitor V06N45 Flash and DSKY Display of desired orbit period. 

Rl - HR 

R2 - MINS 

RJ - SECS (.01 SEC) 

Compare Display with onboard recording of MSFN data and 
perform the following: 

a. If Display is correct PRESS VJJE on the DSKY. 

b. I f Display is not correct PRESS V25N45 on DSKY and 
ENTER correct data: (Five digits must be entered after 
the sign with zeros being entered first). 

Rl - HR 

R2 - MINS 

R3 - SECS (.01 SEC) 

Verify values in registers before PRESSING ENTER last time 
on DSKY. 
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10.42.6 

10.42.? 

Monitor V06N?O Flash and DSKY Display: 

Rl - PITCH TRIM (0.01 DEX}) 

R2 - YAW TRIM (0.01 DEXl) 

R3 - DELTA V TAILOFF (FT/SEC) 

Compare Display with onboard recording of MSFN data and 
perform the following: 

a. If Display is correct PRESS V33E on the DSKY. 

b. If Display is not correct, PRESS V25N70 on DSKY and 
ENTER correct data: (Five digits must be entered after 
the sign with zeros being entered first). 

Rl - PITCH TRIM (0.01 DEX}) 

R2 - YAW TRIM (0.01 D:ffi) 

R3 - DELTA V TAILOFF (FT/SEC) 

Verify values in registers before PRESSING ENTER last 
time on DSKY. 

(Only for Program 33, SPS Minimum Impulse Prethrusting Data 
Load) 

Monitor V06N35 Flash and DSKY Display: 

Rl - DELTA T BURN (HRS) 

R2 - DELTA T BURN (MINS) 

R3 - DELTA T BURN (.01 SECS) 

Compare Display with onboard recording of MSFN data and per­
form the following: 

a. If Display is correct PRESS V33E on the DSKY. 

b. If Display is not correct PRESS V25N35 on DSKY and 
ENTER correct data. (Five digits must be entered after 
the sign with zeros being entered first). 

Rl - DELTA T BURN (HRS) 

R2 - DELTA T BURN (MINS) 

R3 - DELTA T BURN (.01 SECS) 
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10.42.8 

10.42.9 

10.42.10 

Verify values in registers before PRESSING ENTER last 
time on DSKY. 

NOTE: If the data in steps 10.42.4, 5, 6, 7, or 8 was found 
to be incorrect after on AGC update by the MSFN UPLilJK, 
this fact should be noted and passed on to the ground 
as soon as possible. 

Monitor V06N45 Flash and DSKY Display. 

Rl - Perigee Altitude (0.1 NM) 

R2 - Apogee Altitude (0.1 NM) 

RJ - Delta V Required (FT/SEC) 

Confirm above with MSFN if contact is available or with 
MSFN data recorded during a previous contact. 

NOTE: Verification of the unit thrust vector and earth 
centered radius vector direction at ignition will 
also be made at this time. The magitude of plane 
change that will result from this burn must also 
be displayed for verification. At present the 
MIT program does not provide a display of the 
above information to the operation, b~t displays 
are being requested. 

Perform one of the following: 

a. If data Displayed in 10.42.8 is acceptable PRF.SS VJJE 
on the DSKY. 

b. If data Displayed in 10.42.8 is not in agreement with 
MSFN Data, contact MSFN for evaluation of the G&N com­
putations. Perform thrusting as directed by MSFN. Continue 
procedure if MSFN contact is not presently available, noting 
additional errors. 

Monitor V06NJ5 Flash and DSKY Display: 

Rl - TTI - (HRS) 

R2 - TTI - (Mms) 

RJ - TTI - (0.01 SECS) 
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10.42.11 

10.42.12 

10.42.13 
on DSKY. 

10.42.14 

10.42.15 

Set TTE clock and DET using time Display in step 10.42.10. 

PRESS VJ3E on DSKY when finished with Display in step 10.42.10. 

NOTE: It may not be possible to set the DET due to Display 
being greater than 60 minutes. In this case there 
will be another TTI Display in Program 41 or 43 to 
allow setting of the DET. 

Monitor V06Nl4 Flash and DSKT Display: 

Rl - Delta V (SCS) (FT/SEC) 

a. Record Delta V (SCS) value for use later to set 
Delta V Remaining Counter. 

b. Compare Display with onboard recording of MSFN 
data. 

c. When complete with Display PRESS V3JE on DSKY. 

Respond to V50N07 Flash with Rl code 00051 by PRESSING VJ7EOOE 

Verify Program 00 on DSKY. 

Verify ISS FINE ALIGN MODE light is ON. 
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10.43 Deorbit Prethrusting. This procedure will be performed at least 
twice for the deorbit maneuver. Once after the initial MSFN UPDATE of thrust­
ing parameters and once prior to the burn while in contact with MSFN for final 
confirmation of thrusting parameters. AGC is required ON to perform the 
following: 

10.43.1 

10.43.2 

10.43.3 

10.43.4 

On the DSKY PRESS V37E32E. 

Verify PROGRAM 32 is DISPLAYED on DSKY. 

Monitor V06N44 Flash and DSKY Display of landing point. 

Rl - LATITUDE ( • 01 DEC) 

R2 - LONGITUDE ( • 01 DEG) 

(+ is east or north) 

Compare Display with onboard recording of MSFN data and 
perform the following: 

a. If Display is correct PRESS V33E on the DSKY. 

b. If Display is not correct PRESS V24N44 on DSKY and 
ENTER correct data: (Five digits must be entered after 
the sign with zeros being entered first). 

Rl - LATITUDE (.01 DEG) 

R2 - LONGITUDE (.01 DEG) 

Verify values in registers before PRESSING ENTER last time 
on DSKY. 

Monitor V06Nl2 Flash and DSKY Display: 

Rl - Delta VALLOW (FT/SEC) 

Compare Display with onboard recording of MSFN data and 
perform the following: 

a. If Display is correct PRESS V33E on the DSKY. 

b. If Display is not correct PRESS V24Nl2 on DSKY and 
ENTER correct data: (Five digits must be entered after 
the sign with zeros being entered first). 

Rl - Delta VALLOW (FT/SEC) 

Verify values in register before PRESSING ENTER last time 
on DSKY. 
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10.43.5 Monitor V06N70 Flash and DSKY Display: 

Rl - PITCH TRIM (0.01 DED) 

R2 - YAW TRIM ' '0.01 DED) 

R3 - DELTA V TAILOFF (FT/SEC) 

Compare Display with onboard recording of MSFN data and 
perform the following: 

a. If Display is correct PRESS V33E on the DSKY. 

b. If Display is not correct PRESS V2l+N70 on DSKY and 
ENTER correct data: (Five digits must be entered after 
the sign with zeros being entered first). 

Rl - PITCH TRIM (0.01 DED) 

R2 - YAW TRIM (0.01 DED) 

R3 - DELTA V TAILOFF (FT/SEC) 

Verify values in registers before PRESSING ENTER last 
time on DSKY. 

10.43.6 Monitor V06N34 Flash and DSKY Display of earliest permissible 
time for SPS ignition. 

Rl - TIG PERM (HRS) 

R2 - TIG PERM (MINS) 

R3 - TIG PERM (0.01 SECS) 

Compare Display with onboard recording of MSFN data and 
perform the following: 

a. If Display is correct PRESS V33E on the DSKY. 

b. If Display is not correct PRESS V25N34 on DSKY and 
ENTER correct data: (Five digits must be entered after 
the sign with zeros being entered first). 

Rl - TIG PERM (HRS) 

R2 - TIG PERM (MINS) 

R3 - TIG PERM (0.01 SECS) 

Verify values in registers before PRESSING ENTER last 
time on DSKY. 
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10.43.7 

10.43.8 

10.43.9 

10.43.10 

10.43.11 

NOTE: If the data in steps 10.43.4, 5, 6, or 7 was found 
to be incorrect after an AGC update by the MSFN 
UPLINK, this fact should be noted and passed on 
to the ground as soon as possible. 

Monitor V06N34 Flash and DSKY Display: 

Rl - TIG. (HRS) 

R2 - TIG (MINS) 

R3 - TIG (0.01 SECS) 

Confirm above with MSFN if possible or record for confirmation 
later but prior to the burn. 

PRESS V33E on DSKY. 

Monitor V06N47 Flash and DSKY Display: 

Rl - GAMMA I (0.01 DEG) 

R2 - DELTA R (0.1 NM) 

Confirm above with MSFN if contact is available or with MSFN 
DATA recorded during a previous contact. 

NOTE: Verification of the unit thrust vector and earth 
centered radius vector direction at ignition will 
also be made at this time. At present the MIT 
program does not provide a display of this infor­
mation to the operator, but displays are ·being 
requrested. 

Perform one of the following: 

a. I f data Displayed in 10.43. 7 and 9 is acceptable PRESS 
V33E on the DSKY. 

c. I f data Displayed in 10.43.7 and 9 is not in agreement 
with _MSFN DATA, contact MSFN for evaluation of the G&N 
computations. Perform thrusti ng as directed by MSFN. 
Continue procedure if MSFN contact is not presently 
avai lable, noting additional errors. 

Monitor V06N35 Flash and DSKY Display: 

Rl - TTI (HRS) 

R2 - TTI (MINS) 

R3 - TTI (0.01 SECS) 
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10.43.12 

10.43.13 

Set TTE clock and DET using time Display in step 10.43.11 
PRESS V33E on DSKY when finished with Display in step 10.43.11. 

NOTE: It may not be possible to set the DET due to Display 
being greater than 60 minutes. In this case there 
will be another TTI Display in P-41 to allow setting 
of the DET. 

Monitor V06Nl4 Flash and DSKY Display: 

Rl - Delta V (SCS) (FT/SEC) 

a. Record Delta V (SCS) value for use later to set 
Delta V remaining counter. 

b. Compare Display with onboard recording of MSFN data. 

c. When complete with Display PRESS VJJE on DSKY. 

10.43.14 Respond to V50N07 Flash with Rl code 00051 by PRESSING 
V37EOOE on DSKY. 

Verify Program 00 on DSKY. 10.43.15 

10.43.16 Verify ISS FINE ALIGN MODE light is ON. 
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10.44 IMU Orientation Determination. The vehicle attitude is already 
adjusted to allow two stars to be visable through the G&N Optics and the 
vehicle rates are below 0.2 degrees per second in each axis. 

10.44.1 Confirm or select the following switch conditions: 

MDC 8 

1. DIRECT RCS - OFF 
2. LIMIT CYCLE - ON 
3. ATTITUDE DEADBAND - MAXOOJM 
4 •• 05 GENTRY - OFF 
5. LOCAL VERTICAL - OFF 
6. DELTA V - OFF 
?. G&N/SCS - SCS 
8. ATTITUDE/MONITOR/ENTRY - MONITOR 
9. A&C ROLL CHANNEL - OFF 

10. B&D ROLL CHANNEL - OFF 
11. PITCH CHANNEL - OFF 
12. YAW CHANNEL - OFF 
13. ROLL RATE GYRO - BMAG 
14. PITCH RATE GYRO - BMAG 
15. YAW RATE GYRO - BMAG 

MDC 25 

1. FDAI LTG - OFF 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
?. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MNA - CLOSED 
13. A&C ROLL-MNB - CLOSED 
14. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MNA - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNA - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 24 

1. SCS POWER - OFF 
2. RATE GYRO POWER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW GIMBAL MOTOR 1 - OFF 
4. YAW G IMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVALVE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PINNED 
TRANSLATION CONTROLS - LOCKED 

MDC l4 

1. UPTEL - ACCEPT/BLOCK - BLOCK 
2. DSKY BRIGHTNESS - ADJUST AS REQUIRED 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGIITNESS - ADJUST AS RE~UIRED 
3. FCSM - ON/OFF/RESET - OFF 
4. FCSM - AUTO/OVERRIDE - OVERRIDE 

MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. IMU-MNA - CLOSED 
4. IMU-MNB - CLOSED 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - CLOSED 
8. OPTICS-MNB - CLOSED 
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9. G&N AC PCID":R-AC 1 - CLOSED 
10. G&N AC PG/ER-AC 2 - CLOSED 
11. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHF.S 

1. FLOODLIGHT CONTROL PRIMARY - ADJUST AS REQUIRED 
2. FLOODLIGHT CONTROL SECONDARY - ADJUST AS REQUIRED 
J. PANEL BRIGHTNF.SS CONTROL - ADJUST AS REQUIRED 
4. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
5. IMU TRANSFER - COMPUTER 
6. OPTICS SLAVE TELESCOPE - STAR LOS 
7. OPTICS MODE - ZERO OPTICS 
8. OPTICS HOLD - OFF 
9. OPTICS CONTROLLER SPEED - HIGH 

10. OPTICS CONTROLLER MODE - DIRECT 
11. IMU T:rn:P. MODE - AUTO OVERRIDE 
12. AGC MODE - ON 
13, ATTITUDE IMPULSE ENABLE - OFF 
J.1.,. CONDITION LAMPS - ON 

10.44.2 PRESS V37E51E on DSKY. 

10.44.3 Verify Program 51 is Displayed on DSKY. 

10.44.4 Verify the ISS FINE ALIGN MODE light is ON. 

10.44.5 Respond to V50N25 Flash with Rl code 00001 by PRESSING V33E 
on DSKY. 

10.44.6 Verify the ISS COARSE ALIGN MODE light comes ON. 

10.44.7 Verify the ICDU 1S DRIVE TO ZERO. 

10.44.8 Respond to V50N25 Flash with Rl code 00015 by PRESSING ENTER 
on the DSKY. 

10.44.9 Verify the ISS FINE ALIGN MODE light comes ON. 

10.44.10 Respond to V51 Flash by performing the following: 

a. Place OPTICS MODE switch to MANUAL POSITION. 

b. If one star from star list is in telescope's field of 
view, center star in field of view with Optics Hand Con­
troller by first driving Shaft axis to place star on R line 
and then driving Trunnion axis to center star. 
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10.44.11 

10.44.12 

10.44.13 

10.44.14 

10.44.15 

c. If no star from star list is in telescope's field of 
view, place OPTICS SLAVE TELESCOPE switch to OFFSET 25 
degrees position. Use the Optics Hand Controller to 
drive in Shaft until a star from the star list is on 
the R line. Place OPTICS SLAVE TELESCOPE switch to 
STAR LOS position. Drive the Optics in Trunnion until 
the star is centered. 

d. Place OPTICS CONTROLLER SPEED switch as required. 

e. When star is exactly centered PRESS MARK button. 

NOTE: MARK may be rejected by PRESSING V52E on the 
DSKY. If so, repeat paragraph d. above. 

Respond to V21N30 Flash by entering STAR CODE number into DSKY . 

Rl - STAR CODE Number 

If Display is correct PRESS ENTEH. on DSKY. 

Perform second MARK on a different star by return to step 10.44.9. 

Monitor one of the following: 

*a. V06N05, Data Good and Display of differences between 
actual and measured angle between MARKED stars in Rl 
(.01 DEG). Record in Flight Log. 

*b. V06N05, Data Bad Flash and Display of differences 
between actual and measured angle between MARKED stars 
in Rl ( • 01 Dffi) • 

1. Record data in Flight- Log. 

2. To continue program with this data PRESS 
V33E on DSKY. 

J. If Program should be stopped, change program 
and exit procedure. 

* Acceptable Limits for data have not been defined. 

Verify Program is 00. 

Verify ISS FINE ALIGN MODE light is ON. 
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10.45 

10.45.1 

IMU Alignment. 

Confirm or select the following initial switch positions. 

MDC 8 

DIRECT RCS - OFF 
LIMIT CYCLE - ON 
ATTITUDE DEADBAND - MAXIMUM 
• 05 GENTRY - OFF 
LOCAL VERTICAL - OFF 
DELTA V - OFF 

1. 
2. 
3. 
4 • 
5. 
6. 
7. 
8. 
9. 

G&N/scs - scs 
ATTITUDE/MONITOR/ENTRY - ATTITUDE 
A&C ROLL CHANNEL -J ONE ON - ONE OFF(ONE 
B&D ROLL CHANNEL - FOR FULLEST QUAD ON) 
PITCH CHANNEL - ON 

10. 
11. 
12. 
13. 
14. 
15. 

YAW CHANNEL - ON 
ROLL RATE GYRO - NORMAL 
PITCH RATE GYRO - NORMAL 
YAW RATE GYRO - NORMAL 

MDC 25 

1. FDAI LTG - AC 1 
2. GROUP 1-AC 1 - CLOSED 
3. GROUP 1-AC 2 - CLOSED 
4. GROUP 2-AC 1 - CLOSED 
5. GROUP 2-AC 2 - CLOSED 
6. GROUP 1-MNA - CLOSED 
7. GROUP 1-MNB - CLOSED 
8. GROUP 2-MNA - CLOSED 
9. GROUP 2-MNB - CLOSED 

10. DIRECT CONTROL-MNA - CLOSED 
11. DIRECT CONTROL-MNB - CLOSED 
12. A&C ROLL-MNA - CLOSED 
13. A&C ROLL-MNB - CLOSED 
1.4. B&D ROLL-MNA - CLOSED 
15. B&D ROLL-MNB - CLOSED 
16. PITCH-MN A - CLOSED 
17. PITCH-MNB - CLOSED 
18. YAW-MNB - CLOSED 
19. YAW-MNB - CLOSED 
20. G&N SYNC - OFF 
21. GIMBAL MOTOR CONTROL-PITCH-BAT A - OPEN 
22. GIMBAL MOTOR CONTROL-YAW-BAT A - OPEN 
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MDC 21.,, 

1. SCS POWER - AC 1 
2. RATE GYRO POWER - AC 1 
3. ROTATION CONTROL POWER - AC 2 
4. BMAG POWER - AC 2 
5. TVC 1 POWER - OFF 
6. TVC 2 POWER - OFF 

MDC 3 

1. PITCH GIMBAL MOTOR 1 - OFF 
2. PITCH GIMBAL MOTOR 2 - OFF 
3. YAW GIMBAL MOTOR 1 - OFF 
4. YAW G IMBAL MOTOR 2 - OFF 
5. INJECT PREVALVE A - OFF 
6. INJECT PREVAL VE B - OFF 

MDC 6 

ATTITUDE SET - OFF 

MDC 7 

NORMAL/OFF/DIRECT ON - OFF 

ROTATION CONTROLS - PHJNED 
TRANSLATION CONTROLS - LOCKED 

r-mc 14 

1. UPTEL - ACCEPI'/BLOCK - BLOCK 
2. DSKY BRIGHTNESS - ADJUST AS REQUIRED 

MDC 2 

1. FDAI SELF TEST - OFF 
2. FDAI BRIGHTNESS - ADJUST AS RElJUIRED 
3. FCSM - ON/OFF/RESET - OFF 
1.,,. FCSM - AUTO/OVERRIDE - OVERRIDE 

MDC 22 

1. IMU HTR-MNA - CLOSED 
2. IMU HTR-MNB - CLOSED 
3. IMU-MNA - CLOSED 
J.,,. IMU-MNB - CLOSED 
5. COMPUTER-MNA - CLOSED 
6. COMPUTER-MNB - CLOSED 
7. OPTICS-MNA - CLOSED 
8. OPI'ICS-MNB - CLOSED 
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9. G&N AC POWER-AC 1 - CLOSED 
10. G&N AC POWER-AC 2 - CLOSED 
11. G&N AC POWER-AC 1 

LEB NAV STATION SWITCHES 

1. FLOODLIGHT CONTROL PRIMARY - AS RE~UIRED 
2. FLOODLIGHT CONTROL SECONDARY - AS REQUIRED 
3. PANEL BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
4. AGC BRIGHTNESS CONTROL - ADJUST AS REQUIRED 
5. IMU TRANSFER - COMPUTER 
6. OPTICS SLAVE TELESCOPE - STAR LOS 
7. OPTICS MODE - ZERO OPTICS 
8. OPTICS HOLD - OFF 
9. OPTICS CONTROLLER SPEED_ HIGH 

10. OPTICS CONTROLLER MODE - DIRECT 
11. IMU TEMP. MODE - AUTO OVERRIDE 
12. AGC MODE - ON 
13. ATTITUDE IMPULSE ENABLE - OFF 
14. CONDITION LAMPS - ON 

10.45.2 PRESS V37E53E on DSKY. 

10.45.3 Verify Program 53 is Displayed on DSKY. 

10.45.4 A 20 second delay may occur if the ISS FINE ALIGN MODE light 
was not ON. 

10.45.5 Respond to V50N25 Flash with Fl code 00001 as follows; 

10.45.6 

10.45.7 

a. Place G&N/scs switch to G&N. 

b. PRESS V33E on DSKY. 

Verify the ISS ATT CONT MODE light comes ON. 

If the ISS FINE ALIGN MODE light comes ON, perform the following: 

NOTE: A twenty second delay will occur at 
this point. 

a. Verify the ISS COARSE ALIGN MODE light comes ON. 

b. Verify IMU-CDU DIFFERENCE INDICATOR ZEROED (± 1. 5 DID). 

c. Verify the ISS FINE ALIGN MODE light comes ON. (Light 
will be on 20 seconds). 

d. Verify the ISS ATT CONT MODE light comes ON. 
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10.45.8 Respond to Vl.6N20 Flash with Display of present ICDU angles 
by PRESSING VJJE on DSKY. 

Rl - OG ROLL (.01 DEG) 

R2 - IG PITCH (.01 DEG) 

RJ - MG YAW (.01 DEG) 

10.45.9 Respond to V06Nl7 Flash and DSKY Display of gimbal angles 
desired at the end of the maneuver as follows: 

10.45.10 

10.45.11 

Rl - 0G ROLL (.01 DEG) 

H2 - IG PITCH (.01 DEG) 

R3 - MG YAW (.01 DEG) 

a. Limit Cycle Switch - OFF 

b. PRESS VJJE on the DSKY. 

c. Monitor FDAI to check that maneuver is toward the 
ICDU valves displayed on DSKY and gimbal lock is avoided. 

d. Monitor that Rate Needles on FDAI indicate 0.5 degree 
per second maneuver rate. 

e. When final attitude is obtained, place Limit Cycle 
switch ON. 

If the ISS FINE ALIGN MODE light come ON, perfonn the following: 

NOTE: Light will be on twenty seconds. 

a. Verify the ISS COARSE ALIGN MODE light comes UN. 

b. Verify IMU-CDU DIFFERENCE INDICATOR ZEROED(± 1.5 DEG). 

c. Verify the ISS FINE ALIGN MODE light comes ON. (Light 
will be on 20 seconds). 

d. Verify the ISS A'l'T CONT MODE light comes ON. 

Monitor V06NJO Flash with Display of Star Code • 

. Rl - Star Code 

a. If Star Code is satisfactory, identify star on star 
charts and PH.ESS VJJE on DSKY. 
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b. If Star Code is not satisfactory, perform the following: 

1. PRESS V21NJO on DSKY. 

2. ENTER new Star Code on DSKY. 

10.45.12 Respond to V50N25 Flash with Rl Code 00013 by performing one 
of the following: 

10.45.13 

a. If Automatic Optics Positioning is desired: 

1. PLACE OPfICS MODE switch to COMPUTER position. 

2. 'PRESS EN'l'ER ON DSKY • 

NOTE: If V05N31 Flash with Rl code - 00402 starts, proceed 
to b. 

J. Monitor Vl6N57 and DSKY Display. 

Rl - SHAFT (0.01 D:ffi) 

R2 - TRUNNION (.001 D:ffi) 

4. Verify Optics drive to Displayed values. 

5. Place OPTICS MODE Switch to MANUAL position. 

b. If Manual Positioning desired: 

1. PRESS VJJE on DSKY. 

2. Place OPTICS MODE Switch to MANUAL Position. 

J. Select two stars on star chart that can be 
MAHKED from the present attitude. 

Verify the ISS FINE ALIGN MODE light comes ON. 

10.45.14 V51, Please MARK will begin to Flash. Flash will continue 
until MARK is performed. 

10.45.15 
following: 

Recognize star field in Telescope and perform one of the 

a. If desired star is in the field of view, center star 
in field of view with Optics Hand Controller by first 
driving Shaft axis to place star on R line and then 
driving Trunnion axis to center star. 
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10.45.16 

10.45.17 

10.45.18 

10.45.19 

10.45.20 

10.45.21 

10.45.22 

b. If the selected star is out of the field of view, 
place OPTICS SLAVE TELESCOPE switch to OFFSET 25 degrees 
position. Use the OP'l' ICS Hand Controller to drive in 
Shaft until the star is on the R line. Place OPTICS 
SLAVE TELESCOPE Switch to STAR LOS position. Drive 
the Optics in Trunnion until the star is centered. 

Recognize star in Sextant. 

Place OPTICS CONTROLLER SPEED switch as required. 

Place OPI'ICS CONTROLLER MODE switch to RESOLVED position. 

Center star in Sextant using the Optics Hand Controller. 

PRESS MARK button when the star is exactly centered. 

NOTE: The MARK may be rejected by ENTERING V52 on 
the DSKY. If so, repeat step 10.45.40. 

Respond to V21NJO Flash _by ENTERING the STAR CODE number. 

Rl - STAR CODE NUMBER 

Verify the ISS ATT. CONT. MODE light comes ON. 

10.45.23 Perform MARK on second STAR by setting the following switches 
and returning to step 10.45.11. 

10.45.24 

a. OPI'ICS CONTROLLER SPEED - HIGH 

b. OPTICS CONTROLLER MODE - DIRECT 

Monitor one of the following: 

a. V06N05, DATA GOOD and Display of differences between 
actual and measured angle between MARKED stars in Rl . 

Rl - STAR ANGLE DIFF. 

Record data in Flight Log. 

*b. V06N05, DATA BAD Flash and Display of differences between 
actual and measured angle between MARKED stars in Rl. 

Rl - STAR ANGLE DIFF. 

1. Record data in Flight Log. 

2. To continue program with this data PRESS V33E 
ENTER on DSKY. 
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10.45.25 

10.45.26 

J. If program should be stopped, change program 
and exit procedure. 

*Acceptable limits for data have not been defined. 

Monitor one of the following: 

a. V06N67, Data Good and Display of IMU Gyro torquing angles. 

Rl - X GYRO 

R2 - Y GYRO 

HJ - Z GYRO 

Record data in Flight Log. 

*b. V06N67, Data Bad Flash and Display of IMU gyro torquing 
angles. 

Rl - X GYRO 

H2 - Y GYHO 

RJ - Z GYRO 

1. Record data in Flight Log. 

2. To cintinue program with this data PRESS VJJE 
on DSKY. 

J. If program should be stopped, PRESS V34E on 
DSKY and exit procedure. 

* Acceptable limits for data have not been defined. 

Respond to V50N25 Flash and Rl code 00014 as follows: 

a. If FINE ALIGN CHECK is desired PRESS ENTER on 
DSKY and return to step 10.45.11. 

b. If FINE ALIGN CHECK will not be performed PRESS 
VJJE on DSKY. 

10.45.2.7 Respond to Vl6N20 Flash with Display of present ICDU 
angles by PRESSING VJJE on DSKY • 

Rl - 0G ROLL (.01 DEG) 

R2 - IG PITCH (.01 D:EX;) 

RJ - MG YAW ( .01 Dfil) 
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10.45.28 Respond to V06Nl7 Flash and DSKY Display of gimbal angles 
desired at the end of the maneuver as follows: 

10.45.29 

10.45.30 

Rl - 0G ROLL (.01 DEC) 

R2 - IG PITCH (.01 DEC) 

RJ - MG YAW (.01 DEC) 

a. Limit cycle switch - OFF 

b. PRESS VJJE on the DSKY. 

c. Monitor FDA! to check that maneuver is toward the 
ICDU values displayed on the DSKY and gimbal lock is 
avoided. 

d. Monitor Rate Needles on FDAI indicate .5 degree per 
second maneuver rate. 

e. When final attitude is obtained place Limit Cycle 
Switch ON. 

Select following switch positions: 

MDC 25 

a. A&C ROLL-MNA -

b. A&C ROLL-MNB - OPEN CIRCUIT BREAKER OF 
EMPI'IEST QUAD OF QUAD 

c. B&D ROLL-MNA - ENABLED 

d. B&D ROLL-MNB - A QUAD - A&C MNA 
B QUAD - B&D MNA 
C QUAD - A&C MNB 
D QUAD - B&D MNB 

e. PITCH-MIIA -1 
ONE OPEN - ONE CLOSED 

f. PITCH-MNB -

g. YAW-MIIA - ] 
ONE OPEN - ONE CLOSED 

h. YAW-MNB -

Monitor one of the following: 

a. If Program 21 is displayed on DSKY, return to 
Procedure 10.41, G&N Local Vertical. 

b. If Program 31, 32, 33, or 53 are present with a 
Verb - Noun Flash select Program 00 by PRESSING V37EOOE 
on DSKY. Verify Program 00 is displayed on DSKY. 
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10.46 

10.46.1 

10.46.2 

10.46.3 

AGC Update. This procedure requires only that the AGC be on. 

Verify with ground which type of UPDATE will be performed. 

If UPDATE is to be performed manually proceed to step 10.46.4. 

On MDC 14 PLACE UPI'EL switch to ACCEPI' POSITION. 

NOTE: If present AGC program will not allow an UPDATE, 
A V05NJ1 Flash will occur with a Rl code 00410.' 
In this case, PRESS ALARM RESET and repeat this 
procedure when present AGC program is completed. 

10.46.4 Record from MSFN, parameters required for verification. (All 
data must be in decimal form. The following data must be recorded even if 
the AGC is not operable). 

*a. Aim parameters for a minimum impulse thrusting 
maneuver. 

1. GMT - Time of ignition. (HRS-MINS-.01 SECS) 

2. Latitude of aim point. (.01 DEG) 

J. Longitude of aim point. (.01 DEG) 

4. Altitude of aim point. (0.1 NM) 

5. SPS gimbal trim - pitch. (.01 DEG) 

6. SPS gimbal trim - yaw. ( • 01 DEG) 

7. SPS tail off. (FT/SEC) 

8. Period of new orbit. (HRS-MINS-.01 SECS) 

9. SPS burn time. (.01 SECS) 

*b. Aim parameters for a return to earth thrusting maneuver. 

1. Latitude of aim point. ( .01 DID) 

2. Longitude of aim point. (.01 DID) 

J. Delta velocity allowable. (FT/SEC) 

4. GMT - Earliest possible ignition time. (HRS-MINS-.01 SECS) 

5. SPS gimbal trim - pitch. (.01 DID) 

6. SPS gimbal trim - yaw (.01 DID) 

7. SPS tail off. (FT/SEC) 
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10.46.5 

*c. Aim parameters for an orbit change thrusting maneuver. 

1. GMT - Time of ignition. (HRS-MINS-.01 SECS) 

2. Latitude of aim point. (.01 DID ) 

J. Longitude of aim point. ( .01 DID) 

4. Altitude of aim point. (0.1 DF.G) 

5. SPS gimbal trim - pitch. (.01 DED) 

6. SPS gimbal trim - yaw. (. 01 DID) 

7. SPS tail off. (FT/SEC) 

8. Period of new orbit. (HRS-MINS-.01 SECS) 

~Pfhe unit thrust vector and earth centered radius vector 
direction at SPS ignition should be provided by MSFN at 
this time for verification of the AGC calculations. At 
present the MIT program does not provide a display of 
these calculations to the operator, but displays are 
being requested. The external window reference when at 
the proper thrusting attitude must also be provided at 
this time. 

If UPDATE is automatic proceed to step 10.46.14. 

10.46.6 Record vehicle position, velocity and time parameters from MSFN. 
(All data must be in octal fonn and in the following sequence). 

a. Most sig. part of X position. (XXXXX) 

b. Least sig. part of X position. (XXXXX) 

c. Most sig. part of Y position. (XXXXX) 

d. Least sig. part of Y position. (XXXXX) 

e. Most sig. part of Z position. (XXXXX) 

f. Least sig. part of Z position. (XXXXX) 

g. Most sig. part of X velocity. (XXXXX) 

h. Least sig. part of X velocity. (XXXXX) 

i. Most sig. part of Y velocity. (XXXXX) 
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10.46.7 

10.46.8 

j. Least sig. part of Y velocity. (XXXXX) 

k. Most sig. partof Z velocity • . (XXXXX) 

1. Least sig. part of Z velocity. (XXXXX) 

m. Most sig. part of time from AGC clock zero. (XXXXX) 

n. Least sig. part of time from AGC clock zero. (XXXXX) 

PRESS V76E ON DSKY. 

Verify Program 27 is Displayed and UPTEL light on DSKY is ON. 

10.46.9 Monitor V20N01 Flash. A display of an erasable memory location 
will occur in R-3. Any data entered will be placed in this location. 

10.46.10 
button. 

ENTER data from 10.46.6 and verify in Rl before PRESSING ENTER 

10.46.11 Repeat 10.46.10 and 11 for each parameter in 10.46.6. Data 
sequence given in 10.46.6 must be maintained. 

10.46.12 Respond to V21N02 Flash by PRESSING V33E on DSKY. (Disregard 
R3 Display). 

10.46.13 

10.46.14 

Verify UPTEL light goes out on DSKY • 
• 

Place or verify UPTEL Switch Block Position 

10.46.15 Verify Program 27 terminations and AGC goes back to Program in 
progress prior to this procedure. 
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10.47 Manual G&N Entry. 

10.47.1 At the 0.05 g switching point the translation control should 
be rotated clockwise into the stop and left there. The roll attitude 
commands from the G&N on the roll attitude error indicator should now be 
nulled manually with the rotation control. 
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